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Few studies have assessed the long term effects of best management practices for using 
manure. The benefits of using the liquid fraction of separated slurry manure in terms of 
improved infiltration and reduced gaseous ammonia loss are quite well known. Also, the 
separated liquid fractions have higher N:P ratios than whole manures, which is beneficial for 
matching crop requirements. While separation techniques are often costly, partial separation 
can be done cheaply by letting the solids settle and decanting the supernatant liquid. This 5-
year study evaluates the effect of decanted and whole dairy liquids on yield and N recovery by 
tall fescue (Festuca arundinacea Schreb.). The manures were applied with low emission 
surface banding technique. 
 The ongoing experiment was conducted on a stand of tall fescue grass established in 2002. 
The manure was obtained from local dairy farms (free stall barns with wood chip bedding). The 
separated manure was collected from a secondary lagoon receiving the supernatant from a 
settling lagoon. The manure was applied to the grass in 4 equal doses totalling 443 and 637 kg 
N ha

-1
yr

-1
 for whole manure and 482 and 645 kg N ha

-1
 yr

-1
 for the decanted liquid fraction. 

 Whole and decanted slurries contained 6.6 and 1.8% dry matter, respectively. 
 The results of this trial show that at similar rates of applied available (ammoniacal) N (306 kg N 
ha yr

-1
), yield was significantly higher (P<0.05) from the decanted manure than from the whole 

manure (10.1 vs. 8.9 Mg ha
-1

yr
-1 

) despite lower rates of total N applied in the decanted 
treatment (482 vs. 637 kg N ha

-1
yr

-1
). Also, the annual N uptake was 43 kg N ha

-1
 more from the 

decanted liquid than from the whole manure. Comparing at similar rates of applied total N 
(ammoniacal plus organic), the separated liquid treatment had 50% recovery of applied total N 
compared to only 39% for the whole manure. Better response to the decanted fraction than the 
whole manure is probably related both to lower amounts of slowly available organic N and to 
lower emissions of ammonia.  This trial shows the benefits of using the separated liquid 
produced from simple decanting of cattle slurry as an N source for grass even when applied for 
several years with low emission surface banding technology. Data will be presented on P 
loadings and N2O emissions. 
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1 INTRODUCTION 

The projected increase in water demand by the world's livestock for the year 2025 is 71% and much of this will 

occur in developing countries (Bruinsmaa, 2003, Delgado et al. 1999). 

The relation between water and pig production is an issue that must be addressed immediately and in a 

systemic approach. Pig production is a constant threat to quantity and quality of water sources. Palhares & Calijuri 

(2007), water sources are impacted by pig production due the characteristic of theirs wastes that have high 

concentrations of nutrients. 

There are several methodologies for environmental impact assessment. Water footprint is one of them and 

has been efficient to understand the relationship between natural resources and productions. This methodology can 

be applied in a nation, city, community, or activity. 

The calculation of water footprint to livestock production can be done in several ways. The most common 

considers water consumed in feed production and for drinking and cleaning (Chapagain & Hoekstra, 2003). 

Consumption of animals proteins tends to increase the pressure on water sources (Zhang et al., 2008). The result of 

this process is the increase of water footprint. 

The aim of this study was to calculate water footprint of pigs slaughtered in Central-South States of 

Brazil. 

 

2 MATERIALS AND METHODS  

The study considered the number of pigs slaughtered in Brazil in 2008, according data from Brazilian Geography 

and Statistics Institute (BGEI). The choice to evaluate the States located in the Central South is justified because 

these concentrate 98.3% of slaughter in the period. 

We used the methodology proposed by Chapagain & Hoekstra (2003) that consider the water consumed 

in the grain production (corn and soybean), drinking and cleaning waters. 

Water consumption to produce one ton of corn in the study region is 4,500 m
3
/ha. The index used to 

calculate water consumption to produce one ton of soybean was 6,000 m
3
/ha. Using the mean productivities for the 

crops in each State, according data from National Supply Company, we calculated the amount of water consumed to 

produce corn and soybean. 

In soybean production we have three products: grain, soybean meal and oil. Soybean meal is the product 

consumed by pigs. Therefore, not all water consumed in the production can be counted in water footprint. Using 

index listed in the Agricultural Commodities Conversion Factors (FAO, 1996), we considered that 77% of 

production is soybean meal and 23% is oil. 

Table 1 shows water consumption for drinking and cleaning in each State. 
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TABLE 1  Water consumption for drinking and cleaning. 

States Pig 

slaughtered in 2008
1
 

Consumption of 

drinking water (m
3
)

2
 

Consumption of 

cleaning water (m
3
)

3
 

Total  

(m
3
) 

Mato Grosso 1.059.594 370.858 3.603 374.461 

Mato Grosso do Sul 836.919 292.922 2.846 295.767 

Goias 1.544.191 540.467 5.250 545.717 

Distrito Federal 152.556 53.395 519 53.913 

Minas Gerais 3.123.386 1.093.185 10.620 1.103.805 

Espirito Santo 155.969 54.589 530 55.119 

Rio de Janeiro 4.530 1.586 15 1.601 

Sao Paulo 1.535.187 537.315 5.220 542.535 

Parana 4.618.377 1.616.432 15.702 1.632.134 

Santa Catarina 8.420.777 2.947.272 28.631 2.975.903 

Rio Grande do Sul 6.863.059 2.402.071 23.334 2.425.405 
(1)

 (BGEI, 2009). 
(2)

 mean consumption 0,005 m
3
/day, growing-finishing period of 70 days with an mean weight of 

93.3 kg (Palhares et al., 2009). 
(3)

 mean consumption 0.0034 m
3
 of cleaning water (Palhares et al. 2009). 

 

3 RESULTS AND DISCUSSION  

Table 2 shows water footprint of pigs slaughtered by State in 2008. Table 3 the percentage that corn, soybean meal, 

drinking and cleaning waters represent in the footprint. 

The State with the largest water footprint was Rio Grande do Sul (2,702 km
3
), followed by Santa Catarina 

(2,401 km
3
) and Parana (1,089 km

3
). These States concentrated 70.3% of slaughters in 2008. 

States with the lowest footprint were Rio de Janeiro (0.00215 km
3
), Distrito Federal (0.0354 km

3
) and 

Espirito Santo (0.0719 km
3
). These accounted by 1.1% of the total slaughters in 2008. Although Rio de Janeiro and 

Espirito Santo presented the worst productivities to corn and soybean, this didn’t reflect in a large footprint due the 

low number of slaughters. Distrito Federal had the best productivity to soybean and the second to corn, but as it 

represented only 0.5% brazilian slaughters, these high productivities didn’t impact the value of footprint. 

National mean of water consumption by crops in the footprints calculation was 99.88%. Crops with lower 

productivities promote high footprints. This demonstrates the importance of improving crops productivities that are 

basic in pig diets. 

The calculations performed in this study showed that the improvement of water productivity in pig 

production depends on the improvement of corn and soybean productivities. It does not delete actions, programs and 

policies to reduce the consumption of drinking and cleaning waters in farms. Pig production is highly concentrated 

in the Brazilian South region, so the consumption to drinking and cleaning will always be a threat to water security 

in this region. 

The majority of water consumption to produce pigs is in the crops rather than consumption for drinking 

and cleaning. This inserts a change of vision, the water management of pig production can not only happen inside 

the farm, but it should cover the production chain. 

Zoning becomes a important factor in order to regulate the expansion of crops and swines in the territory, 

as well as subsidizes communities, government and Watershed Committees in decision-making. 

This new vision must also consider water consumed in slaughter and products. The difficulty in calculate 

these intakes is the lack of information to Brazilian reality. 
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TABLE 2  Water footprint of pigs slaughtered in 2008 by State. 

States Corn Consumption 

(km
3
) 

Soybean Consumption  

(km
3
) 

Drinking and Cleaning 

Consumption (km
3
) 

Total  

(km
3
) 

Mato Grosso 0,210109 0,112071 0,000374 0,322554 

Mato Grosso do Sul 0,114893 0,105492 0,000296 0,220681 

Goias 0,227583 0,171106 0,000546 0,399234 

Distrito Federal 0,019317 0,016110 0,000054 0,035481 

Minas Gerais 0,555475 0,356297 0,001104 0,912877 

Espirito Santo 0,053714 0,018185 0,000055 0,071954 

Rio de Janeiro 0,001628 0,000528 0,000002 0,002158 

Sao Paulo 0,252271 0,185696 0,000543 0,438510 

Parana 0,573864 0,513627 0,001632 1,089122 

Santa Catarina 1,293407 1,104965 0,002976 2,401348 

Rio Grande do Sul 1,574055 1,125704 0,002425 2,702184 

 

TABLE 3  Percentage of corn, soybean meal, and drinking and cleaning waters in the footprint. 

States Corn Consumption  

 

Soybean Consumption  

 

Drinking and Cleaning 

Consumption 

Mato Grosso 65,1 34,7 0,12 

Mato Grosso do Sul 52,1 47,8 0,13 

Goias 57,0 42,9 0,14 

Distrito Federal 54,4 45,4 0,15 

Minas Gerais 60,8 39,0 0,12 

Espirito Santo 74,7 25,3 0,08 

Rio de Janeiro 75,4 24,5 0,07 

Sao Paulo 57,5 42,3 0,12 

Parana 52,7 47,2 0,15 

Santa Catarina 53,9 46,0 0,12 

Rio Grande do Sul 58,3 41,7 0,09 

 

4 CONCLUSIONS  

We concluded that: 

− Low productivities to corn and soybean increase the value of footprints. States with the biggest herds must 

improve their productivities in order to reduce the footprint; 

− In the footprint values, water consumed for corn production was the largest amount. The water used to 

drinking and cleaning were insignificant in the value, but should be considered because animal 

concentration in the territory; 

− Footprint shows that water management in pig production can not consider only the farm, but shall include 

the production chain; 

− Zoning areas with high concentration of pig production will promote water security, help to understanding 

waters flows, and improving water productivity in pig chain. 
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1 INTRODUCTION  

The intensification in recent decades by agriculture, maximizing productivity from a minimal surface area through 

the use of artificial inputs, has reduced the reliance on manure as fertilizers, with a subsequent increase of pollution 

risk and agricultural cost.  

Environmental sustainability of livestock production can be defined by a set of principles of good 

management (for example a Code of Good Agricultural Practice) and application of a number of related techniques 

to reduce emissions to air, water and soil resulting from activities necessary for the rearing of animals. However, 

even if guidelines and computing systems to support the hypothetical evaluation of the effects of different 

management systems are available, there is not enough knowledge to fully understand the true effects of 

interventions that may be implemented to reduce the environmental impact of farms. 

In reality, after the Rio Conference of 1992 new tools of industrial policy oriented to sustainable 

development were introduced by the European Community, individual member States, local and regional 

governments and voluntary organizations; these were aimed at integrating production needs and those of 

environmental conservation. Environmental Management Systems (EMS) were one such tool designed to "develop, 

implement, achieve, review and maintain the environmental policy" (ISO 14001). Their objectives are the protection 

of the environment through continual improvement of environmental performance of a company. An EMS does not 

include a prescriptive set of practices that must be implemented universally, but does provide a set of procedures for 

the pro-active participation of companies in ongoing improvement of environmental performance. 

The application of integrated environmental management systems, planned for intensive livestock by law 

(Directive 96/61/CE), requires continuous monitoring of farm activity. Monitoring is a fundamental principle 

embodied in all continuous improvement schemes such as EMS, as only through monitoring one can verify that 

measures taken have the intended effect. Monitoring promotes the collection of information on production processes 

that can not only help the improvement of existing management, but also identify possible future measures that will 

enable continuous improvement towards environmental sustainability. 

Many farms are facing the introduction of Best Available Technologies under Directive 96/61/CE in 

order to reduce environmental emissions (e.g., to decrease the nitrogen load on the land). To accomplish these 

objectives, farmers should use an adequate monitoring methodology to assess the amount of manure produced, its 

nutrient content and management. 

Up to now, there are not available monitoring methodologies, protocols and instruments that apply 

specifically to Italian livestock farms. In fact, although there are many experiences related to certain components of 

possible monitoring systems, and many countries have implemented schemes that require monitoring actions of 

various farm operations, there are no specific experiences on integrated systems for environmental monitoring of 

intensive livestock farms that have been implemented and tested on commercial farms. 

Such a system must include equipment for monitoring the management of effluent and, where possible, 

emissions that come from farms, taking into account the cost of equipment acquisition and management. The 

implementation of these systems can also enable scientific knowledge to be gained on the effect of different manure 

management techniques in working conditions. The results obtained through monitoring could also be used to 

provide significant support to the development of models for estimating production and emissions; these models are 

currently based mainly on experiments carried out in other contexts of production. 

To assess the possibility of introducing environmental management systems in Italian livestock farms, 

research was conducted to: i) define a simplified methodology to record, manually or automatically, the main 

parameters of manure management; ii) develop a software tool to process recorded data into useful information for 

the farmer; and iii) validate the methodology and the software on commercial farms. 
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2 MATERIALS AND METHODS 

Environmental monitoring of livestock production systems is based on “supply chain” management of effluents at 

“control” points from production to use in the field, and applies the principle of mass balance used in other 

studies. The methodology adopted in this research concentrated control (and monitoring) in specific parts of the 

livestock production system, in order to assess an appropriate method for evaluating the whole-path management. 

 In particular, the approach required careful monitoring of all items that enter the production system 

(inputs), and everything that leaves the farm (outputs). Inputs include feed, drinking and washing water, and animals 

acquired from external sources. Naturally occurring inputs such as rain are also included in the analysis. Outputs 

include animals sold or that die on-farm, milk products and effluents. The difference between inputs and outputs is 

either stored in the system or lost to the environment. Where the rainfall / runoff process does not transport 

pollutants off the farm, environmental losses mainly concern air emissions of nitrogenous compounds and water 

vapor. Both can be determined by difference if the others factors are kept under control. 

In this research the following “control points” of the livestock production system were monitored, using 

the noted metrics: 

Consistency of livestock (animals per category, weight); 

− Supply of feed (quantity and composition of the ration for each category of animals); 

− Milk (volume collected, for dairy systems) and meat production (weight gain); 

− Water consumption (volume); 

− Waste production (volume); 

− Characteristics of waste products (e.g., total N, total P and solids concentrations); 

− Time, quantity and location of manure (effluent) applications; 

− Climatic conditions (rainfall, temperature). 

Using this information it was possible to apply a balance between inputs and outputs, with the aim of 

controlling the volume of effluent produced and the concentration of nutrients (nitrogen and phosphorus) therein. 

Three different production systems (dairy cows, fattening pigs, farrow-to-finishing pigs) were monitored 

for 16 months to assess manure production and subsequent management, using both manual recordkeeping and 

automated sensors. The amount of manure in storage was recorded using ultrasonic sensors, while the spatial 

application of manure was monitored by GPS tracking devices. Manual measurements and manure sampling 

provided reference values on the farms against which to compare automated measurements.  Software to support 

data collection and processing was written. 

A simplified model for animal manure production and composition was devised both for pigs and dairy 

farms using information derived from literature (Aarnik et al., 1992; ASABE, 2005, Berthiume et al., 2005, 

ERM/AB-DLO, 1999, Nennich et al., 2005, Wilkerson et al., 1997). The model was calibrated in the initial phase in 

order to adjust the slurry production obtained by the model with the measured values from the tanks. After this 

initial calibration, the model was used without further adjustment.  Predictions obtained from the model were 

compared to actual measurements as a means to highlight specific points in a production system where 

improvements could be made to achieve environmental sustainability.  

 

3 RESULTS AND DISCUSSION 

Figure 1 shows comparisons between measured manure production and that predicted using the software for the 

three monitored farms. The Root Mean Square Errors for manure production were are 1.0%, 7.6%, and 2.9% 

respectively for farms 1, 2 and 3. Although the model required an initial calibration, its slurry production predictions 

are judged to be accurate enough for use as part of a monitoring system.  

Although nutrient concentration in slurry tanks was verified by periodic sampling, the size of the storage 

tanks and the difficulty encountered in retrieving representative samples without adequate mixing prevented good 

validation of the model.  Another difficulty in validating the model was encountered for the slurry spreading part of 

the production systems. In fact, farms typically use very simple machinery (slurry tankers) to apply manure, and 

often do not mix the slurry store before withdrawing slurry at the beginning of (or during) the spreading operation. 

Thus, the amount of nutrients that leaves the tank during spreading is not known. The model assumes that the 

average nutrient concentration of the storage tank is transferred in each tanker load; a considerable error can be 

introduced when this does not occur in reality.  Large variations in manure characteristics from farm to farm are 
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typical (Derikx, 1999; Dou et al., 2001, Martínez-Suller et al., 2008).  Thus, a more suitable validation of the model 

for nutrient production might be obtained using an on-line slurry analyzer mounted on the slurry tanker. 

Nevertheless, predicted values for N and P concentration seem to be realistic and give an indication of the variation 

of the nutrient concentration of the slurry in the tanks. 

 

 

 
 

FIGURE 1  Manure cumulated values for the three monitored farms 

 

 Moreover, the devised monitoring system appears to be useful in evaluating the actual manure production 

values of the farm and thus providing more appropriate values on which to assess the farm requirements under 

legislation. For the monitored farms, a comparison of the slurry and nitrogen production obtained using the model 

and using the standard values (specified in legislation) is reported in Figure 2.  The three farming systems in the 

study produced 40% more manure (for dairy cows) and 10% and 30% less manure (for fattening and farrow-to-

finishing pigs, respectively) than would have been estimated using the standard values proposed by regulations. All 

the three farms reported a production of 5-10% more nitrogen than would be estimated using standard values. 

Nevertheless, the indirect evaluation of manure quantities obtained by calculations based on the recorded data gave 

results very close to the measured data (differences< 10%). 

   

 Farm managers already collect most of the data required for such a monitoring system (number of 

animals, feed quantity and quality, etc.); other data can be easily collected manually or automatically.  

 

4 CONCLUSIONS  

The results of the research demonstrated that the devised methodology and software tool are effective in monitoring 

on-farm activity related to manure production and management.  The model seems to be a valuable part of an overall 

monitoring system that can improve farm and environmental management.  From the results obtained it can be 

concluded that the devised monitoring system can be used effectively in commercial farms to assess the actual 

manure production and thereby improve manure and nutrient management, and the continual improvement towards 

environmental sustainability.   
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FIGURE 2  Comparison of measured manure production (left) and amount of nitrogen produced (right) 

against estimates using the monitoring system and standard values from legislation, for the 

three monitored farming systems. 
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1 INTRODUCTION 

Alternative systems for out-wintering cattle have been sought as a means of reducing both costs of conventional 

winter housing and the risks of pasture damage during the winter. One system that appears to fulfil both of these 

objectives is the out-wintering pad (OWP), which is an open enclosure with a free-draining woodchip base 

(Augustenborg et al., 2008; Dunne et al., 2008; Smith et al., 2006). This system was originally developed in New 

Zealand and has gained popularity over the past ten years around the UK and Ireland. The satisfactory performance 

of an OWP, both environmentally and with regard to animal production, relies on good design and the 

implementation of good management practices (French & Hickey, 2003). Research has confirmed improvements in 

daily live-weight gain and benefits to animal welfare (Boyle et al., 2008; O'Driscoll et al., 2009). Pad design, 

stocking density, woodchip size and rainfall are factors that may affect drainage effluent quality. The quality of the 

effluent and the volume generated are of key importance; the first may influence how the effluent is managed before 

and during land spreading, and the latter determines the storage capacity required during the wintering period. This 

paper demonstrates the potential effect of OWP management on effluent quality from experimental facilities and 

from commercial farms in Ireland, England and Wales. 

 

2 MATERIALS AND METHODS 

2.1 Experimental OWPs at North Wyke Research. 

Four experimental pads (10x10m each) were constructed in autumn 2008, at Rowden Farm, North Wyke Research, 

Devon, England (Figure 1). The factors under study were randomised across the pads, over 6-7 week periods, during 

6 months (4 periods), based on a Graeco-Latin Square statistical design (Federer, 1955). Effluent flow from each of 

the pads was monitored and sampled in a flow-proportional way, using tipping buckets and analysed for total N, P, 

and solids; NH4-N and NO3-N. Beef cattle (Friesian-Charolais steers) were weighed at the beginning and end of 

each period and scored for Body Condition. These data are shown in Chadwick et al (2009) and Chadwick (2009). 

 
FIGURE 1 Schematic diagram of the North Wyke OWP and tipping buckets for effluent volume 

measurements and effluent collection. 
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2.2 Commercial pads 

Out-wintering pads suitable for monitoring were identified at three farm sites across the UK and Ireland. For 

selection, the following criteria were required: impermeable base or lining; well designed drainage system for 

effluent collection; stocking of the pad during 2008/2009; and, importantly, farmer co-operation. At each farm, 

records were made of animal numbers, the time stock spent on the pad and feeding practices. Surface soiling of the 

woodchip bed was also assessed. Effluent flow was monitored on the three sites via (i) overshot waterwheel; (ii) 

tipping bucket: (iii) effluent sump emptied by pump and flow meter; samples were collected on a flow-proportional 

basis for analysis of total solids, total N, total P, K, NH4-N and COD. In view of the apparent divergence between 

recorded effluent and the estimated potential effluent volume based on incident rainfall, replicated water retention 

assessments were undertaken, using 25 litre plastic containers in which measured quantities of woodchip were 

submerged in water for >3 days. 

 

3 RESULTS AND DISCUSSION 

3.1 Experimental OWPs at North Wyke Research. 

No significant differences (P>0.05) were observed in effluent quality between treatments, with average 

concentrations being closer to that typical of dirty water than of cattle slurry (Table 1). Average effluent leachate 

concentrations (over the four periods) were 1095 mg/l total N; 806 mg/l NH4-N; and 51 mg/l total P, with no 

apparent impact of chip size.  

 

TABLE 1 Average (four periods) effluent quality from the North Wyke OWP. 

Chip Size 

cm 

 

Total N 

(Kjeldahl) 

mg/l 

Ammonium 

(NH4-N)     

mg/l 

Nitrate 

(NO3-N) 

mg/l 

Total P 

(TP)                

mg/l 

Total 

Solids 

g/l 

5-10 1130 883 2.2 45 8.7 

2-4 1217 864 2.1 50 9.6 

1-2 1019 723 1.4 45 10.5 

Sawdust 1014 757 5.3 64 8.2 

Average 1095 806 2.8 51 9.5 

Dirty water
1 500 300 Trace 44 5.0 

Dirty water
2
 825 457 Trace 135 10.7 

Beef cattle slurry
1
 4200 1850 - 785 60.0 

     1
 (Chambers & Nicholson, 2004), 

2
 (Cumby et al., 1999) 

 

The proportion of effluent leaving the pads is presented in Table 2. During the first-wetter period, the 

effluent represented 105% of the inputs (rainfall and urine). However during the following drier-periods the effluent 

represented only 18 to 50% of the inputs, suggesting that OWPs have a significant effect on retaining and reducing 

effluents. This reduction on effluent (Periods 2, 3 and 4) might be due to significant evaporative losses from the 

surface of the pad (dry-windy periods) and also due to absorption and retention of water in the woodchip matrix. 

 

TABLE 2 Total effluent volumes from the North Wyke OWP. 

 Period 1 Period 2 Period 3 Period 4 

 

Average 

litres/pad        |-----Winter-----------------|     |-----Spring-----------------| 

(1) Rainfall 13,100 8,000 7,700 7,200 

(2) Urine 
Est

 4,400 4,400 5,400 6,600 

(3) Effluent 18,500 6,300 2,400 2,600 

Effluent as % of (1)
 
and

 
(2) 105 50 18 18 

 

At the end of each period, the liquids/solids retention was assessed. On average each pad retained in the 

woodchip nearly a third (33%) of their weight in liquids/solids. Studies on water retention capacity have shown that 

a 1-2cm chip can absorb nearly three times (300%) its dry (0% moisture content) weight (Darch, 2009) and wood-

shavings (3-7% moisture) nearly 400% (Ward et al., 2000). 

- 11 -



 Efficient use of water and slurry management in livestock production systems  

  

 

3.2 Commercial pads 

All the farm pads were used for out-wintering cattle. Effluent volumes were recorded and samples collected for 

analysis. Concentrations of N and P on all three farm pads (Table 3) were lower than those reported as typical in 

dirty water. Nitrogen concentrations were lower than those obtained on the North Wyke pads. However, similar 

results were reported by Augustenborg et al (2008) and McDonald et al (2008). As for ammonium-N concentrations, 

these were lower than those obtained from the woodchip corrals by Vinten et al (2006).  

 

TABLE 3 Average effluent quality from the OWP on farms sites, North Wyke and literature. 

Site/reference source Area 

allowance 

Total  

N 

Ammonium 

NH4-N 

Total  

P 

Total 

Solids 

COD BOD 

 m
2
/head mg/l mg/l mg/l g/l g/l g/l 

Powys 29 229 142 38 3.4 3.4 - 

Leics 14 175 72 28 4.5 3.3 - 

Co. Cavan 22 665 157 104 3.4 - 1.4 

North Wyke OWPs 14 1095 806 51 9.5 - - 

Augustenborg et al (2008)* - 97-810 24-518 18-101 - - - 

McDonald et al (2008)** 4-12 214-589 76-399 38-247 - - - 

Vinten et al (2006)*** 12-24 - 443–1056     

Dirty Water
1
 - 500 300 44 5.0   

Dirty Water
2
 - 825 457 135 10.7 13.8 6.6 

Dairy cow slurry
1
 - 3000 - 1200 60.0 - - 

Beef Cattle slurry
1
 - 4200 1850 785 60.0 - 10-20**** 

         1 
(Chambers & Nicholson, 2004);

 2
 (Cumby et al., 1999)

 
 

      *Average eight OWP; **Average four OWP; ***Average nine OWP; **** (DEFRA, 2009) 

 

In Table 3 average effluent concentrations from a total of 28 OWPs can be seen to be closely similar to 

those of dirty water much more so than dairy or beef-cattle slurry. The differences in leachate concentrations 

between the three farm pads are likely to be due to weather conditions; pad design/size; stocking density or 

stock/feeding management. Sampling and analyses of the surface layers of the woodchip (results not presented here) 

indicate that a high level of slurry-nutrients are retained within the woodchip residue and confirming a rationale for 

the relatively low nutrient content of the woodchip pad effluent. 

 

 
FIGURE 2 Effluent flow and rainfall from the OWP at Leics farm. 

 
As in the studies at N Wyke, the volume of effluent flow represented a variable proportion of the total pad 

inputs (rainfall + urine) – at Brecon, about 40% from July to December, 2009 and at the Leics site, 21% for the 

period March to December, 2009, but then 73% for January to February, 2010, inclusive.  The cumulative rainfall 

and effluent flow volumes for March to December, 2009 period are shown in Figure 2. The water retention 

experiments showed that woodchip can absorb between 7 and 16% (chip weight) within the first 72 hours. This 

percentage may increase if the woodchips pads remain exposed to rainfall and urine for an extended period, as 

observed by Ward et al (2000). 
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4 CONCLUSIONS 

The effluent quality data from both the experimental pads at North Wyke and the farm-scale pads confirm earlier 

conclusions that these effluents must be contained and carefully recycled to land, to avoid environmental pollution.  

However, effluent quality generally appeared unaffected by the experimental treatments and, overall, average 

concentrations were more consistent with dirty water rather than cattle slurry. Significant retention of liquids by the 

woodchip was observed, suggesting that a substantial reduction in the volume of effluent drainage from OWPs is 

possible.  These aspects of pad performance should have a significant impact on the effluent storage requirements 

for OWPs and, hence, total construction and management costs. After the limit in water absorption is reached, the 

OWPs appeared to perform equally well for solids retention. Dry over-wintering periods, if followed by intense 

rainfall, can result in poor performance of the woodchip bed, as a result of faecal solids accumulation.   
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1 INTRODUCTION 

In the Netherlands several initiatives were taken to separate animal manure into a thick fraction, containing 

mainly organic nitrogen (N) and phosphorus (P) and a thin fraction containing mainly ammonium N (NH4-N) 

and potassium (K). Compared with unprocessed manure, separated manure gives the farmer more opportunity to 

apply the minerals where they are of most use or export the manure fraction containing any minerals that may be 

surplus to the requirement in the source farm. In the Netherlands animal manure is usually managed as slurry 

which contains both organic- and NH4-N. In pig slurry the ratio is approximately 40% organic - 60% NH4-N and 

in cattle slurry 50% - 50%. The N fertilizer value in the year of application is mainly determined by the NH4-N 

content (Schröder et al., 2005). After separation the thin fraction contains 85-95% NH4-N. Therefore we 

expected the thin fraction to have only a slightly smaller N fertilizer value than (liquid) mineral fertilizer. Only 

ammonia volatilization and the fraction of organic N would decrease it. To determine the N fertilizer value on 

field scale, Wageningen UR has started field trials with thin fractions of pig slurry on both grassland and arable 

land. The experiments take place in 2009 and 2010. This paper reports and discusses the preliminary results of 

the 2009 grassland trials.  

2 MATERIALS AND METHODS 

In the grassland trials thin fractions of pig slurry from three producers were compared with ammonium nitrate 

(AN) solution and granular calcium ammonium nitrate (CAN). The process used to make the thin fractions was 

ultra filtration (UF) followed by reverse osmosis (RO). 

In February 2009 two locations with permanent grassland on different soil types were chosen: sand in 

the eastern part of the Netherlands (Lemelerveld) and young marine clay in the Flevopolder in the middle of the 

Netherlands (Lelystad). The experiment was a randomized block trial on two soil types (clay and sand) with two 

replicates of combinations of four N levels (0, 100, 200 and 300 kg N ha
-1

), five fertilizer types (three thin 

fractions, CAN and diluted AN) and three numbers of fertilized cuts (one, two and three cuts fertilized).  

Plots, fertilized with the thin fractions (liquid, 0.5 to 0.9% N) were compared with plots fertilized with 

CAN (27% N) and AN solution (18% N). The N in the thin fractions was 90-96% NH4-N and 4-10% organic N 

(Table 1). In CAN and in diluted AN 50% is nitrate N and 50% NH4-N. The plots were 3 m x 10 m. During the 

growing season, on all plots five cuts were harvested. The N fertilizations was given in three N-levels. The N 

levels and division over the cuts for all five fertilizer types and all numbers of fertilized cuts were:  

− 40, 30, 30 kg N ha-1 for cut 1, 2 and 3 (100 kg N ha-1 in total) 

− 80, 60, 60 kg N ha-1 for cut 1, 2 and 3 (200 kg N ha-1 in total) 

− 120, 90, 90 kg N ha-1 for cut 1, 2 and 3 (300 kg N ha-1 in total) 

The first fertilizer applications were made on the 23
rd

 (clay) and 24
th

 (sand) of March 2009, as soon as 

the soil was dry enough and the grass started growing (temperature sum from 1
st
 of January ca. 200ºC). The next 

fertilizer applications were made on the harvest day of the former cut or the next day. The CAN was spread with 

an accurate spreader for field experiments. The thin fractions and AN were spread with a machine, especially 

developed for this experiment. This machine cuts small slits of 5 cm depth in the grass with rigid tines. In the 

slits the liquid fertilizer is placed with tubes on the edge of the tines. The dosage is accurately regulated by a 

pump and nozzles, as used in spraying machines. The width of the machine is 3 m with 18 tines. Four plots per 

replicate did not receive any N fertilization: three plots with slits in one, two or three cuts to estimate the yield 

decrease of the grass by the slits and an unfertilized reference (0N). All plots received the same amount of P and 

K, equal to the largest P and K fertilization applied as thin slurry fractions. The thin fractions contained a 
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relatively large concentration of potassium (7.8% K) but little phosphorus (0.21% P) (Table 1). The dressing was 

given as superphosphate (20% P2O5) and kornkali (40% K2O) with the same spreader as CAN. All plots received 

more sulfur than recommended  in the thin fractions and/or in superphosphate and kornkali so no separate 

sulphur fertilization was applied. The thin fractions were sampled before and after fertilization. 

The first cut was aimed to be harvested at a yield of 3500 kg dry matter (DM) ha
-1

 on the fastest 

growing plot. The next cuts were aimed to be harvested at 2500 kg DM ha
-1

 or after 5 to 6 weeks, depending on 

the growth rate. The time of harvest was determined on sight. The grass was harvested from an area of 1.5 m x 

ca. 8 m with a Haldrup forage harvester. From every plot the fresh weight was determined, samples of the grass 

were taken and the harvested area was measured. The grass samples were dried at 70 °C for 48 hours for analysis 

of DM content and sent to a laboratory for analysis on N content. 

The data for annual DM and N yield were analysed with Genstat (12
th

 edition) with the technique of 

Restricted Maximum Likelihood (REML) (Harville, 1977). With the REML technique a model is fitted on the 

data including a random and a fixed part. The random part was comprised of factors that are not controllable but 

have a (possibly) significant influence on the results. In these analyses the factor “location.plot” were the 

random model. The fixed part of the model was formed by the treatments: “Location”, “Fertilizer type”, “N 

fertilization level” and “Number of fertilized cuts”. All interactions were tested, all non-significant interactions 

(P>0,05) were deleted from the model. We used linear equations because we concluded from the data that the 

responses were linear and did not reach a maximum response to N fertilization.   

The final fertilizer values of the thin fractions will be calculated with the data from both 2009 and 

2010 by fitting the curves of all five fertilizers and comparing them (Schröder et al., 2005). For this paper we 

calculated a preliminary fertilizer value with a simplified method. The measured results from the plots that were 

fertilized for three cuts are used. The results of plots that were fertilized for 1 and 2 cuts will be used in the final 

analysis. The N fertilizer value is calculated per fertilizer type and N level through the Apparent Nitrogen 

Recovery (ANR): 

ANR at level X = ( (N yield at N level X) – (N yield at N level 0) )/kg N fertilization level X 

N fertilizer value fertilizer type Y = (ANR fertilizer type Y)/(ANR reference fertilizer) (van der Meer 

et al., 1987). The fertilizer values are calculated with both CAN as liquid AN as the reference fertilizer.  

 

TABLE 1  Analyses of applied thin fractions, g kg
-1

  

 Total N N-NH4 K P 

Fraction A C D A C D A C D A C D 

Mean content 6.6 8.7 5.1 6.2 7.8 4.9 8.3 8.7 6.4 0.21 0.34 0.10 

# samples 11 9 11 7 7 7 2 2 2 1 1 1 

3 RESULTS 

The DM and N yields of all five cuts were summed to calculate the annual yield. The REML analyses showed 

that the effect of all factors were significant on DM and N yield (Table 2, P<0.001). All two-way interactions of 

“Location” and all of  “N fertilization level” and the interaction “Location . Fertilizer type . N fertilization” were 

significant for both DM and N yield (P<0.05).  

 

TABLE 2 REML analyses for annual DM yield and N yield of grass. F probability of main terms and 

significant interactions (P<0.05). 

 F probability 

Term DM yield N yield 

Location <0.001 <0.001 

Fertilizer type <0.001 <0.001 

Number of fertilized cuts <0.001 <0.001 

N fertilization <0.001 <0.001 

Location.fertilizer type   0.002 <0.001 

Location.number of fertilized cuts   0.003   0.002 

Location.N fertilization <0.001 <0.001 

Fertilizer type.Nfertilization <0.001 <0.001 

Number of fertilized cuts. N fertilization <0.001   0.040 

Location.fertilizer type. Nfertilization   0.015 <0.001 
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The DM and N yields were greater on clay than on sand (Figure 1 and 2). On the control plot without 

slits on clay yielded 1200 kg DM and 9 kg N ha
-1

 more than on sand. On the 300 N level the difference was 3900 

kg DM and 78 kg N ha
-1

. On both soil types the DM and N yields of the CAN objects were highest, followed by 

the yields of the liquid AN objects. The yields of the objects fertilized with the thin fractions were the lowest and 

comparable amongst each other. The N yields of the thin fractions and the AN differed relatively less among 

each other than the DM yields. In all objects the N fertilization increased the DM and N yields, as expected. 

 

5000

7000

9000

11000

13000

15000

0 50 100 150 200 250 300

N fertilization, kg ha
-1

DM yield, kg ha
-1

A

C

D

Amm Nitr

CAN

A REML

C REML

D REML

AN REML

CAN REML

5000

7000

9000

11000

13000

15000

0 50 100 150 200 250 300

N fertilization, kg ha
-1

DM yield, kg ha
-1 A

C

D

Amm Nitr

CAN

A REML

C REML

D REML

AN REML

CAN REML

 
FIGURE 1  Annual DM yield of 5 cuts, fertilization in three cuts. A, C and D: thin fractions.  

 Measured data and reml model. Left sand (ANreml and Dreml are on top of each other) , 

right clay (Areml and Dreml are on top of each other).  
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FIGURE 2   Annual N yield of 5 cuts, fertilization in three cuts, clay. A, C and D: thin fractions. 

  Measured data and reml model. Left sand, right clay.  

 

Based on the calculation the estimates for the N fertilizer value for the thin fractions are: 

− On sand the N fertilizer value of the thin fractions based on N yield, all N fertilization levels and CAN  

varies from 57 to 64% and based on AN from 84 to 94% (Table 3). 

− On clay the N fertilizer value of the thin fractions based on N yield, all N fertilization levels and CAN  

varies from 43 to 55% and based on AN from 65 to 81% (Table 4). 

 

TABLE 3  Calculated fertilizer value for N (in percentage) based on N yield in five cuts (total year), 

  fertilized before first, second and third cut, sand. 

 Fertilizer value (%) based on CAN  

kg N ha
-1

 

Fertilizer value (%) based on AN  

kg N ha
-1

 

Fertilizer 100  200 300 mean 100 200 300 mean 

A 55 55 62 57 85 98 72 85 

C 58 47 68 58 90 84 79 84 

D 71 50 72 64 110 90 82 94 

Amm Nitr 64 56 87 69     
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TABLE 4  Calculated fertilizer value for N (in percentage) based on N yield in five cuts (total year),

  fertilized before first, second and third cut, clay. 

 Fertilizer value (%) based on CAN,  

kg N ha
-1 

Fertilizer value (%) based on AN  

kg N ha
-1

 

Fertilizer 100 200 300 mean 100 200 300 mean 

A 37 43 60 47 51 67 101 73 

C 45 46 37 43 62 72 62 65 

D 49 60 No data 55 67 95 No data 81 

Amm Nitr 74 64 60 66     

4 DISCUSSION 

On sand and on clay the thin fractions had a N fertilizer value < 100%, based on CAN. Surprisingly the N 

fertilizer value of the AN was also , < 100% when compared with CAN. The lesser fertilizer value of the liquid 

fertilizers may have been caused by a number of factors. Three factors will be quantified in 2010. 

− The slits made by the application machine caused damage. In the first cut the yield on plots with slits 

(0N) was less than without slits but this was on clay partly and on sand completely compensated 

during the season (Figure 1 and 2). Possibly the compensation was less when the grass was fertilized 

with N.  

− Ammonia volatilization from the thin fractions. However, the weather was rainy and/or cloudy on most 

application days. This would normally limit the potential for ammonia volatilization. Volatilization is 

not likey to be the reason for the lesser fertilizer value of AN. On the other hand, on clay the fertilizer 

values of the thin fractions were less than on sand. The pH of clay was higher than on sand which 

increases the risk of volatilization on clay. 

− Possibly the soil-complex influences the availability of NH4-N in the thin fractions negatively. However, 

this would not account for the lesser fertilizer value of AN. 

The dosages of the thin fractions were not exactly the target dosages. There was a difference between 

planned and realized N fertilization. The fertilizer value was calculated with the realized N fertilization. 

The calculations of the fertilizer values are based on data from one year (2009). In the final statistical analyses 

data of both years will be included and a more detailed method of calculation will be used. 

5 CONCLUSIONS AND RECOMMENDATIONS  

The fertilizer values of the thin fractions of separated pig slurry were less than expected. 

− On sand the N fertilizer value of the thin fractions based on N yield, all three N fertilization levels and 

CAN varied from 57 to 64% and based on AN from 84 to 94% in 2009. 

− On clay the N fertilizer value of the thin fractions based on N yield, all three N fertilization levels and 

CAN  varied from 43 to 55% and based on AN from 65 to 81% in 2009. 

Three factors that may have caused these smaller-than-expected fertilizer values will be assessed in 

2010. These are damage by the slits of the application machine, ammonia volatilization during application and a 

lesser efficiency of ammonia-N than of nitrate-N. To quantify the effect of these factors, plots with an acidified 

thin fraction, with slits in all N levels of CAN and fertilized with a 100% ammonia fertilizer, will be added to the 

experiment in 2010.  
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1 INTRODUCTION  

Nowadays pig slurry management is a very important environmental issue, because pig industry has turned into an 

intensive production with pig confinement without soil contact. The most traditional way for slurry removal is its 

application as soil amendment (Villar et al., 2004). Unfortunately, most of the farmers do not have enough arable 

land near their farms to apply that residue in the proper environmentally sustainable doses according to the water 

and soil protection EU directives.  

As a result, it is essential to find technologies able to recycle this waste, solving pig slurry management 

problems. In this sense, constructed wetlands systems are among the most proven low cost wastewater treatment 

(Kadlec and Knight, 1996). At the moment good efficiencies in purification have been obtained treating domestic 

wastewater (Asuman et al., 2004) and dairy parlor wastewater (Mantovi et al., 2002), which are wastes with lower 

organic and pollutant charge than pig slurry. Therefore, if certain construction and operation modifications are 

included, wetlands result in an excellent system for pig slurry treatment. With this system it is possible to get an 

odourless supernatant similar to horin and suitable to use as fertilizer in arid areas.   

The construction of artificial systems with emergent plant species to treat sewage has its origin during the 

fifties in Germany, where most of the development of this kind of treatment has been carried out. Nevertheless, over 

the last decade, countries such as Great Britain, U.S. and Australia are making great efforts to research into this field 

(Pérez-Olmedilla and Rojo, 2000). In fact, the use of these constructed wetlands as natural purifiers is widespread 

throughout the territory of Great Britain (Griffin and Upton, 1999). In developing countries as India or the Czech 

Republic (Vymazal, 1996) have recently proliferated of this kind of wastewater treatment due to their effectiveness 

and low cost compared to conventional ones. It is also important to consider the number of  recent investigations in 

China (Zhang et al., 2009).  

In this context, the objective of this study were i) to evaluate the depurating efficiency of pig slurry in an 

artificial wetland system, built according to the parameters considered as optimal, based on several previous 

research (Caballero et al., 2009); ii) to find out the optimum hydraulic retention time (HRT) for these processes; and 

iii) to reduce nutrients, solids, ions, bacteria and pollutants in pig slurry, obtaining a suitable liquid for use in 

fertilization.  

2 MATERIALS AND METHODS  

This study was developed in an experimental farm located in La Hoya (Lorca), a high productive pig industry area 

(Murcia- southeast Spain), which also suffers from water deficit. The mean annual temperature is 16.8 ºC, the mean 

annual precipitation is 238 mm and the potential evapotranspiration surpasses 1100 mm per year. This farm is 

located in a vulnerable zone for nitrogen fertilization (Directive 91/676/CE).  

Pig slurry wastewater from a close farm was treated using a set of technical treatments as follows: 1) Raw 

pig slurry is stored in a underground pit of 150 m
3
 of capacity. 2) Raw pig slurry goes to a mechanical separator 

which removes the solid phase with the highest particle size. 3) This solid phasel is dried-out and used directly as 

fertilizer. 4) Filtered liquid phase goes to a thicken sludge system, where the sludge obtained is dried-out too and the 

filtered wastewater obtained is disposed into a main tank (20 m
3
) during several days. During this time more solid 

material sediments in the bottom of the tank. 5) Depending on HRT, wastewater from main tank (income slurry) is 

conducted to three horizontal flow subsurface constructed wetlands (HSFCW). Phragmites australis was recently 

planted there (April 2009) with a density of 10 plants per m
3
. HRTs were 2, 3 and 4 weeks in HSFCW1, HSFCW2 
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and HSFCW3 respectively. All of them are same-sized (27x2.5x1 meters), have a cm 20 cm surface sand layer and a 

80 subsurface gravel layer. These characteristics make them able to treat 8 m
3
 of pig slurry per charge.  6) Purified 

wastewater from each HSFCW is disposed in a tank under anaerobic conditions. After 17 months of operation, the 

amount of pig slurry treated was 780 m
3
.  

 

 

FIGURE 1 Diagram of the set of technical pig slurry treatments.  

 

To evaluate the efficiency of the system, physic-chemical analyses (Table 1) were carried out on the 

different HSFCW income and outcome flows, depending on the different HRT, according to APHA (1998) and DIN 

(1980). Purifying efficiency (E) was calculated by the percentage of the difference between income and outcome 

values. 

Statistical analyses were performed using the software SPSS 17.0. No normality was assured for any 

analyzed variable. Thus, for each analytical set of 189 samples and for each HRT a Kruskal-Wallis test and a U 

Mann-Whitney multiple comparisons test were performed, to show significant differences between each HRT.  

 

3 RESULTS AND DISCUSSION  

Table 1 shows the mean values and standard deviation of pig slurry income to the HSFCW, the mean values of the 

outcome treated slurry and the treatment efficiency, for the different HRT. 

 

Using all data, the HRT effect has been evaluated (2, 3 and 4 weeks) on the studied parameters (variables) 

to assess the purifying efficiency. Thus, it is possible to distinguish 3 different parameters groups, depending on 

their removal over the time: 

− Group 1: Variables not significantly different depending on HRT. That is, HRT is not a factor that affects the 

studied variables. They appear in table 1 with square-chi ns: TSS and SS. 

− Group 2: Variables which show moderate mean differences among HRT. That is, time affects moderately the 

purification efficiency. They appear in table 1 with **: COD, all species of nitrogen and Phosphorous. 

− Group 3: Variables which show high mean differences, depending on HRT. That is, time is important in 

purification efficiency of the system. They appear in table 1 with ***: Eh, pH, EC, TDS and BOD.  

 

As it is shown in Table 1, in HSFCW 3  (HRT 4 weeks) is achieved the best purification efficiency in all 

the parameters. So, this HRT is considered as the optimum balance between purified volume per unit of time and 

elements removal efficiency. As a consequence, all the following data discussion will be referred to HSFCW 3.  
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Regarding analyzed parameters in Table 1, outcome treated slurry shows negative values of redox 

potential, which indicate reducing and anaerobic conditions. The pH is ranged from 7.0 to 7.9, so is according to the 

range of 6.5-8.4 from irrigation water quality FAO Guidelines (1987). Electrical conductivity after the set of 

treatments was 15.7 dS m
-1

 (17% of removal), which is higher than the limit value of 3 dS m
-1

 recommended by the 

FAO Guidelines. Total dissolved solids after the treatments was 12581 mg L
-1

 (E=17%). Results obtained show 

important removals of total suspended solid (E=77%), sedimentable solids (E=almost 100%), biochemical oxygen 

demand (E=72%) and total phosphorus (E=33%).  

Regarding to nitrogen, the maximum fertilizer amount that can be applied in a vulnerable zone is 170 kg 

N ha
-1

 year
-1

 (Directive 91/676/CE). Assuming a pig slurry with a mean value of 4.5 kg N m
-3

, the maximum amount 

which could be used  for fertilization is 38 m
3
 per ha and year.  In this research, nitrogen decreased to 1371.3 mg L

-1
 

(1.37 kg N m
-3

) (E=42%), so the maximum amount of the outcome treated slurry applied to soil is 124 m
3
 per ha and 

year. Therefore, these treatments let farmers use a higher amount of this effluent for fertilization, decreasing the 

environmental problems caused by raw pig slurry application. On the other hand, nitrate nitrogen decreased from 38 

to 19 mg L
-1

, which is according to 50 mg L
-1 

limit value for irrigation water quality FAO Guidelines (1987). 

 

TABLE 1 Mean values and standard deviation of different proprieties of income and outcome pig slurry, 

and depuration efficiency – E (%) of different proprieties of outcome treated pig slurry in each 

HSFCW. 

Outcome treated pig slurry 

 

HSFCW 1 HSFCW 2 HSFCW 3 
Parameters 

Income 

pig slurry 

 E   E  E 

Square-

chi 

Potential redox - Eh 

(mV) 
-383 ± 103 -331± 87 a 15 -319 ± 96 a 11 -269 ± 80 b 21 13.16** 

pH 
7.45 ± 

0.25 

7.35 ± 0.32  

a 
1 7.52 ± 0.38 b -1 7.44 ± 0.41 b 0 11.2** 

Electrical 

conductivity - EC (dS 

m
-1

) 

19.1 ± 3.4 
18.4 ± 3.6 

a 
3 16.6 ± 4.1 b 9 15.7 ± 4.1 b 17 11.66** 

Total suspended 

solids-TSS (mg L
-1

) 

28244 ± 

26829 

9754 ± 

8189  
57 8642 ± 6628 66 5489 ± 4007 77 5.18 ns 

Sedimentable solids - 

SS (mL L
-1

) 
mud 7.9 ± 32.3  

≈ 

99 
3.3 ± 11.2 b 

≈ 

99 
0.2 ± 0.5 

≈ 

99 
0.18 ns 

Total dissolved solids 

- TDS (mgL
-1

) 

15258 ± 

2744 

14680 ± 

2914 a  
3 

13271 ± 3288 

b 
9 

12581 ± 

3292 b 
17 11.66** 

Biochemical oxygen 

demand – BOD (mg 

L
-1

) 

8543 ± 

4158 

4789 ± 

3191 a 
41 

2869 ± 2134 

b 
61 

2336 ± 1484 

b 
72 11.53** 

Chemical oxygen 

demand – COD  

(mg L
-1

) 

11656 ± 

3352 

9752 ± 

3807 a 
18 

7192 ± 3246 

b  
33 

6778 ± 3513 

b 
40 16.29*** 

Total phosphorus - 

TP (mg L
-1

) 

30.5 ± 

11.5 

28.4 ± 6.3 

a 
3 21.8± 5.0 b 26 19.0 ± 6.0 b 33 37.19*** 

Kjeldahl N. - NK (mg 

L
-1

) 

2629.0 ± 

1405.2 

1991.2 ± 

697.3 a 
17 

1640.1 ± 

640.8 b 
31 

1371.3 ± 

520.7 c 
42 19.68*** 

Ammonium N.- N-

NH4
+
 (mg L

-1
) 

2028.4 ± 

857.0 

1546.3 ± 

509.9 a 
18 

1352.4 ± 

477.5 ab 
26 

1212.8 ± 

436.5 b 
35 10.79** 

Organic N. - ON (mg 

L
-1

) 

759.9 ± 

589.9 

445.0 ± 

256.3 a 
37 

371.2 ± 312.6 

a 
47 

158.5 ± 

120.6 b 
75 26.49*** 

Nitrate N. - N-NO3
--
 

(mg L
-1

) 
39 ± 8 28 ± 8 a 28 25 ± 10 a 35 19 ± 6 b 49 19.62*** 

Number of samples 72 54 36 27  
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Square-chi. *, ** and *** indicate significance at P<0.05, P<0.01 and P<0.001, respectively. ns: non significant. 

“a”, “b” and “c”  indicate the existence of significant differences (P<0.05) among  HSFCW mean values after U 

Mann-Whitney multiple comparisons test. The same letters indicate no significant differences among HSFCW mean 

values. Means with no letter are not significantly different (P>0.05). 

 

4 CONCLUSIONS  

We conclude that the system is getting a high efficiency in solid, nutrients and organic matter removal. In addition, 

good results in other parameters monitored like microbiology and removal of heavy metals have been obtained. In 

this sense, we consider this effluent suitable to use for fertirrigation in properly doses according to legislation and 

crop requirements. However, it was not possible to significantly decrease the electrical conductivity, therefore, we 

suppose that the system is not efficient enough yet, so the outcome treated slurry obtained is not purified enough and 

might produce salinization of soils. It is expected to get better efficiency regarding electrical conductivity in further 

growth stages of P.australis, according to other research that show that the purification capacity of the system 

depends on the roots rhizosphere (Gersberg et al., 1983; Peterson and Teal, 1995; Brix, 1997). 
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1 INTRODUCTION 

The main problem of livestock waste, in particular pig slurry, is the concentration of its production in certain 

geographic areas overcoming the absorption capacity of the local environment. The excessive application of 

livestock waste into the soil contributes to water pollution. In addition, the high presence of nutrients contributes to 

the contamination of soil. It is also important to highlight the impact caused on the atmosphere such as the 

production of unpleasant smells, gaseous emissions of NH3, H2S, NOx and volatile organic compounds, which 

contribute to acid rain and greenhouse effect, and of methane, one of the most important gases on climate change.  

Most of the pig farms in the Spanish Valencian Region are small and medium sized (MAP, 2002). At the same time, 

the scarcity of water resources combined with the seasonal nature of torrential rainfall, classify Valencia as a 

semiarid region that fully justifies the adoption of slurry management systems that, in addition to being 

environmentally friendly and economically feasible, provide available water. One of the most important benefits to 

be gained promoting a slurry management in a sustainable manner is to recover valuable products from slurry 

compared to its elimination. Physical solid-liquid separation has usually been used as a complementary treatment for 

biological digestion, thermal dehydration, or for the reuse of the effluent. It has been reported some physical systems 

for slurry treatment, such as centrifuges and screw presses, known as mechanical separators, which produce an 

effluent able to be spread on arable lands or to be reused at the farm (Melse and Verdoes, 2005). 

The general aim of this work is to develop and evaluate a slurry treatment system based on the solid-liquid 

separation consisting of a screw press and a decanter centrifuge in addition to a slow sand filter as a means to 

produce a suitable liquid effluent for on-farm reuse. 

 

2 MATERIALS AND METHODS 

Figure 1 shows a diagram of the system of solid-liquid separation (S/L) and filtration installed on the experimental 

farm of IVIA. Two separation devices have been tested and evaluated: a screw press (5.5 kW and mesh 0.5 mm) and 

a decanter centrifuge (5500 rpm and regulation rings of 146 mm diameter). The resulting liquid effluent is pumped to 

a sedimentation tank of 1000 L, from which is conveyed through a regulation tank that feeds the sand filters tested. 

The regulation tank is an upflow of 36 cm of gravel (55 cm diameter and 115 cm depth), and it serves as prefilter. 

 

FIGURE 1  Outline of the solid-liquid separation and filtration process tested 
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 To characterize the type of the pig slurry (Table 1), physical and chemical analyses before performing the 

treatments (raw manure) have been realised according to the official methods of analysis of the Ministry of 

Agriculture, Fisheries and Food (1999), the standard methods UNE and ISO, and the standard practices of analysis 

(NTP) accredited by the ENAC (Spanish National Accreditation Entity). 

 

TABLE 1  Characterization analysis of the raw manure conducted in four samples 

Sample 
BOD5 

mg O2/L 

COD 

mg O2/L 

NTK 

mg/L 

NA 

mg/L 

NO3
- 

mg/L 

PT 

% 

PO4
3- 

mg/L 

TS 

% 

SS 

mg/L 

VS 

% 

1 32000 77700 4900 3400 12 1.70 1630 4.2 26000 44 

2 29000 79300 4700 3200 <10 1.00 800 4.0 28000 68 

3 29000 43500 4800 3100 <10 2.63 1970 3.8 28000 67 

4 31700 55100 4800 3000 <10 2.24 1830 4.9 39000 72 

Mean 30425 63900 4800 3175 <10 1.89 1558 4.2 30250 63 

 

 From this characterization of the raw manure it can be pointed out that it does not correspond to any of the 

individual characterizations according to the different categories of farms (production of piglets, feedlots, etc.) since 

it is an experimental farm in which they all coexist. In this case, the relationship BOD/COD is almost 0.5, then it can 

be concluded that the slurry presents a satisfactory degree of biodegradability.  

 In order to evaluate the solid-liquid separation effectiveness samples were analyzed for total solids, 

volatile solids, suspended solids, BOD5, COD, total Kjeldahl nitrogen, ammonia nitrogen, total phosphorus and 

nitrates; they were analyzed according to the methods specified in MAPA (1999), UNE, ISO and NTP.  

 Moreover, to assess the efficiency of the mechanical separation equipment, the energy consumption and 

the time invested to separate a volume of slurry of 1500 L were measured. Two modes of work in each separator and 

their combinations were considered resulting in the six treatments listed below:  

− T1: Screw Press (60 kg pressure on the cap).  

− T2: Screw Press + Centrifuge at 50% maximum flow rate (1.25 L s-1).  

− T3: Screw Press + Centrifuge at 100% maximum flow rate (2.08 L s-1).  

− T4: Screw Press with overpressure (23 kg extra pressure on the cap).  

− T5: Screw Press with overpressure + Centrifuge at 50% maximum flow rate (0.9 L s-1).  

− T6: Screw Press with overpressure + Centrifuge at 100% maximum flow rate (2.08 L s-1).  

 To study the effect of granular media on the effectiveness of the filtration treatment it has been designed 

Treatment 7. It has been built 9 filter columns (30 cm diameter and 100 cm depth), and they were filled with sand 

from different effective sizes to a height of 60 cm, according to the recommendations of the USA Environmental 

Protection Agency (USEPA, 1999). Treatment 7 was divided into three treatments corresponding to the three 

different types of sand sizes evaluated: Treatment 7 (T7): Treatment 6 + sand filters. T7.1: 0.7 mm, T7.2: 0.4-

0.8 mm, T7.3: 1.4-2.5 mm. Each one of these columns receives a daily load of 14.4 L of pretreated effluent in twelve 

doses. 

 The behaviour of each type of column has been characterised analysing the output effluent of each one of 

the column filters. In each sample was measured pH and EC (APHA et al., 2005). It has also been obtained the 

particle size distributions with a series of sieves of decreasing size (Moller et al., 2002).  

 

3 RESULTS AND CONCLUSIONS 

Table 2 presents a summary of energy consumption, energy efficiency and the elimination of dry matter for each one 

of the treatments. Figure 2 shows the granulometry analysis carried out in the raw manure and the effluent from all 

treatments.  

In view of these data one can deduce that the screw press is much more efficient with more pressure on the 

cap (T4 compared with T1). However, it is interesting to note that in the case of T4 the raw slurry contained more 

total solids, moreover this amount of solids corresponded to the larger ones (Figure 2), which are the ones that this 

separator remove from the liquid fraction (0.5 mm mesh). 
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TABLE 2  Energy efficiency of the treatment of the solid-liquid separation treatments 

Treatment 
Energy 

consumption 
Time 

Dry 

matter 

Dry matter 

eliminated 
Energy efficiency 

Energy efficiency 

in each stage 

 (kWh/Tm)  (ST %) (g/kg) (kg/kWh) (kg/kWh) 

Raw manure   4.00    

T1 0.22 6' 40'' 3.70 3.0 13.43 13.43 

T2 1.39 20' 9'' 2.95 10.5 7.54 6.41 

T3 1.33 14' 40'' 3.05 9.5 7.16 5.89 

Raw manure   4.45    

T4 0.18 6' 12'' 3.95 5.0 27.27 27.27 

T5 1.88 24' 48'' 2.75 17.0 9.04 7.07 

T6 1.81 14' 12'' 2.90 15.5 8.56 6.45 

 

Treatments T5 and T6 eliminated more solids than T2 and T3 did, with an energy consumption that is 

only slightly higher. These treatments are therefore more energy-efficient. One might think that the great efficiency 

of T4 (27.27 kg kW
-1

 h
-1

) has favourably conditioned the efficiencies of treatments T5 and T6. It has then been 

considered the efficiencies of the second stage of the solid-liquid separation process independently (Energy 

Efficiency in each Stage in Table 2). It is noted that the second stage of the treatment, that's to say the decanter 

centrifuge, it is still more efficient in T5 and T6 treatments, which can be explained by the greater amount of total 

solids and their size distribution or granulometry of the effluent used. These data also show that the decanter 

centrifuge is more efficient when working at 50% flow rate (T2 and T5) than working at maximum flow rate (T3 and 

T6). 

Table 3 shows the reduction percentages obtained for the parameters analyzed in each treatment. As can 

be seen the removal of nitrogen in all treatments is not high, which limits the amount of manure that can be spread 

out to the natural environment.  

 

TABLE 3  Percentages of reduction of the parameters analysed  

Treatment 
BOD5 

% 

COD 

% 

NTK 

% 

NA 

% 

PT 

% 

TS 

% 

SS 

% 

VS 

% 

T1 9.4 3.9 4.1 11.8 -- 16.7 3.6 0.0 

T2 6.9 14.9 2.1 3.3 73.3 14.3 37.0 1.5 

T3 34.5 21.4 4.3 6.7 26.7 8.6 37.0 1.5 

T4 9.1 16.8 -- 0.0 2.7 20.4 30.8 -- 

T5 -- 21.2 27.6 31.9 59.8 28.2 37.0 2.9 

T6 16.0 19.7 24.1 36.2 46.1 20.5 25.9 1.5 

 

The decanter centrifuge is more effective than the screw press in the elimination of most parameters. 

There are differences in the reduction of parameters when the screw press works with more or less pressure, 

obtaining greater reductions in nitrogen when the machine is working at lower pressure.  

As for the decanter centrifuge, the proportion of total solids reduction is similar to that established by 

Zhang and Westerman (1997). Moreover, the separation efficiency of nutrients (nitrogen and phosphorus) and the 

COD is similar to that collected in the literature (Zhang and Westerman, 1997; Flotats et al., 2004), especially when 

the screw press works in overpressure conditions and the flow rate of the decanter centrifuge is restricted.  

Figure 3 presents the granulometry of the sand filtration treatment obtained from effluent after T6. There 

is a clear trend towards reduction of solids diameter as effluent receives the different treatments. There are no major 

differences between the three types of sand, but a significant reduction in the size of solids in all sand filters with 

respect to the input effluent. This figure clearly manifests the effective separation of solids from the screw press, the 

decanter centrifuge and the slow sand filters. The complete separation treatment applied can be summed up in the 

screw press removes grossest solids, mainly till 0.5 and 0.25 mm, the decanter centrifuge eliminates intermediate 

solids, up to 0.05 mm, and sand filters produce a fine separation, eliminating almost all remaining solids over 0.025 

mm , and most of the solids under 0.025 mm.  
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These results indicate that the effluent, once filtered using this type of treatment, could be used to irrigate 

crops. Therefore, results obtained for each sand filter treatment are as: T7.1 (pH = 7.99 EC = 13.65 dSm
-1

), T7.2 (pH 

= 8.10 EC = 2.24 dS m
-1

), T7.3 (pH = 8.17 EC = 19.52 dS m
-1

). According to the criteria established by Ayers and 

Westcot (1985) for irrigation, all pH values are within the “normal” range. In contrast, looking at electrical 

conductivity values only effluent obtained in the treatment T7.2 is suitable for crop irrigation. However, they are 

only rough values due to the short period of time that sand filters are operating. 

 

FIGURE 2  Particle size distributions: (A) Soli-liquid separation treatments and (B) Plus sand filtering 
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1 INTRODUCTION 

Water is an essential element for sustaining life. The concept of water being a never-ending resource with a limitless 

renewable capacity belongs to the past, before population growth and industrialization led to the reduction of water 

quality and reduced availability (Beekman, 1998). 

According Mierzwa and Hespanhol (2005), changing the relationship between water availability and 

water demand can occur for some reasons: natural phenomena associated with the climatic conditions of each region 

and population growth, ever more pressing water resources either by increasing demand or pollution. 

The water conservation and water reuse are very important tools to minimize water scarcity problems in 

urban and industrial areas (Matsumora, et al., 2008), but high investment costs for water reuse treatment technology 

is a relevant challenge that the food industries need to face. The drivers for   implementation of water reuse practices 

in food industries is essential due to increasing demands on declining freshwater supplies, severe water shortages 

and dry periods, and the fact that water quality discharge regulations have become stricter, also environmental and 

economical incentives (Casani, et al., 2005). 

According Angelakis (1999), in some countries the application of wastewater for irrigation of crops still 

remains the main application of reuse of industrial wastewater. 

Several authors have studied the potential for wastewater reuse in the food industry, in particular the 

practice of cleaner production: Amorim et al., 2007; Avula et al., 2009; Bixio et al., 2008; Casani et al., 2005; de 

Sena et al., 2009; Kist et al., 2009; Kupsovic et al., 2007; Manios et al., 2003; Matsumora, et al., 2008; Mohsen et 

al., 2002 and  Sarkar et al., 2006.  

According to the Manual of Water Conservation and Reuse for Industry, prepared by FIESP/ CIESP 

(2004), water reuse is defined as the use of wastewater or water of inferior quality: treated or not. 

The production of poultry meat for export plays an important role in the Brazilian economy. According to 

the ABEF - Brazilian Association of Chicken Producers and Exporters, in 2008, Brazil was world's third largest 

producer of poultry meat, behind the United States and China, and the largest exporter. 

The southern region of Brazil is the major area of poultry production and consequently the processing 

industries of poultry meat, accounting for approximately 75% of national production. The State of Paraná is the 

largest producer of poultry meat in Brazil, exporting in the year 2008 a total of  978,735 tonnes (ABEF - Annual 

Report, 2008). 

The wastewater is characterized by high loads of suspended solids, oil and grease, nitrogen (N) and 

phosphorus (P), which may vary from plant to plant, depending on the industrial process and the water consumption 

per slaughtered chicken (Del Nery et al., 2001). 

 

2 OBJECTIVES 

This study sought to identify opportunities for reduction, optimization and reuse of water in a poultry 

slaughterhouse. 
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3 MATERIAL E METHODS 

The company at the centre of this study is located in Matelândia city, in Parana state slaughtering 130,000 birds.d-¹ 

and exporting 43,199 tonnes a year of meat, mainly to Asia, and generates a flow of wastewater of 3,389.77 m
3
.d

-1 

 The first step was to characterize the water flows within the city by collecting information about 

processes and activities. Data collection was conducted by analyzing lay-out processes, the water distribution 

system, sewage and drainage collecting systems, equipment specifications and chemical and energy consumption.  

 Industry sectors were divided by water consumption and waste generation. Production buildings were 

categorized according to activities carried out, and domestic uses were grouped in only one sector. After these steps, 

some options for rational water use were evaluated. After that, the feasibility of water reuse practices was evaluated. 

Water reuse options were considered for stages of the process which require a great volume of water and generate a 

large volume of wastewater. Water reuse from sewage treatment plants was not considered because of the high 

microbiological contamination risk. So, it was important to consider the collection and treatment of effluent from 

processes before using it in other ones, making its reuse possible. 

 The water used in the industrial process is provided by Xaxim River, approximately 180 m
3
.h

-1
 and also 

of springs in the area of the company, which provide approximately 40 m
3
.h

-1
. The System used by the Water 

Treatment Company comprises pre-chlorination followed by the water passing through a system of settling, 

filtration and disinfection. 

 The wastewater treatment system used by industry comprises pre- treatment, primary and secondary 

phases through the physical and biological processes. Pre-treatment consists of a static sieve to remove coarses 

solids, the primary treatment in flotation equipment for the physical process for removal of oils and greases and 

secondary treatment is the arrangement of two digesters in parallel, an aerated pond with sub-surface aeration by 

means of aerators and also six air vents and a facultative pond. 

 The main physical and chemical characteristics of wastewater are average COD on entry to the 

Biodigestor: 3,390 ± 1,275 mg L
-1

 and COD average output from the Biodigestor: 1,205 ± 300 mg L
-1

. 

 Measurements of water consumption were made by water meters installed at seven points on the 

production process, which resulted in consumption values by sector, allowing the identification of points where 

there was greater need for rationalization. 

 The industry in question has a demand of 3,389.77 m³.d
-1

 accounting for water consumption in all 

productive sectors, from receipt of the birds, washing trucks, bleeding, scalding, evisceration, cooling room, cuts, 

water sanitation cleaning equipment and industrial plant, boiler until the dispatch of meat. Some items such as health 

and sanitation of the production plant by-products already have the reuse of water. The study identified points of 

reuse, classified as less noble uses, intermediaries and through visits to the noble enterprise and data collection. 

 

4 RESULTS 

4.1 Diagnosis of Water Use 
Through the environmental assessment the indicators environmental find were: 

 

TABLE 1 Environmental Indicators 
Indicators Value (poultry slaughtered) 

Water Consumption 26 L.poultry
-1

 

Electric power consumption 0,8914 KW.poultry
-1

 

Inputs - Consumption of hygiene products 0,005536 L.poultry
-1

 

Consumption of scrap 0,001936 m
3
.poultry

-1
 

  

The water collected from the Xaxim River and the water springs is used in industrial process, the ice 

plant, the boilers in the process of cleaning and sanitation of the plant, the company dining room and some toilets. 

The effluents generated in the industrial slaughtering go to the wastewater treatment system. The effluent from the 

last pond is pumped and applied in the eucalypt crop, with no release of wastewater to the water body. 

The data in Fig. 1 indicate that the most water-consuming stages are the productive slaughtering process 

and cleaning of the slaughterhouse (platform trucks waiting, reception, bleeding, scald, evisceration, cooling and 

cuts room), which are responsible, respectively, for 71% and 15% of the total water consumed.  
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FIGURE1 Percent distribution of water consumption at a poultry slaughterhouse 

  

 The steps in poultry processing that consume the largest volumes of water are: evisceration (29%), 

cooling/chilling (26%), Cleaning and washing 15% and scalding (8%). Large amounts of water are consumed due to 

the constant washing and cleaning equipment and installations. The purpose of this washing is to prevent these 

wastes accumulating on the floor and equipment. The removal of the viscera and processing performed by 

evisceration, shows a large potential for water consumption and generation of wastewater containing high 

concentrations of organic matter, N and P, which are derived from fats and blood to join the effluent through contact 

with inner and leftover meat and skin. 

 The poultry slaughterhouse reuses the rainwater falling on the roofs. The rainwater is stored in three 

ponds built on compacted soil and are used to wash the patio and sidewalks outside the company, washing trucks, 

used in nebulizers, toilets in the production sector and cooling.  

4.2 Minimization of Water Consumption and Wastewater Generation  

The sectors that consume large volumes of water are the evisceration and cooling with 979.39 m³.d
-1 

and 883.77 

m³.d
-1

 respectively and other sectors such as platform trucks waiting 22 m³.d
-1

, reception and hangs 104.69 m³.d
-1

, 

bleeding 5.32 m³.d
-1

, scalding 270.04 m³.d
-1

, cuts room 141.51 m³.d
-1

, boiler 61.27 m³.d
-1

, sub product 88.79 m³.d
-1

, 

machine and engine room 75 m³.d
-1

, toilets and laundry production sector 50 m³.d
-1

, cleaning and washing 

production sector 507.99 m³.d
-1

 and meat  industrialization processing  200 m³.d
-1.

 

 The wastewater reuse from the desensitization tank, after preliminary treatment to remove coarse solids, 

for pre-washing the transportation cages would result in a reduction of about 15.8% of the total water consumed in 

the Reception sector and 0.5% the wastewater generated in industrial processes.  

 Reuse of the effluents generated in the cooling towers to wash the live poultry receiving and unloading 

yards and reuse of the effluent from the final rinsing of the slaughterhouse cleaning process to pre-wash the by-

product room are measures that could optimize this operation and reduce water demand. 

 Applying more advanced technologies for water treatment and reuse programs conservation and 

optimization of water consumption per poultry, it is possible to achieve a reduction of up to 30% in global 

consumption of water used in processing of poultry (Matsumura et al., 2008). 

  

 

 

- 28 -



Efficient use of water and slurry management in livestock production systems 
  

 

 

5 CONCLUSIONS 

We concluded that the effluent tank desensitization can be reused to wash the cages used for transporting birds, the 

effluent generated in the cooling tunnel, the storage chambers and cooling towers can be reused to wash the waiting 

area and unloading platform. The suggested alternatives can minimize the hydraulic load by 5.5% and lead to a 

reduction of about 7.5% of the total amount of wastewater generated. Therefore, it is possible to reuse 255.80 m³.d
-1

.  

 As result of this study, it can be concluded that water conservation and water reuse are very important 

tools to minimize water scarcity problems in industrial areas. 
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1 INTRODUCTION 

The livestock sector is often considered one of the major causes of environmental pollution, especially with 

regard to nitrogen (N), contributing to its release into the environmental as only a small part of the N input is 

recovered in animal products. The efficiency of N conversion in animal products (meat, milk and calves) in 

ruminants is principally related with the product typology and with dietary composition: N utilization and 

efficiency change by manipulating these factors. Dietary composition is usually related to the feeds local 

resources and to the productive system adopted. 

In recent years we are facing to some important changes in the rearing systems, following the 

application of the new rules at EU level. For example, the organic livestock development after the promulgation 

of the Reg. CE 1804/99 and Reg. CE 834/07 or of local legislations (e.g. Rural Development Plan), encourages 

extensive and sustainable systems and local breeds rearing by mean of economical and institutional aid. In 

addition, the increasing consumers demand for "environmental friendly" products stimulates the diffusion of 

extensive rearing systems, also for specialised beef production. It is well known that the extensive rearing 

systems have several environmental functions and services, some certainly positive (animal welfare, territorial 

maintenance, spontaneous fires control, landscape appreciation, rural employment, food security, etc.), but others 

also negative (environmental pollution, erosion, system entropy growth, etc.) (Aimone and Biagini, 1999; 

Biagini and Lazzaroni, 2001). 

For beef cattle, an extensive rearing system implies the use of diets more rich in forages, i.e. fibre, 

than in concentrate that could increase the farmer’s income but affect the efficiency in nutrients usage. 

Piemontese cattle, numerically the most important Italian beef breed, are reared also in marginal agricultural 

area, rich in forage resource that could be used for cattle nutrition. So the presence of a considerable number of 

Piemontese cattle in local marginal areas, reared in a sustainable way, could represent a deterrent to the territorial 

damage and could have important repercussion on the local socio-economic environment, but the different 

feeding system adopted could increase the N environmental release if compared to an equal number of cattle 

reared intensively. Therefore, a trial was carried out to verify the effect of diets rich in fibre on N excretion and 

efficiency of fattening Piemontese young bulls. 

 

2 MATERIALS AND METHODS 

Two groups of 10 Piemontese hypertrophied calves, homogeneous for initial age and weight (8 months of age, 

200 kg LW), were reared in two pens (one for each experimental group) under the same environmental 

condition. The groups were fed for a theoretical daily gain of 1.2 kg with an increasing amount of hay and 

concentrate to meet the increasing energy and protein requirements, according to the INRA scheme for young 

bulls of late maturing beef breeds (Garcia et al., 2007), with a diet rich in fibre (FD; forage 60% DM intake; 

NDF 33.76%; ADF 18.98%) compared to a traditional one (TD; forage 30% DM intake; NDF 19.39%; ADF 

10.51%). To provide animals the same amount of protein level, the diets N concentrations were 2.14 and 1.82% 

DM as average, respectively in TD and FD. According to the feeding requirements, the feedstuff composition 

was changed from the rearing (until 15 month of age) to the fattening period (until slaughtering), while hay 

supplies were changed at 16, 17 and 18 month of age of animals; the feeds chemical characteristics of all 

feedstuffs and hays used during the trial are reported in table 1. 
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During the trial daily group feed consumption, monthly individual weights, average daily weight gain 

(ADG), and feed conversion rate (FCR) were recorded. The animals were reared until the same fattening degree 

according to the market requirements visually evaluated by an expert butcher. 

 

TABLE 1 Feeds characteristics (% on DM) 

 feedstuff 1 feedstuff 2 hay 1 hay 2 hay 3 

DM 87.9 89.9 89.1 89.6 87.8 

CP 15.8 15.1 8.7 3.9 7.0 

EE 2.6 2.8 3.1 0.8 1.3 

NDF 17.3 14.7 60.1 68.5 63.6 

ADF 6.9 6.0 32.0 49.5 37.6 

Ash 5.0 5.8 8.4 7.2 8.6 

NSC 69.7 70.3 47.8 38.6 45.5 

UFV 1.06 1.08 0.60 0.59 0.60 

 

Nitrogen excretion was calculated according to the European Commission criteria (ERM-AB-DLO, 

1999) as difference between N content in diet and N retention in animal weight gain, and N efficiency as ratio 

between N retained and N intake. N excretion indexes (N excretion/kg LW and N excretion/head/year) were also 

calculated. 

Data, except N balance elements, were analysed by GLM ANOVA procedure (SPSS, 2008). The 

model for the live performance and N excretion indexes analysis was: 

y = µ + αi + εij 

where: µ = general mean; αi = feed effect; εij = random error effect. 

 

3 RESULTS AND DISCUSSION 

The effect of the diet rich in fibre (FD) was evident at the end of the trial as showed by the rearing performances 

and feed consumptions reported in table 2, but these data required some comments. In fact, at 18 month of age, 

when the TD group reached the proper muscular and fattening development according to the market 

requirements, even if the performances of both groups were comparable, as showed in table 3 (i.e. live weight 

was 499 vs. 455 kg respectively in TD and FD, without statistical differences), the FD group did not showed the 

proper muscular development and fattening degree and the animals required an extra fattening period. 

 

TABLE 2 Calves live performances and feed consumption (mean ±±±± s.d.) 

 TD FD 

trial length (d) 307 420 

initial LW (kg) 203.20 ± 31.53 205.50 ± 33.34 

final LW (kg) 498.90 ± 45.17 564.40 ± 43.15 ** 

weight gain (kg) 295.70 ± 31.78 358.90 ± 52.01 ** 

ADG (kg/d) 0.96 ± 0.10 0.85 ± 0.12 

FCR (kg DM/kg weight gain) 6.41 ± 0.64 9.18 ± 1.40 ** 

DM feedstuff consumption (kg) 1,337.62 1,527.28 

DM hay consumption (kg) 538.79 1,704.73 

**: P<0.01 

 

The FD reached the right fattening degree only 4 months later, by following the traditional fattening 

diet. The fattening extra-period brought the FD group to a higher live weight (P<0.01) and feed consumption 

which affected negatively the rearing performances. In fact FD showed lower weight gains (P<0.01), higher feed 

conversion rate (P<0.01), and higher feed consumption, both as hay and concentrate, than TD. 

Total DM intake, feed N concentration and weight gain are necessary data to evaluate N excretion and 

efficiency. As previously stated, diets N concentrations were 2.14 and 1.82% DM as average, in TD and FD 

respectively. The difference of 0.28 percentage points in N concentration correspond to a difference of 1.75 

percentage points in CP concentration. 
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The lowest level of CP for the FD group could increase N usage efficiency, but the different DM 

intake so as the NDF and ADF diet concentration could affect rumen microbial fermentation, rumen bacteria 

stock ratio, organic matter digestibility, and then could make fruitless the effect of diet with low CP 

concentration and modify N availability. Several trials have shown that both total DM intake and/or dietary N 

concentration have generally negative correlation with N efficiency in cattle (Nadeau et al., 2006; Hristov and 

Jouany, 2005; Leonardi et al., 2003; Monteils et al., 2002; Frank et al., 2002; Castillo et al. 2001). As showed in 

table 4, reporting the data of the nitrogen balance, also in this trial the FD higher DM intake seems making 

pointless the effects of the lowest diet N concentration. 

 

TABLE 3 Calves mean live weight at the different ages (mean ±±±± s.d.) 

Age (months) TD FD 

8 225.40 ± 36.52 224.60 ± 35.68 

9 253.90 ± 42.72 255.20 ± 37.47 

10 284.40 ± 42.53 280.40 ± 38.23 

11 317.53 ± 47.99 311.20 ± 40.13 

12 355.80 ± 47.10 338.80 ± 40.21 

13 377.10 ± 45.02 355.30 ± 44.78 

14 397.50 ± 44.74 375.60 ± 40.69 

15 420.60 ± 43.41 399.78 ± 39.28 

16 445.00 ± 40.44 426.89 ± 44.41 

17 481.40 ± 43.43 446.00 ± 41.94 

18 498.90 ± 45.17 455.33 ± 39.47 

19 --- 479.89 ± 40.55 

20 --- 508.67 ± 44.85 

21 --- 534.44 ± 40.05 

22 --- 564.40 ± 43.15 

 

TABLE 4 Nitrogen balance, efficiency and excretion (mean ±±±± s.d.) 

 TD FD 

daily N intake (g) 130.64 139.81 

total N intake (kg) 40.11 58.72 

daily N retention (g) 26.01 ± 2.80 23.07 ± 3.34 

total N retention (kg) 7.98 ± 0.86 9.69 ± 1.40 

daily N excretion (g) 104.64 ± 2.80 116.74 ± 3.34 

total N excretion (kg) 32.12 ± 0.86 49.03 ± 1.40 

N efficiency (%) 19.91 ± 2.14 ** 16.50 ± 2.39 

N excretion/kg LW (g) 109.94 ± 13.59 139.84 ± 25.43 ** 

N excretion/head/year (kg)  38.19 ± 1.02 42.61 ± 1.22 ** 

**: P<0.01 

 

About the N balance, daily and total N intakes were 7% and 46% higher in FD than TD respectively. 

The difference in the weight gain affected N retention, higher in TD than FD for daily (+13%) but lowest for 

total retention (-18%). N daily and total excretions were higher in FD than TD (+12% and +53% respectively). 

Based on these data the N efficiency was significantly higher in TD than FD (P<0.01). 

The N balance data are comparable and allow the estimation of the level of N release in the 

environment for the studied rearing systems only if the excretion data are referred to the same reference unit (e.g. 

time or weight). Also after this weighting, the TD showed lowest N excretion than FD: -10% and -21% if 

referred to the unit of live weight gain (P<0.01) or to the head/year (P<0.01) respectively. 

 

4 CONCLUSION 

The results of this trial showed that, in spite of FD being low in N diet concentration that should improve N 

efficiency, a diet rich in fibre seems to worsen N excretion and efficiency. 
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This result should be evaluated together with the positive function developed by an extensive rearing 

system, that for the Piemontese breed normally provide grazing animal on pastures of hilly and mountain area, 

but also with possible negative others effect not studied in this trial, so as higher requirements if grazing, and 

hence higher feed consumption, worse feed conversion indexes, higher nutrient losses, etc. So the appraisal of a 

rearing system should be all-embracing, and consider the feeding system which remains the most important 

factor affecting N efficiency and excretion and hence environmental release. 
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1 INTRODUCTION 

In the European Union nitrogen (N) and phosphorus (P) losses from animal farms to the environment are one of 

the most severe pollution problems threatening soil (nutrient accumulation), water (eutrophication) and air 

(NH3). Unfortunately, in cattle manure these nutrients are unbalanced compared to crop requirements. Moreover 

N is predominantly concentred in urine (deriving from body protein renew and feed protein excess and 

metabolism) whereas P is excreted in the faeces (deriving from feed P low digestibility), and both are excreted as 

compounds with different solubility and hence different availability for plant growth. Therefore, it is not easy to 

plan any N and P reduction strategies that at the same time satisfy animal nutritional requirements, plants needs 

and environmental protection. 

In Italy, relatively few dairy farms have adopted strategies for the reduction of animal nutrient 

excretion, whereas more widespread are those regarding manure treatment, management and subsequent 

utilization. In ruminants, the more important factors affecting N and P excretions are related with the products 

typology (e.g. milk or meat) and characteristics (e.g. fat ratio or protein concentration), but above all with dietary 

composition. Moreover, animals nutrient excretions can be affected also by many other factors such as age, 

physiological status and heads genetic level. Manipulation of those factors may be useful for the control of 

nutrients excretion and for increasing N and P utilization efficiency, and to evaluate the effects of the feasible 

adoptable strategies to reduce nutrients excretion and hence environmental impact is needed to know the actual 

level of N and P excretion and utilization efficiency in dairy cattle farms. 

Therefore, a preliminary study was carried on in a dairy cattle farm to evaluate the manure managing 

and the actual level of N and P excretion, analysing nutrients excretion and efficiency not only for lactating 

cows, but also for other cattle categories reared in the dairy farms, such heifers. 

 

2 MATERIALS AND METHODS 

In a typical dairy cattle farm in the Piedmont plain (North-West of Italy), animal management and diet were 

recorded and analysed: productive and reproductive indexes were collected and manure production, N and P 

excretion and nutrients utilization efficiency were estimated, both for cows (>24 months of age), heifers (12-24 

months of age) and young females (6-12 months of age). The farm was studied during one month, and several 

productive and reproductive data were obtained from the official recording database of the Italian breeder 

association (AIA, 2009) and related to the last year. 

Feed consumption, heads live weight, heads productions (weight gains, number and weight of born 

calves and milk production), milk urea and reproductive indexes (delivery-conception period, number of births 

per year) were recorded for lactating cows, dry cows, heifers in calf, young heifer and calves. Feed samples 

(single diet ingredients) were collected and analysed to determine N and P content and intake, whereas animal 

nutrient requirements were calculated according to the INRA (Garcia et al., 2007) and NRC (2001) scheme for 

dairy cattle. 

The nutrient excretion was calculated according to the European Commission criteria (ERM-AB-

DLO, 1999) as difference between N and P content in diet and N and P retention in animal, considering their 

weight gain. N and P retentions were evaluated based on the value reported in table 1 and suggested by ERM-

AB-DLO (1999), FSA (2002) and INRAN (2010), whereas milk N content was determined according to milk 

crude protein (CP) content divided by stoichiometric coefficient (6.25). N and P efficiency were calculated as 

ratio between nutrients retained and nutrients intake. 
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TABLE 1 N and P content in animal and animal products (g/kg) 

 N P 

cattle body 25.00 7.50 

newborn body 29.50 6.00 

Milk CP/6.25 0.95 

 

3 RESULTS AND DISCUSSION 

The farm was typical of an average dairy farm in the Piedmont plain with about 72 lactating dairy cows 

(purebred Holstein Friesian). The detailed herd composition (n) and heads age and live weight (LW) are showed 

in table 2: a distinction in cattle categories, number of animals and their mean age was essential for the 

estimation of total live weight (LW) reared in the farm and hence N and P retention. 

 

TABLE 2 Herd composition and characteristics 

 n age (month) LW (kg) 

total cows (26-73 month) 72 50 650 

lactating cows 60 --- --- 

dry cows 12 --- --- 

heifers in calf (17-26 month) 26 22 530 

young heifers (12-17 month) 14 15 365 

young females (6-12 month) 19 9 240 

young calves (1-6 month) 16 3 110 

young calves (<1 month) 6 0.5 50 

 

Manure is produced as slurry from the cows and heifers and as solid manure from the younger 

animals. The measured production of slurry (1,347 m
3
; 21.7 m

3
/year/t LW) was higher then the theoretical figure 

(1,212 m
3
; 20 m

3
/year/t LW), so as established in the national and local rules. Nevertheless, the farm keeps the 

slurry in two tank of 187.2 and 351.0 m
3
 respectively, and such capacity assures a storage longer than 120 d as 

required by rules, including an allowance for a mean area annual rainfall (about 700 mm). The measured 

production of solid manure is in agreement with the theoretical value (328 m
3
; 28 m

3
/year/t LW), and the solid 

manure platform assures storage for about 1 year. 

Productive and reproductive indexes (table 3), useful to estimate N and P retention, were collected and 

compared to those of the previous year and to the district mean data for the breed. The high delivering interval 

recorded for the year 2008 was probably due to the "Blue Tongue" vaccine, but the reproductive index became 

normally again during the investigation period. 

 

TABLE 3 Productive and reproductive indexes for N and P apparent balance calculation 

 recorded data farm mean 2008 district mean data 

daily milk production (kg/head/d) 29.0 32.6 29.0 

annual milk production (kg/head/year) 9,280 10,555 8,886 

milk CP (%) 3.67 3.62 3.37 

milk EE (%) 3.96 3.97 3.82 

milk urea (mg/100 ml) 29.6 --- --- 

first delivery age (month) 24 26 27 

delivery mean age (month) --- 40 44 

delivery-conception period (d) 120 246 180 

delivering interval (d) 402 528 462 

insemination/conception (n) 2.5 2.9 2.5 

fertility (%) 40.0 34.5 40.0 

 

The cattle diets used in the farm, based on total mixed ration with maize silage, hay, corn meal, 

soybean meal, commercial feedstuff, were recorded for every cattle categories, so it was possible to calculate a 

partial nutrient balance. The diets were compared to theoretical heads requirements (table 4) and showed an 

unbalanced nutrients supply for several animal categories. CP (and thus N) and P diet surplus were respectively 

+17% and +20% in lactating cows, +83% and +12% in dry cows, +25% and +9% in heifer in calf, +35% and 
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+7% in young heifer and +35% and +7% in young females. The diet CP excess was indirectly confirmed by the 

related high milk urea content (table 3). 

Based on such data, the annual nutrient excretions were calculated for the three main cattle categories: 

cows (C, lactating + dry), heifers (H, in calf + young) and young female (YF, >6 month of age). Total DM 

intake, feed N and P concentration, milk production, milk CP, weight gain, newborn number and weight are 

necessary data to apply the mass balance method (table 5). 

 

TABLE 4 Comparison between requirements and supplies for the main cattle categories 

 energy (UFL*) CP (g) P (g) 

cattle category requirement supply requirement supply requirement supply 

lactating cows 18 20.2 3,393 3,965 76 91 

dry cows 7.4 8.9 890 1,633 33 37 

heifers in calf 7.6 8.9 1,302 1,633 34 37 

young heifers 6.2 7.0 970 1,309 27 29 

young females 3.9 4.9 656 927 15 20 

* Unité Fourragère Lait 

 

TABLE 5 Consumption and productive data for excretion calculation 

 C H YF 

DM intake (kg/head/year) 8,304 4,062 1,080 

feed N (%) 2.76 2.39 1.5 

feed P (%) 3.95 3.40 3.50 

weight gain (kg/head/year) 40 292 126 * 

newborns (n/cow/year) 0.69 1 --- 

newborn weight (kg) 35 35 --- 

* weight gain between 6 and 12 months 

 

The nutrients balance and utilization efficiency is showed in table 6. Consequently, the diet nutrient 

excess, the N and P balances showed a high level of excretion affecting utilization efficiency. The differences 

found between the efficiency of cattle categories were due to the different products (i.e. body growth and milk) 

obtained. 

For example, H and YF use the greater part of the N intake for growth and do not retain as much of 

additional N absorbed as C, resulting in more N excreted when additional N is absorbed (Nadeau et al., 2006). 

This suggests that H and YF have a smaller demand because do not have to restore body protein mobilised in 

lactation compared to C, so a feed N excess could bring to a higher excretion. On the other hand, the younger 

females have a higher CP percentage of LW than C (from 17% to 19% of LW for H and YF and 16% for C; 

NRC, 2003), but N retention for growth has lower efficiency than N utilised for milk production. These 

considerations explain the differences in N efficiency found for the three cattle categories, and especially those 

between C and other categories. 

Instead the differences in P utilisation were due to the incomplete development of the digestive tract 

of the young animals and to the microbial equilibrium (e.g. lower absorption or lower microbial phytase 

production), and to the cows' phosphorus metabolism, correlated to the calcium bone storage and mobilization. 

 

TABLE 6 N and P balance and utilization efficiency (head/year) 

 C H YF 

N intake (kg) 229.18 97.09 3.32 

P intake (kg) 33.00 13.80 8.00 

N retention (kg) 61.88 8.33 0.32 

P retention (kg) 10.50 1.70 0.90 

N excretion (kg) 167.30 88.76 3.00 

P excretion (kg) 22.50 12.10 7.10 

N efficiency (%) 27.0 8.6 9.6 

P efficiency (%) 31.8 12.3 11.3 
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4 CONCLUSION 

The results of this preliminary study on nutrient balance for an example intensive dairy cattle farm in the 

Piedmont region of Italy could represent reference data for studies on other similar farms. Based on the collected 

data, it is possible to conclude that a correct diet formulation still represents an important tool for reducing 

nutrient excretion. In fact, as the studied farm does not adopt strategies to reduce N and P excretion, it is possible 

to argue that nutrient efficiency could be increased by formulating more corrected rations or improving 

management strategies. Moreover, N and P dietary unbalanced supplies could be consistent not only for the cows 

but also for the others cattle categories reared in a dairy farm, affecting feed N and P conversion efficiency. So 

great attention must be paid to all heads categories reared in the farms, particularly to the replacing animals’ diet, 

formulating feeds as closely as possible to their requirement. 
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1 INTRODUCTION 

In the present configuration of livestock manure management, and particularly for the pig industry, slurry is 

collected from barns and stored into storage tanks inside and/or outside of livestock buildings before spreading. 

During this storage period, in anaerobic condition, production and accumulation of sulphur (S) compounds occur. 

Among the molecules produced, some are of particular concern since they are responsible for odours or are 

dangerous for health. According to Spoelstra (1980), the major S compounds responsible for odours are hydrogen 

sulphide (H2S) and methyl mercaptan. Other authors (Clanton and Schmidt, 2000) extend this list to include 

dimethyl-sulphide, dimethyl-disulphide, carbon disulfide and carbonyl sulphide. Handling these types of livestock 

manures can be dangerous when gaseous S forms dissolved in the liquid phase are suddenly transferred and released 

to the gas phase (Mackie et al., 1998; Oneill and Phillips, 1992). The most dangerous S gas compound is probably 

H2S that is toxic and lethal at high concentrations. In most cases, the maximum exposure to H2S occurs when the 

effluent is mixed before land spreading (Oesterhelweg and Puschel, 2008). The acute toxicity of H2S absorbed by 

inhalation is well documented. Thresholds of toxicity have been identified and regulated to protect exposed 

populations. For pig slurry, different sources can explain H2S production. First, in anaerobic conditions, sulphates 

present in pig excreta (urine and faeces) can be reduced by sulfate-reducing bacteria into sulphite and sulphide, this 

pathway is well known as dissimilatory sulphate reduction. The microorganisms involved are terminal degraders of 

organic matter and are widely present in anaerobic ecosystems (Elferink et al., 1994; Stams et al., 2005). Second, 

H2S formation may result from the mineralization of organic compounds containing S, such as non digested proteins 

which contain methionine, cystine and cysteine amino acids that can be reduced to pyruvate and H2S (Mackie et al., 

1998). 

  In the literature, much documentation is available to correlate odours emitted by pig slurries and gaseous 

S emissions but little is found to correlate animal feeding strategies, S excretion via faeces and urine and further 

sulphide production during pig slurry storage. The objectives of this study were to determine the S content of 

different raw materials usually used to formulate pig’s feed, to evaluate the behaviour of the ingested S and to 

determine the S compounds produced during pig slurry storage. 

2 MATERIALS AND METHODS 

The S content of 76 raw feedstuffs has been determined by the French Association for Animal Production (AFZ), 

total S in excreta and manure was determined by elementary analysis using normalised methods. For dietary S 

retention two independent experiments were realised, one with 6 castrated male pigs with an average initial body 

weight of 62 kg (±1.5) kg, which were housed individually in metabolic cages. Pig diets tested were principally 

based on wheat (87%) and on soybean meal (10%) but different wheat distillers dried grains with solubles (DDGS) 

were incorporated (25%) to partially replace soybean meal (7%) and wheat (65%). The crude protein (CP) content 

of diets used varied between 20% and 16% for formulation with or without DDGS respectively. For the second 

experiment, the same protocol was used with fifteen castrated male pigs with an average body weight of 63 kg (±3) 

kg Four experimental diets based on wheat and soybean meal were compared. They differed by their CP content 

which amounted to 13 and 16% and by their ingredient composition. For lower CP content, exclusively wheat (90%) 

and soybean meal (6%) were used. For higher CP content, one pig diet was realised with wheat (69%) and soybean 

meal (16.5%) and three other diets were formulated by ingredients addition, 20% of DDGS, pulp beet or rapeseed 

meal, in partially replacement of wheat and soybean meal. These two experiments were conducted during 20 days, 

pig feed intake was fixed at 2 kg.d-1. During the 10 last days, urine and faeces were collected daily, weighed, 
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pooled per pig and at the end of the experimental essay and sampled for analysis. Water was available ad libitum, 

consumption of water and feed were measured each day. Diet, faeces and urine were analysed for dry matter. Total 

S was determined by elementary analysis (LECO SC 144). Sulphates were measured with an automatic flow 

injected analyser (Lachat QuikChem 8000) directly with diluted urine and after potassium chloride extraction for 

feed and faeces. 

 For storage experiment, pig slurry provided by an industrial pig farm was used. In order to restore initial 

characteristics of this slurry and particularly its volatile fatty acids (VFA) content, additions of acetic, propionic and 

butyric acids were realised to reach 3, 1.5 and 2 g.l-1 respectively. After this operation, this slurry was spiked with 

sulphate at different concentrations between 0 to 4 gS-SO42-.l-1 and incubated in a water bath at 20°C for 45 days. 

Behaviours of sulphate and VFA were measured every two or three days for 2 weeks at beginning of the experiment 

and weekly thereafter. Total sulphide content in batch essays was precipitated with zinc acetate and after analysed 

by GC-PFPD.  

3 RESULTS AND DISCUSSION  

3.1 Evaluation of total sulphur content of feed ingredients 

Based on the tables (INRA-AFZ, 2004), the S content of 76 raw feedstuffs materials commonly used to formulate 

swine diet varies greatly ranging from less than 0.5 g total S per kg of material to concentrations over 10 g S.kg-1 

for yeast effluent for example (Figure 1). These different S contents depend on the material composition itself but 

also on its origin and/or processing. The S content of whole grains (wheat, corn, barley, rice, sorghum, triticale, rye) 

is relatively low, usually close to 1.3 g S.kg-1 and is principally correlated to the S amino acids content. Cereals and 

their by-products (gluten feeds, distillers dried grains with solubles, etc.) have average grades around 1.8 g S.kg-1, 

these data are comparable with those measured by Kerr et al. (2008). With this same dataset, dried alfalfa and dried 

grass feedstuffs have similar concentrations close to 2.0 and 2.5 g S.kg-1, respectively. For oilseeds, the mean S 

content is higher ranging between 1.8 g S.kg-1 for beans to 3.3 g S.kg-1 for rapeseed. However, for oilseed meals, 

the final S content is generally 1.5 times higher than the one of the oilseed raw materials themselves. This increase 

of total S is due to oil removal during the industrial process of transformation. Thus, the total S content of rapeseed 

meal is 5.9 g S.kg-1 after oil extraction (oil represents 40 % of the dried weight) while the rapeseed S concentration 

is 3.3 g S.kg-1. In these oilseed by-products, it is clear that total S concentrations should thus correlate to the CP 

content of the material itself. Molasses and by-products from starch production are the most concentrated in S 

among all plant-based ingredients. It is surprising since beet and cane molasses are principally composed of sugar 

like sucrose (60% of their dried weigh) and this high S content cannot be explained only by the S amino acids 

content. Actually, it is linked to their industrial process. The use of sulphuric acid in the steeping process of 

molasses increases their S content.  For starch by-products, the same explanation is done. Animal-based feedstuffs 

(dried milk; fish meals, etc.) contain higher concentrations of total S relative to most plant-based ingredients. 

Because S amino acids are prevalent in various body components, animal based ingredients are high in total S 

content. This is the case for example for whey and fish meals which are used as protein sources in pig’s diets. 

 

 

 

 

 

 

 

 

 

 

 

FIGURE1 Total S content of different raw materials used for pig feed formulation. 

  Analysis of all these data suggest that this large variation in the total S content of dietary ingredients 

(about 20 times difference at most) could influence S feed intake and further S excretion by animals and impact 

further gaseous S emissions from pig slurry during anaerobic storage. Moreover, since the principal ingredient of pig 

feed formulation is cereals such as wheat, barley and corn, which have a low total S content, the variation in total S 
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content of meals is strongly correlated to the added ingredients like oilseed meal or industrial by-products, event if 

these are added in a reduced quantity. 

3.2 Sulphur balance in growing pigs  

To evaluate S retention by pigs, diets with different total S content were compared in two independent experiments. 

For these essays, pigs were individually reared in metabolic cages. No feed refusal was observed during the 

experimental period and feed intake was the same for all treatments.  The diets differed in their S concentration 

between 1.6 and 4.1 g S.kg
-1

. The lower S content was obtained by mixing wheat and soybean meal, with a total CP 

content of 16%, and the highest S content was obtained by mixing wheat, soybean and wheat distillers dried grains 

with solubles (DDGS) with an objective of a CP content of 20%. In the first experiment, different wheat DDGS 

obtained from different process were compared resulting in different S content depending on the industrial process 

used for ethanol production. Figure 2 presents the S intake by pigs versus S excreted (addition of total S recovered 

in urines and in faeces) during experiment. S absorption rate (data not shown) measured by difference between S 

intake and S excreted appeared to be constant for all experiments and for all regimes tested with an average of 80% 

(±5%). Dietary variation of S level mainly impacted urinary S excretion. Total S in urine increased when dietary S 

increased, about 55% (±18%) of S intake was recovered in urine for all regimes tested. The same results were 

obtained for faeces excretion which depended on the ingested S; S recovered in faeces represented 20% (±5%) of S 

intake. On average from these results it can be calculated that S retained and S excreted represented 25% (±17%) 

and 75 % (±17%) of the S intake respectively. The high standard deviation observed on measures is due to 

difficulties in measuring correctly the total S content in urine.  

 The sulphate content of pig feed, faeces and urine was also determined. With these data it appeared 

clearly that all the S excreted in urine was sulphate. It was not the case for faeces where less than 50% of S was 

sulphate, suggesting that S-amino acids have a significant contribution to faecal excretion. Aggregation of all the 

data acquired from faeces and urine showed that the total S and sulphates contents of fresh pig slurries for these 

experiments were between 0.3 - 1.9 g S.kg
-1

 and 0.4 - 1.7 g S-SO4
2-

.kg
-1

 respectively. Since sulphate concentrations 

in drinking water were marginal (average content of sulphate tap waters in Brittany is close to 10 mg S-SO4
2-

.l
-1

) 

according to the national database on groundwater, we can state that sulphates present in pig slurries come 

principally from feeding.  
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FIGURE2 Total S intake versus total S excreted for the 2 dietary experiments realised. 

3.3 Behaviour of sulphate during storage of pig slurry 

Our experiments demonstrated that S excretion by pigs is mainly as sulphate and that the amount excreted depends 

on the animal feed used. Currently fresh slurry is collected and stored in anaerobic conditions under the settled floor 

of the livestock building for few weeks and then stored in large tank outside the barn for several months. To 

evaluate the behaviour of this sulphate during pig slurry storage, sulphate additions were realised by spiking raw pig 

slurry. One result of a batch series essays is presented figure 3 with a sulphate spiking of 1 g of S per litter. During 

this trial, it appears clearly that sulphate concentration was reduced to the detection limit within 20 days while, in 

the same time, sulphides appeared in slurry and reached a maximum value of  875 mg S.l
-1

 seventeen days after 

sulphate addition. This depletion of sulphate and accumulation of sulphides could arise by dissimilatory sulphate 

reduction. At 20°C, this phase started rapidly (but not immediately) after the beginning of the incubation. Few days 

(4-7) were necessary to produce sulphide. This short lag phase suggested the involvement of sulphate reducing 

organisms that would be present in large number in pig slurry. Sulphate reduction rate for this essay was estimated 

to be near 70 µmol S-SO4
2-

.l
-1

.h
-1

. Since VFA are required by sulphate reducing bacteria to produce sulphide, VFA 
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concentrations were also measured during this experiment. The added propionate and butyrate were consumed more 

rapidly after sulphate addition than in the control without sulphate addition. Also, acetate concentration increased 

when sulphate was consumed (data not shown). These results confirmed that sulphate was consumed in pig slurry by 

sulphate-reducing bacteria that use propionate and butyrate as electron donors in anaerobic conditions to produce 

acetate and sulphides.  
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FIGURE3 Kinetic of sulphate consumption and sulphide production during lab scale pig slurry storage 

experiment after sulphate addition at t0 (continuous line for sulphate and dot line for sulphide). 

 

4 CONCLUSION 

Total S composition of pig diet affects the S content of urine and faeces. The low S control diet generates lower 

excretion for both urine and faeces. These results show that in all cases the retention of total S content in pig diets is 

limited; only 25% of S intake is fixed by animals. Most of the S intake is recovered as sulphate in urine. Mixing of 

urine and faeces in anaerobic conditions conduces to a consumption of sulphates in few days with a large production 

of sulphide. This reaction is probably realised by dissimilatory sulphate reduction pathway with sulphate reducing 

bacteria.    
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1 INTRODUCTION 

There are several nutritional technologies that reduce chemical output by animals. Increasing Nitrogen, Phosphorus 

and micro mineral utilization by pigs improves environment quality, by reducing local nutrient importation from 

other regions and better use of non renewable natural sources (Dourmad and Jondreville., 2007). Besides, Shaw et 

al. (2006) stated that studies on water utilization by swine are very complex, since they are affected by animal 

behavior, the environment inside facilities and nutritional management.   

Water is the nutrient required by pigs in greatest amount. Its consumption is influenced by several factors 

but type of diet is by far the most important. Therefore, a well formulated diet will demand less water consumption  

and hence promote rational use of water sources. This diet will also provide environmental and economic benefits, 

because it will generate less waste, reducing environmental risks to surface and ground water, soil and air. It will 

also reduce management and treatment costs. 

The use of environmentally friendly nutritionally strategies will reduce the potential impact of pig manure 

in water, soil and air. The research involving nutrition and environment require continuous monitoring, 

multidisciplinary and systemic approach (Prince, 2000). 

This systemic approach is usually not considered when decisions are taken. This can be observed, for 

example, in studies related to swine production costs. Usually, environmental costs are not taken in account in swine 

production. This cannot be accepted for an activity that is routinely questioned about its environmental performance. 

Therefore, a diet planned to consider environmental technologies in its formulation, may have higher cost but have a 

positive impact on reducing the environmental hazards. Consequently, they reduce environmental management 

costs. 

Knowledge about relationship between pig nutrition, water consumption and waste production is essential 

for an activity that has been questioned for its sustainability. The establishment of indicators that express these 

relationships will assist decision-making by actors in the production chain, and provide social evaluation of this 

activity. 

The objective of this study was to propose water and performance indicators to growing-finishing pigs, 

and evaluating the effect of nutritional technologies on indicators. 

 

2 MATERIALS AND METHODS  

The experiment was conducted at Embrapa Swine and Poultry swine production facilities during 17 weeks (119 

days). 

Eighty barrows, Landrace x Large White crossbred with MS60 syntetic boars, with average initial weight 

of 30 kg average age of 77 days were allotted in a randomized block design. The experiment was divided in four 

phases: 30 to 50, 50 to 70, 70 to 100 and 100 to 130 kg. The experimental unit (replicate) consisted of a pen with 

four animals. 

The treatments were: 

T1 - Diet with high level of crude protein, minimum amino acid supplementation, and without the 

inclusion of phytase and organic minerals; 

T2 - Diet based on T1, with reduced level of crude protein by supplementation of lysine, methionine, 

threonine and tryptophan, with ideal protein of all essential amino acids, and without the inclusion of phytase and 

organic minerals; 

T3 - Diet based on T1, with the inclusion of phytase and reduction of Calcium and Phosphorus; 

- 42 -



Management of livestock diet to minimize environmental impact of manure and slurries 
  

 

T4 - Diet based on T1, with the supplementation of microminerals (Cu, Zn and Mn) on the basis of 44% 

organic and 56% inorganic minerals; 

T5 - Diet based on T1, but combining all supplemantations of T2, T3 and T4. 

All diets were isocaloric and formulated based on digestible amino acids using the concept of ideal 

protein. Basic ingredients were corn, soybean meal and oil, without the inclusion of animal by-products. Brazilian 

Poultry and Pigs Requirements (Rostagno et al., 2005) were the reference for nutritional requirements of animals to 

formulate diets. 

In the diets of Treatments 4 and 5 the contents of copper, zinc and manganese were supplemented with 

inorganic and organic minerals at a rate of 56% and 44%, representing the reduction of 10% in the total amount of 

supplemented minerals compared to T1.  

Diets were mashed type and phytase was added following commercial recommendations regarding  

reduction in supplemented Phosphorus and Calcium. 

Each pen had one 50 L water tank placed above the animals. Daily, the volume of the tank was refilled. 

Therefore, the difference between gallon capacity and the volume refilled indicated the water intake into the pen. 

The tank was connected to a drinker designed to reduce losses as much as possible. Before and after the daily 

replacement, water temperature was measured using a thermometer with mercury bulb. 

Weekly, total waste produced was collected in each pen. After collection, the manure was weighed. The 

division of the total waste by the number of pigs in each pen generated the result of kg of waste produced per 

animal. 

The chosen indicators to measure performance, waste production and water use were: IND1 - water 

consumption and waste production (L/kg); IND2 - water consumption and weight gain (L/kg); Ind3 - water 

consumption and feed consumption (L/kg). 

Variables were analyzed using various procedures of SAS (2002) and the general model included main 

effects of blocks and treatments. Univariate and multivariate analysis techniques were employed. 

 

3 RESULTS AND DISCUSSION  

Average water temperature before replacement was 23.33
0
C and after of 23.34

0
C. Among treatments, the average 

temperature ranged from 22.97
0
C to 23.02

0
C. Considering that ideal temperature to drinking is 20.00

0
C, it was 

observed that the mean value was slightly above the ideal, but there was no statistically significant difference 

between the water temperature before and after replacement among treatments. 

Figures 1, 2, and 3 show IND1, water consumption and waste production (L/kg); IND2, water 

consumption and weight gain (L/kg); IND3, water consumption and feed consumption (L/kg), respectively. 

Treatment 5 had the highest ratio between water consumption and waste production (2.72) while 

Treatments T2 (2.22) and T3 (2.25) had the lowest ratio. It was expected that the largest ratio occurred in T1 

because this diet had any of the chosen nutritional technologies. The largest ratios occurred in treatments containing 

organic minerals. Higher ratios has a direct impact on the environmental cost of pig production, because volume is 

one of the main parameters used in the design of storage and waste treatment systems. 

T2 and T3 had a positive effect in reducing the need for labor to cleaning pens, cost of environmental 

management, reducing the potential pollution, especially that related to surface and groundwater; need for 

agricultural area when the use of manure as fertilizer. 

The ratio between water consumption and weight gain increased with the age. In the first week the 

average of treatments was 3.7 L/kg and in the last week was 6.3 L/kg. This increase is related to animal physiology, 

since older animals are less efficient to convert nutrients in meat. Water is the main nutrient in a livestock. If it is 

used with lower efficiency it decreases water availability to farms and environment. Therefore, the decision on the 

best slaughtering weight cannot be limited only by market needs, but also consider the environmental impacts that 

this decision could have. The actual trend is to increase animal concentration in farms and regions, slaughtering 

animals at heavier weights, which will demand higher water availability. 

The lowest average water intake was observed in T5 (5.0 L/kg) and the highest in T1 (6.0 L/kg). The 

difference of 1 L/kg between these treatments is significant when we consider the difference during experimental 

period. The animals were housed with an average weight of 30 kg and slaughtered at an average weight of 130 kg, 

weight gain during the period was 100 kg. Multiplying this value by the difference between T5 and T1, each animal 
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under T1 drank 100 liters more than the ones in T5. If we project this difference to an industrial farm the impact will 

be huge to conservation of water sources. 

Treatments with organic minerals had the lowest ratio between water consumption and weight gain, 

showing that this technology can be used when farmers aim improving water efficiency. 

The ratio between water consumption and weight gain can be used as an indicator of environmental 

performance and water efficiency. Therefore, it is necessary that the practice of measuring water consumption be 

internalized in the daily of farm. 

Traditionally, farmers and profissionals use the ratio of 2 to 3 L of water per kilogram of feed.. The 

results showed that treatments did not differ significantly and that the average ratio ranged from 2.13 L/kg (T1) to 

1.74 L/kg (T5). The use of all technologies on the same diet provided a lower consumption of water per kilogram of 

feed. Despite the low difference between the maximum and minimum average (390 ml), when we project this 

difference to the current scale of production, the difference will be significant. 

Animal nutrition should be understood as an important factor on the generation of production wastes. 

Therefore, any practice or technologies that improve the utilization of nutrients should be evaluated in theirs 

productive, economical and environmental factors. Today, the economical evaluation is the main criteria to take 

decisions in swine production, which can lead to important environmental liabilities. 
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FIGURE 1  Relation between water consumption and waste production (L/kg). 
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FIGURE 2  Relation between water consumption and weight gain (L/kg). 
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FIGURE 3  Relation between water consumption and feed consumption (L/kg). 

 

4 CONCLUSIONS  

Nutritional technologies provided a positive impact on the efficient use of water by animals. 

Research should be conducted to evaluate the responses for other swine categories. It should also be made 

an analysis of cost of production that considers the cost of diets, the value of water sources, and the cost of waste 

management. 
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1 INTRODUCTION  

Pig production in Europe is concentrated in specific areas, which has an economic advantage but also causes 

environmental damages dealing with local surplus of slurry. Slurry from livestock farms is the principal source of 

ammonia (NH3) emission (ECETOC, 1994) and it contributes to methane (CH4) emissions due to the anaerobic 

digestion of organic matter during storage (Hashimoto et al., 1981). Many studies have attempted to reduce such 

gaseous emissions through diet modifications. Reducing crude protein content, associated with a supplement in 

amino acids, or the addition of fibres to the diet, achieve a reduced N excretion and subsequent ammonia emission 

(Canh et al., 1997). The modification of the diets could also influences the production of methane from the slurry, 

but very few studies were carried out on this subject. Zeeman (1991) and Velthof et al. (2005) showed that a 

decrease in protein content of the diet reduced the production of methane, while the addition of fermentable fibres 

increased it. 

 The recent peak in the price of cereals has highlighted the competition between animal feed and human 

food demands. In this context, others raw materials are encouraged as an alternative to cereals in animal diets. 

Among the reasons leading to this competition the government policy to incorporate biofuel (up to 5.75% in Europe 

by 2010, European Directive 2003/30/CE) plays a major role. Such policies lead to the developpement of a biofuel 

processing industry which produces co-products, rich in fibre as wheat distillers dried grains with solubles (DDGS) 

or sugar beet pulp in the case of production of ethanol, and oilseed meal in case of production of biodiesel. The 

recycling of such co-products in animal feed represents an economically sound alternative. There is a wide variation 

in the process of quality of these co-products according to the raw material and the technology. For economic 

reasons, some farmers process their own biodiesel from rapeseed, leading to a high fat rapeseed meal (up to 15 % 

crude fat compared to about 2 % crude fat for an industrial process). The influence of European biofuel processing 

coproducts incorporated as pig diets and their subsequent manure ‘environmental’ impacts remains to be addressed. 

 In this context the aim of the present study is to investigate the effects of different biofuel co-products 

(DDGS, sugar beet pulp and high fat level rapeseed meal) in pig diet on (i) excretory patterns of N and C and (ii) 

ammonia and methane emission.  

 

2 MATERIALS AND METHODS  

Twenty Piétrain x (Landrace x Large White) castrated male pigs, with an average initial body weight of 50 (± 3) kg, 

were housed individually in metabolism cages. The pigs were assigned to five dietary treatments according to a 

complete randomized block design (based on initial age and body weight). The 23-day experimental period 

consisted of a 13-day adaptation period to allow the pigs to accustom to the cage and the diet and a 10-day period 

during which urine and faeces were collected.  

Five experimental diets mainly based on wheat and soybean meal were formulated: two control diets, a 

control high protein (CHP) level with 17.5 % of crude protein (CP) and a control low protein (CLP) level with 14.0 

% of CP and three experimental diets with 20 % of (i) dried distiller’s grain with solubles (DDGS), (ii) sugar beet 

pulp (SBP) or (iii) fatty rapeseed meal (FRM). Feeding level was from 2 to 2.2 kg day
-1

 during the collection period. 
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The pigs received their diet in mash form (2 L water / kg feed) in two equal meals. Five litres of additional water 

were also provided each day.  

Ammonia emission measurements were done on slurry produced through a pilot scale system developed 

by Portejoie et al. (2004). Two measurements were made per diet. Ammonia emissions were determined for a period 

of 16 days. Samples of 5 kg slurry were placed in each measurement unit. Ammonia emissions were trapped daily in 

50 ml H2SO4 (2N) and ammonia concentration and mass of acid were determined.  

For the estimation of CH4 emissions, the International Panel on Climate Change (IPCC, 1997) proposes a 

procedure based on the maximum methane producing capacity (B0) of the waste. This procedure was developed by 

Vedrenne et al. (2007) and modified further for this study to reflect the characteristics of the slurry used as follows. 

B0 was determined for the slurry from each dietary treatment and achieved in batch assays in triplicates using 330 

ml glass bottles (liquid volume 120 ml) at 38°C with an OMinoculum/OMsubstrate ratio of 0.1. Inoculum (2.4 g, 

corresponding to 80 mg OM) and corresponding amounts of slurry were weighed to the bottles, after which water 

was added to reach the 120 ml liquid volume. From this point the procedure follows that developed by Vedrenne et 

al. (2007).  

 

3 RESULTS AND DISCUSSION  

3.1 N and C balances 

The amount of N ingested was significantly lower for the CLP diet (Table 1). This resulted in a lower N excretion 

for CLP treatment than for the other treatments which did not differ among each other. The addition of DDGS, SBP 

and FRM increased significantly the amount of N excreted per pig and per day, compared to the CHP diet, by 23%, 

10% and 20%, respectively. The partition of N excreted among urine and faeces was also affected by dietary 

treatments. A higher proportion of N was excreted in faeces for the three high fibre diets (32%) whereas the lowest 

proportion of N excreted in faeces (18%) was measured for the CHP diet. The excretory route of N was modified in 

pigs fed co-products compared to the control diets. Fibre increases the flow of fermentative energy substrate and N 

(of both exogenous and endogenous origin) into the large intestines. Under fermentation conditions (as with higher 

dietary intake), ammonia is partially derived from the bloodstream and used by the microflora for the new synthesis 

of bacterial proteins which are excreted in the faeces (Low, 1985). 

Daily C excretion was significantly (P<0.05) increased by the addition of co-products, compared to the 

CHP diet (Table 1), by 72 %, 32% and 63%, respectively. However the partition of C excretion between urine and 

faeces did not differ between treatments, with about 80% of C excreted in faeces. Very few studies have evaluated 

the effect of dietary fibre sources incorporation on excretory C patterns. C excretion in faeces increases as a 

consequence of the low digestibility of nutrients but according to our results this has only limited effects on the 

partition of excreted C between urine and faeces, faeces being the major route of C excretion in all situations. A 

second explanation as for N excretion could be found in a higher bacterial activity in the tract and especially in the 

intestine and possibly a higher bacterial excretion in faeces. 

3.2 Ammonia volatilisation test and B0, ultimate methane production potential  

The volatilisation of ammonia and the production of methane were significantly (P<0.05) affected by the dietary 

treatments. The addition of fibre sources to the diets and the lowering of CP content (CLP diet) reduced significantly 

(P<0.05) the cumulated N-NH3 volatilised from slurry by 31% to 49% and the rate of ammonia volatilisation by 

12% to 32% (Table 2) compared to the CHP diet. The ammoniacal N content in slurry from diets with added fibre 

sources, with about 17.5% CP, is almost equivalent to that of the slurry from the CLP diet with 14% of CP. Canh et 

al. (1997) reported that the addition of fermentable fibre in the diet will most likely lead to higher VFA production 

in the large intestine, thus resulting in a lower slurry pH which has been shown to diminish ammonia emissions. In 

our study the pH of slurry from diets rich in fibre was reduced in agreement with these results. In agreement with the 

results of Portejoie et al. (2004) the decrease of dietary CP from 17.5 to 14.0% resulted in about 30% reduction in 

ammonia volatilisation. The incorporation of fibre sources to the diet, without reducing CP content, resulted in about 

40% reduction in ammonia emission compared to the control high protein diet, which is in line with the results 

obtained by Cahn et al. (1997). 

Compared to CHP diet, the addition of DDGS and SBP reduced significantly B0 by 9 and 4%, 

respectively; whereas B0 increased by 3% with de addition of FRM to the diet. The reduction of CP content in CLP 
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diet also reduced B0 by 5% compared to the CHP diet. In contrast, because of the difference in the daily amount of 

OM excreted per pig, the addition of fibre sources affected significantly on the amount of methane emitted per pig 

and per day. Indeed, compared to the two control diets, the addition of DDGS, SBP and FRM increased the amount 

of methane emitted by 73%, 37% and 84%, respectively. In the literature the B0 of pig slurry vary between 290 and 

480 ml CH4 / g OM. Our results are within this range (428 to 484). This effect is likely due to low levels of VFA in 

slurry during the anaerobic digestion (Zeeman, 1991; Velthof et al., 2005). Our results are consistent with the results 

of these authors. However, it is interesting to note that the B0 of the slurry from DGGS treatment is the lowest 

although protein and fermentable fibres contents are similar to those of slurry from SBP and FRM treatment. This 

could be explained by the fact that the manufacturing process of DDGS requires heating steps that may be causing 

reactions between protein and others molecules, such as lignin, resulting in products hardly degradable by the 

bacteria associated with anaerobic digestion. The increased B0 measured for the slurry from FRM diet could be due 

to the higher fat content. When the potential methane production is expressed per pig and per day differences among 

treatments are much more marked. This is mainly related to the difference in excretion of OM. When the production 

of CH4 is not controlled, which is often the case when slurry is stored in the piggery or outside, most often over long 

periods of time, this will result in increased CH4 emissions to the atmosphere with harmful effect on the 

environment. Conversely, in the case of anaerobic treatment, the increased CH4 production will contribute to 

increased energy production as heat and/or electricity, which has a positive environmental impact. 

 

TABLE 1 Excretory patterns of N and C* 

 CHP CLP DDGS SBP FRM RR† Significance 

  Ingested nitrogen (g/pig/day) 58.6c 47.0d 61.5a 59.0b 58.9b 0.11 *** 

  N excretion (g/pig/day) 27.1ab 21.1b 33.4a 29.7a 32.6a 3.24 *** 

    - in faeces (%) 18c 22bc 34a 33a 30ab 4.1 *** 

    - in urine (%) 82a 78ab 66c 67c 70bc 4.1 *** 

  N excreted/N ingested (%) 46 45 56 50 55 5.6 t 

  Ingested carbon (g/pig/day) 797b 790c 822a 798b 822a 1.6 *** 

  C excretion (g/pig/day) 107c 103c 183a 141b 174a 10.6 *** 

    - in faeces (%) 76 80 82 81 83 5.7  

    - in urine (%) 24 20 18 19 17 5.7  

  C excreted/C ingested (%) 13c 13c 22a 18b 21a 1.3 *** 

* Abbreviations are: CHP = control high protein, CLP = control low protein, DDGS = dry distiller’s grain with 

solubles, SBP = sugar beet pulp, FRM = fatty rapeseed meal. 
a, b, c Values with different superscripts differ significantly, effect of diet (P< 0.05). 
† 
Residual error. 

 

TABLE 2 Effect of dietary treatments ammonia volatilisation and ultimate methane production * 

 CHP CLP DDGS SBP FRM Rsd† Significance 

Cumulated N-NH3 

 volatilised (g) 

5.53a 3.72bc 3.82b 2.83d 3.29dc 0.12 *** 

Rate of N-NH3  

volatilisation (%) 

14.5a 12.7b 9.6c 10.0c 11.9b 0.41 *** 

B0 (L CH4/kg OM) 471ab 449c 428d 453bc 484a 6.8 *** 

Level of CH4 in biogas (%) 82a 67c 65d 68c 70b 0.2 *** 

Ultimate daily CH4 

 production (L/pig) 

70d 69d 120b 95c 128a 4.9 *** 

* Abbreviations are: CHP = control high protein, CLP = control low protein, DDGS = dry distiller’s grain with 

solubles, SBP = sugar beet pulp, FRM = fatty rapeseed meal. 
a, b, c Values with different superscripts differ significantly, effect of diet (P< 0.05). 
† 
Residual standard deviation 
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4 CONCLUSION  

This study has shown that adding biofuel co-products, rich in fibre, to pig diets results in a shift of nitrogen 

excretion from urine to faeces, a decrease of slurry pH and an increase in the amount of slurry C, OM and VFA. 

This results in a decrease in the rate of volatilization of ammonia during storage and in an increase in the production 

of methane. Thus, the composition of the diet and its effect on the quantity and the characteristics of effluent should 

be considered in the context of optimizing collection procedure and waste treatment to minimize uncontrolled 

emissions of ammonia and methane, or in some situations, to maximize the controlled emission of methane. 
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1 INTRODUCTION 

Ammonia, greenhouse gases, odour and dust are major sources of air pollution from animal husbandry (Ni et al., 

2000; Melse, 2009). Most attention has been paid to the emission of ammonia from animal housing, as it is 

considered an important compound for the acidification of soils and water (European Commission, 2003). 

 Several regulations have been developed in order to reduce the environmental impact of intensive 

livestock farming. The European Directive on Integrated Pollution Prevention and Control (IPPC) aims to reach 

acceptable levels of environmental performance through the use of Best Available Techniques (BAT). 

 Wet scrubbers are considered an end-of-pipe technique for the reduction of air emissions, in which the 

exhaust air from livestock buildings is passed into a trickling bed filter where certain pollutants, such as ammonia, 

dust and odours, are retained. For a given compound, the mass transfer from gas to liquid phase is determined by the 

concentration gradient, the size of the contact area between gas and water phase, and the contact time of gas phase 

and liquid phase (Melse and Ogink, 2005). 

 Previous studies carried out in other European countries have shown a large variability (from 45 to 90%) 

in ammonia removal efficiencies (Hahne et al., 2004; Guingand and Grainer, 1996; Guingand, 2008; Arends et al., 

2008; Melse and Ogink, 2005). The predominant climate on the Iberian Peninsula is Mediterranean, whose 

characteristics are very different from those of the Central European Continental climate, where most of the 

available information on emissions has been generated. Specifically, the scrubbing technique has not been studied 

under Spanish conditions so far. 

 The objective of this research was to determine the ammonia removal efficiency of a water scrubber 

under Spanish production conditions in the Mediterranean region. 

 

2 MATERIALS AND METHODS 

The study was conducted at a pig farm located in Navarra (Spain) where 800 gestating sows were housed. The 

building was equipped with two water scrubbers. The specifications of the scrubbers are shown in Table 1. 

 The duration of the study was 68 days, from November 2008 to January 2009. Measurements were 

carried out in one of the scrubbers. Air-ammonia concentration, before and after the scrubber, was measured 

continuously, using an infra red photoacoustic gas analyzer (INNOVA 1312, Lumasense, Denmark). Four sampling 

points were placed before the scrubber and the other four were placed after it, as shown in Figure 1. Every 15 

minutes the concentration was measured in each point. Parameters of the water, such as pH, conductivity and 

ammonium content, were analyzed weekly. Electricity and water consumption were also recorded. 

 The data were processed using summary statistics and t-test by means of the program SPSS 8.0. 
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TABLE 1 Specifications of the scrubber 

Packing type Inorganic material 

Measurements of the scrubber (length x width x high) (m) 2.40 x 4.50 x 1.8 

Volume of the filter bed package (m
3
) 19.44 

Specific contact filter surface (m
2
/m

3)
 80 

Total contact surface of the contact filter package (m
2
) 1,555 

Maximum load on the contact surface 

(air flow rate: 100%) (m
3
/(m

2
 h)) 

43 

Maximum exhaust air volume flow 

(100% air flow rate) (m
3
/h) 

67,582 

Speed in the contact bed (air flow rate: 100%) (m/s) 1.74 

Dwell time of the exhaust air in the contact bed 

(air flow rate: 100%) (s) 
1.04 

Flow configuration Counter-current 

Water recirculation Continuous 

Volume of the scrubbing water tank (m
3
) 3.45 

Recirculation pump flow (m
3
/h) 25 

Sprinkling density (m
3
/(m

2
 h)) 2.3 

Discharge water control Time 

 

 

FIGURE 1 Location of measuring points 

 

3 RESULTS AND DISCUSSION 

Table 2 shows the main results of this study. The average ammonia concentrations before and after washing were 

7,771 and 2,278 µg/m
3
, respectively, representing an average ammonia removal efficiency of 70%, which agrees 

with the values found by other authors (Melse and Ogink, 2005). Paired sample t-test showed that the washing 

treatment significantly reduced the ammonia concentration in the air. Figure 2 shows the evolution of the average 

ammonia concentration before and after the scrubber over the period of study. 
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 In addition, a positive significant relationship (p<0.001) was shown between ammonia concentration in 

the inlet air and the removal efficiency (Figure 3), as expected with increasing the concentration difference between 

gas and liquid phase (Melse, 2009). 

 The average values of pH, conductivity and ammonium concentration in the washing liquid were 7.1, 

32.4 mS/cm and 4.22 kg NH4/m
3
, respectively. 

 

TABLE 2 Summary of results 

 
Before 

treatment 

After 

treatment 

Significance 

level
1 

Average ammonia concentration (µg/m
3
) 7,771 2,278 *** 

Std. Deviation (µg/m
3
) 2,936 969  

Sample size (N) 3,160 3,160  

Removal efficiency (%) 70  

Average outside temperature (ºC) 13  

Average inside temperature (ºC) 22  

Fresh water consumption (m
3
/year and animal place) 0.42  

Electricity consumption (kWh/year and animal place) 29  

Wastewater production (m
3
/year and animal place) 0.13  

Duration (days) 68  

Average number of animals housed 993  

Measurement period 22/11/08 to 28/01/2009  
1
p* < 0.05,  ** < 0.01; *** < 0.001 

 

      

FIGURE 2 Evolution of ammonia concentration 
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FIGURE 3 Relation between ammonia concentration in the inlet air and the removal efficiency 

 

4 CONCLUSIONS 

Water scrubbing significantly reduces the ammonia concentration in the exhaust air in livestock houses in winter 

with an efficiency of 70%. This removal efficiency seems to be higher when the concentration gradient between the 

gas phase and the liquid phase increases. Further research is necessary to optimize the system performance. 
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1 INTRODUCTION 

Although most of the farms of the southeastern USA are relatively small, they often have profit centers of livestock 

or high value crops (Kemper et al., 2006).  This livestock production is vital to the regional economy.  It is common 

for more that 50% of the agricultural cash receipts for states of this region to come from livestock.  For the emerging 

green framing systems, the livestock manures are critical components of a more profitable and green farming 

systems. For this superior possibility to be realized, the desired farming-system management of livestock waste must 

be made environmentally benign and sustainable.  This can be done with existing and emerging technologies that 1) 

extract and recycle excess nutrients (Szogi et al., 2008; Vanotti et al., 2003),  2) destroy pathogenic microbes and 

pharmaceutically active compounds (Vanotti et al. 2009), 3) produce bioenergy (Cantrell et al., 2008), and 4) create 

carbon and other natural resources credits (Ribaudo et al., 2007;  Vanotti, et al. 2008).  Many of the bioenergy 

conversion technologies will be compact and thermochemical (Cantrell et al., 2008; Ro et al., 2009).  The 

transformed manure will be pathogen and pharmaceutically active compound free.  The thermochemical 

technologies can convert blends of wood, grass, and livestock manure feedstocks into energy.  They will also 

produce a range of products including biochar that can be used to build soil quality and create carbon credits (Novak 

et al., 2009).  The patented Pyrogen™ pyrolysis technology has shown important potential for producing these 

products.  The wood feedstocks produce biochars that are high in carbon for building soils and create carbon 

credits.  The manure feedstocks produce nutrient-dense soil amendments suitable for supplying crop nutrients.  

While advance in technology, policy, and businesses models will be required, there is significant opportunity for 

advancement into such green farming systems. 

 

2 DISCUSSION 

A schematic of a green farming system is presented in Figure 1.  Parts of the system are well advance and are being 

used on farms.  Others are in the developmental phases.  One of the most advanced parts is the swine wastewater 

treatment system (Vanotti et al. 2009).  The technology is a cost-effective method of treatment alternative to open 

lagoons, which is the common method of handling hog wastes throughout the USA.  The technology has changed 

the way of thinking about manure management by solving multiple challenges in modern livestock production. 

These challenges include atmospheric emissions, excess nutrients (nitrogen and phosphorus), pathogens and food 

safety, odors, and affordability of treatment.  The on-farm system uses solid-liquid separation and nitrogen and 

phosphorus removal processes (Vanotti et al., 2010).  This new technology produces significant direct benefits to the 

producers (Vanotti et al., 2009).  As a result of the cleaner environment in the barns brought about by the new 

technology, the animal health and productivity is improved.  Industry data showed three major impacts in 

productivity: i) swine daily weight gain increased, ii) feed conversion improved, and iii) animal mortality decreased.  

As a consequence, 5 to 6 percent more hogs were sold per growing cycle (Szogi and Vanotti, 2008).  In addition, the 

new technology dramatically reduces greenhouse gas (GHG) emissions and ammonia emissions.  For example, 

replacing the lagoon with the new technology reduced GHG emissions by 97%, allowing farmers to earn money in 

emerging carbon trading markets (Vanotti et al., 2008).  This important benefit of the technology is a key additional 

source of income for swine producers adopting the technology with voluntary carbon markets as well as cap-and-

trade national legislation.  Another potential direct benefit to farmers is the trading of water quality credits (nitrogen 

and phosphorus) within a watershed (Ribaudo et al., 2007).  With 50 nutrient credit programs already established 

throughout the USA, it may be that water quality credits will be important to livestock producers adopting new 

manure treatment technologies. 
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FIGURE 1   A schematic of a green farming system that utilizes livestock manures and thermochemical 

conversion for manure treatment, energy, and byproducts. 

 

 With lower organic and nutrient concentrations in the treated swine wastewater, the lagoons became 

clean: blue-water-lagoons.   This allows more versatility in the use of the lagoons as resources for storage of 

irrigation water.  This is an important aspect of the system for both grain and bioenergy (Stone et al., 2008).   Stone 

et al. (2008) conducted a study in North Carolina comparing treated effluent with conventional fertilizers for 

bermudagrass production. They found using treated swine wastewater effluent produced significantly higher 

bermudagrass hay yields.  Coastal bermudagrass hay produced from swine waste that was processed directly 

through a waste treatment facility and the liquid fraction delivered via subsurface drip irrigation was readily 

consumed by wether sheep.  Hays produced from chemical fertilizer were consumed in greater amounts compared 

with subsurface drip irrigation.  Cantrell et al. (2008) analyzed the biomass samples from the Stone et al. (2008) 

study for the energy content and found with the increased biomass quantity, there was more biomass energy 

potential from the bermudagrass grown with treated wastewater effluent.   

 As with traditional biological methods, thermochemical conversion (TCC) technologies in livestock 

waste-to-bioenergy treatments can provide livestock operators with multiple value-added, renewable energy 

products (Cantrell et al., 2008).  These products can meet heating and power needs or serve as transportation fuels. 

The TCC processes of pyrolysis which proceeds in the absence of oxygen can convert both swine and poultry 

manures.  Using the Pyrogen™
 
pyrolysis unit, functional chars have been produced.  The energy values of the 

produced gases were generally comparable to natural gas, and the biochar energy content was generally comparable 

to coal (Table 2).  The Pyrogen™
 
pyrolysis unit is operated in conjunction with an electrical generator that is 

capable of using the generated syngases for production of electricity.  With generally clean feedstocks, its exhaust 

gases typically meet high emission standards.   Moreover, the produced biochar could be used as a manure-based-

fertilizer that had been treated with temperature that would be consistent with complete pathogen kill and 

pharmaceutically active compound destruction.  A pyrolysis machine such as the Pyrogen™ , could also convert 

crop residues and wood feedstocks to energy and biochar.  Such biochar has been shown to improve important soil 

quality aspects of soils (Novak et al, 2009). 
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TABLE 2    Characteristics of pyrolysis gas and biochar from swine and poultry manures. 

Raw Feedstock 

Energy Content 

Biochar Energy 

Content 

Biochar 

Recovery 

Gas Energy 

Content 

Gas 

Production 
Manure origin 

MJ/kg MJ/kg % initial mass MJ/m
3
 L/kg initial 

Swine Solids 19.57 18.32 42.1 29.42 266 

Poultry Litter 13.06 13.52 43.6 14.97 246 

 

 

3  CONCLUSIONS 

Livestock, particularly poultry, is a huge component of the Southeastern USA economy.  Yet, the management and 

treatment of this manure is becoming increasingly difficult via classical methods.  There is also much interest in 

bioenergy in the southeast where cellulosic energy is advantageous.  Technologies and treatment methodologies are 

now emerging that will allow manure management and bioenergy to be synergistically advanced.  Pyrolysis offers 

the advantage of adaptability to multiple feedstock as well as destruction of pharmaceutically active compounds and 

complete kill of pathogens.  Moreover, it produces a potentially important soil-carbon-building amendment, biochar.  

With astute advancement in technology, policy, and businesses models, there is significant opportunity for 

advancement of profitable and sustainable green farming systems.   
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1 INTRODUCTION 

Intensive Livestock Farming (ILF) can be a major contributor of environmental impacts including air emissions, soil 

contamination and surface water pollution. For these reasons ILF of pig and poultry are included in the European 

Integrated Pollution Prevention and Control Directive (IPPC). The first Reference Document on Best Available 

Techniques for ILF of poultry and pig was published in 2003. In the context of its revision, a European project was 

commissioned with eight partners (Italy, Netherlands, Poland, Denmark, Spain, Czech Republic, Switzerland, 

France) and coordinated by KTBL (Germany). Known as BAT-Support, the aim of the project was (i) to establish 

and update data on the systems and techniques used in ILF across Europe, (ii) to develop a documentation and 

assessment system for the classification of those techniques identified as “Best Available Technology” and (iii), to 

coordinate a review process with experts from the ILF sector. The overall objective was to develop an integrated and 

consistent methodology for the classification of livestock production systems including storage, treatment and 

spreading of the manures produced, in terms of “Best Available Technology”. The purpose of this paper is to present 

the main ILF pig and poultry farming systems in use based on information gathered from questionnaires and expert 

opinion.  

 

2 MATERIALS AND METHODS 

A questionnaire comprised two parts: the fist and principal section A sought to describe the existing farm structure, 

the second (part B) focused on specific detail in relation to environmental impacts. The starting point were 

documents directly relating to the intensive breeding of the farm animal type of concern and the associated BAT, 

drawing from national documents from the Member States already having a regulation specific to these activities.  

The section on pig production was laid out according to the phase of the production cycle: for 

reproduction (post weaning, gestation and maternity), and for fattening (post-weaning, fattening and finishing). The 

housing system was described starting from the management of the herd, the feeding regime, the type of floor and 

the method of collecting the manures. The section on poultry egg layers were kept separate from the meat species 

(broilers, turkey, duck and goose). The questions relating to layers covered the housing type, the means of collection 

and removal of the droppings and the nature of the feed ration (multiphase). The meat production was grouped 

under web-footed birds ("Ducks" and "Geese) and land birds ("Broilers" and "Turkeys"). Questions determined such 

details as the means of confinement, characteristics of the buildings, the feed ration nature and the method of 

manures collection. The techniques to control the environment within the buildings were also established. Details on 

the handling and the storage of effluents, the type and material of the store and the presence of covers were 

requested along with information on possible handling and treatment of the liquid waste on farm, including the type 

of equipment used for land spreading. The complete prepared questionnaire was set out using Microsoft Excel 

software to enable easier data analysis. Final versions can be downloaded from the project website 

(http://www.ktbl.de/index.php?id=604). 
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3 RESULTS AND DISCUSSION 

3.1 Response received to the questionnaire 

The questionnaires was despatched to 72 identified experts including Government Ministries, Research Institutes 

and Universities. The rate of answer was considered reasonable since it covered 63% of the 27 EU member 

countries for questionnaires A and 59% for the questionnaire B. Furthermore, the countries covered by the replies 

were primarily those with large pork and poultry industries. On the basis of statistical data taken from Eurostat 

(2005), the countries for which we received at least one rely to the questionnaires collectively represented for pigs: 

90% of the animals and 34% of the total number of farms, and for poultry: 84% of the birds and 30% of the total 

number of farms. Most of the farms overlooked were small production units. The information was thus judged 

satisfactory for countries where the pork production, egg production or broiler production is of special importance. 

The extent of information was less satisfactory for information on the production of duck and goose (with the 

exception of one or two countries with large volume of production).  

According to data from Eurostat (2005) 70% of pig production (based on the numbers of head) is 

accounted for by six countries, Germany (DE, 17.3% of animals), Spain (SP, 14.7%), Poland (PL, 11.5%), France 

(FR, 9.6%), Denmark (DK, 8.8%) and then The Netherlands (NL, 7.3%). However, production is less concentrated 

in Poland which has 18.4% of the EU-27 pigs farms. Most (70%) of poultry production is centred across the six 

countries, France (18.7% of birds), Spain (11.5%), the United Kingdom (UK: 11.5%), Poland (10%), Italy (IT, 

9.8%) and Germany (7.9%). Again, the production in Poland is less intensive and distributed over many farms 

(representing 19% of the total for Europe).  

3.2 Current practice of livestock production in use in Europe  

Pig production 

Breeding pigs (mating and gestating sows, farrowing sows). Dry sows rearing in individual and group 

housing systems are both common. Group housing is predominant especially in the northern States (SE, FI, DK). 

The housing of sows as groups in an open yard is rarely applied in Europe with the exception of the Czech Republic. 

Partly slatted floors are commonly used everywhere, whereas fully slatted floors and solid floors with bedding are 

only commonly in some states (FR, IT, CZ, parts of BE and PT and DK). Liquid slurry systems with slatted floors 

are most commonly used system; the slurry is either stored underground in deep pits or it is removed frequently by a 

vacuum system. In countries where group housing is common, sows are housed on litter, the manure removed by 

scraping (e. g. SE, DK, CZ, CY, FI). Other systems like flushed channels, using fresh or treated slurry, are only 

rarely used. Farrowing buildings are generally well insulated, or, exceptionally, partly insulated. Open climate 

housing is only rarely applied on IPPC farms. Heating whether electric or gas/oil is applied locally either above the 

animals, to defined areas of the housing or by preheating of the incoming air. Only in some states (esp. CY, DK, 

DE) the pre-treatment of incoming air to the housing, (including cooling and/or water spraying) is commonly 

applied. Ventilation is mostly mechanical. Outlet air treatment only has an important role in NL and BE-Wallonie, 

but otherwise, it is hardly used at all in the other states. Animal feeds are supplied either as dry or as liquid rations. 

Controlled feed diets and phase/multiphase feeding adapted to the needs of the animal are widespread. The addition 

of supplements (such as amino acid, phytase and/or inorganic digestible phosphate) to reduce the release of nitrogen 

and phosphorous are also widespread but to varying levels according to the country. 

Fattening pigs (weaners, growers and finishers). The rearing of piglets and, subsequently, fattening pigs is 

commonly done in groups smaller than 20 animals in most European countries but larger batches are common in 

several countries, reaching 100 animals in EE. Piglet rearing is achieved both on completely slatted floors and on 

partial slats, which is especially the case for CZ, SE, FI, PL, DK and EE. Partly slatted floors for fattening pigs are 

predominate in NL, CZ, IT, SE, CY, FI, PL, DK and PT In other countries (DE and BE), flooring is fully slatted. 

The main exceptions are Spain where the slatting can be both partial or total and in the United Kingdom where straw 

bedding is common. Both systems for the storage of slurry are common: underground deep pit and frequent removal 

by channel systems. Deep litter systems are rarely used with just a few examples in IT for fattening pigs. Both, the 

feeding of piglets and of fattening pigs is equally likely to be by liquid or solid diets. The feeding regime of 

fattening pigs is more controlled that for piglets. Phase and multiphase regimes are widespread for piglets and 

fattening pigs as much as the use of feed supplements to reduce the amounts of waste. Buildings are in general well 

insulated and usually heated (but depending on the country). Heating is mostly by either electricity gas or oil. 

Heating is either applied locally within the housing or by hot air. Mechanical ventilation of buildings is the most 
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common option in all countries. Nonetheless, the use of controlled natural ventilation is also of significance in some 

countries including IT, DE, CY, PL, PT, F. In ES, FI and DK. Ventilation with pre-treated air is used in ES, PL and 

DK. With the exception of DK outlet air treatment is rarely applied. 

Manure storage and handling (pig breeding and fattening). According to the floor type of the housing, 

manures are removed and stored either as slurry or as farmyard manure (FYM). Over all of Europe a capacity of  4 – 

6 months is applied for solid manure In the northern regions (SE, FI) even larger storage capacities are generally 

specified. Storage of FYM on floors made of concrete (with or without sidewalls) is most common while field 

storage is still often practised. The requirement to collect and store seepage water are applied only in few countries 

(CZ, IT, DE). FYM is rarely treated but if so, the options are composting, drying and (very rarely) anaerobic 

treatment.  

Usually slurries are stored in tanks made of concrete or steel panels above or below ground. Also deep pit 

storage within the housing and externally lagoons are still in common use. Only in some states (e. g. NL, DK) are 

the storage facilities covered by roofs. Open storage is still very widespread along with the use of natural or artificial 

crust forming. A storage capacity of 6 months seems to be a common standard in Europe, but also shorter (4 months; 

CZ, ES, PL) and even longer storing times are common (NL, DK, DE, SE, FI). The treatment of slurry is generally 

of minor importance. In some southern countries (IT, CY, PT) solids separation seems of practical importance 

possibly because of the high value ascribed to the organic matter recovered. Amongst all other treatment techniques, 

anaerobic and (to a lesser extent) aerobic treatments have some uptake. Anaerobic digestion has increased interest 

due to the rewards of biogas production.  

For field application methods, all types of mechanical spreaders are in use but there is little difference in 

the perceived environmental impact All types of techniques are applied (splash-plate, band spreader, trailing 

hoses/shoes, injection) but especially splash-plate. Irrigation systems are only commonly in use in IT. 

 

Poultry production 

Laying hens. Egg production is achieved from birds kept in compact “battery” cages. In the new member 

states, “stair step” and “flat deck” cages are still in use. The handling of wastes produced as droppings is by the 

frequent removal using a conveyor belt. The pre-drying of droppings is also used in certain countries UK, NL, DE, 

IT, BE and PT. Various other management systems are used in France, The Netherlands and Spain (eg: slurry 

systems, or manure storage in deep pits). In Cyprus, the management of wastes is based on a daily removal of 

droppings and then drying outside. Farms that rare birds in the alternative systems (deep litter or aviary) or free 

range is common in UK, NL, IT, DE, SE, CY, FI LT, PL, DK and F. For the free range system, various manure 

management options are indicated: for example, systems on partially slatted floors and deep litter or systems based 

on perches with the storage of wastes in a pit or removed by conveyor. Both, phase and multi-phase feed regimes 

adapted to the needs of the birds are widespread and likewise the addition of supplements (amino acids, phytase 

and/or the use of digestible inorganic phosphorous) to reduce N and P losses. Examples of the use of additives (such 

as essential oils, saponins, enzymes and vitamins) is reported in the Czech Republic, Germany and Portugal.  

Broilers. Broiler (poultry meat) poultry production is mostly commonly carried out on litter in closed 

buildings with forced ventilation, the exceptions being CY, PT and F where natural ventilation is commonly used 

with the option of forced ventilation. Artificial lighting of buildings is commonly used in the UK, NL, CZ, CY, FI, 

LT, BE, PL and DK. Natural lighting is used in the EU countries in the south (IT, ES, CY and PT) as well as 

Sweden. Both methods of lighting are used in F and De. In all countries, the management of excreta, in the form of 

poultry litter, is by the removal of accumulated material at the end of the bird crop. Phase and multi-phase feed 

regime for an improved feed conversion is widespread. The feed supplements to limit the release of nitrogen and 

phosphorous are similarly used in the NL, CZ, IT, DE, ES, FI, PL, DK, PT and F). 

Turkeys. Turkey production is largely done in closed buildings using litter with forced ventilation, the 

exceptions being NL, IT, DE, SE, PT, F where natural ventilation with the availability of mechanical means. 

Lighting of the buildings is mostly either artificial or natural (as in IT, and PT) or both as in De and FR. Normal 

practice is the removal of accumulated excreta and litter at the end of the crop when the building is cleaned prior to 

the next cycle. The use of a phase and a multi-phase feed regime for an improved feed conversion is widespread. 

The feed supplements to limit the release of nitrogen and phosphorous are similarly used all over Europe.  

Ducks. In those countries with large scale production (UK, NL, CZ, DE PL and F), rearing is done 

essentially in closed building with forced ventilation. The building floor is managed as litter in Germany whereas in 

France, the slatted system is most commonly used. In the United Kingdom, production is with litter or on floors with 
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part slating. In Poland, the buildings work on litter or full slats. With the slatted floor systems, wastes are collected 

and transferred to an external pit: for the litter system, manure is removed from the building at the end of each crop. 

With respect to feeding, only multi-phase regimes are in common use. 

Geese. Large scale geese production is mostly in France, Poland and Germany. Production is essentially 

done on alternative systems: the building is part open with rearing on litter with this being collected at the end of 

each crop. However, in Poland many farmers rear geese in closed buildings under artificial and natural lighting. As 

for duck rearing, only multiphase feed regimes are in use. 

Building characteristics. Overall, poultry buildings across Europe are well insulated and heated with 

gas/oil with a predominance of radiating heating elements set up above the animals. The heat is principally used to 

rear chickens (both egg layers and broilers) in closed buildings. The ventilation of these buildings is mostly forced 

mechanical. The use of air conditioning is common in the NL, Italy, Spain, CY, Denmark and France and used 

particularly for rearing egg layers and broilers.  

Manure storage and handling. The manure storage is mostly as solids (farmyard manure or droppings). In 

the majority of countries, poultry waste is removed to outside stores. Capacity is often a minimum of four months 

storage with uncovered heaps kept in the field. However, in certain countries such as DK, NL; DE, CZ, IT, ES, CY, 

LT, PL, DK, PT and F the management of wastes is equally done on concrete areas with or without store covers. 

The management of liquid manures (slurries) in LT, PL, DK, PT and F is based around a minimum storage of 4 to 8 

months in an external concrete pit with the formation of a natural crust in the case of Sweden and Poland. Any sort 

of treatment of wastes prior to land spreading is not common. The land spreading of solid wastes is done by various 

techniques but mostly based on mechanical distribution systems. 

 

Manure treatment (pig and poultry) 

Manure removal systems. Collection of droppings on conveyor belt is an already well established, 

progresses, and the inclusion of drying equipment, follows this trend. For meat poultry no changes were evident. 

Flushing technology although well-proven is relatively rare.  

Technologies for liquid/solid separation for manures. These technologies relate mostly to pig production. 

Systems already in use or coming into use are similar and relate to established systems such as centrifugation 

(decanter centrifuges), screw press or roller presses. Technologies implementing stages of sedimentation/decantation 

are receiving increased interest. The use of membrane technologies is not used on commercial farms  

Treatments of the solid fraction. Pig manures are treated either by composting, at the farm level in the 

majority of cases, or by methanisation (biogas production). Similar systems exist for centralised facilities and those 

at the farm. For egg laying poultry, treatment are less developed and are essentially drying systems, with a few cases 

of methanisation and incineration.  

Treatments of liquid fractions. The applied technologies relate to little or none of poultry production. For 

treating pig slurries, aerobic and anaerobic (methanisation) processes were equally represented. The treatment by 

methanisation is more often better done on centralised sites, often with co-digestion, under mesophyilic conditions 

with the re-cycling of some of the heat produced.  

 

4 CONCLUSIONS 

This study gives an overview of the Intensive Livestock Farming of pig and poultry in use across Europe. 

Techniques like phase and multiphase regimes are widespread across Europe for piglets and fattening pigs as much 

as the use of feed supplements to reduce the amounts of waste produced. Manure treatment is not common but there 

are examples of anaerobic digestion with biogas production in several countries driven by the financial incentives to 

encourage energy production. Less common are examples of aerobic treatment systems for the removal of surplus 

nitrogen and the use of separators to aid manure handling.  
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1 INTRODUCTION 

There has been an increased interest in recent years in the UK in the use of out-wintering pads as a low cost 

over-wintering system for cattle (Smith et al., 2006), following the adoption of such systems in New Zealand 

and Ireland (Hickey et al., 2002; Stewart et al., 2002). In addition to being low cost, woodchip pads may also 

provide lower potential for ammonia (NH3) emission when compared with cattle housing, as urine (the primary 

source of NH3 emissions) is likely to quickly drain into the woodchip matrix and be less susceptible to 

volatilisation. Ammonia emission from cattle housing and concrete yards accounts for approximately 25% of the 

total annual NH3 emission from UK agriculture (Webb and Misselbrook, 2004). There are international 

pressures to reduce NH3 emissions to the atmosphere, because of its negative environmental effects through 

eutrophication and acidification and potential human health effects deriving from particulate formation (Erisman 

et al., 2008), therefore it is important that robust emission factors are developed for alternative management 

strategies so that national impact scenarios can be used to inform policy development.  

The aims of this study were to assess the magnitude of NH3 emissions from out-wintering pads used 

by cattle, for comparison with existing data on indoor housing systems, and to assess the impact of a range of 

management factors, including woodchip size, stocking density and feeding management (on- or off-pad 

feeding). Ammonia emission measurements were made from pilot-scale and commercial farm-scale out-

wintering pads as part of a larger project including measurements of effluent quality and potential agronomic 

benefit of spent woodchips, which are reported elsewhere in these proceedings (Dumont et al., 2010a; 2010b). 

This paper presents the NH3 emission results from the first year measurements of a two-year study.   

 

2 MATERIALS AND METHODS 

2.1 Pilot-scale studies 

Four pilot-scale woodchip pads (each 10 x 10 m) were established at North Wyke Research in Autumn 2008. 

Each pad was fronted by a concrete area with a feeding barrier (Figure 1), such that the cattle could either be fed 

off the woodchip pad (i.e. standing on the concrete area while feeding) or on the pad (with feed placed on the 

concrete area and the feeding barrier between the pad and concrete area). Factors studied were woodchip size 

(7.5 cm; 2-3 cm; 1-2 cm; and sawdust), feeding management (on or off the pad) and area allowance (11.8 and 

18.6 m
2
 per head). A total of 4 measurement periods were conducted, each of 6-7 weeks, with treatments 

allocated to pads based on a Graeco-Latin Square design. Beef cattle (Friesian-Charolais steers) used in the 

study were weighed at the beginning and end of each period. Meteorological data were monitored at the site.  

2.2 Commercial farm sites 

Three commercial farms using woodchip pads for out-wintering cattle were selected as being suitable for NH3 

emission measurements, located in Powys, Leicestershire and Shropshire. The pad in Powys was 1085 m
2
 and 

used for c. 31 organic beef finishers. The pad in Leicestershire was 1370 m
2
 and used for up to 100 beef cattle. 

The pad in Shropshire was 600 m
2
 and used for out-wintering c. 400 cows and heifers prior to calving and 

subsequently for young stock. Meteorological data were monitored at the site.  
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FIGURE 1  Schematic plan view of the pilot-scale woodchip pads at North Wyke 

 

2.3 Ammonia emission measurements 

Ammonia emissions from all pads were estimated using a short-range dispersion model (ADMS 4.0), as 

described by Hill et al. (2008). The vertical profile of NH3 concentration was measured using Willem’s badges 

on masts (up to 4.5 m) at a number of locations around the pads (upwind and downwind), on a number of 

occasions over the study period. Willems badges were exposed for a 24 h period at the pilot-scale study site and 

48 h at the commercial farm sites on each measurement occasion. At the pilot-scale pads, two 24 h 

measurements were conducted towards the end of each 6-7 week period (i.e. eight NH3 emission measurement 

occasions in total). Fewer measurements were conducted at the commercial farm sites in the first year. Where 

possible, measurement dates were selected with favourable and consistent wind direction (dependant on site), to 

avoid potential large background sources and, for the pilot-scale pads, to ensure a wind direction at 90⁰ to the 

alignment of the pads, enabling emission from each individual pad to be determined. Inputs to the dispersion 

model included hourly meteorological data for each monitoring period (wind speed, wind direction, air 

temperature and solar radiation), locations and dimensions of any significant NH3 sources (including the 

woodchip pads, slurry lagoons, cattle sheds etc.), a site building configuration, an estimation of surface 

roughness of the surrounding area and the position and height of each Willems badge monitoring point.  

 

3 RESULTS AND DISCUSSION 

In most cases, Willems badge data gave strong negative correlations showing reducing NH3 concentration with 

height, allowing most data sets to correlate well with modelled emissions. Preliminary assessment of the NH3 

emissions data at the pilot-scale pads suggest there was no significant impact of woodchip size, stocking density 

or feeding management. The four pilot-scale pads were therefore treated as a single site and mean emission rate 

derived for each sampling occasion. Average (mean and median) NH3 emission rates together with the range in 

observations are given in Table 1 on a pad surface area basis and a per animal basis. Emission rates from the 

pilot-scale pads tended to be greater than from the commercial farm sites, possibly because of the smaller size of 

the pilot-scale pads and greater influence of the feeding area. 

 

TABLE 1  Ammonia emission rates from the pilot-scale and commercial farm woodchip pads 

 Pilot-scale pads Powys Leicestershire Shropshire 

 g m-2 d-1 

NH3 

g head-1 d-1 

NH3 

g m-2 d-1 

NH3 

g head-1 d-1 

NH3 

g m-2 d-1 

NH3 

g head-1 d-1 

NH3 

g m-2 d-1 

NH3 

g head-1 d-1 

NH3 

Mean 3.69 44.5 1.19 44.2 0.79 31.2 1.89 28.4 

Median 2.93 35.7 0.45 16.9 0.48 19.1 1.67 25.2 

No. observations 8 8 4 4 3 3 4 4 

Standard deviation 2.94 35.0 1.51 56.4 0.57 23.6 0.48 7.2 

Minimum 0.16 1.9 0.38 14.2 1.45 58.4 2.60 39.1 

Maximum 9.14 102.1 3.46 128.8 0.45 16.2 1.61 24.1 

Locations of masts 

for NH3 

concentration 

Feed barrier 

Concrete track 

Concrete pad 

Woodchip pad 
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FIGURE 2  Relationship between ammonia emission from the pilot-scale woodchip pads and wind speed  

 

Strong, positive linear relationships were established between the NH3 emission rate from the 

woodchip pad and ambient wind speed for three of the study sites (North Wyke pilot-scale pads, Powys and 

Leicestershire), shown in Figure 2 for the pilot-scale pads. This is not surprising as wind speed has been cited as 

a major factor influencing NH3 emissions following slurry applications to land (e.g. Misselbrook et al., 2005), 

with higher wind speeds decreasing the laminar boundary layer across which volatilised NH3 has to diffuse and 

increasing the transfer of NH3 away from the emitting surface. Although expected from theory, no significant 

relationships were found between NH3 emission rate and ambient temperature or solar radiation, but this may 

have been because of confounding factors such as surface crusting at higher temperatures increasing the 

resistance to NH3 transfer across the emitting surface. 

Expressed on an area basis, the median emission rates (the median being less biased by outliers than 

the mean) from the data collected so far from the commercial sites (0.45 – 1.67 g m
-2

 d
-1

 NH3) were lower than 

those reported by Misselbrook et al. (2006) for beef cattle concrete feeding yards (mean 5.5 g m
-2

 d
-1

 NH3). 

However, expressed per animal, emission rates from this study (16.9 – 25.2 g head
-1

 d
-1

 NH3) were similar to 

that of 22.0 g head
-1

 d
-1

 NH3 reported by Misselbrook et al. (2006), reflecting the much larger area allowance per 

animal for the woodchip pads than concrete feeding yards in the respective studies. The emission rates were also 

of a similar magnitude to those reported for beef cattle in straw-bedded housing (Misselbrook et al., 2000). 

Our hypothesis was that the increased infiltration and absorption of urine by the woodchips would 

result in lower NH3 emissions than for concrete yards. The extent to which this occurs will depend on the 

surface characteristics of the woodchip pad and the subsequent changes over time with the continued presence 

of cattle. A very absorbent surface layer would retain most of the urine at the surface, from where NH3 emission 

may readily occur. In a laboratory study, Misselbrook and Powell (2005) showed the importance of physical 

characteristics of bedding materials on NH3 emission from urine deposits, reporting a positive relationship 

between emission and bedding absorbance capacity, and a negative relationship between emission and bulk 

density of the packed bedding material. 

Finally, emissions from the whole management system must be considered, so a comparison between 

traditional beef housing systems and out-wintering on woodchip pads must also take into account emissions 

from subsequent manure storage and application. 

 

4 CONCLUSIONS 

At this stage only tentative conclusions can be drawn, as these results represent only the first year of a two-year 

study. From these preliminary data, initial conclusions are that emission rates from woodchip pads used for out-

wintering cattle show considerable variation, are not significantly impacted by woodchip size, stocking density 

or feeding management and, contrary to our hypothesis, are of a similar magnitude to emissions from cattle on 
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concrete yards. Further analyses of the data from both years of the study are awaited. Further controlled, 

mechanistic studies may be required to understand the factors influencing NH3 emissions from excretal 

depositions to woodchip pads. 
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1 INTRODUCTION 

There is a growing interest amongst dairy farmers for new housing systems with improved cow comfort and less 

environmental impact. A loose housing system with an enlarged lying area for cows with soft bedding material like 

compost, sand or dried solid manure seems to be a promising solution. Although these systems are used in 

Minnesota (USA) and Israel, little is known about their environmental effects, particularly gaseous emissions and 

their behaviour under Dutch climate conditions. A research program commissioned by the Dairy Board and the 

Ministry of Agriculture, Nature and Food Quality was set up to study welfare implications and environmental 

effects of these housing systems under Dutch circumstances. The first phase of this program contained several 

studies. Two of them, Smits and Aarnink (2009) and Smits et al. (2009), are presented in this paper The aim of these 

studies was to determine the drying potential of different bedding materials under Dutch climate conditions using a 

model approach, and to determine ammonia emission from different bedding materials in laboratory experiments.  

 

2 MATERIAL AND METHODS 

2.1 Drying potential using a model approach 
Water evaporation from different bedding materials used as bedding material in loose housing systems for dairy 

cows was modeled. The beddings materials were a mixture of soft compostable, or non compostable materials with 

animal excreta. Two available models on composting and drying were combined: a composting model by 

Cekmecelioglu et al. (2005) and a model describing the evaporation of water by Gigler et al.(2000a and 2000b). The 

estimated water flux from urine and feces that is excreted on the bedding was integrated in the model approach. 

Models were integrated using MATLAB. Model calculations were performed to compare the order of magnitude of 

evaporation from the bedding area under climate conditions in the Netherlands, Israel and Minnesota (USA) at 

different airspeeds over the naturally ventilated bedding (0.08, 0.32, 1.28 and 5.12 m/s) and with 18 m
2
 available 

area per cows.  

2.2 Gaseous emissions  
The ammonia emissions of different bedding materials was measured in a laboratory set up. To represent non-

degradable materials rubber shavings and two types of sand (coarse and fine) were tested. The degradable materials 

included freshly produced separated manure (the solid fraction from a screw press), with and without an added 

mixture of sawdust and wood chips, composted  solids from a screw press and dewatered dredge from cleaning 

ditches in a peat soil area with a top layer of clay (see table 1). One week before the ammonia measurements, each 

of the bedding materials was mixed with fresh dairy cattle feces, urine and press screwed manure to get a quick 

simulation of the excreta accumulation in beddings in loose housing systems. The non degradable materials were 

subjected to two treatments differing in the amount of screw pressed manure that was added to simulate an on farm 

partly removal of feces from the beddings. After preparation the bedding-excreta mixtures were stored under well 

ventilated conditions. After one week they were brought to the laboratory and the material was put in cylindrical 

vessels. The degradable materials were also subjected to two treatments, compacted and not compacted to simulate 

an on farm situation with the bedding being loosened up by (mini) tractors. The compaction was performed after the 

material was put in the vessels and was comparable was comparable with a small tractor. Ammonia emission was 

measured in a laboratory set up (see figure 1) right after 75 ml urine was applied on material in the vessels to  

simulate a urination. 
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TABLE 1 List of used non-degradable (1-6) and degradable (7-14) materials and applied treatments. 

Nr Sample Amount of feces Compacted 

1 Coarse sand Low No 

2 Fine Sand Low No 

3 Rubber shavings Low No 

4 Coarse sand Medium No 

5 Fine Sand Medium No 

6 Rubber shavings Medium No 

7 Press screwed manure High No 

8 Press screwed manure with sawdust and wood chips High No 

9 Composted press screwed manure High No 

10 Dredge High No 

11 Press screwed manure High Yes 

12 Press screwed manure with sawdust and wood chips High Yes 

13 Composted press screwed manure High Yes 

14 Dredge High Yes 

 

Two vessels with dairy slurry were measured as a reference, - one with the simulated urination (R1) and 

one without (R2). All ammonia emission measurements were done in duplicate and measured at 4, 24 and 72 hours.   

 

 
FIGURE 1 Overview (right) of experimental setup for measuring ammonia emissions and detail (left) of the 

lid of the vessel (=canister).  

 

3 RESULTS AND DISCUSSION 

3.1 Drying potential 
Climate conditions in The Netherlands differ from those in Israel en Minnesota (USA). Figure 2 gives an overview 

of the average course of temperature and relative humidity over a year in Israel (Jerusalem), USA (Minnesota) and 

The Netherlands (De Bilt). 

 
FIGURE 2 Overview of monthly average dry bulb temperature and relative humidity in Israel (Jerusalem), 

Minneapolis (USA) and De Bilt (Netherlands). 
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Temperatures in Israel are between 5.2 and 6.4
o
C higher than in The Netherlands. Temperatures in 

Minnesota are higher in summer and lower in winter compared to The Netherlands. Relative humidity in The 

Netherlands is always higher than in Minnesota and Israel. Climate conditions from months 1, 3, 5, 7, 9 and 11 were 

used as input for the composting and evaporation models. Results of the model calculations are given in Figure 3 

and 4. 

 

 
FIGURE 3 Modeled water evaporation (kg/m

2
) with composting for conditions in The Netherlands (left), 

Israel (middle) and Minnesota (right) at airspeeds of 0.08 m/s (0-12 months), 0.32 m/s (12-24 

months), 1.28 m/s (34-36 months) and 5.12 m/s (36-48 months). 

 

 
FIGURE 4 Modeled water evaporation (kg/m

2
) without composting in The Netherlands (left), Israel 

(middle) and Minnesota (right) at airspeeds of 0.08 m/s (0-12 months), 0.32 m/s (12-24 months), 

1.28 m/s (34-36 months) and 5.12 m/s (36-48 months). 

 

In The Netherlands, and without composting, it is only possible to balance the water input and 

evaporation during summer months at airspeeds of more the 5 m/s. Higher air speeds results in higher evaporation 

but also in a higher sensible and latent heat loss. That is why with composting the best results are achieved at an 

airspeed of only 0.08 m/s. However, the water input and evaporation are only balanced in summer months. A system 

to drain the excess of water seems inevitable. On farm pilot experiments with bedding materials and management 

are needed to test whether or not it is possible to keep the top layer of the bedding at an acceptable level of dryness 

under cold and moist Dutch weather conditions.  

3.2 Gaseous emissions 
Relative emission of ammonia after 4, 24 and 72 hours after the simulated urination for degradable and non-

degradable materials in the second replication is presented in figure 5. Emission after 72 hour of sample 13 is set to 

100%. Most of the ammonia was emitted during the first 24 hours after the application of urine. Emissions from 

non-degradable materials tends to be higher than degradable materials even when the emission seems not to be 

stable. The rubber shaving gave the lowest ammonia emission from the group of non degradable materials. 

Compacted degradable samples seems to have a higher emission than the non-compacted samples of the same 

material. This does not apply for the dredge sample that have an unexpectedly low ammonia emission both for the 

compacted and the non-compacted samples.  
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FIGURE 5 Relative emissions (Sample 13=100%) of the different samples during the second experiment 4, 

24 and 72 hours after simulated urination for degradable (left) and non-degradable (right) 

materials. 

 

4 CONCLUSIONS 

Model calculations showed that to keep the bedding dry shows under Dutch climate circumstances composting is 

needed as a extra heat source. Without composting the moisture balance was negative. During composting the air 

speed should stay below 0.32 m/s to avoid the excessive loss of heat. The laboratory experiments showed that non-

organic bedding material resulted in a higher ammonia emission. Rubber shavings and dewatered peat dredge 

showed the lowest ammonia emission from non-organic and organic bedding materials respectively. Compacted 

bedding material resulted in a higher ammonia emission. Most of the ammonia was released in the first 24 hours 

after a simulated urination. The results of both modeling and laboratory experiments need validation during a pilot 

scale experiment in practice. Emissions should be measured on pilot scale as other factors like wind speed, area per 

cow, farmers management and spatial and temporal varieties of the bedding can influence the ammonia emission to 

a large extend. Results of both the modeling and the laboratory experiments gave enough reason to continue the 

project and start a pilot scale experiment.  
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1 INTRODUCTION  

The increased use of biomaterials for combustion is generating large amounts of ash. In most cases, e.g. incineration 

of straw and grain, bottom ash contains small amounts of heavy metals, but significant amounts of phosphorus (P) 

and potassium (K). This gives the bottom ash from combustion of straw and grain good qualities as a fertiliser. The 

use of the bottom ash as a fertiliser also faces some difficulties, including problems in spreading the ash with high 

accuracy (Marmolin et al., 2008).  

Biogas plants are becoming increasingly common in Sweden. They produce considerable amounts of 

digestate, a liquid fertiliser with a high content of nitrogen (N) but lower contents of P and K. High quality digestate 

can be spread on farmland today. The spreading equipment for liquid fertilisers gives the same accuracy as current 

spreaders for mineral fertilisers (JTI et al., 1994).  

This study investigated techniques and systems for blending and spreading liquid digestate with ash. The 

amounts of N, P, K and heavy metals applied with different digestate-ash mixtures were calculated. Different types 

of ash, liquid digestate and mixtures of ash and digestate were analysed at laboratory scale with regard to important 

properties, including the influence of ash admixture on ammonia emissions and mixture pH. Different properties of 

ash/digestate mixtures were also tested at pilot scale in order to identify a homogeneous admixture rate with no 

sedimentation. A cell wheel for liquid manure was tested for adding the ash to a flow. 

 

2 MATERIALS AND METHODS 

2.1 Laboratory scale  

Three different types of ash (from combustion of oats, straw and wood pellets) and liquid digestate from two biogas 

plants were included in the study. The ash samples were analysed for physical and chemical qualities including bulk 

density, fractionation, water content, volatile solids, and CaO, K, Na and P content (Table 1). The digestate samples 

were analysed for nutrient content, heavy metal content and pH (Table 2). The feeding effluent for the two biogas 

plants consisted of offal, food waste, organic household waste, sludge from fat separation in large-scale kitchens and 

clover/grass silage. 

 

TABLE 1 Results of analyses on ash samples 

Parameter Oat ash (% dm) Straw ash (% dm) Wood pellet ash (% dm) 

Dry matter 99.5 99.3 92.0 

Calcium oxide, CaO 3.8 7.3 26.3 

Potassium, K 9.7 4.7 6.1 

Sodium, Na 0.1 0.2 0.4 

Phosphorus, P 7.0 1.0 1.0 
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TABLE 2 Results of analyses on digestate samples 

Parameter Content Units 

Dry matter 2.5 % 

Total nitrogen, N 3.0 kg/tonnes 

Ammonium N, NH4-N 2.0 kg/tonnes 

Phosphorus, P 0.3 kg/tonnes 

Potassium, K 0.6 kg/tonnes 

pH 8.3  

 

The solubility of the ash samples in water and digestate was analysed. The pH was also measured at 

different times after ash admixture into digestate. 

The potential for increased ammonia emissions was determined by measuring the equilibrium 

concentration for different admixtures of ash (0, 1, 3 and 5 %-vol/vol) into digestate. The micrometeorological 

method used (Svensson, 1993) involved exposing four passive diffusion samplers to the ammonia emissions (Figure 

1). 

 
FIGURE 1 Four passive diffusion samplers placed above the ash-digestate mixture. 

 

2.2 Pilot scale 

Batch-wise admixture of oat ash (0, 1, 3 and 5%-w/w) to digestate was conducted using a tank (1500 litres) and an 

unattached stirring pump. The admixtures were stirred for two minutes and then the tank was emptied at a flow rate 

of 0.5 m
3
/minute to imitate spreading of slurry. Avoiding separation was the main aim of the procedure. A cell 

wheel was tested to investigate the possibility of adding the ash into a flow of digestate. 

2.3 Calculations 

The plant nutrient value and heavy metal content in the different ash-digestate admixtures were calculated in order 

to give recommendations on frequency of application to a particular field. These calculations used the Swedish limit 

values (g/hectare and year) for application of heavy metals and phosphorus (P) to arable land (SNFS, 1994) and the 

application rate was set to 30 tonnes/hectare. The content of heavy metals in the ash used in the calculations 

represented average values and were taken from Marmolin et al. (2008). The contents were 20 mg Ni/kg dm, < 0,5 

mg Cd/kg dm and 345 mg Zn/kg dm.  

 

3 RESULTS AND DISCUSSION  

3.1 Laboratory scale 

Only 7% of the oat ash dissolved in water, 3.5% of the straw ash and 12% of the wood pellet ash, indicating that the 

stirring is very important to achieve homogeneity if the admixture is to be spread in the field. Additions of 3-10% by 

weight of ash into the digestate gave a clear increase in pH, but there was no change in pH over time.  
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The equilibrium concentration of ammonia was on average 262 ppm for the digestate and 82 ppm (1%-

v/v ash), 90 ppm (3%-v/v ash) and 83 ppm (5%-v/v ash) for the ash-digestate mixture. When oat ash was mixed into 

digestate, the equilibrium concentration of ammonia did not increase. In fact, ammonia concentrations were lower 

when ash was added, possibly because of ammonia binding to some metal ions. 

3.2 Pilot scale 

Batch admixture of ash into liquid digestate was unsuitable, because the majority of the ash settled and formed 

sediment in the bottom of the tank, despite efficient stirring (Table 3). For continuous dosage of finely pulverised 

ash into digestate, the cell wheel made for dosage of liquid manure worked as planned. However, for dosage into a 

flow under pressure a sluice is necessary to prevent digestate being pressed up into the ash container. Admixture of 

ash into solid digestate is another possible alternative, e.g. during augering of the solid fraction from a digestate 

separator to a store.  

 

TABLE 3 Results of analyses for the sedimentation study 

Mixture Sedimented ash (%) Ash in drained 

admixture (%) 

Only digestate 0 0 

1%-w/w ash in digestate 61 39 

3%-w/w ash in digestate 38 62 

5%-w/w ash in digestate 41 59 

 

3.3 Calculations 

Digestate and oat ash with the properties presented in Table 1 were used in the calculations. The oat ash contained 

71 kg P and 98 kg K per ton. The content of Ni, Cd and Zn in the ash limited the admixture rate. With 5% admixture 

of ash into digestate and with an application rate of 30 tonnes per hectare and year, application should not be 

repeated on the same field more often than every fifth year in order to avoid exceeding the limits for application of 

trace elements and P. With less ash added or other types of ash, application could be more frequent.  

 

4 CONCLUSIONS 

Only a small proportion of the ash types tested dissolved in water, resulting in a high sedimentation rate in the liquid 

digestate. Therefore admixture of ash may be more suitable for solid digestate than for liquid.  

 The content of abrasive material in the ash was so high that the risk of wear to pumps, pipes and other 

parts of the spreading equipment was rather high. It is therefore best if the ash is added as late as possible to 

equipment for spreading on arable land. 

 There is no risk of increased ammonia emissions as long as the mixture does not contain more than 5% by 

volume of ash. Equilibration calculations indicate that ash types with different composition might give increased 

ammonia emissions. The proportion of ash added per m
3
 digestate and the frequency of spreading to the same field 

must be restricted in order to avoid accumulation of trace elements and P in soil. 

 

ACKNOWLEDGEMENTS 

We would like to thank Sala-Heby Energi AB, Uppsala Biogasanläggning and Svenskt Växtkraft AB for their 

contributions to the project and the Swedish Farmers’ Foundation for Agricultural Research for financing the study.  

 

- 72 -



 Treatment and use of non conventional organic residues in agriculture  

    

 

REFERENCES 

JTI, SLU, SMP 1994. Teknik och metodik för typprovning av konstgödsel- och stallgödselspridare: sammanfattande 

slutrapport av projekten i TYP93-programmet, som utförts på uppdrag av Statens jordbruksverk. Typ 93 

programmet/Sveriges lantbruksuniversitet, Institutionen för lantbruksteknik, Jordbrukstekniska institutet, 

Statens maskinprovningar. Uppsala, Sweden. 143 p. 

Marmolin C, Ugander J, Gruvaeus I, Lundin G 2008. Aska från halm och spannmål – kemisk sammansättning, 

fysikaliska egenskaper och spridningsteknik. JTI-rapport Lantbruk & Industri nr. 362 Hushållningssällskapet 

Skaraborg, Energigården och JTI – Institutet för jordbruks- och miljöteknik. Uppsala, Sweden. 

SNFS 1994. Kungörelse med föreskrifter om skydd för miljön, särskilt marken, när avloppsslam används i 

jordbruket. SNFS 1994:2 MS:72, Miljöskydd, Statens naturvårdsverks författningssamling, Statens 

naturvårdsverk. Stockholm, Sweden. 

Svensson L 1993. Ammonia Volatilization from Land-Spread Livestock manure. Effects of Factors Relating to 

Meterology, Soil/Manure and Application Technique. Dissertation. Department of Agricultural Engineering, 

Swedish University of Agricultural Sciences. Uppsala, Sweden. 

 

- 73 -



 Treatment and use of non conventional organic residues in agriculture  

  

 

TRANSFORMATION SYSTEM GREEN ORGANIC WASTE 

OF LIVESTOCK INDUSTRY FOR AGRICULTURAL USE 

 
Juárez J.A. 

Proyectohumus, Buenos Aires 373-CP 4500 San Pedro de Jujuy, Jujuy, Argentina. Tel: 0054-3884-

421325. proyectohumus@hotmail.com 
 

1     INTRODUCTION 

Farming and associated agricultural industries generate a significant amount of residual organic matter, which is 

often discharged to watercourses or accumulated in urban areas creating serious environmental problems. However, 

it is possible to transform this waste into material with great potential for use within agriculture. Composting and 

worm breeding can become effective tools to recycle nutrients in a production cycle. Composting is a process that 

has been receiving increasing attention as an economically viable and environmentally safe alternative, for the 

stabilization of sewage sludge and agricultural use (Bitton, 1999) 

1.1    Antecedents 

Red worm breeding as a tool for resource optimization requires constant structural and cultural innovations, 

especially in the places where waste is generated continuously. The creation of unit producing worm compost from 

organic waste transforms this problem into a project of economic and environmental interest. 

1.2    Objectives 

In this paper we describe a system which provides to farms and slaughterhouses a system to transform organic 

wastes into bio fertilizer, recovering nutrients and generating a marketable product. 

 

2    MATERIAL AND METHODS  

1st Stage 

A field is selected for the treatment of the organic waste. The field can be different sizes, depending on the 

volumes of material to be treated, but in this case we used a field of 40 by 60 meters, after weeding and leveling. 

Organic waste is put into piles, of variables dimensions, depending on available space. For this 

experiment, the dimensions used were 50 x 3 m and 1.5 m high 

Periodic movements are made for ventilation of the organic matter piles. For this work we used a bulldozer, 

repeating the operation a total of six times. The first movement was to complete the piles and then a further five 

movements, one every 7 days. The movements promote oxygenation, initiating the composting processes. This is 

monitored regularly to ensure proper sanitation. To obtain a sanitary quality compost suitable for reuse in 

agriculture, the process requires proper design and operation, including an experimental verification of the design 

parameters (C:N ratio and initial mixing moisture) and operating factors (pH, humidity, temperature, aeration) 

(Castillo et al., 2002). The duration of this process was 90 days. 

2nd Stage  

Once the composting process was finished, compost samples were taken for a phytotoxicity test using 

radish seeds.  Samples were extracted for laboratory analysis.  

Then, the piles were changed into “humus production beds” by placing long boards in their lateral margins, 

preventing the disintegration of the "bed", caused by the activity of red worms. 

Once created, the beds were seeded with red worms (Eisenia foetidae), at five thousand (5000) worms per 

cubic meter of compost.  The process known as vermiculture, involving earthworms and microorganisms, can 

transform organic waste into a compost, called vermicompost or worm compost (Quintero et al., 2000). During this 

second stage, the process was monitored periodically to encourage natural conditions. This stage lasted for  60 days. 

3rd Stage  

When the vermicomposting process was finished, the process of extracting the worms from the 

production bed was started. Food bags "traps" were used to attract worms, repeatedly until there were no worms in 

the production bed. These worms are reused in other production beds. 
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3     RESULTS AND DISCUSSION 

The composting process ensures the sanitation of the wastes and transforms them into compost, the food of red 

worms. 

The use of wood for the production beds prevents the dispersion of the material and helps to keep the 

beds in optimal environmental conditions, which favours the activity of earthworms. 

Composting and vermicomposting are performed in the same place, which lowers the cost of material transfer 

during stages of transformation. 

The transformation of the organic wastes provides a safe end product of optimum quality that can be 

marketed or used in other sectors of the same chain of production, reducing fertilizer costs. 

 

 

a)    b)  

 

c)    d)  

FIGURE 1  a) Prepared compost piles, b) Aeration, c) Prepared humus production beds d) Inoculation with 

red worms 

 

4 CONCLUSIONS 

The problem of accumulation of organic waste can be transformed into an opportunity to develop treatment systems 

that minimize negative environmental impacts generated by the accumulation of these bio wastes and 

simultaneously, improve energy recovery system, by encouraging valuable feedback of nutrient cycling to the 

agricultural production sector. 
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1 INTRODUCTION  

In recent years there has been increasing environmental and ecological concerns against use of peat as a growth 

substrate because its harvest is destroying endangered wetland ecosystems worldwide. Moreover, increasing demand 

and rising costs for peat as a growing substrate in horticulture have led to search for high quality and low cost 

substrates as an alternative. A number of studies have shown that organic residues such as urban solid wastes, 

sewage sludge, paper waste, pruning waste, spent mushroom and even green wastes, after proper composting, can be 

used with very good results as growth media instead of peat (Abad, et al. 1993; García-Gómez, et al. 2002; Ostos et 

al., 2008). The increasing interest in waste recycling is another cause to advocate the recycling and use of organic 

wastes and composts as soil or potting amendments; it could be one of the most attractive methods of solving the 

problem of waste disposal. The combination of peat and compost in growing media is synergistic; peat often 

enhances aeration and water retention and compost improves the fertilizing capacity of a substrate (Ostos et al., 

2008). In addition, organic by-products and composts tend to have porosity and aeration properties comparable to 

those bark and peat and as such are ideal substitutes in propagating media (Chong , 2005). 

The aim of this work was to evaluate the feasibility of using compost from organic fraction of municipal 

solid waste (OFSMW) and biosolids (B) from wastewater treatment plant as alternative substrates of peat. The 

effects of different substrates on the growth in container of Euphorbia pulcherrima cv Freedom red were evaluated 

by parameters of growth of the plants: the development of the air part and radicular (fresh and dry weight), and 

commercial quality (height, n º flowers / plant and diameter of bracts).  

 

2 MATERIALS AND METHODS  

Two mature compost from two industrial facilities for Municipal Solid Wastes and Biosolid composting by windrow 

system were studied. The experiment was carried out to the production of plant in pots of 1,5 litres of capacity, in a 

polyethylene greenhouse of 840 m
2
 with a climatic control at IFAPA centre of Chipiona (Cádiz-Spain) .  

The experimental design was a complete randomized block with four replications and nine treatments, 

with a peat control.  

The substrates tested were peat (P) (100%) as a control; four mixtures of composted OFMSW and peat 

(OFSMW/P) and composted biosolids and peat (B/P) with different proportions (100%, 75%, 50%, 25%) (A (100% 

P), B (25% OFSMW + 75% P), C (25% B + 75% P), D (50% OFSMW + 50% P), E (50% B + 50% P), F (75% 

OFSMW + 25% P), G (75% OFSMW + 25% P), H (100% OFSMW) and I (100% B)). The analysis of different 

growing media used in the experiment is shown in Table 1. 
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TABLE 1  Analysis of growing media 

Variables Unit Peat OFMSW Compost Biosolids Compost 

pH -- 5.24 8.12 6.91 

EC (1:5 w/v) mS/cm 0.95 9.87 4.28 

OM % 86.55 46.44 20.32 

Total Nitrogen  % 0.31 1.90 0.84 

Phosphorous
a
  ppm 91 98 276 

Ca 
b 

ppm 6315 13346 8016 

Mg 
b
 ppm 576 988 1678 

Na 
b
 ppm 270 8522 770 

K 
b
 ppm 618 4671 2211 

B ppm 0.89 16.53 3.48 

Fe 
c 

ppm 14.4 57.9 10.6 

Cu 
c
 ppm 0.5 13.7 3.7 

Mn 
c
 ppm 4.0 7.2 3.2 

Zn 
c
 ppm 3.7 92.4 17.1 

a
(Method of Olsen); 

b
(aqueous extract with AcONH4); 

c
(aqueous extract with DTPA) 

  

The plant species used to evaluate the suitability of the growing media was commercial seedlings of 

Euphorbia pulcherrima Willd cv. Freedom. This specie is an ornamental plant resistant to high salinity substrates.  

Each treatment was carried out in 10 pots of 1.5 litres of capacity, with 90 pots in each block.  The assay 

period was 18 weeks (August–December), with the usual phytosanitary and fertiliser treatments and irrigation for 

poinsettias development.   

The effects of different substrates on the growth in container of Euphorbia pulcherrima cv Freedom red 

were evaluated by parameters of growth of the plants: the development of the aerial and radicular part (fresh and dry 

weight), and commercial quality (height, n º flowers / plant and diameter of bracts). 
Analyses of variance (ANOVA), considering substrate as independent factor, were performed for the 

variables measured. A multiple comparison of means was determined by the ‘post-hoc’ Tukey test and Test of Least 

Significant Difference (LSD). A significance level of P < 0.05 was used throughout the study.  

 

3 RESULTS AND DISCUSSION  

The pH, EC, Na and K values of OFMSW and B composts (Table 1) were greater than the established limits for an 

ideal substrate (IS) (Abad et al. 1993; García-Gómez, et al. 2002). Mixing those composts with peat improved these 

properties to values near the range of an IS. The best results in the observed parameter were register with low doses 

of biosolid compost (25-50%) with significant differences with the peat control (A) (Table 2 and Figure 1). 

Nevertheless, it is also possible the peat substitutions with highest doses of biosolid compost (75%) and even total 

substitution, with similar results and without significant differences with peat control.    

The best results were obtained for 25% B/P substrate; thus the height and fresh weigh of the plants 

growing on this medium reached a percentages higher than those growing on control: 16.98% and 56.27 %, 

respectively (Figure 1).  
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TABLE 2  Effect of different growing media on the growth and nutritional state of poinsettias (10 plants 

per treatment). 

Growing 

Media 

 

High 

(cm) 

 

Number of 

Leaves 

 

Number of 

Inflorescences 

 

Bract 

diameter 

(cm) 

Aerial 

F.W.  

(g) 

Aerial 

D.W. 

(g) 

Radicular 

F.W. 

  (g) 

Radicular 

D.W.  

(g) 

A 20.2 de 48.3 c 7.0 c 17.4 d 75.7 c 14.79 c 29.9 bc 3.0 cd 

B 20.4 de 56.6 ab 9.0 a 20.1 bc 95.0 b 17.38 b 32.9 ab 3.6 abcd 

C 23.6 a 60.1 a 9.5 a 22.1 a 118.3 a 20.9 a 38.0 a 4.4 ab 

D 20.0 e 52.8 bc 8.3 abc 18.3 cd 79.1 c 14.5 c 29.4 bc 3.3 bcd 

E 22.1 bc 55.5 ab 8.2 abc 21.3 ab 111.5 a 21.0 a 36.4 ab 4.4 ab 

F 18.3 f 37.0 d 7.5 bc 15.4 e 47.0 d 8.7 d 24.0 c 2.7 d 

G 23.2 ab 57.8 ab 9.1 a 21.0 ab 111.1 a 20.8 a 35.8 ab 4.5 a 

H 16.3 g 32.8 d 7.1 c 12.8 f 31.7 e 5.6 e 22.3 c 2.5 d 

I 21.4 cd 52.6 bc 8.6 ab 20.3 b 94.1 b 17.2 b 29.6 bc 3.8 abc 

A (100% P). B (25% OFSMW + 75% P). C (25% B + 75% P). D (50% OFSMW + 50% P). E (50% B + 50% P). F 

(75% OFSMW + 25% P). G (75% OFSMW + 25% P). H (100% OFSMW) and I (100% B). For each parameter 

values by the same letter are not statistically different according LSD at p <0.05 
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FIGURE 1  Temporal evolution of mean high (cm) of poinsettias plants with different growing media. 

 

In reference to OFMSW compost, results showed the viability of partial peat substitution with doses of 25 

and 50%, with best results in reference to peat control with the dose of 25%, and similar to the control with 50%. 

However, plants growing in high concentrations of OFSMW compost (75, 100%) showed less growth and chlorosis 

due to phytotoxic problems and/or nutritional unbalance due to the high salinity of the growing media (Ribeiro, 

1996). 

 

4 CONCLUSIONS 

The suitable of the prepared substrates (OFSMW/P and B/P) were appropriated for the production of Euphorbia 

pulcherrima at the proportions 25%-50%. The best results were obtained for 25% B/P substrate; thus the height and 

fresh weight of the plants growing on this medium reached a percentages higher than those growing on control: 
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16.98% and 56.27 %, respectively. Their use as substrates depends on the species to be cultivated, as the EC is the 

main limiting factor. 
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1 INTRODUCTION 

Anaerobic digestion is a process that has become a promising technology in biowaste, energy crop and crop residue 

management throughout the world. During this process organic matter is decomposed by bacteria in the absence of 

oxygen to produce methane-rich biogas. Anaerobic bacteria break down more than 50 % of organic matter, but 

anaerobic digestion residuary materials, also called digestates, represent around 90-95% of elements that were fed 

into the digester (Bermejo, 2010).  

 Organic nutrients contained in the organic matter are converted and mineralized to more soluble and 

biologically available forms (Wilkie, 2005; Voca et. al., 2005). Anaerobic digestion converts a major part of organic 

nitrogen to ammonia, which is then directly available to plants as nitrogen (Wilkie, 2005). Because of the different 

quality of raw material for biogas production, digestate contains 5.0 – 40 g kg
-1 

of nitrogen, ~0.7 g kg
-1

 of 

phosphorus and ~0.4 g kg
-1 

of potassium (Wulf et. al., 2002; Kongkaew et. al., 2004; Voca, 2005).  The field 

application with digestate could reduce the need for applying mineral nitrogen fertilizers and it could decrease the 

ammonia volatilization and nitrate leaching, mitigating environmental impact (Voca et. al., 2005). The digestate 

application can influence soil fertility and the yield and the quality of the plant (Fuchs, 2008, Marcato, 2008).   

 When the various organic residues including dead animals are used for anaerobic digestion, seen from the 

human side it is not very attractive to use digestate for the fertilization of food or feed crops, but on the other hand 

digestate is very well suited as a fertilizer because it has a reduced content of pathogens and a high nitrogen fertilizer 

vlaue. One of the ways to utilize digestate properly is to use it as a fertilizer for energy crops. Because of their 

methane yield per hectare, integration into the farm organization and input for agro ecology, perennial grasses are 

highly competitive energy crops. Perennial grasses could be used for anaerobic digestion or co-digestion with 

manure or agricultural residues (Lehtomäki et al., 2008). One of the main factors in selecting energy crops for 

biogas production is achieving large quantities and good quality biomass feedstock with low input (Amon et al., 

2007; Heiermann et al., 2007). 

 The aim of the current research was to estimate the potential utilization of residues from biomass 

digestion and ascertain the effect on cocksfoot (Dacltylis glomerata L.) biomass yield and quality when applying the 

digestate to the soil as organic fertilizer. 

2 MATERIALS AND METHODS 

The study has a dual purpose 1) digestate is a good fertilizer  for grass production and 2) the grass fertilized with 

digestate is a good feed for the biogas plant. The digestate as an organic fertilizer was obtained from the biogas 

plant. Pig manure and organic residues were the raw materials for the anaerobic digestion. The concentrations of 

chemical elements are summarized in table 1. 

 

TABLE 1  The chemical composition of soil and biomass, fermented during biogas production process 

Elements,% in natural matter Indicators mg kg
-1

 DM 
 

N-NO3 N-NH4 N P K SM C Cd Cr Ni Pb Cu Zn 

Digestate 0.001 0.505 0.7 0.09 0.046 3.58 1.01 1,09 15.9 16,6 9,47 715 882 

The highest allowable concentrations of heavy metals in the soil (HN 

60:2004) 
3 100 75 100 100 300 
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Pure swards of cocksfoot (Dactylis glomerata L) were cultivated in central Lithuania (55˚ 24‘N). Field 

and laboratory experiments were carried out during 2008 – 2009. The crop was sown in 2008. The soil of the 

experimental site is characterized as Apicalcari - Endohypogleyic Cambisol, light loam.  

In the first growing year, the swards were cut twice and in the second year - four times per season (first 

cut at heading stage). Not fertilized swards, two levels of fertilization with mineral nitrogen fertilizers (N180 and 

N360) and five levels of fertilization with organic fertilizers (N90, N180, N270, N360 and N450) were chosen for the 

research. In the first growing year, 1/3 of annual fertilizer rate was applied at the tillering stage. In the second 

growing year, 1/3 of annual fertilizers was applied in early spring at the beginning of vegetation, the second 

fertilization was made after the first cut and the third fertilization after the second cut. 

The grasses were cut using a mowing machine. The biomass yield of the grasses was determined by 

taking 4 samples from an area of 15 m
2
 area and weighing them. After that harvested grass material samples of 

about 0.5 kg were taken to the laboratory and chopped to a ca. 1 cm parctical size then weighed and dried in an oven 

in 105 
o
C temperature until a constant weight. Dry matter yield was measured. 

The samples of digestate for analysis were taken immediately after the process of anaerobic digestion. 

The contents of the main chemical components and heavy metals were analyzed in the digestate using ISO 11047-

1998 and ISO DIS 2002036:2006 methodologies. The concentration of total nitrogen in digestate was measured 

using ISO 11261 methodology. The total nitrogen and organic carbon in cocksfoot biomass were determined using 

the Dumas method (DIN/ ISO 13878). The van Soest methodology of fibre fraction was used to analyze the 

concentration of structural biopolymers in biomass. 

Difference was considered significant for a probability below 0.05 (P < 0.05). 

3 RESULTS AND DISCUSSION 

Biomass yield. In our research in 2009 the annual biomass yield of cocksfoot was 11.83 t ha
-1

 when the swards had 

been applied with mineral fertilizers N180 and 12.26 t ha
-1

 when mineral nitrogen level was N360. The annual biomass 

yield of swards fertilized with organic fertilizers was 11.9 and 12.26 t ha
-1

, respectively. The first findings of our 

research are consistent with previous experiments when the sward yield was intended for feed, it was noticed that 

the annual biomass yield of cocksfoot could be as high as 10 – 12.5 t ha
-1 

depending on the weather conditions and 

cultivation technologies (Lemežienė at al., 1998, Kanapeckas at al., 1999). There was no significant difference in 

annual biomass yield between the swards fertilized with 180 t ha
-1

 and N360 level of mineral and organic nitrogen 

fertilizers (Table 1). The results from the first experimental years let us doubt with that previous research has proved 

the digested fertilizers due to the fact that after the process of digestion, the nutrients are already mineralized and 

thus can be used by plants effectively, but it does not surpass mineral fertilization in biomass yield formation 

(Fuchs, 2008; Ortenblad, 2000).  The nitrogen fertilization had a significant positive effect on biomass yield in all 

swards, compared to not fertilized crops, nevertheless, as we see from table 2, we did not get any significant 

difference in annual biomass yield in the swards fertilized with both N270 N360 nitrogen levels applied with organic 

fertilizers. These results suggest that in 2009 the N240 nitrogen level was the highest that cocksfoot could assimilate. 

The highest biomass yield of all in swards fertilized with N450 could be reached because of higher concentrations of 

other nutrients.  

TABLE 2  The DM yield of cocksfoot during the first and the second sward age year  

DM yield t ha
-1 

 

2008 2009 Fertilizer 

rate 1
st
 cut 2

nd
 cut Annual 

 

Fertilizer 

rate  

1
st
 cut 2

nd
 cut 3

rd
 cut 4

th
 cut Annual 

0 1.65 1.97
 ab

 3.62
 ab 

0 2.48
a
 2.94

a
 3.10

bc
 0.07

a
 8.59

a
 

Fertilized with mineral nitrogen fertilizers 

60 2.24
 cde

 3.89
 cde 

180 2.95
ab

 5.45
bc

 3.01
abc

 0.42
bcd

 11.83
c
 

120 
1.65 

2.14
 e
 3.79

 e 
360 3.26

bc
 5.44

cde
 2.94

abc
 0.62

d
 12.26

cde
 

Fertilized with organic fertilizers 

30 2.03
 abc

 3.68
 abc

 90 3.06
abc

 4.29
b
 2.96

abc
 0.27

ab
 10.59

ab
 

60 2.25
 abc

 3.90
 abc 

180 3.29
bc

 5.03
cde

 2.65
a
 0.12

a
 11.09

bc
 

90 2.36
 bc

 4.01
bc 

270 4.03
de

 5.31
bcde

 3.26
c
 0.14

ab
 12.74

cde
 

120 2.49
 c
 4.14

c 
360 3.64

cde
 5.32

bcde
 3.11b

c
 0.19

ab
 12.26

cde
 

150 

1.65 

2.43
 a
 4.08

a 
450 6.29

e
 6.44

e
 2.97

abc
 0.23

ab
 15.92

e
 

Values with different letters in columns are significantly different at P<0.05 
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The swards of cocksfoot are characterized as grasses with balanced biomass yield distribution during the 

growing season. The biomass yield of the first cut usually accounts for 47 % of annual biomass yield (Kanapeckas 

at al., 1999). In our research we found such a trend in the year 2008, but in 2009 the biomass yield of the first cut 

contained amounted for 25 – 30 %. Because of the dry spring and wet weather conditions after the first cut the 

biomass yield of the second cut was higher. The swards accumulated significantly lower biomass yield compared to 

other cuts from August to October when the 4
th

 cut was made. Mineral fertilizers had no significantly higher 

influence on biomass yield in all cuts compared to the swards fertilized with the same levels of digestate. 

Biomass quality. Biomass composition and productivity are equally important for biogas production. 

Anaerobic bacteria first of all begin to digest water soluble carbohydrates (WSC) and decompose them to biogas 

without many losses (Wilkie, 2005). The concentration of WSC in cocksfoot biomass was the highest in not 

fertilized swards (Table 3).  

The swards applied with mineral nitrogen fertilizes exhibited a slightly better utilization of nitrogen. 

Therefore in the first and the second years of our research the content of nitrogen and crude proteins was higher in 

the biomass of swards, fertilized with mineral fertilizers compared with that in the swards fertilized with organic 

fertilizers. The results of the concentrations of WSC and crude proteins from our research agree with previous 

research results when grasses were analyzed as a source for feed (Butkutė and Paplauskienė, 2006).  

 

TABLE 3   The averaged concentration and variation of chemical elements in cocksfoot biomass during the 

growing period 

Control Mineral Fertilizers Organic fertilizers 
  

N0 N180 N360 N90 N180 N270 N360 N450 

Mean 11.17 15.56 18.51 10.97 12.27 13.55 15.09 14.69 

Range 8.6-17.6 13.3-18.7 16.0-21.4 9.0-12.3 9.6-16.6 9.7-18.6 11.3-17.5 10.1-18.2 
Crude 

proteins 
CV% 29 12 10 14 21 23 17 20 

Mean 16,50 14,31 11,56 13,87 13,92 12,68 13.94 15.76 

Range 10.2-21.5 6.2-20.1 6.8-14.2 7.2-20.2 6.9-17.3 5.7-16.9 9.1-16.3 9.6-18.4 WSC 

CV% 34 40 39 39 30 33 19 22 

 

Fermentation is most stabile at a C:N ratio of ca. 20-30 (Dennis, 2001). In the firs year of our research, 

the carbon to nitrogen ratio did not exceed the minimum values (Fig. 3).  

0

5

10

15

20

25

30

0 180 360 90 180 270 360 450

1 cut (2008) 1 cut (2009) 2 cut (2009) 3 cut (2009) 4 cut (2009)

C:N

Nitrogen fertilizers, kg ha-1

Mineral fertilizers Organic fertilizers

FIGURE 3    The variation of the carbon to nitrogen ratio in the biomass of cocksfoot 

 

In the second experimental year, the carbon to nitrogen ratio values were higher and better for biogas 

production in the biomass, fertilized with organic fertilizers. The lowest concentrations of these elements were in the 

swards, applied with mineral fertilizers. Previous research suggestedthat carbon to nitrogen ratio varied significantly 

during plant growth (Amon, 2007;  Raclavská, 2007; Lemežienė at al., 2009). The same trend was measured in our 

research: not only fertilization, but also the timing of the cut significantly  influenced the variation of C:N.   The 

carbon to nitrogen ratio was higher for the second and third cut compared to the first cut. The lowest results we 

obtained for the fourth cut, C:N values did not exceed minimum allowable values.  
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4 CONCLUSIONS 

The research showed that the nitrogen applied in digestate to grassland was as efficient as mineral fertilizer nitrogen. 

The second year of this study indicated that cocksfoot harvested from plots applied digestate had a carbon to 

nitrogen ratio that was better suited for biogas production than cocksfoot from plots added mineral fertiliser. Thus, 

the first two years study indicated that nutrient-rich digestate, utilized as organic fertilizer, exerted a positive effect 

on biomass yield and chemical composition of cocksfoot. 
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1 INTRODUCTION 

Azolla sp., a small-leaf pteridophyte, is unique among floating macrophytes, because it can grow even after the 

exhaustion of combined nitrogen in secondary effluents, improving an adequate phosphorus removal. This is due to 

the symbiosis with a N2 fixing filamentous cyanobacteria, Anabaena azollae, and a variety of bacteria that some have 

identified as Arthrobacter sp. (Carrapiço et al., 1996).  

According with the results obtained in continuous assays performed earlier (Costa et al., 2009; Costa, 

2009), the use of Azolla, an aquatic fern with high growth rate and productivity, seems to be very promising to 

improve treated urban wastewater quality, particularly because its phosphorus removal efficiencies (40-65%). The 

heavy metal biosorption using living Azolla (phytoremediation) or dried biomass as a bioadsorvent material are also 

relatively new technologies for the removal of metals (Rahhshaee et al., 2006). These processes success depends on 

an adequate plant growth all over the year, on nutrients and metals removal efficiencies and on biomass removal and 

valorisation. Azolla presents further potential uses, such as substrate for biogas production or to natural dyes 

extraction (anthocyanin-E-163, also with anti-oxidative action), as a biological control of submerse weeds, algae 

growth and insects, but essentially it can be utilized as feed supplements for aquatic and terrestrial animal and as a 

biofertilizer (Carrapiço et al., 1996; Leterne et al., 2010). Azolla was studied as a biological regenerative life support 

system (BLSS) integrated in space missions (Soyus- Salyut 6) and Biosphere II project (Arizona) in order to 

promote food production, gas exchange, water reclamation and nutrient recycling (Carrapiço, 2002; Liu et al., 2008
a
; 

Liu et al., 2008
b
; Katayama et al., 2008).  

It is known that biomass composition can limit the possibilities of its utilization. Therefore, the goal of 

this work is to assess and compare chemical compositions of Azolla grown in natural aquatic environments, in 

artificial medium and in urban wastewaters. In order to understand its digestibility, protein, crude fat, cellulose, 

hemicellulose and lignin contents were also analysed. 

 

2 MATERIAL AND METHODS 

Azolla from natural aquatic environments was harvested in Samora Correia irrigation channels (about 3m width and 

1m depth), River Guadiana (flow rate less than 10m
3
s

-1
) and Lagoon Alverca -Golegã (about 20m width and 6-7m 

depth).  

Azolla’s growth in artificial medium (Hoagland H-40 without nitrogen and 10 mgP L
-1

) and in urban 

wastewaters from a facultative pond (CQO-191±89 mgO2 L
-1

, NKj- 40.7±13.8 mg L
-1

, NH4
+
- 26.27±7.85 mgN L

-1
, 

Total P- 9.49±3.40 mg L
-1

) were carried out in 18.3L capacity (45x32x12.7 cm) PVC reactors (hydraulic detention 

time equal 5, 7.5 and 10 days), within confining PVC frames (A=0.11m
2
), inside a Fitoclima 750E culture chamber.  

Controlled culture conditions were: 25±0.5°C, during 14h.day light (263 mol photon m
-2

 s
-1

) and 18±0.5°C during 

10h/night period; humidity was between 70 and 75%. These essays were performed under constant initial densities 

that changed from 6.8 to 68.2 g d.wt. m
-2

. The excess of the biomass grown during each essay was harvested and 

further analysed. As biomass composition did not change substantially with the different densities and hydraulic 

detention time, only media values and standard deviation were found to be present. 
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Analysis of dry weight, organic matter, ash, crude fibre, fat and nutrients contents were performed 

according to AOAC methods (1990), regarding different potential uses of Azolla. In order to evaluate digestibility 

and possible toxicity for animals, if it is to be used for animal feedstock, cellulose, hemicelluloses, lignin and heavy 

metals (Cu, Zn, Pb, Ni, Cd and Cr) were also determined (Goering & Van Soest, 1970; AOAC, 1990). The results of 

biomass composition are expressed on a dry weight basis. 

 

3  RESULTS AND DISCUSSION 

Dry weight and organic matter values (Table 1) were similar to referred by Van Hove (1989) and Kaplan & Peters, 

(1998) for Azolla, however they were lower than in forage plants (CEIP, 1980). Carbon, admitting that it 50% of 

organic matter, was about 45%, the same order of magnitude of those reported by Van Hove (1989) (43%) e Kaplan 

& Peters (1998) (A. caroliniana- 41.2%), but higher than the observed by Dinesh & Dubey (1998) (A. pinnata- 

21.4%). 

 

TABLE 1  Azolla biomass composition grown in different growth media.  

 

Parameter 

 

Guadiana river 

(n=3) 

Irrigation 

channels  

(n=8) 

Alverca 

lagoon 

(n=1) 

Hoagland H-40 

 (n=12) 

Urban 

wastewater 

(n=16) 

Dry weight (%) 7.4±1.3 6.8±1.5 4.7 5.1±0.2 5.7±0.6 

Ash (%) 12.2±0.5 10.0±1.7 8.7 17.0±1.0 14.2±0.5 

Phosphorus (%)  0.25±0.01 0.34±0.09 0.43 1.63±0.08 1.32±0.17 

Nitrogen Kjeldahl (%) 3.14±0.20 3.22±0.55 2.62 4.05±0.39 3.68±0.36 

Protein (%) 19.6±1.2 20.5±3.5 16.4 25.3±2.5 23.0±2.3 

Crude fat (%) 5.3±0.8 3.6±1.6 3.2 4.1±0.4 3.6±0.5 

Crude fibre (%) - 14.0±1.4 16.6 14.0±3.5 13.2±2.1 

Cellulose (%) 22.5±1.8 19.9±3.9 22.7 13.6±1.4 11.8±2.3 

Hemicellulose (%) 10.8±0.6 15.0±4.7 14.8 16.6±3.7 19.1±5.8 

Lignin (%) 39.1±1.7 35.5±4.4 41.0 21.8±4.4 20.2±3.5 

Lignin/N ratio 12.5 11.0 15.7 5.4±1.3 5.5±0.8 

 

Biomasses from Hoagland H-40 medium and urban wastewater were richer in nutrients (N and P) than 

those collected in natural aquatic ecosystems (Table 1), because natural waters phosphorus concentrations were 

lower (0.93±0.72 mgP-PO4
3- L

-1
) than facultative pond effluent contents (6.85±2.35 mgP-PO4

3- L
-1

) what can limit 

nitrogen fixation by symbionts (Costa, 2009). Indeed, phosphorus content in biomass grown in treated wastewater 

was about three times greater than the highest value observed in Azolla grown in natural water bodies, as a result of 

phosphorus bioaccumulation due to luxury uptake (Costa, 2009). Besides, Azolla’s phosphorus utilization 

efficiencies (EUP- gN. gP
-1

) observed in biomass collected from natural waters (6.1-12.6) were much higher than 

those found in biomass from wastewater (2.8±0.2). Furthermore, due to the lower nitrogen content in biomasses 

grown in aquatic ecosystems, the C/N ratios were higher in these biomasses when compared with those from 

Hoagland H-40 media and wastewater. So, the biodegradation rate of the biomass grown in wastewater, when 

incorporated in the soil as biofertilizer, will be faster, more easily releasing nutrients for plants. 

When biomasses composition are evaluated in order to its possible use as complement for animal 

feedstocks, it can be seen that protein, crude fibre and fat contents weren’t very different, regardless the plants 

growth media (Table 1). In all of them, crude protein values were even higher than those observed in some other 

fodder plants (CEIP, 1980), like maize (Martins, 1996). Nevertheless it will be important to determine lysine, 

methionine, cysteine and histamine contents. Fibre percentages were high, but less than in some animal food-stuffs 

(unpublished data). The structural compounds contents, such as cellulose and lignin, in Azolla developed in 

wastewater pond effluent were lower than those observed in biomass grown in natural environments, which could 

favour its digestibility. Simultaneously, the lignin/N ratio was much lower in biomass grown in wastewater, what 

helps its biodegradation. However, if the biomass is intended to be used for this purpose it is necessary to evaluate 

other parameters, namely metals concentrations, which are presented in Table 2. 

The Ca and Mg concentrations in biomasses grown in wastewater were lower than in biomass grown in 

natural aquatic ecosystems, but K content was much higher and overcame the earlier reported for different Azolla 
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species grown in rice fields (Rother & Whitton, 1988; Lumpkin & Plucknett, 1980). Because of that, the Mg/K ratio 

in biomasses from wastewater treatment effluent (0.13-0.16) was about ten times lower than the ratio found in 

biomass from natural water bodies (1.0-1.4). However, it is not foreseen that Mg deficiencies might occur if Azolla is 

used as feed complement for herbivorous animals, because the values obtained were in the same order of magnitude 

of those reported for leguminous (0.10-0.12), cereals and forage plants (0.10-0.59) (SAPEC, 1989; CEIP, 1980). 

 

TABLE 2  Metals concentrations in different biomasses. 

Parameter* 

(mg kgd.w.
-1

) 

Guadiana 

river 

(n=3) 

Samora Correia 

Irrigation channels  

(n=8) 

Alverca 

lagoon 

(n=1) 

Hoagland H-40 

(n=12) 

Urban 

wastewater 

(n=16) 

K  13800 19801±2985 12500 57106 31528±4759 

Ca  - 17708±2664 - 14438±1397 7306±4371 

Mg  20000 28161±10812 12500 9293±819 4605±2366 

Fe  1300.1 20863.1±3059.4 430.0 - - 

Mn  200.0 1075.9±771.2 170.0 - - 

Cu  34.0 29.0±11.5 21.0 38.5±0.8 14.9±7.2 

Zn  20.0 37.0±23.0 81.0 - 61.4±37.5 

Pb  11.0 14.7±6.8 n.d. - 5.6±3.0 

* Cd, Cr and Ni were not detected; n.d.- not detected. 

 

Zinc was the heavy metal present in higher concentrations, but heavy metals concentrations in wastewater 

biomasses weren’t higher than in natural aquatic ecosystems biomasses, which were in the same order of magnitude 

of the referred for different Azolla species grown in rice fields (Rother & Whitton, 1988; Lumpkin & Plucknett, 

1980). Zn and Cu concentrations in biomasses from wastewater were lower or similar to those found in cereals and 

leguminous plants (SAPEC, 1989; CEIP, 1980). However, these values were higher than those calculated based on 

the one reported by Katayama et al. (2008) for Azolla cultivated in IRRI medium to be incorporated in the diet of 

spatial mission crews. In what concerns lead’s concentration, they were higher than the maximum reported by 

Fleurence (1991) for algae in human diet (5 mg kg
 
m.s.

-1
), which could limit its future use as feed supplement for 

animals. 

Despite the presence of heavy metals in Azolla grown in wastewater, its macronutrients contents (N- 3.52 

a 3.76%, P- 1.28 a 1.37%, K- 3.06 a 3.32%) were higher than the observed in biomass from natural aquatic 

ecosystems what suggest that it be more valuable as biofertilizer (Table 1 and 2). Indeed, the level of heavy metals in 

Azolla’s biomass was found to be lower than in others substrates incorporated in soil, such as compost from vegetal 

residues (Guigi et al., 1990). However, the values obtained were higher than the reported for plants (spinach) 

cultivated in soil incorporated with compost from urban solid wastes and sludge (Guigi et al., 1990). Thus, the use of 

Azolla’s biomass as animal feedstock complement should be done with great precaution. 

 

4 CONCLUSIONS 

Azolla’s biomass grown in urban wastewater can be incorporated in the soil and the high macronutrients (N, P, K) 

contents will be more available for plant growth, due to C/N and lignin/N ratios that are lower than those that occur 

in biomass from natural waters bodies. 

The high levels of protein and crude fat, and the lower cellulose and lignin contents of Azolla’s biomass 

grown in wastewater can favour its digestibility when it is used as feed supplement for animals. However, the 

presence of heavy metals in wastewaters, due to industrial discharges, could limit its use. 

The biomass reuse could improve wastewater treatment sustainability reducing their costs. In fact, the use 

of macrophytes as an alternative to treat and polish effluents, in rural areas, may present some advantages such as 

low costs, easy maintenance and lower CO2 emissions. 

If Azolla is used, namely as biofertilizer, its harvesting could have less economical constraints which 

could decrease the impact of this plant’s bloom on aquatic ecosystems (water channels and hydrographic basins of 

Portugal, namely those of Tagus, Sado, Mondego, Vouga, Coa and Guadiana rivers), where sometimes it is largely 

widespread. Besides, Azolla’s growth in wastewaters, namely due to its phosphorus removal capacity, could improve 

treated effluents quality, helping to control the eutrophication of natural waters. 
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1 INTRODUCTION  

Galicia (NW Spain) is currently the main mussel producer in Europe and the second producer in the world after 

China, the production in 2007 was 208186 tonnes. This production provides the raw material for the cannery 

industry and this activity generates a large volume of waste due to the mussel shell represents 31-33% of the total 

mussel weight (Macías, 2000). The existence of these residues is recognized by industry as a serious problem.  

The shell is a composite biomaterial, of which the mineral portion, calcium carbonate, accounts for 95- 

99% by weight and the remaining 1-5% is the organic matrix (Marin and Luquet, 2004), and small amounts of other 

elements: nitrogen, sulfur, phosphorus, potassium and magnesium. 

In Spain mussel shells have been used as an animal feed additive, for the production of mortars, a liming 

agent and constituent in fertilizers. In Galicia, several studies have been performed using mussel shells as a liming 

agent (Iglesias-Teixeira et al., 1997; Álvarez-Rodríguez et al., 2009), for the recovery and the formation of soils 

(Macias, 2000) and the recovery for mine tailings (Asensio-Fandiño et al., 2008). 

In recent years, companies have emerged in Galicia dedicated to the treatment of mussel shells to achieve 

their recovery and facilitate recycling, transforming the mussel shells into by-products, revaluing this waste. 

Acid soils are a common problem in Galicia, limiting crop growth. These soils are usually neutralized by 

the addition of calcium mineral. Therefore, the mussel shells could be used as a liming agent in acid soils and were 

traditionally used by farmers in areas near to cannery industries.  

The aim of this work was study the effect of application on limestone from mussel shells, on chemical 

properties of soil. 

 

2 MATERIALS AND METHODS   

The experiment was carried out on an acid soil of sandy texture at the Organic Farm “A Laxe” localized in Palas de 

Rei (Lugo, Spain) during the 2009 growing season. Treatments were applied to subplots (each 50 m
2
), in a 

randomized block design with three replicates. The following treatments were applied on 24 May: i) C=control, no 

application of limestone and ii) L=application of 3 tons/ha limestone from mussel shells. Subsequently, wheat was 

sown on 30 May at a seed rate of 350 seeds/m
2
, and harvested on 22 September.  

The operations carried out by the transformer industry to obtain limestone from mussel shells were 

washing, calcination and milling, producing a particle size of 2 mm and a minimum content of 89% calcium 

carbonate and a maximum content of 1.5% magnesium carbonate.  

Soil was sampled at 20 cm depth, taking a representative sample in each subplot after harvest date of the 

crop (26 September). The sampler walked a zig-zag through the plots to take 6 subsamples from each subplot using 

a hollow cylindrical tube 7 cm in diameter. Soil samples were air dried, passed through a 2 mm mesh sieve and 

measured for pH, exchangeable calcium, magnesium and aluminium, and available phosphorous. The pH was 

determined in a 1:2.5 soil:water suspension (Guitián-Ojea and Carballas, 1976), the estimation of available 

phosphorus in soils by extraction with sodium bicarbonate (NaHCO3 0,5M) (Olsen and Dean, 1965) and 

exchangeable cations (Ca 
+2

, Mg 
+2

 and Al 
+3

) by extraction with ammonium chloride (NH4Cl 1N) (Peech et al., 

1947). 

All data were subjected to a one-way ANOVA and the means were compared by Fisher’s Least 

Significant Difference procedure.  
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3 RESULTS AND DISCUSSION  

Table 1 shows the effect of limestone application on chemical properties of soil, means of three replicates of 

parameters determined. The application of limestone produced a non-significant increase in pH and a significant 

decrease in exchangeable aluminium, which was related with higher soil exchangeable calcium content and 

availability of phosphorous, although not significantly. With regard to exchangeable magnesium, there was no 

significant differences between treatments.  

  

TABLE 1 Effect of application of limestone on chemical properties of soil: pH, exchangeable aluminium 

(Al), calcium (Ca) and magnesium (Mg), and available phosphorous (P). Mean values from 3 

replicates. 

Treatments pH Al Ca Mg P 

  (cmol(+)/kg) (mg/kg) (mg/kg) (mg/kg) 

C 5,00 a 1,34 a 280 a 44 a 22 a 

L 5,14 a 1,25 b 294 a 47 a 23 a 

p ns ** ns ns ns 

Means within the same column which are followed by the same letter are not significantly different. 

**: p<0,01; ns: not significant. 

  

 Iglesias-Teixeira et al., (1997), showed in a study on acid soil monitored over 17 months, that the higher 

dose of limestone from mussel shells (9 tons/ha) neutralization the acidity to a similar extent to the magnesian 

limestone commercial, but was effective over a longer term. Therefore, to obtain more conclusive results, it would 

be necessary to monitor for longer, because the effects of limestone accrue over a long period, and the dose used in 

this experiment, 3 tons/ha, was low. In consequence, further experiments should be conducted with higher doses and 

monitored for longer. 

 

4 CONCLUSIONS  

The application of limestone caused a non-significant increase of pH and a significant decrease in exchangeable 

aluminium, and also a non-significant increase in available phosphorous.  

The results indicated a small positive effect on soil chemical properties, therefore, the use of limestone is 

recommend but with higher doses.   
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1 INTRODUCTION  

The average world production of table olives for the last five harvesting years was 1.767.100 metric tons. The word 

largest producer's is Spain with approximately 30% (www.internationaloliveoil.org). In all the stages of table olive 

processing large quantities of clean water are consumed for cleaning, debittering, washing, and fermentation and 

wastewater is produced.  

 A variety of methodologies have been proposed for the treatment of table olive processing waste-water. 

However, there are not references to the treatment of the generated organic solid by-products. Those by-products 

(OSBTOP) are mainly a mixture between processed table olives out of quality specifications and pits with some pulp 

from pitting process.  

 The actual treatment of this waste is recovering its residual oil. Some of its physical characteristics are 

similar to the "alperujo"(two phase olive mill wastes-TPOMW) the main by-product of Spanish olive extraction 

industry with the influence of pickled process on the olive pulp. Another important difference is the period of 

generation, in the case of "alperujo", it is generated in annual seasons of less than one hundred days in most of the 

cases, while the OSBTOP is generated in the course of the year. Much research work has been carried out in the recent 

decades to recycle the organic matter and nutrient contents of olive mill wastes by composting. The aim of this work 

was the evaluation of OSBTOP compostability and the feasibility of its composting to produce quality end-products. 

The OSBTOP was a high C/N ratio and an excess of water. Since the values of the C/N ratio in the initial mixtures were 

much greater than those recommended for composting process (25-35), poultry manure (PM) was added as an 

additional nitrogen source.  

 Two piles of 24,000 kg were prepared by mixing OSBTOP, poultry manure, one of them, with olive pruning 

residues (OP) as bulking agent, aereated by mechanical turning (windrow). The piles were composted for 32 weeks, and 

then were allowed to mature during 8 weeks. Temperature, pH, conductivity, total organic matter, total nitrogen, C/N, 

as well as the phytotoxicity of the substrates were evaluated in order to monitor the composting evolution.  

 

2 MATERIALS AND METHODS  

Two trapezoidal piles (1.8 m high with 2x 6 m base) of 24,000 kg were prepared by mixing OSBTOP, poultry manure 

(PM), one of them, with olive pruning residues (OP) as bulking agent, aereated by mechanical turning (windrow). The 

composition of both piles on fresh weight basis as indicated bellow, and its main characteristics are presented on table 

1: 

− Pile 1: OSBTOP (70%) + OP (10%) + PM (20%) 

− Pile 2: OSBTOP (90%) + OP (10%) 

 

TABLE 1  Main characteristics of different substrates and by-products. 

 pH EC(mS/cm
3
) Moisture (%) C (%) N (%) 

OSBTOP 4.8 2.2 66 55 1,1 

OP 6 2.5 40 40.5 0.8 

PM 7.3 4.1 71.8 50 5 
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 Both Piles were turned periodically, once a week during the first 4 months and every 2 weeks afterwards. The 

active phase was considered finished when the temperature of the piles was close to ambient and re-heating did not 

occur (about 40 weeks). 

 The room and assays temperature evolutions were followed by using a PT-100 and a data loggers (Testo 175- 

T2). The probes with the data loggers were fixed a depth 60 cm from the top in the middle of the pile. Both 

temperatures were recorded each two hours and the daily value was the average of measures, see Figure 1. 

 Composting materials were sampled weekly during the bio-oxidative phase and then at the end of the maturation 

period, from randomised sites around the pile. 

 The moisture contends was controlled periodically and maintained at 40 - 45 % by adding the necessary 

amount of water.  

 Phytotoxicity was evaluated by Zucconi et al. (1985), which combines the measurements of seed germination 

and root elongation of cress seed (Lepidium sativum L.). This parameter has been used also to evaluate the phytotoxicity 

and maturity of compost. 

 The Dewar self–heating test was used to determinate the maturity of the compost. The Dewar method is 

essentially a standardized procedure to evaluate self-heating. The principle of the methods is to precisely record the 

highest temperature achieved after placement of compost into the vessel for seven days. Interpretation of the results is 

based on division into five-levels of 10ºC increments of the compost heating (compost grades) (Brinton, et al. 2001).  

 The following parameters were also determined in the materials: 

− Electrical conductivity (EC) and pH in a water extract 1:25 (w/v) 

− Moisture content were analysed at 105 ºC for 24 hours. 

− Organic matter and ashes by weight loss after ignition at 550ºC for 2 hours.  

− Total nitrogen was analysed using the Kjeldhal method (Association of Official Agricultural Chemists, 1975). 

 

3 RESULTS AND DISCUSSION  

Both piles showed a similar behaviour throughout the assay period, and a typical evolution of a composting process in 

most of its parameters. The evolution of the temperature have the different phases of a standard composting process 

with a long thermophilic period (Figure 1), about six months, due to the presence of a high contend in organic matter of 

all the substrates.  

 The OBSTOP, like “alperujo”, contains phytotoxic compounds (mainly phenolic compounds) that inhibit 

microbial growth as well as the germination and vegetative growth of plants (Morillo, et al. 2009). Figure 2 shows the 

temporal evolution of germination index and other parameters. Initially, there is not seed germination due to the 

presence of a high concentration of phytotoxic compounds. 
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FIGURE 1  Temporal evolution of temperature (ºC) in both piles. 
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FIGURE 2  Temporal evolution of Germination Index (%) in both piles. 

 

 Afterwards, the GI had increased by the end of the second month over 70% in pile 2 and nearly to 100 %, in 

pile 1. After the third month, the GI was stabilized in both piles over 100%, which were indicated positive effects 

(phytostimulating and non- inhibitory), reaching the highest values during the thermophilic period. The values of GI in 

mature compost (Table 2) are over 140% indicates the degradation of phytotoxic compounds. This indicates a correct 

compost stabilization process in both piles. 

 

TABLE 2  Main characteristics of mature compost. 

 
pH 

EC 

(mS/cm
3
) 

C/N  
N  

(%) 

OM 

(%) 

GI 

(%) 

Dewar test 

Class 

PILE 1 8.9 1.17 16.40 1.94 54.87 142 V 

PILE 2 8.7 0.42 29.75 1.10 56.42 148 V 

 

 The Dewar self– heating test was also measured to evaluate the maturity of the compost.  Initially, the 

mixtures of both piles were Class I (immature) and at the end of maturation phase both compost were of Class V 

(finished compost), table 2. The results of the Dewar self-heating test show in both piles that test temperature increase 

was less than ten degrees above room temperature (Brinton, et al. 2001). 

The final mature compost values, like pH, EC, C/N ratio and OM, are similar to the “alperujo” compost obtained by 

other authors (Madejón, et al. 1998, Alburquerque, et al. 2006). 

 The high initial organic mater content in both piles (pile 1= 89.7% and pile 2= 93.3%) and its high residual 

value in mature compost (Table 2) is related with a high proportion of resistant components, such as lignin, in 

comparison to other wastes currently used for composting, and similar to “alperujo” composting process (Alburquerque, 

et al. 2006). 

 The C/N ratio decreased continuosly from initial values (Figure 5), with a high final values (Table 2) in 

comparison with other compost of organic wastes (Bernal, et al.1998), but similar to the reported by Alburquerque et at. 

(2006) for different “alperujo” composts. Thus reflecting the substantial proportion of lignin resisting biodegradation 

during OBSTOP composting. The values of ratio (Final C/N/ initial C/N) are 0.67 and 0.64, respectively, inferior to the 

value of 0.75 proposed by Iglesias Jiménez and Pérez García (1989) as parameter of stabilization in the composting 

process of city refuse compost.  
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FIGURE 5  Temporal evolution of C/N ratio in both piles.                                             

4 CONCLUSIONS 

As composting advanced, the GI increased and the concentration phytotoxic compounds decreased, indicating a 

progressive detoxification. Detoxification contributed to maturity, as shown when correlating the GI with other 

parameters commonly used as indicators of the progress of composting towards stability and maturity (Dewar test, CN 

ratio). The values of these parameters indicate that all the composting substrates reached an acceptable degree of 

maturity and stability, even if these values were often considerably different from the data reported for other composts, 

thus indicating the peculiar nature of the OSBTOP compost, and its similitude with several “alperujo” composts 

reported in the literature.  

 The long composting period observed should be related to the low bioavailability of nitrogen compounds in 

OSBTOP and to the high proportion of resistant components, such as lignin, in comparison to other wastes currently 

used for composting. For the application of these results to real-scale composting, the economical significance of such a 

long period, clearly greater than that employed for normal matrices, should be taken into account. 
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1 INTRODUCTION  

Phosphorus is considered an essential element for the plants and is in low amount in the Brazilian soils. The filter 

cake is a residue composed of a mixture of mulch and ground sludge decantation, from the process of clarification of 

sugarcane juice for the manufacture of sugar. This residue is an excellent organic product for the recovery of 

depleted soils with low fertility because it has high levels of organic matter and phosphorus, it is also rich in 

nitrogen and calcium, and has significant levels of potassium, magnesium and micronutrients. The phosphorus in the 

filter cake is organic, and the liberation of phosphorus and nitrogen happen gradually, by mineralization and by 

attack of microorganisms in the soil. This study aimed to evaluate the vegetative growth and productivity of 

sugarcane (Saccharum officinarum L.) in relation to nitrogen filter cake enriched with soluble phosphate (triple 

superphosphate) at the bottom of the furrow. Due to the fact that phosphorus sources have low efficiency in tropical 

soils, the hypothesis was to assess whether the mixture of filter cake with a source of phosphorus will improve the 

phosphorus utilization, using a multi organic filter cake to protect the phosphorus fixing. 

 

2 MATERIALS AND METHODS  

2.1 Location 

The experiment was conducted under field conditions in the experimental field of Agronomy, University Western 

São Paulo, Unoeste, located in the geographic coordinates 51°26'00"W, 22°07'30"N and high altitude of 433 m, 

Presidente Prudente city, São Paulo state, Brazil, during the months of november 2007 to august 2008. The climate, 

according to the classification of Köppen, is the ´Cwa` type, it means to be tropical, rainy and hot well defined 

between the months of september to march and a dry winter with temperatures between the months of april to 

september. The soil was characterized, according to EMBRAPA (1999) as Red Oxi Soil, with gently rolling, 

undulating and good drainage. Samples were collected to characterize the chemical (Raij et al., 2001) and size, in 

the 0-20 cm, with the following results: pH (CaCl2 1 mol L
-1

) 5.9, 18 g dm
-3

 MO, 16 mg dm
-3

 P, 27 mmolc dm
-3

 H + 

Al, 1.2 mmolc dm
-3

 K, 38 mmolc dm
-3

 Ca, 12 mmolc dm
-3

 Mg ; 52 mmolc dm
-3

 SB, 69 mmolc dm
-3

 of CTC, 74% of 

base saturation (V), 740 g kg
-1

 sand, 80 g kg
-1

 silt and 180 g kg
-1

 clay. The results of analysis of organic fertilizer 

made by the Unoeste Laboratory of Soil Science for the filter cake used in the experiment showed the following 

values, expressed in dry matter: pH (CaCl2 1 mol L
-1

) 5.4, lost moisture at 65°C 70.7%, 57.25% of organic matter, 

9.5 g Kg
-1

 N, 3.3 g Kg
-1

 P, 4.6 g Kg
-1

 K, 9.1 g kg
-1

 Ca, 2.5 g Kg
-1

 Mg, 7.2 g Kg
-1

 S, 124 mg Kg
-1

 Cu, 758 mg Kg
-1

 

Mn, 282 mg Kg
-1

 Zn and 23.808 mg Kg
-1

 Fe. 

2.2 Ratings 

Each plot consisted of 5 rows of 5 meters in length, spaced 1.50 meters. It was used a randomized complete block 

design, in the factorial outline 5 x 4, where the first factor consisted of doses of filter cake (0; 0.5; 1.0; 2.0 and 4.0 

ton ha
-1

) and the second, doses of phosphorus fertilizer (0, 50, 100, 200 Kg ha
-1

 of P2O5), with 4 repetitions, totaling 

80 plots. The sugarcane variety used was RB867515 (regional recommendation). Assessments of productivity were 

made in three axis of each plot. The first parameter evaluated was the number of tillers. To this, tillers were counted 

in the 30, 60, 90 and 120 days after planting. Counting the number of tillers was performed during 120 days after 

planting because this period is when the cane sugar is in tillering stage, characterized by intense emission growth 

and branching. During this stage, the competition between tillers by growth factors (light, water, nutrients, space) 

becomes stronger, so that we see the decrease and stoppage of this process (Segato et al., 2006). For the 

determination of 
o
Brix, a refractometer was used in the field, which directly provides the percentage of soluble 
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solids in the juice of sugarcane. The 
o
Brix of the middle of the tiller was determined by taking 5 tillers per plot, and 

values are presented as arithmetic mean of 5 tillers assessed, using a methodology proposed by Landell et al. (2005). 

In november 2008, we assessed production components essential to the agricultural potential, namely, stem height 

(measured from the base of leaf insertion +3, sampling five stems followed in each row), the average diameter of the 

stem (estimated in the same five stems, measured in the middle of the internode at the time given by one-third the 

length of the stem), the weight of the stems clipped, and the number of stems, with the estimated count of the stalks 

in all lines of the plot, according to the methodology proposed by Raij et. al (2005). According to the same author, 

considering the density of the stem equals 1, the value of tons of cane per hectare (TCH) can be estimated by the 

following formula: TCH = (d
2
 x h x C x 0.007854) / E, where "d” is the diameter of stems (cm), "C" is the number 

of tillers per meter, "h" is the average height of culms (cm) and E is the spacing between the grooves, in this case, 

1.5 meters. 

2.3 Statistical analysis 

The experiment evaluated the number of tillers at 30, 60, 90 and 120 days after the planting, 
o
Brix degrees and 

productivity. The results were submitted to analysis of variance and regression analysis by test F. 

 

3 RESULTS AND DISCUSSION  

The results of analysis of variance indicated that, for productivity of stems, there were significant doses of filter cake 

applied at the bottom of the furrow, ie, the cane yield was significantly influenced by the levels of filter cake applied 

to the soil . According to Rossetto et al. (2008), the use of this residue in the sugarcane increases the yield by 

providing organic matter, phosphorus, calcium and other nutrients. Complete even the most efficient use of the filter 

cake is to apply it in the furrow where the water content inside the pie promotes sprouting of sugarcane and where 

the match, to be mineralized, is close to the roots. There was also significant at 1% probability by F test for the 

variable doses of phosphate when assessing the productivity of stems. Analyzing the values of degrees 
o
Brix juice at 

harvest, it was observed that there was significant effect of doses of filter cake to the values of degrees 
o
Brix. This 

result is in agreement with Cantarella et al. (2002), that in assessing mixtures in different ratios of phosphate rock 

and phosphate soluble in water for cane sugar, found no effect on the accumulation of sugar by the plant. Already 

Vijav and Verma (2001), studying the effect alone or combined organic and mineral fertilizers, noted that the 

mineral fertilizer associated with the organic cause a significant increase in the level of sugar in sugar cane juice. 

The results obtained by Nema et al. (1995) in India, who worked with filter cake associated with chemical 

fertilizers, have reduced the level of sugar in the cane juice in the application of mineral fertilizer alone and 

increases when the values were used organic fertilizers combined or not with chemical fertilizer. Although the 

climatic conditions in India are different from those found in Brazil, it is interesting to compare the results in order 

to enrich the discussion. In relation to the doses of phosphate and filter cake x phosphate interaction, there was no 

significant effect. As the profiling, we observed a significant effect at 1% probability by F test for the variable doses 

of filter cake and days after planting, and significant effects at 5% probability for the variable doses of phosphate. 

For variables ’Phosphate x Filter Cake’, ’Filter Cake x Days’, ’Phosphate x Pie x Days’ and ’Days x Phosphate’ no 

significant effects were found. These positive results for straw yield is because the organic matter of filter cake has 

an important role in improving soil fertility and its physical properties. The positive productivity was expected since 

the use of filter cake, associated with phosphate fertilizer, has been adopted as a practice in some plants, because the 

presence of organic radicals in the filter cake in decomposition can occupy sites of fixation phosphorus (Rossetto et 

al., 2008), protecting this nutrient reaction with the clay minerals and iron oxides. According to Alleoni and 

Beauclair (1995), organic matter of filter cake increases the water retention because it is hygroscopic, reaching up to 

hold water six times its own weight, promotes a decrease in soil bulk density and increasesd the total soil porosity, 

form aggregates that reduce erosion and increases cation exchange capacity by the action of humic colloidal 

micelles with activity superior to clay. It also enhances the levels of nitrogen, phosphorus and sulfur from the 

decomposition and mineralization of organic matter. Form soluble chelates of iron, manganese, zinc and copper, 

making them available to the roots and encourages microbial activity and addition of new microorganisms, plants 

and diversifying the soil microflora. All this reacts to form soil humus, which provides an excellent root 

environment, even in poorer soils, which increases the absorption of nutrients by plants.  

 

- 96 -



Treatment and use of non conventional organic residues in agriculture 
  

 

 

TABLE 1 F values calculated by analysis of variance and regression to the cane yield (TCH), 
o
Brix of the 

juice at harvest and crop tillering of sugarcane at 30, 60, 90 and 120 days after planting (DAP) 

in ratio mixtures of doses of soluble phosphate with filter cake doses, applied in the planting 

furrows. 

Cause of variation Tons of cane (TCH) 
o
Brix Tillering 

Doses Filter Cake 2.72* 2.86* 18.94** 

Doses Phosphate 9.23** 0.42 ns 2.79* 

Days after planting - - 539.10** 

Filter Cake x Phosphate 1.59 ns 1.11 ns 1.37 ns 

Filter Cake x Days - - 1.29 ns 

Phosphate x Days - - 0.31 ns 

Filter Cake x P x Days - - 0.24 ns 

CV (%) 16.86 3.06 19.62 

Regression Analysis TCH 
o
Brix 

Filter Cake (ton ha
-1

) Linear 
(1)

 Quadratic Linear Quadratic 

0.0 5.27* 13.28** 0.83 ns 2.71 ns 

0.5 4.45* 0.15 ns 0.79 ns 0.32 ns 

1.0 11.34 ** 0.03 ns 0.30 ns 0.64 ns 

2.0 0.01 ns 0.48 ns 1.27 ns 0.50 ns 

4.0 9.02 ** 0.48 ns 3.53 ns 0.01 ns 

Tillering 

30 days after planting 60 days after planting 90 days after planting 120 days after planting 

Phosphate 

(kg ha
-1

 

P2O5) 
Linear 

(2)
 Quadratic Linear Quadratic Linear Quadratic Linear Quadratic 

0 1.02 ns 0.17 ns 6.09* 0.03 ns 10.74** 0.62 ns 11.61** 1.30 ns 

50 0.15 ns 0.48 ns 10.68** 1.48 ns 6.83** 3.22 ns 8.37** 2.64 ns 

100 1.02 ns 0.13 ns 4.01* 0.05 ns 5.36* 0.13 ns 6.12* 0.04 ns 

200 0.58 ns 0.22 ns 1.16 ns 0.03 ns 1.90 ns 3.74* 2.51 ns 4.51* 

* and ** significant at 5% and 1% probability, respectively. ns: not significant. 
(1)

 linear and quadratic equations 

calculated for the deployment of doses of soluble phosphate in each dose of filter cake. 
(2)

 linear and quadratic 

equations calculated for the split doses of filter cake within each level of interaction between doses of soluble 

phosphate and days after planting. 

 

4 CONCLUSIONS 

The results show that the efficient use of fertilizers can provide adequate and balanced nutrients, encouraging the 

best use of what is applied and further development of culture, using the filter cake as a source to protect the organic 

phosphate without loss . The yield of stems and tillers were influenced by the levels of filter cake applied to the soil. 

The increase in productivity can be attributed to the supply of organic matter, phosphorus, calcium and other 

nutrients in filter cake, and the protections it provides against phosphate reactions with clay minerals and iron 

oxides. The levels of filter cake and their combination with the phosphate does not change the quality of cane juice, 

because it changes the value of degrees Brix of the juice at harvest. 
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1 INTRODUCTION 

In Spain, the region of Galicia is the number one producer in turbot production because of its quality and quantity. It 

produces practically 95 per cent of the almost 8,000 tonnes that comprise the total national production. Galician 

producers contribute 85 per cent of the European production. 

Fish farms produce large quantities of organic waste. This material can accumulate on the pool, as well as 

be suspended in the water column. Its composition is determined according to several parameters, such as the non-

consumed scraps of feeding stuffs and excrements, or other organic droppings from fish. Waste management 

strategy must consider several issues, including requirements for the storage and disposal of wastes in an 

environmentally safe manner. 

It is well known that the fish wastes have been used as organic fertilizer and nutrients for both agricultural 

purposes and for rehabilitation of degraded areas (Alfaro et al 2004, Mazzarino et al 1998). Fish sludge contains 

macro and micro nutrients, especially high levels of nitrogen and phosphorus. Sewage sludge mixed with different 

organic waste materials is now usual in composting experiments (Li et al., 2001; Mupondi et al., 2006, Roca-Pérez 

et al 2009). Composting is a generally accepted as a beneficial method of stabilizing the organic matter container in 

these wastes. The composting process kills the pathogens due to the heat generated during the thermophilic phase; 

the organic compositions in waste will be converted into stabilized humic substances through mineralization and 

humification with a significant reduction in volume. An odourless innocuous and stable organic amendment can be 

obtained by composting, and its use for improving soil structure and soil organic matter has been reported 

worldwide (Laos et al.2002). 

Vermicomposting is essentially organic composting through earthworms and an ecobiotechnological 

process that transforms energy rich and complex organic substances into a stabilized vermicomposts (Bentize et al. 

2000). The use of earthworm in sludge management has been termed as ‘vermistabilization’. Vermistablization 

represents a technology that is environmentally sound and relatively new technology that can be classified as an 

innovative and alternative technology (Surindra, 2009, Singh et al. 2010) 

The aim of this work was to evaluate the feasibility of composting and vermicomposting solid fish waste 

(sludge) from commercial turbot farm with   pine sawdust, wood shavings, algae and poultry litter as bulking agents. 

    

2 MATERIAL AND METHODS 

2.1  Materials 

Sludge sampling was carried from commercial turbot farm located in O Grove, Ria of Arousa (Insuiña S.L.), which 

is the oldest one that produces this specie in Galicia. It generates 150t per year and a effluent volume between 1,000 

and 1,500 m³/h, of which around 60 m³/h are prefiltered (with a rotary filter <200 microns). Sampling was carried 

out with the sludge which was sown in the pool and others were collected from the rotary filter. Six samples of 

sludge were taken during 2008-2009. The samples were stored in plastic containers and refrigerated until they 

reached the laboratory (<4ºC) Sludge was analyzer for pH, OM, macronutrients, micronutrients, heavy metals, 

pathogens, and electrical conductivity.  

Outside composting experiments were conducted at Ponteareas (Pontevedra) during 2008-2009. The local 

climate is humid oceanic type, mean annual maximum temperature is 19,7ºC and minimum 9,1ºC, precipitation 

concentrated mainly in winter, with dry summers. Two different processes were employed composting and 

vermicomposting. The turning pile system was used for the composting process, using piles of 1m
3 

and were placed 
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in an open site to facilitate turnings. Temperatures were measured twice a day, at 0.50 m depth with a compost 

thermometer . The plastic box systems (30L) were used for vermicomposting. The boxs were placed in an open site. 

Composting requires bulking agents in order to facilitate aeration and provide carbon sources for 

microorganisms. Pine sawdust, wood shavings, algae and poultry manure were used as bulking. 

Selected waste mixtures – pine sawdust + sludge (3:1) (C1, compost 1), pine sawdust + fruit waste +  

sludge (1:2:1) (C2, compost 2), poultry litter+  sludge (1:3) (C3, compost 3), and wood shaving + sea algae + sludge 

(2.5: 1.5: 1)(C4, compost 4)- were composted during four months . The temperature variations during this process 

followed the typical three-phase pattern. 

At the end of this process, worms of type,  Eisenia andrei and Eisenia fetida, were added to C1 and C2 to 

initiate vermicomposting during  a further two months (VC1 and VC2) 

Compost and vermicompost samples was passed through a 2mm sieve and analyzed in triplicate for: pH, 

electrical conductivity (EC), ammonium (NH
+

4), nitrate (NO3
-
), phosphate (PO4

-3
 ), total organic carbon (TOC), total 

N (TN).  

2.2 Methods 

Compost pH and EC was measured in water extract, TOC and TN by elemental analysis (Leco CN-2000), heavy 

metal total content by acid digestion and analyzing with ICP-OES (Perkin Elmer Optima 4300 DV) for Cd, Cr, Ni, 

Pb y Zn and with AAS-CV (Varian SpectrAA-250 Plus) for Hg. The NH
+

4 , NO3
-
and PO4

-3
 were extracted using 

acidified calcium chloride solution (0.1 M), according to the method developed by Houba et al. (2000), and 

analyzing with a segmented-flow auto analyzer (Bran Luebbe-AA3). Echerichia Coli was determined by membrane 

filtration (PNT/001) and immunoenzimático test (PNT/007) for determined Salmonella sp. Statistical analyses were 

carried on the software SPSS. 

 

3 RESULTS AND DISCUSSION 

Sludge from turbot farm was analyzer for pH, OM, macronutrients, micronutrients, heavy metals, pathogens, and 

electrical conductivity. Characteristics of fish manure are given en Table 1. 

 

TABLE 1  Characteristics of fish manure (dry weight basin). 

Parameters  Heavy metals (mg.kg-1) Limit (mg.kg-1) 

water content (%) 85.7 ± 0.7 Hg 0.093 ± 0.01 16 

pH (H2O) 7.56 ± 0.04 Cd 1.21 ± 0.1 20 

% C 16.94 ± 0.5 Cr 53.26 ± 10 1000 

% TN 2.59 ± 0.08 Ni 29.67 ± 0.6 300 

% TOM 33.8 ± 1 Pb 34.95 ± 0.8 750 

C/N 6.38 ± 1 Zn 718.8 ± 43,3 2500 

PO4
3- (mg.kg-1) 550.0± 27,4  Cu 68.67± 3,24 1000 

NH4
+ (mg.kg-1) 5.28 ±0.7    

NO3
- (mg.kg-1) 2.51 ± 0.3    

EC (ms/cm) 50.55 ± 1.6    

% salts 3.25 ± 0.03    

Pathogens Salmonella  absence   

(ufc/100ml) E. coli  absence   

 

Results showed a very high water content in fresh fish manure (86%), an organic matter content around  

33.8 %, and a neutral pH (7.5), total N content with values around 3% of which >90% was in the organic form. 

Heavy metal content was much lower than the upper pollutant limits set by the European legislation. Electrical 

conductivity was very high (50.55 mS/cm), the salt concentration being about 3.25%. The C:N ratio was very low 

(6.3).  

Two processes were used: composting and vermicomposting. The turning pile system was used to 

composting process and vertical system in plastic box for vermicomposting.  

The direct vermicomposting (without previous traditional aerobic composting), was with selected waste 

mixtures (pine sawdust + fish manure  and pine sawdust + fruit waste + fish manure). In initial trails, Eisenia andrei 

and Eisenia fetida were added but after 24 hours, the mortality was 100% due to high salt content. Therefore, an 
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initial composting process was developed, with selected waste mixtures (C1, C2, C3 and C4) during four months. 

Then, after composting process, a vermicomposting process was conducted in C1 and C2, were inoculated with 

Eisenia andrei and Eisenia fetida for two months (VC1, VC2). 

During preliminary composting process, physical changes were observed; volume, weight, odour and 

water content. The thermophilic composting period lasted for approximately 20d in all cases; the time which passed 

with temperatures over 55ºC was 48-54 h., time enough to satisfy requirements for processes to further reduce 

pathogens. Characteristics of vermicompost (VC1, VC2) and compost (C3, C4) are given en Table 2. 

The results showed a important electrical conductivity decrease after composting and the 

vermicomposting process, VC1 and VC2 showed the lowest EC values (4,5 and 5,6 mS/cm), and C3 presents a 

slightly high value (8,06 mS/cm). 

At the end of the compost and vermicompost processes, VC2 and C4 had a similar neutral pH (7.13 and 

7.27). However, VC1 presents a pH value slightly lower (6. 62), it could be caused by nitrogen mineralization 

process; VC1 had the highest NO3
- 
content. 

VC1 had C/N slightly high (34,4), however C3 and C4 showed a C/N ratio of about 13-14. 

The virtual absence of ammonium nitrogen in the final compost is a good indicator of their maturity 

(Roca-Pérez et al 2009). In this study the NH4
+
 content, in the finals vermicompost and compost, was around 101, 

186, 703 and 285 mg.kg
-1

 in VC1, VC2, C3 and C4, respectively. These facts were consistent with other reports; 

thus, Zucconi and De Bertoldi (1987) established that an ammonium nitrogen value below 400 mg.kg
-1

 indicates 

mature compost; this may indicate that the composting process of C3 was slower. 

The concentration of NH4
+
 was greater in the compost in comparison with fish sludge. With respect to 

nitrate, VC1 and C4 are the vermicompost and compost which has a higher concentration. 

 

TABLE 2  Chemical characteristics of vermicompost (VC1 and VC2) and compost (C3 and C4) (dry 

weight basin). Mean (standard deviation). 

 VC1 VC2 C3 C4 

pH 6.62 (0.03) 7.13 (0) 8.065(0.07) 7.27(0.05) 

EC (mS.cm
-1

) 4.78 (0.02) 5.06 (0.03) 12 (0.05) 7.04 (0.04) 

N (%) 0.87(0.03) 1.54(0.06) 1.90(0.01) 1.04(0.32) 

C (%) 29.9 (2.4) 37.22(0.2) 27.76 (0.25) 13.88(2.9) 

OM (%) 59.8 (4.9) 74.4(0.4) 55.52 (0.5) 27.76 (5.8) 

C/N 34.4 (2.6) 24.17(1.16) 14.61 (0.06) 13.58 (1.22) 

NH4
+ 

(mg.kg
-1

) 342.6(38.89) 644.24(40.65) 703.04(19.7) 244.44(2.46) 

NO3
-
 (mg.kg

-1
) 562.13(139.95) 212.07 (2.5) 21.12(3.37) 519.81(52.22) 

NO2
-
 (mg.kg

-1
)

 n.d. n.d. 15.17(1.64) n.d. 

PO4
3-

 (mg.kg
-1

) 110.42(1.23) 108.41 (3.63) 46.2(3.37) 109.98(2.74) 

EC: electrical conductivity; n.d.: not detected 

 

4 CONCLUSIONS  

The substrate evaluated in this study (fish farming sludge) was adequate for composting. The produced compost had 

a good nutrient value, low heavy metal content, low soluble salts and high stability. The results obtained suggest that 

these organic residues (composting and vermicomposting) have a potential use as fertilizers in agricultural and 

forest soils, which could reduce the direct risks of water pollution for the fish farming industry. Sludge composting  

and vermicomposting is a sustainable option.  
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1  INTRODUCTION 

Sustainable growth of aquaculture industry requires profitability, economic development, and waste management. 

Aquaculture waste consists primarily of soluble metabolic products as well as solids present in the form of faeces 

and uneaten feed.  

 Vermicomposting is essentially organic composting through earthworms and  an ecobiotechnological 

process that transforms energy rich and complex organic substances into a stabilized vermicomposts (Bentize et al. 

2000). The use of earthworm in sludge management has been termed as ‘vermistabilization’. Vermistablization 

represents a technology that is environmentally sound and relatively new technology that can be classified as an 

innovative and alternative technology (Surindra, 2009, Singh et al. 2010). Vermicompost made from fish manure or 

sludge from biofilter could provide an effective source of nutrient-rich organic matter. Instead of creating a disposal 

problem, composting these organic materials with a suitable carbon source creates a useful and potentially 

marketable product. It is commonly reported that composted organic residues release lower plant-available N and P 

than untreated biomasses due to higher organic matter stabilization and N losses during composting (e.g. Zucconi 

and de Bertoldi 1987; Golueke 1989; Eghball et al. 1997; Kithome et al. 1999). Considerable information is 

available about composting of biosolids, animal manures, and municipal solid wastes, but it is limited in the case of 

highly decomposable materials such as fish wastes (FW) (Jellum et al. 1995).Our main objectives were to: (1) assess 

the agronomic value of vermicomposted fish manure, and (2) determine whether aerobic incubations provide an 

adequate index of nutrient availability to estimate agronomically and environmentally acceptable rates of 

vermicompost application. 

 

2 MATERIAL AND METHODS 

2.1  Material 

Burn soil was sampling from Pontevedra (Spain), a site which was completely burned by a wildfire in August 2006. 

Burn soil sample was collected from the top 30 cm. Fish manure sampling was carried from commercial turbot farm 

in O Grove (Pontevedra). Composting experiments are conducted at Ponteareas (Pontevedra) during 2008-2009. 

Composting requires bulking agents in order to facilitate aeration and provide carbon sources for 

microorganisms. Selected waste mixtures – pine sawdust + fish manure (C1, compost 1), pine sawdust + fruit waste 

+ fish manure 

(C2, compost 2) were composted during four months. At the end of this process Eisenia andrei and 

Eisenia fetida, were added to C1 and C2 and the aerobic treated compost were vermicomposted for two month. 

2.2 Methods 

Laboratory incubations 

Soil samples were collected under field-moist conditions, sieved to 2 mm, and thoroughly mixed with the 

vermicompost, which were previously ground to pass a 2-mm sieve. Vermicomposted fish manure were applied at a 

rate of 90 and 120  Mg.ha
-1

. Samples of the mixtures were placed in 3kg plastic pots and incubated aerobically at 

25ºC, 20% soil moisture (equivalent to the water content at 0.01 MPa) for 90 days. At each sampling date (0, 15, 30, 

45, 60, 90 days), three replicates of control and amended soils were randomly selected for organic matter, inorganic 

N and P analysis. The net N mineralized was calculated according to Sims (1990): 

Nm= (Na)t- (Na)t=0 ;  Na= (NI)SL –(NI)C ; NI= N-NH
+

4 + N-NO
-
2 + N-NO

-
3 

Nm=mineral nitrogen; Na= contributed nitrogen; NI= inorganic nitrogen; SL= soil + vermicompost; C= control 
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Chemical analyses 

Total organic carbon and nitrogen were determined by elemental analysis (Leco CN-2000). The NH
+

4 , 

NO3
-
and PO4

-3
 were extracted using acidified calcium chloride solution (0.1 M), according to the method developed 

by Houba et al. (2000), and analyzing with a segmented-flow auto analyzer (Bran Luebbe-AA3). Statistical analyses 

were carried on the software SPSS. 

 

3 RESULTS AND DISCUSSION 

In the laboratory incubation assay with similar rates of vermicompost, values of Nm were >100 mg.kg
-1

 in the case 

of C1 vermicompost (pine sawdust + fish manure). For C2 vermicompost (pine sawdust + fruit waste + fish manure) 

with 120Mg.ha
-1

 rate, the Nm values were very low (<45 mg.kg
-1

), and low (<53 mg.kg
-1

) with 90Mg.ha
-1

 rate 

(Figure 1), probably  this low values were due to the fruit waste is a source of C that immobilise N. 
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FIGURE1 Net mineralized N (g.kg-

1
). (C1-vermicompost 1– pine sawdust + fish manure; C2-vermicompost 

2- pine sawdust + fruit waste + fish manure). 

 

NH4
+
-N was the predominant form of inorganic N at the incubation start (T0). Nitrification increased 

gradually and at the end of the incubation (T90), NO3
-
-N represented the predominant form. Samples with 90 and 

120Mg.ha
-1

 rate of C2 vermicompost showed a slight N immobilization during the incubation period (Figure 2). 
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FIGURE2 N-NH4

+
 and N-NO3

- 
content variation. (C1-vermicompost 1– pine sawdust + fish manure; C2-   

vermicompost 2- pine sawdust + fruit waste + fish manure). 

 

 

P added with the vermicompost was retained in the soil; the retention was high in the C1 treatment, 

coincided with a higher N min, probably indicating an increase in P consumption by the microorganisms (Figure 3). 
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FIGURE3 Bioavailable  P  content  variation. (C1-vermicompost 1– pine sawdust + fish manure; C2-

vermicompost 2- pine sawdust + fruit waste + fish manure). 

 

4 CONCLUSIONS  

Fish manure vermicompost application increase the organic matter content and inorganic-N of burn soils. Rates of N 

mineralization depended on bulking agents. Net mineralized N was about twice as hight with C1 as with C2 

vermicompost, at similar rates of application.  Bioavailable P content was higher than control in all case. 

The results suggest that fish manure vermicompost have a potential use as fertilizers in soils, which could reduce the 

direct risks of water pollution from the fish farming industry.  
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1           INTRODUCTION 

Pigeon manure is an organic waste, whose nature is little-known due to the lack of scientific literature regarding its 

production and characteristics. In general, pigeon manure could be an organic fertiliser resource according to its 

nutrient content, with higher fertiliser value than poultry manure. In several farming systems, especially in 

Mediterranean areas, co-composting with sheep or rabbit manure are traditionally developed due to its satisfactory 

C/N ratio for the starting mix (Yilmaz et al., 2007).  

In the Northeast Transmontano Region (Portugal), pigeon manure is traditionally used as a fertiliser input 

without any specific amendment required by regulation or application rate. Nowadays, the sustainable management 

of agro-ecosystems in this region includes the conservation of wild fauna and especially of the endangered Bonelli's 

eagle (Hieraaetus fasciatus) and golden eagle (Aquila chrysaetos). In this scenario, pigeon species (Columba livia) 

fulfil a crucial role as prey for raptor species, with an increasing number of pigeon houses and, consequently, 

increasing pigeon manure production.  

The aim of this work was to analyse the nature and variability of pigeon manure in the studied region to 

establish a scientific basis for utilisation of this resource within the agriculture of the environmentally protected area 

of Northeast Transmontano (Portugal).  

 

2              MATERIALS AND METHODS 

2.1            Experimental design 

The study was conducted in the Northeast Transmontano Region (Portugal), between the districts Guarda and 

Bragança. This sampling area was chosen due to the high incidence of pigeon houses, with at least 3250 registered, 

according to the Associaçao de Transumâcia e Natureza (2009). To cover the spatial distribution, samplings from 29 

pigeon houses were made from the total of 3250 registered pigeon houses (Table 1).  

 

TABLE 1 Location, study groups and municipality of pigeon houses. 

Location Groups Municipality Map 

A 
Miranda do 

Douro 

B Vimioso 
North 

C Mogadouro 

D 
Pinhel; Fornos 

de Algodres 

E 

Freixo de 

Espada a 

Cinta; Figueira 

de Castelo 

Rodrigo 

South 

F 

Figueira de 

Castelo 

Rodrigo  
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The pigeon houses were grouped according to latitude and geographical affinity, into five groups (A, B, 

C, D, E and F) and two areas (North and South), in order to study variability depending on site location. The pigeon 

houses were sampled between November 2008 and March 2009. Each manure sample was dried at 60ºC in a forced 

air oven and ground to 0.5 mm for analysis. 

2.2          Analytical methods 

In the pigeon manure samples, electrical conductivity (EC) and pH were analysed in a 1:10 (w/v) water-soluble 

extract. Total organic matter (OM) was determined by loss on ignition at 430 ºC for 24 h (Navarro et al., 1993). Dry 

matter of the samples was determined after 12 h at 105 ºC in order to express all data on a dry weight basis. Total 

nitrogen (NT) and total organic carbon (CT) were determined by automatic macroanalysis. After HNO3/HClO4 

digestion, phosphorus (P) was measured colorimetrically as molybdovanadate phosphoric acid and potassium (K) 

and micronutrients (Fe, Cu, Mn and Zn) by atomic absorption spectrometry. The analytical determinations were 

made in triplicate in each sample. 

 

3             RESULTS AND DISCUSSION 

In order to study the possible influence of the spatial differentiation (North or South situation in the region studied) 

on the characteristics of the studied pigeon manures, the average values of the studied parameters for each pigeon 

house group have been calculated. Groups A, B and C represent the average characteristics of the pigeon manures 

located in the northern area of the studied region and groups D, E and F, those from the southern area. 

Figure 1 shows mean pH and EC values in the pigeon sample groups. Mean pH values ranged from 6.3 to 

6.6, with an average value of 6.3. The pH values were similar for all the groups, without showing differences 

between groups or depending on the area (North or South). Other animal manures, such as cattle or poultry manure, 

generally show higher values than pigeon manures (Moreno-Caselles et al., 2002; Bustamante et al., 2008). The 

average EC ranged from 3.06 to 3.84 dS m
-1

, with an average value of 3.5 dS m
-1

. The pigeon manure located in the 

northern part showed average values of EC slightly lower than those obtained in the samples from the South. In 

general, these values are similar or higher compared with those reported in other organic wastes, such as animal 

manures and slurries (Moreno-Caselles et al., 2002; Moral et al., 2008).   

The average total organic matter contents ranged from 56.0 to 74.5%, with an average value of 66.8% 

(Fig. 2). Pigeon manures located in the northern part generally had average values of organic matter lower compared 

with the values of those located in the southern area, except for group F. In general, organic matter concentrations of 

pigeon manures are similar or higher than those reported in studies with other manure types (Moral et al., 2005). The 

average C/N ratio ranged from 6.29 to 9.33, with an average value of 8.24 (Fig. 2), these values being lower than 

those reported by Moral et al. (2005) in other manures.  
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FIGURE 1  Mean values of pH and electrical conductivity (dS m

-1
) of the different groups of pigeon manure. 

 

Figure 3 shows the mean values of P and K in the pigeon manure samples. Total P contents ranged 

between 7.84 and 9.80 g P kg
-1

 (dry weight basis), the average value being 9.03 g P kg
-1

. Phosphorus values between 

groups were, in general, similar, especially in the southern groups. There was no clear relationship between P 

content and pigeon house location. These P contents were similar to those reported for other manure types, such as 

Moreno-Caselles et al. (2002) in goat, rabbit and calf manure and Bustamante et al. (2008) in poultry manure and 

lower than those reported by Li-Xian et al., (2007) in pigeon manure. Potassium contents ranged between 12.0 and 
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19.1 g K kg
-1

, where the average value was of 14.8 g K kg
-1

. The lowest values were found in samples from the 

northern area, and the highest in group B, which may be related to pigeon feeding. These K contents are higher than 

those observed in other manures (Moreno-Caselles et al., 2002). 
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FIGURE 2  Mean values of total organic matter (%) and C/N ratio of the different groups of pigeon manure 

(dry matter basis). 
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FIGURE 3  Mean values of phosphorus (g P kg

-1
) and potassium content (g K kg

-1
) of the different groups of 

pigeon manure (dry matter basis). 

 

In figures 4 and 5 mean values of the micronutrient contents (Fe, Cu, Mn and Zn) in the pigeon manure 

samples are presented. The highest micronutrient contents were observed in manure samples from the northern 

studied area. In general, Fe values were higher than those observed in other animal manures (Moreno-Caselles et al., 

2002).  
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FIGURE 4  Mean values of Fe and Cu (mg kg

-1
) in the pigeon manure samples (dry matter basis). 

 

Copper and Zn contents were lower than those found in other manure types (Moreno-Caselles et al., 

2002), probably as a result of differences in feeds used. The average values of Mn were similar/higher (Fig. 5) than 

those found by Moreno-Caselles et al. (2002) in other animal manures, such as poultry, sheep or rabbit manure. 
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FIGURE 5  Mean values of Mn and Zn (mg kg

-1
) in the pigeon manure samples (dry matter basis). 

 

4             CONCLUSIONS 

In this study, a wide variation in almost all the analysed parameters of pigeon manure was found, which suggests a 

need for characterization of pigeon manure prior to agricultural application. Significant amounts of N, P, K and 

micronutrients, especially Fe, will be provided following soil application and pigeon manure appears to have higher 

fertiliser capacity than other manure types, e.g. rabbit, pig, cow or sheep. Its slightly acidic nature and low electrical 

conductivity increase the value of this manure, especially in Mediterranean calcareous soils. Significant differences 

depending on latitude (North or South) were observed, showing the southern pigeon manures to be higher in salinity 

and the northern ones with higher C/N ratio and micronutrients (Fe, Cu, Mn and Zn). 
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1 INTRODUCTION 

The winery industry, especially in Spain where wine production represents about 21% of the entire European Union 

production (Food and Agriculture Organisation, 2009), produces increasing quantities of by-products (grape marc 

and wine lees). According to the European Council Regulation (EC) 491/2009 on the common organisation of 

agricultural markets, winery by-products must be sent to alcohol distilleries, producing exhausted grape marc 

(EGM) and a liquid waste (vinasse). EGM is characterised by low electrical conductivity (EC) values, high organic 

matter (OM) and significant P and K concentrations, as well as low heavy metal contents, all of which are important 

factors in agricultural soils. However, this residue is also notably acidic and contains significant polyphenolic 

compounds, these properties being related to phytotoxic and antimicrobial effects (Bustamante et al., 2008a). So, a 

conditioning treatment of EGM is required, in order to produce a more stable and manageable agricultural end-

product. Composting is a widely-used treatment for organic wastes; thus, the composting of EGM to obtain an 

organic amendment, could be an economically and ecologically acceptable way to utilise it. Composting 

experiments with EGM have been performed by different research groups (Bustamante et al., 2008b; Fernandez et 

al., 2008), who observed that, during EGM composting, the phytotoxicity could be eliminated and that a final 

product with stabilised and humified organic matter, useful plant nutrients and low heavy metal contents was 

obtained. Several studies have been performed on the use of grape marc compost as a soil fertiliser. Ferrer et al. 

(2001) reported positive effects on plant growth when grape marc compost was used as a soil fertiliser. However, 

Flavel et al. (2005) observed negative effects on soil when grape marc compost was used as an organic fertiliser, 

which included an initial net immobilisation of nitrogen. However, there is a lack of data on the effect of the 

distillery waste compost on soil properties and plant yield. Therefore, the aim of the present work was to study the 

effect of EGM compost on the nitrogen dynamics in soil during growth of a horticultural crop. 

2 MATERIALS AND METHODS 

2.1 Plot experiment procedure 

The experiment was conducted in the Segura river valley, in the Southeast of Spain, at the Research Station of the 

Miguel Hernandez University. The soil of this area is a Xerofluvent (Soil Survey Staff, 1998) with a clayey-loam 

texture. The main characteristics of the soil were: 13.6 % active CaCO3, pH 8.4, 0.46 dS m
-1

 electrical conductivity, 

9.7 g kg
-1

 organic carbon (Corg), 1434 mg kg
-1

 organic nitrogen (Norg), 37 mg kg
-1

 NO3
-
-N and 10 mg kg

-1
 NH4

+
-N. 

Two EGM composts (C-1: EGM + cow manure and C-2: EGM + poultry manure) were employed as amendments. 

Some characteristics of these composts were: pH 7.4, 2.82 dS m
-1

 EC, 82.0 % organic matter (OM), 467 g kg
-1

 Corg; 

28900 mg kg
-1

 Norg; 94 mg kg
-1

 NO3
-
-N and 57 mg kg

-1
 NH4

+
-N, for the C-1 and pH 8.1, 2.34 dS m

-1
 EC, 73.9 % 

OM, 428 g kg
-1

 Corg; 41000 mg kg
-1

 Norg; 186 mg kg
-1

 NO3
-
-N and 50 mg kg

-1
 NH4

+
-N, for the C-2. Composting 

procedure and the rest of characteristics of these composts were described in Bustamante et al. (2008b).  

Three treatments, in a fully randomised design with three replicates per treatment, were set up in 

experimental plots of 6 m
2
 each. The treatments were: control without amendment (C) and a dose of C-1 and C-2 

(27 and 13 t ha
-1

, respectively), which provided 100 kg ha
-1

 of nitrogen. The organic fertilisation was applied to the 

soil one month prior to the planting. Lettuce (Lactuca sativa L. var. linus) seedlings of uniform size were selected 

and thirty-six seedlings were planted in each plot. Periodic irrigation with water was used during growing season 

(ninety-eight days) and treatments of weed-killer, insecticide and fungicide were not applied. The soil was sampled 

nine times, after 0, 7, 14, 21, 42, 63, 84, 112 and 126 days of the experiment.  
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2.2 Analytical methods 

Soil texture and activeCaCO3 contents in the soil, OM in the compost samples and pH, EC, Corg, Norg, NO3
-
-N and 

NH4
+
-N in both soil and compost samples were determined according to the methods described by Bustamante et al. 

(2007) and (2008b). After soil incubation with urea, urease activity was determined by ammonium release 

measurement (Nannipieri et al., 1979). The ammonium release was extracted with 2 M KCl and determined by the 

indophenol blue method (Dorich and Nelson, 1983). Cumulative N, Norg loss and net compost organic N mineralised 

were calculated according to the equations described by Hernandez et al. (2002). All analyses were made in 

triplicate. Confidence intervals at P < 0.05 were calculated for all figures to compare the effect of the different 

treatments. Lettuce yield data were analysed for treatment effects using one-way analysis of variance (ANOVA) and 

comparison of treatment means was performed by the Tukey-b test at P<0.05. 

3 RESULTS AND DISCUSSION 

The addition of both composts in the soil produced an increase of the Norg content in comparison to the control soil 

(Figure 1a). Norg content in the amended soils increased at the beginning of the experiment, coinciding with the 

period in which organic N losses were negative (N gain), as shall be discussed later. This fact could be due to initial 

immobilisation processes (Flavel et al., 2005) or due to the nitrogen biological fixation, which has been observed by 

others authors in amended soil with compost (Galli et al., 1996). During almost all of the experimental period, 

organic N was statistically similar for the soils amended with both composts. 
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FIGURE 1  Evolution of Norg (a); NH4

+
-N (b); NO3

-
-N (c) contents and urease activity in amended and 

control soils during the experiment (C: control; C-1: exhausted grape marc (EGM) + cow 

manure and C-2: EGM + poultry manure).  

 

In all soils, NH4
+
-N concentration and urease activity increased throughout the first two weeks of 

experiment and then these parameters decreased until the end of the observations (Figure 1b and d). NH4
+
-N 

concentrations possibly decreased as a consequence of immobilisation and nitrification processes or gaseous NH3-

losses or plant uptake (Amlinger et al., 2003), whereas the level of urease activity in the soil probably decreased due 

to the urea-type substrate degradation, which were contained in the composts (Pascual et al., 1998). However, the 

evolution of the NO3
-
-N content tended to decrease in all soils throughout the experiment, which could be related to 
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denitrification, immobilisation or plant uptake (Amlinger et al., 2003) (Figure 1c). On the other hand, inorganic 

nitrogen content and urease activity were statistically similar for all soils for much of the experimental period.  

The cumulative mineralised N in amended soil with C-2 increased from the beginning of the experiment 

until day 42 and then stabilised, reaching values close to 1.5% of the total N added, until the end of experiment 

(Figure 2a). However, the cumulative mineralised N in amended soil with C-1 did not change significantly during 

the first four weeks of experiment and then this parameter increased until the end of the experience, reaching a 

higher N mineralisation than that observed in C-2 amended soil. The net compost organic N mineralised was 3.4% 

and 1.0% of total N added for C-1 and C-2, respectively. These values were close to the lowest percentage of net 

compost organic N mineralised found by others authors (0-14% for farmyard manure composts (Hébert et al., 1991); 

15% for farmyard manure and municipal solid waste composts (Hadas and Portnoy, 1997). 

The organic N losses in the amended soils after the 18 weeks of experiment are shown in Figure 2b. At 

the beginning of the process, the organic N losses were negative, indicating N gain. This N gain could be related to 

immobilisation or nitrogen biological fixation processes, as suggested previously. Then, the organic N loss were, in 

general, positive during the crop period (from 28 day to 126 day), which was probably due to slow mineralisation of 

compost organic N, depending on demand by crops (Amlinger et al., 2003). 
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FIGURE 2 Evolution of the cumulative mineralised N from the composts (a) and compost organic N losses (b) 

in amended soils during the experiment (C: control; C-1: exhausted grape marc (EGM) + cow 

manure and C-2: EGM + poultry manure). 

 

On the other hand, the EGM compost application to soil significantly increased the lettuce yield, 

especially with C-2 (Table 1), obtaining with both composts yield values similar to commercial values for this crop, 

30-40t/ha, (Maroto, 2002). Higher lettuce yield in amended soils relative to control was possibly due to improved 

soil physical environment or, more likely, the enhanced fertility status of the soil, especially of available nitrogen. 

4 CONCLUSIONS 

From the data obtained it can be concluded that the soil application of exhausted grape marc composts improved soil 

fertility, since soil organic N was increased significantly by the organic fertilisation with composts. However, low N 

mineralisation of these materials and even, a period of N immobilisation, was observed, especially in the soils 

amended with exhausted grape marc and poultry manure compost. Therefore, compost organic N losses were also 

low in both amended soils. These results suggested that the organic N mineralisation of mature composts was 
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predominantly determined by nutrient demand of the crop and the EGM compost application rate was appropriate, 

since the lettuce yield in amended soils was similar to commercial values for this crop. On the other hand, the 

appropriate timing for EGM compost additions to the soil should be one moth prior to the planting, since after this 

period N immobilization was not observed. 

 

TABLE 1  Yield of lettuce as affected by EGM compost application. (C: control; C-1: exhausted grape 

marc (EGM) + cow manure and C-2: EGM + poultry manure). 

Treatment Lettuce yield (t/ha) 

C 24,0 a 

C-1 30,1 b 

C-2 38,5 c 

Analysis of variance *** 

Mean values followed by the same letter are not significantly different at P < 0.05 (Tukey-b test). *** Significant at P < 0.001 
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1  INTRODUCTION 

Biostimulants or bioactive substances can act as metabolic enhancers of plant metabolism. They are known to exert 

positive effects on plant growth and root development due to their capacity to promote plant nutrient uptake and use 

efficiency when applied at low doses (Ertani et al., 2009). In agricultural practices the use of biostimulants could 

partly reduce the use of mineral fertilizers, the extensive use of which is notoriously responsible for environmental 

pollution. On account of this, it is essential to obtain new insights on the possible role of biostimulants in plant 

metabolism. In this study, two products based phenols, derived from agro industrial by-products, a cellulosolitic dry 

apple hydrolysate (AP) and a dry blueberry cool extract (BB), were tested on maize plants to verify their 

biostimulant properties.  

 

2 MATERIALS AND METHODS 

2.1 Characterization of apple hydrolysate (AP) and dry blueberry cool extract (BB) and Plant 

material 

Apple hydrolysate (AP) and dry blueberry cool extract (BB) were manufactured by ILSA (Arzignano, Italy). AP 

was produced through a fully controlled enzymatic hydrolysis (FCEH®) using apple material, while BB was 

obtained via cool extraction of blueberry according to Machado (2005). The pH and electrical conductivity (EC) 

were determined in water. Carbon (C), nitrogen (N), and sulfur (S) contents were measured using an element 

analyzer (VARIOMACRO, Hanau, Germany). Maize seeds (Zea mays L.) were soaked in water (Nardi et al., 2002) 

and grown for 14 d in hydroponic conditions inside a climatic chamber using a Hoagland no. 2 solution. Twelve-

days old plants were treated for 48 h with AP or BB at 0 (Control), 0.1, 1 mL L
-1

. At the end of the experiment fresh 

samples were harvested and further analyzed. 

2.2  Methodology  

Determination of SPAD index was performed with SPAD Chlorophyll Meter (Minolta Camera Co., Lts, Osaka, 

Japan) (Porro et al., 2001). Chlorophyll content was determined according to Welburn and Lichtenthaler (1984), 

mineral ions quantification via ICP-AES (Spectrum CirosCCD, Kleve). Protein content was estimated according to 

Bradford (1976) and the content of reducing sugars in foliar tissues were analyzed by HPLC (Perkin Elmer 410) and 

expressed in g Kg
-1

 dry matter. Total phenols were measured in according to Arnaldos et al. (2001). Phenylalanine 

ammonia-lyase (PAL) activity was assayed (Mori et al., 2001). Extraction of total RNA from maize leaves and 

semi-quantitative PCR experiments were performed as reported by Quaggiotti et al., 2004.  

Results were analyzed by ANOVA the Student-Newman-Keuls test (p ≤ 0.05). 

 

3  RESULTS 

Characterization of AP and BB is reported in Table 1. Electrical conductivity (EC) was higher in AP than in BB. AP 

contained a significant amount of total organic carbon (TOC), sulfur (S) and nitrogen (N) respect to BB. The level 

of total phenols was appreciable in both products, although it was significantly higher in BB (+25.35%). 
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TABLE 1  Selected chemical properties of the AP and BB products. 

Product pH 
EC  

(Ds m
-1

) 
o 
Brix 

TOC 

 (% w/w) 

SO3  

(% w/w) 

TN  

(% w/w) 

Total phenols  

(nmol µL
-1

) 

AP 4.1 0.61 54.7 21.9 0.60 0.20 0.53 

BB 3.2 0.10 6.20 0.01 0.02 0.01 0.71 

EC: Electrical conductivity; Brix: degree of hydrolysis; TOC: total organic carbon; SO3: total sulphur; TN: total 

nitrogen 

 

AP and BB increased root and leaf growth of plants (Table 2), SPAD index were higher in plants treated 

with 1 mL L
-1

 AP (+19%) or BB (+21%) (Table 2) compared to the control. AP and BB also increased Chla-b and 

proteins. In leaves of plants treated with AP or BB the amount of sucrose and glucose was lower respect to the 

control, whereas the content of fructose was about 3 fold higher at 0.1 mL L
-1

 of AP and 1.32 fold at both 

concentrations of BB. 

 

TABLE 2  Effect of AP and BB treatment on roots and leaves dry weight, root length, SPAD index, 

chlorophyll and protein content of maize plants. 

SPAD Chla Chlb              Roots        Proteins     Leaves

(mg g-1 f.wt.)                              (mg g-1 f. wt.)

32.65 ± 1.72 b 4.42 ± 0.69 c 0.90 ± 0.12 c 5.01 ± 0.41 d 6.41 ± 0.37 c

36.22 ± 2.57 ab 4.41 ± 0.78 c 1.04 ± 0.19 c 6.78 ± 0.34 c 7.08 ± 0.17 b

38.93 ± 1.12 a 6.07 ± 0.27 ab 2.91 ± 0.23 ab 9.69 ± 0.16 a 7.87 ± 0.10 a

33.01 ±1.88 b 5.88 ± 0.08 b 2.30 ± 0.44 b 9.26 ± 0.10 b 7.29 ± 0.16 b

39.83 ±1.17 a 6.15 ± 0.13 a 3.08 ± 0.15 a 9.96 ± 0.32 a 7.83 ± 0.09 a

Treatment Roots Leaves

g % g %

Control 1.98 ± 0.09 b (100) 0.66 ± 0.13 c (100)

AP 0.1 2.11 ± 0.12 ab (107) 0.61 ± 0.15 c (92)

AP 1.0 2.02 ± 0.07 b (102) 0.74 ± 0.09 c (112)

BB 0.1 2.27 ± 0.14 a (115) 1.19 ± 0.04 a (180)

BB 1.0 2.28 ± 0.12 a (115) 0.91 ± 0.07 b (138)

aaaa
 

 

Both products increased foliar amount of N, P, K, Ca, Mg and Zn (Table 3). The maximum increase of 

nutrient content was observed when plants were treated with AP or BB at 1 mL L
-1

 concentration.  

 

 

TABLE 3  Effect of AP and BB treatment on N, P, K, Ca, Mg and Zn content of maize plants.  

Treatment  N P K Ca Mg Zn 

 (% w/w) (mg L
-1

) 

Control 1.02 ± 0.02 c 0.013 ± 0.003 

b 

108.06 ± 7.86 d 45.52 ± 2.24 c 88.02 ± 1.98 e 1.50 ± 0.19 

c AP 0.1 1.13 ± 0.03 

b 

0.074 ± 0.009 

a 

135.12 ± 3.57 c 49.32 ± 1.65 

bc 

95.02 ± 2.46 d 5.20 ± 0.98 

a AP 1.0 1.25 ± 0.04 

ab 

0.055 ± 0.010 

ab 

146.16 ± 3.22 b 66.72 ± 3.48 a 125.92 ± 4.66 a 3.10 ± 0.41 

b BB 0.1 1.16 ± 0.02 

b 

0.022 ± 0.003 

b 

131.22 ± 4.88 c 51.22 ± 4.03 b 104.92 ± 2.21 c 4.00 ± 

0.87ab BB 1.0 1.26 ± 0.03 a 0.031 ± 0.011 

b 

159.31 ± 5.31 a 69.82 ± 3.60 a 111.90 ± 3.12 b 3.20 ± 0.56 

b  

 

The content of phenols and flavonoids was stimulated in leaves of plants treated with either AP or BB 

(Table 4). Both products could enhance the activity of the PAL enzyme in leaves comparison to the control (Figure 

1). The maximum increase of PAL activity (≈ +200%) was recorded in plants grown with 1 mL L
-1

BB. The analysis 

of gene expression performed on leaves of Zea mays evidenced high ZmPAL transcript accumulation only in plants 

supplied with 1 mL L
-1

 AP (≈ +330%) and BB (≈ +450%) (Figure1).  
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FIGURE 1 Effect of AP and BB treatment on leaf PAL activity and Gene expression (mRNA level) and 

relative transcript accumulation of the gene encoding Phenylalanine ammonia-lyase (ZmPAL) in 

leaves of maize plants. 

 

4 DISCUSSION 

The two products improved maize yield. According to Vaughan and Malcom (1985), it can be hypothesized that 

phenol compounds in AP and BB may act as positive growth regulators by increasing plant mineral uptake. In 

support of this, the amount of N, P, K, Ca, Mg and Zn, was greater in plants grown in the presence of AP or BB 

compared to untreated plants. N content increased in treated plants respect to the untreated and was consistent with 

data recorded with the SPAD index. Netto et al. (2002) also found significant correlations of the SPAD index and 

photosynthesis-related N-metabolites, such as Chla (r = 0.82 and r = 0.65, for AP and BB, respectively) and Chlb (r 

= 0.85 and r = 0.80, for AP and BB, respectively). The synthesis of proteins and chlorophylls increased in treated 

plants as a result of the higher N content. However, the enhancement of N organication could also be partly ascribed 

to the stimulation by AP or BB of the secondary metabolism associated with the synthesis of phenylpropanoid 

compounds, as revealed by the increase of PAL enzyme activity and gene expression. Higher activity of PAL could 

have resulted from a greater production of NH4
+
 ions that could be recycled in the GS/GOGAT cycle to synthesize 

amino acids (Rösler et al., 1997). 

 

5  CONCLUSIONS 

This work supports the potential use of biostimulant deriving from agro-industry recycled products to improve plant 

productivity and the synthesis of secondary compounds involved in several plant physiological responses. Although 

both products seemed to exhibit bioactive properties as they could appreciably induce the N and phenylpropanoid 

metabolic pathways, BB was often more effective than AP to improve the synthesis of N-compounds, phenolic acids 

and flavonoids . 
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1 INTRODUCTION 

High levels of toxic heavy metals such as cadmium (Cd), lead, copper and others, combined with their 

environmental persistence, may cause problems for water resources contamination and for living organisms as well 

as a reduced biodiversity. 

 Adsorption is an effective and economical method, used to remove toxic metal ions in aqueous solution 

because of its simple management, less waste and possible reuse of the adsorbent material (Laus et al, 2007; Babel 

& Kurniawan, 2003). The use of alternative adsorbent materials from recycling of animal or organic wastes in 

agriculture is an interesting practice in terms of economy and sustainability; therefore, it has attracted researchers’ 

attention (Prasad et al, 2002; Sciban et al, 2007; Shukla & Pai, 2005). 

 Thus, this study aimed at using compost from animal and organic wastes of agriculture as an alternative 

adsorbent in the studies of removing a toxic heavy metal, cadmium, present in aqueous solution.  

 

2 MATERIALS AND METHODS  

2.1 Preparation of adsorbent and metal solution 

The compost was obtained from cattle manure and wastes of a pre-cleaning grain machine of cereal and hay in 

proportions of 5, 15 and 15% from the total weight of the pile (500kg), respectively. The pile was revolved weekly, 

while temperature was daily measured at 6 points, so it did not exceed 55 
o
C. During stirring, humidity was adjusted 

to 50% water. At the end of 90 days, the compost was stabilized. A small sample was taken and sieved (< 2 mm) for 

laboratory experiments. 

 The working standard solutions of cadmium ions were prepared using appropriate dilutions of a stock 

solution (1000 mg.L
-1

), with distilled water. All the other reagents used in the experiments were of analytical grade. 

2.2 Effect of pH on Cd(II) adsorption 

To study the pH effect on adsorption of metal ion, 100 mg of solid adsorbent material were put in a solution 

containing cadmium at a known concentration (30 mg.L
-1

). The solutions were buffered in the pH range of 3-10 and 

kept under constant stirring (200 rpm) for 3 hours at 25 °C. After the stirring time, aliquots were removed, filtered 

and properly diluted in volumetric flasks. The cadmium concentration, in supernatant, was determined by flame 

atomic absorption spectrometry (FAAS). The adsorbed amount of cadmium (q) by compost was calculated from the 

difference between the initial and final concentration of metal in solution and the mass of adsorbent. 

2.3 Adsorption kinetics  

The compost (200 mg) was added to Cd(II) solution (50 mg.L
-1

), buffered at the optimum adsorption pH, and stirred 

for 48 h, at 25
o
C and 200 rpm. After the pre-established periods, aliquots of the supernatant were taken and diluted 

to give metal concentrations suitable for FAAS analysis. The value of q was calculated as previously described. 

2.4 Adsorption equilibrium isotherms 

Samples of the compost (100 mg) were added to 50 mL of Cd(II) solution, in several concentrations and previously 

buffered to the optimum adsorption pH. They were kept under stirring (200 rpm, 25
o
C) until the adsorption 

equilibrium was reached. Aliquots were taken and diluted in order to determine cadmium concentration by FAAS. 

The adsorbed amount of cadmium (q) was calculated as previously described. 
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3 RESULTS AND DISCUSSION  

In Figure 1, the amount of Cd(II) ions adsorbed on compost is shown as a function of pH. The results showed that 

8.5 was the optimum pH to adsorb cadmium and the adsorbed amount was 18.7 mg.g
-1

. The low levels of 

adsorption, observed in acidic pH, were probably due to the competitive effect between H
+
 and metal ions.  
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FIGURE 1 Effect of pH on Cd(II) ions adsorption by compost.  

3.1 Adsorption kinetics 

The kinetics of Cd(II) adsorption by compost is represented in Figure 2, which shows that the concentration of metal 

drops rapidly during the first hours. The equilibrium was reached in approximately 24 h and was constant up to 48 

hours. The reduction of the Cd(II) concentration by compost, after reaching equilibrium, was approximately 58%. 
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FIGURE 2 Kinetics of Cd(II) ions adsorption by compost. 

The amount of Cd(II) ions adsorbed by compost over time is shown in Figure 3. In order to identify the 

kinetics mechanism controlling Cd(II) adsorption process, pseudo first-order, pseudo second-order and intraparticule 
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diffusion models were used to fit the experimental data (Ho & McKay, 2000). The validity of these models can be 

analyzed through the plot graphs of log (qe– q) vs. t, (t/q) vs. t, and q vs. t
1/2

, respectively, where qe and q are 

adsorbed amount (mg.g
-1

) in equilibrium and t time (min). The pseudo second-order kinetics model provided the 

best correlation coefficient value (R = 1.000), thus indicating that chemisorption is the rate-limiting step in the 

adsorption mechanism. 
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FIGURE 3 Amount of Cd(II) adsorbed by compost vs time and the pseudo 2
nd

-order model graph (insert). 

 

3.2 Adsorption isotherms 

The amount of Cd(II) ions adsorbed on the compost at equilibrium (qe), as well as the equilibrium concentration of 

this metal ion in the aqueous phase (Ce) are represented in Figure 4. It can be observed that the amount of Cd(II) 

adsorbed increases with the metal concentration in solution, resulting in surface saturation at high concentrations. 

 The experimental adsorption data were fitted according to the Langmuir and Freundlich isotherm models, 

which are preferentially used in studies on adsorption in solution. The results obtained from these models are 

presented in Table 1. On analyzing the correlation coefficient values (R), the Langmuir isotherm provided the best 

fit for the experimental adsorption data. Thus, the Langmuir model was chosen to interpret the adsorption of Cd(II) 

ions by compost, which revealed that the value for the maximum adsorption capacity (qm) was 57.6 mg.g
-1

. 

 

 

TABLE 1 Parameters of Langmuir and Freundlich isotherms for adsorbed Cd(II) by compost 

 K (L.g
-1

) qm (mg.g
-1

) n R 

Langmuir 4.85 x 10
-2

 57.6 - 0.995 

Freundlich 6.35 - 0.426 0.974 

 

 

- 121 -



Treatment and use of non conventional organic residues in agriculture 

  

 

 

0 50 100 150 200 250 300

0

10

20

30

40

50

60

 

 

q
e

 
(
m

g
 
g

-
1

)

C
e

 (mg L

-1

)

 

FIGURE 4 Isotherm of Cd(II) ions adsorption by compost. 

 

4 CONCLUSIONS 

The effect of pH on Cd(II) ions adsorption showed that the adsorption process depends on the solution pH. The 

kinetics results showed that the equilibrium was reached in about 24 hours and that the model that provided the best 

experimental data correlation was the pseudo second-order mechanism. 

 Adsorption equilibrium isotherms showed that the compost was efficient as an adsorbent for Cd(II) ions 

in aqueous solution. The Langmuir isotherm model provided the best fit for the experimental cadmium adsorption 

data, indicating a great adsorption capacity, equivalent to 0.512 mmol Cd(II) per gram of adsorbent. This suggests 

different possibilities for the use of this new adsorbent material in processes of separation and Cd(II) ion uptake 

from aqueous solutions, which can contribute to the decontamination of heavy metals in wastewater.  
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1 INTRODUCTION 

Nowadays, environmental pollution can be identified as one of the major problems of developed and developing 

countries. Dyes contribute to pollution, since they are, generally, present in effluents from textile, leather, food 

processing, cosmetics and paper industries (Robinson et al, 2002). 

 In response to concerns over water pollution, by those textile industries responsible for the discharge of 

large amounts of dyes in effluents, several physical or chemical methods have been developed in order to remove 

the color (Allen et al, 2003; Nigam et al, 2000; Al-Degs et al, 2000). Among these methods of dye removal, the 

adsorption method is the most effective in treating such effluents. 

The solid-liquid adsorption technique, by using low cost adsorbents, shows promising results in removing colored 

substances from textile effluents (Mohan et al, 2002). The most popular adsorbent is activated carbon; however, due 

to its high cost and the need of regeneration, other materials have been studied and used in its place (Malik, 2003; 

Al-Ghouti et al, 2003). Many of these materials come from industrial and agricultural wastes or are directly found in 

nature. 

 This study aimed at evaluating the adsorbent potential of pistachio shells in studies of removal of dyes, 

using methylene blue (MB) as a dye model. 

 

2 MATERIALS AND METHODS  

2.1 Preparation of adsorbent and dye solution 

Samples of pistachio, traded in Cascavel city, were purchased, opened, their shells washed with distilled water, dried 

at 60 °C, ground and sieved (grain size < 1 mm). 

A methylene blue (MB) dye reserve-solution was prepared at a concentration of 1500 mg.L
-1

 (4.0 

mmol.L
-1

) in distilled water. The other solutions used in this trial were prepared by diluting the reserve-solution with 

distilled water. All adsorption experiments were carried out at 25 
o
C. 

2.2 Kinetics and isotherms of adsorption  

To study the effect of contact time on dye adsorption, 0.100 g of adsorbent was put in contact with 50 mL of MB 

solution (10 µmol.L
-1

) and stirred for 12 hours, at room temperature. In periods of pre-determined time, aliquots 

were taken, diluted and centrifuged for 3 minutes at 3000 rpm. Dye concentration in the supernatant was analyzed 

by a spectrophotometer UV-Vis (λmax = 665 nm). In order to calculate the dye concentration, a calibration curve was 

determined for methylene blue dye, whose concentration values ranged from 0.25 to 5.0 µmol.L
-1

. 

In the experiments of adsorption isotherms, samples containing the adsorbent were put in contact with a 

solution (50 mL) of MB dye in several concentrations and stirred at a constant rate until they reached the adsorption 

equilibrium. Aliquots were taken, properly diluted in volumetric flasks and centrifuged for 3 minutes at 3000 rpm. 

The MB dye concentration in supernatant was analyzed as previously described. The adsorbed amount of MB dye 

(q) by pistachio shells was calculated from the difference between the initial and final concentration of MB dye in 

solution and the mass of adsorbent. 

 

3 RESULTS AND DISCUSSION  

The calibration curve, a plot of instrument response vs. analyte concentration for MB dye analyses, showed a good 

linear relationship whose equation and linear correlation coefficient (R) are presented in Figure 1. 
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FIGURE 1 Calibration curve for the methylene blue dye solution. 

 

The kinetics of MB dye adsorption by pistachio shells is represented in Figure 2. The results showed that 

the decrease of MB concentration is fast in the first minutes, probably because of an excess of adsorbent with 

available sites of adsorption on their surface, able to bind themselves to MB. The equilibrium was reached in about 

90 minutes and was constant up to 10 hours. The reduction of the MB dye concentration, in the presence of pistachio 

shells, after reaching the equilibrium, was approximately 74%.  
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FIGURE 2 Kinetics of methylene blue dye adsorption by pistachio shells. 

 

Figure 3 shows the amount of MB dye adsorbed in pistachio shells at equilibrium (qe), as well as the 

equilibrium concentration of this dye in the aqueous phase (Ce). It can be observed that the amount of MB dye 

adsorbed increases with the dye concentration in solution, resulting in surface saturation at high concentrations. 
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The experimental adsorption data were fitted according to the Langmuir isotherm model, the equation 

most usually used in the adsorption studies in solution, and the value obtained for the maximum adsorption capacity 

(qm) was 1.03 mmol g
-1

, equivalent to 385.1 mg of methylene blue dye per gram of adsorbent. 
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FIGURE 3 Isotherm of methylene blue dye adsorption by pistachio shells. 

 

4 CONCLUSIONS  

The kinetics results showed that the equilibrium was reached in about 90 minutes with a 74% reduction of the MB 

dye concentration by pistachio shells. Equilibrium adsorption studies showed that pistachio shells were efficient as 

an adsorbent for MB dye in aqueous solution. The Langmuir model provided a qm value of 385.1 mg.g
-1

. 

This result indicates a great adsorption capacity of MB dye by pistachio shells and suggests another 

possible use of this adsorbent material in removal of textile dyes from aqueous solutions. 
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1 INTRODUCTION 

The interest in using renewable energy sources is constantly increasing. Biomass is the most common source of 

renewable energy and biofuels have been proposed as environmentally benign substitutes to fossil fuels. It is likely 

that the intensification of bioenergy production will lead to an increased input of the bioenergy residues to the soil as 

amendments or fertilizers. 

In the last decades, modern agriculture practices have led to a widespread decrease in soil organic matter 

(SOM), particularly in temperate regions. The decline in SOM is accompanied by a reduction in soil fertility and 

contributes to the onset of several degradative processes (such as erosion, compaction, salinisation, nutrient 

deficiency, loss of biodiversity, desertification). One of the most effective strategies to offset SOM decline is the 

amendment of soil with organic residues (Lal et al., 1999). However, the reliability of this strategy requires an 

exhaustive evaluation of the impact of residues on soil quality. Such evaluation is essential to fully exploit their 

potential as amendments and to avoid adverse environmental effects. Organic residues present great variations in 

their physico-chemical properties and therefore they affect the soil ecosystem in different ways. In particular, very 

little information is available to date about the impact of bioenergy products on soil and the environment.  

The aim of this work was to investigate the effects of different bioenergy residues and soil characteristics 

on C and N mineralisation, element availability and microbial biomass size and activity of amended soil, and 

compare them to other more commonly used organic amendments. 

 

2 MATERIALS AND METHODS 

Two arable soils with different pH (acidic and alkaline) were chosen for incubation experiments. The acidic soil was 

a Typic Dystrudept (USDA) with pH 5, the alkaline soil was a Fluventic Eutrudept (USDA) with pH of 8.3. 

Four bioenergy residues and three organic residues commonly used as organic amendments were selected 

for incubation experiments. The bioenergy residues were: pig slurry digestate (37.9% C, 4.4% N), rapeseed meal 

from biodiesel production (45.9% C, 6.0% N), residue obtained after bioethanol production from wheat starch 

(48.5% C, 6.2% N), and green waste biochar produced by continuous slow pyrolysis at 550 ˚C (86.3% C, 0.3% N). 

The organic residues consisted of compost from vine shoots (34.5% C, 1.5% N), household waste compost (34.4% 

C, 2.3% N) and sewage sludge from a wastewater treatment plant (38.4% C, 4.8% N).  

The soils were pre-conditioned at 40% of water holding capacity and 20 °C under aerobic conditions for 5 

days, subsequently amended with the residues at a rate of 0.5% (w/w) and incubated in the laboratory for 30 d at 20 

°C. The rate of application was calculated to reproduce the soil addition of the residues at the rate of 20 ton ha
-1

,  

representing a typical agronomic rate for amendments. During incubation, soil CO2 and N2O evolution were 

continuously measured every 4 hours, while aliquots of soils were taken after 2, 7 and 30 days of incubation for 

analysis of extractable NH4
+
, NO3

-
, organic C (EOC), N (EN) and enzymatic activities (Arylsulphatase, β-

glucosidase, alkaline phosphatase, acid phosphatase and leucine aminopeptidase). Soil microbial biomass was also 

analysed after 2 and 30 days of incubation. 

CO2 and N2O evolution was determined by means of an automated system for continuous gas sampling 

and analysis (Mondini et al., 2010). Extractable NH4
+
, NO3

-
, organic C and N were determined in a 1:4 (w/v) K2SO4 

0.5M extract. Extractable NH4
+
 was determined by a modified colorimetric method (Mondini et al., 2008) based on 

Berthelot’s reaction. The content of NO3
-
 was measured by reading the absorbance at 220 nm and subtracting the 

absorbance at 275 nm caused by organic matter. K2SO4-extractable organic C (EOC) and N (EN) were measured 
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using a TOC-VCSN analyser (Shimadzu). Soil microbial biomass C (BC) was determined by the fumigation-

extraction method (Vance et al., 1987). The different enzymatic activities (Arylsulphatase, β-glucosidase, leucine 

aminopeptidase and alkaline and acid phosphatase) were measured on soil extracts utilizing a fluorescence method. 

 

3 RESULTS AND DISCUSSION 

3.1 CO2 and N2O dynamics 

Dynamics and amount of soil CO2 evolution were greatly affected by the different residues (Figure 1). Particularly 

remarkable was the high rate of CO2 emission caused by bioethanol residue and rapeseed meal. On the other side, 

the respiration rate in biochar amended soil was not significantly different from the control (Figure 1a and 1b). 

Cumulative extra CO2-C (difference in cumulative respiration between amended and control soil) ranged from 0.02 

to 15.1% of the C added with the residues and was higher in amended alkaline soil with respect to the acidic soil 

(Table 1). 
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FIGURE 1 Greenhouse gases emissions during the first 10 days of incubation of amended soils: (a), CO2 

emissions from the alkaline soil, (b) CO2 emissions from the acidic soil, (c) N2O emissions from 

the alkaline soil.  

 

N2O emissions were recorded only in the alkaline soil amended with rapeseed meal and bioethanol 

residue (Figure 1c). Such residues are characterized by a high content of N at about 6%. The peaks of N2O 

emissions for the two residues were recorded at different times (i.e. at day 6 for bioethanol residue and a days 7-8 

for rapeseed meal) and in concurrence which a  slight increase in CO2 emission (Figure 1a and 1c). In addition, after 

7 days of incubation the soil amended with rapeseed meal and bioethanol residue showed a maximum in NH4
+ 

content (data not shown). Such evidence suggests that the main mechanism responsible for N2O formation is 

autothrophic nitrification (Inubushi et al., 2000), in which N2O is produced as an intermediate during the oxidation 

of NH4
+ 

to NO3
-
. The lack of N2O emission from the acidic soil could be related to the fact that nitrifying 

microorganisms require a neutral or slightly alkaline pH. 
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Net (control subtracted) mineral N (NO3
- 

+
 
NH4

+
)

 
at the end of the experiment showed that the two 

composts led to N immobilization, biochar did not cause any mineralisation, while the remaining residues caused an 

increase in net mineral N ranging from 16.2 to 43.6% of added N (Table 1). This corresponds to an increase in 

available N in the range 155-522 kg N ha
-1

. The mineral N was almost entirely composed of NO3
-
 and the highest 

values were recorded for rapeseed meal and bioethanol residue. The amount of mineral N at the end of the 

incubation was significantly related to the EOC/EN ratio, suggesting that the amounts of readily available C and N 

are better indicators of the rate of N mineralisation than the total C and N content of the residue. 

 

TABLE 1 Balance of C and N mineralization in amended soil after 30 d of incubation. Extra CO2-C is the 

difference in cumulative respiration between amended and control soil. Net mineral N is the 

difference between NO3
- 
plus

 
NH4

+ 
in the amended soil and NO3

- 
plus NH4

+
 in the control soil. 

Negative values indicate net N immobilization. 

 

3.2 Soil microbial biomass and enzymatic activity 

Soil amendment with organic residues caused, with the exception of biochar, a general increase in the size and the 

hydrolytic activity of soil microbial biomass, although with highly significant differences among the residues. 

Particularly relevant was the increase in the soil microbial biomass C content recorded in both soils 

amended with rapeseed meal and bioethanol residue (Figure 2). Such increase was not sustained during the whole 

incubation period and there was a sharp decrease of the microbial biomass content at the end of the incubation to 

values that were, however, significantly higher than the control. Such a decrease was likely to be due to the 

exhaustion of the readily available C and N (data not shown). The other residues caused a less relevant increase in 

the size of soil microbial biomass after 2 days of incubation, but this increase was maintained throughout the whole 

incubation period. 
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FIGURE 2 Microbial biomass C in alkaline (a) and acidic (b) soils after 2 and 30 days of incubation. 

Figure 3 reports the values of β-glucosidase activity in amended soil as an example of the typical 

response of the measured enzymatic activities to soil amendment. As for microbial biomass, higher values of β-

glucosidase activity were recorded for soil amended with rapeseed meal and bioethanol residue, characterized by a 

Residue  Alkaline soil  Acidic soil 

  Extra CO2-C  Net mineral N  Extra CO2-C  Net mineral N 

  (µg g-1) (% of 

added C) 
 (µg g-1) (% of 

added N) 
 (µg g-1) (% of 

added C) 
 (µg g-1) (% of 

added N) 

Vine shoot compost  37.0 2.1  -5.5 -7.4  28.3 1.6  -9.1 -12.2 

Household waste c.  51.6 3.0  -7.9 -6.8  47.8 2.8  -15.6 -13.4 

Biochar  0.9 0.02  0.1 0.9  0.8 0.02  -2.4 -3.1 

Pig digestate  134.1 7.1  42.7 19.4  100.5 5.3  41.6 18.9 

Rapeseed meal  269.8 11.8  130.8 43.6  275.1 12.0  119.6 39.9 

Bioethanol residue  365.2 15.1  114.3 36.9  346.9 14.3  94.8 30.6 

Sewage sludge  115.3 6.0  40.7 17.0  94.0 4.9  38.8 16.2 
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high amount of readily available C, measured as water soluble organic C (data not shown). The increase in 

hydrolytic enzymatic activity is an indication of an enhanced capacity of the soil to carry out important ecosystem 

functions such as the degradation of soil organic matter and the cycling of nutritive elements. 
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FIGURE 3 β-glucosidase activity in alkaline (a) and acidic (b) soils after 2, 7 and 30 days of incubation. 

 

According to their impact on biochemical soil properties, the residues can be ranked as follows: rapeseed 

meal, bioethanol residue > anaerobic digestate, wastewater sludge > composts > biochar. 

 

4 CONCLUSIONS 

This study clearly indicates that organic residues from bioenergy production may represent an effective alternative 

to usual amendments to improve the quality and nutrient balance of soils. 

These residues present distinct properties and therefore are indicated for different purposes. Biochar is 

more suited for the enhancement of SOM in degraded soil and to promote soil C sequestration. The increase of SOM 

usually requires high loads of exogenous organic matter, but this is favoured in the case of biochar by the particular 

biological inertia of this residues resulting in a limited alteration of soil equilibrium. 

Rapeseed meal, bioethanol and anaerobic digestate are best suited as organic fertilizers that can provide 

significant amounts of available N for plants along with a source of readily available C for microorganisms growth 

and activity. N-rich wastes as rapeseed meal and bioethanol residue may cause the release of relevant amount of 

NO3
-
 and N2O and therefore soil application of these residues needs to be thoroughly investigated in order to 

identify an appropriate management regime that enhances their potential and avoids negative environmental effects. 
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1 INTRODUCTION 

Out-wintering Pads (OWPs) offer a reduced cost alternative system to housing or concrete yards for out-wintering 

cattle.  These are open enclosures filled with woodchip and with an artificial drainage system (Smith et al., 2006) 

above a plastic lined or compacted clay base. As well as bringing reduced risk of pasture damage during the winter 

period, OWPs have been shown to bring animal health and production benefits (Hickey et al., 2002). However, poor 

management may impact negatively on the environment. The top layer of Spent Timber Residue (STR) – woodchip 

mixed with slurry solids - is scraped after the winter period, removing large amounts of a nutrient-rich material. 

Land application of STR can be a practical management strategy, but its high C:N ratio could make it resistant to 

breakdown, suggesting that storage and/or active composting is necessary (Bernal et al., 2009; French & Hickey, 

2003). This study comprised two main objectives. The first was to evaluate the impact on grass growth and nitrogen 

utilisation efficiency of three different types of STR after spreading to grassland. The second objective was to 

evaluate composting practices of STR by comparing two factors: chip size and heap composting-system (actively-

turned v/s static). 

 

2 MATERIALS AND METHODS 

The experiments described below were carried out at North Wyke Research, SW England, starting on July 24
th

 

2009, using STR collected fresh from the experimental OWPs at North Wyke used for beef steers (Fig. 1a). 

 

Land application of fresh STR: A field experiment was carried out on a permanent pasture on a silty 

clay loam (Harrod, 1981). Three STRs were used and applied at different rates; G50 (2-4cm chip size), G30 (1-2cm 

chip size); and sawdust (supplying 60, 125, 250 and 500 kg N/ha), which were compared with different rates of 

ammonium-nitrate fertiliser.  An area of 23m x 15.5m was marked out and the grass was cut to approximately 2cm 

and the cut herbage removed. The area was divided into three equal-size blocks (randomised block design). Each 

block comprised 18 treatment-plots of 2m x 2m separated from each other by a 0.5m race - in total, 54 plots (Fig. 

1b). Fertiliser response plots were included in order to assess the N uptake efficiency of grass. The length of this 

field trial was 15 months. Soil samples from each block were analysed for major nutrients and each plot received a 

base treatment of P, K and S. The central area (1.1m x 1.1m) of each plot was selected for cutting/harvesting. The 

fresh weight of cut grass was recorded and sub-samples analysed for DM and N content. Data were processed using 

the statistical programme Genstat (GenStat, 2007). 

 

 
FIGURE 1 Out-wintering pads at North Wyke (a), land application (b) and storage (c) of STR. 

 

Storage and active composting of fresh STR: Twelve concrete bunkers built in 2001 were used for this 

experiment. The STRs used on this experiment were G30 and sawdust. Each STR was piled up and split into 6 

heaps, 3 of which were actively composted (AC) and 3 remained static (SC), for 8 months (Fig. 1c) (a total of 12 
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heaps). Temperature was recorded from the centre of each heap at intervals of 15 minutes. Leachate volumes and 

composition, from each heap, were monitored. Leachate samples were analysed for total N, P and solids; 

ammonium-N; nitrate-N and C:N ratio, on a once per week basis. Ambient temperature and rainfall were also 

measured. Data analysis was again undertaken using the statistical programme Genstat (GenStat, 2007). 

 

3 RESULTS AND DISCUSSION 

3.1 Land application of STR. 

Only one cut (first cut - 3 months from July 2009) has been taken, to date. A good dry matter crop-yield response 

curve was obtained to the chemical fertiliser (Fig. 2).  

 

 
FIGURE 2 Response curve for the chemical fertiliser (ammonium-nitrate). 

 

Some treatments of STR gave positive yield responses and nitrogen off-take (Fig. 3). By multiple 

comparison, a 20 kg N/ha application rate of G30 STR produced a higher yield than a 60 kg N/ha application rate of 

fertiliser N (n.s, P>0.05). The highest (P<0.05) yield was obtained by the highest fertiliser N rate of 250 kg/ha with 

5.7 t DM/ha; the lowest (P<0.05) yield was observed from the 20 kg N/ha of sawdust STR (2.6 t DM/ha), though not 

significantly different to the control (P>0.05) (Fig. 3). 

Augustenborg (2008) found no significant silage yield and DM response (p<0.01) from N in STR for first 

and residual cuts, with yields being similar to control plots. Mackay et al. (1989) reported an increase in soil organic 

matter after land application of manures mixed with wood shavings.  

An application rate of 160 kg N/ha of G30 had similar effect (P>0.05) to a 20 kg N/ha application rate of 

the same chip size (Fig. 3). 

 

 
FIGURE 3 Grass yield and N off-take of STR and chemical fertiliser for the first cut. Letters “a” and “b” 

are significantly different, P<0.05. 

 

Where nitrogen off-take was below that of the control, it can be inferred that nitrogen immobilisation has 

occurred, though there were few significant treatment differences (P>0.05). The lower nitrogen off-take from the 
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STR treatments can be partially explained by the low available N (ammonium-N) in this organic residue (35 and 38 

mg/kg DM basis, for sawdust and G30, respectively) (Table 1) compared to that of beef cattle slurry 10% DM 

(20000 mg/l DM basis) (Chambers & Nicholson, 2004), FYM 25% DM (1600 mg/kg DM basis) (Chambers & 

Nicholson, 2004) or dirty water 0.5% DM (60000 mg/l DM basis) (Chambers & Nicholson, 2004). It is also possible 

that some N immobilisation may have occurred due to the ready availability of carbon in STR, especially in the case 

of the finely divided sawdust; however, it is noteworthy that N off-take from the 30 kg N/ha fertiliser treatment was 

also lower than that of the control (n.s. P>0.05). 

3.2 Storage and active composting of STR 

Nutrient composition of STR: The initial total N content of the G30 STR (12000 mg/kg, DM basis) was lower than 

the average typical cattle FYM (25% DM) of 24000 mg/kg DM basis (MAFF, 2000), but higher in sawdust STR 

with 25000 mg/kg DM basis - a mix of shredded wood-based residues such as compressed boards and other wood 

sources. The Phosphorus content was lower to cattle FYM (25% DM) of 14000 mg/kg DM basis (MAFF, 2000); the 

initial sawdust STR had a total P content (DM basis) of 3200 mg/kg and initial G30 3000 mg/kg (Table 1).  

 

TABLE 1  Average nutrient composition of STR (before and after storage-first 4 months). 

Units mg/kg, 

dry weight 

Total N 

(Kjeldahl) 

Ammonium 

(NH4-N) 

Nitrate 

(NO3-N) 
Total P 

C:N 

Ratio 

Initial composition      

 Sawdust, 31% DM 25000 35 17 3200 21 

G30, 32% DM 12000 38 24 3000 30 

After composting      

Sawdust 32% DM 25000 62 20 3200 20 
Active (AC) 

G30 29% DM 16000 52 50 3600 31 

Sawdust 40% DM 30000 88 15 3300 16 
Static (SC) 

G30 32% DM 14000 50 20 3400 37 

 

Initial total N and ammonium-N composition of sawdust STR increased significantly on the static 

treatment (P<0.05) during the first 4 months of composting. Nitrate content was unaffected during composting for 

both chip sizes, with exception of active G30 were nitrate content increased significantly (P<0.05) to more than 

double the initial content. 

Leachate composition from composting heaps: Differences in average leachate concentrations of total 

N, NH4, and C:N ratio were not significant (P>0.05) between chip sizes within a composting system. Between 

composting systems, greater release (P<0.05) of total N and NH4 in leachate was observed in static G30 than active 

G30. Leachate composition tended to show greater differences between sawdust and G30 chips in static systems 

than in active treatments. Total N leachate concentrations from static G30 (89 mg/l) were higher (P<0.05) than that 

from static sawdust heaps (58 mg/l). Nitrate leachate concentrations between active and static sawdust heaps were 

similar (P>0.05), while G30 heaps showed lower nitrate concentration (P<0.05) on SC, suggesting that less 

nitrification occurred during the first four months of composting than in active G30 heaps.  

 

TABLE 2  Average first 4-months leachate composition of compost heaps. 

Composting 

system 

Units mg/l, 

fresh weight 

Total N 

(Kjeldahl) 

Ammonium 

(NH4-N) 

Nitrate 

(NO3-N) 
Total P 

C:N 

Ratio 

Sawdust 1.5% DM 38 4 6 14 10 
Active (AC) 

G30 1.7% DM 52 9 16 46 13 

Sawdust 1.6% DM 58 7 6 11 9 
Static (SC) 

G30 3.1% DM 89 14 2 22 8 

 

Temperature performance of active and static heaps: Adequate thermophilic conditions (40-65
o
C) 

were obtained during the first month for both AC and SC (Fig. 4). The moisture content decreased in all heaps 

through evaporation, reducing microbial activity, and thus heap temperature, following the first month. The 

performance of average heap temperatures during composting were similar to that observed by Ahn et al (2007) 
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where during the first 20 days of composting heap temperatures stayed above 40 
o
C, and gradually decreasing to 

ambient temperature, for wood shavings mixed with poultry manure. 

 

 
FIGURE 4 Active (a) and static (b) composting. Dashed lines indicate heap-turning points. 

 

4 CONCLUSIONS 

The management of STR is a key factor for the sustainable application of OWPs in livestock production systems. 

Application of STR to grassland can result in positive yield responses, but may result in N immobilisation within the 

plant-soil system. Composting of STR will assist the breakdown of organic fractions, though in this study it was 

observed that STR can be applied without being composted. A large heap (>2 tonnes) is important in composting for 

maintaining high temperatures; an adequate thermophilic period is essential for wood breakdown (40-65 
o
C). 
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In Mexico, mining generates 65 % of industrial waste. The agricultural use of these is most 
appropriate as a potential source of nutrients considered essentials for plants. The objective of 
this study was to determine the effect of the use of tailings waste from the Autlán mine as 
substrate in the production of  tomato an pepper seedlings under greenhouse conditions. The 
experiment was divided into three phases, the first was related to microbiological and heavy 
metal content according to NOM-004-SEMARNAT (2002). Germination tests were carried out 
for pepper seeds var. Capistrano and tomato var. Rio Grande, the seeds of both crops were 
soaked in the residue for 4, 8 and 12 hrs, and placed on germination paper and incubated at 
28° C.  Quantification of the number of normal plantlets (PN), abnormal (PA) and non-
germinated seeds (SSG) was made at the 7th and the 14th days after planting. A check was 
used as a control where no seed treatment was applied. A randomized complete block design 
was used. For greenhouse testing, seeds of both species were planted in trays with a mixture of 
peat moss + perlite (3:1) and  tailings in different percentages (5, 10, 25 and 50%). A mixture 
with no waste material was added as a check (0%). The seedlings were irrigated with water. A 
completely randomized design was used. Data was analyzed in SAS software version 9.0. The 
analysis indicated that the tailings belong to type B, and can be used for forestry and 
agricultural soils, there were no pathogens. In the tomato seed germination test, seeds soaked 
for 12 and 8 hrs, promoted greater number of normal plantlets (20.75 and 19.25**) and radicle 
length (9.50cm**). The plants soaked for 4 hours, had the highest number of abnormal plants 
(5.25**); in pepper, soaking for 12 hours favored the development of the root (5.75cm**) and to 
4 hrs treatment the PF (0.68 g**). Seedling production in tomato was promoted with a mixture 
containing 5% tailings and increased stem diameter (0.135mm**), stem length (7.92cm**), LR 
(7.95cm**), PF (0.327g**) and PS (0.0762g**), also favored the stem diameter (0.113mm**) 
stem length (5.38cm**) and radicle length (6.98cm**) PF (0.236g**) and PS (0.051**) in pepper. 
The treatment with 50% of tailings, decreased the number of seedlings. 
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1  INTRODUCTION 

Raña formations are a common occurrence in the landscape of SW Spain, where they span wide areas hundreds of 

square kilometers in size, which act as watershed divides. They were formed in the Middle-Upper Pliocene and 

support very old and highly weathered soils, whose properties have resulted mostly from the action of a pre-

Quaternary climate with subtropical features (Espejo, 1987). Agriculturally, raña soils are very poor and subjected 

to a number of severe constraints as regards exploitation due to the effect of their poor Ca, Mg, K and P availability, 

and high Al contents in the exchange complex (Espejo, 1987; Peregrina et al., 2006).  

 In the 1930’s and 1940’s, most of the natural vegetation on these surfaces was cleared for agricultural 

use. Tillage of these virgin soils increased the mineralization rate of the organic matter (SOM) and, as a result, after 

several decades of crop production, the soils evolved from Palehumults to Palexerults (Soil Survey Staff, 2003).  

 The loss of SOM , and the extraction of bases by crops  further reduced the already low productivity of 

these soils, reducing nutrient bioavailability and the Ca/Al ratio, with the latter causing an increase in Al toxicity 

(Mariscal-Sancho et al., 2009). This led to most of the tilled fields being abandoned within 20-50 years of clearing.  

Any regeneration or rehabilitation measure to be adopted for these degraded soils should consider 

preliminary liming, in order to increase base saturation in the exchange complex, raise the Ca/Al ratio, and 

encourage the success of conservative management practices, which promote the accumulation of OM and the 

storage base capacity. 

The objective of this work was to evaluate the incidence on the exchange complex of the application of 

lime amendments in the form of sugar foam waste (sugar-manufacturing residue), alone or accompanied by another 

industrial bye product like phosphogypsum, the latter  with the aim of supplying Ca to the subsurface horizons as 

gypsum is more soluble than lime.   The effect on the biomass production was studied through the yield of a forage 

crop. 

 

2  MATERIALS AND METHODS 

2.1  Study zone 

The study was conducted at the Cañamero raña (SW Spain). The longitudinal slope of the zone is about 0.5% and 

the average height of the study sites was 615 m a.s.l. The mean annual precipitation of this surface is 869 mm, the 

mean annual evapotranspiration (Penman-Monteith) is 1248 mm, and the mean daily temperature is 15.0ºC. The soil 

moisture regime for this raña surface is Xeric I (Espejo, 1987).  

2.2  Experiment field 

In 2002 an experiment field was designed by the random block system with four replications. The individual plots 

measured 6x12 m
2.  

2.3  Treatments 

The treatments applied to the plot soil were: Control; sugar foam waste (SFW), and   SFW + phosphogypsum (PG). 

Table 1 gives the composition of the two amendment products.  

The amendments were applied manually. In the case of the foam, this was applied at a dose equivalent to 

3.9 t/ha, needed to raise the pH of the horizon Ap from 5.1 to 6.2; the dose was determined in the laboratory by 

incubating, at a field capacity and 25ºC  for one month, 100 g samples of the horizon Ap which had received 
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increasing amounts of sugar foam equivalent to 2, 3, 5 and 7 t/ha; the pH curve permitted the determination of the 

dose necessary for reaching the desired pH.  The phosphogypsum dose was fixed so that it supplied the same 

amount of Ca as that of the Ca + Mg contained in the sugar foam waste, resulting in a dose of 6,800 kg/ha. 

 

TABLE 1 SFW and PG composition according to Peregrina, (2006). 

Component SFW (g / kg) PG (g / kg) Element SFW (mg/kg) PG (mg/kg)

CaO 437 287 Ni <0.5 <2

SO4
2-

5,1 515 Ba 19,7 30,8

SiO2 17,3 3,9 Zn 24,7 6,1

P2O5 8,1 8,6 Cu 4,7 3,3

MgO 47,3 <0,1 Cd nd 1,45

F
-

nd 12,3 Pb <0,5 1,75

Al2O3 24,2 5,8 Mo 0,2 0,2

K2O 1,95 <0,5 Cr nd 2,12

Fe2O3 1,9 0,35

Na2O 1,05 1,2

TiO2 nd 0,2

MnO 47,3 <0,1

Mat. Org 86,7 nd

caliza 765 nd

caliza activa 213 nd

PI* 467,6 178
 

PI*.- ignition lost (100-1000 ºC). nd.- not detected 

 

2.4  Crops used 

The plots were sown with a mixture of cereals and winter legumes. Table 2 shows the crops sown each year and the 

fertilizer dose employed. 

 

TABLE 2 Crop data for  the period between 2003 and -2007 . 

pre-growing fertilization  

(kg/ha) 

Year Crop 

N P2O5 K2O 

2003-2004 Triticale + rye+Vetch 70 70 70 

2004-2005 Triticale + Vetch 35 70 70 

2005-2006 Oat + Vetch 35 70 70 

2006-2007 Oat+Triticale+Vetch 35 70 70 

 

2.5  Laboratory methods 

pH was measured in 1:2.5 soil/distilled water and soil/0.01 M KCl suspensions. Exchangeable bases were extracted 

with 1 N NH4Ac at a soil/solution ratio of 1:10 (Thomas, 1982), the extracts being used to quantify Ca and Mg by 

“atomic absorption spectrophotometry”, and Na and K by “atomic emission spectrophotometry”. Aluminum was 

extracted with a 1 N KCl solution (Barnishel and Bertsch, 1982) and determined by titration with NaF (Yuan, 1959). 

Electric conductivity (EC) was measured in 1:2.5 soil/distilled water suspensions with a CM 2202 conductivimeter  

 

3  RESULTS  

3.1  Incidence on the exchange complex 

Table 3 shows the data of the evolution of the pH, the content in base-exchanges and KCl extractable Al  4.5 years 

after the application of the amendment. In general, both amendments induced positive changes in the pH and Ca 

content by  increasing both. Concomitantly, the Al content declined in the Ap and AB horizons, therefore increasing 

the ratio Ca/Al. In the deepest layer, the SFW+PG treatment showed itself to be more effective with respect to Ca 
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and Al. Mg decreased significantly in the Ap horizons of the soils amended with SFW+PG. This effect previously 

observed in acid soils amended with gypsum (O’Brien, and  Sumner, 1988; Ritchey and Snuffer 2002).  In our case, 

the Mg in the Ap horizon of the soils amended with SFW+PG represented 1.7% of the ECEC, which is largely 

below the response threshold of 7% established by Hailes et al. (1997). In the SFW+PG treatment the Mg content of   

3.13% did not meet this threshold either. Na followed a similar trend as observed forMg..  

 

TABLE 3  pH, electric conductivity, exchangeable bases and Al in  Ap, AB  and Bt horizons after 4.5 years 

of  amendments application. 

  pH pH CE Ca Mg K Na Al  ECEC Ca/Al % Mg 

 1:2,5H20 KCl µS/cm (cmol(+)kg
-1

)   

 Ap horizon (0-20 cmdepth) 

CONTROL 5.26a 4.64a   67.0a 1.64a 0.17b 0.185a 0.068b 0.67b 2.06a 2.45 7.83c 

SFW 6.31b 5.87b   95.3b 6.12c 0.21b 0.193a 0.058b 0.00a 6.58b >100 3.13b 

SFW + PG 6.25b 5.83b 120.4c 5.67b 0.10a 0.205a 0.040a 0.00a 6.02b >100 1.69a 

 AB horizon (20-35 cmdepth) 

CONTROL 5.17a 3.94a 36.08a 1.05a 0.10a 0.085a 0.058a 1.47b 1.29a 0.71a 3.45a 

SFW 5.52b 4.22a 40.23a 1.25b 0.10a 0.103b 0.058a 1.27a 1.51a 0.98b 3.68a 

SFW + PG 5.41b 4.35a 61.93b 1.26b 0.09a 0.100b 0.063b 1.14a 1.51a 1.11c 3.22a 

 Bt1 horizon (muestreado de 35-50 cm depth) 

CONTROL 4.83a 3.8a 25.3a 0.85a 0.1a 0.09a 0.07a 1.48b 1.11a 0.57a 3.88a 

SFW 4.84a 3.89a 40.9a 0.99b 0.1a 0.085a 0.065a 1.51b 1.24a 0.66a 3.65a 

SFW + PG 4.76a 4.14b 71.1b 1.17b 0.11a 0.08a 0.075a 1.27a 1.43a 0.93b 3.90a 

Different letters indicate significant differences according to LSD (P<0.05) within a column and a soil depth  µ.- 

Effective cation exchange capacity: Echangeable bases + Al. nd.- No determinado. 

 

3.2  Biomass production 

Figure 1 shows the yields obtained from different crops during the period of 2003-2007. In all period, the treatment 

with SFW and the treatment SFW combined with PG, increased the production of biomass (the yield is in kg of 

aerial dry matter per ha). In all the seasons there was a positive response in both treatments. The low yields reached 

in the seasons of 2004-2005 and 2006-2007 were due to lack of rain throughout the spring and beginning of 

summer.  

 

FIGURE 1   Biomass production along in kg of aerial dry matter (d.m) per ha between  2003  and 2007  
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4 CONCLUSIONS 

The application of SFW alone or combined with PG improved the agronomic characteristics of the degraded 

Palexerults of the raña of Cañamero. After 4.5 years of applying an amendment, the pH and Ca content increased 

and the Al declined in the exchange complex in the upper 35 cm of the soil. The PG induced a decrease in the 

exchange Mg. This dynamics was accompanied by an increase in the production of biomass of diverse forage crops.  
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1 INTRODUCTION 

In Madeira Island (Portugal) significant amounts of wastes are generated in sugarcane distilleries, namely vinasse 

(the remaining fermented must after distillation) and yeast waste (the yeast surplus produced during the alcoholic 

fermentation). These wastes have high organic loads and low pH, leading to serious environmental problems when 

released directly into natural watercourses or when poorly managed (Hati et al., 2007). 

 As a solution to avoid expensive treatments, both wastes have been used as soil amendment, since they 

contain important amounts of plant nutrients and organic matter (Resende et al., 2006; Parnaudeau et al., 2008). 

Indeed, application to soils of vinasse is a common practice in sugarcane cultivated areas and can fully substitute K 

and partially P on crops fertilization. Nevertheless, additional mineral nitrogen fertilization is needed when vinasse 

is spread in the soils (Junior et al., 2007; Oliveira et al., 2009). On the other hand, yeast waste has been considered 

as an excellent potential source of nitrogen for plant nutrition when applied to soils (Rezende et al., 2004). Thus, 

combined application of both wastes should ensure a more balanced supply of nutrients to plants. However, scarce 

information is available on the combine use of both wastes as fertilizer. 

 The main objective of this study is to assess the effect of the combined application to soil of both organic 

materials (vinasse and yeast waste), and to evaluate its subsequent effects on nitrogen mineralization/immobilization 

process to supply nitrogen to crops and to preserve/restore soil carbon. 

 

2 MATERIALS AND METHODS 

In this study an Haplic Arenosol with a pH (H2O) of 5.9 containing 87.7% sand, 9.7% silt and 2.6% clay, and an 

organic matter content of 10.7 g kg
-1

soil was used and amended with vinasse (V), yeast waste (Y) and 3 different 

combinations of both wastes. 

Both wastes were collected in the sugarcane distillery “Engenho Novo da Madeira Lda”, located in the 

Madeira Island, Portugal. The vinasse used in this study resulted from the thermal concentration of dilute vinasse 

(Parnaudeau et al., 2008). Selected properties of the waste materials are shown in table 1. 

 

TABLE 1 Selected properties of the organic amendments in a dry matter basis 

Organic C Total N NH4
+
-N NO3

-
-N Total P Total K Moisture 

Waste 
(g kg

-1
) (g kg

-1
) (mg kg

-1
) (mg kg

-1
) (g kg

-1
) (g kg

-1
) 

C:N 

ratio (g kg
-1

) 

Vinasse (V) 371.2 6.7 56.7 35.4 4.9 90.2 55 502 

Yeast Waste (Y) 476.7 57.9 747.1 14.7 48.8 73.6 8 826 

 

 6 treatments, 4 times replicated, were established in order to supply an amount of total N equivalent to 

200 kg ha
-1

 (66.6 mg total N kg
-1

 soil): control (only soil), 200V (soil + 200 kg N ha
-1

 via V), 200Y (soil + 200 kg N 

ha
-1

 via Y), 150V50Y (soil + 150 kg N ha
-1

 via V + 50 kg N ha
-1

 via Y), 100V100Y (soil + 100 kg N ha
-1

 via V + 

100 kg N ha
-1

 via Y), and 50V150Y (soil + 50 kg N ha
-1

 via V + 150 kg N ha
-1

 via Y).  

 Two aerobic incubations (98 days) were performed under temperature and soil moisture controlled 

conditions (25ºC and 70% of the maximum soil water holding capacity), one to follow N mineralization and a 

second to measure CO2 emissions. To evaluate CO2-C emissions each mixture was incubated in a sealed “reactor” 

where the CO2 evolved was trapped in a 1M NaOH solution. Periodically the reactors were aerated, the NaOH 

solution was replaced in the reactor and the CO2 evolved was measured (Zibilske, 1994). The nitrogen 
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mineralization incubation was performed using 1 kg of dry soil equivalent mixed with an amount of waste 

equivalent to 200 kg N ha
-1

 and distilled water, as described above (Ribó et al., 2003). At different sampling dates, 

soil samples were collected and analyzed for nitrate; nitrite and ammonium content by using a colorimetric method 

on a segmented flow autoanalyzer (Skalar, The Netherlands). 

 

3 RESULTS AND DISCUSSION  

3.1 Carbon mineralization 

During the first day of incubation CO2-C emissions from 200V and 150V50Y treated soils were lower than those of 

control treatment (table 2). This reduction of soil microbial activity could be due to the low pH as well as to the 

presence of short-chain organic acids, melanoidins and phenolic compounds in the vinasse waste, which can inhibit 

or reduce the activity of soil microorganisms (Parnaudeau et al., 2008). However, in the following days, a strong 

increase in CO2 emission was observed in all waste-amended treatments, compared with control treatment, showing 

that the initial reduction of the microbial activity was temporary (table 2). 

 

TABLE 2 Cumulative CO2-C emissions in the first four sampling dates 

 Cumulative CO2-C emissions (mg CO2-C kg
-1

 dry soil) 

Treatments Day 1 Day 3 Day 7 Day 14 

Control 29.3 d 51.3 a 70.0 a 109.1 a 

200V 15.6 b 563.2 d  1014.8 e  1382.5 e 

150V50Y 19.2 c 513.6 e  947.6 f 1236.6 f 

100V100Y 32.6 d 547.6 b 799.0 b 966.7 b 

50V150Y 68.9 c 327.2 a 487.7 c 617.3 c 

200Y 55.5 a 175.1 c 263.4 d 360.5 d 
In each column, values followed by the same letter are not statistically different at P=0.05, according to the least significant 

difference (LSD). 

 

 At the end of the incubation, the 200V treatment showed the highest CO2 emissions -2726 mg CO2-C kg
-1

 

soil during 98 days (figure 1A), while the lowest CO2 emissions were observed in the 200Y (868 mg CO2-C kg
-1

) 

and control treatments (445 mg CO2-C kg
-1

).  

 

 

 

 

FIGURE 1 Carbon mineralization.  A – Cumulative CO2-C emission (mg CO2-C kg
-1

 soil) during the 

experiment; B – percentage of the applied organic carbon mineralized  

 

 However, since different amounts of C were incorporated into the soil in each treatment, the percentage 

of applied C that was mineralized was evaluated (figure 1B). At the end of the experiment, a significantly (P<0.05) 

higher amount of applied C was lost in the yeast waste treatment (200Y, 77% of C applied) when compared to 

vinasse (200V, 62% of C applied) or to the three combined treatments (59-64% of C applied), suggesting that yeast 
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waste is an easy degradable substrate for soil microorganisms, and therefore has a lower contribution for soil organic 

matter. Similarly, Rezende et al. (2004) observed high CO2 emission from two soils amended with yeast wastes, and 

attributed these high emissions to the CO2 evolved from the mineralization of the organic carbon of yeasts. 

3.2 Nitrogen mineralization 

Figure 2A shows the evolution of mineral N along the incubation period in the waste treated soils and control 

treatment. During the first 28 days of incubation, the mineral N in the yeast amended soil (200Y) significantly 

increased whereas in the vinasse treated soil (200V) mineral N decreased and remained very low till day 56. At the 

end of incubation (98 days), mineral-N in 200V (28 mg N kg
-1

 soil) and 150V50Y (48 mg N kg
-1

 soil) treated soils 

remained lower than in the control treatment (62 mg N kg
-1

 soil), suggesting that vinasse led to soil nitrogen 

immobilization. On the contrary, yeast waste led to net nitrogen mineralization, since mineral N in 200Y (92 mg N 

kg
-1

 soil) and 50V150Y (84 mg N kg
-1

 soil) was higher than in the control.  

 Rezende et al (2004) found a high increase in soil nitrate content, after the application of 0.5% and 1% 

(w/w) of yeast waste to different soils. According to these authors, the enhanced content of nitrate was a 

consequence of yeast mineralization resulting in a similar concentration of nitrate than that found with the 

application of NPK fertilizers. 

 

 

 

FIGURE 2 Nitrogen mineralization.  A – Evolution of the mineral N in the soil (control) and soil amended 

treatments (mg N kg
-1

 soil); B – Percentage of the applied organic nitrogen mineralized. 

 

At the end of the incubation period, 44.3 and 32.3% of the organic N applied was mineralized in 200Y 

and 150Y50V treated soils, respectively (figure 2B). The N immobilization in 200V, 150V50Y and 100V100Y 

treated soils corresponds to -51.5%, -22.1 and -0.1 % of the organic N applied, respectively. 

It is well known that N mineralization is mainly ruled by the C:N ratio of the organic materials added to 

soil (Chadwick et al., 2000; Fangueiro et al., 2008). Hence, the higher N mineralization of yeast waste (200Y) 

relatively to that of vinasse (200V) may be explained, at least in part, by the lower C:N ratio (8) of yeast waste 

compared with that of vinasse (55). However, the N mineralization pattern also depends on the carbon quality of the 

organic materials applied to soil (Ribeiro et al., 2010). In fact, figure 1B shows that the carbon present in yeast waste 

(200Y treatment) showed a lower stability, being easily degraded by soil microorganisms and, consequently, 

ensuring a faster release of nitrogen.  

 

4 CONCLUSIONS 

Spreading vinasse and yeast wastes into agricultural soils constitutes an adequate disposal for these organic 

materials, leading to benefit of the soils and potentially crop growth since they are important sources of organic 

matter and plant nutrients. Nevertheless, when only vinasse is used additional nitrogen fertilization is recommended, 

in order to counterbalance the initial soil N immobilization. Indeed, according to the results obtained, combining 

yeast waste with vinasse (50V150Y) appears as the most consistent and best option for the management of both 
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wastes, resulting in a mixture that highly contributes for soil organic carbon sequestration while remaining a 

potential source of nitrogen to plants.  
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1 INTRODUCTION  

Super absorbent polymers (SAP) are white sugar-like hygroscopic materials mainly used in disposable diapers. 

SAPs are made of hydrophilic networks that can absorb and retain huge amounts of water or aqueous solutions. 

They can uptake as much as 1000 g g
-1

 water in relation to their own weight. Over the past years there has been a 

continuous reduction in their price and a generalized use of disposable diapers in the developed and some parts of 

the developing world. Although there are no global statistics, each child uses approximately 30 kg of polymers in his 

first two years of life, filling the landfills with around 400 kg of waste. 

However, diapers are not necessarily un-reusable waste, and SAPs have been successfully used as soil 

amendments to improve the physical properties of soil in view of increasing their water-holding capacity and/or 

nutrient retention, especially in sandy soils. SAP hydrogels potentially influence soil permeability, density, 

evaporation, and infiltration rates of water through the soils. Potentially, the hydrogels can reduce irrigation 

frequency and compaction tendency, stop erosion and water run off, and increase the soil aeration and microbial 

activity. 

The objective of this ongoing study is to evaluate the viability of recycling used diaper filling in 

agriculture, as a soil amendment. To achieve this goal, the effect of diaper filling on soil available water, crop water 

stress and production need to be studied, since diapers contain varying amounts of bleached cellulose fiber and other 

additives besides SAPs which influence the overall effect of diaper addition to the soil. In this particular study, the 

effect of application of diaper filling on an open air autumn lettuce is studied. 

1.1 Previous experiments with SAPs in Agriculture 

Diaper filling is mainly composed of a mixture of cellulose fiber and SAPs packed between two layers of 

polyethylene. Over the years, and in an attempt to make the diapers thinner, the fibers have been progressively 

replaced with SAPs, and today a diaper may contain as much as 10 g of SAP. For the diaper industry, the polymer 

must be able to absorb liquids even when it is being pressed, and thus the research has been towards material with a 

high absorbency under load (AUL) at the cost of free absorbency. Present day materials have a 30 g g
-1

 AUL, while 

the free absorbency has decreased to about 50 g g
-1

 under saline conditions (Zohuriaan-Mehr et al. 2008). 

Over the past three decades both soluble and insoluble polymers have been used in agriculture. Water-

soluble polymers such as polyacrylamides (PAM) have been used extensively (Lentz and Sojka, 1994; Santos and 

Serralheiro, 2000) to stabilize soil structure and thus increase infiltration and reduce runoff and erosion. Insoluble 

water-absorbing polymers have a great water-absorbing and gel-forming ability and can be divided into three main 

groups: the starch-graft co-polymers, which involve grafting of polyacrylonitrile into corn starch, and can absorb 

300-1000 times their weight in water; the polyacrylate type which is made by polymerizing acrylic acid into long 

molecular chains and is widely used in disposable diapers; and the acrylamide-acrylate co-polymers which are 

sometimes marketed for agriculture, because of their great capacity to expand and absorb water under pressure, thus 

not only providing plants with water, but also helping to aerate the soil (Johnson, 1984). 

Research has found that the hydrogels reduce irrigation frequency and compaction tendency, stop erosion 

and water run off, and increase the soil aeration and microbial activity (El-Rehim et al. 2004; Callaghan et al. 1989; 

Huttermann et al. 1999). The effect of an amendment of sandy soil with highly cross-linked polyacrylamide 

(Stokosorb K400) on the survival of Pinus halepensis (Aleppo pine) seedlings during water stress was investigated 

by Huttermann et al. (1999). Different concentrations of the hydrogel were added to sandy soils at 0.04, 0.08, 0.12, 

0.20 and 0.40% w/w. The survival rates in 0.4% hydrogel were doubled compared to no hydrogel amendments. The 

hydrogel also allowed for 19 days tolerating drought. 

Sivapalan (2001) reported amount of water retained by a sandy soil at 0.03 MPa pressure was 

significantly increased by 23 and 95% with addition of 0.03 and 0.07% polymer, respectively. It was reported that 
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water use efficiency for plants increased by 12 and 19% with the application of 0.03 and 0.07% w/w polymer, 

respectively. 

The effect of an hydrogel (Stokosorb K 410) on growth and ion relationships of salt resistant woody 

species, Populus euphratica, were studied by Chen et al. (2004). Addition of 0.6% w/w hydrogel to saline soil 

improved seedling growth (2.7 fold higher biomass) during a period of 2 years. Root length and surface area of 

treated plants was 3.5 fold more than those grown in untreated soil. It was reported that hydrogel treatment enhanced 

Ca
2+

 uptake and increased capacity of Populus euphratica to exclude salt (i.e. reduces contact with Na
+
 and Cl

-
). 

The rate of hydrogels used in research studies varies and can range between 1.2 kg m
-3

 (Foster, 1990) to 

16 kg m
-3

 (Gehring and Lewis, 1980), while Baker (1991) has recommended a rate of 1-1.5 g kg
-1

 of soil.  

The SAPS used in agriculture are polyelectrolyte gels often composed of acrylamide and potassium 

acrylate. This makes them swell much less in the presence of monovalent salts and collapse in the presence of 

multivalent ions, that might exist in the soil or be part of fertilizers. Even under these conditions, the uptake capacity 

can still be as high as 30-60 g g
-1

 (Bowman et al., 1990). 

The soil solution of the mine waste heap amended with SAP had a 30% lower NaCl and a 50% higher 

Ca
2+

 concentration compared to that of the untreated mine heap.  The concentration of NaCl in the tissues of the P. 

euphratica plants was 50% lower in those growing on the SAP amended mine heaps compared to the control plants. 

These results suggest that hydrogel incorporation into the soil reduced apoplasmic ion transport into the inner root. 

This contributed to the restriction of subsequent root-to-shoot salt transport, enhancing the salt exclusion capacity of 

P. euphratica (Chen et al, 2004). 

Most SAP materials are moderately bio-degraded in the soil by the ionic and microbial media and convert 

finally to water, carbon dioxide and organic matter, leaving no undesirable chemicals in the soil or the environment. 

(Barvenik et al, 1994; Stahl et al, 2000). Little or no consistent adverse effect has been shown on microbial 

populations and their toxicity for mammals is very low (oral LD50 for rat ~5000 mg kg
-1

), in as much as they are 

extensively used in hygiene products, where they can easily come in touch with human skin or even be swallowed 

by infants. 

 

2 MATERIALS AND METHODS 

The experiment was carried out at the Mitra Research Station, located in the south of Portugal. The soil is a FAO 

Luvissol that has been enriched through many years of cultivation.  

In this experiment only new diapers were used in order to isolate the influence of the diaper SAP and 

fiber from that of the urea and other organic compound present in used diapers. The treatments were thus: Control: 

0g diapers m
-2

 and Treatment: 100g m
-2

 clean diaper filling (fiber plus SAP). The polyethylene wrapping and other 

plastics were separated by hand from the diapers and discarded, since they are not biodegradable and create barriers 

to root growth and mechanical operations. 

The experiment was divided in randomized blocks with two treatments (treatment and control) and three 

repetitions. The treatment plots received 100g m
-2

 of dry diaper content (the equivalent of 10 diapers), which was 

mixed in the 0.2 m topsoil prior to planting. This is roughly equivalent to 0.2 g kg
-1

 of soil, which is on the lower 

side of the values recommended by the bibliography. The Planting was done on 27 September 2009. Lettuce was 

planted in double lines spaced 30cm within row and 75 cm between rows. 

Soil moisture content was measured by EC-5 dielectric constant Echo probes buried at 7.5-12.5 cm and 

15-25 cm. soil temperature was also measured at the same depths. Wind speed, global radiation, air temperature at 

0.25 and 1.75 m height were also measured. Readings were made continuously at 15 min intervals. For each 

treatment plant temperature was measured through infrared thermometer positioned at 0.5m height.  

 

3 RESULTS AND DISCUSSION 

A total of nine irrigations were carried out in the growth period of the crop, in order to maintain the soil water 

content above 10 cm
3
 cm

-3
. On November 12th (45 Days after planting) the crop was harvested and weighed.  

Data from the soil humidity sensors show that the soil in the treatment had slightly lower moisture 

content than the control (Fig. 1). For example in the DOY 279 and 280 the soil humidity was an average of 0.02 cm
3
 

cm
-3

 less in the treatment when compared to the control. This observation is not in agreement with the literature 

which indicates higher moisture retention with the application of SAPs, and the only possible explanation is that the 
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treatment provided more water to plants in the early stages of development, leaving less available water for the later 

stages of growth.  

Regarding canopy temperature, data show that the leaves were generally warmer than air, especially 

during the 12.00-15:00 h period of greatest heat. The data also show that the treatment plants had a slightly higher 

temperature than control plants. This observation is in agreement with the lower soil moisture content, and indicates 

greater water stressed plants as a result of depleted soil moisture. Nevertheless, the plants seem to recover after 

sunset, and show the same behavior as control plants until around 10.00 in the following day.  

Using data from a 10 day period (day 30 to 40 after planting) it is possible to observe that in control, the 

canopy starts to be markedly cooler than the air for temperatures above 25ºC (Fig. 2), while in the treatment plants, 

the same is true but only after about 29ºC. These data indicate the existence of a threshold temperature for the stoma 

to close and avoid excessive transpiration. It is also possible to observe the beneficial influence of the treatment, 

which leads to cooler canopy temperatures when air temperature increases above 29ºC. 

The average weight of the lettuce plants in each repetition are presented in Table 1. These data show that 

the application of 100g m
-2

 of diaper fiber and SAP decreased the average weight of the lettuce from 471.7g to 

408.5g. The results are statistically significant. 
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FIGURE 1 Evolution of air and canopy temperature and their relation with soil  moisture in both 

treatments, during DOY 279 and 280. 

 

4 CONCLUSIONS  

Diaper filling (cellulose and SAPs) were added to soil at the lower limits recommended by literature. The results 

indicate that the adding of diaper filling had a negative effect on both available soil water and crop production. 

These data are not in line with the general finding of other researchers that found SAPs to add to soil available water 

and increase crop survival and production.  

It is thus necessary to carry out further experiments, especially with different concentrations of diaper 

fillings and different crops in order to encounter the right balance for using diaper fillings as a soil ameliorant. 

 

TABLE 1 Average fresh weight of the lettuce plants in each repetition. Harvest was on DAP 45. 

 Control Treatment Average 

Repetition 1 389.8 353.2 371.5 

Repetition 2 494.9 399.5 447.2 

Repetition 3 530.3 472.8 501.5 

Average 471.7 408.5 440.1 
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FIGURE 2 Effect of the treatment on the canopy temperature between days 30 and 40 after planting (DAP). 
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1 INTRODUCTION 

Winery Wastewaters (WW) are characterised by their high biological oxygen demand, organic contents and 

electrical conductivity, being regarded as one of the major environmental issues generated by wine production. Each 

winery is unique in WW generation (highly variable, 0,5-14 L per litre of wine) and disposal. Thus plans for 

environmentally friendly management of waste are not universal and should be tested for their effectiveness. 

 In Portugal, many wineries discharge directly their WW into the surface water bodies, sewage or 

irrigation, without planning. With careful planning and management, the use of WW in agriculture can be beneficial 

to the environment, contributing to recycle nutrients and saving water. 

The sustainable development of landscape, and agricultural irrigation with WW, should be done using 

guidelines, which are an important step in the planning and implementation of safe use of WW for irrigation. 

 These guidelines are established in some wine-producing countries with high environmental concern, 

especially Australia and South Africa. However, it is important to know the quantitative and qualitative 

characteristics of the winery WW, the potential phytotoxicity associated with this type of WW and the edapho-

climatic conditions of the vitiviniculture region, in order to create / adapt guidelines that are in compliance with 

Portuguese legal requirements.  

The winery wastewaters (WW) are seasonally produced and its treatment and disposal represents a main 

problem to the winery sector, as a result of the amount and composition of the wastewater produced over the year. 

WW is generated mainly as the result of washing equipment and bottles and purges from the cooling process. As a 

consequence of the working period and the winemaking technologies, volumes and pollution loads greatly vary over 

the year (Duarte et al., 2004; Eusébio et al., 2005). Further, as each winery is unique in wastewater generation 

(highly variable, 0,5 to 14 L per litre of wine) and disposal, plans for environmentally friendly management of waste 

are not universal and should be tested for its effectiveness. In Portugal, many wineries discharge their wastewater 

directly into surface water bodies, only 17% of the wineries have environmental licence, 5% dispose a pre-treated 

wastewater for the municipal wastewater treatment and 7% dispose the treated wastewater into water body 

(MAOTDR, 2007).  

In order to achieve the best available technology for wastewater treatment is also important to be 

acquainted with the wastewater final disposal. In Portugal, the sector with the highest water consumption is the 

agricultural sector (87%), followed by urban sector (8%) and finally the industrial sector (5%) (MAOTDR, 2001). 

The search for new water sources is based on different driving forces, in particular, the population growing and the 

increasing interest in treated wastewater as a source of supplemental irrigation (Ryder et al., 2004). In water scarce 

regions, there is a benefit when the treated wastewater is used as an economic additional water supply, in agriculture 

(WHO, 2006), which occurs in southern Portugal. Therefore, a number of concerns had to be taken into account and 

the knowledge of the treated wastewater composition is critical for safe use (Bustamante et al. 2004). Another 

important issue is the appropriate price for wastewater. According to Mekala et al. (2008) a very low price for 

wastewater may encourage inefficient use and may lead to the perception that it is a cheap and unlimited resource. 

This problem should be considered in Portugal, since the efficiency of water use in the agriculture sector is already 

very low (57%) (MAOTDR, 2001). However, with regard to the wine sector, the vineyards are usually in the 

surroundings of the cellar, so the cost of the winery wastewater treatment is charged to the producer. 

The experience gained over several years in research projects, where different wineries were monitored, 

contributed to the improvement of technical and scientific knowledge in this area.  

In this study, a diagnostic was made in several wineries, throughout the country, which were 

characterized in terms of type of wine produced; tonnes of grapes processed; water consumption, WW quality and 
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quantity, etc. In order to evaluate the organic load, the WW were collected and characterized, in the different stages 

of the process (harvest, racking, bottling). In some wineries, the monitoring of treated WW was also carried out. 

Preliminary tests of Lepidium sativum germination were carried out to study the phytotoxicity of these WW. The 

results show that the main problems related to the production of WW are the variability of flow and organic load 

during the year, peaks in pH, discharges of chlorinated compounds, among others. Moreover, the treated WW 

showed physico-chemical and microbiological quality for potential use in irrigation, evidenced by low 

phytotoxicity. 
The purpose of this paper is to present recommendations for the management of winery WW, and its final 

disposal. These recommendations are intended to assist in developing a strategic plan for waste management that 

will facilitate compliance with environmental regulations. 

2 METHODOLOGY 

2.1 Setting up regulations 

The World Health Organization published guidelines for the safe use of wastewater in agriculture (WHO, 2006). 

These guidelines are very broad and do not address directly the concerns of the wine industry, because many of the 

parameters considered do not apply to this type of wastewater (e.g. heavy metals, pathogens, organic load). In 

addition, most published guidelines, at European level, for the reuse of wastewater in irrigation include mainly 

microbiological parameters, since it deals with the reuse of domestic wastewater (Brissaud, 2009). The 

microbiological parameters are very important from the standpoint of public health, but only make sense in 

treatment systems that receive domestic sewage. In wineries that intended to reuse the treated wastewater for 

irrigation, domestic wastewater should be treated separately or discharged in the sewage. Moreover, chemical 

analysis could be insufficient to provide the potential ecological risk, since they do not allow an evaluation of 

possible combined effects of the different contaminants mixed together, as well as their bioavailability. Bioassays, 

which can mitigate these constraints, are, therefore, recommended for the assessment of ecological risks in soils or 

other matrices to be used as organic amendments (van Gestel et al., 2001; Fjällborg et al., 2005). 

Since 1996, Marecos do Monte mentioned the need to establish European guidelines for the reuse of 

wastewater. In Portugal, the legislation (DL nº 236/98, Annex XVI) provides water quality for irrigation, based on 

some parameters as: salt content, suspended solids, nitrogen, chlorides and sulfates, pH and two microbiological 

parameters (faecal coliforms and eggs of intestinal parasites). As this legislation is not specific for reuse of treated 

wastewater, the indicator parameters of organic matter, such as COD or BOD, are not covered. In order to regulate 

the use of treated wastewater in irrigation, a Portuguese Standard was published in 2005 (NP 4434). However, this 

Portuguese Standard refers, only, the reuse of domestic wastewater, stipulating four classes of water quality, based 

on microbiological parameters. In this sense, the wastewaters, without faecal microrganisms, but containing other 

contaminants are not properly regulated. 

Some countries with high environmental concerns have published guidelines for the management of 

waste and wastewater at winery. Among them is South Africa and Australia.  

2.2 Diagnosis 

The characterization of the wine sector is the first step in establishing guidelines for the management of wineries 

wastewater. In order to respond to most of the Portuguese wineries, it was necessary to make a comprehensive 

assessment of wineries of different sizes and characteristics, and site location in different country regions.  

A proper diagnosis should conduct  a survey report that includes all the information required for decision-

makers. Regarding the production process, it should address all activities associated with it: vintage, racking and 

bottling. Knowledge of materials and supplies, as well as by-products generated during the process is essential in 

diagnosis. The uses of water consumption are critical, both in terms of quantity or quality. The survey of sewers in 

the property, particularly if the drainage system is separated or combined, and the points of wastewater discharge 

should also be covered. The wastewater flows should be evaluated through the installation of meters. The different 

streams of wastewater generated must be quantified in order to make an assessment, as rigorous as possible. The 

physicochemical characterization of the wastewater is essential for the proper sizing of any treatment system. This 

assessment is carried out by determining specific parameters such as pH, electrical conductivity, dissolved oxygen, 

chemical oxygen demand, biochemical oxygen demand, total phosphorus, total solids (Oliveira et al., 2009). In 

order to evaluate the fate of treated wastewater, we should know what are the surroundings of the winery, in 

particular, the existence of a sewage, the area associated with irrigation, the type of structures and areas available, 
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among others. In wineries that intend to reuse the treated wastewater for irrigation, domestic wastewater should be 

treated separately or discharged in the sewage. This decision is extremely important, since the wastewater from 

cleaning operations does not contain pathogenic microorganisms. Thus, this separation reduces the costs of 

wastewater treatment and monitoring, which are associated with the disinfection process. 

3 RESULTS AND DISCUSSION 

3.1 Guidelines for cleaner production 

Over the last few years, our working group has pro-actively researched and addressed the most important 

environmental problems at wineries. This research resulted in guidelines (Table 1), to assist in developing a strategic 

plan for waste management that will facilitate compliance with environmental regulations.  

A detailed analysis of the wine production process allows the consolidation of the monitoring data and to 

understand the origins and characteristics of residues. Wineries even using similar production processes differ in 

size, in procedures and in management strategies. The characteristics of a wastewater also depends on the operation 

and period, normally, the wastewater with high concentrations of pollutants are originated during the harvest and 1
st
 

racking. However, if solids from the second racking are not removed, the degree of contamination will be also very 

high, reaching values of COD more than 50 000 mgL
-1

.   
 

TABLE 1  Guidelines to reduce water usage and water pollution 

Driving force Effect 

Separation collector  The incorporation of rainwater in the treatment system requires the existence of 

oversized reactors. 
Reuse of treated 

wastewater  

The treated wastewater should be used for beneficial crop irrigation 

Water meter The installation of water meters enables the control of water consumption. Where 

possible, the wastewater outflow should be also monitored. 

Re-use wash water Wash water, which contains KOH, can be re-used until the point is reached where it 

ceases to be effective as a bitartrate  dissolving agent. This water should be recycled to 

recover tartaric acid.  

Reduce the COD of the 

wastewater 

This can be achieved by screening out solids larger than 0,5-1,0 mm with basket 

screens. The shorter the period that the solids remain in contact with the wastewater, 

the lower the COD of the wastewater will be. Replace the use of citric acid by 

phosphoric acid. 

Eliminate the use of 

salts 

This strategy may be sufficient to reduce EC to within legal limits for beneficial crop 

irrigation. Replacing disinfectants and cleaning agents with ozone, will reduce both 

the EC and the COD of wastewater. 

Sewage water should not be combined with winery wastewater, if the objective is the reuse of treated wastewater 

for irrigation. This will ensure contamination by bacteria, viruses and parasites, requiring a disinfection step. 

 

Although in Portugal there is no legislation concerning the maximum of BOD5 allowed for wastewater 

irrigation, this parameter is very important to prevent changes in soil properties (EPA, 2004). According to the 

World Health Organization (WHO) recommendations for wastewater reuse, the amount of organic matter to be 

applied in irrigation should not exceed 500 mgL
-1

, expressed as BOD5. The document also states that the application 

of an urban wastewater containing a BOD5 between 110-400 mg L
-1

, may be beneficial for culture (WHO, 2006).  
As chemical analysis could be insufficient to provide the potential ecological risk, seed germination 

bioassays should be carried out, by using cress seeds as indicator, in order to evaluate the adequacy of the treated 

wastewater for crop irrigation. The cress bioassay is a standard procedure to evaluate the behaviour of crops to water 

contaminants. Results obtained in previous trials evidence the suitability of treated wastewater in relation to crop 

irrigation, thus minimizing water consumption (Oliveira et al., 2009). While the quantity of wastewater available 

will account for only a small fraction of the total irrigation water requirements, these wastewaters could be used as 

additional water supply. 
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4 CONCLUSIONS 

Wineries should develop procedures to sample and monitor influent water, wastewater, soil and other receiving 

environments. The monitoring plan must be reviewed regularly, to allow for changes in production methods and 

scale. As monitoring is an expensive and resource-intensive process, wineries must effectively use the data obtained 

for improvement of their process and environmental management practices. 

These proposed recommendations are intended to assist in developing a strategic plan for waste 

management that will facilitate compliance with environmental regulations. Regulations based on good sense, which 

are enforced with fairness, should be good for the environment and for the business enterprises to which they are 

applied. 
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1  INTRODUCTION 

In developed countries, particularly in the big European cities, large amounts of wastes are produced, mainly arising 

from the lifestyle and the intensification of production systems. These wastes have value in terms of nutrient and 

organic matter content, but require careful management to avoid pollution. There are various options for utilization 

of the waste, such as their application to agricultural land as soil amendments or as substitutes for mineral fertilizers, 

beside other uses such as feedstock for renewable energy or the production of chemicals. Intensive pig production 

produces large amounts of manures and slurries, which represent a valuable resource. Nevertheless the slurries from 

piggeries also pose a potential risk to the environment (soil and groundwater) (Yagüe and Quílez, 2010). Moreover, 

the use of pig slurry as fertilizer may expose crops to contamination by Zn and Cu (Berenguer et. al. 2008, Lloveras 

et al., 2004), and also organic compounds such as tetracycline (Migliore et al., 2010). Therefore, the large amounts 

of manure produced by pig farms require efficient treatments (Moral et al., 2009). A possible solution to mitigate 

odour and ammonia emissions could be a direct injection of slurry into the soil. However, this could lead to 

problems by increasing denitrification and N2O emission rates, which would contribute to raise the global N2O 

production by agricultural practices. Doelsch et. al., (2009) proposed careful control of the chemical quality of the 

added organic matter to the soil as an effective waste management option, because it offers a significant 

environmental saving at the global scale of resources, and reduces pollution. The quality of a manure as N fertilizer 

is difficult to predict, since manure composition may vary widely according to the diet, and other management 

factors (Van Kessel and Reeves, 2002). The pre-treatment of organic residues, such as manures and pig slurry, may 

improve their agricultural value and environmental quality. For example, aiming to preserve, as far as possible, the 

nutrients in the soil-plant system has the potential to mitigate greenhouse gas emissions and enhance carbon (C) 

sequestration. Composting is a cheap, efficient and sustainable treatment for solid wastes that is an effective process 

for reducing fly and odour problems in manures (Cook et al., 1997) and promoting a reduction in the proportion of C 

and N in soluble form (Gigliotti et al., 2002). Co-composting strategies and use of additives during composting are 

presented as feasible options for the improvement of compost quality. Co-composting results may be particularly 

interesting when two wastes of very different C:N ratios are combined, as in the case of olive mill waste and sewage 

sludge. Pig slurry has been co-composted with other wastes in recent years, using the solid phase of pig slurry and, 

for example, forestry wastes (Ribeiro et al. 2007). The co-composting of wastes from piggeries promoted a 

reduction in the risk of phytotoxicity by a decreasing Cu and Zn concentrations, and reducing the NH4
+
-N 

concentration (Tiquia and Tam, 1998). There are other wastes arising from urban lifestyles that have become serious 

problems in large cities, which have high nutrient contents of N, P and C. Thus these wastes could be co-composted 

with pig slurry and pig manure.  Sewage sludge can supply an adequate amount of organic matter to enhance the 

beneficial values of pig slurry. Sewage sludge has been previously co-composted with other type of waste such as 

olive mill wastes (Sánchez-Arias et al. 2008), coal fly ash (Fang et al. 1999) or municipal solid waste (Lu et.al. 

2009).  The beneficial effects of composted sewage sludge on soil characteristics have been reported (Sastre et al. 

1996). Usually studies relating to the effect of organic wastes on soil properties have been evaluated at particular 

intervals. There are few detailed studies on how amendments impact on soil processes determined by the crop cycle 

according to seasonal fluctuations. The synchronization of N supply from exogenous organic matter with plant 

requirements in agricultural systems can be particularly important, especially when mineral N inputs are limited or 

excluded (Palm et al. 2001). The aim of our study was to analyze the behaviour of the organic residue (X) over the 

seasons and different physiological states of almond tree plantation, evaluating the changes in the soil chemical 

characteristics. 
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TABLE 1  Soil and compost physicochemical characteristics 

pH E.C. N P O.M. C/N K Na Ca Mg Cd Cu Pb Zn Ni Cr

dS/m % mg/kg %

Soil 8.58 0.20 0.11 21.80 1.43 7.23 374 17 9708 142 0.48 14.93 9.99 41.13 21.20 70.63

7.74 10.90 2.04 740.12 28.25 8.03 5123 1777 13334 2185 0.79 383 87 411 23 32

Groups Cd Cu Pb Zn Ni Cr

A 0.7 70 45 200 25 70

B 2 300 150 500 90 250

C 3 400 200 1000 100 300

Compost

Compost classification according to heavy metal content RD 

mg/kg mg/kg

 
 

2  MATERIAL AND METHODS 

Site descripticon and soil sample collection. A field study was established in Son Cos (Majorca), in a field of 

almond trees (Prunus dulcis (Miller), var. Ferragnes. An experiment with 9 plots of 420 m
2 

was conducted from 

February 2008 to February 2009 on a highly calcareous loam soil developed over limestone, (Table 1). For each soil 

sampling event, 4 soil sub-samples were taken from each plot to a depth of 30 cm and bulked.  

Organic waste characterization. The organic residue obtained after of co-composting had an alkaline pH 

and EC of c. 10 dS/m. The co-composting increased the values of N (2%) and P (740 mg kg
-1

) compared to those 

values of each waste alone. The heavy metal concentrations were also increased, with concentrations of Zn and Cu 

equivalent to group C according to RD 824/2005 (Table 1). At these values of heavy metals, compost application 

should be restricted. However, this was a short term experiment to evaluate the suitability of the compost as a 

fertilizer.  

Treatments and measurements. Compost (X) was applied by a roto-tilling in the Son Cos´soil at two rates 

of application based on the N content of the organic waste (105 and 205 kg N ha
-1

). Each compost treatment was in 

triplicate and there were three plots without organic fertilization used as control soil (C).   

The soil chemical characteristics – pH, EC, total nitrogen, phosphorus, available nutrients (Ca, Mg, Na 

and K) and heavy metals were analyzed according to the Spanish Soil Methodology (MAPA, 1994).  The NO3
-
 in 

soil was extracted by 2 M KCl in a ratio 1:10 (g/ml) and analyzed by a colorimetric method through a LACHAT 

Autosampler (XYZ Autosampler, ASX-400 series). Data were analyzed using a one-way ANOVA through the 

statistical programme STATGRAPHIC 4.1.. Means were separated by Duncan’s comparison of mean at the P < 0.05 

and P<0.10 levels. 
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FIGURE 1  Evolution of soil nutrients over time.  

 

3  RESULTS  

Differences among treatments (105 and 210 kg N ha
-1

) varied for the measured soil properties according to time of 

sampling. For example, both treatments increased soil C when sampled in spring, but there were no differences at 

the summer sampling. At the winter sampling, soil C was higher for X105, but not for X210 (figure 1A). The same 

applied for soil total N at the winter sampling (figure 1B). Among the soil macro-nutrients, uniquely, available P 

concentration significantly increased in spring and summer following compost incorporation into the soil, with no 

effect of application rate (figure 1C). In spring, the incorporation of X significantly increased soil EC (figure 2D), 

with a significant effect of rate at the summer sampling. Similar results were observed for soil nitrate (figure 2F).   
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Highest concentrations of available Na were from the higher application rate (X210) during the spring 

soil sampling (figure 2E). There were significant interactions between the three factors analyzed (treatment with 

organic residue, application rate and the soil sampling time) (P<0.05) for some of the soil chemical characteristics. 

For available Ca and K there was no significant effect of compost application within in each soil sampling, but 

across all timings the concentrations in the soil treated with X at both rates in the spring were significantly different 

from the rest.  
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FIGURE 2  Soil parameters over time.  

 

TABLE 2  Heavy metals content in soils after 1 year of the X application  

Cd Zn Ni Cr Pb Cu

C 0.26±0.07a 49.67±8.19a 34.20±7.71a 41.27±14.57a 11.31±3.82a 19.21±1.58a

X(105) 0.33±0.17a 47.63±3.66a 25.60±4.47a 30.30±7.46a 12.00±1.00a 18.33±3.21a

X(210) 0.23±0.04a 46.62±5.67a 26.39±8.59a 29.13±5.91a 9.24±2.56a 21.26±3.66a

mg .kg
-1

 
 

Compost application at a rate of 105 kg N ha
–1

 (corresponding to 5 t ha
-1

) over 1 year significantly 

increased (P<0.10) the soil N and organic matter content, compared with the untreated soil (figure 1B). The rest of 

the soil parameters analyzed (pH, EC, available cations and phosphorous, heavy metals (table 2) and nitrate 

content), did not show significant changes in comparison to the soil without organic fertilization. 

 

4  CONCLUSIONS 

A year of compost application promoted soil C and N, without adversely affecting the heavy metals content of the 

soil. Available phosphorus, uniquely, increased over the short to medium term following organic residue application 

(spring and summer).  The compost application rate only had a significant effect on the EC, available Na and NO3
- 

content in summer. The application of pig residue (slurry and manure) previously co-composted with sewage sludge 

to the soil may be a viable management option, improving the quality of the soil amendment and reducing the 

polluting potential of the pig slurry.   
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each cropping cycle, and, noncompliant disposal of plastics is well documented and widespread. Recent 
technological advances give biodegradable materials made of starch-based polymers a significant 
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1 INTRODUCTION  

Agriculture is the major source of anthropogenic ammonia (NH3) emissions in the atmosphere; in particular, 

livestock waste accounted for 40.5% of the global source of NH3 in 1990 (Bouwman et al. 2002). Ammonia, derived 

mainly from animal manure, is a reactive gas, and it readily combines with nitrate and sulfate to form fine 

particulate matter (Asman et al. 1998). Such fine particles containing ammonium (NH4
+
) can be transported over 

long distances before being dry- or wet-deposited, but gaseous NH3 is usually deposited much closer to the source 

(Asman and Jaarsveld 1992). When NH3 is deposited, it not only causes acidification and eutrophication of natural 

ecosystems (Schulze et al. 1989) but also accelerates global warming through the indirect emission of nitrous oxide 

(van der Gon and Bleeler 2005). 

In Japan, the dense population, relative to that in other developed countries, and limited agricultural land 

necessitate intensive crop production and the importation of feed for dairy and meat production. Therefore, nitrogen 

(N) loading on farmland is fundamentally high: 61% comes from livestock manure, which accounts for 201 kg N ha
-

1
 on average (Hojito et al. 2006a). The estimated emission of NH3 from livestock manure averages 9.6 kg N ha

-1
 

calculated using a unit method on the prefecture level (Hojito et al. 2006b). Grassland for forage production can be a 

source of NH3 owing to N fertilization by livestock manure. On the other hand, it also acts as a sink of NH3, 

particularly in a region with a high atmospheric concentration of NH3, such as intensive dairy farming regions where 

many farms emit NH3. Thus, in agriculture involving high N-loading conditions, such as that in Japan, the NH3 

exchange between the land and the atmosphere is possible to be large as we reported in the early studies of wet 

deposition and atmospheric concentrations of ammoniacal nitrogen, i.e., NH3 and NH4
+
 (Hojito et al. 2006a, 2006b). 

However, no information concerning dry deposition has been obtained in this intensive dairy farming area. 

In this paper, 3 years of observations of NH3 exchange on grasslands in an intensive dairy farming region 

in central Japan are presented, and, with consideration given to the results from other reports, we discuss the ratio of 

N deposition to the amount of NH3 emission in the area. 

 

2 MATERIALS AND METHODS 

Field management 

A field study was carried out on grasslands; The dominant plant species were Orchardgrass (Dactylis 

glomerata L.) and Italian ryegrass (Lolium multiflorum Lam.). The site is located in a dairying region typical of 

Japan, with a number of dairy farms nearby and up to 5 km northeast of the site. A manure plot (2.3 ha) and a 

chemical fertilizer plot (2.4 ha) were set up side by side, with no replication. The manure plot received composted 

dairy cattle manure 15 Mg ha
-1 

in 2004, 32 Mg ha
-1 

in 2005, 30 Mg ha
-1 

in 2006, 30 Mg ha
-1 

in 2007 (at the time of 

renovation in September), and 30 Mg ha
-1 

in 2008. The manure plot also received chemical N fertilizer at 139-157 

kg N ha
-1

 each year, and the chemical fertilizer plot received 186-198 kg N ha
-1

 each year. The amount of NH4
+
-N 

applied as a chemical fertilizer was equivalent to 139 to 157 kg N ha
-1

 in the manure plot and 56 to 59 kg N ha
-1 

in 

the chemical fertilizer plot in 2006, 2007, and 2008, but the amount of applied NH4
+
-N as composted manure was 

very little, although the amount of applied N as composted manure, 124-253 kg N ha
-1

, was on par with that of 

chemical fertilizer. The plots were harvested four times in 2006 and 2008 and three times in 2007. 
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Field measurement of ammonia flux 

 The atmospheric NH3 concentrations at two heights (0.7 and 2.4 m) were measured by the filter-pack 

method using filters impregnated with a mixed solution of 5% (v/v) H3PO4 and 2% (v/v) glycerol and then dried 

under clean conditions (Hayashi et al. 2009). The air flow rate was ca. 5 L min
-1

. Over the air intake, we placed a 

polytetrafluoroethylene membrane filter with a pore size of 0.8 µm to remove dust and particles, including 

particulate ammonium.  

The NH3 concentration was measured weekly with the exception of the week immediately following the 

application of the chemical fertilizer and compost, when it was measured three times a day (09:00, 15:00, and 

21:00). NH3 trapped on the filter paper was extracted with deionized water and measured with a flow injection 

analyzer. 

Fluctuations in the three-dimensional wind velocity and virtual temperature were measured at 10 Hz with 

a sonic anemometer-thermometer installed at a height of 2.5 m (manure plot) or 2.3 m (fertilizer plot). The soil 

temperature and moisture were measured at 5 cm depth in each plot with T-type thermocouples and dielectric 

aquameter sensors, respectively. The air temperature and relative humidity were measured at 2.5 m height with a 

temperature-humidity sensor equipped with a stainless steel ventilated tube. Precipitation was measured with a 

tipping-bucket rain gauge. The data were sampled with a data logger. The data loggers computed and recorded 30-

min means (integrated value for precipitation). 

A gradient method was used to calculate the exchange flux of NH3 between grasslands and the 

atmosphere. On the assumption of the similarity between the heat and mass transfers, the exchange flux of NH3, F 

(µg N m
-2

 s
-1

), is expressed as (Wyers and Duyzer 1997): 

 

(1), 

 

where u* is the friction velocity (m s
-1

) and c* is the eddy concentration (µg N m
-3

). u* was obtained from the sonic 

anemometer; c* was calculated (Matsuda et al. 2005) as: 

 

 

(2), 

 

 

 

where ∆c is the difference in the atmospheric concentration (µg N m
-3

) between two heights, z1 and z2 (m); κ, von 

Karman’s constant (= 0.4); L, the Monin–Obukhov length (m); Ψh, the integrated stability correction function for 

heat (Arya 2001); and d, the zero-plane displacement height (m) (Thom 1971). L was obtained from the sonic 

anemometer, and d was approximated as 0.7 h (Smith et al. 2000), where h is the canopy height of the grassland 

(m). 

  

3  RESULTS AND DISCUSSION  

Ammonia emission fluxes 

Sharp positive fluxes indicating NH3 emission were observed in both plots just after the chemical 

fertilizer application and in the manure plot in November. The peaks were particularly high in July and September 

and even higher in the chemical fertilizer plot. At all other times negative fluxes ranging from 0 to -10 g N ha
-1

 hr
-1

 

indicated dry deposition of NH3 . 

 

Dry deposition and annual balance of NH3 at the study plots 

The 3-year means of the annual balance of NH3 exchange (emission-deposition) were -14.4 kg ha
-1 

in the 

manure plot and -18.6 kg ha
-1 

in the chemical fertilizer plots; the average of the two plots was -16.5kg ha
-1

. The 

balances show the dominance of NH3 dry deposition in both plots(Table 1). The generally high concentration of 

atmospheric NH3 at the research site was the fundamental cause of the dominance of dry deposition. The high NH3 

concentrations were due to the emissions of NH3 from the intensive dairy farms near the research site. A similar 

intensity of wet deposition of 18 kg ha
-1

 in the same area was also reported (Hojito et al. 2006a). In the present 

study, the influence of the particulate ammonium on dry deposition was insignificant considering the results 
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obtained, which concentrations showed no difference between the plots, the two heights, and the seasons. The total 3 

years emission of NH3 from both plots was around 20 kg ha
-1

 yr
-1

, which corresponded to 4.4% and 11.6% of the 

applied NH4
+
-N (2.0% and 3.5% of T-N) in the manure and chemical fertilizer plots, respectively.  

 

TABLE 1  Annual balance of ammonia fluxes  

              2006-2007              2007-2008             2008-2009     2006-2009 Annual aver ageSD

Balance + - Balance + - Balance + - + - Balance

-10.1 8.5 -18.6 -13.6 8.3 -22.0 -19.3 3.6 -22.9 20.5 -63.5 -14.4 4.6

(% of NH 4-N) 5.4 5.1 2.5 4.4

3.0 2.0 1.0 2.0

-20.4 4.3 -24.8 -20.6 9.4 -29.9 -15.0 6.3 -21.3 20.0 -76.0 -18.6 3.2

(% of NH 4-N) 7.3 16.8 11.0 11.6

2.2 5.0 3.3 3.5

 +: Emission, -:Deposit ion

(% of T-N)

Table 1   Annual balance of ammonia  fluxes    kgNha
-1

Tr eat ment

Manur e

(% of T-N)

Fer t ilizer

 
 

Estimation of the ratio of N deposition to emission in the area and its uncertainty  

Using the obtained data of NH3 dry deposition in the two grassland areas in the present study in 

combination with the data of NH4
+
 wet deposition from an early study (Hojito et al. 2006a), the total ammoniacal N 

deposition in the study area can be evaluated. The NH4
+
 wet deposition in this intensive dairy farming area from 6 

monitoring sites averaged 18 kg N ha
-1 

yr
-1

; however, the open-bulk samplers to collect rainwater also involved dry 

deposition components to some extent (Hojito et al. 2006a). Assuming that the measured dry deposition in the 

present study represents the average of the intensive dairy farming area, the total deposition of ammoniacal N was 

estimated to be 34.5 kg N ha
-1

 yr
-1 

as the input from the atmosphere to the area. To specify the area for the NH3 

generation, a set of communities was selected, corresponding to a unit of statistical data in the agricultural census 

(Ministry of Agriculture, Forestry and Fisheries 2001) covering 8310 ha (including 2161 ha of agricultural land), 

which was selected as an overlap in the former report (Hojito et al. 2006a). The amount of N produced in livestock 

excreta calculated from the livestock number was 1650.5 Mg, equivalent to 199 kg N ha
-1

 yr
-1 

over the entire land 

area (or 764 kg N ha
-1

 yr
-1 

over the agricultural area), an extremely high N load. The total deposition of 34.5 kg N 

ha
-1

 yr
-1 

corresponded to 17.3% of the amount of generated N as livestock manure. Emission factors of NH3 from 

livestock manure differ among livestock species and manure treatment methods. In the case of dairy cattle, the sum 

of NH3 emissions throughout the timings at livestock barn, manure treatment, and application of manure to arable 

lands ranges from 17% to 27% of the total N of livestock manure. Assuming that 25% was selected as a 

representative value of NH3 emission factor from livestock manure, 412.6 Mg of NH3-N was emitted from livestock 

manure in the study area, which was equivalent to 49.7 kg N ha
-1

 yr
-1

; then, the atmospheric deposition of 

ammoniacal N, 34.5 kg N ha
-1

 yr
-1

, accounted for 69.5% of the NH3 generated and emitted to the atmosphere in the 

area. This is the internal N flow via atmospheric NH3. 

This estimation, however, includes many uncertainties. Since not all of the deposition is originated from 

local sources, some correction is needed to give an accurate estimate of the ratio of N deposition to emission in a 

target area. How well the estimated dry deposition represents the region is uncertain. Since dry deposition is affected 

by many factors, including type of vegetation, phenology, topography, soil, and weather, a rational method of 

estimating dry deposition in the target region is needed. A method to accurately estimate wet deposition 

independently of dry deposition is also needed. Furthermore, by obtaining accurate NH3 emission rates in relation to 

the actual farming management of the region, we can more accurately and practically estimate the ratio of N 

deposition to emission through atmospheric NH3. 

 

4 CONCLUSIONS 

Grasslands in the intensive dairy region acted as a net sink of NH3, receiving 16.5 kg N ha
-1

 yr
-1

 of NH3 from the 

atmosphere. Applications of chemical fertilizer and composted manure caused temporary NH3 emissions, 

corresponding to NH3 volatilization losses of 11.6% and 4.4%, respectively, of the applied NH4
+
-N. Atmospheric 

deposition of ammoniacal N to the grassland was estimated to be 34.5 kg N ha
-1

 yr
-1

, which corresponded to 17% of 

the amount of N generated as manure in this region (199 kg N ha
-1

). Assuming an average NH3 emission factor of 

25% to the generated N as livestock manure, the atmospheric deposition of ammoniacal N corresponded to 69.5% of 
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the emitted NH3 from livestock manure in the study area. Thus, emission and deposition of NH3 through the 

atmosphere within the area was an important internal flow of the N cycle in the intensive dairy farming area.  
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1 INTRODUCTION 

Within agriculture, livestock production, especially problems arising from an inadequate manure management 

practices, have been associated with pollution problems. One of the most important pathways following manure 

application to soil is due to ammonia (NH3) losses, which represents an important source to the total emission of this 

gas from agriculture.  

Dairy production systems of southern Chile are based on all year around grazing on permanent pastures, 

which results in the production of important volumes of dairy slurry. These systems have intensified over the last 

years, resulting in the frequent use of dairy slurry all the year around, with pollution risks for air and water resources 

when applied at inappropriate times of the year.  

 Soils used for dairy production in the area are of volcanic origin, having low pH. This condition could 

reduce NH3 losses, however, no evaluation have been carried on nationally to evaluate the effect of dairy slurry 

application to grassland soils.  

The objective of this work was to determine the amount of N lost as ammonia after the overcast 

application of fertilizers to permanent pastures in a volcanic soil. 

 

2 METHODOLOGY 

A field experiment was carried out from March 2008 to March 2010 at the National Research Institute, Remehue 

Research Centre (40º35’ S, 73º12’ W) on a permanent grassland of an Andisoil of the Osorno soil series (Typic 

Hapludands). The soil at the experimental site has more than 1 m depth and high organic matter content (17%). 

According to the meteorological station place at the site, the 33 years average rainfall for the area is 1,280 mm yr
-1

 

and the mean ambient temperature of 11.3 °C (7.2 to 15.6 °C).  

This experiment is part of a larger project which aims to evaluate the effect of high rates and different 

sources of N fertiliser on N losses from two contrasting volcanic soils. The specific experiment was carried out 

during the spring of 2009. Dairy slurry and urea were applied to the soil by hand at a target rate of 50 and 100 kg of 

total N ha
-1

 to 2 m
2
 plots as dairy slurry and urea, respectively. There were three plots for each treatment on a 

randomised block design.  

Ammonia losses were evaluated using the wind tunnels methodology (Lockyer, 1984). Briefly, the system 

of wind tunnels comprises two parts; 1) a transparent section formed from a polycarbonate sheet (2.0 x 1.2 x 0.002 

m) which is flexed and pinned to the ground along each 2 m edge to form a tunnel covering an area of 1 m
2
 (0.5 x 2 

m), and 2) a circular steel duct which contains a co-axial fan to draw air through the transparent section. The fan is 

fitted with speed control and the air flow rate is measured by a vane anemometer mounted in the steel duct and 

coupled to an air-speed indicator. The concentrations of NH3 in air entering and leaving the tunnels were measured 

by drawing air continuously, at 1 m s
-1

, from the inlet and outlet of each tunnel and trough an absorption flask 

containing orthophosphoric acid (0.002 M). Each absorption flask consisted of a test-tube (100 cm
3
) with a ground 

glass neck fitted with a dreschel head and a sintered glass dispersion tube.  

The tunnels were not moved during the measurement. Samples were taken 2 times during first two days 

following manure application, and then every 24 h, replacing the orthophosphoric solution in the flask each time. 

Samples from the flask were diluted with deionised water and sub-samples were taken and stored < -15 °C waiting 

analysis of NH4
+
-N. Ammonia lost beneath the tunnel was calculated as the product of the total volume flow of air 

during a period and the difference between NH3 concentrations in the air entering and leaving the tunnel. Ammonium 

was determined through the indophenol methodology using and automated sample analyser (Skalar SA 1050).  
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3 RESULTS AND DISCUSSION 

Results from this study for dairy slurry application to grassland are the first data for Chilean conditions. Previously 

there were only few studies published on NH3 losses for urea application. This local information is very important to 

determine emission factors that can be used on national inventories. 

There was a large effect of the N source on the NH3 emissions when manure was surface applied to 

grassland. Total NH3-N losses were high after urea fertiliser application                                                                                                                                                                                                          

compared with dairy slurry. During the experimental period the overall losses were 25 and 9 kg N ha
-1 

(Fig. 1) for 

the urea and the dairy slurry treatment, respectively. This was related to the different rates applied. However, 

expressed as the proportion of the total ammoniacal N (TAN) applied, emissions were higher for dairy slurry (62%) 

compare to urea (25%), despite the different rates used. These values are in the range of studies carried out 

elsewhere (e.g. Sommer and Olesen, 1991). 

The highest peaks of NH3 emission were obtained on dairy slurry treated plots, occurring within the first 

six hours after manure application, declining progressively in the successive hours and becoming low after the first 

day of evaluation (Fig. 2). This resulted in a high proportion of the NH3-N being lost within the first 24 hours, which 

was equivalent to c.75% of the total N applied in the dairy slurry treatment. Pain et al. (1989) reported 

approximately 40-50% of the total loss often occurs within 6 hours, 70% within 24 h and more than 90% over 5 

days, which agreed with the results observed in the present study. For urea there were three peaks during the 

measuring period, which were lower than the one observed with slurry and 75% of the N applied was loss by the 11
th

 

day of evaluation. They were probably associated with the transformation process of this fertiliser in the soil. 

These results suggest that ammonia emissions from slurry and urea also can be significant when applied to 

acid volcanic soils of southern Chile, where management practices should be implemented to reduce the risk of 

pollution to air. Therefore, good management practices on these swards should target the reduction of losses through 

volatilisation. Low emission slurry application equipment is now available (e.g. Chambers et al., 1999) but, it is 

necessary to increase the adoption of these ‘environmentally friendly’ technologies by farmers. In addition, it is 

important to take into account that the use of this equipment could represent an increase in the application costs for 

farmers. 
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FIGURE 1 Accumulated N-NH3 losses (kg N ha

-1
) for the experimental period following dairy slurry and 

urea application to a pasture on a volcanic soil.  
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FIGURE 2 Ammonia emission rate over time (mg m
-2

 d
-1

) after dairy slurry application to a volcanic 

grassland soil.  

 

4 CONCLUSIONS 

Ammonia losses can be high in volcanic soils when using urea or dairy slurry as the N fertilizer source during late 

spring. Nitrogen losses represented 25% of the total N applied for urea and dairy slurry. However, as a percentage of 

the TAN, the loss reached an equivalent to 62% of the TAN applied dairy slurry. Mismanagement of urea fertiliser 

or dairy slurry could be an important pathway for N losses in Southern Chile, where N fluxes will affect pristine 

temperate forest areas. However, incorporation of Best Management Practices (e.g. use of more efficient equipment) 

could reduce N losses due to NH3 volatilisation and increase dry matter yields, due to a more efficient use of the 

available nitrogen. 
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1 INTRODUCTION 

Dairy slurry is an important nutrient source on farms, supplying partial or total requirement for grass fertilisation. 

However, mismanagement such as high application rate and inappropriate application time during the year can lead 

to nutrient losses to the wider environment. In dairy production systems one of the most important pathways of 

nitrogen (N) losses is leaching, for which greater losses have been reported on a grazed pasture than on a cut sward 

(Di and Cameron, 2002), and which is likely to equal or exceed the range observed in arable production systems. 

Furthemore, increasing manure application rate has been associated with high N losses, especially when N is applied 

in winter. In general, when comparing cattle slurry and inorganic fertiliser based on similar total N application rates, 

studies have shown low N leaching losses with slurry (e.g Di et al., 1998). This could be explained by the low input 

from manures of the available N forms, which can be taken up for plants or lost to the wider environment, mainly as 

nitrate.   

In recent years, dairy production has intensified in Southern Chile, which is based on pasture, increasing 

stocking rates and nutrient application by purchased fertilisers and cattle slurry. Surveys on manure management 

have shown that farmers use a high rate of manure application and they use manure all the year around (Salazar et 

al., 2003), with a potential risk for ground water pollution due to leaching during winter (Olson et al., 2009).  There 

is no local information published on slurry use on grass and its effect on nitrogen (N) losses. The objective of the 

current study was to evaluate the effect of heavy dairy slurry application on N leaching losses and compare it with 

an inorganic fertiliser on a volcanic soil. 

 

2 METHODOLOGY 

A field experiment was carried out from March 2008 to March 2010 at the National Research Institute, Remehue 

Research Centre (40º35’ S, 73º12’ W) in Osorno-Chile, on an Andisol of the Osorno soil series (Typic Hapludands), 

which at the experimental site has more than 1 m depth and, high organic matter (19%). According to the 

meteorological station, the 33 years average rainfall for the area is 1,280 mm yr
-1

 and a mean ambient temperature 

of 11.3 °C (7.2 to 15.6 °C). There were two experimental treatments, with a target application rate of 400 kg N ha
-1

 

yr
-1

 as either dairy slurry (S) or urea (U) split in four even applications during the year: March, July, September and 

November. Additionally, a control (C) treatment with no N addition was included. A baseline fertilisation with P, K 

and Mg but no N, was considered for all treatments.  

Fertiliser was applied by hand and dairy slurry was applied using watering cans fitted with a small splash 

plate, which allowed an even distribution of slurry.  The experiment was set up in a randomised block design 

consisting of 3 blocks with 1 replicate plot per block, each measuring 9m
2
. Measurements of NO3

-
 leaching were 

carried out for all the treatments using 3 ceramic suction cups per plot (Lord and Shepherd, 1993). In both years, 

samples were taken every 100 mm of drainage during the drainage season and frozen until analysis for available N 

(N-NO3
-
 and N-NH4

+
). Dry matter yield, N uptake and Apparent Nitrogen Efficiency was also evaluated. 

Nitrate concentration was measured using flow injection, reduction and colorimetry methods, and 

ammonium was determined through the indophenol methodology using and automated sample analyser (SKALAR, 

SA 4000, Breda, The Netherlands). Drainage for the period and the amount of N leached over the period was 

calculated according to Lord and Shepherd (1993).  

Analysis of variance (ANOVA) was used (Genstat 7.1) to compare nitrate and ammonium concentrations, 

leaching losses and overall N losses between the treatments tested.  
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3 RESULTS AND DISCUSSION 

Rainfall was 1,330 and 1,241 mm and evaporation was 1,011 and 836 mm, for 2008 and 2009, respectively. 

According to this information estimated drainage, considering when soil was saturated to 60 cm depth, was 574 and 

686  mm for 2008 and 2009, respectively.  

Nitrogen uptakes were equivalent to 191, 315 and 392 Kg N ha
-1

 yr
-1

 for 2008-09 and 169, 342 and 472 

Kg N ha
-1

 yr
-1

 for 2009-10 for control, slurry and urea, respectively. There values are equivalent to an Apparent 

Nitrogen Recovery Efficiency of 30% and 50% for 2009-10 and 34% and 54% for 2009-10 for slurry and urea, 

respectively.  

Results showed that despite the high N rate and time of application, losses due to NO3
-
 leaching were 

small (Table 1) with no significant differences between treatments in either year (p>0.05). Cumulative N losses due 

to N leaching were less than 2.8 and 4.2 kg ha
-1

 yr
-1

 for 2008 and 2009, respectively. These values are lower than 

those reported by Di et al. (1998) in a lysimeter experiment comparing a slurry with low dry matter content (<2% 

DM) and inorganic fertiliser applications (400 kg total N ha
-1

 yr
-1

) over a ryegrass and clover mixture, who found 

lower leaching losses with slurry (8-25 kg NO3
-
-N ha

-1
 yr

-1
) compared with NH4Cl (28-48 kg NO3

-
-N ha

-1
 yr

-1
). 

However, it is important to take into account that in the later experiment, N was applied as one application whereas 

in the present study it was split in four even doses. On the other hand, in an experiment carried out in the UK 

comparing different manure application techniques on a ryegrass and clover sward, Misselbrook et al. (1996) 

reported leaching losses from 3-6 kg NO3
-
-N ha

-1
yr

-1
, which is similar to those observed in the present study, but 

using lower N rates. 

Concentrations of NO3
-
-N in leachates for each sampling period never exceeded c. 6.3 mg l

-1
 during the 

two years of evaluation. Annual mean values of NO3
-
-N concentrations were below 0.5 mg l

-1
 for all the treatments, 

and far below the EC limit for drinking water of 11.3 mg l
-1

 (EC, 1991). Most of the leached N was in the NO3
- 
form 

(c. 70 to 90%, which is similar to previous studies elsewhere (e.g Ledgard et al., 1999). 

Recent studies has shown that forest volcanic soil of Southern Chile, similar to soil use in the present 

study, has very specialised microbial and abiotic (e.g. soil texture) retention processes which can reduce the risk for 

N leaching, despite the high N turnover rates determined in this soil (Huygens et al., 2008). These soil processes 

equaly explain the low losses observed in the volcanic soil of Southern Chile, which agree with previous studies for 

cutting grass using high rates of inorganic N applications during autumn (e.g. Salazar et al., 2008). 

According to the results of this study leaching was not the main pathway of N loss, where studies will be 

necessary to asses NH3 volatilisation and denitrification losses from slurry applications, which could be important 

for dairy system in Southern Chile. This information will help farmers to improve manure management reducing the 

risk of pollution to the wider environment. 

 

TABLE 1 Average N concentration in leachates (mg L
-1

) and N losses (kg N ha
-1

) for different treatments, 

2008 and 2009 (± sem) 

 Soil fertilisation treatments 

Average leaching concentrations and range (mg L
-1

) Control Dairy slurry Urea 

N-NH4
+
 2008 0.1 ± 0.03 0.1 ± 0.04 0.1 ± 0.01 

 2009 0.1 ± 0.02 0.2 ± 0.21 0.1 ± 0.03 

N-NO3
-
 2008 0.1 ± 0.06 0.4 ± 0.17 0.4 ± 0.06 

 2009 0.1 ± 0.06 0.5 ± 0.17 0.4 ± 0.24 

Total N losses (kg ha
-1

)  

N-NH4
+  

 2008 0.4 ± 0.15  0.7 ± 0.19 0.3 ± 0.07 

 2009 0.7 ± 0.09 1.3 ± 0.62 1.0 ± 0.20 

N-NO3
- 
 2008 1.0 ± 0.30 2.1 ± 0.61 2.1 ± 0.07 

 2009 0.5 ± 0.24 2.9 ± 1.13 2.3 ± 1.38 

   

N-NH4
+
 + N-NO3

- 
 2008 1.4 ± 0.45 2.8 ± 0.80 2.4 ± 0.14 

 2009 1.2 ± 0.33 4.2 ± 1.75 3.3 ± 1.58 

*Different letters in rows within a year shown significant differences among treatments (p≤0.05) 
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4 CONCLUSIONS 

Results from this study showed that the use of high rates of N as dairy slurry or urea did not affect total N leached 

losses, which range from 2.8 to 4.2 kg N Ha
-1

 yr
-1

 for slurry and 2.4 to 3.3 kg N Ha
-1

 yr
-1

 for urea, for 2008 and 

2009, respectively, with no differences among the treatments (p> 0.05), being loss mainly as nitrate (c. 70 to 90%). 

Leaching losses were low for all treatments over the two years, this agrees with previous studies in 

Southern Chile, using inorganic fertilisers. We suggest that this could be explained by gaseous N losses and/or the 

unique N retention properties of volcanic soils. 
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1 INTRODUCTION 

N2O and CH4 are important greenhouse gases that contribute to global warming. To maintain productive grass 

swards, manure and fertilizer application are essential. In Japan, little information is available on the long-term 

effects of manure or fertilizer application on N2O and CH4 fluxes from grasslands. Manure management methods, 

manure application timing and climatic conditions during and after manure or fertilizer application can vary widely 

between countries or regions. For example, in Japan, bark and sawdust are often added to cattle manure during the 

composting process:  more generally, manure is land spread in late autumn to leave enough storage space to hold the 

manure produced during the following winter. The present study examines how dairy cattle bark compost 

application in late autumn affects the exchange of N2O and CH4 between grassland soil and the atmosphere: these 

fluxes were measured from the manure plus fertilizer applied plot and the fertilizer-only applied plot over a 2-year 

period. 

 

2 MATERIALS AND METHODS 

2.1 Site description 

A field study was carried out on grassland plots located at the National Institute of Livestock and Grassland Science 

in Nasu, Japan (latitude 36°55'N, longitude 139°55'E). The site has an elevation of 320 m above sea level and is 

located on the border where cultivated land transitions to forest area. The dominant plant species were orchardgrass 

(Dactylis glomerata L.) and Italian ryegrass (Lolium multiflorum Lam.). The local soil was derived from volcanic 

ash; Kurashima et al. (1993) previously classified it as Entic Haplumbrepts, loamy over fragmental, mixed, mesic. 

The soil surface of the plot was covered with grass litter approximately 5 mm thick. The Ap horizon (ploughed 

topsoil) was observed in the 0–25-cm layer and roots were densely distributed in the 0–5-cm layer. The ground 

water level was at least 23 m below the soil surface. The 30-year average for precipitation and temperature was 1561 

mm y
–1

 and 12.0°C, respectively (NGRI 2001). 

2.2 Field management 

The manure plot (2.3 ha) and the fertilizer plot (2.4 ha) were located next to each other. The soil surface of both 

plots was mostly horizontal. Both plots had previously received N fertilizer (200 kg N ha
−1

 y
−1

) and grass cuts had 

been done 3 to 4 times a year before the start of the present study.  For the manure plot, the sum of N estimated to be 

mineralized from the cattle manure and N applied as ammonium sulphate was adjusted to 210 kg N ha
−1

 y
−1

. In the 

fertilizer plot, 210 kg N ha
−1

 y
−1

 was applied as ammonium sulphate.  Within both plots, 6 subplots (5 × 5 m) were 

established and used for gas flux measurement. In 2004, composted manure (15 Mg ha
−1

, dairy cattle bark compost, 

C/N: 25, TN: 5.0 g kg
−1

, moisture: 69%) was applied to the manure plot on November 10. In 2005, chemical 

fertilizer was applied to both the manure and fertilizer plots on March 15, again on May 26, on July 19 and finally 

on September 15 (TABLE 1).  The grass sward was harvested on May 16, July 11, September 12 and November 21. 

In late 2005, composted manure (30 Mg ha
−1

, dairy cattle bark compost, C/N: 19, TN: 6.1 g kg
−1

, moisture: 68%) 

was again applied to the manure plot only on November 28. In 2006, chemical fertilizer was applied to the manure 

and fertilizer plots on March 16, May 25, July 20 and September 8 (TABLE 2), and sward was harvested on May 21, 

July 14, September 1 and November 8.  The mineralization of N in the cattle manure was estimated based on 

Uchida’s model (Shiga et al. 1985). Annual N mineralization rates in the first year of application (2005) and the next 

year were estimated to be 13.2% and 7.0%, respectively. P and K mineralization from the manure was estimated 

based on the Handbook of Animal Waste Management and Utilization in Hokkaido 2004 (Hokkaido Prefectural 
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Experiment Stations and Hokkaido Animal Research Center, 2004), namely 20% of P and 70% of K are available in 

the applied year, 10% of P and 10% of K are available the next year, respectively. The manure was obtained from a 

commercial farm located nearby. N, P and K fertilizers were applied in the form of ammonium sulphate, 

superphosphate and potassium sulphate, respectively. 

 

TABLE 1 Nutrient inputs from fertilizer and manure from November 9, 2004 to November 8, 2005 

Mineralization from manure applied on Annual input

15, Mar. 26, May 19, Jul. 15, Sep. 10, Nov., 04 (kg ha
-1
 y

-1
)
†

(kg ha
-1
 y

-1
)

N 60 60 60 30 − 210

P2O5 60 30 30 15 − 135

K2O 60 60 60 30 − 210

N 50 60 60 30 9.9 210

P2O5 50 25 25 12.5 23.4 136

K2O 50 0 0 0 165 215

Plot
Fertilizer application (kg ha

-1
)

Fertilizer

Manure

 
 

TABLE 2 Nutrient inputs from fertilizer and manure from November 9, 2005 to November 8,2006 

Mineralization from manure applied on Annual input

16, Mar. 25, May 20, Jul. 8, Sep. 10, Nov., 04 and 28, Nov., 05 (kg ha
-1
 y

-1
)
†

(kg ha
-1
 y

-1
)

N 60 60 60 30 − 210

P2O5 30 30 30 15 − 105

K2O 60 60 60 30 − 210

N 30 60 60 30 29.4 209

P2O5 12.35 24.7 24.7 12.35 65.7 140

K2O 0 0 0 0 269 269

Fertilizer

Manure

Plot
Fertilizer application (kg ha

-1
)

 
 

2.3 Flux measurement 

From November 2004 to November 2006, N2O and CH4 fluxes were determined using a vented closed chamber 

(Toma and Hatano 2007). In each subplot, a cylindrical chamber (40 cm in diameter, 30 cm in height) was placed on 

the surface and inserted to a depth of 3 cm in the soil. Samples of air (20 mL) from the chamber headspace were  

withdrawn by a plastic syringe and stored in a glass vial (10 mL). Air samples were collected from each chamber at 

0 and 30 min after the chambers were set up. N2O and CH4 fluxes were calculated from the linear increase in N2O 

and CH4 concentration over 30 min. Measurement was performed between 08:00 and 11:00 to minimize diurnal 

variation. N2O concentration was determined using a gas chromatograph equipped with an electron capture detector 

(GC-14B, Porapak Q column, Shimadzu, Kyoto, Japan). CH4 concentration was determined using a gas 

chromatograph equipped with a flame ionization detector (GC-8A, molecular sieve 5A column, Shimadzu, Kyoto, 

Japan). These analyses were performed at the Laboratory of Soil Science, Hokkaido University, Sapporo, Japan, 

within a week. Cumulative N2O and CH4 emissions were calculated by trapezoidal integration. The period of winter 

season was from the day after harvesting in November to the day before the fertilization in March (FIGURE 1, 2). 

The period of each growing season was from the day after harvesting of previous crop to the day of harvesting of 

following crop. The numbers of days for winter seasons in 2004, 1st, 2nd, 3rd, 4th growing season in 2005, winter 

season in 2005, 1st, 2nd, 3rd and 4th growing seasons in 2006 were 126, 63, 56, 63, 70, 114, 67, 54, 49 and 68, 

respectively. 

 

3 RESULTS AND DISCUSSION 

3.1 Seasonal change in N2O flux and annual N2O flux 

N2O flux from the manure and fertilizer plots ranged from 1 to 1464 and from 2 to 1226 µg N2O-N m
−2

 h
−1

, 

respectively. In November 2004, N2O flux increased (715 µg N2O-N m
−2

 h
−1

) just after a rainfall (8 mm d
−1

) 
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observed 2 days after manure application. In November 2005, N2O flux increased (1464 µg N2O-N m
−2

 h
−1

) just 

after a rainfall (6.5 and 1.5 mm d
−1

) observed 5 and 6 days after manure application. In the winter period from 

November to March, inclusive of this manure application (manure was applied to the manure plot only), cumulative 

fluxes were greater from the manure plot than from the fertilizer plot (Figure 1, p < 0.001). In the other grass-

growing periods, fluxes increased following fertilizer application and reached a maximum in the 3rd grass-growing 

period. However, no significant difference was observed in cumulative fluxes in each grass-growing period between 

the plots. In the winter period, cumulative N2O fluxes were greater in 2005 than in 2004 (p < 0.001). In the 1st 

grass-growing period, cumulative N2O fluxes were greater in 2005 than in 2006 (p < 0.001). In the 2nd and 4th 

grass-growing periods, cumulative N2O fluxes were greater in 2006 than in 2005 (p < 0.001 and p < 0.01, 

respectively). However, in the 3rd grass-growing period, there was no significant difference between 2005 and 

2006. 

Annual N2O emissions from the manure plot were greater than those from the fertilizer plot (p < 0.05). 

Annual N2O emissions from year 1 (November 9, 2005 to November 8, 2006) were greater than those from year 2 

(November 9, 2004 to November 8, 2005 (p < 0.001)). 

0

1

2

3

4

5

Winter 1st crop 2nd crop 3rd crop 4th crop Winter 1st crop 2nd crop 3rd crop 4th crop

C
u
m

la
tiv

e
 N

2
O

 e
m

is
si

o
n

(k
g 

N
 h

a-1
 p

er
io

d-1
)

Manure

Fertilizer

9, Nov. –

14, Mar.

15, Mar. –

16, May

17, May –

11, Jul.

12, Jul. –

12, Sep.

13, Sep. –

21, Nov.

22, Nov. –

15, Mar.

16, Mar. –

21, May

22, May –

14, Jul.

15, Jul. –

1, Sep.

2, Sep. –

8, Nov.

The 1st year The 2nd year

*** **

 
FIGURE 1 Cumulative N2O emission in the winter and grass-growing periods. Error bars indicate 

standard deviations (n=6). * and ** indicate 5 and 1% levels of significance between the plots. 

 

3.2 Seasonal change in CH4 flux and annual CH4 flux 

CH4 flux from the manure and fertilizer plots ranged from −32 to +29 and from −34 to +21 µg CH4-C m
−2

 h
−1

, 

respectively. Note that negative fluxes mean CH4 consumption in the soil.  At the end of 2004, CH4 flux increased 

following a rainfall (8 mm d
−1

) observed 2 days after manure application; however, the CH4 flux was relatively 

small (+20 µg CH4-C m
−2

 h
−1

). In 2005, a slight increase was observed in CH4 flux following manure application. In 

the other grass-growing periods, CH4 flux temporally increased following fertilization and decreased thereafter. 

Heavy rainfall also increased CH4 flux. In the 2nd and 3rd grass-growing periods, following fertilization, CH4 flux 

from the manure plot increased in comparison with the fertilizer plot. In the 3rd grass-growing period from July to 

September, the cumulative CH4 fluxes were greater from the manure plot than from the fertilizer plot (Figure 2, p < 

0.05). In the other periods, however, no significant difference was observed in cumulative CH4 fluxes between the 

plots. In the 2nd grass-growing period, cumulative CH4 fluxes were greater in 2006 than in 2005 (p < 0.05). 

No significant difference was observed in annual CH4 emissions between the plots. Annual CH4 emissions 

from November 9, 2005 to November 8, 2006 were greater than from November 9, 2004 to November 8, 2005 (p < 

0.01). 
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FIGURE 2 Cumulative CH4 emission in the winter and grass-growing periods. Error bars indicate 

standard deviations (n=6). * and ** indicate 5 and 1% levels of significance between the plots. 

 

3.3 Factors controlling N2O and CH4 fluxes 

Farmyard manure application increased the annual N2O emission from grassland. This result could be attributed to 

N2O emission in the winter period following manure application. However, the N2O-N emission in winter period 

was 0.91-1.2% of applied N in the form of FYM. Slight N2O emission was observed immediately after manure 

application; however, N2O emission increased following a rainfall after the manure application. Therefore, the 

rainfall may have promoted denitrification derived N2O production in the manure itself or in the surface soil. The 

easily degradable C already present in the manure may have fuelled denitrification to a great extent (Chadwick et al. 

2000). In addition, when manure was applied in late autumn, the reduced plant uptake of N could have further 

promoted N2O production. The difference observed in cumulative N2O emissions from each grass-growing period 

between year 1 and year 2 could be attributed to the rainfall pattern. In 2005, the precipitation was concentrated in 

the 3rd grass-growing period. In year 2 (2006), however, precipitation was more evenly distributed through the year; 

some rainfall was coincidently observed following fertilization and the soil moisture content increased just after 

fertilization. The precipitation within 10 days after fertilization correlated with the ratio [N2O-N emission] / [N 

applied as (NH4)2SO4] in each grass-growing period, suggesting that N2O production occurred shortly after the 

rainfall and significantly increased N2O emission derived from N fertilizer (Figure 3, p < 0.01). The ratio ranged 

from 0.4 to 10% of applied N in the form of fertilizer, suggesting that the timing of N application was important 

factor controlling N2O flux. Both negative and positive CH4 fluxes were observed from both plots. Therefore, CH4 

flux could be the result of CH4 oxidation and CH4 production. In the winter period of 2004, CH4 flux was positive 

following a rainfall observed 2 days after manure application, suggesting that the rainfall could develop anaerobic 

microsites in the manure itself or in the surface soil and consequently CH4 was produced. However, the observed 

CH4 emission was small with a negligible contribution to annual CH4 emission. The inter-annual difference in 

cumulative CH4 emissions in the 2nd grass-growing period could be attributed to the rainfall pattern. The difference 

in rainfall was reflected in the soil moisture content during this period and consequently the soil moisture controls 

CH4 and O2 diffusion by regulating soil aeration (Mori et al. 2005). 
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FIGURE 3 Relationship between the precipitation  throughout the 10 days after  application and the ratio 

of  [N2O-N emission in each grass-growing period] / [N applied as (NH4)2SO4] (N2O emissions in 

winter period were excluded) 

4 CONCLUSIONS 

Manure application increased the annual N2O emission from grassland. The N2O emission observed following the 

manure application contributed to the annual N2O emission. However, the N2O-N emission in winter period was 

0.91-1.2% of applied N in the form of FYM. [N2O-N emission] / [N applied as (NH4)2SO4] in each grass-growing 

period ranged from 0.4 to 10% of applied N in the form of fertilizer, suggesting that the timing of N application was 

important factor controlling N2O flux. CH4 emission following manure application was negligible and annual CH4 

emission was not affected by manure application. Rainfall pattern was important factor controlling the inter-annual 

variation in cumulative N2O and CH4 fluxes from grassland. 
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1 INTRODUCTION 

1.1 Background 

Confined animal feeding operations can affect air quality at local, regional and global scales through emissions of 

gases (e.g. NH3, N2O, CH4, and VOCs), particulates (PM2.5 and PM10) and odours. However, field measurements 

are limited, and there is a need for more accurate quantification of gaseous and particulate emissions from different 

types of confined animal operations. Quantifying emissions from dairy cattle farms is challenging. A few studies 

have used the mass balance approach for quantifying total N emissions, but this method cannot distinguish between 

nitrogen species (e.g. N2O versus NH3) (Adams et al., 2004; Bierman et al., 1999; Erickson and Klopfenstein, 

2001a,b; Farran et al., 2006).Various chamber techniques have been used to measure different emissions from either 

open housing (collecting yard) (Misselbrook et al., 2006) or dairy barns (inside), but these techniques alter the 

environment and can be unrepresentative of natural conditions (Cole et al., 2007). 

So far there are no emission measurements for cubicle house for dairy cattle in Spain. The Spanish 

Ministry of the Environment and Rural and Marine Affairs (MARM) decided in 2008 to initiate a work programme 

to evaluate ammonia emissions and GHG from intensive dairy cattle farms in order to improve the estimations 

presented by Spain to the National Inventory. 

1.2 Objectives 

The objectives of the study were to a) measure the concentration of ammonia (NH3) and methane (CH4) and the 

ventilation flux in a cubicle house for dairy cattle in Segovia, Spain, to calculate the gas emissions of the farm; b) 

determine the concentrations of ammonia around the farm with the aim to map the farm plume.  

 

2 MATERIALS AND METHODS 

2.1 Experimental farm 

The cubicle house for dairy cattle, located in central plateau of Spain, had 250 heads with straw-bedded system and 

once a day removal of solid manure. The stable had forced ventilation. Air enters through one upper aperture (in the 

roof) and it leaves through lateral windows. 

2.2 Methods and experimental design 

Meteorological variables: Meteorological variables were measured both before and during the experiments (wind 

speed, wind direction, temperature and radiation at different heights). In addition, during the experiment a sonic 

anemometer was installed in the centre of the barn, with anemometers in upper aperture and lateral windows, to 

control the ventilation flux. 

Gas concentrations inside the barn: All concentration measurements inside the barn were performed 

using an photo acoustic gas analyzer, Innova 1412-5, (Fenyvesi et al. 2000; Fabbri et al. 2002 and 2004; Borso et al. 

2004) through seven 40 m long sampling lines, 3 in the upper aperture (inlet gas concentration) and 4 on the lateral 

windows (exhaust gas concentration).  

Ammonia concentrations around the farm: To measure NH3 concentrations in the atmosphere around the 

farm, passive samplers were used (Ferm, 1998).  Samplers were distributed in a net of 50 x 50 meters up to 600 

meters and were exposed for 96 hours. 
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3 RESULTS AND DISCUSSION  

3.1 Emissions of ammonia and methane from the dairy cattle farm 

Ammonia and methane concentrations and ventilation fluxes were measured during the fifth and sixth of June 2009. 

With this information, gas emissions were calculated applying a mass balance.  

 

Gas emission = [exhaust gas concentration – inlet gas concentration] x ventilation fluxes 

 

For ammonia, emissions result in 10.47 kg of ammonia/head and year.  The estimated ammonia values 

are slightly lower than the emissions used by Spain in the National Inventory. 

 

 
FIGURE 1  Ammonia concentrations (µg/m

3
) registered (∆ inlet gas concentration; □ exhaust gas 

concentration)  

 

For methane, emissions result in 79.05 kg of methane/head and year, lightly lower than the presented in 

Spanish National Inventory.   

 

 
FIGURE 2  Methane concentrations (µg/m

3
) registered (∆exhaust gas concentration; □ inlet gas 

concentration)  
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Ammonia concentrations around the farm 

 The maximum ammonia concentration that was found near the dairy cattle farm after 96 h of exposition 

was 154 µg/m
3
. In distances higher than 300 m, the values decreased to 4 µg/m

3
, considered as background values 

for the zone (previous measurements by Sanz et al 2007).  

 

 

  FIGURE 3  Ammonia concentrations (µg/m
3
) around the dairy cattle farm 

 

4 CONCLUSIONS  

The ammonia and methane emissions calculated for the dairy cattle farm were lower than the factor used for 

reporting the emissions for dairy cattle in the Spanish National Inventory. More experimental measures need to be 

done to determine if the present emission factors used by Spain in the compilation of the gas emissions for dairy 

cattle can be improved. 

The ammonia plume of the dairy farm is characterized by concentrations near the barn about 150 µg/m
3
 

(average 96 hours). It rapidly decreases with distance down to background concentrations (4 µgr/m
3
) at 300 m.  
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1 INTRODUCTION 

In warm climate areas, such as the Mediterranean region, significant amounts of ammonia may be released to the 

atmosphere from urine and faeces deposited in concrete floor areas of dairy cattle housing systems. In many farms 

these concrete areas are shared by cattle of different ages and at different stages of the production cycle. The 

objectives of our study were to assess the effects of temperature and of excreta characteristics (i.e. from heifers, dry 

cows and lactating cows) on ammonia emissions, using a laboratory system simulating a dairy house concrete floor. 

 

2 MATERIALS AND METHODS 

In a commercial dairy farm located in NW Portugal we collected urine and faeces from heifers, dry cows and 

lactating cows fed with diets that supplied 16.8, 17.4 and 19.1% of crude protein, respectively. Samples of the 

excreta were analysed by standard laboratory methods for pH, total N, urea N and total ammoniacal-N (TAN) 

content (Table 1). 

 

TABLE 1 Characteristics of composite urine and faeces samples collected from heifers, dry cows and 

lactating cows. 

Parameters Heifers Dry cows Lactating cows 

Urine
 A

    

pH 8.29 (0.02) 8.26 (0.11) 8.14 (0.02) 

Total N (g L
-1

) 2.96 (0.46) 4.15 (0.25) 6.72 (0.51) 

Urea N (g N L
-1

) 2.16 (0.07) 3.02 (0.28) 6.28 (0.20) 

TAN (g L
-1

)
 B

 0.06 (0.00) 0.09 (0.00) 0.13 (0.00) 

Faeces
 
    

pH 8.23 (0.14) 8.22 (0.06) 7.74 (0.03) 

Dry matter (%) 15.25 (0.15) 13.98 (0.12) 14.01 (0.42) 

Total N (g kg
-1

 dry matter) 14.76 (2.29) 14.67 (1.56) 18.08 (3.07) 

TAN (g kg
-1

 dry matter) 1.68 (0.15) 1.24 (0.04) 1.94 (0.06) 

Values between parentheses represent standard error of the mean, SEM (N = 4). 
A Values expressed on a fresh weight basis. 
B TAN = Total amoniacal N. 

 

The experiment was conducted using a system of 9 small laboratory chambers (three replicates for each 

excreta type). These chambers were constructed from PVC drainage tube (11 cm internal diameter and 19 cm 

height), with an end-cap that was glued to the base of the chamber and a lid fitted to the top, with silicone grease 

used to ensure an airtight seal. The main body of the chamber was filled with cement (to simulate a solid concrete 

floor), leaving a headspace of 0.42 L. To ensure a good mixing of air inside the headspace of each chamber, 4 inlet 

and 4 outlet ports (6 mm diameter) were horizontally positioned. The small chambers were constructed one year in 

advance and the cement was then periodically fouled with faeces to encourage development of urease activity. 

During the experiment, ammonia emissions were measured for 120 h after application of constant amounts of urine 
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(8 mL) and faeces (8 g) to the concrete surface. The laboratory set-up was similar to the system used by Misselbrook 

et al. (2005). Briefly, air was drawn through the system by means of a vacuum pump, with the airflow rate through 

each chamber being controlled at 4 L min
-1

. The air entering each chamber was bubbled throughout an acid trap 

(containing 150 mL of 0.02 M orthophosphoric acid) to remove ammonia from inlet air and a second acid trap in the 

outlet side of each chamber collected any ammonia emitted during the measurement period. At the end of each 

sampling period, the acid trap solution from each chamber was analysed for TAN content and total emission was 

expressed as the proportion of total N and urea-N applied to the concrete floor. 

The effect of temperature on ammonia emissions was assessed by carrying out experiments at 5, 15, 25 

and 35 ºC (± 0.5 ºC). To evaluate the effect of temperature and excreta composition, results of cumulative emissions 

over time after excreta deposition were compared using the two-way ANOVA procedure in STATISTIX 7.0. To 

describe the emission kinetics a Michaelis-Menten type curve was fitted to the cumulative ammonia emissions using 

nonlinear regression methods, as described by Sommer and Ersboll (1994). 

 

3 RESULTS AND DISCUSSION 

 Results obtained in this study show that the cumulative ammonia emissions were significantly (P < 0.05) 

affected by time elapsed after excreta deposition and by the two factors evaluated (temperature level and source of 

excreta) (Fig. 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1 Cumulative ammonia emissions from excreta deposited on a simulated concrete floor: a to c - as 

percentage of total N applied; d to f - as percentage of the urea N applied (N = 3). 

 

Cumulative emissions measured at 35 ºC were significantly (P < 0.05) higher than at all other 

temperatures, with the increase in temperature from 5 to 35 ºC resulting in an increase in emissions of ca. 190%. 

0

20

40

60

80

100

0 12 24 36 48 60 72 84 96 108 120

%
 t

o
ta

l 
N

 a
p

p
li

e
d

a)

HEIFERS

0

20

40

60

80

100

0 12 24 36 48 60 72 84 96 108 120

b)

DRY COWS

0

25

50

75

100

125

150

175

200

0 12 24 36 48 60 72 84 96 108 120

Time after deposition, h

%
 u

r
ea

-N
 a

p
p

li
ed

5 ºC 15 ºC 25 ºC 35 ºC

d)

0

25

50

75

100

125

150

175

200

0 12 24 36 48 60 72 84 96 108 120

Time after deposition, h

5 ºC 15 ºC 25 ºC 35 ºC

e)

0

20

40

60

80

100

0 12 24 36 48 60 72 84 96 108 120

c)

LACTATING COWS

0

25

50

75

100

125

150

175

200

0 12 24 36 48 60 72 84 96 108 120

Time after deposition, h

5 ºC 15 ºC 25 ºC 35 ºC

f)

- 178 -



 Environmental, nutrient losses, impact of storage and spreading operations  

  

 

Increasing temperature from 5 to 15 ºC and from 25 to 35 ºC lead to an increase in the cumulative ammonia 

emissions of ca. 55%, while increasing the temperature from 15 to 25 ºC produced an increase of only 25%. 

Similarly, increasing temperature from 5 to 25 ºC or from 15 to 35 ºC led to an increase of the cumulative emissions 

of ca. 75 and 95%, respectively. 

The effect of temperature on the increase in ammonia emissions indicates that of temperature had a 

marked influence on urease activity, and consequently on the urea hydrolysis (Braam et al., 1997). Urease activity is 

affected by temperature, being reduced at temperatures lower than 5-10 ºC (Moyo et al., 1989) and increased at 

higher temperatures (Braam et al., 1997). 

The cumulative ammonia emissions, expressed as percentage of the amount of urea-N in urine, ranged 

between 49 and 189%, being less than 100% for temperatures below 15 ºC (Table 1 and Figs 1d-1f). Emissions 

primarily arise from the urea content of the urine, with some contribution from other organic N compounds in the 

urine, while emissions from faeces are normally considered to be negligible. However, at the higher temperatures, 

degradation of the other organic N compounds in the urine and mineralization of faecal N would become more 

important as sources of ammonia emission (Bussink and Oenema, 1998). The urea-N content of urine was much 

greater for lactating dairy cows than for dry cows or heifers, both in absolute terms and also when expressed as a 

percentage (93% compared to 73%, respectively; Table 1). The percentage of total N applied to the chamber as urea-

N was <50% for the excreta from heifers and dry cows and ca. 69% for lactating dairy cows. Our results are 

comparable with data reported in previous studies (Muck and Richards, 1983; Whitehead and Raistrick, 1993; 

Misselbrook et al., 2005); these authors also referred to ammonia emissions from other organic N compounds 

presents in urine and faeces. 

For each temperature treatment, the cumulative ammonia emissions measured from excreta of heifers and 

dry cows did not differ significantly (P > 0.05), but were significantly lower (P < 0.05) than cumulative emissions 

from excreta of lactating cows. At 5, 15 and 25 ºC, mean cumulative ammonia emissions, expressed as percentage 

of the amount of total N deposited by the excreta of the three types of cattle, were 29, 43 and 51%, respectively. 

However, at 35 ºC these emissions represented 75% of the total N deposited by heifers or dry cows and 92% of the 

total N for excreta of the lactating cows (Figs 1a-1c).The lower cumulative ammonia emissions from excreta of 

heifers or dry cows as compared to excreta of lactating cows were related to the higher urea-N content in urine in the 

excreta of lactating cows. These differences in N excretion can be explained by the higher crude protein content in 

diet supplied to lactating cows as compared to the other two cattle types. Feeding metabolic protein in excess of 

requirements leads to a reduction in the N use efficiency by the lactating cows, resulting in an increased loss of N as 

urea through urine (Sommer et al., 2006). 

 

4 CONCLUSIONS 

The results showed that increasing temperature promoted a significant increase in ammonia emissions. At 

temperature values higher than 15 ºC, total ammonia emissions accounted for more than 100% of the urea-N content 

in urine for all three cattle types, showing that other organic-N compounds of the urine and faeces were also an 

important source of ammonia. Excreta from lactating cows lead to significantly higher emissions than excreta from 

dry cows and heifers. Since the effect of temperature on ammonia emissions seems to be stronger for temperatures 

above 15 ºC, it may be necessary to revise the current standard factors used to estimate ammonia emissions from 

animal housing in warmer climate areas, such as the Mediterranean region. 
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1 INTRODUCTION 

Dairy cattle are usually housed in naturally ventilated dairy houses, in witch the presence of urine and faeces, during 

a few hours or some days, lead to gaseous emissions. The aim of this study was to evaluate, at a scale model, the 

effect of a solid and a slatted floor at different air temperatures on NH3 and greenhouse gas (GHG) emissions (N2O, 

CO2 and CH4). 

 

2 MATERIALS AND METHODS 

Scale models of two types of concrete floors (slatted and solid) that are commonly used in naturally ventilated dairy 

cattle houses, were built with a steel-framed box with two levels and an experimental area of 1.0 × 1.0 m
2
. In the top 

level of one box was laid a solid concrete floor (no sloped) and in the other a slatted floor made with concrete pieces 

with 40 mm slat openings. A drainage channel was placed in the lower level and the two models were enclosed in 

hermetic plastic containers. Eight holes were made on each of the two opposite sides of each hermetic box from 

which air was pumped with a constant flow rate of 12.5 exchanges h
-1

 above the floors. Before the beginning of the 

experiments the floors were put during one year in a cattle building and used by the cows to promote urease activity 

in the floors surfaces. The two scale models were housed in a large chamber equipped with a temperature control 

system. Ammonia and GHG emissions were measured in triplicate at temperatures of 5, 15 and 25 ºC over 72-h 

following applications of a mixture of urine (0.8 L) and faeces (1.2 kg) deposited in each floor. This mixture 

(urine:faeces), after being homogenised, was spread uniformly over each floor surface which have originated an 

emitting layer with about 2 mm of thickness. The urine and faeces were obtained from lactating cows in a 

commercial dairy farm located in NW Portugal. Subsamples of urine and faeces were analysed by standard 

analytical methods to assess the following physico-chemical properties: pH, dry matter, total C and N, total 

ammoniacal N content (TAN), NO3
-
-N and urea-N contents. 

For the measurement of the NH3 emissions in each replication, were used acid traps (containing 150 mL 

of H3PO4 0.02 M) with exposure periods of 1-h. One acid trap was connected to the inlet air tubes of the scale model 

and an air subsample (4 L min
-1

) was driven through the acid trap to quantify the NH3 in the air entering the 

chamber. Immediately after each scale model, a subsample of the outlet air was driven (4 L min
-1

) through a second 

acid trap to collect the NH3 emitted inside the container. The derivation of air subsamples was made by means of a 

vacuum pump and the flow rate controlled by a flow meter with a needle-valve located before the vacuum pump. 

The period of time that the airflow passed through the acid traps was recorded, and the NH3 collected in the 

solutions was analysed for the TAN content. Ammonia emissions were measured 24-h day
-1

 for the first 24-h and 

then 20-h day
-1

 for the next 48-h to estimate the daily fluxes. The fluxes of N2O, CO2 and CH4 were measured 

directly through a sampling point located immediately before and after the scale model, with a photoacoustic field 

gas-monitor (INNOVA 1412). The concentrations of these gases were made in each replication at 0, 0.5, 1-h, every 

2-h during the first 24-h and every 6-h in the following 48-h. The emission rates of N2O, CO2 and CH4 were 

determinate discounting, in each measurement period, the initial concentration of each gas in the inlet air. 

The cumulative emissions of NH3, N2O, CO2 and CH4 were determinate by averaging the flux between 

two sampling dates and multiplying by the time interval between sampling dates. The cumulative emission was 

expressed as the percentage of total N and urea-N applied in each camera lost as NH3-N and N2O-N, and as the 

percentage of total C lost as CO2-C and CH4-C. Mean cumulative emissions were compared to evaluate the effect of 
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floor type and temperature using the two-way ANOVA procedure in STATISTIX 7.0. To assess the emission 

kinetics a Michaelis-Menten type curve (by nonlinear regression) was fitted to the cumulative gaseous emissions, as 

used by Sommer and Ersboll (1994). 

 

3 RESULTS AND DISCUSSION 

Cumulative NH3, N2O, CO2 and CH4 emissions at the three temperature levels during the first 72-h after excreta 

deposition on the solid and slatted concrete floors are shown in Fig. 1. The increase of the temperature between 5 

and 15 ºC and between 15 and 25 ºC stressed the increase of cumulative NH3 emissions with the raise of 10 ºC in 

those temperature intervals being responsible for, respectively, significant increases (P < 0.05) of 25 and 45% in the 

emissions. The effect of the temperature was not the same for the two types of floor. The increase of the temperature 

between 5 and 25 ºC increased significantly (P < 0.05) in 70 and 104% the cumulative NH3 emissions, respectively, 

in the slatted and solid floor. At 5 ºC of temperature the mean cumulative NH3 emissions, expressed in percentage of 

the amount of total N deposited on the floors, represented ca. 30% of total N in both types of floor. However, at 15 

and 25 ºC cumulative values of NH3 emission from the solid floor was about 36% higher than in slatted floor. 

Ammonia emissions from floor surfaces were influenced by the characteristics of the surface layer of the floor that 

affected the urea decomposition rate by the extent of the contact area between the urine and the enzyme urease 

present in floors, and by the characteristics of the emitting layer, namely the eventual presence of urine puddles that 

might have influenced the amount of urine in the floor surface (Aarnink et al., 1996; Braam and Swierstra, 1999). 

Cumulative N2O emissions represented less than 0.1% of the total N deposited on the floors or by the urea in the 

urine. How was expected, N2O emissions were very low in this study, which must have occurred in aerobic 

conditions throughout the nitrification process (Ellis et al., 2001). Denitrification was not likely to have occurred 

due the absence of NO3
-
 in urine and faeces deposited on the floors. It was observed a significant increase (P < 0.05) 

of the cumulative N emissions in the two floors with the increase of the temperature and the time after deposition of 

the mixture on the floors (Figs. 3a and 3b). Following 36-h after deposition of excreta at 15 ºC, and also following 

12-h at 25 ºC, cumulative N (NH3 + N2O) emissions were significantly higher (P < 0.05) in the solid than in the 

slatted floor. However, at 5 ºC emissions did not differ significantly (P > 0.05) between the two floors. At 5 ºC of 

temperature, cumulative N emissions in the two floors reached less than 50% of the amount of N as urea in the urine 

deposited on the floors. At 15 ºC cumulative N emissions represented between 51 and 73% of the urea-N in the 

urine applied and at 25 ºC this value was between 67 and 100% (Fig. 3b). Our results showed that at indoor air 

temperatures between 5 and 25 ºC, N emissions in dairy houses should be originated mainly from urea of the urine 

because N emissions were lower than 100% of N amount in the urea. 

 Cumulative CO2 and CH4 emissions, expressed in percentage of total C deposited by excreta, were lower 

than 20 and 0.4% of total C deposited on floors, respectively. In our study, cumulative CO2 emissions corresponded 

to ca. 94% of the CO2 originated by the hydrolysis of the urea. The cumulative C (CO2 + CH4) emissions were 

significantly higher (P < 0.05) in the solid floor comparatively to the slatted floor. These higher C emissions from 

solid floor were observed following the first 3, 6 and 24-h after deposition of mixture at 25, 15 and 5 ºC, 

respectively. The temperature increase and the time after deposition of mixture on the floors led to a significant 

increase (P < 0.05) of the cumulative C emissions (Fig. 3c). The cumulative GHG emissions, expressed as CO2-

equivalents, were determined to assess the warming potential of GHG (cumulative N2O, CO2 and CH4) of the two 

floors under different temperatures. Results showed that GHG emissions were significantly higher (P < 0.05) in the 

solid floor (ca. +45%) than in the slatted floor and, for both floors, increased significantly (P < 0.05) with the 

increase of temperature (ca. twice higher for each 5 ºC of temperature raise). In both floors and at all temperatures, 

GHG emissions were originated mainly by CO2 emissions (> 79%). Nevertheless, the contribution of CO2 to the 

total GHG emissions decreased with the increase of the temperature. CH4 emissions contributed with less than 17% 

to the total GHG in the two floors and at all temperatures, but were higher in the slatted floor relatively to the solid 

floor. The N2O emissions represented less than 8% of the GHG in the two floors and at all temperatures (Table 1). 

Our results were in agreement with the results reported by Ni et al. (1999); these authors found important amounts 

of CO2 release from manure in pig houses. Hence, it can be concluded that in dairy cattle houses with liquid 

systems, a major contributor to GHG from floors is the CO2 emission due to the CO2 release by urea hydrolysis. 

This suggests that the introduction of mitigation techniques for NH3 emissions abatement will have effect on the 

reduction of the GHG emissions from buildings. 
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FIGURE 1 Cumulative N (NH3 + N2O) and C (CO2 + CH4) emissions from excreta deposited on concrete 

floors in scale models: a) - as percentage of total N applied; b) - as percentage of the urea N 

applied; c) - as percentage of total C applied (N = 3). 
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TABLE 1 Total cumulative greenhouse gas emissions from excreta deposited on concrete floors in scale 

models and relative contribution of the different gases (N = 3). 

GHG emissions 
Floors Temperature (ºC) A

 g CO2-eq m
-2

 
B
 N2O (%) 

B
 CO2 (%) 

B
 CH4 (%) 

Slatted 5 19
d
 1 99 0 

Solid 5 29
c
 3 96 1 

Slatted 15 38
c
 5 84 11 

Solid 15 53
b
 8 85 7 

Slatted 25 60
b
 6 77 17 

Solid 25 85
a
 8 79 13 

A Cumulative (72-h) GHG emissions expressed in CO2-equivalents m-2. 
B Percentage of N2O, CO2 e CH4 emitted relatively to the total emission of GHG, respectively. 

 

4 CONCLUSIONS 

Important NH3 and GHG emissions occurred from slatted and solid floors of cattle houses when indoor air 

temperatures ranged between 5 and 25 ºC. Results obtained show that ammonia emissions from both floors did not 

differ significantly at 5 ºC. In both floors ammonia emissions were significantly increased by temperature. 

Comparatively to 5 ºC, the cumulative emissions at 15 ºC were 25% higher in both floors, and at 25 ºC were 70 and 

104% higher respectively in the slatted and in the solid floor. Average cumulative ammonia emissions were 

significantly higher, ca. 36%, in the solid floor. Cumulative GHG emissions (as CO2-equivalents) were significantly 

higher in the solid floor (+45%) comparatively to the slatted floor and increased significantly with temperature. CO2 

emissions were the most important GHG emitted from the two floors at all temperatures, accounting to more than 

79% of total GHG emission. 
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1 INTRODUCTION 

Leaching of nitrate (NO3
-
) is a flux economically undesirable, and involves negative consequences to the 

environment, such as water contamination. Along 2004-2007, about 30% of Portuguese network stations presented a 

mean nitrate concentration in groundwater >25 mg NO3 L
-1

. Under similar conditions, NO3
-
-N leaching losses from 

effluents are generally lower than those from N fertilizers (Di and Cameron, 2002). However, numerous studies 

have shown that NO3
-
 leaching is a common and sometimes serious problem when organic wastes are used (Sims, 

1995). The effect of climate, cropping system used, time of N application and use of a nitrification inhibitor, are 

some of the factors that, according to Randall and Goss (2001), can affect nitrates in subsurface drainage. 

The objective of this trial was to evaluate losses of NO3
-
-N by leaching in Mediterranean conditions, 

when different organic wastes (cattle slurry, sewage sludge and urban waste compost) were used as N sources in a 

double-cropping system producing oats and maize forage. The use of a nitrification inhibitor (DCD), the splitting 

application of residues and the use of an organic residue with high C/N ratio (pulp mill sludge) were evaluated as 

leaching mitigation measures.     

 

2 MATERIALS AND METHODS 

2.1 Study site and experimental conditions 

The experiment was conducted over a 2.5-year period (November 2006 to May 2008) on a farm in central Portugal 

(Castelo Branco). The region has a Mediterranean influence (average annual rainfall, 821 mm; mean annual 

temperature, 15.6°C) with 90% of the annual rainfall concentrated in an 8-month period (October to May). 

Temperature and rainfall data were daily recorded with an on-site weather station during experiment, and important 

differences in the amount of precipitation from October to May were observed among years, (Table 1). The 2006 

autumn was considered the third most rainy since 1931, and 2007/2008 one of the year most dried of last decade. 

 

TABLE 1 Monthly rainfall (mm) during October and May periods of the three years under study  

Year Oct Nov Dec Jan Feb Mar Apr May 

2005/2006 194.7   97.0 83.5 29.6 52.3 142.4   57.8   0.0 

2006/2007 201.8 352.8 50.9 13.1 83.5 27.8   67.3 57.7 

2007/2008   13.5   64.4 22.3 82.2 98.2   8.9 171.6 57.4 

 

The soil used was a sandy loam soil, classified as Dyistric Cambisol, with 8.1g kg
-1

 organic C, pH (H2O) 

6.2, and high P and K levels (>120 mg kg
-1

).  

2.2 Treatments and crop management 

A double-cropping forage system producing oats (Avena Strigosa Schreb.), cultivar Saia, and hybrid maize (Zea 

mays L), cultivar NK Furio (FAO 300), was established, and both cultures were conducted like under commercial 

practice.   

The use of a nitrification inhibitor (DCD), the splitting application of residues and the use of an organic 

residue (pulp mill sludge) with high C/N ratio (420) were evaluated as leaching mitigation measures. The ten 

treatments tested consisted of: the splitting application at the establishment of the oats and maize crops of the 
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organic residues sewage sludge (treatment SS), urban waste compost (UWC) and cattle slurry (CS); the yearly 

application of pulp mill sludge (PMS) to the oats crop, and SS and UWC to the maize crop (SSm and UWCm); a 

mineral fertilizer treatment (MIN) and a Control were included, and the DCD effects were tested together with MIN 

(MIN+I) and CS (CS+I). PMS was applied in the two first years only. Mineral fertilizers used were: a special 

fertilizer with DCD incorporated, ammonium sulfate at sowing and ammonium nitrate in the top-dressing 

applications. DCD (12 kg active ingredient ha
-1

) was applied to the slurry just before its soil distribution, and 

organic residues were incorporated to the soil just before crop sowing. Total N input was equal for all fertilization 

treatments (oats 80 kg N ha
-1

; maize 170 kg N ha
-1

), but amount of N applied by organic residues was variable 

(Table 2). 

 

TABLE 2 N applied (kg ha
-1

) in each culture and treatment, through organic and mineral fertilizers 

 Oats  Maize 

Treatment Mineral fertilization  Mineral fertilization 

 

Organic 

fertilization Sowing Top-

dressing 

 

Organic 

fertilization Sowing Top-

dressing 

Control 0 0 0  0 0 0 

MIN 0 30 50  0 90 80 

MIN+I 0 80 0  0 170 0 

PMS 10 20 50  0 90 80 

SS 80 0 0  90 0 80 

SSm 0 30 50  170 0 0 

UWC 80 0 0  90 0 80 

UWCm 0 30 50  170 0 0 

CS 80 0 0  170 0 0 

CS+I 80 0 0  170 0 0 

 

The field was divided in plots of 45m
2
 (5,6m x 8m), and the experimental design was a randomized 

complete block design, with 3 replications. 

2.3 Measurements and statistical analyses 

The nitrate (NO3
-
-N) concentration in drainage water was measured in samples collected 0.70m depth using porous 

ceramic cups (four cups per plot). Sampling was done always when drainage occurred, which happened between 

October/November and April/May each year. In total there were 24 sampling dates. NO3
-
-N concentration of each 

plot and sampling data was calculated using the Finney-Sichel estimator. Percolation at 0.70m depth was daily 

calculated using the Thornthwaite & Mather water balance model. The NO3
-
-N leaching losses were calculated as 

the product of the mean nitrate concentration between two sampling dates multiplied by percolation volume during 

that period. 

For each year, the significance of the difference between NO3
-
-N leaching losses from the treatments was 

analysed by analysis of variance (One-Way ANOVA, p < 0.05), using treatment as source of variation. The Duncan 

test at 5% significance level was used for multiple comparisons between means. All results of NO3
-
-N leaching 

losses were transformed to natural logarithms to obtain stable variance. All statistical analyses were carried out 

using SPSS 17. 

 

3 RESULTS AND DISCUSSION 

The most important losses and differences (p < 0.05) between treatments (Figure 1), were observed in the second 

year (May 2006 / May 2007), when important values of precipitation (>500mm) occurred at the end of 

summer/beginning of autumn. In this year, NO3
-
-N losses ranged from 50 to 185 kg N ha

-1
, corresponding, 

respectively, to treatments Control and MIN+I. With traditional fertilization (MIN) those losses (ca. 145 kg N ha
-1

) 

were 3 times greater than in Control, and were similar to the losses measured in SSm. In the same year, the lowest 

NO3
-
-N losses among amended treatments were obtained with cattle slurry application, without DCD. In CS 

treatment the amount of NO3-N lost by leaching process ascending to 78 kg N ha
-1

, representing -46% and +59% of 

the values measured in MIN and Control, respectively. 
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FIGURE 1 Nitrate leaching losses from soil with a double-cropping system producing oats and maize under 

different fertilization treatments. Columns of the year 2006/2007 with the same letter are not 

significantly different (p > 0.05 Duncan test). Bars represent standard errors of the mean (n=3). 

 

In 2005/2006 and 2007/2008, treatment effects were not significantly different (p > 0,05). In general, the 

NO3
-
-N losses were around 60 and 30 kg N ha

-1
 in the first and second year, respectively, representing 24% and 12% 

of total N applied to the soil in both cultures (250 kg ha
-1

) in each year.    

Considering the 3-drainage periods mean result, the loss of NO3
-
-N by leaching with no N fertilization 

was 47 kg N ha year
-1

, a very similar value to that estimated by Trindade et al. (2008) for an agricultural soil located 

in the north-west region of Portugal, when no nitrogen was applied to a similar forage system production (48 kg N 

ha year
-1

). In MIN, the amount of nitrogen lost was 1.7 times greater (79 kg N ha year
-1

).        

In several experiments, lower leaching losses of nitrogen with the incorporation to the soil of organic 

residues than with mineral fertilizers were observed (Di and Cameron, 2002, Trindade et al., 2008). However, 

opposite results had been reported as well (Bergström and Kirchmann, 2006). In our work, when favourable 

conditions to leaching occurred (2006/2007), a tendency for higher losses was identified with a more intensive use 

of mineral nitrogen fertilizers (185, 152 and 145 kg NO3
-
-N ha

-1
, in MIN+I, PMS and MIN, respectively). In UWC 

and UWCm less 25% of N was lost relatively to MIN (in SSm less 30%). The same trend was observed when all 

nitrogen was applied through the use of cattle slurry. Less 22% and 46% of the NO3
-
-N losses measured in MIN 

were quantified when DCD was, respectively, incorporated or not to CS. Among organic residues, only with sewage 

sludge application twice a year at the establishment of both cultures no lower N losses relatively to MIN were 

observed. In fact, during 2006/2007, the amount of NO3
-
-N lost by the soil-plant system by leaching in SS (145 kg N 

ha
-1

) was equal to the quantity measured in MIN. Some aspects that can explain this result are the mineralization of 

organic nitrogen present in the soil originated from previous incorporations (oats 2005/2006 and maize 2006), the 

incapacity of the residue to promote immobilization (Carneiro et al., 2007) and their ability to increase the amounts 

of available N especially during spring-summer period (data not show). 

The incorporation to the soil of organic residues with high C/N ratio originate mineral N immobilization, 

reducing the nutrient availability during cultures development, namely in NO3
-
 form (Sarrantonio, 2003); this 

process may markedly contribute to the reduction of nitrate leaching. In the second year of the experiment, when 

precipitation favoured highest values of percolation, the loss of NO3
-
-N in PMS was 153 kg N ha

-1
, a result not very 

different from that presented for MIN. The simultaneous use of paper mill sludge and nitrogen mineral fertilizer 

(including the mineral N applied to the precedent spring-summer crop) could had promoted less immobilization and 

more elevate availability of N in soil to be leached. 

Most of the research results agree in the beneficial effects of the use of nitrification inhibitors in the 

reduction of N losses by leaching, when incorporated in mineral fertilizers or applied to organic residues originated 

by animals. However, any significant effect as well even an increase of N losses has also been reported with the use 

of nitrification inhibitors (Gioacchini et al., 2002). The differences in NO3
-
-N losses between MIN and MIN+I, and 

between CS and CS+I were not significantly different (p > 0.05). However, these losses suffer an increment of 
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around 29 and 44%, when DCD was used in mineral fertilizer and cattle slurry, respectively. The action of DCD 

over nitrification for a period of 40-50 days in spring-summer culture (data not show), could have limited the 

nutrient uptake by the maize plants, namely when applied to organic residue (156 and 114 kg N uptake ha
-1

 in CS 

and CS+I, respectively, in 2006 culture), and increased the level of nitrogen in the soil at the beginning of the 

raining period, contributing to an increase on N leaching.             

 

4 CONCLUSIONS 

NO3
-
-N losses through percolated water were more important with high values of precipitation at the end of the 

summer / beginning of the autumn, when nitrogen in mineral forms in the soil were elevated. When more favourable 

conditions to leaching process occurred, the NO3
-
-N losses were higher when mineral fertilizers were used more 

intensively. Relatively to MIN, the NO3
-
-N losses in SSm, UWC, UWCm, CS and CS+DCD were, respectively, 70, 

74, 77, 54 and 78%. According to those results, measures that could reduce nitrogen concentration in the soil at the 

beginning of autumn should be taken.  

Implementing the split application of residues to avoid N losses, did not make difference when urban 

waste compost was used. Besides, with sewage sludge applications and when favourable conditions to leaching 

happened, this practice promoted a 30% increment in the losses.   

Reduction effects on N leaching losses by incorporation of residues with high C/N ratio simultaneously 

with mineral nitrogen fertilizers tend to disappear in a short period of time. 

The use of DCD in spring-summer fertilization is not recommendable, since the promoted delay in 

nitrification seems originate higher levels of nutrient in soil at the start of the raining period. 
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1 INTRODUCTION 

Since 1850, the concentration of carbon dioxide (CO2) in the atmosphere has increased by 31%, that of methane 

(CH4) by 151% and that of nitrous oxide (N2O) by 17% (GIEC, 2001). It is not contested that agriculture contributes 

substantially to the anthropogenic emissions of both N2O and CH4 as well as ammonia (NH3) which is implicated in 

other negative environmental impacts as well as public and animal health. As signatories to international 

conventions, EU Member States are obliged to reduce their emissions. Within this framework, the IPCC 

methodologies are important for achieving national inventories that are comparable between the Members States. 

New methods of analysis are currently under development to enable a more accurate assessment of emissions 

throughout the various stages of livestock manure management: livestock buildings, storage, land application, and 

grazing (Webb and Misselbrook, 2004). Studies have been carried out in different countries to improve the accuracy 

of national inventories, using more precise livestock data, and/or more accurate emission factors (Hyde et al., 2003; 

Freibauer, 2003; Gac et al., 2007; Loyon et al., 2009). There is no official consistent reporting of manure 

management currently taking place under current EU law. The main existing sources of information are two surveys 

collecting qualitative expert knowledge: one dating from 2001 (the MATRESA FP5 project - Burton and Turner, 

2003) and another dating from 2004 (the IIASA, RAINS model), with some additional information available from 

national submissions of GHG inventories to the UNFCCC. A study coordinated by The European Joint Research 

Centre and in relation with the GGELS project (Greenhouse Gas from the European Livestock Sector) was done to 

augment these regional production descriptions with quantitative information on manure management (i.e. 

processing, storage and land application) per farm animal species across the EU 27. Animal species concerned with 

the survey were: dairy and beef cattle, sheep and goats, fattening pigs and sows, laying hens and other poultry. Thus, 

the preparation, distribution and subsequent analysis of an online questionnaire were done. We asked selected 

persons to give information for the country or region that they have expert knowledge for. Overall, about 400 

experts were contacted across Europe. The distribution and the analysis of the questionnaires allowed us to 

capitalize on 176 replies. The analysed results enable possible alternatives or supplementary information in support 

to the achievement of inventories. 

 

2 MATERIALS AND METHODS 

2.1 On-line questionnaire 

The central challenge to any questionnaire is to get recipients to respond. In most cases, one can expect an 

indifferent reaction from people who are unaware of the importance of the project and who will have their own work 

pressures. Consequently, the proposed questionnaire had several features to encourage participation: (i) online 

format for ease of completion; (ii) simplicity in layout both pleasing in appearance and easy to complete; (iii) 

avoidance of ambiguity; (iv) clear instruction; (v) use of devices to aid completion: (drop down menus, tick boxes, 

comment boxes, etc.).The online questionnaire is also useful to collect the results directly in the form of a 

spreadsheet format. Next, the data from the spreadsheet was transferred to a database to allow further analysis. 

2.2 List of experts 

Initial enquiries to specify suitable experts in each country were made using European contacts known to Cemagref 

via previous surveys and via the RAMIRAN network. In addition, we involved the Copa-Cogeca network and the 

“Mission Economique, Service des Ambassades de France”. Both provided a helpful list of appropriate experts.  The 

address book covered around 400 experts across EU27.  We dispatched the questionnaires at the beginning of 

February 2009 and we stopped collecting completed forms at the end of May 2009. 

 

- 189 -



Environmental, nutrient losses, impact of storage and spreading operations 
  

 

3 RESULTS AND DISCUSSION 

From the data gathered by the questionnaires, the main manure management practices and their prevalence can be 

reasonable established across some countries of the EU 27. The Figure 1 deals with the regions which have obtained 

at least one answer whatever the livestock species concerned. 

 

FIGURE 1 Location of regions which have obtained at least 1 answer (NUTS2 system) 

 

NUTS system means: Nomenclature of Units for Territorial Statistics (Eurostat); 2 indicates a regional 

level. 

The relevant data collected that present a special interest are: 

− the solid/liquid manure fractions (Table 1), 

− the time spent indoors/outdoors (Table 1), 

− the characteristics of solid and liquid manure storage, 

− the treatments of solid and liquid systems (Table 2), 

− the land application techniques for solid and liquid spreading and the kind of incorporation, 

− the periods/seasons of land application. 

 

 Not all the results could be presented in this paper. As an illustration, Table 1 and 2 present some results 

of the questionnaire analysis for dairy cattle.  

 Table 1 show that farmers in France, Italy, Austria, Romania and Poland mainly manage their livestock 

systems with litter while those in Germany, Spain, Sweden, The Netherlands and United Kingdom run houses that 

produce most often liquid manure. This observation is in relative good agreement with the MATRESA project 

(Burton and Turner, 2003). Furthermore, some discrepancies appear between regions. In France for instance, while 

solid manure is usual in the main livestock regions of the north-western, region “FR71” seems quite different. 

Concerning the split of time spent indoors/outdoors in winter, regions (and even countries) are more homogeneous. 

On the other hand, in autumn and summer, large differences in practice exist between countries, regions and even 

within regions noting the standard deviation of some regions. Those observations regarding the heterogeneity of 

regional results underline the importance of conducting surveys at the regional scale, also noted in other scientific 

literature (Reidy et al., 2008; Menzi et al., 2005). 
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TABLE 1 Solid/Liquid manure and time spent indoors (in %) for the dairy cattle, number of replies (n), 

standard deviation (sd), no data (nd) 

Location Manure Repartition of time spent indoors/outdoors  
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Austria AT33 60/40  1 90  1 60  1 10  1 20  1 

France FR25 75/25 21 2 100 0 2 45 7 2 50 71 2 70 42 2 

France FR30 nd  0 100  1 50  1 10  1 30  1 

France FR51 90/10  1 100  1 30  1 50  1 0  1 

France FR71 30/70  1 100  1 50  1 0  1 60  1 

Germany DE40 20/80  1 100  1 90  1 80  1 90  1 

Germany DEA5 20/80  1 100  1 80  1 10  1 20  1 

Germany DEF0 20/80  1 100  1 90  1 80  1 90  1 

Italy ITC1 65/35 21 2 100 0 2 90 14 2 85 21 2 95 7 2 

Italy ITD5 60/40  1 100  1 70  1 60  1 70  1 

Poland PL41 80/20  1 100  1 90  1 90  1 90  1 

Portugal PT11 15/85 7 2 95 7 2 90 0 2 95 7 2 95 7 2 

Romania RO01 90/10  1 80  1 80  1 10  1 10  1 

Spain ES13 10/90 10 3 93 6 3 60 26 3 60 26 3 70 17 3 

Spain ES21 nd  0 100  1 90  1 80  1 90  1 

Sweden SE04 30/70  1 100  1 30  1 80  1 60  1 

The Netherlands NL12 5/95 7 2 100 0 2 45 21 2 35 21 2 45 21 2 

United Kingdom UKL 10/90  1 90  1 60  1 10  1 40  1 

United Kingdom UKM 10/90 0 2 100 0 2 50 0 2 20 0 2 50 0 2 

United Kingdom UKN 0/100  1 100  1 20  1 100  1 80  1 

 

 

Table 2 presents average data for dairy cattle at the national scale. Indeed, especially for biogas 

production, the national level may be appropriate due to particular legislations in each country.  The treatment of 

solid manure from dairy cattle is mainly by composting which varies between 10 and 33% for the Czech Republic, 

Sweden, France, Spain and Finland by ranking these countries in ascending order of importance. For slurry 

management, anaerobic digestion is used in several countries to treat dairy cattle effluent. As commonly known, 

dairy slurry is treated by this way in Germany and Austria (13%). A percentage of 20% was recorded for the Czech 

Republic, which is questionable. To go deeper on the subject of anaerobic digestion, a special task is started via the 

RAMIRAN network to assess the Biogas production variability throughout EU 27 (Anaerobic digestion and 

digestate, utilization in Europe, Ramiran 2010). While aerobic treatment is well known in pig production in several 

European countries (from this survey, the range is 5 to 15% in France, Italy, Spain, the Czech Republic and 

Bulgaria), we learn that Finland implemented this treatment for dairy cattle in a large proportion (43%). As well, 

while solid separation is mostly used in pig production, this practise is also implemented in many countries for 

slurries from dairy cattle (from 2 to 10%).  Many other results could have been presented, for other species or for 

other fields of interest as listed previously. 
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TABLE 2 Treatment systems of Solid/Liquid manure (in %) for the dairy cattle at national scale, number 

of replies (n), standard deviation (sd) 

 Country n No Treatment sd Biogas sd Composting sd Drying sd 

Austria 4 90 12 5 6 5 6 0 0 
Finland 3 60 52 0 0 33 40 7 0 
France 4 85 6 3 5 13 5 0 0 
Germany 3 90 0 3 6 7 6 0 0 
Italy 3 97 6 0 0 0 0 0 0 
Poland 4 98 5 3 5 0 0 0 0 
Portugal 2 100 0 0 0 0 0 0 0 

Spain 3 80 10 0 0 20 10 0 0 

Sweden 1 90   0   10   0   
the Czech Republic 2 70 0 20 0 10 0 0 0 

The Netherlands 4 93 15 0 0 0 0 8 15 

S
o

lid
 M

a
n

u
re 

United Kingdom 3 93 5 0 1 7 6 0 0 

 Country n No Treatment sd Biogas sd Aeration sd Solid separation sd 

Austria 4 83 5 13 10 0 0 5 10 
Finland 3 57 12 0 0 43 12 0 0 
France 5 96 9 2 4 0 0 2 4 
Germany 3 87 6 13 6 0 0 0 0 
Italy 3 80 10 7 12 0 0 10 10 
Poland 4 98 5 3 5 0 0 0 0 
Portugal 2 99 2 0 0 0 0 2 2 

Spain 3 92 3 0 0 0 0 8 3 

Sweden 1 80   10   0   10   
the Czech Republic 2 70 0 20 0 0 0 10 0 

The Netherlands 7 93 10 4 5 0 0 3 5 

L
iq

u
id

 M
a

n
u

re 

United Kingdom 4 90 7 3 5 0 0 8 5 
 

4 CONCLUSIONS 

The distribution and the analysis of the questionnaires allowed us to capitalize on 176 replies. This was not 

sufficient to fully characterize management practices across all regions of the EU. Nevertheless, complementary to 

inventories’ projects, the analysis of the questionnaires provides information on management practices which will 

support the methodology to complete such inventories. Especially for certain criteria, we emphasize the importance 

of conducting surveys at the regional level. Consequently, the inventories that are derived from such questionnaires 

at regional or national levels would be more accurate. Such on-line questionnaire should be kept open in order to get 

a continuous improvement on data collection related to manure management. 
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1 INTRODUCTION  

The production of methane from anaerobic digestion of slurry and/or biomass to generate electricity/heat has greatly 

expanded in Germany after the introduction of high subsidies in 2004. The number of biogas plants has increased 

from 1 043 in 2004 to around 5 300 in 2010. While methane production from biomass was initially regarded 

favourable, criticism has been voiced recently due to fuel-food competition and potential environmental impact. Due 

to its high methane yield potential, silage maize is by far the dominant substrate supplier. The acreage of maize 

grown for biogas production comprised around 370 000 ha in 2009, i.e. 18% of the total maize acreage or 3.1% of 

the arable land. On marginal sites, however, as in the marsh region of Northern Germany, forage grasses and cereals 

grown for whole crop silage may outcompete maize with respect to methane yield. Typical marsh-region conditions 

(high precipitation, high ground water level, clay-rich soils with high water saturation, and low oxygen supply) bear 

the risk of high denitrification under intensive N fertilisation. Unfortunately, data on N2O emission resulting from 

crop production under such conditions are yet scarce. Van Groenigen et al. (2004) reported substantially higher N2O 

emission for a clay soil compared to a sandy soil.  

 The objective of the current study therefore was to (i) quantify the N2O emission from grassland, and 

from two cropping sequences of maize-winter wheat and wheat-Italian ryegrass for a typical marsh site, and (ii) to 

analyse the N2O impact of fertiliser type (biogas residue vs. mineral fertiliser).  

 

2 MATERIAL AND METHODS 

N2O emission was monitored from April to December 2009 on a heavy clay soil (25-30% clay, Fluvimollic Gleysol, 

pH 7.0) close to the west coast of Schleswig-Holstein, Germany. These measurements were embedded in an 

ongoing field experiment that was established in 2007 as a randomised complete block design with 4 replicates, 

where the impact of feedstock production systems for biogas (grassland, maize monoculture, maize-winter wheat-

Italian ryegrass), type of N fertiliser (calcium ammonium nitrate (CAN), biogas residue), and N rate (control, 

optimal, oversupply; N amount dependent on crop) on yield performance and environmental effects (N2O and NH3 

emission) was tested. In the present study, measurement of N2O emission was restricted to the control and 

oversupply treatments in grassland, and the sequences of maize-winter wheat and wheat-Italian ryegrass. 

Corresponding N rates were 480 kg N ha
-1

 for grassland, 240 kg N ha
-1

 for winter wheat, 200 kg N ha
-1

 for maize, 

and 80 kg N ha
-1

 in Italian ryegrass, split in one to four dressings. Plot size was 12 m by 12 m. The grassland 

(Lolium perenne cv. Trend) was cut 4 times a year, while Italian ryegrass was cut once in autumn and then treated 

with glyphosate. Biogas residue was applied by trail hoses. Nitrous oxide emission was monitored daily after 

fertiliser applications with successive expansion of the sampling intervals up to one week, using the closed chamber 

method (Hutchinson and Mosier, 1981) (60 cm diameter). The N2O concentrations were determined with a Finnigan 

cryofocussing-gas chromatograph. Cumulative N2O emission was calculated by linear interpolation between 

measured daily fluxes. For dry matter yield determination, fresh yields were recorded per plot and subsamples were 

taken, weighed and dried at 58 °C in order to calculate dry matter content. 

 Data on N2O emission were analysed statistically by SAS Proc Mixed, where replicate, crop (grassland, 

maize-winter wheat, wheat-It. ryegrass), fertilisation treatment (control, CAN, biogas residue), and the crop × 
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fertilisation treatment interaction were included as fixed factors. Multiple comparisons were conducted by the 

Tukey-Kramer method. The corresponding statistical model for yield data included replicate, crop (grassland, maize 

in monoculture, maize-winter wheat, wheat-It. ryegrass), N fertiliser type (CAN, biogas residue), N fertiliser rate 

(control, optimal, oversupply), and resulting interactions. Multiple comparisons were conducted by pair-wise t-test 

and Bonferroni-Holm adjustment. 

 

3 RESULTS AND DISCUSSION 
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FIGURE 1 Daily N2O-N fluxes monitored from April to December 2009 for different crops and N fertiliser 

treatments, and soil volumetric water content (upper 10 cm). Maize denotes the maize-winter 
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wheat cropping sequence, while wheat represents the wheat(*)-Italian ryegrass sequence. (*summer 

wheat, since unfavourable conditions in autumn 2008 prevented sowing of winter wheat). Arrows 

indicate fertilisation events. 

 

Nitrous oxide flux pattern mostly followed the fertilisation events in all crops (Fig. 1). In grassland, the largest daily 

flux was measured in the CAN treatment after the first N dressing, while biogas residue caused higher emission after 

the second dressing. The remaining two applications had only a small impact. The wheat-Italian ryegrass sequence 

showed emission peaks after each fertilisation event, where the Italian ryegrass peaks were probably caused in part 

by soil cultivation preceding the establishment of Italian ryegrass. Consistently, high N2O flux rates were detectable 

for one to two weeks after fertilisation. The maize-winter wheat sequence was characterised by a very low emission 

level. The first dressing (50 kg N ha
-1

, banded, 5 cm below and 5 cm from the row) did not cause any significant 

emission, while the application on May 14 (150 kg N ha
-1

) showed a small peak, which lasted for about two weeks. 

In late autumn, no noticeable N2O losses could be observed, which is in agreement with Dittert et al. (2009), but in 

contrast to other studies (Kammann et al., 1998).  

 

TABLE 1 Cumulative N2O emission (kg N2O-N ha
-1

) monitored from April to December 2009 for different 

crops and fertiliser treatments. Maize denotes the maize-winter wheat cropping sequence, while 

wheat represents the wheat(*)-Italian ryegrass sequence; (*summer wheat, since unfavourable 

conditions in autumn 2008 prevented sowing of winter wheat).  

Crop/Fertiliser treatment Grassland Maize Wheat Mean 

Control 0.22 0.93 0.21 0.45a 

Mineral N (CAN) 2.00 1.15 2.43 1.86b 

Biogas residue 1.74 1.18 1.49 1.47b 

S.E. 0.44 0.44 0.44 0.25 

 

 

0

2

4

6

8

10

12

14

16

18

20

CAN BR CAN BR CAN BR CAN BR CAN BR CAN BR CAN BR CAN BR CAN BR CAN BR CAN BR CAN BR

D
ry

 m
a
tt
e
r 

y
ie

ld
 (

t 
h
a-1

)

Maize (monoc.) Maize-wheat Wheat-It. ryegrass Perennial ryegrass

ctrl opt overctrl opt over ctrl opt overctrl opt over ctrl opt overctrl opt over ctrl opt overctrl opt over

a a

b b
b

b

a

ab ab
b b b

a a

c

ab

c

b

a a

c

b

b

d

 
FIGURE 2 Dry matter yield as influenced by cropping sequence, type of N fertiliser (CAN: gray columns, 

biogas residue: white columns), and N amount (control, optimal, oversupply). Maize-wheat 

denotes the yield of maize grown in the maize-winter wheat cropping sequence, while wheat(*)-It. 

ryegrass comprises the biomass of whole crop wheat and Italian ryegrass; (*summer wheat, since 

unfavourable conditions in autumn 2008 prevented sowing of winter wheat). The effective N amounts 

were 150 (opt)/200 (over) kg N ha
-1

 for maize grown in monoculture, 150/200 for the maize-wheat 

sequence, 260/320 for the wheat-It. ryegrass sequence, and 360/480 kg N ha
-1

 for grassland.  

 

 Cumulative N2O emission (Tab. 1) was characterised by a rather low level compared to other studies 

(Van Groenigen et al., 2004; Dittert et al., 2009). The ratio of N2O-N loss to N input was well below the 1% IPCC 
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default value in all treatments. Statistical analysis of the cumulative N2O emission revealed a significant effect of the 

fertiliser treatment (p = 0.002). While no difference was detected between CAN and biogas residue application, both 

treatments gave higher emission than the control. It seems likely that this finding is attributable to low soil moisture 

conditions, especially in the upper soil layer (Fig. 1), which are known to have a great influence on N2O emission. In 

accordance, Senbayram et al. (2009) found 5-fold higher fluxes at 85% than 65% water holding capacity, and effects 

of fertiliser type (CAN vs. biogas residue) were significant only at high soil moisture. The low soil moisture content 

probably also diminished the impact of crop, which showed neither a significant main effect nor an interaction 

between crop and N fertiliser treatment, although maize-winter wheat tended towards lower emission (Tab. 1). In 

contrast, Dittert et al. (2009) reported higher N2O losses for maize than grassland on a sandy soil, and higher 

emission than winter wheat on a sandy loam.  

While for cumulated N2O emission no differences could be detected between CAN and biogas residue 

application, the analysis of variance for crop yield showed a significant interaction of crop × N fertiliser type × N 

fertiliser amount (Fig. 2). In the optimum and oversupply treatments of the wheat-Italian ryegrass sequence and for 

perennial ryegrass lower dry matter yield was found after application of biogas residue compared to mineral N. This 

may, on the one hand, be due to higher N losses via ammonia volatilisation, as documented by Quakernak et al. 

(2010). On the other hand, a higher soil N mineralisation may be assumed under maize, which may have diluted 

potential effects of the fertiliser type. 

 

4 CONCLUSIONS 

Our hypotheses stating that biogas substrate production on a coastal marsh soil will cause high N2O emission was 

not confirmed, which most likely was due to low precipitation in the first experimental year. A more comprehensive 

analysis, taking all N flows (N uptake, ammonia emission, N leaching) into account and supplemented by simulation 

models, is planned for the future and will provide more detailed insights into the underlying processes. 
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1 INTRODUCTION  

The spreading of cattle slurry to grassland can contribute to GHG emissions from the soil (Rodhe, et al., 2006). 

Cattle slurry when applied to grassland can have variable results on herbage production and GHG emissions; this is 

mainly due to timing of application (Laws et al., 2002) and variation of the slurry nutrient content (O’Bric, 1991).  

Applying slurry in optimum weather conditions and with a nitrification inhibitor could reduce nitrogen loss to the 

environment 

Extensive research has been carried out in New Zealand in recent years to address the problem of nitrogen 

losses from grassland through nitrate leaching and denitrification, by using the nitrification inhibitor dicyandiamide 

(DCD) (Di & Cameron, 2004). This inhibitor is applied to the pasture as a fine particle suspension and acts as a 

barrier between dung and urine deposited by grazing animals and the soil (Di & Cameron, 2005).The formulated 

spray marketed as “eco-n™” is applied at a rate of 10 kg DCD ha
-1

 and has been shown to reduce nitrate leaching by 

up to 76% (Di & Cameron, 2004). 

These environmental benefits would greatly benefit agricultural systems in Ireland and other countries 

with high annual rainfall levels. In Europe the Nitrates Directive (91/676/EEC) (Anon, 1991) was introduced to 

ensure water quality is kept at a high standard using measures to reduce nitrogen contamination of surface and 

groundwater. In Ireland cattle are generally housed in slatted units over the winter period, to facilitate nutrient 

management when ground conditions are poor and nitrogen losses through leaching and surface run-off are likely to 

occur. Slurry storage facilities were recently upgraded and capacity was increased in Ireland in 2006 under the Farm 

Waste Management Scheme (European Council, 1999). Large volumes of slurry nutrients are therefore accumulated 

over the storage period and need to be applied in order to reduce fertiliser N usage. 

The objective of this experiment was to evaluate the potential role of the nitrification inhibitor DCD in 

reducing GHG emissions from cattle slurry applied to grassland. Our method will include one operation of agitating 

the DCD into slurry before landspreading saving the need to spray the pasture beforehand which could reduce 

expenses and soil compaction. The incorporation of DCD in slurry would ensure DCD is placed where nutrients are 

being applied. We also are investigating the effect that slurry spreading method (Bandspread and splashplate) has on 

DCD amended cattle slurry in reducing GHG emissions.  

 

2 MATERIALS AND METHODS  

2.1 Experimental Design 

A randomised block design was laid out on a grassland field site at Johnstown Castle Research Centre, Co. 

Wexford, Ireland (52°18’; 6° 30’W). The soil texture was a fine loam soil with imperfect drainage. There were five 

treatments used: (1) Cattle Slurry (CS) Bandspread (BS) application method with (+) DCD; (2) CS BS without (-) 

DCD; (3) Cattle Slurry (CS) Splashplate (SP) application method (+) DCD; (4) CS SP (-) DCD; (5) control 

treatment. The control plots received a water equivalent the same as the slurry plots. Cattle slurry was applied at a 

rate of 33m
3
 ha

-1
, which is the same agronomic rate used for 1

st
 cut silage production in Ireland. The slurry was 
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applied manually using 10 l watering cans. For the bandspread treatment lines were spaced 20 cm apart. For the 

splashplate treatments an attachment was fitted to the nozzle of the watering can, to simulate the same coverage 

typical of a conventional splashplate slurry tanker. The plot size used was 3 x 2 m and each treatment was replicated 

six times. There were three application dates in the year (March, June & October) and the experiment is being run 

over 2 years (started October 2008). The application dates used are similar to those practised on Irish grassland 

farms throughout the growing season. 

2.2 Trace Gas Measurements 

Gaseous emissions of both nitrous oxide and methane were measured from the plots using the static chamber 

method (Hutchinson & Mosier, 1981). The stainless steel chambers were 40 cm x 40 cm wide and 10 cm high. 

Collars were inserted into the plots to 15 cm deep, in the centre of each plot. The collars had a water trough for the 

chamber to fit into and were filled with water to prevent gas exchange with the external atmosphere. The placement 

time for the chambers was 25 mins. The headspace in each chamber was sampled at both t0 and t25. Samples were 

taken from the septa on the top of the chambers using a 20 ml polypropylene syringe. The plunger was pushed up 

and down three times to ensure thorough mixing of the headspace and the samples were injected into 7 ml, pre-

evacuated glass vials which were stored before analysis by the Varian 3800 gas chromatograph. Sampling of the 

plots occurred frequently after slurry was applied until background emission levels were common amongst all 

treatments. Samples were taken on days 0, 1, 2, 3, 4, 5, 6, 7, 9, 11, 14, 17, 20, 24, 28, 35, 42, 56 following slurry 

application. This varied slightly over the three application dates but was kept as standardised as possible. The flux 

was calculated as the difference in the headspace concentrations at t25 and t0 and the flux results are expressed as 

grams of N2O-N ha
-1

 d
-1

.  

 

TABLE 1  Meteorological Data (from slurry application until end of sampling) 

 March 2009 June 2009 October 2009 

Application date 09/03/2009 24/06/2009 12/10/2009 

Total precipitation (mm) 55.6 181 240 

Average Soil Temp (°C at grass level) 7.5 18.5 10.7 

Solar radiation (J cm
-2

, 3 day avg. post app.) 718 1901 700 

 

2.3 Statistical Analysis 

After the cumulative fluxes were obtained for each plot a two factor ANOVA test was used to check for statistical 

differences between treatments using SPSS Statistics version 17.0. A confidence level of 0.05 was regarded as 

statistically significant.  

 

3 RESULTS AND DISCUSSION  

The cumulative nitrous oxide results for both the bandspread and splashplate emissions in March can be seen in 

(Figure 1). Bandspread applied slurry amended with DCD reduced nitrous oxide emissions by 51%, although this 

was not found to be significant (p>0.05). The splashplate applied cattle slurry with DCD reduced nitrous oxide 

emissions by 50%; this was also not a significant reduction. For the summer slurry application bandspread DCD 

amended slurry emitted 29% less nitrous oxide than the splashplate slurry containing DCD. Slurry without DCD 

emitted 47% less nitrous oxide when bandspread compared to applying with the splashplate. Emissions were lower 

than in March, this could be due to ammonia volatilisation reducing available nitrate in the soil. There was no 

significant DCD effect at this application timing either. The October application was applied on (12/10/2009). There 

was a significant effect (p<0.05) of DCD for both application methods. Bandspread slurry amended with DCD 

reduced the emissions by 282 % compared to the bandspread without DCD treatment. Splashplate slurry amended 

with DCD reduced nitrous oxide emissions by 172 % compared the splashplate slurry without DCD.  Bandspread 

slurry without DCD emitted 63 % more nitrous oxide than the splashplate treatment without DCD. This could 

possibly be due to the higher anaerobic conditions created under the bands of slurry. The coefficient of variation for 

bandspread slurry was 191, 102, 132 % in March, June and October respectively, over the same period for 

bandspread the CV % was 123, 99 and 142 respectively. This large variation has led to non-significant differences 
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between the treatments. A high coefficient of variation is common when measuring N2O fluxes from grassland using 

static chambers (Velthof and Oenema, 1993). October applied slurry had a high CV % but due to the magnitude of 

the reduction in emissions in the DCD treatments there was a significant treatment effect. In order to reduce this 

variation we propose to apply macerated slurry separately to the 0.16 m
2
 chamber area not just to the whole 6 m

2
 

plot area. This should reduce the spatial variation within the chamber area. The emission factors over the sampling 

period were consistently lower than the 1 % manure emission factor set by the Intergovernmental Panel on Climate 

Change (IPCC, 2006). The emission factors in October were 0.14 % for DCD amended slurry and 0.31 % for slurry 

without DCD. Both figures are well below the default value set by the IPCC.  
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FIGURE 1  Cumulative N2O-N emissions after application of  cattle slurry in March 

 

Cumulative June 2009 nitrous oxide emissions 
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FIGURE 2  Cumulative N2O-N emissions after application of  cattle slurry in June 

 

Cumulative October 2009 nitrous oxide emissions
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FIGURE 3  Cumulative N2O-N emissions after application of cattle slurry in October 

4 CONCLUSIONS  

March and June slurry applications of DCD amended cattle slurry did not show a significant reduction in nitrous 

oxide emissions irrespective of application method. Large within treatment variation could be the reason for this in 

both cases but in June high soil temperatures and ammonia volatilisation could reduce the potential for 

denitrification. The DCD amended slurry when applied in October did show a significant reduction in nitrous oxide 

emissions for both spreading methods. 
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1 INTRODUCTION  

Slurry injection into grassland has certain advantages over slurry spreading as it decreases ammonia losses and 

odour and improves forage hygiene. However, in spite of the reduction in ammonia emissions with slurry injection 

compared with surface spreading, many studies report little or no effect on yield from the injection technique 

compared with surface spreading. The most common explanation given for this is that damage to the grass sward 

caused by injector tools balances out the larger amount of ammonium nitrogen left after slurry injection. Shallow 

injection without slurry application (depth 0.05 m, tine spacing 0.25 m) has been shown to significantly reduce grass 

yields compared with no injection (Rodhe et al., 2006). On the other hand, knife attachments similar to injector tines 

are used on lawns to stimulate grass growth. The design of the injector device influences how well the slurry is 

incorporated. In order to minimise ammonia emissions, the slots in the soil into which the injectors place the slurry 

should be covered (Rodhe et al., 2004). However, some shallow injectors leave open V-shaped slots in the soil after 

injecting the slurry.  

The overall objective of this study was to evaluate the sward damage caused by different kinds of 

knife/injector tine equipment used in spring or summer in three different grassland swards, with and without added 

mineral nitrogen. 

 

2 MATERIALS AND METHODS 

2.1 Experimental site and design of experiments 

The experiments had three replicates and were conducted on a field located south-east of Uppsala (59°50´N, 

17°42´E). In field experiments with a split-split-plot design, four different types of knife/injector tine (sub-sub-

treatment) were combined with three different grassland swards (sub-treatment; monocultures of red clover 

(Trifolium pratense L.) cultivar Vivi; perennial ryegrass (Lolium perenne L.) cv. SW Birger; and red fescue 

(Festuca rubra L.) cv. Rubin), with or without added nitrogen (main treatment). In the treatment with added 

nitrogen, the two grass swards received 100, 80 and 60 kg N ha
-1

 at the three cuts. For red clover, the corresponding 

levels were 50, 30 and 20 kg N ha
-1

. Control plots with no knife/injector tine treatments were also included. Two 

experiments were carried out, with treatments applied in spring or after the first cut in mid-June, respectively. The 

plots (15.5 m
2
) were harvested three times per year during 2008 and 2009 using a Haldrup plot harvester with 1.5 m 

working width. The herbage removed was weighed and sub-sampled for dry matter (DM) determination. 

The Mixed procedure in the statistics programme SAS Version 9 (Littell et al., 2006) was used for 

statistical analysis. The model for the three factors nitrogen (N), grassland sward (GS) and application technique 

(AT) was: 

 Y = AT N GS AT*N AT*GS N*GS AT*N*GS 

and the random term was: 

Block N*Block GS*Block AT*GS*Block N*GS*Block. 

2.2 Soil and crop conditions 

One composite soil sample consisting of 10 sub-samples randomly collected from the experimental site was 

analysed for texture and organic matter content. The soil at the site was classified as a loam, with 17.5% clay, 46.5% 

silt, 30.3% sand and an organic matter content of 5.7%.  
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2.3 Knife and injector tine equipment 

The four knife/injector tine types used were: 1) Vertical cut made by a plain disc coulter; 2) vertical and horizontal 

cuts made by a plain disc coulter followed by a tine with a horizontal knife (0.06 m wide); 3) injector with two 

angled discs (open slot) (Rodhe et al., 2004); and 4) tubulator tine with slot closer (Rodhe et al., 2006), Figure 1. 

The knifes/injector tines were positioned at 0.25 m spacing over a total working width of 2 m and were operated at 

0.05 m working depth. 

 

50 mm
 

50 mm

50 mm

 

1)Vertical cut made by a plain disc coulter 2) Vertical and horizontal cuts  

50 mm

 

50 mm

 
3) Injector with two angled discs 4) Tubulator tine with slot closer 

FIGURE 1  Knife and injector tine equipment used in the experiment. 

 

3 RESULTS AND DISCUSSION  

3.1 Yield 

Statistical analyses revealed significant differences between the application techniques (Table 1). However, the type 

of application technique had no significant interaction with sward or nitrogen fertilisation level, which meant that all 

treatments (or levels) of these two factors had the same effect with all application techniques. The statistical 

analyses also revealed a significant interaction between species and N level (results not shown). The yield decreases 

caused by knife/tine injectors were larger when treatments were applied in spring (April) compared with summer 

(mid-June), especially during the first year, when all techniques gave significantly lower yields compared with the 

control. In the second year, this was also the case for all techniques except the injector with two angled discs 

(treatment 3), while for the total yields of the two years all treatments gave a significantly lower yield than the 

control in the spring experiment. In the summer experiment, there was no significant difference in total yield 

between the control and the vertical cutter (treatment 1) or between the control and the injector with two angled 

discs (3), but the yields for the vertical and horizontal knives (2) and for the tubulator tines (4) were both 

significantly lower than in the control. The yield was significantly lower in most cases in the cut directly following 

treatment for most of the techniques during both years, e.g. spring treatment gave a significantly lower first cut yield 

and summer treatment gave a significantly lower second cut yield. For both years, summer treatment gave a higher 

total yield than spring treatment. 

During the first year, yields decreased by between 1 and 8% for the treatments with knives/injector tines 

compared with no knives/injector tines, while in the second year the decrease was 3-9%. The least harmful 

knife/injector equipment in spring and summer was the injector with two angled discs (3), while in the summer 

experiment the vertical cut coulter (1) also caused the smallest yield decreases. Overall, the results show that crop 

damage caused by the injection knives/tines may counteract any yield increase from nitrogen saved through 

injecting slurry into grassland. 
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TABLE 1 Mean yields (kg DM ha
-1

) in the control and in treatments with different knife/injector tine 

equipment (means for the three grassland species and with or without added nitrogen) in 2008, 

2009 and sum of 2008 and 2009 

  2008  2009  Sum 2008-09 

Knife/tine equipment 
 

Spring Summer 
 

Spring Summer 
 

Spring Summer 

1. Control  11 498 11 478  10 252 10 398  21 723 21 916 

2. Vertical cutter  10 604 11 361  9 530 10 022  20 191 21 383 

3. Vertical and horizontal cutter  10 600 10 745  9 377 9 941  19 977 20 687 

4. Injector with two angled discs  10 837 11 226  9 911 10 126  20 748 21 414 

5. Tubulator tine  10 634 10 669  9 546 9 982  20 258 20 651 

Mean  10 835 11 096  9 723 10 094  20 579 21 210 

P  0.0043 0.0006  0.0018 0.0737  0.0002 0.0022 

LSD  494 403  431 339  692 653 

LSD = least significant difference at P<0.05 

 

4 CONCLUSIONS 

All knife or injector tine equipment tested in grassland in spring resulted in significantly lower total yields compared 

with the control (no treatment). When such equipment was used in summer, the damage was not significant for all 

types of techniques, e.g. yields after treatment with a vertical cut coulter or an angled disc injector were not 

significantly lower than in the control.  

Application technique had no significant interaction with sward, which meant that all treatments (or 

levels) of this factor had the same effect with all application techniques. However, the type of application technique 

had a significant interaction with nitrogen in one of the two years.   
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1 INTRODUCTION 

Application of livestock manure to land is important for plant nutrition but may cause agro-environmental problems 

if utilization is inefficient due to poor management. In the Netherlands, cattle are the main source (~ 60%) of 

livestock manure. Most of this manure is collected as slurry in cubicle barns, but the proportion of solid manure is 

increasing due to growing interest of farmers in switching back to straw-based housing systems for the reasons of 

animal health and welfare. After excretion in barns, cattle solid manure is either directly applied to the field or 

stored for an extended period of time prior to land spreading due to restricted periods of application. It is well 

known that up to 50% of the initial Ntotal can be lost during storage of solid cattle manure (Eghball et al., 1997). On 

the other hand, Huijsmans and Mosquera (2007) concluded that in the Netherlands NH3 emission after spreading of 

solid cattle manure to land can be up to 100% of the total ammoniacal N content. Contribution of these N losses 

from solid manure to the environment has become a major social and political concern in the Netherlands.  The aim 

of this study was to develop and evaluate some effective measures in reducing N losses from solid manure 

management in order to provide some practical guidelines to minimize N losses. 

 

2 MATERIALS AND METHODS 

2.1 Mass and nutrient losses during storage 

Fresh beef solid cattle manure was collected from the sloping floor barn of the organic experimental and training 

farm Droevendaal at Wageningen, the Netherlands, where straw was used as bedding material at a daily rate of 4-5 

kg per livestock unit (500 kg live weight). After chopping once with mechanical manure spreader, 12.5 Mg of fresh 

manure (not older than 1 week) for each treatment was put on a clean concrete floor in order to make conical heaps 

of about 1.5 meter (m) height with base diameter of 4 m. Manure was stored under three different conditions 

including (i) stockpiled heap, (ii) composted heap with infrequent turning and (iii) sheeted heap under impermeable 

plastic cover. The first two heaps were made in a roofed building to prevent leaching losses during rainfall. 

Temperature of the heaps was monitored regularly throughout the storage period using hand held probe. Air 

temperature and rainfall data were collected from the weather station located at < 1 kilometre from the study site.  

The experiment was conducted for 130 days from mid January till the end of the May 2009.  

During heap establishment and at the end of the storage period, three manure composite samples (2 kg 

fresh weight) from each heap were collected to estimate changes in mass and nutrient concentrations for the 

different storage treatments. Subsamples were analysed for dry matter (DM), organic matter (OM), total-C, total-N, 

ammonium-N (NH4-N), nitrate-N (NO3-N), raw ash and pH. After storage, DM mass losses were estimated by 

assuming no loss of raw ash from the heaps during the storage period. Total C and N losses during storage were 

estimated by comparing their contents relative to the raw ash fraction before and after storage.  

 2.2 Ammonia emission after manure spreading 

Relative effect of irrigation in reducing NH3 emission from manure was estimated in early September (2009) using 

passive flux samplers (Kirchner et al., 1999). For this, fresh (directly from the barn) and composted (from the above 

storage experiment) solid cattle manures were manually spread at an application rate of 400 kg N ha
-1

 on cut 

grassland in circular plots with diameter of 3 m. Immediately after manure spreading, 5 mm of irrigation was 

applied to half of the manured plots. One control plot (without manure) out of two was also irrigated. Five passive 

flux samplers were installed vertically 20 cm above the soil surface in the middle of each plot. After 4 days of 

exposure, quantities of NH3-N (µg) entrapped in the samplers were measured in laboratory and subsequently 

concentrations of NH3 (µg/m
3
) in the air were calculated according to the protocol proposed by Hofschreuder and 
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Heeres (2002). Data were statistically analyzed using ANOVA in SPSS. Significant differences between the 

treatments were distinguished by the LSD test at 5% probability level. 

 

3 RESULTS AND DISCUSSION  

3.1 Mass and nutrient losses during storage 

Visual observations revealed that all the heaps had decreased in size noticeably after the storage period due to 

moisture and DM losses. About 55% and 48% of the initial DM was lost from composted and stockpiled heaps, 

respectively. In contrast, only 14% of DM was lost from the covered heap (Table 1). The higher DM losses were 

associated with aerobic decomposition enhanced by diffusion of air into the heaps through (i) straw (in stockpiled 

heap) and (ii) straw as well as turning (composted heap). Our results are in line with Larney et al. (2006) who 

reported DM mass losses of 58% from composted and 47% from stockpiled beef cattle manure from feed lots.  

 

TABLE 1 Chemical composition of solid cattle manure before and after storage. 

Raw ash  Total-C  Total-N  NH4-N  Organic-N   

DM 

(%) 
                        g/kg of DM      

 

DMloss 

(%) 

 

C/N 

 

pH(CaCl2) 

 

Before Storage 

 18.7 176 409 28.8 6.4 (22)  22.4  13 7.4 

After storage 

    (i)   Stockpiled  20.8 340 316 38.2 1.0 (3)  37.5    48 8 7.7 

    (ii)  Composted 21.5 390 304 34.3 5.1 (15)  29.3    55 8 8.1 

    (iii) Covered 18 205 397 30.1 9.5 (32)  20.6    14 12 7 

 

* Values in the parenthesis represent percentage ammoniacal fraction of the total-N. 

 

 After storage, approximately 16% of the initial Ctotal from covered, 60% from the stockpiled and 67% 

from the composted manure were lost during the storage period (Fig. 1). This could be attributed to greater 

decomposition of C during stockpiling and composting as reflected in their temperature dynamics. Temperature of 

the stockpiled and composted heaps increased up to 50-60 °C after establishment, declined thereafter and stabilized 

at the end of the storage period. In covered heaps, highest temperature (25 °C) was observed immediately after 

establishment. Afterwards, it declined gradually to ambient level. The lower temperature in the covered heap could 

be attributed to the anaerobic fermentation of organic material where less energy is released than during aerobic 

degradation, which restricts microbial activity and thus the decomposition of OM (Hansen et al., 2006). Therefore, 

loss of C during storage is reduced by covering the heap with impermeable plastic sheet. 

N losses were significantly (P<0.05) affected by the handling techniques and were lowest from the 

covered heap (~10 %). On the other hand, 35% and 46% of the total-N was lost from stockpiled and composted 

heaps, respectively (Fig. 1). At the end of the storage period, NH4-N concentration was lower in composted and 

especially in stockpiled compared to sheet covered manure, probably due to immobilization as well as combination 

of higher NH3 and denitrification losses during storage. Therefore, the percentage ammoniacal-N calculated as 

{(NH4-N + NO3-N)/total-N *100}, was significantly higher for the covered heap as compared to both stockpiled and 

composted heaps where proportion of organic-N was relatively higher (Table 1). Covering the manure heaps blocks 

air circulation, inhibits OM degradation, and lowers internal heat production as well as the pH, which ultimately 

reduces the NH3 emission. Further, the formation of nitrate/nitrite is prevented through anaerobic conditions and 

thus also the possibility of denitrification losses (Kirchmann, 1985). C/N ratio was decreased in stockpiled and 

composted manure and could be attributed to higher C losses compared to N as depicted in Fig. 1. 
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FIGURE1 C and N losses from solid cattle manure subjected to different storage conditions. 

 

3.2 Ammonia emission after manure spreading 

Land spreading of the manures significantly (P<0.05) increased the NH3 concentration of the air compared to the 

control plots. Without irrigation, NH3 emission levels from fresh and composted solid cattle manure were not 

significantly different (Fig. 2). This could be linked with application of almost equal amounts of inorganic-N in both 

manure types as calculated from their analysis reports (38 g and 42 g in fresh and composted manure, respectively). 
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FIGURE2 Ammonia concentration of the air following land spreading of solid cattle manures. 

 

 In case of fresh manure, 5 mm irrigation immediately after land spreading significantly reduced NH3 

emission by 30% compared to unirrigated manured plot (Fig. 2). The irrigation water dissolves the manure 

ammoniacal N and enhances its infiltration (i) into the inner side of the manure clumps where it might be 

safeguarded from exposure to external high temperature and wind, and (ii) into the soil where it can be protected 

against volatilization by adsorption onto the soil colloids. Nevertheless, this level of irrigation did not reduce NH3 

emission from composted solid cattle manure, in all probability due to its higher DM content (21.5%) compared to 

fresh solid cattle manure (18.7 %).  

 

4 CONCLUSIONS  

C and N losses during solid cattle manure storage can be reduced remarkably by covering the heaps with 

impermeable plastic sheet. In addition, covering the manure during storage increased ammoniacal-N content that 

may subsequently improve manure-N utilization after field application. Five millimetres of irrigation/rainfall 

immediately after fresh manure spreading significantly reduced NH3 emission. However, to develop effective 
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integrated strategies during storage and after application, investigation of NH3 emission and promising abatement 

techniques (i.e. irrigation) following spreading is also needed in case of sheet covered manure. The field trials were 

started in spring 2010 for these detailed enquiries. 

 

ACKNOWLEDGEMENTS  

The authors thank Wageningen University and Research Centre for providing technical support for this research 

work. We are also indebted to the Higher Education Commission (HEC) of Pakistan for funding the project. 

 

REFERENCES  

Eghball B, Power J F, Gilley J E, Doran J W 1997. Nutrient, carbon, and mass loss during composting of beef cattle 

feedlot manure. Journal of Environmental Quality 26, 189-193. 

Hansen M N, Henriksen K, Sommer S G 2006. Observations of production and emission of greenhouse gases and 

ammonia during storage of solids separated from pig slurry: Effects of covering. Atmospheric Environment 

40, 4172-4181.  

Hofschreuder P, Heeres P 2002. Measurement of NH3 in ambient air using a modified palms diffusion tube. 3
rd

 

version of the protocol for the Interreg study. Meteorology and Air Quality Group, Wageningen University 

and Research Centre, the Netherlands. 

Huijsmans J F M, Mosquera J,  Hol J M G 2007. Ammonia emission during spreading of solid manure (in Dutch). 

Deskstudie, Report 155. Plant Research International, Wageningen, the Netherlands.  

Kirchmann H 1985. Losses, plant uptake and utilization of manure nitrogen during a production cycle. Acta 

Agriclture Scanddinavica Supplmentum 24, p. 77. 

Kirchner M, Braeutigam S, Ferm M, Haas M, Hangartner M, Hofschreuder P, Kasper-Giebl A, Römmelt A, 

Striedner J, Terzer W, Thoni L, Werner H,  Zimmerling R 1999. Field inter comparison of diffusive samplers 

for measuring ammonia. Journal of Environmental Monitoring 1, 259-265. 

Larney F J, Buckley K E, Hao X, McCaughey W P 2006. Fresh, stockpiled, and composted beef cattle feedlot 

manure: nutrient levels and mass balance estimates in Alberta and Manitoba. Journal of Environmental 

Quality 35, 1844-1854. 

 

- 207 -



Environmental, nutrient losses, impact of storage and spreading operations 

  

 

 

 

INJECTION OF ANIMAL SLURRY TO WINTER CEREALS 

– EFFECTS ON CROP YIELD AND EMISSIONS OF ODOUR 

AND AMMONIA  

 
Hansen

1
 M.N., Nyord

2
 T., Birkmose

3
 T.S.  

1
AgroTech, Institute for Agri Technology and Food Innovation, DK-8200 Aarhus N, Denmark, 

mno@agrotech.dk.  
2
Aarhus University, Faculty of Agricultural Sciences, Dep. of Biosystems Engineering.  

3
Danish Agricultural Advisory Service (DAAS), department of Crop Production. 

 

1 INTRODUCTION 

Considerable amount of nitrogen (N) is lost from livestock production as ammonia (NH3) (ECETOC, 1994). The 

loss of NH3 causes a loss of plant available nitrogen, and thereby need for additional mineral fertiliser, or risk of 

lower crop yield. Besides, the loss of NH3 to the atmosphere may cause various environmental problems, such as 

eutrophication of aquatic and terrestrial ecosystems (Burton and Turner, 2003). In Denmark it has been estimated 

that livestock production contributes approximately 96% of the total Danish NH3 emission, and that more than 20% 

of the NH3 emission is derived from the spreading of livestock manure (NERI, 2007). Besides, the odour emission 

from land application of livestock manure is a major nuisance in many rural areas. Therefore, there is a need for 

technologies to abate the odour and NH3 emissions arising from land applications of livestock manure. 

It is well documented that the emission of ammonia following land application of slurry can be reduced 

by trailing-hose spreading technologies (Morken, 1991; Sommer et al., 1997; Smith et al., 2000), by trailing-feet 

techniques (Huijsmans et al., 1997; Smith et al., 2000), and even more so by slurry injection techniques (Thompson 

et al., 1987; Rubæk et al., 1996; Huijsmans et al., 1997; Smith et al., 2000). To increase the utilization rate of the 

manure nutrients, and because of regulations designed to protect the environment a steadily increasing amount of 

Danish livestock manure is applied to growing crops. However, while injection of slurry is increasingly used to 

mitigate odour and ammonia emissions from animal slurry applied to un-cropped land and grassland, injection of 

slurry to winter cereals rarely takes place. The reasons for this is expected to be the potential crop damage caused by 

the injection devises and by the additional tramlines, but also that the actual knowledge is limited regarding how 

injection in winter cereals affects crop yield and emissions of ammonia and odour.  

 

The aims of the present study were therefore to generate improved knowledge regarding how shallow 

injection of animal slurry to winter cereals affects 

− Emission of odour 

− Emission of ammonia 

− Crop yield 

 

2 MATERIALS AND METHODS 

All studies were performed as field scale studies by use of commercial application technologies. The odour and 

yield studies were conducted on a field located in Western Jutland, DK-7560 Hjerm, Denmark. The field was 

planted with winter wheat at growth stage 31 on the Zadoks scale (Zadoks et al, 1974). The soil was sandy loam, 

after the USDA soil classification. The ammonia emission measurements were done on a stubble field after harvest 

located near Research Centre Foulum, DK-8830 Tjele, Denmark. The soil was loamy sand, after the USDA soil 

classification. Pig slurry was applied by commercial technologies to experimental plots at a rate of 30 m
3
 ha

-1
 in the 

spring of 2008 and 2009. The application of the slurry was in all studies performed by a shallow disc injector (disc 

injector), a trailing shoe injector (trailing shoe), and a trailing hose applicator (trailing hose).  

The odour concentration in air sampled in static odour chambers situated above the applied slurry were 

quantified ten minutes after the application of slurry by dynamic dilution olfactometric analyses, and by 

quantification of key odour components thermal desorption (TD) tube sampling coupled to individual quantification 

of concentrations of specific key odour components by GC-MS analyses. All measurements were triplicated.  
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The emission of ammonia from the applied slurry was measured by the Integrated Horizontal Flux (IHF) 

technique using the Zinst method (Wilson and Shum, 1992). This technique involves a measuring mast placed 

centrally in each plot, and a background measuring mast located outside the plot for monitoring the background NH3 

level. Every mast was equipped with two measuring units. NH3 volatilisation (g NH3-N) was measured continuously 

over 6 days following application of the slurry. 

 The impact of injection on crop yield was quantified by measurements of harvested yield of grain and 

protein. All measurements were replicated four times in each trial and three identical trials were conducted in 

different fields within a distance of appr. 10 km. As commercial equipment was used for manure application in the 

trials, the slurry was applied to large plots, and within each plot a harvest plot of 30 m
2
 was established. For the 

purpose of making a response curve for nitrogen, four treatments of different levels of nitrogen in mineral fertiliser 

(50-200 kg N per hectare) were included. At harvest yield of grain and contend of protein in the grain were 

quantified. 

 

3 RESULTS AND DISCUSSION  

3.1 Efficiency of injection  

The efficiency of injection was quantified during the study. Injection by use of the disk injection system created slits 

that enabled that the majority of the applied slurry could be held in the slits, while slits created by the trailing shoe 

devices were too small to hold the volume of the applied slurry (Table 1).  

   

TABLE 1 Application rate and mean injection depth and efficiency of the two injection technologies. 

Overflow is the number of injection slits that were unable to hold the volume of slurry applied.   

 Applied slurry, m
3
 ha

-1
  Depth of injection, cm  Overflow of slits, % 

Technique 2008 2009  2008 2009  2008 2009 

Trailing hoses 27.5 33  0 0  - - 

Trailing shoe 27.5 33  2-4 1.5  15 80 

Disc injector 27.5 33  4-5 4.1  5 10 

 

3.2 Odour emission 

The odour reducing impact of the injecting was found to be highly depending on the efficiency of the injection. 

Compared to trailing hose application, injection by trailing shoe did not reduce the concentration of odour in air 

sampled above the applied slurry (Fig. 1). This is expected to be caused by the low injection efficiency achieved by 

use of the trailing shoe injection system. Contrary, the more efficient injection performed by disk injection devices 

was found to reduce the odour concentration between 15 and 60 % compared to slurry applied by trailing hoses (fig. 

1).    
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FIGURE 1 Odour concentration in air sampled above pig slurry injected to winter cereals in 2008 and 2009 

by trailing shoe and dick injector techniques. All results are given as per cent of the odour 

concentration in air sampled above pig slurry applied by trailing hoses. Control represents the odour 

concentration in air sampled above agricultural land without applied pig slurry. 
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3.3 Ammonia emission 

For practical reasons, ammonia volatilization from trailing shoe application was not measured. The results in figure 

2 show that the emission of ammonia after application with trail hose was about 60 % higher than following 

application by disc injection. This difference is expected to be due the restricted slurry/air contact area of slurry 

placed into the open slots created by the discs of the soil injection machine. 
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FIGURE 2 Accumulated ammonia emission in g NH3-N ha
-1 

following trail hose application and disc 

injection of pig slurry. Percentage numbers represent the loss of ammonia-nitrogen in per cent of the 

applied ammoniacal nitrogen. Time zero is equal to the timing of slurry application. 

3.4 Crop yield 

The effect of injection on crop yield varied between years and used technology (figure 3). The differences found 

were not statistical significant. The study indicate that injection neither increase nor decrease the yield compared to 

trailing hose application. A better utilisation of nitrogen due to a reduced ammonia volatilisation is counteracted by 

the mechanical damage by the injection units. The results support conclusions from earlier trials.  

 

 

FIGURE 3 Crop yield in wheat applied pig slurry in 2008 and 2009 by different types of application 

technologies. 

4 CONCLUSIONS  

Trailing shoe injection did not allow an efficient injection of the slurry, and was not found to abate the odour 

concentration of air sampled above pig slurry applied to winter wheat, while the more efficient injection performed 

by disc injection devices was found to reduce the odour concentration between 15 and 60 % compared to slurry 

applied by trailing hoses. Shallow injection of slurry in open slits by means of the disc injection devices was found 

to reduce the ammonia emission by 38 per cent compared to trailing hose application. The effect of injection on crop 

yield varied between years and used technology, however, the differences were not statistical significant.  
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1 INTRODUCTION 

Ireland is currently meeting its ammonia (NH3) emission target of 116 kt per annum up to 2010. However, the extent 

of future requirements to further reduce (NH3) emissions is unknown. The volatilization of (NH3)  following land 

application of cattle slurry accounts for over 30% of the (NH3) emissions from Irish agriculture (EPA, 2007). As a 

result, the management of slurry application has been identified as a measure that has a high potential to reduce 

national ammonia emissions (Hyde et al., 2003). Slurry application methods such as band spreading, trailing shoe 

and injection are widely used in some countries as a tool for reducing (NH3) emissions following application. 

Current guidance assumes (NH3) emissions reductions compared to broadcast application of 30, 60 and 70% for 

band spreading, trailing shoe and shallow injection respectively (UNECE, 2007). 

 The high economic cost of adopting this technology is not always sufficiently compensated through 

increased nitrogen (N) fertilizer value benefits to be cost-effective for farmers (Lalor, 2008). Improved management 

of land application, using the less expensive broadcast (splashplate) application methods, in association with 

optimum weather conditions, could also offers benefits of reduced (NH3) emission and improved N efficiency.  

 The volatilization of (NH3) following land application has been shown to be significantly correlated to 

meteorological and soil factors such as air and soil temperature, humidity, solar radiation, rainfall and wind speed at 

the time of, and after, application, particularly in the first few hours following application (Sommer et al., 1991). 

The influence of meteorological factors on (NH3) volatilization is known to result in temporal (both seasonal and 

diurnal) variation in application timing and (NH3) volatilization following land application of manures (Moal et al., 

1995; Sommer and Olesen, 2000; Reidy and Menzi, 2007).  

 There are two reasons why the volatilization of (NH3) from surface applied manures is influenced by 

weather and soil conditions during and following application. Firstly, factors such as increased temperature or air 

movement can result in a greater proportion of (NH3) being liberated from the manure as ammonia gas. Secondly, 

meteorological and soil conditions can affect the rate of infiltration into soil and hence the time for which the 

manure will remain exposed to the atmosphere for volatilization to occur. 

 Ammonia emissions are highest under warm, dry, windy conditions (i.e., when evaporation rates are 

high). Emissions can be reduced by optimising the timing of application to coincide with cool and/or humid 

conditions, (e.g. in the evenings), before or during light rain, and by avoiding spreading during warm weather 

conditions, particularly during periods when solar elevation and solar radiation input is most intense (June/July) 

(Reidy and Menzi, 2007). The objective of this study was to evaluate the potential of seasonal application timing 

management using the splashplate method to reduce (NH3) emissions following cattle slurry application in Ireland. 

 

2 MATERIALS AND METHODS 

The ALFAM model (Søgaard et al., 2002) was used to predict the total (NH3) emissions following cattle slurry 

applications based on daily weather data (mean daily air temperature (T) and wind speed (W) in 24 hours following 

application) recorded at eight geographically dispersed Met Éireann synoptic weather stations (Figure 1), over a 

twenty year period (1988-2007). The following assumptions were applied to the ALFAM model: soil water content 

= dry (i.e. not waterlogged); slurry type = cattle; slurry dry matter content = 70 g/kg; total ammoniacal nitrogen 

(TAN) content of slurry = 1.8 g/kg (Coulter, 2004); application rate = 30 m
3
/ha; application method = splashplate; 

and technique for measuring (NH3) loss = Micrometeorological mass balance technique. The predicted total loss of 

N following application, as a percentage of TAN applied, was calculated for each day during the period for each 
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weather station. The median, interquartile range, and 10
th

 and 90
th

 percentile values of the predicted N loss for each 

weather stations and for all weather stations combined were calculated over all years for each month. 

 

3 RESULTS AND DISCUSSION 

Overall all stations, the month with the highest median value of predicted N losses as NH3 emissions was July 

(63.1% of TAN applied) while December had the lowest predicted emissions (52.1% of TAN applied) (Table 1 and 

Figure 1). July was the month with highest emissions at all locations, while December had the lowest emissions at 

seven of the eight locations, the only exception being Cork Airport, where the lowest emissions were predicted in 

February. The largest difference between the months with the highest and lowest emissions was at Kilkenny (12.0 

percentage points), with the smallest difference at Cork Airport (10.7 percentage points). Slurry application to 

grassland in Ireland is most common in either the spring (February to April) or summer (June to August) period. The 

median predicted emissions, overall stations, following slurry application in the February to April period were 6.0 

(June vs April) – 9.5 (July vs. February) percentage points lower than those of the June to August period. This 

represents a potential relative reduction in (NH3) emissions of 10 – 15% by changing the timing of slurry application 

from summer months to spring. 

 

TABLE 1 Median and interquartile ranges (IQR – in parenthesis) of the predicted nitrogen losses (Nloss) as 

ammonia emissions as a % of TAN applied from cattle slurry application using splashplate for 

each month at each weather station and for all weather stations combined using the ALFAM 

model for the period 1988 to 2007. 

 Median Nloss as a % of TAN applied in each month 

Weather Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Claremorris 52.1 

(7.6) 

52.6 

(6.7) 

53.8 

(6.0) 

54.7 

(4.9) 

57.7 

(4.7) 

60.5 

(4.3) 

62.7 

(4.2) 

62.3 

(4.5) 

59.8 

(5.6) 

56.7 

(6.2) 

53.6 

(7.0) 

51.7 

(7.5) 

             

Clones 51.3 

(7.4) 

51.6 

(6.8) 

53.2 

(5.7) 

54.1 

(5.3) 

57.1 

(5.0) 

60.0 

(4.3) 

62.4 

(3.7) 

61.9 

(4.4) 

59.4 

(4.9) 

56.7 

(6.0) 

53.0 

(6.9) 

50.9 

(7.0) 

             

Mullingar 51.1 

(6.7) 

51.2 

(6.8) 

52.7 

(5.7) 

53.6 

(5.0) 

56.8 

(5.0) 

59.6 

(4.1) 

62.0 

(4.1) 

61.4 

(4.7) 

58.7 

(5.2) 

55.7 

(6.1) 

52.7 

(6.4) 

50.6 

(7.2) 

             

Dublin Airport 53.7 

(8.2) 

53.8 

(7.4) 

54.6 

(6.6) 

55.4 

(5.8) 

58.1 

(5.1) 

61.1 

(5.0) 

64.2 

(5.3) 

64.0 

(5.1) 

61.0 

(6.2) 

58.6 

(6.5) 

55.3 

(7.3) 

53.4 

(7.6) 

             

Kilkenny 51.1 

(7.6) 

51.2 

(6.8) 

52.7 

(6.0) 

54.1 

(5.3) 

57.5 

(5.2) 

60.3 

(4.0) 

62.9 

(4.3) 

62.3 

(4.7) 

59.4 

(5.8) 

56.4 

(6.3) 

52.8 

(6.9) 

50.9 

(7.6) 

             

Cork Airport 53.8 

(6.9) 

53.3 

(6.3) 

54.5 

(6.2) 

55.7 

(4.9) 

58.9 

(4.8) 

61.6 

(3.4) 

64.0 

(4.0) 

63.9 

(4.6) 

61.4 

(5.0) 

58.5 

(6.2) 

55.4 

(6.3) 

53.8 

(6.8) 

             

Shannon Airport 53.6 

(7.5) 

54.0 

(6.8) 

55.3 

(6.0) 

56.6 

(5.2) 

59.7 

(5.0) 

62.9 

(4.0) 

65.4 

(4.1) 

64.8 

(4.3) 

62.3 

(5.9) 

59.2 

(6.5) 

55.7 

(7.2) 

53.6 

(7.4) 

             

Birr 51.5 

(7.6) 

51.6 

(6.3) 

52.5 

(5.5) 

53.6 

(5.2) 

56.7 

(5.0) 

59.5 

(4.2) 

62.1 

(4.2) 

61.6 

(4.4) 

58.8 

(5.5) 

56.2 

(6.4) 

53.1 

(7.1) 

51.1 

(7.4) 

             

All Stations 52.2 

(7.5) 

52.4 

(6.9) 

53.6 

(6.0) 

54.7 

(5.5) 

57.8 

(5.2) 

60.7 

(4.5) 

63.1 

(4.6) 

62.7 

(4.9) 

60.2 

(5.7) 

57.2 

(6.4) 

53.9 

(7.0) 

52.1 

(7.4) 
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FIGURE 1 Geographic location of the eight Met Éireann synoptic weather stations used to in the study, 

with box plots showing median (centre line), interquartile range (boxes) and 10
th

 and 90
th

 

percentile (whiskers) of predicted nitrogen losses (Nloss) as ammonia emissions as a % of TAN 

applied from cattle slurry application using splashplate for each month at each station, and for 

all stations combined during the period 1988-2007. 
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 Additional reductions in (NH3) emissions could also be achieved by managing slurry applications based 

on weather conditions within each month. The interquartile range of the predicted N losses ranged from 4.5% in 

June to 7.5% in January. Therefore, in addition to the potential emissions reductions through seasonal application 

timing management, emissions can be further reduced by targeting weather conditions within each month that 

favours low (NH3) losses.  However, slurry spreading conditions must also be evaluated in the context of 

trafficability / leaching / runoff risks. 

 Additional reductions of (NH3) emissions can also be made within daily application timing management. 

Ammonia emissions tend to be lower at night due to reduced air movement (windspeed), cooler temperatures and 

higher humidity. Applications between evening and early morning have been shown to reduce emissions by up to 

50% compared with spreading during the middle of the day (Moal et al., 1995; Sommer and Olesen, 2000). The 

potential for reducing emissions by avoiding application in hours of the day more prone to high (NH3) losses is an 

additional measure available for reducing emissions to farmers without imposing high technology adoption costs. 

 

4 CONCLUSIONS 

Based on (NH3) emissions predictions using the ALFAM model, managing application timing on the basis of 

monthly averages, and exploiting optimal weather conditions within each month, has the potential to decrease the 

total (NH3) emissions from slurry application with splashplate. However, the development or adaptation of other 

(NH3) emission models for Irish conditions merits further study in order to improve the prediction of (NH3) losses 

following land application of cattle slurry. In particular, the influence of infiltration rate of different slurries will 

need to be taken into account. The management of slurry application has the potential to play a significant role in 

reducing (NH3) emissions from Irish agriculture.  

 

ACKNOWLEDGEMENTS 

The authors acknowledge the financial support received from the Department of Agriculture, Fisheries and Food 

Research Stimulus Fund, under the National Development Plan. Meteorological data received from Met Éireann is 

also gratefully acknowledged. 

REFERENCES  

Coulter B S 2004. Nutrient and Trace Element Advice for Grassland, Tillage, Vegetable and Fruit Crops. Teagasc, 

Johnstown Castle, Wexford, 95 pp. 

EPA 2007. Trends in NH3 emissions; NH3 indicator 1990-2007. EPA, Ireland. 

http://www.epa.ie/downloads/pubs/air/airemissions/name,25745,en.html. 16/3/09. 

Hyde B P, Carton O T, O'Toole P, Misselbrook T H 2003. A new inventory of ammonia emissions from Irish 

agriculture. Atmospheric Environment 37, 55-62. 

Lalor S 2008. Economic costs and benefits of adoption of the trailing shoe slurry application method on grassland 

farms in Ireland, 13th RAMIRAN International Conference, Albena, Bulgaria, pp. 75-80. 

Moal J F, Martinez J, Guiziou F, Coste C M 1995. Ammonia volatilization following surface-applied pig and cattle 

slurry in france. Journal of Agricultural Science 125:245-252. 

Reidy B, Menzi H 2007. Assessment of the ammonia abatement potential of different geographical regions and 

altitudinal zones based on a large-scale farm and manure management survey. Biosystems Engineering 97(4), 

520-531. 

Søgaard H T, Sommer S G, Hutchings N J, Huijsmans J F M, Bussink D W, Nicholson F 2002. Ammonia 

volatilization from field-applied animal slurry - the ALFAM model. Atmospheric Environment 36:3309-

3319. 

Sommer S G, Olesen J E 2000. Modelling ammonia volatilization from animal slurry applied with trail hoses to 

cereals. Atmospheric Environment 34:2361-2372. 

Sommer S G, Olesen J E, Christensen B T 1991. Effects of temperature, wind speed and air humidity on ammonia 

volatilisation from surface applied cattle slurry. Journal of Agricultural Science 117, 91-100. 

UNECE 2007. Guidance document on control techniques for preventing and abating emissions of ammonia, United 

Nations Economic Commissions for Europe (UNECE), Geneva.  

- 215 -



 Environmental, nutrient losses, impact of storage and spreading operations  

  

FIELD ASSESSMENT OF THE BALANCE BETWEEN 

GREENHOUSE GASES AND AMMONIA EMISSIONS 

AFTER CATTLE SLURRY APPLICATION.  

 
Bourdin F.

1,2,*
, Lanigan G.

1
, Sakrabani R.

2
, Kibblewhite M.

2
 

1
Teagasc, Johnstown Castle, Wexford, Ireland 

2
School of Applied Sciences, Cranfield University, Cranfield, Bedfordshire MK43 0AL, UK 

*Tel: +353 53 9171316. Frederic.Bourdin@teagasc.ie 

 

1 INTRODUCTION 

Agriculture in Ireland is the main source of ammonia (98% of NH3 emissions) and contributes 26% of greenhouse 

gas (GHG) emissions (McGettigan et al. 2009) with the majority of these emissions associated with livestock 

production. 

Under UN Gothenburg Protocol, Ireland is required to limit ammonia emissions to 116 kt (Humphreys 

2007, DAFF 2008). Whilst current emissions are already compliant with the 2010 ceiling limit, Ireland may shortly 

face a more demanding target for ammonia emissions to be achieved by 2020, as the National Emissions Ceilings 

are being reviewed by the European Commission. 

In terms of greenhouse gases, national emissions are currently 25% above 1990 levels, or approximately 

double our target of +13% (McGettigan et al. 2009). Agricultural emissions – mainly nitrous oxide (N2O) and 

methane (CH4) – arise primarily from enteric fermentation in animals, management of animal manures and 

agricultural soils.  

From the above, it is clear that strategies are required to support reductions in NH3 and GHG emissions. 

Whilst much work has been done on abatement strategies for either NH3 or GHG, there is less information on the 

net trade-offs arising from different strategies across the full suite of gaseous emissions. For example, slurry 

application using a trailing-shoe has been shown to reduce NH3 emission significantly, compared to splash plate 

application, but its impact on N2O emissions is not clear (Wulf et al. 2002). Furthermore, little is known about the 

interactions between nitrogen (N) and carbon (C) cycles when applying organic fertilisers, particularly concerning 

the possible trade-offs between N emissions and C sequestration. 

Some preliminary results are presented in this paper, from a field experiment started in April 2009. This 

study aims at: 

− measuring the effect of organic and ammonium fertiliser on GHG and NH3; 

− investigating the impact of cattle slurry on these emissions. 

 

2 MATERIALS AND METHODS 

2.1 Experimental Design 

The experiment was carried out on a grassland site at Johnstown Castle Environmental Research Centre (52
°

18
′

N; 

6
°

30
′

W). Plots (2 m x 1.5 m) were established on a poorly-drained gley soil and were set out in a randomized block 

design with five slurry and two control treatments (see Table 1 for details). Slurry applications were carried out on 

three separate dates (22 April, 20 July and 17 August) to provide a range of contrasting weather conditions (Table 

2). Spreading occurred at approximately midday on each occasion, at a rate of 30 tonnes ha
-1

. This represents an N 

supply rate from 79.2 up to 92.4 kg N.ha
-1

 for low dry matter (DM) content slurries, and from 115.5 up to 128.7 kg 

N ha
-1

 for high DM content slurries (Table 1).   Control plots were also established with calcium ammonium nitrate 

(CAN) applied at rates of 0, 60 and 120 kg N ha
-1

. 

2.2 Trace Gas Measurements 

Ammonia measurements were made using dynamic chambers, with air pumped through the chambers at a rate of 70 

litres min
-1

 with subsamples from both the inlet and outlet passing through an ammonia scrubber at 1.5 l min
-1

. A 

further subsample was diverted to a photoacoustic analyser (INNOVA 1412, Copenhagen, Denmark) at a rate of 1 l 

min
-1

. Ammonia scrubbers were replaced after 1, 2, and 6 hours. Chambers were subsequently removed and 
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replaced after a further 6 hours for a 12 hour period and for 24 hours at hour 72 and hour 144.  Photoacoustic 

analysis of the inlet and outlet air of each chamber was made for 5 minutes at each measurement period. 

Interpolation between calculated emission rates was subsequently used to calculate cumulative emissions. 

 

TABLE 1 Slurry treatments applied at Johnstown Castle, Wexford 

Slurry Type Spreading 

Technique 

Dry Matter 

(%) 

Total Nitrogen 

(g kg
-1

) 

Total Ammoniacal 

Nitrogen (g kg
-1

) 

Maize Splash plate 7.3 3.5 2.1 

Maize Splash plate 4.0 2.4 1.3 

Maize Trailing Shoe 4.3 2.6 1.4 

Grass Splash plate 7.7 3.9 2.2 

Grass Splash plate 3.7 2.8 1.5 

 

TABLE 2 Daily meteorological data measured in Johnstown Castle (Wexford) for the two days following 

fertiliser applications 

Mean temperatures (
º
C) April July August 

Day 0 (spreading) 9.9 13.9 16.6 

Day 1 7.8 15.4 16.2 

 

Rainfall (mm) April July August 

Day 0 (spreading) 12.1 0 0.5 

Day 1 16.5 17.1 1.4 

 

Solar radiation (J cm
-2

) April July August 

Day 0 (spreading) 618.3 2306.5 1964 

Day 1 609.6 1608.7 514.9 

 

Soil CO2 respiration measurements were made using an EGM-4 infra-red gas analyser (PP Systems, 

Hitchin, Herts, UK) coupled to a static closed chamber (Type SRC-1). Measurements were taken daily for 10 days 

(all measurements were taken from 10 a.m. to 1 p.m.). At each sampling interval, measurements of soil temperature 

and volumetric soil water content at a depth of 10 cm were made using a WET sensor (Delta-T Devices, UK).  

Nitrous oxide and methane fluxes were made using static chambers (Hutchinson & Mosier 1981). 

Measurements were taken at time zero and after 40 minutes. Samples were taken using a 20-ml gas-tight syringe 

which was flushed initially to ensure adequate mixing of the air within the chamber. The sample taken was then 

injected into and flushed through a pre-evacuated 7-ml gas-tight vial, which was then stored for subsequent analysis. 

Measurements were taken concurrently with ammonia measurements and subsequently were performed daily for the 

first 10 days, and then weekly. 

2.3 Statistical analysis 

The effects of treatments were analysed using a general linear model in the statistical package STATISTICA version 

9 (Statsoft, Tulsa, Oklahoma) Differences between individual treatments was assessed using Least Significant 

Difference.  

 

3 RESULTS AND DISCUSSION 

The fluxes presented are cumulative fluxes for the week following fertiliser application. Plots treated with slurry 

showed higher ammonia losses and higher carbon dioxide releases than control plots and plots spread with CAN. 

Concerning nitrous oxide release from soils, CAN applied plots showed significantly higher emissions than control 

and slurry spread plots (Figure 1). 

As in previous studies, ammonia emissions were characterised in terms of Michaelis-Menten curves, with 

the majority of volatilisation occurring during the 24 hours post-spreading (Søgaard et al. 2002, Misselbrook et al. 

2005). The total cumulative emissions were observed to respond to both changes in climatic variables and spreading 

technique (Figure 2). Over the two days following fertiliser application, solar radiation and resultant air temperature 
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were substantially higher during the July and August observations than the April ones, with higher emissions from 

the warmer soils (Table 2). The short period required for volatilisation was demonstrated by the fact that there was a 

major rain event in July around 24 hours post spreading – yet there was little effect on cumulative emissions (Figure 

2). The adoption of trailing shoe technology decreased emissions by between 20 – 28%, mainly under high 

volatilisation conditions. 

In terms of greenhouse gas emissions (Figure 1): 

− Nitrous oxide release from splash plate applied plots was significantly (P<0.01) affected by the date of 

application, with highest emissions in August whereas the lowest emissions were measured in July. The 

same effect of the spreading date was observed with trailing-shoe applied plots (P<0.01). 

− The application of slurry resulted in a significant increase in soil CO2 respiration (P<0.01) compared to 

control treatments. Indeed, soil respiration from plots was significantly (P<0.01) higher in summer than in 

spring reflecting higher soil temperatures and possible resultant heterotrophic activity. These increases 

may indicate a ‘priming effect’ following the addition of relatively labile C sources. These findings are 

comparable with some previous studies (Bol et al. 2003). 
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FIGURE 1 Cumulative fluxes of greenhouse gases emissions (in kg CO2 eq ha
-1

) during the first week 

following fertiliser application. Indirect N2O emissions were calculated using the default value of 

1% of NH3 deposited and reemitted in the atmosphere as N2O. 

C: control 

CAN_60: calcium ammonium nitrate, 60 kg 

N ha
-1

 

SP / TS: splashplate / trailing-shoe 

G / M: grass / maize 

H / L: high / low slurry DM content 
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FIGURE 2 Cumulative NH3 fluxes for the week following the application of maize derived slurry (DM content: 4%) 

using two different methods: splash plate and trailing-shoe.  

 

 Lowering slurry DM also led to a significant reduction in the emissions of ammonia from splash plate 

applied plots (Figure 1, P<0.01). Nitrous oxide emissions were also significantly reduced (P<0.01) in April and 

August, but not in July. This reduction of nitrous oxide release from the soil, when reducing slurry DM content, was 

significant (P<0.05) for grass-derived slurry, but not when cows were initially fed with maize. 

 

4 CONCLUSIONS 

In terms of trace gases, indirect N2O emissions sourced from ammonia losses comprised the largest proportion of 

land spreading emissions when slurry was spread in warm conditions. Direct nitrous oxide emissions were higher in 

spring and also higher for trailing shoe. There was also a substantial ‘priming effect’ in terms of C mineralisation 

when organic fertiliser was applied and these CO2 emissions dwarfed other emissions over the measurement period. 
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1 INTRODUCTION  

Biogas plays an important role in the German bio-energy production and has increased rapidly within the last years. 

There exists a subsidy for use of crops (silage maize etc.) in biogas fermentation. As a result new types of biogas 

slurries are produced with high crop biomass contents resulting in physico-chemical characteristics different from 

conventional animal and digested biogas slurries. The nitrogen (N)-fertiliser-value of these substrates as well as their 

contribution to unwanted emissions of ammonia (NH3) and greenhouse gases (GHG) and N losses as nitrate 

leaching, has not been studied in detail up to now. NH3-emissions are among the main sources of acidifying and 

eutrophying atmospheric compounds and are considered as indirect greenhouse gas emissions. Crucial factors for 

NH3volatilization are application technique, pH-value of digested biogas slurry and climate conditions. Furthermore 

N-loss by NH3 volatilization of organic fertilisers can reduce the N-fertilisation value up to a yield-relevant level 

(Sommer and Hutchings, 2001). The coastal marsh region of the federal state of Schleswig-Holstein in Northern 

Germany is characterized by very particular growing conditions because of shallow groundwater levels, heavy, silt-

clayey soils (Fluvimollic Gleysol) and high wind speeds. These conditions are also potentially favourable for high 

NH3 losses. However, NH3losses in the marshland have not been studied in detail yet, also with respect to 

conventional animal slurries. Therefore, a field study was established to determine NH3losses by volatilization after 

application of digested biogas slurries (BGS) in different crop rotations grown on a marshland soil and to study the 

effect of NH3 losses on the fertiliser N-value of BGS with respect to yield level. 

 

2 MATERIALS AND METHODS  

Ammonia losses after application of digested biogas slurries with trail hoses were determined in a multi-plot field 

trial including a bi-annual energy crop rotation consisting of maize (Zea mays L.), spring wheat (Triticum aestivum 

L.) and Italian ryegrass (Lolium multiflorum L.) as intercrop and the monocultures of maize and perennial ryegrass 

(Lolium perenne L.). The latter was cut four times. Investigations were carried out in the marshland of Schleswig-

Holstein, Northern Germany, in the year 2009 and included three different N-treatments for every crop type 

(control; moderate; high) by comparing organic and mineral N-fertilisers: co-fermented digested biogas slurries 

(BGS) and calcium ammonium nitrate (CAN) as mineral N-fertiliser. Ammonia volatilization after BGS application 

was measured by using the micrometeorological backwards Lagrangian stochastic dispersion technique (bLS, 

Sommer et al., 2005) on larger field sites of grassland (one plot per fertilisation) and a combination of passive flux 

samplers and a calibrated dynamic chamber method (DSM, Pacholski et al., 2009) in the multi-plot field trial. The 

bLS-plot size of each fertilisation date depended on the working width of the trail hoses which varied between the 

different dates of fertilisation (plot sizes at investigated application dates: 07.04.09: 48x48m; 28.05.09: 54x54m) and 

were carried out on the same date and with the same N-supply of the moderate N-treatment as in the multi-plot field 

trial on grassland. Plot size of the multi-plot field trial was 12x12m with four replicates for each treatment. Moderate 

(360 kg N ha
-1

) and high (480 kg N ha
-1

) treatment in Perennial ryegrass were subdivided in four doses whereas for 

wheat (moderate: 180 kg N ha
-1

; high: 240 kg N ha
-1

) the fertilisers were applied in two doses. For maize (moderate: 

150 kg N ha
-1

; high: 200 kg N ha
-1

) one biogas slurry application was given besides mineral side-dressing at sowing. 

Ammonia losses from mineral fertilisation (CAN) were considered as negligible. Yield [t DM ha
-1

] of every plot in 
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the multi-plot field trial was determined by machine harvest of a subplot [27 m²]. Statistical analyses of yield were 

done by using two-way ANOVA including N-form and N-levels as treatment factors. 

 

3 RESULTS AND DISCUSSION 

Nitrogen losses by NH3-volatilization differed between dates of fertiliser application. Figure 1 shows the cumulative 

and the relative NH3 losses after BGS application on grassland determined in 2 experimental campaigns measured 

by bLS- and DSM-technique.  

 

 

FIGURE 1 Cumulative and relative N-loss by NH3-volatilization after application of digested biogas slurry 

in moderate N level, perennial ryegrass (Lolium perenne L.), marsh region of Schleswig-

Holstein, micrometeorological bLS-technique and combined passive flux samplers/ calibrated 

dynamic chamber method (DSM), 2 dates during spring 2009.  Error bars indicate standard 

error (SD), n=4 

 

After N-application relative losses of about 20% of NH4-N applied could be observed on the application 

date 7
th

 April whereas on the 28
th

 May NH3-losses were higher than 30% of supplied NH4-N for bLS-method. The 

higher relative losses were probably due to strong wind on the 28
th
 May, which is one of the main driving factors for 

NH3-volatilization. Average wind speed at a height of 2 meters for the first few hours after application was 7.4 m s
-1

, 

much higher than on the 7
th

 April (3.6 m s
-1

). Compared to bLS-technique the combination of passive flux samplers 

and a calibrated dynamic chamber method (DSM) showed similar relative NH3-losses in grassland of about 22% on 

the 7
th

 April. On the 28
th

 May the DSM-method strongly underestimated NH3-losses which may due to high wind 

speed at this date. Strong wind can cause problems for dynamic chamber measurement with respect to calibration of 

the DSM-method (Figure 1). In general wind conditions complied with the requirements for the application of the 

DSM, so that in general a good agreement between the methods can by assumed. However, for the date with the 

strong deviation of the DSM from bLS measurements the results of the bLS technique were used in the calculation 

of the total NH3-losses (Table 1). 
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TABLE 1 Total N-supply and total/relative NH3-losses by volatilization after application of digested biogas 

slurries on a multi-plot field trial including grass (four applications), wheat (two applications) 

and maize (one application) in the marshlands of Schleswig-Holstein, Germany, 2009, measured 

by a combination of passive flux samplers and a calibrated dynamic chamber method (SCM) 

and bLS technique. Except from one application date (28.05., results of bLS measurement) in grass, 

for each crop type NH3-loss determination after application: n=4 

 

N-treatment Total-N applied NH4-N applied Total NH3-loss Relative NH3-loss

[kg N ha
-1

] [kg N ha
-1

] [kg N ha
-1

] [% NH4-N]

Moderate 374 254 56 ± 8 19 - 25

High 497 338 74 ± 9 19 - 25

Moderate 196 133 31 ± 6 19 - 28

High 261 177 40 ± 7 19 - 27

Moderate 108 74 15 ± 5 14 - 27

High 162 110 15 ± 4 10 - 17

Grass

Wheat

Maize  
 

Relative NH3-losses after BGS application on wheat (19-28%) were on a similar level to those on 

grassland (19-25%). Different levels of relative NH3-volatilization losses were observed between moderate (14-27% 

NH4-N applied) and high (10-17% NH4-N applied) N-treatment in maize. Highest amount of N-loss by NH3-

volatilization was determined in grassland, followed by wheat and maize cropping systems (Table 1). Due to the 

suitable agreement between the two NH3 loss measurement techniques, the combined dynamic chamber and passive 

flux sampler method is considered as an alternative to the micrometeorological bLS-technique for sampling and 

quantifying NH3-emissions after organic fertiliser supply. NH3-volatilization losses after slurry application with trail 

hoses in the marsh were about two fold higher than in other landscapes of Schleswig-Holstein (Pacholski et al., 

2009). 

 

 

FIGURE 2 Dry matter yield [t ha
-1

] of wheat, maize in crop rotation system (MaizeCR), maize in 

monoculture (MaizeM) and perennial ryegrass, cut 4 times a year, at a moderate and a high 

level of N fertilisation with digested biogas slurry and mineral N-fertiliser (CAN) in the marsh 

region of Schleswig-Holstein. Values with different letters are statistically different for each crop 

type at P<0.05 (Tukey-test, n=4) 

 

Yield of every crop type was lower in the BGS treatment as compared to mineral fertilisation. No 

interactions between N fertiliser and N level were observed (Figure 2). As a result the highest differences in yield-

level could be observed in ryegrass. The total yield decreased from 14.5 t DM ha
-1

 (CAN) to 8.5 t DM ha
-1

 (BGS) by 

about 42% under the moderate N level and from 17.3 t DM ha
-1

 (CAN) to 10.4 t DM ha
-1

 (BGS) by about 40% in 

the high N level. In both rotations no significant differences in maize yield in connection with N-treatment were 

observed. This can be explained by the comparatively low N fertilisation demand of maize and the high N-
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mineralization level at the study site as indicated by high DM yields in the control treatment (11.2-12.5 t DM ha
-1

). 

For wheat the yields differed significantly with respect to fertiliser type. The data suggest that N-losses by NH3-

volatilization were one of the main factors for high differences in yield levels between the two N-fertilisers in 

grassland and wheat. In addition, lower yields under biogas slurry fertilisation in grass is also attributed to the low 

NH4-N level in BGS as compared to CAN and slow mineralization of the organic N compound in BGS which did 

not suffice to meet the high N demand of this crop. Other negative yield effects could also be due to ammonium 

adsorption and fixation in the soil characterized by high clay contents (about 40%), nitrous oxide (N2O)-losses by 

microorganisms or N-leaching. Besides environmental impact like acidification and eutrophication NH3-

volatilization can thus also strongly influence the N-fertilisation value of biogas slurry. Nevertheless, a yield of 14.5 

t DM ha
-1

 for grass with mineral fertilisation was competitive to the yield of dominant biogas crop maize at this site. 

 

4 CONCLUSIONS 

Fertilisation of BGS with trail hoses can lead to high N-losses by NH3-volatilization with high environmental impact 

under conditions of the marshland in Northern Germany. Losses were even higher than 30% of NH4-N applied in 

case of strong winds. Those losses substantially contributed to strongly decreased yields of perennial ryegrass and 

wheat. Application of biogas slurry as organic N fertilizer had a reduced fertilizer N value for grass and wheat as 

compared to CAN while no effect was observed for maize probably due to the lower N fertilisation demand of this 

crop. 

 

REFERENCES  

Pacholski A, Gericke D, Kage H 2009. Measurement and modelling of NH3 emissions from field-applied biogas 

residues in North German energy crop rotations. In: Grignani, C., Acutis, M., Zavattaro, L., Bechini, L., 

Bertora, C., Marino Gallina, P. and Sacco, D. (eds.) Proceedings of the 16th Nitrogen Workshop - 

Connecting different scales of nitrogen use in agriculture. 28th June – 1st July 2009, Turin, Facolta di 

Agraria, Turin, Italy. pp. 189 - 190 

Sommer S G, Huchtings N J 2001. Ammonia emission from field manure and its reduction – invited paper, 

European Journal of Agronomy 15, 1-15. 

Sommer S G, McGinn S M, Flesch T K 2005. Simple use of the backwards Langrangian stochastic dispersion 

technique for measuring ammonia emission from small field-plots. European Journal of Agronomy 23, 1-7. 

- 223 -



 Environmental, nutrient losses, impact of storage and spreading operations  

  

 

GREENHOUSE GAS EMISSIONS FROM STORED SLURRY 

WITH AND WITHOUT DIFFERENT COVERS 

 
Rodhe L., Ascue J., Nordberg Å. 

JTI – Swedish Institute of Agricultural and Environmental Engineering, Box 7033, SE 750 07 Uppsala, 

Sweden, +46 10 5166951, lena.rodhe@jti.se 

 

1 INTRODUCTION  

Total greenhouse gas (GHG) emissions from stored manure corresponded to 13% of overall GHG emissions from 

Swedish agriculture in 2006 according to calculations using standard values for a cool climate. Knowledge about 

greenhouse gas (GHG) emissions from the Swedish agricultural sector is deficient, as data based on actual 

measurements are limited. The IPCC Guidelines (IPCC, 2006) state that at mean air temperatures below 10°C, the 

default methane conversion factor (MCF) is 17% for slurry handling (housing and storage) when there is no natural 

crust during storage, and 10% when a natural crust cover is formed. In addition to temperature and crust formation, 

factors such as feed and animal characteristics at the measurement site (Külling et al., 2002), manure characteristics, 

length of storage, time between indoor and outdoor storage, amount left in the storage facility (methanogenic 

inoculum) (Massé et al., 2008) and timing of storage/application also affect methane (CH4) emissions from slurry 

handling (IPCC, 2006), while agitation of slurry seems to have negligible impact (VanderZaag et al., 2009). IPCC 

encourages countries to use factors based on local studies. In order to obtain accurate data for official reporting of 

Swedish GHG emissions from slurry and to evaluate the effects of measures to reduce ammonia (NH3) emissions 

from manure on GHG emissions, it is important to measure GHG emissions under Swedish conditions. 

The overall aim of the project was to identify effective measures to reduce GHG emissions (methane 

(CH4), nitrous oxide (N2O)) and NH3 emissions from slurry. The main objective of this study was to quantify these 

GHG emissions from cattle and pig slurry, with or without measures to reduce NH3 emissions during storage (i.e. 

using covers). A further objective was to evaluate the IPCC default emission factors with respect to the results 

obtained.  

 

2 MATERIALS AND METHODS 

2.1 Conditions in full-scale slurry storage in different regions of Sweden 

Storage conditions, e.g. slurry temperature, were measured for slurry in three different regions of Sweden during 1.5 

years. The farms were located in Halland county in south-west Sweden (57°1.3´N, 13°3.3´E), Uppland county in 

eastern Sweden (60°0.9´N, 17°59.3´E) and Jämtland county at the northern boundary of agriculture in Sweden 

(62°57.6´N, 14°23.4´E). Temperature loggers encased in watertight boxes and attached by a chain to a buoy were 

placed at 0.5 m and 1.5 m below the surface of the stored slurry and the temperature was logged every 3 hours. The 

farmers were also asked to record slurry level in the tank and slurry handling operations.  

2.2 GHG emissions from stored slurry during a full year 

Methodology was developed for measuring GHGs from slurry stored under conditions comparable to full-scale 

storage (Rodhe et al., 2009). A pilot-scale plant with nine containers (height 1.5 m, diameter 1.92 m) was 

constructed where the conditions were similar to full-scale storage as regards slurry temperature, climate and 

filling/emptying routines, Figure 1. The containers were half-buried in the ground and had a base area of 2.0 m
2
. 

Three closing roofs were constructed so that three containers could be closed simultaneously during gas sampling.  

 

- 224 -



 Environmental, nutrient losses, impact of storage and spreading operations  

  

 

 
FIGURE 1  Level of slurry in storage container during one of the experimental years and gas sampling 

occasions numbered (1 to 24). The storage year is divided into two periods for summarising 

winter/summer emissions and for calculating the methane conversion factor (MCF). (Rodhe et al., 

2009). 

 

Cattle and pig slurries were tested. The cattle slurry consisted of 5.9% dry matter (DM), and 3.6 kg total-

N and 2.0 kg NH4-N per ton at the first filling when the slurry was taken from the main store on-farm, and on 

average 8.1% DM, 4.7 kg total-N and 2.2 kg NH4-N for fillings 2 to 12, when slurry was taken from the pumping pit 

on the farm. The pig slurry consisted of 8.0% DM, and 4.3 kg total-N and 2.4 kg NH4-N per ton at the first filling, 

taken from the main store on-farm, and on average 7.5% DM, 5.4 kg total-N and 2.9 kg NH4-N for fillings 2 to 12.  

The experiment compared slurry stored: 1) without a cover, 2) with a straw cover, and 3) with a plastic 

sheet cover. The treatments were organised in a randomised block design with three replicates. Closed chamber 

methodology and equipment developed for measuring GHG emissions were implemented for one year in order to 

determine annual GHG emissions for each slurry type (cattle/pig). The GHG emissions (CH4 and N2O) were 

sampled twice per month, with the first samples being taken one day after filling and the others about a fortnight 

later. Three samples were taken per occasion; the first directly after closing the roof, the next 15 minutes later, and 

the last 30 minutes after roof closure. 

For calculating the MCF, two storage periods were established and are shown for the first year with cattle 

slurry in Figure 1. Period 1 lasted from 6 October 2006 to 3 May 2007 (210 days) and period 2 from 4 May to 7 

October 2007 (157 days) for cattle slurry. For pig slurry, period 1 lasted from 11 October 2007 to 29 April 2008 

(213 days) and period 2 from 30 April to 10 October 2008 (152 d). For each period, the MCF was calculated from 

the sum of methane emissions per average amount of VS added to the containers, divided by B0 per kg VS (IPCC, 

2006; Swedish EPA, 2007) as: 

 

MCF = ΣCH4 -C (B0 VSMean_in_storage)
-1 

100   (1) 

 

where MCF is the methane conversion factor, %; CH4-C is the sum of methane-C emissions for the 

period, kg; B0 is the maximum methane-producing capacity of the slurry, kg CH4-C (kg VS)
-1

; and VSMean_in_storage is 

the average amount of VS added to the container during the storage period, kg. The emission factor for nitrous oxide 

(N2O) was then calculated using the equation: 

 

EFnit = ΣN2O-N (total-N)
-1

 100 (2) 

 

where EFnit is the emission factor for nitrous oxide, %; ΣN2O-N is the sum of nitrogen (N) lost as nitrous 

oxide during the period, kg; and total-N is the total amount of N in slurry added to the container during the storage 

period, kg. 
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3 RESULTS AND DISCUSSION  

3.1 Conditions in full-scale slurry storage in different regions of Sweden   

The mean annual temperature in stored slurry was 9.7°C in south-west Sweden (57°1.3´N), 5.6°C in the most 

northerly agricultural region of the country (62°57.6´N) and an intermediate 8.1°C in Uppland (60°0.9´N). The farm 

slurry tanks were part-emptied two to three times a year, giving an average storage period for the slurry of about 

three months. With daily removal of slurry from animal houses with slatted floors, as required by law, the methane 

from slurry handling in Sweden originates almost solely from storage tanks.   

3.2 GHG emissions from stored slurry during a full year 

Methane emissions from stored pig and cattle slurry showed a similar pattern, with ~100% higher emissions in the 

warm period (May-Oct) than in the cold period (Oct-April), and with significantly lower emissions from the stored 

slurry with a plastic cover during warm periods (Table 1). During winter there were no significant differences in 

CH4 emissions between the slurry treatments. For typical Swedish farm conditions, the CH4 emissions from the 

uncovered, stored cattle slurry corresponded to 12.4 kg CH4 per cow and year. The corresponding figure for 

uncovered, stored pig slurry was 0.31 kg CH4 per fattening pig.  

 

TABLE 1 Methane emissions (g CH4-C per kg VS) and MCF (%) for different periods and mean values 

for storage of pig and cattle slurry without cover, with straw cover and with plastic cover 

 Slurry  Emissions, g CH4-C per kg VS  MCF, % 

Time period   No cover Straw 

cover 

Plastic 

sheet 

 No cover Straw 

cover 

Plastic sheet 

1. Oct-April,  

213 days 

Pig  3.0 4.4 3.0  1.5 2.1 1.3 

2. May-Sept,     

152 days 

Pig  7.6
b
 8.8

b
 2.0

a
  4.2 3.7 1.7 

Annual mean Pig  5.4 5.8 3.0  2.6 2.8 1.5 

1. Oct-April,  

210 days 

Cattle  3.6 2.7 3.4  2.0 1.5 1.9 

2. May-Sept,     

157 days 

Cattle  6.5
b
 6.8

b
 3.0

a
  3.6 3.8 1.7 

Annual mean Cattle  4.8 4.4 3.2  2.7 2.5 1.8 
a, b

Means with different letters within each row and group are significantly different (P<0.001) 

 

The N2O emissions were very low from cattle slurry, at most 0.001 g N2O-N m
-2

 slurry surface and day, 

with a few exceptions. In contrast, the N2O emissions from straw-covered pig slurry during storage in summer were 

much higher, 35.9 g N2O m
-2

 year
-1

, corresponding to an EFnit of 0.74% for total-N in slurry.   

 

4 CONCLUSIONS 

Under Swedish conditions, an annual methane conversion factor (MCF) of 3% is more relevant than the IPCC 

default value of 10% for slurry with crust or 17% for slurry without crust. The N2O emissions from straw-covered 

slurry vary considerably depending on prevailing conditions promoting nitrification/denitrification. Possible options 

to reduce GHG emissions from slurry include keeping stored slurry as cold as possible, preferably with a synthetic 

cover to minimise the release of NH3 and CH4, and avoiding the risk of N2O emissions that can arise with a straw 

cover. 
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1 INTRODUCTION  

European Union 91/271/CEE Directive established that Member States shall ensure that all agglomerations with a 

population equivalent of more than 2000 inhabitants should be provided with collecting systems for urban waste 

water, at the latest by 31 December 2005. This Directive has increased the production of the Municipal Sewage 

Sludge which causes environmental problems if it is not adequately disposed of. Sewage sludge fertiliser use is one 

of the most promoted ways of recycling this residue in the EU. The use of sewage sludge as fertiliser is an adequate 

way of disposal of this residue due to the high nitrogen and organic matter content which could enhance nutrient 

recycling and benefit crop production (Smith, 1996). One of the most important aspects related to the use of sewage 

sludge utilisation as fertiliser is the composition of the sludge. Sludge nitrogen concentration and its mineralization 

rate is the main factor driving sludge fertiliser (EPA, 1994) supply of crop nutrients. However, phosphorous and 

potassium inputs into the soil are also made when the sludge is applied. The fertiliser value of the sewage sludge 

processed in different ways of 45 plants within Spain has been recently described (Mosquera-Losada et al., 2010) 

indicating that the quality of the sludge is good enough to be used in agriculture.   

Higher heavy metal concentrations of sewage sludge than in soil is one of the main concerns regarding 

the use of sewage sludge as fertiliser. For this reason, the use of the sewage sludge as fertiliser is regulated by the 

Spanish Directive 1310/90 coming from the 86/278/CEE Directive. Both Directives regulate the maximum quantity 

of heavy metal concentrations in the sewage sludge to be used as fertiliser. Mosquera-Losada et al. (2010) have 

recently evaluated the levels of the main heavy metals of different sludge within the Spanish territory and indicated 

that most of the samples evaluated did not exceeded the limits provided by the regulations. Once the levels of the 

sewage sludge are evaluated, the use of the sewage sludge as fertiliser depends on the levels of soil heavy metals in 

such a way that even if the sewage sludge has low levels of heavy metals it cannot be used as fertiliser if the soil 

heavy metal concentrations are above the soil limits also described by the Spanish Directive 1310/90 and the 

European 86/278/CEE Directive. Regulated heavy metal are copper, zinc, chromium, cadmium, mercury, lead and 

nickel. This study aimed to evaluate the potential use of sewage sludge as fertiliser based on the levels of the seven 

heavy metal concentrations in Galician region soils regulated by Spanish and European directive. 

 

2 MATERIALS AND METHODS 

The experiment was carried out in Galicia, a region in the North-West of Spain at the North of Portugal. Galicia is 

located in the south part of the European Union Atlantic Biogeographic region, which is characterised by high 

precipitations and warm temperatures. AGROAMB PRODALT is a Company which manages more than the 50% of 

the sewage sludge production in Galicia. This company manages the sewage sludge from the municipal plant to the 

soil where it is used as fertiliser. Soil analysis are performed in all soils before sewage sludge is applied at a depth of 

25 cm, as indicated by Spanish RD 1310/90 (BOE, 1990). Around 2500 soils were used in this experiment from 

areas where grassland is extensively used to feed livestock and which can be seen in Figure 1. Soils were transported 

to laboratory, air dried, sieved and ground in an agate mortar. Nitric acid digestion was performed in a CEM 

microwave (CEM, 1994). Copper, cadmium, lead, chromium, zinc and nickel concentrations were determined using 

atomic absortion spectrophotometry and mercury in a hydride vapour generator. Mean values of the samples were 

estimated and the proportion of plots which did not fulfil the Spanish 1310/90 regulation evaluated and placed in a 

map using a GIS program. 
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FIGURE 1  Sampling  area distribution in Galicia per municipality. Light grey colour represents no sampled 

municipalities. 

 

3 RESULTS AND DISCUSSION  

Heavy metal mean concentrations of the 2500 samples were  within the low part of the range provided for these 

heavy metals in the literature (Table 1), with the values of Ni and Cd closer to the Spanish RD 1310/90 limits than 

the others heavy metals. Galician soils are usually very acid which cause bioavailability of these heavy metals and 

leaching, reducing the levels in soils. 

 

TABLE 1  Heavy metal concentrations in soil of Galicia (Galicia mean), mean soil range provided by 

literature (
a
:Kabata and Pendias, 1988 and 

b:
 Carter 1993 and the maximum values provided by the RD 

1310/90 for acid soils (water pH below 7) to receive sewage sludge. All units are in mg per kg of soil, 

with the exception of Hg which is expressed in micrograms per kilogram of soil 

 Cu Cr Zn Ni Cd Pb Hg 

Galicia mean 16.38 10.03 45.33 12.2 0.05 10.21 0.05 

Mean soil range 6-60
a
 1.4-1389ª 10-105

a
 1-100

b
 0.07-1.1

a
 3-189

a
 0.01-0.5

a
 

RD 1310/90 50 100 150 30 1 50 1 
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FIGURE 2  Placement of the number of sampled plots and its percentage over total, where soil samples 

exceeded the levels of copper, zinc and nickel. Light grey colour represents no sampled 

municipalities. 
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Around 93.3% of the total samples taken are allowed to receive sewage sludge following the RD 1310/90, 

and therefore around 6.7% were over the values provided by the RD 1310/90, which indicates that most of the soils 

are suitable to receive sewage sludge as fertiliser.  

Although most of the sampled plots were located in the part of the region allocated to milk dairy 

production (north part) and to beef production (south part) (Figure 1), the plots which did not fulfil the Directive 

requirements were places out of these areas (Figure 2). Therefore the most sampled areas has less soil restrictions to 

receive sewage sludge. Copper and zinc are the two heavy metals with highest concentration in the soil compared 

with the regulatory values, (table 1), Nickel was the most restrictive heavy metal to apply sewage sludge, taking into 

account the soil parameters. Soils which were over directive limits for Ni were located in the north west part of 

Galicia where soils come from metamorfic rocks like gneis, anfibolites and schists, which are mainly richer in Ni. 

Nickel and copper are also high closer to the city of Santiago de Compostela. There are also a higher number of 

municipalities exceeding Cu and Ni values than Zn. All these soils are not allowed to receive sewage sludge, 

whatever the quality of sludge is. Moreover, sewage sludge from areas with soils over directive limits for Ni, Zn and 

Cu has to be transported to areas with soils fulfilling the directive related to sewage sludge use as fertilizer (RD 

1310/90). 

 

4 CONCLUSIONS 

Most of the Galician soils are suitable to receive sewage sludge as fertilizer following the Spanish and European 

Directives, with Cu, Ni and Zn soil concentrations the most restrictive heavy metals when applying sewage sludge. 

Soil heavy metal concentrations depended on soil parent material. Therefore sewage sludge produced in those areas 

with soils which not fulfill RD 1310/90 Spanish Directive should be transported to elsewhere or eliminated through 

dumping or incineration. 
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1 INTRODUCTION  

Sewage sludge application as fertiliser is an increasing managing practice because of it benefits to soil and crops due 

to its specific organic matter and macronutrient content, particularly N and to a lesser extent of P, K, Ca and Mg 

(MMA, 2006). However, the use of this residue as a fertiliser must take into consideration the heavy metal 

concentration, especially Cu concentration that is higher than that normally found in soils (Smith, 1996).  

Copper is an essential metal for many organisms, but it is also very toxic. Copper is known to have a 

number of negative effects both on crops (Baryla et al., 2000) and microorganisms in the soil, which could have a 

negative effect on the fertility of the soil (Martensson and Torstensson, 1997). In Spain, R.D.1310/1990 (BOE, 

1990) and European Directive 86/278 (EU, 1986) limit the total heavy metal concentration in soil and sewage sludge 

in order to prevent harmful effects on soil, vegetation, animals and, finally, human health. 

Heavy metals, in general, have a low solubility in basic soils, as the concentration of metals in soil water 

depends on soil parameters such as pH, redox potential, organic matter content (SOM) and the total amount of metal 

present in the soil (McBride, 1994). All heavy metals have a specific pH underneath which their solubility is 

drastically increased. For copper, this pH is 5.5 (Martinez and Motto, 2000). 

The aim of this study was to evaluate the effects of municipal sewage sludge application on the 

concentrations of Cu in soil and pasture compared to control treatments (mineral and no fertilisation) in pastoral 

systems, forestry systems and silvopastoral systems developed under Pinus radiata D. Don and established in 

agricultural and forest soil. 

 

2 MATERIALS AND METHODS 

The experiment was established in December 2006 through the use of 24 pots of 2 m
3
 that were installed in Piugos 

(Lugo, Galicia, NW Spain, European Atlantic Biogeographic Region) at an altitude of 470 m above sea level. Half 

of the pots were filled with agronomic soil (12 pots) from Sarria (Lugo, Galicia, NW Spain) and with forest soil (12 

pots) from Cantera de Bascuas (Condesmo, Lugo, Galicia, NW Spain). 

The experimental design was a randomised block with three replicas and eight treatments. The treatments 

established are traditional treatments in the area of study (agronomic soil without tree, forest soil without pasture, 

and silvopastoral systems). Treatments consisted of: (1) Agronomic soil + pasture sowing (Agronomic + P); (2) 

Agronomic soil + pasture sowing + sewage sludge (Agronomic + PS); (3) Agronomic soil + pasture sowing + 

mineral (Agronomic + PM); (4) Agronomic soil + pasture sowing + mineral + tree (Agronomic + PMT); (5) Forest 

soil + sewage sludge + tree (Forest + ST); (6) Forest soil + mineral + tree (Forest + MT); (7) Forest soil + pasture 

sowing + sewage sludge + tree (Forest + PST) and (8) Forest soil + pasture sowing + mineral + tree (Forest + PMT). 

Where:  

− Pasture sowing (P): pasture was sown with a mixture of Dactylis glomerata L. var. Artabro (12.5 kg ha
-1

), 

Lolium perenne L. var. Brigantia (12.5 kg ha
-1

) and Trifolium repens L. var. Huia (4 kg ha
-1

) in 

December 2006. 

−  Tree (T): a one year old Pinus radiata D. Don tree was planted in January 2007. 

−  Sewage sludge (S): fertilisation with anaerobically digested sludge with an input of 320 kg total N ha
-1

 in 

December 2006. 
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−  Mineral (M): in the Agronomic + PM, Agronomic + PMT, Forest + MT, and Forest + PMT treatments 

500 kg ha
-1

 of 8 (% N):24 (% P2O5):16 (% K2O) were applied at the beginning of the years 2007, 

2008, and 2009 and 40 kg N ha
-1

 as calcium ammonium nitrate 26% after each harvest. 

Sewage sludge was taken from municipal waste treatment plant of Lugo and was applied superficially. 

The calculation of the required amounts was conducted according to the percentage of total N (3.5%) and dry matter 

contents (20.47%) (EPA, 1994) and taking into account the European Union Directive 86/278/CEE (EU, 1986) and 

the Spanish regulation (R.D.1310/1990) (BOE, 1990) regarding the heavy metal concentration for sewage sludge 

application. 

Soil samples were collected at a depth of 25 cm as described in the RD 1310/1990 (BOE, 1990) in March 

2008 and pasture copper was estimated by taking two samples of pasture per pot at random (0.3 x 0.3 m
2 

) in May 

2007, June 2007 and August 2007. Soil total (CEM, 1994) and available copper (Mehlich, 1985) as well as pasture 

copper concentration (CEM, 1994) were estimated in the laboratory. 

Data were analyzed using ANOVA and differences between averages were shown by the test LSD using 

the statistical package SAS (SAS, 2001). 

 

3 RESULTS AND DISCUSSION  

The total and Mehlich soil levels of copper in 2008 can be seen in Figure 1. The total values of Cu can be considered 

to be low when compared to the usual range for natural soils described by several authors, such as Barber (1995) (1-

50 mg kg
-1

) and Kabata-Pendias and Pendias (2001) (6-60 mg kg
-1

). Moreover, all values (4.6-13.7 mg kg
-1

) were 

very low compared to the Spanish regulation limits (50 mg kg
-1

) (R.D.1310/1990) (BOE, 1990). This may be 

explained by the fact that this experiment was located in an area without nearby pollution sources. 
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FIGURE 1 Total Cu concentration (mg kg
-1

) in soil (a) and amount of Cu (mg kg
-1

) extracted by Mehlich 

(b) in each treatment in 2008. P: sowing of pasture, S: sewage sludge, M: mineral; T: tree. 

Different letters indicate significant differences between treatments. Vertical lines indicate mean 

standard errors. 

 

There were not found differences between treatments when only agronomic or forest soils were taken in 

to account. However, when agronomic and forest soils were compared was found that the concentration of total and 

Mehlich Cu was significantly higher in the Agronomic treatments than in the Forest treatments (p<0.001). 

The effect of different treatments on the extractable Cu depended on the influence of these treatments on 

the factors that affect their availability, such as pH and SOM (López-Mosquera et al., 2005). In this study the 

relationship between extractable Cu and soil pH was weak because the agronomic and the forest soils had similar 

soil pH (pH of 4.8-4.9 to agronomic soils and pH of 4.4-4.5 to forest soils). However the percentage of SOM tended 

to be lower in the forest soils than in the agronomic soils and therefore the availability of Cu also was lower in the 

forest soils than in the agronomic soils because the Cu is not incorporated into the soils and could be leached 

through the soil profile (Kabata-Pendias and Pendias, 2001). High levels of SOM could also reduce the negative 

effect of Cu, because SOM reduces their availability due to the formation of stable organo-metallic complexes 

(Kabata-Pendias and Pendias, 2001) but this effect was not found in this study. Other experiments carried out in the 
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area in an agronomic soil and with a pH close to neutral (6.3) (Mosquera-Losada et al., 2009) had described an 

increase of the availability of Cu due to changes in pH caused by sewage application because this type of organic 

fertilisation have an important effect of mineralisation, which mobilizes heavy metals and favours their 

incorporation into the soil. 

The range of Cu concentrations in the pasture in this experiment (2.8-7.9 mg kg
-1

 in the harvest of May 

2007 and 3.8-6.1 mg kg
-1

 in the harvest of August 2007) (Figure 2) was slightly below the usual in plant range (10-

80 mg kg
-1

) (Loué, 1988) and below the levels considered excessive or toxic for plants (20 and 100 mg kg
-1

) by 

Kabata-Pendias and Pendias (2001). This variable of study was significantly affected by treatments in May and 

August 2007 (p<0.001 and p<0.05, respectively) but in June 2007 there was not a significant effect of the treatments 

on concentration of Cu in pasture (data not shown). In the harvest of May 2007, no differences were found on Cu in 

pasture within Agronomic treatments but, on the contrary, the concentration of Cu in pasture was higher in Forest 

treatment without pasture sown and with organic fertilisation (ST) than in the all other Forest treatments. This result 

can be explained by the lower proportion of Dactylis glomerata L. in the ST treatment than in the other Forest 

treatments because this species not accumulate Cu (Mosquera-Losada et al., 2001). In the harvest of August 2007, 

no differences in the Cu pasture concentration were found within agronomic or forest soils. However, the 

Agronomic + PMT treatment had pasture with highest Cu concentration than the Forest + PMT treatment due to the 

higher availability of Cu in the agronomic soils than in the forest soils. 
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FIGURE 2  Concentrations of Cu in pasture (mg kg
-1

) in the harvest of May 2007 (a) and August 2007 (b). 

P: sowing of pasture, S: sewage sludge, M: mineral; T: tree. Different letters indicate significant 

differences between treatments. Vertical lines indicate mean standard errors. 

 

With regard to the animals, Cu levels of pasture were below the minimum maintenance needs to for cattle 

(10 mg kg
-1

) (NRC, 2000), goat (10 mg kg
-1

) (Lamand, 1981) and horses (10 mg kg
-1

) (NRC, 1989) in all treatments 

in both harvests which makes necessary to supply this element to animals. In the case of the sheep, the agronomic 

soils met the requirements for maintenance (4.6-7.4 mg kg
-1

) (NRC, 1985) but in the forest soils, with the exception 

of ST treatment, supplements of these elements to the sheep would be recommended if their nourishment was 

derived solely from these pastures. 

 

4 CONCLUSIONS 

The total and Mehlich soil levels of Cu were lower in the forest soils than in the agronomic soils due to the lower 

percentage of SOM which caused that Cu is not storaged into the soils and could be leached through the soil profile. 

The highest availability of Cu in the soil and the lowest proportion of Dactylis glomerata L. in the pasture increased 

the concentration of Cu in pasture. Sewage sludge inputs did not cause harmful effects of Copper from a plant and 

animal point of view. 
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1 INTRODUCTION  

In recent years, anaerobic digestion of feedstock and animal manures has become widespread across Europe. In 

North Western Italy, ten anaerobic digestion plants were constructed in the last four years and 34 are in construction 

or waiting for approval (DEIAFA, 2010 – unpublished data). Thus, a large amount of digested slurry is expected to 

be managed in the coming years. Anaerobic digestion plants require tanks for the storage of digestate prior to field 

application, with an adequate storage capacity to enable the fulfilment of national requirements, and to allow its 

correct agronomic utilisation. As reported by some authors (Lindorfer at al., 2007, Resch et al., 2008) due to 

significant presence of undigested organic matter and a high ammonia nitrogen concentration in the digestate 

(Sommer, 1997) a residual biogas potential and ammonia losses are likely to be expected from the stored digested 

slurry. Nevertheless, at present, in most Italian plants the digestate is stored in uncovered, above ground tanks. Thus, 

ammonia and biogas losses from anaerobic digestion can represent an environmental hazard besides an economic 

loss: the residual biogas, indeed, could be recovered for energy production purposes. With the aims to assess the size 

of such losses and to find a sustainable solution for their abatement and for residual biogas recovery, a set of trials 

were performed within the Sixth Framework Programme “EU-Agro biogas” project and an innovative covering 

system was designed and installed at a 1MWel. anaerobic digestion (AD) plant.  

 

2 MATERIALS AND METHODS  

Trials were performed in order to assess the ammonia (NH3) emission and residual biogas potential of raw digestate 

and digested liquid fraction obtained from mechanical separation of raw digested slurry. Activities were carried out 

at two 1MWel. A.D. plants of Piemonte Region (Italy).  

2.1 Measurement of ammonia emission 

Experiment 1 was carried out at a 1MWel. A.D plant in northern Piemonte (Plant 1). Ammonia emissions were 

measured under summer conditions from an above-ground uncovered tank (volume 6000 m
3
) collecting raw 

digested slurry from a fermenter fed with cattle slurry (70%), energy crops (20%) and foodstuff by-products (10%). 

The biogas plant was run under mesophilic conditions with an hydraulic retention time (HRT) of 105 days. 

Experiment 2 was performed at a 1MWel. A.D. plant in southern Piemonte (Plant 2). Ammonia losses were 

measured under winter conditions from an above-ground 6000 m
3
 uncovered tank collecting the liquid fraction from 

mechanic separation of digested slurry. The A.D. plant was fed with cattle slurry (55%) and energy crops (45%) and 

operated under mesophilic conditions with an HRT of 130 days. The raw digested slurry was separated by a press 

screw mechanical separator (model 065, SEPCOM®). In both experiments, ammonia losses were measured by 

means of three floating Wind Tunnel units (Fig. 1). Each trial lasted 8 days with daily sampling of the gaseous 

emissions. Representative samples of raw digested slurry and liquid fraction were collected from each storage tank 

for the determination of pH, total solids (TS), total Kjeldahl nitrogen (TKN), and total ammonia nitrogen (TAN). 

The temperature in the tanks was determined at a depth of approximately 10cm from the top slurry layer and was 

continuously recorded during the two trials by probes connected to a Hobo Ware data logger. 

2.2 Measurement of residual biogas potential 

To determine the amount of residual biogas recoverable from the raw digestate and from the digested liquid fraction 

storage tanks, a pilot scale recovery system was built and floated over the two tanks. The system (Fig. 2) consisted a 

squared floating polyethylene and stainless steel inox frame (2,5 m X 2,5 m: total surface 6.25m
2
) covered by a PVC 
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two sides coated polyester fibre membrane. In order to avoid gas leaking from the structure, the membrane is 

refolded under the frame and tied to it by means of ropes. The device was floated over the slurry surface so that the 

released biogas could be collected under the membrane. The collected biogas flows through a PVC tube and is 

stored within a 2 m
3
 gasometer (Fig. 3) made of the same material as the covering membrane. Trials lasted five 

months at both plant 1 and plant 2. At plant 1, the floating system was floated at three distances (5, 20 and 30m) 

from the inlet of digestate into the storage. 

2.3 Designing and installation of a floating cover over the digested liquid fraction storage tank 

With the aim to abate NH3 emission and to recover the residual biogas from the storage of digested liquid fraction an 

innovative covering system was designed and installed at AD plant 1. Since digested slurry must be properly stored 

and land applied afterwards, its management requires storage tanks to be periodically loaded and unloaded with 

digested effluent. Thus, a traditional gas tight cover doesn’t allow the recovery of the biogas produced by digestate 

as, during the unloading phase, air must enter the tank in order to avoid the cover collapsing. In order to enable 

digested liquid fraction management and biogas recovery, a floating covering system (Fig. 1) was designed in 

collaboration with Ecomembrane® Company (Cremona, Italy). The floating cover is floated over the digested liquid 

fraction surface so that it can move upwards and downwards jointly with the slurry level during loading and 

unloading operations. The cover components are: a periphery floating frame (diameter 35,7m) made up of 48 

polypropylene and stainless steel modules linked together by means of U stainless steel profiles; a central floating 

unit made of nine polypropylene blocks supporting a 2.4 m high stainless steel frame; a PVC two sides coated 

polyester fibre membrane covering the whole surface of the tank (~1000 m
2
). The membrane (1.2 tons) leans on the 

central floating unit and is refolded under the peripheral structure in order to avoid biogas leaking. The gas line is 

made up of a centrifugal pump with a maximum flow rate of 80 m
3
 per hour; a pipeline connected to the membrane 

by means of a flange, and a water trap; a control panel equipped with a pressure probe, a timer and a temperature 

probe. After placement of the floating system, the recovered biogas from the tank was recorded daily over one year 

and biogas composition was determined weekly by means of a portable Draeger XAM 7000 instrument. Samples of 

the digested liquid fraction were collected over the monitoring period. Digestate temperature in the tank was 

continuously recorded at three depths (1.5 m, 3 m and surface) by means of thermocouples connected to data loggers 

Onset Hobo. Two sets of thermocouples were placed within the tank: a first set 3m apart from the digested liquid 

fraction inlet, a second one on the opposite side of the tank. 

 

  
a b 

FIGURE 1 a) placement of the floating cover; b) the storage tank with the floating cover in place 

 

3 RESULTS AND DISCUSSION  

3.1 Measurement of ammonia emission 

Chemical characteristics of manures at the beginning of each experiment are given in Table 1. Manures had similar 

pH, TKN and TAN content, although TS content of raw digested slurry was notably higher compared to that of the 

liquid fraction obtained by the mechanical separation of the digested slurry. In experiment 1 the average digestate 

temperature of the surface layer was 21.5 °C (range 19.4-22.7 °C). Environmental temperature ranged from 18.5 and 

21.3 °C (average 19.9 °C). In experiment 2, environmental temperatures ranged from 4.7 and 8.7 °C (average 

6.7°C), whereas digested liquid fraction temperature were close to 7.0°C (range 4.85-9.15 °C). As shown in Fig. 2, 

the pattern of NH3 emission followed that of environmental temperature. The rates of NH3 volatilization measured 

from the raw digested slurry (experiment 1, summer conditions) were two to four times lower than those measured 

from the storage of the liquid fraction obtained by mechanical separation of the raw digested slurry (experiment 2, 

winter conditions). 
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TABLE 1 Average chemical characteristics of digested liquid fraction and raw digestate at experiments 1 

and 2 

 pH TS 

(%) 

TKN 

(%) 

TAN 

(%) 

Raw digested slurry 

(Experiment 1) 

7.90 9.56 0.42 0.18 

Liquid fraction after the mechanical 

separation of the digested slurry 

(Experiment 2) 

7.80 5.17 0.40 0.16 

 

The rates of NH3 volatilization from the separated digested slurry ranged from 7.89 and 14.6 gNH3 m
-2

d
-1

. 

The low NH3 losses from the raw digested slurry were due to the presence of a very thick surface crust (≈ 50 cm) as 

reported by several Authors (e.g. Misselbrook et al., 2005). 
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(a) (b) 

FIGURE 2 Daily ammonia emission vs environmental patterns: a) experiment 1, b) experiment 2 

3.2 Measurement of residual biogas potential 

At AD plant 1, a notable biogas potential of the digestate was measured under pilot scale conditions. Digestate 

biogas potential varied as a function of the distance between the recovery system and the fresh digestate inlet. On 

average, 4.6 Nm
3 

biogas per m
3 

of fresh digestate loaded into the tank per day was measured by the pilot recovery 

system. At AD plant 2, an average biogas yield of approximately 3.3 Nm
3
 biogas per m

3
 of fresh digested liquid 

fraction daily loaded into the tank was collected. As expected, this latter value was lower than the one measured 

from raw digestate due to the higher HRT of AD plant 2 when compared to AD plant 1 (130 days vs 105 days) and 

the lower residual availability of organic matter of liquid fraction in comparison to raw digestate. 

3.3 Design and installation of a floating cover over the digested liquid fraction storage tank 

Main chemical characteristics of the digested liquid fraction measured over the monitoring period are shown in 

Table 2. Total solids content ranged from 6.0% and 8.2%. Volatile solids, calculated on wet basis, ranged from 3.7 

to 5.2 %, suggesting a good availability of undigested organic matter in the substrate. On average, over one year, 

330 Nm
3
 (range 245-440 Nm

3
) of residual biogas was recovered daily from the storage tank. This latter value 

corresponded to a daily production of residual biogas of 0.33 Nm
3
 per m

2
 storage tank surface. The average methane 

concentration of the biogas was 58.5% (range 56.5%-61.8%). In spring 2009 a failure of the mechanic separator 

occurred and raw digestate was loaded into the storage tank for one month. The monitoring had to be stopped until 

the system was fixed and put into operation again. Before restarting the monitoring phase, the whole tank content 

had to be mechanical separated, thus data on the biogas yields from the covering system were available again from 

July 2009 only. With respect to the amount of liquid fraction loaded daily into the tank, the residual biogas 

recovered from the storage tank of A.D. plant 1 corresponds to approximately 3.3 Nm
3
 biogas per m

3
 of fresh 

digested liquid fraction daily loaded into the storage tank and 14 Nm
3
 biogas per produced MWhel. Monthly biogas 

yields and digested liquid fraction temperatures recorded from the storage of digested liquid fraction are shown in 

Fig. 3. According to results, the recovered biogas accounted for approximately 3% of the total daily biogas yield of 

the plant and allows the production of 255 additional MWhel. per year.  
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TABLE 2 Main chemical characteristics of digested liquid fraction measured at AD plant 1 

 pH Total solids (%) Volatile solids (%) VS/TS 

Oct 08 8.1 6.2 4.2 0.67 

Nov 09 8.3 5.9 3.9 0.66 

Jan 09 8.2 6.4 4.3 0.67 

Mar 09 8.2 7.2 4.5 0.72 

May 09 8.3 8.2 5.2 0.62 

Jul. 09 8.8 6.0 3.7 0.61 

Set 09 8.2 6.3 4.0 0.64 
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FIGURE 3 Biogas yields and liquid fraction temperatures recorded during the monitoring period 

4 CONCLUSIONS  

This study highlighted the environmental hazard represented by the storage phase of both unseparated digested 

slurry and digested liquid fraction. Considerable amounts of NH3 and biogas are lost to the air during the storage 

phase, thus covering the storage tanks represents a reliable solution to avoid air pollution. According to the data 

acquired during the project, by covering the storage tanks 160 g NH3 and 161 kg CO2eq. per MWhel. produced can 

be saved from the A.D. process, thus increasing the environmental sustainability of the technique. Nevertheless, 

besides the environmental benefit (4 tCO2eq. not emitted from a 1MWel. plant), an economic advantage can be 

obtained by the coverage of digestate storage tanks. If a reliable system is installed over the tank, such as the 

floating covering system developed in the EU Agrobiogas project, a considerable amount of residual biogas can be 

recovered and afterwards used for energy generation by combustion in the CHP. According to the measured residual 

biogas yields from the constructed full cover system, on average, 330 Nm
3
 more biogas (58% methane) can be 

available daily for a 1MWel. A.D. plant, corresponding to an additional 0.7 MWhel per day (255 MWhel. per year). 

According to the present GSE incentives for electric energy produced by anaerobic digestion (in Italy 

280€/MWhel.), such an amount of recovered biogas would enable the farmer to pay back the investment for the 

floating cover in less than one year.  
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1 INTRODUCTION 

In Germany, the production of biogas from energy cropping systems has been in the focus of the national bio-energy 

strategy for the reduction of greenhouse gas emissions since the year 2004. In contrast to other biogas production 

systems, the focus in the new generation of biogas production is on a high energy output which requires a high share 

of crop input in addition to co-fermented animal slurries. Biogas plants exclusively supplied with crop substrates are 

also quite common. As a result, due to the new mixture of substrates as input material, fermentation residues 

(anaerobic digested slurries) may show different characteristics as compared to (digested) animal slurries. The 

aimed for greenhouse gas saving benefit of biogas production can be potentially strongly decreased by other adverse 

environmental effects induced by biogas systems as greenhouse gas and ammonia emissions. Ammonia emissions, 

which are unavoidable as anaerobic digested slurries have to be re-transferred to the field as N-fertilizers, contribute 

indirectly to greenhouse gas emissions (Wulf et al.2002). In addition, they are the main source of eutrophicating and 

acidifying compounds deposited on natural and semi-natural ecosystems. There is thus an urgent need to quantify 

NH3 emissions from the new type of biogas production systems. For scenario and regionalisation simulations, model 

approaches for NH3 emissions after field application of anaerobic digested slurries are of particular interest. There is 

still a lack of both, experimental testing of NH3 emissions after application of anaerobic digested slurries and 

modelling of the processes causing the attached particular emission patterns. In addition to mechanistic models, 

which are a prerequisite for proper understanding of processes underlying NH3 emissions, empirical models are of 

interest for testing of the influence of different factors on NH3 losses and for the prediction of NH3 losses under 

practical conditions. 

Model development can only be carried out on an extensive experimental basis for robust estimation of 

model parameters. Therefore, a high number of ammonia loss field measurements were carried out in the years 2007 

-2009 in biogas cropping systems grown in Northern Germany, consisting of simultaneous measurement of NH3 

losses from animal and anaerobic digested slurries in multiple-plot field experiments with different N-fertilization 

levels. For the determination of NH3 emissions micrometeorological as well as plot based measurement approaches 

were used and subsequently cross- checked. Ammonia losses after field application of anaerobic digested slurries in 

energy crop rotations and animal slurries were modelled with one new dynamic and one empirical model approach. 

In addition to the well known principles for calculation of ammonia losses based on temperature, pH and soil water 

relationships new algorithms were implemented to test and to account for the effects of slurry incorporation, crop 

type, canopy structure and precipitation on NH3 emissions. 

 

2 MATERIALS AND METHODS  

2.1 Ammonia loss measurements 

The models were tested and parameterized based on a dataset obtained during 3 years (2007-2009) of NH3 loss 

measurements in multi-plot field trials with 4 different organic fertilizers, 3 locations and 5 crop rotations. Crop 

rotations included silage maize (Zea maize), silage wheat (Triticum aestivum) as well as perennial (Lolium perenne) 

and annual (Lolium mulitflorum) rye grass. Crop rotations were planted in three typical agro-regions of the federal 

state of Schleswig-Holstein, Northern Germany: in the fertile, moraine derived hilly landscape in the East close to 

the Baltic Sea, low fertility sandy soils in the centre and fertile alluvial marshland at the Western North Sea coast. 

Model development was based on the simultaneous measurement of NH3 losses in conventional agronomic multi-
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plot field trials consisting of 96 – 240 plots (12 m x 12 m) per study site. Tested organic fertilizers included 

anaerobic digested slurries from exclusive fermentation of energy crop substrates (mono-fermented) and derived 

from animal slurries and energy crop material as substrates (co-fermented), pig slurry and to a lesser extent cattle 

slurry. Altogether 18 experimental campaigns for simultaneous determination of NH3 losses from different slurries 

were carried out covering a wide range of slurry properties, canopy and weather conditions. Emissions from the 

plots were determined in four replicates by passive flux sampling which can be converted into absolute quantitative 

losses with transfer coefficients (Vandré and Kaupenjohann 1998). These transfer coefficients were derived from 

simultaneous measurements with a calibrated dynamic chamber method (Pacholski et al. 2006) in the multi-plot 

field trials as well as by the micrometeorological backwards Lagrangian stochastic dispersion technique (Sommer et 

al. 2005) applied on adjacent fields. Both methods showed a very good agreement (Pacholski et al. 2009).  

2.2 Simple mechanistic model 

A simple mechanistic model was developed on the basis of a model by Sommer and Olesen (2000). The model 

considers only processes in the slurry/soil mixture at the top of the soil and in the atmosphere above it. The emission 

of NH3 from the gaseous phase of the soil into the atmosphere above the soil/canopy is explicitly calculated by a 

resistance approach (Eq. 1). 

 ])[]([
1

AN

cba

V CC
rrr

F −⋅

++

=     (Eq. 1) 

FV denotes the NH3 flux to the atmosphere above the soil or canopy, [CN] the NH3-N concentration at the surface of 

the slurry/soil mixture, [CA] the NH3-N concentration in ambient atmosphere, ra the resistance within the turbulent 

layer above the soil or canopy, rb the resistance within the laminar boundary layer above the soil or canopy and rc the 

resistance within the crop canopy and slurry layer.  

Basic shortcomings of the original approach were the neglect of the effects of canopy structure, slurry 

infiltration, drying of slurry surface and crust formation, precipitation, incorporation of slurry into the soil and 

nitrification on NH3-emissions. Based on field and laboratory data these effects were integrated in the new model. 

The specific effect of grass swards on ammonia emissions was included by considering the effect of leaf area 

expansion on NH3 emissions. 

2.3 Empirical model approach 

As a second approach an empirical model based on a Michaelis-Menten-type equation (Eq. 2) was applied (Sogaard 

et al. 2002): 

    

mKt

t
NtN

+

= max)(       (Eq. 2) 

This equation describes the dynamic process of cumulative ammonia loss, N(t), over time, t. Similar as in 

the ALFAM model approach (Sogaard et al. 2002), the parameters Nmax, maximum ammonia loss at infinite time, 

and Km, point in time when 50% of Nmax is reached, were modeled as functions of explanatory variables including 

slurry type, canopy type, leaf area index (LAI), ammoniacal N concentration, temperature, wind speed, precipitation 

and others. The multiplicative method was selected to avoid negative model values for Nmax or Km (Eq 3), with the 

letters xi for explanatory variables in the exponent and values Ai and Bi for connected parameters which are 

estimated during model fitting for Nmax and Km, respectively.  

    1 1

max 0 1 0 1
m mx xx x

m m m
N A A A and K B B B= × × = × ×L L  (Eq. 3) 

Nmax and Km values for the measurements were derived by fitting of Eq. 2 to the time curves of the 

measured fluxes which were subsequently used for parameterization and validation of the model. For comparison 

purposes measured final losses were also used in the model evaluation. 

For model evaluation R² values and absolute model deviation (RMSE) were calculated. Model development 

and statistical testing were carried out in ModelMaker® and with R statistical software package. 

 

3 RESULTS AND DISCUSSION  

3.1 Mechanistic Model 

The mechanistic model (Eq.1) could reproduce measured NH3 loss dynamics, simulated values always being very 

close to the observed ones as shown for two parameterization data sets presented in Fig. 1. Although there were 

minor discrepancies, the general trend was depicted as observed during measurements. Simulations with the 

mechanistic model showed a good agreement with measured final cumulated NH3 losses at both study sites for the 
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validation set consisting of 6 measurement campaigns with 3 simultaneously applied organic fertilizers (R² 0.61, 

RMSE 1.95 kg N ha
-1

, Fig. 2). The regression line between measured and simulated values is very close to the 1:1 

line with an intercept close to zero. In some cases the model deviated to a higher degree from measured values. This 

was always one outlier out of the three slurries applied at one application date. This indicates that the general 

processes of NH3 emissions as related to weather, slurry and canopy conditions were sufficiently described by the 

model. The outliers are mainly attributed to uncertainty of input parameters, in particular to slurry characteristics. 

 

FIGURE 1 Measured NH3 loss dynamics from mono-fermented anaerobic digested slurries (only crops used 

in fermentation) applied to grassland sites with trail hoses and simulated NH3 loss dynamics by 

the mechanistic approach (Eq. 1) for two parameterization data sets a) May 2007, sandy soil, 60 

kg Ntot ha
-1

 b) May 2008, sandy soil, 120 kg Ntot ha
-1

; error bars = std. dev. (n=4)) 

 

FIGURE 2 Simulated cumulated NH3 emissions in relation to measured losses after application of 

anaerobic digested and pig slurries, validation data set (RMSE 1.95 kg N ha
-1

), mono-fermented 

= crop substrates, co-fermented = crops + animal slurry 

3.2 Empirical Model 

Calculations with the empirical model approach for NH3 emissions (Eq. 2 and Eq.3) showed a good fit to maximal 

losses of the parameterization data set (Fig. 3 a, R² 0.81, RMSE, 3.18 kg N ha
-1

). Due to the low number of 

measurements with cattle slurry the prediction power was considerably lower (4.07 kg N ha
-1

) as for the other 

slurries. This also applies for the validation data set (Fig. 3 b). The agreement with the maximal emissions from pig 

and anaerobic digested slurries of the validation set was similar to the prediction power for the parameterization data 

set (RMSE: pig slurry 1.36 kg N ha
-1

, anaerobic digested slurry 2.71 kg N ha
-1

). With respect to measured final 

losses from pig and anaerobic digested slurries the RMSE values were 0.94 and 1.78 kg N ha
-1

, respectively. The 

accuracy of model prediction was in the range of measurement accuracy of commonly used NH3 loss measurement 

techniques (Pacholski et al 2006). 
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FIGURE 3 Measured NH3 fluxes from three organic fertilizers (biogas slurry = anaerobic digested slurry) 

applied to arable and grassland sites and simulated losses by the empirical approach (Eq. 2 and 

Eq. 3) for a) parameterization data set and b) final cumulated NH3 losses in a validation data set 

4 CONCLUSIONS  

The mechanistic as well as the empirical model approach were proven to be applicable for the simulation of NH3 

emissions from arable land and grassland sites after application of anaerobic digested and pig slurries. Due to a low 

number of measurements both models could not successfully fitted for cattle slurry. Anaerobic digested and pig 

slurries could be simulated with the same set of variables and parameters. Ammonia emissions after application of 

anaerobic digested slurries behave thus according to the same physic-chemical principles as animal slurries. 
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1            INTRODUCTION 

The strategy of manure management on farms has an important role not only in agronomic terms, but also in relation 

to environmental issues, such as carbon emissions. Aerobic and anaerobic decomposition occurs in stored farmyard 

manure (FYM), with carbon dioxide (CO2) and methane (CH4) fluxes. CH4 may be produced during FYM storage as 

a consequence of the microbial degradation of soluble lipids, carbohydrates, organic acids and proteins present in 

manures (Chadwick et al., 2005).  

Globally, domestic livestock are estimated to produce 80 Tg a
−1

 of CH4 with another 25 Tg a
−1

 being 

emitted from their manures (Chynoweth, 1996). In addition, CH4 from stored manure as a proportion of total CH4 

from cattle has been estimated to range from 13 to 14% (Külling, et al., 2002). However, it is difficult to ascertain 

CH4 emission from livestock manure (Johnson and Ward, 1996) and little is known in relation to the simultaneous 

CH4 emission from the animal and their manure under controlled and varying conditions (Külling et al., 2002). 

Therefore, the objective of this work was twofold: i) to quantify emissions of CO2 and CH4 from the 

FYM storage; ii) to improve our understanding of C transformations and controlling factors during the storage of 

FYM, such as temperature, available carbon or moisture content. 

 

2             MATERIALS AND METHODS 

Carbon dynamics in cattle FYM during storage was evaluated in terms of mass balance, considering solid, liquid 

and gaseous components. For this purpose, three storage bunkers were constructed at IGER (North Wyke, 

Okehampton, Devon, UK) with concrete bases and concrete block walls to hold FYM from beef cattle. The FYM 

stores were 3.5 m x 5 m x 1.1 m with a storage capacity around 19 m
3
.  

Around 4 t of cattle manure (fresh weight) were put into each of three replicate storage bunkers with a 

large dynamic chamber used to sample and quantify the gaseous fluxes from the heaps. Gaseous emission 

measurements were made from each heap during a storage period of 52 days with 16 sampling periods (at days 0, 1, 

2, 3, 4, 7, 8, 9, 10, 11, 15, 17, 22, 25, 32 and 52 after heap establishment). Gas samples were taken from the inlet and 

outlet of the dynamic chamber at 0, 60 and 120 min for each sampling period and stored in evacuated 20 ml vials 

prior to their analysis for CH4 and CO2 by gas chromatography (GC). Following the methodology of Chadwick 

(2005), fluxes were calculated for each measurement occasion according to: 

F = (Coutlet – Cinlet) Y/ Mt, 

where F is the flux (g gas t
-1

FYM h
-1

); Coutlet, the concentration in outlet air flow (g/m
3
); Cinlet, the concentration in 

inlet air flow (g/m
3
); Y, the total air flow through the emission hood (m

3
); M, the initial fresh weight of the FYM 

heap (tonnes) and t, the duration of the measurement (h). The air flow rate through the chamber with the optimal 

recovery of gases was chosen for the experimental measurements and a correction factor, derived from the 

calibration, was applied to the measured fluxes from the FYM heaps. 

Representative samples of FYM were taken from each heap at the start and at the end of the storage 

period, in order to determine the mass balance of total and inorganic C. In addition, dry matter content, total C and P 

were analysed in representative sub-samples taken from each heap according to the methods described in MAFF 

(1986). Temperature sensors were placed in the middle of each FYM heap and average hourly temperature was 

recorded. Leachates were collected periodically from the individual collection tanks from each manure heap and the 

total volume measured. Sub-samples of leachate were taken for determination of total C content.  
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3              RESULTS AND DISCUSSION 

3.1          Evolution of farmyard manure characteristics 

During the storage of cattle FYM, the constituents are subject to microbial transformations, chemical reactions, the 

leaching action of rainfall and “natural” drainage within the heaps (Chadwick, 2005). Table 1 shows the changes in 

the manure composition throughout the experiment.  

 

TABLE 1  Composition of farmyard manure, at the beginning and end of the storage period (standard 

errors in brackets). 

Total heap content 
Beginning of the 

experiment 

End of the 

experiment 

Dry matter content of FYM (%) 20.6 [0.30] 19.5 [0.20] 

Total fresh weight per heap (t) 4.72 [0.32] 3.63 [0.31] 

Total dry weight per heap (t) 0.98 [0.07] 0.75 [0.07] 

Total C (%) d.w. 43.4 [0.2] 42.6 [0.6] 

Total C per heap (kg) 423 [34] 319 [33)] 

Total P (g/kg) d.w. 3.38 [0.2] 4.45 [0.4] 

Total P per heap (kg) 3.30 [0.3] 3.31* [0.3] 

* Including P from leachates. 

 

As it can be seen, after 52 days of storage, 23% of the heap dry matter and 24% of total C had been lost 

through decomposition and leaching processes (Table 1). Similar or higher values have been reported by other 

authors. Parkinson et al. (2004) observed losses of 50% in an experiment to investigate the effect of turning regime 

and seasonal weather conditions on nitrogen and phosphorus losses in static cattle FYM heaps. Chadwick (2005) 

reported losses of total dry matter of 35-46% and 40-50% losses of total C during an experiment of 3 months of 

conventional storage, carried out to evaluate the effect of compaction and covering on the storage of cattle manure. 

3.2           Methane and carbon dioxide emissions and C balance 

The patterns of emission for CO2-C and CH4-C are shown in Figure 1a and 1b, respectively. The greatest emissions 

occurred at the beginning of the experiment, during the first week of storage, as a consequence of the temperature 

values reached in the heaps during that period (Fig. 2a).  

Non aerobic conditions were dominant for much of the storage period, according to the significant and 

long duration of the methane emissions in the heaps, with an emission rate ranging from 0.5 to 1.7 g CH4-C ton
-1

 h
-1

. 

The peak in CH4 emission coincided with the temperature profile of the middle part of the heap, probably 

correlating oxygen consumption and facultative anaerobic conditions in this area (Figs. 1a and 2a, respectively). 
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FIGURE 1  Methane (a) and carbon dioxide emissions (b) throughout the experiment. 

 

The CO2 emission profile was more variable, with a linear increase in the emission rate at the beginning 

of the storage period, which was probably due to the presence of easily available C in the heap and the increase of 

(a) (b) 
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the heap temperature values. Peak emission rate was reached after 5 days, followed by a decline back to initial 

emission rates after 20 days.  

The cumulative CH4-C and C-CO2 emission trends are displayed in Figure 2b. The cumulative CH4-C 

emission was about 537 g C ton
-1

 initial fresh weight, around 0.6% of the total C in the heap at the beginning of 

FYM storage. In case of CO2-C, the cumulative emission was 8742 mg C ton
-1

 initial fresh weight, representing 

around 9.75% of the total initial heap C content.  
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FIGURE 2  Evolution of the temperature in the heaps (a) and cumulative emissions of methane and carbon 

dioxide (b) during the storage of cattle farmyard manure. 

 

Table 2 shows the summary of the C balance of FYM. A C balance was made to ascertain if any C 

remained unaccounted for and to check if the measurements of C emissions could account for all C losses. This 

balance is based on the determination of the proportion of the mass of C lost, defined as the mass of C in the heap at 

the beginning of the storage period minus the mass of C remaining in the heaps at the end of the experiment 

(determined by chemical analysis of the FYM samples), and accounting for total C-CH4 and total CO2-C emissions 

and total C leaching.  

A potential source of error in this estimation is the representativeness of the FYM sub-samples. However, 

the reliability of sub-sampling may be checked by calculating the P balance, since P is not volatilised and little is 

lost by leaching (Petersen et al., 1998). No significant changes were observed in total P per heap, showing the 

representativeness of FYM sampling (Table 1). 

 

TABLE 2  Summary of C balance for cattle farmyard manure storage. 

C balance       

Initial C 

content (kg) 

Total  

CH4-C 

emission 

(kg) 

Total CO2-

C emission 

(kg) 

Total C in 

leachate 

(kg) 

Total C 

losses 

measured 

(kg) 

Final C 

content 

heap (kg) 

C 

unaccounted 

(%) 

423.1 2.53 41.26 2.11 45.9 319.8 13.6 

 

Based on C balance, for the storage period, 13.6% of the initial C in the FYM heaps was unaccounted for 

and the CH4-C emission constituted approximately 6% of CO2-C emission (Table 2). The imbalance between mass 

of carbon emitted and the carbon loss determined by the mass balance method is expected to be caused by the 

inaccuracy of the mass balance method and to a lesser degree by emission of carbon monoxide (CO) (Hellebrand 

and Kalk, 2001). Total losses of CH4-C were 0.6% of the total C in FYM, similar to those observed by Chadwick 

(2005) (ranged from 0.4% to 9.7% of the total C) and considerably higher than those observed by Sommer (2001) in 

a stored deep litter (CH4 emission values between 0.01 and 0.03% of the C). 

(a) (b) 
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4              CONCLUSIONS 

From the results, it can be concluded that the main CH4-C and CO2-C emissions during conventional storage of 

FYM were generated in the first week of storage, when the heaps reached the greatest temperatures. The main losses 

related to C were from CO2, representing around 10% of the total initial heap C content, with losses via CH4 and 

leachate each accounting for <1 % initial heap C content.  
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1 INTRODUCTION  

During the last century, anthropogenic greenhouse gasses and ammonia (NH3) emissions have increased 

significantly (Møller et al., 2004). Agriculture plays an important role in climate change (Park et al., 2006). 

Negotiation to mitigate polluting gasses emissions is ongoing among UNECE countries. According to the Kyoto 

Protocol the greenhouse gas (GHG) reduction target for the European Union is 8% within the four–year period 

2008–2012, with reference to 1990 (IPPC, 2007). The intensification of agricultural, to increase food production, 

increases the risk of environmental pollution. High concentration of livestock results in the production of organic 

wastes locally in excess of crop nutrient requirements. Livestock manure represents a valuable source of plant 

nutrients, however, if it is careless managed it is a source of air pollution, and a threat to aquifer and surface water 

quality. Slurry stores are potential sources of NH3 and GHG emissions to the atmosphere. Ammonia is responsible 

for soil eutrophication, acidification, decline of biodiversity and forest dieback (Seinfeld and Pandis, 1998); 

moreover, it contributes 1% to global warming by N2O production and emission (IPPC, 2007). Among the GHG, 

CO2 emissions from slurry are not usually considered to contribute to global warming as they are part of the 

relatively rapid carbon cycle, and N2O emissions from slurry storage are mostly negligible if slurry surface crust is 

not present  (Sommer et al., 2000; Berg et al., 2005). Methane is the main GHG from slurry storage. In order to 

reduce NH3 volatilization and odour emissions during slurry storage, some studies on different covering techniques 

have been carried out (Sommer et al., 1993; Berg et al., 2005). However, some cover materials can increase GHG 

emission to the atmosphere. Therefore, effective mitigation strategies are needed.  

The aim of this study was to assess, under laboratory conditions, the environmental impact of a chopped 

straw and a light expanded clay aggregate (LECA
®
) layer over the slurry storage surface on NH3 and GHG 

emissions. 

 

2 MATERIALS AND METHODS  

An experiment of seven days was carried out at the laboratory of the DEIAFA, University of Turin (Italy).  Samples 

of slurry were collected from dairy cow and fattening pig farms in the Piedmont Region. Part of the raw cattle and 

pig slurry was mechanical separated with a laboratory-scale device described by Dinuccio et al. (2008). Raw pig and 

cattle slurries and their liquid fractions obtained by mechanical separation were analysed for total solids (TS), 

volatile solids (VS), total nitrogen (Ntot), ammonium nitrogen (N-NH4
+
) and pH (Tab. 1).  

 

TABLE 1 Main chemical-physical characteristics of slurries.  

Type of Slurry pH 
TS 

(%) 

VS 

(% TS) 

Ntot 

(%) 

N-NH4
+ 

(%) 

Raw cattle slurry  (RCS) 8.19 11.6 77.3 0.47 0.26 

Raw pig slurry  (RPS) 8.00 3.95 69.2 0.31 0.22 

Liquid fraction of raw cattle slurry  (CLF) 8.41 5.40 73.2 0.33 0.15 

Liquid fraction of raw pig slurry  (PLF) 8.13 2.76 71.4 0.33 0.29 

 

Samples of 1.5 L of raw slurries and their liquid separated fractions were stored in 2.8 L jars, at 20°C. 

Trials were carried out in triplicate. For each treatment a layer of 9% (v/v slurry) of chopped straw (length 2.5 cm) 
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or of light expanded clay aggregate (LECA
® 

) was created on slurry surface. The uncovered slurry was used as 

control.  

The gaseous emissions were detected by a dynamic chamber system with an air flow rate of 2 L min
-1

. 

The environment air was passed at first through the storage headspace and then through an expansion chamber, 

which was connected with either ammonia and GHG detection systems (Fig.1). Ammonia volatilization was trapped 

in a boric acid solution (1% v/v) and analysed by an ionometer with an ammonium selective electrode (Inolab 2, 

WTW Wissenschaftlich-Technische Werkstätten GmbH,  D-82362 Weilheim, Germany). Greenhouse gases were 

detected by a photo-acoustic multigas analyser (1412 Multi-gas Monitor, Innova Air Tech Instruments, Ballerup, 

Denmark). Gas samples were monitored every 24h from the beginning of the storage. 

 

 

FIGURE 1 System for measurement of NH3 and GHG  

Data were analysed by analysis of variance procedure (ANOVA) followed by Tukey’s means grouping 

tests. The gaseous losses obtained are estimated as CO2eq using the global warming potentials of 23, 296 for CH4 

and N2O respectively, and considering the indirect NH3 contribution to the N2O emissions, estimated at 1% (IPPC, 

2007). 

 

3 RESULTS AND DISCUSSION  

The laboratory scale solid-liquid separator reduced the TS content of slurry between ~40% (pig slurry) and ~50% 

(cattle slurry) (Tab. 1). These TS reduction values are in the same range of those obtained by other authors (e.g. 

Møller et al., 2002) in field scale experiments.  

The tested cover materials had a considerable influence on NH3 and GHG emissions.  

Covering the slurry storage reduced NH3 volatilization between 33-60% (Fig. 2). A greater mitigation 

effect of the slurry covering layer on NH3 emissions was observed with the pig slurry compared to the cattle slurry. 

Mechanical separation of raw pig slurry increased the NH3 emission (Fig. 2). This increasing was mainly due to an 

increasing ratio of N-NH4
+
: Ntot (Tab. 1) in the liquid fraction, and to the less crust formation on the slurry surface, 

which could limit the ammonia diffusion from the slurry to the atmosphere. The NH3 emission fluxes per hour from 

all different trials investigated were rather constant over the 7-day storage period. The total ammonia emission 

obtained from the liquid fraction of pig slurry was approximately 10% higher than that from raw pig slurry. 

However, straw and LECA
® 

layers reduced total NH3 emission to approximately 0.55 g N-NH3 (straw) and 0.40 g 

N-NH3 (LECA
®
) for both raw and separated pig slurry (Fig. 2).  

Greenhouse gases emissions, in terms of CO2eq, were mitigated from between 22% (raw pig slurry 

covered by straw) to 57% (liquid fraction of pig slurry covered by LECA
®
) in comparison with the uncovered 

stores. However, GHG emissions increased by 9% in the liquid fraction of cattle slurry covered by straw in 

comparison with the control (Fig. 3). Both straw and LECA
® 

layers reduced CO2 emissions from all stored samples, 

with exception of the liquid fraction of cattle slurry samples covered by straw, which released 19% more CO2 than 

raw cattle slurry. The cover materials reduced methane emissions from 8 to 60% in comparison with uncovered 

slurry, with the exception of the liquid fraction of raw cattle slurry covered by straw, where methane emissions were 

7% higher than for uncovered slurry. As found in some studies (Sommer et al., 2000; Hosted, 1994; Petersen et al. 

2005) the natural or the artificial surface crust reduces the methane emissions due to the methanotrophic activity, 

which oxidize CH4. Higher methane emissions from the liquid fraction of the cattle slurry, found in this study, was 

likely due to a combine effect of the slurry separation and the straw coverage. The fine suspended particles, 

remained after slurry separation, and the straw layer together may furthered a thicker and more compact crust 
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formation rather than in the uncovered slurry. This limited the O2 diffusion through the crust, which inhibited the 

methanotrophic activity (Petersen et al. 2005). Mitigation effect of slurry covering was negligible on nitrous oxide 

emissions, although a slight increase was found from the raw pig slurry and the liquid fraction of cattle slurry 

covered by straw. 

LECA
®
 was more effective in abating gaseous emissions from slurry storage. In comparison with slurries 

covered by chopped straw, the LECA
®
 layer reduced NH3 emissions from 30% (raw pig slurry) to 40% (liquid 

fraction of cattle slurry) and GHG emissions from 4% (cattle raw slurry) to 37% (liquid fraction of pig slurry) (Fig. 

3).  
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FIGURE 2 Cumulative N-NH3 emissions over seven days from covered and uncovered slurry stores. Bars 

indicate standard error. 
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FIGURE 3 Cumulative methane, carbon dioxide, nitrous oxide and ammonia emissions over seven days, 

expressed as CO2eq. Bars indicate standard error. 
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4 CONCLUSIONS  

Covering slurry storage tanks is found as a suitable solution to mitigate NH3 and GHG emissions. Between the 

tested cover materials the light expanded clay aggregate was the most efficient, reducing NH3 emissions by up to 

60% (liquid fraction of pig and cattle slurry) and GHG emissions by up to 57% (liquid fraction of pig slurry) in 

comparison with the control. The chopped straw had a discrete abetment effect on NH3 emissions, but stimulated C 

losses, as CO2 and CH4 and N losses as N2O. This led to an increase in GHG emissions compared with the 

uncovered slurry.   
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1 INTRODUCTION  

Recent estimates (FAO, 2006) show that up to 90% of anthropogenic ammonia (NH3) emissions originate from 

agriculture, and an important proportion of this emission is related to the spreading phase of animal manure. 

Ammonia plays a role in a host of environmental problems, such as odour, eutrophication and acidification of soils, 

climate change and atmospheric PM2.5 formation (Goebes, 2003; Olesen, 2005). To reduce NH3 emissions following 

spreading of animal manures, reduced-emission application techniques need to be adopted. A large part of the slurry 

produced in the Piedmont Region (north west of Italy) is applied with irrigation water in summer on cereal crops. 

Flood slurry irrigation is the most common slurry irrigation technique used in this area. It is a low cost technique, 

which allows a considerable nitrogen uptake by the crop. Although flood irrigation is a cost effective method for 

crop irrigation, it is generally assumed that about 50% of the water applied is lost by evaporation, runoff and 

infiltration of uncultivated soil (USGS, 2008). Increasing pressure on water resources in Italy is forcing farmers to 

move from flood to more efficient irrigation systems (Mantovi, 2009). The benefits of slurry irrigation by self-

propelled travelling boom irrigators have been documented by different researchers (e.g. Bassanino, 2008; Mantovi, 

2009) but field studies are necessary to assess NH3 emissions when dilute animal slurry is applied by this crop 

irrigation system. The aim of this study was to compare, in terms of NH3 losses, two different dilute slurry irrigation 

techniques, a self-propelled travelling boom irrigator (BI) (trial 1), which allowed a band spreading application and 

flood irrigation (FI) (trial 2), with conventional slurry application by trailing hose (TH) (trial 3).  

 

2 MATERIALS AND METHODS  

Three field experiments were carried out at 2 sites near Torino (Italy). BI and FI techniques (trials 1 and 2) were 

performed in summer on a maize crop. The pig slurry was diluted with water at a ratio of 1:4 (trial 1) and 1:10 (trial 

2). The self-propelled travelling boom irrigator used in trial 1 (Fig. 1) was made up of a central trailer supporting 2 

booms, 13 m wide each. Each boom provided 18 slurry outlets (spaced 0.75 m apart) to which trailing hoses were 

fitted to achieve band spread application.  

 

 

FIGURE 1 The self-propelled travelling boom irrigator (BI) used in trial 1 and the trailing houses. 
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The TH technique (trial 3) was performed applying raw pig slurry on maize stalks during the autumnal 

season. Diluted and undiluted slurries were applied on sandy loam soils (Table 1) with a nitrogen rate of 150, 160 

and 170 kg per hectare for trials 1, 2 and 3 respectively.  

 

TABLE 1 Main soil properties. 

Application technique Trial Sand 

% 

Silt 

% 

Clay 

% 

pH Corg 

% 

C/N CEC 

BI 1 56 24 20 6.95 1.10 8.39 11.50 

FI and TH 2-3 52 23 25 5.30 1.06 8.00 12.61 

BI: self-propelled travelling boom irrigation; FI: flood irrigation; TH: trailing hoses application 

 

Representative samples of slurry were taken during the trials for pH, total solids (TS), total Kjeldhal 

nitrogen (TKN) and ammonium nitrogen (N-NH4) content analyses (Table 2). The ambient temperature was 

continuously monitored by a Salmoiraghi thermometer (model 1750-2/Q).  

 

TABLE 2 Application rates, environmental conditions and main chemical characteristics of the pig 

slurries used in the study. 

Application 

technique 

Slurry type Volume applied 

(m
3
 ha

-1
) 

Temperature 

°C 

pH TS 

% 

TKN 

% 

N-NH4 

% 

BI Diluted pig 1360 
23.4 

(21.8-32.1) 
7.64 0.25 0.11 0.08 

FI  Diluted pig  4000 
23.8 

(20.9-30.7) 
7.58 0.15 0.04 0.02 

TH Raw pig 1000 
12.1 

(7.3-17.9) 
7.24 2.60 0.17 0.16 

BI: self-propelled travelling boom irrigation; FI: flood irrigation; TH: trailing hoses application 

 

Ammonia emissions were measured by a set of three wind tunnels. Air velocity over the soil surface was 

maintained at about 0.6 ms
-1

 (surface covered by the wind tunnels: 0.32 m
2
). Each trial lasted for 72 hours. The NH3 

was trapped by a sulphuric acid solution (1% v/v), that was changed every 1, 3, 24, 48 and 72 hours after slurry 

application. Ammonia was analysed by an ionometer with an ammonium selective electrode (Inolab 2, WTW 

Wissenschaftlich-Technische Werkstätten GmbH,  D-82362 Weilheim, Germany). Data were analysed by analysis 

of variance procedure (ANOVA) followed by Tukey’s means grouping tests.  

 

3 RESULTS AND DISCUSSION  

Ammonia volatilization rates showed a similar trend following all application techniques (Fig. 2). This trend was 

characterised by a peak at the beginning (hours 1–3), and later, by a progressive and regular decrease in NH3 

emissions, which dropped to zero after 72 h from slurry application. Peak rates ranged from 0.034 g NH3 m
-2

 h
-1

 

(FSI – trial 2) to 0.110 g NH3 m
-2

h
-1

 (TH application - trial 3). Despite the low temperature during the trial (Table 2), 

the greatest NH3 emissions were measured from the TH slurry application technique (trial 3): about 15% of the TKN 

applied was lost as NH3 (Fig. 3). Slurry dilution reduced NH3 volatilization. This was due to the low TS content of 

the slurry (Table 2) which permitted a more rapid infiltration of the ammonium nitrogen into the soil (Smith et al., 

2000; Misselbrook et al. 2005). However, the total nitrogen losses via NH3 volatilization after flood slurry irrigation 

were about 50% greater than that after the boom slurry irrigation with trailing hoses. The greater NH3 emissions 

obtained after flood slurry irrigation were probably due to the large volume of diluted slurry applied (Table 2) which 

saturated the soil pores, therefore the slurry remained on the soil surface. In fact, as showed in Fig. 2, the decrease of 

the NH3 emissions after flood irrigation was slower than after boom irrigation, suggesting slurry remained on the 

soil surface for longer. 
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FIGURE 2 Ammonia emissions fluxes recorded within 72 hours of trials.  
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Values indicated with the same letter are not statistically different each other for P>0.05 (Tukey Test) 

FIGURE 3 Percentage of nitrogen losses via ammonia emissions during 72 hours of trials estimated on the 

total nitrogen applied by the three different techniques investigated.  

 

4 CONCLUSIONS  

Slurry application with irrigation water reduced NH3-N losses by up to 88% (boom irrigation with trailing houses) 

compared with a traditional land application system (trailing hoses). This reduction was due to the lower slurry TS 

content and an easier slurry infiltration into the soil. However, the increased volume of diluted slurry may promote 

NH3 volatilization as observed after flood irrigation (Fig. 3). Therefore, the irrigation system with trailing houses 

seems to be an effective method to increase water use efficiency and reduce NH3 emissions when animal slurry is 

applied to soil with irrigation water.  
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1 INTRODUCTION  

Nitrogen (N) in livestock food sources that does not end up in a product (e.g. milk or eggs) or that does not get 

incorporated in body tissue is excreted by the animal. Nitrogen in the urine is in the form of urea which can rapidly 

hydrolyse to form ammonium carbonate. The decomposition of ammonium carbonate frees up ammonium ions that 

can volatilise as gaseous ammonia (NH3). Hydrolysis of urea is facilitated by the enzyme urease, which is abundant 

in soils and plant roots as well as in animal faeces. However N excreted in animal faeces is typically bound up in 

organic compounds which need to be mineralized to the ammonium form before NH3 volatilisation can occur 

(Ndegwa et al., 2008).  

The amount of NH3 that volatises depends on factors such as the amount of  N in the food source, size 

and species of the animal, housing conditions of the animal, humidity, temperature and animal manure handling 

practices.  NH3 emission from manure generated during housing and subsequent storage and spreading are nearly an 

order of magnitude greater than emissions from waste while the animal is grazing at pasture (Roe et al., 1998).  

The work reported here considered the use of zeolite as a binding agent to mitigate NH3 volatilisation 

from pig manure and slurry applied to soil. Zeolites are clay like minerals from sedimentary deposits. Zeolites 

selectively adsorb cations in the following order: NH4
+
 > Pb

2+
 > Na

+
 > Cd

2+
 > Cu

2+
 ≈ Zn

2+
. Zeolite has been applied 

as a feed additive but it is more effective when applied directly to the manure (Leung et al., 2007). The hypothesis is 

that ammonium ions available as results of urea hydrolysis and organic N mineralization in manure will be adsorbed 

by the zeolite and thus reducing the volatilisation of NH3. In addition there is an added benefit of using zeolite as a 

binder as it also adsorbs Cu and Zn (originating from feed) which are present in pig manure and slurry.  

The aim of the proposed project was to evaluate the efficiency of using zeolite as a binding agent to 

reduce NH3 volatilisation from pig slurry and manure. This was achieved by the following specific objectives: 

− To determine the effect of adding zeolite to soils mixed with pig slurry and manure on NH3 volatilisation  

− To determine the efficacy of zeolite as an adsorbent for Cu and Zn present in pig slurry and manure 

− To determine the influence of zeolite on urease activity in soil and pig manure 

 

 

2 MATERIALS AND METHODS 

This project was carried out by means of laboratory experiments. The experiments were designed to pass a constant 

flow of water-saturated air over the top of a soil sample which had been mixed with manure and slurry. Ammonia 

volatilising from the soil sample was carried into a flask containing an excess of sulphate ions. Measuring the 

ammonium sulphate formed showed how much NH3 had volatilised from the soil surface.  The equipment used in 

the experiment is shown in Figure 1 and is a modification of the apparatus described by Corstanje et al. (2008). The 

air flow was maintained by a compressor and moved via a network of tubing to a series of equipment sets.  The flow 

to each water flask was controlled by a needle valve. The tube entering each water flask terminated in an air stone, 

which served to saturate the air with water vapour.  Air then passed through a flask with the soil sample and from 

there to the trap flask. The flasks with soil samples were operating simultaneously in a temperature-controlled 

environment.  
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FIGURE 1 Experimental set up for measuring ammonia volatilisation from soil   

 

The pig manure, slurry and soil were analysed for pH, dry matter content, N, Cu and Zn concentrations. 

pH, dry matter content and nutrients (carbon and N) were analysed using standard analytical equipments whilst Cu 

and Zn were analysed using the Atomic Absorption Spectrophotometer (AAS). The pig manure and slurry were 

from the pig units at Bedfordia in Bedfordshire, UK. Soil samples were collected from the Cranfield University farm 

in Silsoe. The soil samples collected were free draining sandy soils to reflect the conditions where pig farms are 

likely to be located.  

The study comprised three experiments. Experiment 1 was of NH3 volatilisation measurements using soil 

mixed with manure and slurry and different rates of zeolite (5%, 10% and 15% by mass). All the treatments were 

replicated three times. Control experiments were also set up where the soil samples were not spiked with manure 

and slurry. The NH3 volatilised was not measured directly but rather expressed as NH4 concentrations in mM. 

Samples were collected from flasks as shown in Figure 1 every 24 hours.     

Experiment 2 involved analysis of Cu and Zn that are usually present in manure and slurry. Zeolite can 

adsorb Cu and Zn and this experiment was used to determine the optimum doses of zeolite required to achieve this. 

Using the same set up as in Experiment 1, Cu and Zn were analysed in soil mixed with three different doses of 

zeolite. Soil samples were digested with aqua regia to extract Cu and Zn which were determined using AAS. 

Experiment 3 involved mixing soil and manure with three different doses of urea to determine urease activity in 

each of these combinations. Urease was determined according to the method of Corstanje et al. (2008).   

 

3 RESULTS AND DISCUSSION  

3.1 Interaction between slurry and manure with zeolite  

Figure 2 shows the response of slurry and manure when amended with zeolite at 5%, 10% and 15% by mass. Figure 

2 (a) shows that more NH3 was emitted from slurry on its own than when it was mixed with soil. The difference 

between NH3 emission from slurry and slurry mixed with soil was significant (p=0.0000) for the different doses of 

zeolite. Figure 2 (b) shows that the trend for manure was similar to the trend for slurry. The greater the zeolite dose 

the less NH3 was emitted either from slurry or manure. However the difference in NH3 emission from slurry, soil + 

slurry, manure and soil + manure was less pronounced at the greatest zeolite dose of 15%. The greatest doses of 

zeolite may indicate a reduction in efficiency to adsorb NH3.  

The urease activity was much greater in manure (1600-2000 µmol/g) than in soil (10-50 µmol/g) (data not 

shown). The urease in manure will help to hydrolyse the urea present in it to form NH4. Figure 2 shows NH4 

concentrations in slurry and manure at the end of each experimental treatment. In Figure 2a, slurry amended with 

zeolite shows a significant (p=0.0000) reduction in NH4 initially present. The addition of zeolite at 5% significantly 

reduced NH4 after 274 h compared with 24 h. However addition of zeolite at 10% gave no difference between 24 

and 274 h, although there was a large increase in-between. The addition of zeolite at 15% gave a small increase in 

NH4 which was not very significant.  
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(a)                                                                                             (b) 

FIGURE 2 Interaction between slurry (a) and manure (b) amended with different levels of zeolite and time 

on NH4 concentrations (mM) (vertical bars denote 0.95 confidence intervals)  

This indicates that increasing the amount of zeolite may not necessarily give greater reductions in NH3 

emission. When a greater amount of zeolite was added to slurry, the adsorption of NH4 reduced. Bernal et al (1993) 

found that at larger doses of zeolite, there was a reduction in its effectiveness to adsorb NH4. A linear relationship 

was found between the reduction in effectiveness and the water adsorption (Bernal et al, 1993). When zeolite was 

mixed with slurry and soil at different levels, it did not show any significant difference. When zeolite was added to 

manure, similar observations were observed as with slurry (Figure 2b). High moisture content (in % mass) present in 

slurry (98.39±0.12) and manure (75.14±1.37) may have affected the efficiency of zeolite. Dry matter (in % mass) in 

slurry and manure were 1.62±0.12 and 24.86±1.37 respectively (data not shown). 

 

 

 

 

 

 

 

 

FIGURE 3 Distribution of NH4 in (a) slurry and (b) manure amended with zeolite  (same alphabets denote 

statistical non significance) (SL= slurry; M= manure; Z5,Z10,Z15= Zeolite5%,10%,15%, 

S=Soil) 

 

TABLE 1 Chemical characteristics of materials used in the project (± denotes standard deviation) 

Note : - denotes not measured values 

 

     
(a)                                                                                                   (b) 

 Soil Slurry  Manure 

pH 5.83±0.06 7.88±0.01 7.87±0.06 

Total Organic Carbon (%) 

Total Carbon (%)  

Total Nitrogen (%) 

0.47±0.06 

0.53±0.04 

0.12±0.10 

- 

- 

- 

32.70±5.31 

37.85± 3.46 

                 2.23± 0.68 
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3.2 Cu and Zn dynamics in slurry and manure amended with zeolite  

Figure 4 shows the Zn and Cu concentrations in manure and slurry amended with zeolite at the end of each 

experiment. Figure 4a shows that for Zn levels in manure, there was no significance when added with zeolite. When 

adding manure to soil, Zn level in Z10 was significantly higher than Z5. There was a significant difference in Zn 

levels in manure and slurry added with zeolite. Slurry added with zeolite did not show any significance in Zn levels. 

Manure added with Z5 showed a significant reduction in Cu. However Cu levels for the other treatments are not 

shown as its detection was too low for AAS.  

 

FIGURE 4 (a) Zn and (b) Cu concentrations in slurry and manure amended with zeolite (same alphabets 

denote statistical non significance and vertical bars denote 0.95 confidence intervals) 

 

4 CONCLUSIONS  

The addition of zeolite to manure and slurry reduced NH3 emission, but greater reduction was achieved when it was 

mixed with soil. A higher dose of added zeolite did not increase adsorption of NH4.  Zeolite was not very effective 

in adsorbing Zn in manure and slurry but Cu was reduced significantly in manure. Urease activity is greater in 

manure than in soil which helps to hydrolyse urea to form ammonium.  
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1 INTRODUCTION  

After the coming into force of the Nitrates Directives (91/676/EEC), nitrate vulnerable areas have been identified at 

a regional level, thus forcing farmers to find areas outside the farm for the application of the nitrogen surplus. 

Piemonte Region is characterised by high density livestock areas, often close to orchards, Short Rotation Forestry 

and vineyards. These latter are traditionally poor in organic matter and are usually managed with chemical fertilisers 

with no applications of animal manures. With the aim of finding alternative areas for the application of surplus 

nitrogen, the feasibility of nitrogen export to orchard- based land was assessed by a specific targeted research project 

funded by Piemonte Region. Since no equipment is nowadays available on the national market for animal waste 

application in orchards, in this study a slurry tanker and a solid fraction spreader were designed and constructed by 

DEIAFA – Torino University. Ammonia volatilization from surface applied slurry is a major concern (Meinsinger 

and Jokela, 2000; Rahman et al., 2001). To date, no data are available on the environmental sustainability of animal 

waste application in orchards with special regards to gaseous losses to air. With the aim to cover this gap in 

knowledge, emissions of ammonia were measured after the land application of raw slurry and mechanically 

separated solid fraction in a peach orchard.  

 

2 MATERIALS AND METHODS  

Trials were carried out in summer 2008 (Year 1) and 2009 (Year 2) on a peach orchard (cv Spring bright, orchard 

design 1.80 x 3.90. Plots dimension 0.15ha). In both year 1 and year 2, raw pig slurry and separated solid fraction 

were collected at a pig farm of the western Po Valley. Raw slurry was collected directly from an under slatted floor 

pit of a fattening pig barn. The solid fraction was obtained from the mechanical separation of the same pig slurry by 

a screw-press separator (CHIOR). Before land application, samples of liquid slurry and solid fractions were 

collected and stored at 4°C until chemical analysis. Total solids (TS) content, total Kjeldahl nitrogen (TKN) and pH 

of both manures were determined. The peach orchard soil was a silt loamy sub acid soil (table 1) with a high 

cationic exchange capacity (CEC).  

 

TABLE 1 Main chemical characteristics of the peach orchard soil  

Depth  pH Total Carbonates CEC Ca Mg K SB 

cm  % cmol (+)/kg % 

0-5  6.2 0.35 26.90 10.87 0.51 0.80 45 

5-30  6.6 0.55 27.59 12.90 2.78 0.33 58 

30-60  6.3 0.55 30.52 15.25 3.39 0.20 62 

 

2.1 Manure spreading 

In year 1, manures were applied in the second half of June by means of spreaders (fig. 1a, 1b) adapted for animal 

waste spreading in orchard: a 3 m
3
 slurry spreader equipped with a purpose built lateral splash plate and a manure 

spreader fitted with a frontal rotary distribution system and a lateral centrifugal plate. Three application techniques 

were compared: broadcast spreading of raw slurry (BS), broadcast application of mechanical separated solid fraction 

(BSF) and raw slurry broadcast application followed by harrowing (HS). In this latter case slurry was manually 

incorporated to soil (15cm deep) by a shovel immediately after slurry broadcast application. Application rate was 
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adjusted by arranging the forward speed according to the spreading system flow rate. This latter was checked prior 

to spreading. Before waste application, soil samples were collected for chemical analysis.  

In Year 2, wastes were land applied in the first week of July with purpose built spreaders (fig. 2a, 2b) for 

animal waste spreading in orchards: a 5 m
3
 slurry spreader fitted with trailing hoses and a solid fraction spreader 

with a rear spreading system consisting of a belt conveyor fitted with a centrifugal plate. Similarly to year 1, three 

application techniques were compared: band application by trailing hoses (BA), band application by trailing hoses 

followed by harrowing (BH) and broadcast application of solid fraction (BSF2).  

Application rate was set by means of automatic application rate control systems installed on both 

spreaders. Application rates (table 2) changed significantly between years 1 2. A higher amount of TKN was applied 

in year 1 as a result of difficulties achieving the correct spreader setting. In year 2 a lower application rate was set in 

order to equilibrate the nutrient surplus applied during the previous year.  

 

TABLE 2 Application rates in year 1 and 2 

 Year 1 Year 2 

 TKN (kg/ha) t product/ha TKN (kg/ha) t product/ha 

Raw liquid manure broadcast 54.1 13.9 4.2 3.5 

Raw liquid manure incorporated 54.1 13.9 4.2 3.5 

Solid fraction 38.8 6.5 2.3 1.9 

 

 

 
 

a b 

FIGURE 1 a) application of slurry by splash plate b) application of solid fraction by on side centrifugal 

plate 

 

  
a b 

FIGURE 2 a) application of slurry by trailing hoses b) application of solid fraction by rear centrifugal plate 

and belt conveyor 

2.2 Measurement of ammonia emission 

Ammonia emissions were measured after the land application in peach orchard of raw pig slurry and mechanic 

separated solid fraction of pig slurry by means of a set of wind tunnels (Schmidt and Bicudo, 2002). Three Wind 

tunnels (fig. 3) per treatment were used. Air velocity over the soil surface was adjusted to 1 ms
-1

. In year 1, 

measurement lasted 48 hours with daily sampling of emission, whereas in year 2 trials were stopped after 96 hours.  
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During the experiments environmental temperatures were daily recorded by means of a Hobo Onset data 

logger. Emission of ammonia between treatments were compared afterwards as a percentage of the applied ammonia 

nitrogen lost to the air.  

 

FIGURE 3 A wind tunnel used for ammonia emission measurement in peach orchard 

3 RESULTS AND DISCUSSION  

Chemical characteristics of animal manures are summarized in table 3. Total solids content of raw pig slurry ranged 

from 3.5% and 5.6% and from 23.9% and 27.0% for the mechanical separated solid fraction. TKN content of raw 

liquid manure reached up to 3.9 kg/t raw manure (year 1), whereas a lower concentration was measured in year 2. 

The same trend was observed for solid fraction nitrogen content. 

  

TABLE 3 Chemical characteristics of digested liquid fraction and solid fraction applied in year 1 and 2 

 TS  

(%) 

pH TKN  

(kg/t) 

P2O5  

(kg/t) 

Year 1     

Raw liquid manure 5.6 7.4 3.9 3.8 

Solid fraction 27.0 8.3 6.0 17.0 

Year 2     

Raw liquid manure 3.5 7.6 1.2 2.6 

Solid fraction 23.9 8.2 2.3 15.4 

 

In year 1, during ammonia emission measurement, an average environmental temperature of 26.7°C 

(17.8-29.9°C) was recorded. Relative humidity was 56% (32%-67%). As shown in figure 4, the mechanically 

separated solid fraction (BSF) had the highest emission, with 13.5% of the applied TKN lost over the 48 hours 

following manure spreading. Incorporation of raw liquid manure (HS) resulted in a significant reduction (50%) in 

ammonia emission compared with BS.  
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FIGURE 4 Emission of ammonia nitrogen measured during year 1 

In year 2, during the trial, the average environmental temperature was 22.4°C (16.3-28.8°C) with a 

relative humidity of 78% (55-100%). Despite the longer period of measurement (96 hrs), total losses expressed as 

percentage of the applied TKN were similar to those measured in year 1 and close to 14,7%. This was due to the 
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lower nitrogen application rate that increased the surface exposed to air/manure volume ratio. Emission values from 

the solid fraction obtained in this study were comparable to those obtained by Balsari et al. (2008) in a field scale 

study. Emission from band application of raw slurry (BA) was just below 6.5% of the applied nitrogen. Raw slurry 

incorporation allowed a further reduction of the emission down to 4.3% of the applied nitrogen. As shown in Fig. 5, 

most of the ammonia (51%) was released from the broadcast application of raw slurry in the first 24 hours from 

spreading, whereas the emission rate decreased more slowly over time from the solid fraction.  
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FIGURE 5 Emission of ammonia nitrogen measured during year 2 
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FIGURE 6 Emission of ammonia nitrogen measured during year 2 

4 CONCLUSIONS  

This study has shown that the export of animal manures in orchard crops can be feasible from the technical point of 

view. Nevertheless, the environmental aspects related to this practice must be taken into account. Emission of 

ammonia in the orchard can be an environmental hazard if sustainable spreading techniques are not adopted. 

Broadcast application of solid fraction and raw slurry can be responsible for high ammonia emissions. Band 

application can be a reliable method to reduce ammonia emissions when compared to splash plate application but, 

according to trial results, manure (both liquid and solids) incorporation is strongly recommended, preferably within 

the first 24 hrs after spreading. DEIAFA is at present developing an incorporation system for the improvement of 

manure application to orchards.  
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1 INTRODUCTION 

Farm yard manure (FYM) contains approximately 5 g N·kg
-1

 based on fresh weight. Manure is  a relatively large 

source of nitrogen, and is important as a fertilizer in crop production. At the same time the large N amount contained 

in FYM is a serious threat to the environment, especially as a result of an improper its management. Threat to the 

environment, include pollution of groundwater and surface water. In particular there are environmental problems 

related to heaps of FYM placed directly on the ground. Wastewater from such manure heaps (leaking and rinsed 

consequently rainfalls) infiltrate to the soil or run off after it. With these wastewater large amounts of nitrogen 

compounds are transported to the ground and surface water, causing their contamination. The impact of manure 

heaps deposited directly into the ground on water quality and soil are recognized, however from scientific and 

practical reasons, there is a need to clarify a number of specific questions related to this issue. This study aim to 

assess the impact of long-term storage of cattle FYM seated directly on sandy soil, on water pollution and soil  

enrichment by mineral forms of nitrogen (N-NO3 and N-NH4), being  in the zone of its influence. 

 

2 MATERIALS AND METHODS  

The study was conducted from autumn 2007 to autumn 2009 near Falenty in Mazovia Province (central part of 

Poland). An object of research was to examine soil and groundwater  from the area covered by heap of  cattle FYM 

during several years. Further the effect of the storage of manure in heaps was also examined in the area adjacent to 

the site with heaps. For about 20 years, until 2007, the heap was managed through a cyclical addition and removal of 

the FYM (in recurring annual phases of heap formation and FYM removal for application to crops). In 2008, only a 

small amounts of FYM was added and since 2009 the site has not been in use. During storage, the FYM had direct 

contact with soil, which was a sandy soil. The soil was inhomogeneous as shown with the following three profiles of 

soil: 

− 0-5 cm - humous level, 5-15 cm - silt loam, 15-35 cm – gley silt loam, sand medium 35-60 cm; 

− 0-20 cm - humous level, 20-42 cm - silty sand, 42-52 cm – gley sandy loam, 52-75 cm - medium sand;  

− 0-35 cm - humous level, 35-38 cm - medium sand, 38-75 - sandy loam, 75-87 cm - medium sand with 

organic inserts. 

During investigation, samples were taken from the site of the FYM heap and from a sampling point close 

to where the heap had been situated. Groundwater was sampled from three wells (W1, W2 and W3) - Figure 1, and 

at the same sites soil samples were taken for analysis. Water samples was collected at monthly intervals, each time 

water level was determining. During investigations, in dependence on the monitoring point from 20 to 25 series of 

water samples were collected. Soil samples for analysis was taken four times from soil layers 0-90 cm in autumn 

2007 and 2008 and in spring and autumn 2009.  Plant nutrients was extracted from fresh mass of soil prepared using 

a 1% solution of potassium sulfate (K2SO4). In water samples and soil extracts the content of nitrate nitrogen (N-

NO3) and ammonia nitrogen (N-NH4) was determined by colorimetric method using an automated flow analyzer. 
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FIGURE 1  Outline location of storage yard of FYM together with water sampling points 

 

3 RESULTS AND DISCUSSION 

As a result of long-term FYM storage directly on the sandy ground, a considerable enrichment in mineral nitrogen 

was noticed. In separate phases of research: autumn 2007, autumn 2008, spring 2009 autumn 2009,  in the 90 

centimeter (cm) layer of soil in the place occupied by heap of FYM mineral forms of nitrogen (Nmin = N-NO3 + N-

NH4) were higher 6.9, 7.3, 2.6, 3.0 times and nitrate nitrogen about 8.9, 8.0, 5.6, 4.9 times respectively than in a 

similar depth of soil profile from a few meters away from storage yard (which is for the background) - Figure 2, 3. 

The greatest pollution of soil by mineral nitrogen in the place occupied by a heap of FYM occurred in 

autumn 2007, shortly after its removal. During this period, average content of mineral nitrogen (in profile 0-90 cm) 

in soil was higher than 572 kg N⋅ha
-1

, while nitrate nitrogen was over 514 kg⋅N ha
-1

. After reduction in adding 

manure to the heap in 2008 and then after stopping supply of manure at the storage yard in 2009 the Nmin and N-NO3 

content in the soil has been reduced considerably, but still remained at high level. 

Stored FYM also affected the groundwater quality. This effect varied depending on year of study and 

location of monitoring point. In 2008, the highest average content of nitrate nitrogen (78.1 mg⋅dm
-3

) was noticed in 

groundwater from well No W3 located outside storage yard, and in 2009 the largest concentration was measured in 

well W1 situated in main part of storage yard (27.0 mg⋅dm
-3

) - Table 1. In both years, the smallest amount of N-NO3 

appeared in the well W2 situated on the verge of the storage yard (2.5 and 2.2 mg⋅dm
-3

). N-NH4 concentration was 

highest at the control point W3 in 2008 (11.3 mg N-NH4⋅dm
-3

) immediately outside where the heap had been 

situated (Table 2). Relatively large amounts of this compound were present in both years at the control point W2 

(7.7 and 4.1 mg N-NH4⋅dm
-3

). Maximum concentrations of nitrate and ammonium nitrogen in water samples 

reached to around 670 mg of N-NO3⋅dm
-3

 and 130 mg of N-NH4⋅dm
-3

 respectively. 
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FIGURE 2  Content of mineral forms of nitrogen (Nmin = N-NO3 + N-NH4) in the soil from storage yard and 

from place located several meters away from it (background). 
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FIGURE 3  Content of nitrate nitrogen (N-NO3) in the soil from storage yard and from place located several 

meters away from it (background). 

 

TABLE 1   Average content of N-NO3 in groundwater at monitoring points in 2008 and 2009  

N-NO3 content in ground water 
Monitoring point Year 

Number 

of 

samples 
Average SD max Min 

2008 7 48,2 55,0 123,0 0,3 
W1 

2009 13 27,0 24,5 77,2 1,3 

2008 12 2,5 2,4 9,3 0,1 
W2 

2009 13 2,2 1,4 4,3 0,5 

2008 12 78,1 188,9 668,1 0,4 
W3 

2009 13 5,5 4,3 12,9 0,7 

SD - standard deviation 
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TABLE 2  Average content of N-NH4 in groundwater at monitoring points in 2008 and 2009  

N-NH4 content in groundwater 
Monitoring point Year 

Number 

of 

samples 
Average SD max min 

2008 7 6,7 9,2 24,0 0,1 
W1 

2009 13 0,7 0,6 1,8 0,1 

2008 12 7,7 4,4 14,1 0,2 
W2 

2009 13 4,1 3,8 12,2 0,1 

2008 12 11,1 37,4 130,0 0,1 
W3 

2009 13 2,1 3,1 10,6 0,0 

SD - standard deviation 

 

Relatively large amounts of nitrate and ammonium nitrogen present in water from well W3 located 

outside storage yard, can be explained by the difference of groundwater levels occurring in it, and in wells installed 

on the storage yard. In comparable periods 2008 and 2009, the average level of groundwater table at the point W3 

was lower than at points W1, W2 - Figure 4.  
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FIGURE 4  Average level of groundwater table in measuring- wells in 2008 and 2009. 

 

In this case, undoubtedly appeared natural process of hydraulic levels equalization resulting, among other 

things, in subsurface inflow of pollutants into well W3. 

 

4 CONCLUSIONS  

The results of study showed that long-term storage of FYM formed in heap on the sandy ground, caused a very large 

mineral nitrogen pollution of soil and groundwater directly under where the manure had been stored and close to the 

site. Two years, after reduction in amount of manure added to the site and after cessation of FYM addition  to the 

storage yard the content of mineral nitrogen in the soil within the storage yard significantly decreased, but still was 

significantly higher than outside (on background). Similarly, in such conditions - concentration of N-NO3 and N-

NH4 in groundwater decreased. Pollution of groundwater by these components occurred not only in the place of 

manure storage, but also outside it, in the horizontal direction of migration of contaminants in the soil profile. 

From practical point of view, the obtained results indicated that due to water quality protection, FYM 

should not be stored  directly on the ground in the same place over a long period time. 
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1 INTRODUCTION  

Livestock excreta and manures are significant sources of ammonia (NH3), methane (CH4) and nitrous oxide (N2O) 

emissions. The EAGER (European Agricultural Gaseous Emissions Inventories Researchers Network) network 

examined models used for national agricultural NH3 emission inventories in Europe and found that the models gave 

very different outcomes for solid manure management systems. In consequence it was decided to establish a 

knowledge base of emissions from solid manures for these models and also to define research gaps.  

 We examined datasets available to the EAGER group including data published nationally and in internal 

research reports. The data provided, and data from reviewed articles, were amalgamated so that they could be 

subject to statistical analysis providing new information focussing on developing emission factors (EF), emission 

algorithms and also new understanding of emission patterns from solid manure, including N2O and methane (CH4). 

1.1 Theory/mechanisms  

Farmyard manure (FYM) is a solid manure with a dry matter content greater than 10-15% and with a large variation 

in porosity due variations in straw addition. The use of extra straw on top of manure may reduce NH3 emission by 

reducing air-flow across surfaces soiled by urine, and when mixed into the manure, by immobilization of 

ammonium-N (NH4-N) (Kirchman and Witter, 1989; Dewes, 1996). However, increased use of straw promotes 

aerobic decomposition, during which some of the energy used in microbial metabolism is released as heat, 

increasing manure temperature and NH3 loss. The open and porous nature of FYM enables nitrification to take 

place, and if the manure subsequently becomes compact and contains sites without oxygen, then denitrification may 

occur and N can be lost as nitrous oxide (N2O) (Groenestein and van Faassen, 1996). Further, microbial activity may 

create anaerobic environments at high temperature, which are then a source of CH4.  

 

2 MATERIALS AND METHODS 

A large database was created from data collected from articles in peer-reviewed journals. Further we had access to 

datasets from members of the EAGER group that had been published in project reports, conference proceedings and 

other 'grey' literature. The dataset was analysed statistically to draw robust conclusions on gaseous emissions from 

systems producing solid manure. 

2.1 Housing systems 

None of the systems discussed here had outdoor areas which the stock could access. Apart from those on fattening 

pigs and cattle very few studies measured emissions of N2O or CH4. We considered that to provide representative 

data that could be sensibly analysed: the number of studies should be larger than 1 and there should be data from 

more than one country; the number of animals per measurement should be greater than 10 for cattle and pigs, and 

greater then 50 for poultry to represent practical farm size; daily measurements should last for at least 24 h. 

2.2 Storage 

The database of studies of gaseous emissions from stored solid manure comprised 24 datasets obtained from 

EAGER members. For the statistical analysis of temperature 34 records could be used because both density and 

temperature were included. For the NH3 emission analysis 35 data records were used, 16 records were used for the 

analysis of N2O and 15 for the CH4 emisison analysis. 
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2.3 Land application 

We reviewed 35 studies providing 292 datasets on NH3, 57 on N2O and 11 on CH4. The influence of three main 

factors (incorporation of manure, livestock category and measuring method) on NH3 emissions was tested with 

factorial analyses of variance. We distinguished only three main livestock categories (cattle, pigs and poultry) and 

four types of measuring methods, combining the types of system (wind tunnel or other methods) with the duration of 

measurement (more than 120 h: “long”; up to 120 h: “short”). Other factors could not be included in the analysis due 

to missing data or insufficient replication. Analyses were carried out using the package "car" of the R statistical 

software after checking that residuals met the model assumptions. 

 The statistical evaluation for N2O emissions was carried out similarly as for NH3, except that the analysis 

of variance included only two factors: incorporation of manure and livestock category (cattle, pigs and poultry). 

Since only closed chambers were used, the measuring method was not included as factor in the model. Data were 

log (x+0.01)-transformed to comply with model assumptions. 

 

3 RESULTS AND DISCUSSION  

3.1 Housing systems 

The data suggest greater NH3-N emission from dairy on deep litter than from beef, and that deep litter systems for 

cattle emit more NH3-N than tied stalls. Gaseous emissions from pig houses were not related significantly to any of 

the factors available in the dataset. Buildings housing laying hens emit more than those housing broilers and 

reduced-emission systems, including the aviary systems, can reduce NH3 emissions by between 50 and 80%. This 

implies that litter management was the main factor to manipulate to reduce NH3 emission.  

 The greatest N2O-N emissions from buildings housing were from the deep litter system. 

 Emissions of CH4 from the dairy deep litter system were large and could be due to compaction of the bed 

by animals walking on the mixture of straw and slurry, increasing density and inducing anaerobic conditions. 

However, Groenestein (2006) did not measure such large CH4 emissions from a comparable deep litter system for 

sows despite high densities in the bed and anaerobicity. It seemed likely that CH4 produced in deeper anaerobic 

layers of the litter bed in buildings housing pigs is oxidised in the top layer, due to aeration by the rooting and 

foraging behaviour of the pigs. 

3.2 Storage 

Compacting, covering or otherwise storing manure heaps at high density such that aerobic decomposition does not 

take place reduces NH3 emission during storage (Fig. 1a). Storing solid manures at high density reduces air 

exchange and maintains a low temperature which limits the formation and transfer of NH3 to the surface layers of 

the heap, reducing the potential for emission. The emission reduction from covering manure during storage is due to 

reductions in both air exchange and aerobic decomposition (Fig. 1b). A greater straw content increases NH3 

emissions to more than would be expected from manure density estimates (Fig 1a). 

 Significant N2O production takes place during storage due to nitrification and subsequent denitrification 

(Yamulki, 2006; Hansen et al., 2006). Nitrification in non-forced aerated heaps is a consequence of the porous 

nature of manure in the surface layer allowing molecular O2 to diffuse into the manure. Nitrous oxide emissions, 

therefore, increase with increasing manure density (Fig 2), which may be due to an increased number and area of the 

sites with relatively low oxygen content that may be the site of N2O emission. Hansen et al. (2006) reported an N2O 

emission of 5% of total N from stored organic solids was reduced to less than 0.1% of total N by covering the heap 

thereby reducing air flow into the heap reducing the temperature significantly. A large straw content of straw in the 

manure reduced N2O significantly by increasing porosity and thereby reducing anaerobic spots in the heap (Sommer 

and Møller, 2000). Results from the relatively few studies that have examined N2O emission from manure heaps, are 

most variable and it has not been meaningful to try to present single major conditions that affect the emission. From 

heaps with cattle deep litter, straw-amended cattle manure or untreated cattle and pig manure most emission 

estimates have been between 0.1 and 0.9% of total-N. From pig deep litter heaps emissions as great as 9.8% of total-

N have been measured. Emission of N2O from poultry manure tends to be small. 

 No relation between density and CH4 emission was found. Aerobic decomposition in straw-rich porous 

heaps of solid manure leads to high temperatures and anaerobic spots, which contribute to large rates of CH4 

emission (Hellman et al., 1997).  
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3.3 Emissions following the application of manures to land 

Livestock category, measurement method and time of manure incorporation after application significantly 

influenced NH3 emissions (Fig. 3). Greater emissions were reported using wind tunnels suggesting an 

overestimation of emissions. Measurement of less than 120 h produced fewer emissions, implying the release of 

NH3 was still ongoing after 120 h. Mean NH3 emissions without incorporation after application were between 0.62 

and 1.11 of TAN for cattle manure. Emissions were less for pig manure (0.41-0.76 of TAN) and poultry manure 

(0.36-0.73 of TAN) than for cattle manure. The incorporation of manure significantly reduced emissions by 0.17, 

0.48 and 0.10 less for cattle, pigs and poultry, respectively. 

 In most cases, incorporation within 4 h after application reduced emission more than incorporation over 

longer intervals (i.e. average reduction of 32%, 92% and 85% for incorporation of less than 4h and 20%, 56% and 

50% for incorporation within 24 h or more after application for cattle, pigs and poultry, respectively). Incorporation 

by disc or harrow reduced NH3 emissions less than incorporation by plough, although all machines used for 

incorporation achieved some mitigation. 

 Nitrous oxide emissions decreased in the order cattle>pigs>poultry with statistically significant 

differences among the livestock categories. The overall effect of incorporation of the manure was statistically not 

significant. However, the effect of incorporation interacted significantly with manure type. Incorporation reduced 

N2O emissions following the application of cattle manure but increased N2O emissions following the application of 

pig and poultry manure. 
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FIGURE 1 Ammonia emission from livestock manure heaps related to % of TAN (A) and ln(% of TAN) 

(B). In figure A, the encircled symbols are data from experiments with high straw amendments 

or sheeted but still exhibited high temperature. In figure B, the encircled symbols are from 

experiments where the manure was compressed to some extent or covered efficiently. 
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FIGURE 2 Emission of nitrous oxide from livestock manure heaps. In one experiment, not included in the 

figure, the emission was 9.8 N2O-N % of total-N at a density of 0.82 Mg m-3 

- 270 -



 Environmental, nutrient losses, impact of storage and spreading operations  

  

(A)

A
m

m
o
n
ia

 e
m

is
si

o
n
, 
%

 o
f 

T
A

N

0

20

40

60

80

100

120

140

Long LongShort Short

Wind tunnel Other methods

30 4

27

7

4 4

19

1

(B)

0

20

40

60

80

100

120

140

Long LongShort Short

Wind tunnel Other methods

18

4

5
19

6

5

(C)

0

20

40

60

80

100

120

140

Long LongShort Short

Wind tunnel Other methods

20

8

13

3

6

8

3

1

 

FIGURE 3 Emission of ammonia following application of manures to land 

 

4 CONCLUSIONS 

We conclude that when characterising gaseous emissions from the main livestock housing systems, animal category 

and litter management are major aspects to distinguish because these define the composition of the manure. We 

could not draw firm conclusions from studies which have, for the most part, been unrelated. Ammonia emission 

from stored manure was linked to the density which express porosity of the manure. Further gaseous emission from 

applied manure was related to animal category and time from application till incorporation. Measuring method also 

strongly influenced emissions.  
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1 INTRODUCTION 

Nitrogen is essential for agricultural productions as nutrient for plants or as food for animals. However it can be lost 

out of the farming systems as damaging molecules (NH3, NO3
-
, N2O, …) for the environment (acidification, 

eutrophication, climate change). Nevertheless, the amount of nitrogen remaining in the manure is a major source of 

N to fertilise crops. Therefore fate of nitrogen in cattle housing and during manure storage is of major concern for 

agricultural and environmental reasons. In order to evaluate nitrogen losses during these phases, we followed the 

nitrogen fluxes and calculated nitrogen balance in experimental deep litter barn for cattle and during storage period.  

 

2 MATERIALS AND METHODS 

During 4 consecutive winters, we carried out trials in two small, full deep litter barns. Each barn contains 4 Belgian 

Blue White heifers or young bulls. During the two first winters, 2 levels of straw supply (S1 and S2, table 1 and 2), 

as litter, were compared. The two following winters we experimented different feed supplies (F1 and F2, table 1). F1 

was a ration based on concentrate and F2 on grass silages. Cattle were always fed ad libitum. These treatments 

resulted in contrasted N inputs in the barns. Nitrogen inputs were calculated through daily weighing of feed and 

straw supply multiplied by their respective nitrogen concentration measured by sampling at least once a week. 

 

TABLE 1       Experimental details 

  Trial number 

  1 2 3 4 5 6 7 

Period
1  2005-2006 2006-2007 

2007-

2008 

2007-

2008 

2007-

2008 

2008-

2009 

2008-

2009 

Treatment  

Straw 

supply 

(S1, S2)
3 

Straw 

supply 

(S1, S2) 

Feed 

(F1, F2)
4 

Feed 

(F1, F2) 

Feed 

(F1, F2) 

Feed 

(F1, F2) 

Feed 

(F1, F2) 

Animals  Heifers Heifers 
Young 

steer 

Young 

steer 

Young 

steer 

Young 

steer 

Young 

steer 

Duration
2 Barn 93 125 42 42 42 69 70 

 Storage 130 130 160 111 53 138 49 
1 

Year; 
2
 in day; 

3
 S1 = low level of straw supply, S2 = high level of straw supply; 

4
 F1 = concentrate based ration, 

F2 = grass silage based ration. 

 

Cattle were weighted individually while entering and getting out of the experimental barns. Nitrogen 

output via liveweight gains were calculated by multiplying the average daily gain by their N content (28 g/kg 

liveweight gain (Haas et al., 2002). After cleaning the solid manures out of the barn, they were stored individually 

on a concrete solid manure store with individual collection of the liquid fraction. At the beginning and the end of the 

storage period, for each treatments, the solid manure heaps were weighted and the volume of liquid fraction were 

measured.  
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Respectively 8 and 3 representative samples of each solid and liquid manures were analysed for their 

nitrogen concentration (total Kjeldahl nitrogen measured on fresh matter). Nitrogen remaining in the manures 

(liquid or solid) was calculated by multiplying the weight of each fraction by the nitrogen concentration. For liquid 

manure, we assumed a density of 1 kg/l.  

To avoid any cumulative effects due to differences in animal housing period and animal liveweight (lw), 

the balance were calculated with values expressed relatively to the housing period (day) and the average liveweight 

(lw, kg) of the animals in the barns 

 Balance calculation (in – out) can be summarized as follow. The two first terms of the equation are the N 

inputs and the 3 last terms the N outputs. We consider that this N is lost under gaseous form. 

 

N balance (In – Out) = Ningestion  +  Nstraw – Nsolid manure – Nliquid  fraction – NAnimal gain 

 

The relative efficiency of the system was calculated as Nout/Nin 

 

N efficiency (out/in (%))= ((Ningestion  +  NStraw) / (Nsolid manure + Nliquid fraction + NAnimal gain))*100 

 

A multiple linear regressions was used to model the N efficiency using N inputs and duration of the 

storage periods as explanation parameters. 

 

3 RESULTS AND DISCUSSION 

3.1 Nitrogen balance 

Nitrogen input (table 2) in these systems varied between 33.4 and 73.1 g/(100 kg lw.day). This variation depended 

mainly of changes in animal diet and intake level. So N intake level ranged between 30.1 and 64.4 g/(100 kg 

lw.day)). Contribution of straw in the N inputs was minor (12 ± 3.2 %).  

 

TABLE 2      Average liveweight (kg/animal), straw supply (g DM/(100 kg liveweight.day)), Nitrogen ingestion 

(g/(100 kg liveweight.day)), nitrogen input, output N balance (g/(100 kg liveweight.day)) and 

cattle daily gain (g liveweight/(100 kg liveweight.day)). 

Trial 1  2  3  4  5  6  7  

Treat. S1 S2 S1 S2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 

Lw
1
 326 342 305 308 336 333 322 310 321 319 283 275 277 268 

Lw gain² 270 250 200 190 370 290 430 320 500 270 250 200 190 370 

Straw supply³ 465 755 609 1182 1219 1234 1072 1113 1093 1099 927 954 936 966 

N ingestion
4
 30 28 39 40 54 51 64 56 64 57 60 50 62 53 

N input
4
 33 34 42 45 65 63 73 65 72 65 66 56 67 59 

N output
4
 23 26 29 32 36 39 35 37 43 39 37 34 38 44 

N balance 10 8 13 13 29 24 38 28 29 26 29 22 29 16 

 

Nitrogen outputs (table 3) were mainly in solid manure (44%) and animal gain (16 %). Nitrogen in the 

liquid fraction was marginal (2%). As calculated through the N balance, the nitrogen gaseous losses corresponded in 

average to 37 ± 7.7% of the inputs with a maximum of 52 %.  

In average 30% and 70 % of the losses were observed, in barns and during storage (data not shown), 

respectively. Losses during storage, expressed as part of the amount entering through the solid manure stored, varied 

from 19% to 46% (mean 34%) and were similar to those reported by Chadwick (2004) i. e. form 20 to 41%. It 

should be noticed that losses of nitrogen, under a gaseous form, estimated as the balance could also be due to a lack 

of precision in measurement. However considering that ash was conserved in the system as suggested for 

composting process (Bernal et al., 1998), the ash efficiency recovery in our experiments was, in average, quite good  

(mean 98 ± 13; similar calculation as for nitrogen). This validated our mass balances.  
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TABLE 3  Amount of nitrogen (g/(100 kg lw.day)) getting out of the system with the different fraction and 

their relative value compared to the inputs 

 Average proportion of the output (%) Standard deviation 

Cattle growth 16 3.6 

Solid manure 44 7.6 

Liquid fraction at store 2 1.2 

Balance (in-out) 37 7.7 

Efficiency (out/in) 63 7.7 

 

3.2 Nitrogen efficiency 

Variation of N efficiency (Nout/Nin (%)) could be mainly explained with N input via the diet and the duration of the 

storage period (p<0.05, figure 1). 

 

N efficiency = 105.5 – 0.083*Duration – 0.668*N ingestion              n=14, r²=0.894. 

 

where duration is the duration of the storage period expressed in day and N ingestion is the N ingested by the 

animals (g/(100 kg lw.day)). 

 

FIGURE 1  Calculated versus measured N efficiency (%) of the systems. Calculated N efficiency = 105.5 – 

0.083*duration of the storage period (day) – 0.668*Ningestion (g/(100 kg lw.day)); n=14, 

r²=0.894.  

 

Both coefficient factors of the multiple linear regression were negative (SPSS, 1998). For the duration, 

even if as suggested by Hao et al. (2004) with compost, nitrogen is lost mainly early during storage (about 30 days), 

our results suggest that N losses remains significant during a longer period. 

For N ingestion, the relation indicates that more intensive is the system (high input via the diet) higher is 

the nitrogen fraction that is lost. Nevertheless, it should be noticed that higher N input via the diet also induced 

higher animal daily gain. So no difference was observed in term of nitrogen losses with intensification when 

expressed by unit of liveweight gain.  
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4 CONCLUSIONS 

Gaseous losses of nitrogen from cattle deep litter housing system and during manure storage calculated as the result 

of the nitrogen balance can be important. On average 37% of the nitrogen entering into the system was lost by this 

way. In average, 30 % of the gaseous losses occur in barn. The 70% remaining were lost during storage of the solid 

manure. An increase of the storage period increases N gaseous losses. Intensity of the production, in term of N 

ingestion by the animals, was also strongly related to N gaseous losses. Higher N ingestion induced higher N 

gaseous losses out of the system. However, if we calculated gaseous losses per unit of animal liveweight gain, no 

significant relation remains with N intake.  
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1 INTRODUCTION  

Large amounts of pig slurry are produced each year in Portugal leading to environmental problems such as water 

and air pollution. Previous studies have reported that livestock production is the main source of anthropogenic 

ammonia (NH3) emissions in Europe (Kai et al., 2008) and an important source of greenhouse gases (Weiske and 

Petersen, 2006). Effluent treatment has been promoted to improve slurry management and to reduce its 

environmental impact (Sommer and Hutchings, 2001, Fangueiro et al., 2008a). Solid-liquid separation of slurry is  a 

useful tool at the farm level producing valuable fractions, a liquid that can be used for direct fertilisation and a solid 

fraction that can be composted (Fangueiro et al., 2008b).  Alternatively, acidification of slurry has been proposed to 

reduce ammonia (NH3) emissions during storage and field application (Kai et al., 2008). Previous works 

(Misselbrook et al., 2005; Fangueiro et al., 2008a) reported that higher NH3 emissions occurred during storage of 

liquid fraction of slurry or manure with low dry matter content, probably due to a reduced crust formation that 

decreases NH3 emissions. Hence, acidification of the liquid fraction of slurry is strongly recommended. Slurry 

acidification is common practice in The Netherlands and Denmark (Schils et al., 1999; Eriksen et al., 2008) but this 

technology still needs to be improved to avoid hazards. It is expected that this technology will be used in more 

countries since the European Directive (2001/81/CE) demands a decrease of atmospheric pollutants such as NH3: 

targets for lower NH3 emissions have been already set in Spain (Castrillon et al., 2009). Nevertheless, the 

acidification process leads to significant carbon dioxide (CO2) emissions (Vandré and Clemens, 1997). Such CO2 

release is problematic when a closed system of slurry acidification is used (when acidified slurry is flushed back to 

pig houses) since it may lead to foam formation (Vandré and Clemens, 1997; Borst, 2001). Nevertheless, Fangueiro 

et al. (2010) reported that acidification of slurry or derived fractions led to a decrease in CO2 emissions following 

soil addition relative to non acidified materials. 

The aim of the present work was to measure the CO2 emissions during the acidification process of the 

liquid fraction of pig slurry and its subsequent impact during storage and after soil incorporation. 

 

2 MATERIALS AND METHODS  

2.1 CO2 emissions during acidification and storage 

The slurry used in this study was taken from a lagoon of a pig farm located in Rio Maior (Portugal).  The liquid 

fraction (LF) of pig slurry was obtained by sieving (mesh size 100 µm). Half of the screened fraction was preserved 

at its original pH and the second half was acidified to pH 5.5 by addition of concentrated sulphuric acid. The 

acidification procedure was as follows:  50 g of liquid fraction were placed into 250 ml plastic containers which 

were subsequently put into 1.5 l glass jars containing a separate vessel with 20 ml of 1M NaOH solution to trap any 

CO2 evolved. Addition of the sulphuric acid to the liquid fraction of slurry was performed using a syringe passed 

through a septum located in the lid of the jars (see Figure 1). The liquid fraction was stirred during the acidification 

process. The non acidified liquid fraction was also stirred during the same time period. After 0.25, 0.75, 1.75, 2.75, 

3.75, 4.75, 5.75, 29.75, 47.5, 77.5, 149.5 and 197.5 hours, the vessel with 20 ml of a 1M NaOH solution was 

removed, resealed and stored until analysis for CO2 and replaced by another vessel with fresh NaOH. The CO2 

trapped in the NaOH was analyzed by a colorimetric method on a segmented flow autoanalyzer (Skalar, The 

Netherlands, sample flow = 0.16 mL min
-1

). Each treatment was conducted in triplicate.  

2.2 CO2 emissions after soil incorporation 

At the moment of soil incorporation tests, the slurry organic carbon and dry matter content were, respectively, 6.7 g 

C L
-1

 and 21.3 g.L
-1

 in the acidified slurry, and 5.5 g C L
-1

 and 17.04 g.L
-1

 in the non acidified slurry. Amounts of 

acidified and non acidified liquid fractions were applied to 60 g of dry soil equivalent at a rate of 0.8 g C kg
-1

 dry 
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soil. Before the experiment, the soil moisture had been adjusted to 60% of its water holding capacity and then 

incubated at 25 °C for 7 days in order to slowly re-activate the microbial activity. 250 ml plastic containers 

containing mixtures of soil+slurry were subsequently put into 1.5 l glass jars containing a vessel with 20 ml of 

distilled water to avoid soil desiccation and a vessel with 20 ml of 1M NaOH solution to trap any evolved CO2. A 

control (soil only) was also used. The jars were sealed with air-tight glass lids and held at 25 °C for 104 days. After 

1, 3, 8, 21, 42, 56, 77 and 104 days, the vessel with 20 ml of a 1M NaOH solution was removed, resealed and stored 

until analysis for CO2 and replaced by a vessel containing fresh NaOH. The CO2 trapped in NaOH was analyzed as 

previously described. Each treatment was replicated 5 times.  

 

FIGURE 1 Experimental device used to measure CO2 emissions during acidification and storage. 

 

3 RESULTS AND DISCUSSION  

3.1 CO2 emissions during acidification and storage 

 

A strong CO2 emission was observed immediately after the acidification with about 400 mg C L
-1

 released from the 

acidified liquid fraction (ALF) compared to only 20 mg C L
-1

 from the non acidified LF during the first 45 minutes 

of the experiment (Figure 2). However, after 4.75 h, similar CO2 emissions rates (P<0.05) were observed from the 

acidified and non acidified liquid fractions after which, CO2 emissions rates decreased strongly in acidified LF 

whereas it increased with time in non acidified LF (Table 1). After 60 hours the amount of C released as CO2 from 

non acidified LF and acidified LF were very close.  Consequently, a higher CO2 emission was observed from the 

non acidified LF beyond 30h until the end of the storage trial indicating that most of the CO2 released early from the 

acidified LF was released later from the non acidified LF. 

 

TABLE 1 CO2 emissions rates (mg C L
-1

 h
-1

) during storage of acidified and non acidified pi slurry liquid 

fraction; mean of three replicates  

time (h) Acidified LF Non acidified LF 

0.25 *719.8
a 

41.7
b
 

0.75 447.1
a
 16.1

b
 

1.75 62.9
a
 6.9

b
 

2.75 9.8
a
 3.2

b
 

3.75 8.3
a
 4.3

b
 

4.75 9.2
a
 6.4

a
 

5.75 7.7
a
 6.5

a
 

29.75 2.1
b 

6.5
a
 

47.5 2.2
b
 14.5

a
 

77.5 1.8
b
 8.9

a
 

149.5 0.4
b
 3.5

a
 

197.5 0.2
b
 0.9

a
 

* Values in a same raw followed by different letters are significantly different (LSD, P ≤ 0.05). 

Stirrer 

Liquid fraction 

 of pig slurry 

H2SO4 

NaOH 

Septum 
Needle 

Hermetically closed 

 Kilner Jar 
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Vandré and Clemens (1997) also observed enhanced CO2 emissions after acidification of cattle slurry 

with HCl (and pronounced foaming) and attributed it mainly to a loss of bicarbonate ions (HCO3
-
). 

HCO3
-
 + H

+
 ↔ CO2 + H2O 

The carbon lost as CO2 during acidification and subsequent storage of acidified LF represents 9% of the 

total carbon initially present whereas during storage of non acidified LF, the CO2 released during storage represents 

more than 15% of the total carbon initially present.  
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FIGURE 2 Cumulated amount of C released as CO2 during storage of acidified and non acidified pig slurry 

liquid fraction – average and standard error of three replicates.  The insert graph shows detail 

of emissions during the first 6 hours. 

3.2 CO2 emissions after soil incorporation 

The addition of non acidified LF to soil led to a strong increase (more than 900%) of CO2 emissions relative to the 

control (soil only) whereas in the case of the acidified LF, such  increase was lower than 100% (Figure 3). The 

differences in terms of CO2 emissions rates between acidified LF and non acidified LF treated soil diminished after 

8 days and reached similar values to the control after 25 days. Several authors (Flessa and Beese, 2000; Fangueiro et 

al., 2007) attributed such differences to the release of the CO2 initially dissolved in the LF or produced by 

transformation of the bicarbonate (HCO3
-
) and carbonate (CO3

2-
) ions present in the slurry.  
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FIGURE 3 Cumulative amounts of C released as CO2 from soil  mixed with acidified and non acidified pig 

slurry liquid fraction following storage – average and standard error of five replicates 
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For the same reason, CO2 emissions rates during the first day of the experiment were significantly lower 

in the acidified LF treatment than in the non acidified LF treatment, since most of the dissolved CO2 and HCO3
-
 

/CO3
2-

 have been lost during the acidification process, prior to soil incorporation. Similarly, Fangueiro et al. (2010) 

also observed lower CO2 emissions from soils amended with acidified pig slurry and derived fractions relative to 

soils amended with non acidified materials. After 34 days of experiment, 72 % of the applied C had been lost as CO2 

in the LF amended soil against only 48% in the ALF amended soil. 

 

4 CONCLUSIONS  

In conclusion, LF acidification led to less emissions of CO2 during slurry storage and following mixing with soil, 

even if significant CO2 emissions occurred immediately after acidification. It appears that acidification first removes 

all the carbonate fraction of the pig slurry liquid fraction but may also have an effect on the microbial activity 

responsible for organic substrate degradation, explaining the low emissions observed after soil mixing.  
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1 INTRODUCTION  

The increased use of biomaterials for combustion is generating large amounts of ash. In most cases, e.g. incineration 

of straw and grain, bottom ash contains small amounts of heavy metals, but significant amounts of phosphorus (P) 

and potassium (K). This gives the bottom ash from combustion of straw and grain good qualities as a fertiliser. The 

use of the bottom ash as a fertiliser also faces some difficulties, including problems in spreading the ash with high 

accuracy (Marmolin et al., 2008).  

Biogas plants are becoming increasingly common in Sweden. They produce considerable amounts of 

digestate, a liquid fertiliser with a high content of nitrogen (N) but lower contents of P and K. High quality digestate 

can be spread on farmland today. The spreading equipment for liquid fertilisers gives the same accuracy as current 

spreaders for mineral fertilisers (JTI et al., 1994).  

This study investigated techniques and systems for blending and spreading liquid digestate with ash. The 

amounts of N, P, K and heavy metals applied with different digestate-ash mixtures were calculated. Different types 

of ash, liquid digestate and mixtures of ash and digestate were analysed at laboratory scale with regard to important 

properties, including the influence of ash admixture on ammonia emissions and mixture pH. Different properties of 

ash/digestate mixtures were also tested at pilot scale in order to identify a homogeneous admixture rate with no 

sedimentation. A cell wheel for liquid manure was tested for adding the ash to a flow. 

 

2 MATERIALS AND METHODS 

2.1 Laboratory scale  

Three different types of ash (from combustion of oats, straw and wood pellets) and liquid digestate from two biogas 

plants were included in the study. The ash samples were analysed for physical and chemical qualities including bulk 

density, fractionation, water content, volatile solids, and CaO, K, Na and P content (Table 1). The digestate samples 

were analysed for nutrient content, heavy metal content and pH (Table 2). The feeding effluent for the two biogas 

plants consisted of offal, food waste, organic household waste, sludge from fat separation in large-scale kitchens and 

clover/grass silage. 

 

TABLE 1 Results of analyses on ash samples 

Parameter Oat ash (% dm) Straw ash (% dm) Wood pellet ash (% dm) 

Dry matter 99.5 99.3 92.0 

Calcium oxide, CaO 3.8 7.3 26.3 

Potassium, K 9.7 4.7 6.1 

Sodium, Na 0.1 0.2 0.4 

Phosphorus, P 7.0 1.0 1.0 
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TABLE 2 Results of analyses on digestate samples 

Parameter Content Units 

Dry matter 2.5 % 

Total nitrogen, N 3.0 kg/tonnes 

Ammonium N, NH4-N 2.0 kg/tonnes 

Phosphorus, P 0.3 kg/tonnes 

Potassium, K 0.6 kg/tonnes 

pH 8.3  

 

The solubility of the ash samples in water and digestate was analysed. The pH was also measured at 

different times after ash admixture into digestate. 

The potential for increased ammonia emissions was determined by measuring the equilibrium 

concentration for different admixtures of ash (0, 1, 3 and 5 %-vol/vol) into digestate. The micrometeorological 

method used (Svensson, 1993) involved exposing four passive diffusion samplers to the ammonia emissions (Figure 

1). 

 
FIGURE 1 Four passive diffusion samplers placed above the ash-digestate mixture. 

 

2.2 Pilot scale 

Batch-wise admixture of oat ash (0, 1, 3 and 5%-w/w) to digestate was conducted using a tank (1500 litres) and an 

unattached stirring pump. The admixtures were stirred for two minutes and then the tank was emptied at a flow rate 

of 0.5 m
3
/minute to imitate spreading of slurry. Avoiding separation was the main aim of the procedure. A cell 

wheel was tested to investigate the possibility of adding the ash into a flow of digestate. 

2.3 Calculations 

The plant nutrient value and heavy metal content in the different ash-digestate admixtures were calculated in order 

to give recommendations on frequency of application to a particular field. These calculations used the Swedish limit 

values (g/hectare and year) for application of heavy metals and phosphorus (P) to arable land (SNFS, 1994) and the 

application rate was set to 30 tonnes/hectare. The content of heavy metals in the ash used in the calculations 

represented average values and were taken from Marmolin et al. (2008). The contents were 20 mg Ni/kg dm, < 0,5 

mg Cd/kg dm and 345 mg Zn/kg dm.  

 

3 RESULTS AND DISCUSSION  

3.1 Laboratory scale 

Only 7% of the oat ash dissolved in water, 3.5% of the straw ash and 12% of the wood pellet ash, indicating that the 

stirring is very important to achieve homogeneity if the admixture is to be spread in the field. Additions of 3-10% by 

weight of ash into the digestate gave a clear increase in pH, but there was no change in pH over time.  
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The equilibrium concentration of ammonia was on average 262 ppm for the digestate and 82 ppm (1%-

v/v ash), 90 ppm (3%-v/v ash) and 83 ppm (5%-v/v ash) for the ash-digestate mixture. When oat ash was mixed into 

digestate, the equilibrium concentration of ammonia did not increase. In fact, ammonia concentrations were lower 

when ash was added, possibly because of ammonia binding to some metal ions. 

3.2 Pilot scale 

Batch admixture of ash into liquid digestate was unsuitable, because the majority of the ash settled and formed 

sediment in the bottom of the tank, despite efficient stirring (Table 3). For continuous dosage of finely pulverised 

ash into digestate, the cell wheel made for dosage of liquid manure worked as planned. However, for dosage into a 

flow under pressure a sluice is necessary to prevent digestate being pressed up into the ash container. Admixture of 

ash into solid digestate is another possible alternative, e.g. during augering of the solid fraction from a digestate 

separator to a store.  

 

TABLE 3 Results of analyses for the sedimentation study 

Mixture Sedimented ash (%) Ash in drained 

admixture (%) 

Only digestate 0 0 

1%-w/w ash in digestate 61 39 

3%-w/w ash in digestate 38 62 

5%-w/w ash in digestate 41 59 

 

3.3 Calculations 

Digestate and oat ash with the properties presented in Table 1 were used in the calculations. The oat ash contained 

71 kg P and 98 kg K per ton. The content of Ni, Cd and Zn in the ash limited the admixture rate. With 5% admixture 

of ash into digestate and with an application rate of 30 tonnes per hectare and year, application should not be 

repeated on the same field more often than every fifth year in order to avoid exceeding the limits for application of 

trace elements and P. With less ash added or other types of ash, application could be more frequent.  

 

4 CONCLUSIONS 

Only a small proportion of the ash types tested dissolved in water, resulting in a high sedimentation rate in the liquid 

digestate. Therefore admixture of ash may be more suitable for solid digestate than for liquid.  

 The content of abrasive material in the ash was so high that the risk of wear to pumps, pipes and other 

parts of the spreading equipment was rather high. It is therefore best if the ash is added as late as possible to 

equipment for spreading on arable land. 

 There is no risk of increased ammonia emissions as long as the mixture does not contain more than 5% by 

volume of ash. Equilibration calculations indicate that ash types with different composition might give increased 

ammonia emissions. The proportion of ash added per m
3
 digestate and the frequency of spreading to the same field 

must be restricted in order to avoid accumulation of trace elements and P in soil. 
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1  OBJECTIVES 

Half of the raw material for compost  and digestate production stems from publicly run household collections 

(Figure 1). One third is generated by private companies (notably horticultural and landscaping concerns). Often their 

characteristics are not well-known.  

 

 

 

 

FIGURE 1  Biowaste in Switzerland: Origins and end-use 2008 (Schleiss, 2010) 

 

 Compost and digestate must be quality products if they are to be used in agriculture and horticulture 

(Figure 2).  The quality of the end-products compost and digestate is critically affected by the raw material that is to 

be processed. The rotting process must be fully completed; both compost and digestate must not contain excessive 

amounts of toxic substances. 
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a) 
 

b) 

FIGURE 2   a) A clean compost place - guarantor for high quality (Hönggerberg , Photo: Gerber, ETHZ); 

b) A small digestate plant niesr Berne, Switzerland (Walterswil, Photo: Schleiss, 

UWEKO). 

 
FIGURE 3   Undegradable material must be excluded  

 

2 THE POSITIVE-LIST 

Frequently, composting facilities have insufficient agronomic knowledge to assess the raw materials destined for 

composting or fermentation.  In recent years, a Positive-List for Swiss circumstances with primary raw materials has 

been compiled (Siegenthaler Albrecht, 2005). It contains all green wastes that are compostable or fermentable, 

together with other Positive-List base materials. It is designed to assist the facilities’ operations regarding 

acceptance of materials (Inspektoratskommission der Kompostier, 2006). The List is ‘open’, i.e. it can be 

supplemented or amended at any time.  

When creating a Positive-List, it is important to note that only decomposable organic material is taken 

into consideration. Materials that is difficult to rot like undegradable substances or chemicals as well as mineral 

substances must be excluded. Moreover, it is also crucial to exclude waste containing heavy metals (Hg, Cd, Pb, 

etc.) or contaminated with organic harmful substances (PCB, PAK, etc.) from the List. Aspects of hygiene (animal 

wastes, etc.) should also be considered (Figure 3).  For its compilation, an interdisciplinary team composed 

agriculturists, of experts from agriculture, biology and waste management is essential.  
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FIGURE 4  The Positive-List (the first page) 
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In practice, the corresponding associations (Kompost- und Vergärwerke Schweiz VKS, Kompostforum 

Schweiz, biosuisse, ch) mainly addressed the List of substances fully and have proven its worth. The full List (in 

German and French) is available at: http://www.vkssic.ch/acrobatreader/PosListe_Gruengut_06-09-04.pdf 
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1 INTRODUCTION 

The production of biogas by anaerobic digestion is often described as unstable, particularly when subjected to a 

change in the nature of the feedstock (Nain and Jawed, 2006). Volatile fatty acids (VFA) are considered good 

indicators of the stability of biogas reactors and are therefore suitable parameters for monitoring. VFA levels which 

suggest process imbalance are specific to a particular digester (Ahring et al. 1995), therefore frequent VFA 

monitoring is required which can be expensive and time consuming when the traditional off-line gas 

chromatography method is employed. Near infrared spectroscopy (NIRS) is a suitable method for measuring VFA in 

biogas processes (Hansson et al. 2002; 2003; Holm-Nielsen et al. 2008; Jacobi et al. 2009) as the method is rapid, 

non destructive and can easily be automated. The studies mentioned above produced calibrations based on 

unchanging substrates, yet it is often the changing nature of substrates which causes process instability. Co-digestion 

plants are frequently subjected to such changes in feedstock and a study of Danish co-digestion plants has shown 

that poor process monitoring can lead to process imbalances (Nielsen and Angelidaki, 2008). A biogas plant 

operating on a single unchanging feedstock (for example a farm based manure digester) can be dimensioned to suit 

the expected input in terms of quantity and quality and therefore instability is unlikely to be an issue. Lomborg et al 

(2009) have suggested that changes in the feed would require an NIRS model to be updated. Updating of the model 

would require collecting and analyzing a selection of samples covering a range of concentration values of the target 

analyte and then adding these samples to the existing calibration set. In a commercial plant with a large number of 

potential feedstocks this would require an unfeasibly large amount of samples which represent all mixtures of 

possible feedstocks at a wide range of VFA values 

In this study, NIRS VFA calibrations for pig slurry mixed with maize silage and chicken manure were 

made separately. The models were used to predict VFA of samples from the other material and new samples from a 

cattle manure reactor. In addition, models were made from combined data.   

 

2 MATERIALS AND METHODS 

2.1 Analytical methods 

VFA concentration was determined by means of a gas chromatograph (Hewlett Packard 6850A) with flame 

ionization detector (FID). The column was an HP-INNOWax, 30 m × 0.25 mm × 0.25 µm. The carrier gas was He. 

The temperature of the column was gradually increased from 110°C to 220°C at a rate of 10°C min
−1

. 

NIRS analysis of all samples was carried out on a Bomen QFA Flex Fourier transform spectrometer (Q-

Interline A/S, Københavnsvej 261, 4000 Roskilde, Denmark). The spectrometer was fitted with a 300mm long and 

12.7mm diameter stainless steel diffuse reflectance probe with a 5mm sapphire window (Q-interline QIA2050). The 

probe was connected to the spectrometer by a 4.5m long optical fibre bundle of 40 cores out and 40 cores back. 

Spectra were collected using Q-interline INFRAquant software. The probe was checked against a 50mm diameter 

reflective ceramic reference disc every four hours when a large number of samples were consecutively measured 

(experiment 1) or before each measurement when measurements were taken infrequently on or at-line (experiments 

2 and 3). All experiments used the same settings for spectral acquisition, with averaging of 256 scans at a resolution 

of 32cm
-1

. All data were analysed with The Unscrambler v9.8 software (CAMO Software A/S, Oslo, Norway). All 

models were created using partial least squares (PLS-1, suitable for single constituent determination). All models 

were validated using leave-one-out cross validation.  
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2.2 Experiment 1: Pig slurry with maize silage 

A thermophilic (52°C) methanogenic CSTR reactor of 30 m
3
 was used. The reactor was constructed of stainless 

steel and heated by an external water jacket. The reactor was fed directly from a feeding vessel of 800 litres 

maximum capacity. The feeding vessel functioned as a pre-heating unit in addition to the dosing and mixing of 

feedstock. The volumetric gas production was measured on-line using pressure differential gas meters. All pumping 

of slurry and digestate was by Mono eccentric screw pumps. The pig slurry to maize silage ratio was 5.8:1 in terms 

of fresh weight, and the volatile solids ratio was approximately 1.3:1. The mean organic loading rate (OLR) was 5.7 

kg VS m
-3

 d
-1

 with a hydraulic retention time (HRT) of 12.3 days. 

One litre samples were collected from a sample port in the vertical outlet pipe of the reactor and stored at 

-20°C. The samples were subjected to off-line NIR analysis after heating to 52°C.  The NIR probe was suspended 

from a laboratory stand above a 1 litre beaker containing the sample. The beaker in turn was placed on two rotary 

shakers placed on top of each other to give a larger rotational radius with a degree of randomness in the movement 

to present as much of the sample to the probe as possible. 

2.3 Experiment 2: Chicken manure 

Experiment 2 used a smaller 130 litre pilot scale reactor. The reactor was mixed by gas recirculation and heated by a 

water bath from which water was pumped to a coil heat exchanger inside the reactor. Biogas volume was measured 

on-line by an oil displacement cylinder constructed in house. The reactor was fed manually five days a week (OLR 

of 7.1 kg VS m
-3

 d
-1

) due to the high dry matter and presence of stones in the feedstock which led to pumping 

difficulties. Weekend feeding did not occur.  

The digester was modified to fit the reflectance probe directly into the reactor wall for on-line 

measurement. Digestate samples for GC VFA analysis were collected from a sample port situated at a similar height 

to the probe but on the opposite side of the reactor. The reactor was mixed thoroughly during sample collection and 

stopped immediately before NIRS measurement to reduce the number of gas bubbles passing the probe. 

2.4 Experiment 3: Model checking with cattle manure 

The reactor used in experiment 1 was the source of samples for experiment 3, but operating with cattle manure at a 

mean OLR was 3.9 kg VS m
-3

 d
-1

 and an HRT of 15.2 days. NIRS measurements were taken on-line by placing the 

probe inside a sample port in the vertical outlet pipe of the reactor. This port was approximately 1 metre above the 

port used to collect samples for GC analysis which was believed would provide a representative sample. 

 

3 RESULTS AND DISCUSSION 

3.1 Experiment 1 

The parameters for calibration models of the five most abundant VFAs are tabulated in tables 1 – 5. The data 

include model R
2
, RMSECV (the root mean square error of cross validation, the average error of the model upon 

validation), the standard deviation of the VFA data, the RPD (residual prediction deviation, the ratio of standard 

deviation to RMSECV) and the number of outliers removed after inspection of the score plots. 

The results show that most of the good models are for the prediction of acetic and propanoic acids, the 

two measured components which had the greatest concentrations. RPD values greater than 3 are considered to be 

most useful for measurement purposes whereas RPD values of 2-3 are suitable for approximations of the parameter 

of interest. Most calibrations for experiment 1 and 2 exceed an RPD value of 2. The best models overall were from 

experiment 2 which used the reflectance probe fitted directly into the reactor. It was hoped that experiment 3 would 

provide even better models as the sampling and NIRS measurement techniques were positioned in the same pipe run 

allowing for collection of a sample which was highly representative. However, experiment 3 models appear to be 

particularly poor although comparison of the RMSECV and SD against experiments 1 and 2 shows that the range of 

VFA concentrations in this dataset was too small to produce a good quality model as the SD was often less than the 

RMSECV of the other models. 

Combining the experimental datasets to produce generic models gave results which were poorer than the 

models from experiments 1 and 2 but were in many cases suitable for providing an indication of changes in VFA if 

monitored continuously to show trends in the data. 
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TABLE 1 Data and model parameters for acetic acid calibrations 

Data source R
2 

RMSECV SD RPD outliers 

Pig slurry with maize 0.919 340 1215 3.58 5 

Chicken manure 0.808 584 1350 2.31 6 

Cattle manure 0.234 313 346 1.10 1 

Pig slurry with maize + chicken 0.797 693 1536 2.22 6 

Pig slurry with maize + chicken + cattle 0.851 643 1674 2.53 10 

 

TABLE 2 Data and model parameters for propanoic acid calibrations 

Data source R
2 

RMSECV SD RPD outliers 

Pig slurry with maize 0.835 316 787 2.49 5 

Chicken manure 0.969 139 788 5.67 1 

Cattle manure 0.165 248 264 1.06 1 

Pig slurry with maize + chicken 0.856 364 932 2.56 6 

Pig slurry with maize + chicken + cattle 0.870 379 1043 2.75 10 

 

TABLE 3 Data and model parameters for 2-methyl propanoic acid calibrations 

Data source R
2 

RMSECV SD RPD outliers 

Pig slurry with maize 0.530 249.7 365.6 1.46 5 

Chicken manure 0.949 33.2 144.9 4.36 1 

Cattle manure NA 13.7 12.9 0.94 1 

Pig slurry with maize + chicken 0.435 243.5 320.9 1.32 1 

Pig slurry with maize + chicken + cattle 0.569 215.9 320.2 1.48 6 

 

TABLE 4 Data and model parameters for butyric acid calibrations 

Data source R
2 

RMSECV SD RPD outliers 

Pig slurry with maize 0.783 23.3 47.3 2.12 0 

Chicken manure 0.786 12.8 27.7 2.16 5 

Cattle manure NA 10.5 9.7 0.92 1 

Pig slurry with maize + chicken 0.676 29.6 51.8 1.75 1 

Pig slurry with maize + chicken + cattle 0.708 28.3 52.1 1.84 1 

 

TABLE 5 Data and model parameters for 3-methyl butyric acid calibrations 

Data source R
2 

RMSECV SD RPD outliers 

Pig slurry with maize 0.706 41.2 75.2 1.83 0 

Chicken manure 0.961 39.3 196.5 5 5 

Cattle manure NA 16.9 24.9 1.47 0 

Pig slurry with maize + chicken 0.799 72.2 162.9 2.26 1 

Pig slurry with maize + chicken + cattle 0.827 67.9 162.3 2.39 1 

 

Prediction of VFA in a material not included in the calibration set was not possible; all such models 

displayed an unacceptably high RMSEP (root mean square error of prediction). More promising results were 

obtained when prediction of VFA in a material included in the calibration set was attempted. This can be seen in 

Figure 1 (chicken manure predicted by a model calibrated on chicken manure + pig slurry with maize silage) where 

a close relationship between model and ideal regression lines can be observed and the RMSEP is acceptably low. 
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FIGURE 1 Prediction of propanoic acid in chicken manure (experiment 2) with a model calibrated on 

chicken manure and pig slurry mixed with maize silage (experiment 1 + experiment 2). 

4 CONCLUSIONS 

This study has shown that NIRS is not suitable for measuring parameters in a material which was not included in the 

calibration set. It also suggests it may be possible to make a single calibration which can be used on several manure 

types, although the work carried out so far has not concentrated on varying the proportions of mixed feedstocks. 

Future work should investigate the possibility of creating a calibration set based on a combination of defined 

materials, for example manure with increasing amounts of silage. Such a calibration would be useful for a plant which 

wishes to control the biogas production, for example varying production to suit heat demand. 
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1 THE EU AGRO BIOGAS PROJECT 

EU AGRO BIOGAS aimed at the development and optimisation of the entire biogas value chain – to range from the 

production of raw materials, production and refining of biogas to the utilisation of heat and electricity. All 

developments and strategies were demonstrated and proofed at real life conditions. An efficient utilisation of raw 

materials was achieved through the definition of raw material quality, an increased input of secondary agrarian raw 

material components and by-products of the food and biofuel industry, and energy and economically optimised raw 

material mixtures (incl. pre-treatment). The state of technology, management, economy and environmental effects 

was assessed through benchmarking on selected medium- and large-scale biogas plants across Europe. The 

improvement of biogas efficiency, conversion and utilisation (technical, economical, ecological) was shown by 

demonstrations on selected biogas plant across Europe. Heat utilisation was improved through optimised 

management. Demonstration activities (technical, economical, ecological) were benchmarked and recommendations 

for an efficient biogas production were developed and widely disseminated. 

 

2 RESULTS 

2.1 European Feedstock Database and EU Methane Energy Value Model (MEVM) standard 

methodology 

Based on intensive literature surveys by all project partners and lab-scale experiments of feedstock from all 

participant countries, a substantial amount of data was collected and the main aim, the development of the new and 

comprehensive online European Feedstock Database (http://daten.ktbl.de/euagrobiogas/) on feedstock for biogas 

plants, was fully achieved.  

The online European Feedstock Database is designed as an open database where new data can always be 

fed in. It contains essential information on the quality of feedstock utilizable for fermentation including their 

methane production capacity. The following feedstock groups are represented in the database: energy crops, animal 

manures, by-products of the food, feed, and biofuel industry and harvest residuals. The database contains 

information on feedstock, which are most important for European biogas production from a quantitative and 
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qualitative point of view. The database depicts the existing variety of available feedstock in Europe. In the database, 

667 data on biogas yield, 767 data on methane yield and 9,291 data on substrate analysis from energy crops, animal 

manures, agricultural residues, other waste materials and substrate mixtures are currently available. 

Methane energy value models (MEVM) were developed for the feedstock maize silage, sorghum silage, 

triticale silage, and sun flower silage. The same was done for feedstock mixtures containing remains from bio-

refinery systems, agricultural residues and energy crops. The online European Feedstock Database allows an initial 

testing of biogas potentials of regionally available substrates and substrate mixtures. The set up of quality definitions 

for feedstock enables the economic and energetic optimisation of substrate mixtures for anaerobic digestion. Hence, 

the online European Feedstock Database is a basis for the planning of biogas plants and is organised as an expert 

database to support planners, consultants, plant operators, plant breeders and advisors of agricultural biogas plants. 

2.2 Benchmarking, weak point analysis and early warning system 

A selection of commercial plants provided information on the fermentation parameters, economics, monitoring 

instrumentation and plant schematics. These parameters were benchmarked and compared to identify weak points 

from a statistical perspective. Additional weak point analysis was provided by the plant operators. This information 

was used to define the needs of the early warning system and to highlight the demonstration activities. The 

constrictions of which parameters can be measured and those needed for process control were balanced and the 

means of process control and management of the biogas plant by software control were identified. The method 

involves the use of a soft-sensor which is a means of using easily acquired data and mathematically constructing a 

more appropriate parameter. New means of process control have been identified that provide early warning of 

process failure and ultimately will lead to better biogas production. 

A pilot scale system was used to investigate both, different sensors for fermentation monitoring and 

mathematical solutions to process control. The influence of different feedstock on biogas output, process control and 

monitoring was investigated. Feedstock included manure that is quickly digested and energy crops which are less 

easy to hydrolyse and may require different operational parameters. The generic approach enabled adaptation to 

these needs. Successful mathematical models of process control were progressively identified and validated.  

2.3 Technological innovations in process optimisation 

Tests and experiments at lab-scale and also at plant level have been accomplished to improve the degree of 

efficiency in producing biogas. The efforts focussed on the optimisation of feedstock pre-treatment, the use of 

enzymes and new approaches in feeding technology.  

Many plant operators in Europe use ligno-cellulose-rich raw materials such as solid manure, grass silage 

or similar feedstock as input in their biogas plants. In order to increase the availability of this feedstock for 

digestion, it is necessary to pretreat the material. A promising method could be the pretreatment with fungal 

enzymes, which will support the hydrolysis of the ligno-cellulose complex  

Experiments at plant level were conducted at a biogas plant in Germany. The focus of this experiment 

was to achieve an improved biogas production from the given substrate grass silage and to enhance the activity of 

the fermentation process, to reduce formation of swimming layers and to decrease agitation power transforming 

biogas into heat and power. 

Extensive R&D and pre-demonstration activities were performed to reach improvements in the field of 

biogas utilization with Combined Heat and Power Plants (CHP). New technologies, like the Organic Rankine Cycle 

(ORC), and optimized technologies for heat utilisation or life cycle cost reduction through adjusted gas qualities 

were developed, designed and pre-validated. The drying and removal of ammonia from biogas with an improved gas 

scrubber has already shown the significant impact of gas impurities to the availability and operating costs of a CHP. 

A new more sulphur resistant type of exhaust gas heat exchanger was developed. On two other plants the validations 

of advanced heat utilization technologies, e.g. grain dryer, wood chips dryer or fermentation residue dryer, were 

carried out. Two guidelines and reports respectively, regarding the optimized CHP use in agricultural biogas plants 

and best practice and standard for using heat to feed the public network were produced. 

2.4 Demonstration at commercial plant level 

Field demonstrations of all developed technologies and methods during the EU AGRO BIOGAS project were the 

core element of the project. The researchers and companies from all participant countries validated their inventions, 

ideas and products under real time and rough field conditions.  
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Demonstrations included innovative approaches of feeding technologies, a monitoring, management and 

early warning system and newly developed sensors at commercial biogas plant level, approaches to improve the 

degree of efficiency of the fermentation steps (enzymes, micro-organisms, stirring technologies), a floating system 

which recovers a significant amount of methane from the digestate storage tank without requiring changes to the 

anaerobic digestion A.D. management chain and measures to improve the degree of efficiency of the CHP and 

feeding into the heat network technologies. 

Results of a new feedstock mixture for high glycerol input, new systems for on-line measurements of 

process parameters (pH, conductivity, redox), near  infrared reflectance (NIR) for process monitoring, thermo-

chemical pre-treatment of feedstock, validations of drying of poorly storable fodder for cows with belt dryers, 

improvements of the biogas quality with gas scrubber and demonstrating the ORC technology, are very promising in 

improving the biogas yield at the selected commercial biogas plants.  

The demonstration actions were done at 12 different commercial biogas plants from all over Europe. The 

idea was to show different innovative technologies and approaches along the life-cycle of biogas production and to 

scientifically proof their effectiveness. The aim of most biogas operators is to increase the biogas yield which means 

higher output in power and heat which then can be sold. All these measures have then shown the increase in 

revenues and reduction of costs.  

2.5 Economic assessment – EcoGas tool and environmental assessment – footprint tool  

Life cycle inventories of the demonstration plants were carried out, following the principles of life cycle assessment 

according to the ISO 14040 series, using mainly life cycle inventory data from the Swiss Centre for Life Cycle 

Inventories (ecoinvent). The complete anaerobic treatment and biogas conversion process was taken into account, 

from the construction of the plant itself to feedstock production and plant operation and finally to the application of 

the fermentation residues. The following key indicators were defined:  

− greenhouse gas emissions  

− GHG mitigation costs  

− energy input:output relation. 

GHG emissions and cumulative energy demand on the different plants were used on the one hand to 

compare electricity and heat provision from biogas to those one from fossil resources. The main objective within the 

framework of the project was to assess the effect of optimizing measures implemented at the demonstrations plants: 

The situation before (‘status quo’) and after (‘demo’) implementation of the respective measures were compared. 

Again, savings as compared to energy production from fossil resources were calculated for optimised conditions. 

Finally, GHG emissions were combined with the costs for electricity production calculated with EcoGas to obtain 

the GHG mitigation costs at the individual plants 

The resulting GHG savings were within a range from 0.34 to 1.26 kg CO2eq/kWhel, with highest savings 

achieved when livestock manure was digested in an important share and at the same time a considerable amount of 

the produced heat was used (Figure 1). Residue plants appear to realise higher savings; due to the smaller number of 

energy crop plants investigated and the differences in plant concepts this finding has to be verified in the future. 

Credits for fossil electricity vary between the countries as national references were used which reflect the 

country-individual composition of the electricity mix. For heat the differing credits are on one hand due to the same 

effect (different prevailing fossil heat sources) and on the other hand to the extent of heat utilization which was plant 

individual. Inter-country comparisons based on the figures shown here are therefore difficult, because fossil national 

references which are related to high emissions result in higher savings as the same plant would be allowed for in 

another country. The aim of EU AGRO BIOGAS was however to show the savings on the individual plants, 

therefore using the national references. Still, the final report will show GHG savings and mitigation costs on the 

demonstration plants based on a common reference. 

GHG mitigation costs varied from 15 to 553 € per t CO2eq. Only two of the investigated 12 plants 

reached a cost level below 100 €, which is regarded to be the limit of economically reasonable measures to save 

GHG emissions. Total GHG savings per year of the 12 demonstration plants compared to fossil energy provision 

add up to 53 700 t CO2eq per year before implementation of the optimisation measures.  
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FIGURE 1  Greenhouse gas balance and savings of electricity and heat production from biogas compared to 

fossil resources and GHG mitigation costs (€/t CO2eq) – status quo 

 

3 CONCLUSIONS AND OUTLOOK  

The EU AGRO BIOGAS project optimized the biogas process, beginning with optimized feedstock mixtures, pre-

treatment of the feedstock and the addition of enzymes and developed a system for the automated process control. 

The efforts improve the possibility to control the biogas process and raise the yield of the produced methane. The 

efforts give the plant owner an improved possibility to control the process and to produce biogas at a higher level of 

efficiency while minimising greenhouse gas emissions. A crucial task within the EU AGRO BIOGAS project was 

the economic and environmental assessment of the demonstration measures.  

Biogas as an energy source was shown to be an effective possibility for the reduction of GHG emissions 

compared to energy production from fossil resources. However, reductions achieved varied significantly. Electricity 

and heat from biogas can contribute to the substitution of fossil resources. On all investigated plants energy 

provision with biogas was associated with greenhouse gas and primary energy savings compared to the use of fossil 

resources. GHG mitigation costs were however in some cases elevated and did not meet the range of 50 to 100 €/t 

CO2eq, which is regarded by experts to be economically reasonable. Implementation of various optimisation 

measures resulted in most cases in a considerable increase of GHG and energy savings and in significantly lower 

GHG mitigation costs. This illustrates the potential for optimisation of the economic as well as environmental 

performance of existing agricultural biogas plants. 

The most efficient measures in this context are: enhanced heat utilisation, use of high shares of livestock 

manure, use of residues or waste, recovery of residual methane from digestate storage, improved efficiency of 

energy cropping and improved conversion efficiency in the digester. If these factors are taken into account GHG 

mitigation costs can reach a range which is regarded as economically justifiable. 

The evaluation tools used and refined in the framework of EU AGRO BIOGAS have proven to be useful 

in assessing the contribution of individual biogas plants as well as plant concepts to GHG mitigation and primary 

energy savings. At the same time they can be used to evaluate and demonstrate the potential of optimisation 

measures in terms of economic as well as environmental efficiency. The EcoGas tool is designed in way that it can 

principally be used by any biogas plant operator, planner or consultant and it is already widely spread in Austrian 

regulatory authorities. The footprint tool is construed to analyse every type of biomass based renewable. 
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1 INTRODUCTION  

The management of farm waste is a problem of increasing concern due to its environmental impacts. The energy 

valorisation of manures by anaerobic digestion (AD) is an interesting solution for farmers, who can biologically 

treat the waste obtaining a stabilized product and revenue by producing electricity with CHP units. On the other 

hand, potato peel is a by-product from the agribusiness that may be used as animal food. If it cannot be consumed 

(due to the difficulties for its conservation) the surplus becomes a waste that has to be managed.  

 The AD of agricultural wastes has been traditionally performed in continuous and wet processes. With 

dry digestion neither additional water nor waste water take part in the process and, moreover, the digestate is a solid 

product more easily managed for fertilization and reclamation purposes. The main limiting factor that conditions the 

biological performance in full-mixed wet systems is the accumulation of inhibitory substances like fatty acids and 

ammonia. Dry systems have proven to be less sensitive to inhibition than wet ones. The robustness of these systems 

is not completely explained, but it is speculated that the microorganisms in the dry fermentation medium are 

protected against transitory high concentrations of inhibitors (Mata-Álvarez, 2002).  

 This work studies the feasibility of batch dry AD using sheep manure and potato peel as co-substrates, for 

laying down their drawbacks as single substrates, and establishing the most convenient mixture.  

 

2 MATERIALS AND METHODS  

2.1 Experimental set-up 

The batch dry anaerobic digestion (AD) consists of a process in which most of the substrate remains in solid state 

and static conditions and the liquid fraction is periodically recirculated. Three tests at laboratory scale (3 l reactors) 

were carried out: digestion of sheep manure (M) and co-digestion of sheep manure and potato peel with approximate 

ratios of 3:1 (MP1) and 1:1 (MP2) in volatiles basis. Inoculum obtained from a previous AD of manures, as well as 

tap water and barley straw were added in the reactors according to the batch dry AD optimization experiences 

reported by Blanco (2009). The relative amounts of each ingredient in the three tests are shown in Table 1. Tests 

were carried out at 35ºC and they lasted 94 days. 

 

TABLE 1 Proportions of the co-substrates in the tests 

M  MP1  MP2  
Test 

Fresh weight Volatiles Fresh weight Volatiles Fresh weight Volatiles 

Sheep manure 36.1% 84.1% 27.0% 60.1% 17.6% 38.7% 

Potato peels 0.0% 0.0% 8.9% 23.4% 17.5% 45.3% 

Barley straw 0.9% 7.0% 1.2% 8.1% 1.1% 7.5% 

Inoculum 50.3% 8.9% 50.3% 8.5% 51.6% 8.6% 

Water 12.6% 0.0% 12.6% 0.0% 12.3% 0.0% 

Total 100% 100% 100% 100% 100% 100% 

 

 Biogas production rates were daily measured by displacement of water in bottles. CH4 and CO2 content in 

biogas were daily measured using a modular analyzer Mono-Gas® PRONOVA, based in infrared sensors. Other 

parameters of the leachate such as ammonia, pH, chemical oxygen demand (COD), alkalinity and volatile fatty acids 

(VFAs) were periodically, at least twice a week, measured during the tests. 

 Although Organic load rate (OLR) and volumetric CH4 rate are commonly used for the assessment of 

continuous AD systems, these parameters can be also used in batch systems and facilitates comparison with other 
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AD technologies. The duration of the processes, instead of the hydraulic retention time (HRT), was used for 

determining that parameters.  

2.2 Routine analyses 

The analyses of ammonia, pH, chemical oxygen demand (COD), alkalinity and volatile fatty acids (VFAs) were 

carried out according to Standard Methods (APHA, 1998). The concentration of free ammonia was calculated using 

the same equation as Calli et al. (2005), where the NH3/NH4
+
 ratio depends on the pH and the temperature.  

 The COD was determined using a Hanna Instruments Series C99 multi-parameter photometer. The 

homogenized sample was digested in the presence of dichromate at 150 °C for 2 h in a Hanna C9800 reactor. 

 Total alkalinity was evaluated in the supernatant of centrifuged samples by titration to pH 4.3 with 

standardised 0.1 M HCl. 

 VFAs were analysed using a Varian CP-3800 GC gas chromatograph, with a flame ionization detector 

(FID) equipped with a Nukol capillary column (30 m × 0.25 mm × 0.25 µm) from Supelco. The carrier gas was 

helium. Samples were previously centrifuged (10 min, 3500×g) and the supernatant filtrated through 0.45 µm 

cellulose filters. 

 

3 RESULTS AND DISCUSSION  

3.1 Biological performance 

Anaerobic co-digestion of sheep manure with potato peels gave similar results of biological performance in tests 

MP1 and MP2, with a specific CH4 yield of 323 and 329 Nl·kgVS
-1

 respectively, whereas AD of manure (test M) 

performed clearly worse with 184 Nl·kgVS
-1

. The lower performance of test M is also reflected in the CH4 content 

of the biogas and the volumetric methane yield, as Table 2 shows.  

 

TABLE 2 Biological performance of the tests 

Test  

Specific 

biogas 

yield 

(Nl·kgVS
-1

) 

Specific 

methane 

yield 

(Nl·kgVS
-1

) 

Organic 

load rate 

(kgVS· 

m
-3

·d
-1

) 

Volumetric 

methane 

yield 

(Nl·m
-3

·d
-1

) 

CH4 

content in 

biogas 

M Manure 332 184 0.81 150 55% 

MP1 Manure-potato 3:1 (VS) 560 323 0.93 302 58% 

MP2 Manure-potato 1:1 (VS) 525 329 0.95 314 63% 

 

 On the other hand, CH4 production kinetics of tests MP1 and MP2 differ (see Figure 1): both had clear lag 

phases, but that of PM1 is shorter (29 and 45 days respectively). Instead, test M has a lag of less than 6 days. Its CH4 

specific yield curve has a more linear-like than a sigmoid-like shape, probably due to the lack of readily available 

organic matter combined with the high levels of inhibitory ammonia. A sigmoid is expected in a discontinuous 

process like the M test.  

3.2 Chemical parameters of the liquid fractions 

Although pH was generally high for the three tests, with values greater than 7.0, in the first 30 days of MP1 and 

MP2 test it was necessary to add alkaline solution since pH dropped to levels between 6.0 and 6.5. These trends to 

acidification coexisted with the period of most VFAs accumulation. Nevertheless, pHs raised to values higher than 

8.0 in the last half of the AD processes (see Figure 1 and Table 3). This level is considered to be a drop-off value for 

which the growth rate of acidogenic bacteria is approximately 50% of the unhibited rate (Keshtkar et al., 2003). 

 The amount of ammoniacal N in the three tests were within a range which many authors consider as 

inhibitory. NH3-N average levels in the first 20 days of the tests were 5.5, 5.6 and 4.4 g·l
-1

 in M, MP1 and MP2 

respectively. According to Calli et al. (2005), for pH values higher than 7.4, NH3-N inhibition is produced in 

concentrations between 1.5 and 3.0 g·l
-1

 of total N-NH3, being the concentrations above this range toxic irrespective 

of the pH. The trend in N-NH3 in the three cases was downwards during the processes. 
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FIGURE 1 Methane production and liquid fraction chemical parameters in the anaerobic digestion tests 

  

Initial VFAs concentrations were high as it is typical in batch experiments (Kryvoruchko et al., 2009). 

Initial VFAs levels were higher in the co-digestion systems than in the AD of manure due to the contribution of the 

potato peels. At the end of the processes VFAs contents decreased below 1.3 g·l
-1

  except in MP2, which had a 

VFAs accumulation during the whole experiment and ended with an average content of 9.0 g·l
-1

. Besides, final MP2 

system had an imbalance of VFAs, with a remarkable increase of propionic acid (HPr) relative content: the final 

acetic-propionic ratio was only 0.3 whereas it was around 6 in the other two tests. Optimal acetic-propionic ratios 

should lie between 5 and 10 (Kryvoruchko et al., 2009). The same authors, who describe the inhibitory levels of 

fatty acids in AD of potato peel pulp, suggest that when the total concentration of VFAs exceeds 3.0 g·l
-1

 or the 

propionic acid concentration becomes higher than 0.3 g·l
-1

, an inhibition of the AD can take place. According to 

Ahring et al. (1995), the inhibitory acetic acid (HAc) concentration for methanogenesis is 3.5 g·l
-1

.  

 Considering that, as it is accepted, free ammonia is a toxic agent, an increase in the pH causes toxicity 

associated to an increase in the NH3/NH4
+
 ratio. Thus, methanogenic activity slows down and VFAs cannot be 

removed as quickly as they are produced. VFAs accumulation leads to a pH drop and NH3/NH4
+
 balance displaces 
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to the ionic form, reducing the free NH3 concentration. Interaction between free NH3, VFAs and pH can drive the 

AD to an “inhibited steady state” in which the process remains stable but with a low CH4 production rate 

(Angelidaki and Ahring, 1993). An “inhibited steady state” seems to have taken place in the tests, as high ammonia, 

VFAs and pH levels coexisted in certain moments of the processes. 

 

TABLE 3 Average chemical parameters of the liquid fractions at the beginning and end of the tests 

VFAs (g.l
-1

) Total NH3-N 

(g·l
-1

) 
pH 

COD 

(g.l
-1

) 

Alkalinity 

(gCaCO3·l
-1

) Total VFAs Hac HPr Test  

Initial Final Initial Final Initial Final Initial Final Initial Final Initial Final Initial Final 

M 5.6 3.4 7.9 8.0 51 26 13.8 14.0 11.0 0.6 8.1 0.3 1.5 0.1 

MP1 5.6 3.2 7.5 8.2 65 30 13.1 18.5 25.8 1.3 16.5 0.6 3.3 0.1 

MP2 4.4 2.5 7.0 8.2 69 35 10.8 17.0 23.8 9.0 9.8 2.0 3.1 6.2 

 

4 CONCLUSIONS 

The addition of potato peels to ovine manure improves the performance of the batch dry AD in a 77%, although this 

kind of co-digestion extends the lag phase of the methanogenesis. These long lag times may be explained by a 

inhibited steady state caused by the interaction of VFAs, free ammonia and pH in the test M, and by a VFAs 

accumulation in the test MP2. 

 An excessive proportion of potato peel, like in MP2, does not improve the process since the system has 

not the capacity to degrade the VFAs. Further work will focus on 1) procedures for shortening the lag times through 

leachate management and 2) comparison, in terms of biological performance, of batch dry AD with AD in 

continuous stirred tank reactors (CSTR) of the same substrates.  
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1 INTRODUCTION  

StorEyes is a software program developed in the framework of the Metamorfosi Project (Mazzetto et al., 2009) 

which handles the control of nitrogen flows in a specific territory, starting with the monitoring of the management of 

the zoo-technical effluents at the farm level. The overall project deals with the automatic monitoring at the individual 

farms (McKinion et al., 2004: Pierce and Elliott, 2008; Wang et al., 2006), including both the storage tanks for zoo-

technical effluents and the spreading activities for the same. In this way, extending the system to a congruous number 

of farms within a single area, it is possible: 1 )  to control the potential entry of nitrogen from zoo-technical effluents in 

that territory through the monitoring of the storage tanks, 2) associate the withdrawals with the areas for the final 

destination of the effluents through the monitoring of the machines used for the spreading activities. 

This paper shall address the research that has taken place in relation to the monitoring of the storage 

facilities for effluents. The possibility of constantly monitoring the volume of effluents present at each, individual 

farm allows for a very realistic estimate of the nitrogen flows which enter and leave the territory, and which are 

related to the volumes of incoming and outgoing effluents at the individual farm storage points. Obviously, this is 

much simpler if it involves liquid or semi-liquid effluents (slurry waste), which are exactly the types of effluents that 

have been considered for use with the monitoring system described herein. In detail, a complete slurry waste tank 

monitoring system consists of: a) a data-logger device to be mounted directly on the tank that also includes an 

ultra-sound sensor to provide slurry waste level figures through distance-measurements (Mazzetto et al. 2007). In 

an other version, the measurement of the slurry waste level is carried out by a pressure sensor, b) a set of 

computing and inferring procedures used to produce information from the raw data collected and c) a user 

interface to facilitate access and the use of information in the control activities that are related to the management 

and decision-making processes. Logged data are continuously and automatically retrieved (a single measurement 

per minute) via a wireless GPRS-transmission and transmitted to a central server on which StorEyes is installed, 

along with the databases (DB) relating to the basic farm resources (Res-DB = plants, machines, farm structures 

and land, data-loggers) and recorded activities (Tank-DB and Operation-DB).  

Once a day, it checks the presence of new measured-data to be treated and then performs the following 

computations (Figure 1): measured data A)� raw data B)� inferred data C)� use of information by the farmer. 

A-procedures convert and filter data logged by sensors into intelligible (raw) data, i.e. aggregate figures are 

cleaned up as much as possible removing all forms of noise and definitively expressed in terms of effluent 

volumes; to do this StorEyes recalls information on tank features from Res-DB. B-procedures, on the other hand, 

also perform inferences to provide final average hourly volumes of slurry waste contained in the tanks and to 

identify effluent uploading and downloading events. Such events can later be confirmed, or not, by the user. 

Finally, C-procedures enable the farmer to access the inferred data both in table and graphic forms (volume vs. 

time diagrams, at daily, weekly or monthly scales; Gantt diagrams of events).  

The results of the inference procedures that must be maintained are stored in the Inf-DB. A set of 

queries is also provided in order to allow for a large series of surveys and to investigate the links between Tank-

DR and Operation-DB events. The possible settings for the use of the information derived from the monitoring of 

the storage facilities for the zoo-technical effluents can be found both on the farm and throughout the territory. At 

this time, the principal analyses and assessments that can be performed with StorEyes are targeted at farm use. 
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2 MATERIALS AND METHODS  

The StorEyes functions attempt to satisfy the project's general objectives with regard to the monitoring of the 

storage tanks. In the current version, the farm user has the following usage scenarios available: a) data collection in 

relation to the farm, b) data collection in relation to the environment, c) collection of information registered by 

sensors, d) data inferences, e) consultation and modification of the registration of loading and unloading events, f) 

graphic visualization and printouts of effluent volumes during a given time period, g) synthesised visualization of 

the daily situation of unloads and loads (Gantt diagram) on a monthly basis, h) visualization and printout of reports 

with the list of loading and unloading events in a given timeframe, along with the calculation of incoming and 

outgoing flows and the nitrogen balance. With regard to the architecture of the data (Figure 1) it is considered 

opportune to maintain separate DBs according to their logical function: the data relating to the information from the 

farms, those relating to the territory (rainfall), data registered by the dataloggers which are used for monitoring the 

storage tanks, and finally, the portion of the data collected from inferences that must remain persistent. Specifically, 

all of the data processing and analysis by the user (procedures F in Figure 1) are carried out in runtime, visualized 

and/or printed out, but it is not necessary to keep traces in the DBs. On the contrary, the procedure that are 

automatically performed by StorEyes (procedures A through E) result in the creation of data that is then memorized 

in the DB that will provide the basis from which to perform successive data processing. 

 

 
 

FIGURE 2     Architecture of the data in StorEyes software 

 

The different calculation procedures are automatically performed on a daily basis beginning with the 

data that are measured by the dataloggers and which include (see Figure 2): A) the conversion of the values of the 

tensions registered by the dataloggers as effluent volumes; B) the elimination of the outlayers and noise, the 

average calculation of the volume present at 5 minute intervals; C) the calculation of the hourly average with the 

associated standard deviation, assignment of a filling status with respect to the previous value and a judgment 

regarding the reliability of the data; D) reconstruction of the missing data for holes in the registration and the 

presumed load and unload events; E) recognition of the effluent load and unload events and their quantification; F) 

assignment of the daily status of each individual storage facility with the reporting of events and a judgment 

regarding the reliability of the data.The F procedures relating to the balance are interactively recalled by the user. It 

is important to note that the calculation procedures are completely general and applicable to different farm contexts, 

but they use some parameters that are strictly associated with the management of the zoo-technical effluents of the 

individual breeding farms. These parameters have been calibrated according to the specific characteristics of the 

pilot farms involved in the Metamorfosi Project. For example, a particular aspect relates to the type of effluent load 

or unload event, which may occur either continuously or discontinuously. The farms considered present the 
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following situations: the first has continuous loading and discontinuous unloading while the second features 

discontinuous loading and continuous unloading. 

 

3 RESULTS AND DISCUSSION  

The current version of StorEyes operates in stand-alone mode and all of its user interfaces (GUIs) have been 

designed to satisfy the requirements of "farm users" (along with the functions of the processing unit F in Figure 1).  

These GUIs foresee the use of query windows, specific components that have been developed ad hoc (Gantt 

diagrams), graphs and reports. The calculation procedures that are associated with the GUIs are based on: both the 

definition of parametric queries that extract sub-combinations of data from the tables deriving from the inferred 

data, and from the association of the calculation procedure queries for the generation of non-persistent information 

destined for visualization and/or printout. The software's principal functions are included in the categories offered 

by the tools menu: a) home page: is the initial page that appears when the software is started-up and it informs the 

user of the current status of the storage tanks; h) load data: allows the user to import the measured data and 

transform it into raw data regarding effluent volumes (application .A in Figure 1 ); c) process data: in which the user 

can choose the combination of raw data to which the inference engine shall be applied; once the choice is confirmed, 

the program launches a sequence of calculations that are provided for by the procedures B,  C, D and E in Figure 

1A:  d) monthly reports: allow for the graphic visualization of all of the management events relating to the storage 

facilities (Figure 2); e) event analysis: offers the detailed information contained in the load and unload event 

registers for the time periods chosen by the user; f) data visualization: offers the possibility of visualizing the 

diagrams relating to the volumes of effluents in the individual tanks, as well as the possibility of associating the 

precipitation data; g) settings: in order to select the calculation parameters. 

 

 

FIGURE 2     The StorEyes software. It is possible to visualize the slurry level in the tank and evaluate loading 

and unloading events  

 

After approximately two year of farm monitoring (1/01/08-31/10/09) it is possible to verify the high 

correspondence between what was automatically recorded by the system and what was observed and manually 

recorded by the farm manager, concerning any single distribution event (Table 1). The comparison between the two 

archives allowed to observe, as regard the automatic monitoring, the loss of only 4 slurry distributions. This was due 

to the interruption of the connection service from the mobile phone company, which led to the failure of data 

transfer via GPRS.  

By contrast, the automated system allowed the identification of 5 slurry distributions, carried on in 

November 2008, and 3 in year 2009 and not recorded, out of forgetfulness, by the farm manager. Analyzing only the 

data recorded on both manual and automatic notebooks it was possible to compare expected and actually distributed 

slurry quantities. Results are conflicting: 10 events out of 15 (recorded in both archives) appear realistic (assuming a 
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tolerance of +/- 15%) and 5 events show a high discrepancy (over 20%), due to mistakes in the manual registration 

(admission of the farm manager).   

 

TABLE 1 Comparing distribution events recorded in Manual Field Notebook and StoreEyes 

Data Manual Field Notebook 

A. Estimated slurry  vol. (m3) 

StoreEyes 

B. Measured slurry vol. (m3) 

Difference 

(A-B)/A (%) 

23/04/08 200 203 -1.5 

30/04/08 170 117 31.2 

14/05/08 280 220,9 21.1 

26/05/08 180 60,5 Relev. data losses 

27/05/08 60 66 -10.0 

28/05/08 160 180 -12.5 

24/09/08 80 74,8 6.5 

01/10/08 138 156,1 -13.1 

06/10/08 220 223 -1.4 

07/10/08 175 164 6.3 

08/10/08 95 101,1 -6.4 

10/10/08 105 96,2 8.4 

27/03/09 340 349.85 -2.9 

04/05/09 160 205.08 -28.2 

18/05/09 565 433.66 23.2 

19/05/09 145 112.59 22.4 

 

4 CONCLUSIONS  

In conclusion, StorEyes software seems to be a valid tool for the management of livestock manure, capable of 

measuring the flows in and out from the storage tanks. The user-friendly graphical interface makes it appropriate for 

farmers, while the database architecture, by contrast, allows the development of software according to a client-server 

logic. In this way a tool for the environmental monitoring can be created which could be managed by the public 

administration. Finally, combined with technologies for the operational monitoring, the system is able to identify 

fields where the distribution was carried out. So it is possible to create an information system in order to achieve an 

objective and comprehensive monitoring of the activities of livestock manure spreading. 
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1 INTRODUCTION  

The recent events related to the application of the Nitrate Directive (CEE 91/676, in Italy definitively achieved by 

the DL n.152/2006) force livestock farmers to face as soon as possible the problem of conforming farm resources 

(shed structures and storage tanks) and effluent management techniques (type of waste treatment and distribution 

systems) to the necessity of respecting N-charge distribution constraints (170 and 340 kgN/ha.year, for vulnerable 

and non-vulnerable areas, respectively) established by the Directive itself. In Italy following a number of of 

legislative steps (which on a local level have resulted in obligations to plan activities through PUAs,  (acronym for 

Plans for the Agronomic Use of Effluents) the directive was definitively acknowledged by the Consolidated Law on 

the Environment  (Italian Legislative Decree No. 152/2006), in which Article 112 establishes that the Regions 

regulate the activities of agronomic use of the effluents from breeding farms based on the criteria and general 

technical regulations adopted by a Decree of the Ministry of Agricultural and Forestry Policies. The problem is 

particularly felt in the North Regions of the Po Valley, where a large number of both piggeries and dairy farms is 

concentrated in areas with a relevant presence of vulnerable sites (Provolo, 2005), especially Lombardy and Emilia 

Romagna, with a number of a different provinces that feature important zoo-technical characteristics. 

The basic feature that is common to the various regional resolutions is that of integrating the preventive 

measures that are already in use (implemented through the PUAs) with more direct actions, aimed at favouring a 

definitive monitoring of the distributions activities that are actually performed by the farms. In fact, although it has 

been adopted with details and nuances that vary from one region to the next, the most recent regulation requires that 

the farm adopt: 1) a register for the use of the effluents, and 2) a bill of lading that is available during the distribution 

activities. The register, which can be managed either with a hard copy or through computerized procedures, should 

also be accompanied by a copy of the Regional Technical Map (CTR, 1:10000), in order to allow for easier 

identification of the fields involved in the spreading activities. The details of the operation must be updated in the 

register itself within 10 days from the time of distribution, making note:  

− the date of the spreading; 

− the type of effluent; 

− the quantities distributed; 

So, the creation of a monitoring plan, which is also aimed at the verification of the status of the 

application of the PUAs, becomes more or less established. In this way, the plan provides for both a monitoring 

phase for the farm to be managed by the administrator of the warehousing plant for the effluents, and a verification 

phase by the competent public administration.   

In this framework, the Metamorfosi Project (acronym of Industrial Metadistrict for developing remote 

monitoring and control technologies supporting zootechnical effluent spreading according to environmental low 

impact approaches) was launched and funded by the Lombardy Region in order to develop hardware and software 

solutions suitable to provide farmers and public administrators with advanced monitor and control tools for a more 

sustainable effluent management (Mazzetto et al. 2009a).    

 

2 MATERIALS AND METHODS  

 The project involves both University and private ICT firms the common objective of developing hardware and 

software solutions suitable to aid: a) either farmers in managing their animal wastes in a proper way, whilst ensuring 

sustainable investments and no complications in farm management practices, b) or the public control bodies (such as 
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regions or provinces) that administrate specific areas in which a network of livestock farms operate. The whole 

network will be organized according to client-server logic and the farm participation to it will not be compulsory but 

will rather be promoted by incentive administrative measures. Overall, the entire management control chain of the 

zootechnical effluents requires the application of a series of computerized technologies, in an integrated way, at the 

following levels: 

− in the field: monitoring devices are mounted directly on-board the equipment involved in the distributions    

activities, in order to automatically record their activities; 

− on the farm: in order to archive and organize data related to the farm, with the goal of carrying out analyses 

and controls on spreading activities that are carried out; 

− throughout the territory: in order to archive and organize the territorial data through an overall-farm control 

system (which should be managed by the competent public administration), with the goal of keeping the 

status of the territorial distribution activities and the related nitrate loads in its different areas continuously 

updated. 

This will require information systems for both the farms and the territory that are able to interface 

independently or in an integrated manner with the field technologies that collect the data relating to the various 

events connected to the management of the effluent flows (Pierce and Elliot, 2008).     

Conceptually, field and farm levels will be governed by a local Farm Information Systems (FIS), whilst 

territory level (TIS) implies a central server station integrating all the FISs participating to the Metamorfosi network 

(Mazzetto et al., 2009a). FIS hardware components will provide devices for field-data recoding (operative 

monitoring for the automatic updating of the farm log-books) and for enabling the automatic control of site-specific 

spreading according to prescription maps. TIS component will provide software interfaces (for both farmers and 

local administrators) for checking at every moment the status of the nitrogen spread in the areas of the territory 

under control. The idea is to propose new forms of automatic and widespread monitoring of the distribution 

activities in order to allow: 

− public administrators to verify the actual ways in which the effluents are used through instruments that could 

guarantee – as much as possible -  the objective compliance of the spreading activities with respect to the 

environmental protection plans that have been established by local governments; 

− farmer-breeders to better manage the use of production elements in a context of quality certification for both 

production and environmental purposes; 

− contractors to be able to certify  the quality of their own services – with respect to both the farmer an the 

public administrator – with the possibility of supplying a complete documentation regarding the methods 

of execution for the operations performed. 

In short, the whole operative monitoring system consists of: a) field data-logger devices (FD), to be 

mounted directly both on slurry tanks (equipped with ultra-sound sensors to provide continuous effluent volume 

measures) and on spreading tools (equipped with GPS-receiver to record the trajectories performed) b) a set of 

computing and inferring procedures, to produce information from the raw data achieved, and c) a user’s interface to 

enable the access and the use of information in control activities related to management decision-making processes. 

Logged data are continuously and automatically retrieved, via a wireless GPRS-transmission, to a central server on 

which the main databases (DB) are installed. Main DBs include anagraphical farm resources (Res-DB = plants, 

machines, farm structures and lands, data-loggers), thematic maps of the land under control (Map-DB = parcel land 

register, soil and  vulnerability maps), field recorded events (Tank-DB = uploading and downloading activities) and 

operations (Spreading-DB).  

The FISs and the TISs both provide for the generation of efficient documentation in both hard copy and 

digital formats, mainly in terms of summary reports, registration extracts or documents in predefined formats and 

thematic maps. In fact, one of the basic elements of the research involved the methods used to connect the three 

areas (field-FIS-TIS; Figure 1). In summary, the downloading of the raw data (the elements in red in Figure 1) was 

performed directly by the TIS with the use of wireless connection and CAN devices in the field (also in real time, 

usually through GPRS, Mazzetto et al., 2009b). The role of the FIS is reduced to a simple terminal that is used for 

consulting the system: its use remains strictly confined to the management of the effluents according to the 

assessment methods defined by the TIS, which performs the functions of data processing, inference and queries, 

allowing for consultations by the users (the elements in green). Any expansion of the computerized procedures must 
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be independently managed by the farm (elements in blue), and in any event without interfering with FIS-TIS 

communications. This is a very flexible architecture that is also suitable for distribution to third parties. 

 

 
 

FIGURE 1     Three possible distributed architectures were considered within the Project. Net3 is the one 

finally adopted. 

 

3 RESULTS AND DISCUSSION  

The basic set-up of the research foresees that each farm must automatically provide the registration of all the 

implements (IMs) that are used for the effluent distribution activities. For this reason, each IM must be equipped 

with a FD; in other words an appropriate registration unit that allows for the automatic “computerized” drafting of 

the register of field activities. Moreover, a similar registration system provides for the continuous reporting of the 

volumes of effluents in the storage tanks that are annexed to the breeding farms. This in order to constantly update 

the total availability of effluents (and of N) within the monitored areas. 

All of the raw data registered by the FD is previously processed by an inference engine which interprets 

the data in order to automatically identify all o the main events associated with the effluent management (loading or 

unloading of the storage facilities, transport and field distribution activities. The inferred data is then added to 

various tables in the database (spreading-DB).  

Once a day, the presence of new measured-data to be treated is checked and the following computations 

are then performed: measured-data A)⇒ raw-data B)⇒  inferred-data C)⇒  use of information by the farmer. A-

procedures convert and filter data logged by sensors into intelligible (raw) data, i.e. aggregate figures cleaned up as 

much as possible by every form of noise. B-procedures, on other hands, perform inferences to provide: final ave. 

hourly effluent volumes on tanks, identification of effluent uploading and downloading events, detail reports on 

effluent transport and spreading. Such events can be after confirmed, or not, by the user. Finally, C-procedures 

enable the farmer to access the inferred data both in table and graphical forms (volume vs. time diagrams, at daily, 

weekly or monthly scale; Gantt diagrams of events). A set of queries is even provided to permit a large series of 

surveys and to investigate the links between Tank-DB and Spreading-DB events. 

Every spreading operation is defined as the combination of mechanized activities carried out during a 

typical workday (Date), that have the objective of withdrawing a given quantity of effluent from a storage point (S) 

through the use of a specific IM and its distribution across the area of a field (A), that does not necessarily belong to 

the farm that owns the IM. An operation’s uniqueness would therefore be the results of the knowledge of the 

following combination of parameters: < 1. Data, 2. IM, 3. S, 4. A > (Figure 2).  

Through examinations of the aforementioned register, summary reports can be obtained for use by both the breeder 

and the controlling agency. In essence, once the reference timeframe (e. g.: from 1.1 to 31.12 of each year) has been 

established, the computerized system (FIS or TIS) must be able update the budget quantities of Nitrate allowed for 
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each investigated  superficial lot (field  or cadastral  parcel). From time to time, a numeric and graphic indicator 

reveals (based on a set limits) either the residual quantities that may still be distributed or the excess amounts that 

have already been reached.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 2      The four parameters that identify a single spreading operation 

 

4 CONCLUSIONS  

Approximately two years from the beginning of the project, the activities carried out have mainly been associated 

with: a) the installation of monitoring components at two pilot farms; b) the identification and creation of inference 

engines that are able to generate the aforementioned registers for the activities  (spreading and events associated 

with the management of the storage facilities) from the reported raw data; c) the definition of the query methods to 

be used with the various databases by the users; d) the identification of appropriate, low-cost components that allow 

for distribution of the effluent with site-specific approaches. 

The preliminary results are extremely promising and reassuring. Nonetheless, the farms that will not 

adhere to the monitoring network remain excluded from the control. The project mainly focuses on the necessity of 

providing more reliable information regarding the N-flows throughout the various the various territorial areas rather 

than creating “Big Brother” forms of control that are forced upon the breeders. This is with the full awareness that 

only an efficient collaboration between the breeders and the territorial administrations will provide the best possible 

results with regard the sustainable management of N-resources. And this will also require a quest for forms of 

incentives that will be able to increase the base of voluntary adherence to the network.  
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1 INTRODUCTION  

Each European country has been assigned to produce about 20% renewable energy by 2020. To achieve this goal 

would meet the current Kyoto agreement on reducing GHG emissions that effect climate change. Biogas production 

from livestock sources in particular can contribute a considerable fraction of the reduced amount with agriculture 

targeting 6% based on 2008 emission levels by 2020. In order to improve the effectiveness of agro biogas 

production an EU project was funded targeting “Innovative approaches to improving the yield of medium to large 

scale biogas plants” http://www.eu-agrobiogas.net/.  

The main objective was to benchmark those processes involving feedstock treatment, fermentation and 

mechanical aspects of the digester performance for all 13 biogas plants. Additionally we investigated the specific 

costs per kilowatt hour produced. Weak point analysis was also performed to determine the concerns of the 

operators. To ensure an efficient technology transfer into demonstration activities at full scale commercial 

agricultural biogas plants, selected operators (SMEs) of medium to large scale agricultural biogas plants agreed to 

collaborate and provide access to their plants.  

 

2 MATERIALS AND METHODS 

2.1 Scope of methods 

The assessment of the biogas industry today has to be considered from a multidisciplinary perspective as real world 

biogas production implies the potential to generate conflicts as well as win-win situations. Therefore, biogas 

production cannot be assessed from an economic perspective only but also has to account for environmental 

impacts. To include environmental aspects requires the development of a modified financial perspective which 

should include the technical and human resource concerns. In a difficult economic market the biogas plant has to 

integrate production from feedstock sources with outputs locally to maximise what is considered to be a marginal 

profit from biogas alone. Due to the large volume of data gathered only data selected by the authors will be 

presented here.  

2.2 Benchmarking and weak point analysis of biogas plant capacity 

To improve the performance of the biogas plants requires that we first devise methods to assess performance by a 

range of observation methodologies to determine important monitoring parameters and criteria of evaluation. We 

adopted benchmarking criteria as defined by the most recognised approach as that of W.E. Deming's to quality 

control which consists of five stages - ‘plan, measure, analyse, recommendations and implementation and 

monitoring and reviewing’. Perhaps the most notable output is that benchmarking, which is the collection of 

information that can overcome common ideas and concepts that are accepted as normal but may hamper progress. 

The stages of benchmarking can be a means of assessing a process or identifying best practice and improving 

processes. 

Further discussions occurred at the initial meeting in Vienna in 2007 and partners clearly recognised and 

required sufficient information for quality data for this report. Partners also recognised that parameters often 

influenced each other. The best outcome was identified to acquire data from each biogas plant in the form of: 

− Questionnaire to be completed by the biogas plant operator in the presence of the scientific partner for 

economic and social analysis 
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− Weak point analysis of each biogas plant by the biogas plant operator and the scientific partner 

− Database of defined parameters from recent biogas operations up to 2007. 

 The questionnaire should include requests for information on the most influential parameters which have 

an impact on the biogas yield in an unbiased procedure. These were identified as the following parameters: 

 

TABLE 1 Influential parameters which have an impact on the biogas yield  

Benchmarking  Weak point concerns 

Biogas plant technology and design   

Feedstock or substrate processing prior to the feeding of the 

digester 

Loading rate 

Pre-treatment of biomass (thermo-chemical, enzymes, etc.) Hydraulic retention time 

Hydraulic retention time and loading rate Methanogenesis failure due to 

Biogas utilisation  -Volatile fatty acids 

Fermentation temperature -Ammonium concentration 

Biogas yield -pH value 

Methane and hydrogen sulphide content of the biogas calorific value of biogas and effect on biogas engine 

Degree of heat utilisation Economics of using heat from CHP unit 

Utilisation of digested sludge Land spreading 

Plant management costs Biogas production economics 

Personnel cost and personnel requirement  

 

3 RESULTS AND DISCUSSION  

3.1 Description of biogas plants 

Benchmarking data was collected from 13 biogas plant sites (BP1 to BP13). These biogas plants differ in both 

construction and use. Firstly, all biogas plants were operating at about 5 to 12% dry solids, which classify them as 

‘wet’ biogas plant systems. Out of these, 7 plants had pre-treatments and post digesters, two had fermentation tanks 

that were within the outer hydrolysis tank. There were two biogas plants that were operating at thermophilic 

temperatures (55
o
C). The other systems were either single or two process operating systems that may or may not 

have parallel tanks in the same stage (e.g. 2 methanogenesis stage tanks). Livestock slurry from cattle and pigs 

dominated the feedstock for 8 biogas plants, energy crops a further 4 biogas plants and fat and glycerol 1 biogas 

plant. Averaged outputs for the 13 plants were; 16 MWh d
-1

 electricity from 4428 m
3
 of methane from 103 t fresh 

weight of feedstock. Specific methane yield of the feedstock was 0.44 m
3
 kg VS 

-1
 with a methane productivity of 

1.3 m
3
.CH4.m

-3
.d

-1
. Clearly with such a range of different approaches comparison will require careful consideration.  

3.2 Comparing outputs from biogas plant 

Weak point analysis identified that there were two main concerns: poor process monitoring and control as the lack 

of information and approaches for the pre-treatment of feedstock. The first relates to methane yield per amount of 

volatile solids (VS). VS are determined as the weight loss from heating the sample to constant weight from 105
o
C to 

550
o
C. Surprisingly the differences between the plant were up to a factor of three as shown in Figure 1.  
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FIGURE 1  Distribution of specific methane yield showing standard deviation error bars 
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However this is not the only criteria for the assessment of the biogas plant performance. For example if 

some considerable capital investment has occurred for a large biogas plant then the economic return will be obtained 

more quickly by only utilising the easily convertible VS to biogas and then introducing more feedstock (i.e. 

undigested feedstock will pass through the digester). This measurement is known as methane productivity which is 

methane volume produced from 1 m
3
 of digester volume per day (CH4.m

3
.m

3
.d

-1
). As expected high methane 

productivity reflects a low specific methane yield, however only a few biogas plants reflect this rationale as shown 

(Figures 1 and 2).  
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FIGURE 2 Distribution of methane productivity per day for 13 commercial biogas plants 

Comparison of the hydraulic retention time (HRT) reveals that low HRT is the reason for the high 

methane productivity. Figures 2 and 3 suggest that variation maybe due to feedstock composition and/or co-

digestion effects. For example BP10 has high methane productivity but a low loading rate and specific methane 

yield.  
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FIGURE 3 Comparison of loading rate to hydraulic retention time 
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FIGURE 4 Specific costs per  kWh 

 

 Similarly some biogas plants have a low HRT to remain viable in terms of the costs (Figure 4) of electric 

production. Both BP2 and BP7 having the lowest retention times and highest specific costs per kWh. The remaining 
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biogas plants seem to have more complex approaches to biogas production. Table 1 provides some summary 

information from this exercise highlighting the potential issues and means of improvement.  

 

TABLE 2 Concerns from collated benchmarking and weak point analysis from commercial biogas plants 

Measured parameter Able to 

improve 

Comment 

Combined heat and power plants operating at capacity 

(7000hrs p.a.) 

6/13 There are 8700hrs in one year 

BP 7, 10, 11 and 12 have reduced methane conversion to 

electricity when compared to other biogas plant systems. 

4/13 Performance could be increased by 

up to 25% 

The average performance of biogas plants was 0.44 m³ 

methane kg
-1

 VS.  

 

The fermentation stability expressed as standard 

deviations from the mean specific methane yield value 

demonstrated a 7 to 100% range 

The methane productivity has a mean of 1.25 and a range 

from 2.62 to 0.5 m
3
.m

3
. 

The average degradation rate was 68% ranging from 48 to 

89% of the VS. There was no relationship of measured 

fermentation parameters to the degree of VS degradation 

High levels of manure feedstock produce about 3 times 

less biogas per ton of dry matter input 

 

Collectively as the digester increases methane productivity 

the electricity produced per unit dry weight of feedstock 

increases  

There was an inverse relationship of methane productivity 

to the fraction of energy crop feedstock. 

na 

 

 

 

5/13 

 

 

6/13 

 

3/13 

 

 

 

3/13 

 

 

3/13 

 

4/13 

The majority of these biogas plants 

were above the average value of 0,3 

m³.kg
-1

 VS. 

Process stability could be a function 

of inputs. 

 

There will be feedstock type and 

economic dependencies. 

Feedstock mixtures are complex, but 

there are design options such as 2
nd

 

digester. 

Transport and economic efficiency 

may be issues for these plants so 

alternative feedstock may provide 

profit 

Suggests the digesters are not 

operating to full capacity. 

Maybe due to large HRTs necessary 

for energy crops 

 

 Very few biogas plants had means of monitoring any other fermentation parameters than pH, volume of 

biogas and temperature as a means of process control. As a consequence biogas plant  owners cannot operate at full 

capacity, because one they are unsure of what it is a  two the fear of fermentation failure due to organic overloading 

means that the plant may not operate to capacity.  

 

4 CONCLUSIONS  

Benchmarking and weak point analysis have rarely been performed on commercial biogas plants with only one in 

recent years from work by Braun et al. (2004). There was broad agreement with our findings except for our higher 

average specific methane yield. Data was collected by four means from the biogas plants: as periodic data, weak-

point analysis from the plant operators; a questionnaire and a schematic of each plant. Analysis of this data revealed 

different approaches to biogas production and potential ways that may improve economic return. Weak point 

analysis identified the need for more pre-treatment of feedstock and monitoring and process control of fermentation 

processes in order to allow for better supported decision-making by the biogas plant operators. 
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1 INTRODUCTION  

Each European country has been assigned to produce about 20% renewable energy by 2020. To achieve this goal 

would meet the current Kyoto agreement on reducing GHG emissions that effect climate change. Biogas production 

from livestock sources in particular can contribute a considerable fraction of the reduced amount with agriculture 

targeting 6% based on 2008 emission levels by 2020. In order to improve the effectiveness of agro biogas 

production an EU project was funded targeting “Innovative approaches to improving the yield of medium to large 

scale biogas plants” http://www.eu-agrobiogas.net/.  

The main objective was to benchmark those processes involving feedstock treatment, fermentation and 

mechanical aspects of the digester performance for all 13 biogas plants. Additionally we investigated the specific 

costs per kilowatt hour produced. Weak point analysis was also performed to determine the concerns of the 

operators. To ensure an efficient technology transfer into demonstration activities at full scale commercial 

agricultural biogas plants, selected operators (SMEs) of medium to large scale agricultural biogas plants agreed to 

collaborate and provide access to their plants.  

 

2 MATERIALS AND METHODS 

2.1 Scope of methods 

The assessment of the biogas industry today has to be considered from a multidisciplinary perspective as real world 

biogas production implies the potential to generate conflicts as well as win-win situations. Therefore, biogas 

production cannot be assessed from an economic perspective only but also has to account for environmental 

impacts. To include environmental aspects requires the development of a modified financial perspective which 

should include the technical and human resource concerns. In a difficult economic market the biogas plant has to 

integrate production from feedstock sources with outputs locally to maximise what is considered to be a marginal 

profit from biogas alone. Due to the large volume of data gathered only data selected by the authors will be 

presented here.  

2.2 Benchmarking and weak point analysis of biogas plant capacity 

To improve the performance of the biogas plants requires that we first devise methods to assess performance by a 

range of observation methodologies to determine important monitoring parameters and criteria of evaluation. We 

adopted benchmarking criteria as defined by the most recognised approach as that of W.E. Deming's to quality 

control which consists of five stages - ‘plan, measure, analyse, recommendations and implementation and 

monitoring and reviewing’. Perhaps the most notable output is that benchmarking, which is the collection of 

information that can overcome common ideas and concepts that are accepted as normal but may hamper progress. 

The stages of benchmarking can be a means of assessing a process or identifying best practice and improving 

processes. 

Further discussions occurred at the initial meeting in Vienna in 2007 and partners clearly recognised and 

required sufficient information for quality data for this report. Partners also recognised that parameters often 

influenced each other. The best outcome was identified to acquire data from each biogas plant in the form of: 

− Questionnaire to be completed by the biogas plant operator in the presence of the scientific partner for 

economic and social analysis 
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− Weak point analysis of each biogas plant by the biogas plant operator and the scientific partner 

− Database of defined parameters from recent biogas operations up to 2007. 

 The questionnaire should include requests for information on the most influential parameters which have 

an impact on the biogas yield in an unbiased procedure. These were identified as the following parameters: 

 

TABLE 1 Influential parameters which have an impact on the biogas yield  

Benchmarking  Weak point concerns 

Biogas plant technology and design   

Feedstock or substrate processing prior to the feeding of the 

digester 

Loading rate 

Pre-treatment of biomass (thermo-chemical, enzymes, etc.) Hydraulic retention time 

Hydraulic retention time and loading rate Methanogenesis failure due to 

Biogas utilisation  -Volatile fatty acids 

Fermentation temperature -Ammonium concentration 

Biogas yield -pH value 

Methane and hydrogen sulphide content of the biogas calorific value of biogas and effect on biogas engine 

Degree of heat utilisation Economics of using heat from CHP unit 

Utilisation of digested sludge Land spreading 

Plant management costs Biogas production economics 

Personnel cost and personnel requirement  

 

3 RESULTS AND DISCUSSION  

3.1 Description of biogas plants 

Benchmarking data was collected from 13 biogas plant sites (BP1 to BP13). These biogas plants differ in both 

construction and use. Firstly, all biogas plants were operating at about 5 to 12% dry solids, which classify them as 

‘wet’ biogas plant systems. Out of these, 7 plants had pre-treatments and post digesters, two had fermentation tanks 

that were within the outer hydrolysis tank. There were two biogas plants that were operating at thermophilic 

temperatures (55
o
C). The other systems were either single or two process operating systems that may or may not 

have parallel tanks in the same stage (e.g. 2 methanogenesis stage tanks). Livestock slurry from cattle and pigs 

dominated the feedstock for 8 biogas plants, energy crops a further 4 biogas plants and fat and glycerol 1 biogas 

plant. Averaged outputs for the 13 plants were; 16 MWh d
-1

 electricity from 4428 m
3
 of methane from 103 t fresh 

weight of feedstock. Specific methane yield of the feedstock was 0.44 m
3
 kg VS 

-1
 with a methane productivity of 

1.3 m
3
.CH4.m

-3
.d

-1
. Clearly with such a range of different approaches comparison will require careful consideration.  

3.2 Comparing outputs from biogas plant 

Weak point analysis identified that there were two main concerns: poor process monitoring and control as the lack 

of information and approaches for the pre-treatment of feedstock. The first relates to methane yield per amount of 

volatile solids (VS). VS are determined as the weight loss from heating the sample to constant weight from 105
o
C to 

550
o
C. Surprisingly the differences between the plant were up to a factor of three as shown in Figure 1.  
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FIGURE 1  Distribution of specific methane yield showing standard deviation error bars 
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However this is not the only criteria for the assessment of the biogas plant performance. For example if 

some considerable capital investment has occurred for a large biogas plant then the economic return will be obtained 

more quickly by only utilising the easily convertible VS to biogas and then introducing more feedstock (i.e. 

undigested feedstock will pass through the digester). This measurement is known as methane productivity which is 

methane volume produced from 1 m
3
 of digester volume per day (CH4.m

3
.m

3
.d

-1
). As expected high methane 

productivity reflects a low specific methane yield, however only a few biogas plants reflect this rationale as shown 

(Figures 1 and 2).  
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FIGURE 2 Distribution of methane productivity per day for 13 commercial biogas plants 

Comparison of the hydraulic retention time (HRT) reveals that low HRT is the reason for the high 

methane productivity. Figures 2 and 3 suggest that variation maybe due to feedstock composition and/or co-

digestion effects. For example BP10 has high methane productivity but a low loading rate and specific methane 

yield.  
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FIGURE 3 Comparison of loading rate to hydraulic retention time 
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FIGURE 4 Specific costs per  kWh 

 

 Similarly some biogas plants have a low HRT to remain viable in terms of the costs (Figure 4) of electric 

production. Both BP2 and BP7 having the lowest retention times and highest specific costs per kWh. The remaining 
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biogas plants seem to have more complex approaches to biogas production. Table 1 provides some summary 

information from this exercise highlighting the potential issues and means of improvement.  

 

TABLE 2 Concerns from collated benchmarking and weak point analysis from commercial biogas plants 

Measured parameter Able to 

improve 

Comment 

Combined heat and power plants operating at capacity 

(7000hrs p.a.) 

6/13 There are 8700hrs in one year 

BP 7, 10, 11 and 12 have reduced methane conversion to 

electricity when compared to other biogas plant systems. 

4/13 Performance could be increased by 

up to 25% 

The average performance of biogas plants was 0.44 m³ 

methane kg
-1

 VS.  

 

The fermentation stability expressed as standard 

deviations from the mean specific methane yield value 

demonstrated a 7 to 100% range 

The methane productivity has a mean of 1.25 and a range 

from 2.62 to 0.5 m
3
.m

3
. 

The average degradation rate was 68% ranging from 48 to 

89% of the VS. There was no relationship of measured 

fermentation parameters to the degree of VS degradation 

High levels of manure feedstock produce about 3 times 

less biogas per ton of dry matter input 

 

Collectively as the digester increases methane productivity 

the electricity produced per unit dry weight of feedstock 

increases  

There was an inverse relationship of methane productivity 

to the fraction of energy crop feedstock. 

na 

 

 

 

5/13 

 

 

6/13 

 

3/13 

 

 

 

3/13 

 

 

3/13 

 

4/13 

The majority of these biogas plants 

were above the average value of 0,3 

m³.kg
-1

 VS. 

Process stability could be a function 

of inputs. 

 

There will be feedstock type and 

economic dependencies. 

Feedstock mixtures are complex, but 

there are design options such as 2
nd

 

digester. 

Transport and economic efficiency 

may be issues for these plants so 

alternative feedstock may provide 

profit 

Suggests the digesters are not 

operating to full capacity. 

Maybe due to large HRTs necessary 

for energy crops 

 

 Very few biogas plants had means of monitoring any other fermentation parameters than pH, volume of 

biogas and temperature as a means of process control. As a consequence biogas plant  owners cannot operate at full 

capacity, because one they are unsure of what it is a  two the fear of fermentation failure due to organic overloading 

means that the plant may not operate to capacity.  

 

4 CONCLUSIONS  

Benchmarking and weak point analysis have rarely been performed on commercial biogas plants with only one in 

recent years from work by Braun et al. (2004). There was broad agreement with our findings except for our higher 

average specific methane yield. Data was collected by four means from the biogas plants: as periodic data, weak-

point analysis from the plant operators; a questionnaire and a schematic of each plant. Analysis of this data revealed 

different approaches to biogas production and potential ways that may improve economic return. Weak point 

analysis identified the need for more pre-treatment of feedstock and monitoring and process control of fermentation 

processes in order to allow for better supported decision-making by the biogas plant operators. 
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1 INTRODUCTION 

In the current research we are mainly focusing on the utilization of agricultural by-products both from industries at 

larger scale like sugar cane fibers (Bagasse), corn, oil palm fruit shells and coconut coir from copra industries while 

domestic wastes such banana fiber, bamboo, pandanus and betel nut fibres can be used to produce NFRP 

composites. The potential applications of these products can be both for industries and domestic uses. The industrial 

applications include Medium Density Fiber (MDF) boards, insulations, particle boards and hard boards while 

natural fiber sandwiches of bamboo and foam cores as roofing panels as a substitute for both vegetable and 

corrugated iron roofing constructions as the traditional vegetable roofing does not last longer while the corrugated 

iron corrodes easily posing health risk to those who depend on rainwater collected from tanks for drinking and 

cooking. The different production techniques can be applicable in producing the NFRP composites. Some of these 

compounding processes and techniques including synthetic resin transfer injection, extrusion, hand lay-up molding 

and hot press compounding processes are being utilized and the mechanical properties are being evaluated. The 

investigations also include the economic viability and sustainability of the fibre supply in the manufacture of NFRP 

composites. The fiber surfaces can be chemically modified to have enhanced and improved mechanical properties. 

The important mechanical properties such as stiffness and flexural strength while utilizing the vast amount of natural 

fibres such as bagasse from sugar industry, coconut coir, banana fibres, sawdust, and corn stalks etc. 

 Composites are made from two or more distinct materials that when combined create a better, stronger 

and more durable material. Most composites consist of a reinforcing material embedded in a matrix and these 

reinforcing materials are generally fibres. The matrix can be any type of material that bonds to the reinforcement 

and holds the material together 

 

2 AVAILABILITY OF DIFFERENT NATURAL FIBERS 

Several Natural fibres are found in Papua New Guinea both from plants and animals. These fibres have been 

considered wastes as they have not been utilized in any resourceful ways as from our observations. 

 The supply of fibers from agricultural waste products is consistent with the annual crop productions 

especially sugar cane, oil palm and copra industries. We also have many other types of fibres found in the localities 

of Papua New Guinea which are being considered as wastes as seen both from industries and domestic such as corn, 

rice, pineapple, banana, sisal, bamboo, betel nut husk etc. However, the current literature reveals that these by-

products have high potentials in the production of NFRP composites. 
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TABLE 1  Classification of fibers 

NATURAL FIBRES 

PLANT /Lignocellulosic Fibers Animal Fibers 

Wood Stem/Bast Leaf Seed/Fruit Grass 

Softwood 

Hardwood 

 

Sugar Cane 

Hibiscus 

Sisal 

Pineapple 

Banana 

Pandanus 

Cotton 

Coconut 

Oil palm 

Betel nut 

Bamboo 

Rice 

Wheat 

Corn 

 

Silk 

Wool 

Feathers 

 

3 METHODS OF FIBER EXTRACTION 

Fibre extraction is an integral part of NFRP composites production. There are several methods of extracting fibers 

from both plants and animals. The process is named according to the nature of separating fibers from the bulk 

materials. Fibres can be extracted manually by traditional means, biological action or with the aid of fibre extraction 

machinery such as coir fibre extraction machinery units. Some of these simple fibre extraction methods are 

discussed here.  Retting is a treatment process to release the fibres from the rest of the plant. The following are some 

basic fibre separating processes involved in the separation of fibres from the plant. 

3.1.  Dew Retting  

A type of retting process in which the stems of fibre plants are spread out in moist meadows, and the pectin 

decomposition is accomplished by molds and aerobic bacteria with the formation of CO2 and H2. 

3.2  Water Retting  

A type of retting process in which the stalks of fiber plants are immersed in cold or warm, slowly renewed water, for 

4 days to several weeks. The active organism is Clostridium felsineum and related types, which break down the 

pectin to a mixture of organic acids (chiefly acetic and butyric), alcohols (butanol, ethanol, and methanol), carbon 

dioxide (CO2), and hydrogen (H2). 

3.3  Decortications  

Decortication is disaggregating of the stalks, loosening of the adhesion between fibres and wood or husks and the 

extraction of the fibres. Simultaneously, the fibre bundles should be opened to get thinner bundles or elementary 

fibres, as far as possible. For this purpose the wooden elements or husks have to be bruised many times without 

altering the natural fibre structure. The process of decortication is carried out manually by beating of husks or with 

an aid of fibre extraction machines such as coconut coir and banana fibre extraction machinery.  

a) b) c)  

FIGURE 1  a) Harvesting Sugar Cane, b) Sisal, c) Areca Catechu (Betel Nut) 
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a) b) c)  

FIGURE 2  a) Sugar Cane Fibre (Bagasse), b) Extracted Sisal Leaf Fibres, c) Extracted betel nut fibres 

4    FIBER SURFACE TREATMENTS AND MODIFICATIONS 

Chemical pre-treatment of fibers before manufacturing of NFRP composites is an integral part of the manufacturing 

processes to have improved fibre properties. Fibre treatments serve to give a final product chemically and physically 

improved properties. (Yoldas, 2009) reported that in order to improve the incorporation of natural fibres (NF) into 

polymers and to promote higher fibber/matrix interfacial adhesion, NF can be modified by different chemical and 

physical treatments. Organic fibres generally have smooth surfaces and little superficial surface energy, which result 

in low adherence within the matrix. These fibres usually do not have chemical functional groups to form strong 

bonds in the fibre–matrix interface. (Grozdanov, 2009) stated that the most common treatment modify the fibres by 

removing the superficial layer, changing the topography and the chemical nature of the surface. Chemical treatment 

improves fibre-matrix adhesion largely by introducing polar or excited groups or even a new polymer layer that can 

form strong covalent bonds between the fibre and the matrix, and sometimes by roughening the surface of fibres to 

increase mechanical interlocks between the fibre and the matrix. 

5  MECHANICAL PROPERTIES 

Mechanical properties such as the elastic modulus and strength of most reinforcing natural fibres would be 

considered with those of unreinforced resin systems. Therefore, the mechanical properties of the fibre/resin 

composites are dominated by the contribution of the fibre in the composites. 

The tests are being carried out to evaluate mechanical properties using standard testing methods (ASTM/ASNZ). 

The mechanical properties such as stiffness, impact strength, and flexural modulus are being determined and 

investigated for further improvement in NFRP composite properties and production of composites. 

6  MANUFACTURING PROCESSES 

6.1  Hand Laminating 

The fibers, usually, mats are cut and placed in a mould. The resin is applied by rollers as shown in Fig. 1. One option 

is to cure while using a vacuum bag, excess air is removed and the atmospheric pressure exerts pressure to compact 

the composite. A possible product is the boat hull shown in Fig. 8. The advantages of this technique are the high 

flexibility and the simplicity of the process and the low cost of tools needed. The long production time, the labor 

intensive character and the limited possibilities for automation are considered to be disadvantages as stated (Yoldas 

S.K.S, 2009). 
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FIGURE 3  Hand laminating (left); Boat hull (right) 

6.2  Hot Press Method 

Grozdanov (2009) reported that in hot pressing, also called pressure sintering, pressure and temperature are applied 

simultaneously. This method makes the molded article denser and stronger by reducing porosity.  Protective 

atmospheres are usually employed, and graphite is a commonly used punch and die material. 

6.3  Spray-Up (Chopping) 

ACMA (2009) states that Spray-up or chopping is an open mold method similar to hand lay-up in its suitability for 

making boats, tanks, transportation components and tub/shower units in a large variety of shapes and sizes. A 

chopped laminate has good conformability and is sometimes faster than hand lay-up in molding complex shapes. In 

the spray-up process the operator controls thickness and consistency, therefore the process is more operator 

dependent than hand lay-up. Although production volume per mold is low, it is feasible to produce substantial 

production quantities using multiple molds. 

7    PRODUCTS AND APPLICATIONS 

The products of NFRP composites can be used in several areas both in industries, constructions and domestic uses. 

7.1  Industrial applications 

Certain potential applications of core materials are possible. These include: Low-density insulation boards, ceiling 

tiles, substrate for lightweight furniture, components in manufactured housing, office partitions, core materials for 

doors and possibly particleboard and MDF (Medium Density Fibre).boards. 

7.2 Domestic applications 

Rjswijk (2003) stated that some of the products made from natural fibre composites like sandwich panels are 

directly applicable to rural societies of Papua New Guinea in the construction of semi-covenant houses as roofing in 

place of vegetable roofing and partitions for walling. They can also be manufactured using simple manufacturing 

processes. The possible products include roofing panels, fluid containers, constructive bridge parts, small boats, 

floor mats, and table clothes. 

8  ECONOMIC SUSTAINABILITY  

 NZBIO (2009) discovered that a potential large market for ligno-cellulosic materials is found in an increased 

interest for renewable materials in ecological building and construction applications. For, example, it has been 

demonstrated that high performance / high quality fibre boards can be manufactured from the whole fibrous coconut 

husk without the use of any chemical additive The global demand for building materials and timber is ever 

increasing and with rising prices of wood the market for sustainable timber substitutes seems bright. Coconuts are 

abundantly available in Papua New Guinea and their husks now often discarded because of lack of economic value. 

Manufacturing of ecologically and (bio-) economically sustainable materials from this waste could create many jobs 

and offer new perspective for local industrial development. 

- 319 -



Innovation and technology transfer 
  

  
  

 The current research on NFRP composites has a great potential in endurance of economic activities in 

terms of its economic viability as people heavily rely on these plants especially for food. However, turning the waste 

part into a useful product would enlighten the livelihood especially for the rural communities (NZBIO, 2009) 

Current innovation on the markets for natural fibre containing (composite) products has widened the scope of its use 

and that should go parallel with agro-industrial development. Then it has the potential to become a major sustainable 

bio-economic commodity. 

9   COMMERCIALIZATION 

 For the current research to easily shift into commercialization, there needs some critical technical issues to be 

considered. In this way commercialization approach would take place efficiently. Some of these areas of critical 

issues: 

 Reliable and consistent raw materials  

 Agronomic/harvesting practices and decortications processes to produce clean and undamaged fibres 

 Robust and consistent fibre and mat quality/testing methods 

 Material forms compatible with existing manufacturing processes 

 Properties that are sufficient to replace current reinforcements 

 Compatible fibres/resins-polymeric and bio-based 

 Development of co-products to ensure economic sustainability  

10  CONCLUSION 

 Agricultural fibers have been successfully utilized in a variety of composite productions such as panels, most 

notably conventional composite panels and inorganic-bonded composites. Lignocellulosic/thermoplastic composites 

are a newer area of lignocellulosic utilization. It is anticipated that interest and commercial development will 

continue in this area. Excessive amounts of agricultural fiber residues are available here in PNG to support 

composite manufacturing needs, although the agro-based materials may not have a suitable geographical 

distribution to provide an economically feasible endeavor. Lignocellulosics are attractive material sources for 

composites because they are lightweight, economical, and require low amounts of energy for processing. In 

addition, their growth, use, and disposal are generally considered environmentally friendly. As renewable materials, 

they can be used to replace or extend non-renewable materials such as those based on petroleum as their end 

products expose environmental hazards.  
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1  INTRODUCTION 

In Poland a drastic decrease of sugar factories amount and sugar beet tillage area has been observed during last 10 

years. It was related with overtaking of national sugar market through the Western companies, progressive 

concentration of sugar production and liquidation less profitable sugar factories. The reason was the necessity of 

meeting the external EU obligations (WTO Panel) as well as assurance of competitiveness of sugar sector in the 

European Union (Tzilivakis et al. 2005). The above mentioned changes caused that in Poland in 2009 only 18 sugar 

factories (out of 76 active in 2000) were working. The area of sugar beet cultivation decreased from 454000 ha in 

1996 to 176000 ha in 2008. Meanwhile the beet is a plant extremely important in crop rotation and excellent 

forecrop for many plants. This allows to preserve the high soil culture. Sugar beet is classified to one of the most 

valuable root crops cultivated in Poland. The conducted research show that sugar beet harvested with top can be a 

remarkable substrate for biogas production (Kasperska-Furman 2009). The experiments conducted by seed 

companies let to state that yield of energetic beet amounts about 130-150 t/ha. This is significantly higher result 

comparing with maize -other typical energetic plant. In Polish conditions average maize yield can reach about 70-75 

t/ha. This yield comparison shows that sugar beet production allows to obtain much higher mass from the same 

surface. If we add a high biogas efficiency and a very short period of substrate fermentation, we obtain energetic 

material exceeding all of used before. What is also important - many farms have their own complete equipment for 

sugar beet production. Hence there is both need and high potential for further preservation and development of beet 

production, steering this production on the renewable energy side.  

Actually in Poland there are only 7 agricultural biogas plants working but this situation will change fast. 

Polish government lances national program of construction over 2000 installations till 2020 (Mikołajczak et al. 

2009). The main rules of this program base on German experiences. Currently there are about 4000 biogas plants 

working in Germany. In most of them the slurry and maize silage are used for biogas production. However, the 

similar prices of the biogas plant in Poland and Germany and more than 2 times lower profit from electricity sale 

force potential Polish investors for looking for the new, cheap and efficient substrates. Clearly higher yield of sugar 

beet plants comparing with other plants (especially maize) may be an important argument to develop sugar beet 

cultivation for energetic purpose.  

The above mentioned reasons arise the necessity of searching for new raw materials for biogas 

production. Agricultural biogas plants based on the methane fermentation, utilizing the biomass from purposive 

plantations of energetic plants, already have an application in the world scale. According to many publications the 

biomass fermentation processes in biogas plants have a great future. 

In available literature there is lack of information concerning the possibilities of utilization of former 

closed sugar factories for construction of biogas installation, with usage of sugar beets as a substrate for biogas 

production.   

In relation with the above the paper submits the analysis of possibilities of alternative direction of sugar 

beets management as a material for agricultural biogas plants, which could be built on the areas of liquidated sugar 

factories. The aim of the study is the analysis of biogas plant incomes obtained from the electric energy sale, in case 

of sugar beets usage for energetic purposes. 
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2  MATERIALS AND METHODS 

Two basic crop types of energetic sugar beets were accepted for the research: harvest of untopped beet roots as well 

as the whole plants (roots and leaves). Obtained results were analyzed and compared with farmers profits, gained 

from traditional sale of topped beet roots to the sugar factory. The sugar beet prices from Polish market in 2009 

(including subventions) were take into account for financial comparison. Basic parameters for calculation, such as 

beet and leaves crop, content of beet and leaves dry mass were defined under the research carried out in the Institute 

of Agricultural Engineering in Poznan. Following parameters were used in the calculations: crop of topped roots – 

50 t·ha
-1

, crop of untopped roots – 65 t·ha
-1

 and crop of whole plants (roots and leaves) –65 t·ha
-1

. 

The biogas efficiency of roots and leaves was obtained within previous experiment made in Institute 

Agricultural Engineering in PULS in the frame of the project “Efficiency and cost balance of plant and organic 

waste usage as a biogas substrates” (financed by the Ministry of Science and Higher Education, contract number: N 

N313 155435). Biogas efficiency from 1 tone of roots dry mass is 750 m
3
 of biogas (57,8% of methane), and in case 

of leaves 540 m
3
 of biogas (59% of methane). For calculations it was assumed that purchase price of 1 tone beets is 

28,68 euro (109 PLN) plus 13,95 euro (53 PLN) of sugar surcharge (KZPBC 2009). This sugar surcharge is a 

subvention from Polish ministry of agronomy and has an aim to support decreasing price related with the sugar beet 

market reform. Calculations of biogas plant size for particular beet mass, including obtained power and amount of 

produced current and income gained after selling were made with usage of BiogasWebPlanner calculator [Dach 

Kluza 2009], which was designed in the Institute of Agricultural Engineering in PULS and is available on the 

website of Ecotechnology Laboratory (www.ekolab.up.poznan.pl). Electric energy output was calculated as 2,65 

kWh from 1 m
3
 of biogas. Annual working time for biogas plant was 8000 h. From yearly produced electric energy, 

6,25% was used for own needs of biogas plant and this amount was not sold. The price obtained for electric energy 

is 107,89 euro/MWh (energy price 44,74 euro/MWh plus 63,15 euro for each Green Certificate). The Green 

Certificat is a kind of financial support from the Polish state and the producers of renewable energy receive one 

certificate for each 1 MWh of generated electric energy. In this calculation the sale of heat energy was not taken into 

account (the procedures of Yellow Certificates for subvention of heat energy sale is in Poland in the phase of law 

implementation.  

Also these calculations exclude the additional income from sale of fertilizer obtained from post-digestate 

which can compose even more than a half of incomes from electric energy sale. Value of NPK in typical post-

digested is estimated in Polish conditions as 14 euro/m
3
. However, this fertilizer cannot be sold without a special 

certificate obtained from the ministry of agriculture.  

In the end, the total income from electric energy sale was calculated as revenue in euro/ha and compared 

with traditional sale of roots to sugar industry.   

 

3  RESULTS AND DISCUSSION 

Four different scales of sugar beet production were taken account (5000, 10000, 20000 and 40000 ton of sugar beet 

mass). Amount of electric energy produced from these masses of sugar beet during methane fermentation and after 

burning of obtained biogas is present in table 1.  

 

TABLE 1  Production of electric energy from sugar beet (untopped roots and the whole plants) in 

dependence on mass of yearly used substrates 

Energy production 

MWh/a 
Sugar beet mass 

t/a 
untopped roots roots and leaves 

5000 2160 2826 

10000 4321 5653 

20000 8642 11305 

40000 17283 22611 

 

 On the bases of energy produced, the yearly income from sold energy was calculated and presented on the 

fig. 1. 
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FIGURE 1  Annual income from the sale of electric energy obtained from biogas combustion produced on 

the given mass of beet substrates 

 

Than the income from 1 ha of sugar beet produced for energetic purpose was calculated and compared 

with the income obtained by Polish farmers in traditional production of sugar beet. 
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FIGURE 2  Size of profit from 1 ha of beet tillage in dependence on collected plant material and its 

allocation: A) topped roots – destined for sugar production, B) untopped roots – destined for 

energy material, C) whole plants (roots and leaves) – destined for energy material 

 

On the basis of conducted analysis it has been stated that even the mass of the beets bought yearly about 

10000 tones (input for medium size agricultural biogas plant) can give the profit from the current sale exceeding 0,5 
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million euro. In conversion on 1 ha of cultivation, the income obtained from energy allocated beets (whole plants) is 

almost 2 times higher (fig. 2) than in comparison with sale of topped roots to sugar factory. 

The above analysis concerning estimation of biogas plant profits from the sale of energy, with usage of 

sugar beets, shows that from economic point of view this plant in the future can complete the absence of raw 

materials for renewable energy production and even may become the main material in biogas production. New 

product, that is energy beet will increase the competitiveness in gaining the substrates for biogas purposes and in a 

huge level will cause the growth of biogas plant profitability. 

 

4  CONCLUSIONS 

− Sugar beet is a plant that can be cultivated for energy purposes because of good biogas efficiency and high 

mass of yield, significantly higher than typically used silage plants i.e. maize.  

− In Polish conditions, actually the income obtained from 1 ha of energy beet tillage (whole plants) can be 

almost 2 times higher comparing with the sale of topped roots to sugar factory. But the future changes in 

sugar beet market regulations and decreasing profitability related with potential opening of EU market for 

cheap sugar importation, can influence on usage of sugar beet for energetic purpose. 

− Such an alternative allows to think practical of revitalization possibility of the areas with closed small and 

medium size sugar factories. These factories, currently closed and non-used for any activity, have many 

advantages (placement, industrial facilities etc) to build biogas plant installations. 
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1  INTRODUCTION 

Nowadays hemp (Cannabis sativa L.) has become very important as a crop for biomass production. Hemp with its 

rich leafage suppresses weeds, and leaves left on the soil after harvesting, improve the soil structure (Adamovičs et 

al., 2007). This plant is an irreplaceable rotation crop in organic farming (MTT, 2009). Most of the hemp grown in 

Europe is used in the pulp and paper industry and the residual shives are used in animal bedding. Hemp is used to 

increase the density of fuel material and improve its energetic properties (MTT, 2009).  The aim of this study was to 

clarify the potential of growing hemp for biomass production in Latvia and Lithuania. 

 

2  MATERIALS AND METHODS 

Hemp (Cannabis sativa L.) – hemp family (Cannbinaceae) annual crop was tested in the following locations and 

under the conditions described in Table 1. 

TABLE 1  Trials’ methods 

Country   Latvia Lithuania 

Soil type  Humi-podzolic gley soil Eutri-Endohypogleyic Cambisol 

pHKCl  7.3 7.5 (potentiometrically) 

OM, % 3.8 (Turin’s method) 2.75-3.65 (Turin’s method) 

P2O5, mg kg
-1

 83 (DL method) 225-228 (A-L extraction) 

Soil composition 

K2O, mg kg
-1

 65 (DL method) 122-171 (A-L extraction) 

Pre-crops  Summer rape Winter wheat 

Complex fertilizers N:P:K, (kg ha
-1

) 6:26:30, 300  5:15:30, 250 (2008), 300 (2009) 

In 2008 9
th

 May  13
th

 May Sowing time 

 In 2009 4
th

 May 5
th

 May  

Seeding rate kg ha
-1

 70 70 

In 2008 ‘Pūriņi’ (Latvian local 

hemp) 

Hemp varieties 

In 2009 ‘Pūriņi’, ‘Bialobrzeskie’ 

‘Benico’, ‘Bialobrzeskie’, 

‘Epsilon 68’, ‘Felina 32’, ‘USO 

31’  

N fertilize rate kg ha
-1

 N0, N60, N100 None 

Harvesting time  In 2008 23
rd

 September    5
th

 September  (for ‘USO 31’) 

and the 30
th

 of September  

 In 2009 21
st
 September  15

th
 September (for ‘USO 31’) 

and 6
th

 November  

Trial plots  20 m
2
 20 m

2
 

Replication   4 3 

agro-chemicals None None 

  

Carbon content in hemp stem and shive samples was determined by carbon analyzer Eltra CS-2000, 

which operates on the principles of chromatography. Hemp’s ash content was determined by a standard method for 

the rapid ash production method: crushed samples with a mass of 0.5 g were placed in a muffle furnace at 850 ± 15 

°C, and kept there for 40 minutes. The carbon and ash content was determined by the methodology described by 

Čubars et al. (2009). Analysis of carbon content in ash was carried out three times for each average hemp samples 
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which were divided into two, with and without the fibre from the hemp stem. Statistical analysis was performed by 

ANOVA (Доспехов, 1985; Arhipova and Bāliņa, 2003).  

The weather conditions during trial years were different. In 2008, in Latvia the air temperature in the 3
rd

 

ten-day period of May was close to the long-term average, but there was no rain. In June and July a lack of 

precipitation occurred. In July the average daily temperature corresponded to the long-term average, the amount of 

precipitation was abundant. In May 2009 the temperature was the same as long-term average but amount of 

precipitation was only 32 % of the long-term average. The June and July were rainy. The amount of precipitation in 

August was only 22 % and in September – 52 % of long-term average. In 2008, in Lithuania the period for hemp 

seed emergence was favourable, but later on a lack of precipitation occurred (3
rd

 ten-day period of May and 1
st
 ten-

day period of June). Then conditions for hemp growing and developing were favourable (2
nd

 and 3
rd

 ten-day periods 

of June). The weather in July was slightly cooler than that of the long-term period, but the rainfall was sufficient for 

hemp growing. The weather in August was warm and rainy, September was cooler and dryer. In 2009 the period for 

hemp seed emergence was semi-favourable – the shortage of precipitation occurred in the 2
nd

 ten-day period of May, 

but the weather was warm. Later on the weather was warm, and the rainfall was sufficient for hemp growing and 

development. Warm weather and especially abundant precipitation in July and August delayed and prolonged hemp 

flowering period, delayed seed ripening period. In September it was still warm and rainy, seed maturity came late. 

 

3  RESULTS AND DISCUSION 

Energy production in the form of solid fuel from the whole hemp stem is a relatively new use for the crop (MTT, 

2009). The cultivation year and the selected variety had significant effect on the hemp yield (Table 2). Hemp variety 

'Epsilon 68' was the most productive. The yield is an important result of genetic and environmental interaction, and 

it is used as one of criteria for determination of the genotype response on specific agro-ecological conditions 

(Murphy et al., 2007).  

TABLE 2  The hemp harvest indicators in Lithuania  

Green biomass, t ha
-1

 Dry biomass, t ha
-1

 Plant height, m 
Hemp varieties 

2008 2009 2008 2009 2008 2009 

‘Benico’ 24.9 30.6 11.5 14.3 1.84 2.09 

‘Bialobrzeskie’ 23.6 28.3 10.9 13.6 1.76 1.98 

‘Epsilon 68’ 27.6 35.8 12.1 17.0 1.82 2.01 

‘Felina 32’ 22.9 24.8 10.9 12.3 1.64 1.87 

‘USO 31’ 27.1 34.5 14.2 17.0 1.63 1.85 

Average 25.2 30.8 11.9 14.8 1.74 1.96 

LSD05year 3.20 1.54 0.13 

LSD05variety 5.22 2.43 0.21 

LSD05interactions between year and variety 7.34 4.44 0.29 

η year , %  (impact rate) 31.5 (p<0.01) 34.3 (p<0.01) 39.9 (p<0.01) 

η variety , % 35.0 (p<0.05) 35.8 (p<0.001) 24.3 (p<0.05) 

η interactions between year and variety , % 5.0 (p>0.05) 5.2 (p>0.05) 0.2 (p>0.05) 

 

 The hemp with different options for use was compared in the trial (Table 3): variety ‘Bialobrezskie’ for 

fibre production and local hemp 'Pūriņi' for seed, which has been grown in Latvia for 200 years. The increase of 

nitrogen fertilizer rates from N0 to N100 kg ha
-1

 provided a significant (p<0.05) increase of green and dry biomass 

in both varieties, which is confirmed by other studies (Grabowska et al., 2005; MTT, 2009). The proportion of 

nitrogen fertilizer effect on hemp harvest was 29% in 2009. In 2009 N-fertiliser rates between N0 and N100 had 

different significant (p<0.05) effects on hemp ‘Pūriņi’ and ‘Bialobrzeskie’, but there were no significant differences 

between N0 and N60, and between N60 and N100. Variety or genotype effects were also significant (p<0.05) and 

accounted for about 50%.  
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TABLE 3  The hemp harvest indicators in Latvia  

Green biomass, 

t ha
-1

 

Dry matter, 

t ha
-1

 

Plant height, m  

Hemp varieties 

Fertilizer 

rates, 

kg ha
-1

 2008 2009 2008 2009 2008 2009 

N0 19.93 30.0 4.96 7.4 1.41 1.58 

N60 28.50 36.0 7.20 9.0 1.55 1.81 

‘Pūriņi’ 

N100 35.82 46.0 9.17 12.1 1.50 1.77 

Average   28.08 37.3 7.11 9.5 1.49 1.72 

LSD0,05  7.2 1.53 0.23 

N0 - 45.0 - 11.9 - 2.73 

N60 - 52.8 - 14.8 - 2.90 

‘Bialobrzeskie’ 

N100 - 59.5 - 16.0 - 2.74 

Average   - 52.4 - 14.2 - 2.79 

LSD0,05   5.9  1.4  0.04 

 

The tallest hemp in both experimental years (Table 3) was obtained applying N fertilizer at rate N60 kg 

ha
-1

, in other studies it is also indicated that the high fertilizer rates could not give positive effect for hemp 

(Grabowska et al., 2005). Intensity of hemp growing coincided with studies of other authors (Adamovičs et al., 2007; 

Jankauskiene et al., 2009). Hemp 'Pūriņi' begins to bloom by 1-1.5 month earlier than the variety 'Bialobrzeskie', but 

plants of 'Pūriņi' are shorter (Poiša et al., 2009).  

Non-flammable part of fuel material consists of ash. The ash content in pellets and briquettes production 

must not exceed 1.5% (Tardenaka et al., 2006). The resulting ash quantity in the trials is larger than permitted, so 

hemp can only be used as an addition for briquettes and pellets production. Ash content (Fig.1) was significantly 

(p<0.05) affected by location and meteorological conditions, but not affected (p>0.05) by the plant (stem or shive), 

so it can be used as a whole plant for the solid fuel production. 
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FIGURE 1  Ash content in hemp of different varieties, %  

 

Carbon is one of the most important products of photosynthesis, which is the primary fuel burning 

element. Carbon has a high calorific value, and this accounts for most of the burnt mass (Белосельский et al., 1980; 

Cars, 2008). Data from our investigation show, that carbon content in hemp (Tab. 2) was between 38% and 41%. 
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FIGURE 2  Carbon content in hemp of different varieties, %  

 

Regression analysis showed (n=12) that the changes of ash content (19.5%) for the hemp variety 

'Bialobrzeskie' (2009) can be explained by a linear regression model. In the study the significant relationship 

between ash (y) and carbon content (x) for hemp variety 'Bialobrzeskie' was not determined. 

 The result of our investigation confirms that hemp is acceptable as a biomass plant for Baltic region. 

 

4  CONCLUSIONS 

The growing year and the variety had a significant effect on hemp yield. Variety or genotype effect was significant 

(p<0.05) and accounted for around 50%. 

The increase of nitrogen fertilizer rate from N0 to N100 kg ha
-1

 provided a significant (p<0.05) increase 

in green biomass, dry matter, and plant height. 

The resulting ash quantity for trials is larger than permitted, so hemp can be used only as an addition for 

briquettes and pellets production. Ash content was significantly (p<0.05) affected by location and meteorological 

conditions, but not affected (p>0.05) by the part of plant (stem or shive), so it can be used as the whole plant for the 

solid fuel production. 

The carbon content found in hemp plants was between 38% and 41%. In both countries the figures are 

similar, which confirms the Baltic region as suitable for hemp cultivation as a biomass plant. 

 

ACKNOWLEGEMENTS 

I (Liena Poiša) would like to thank the Vītols Fund and the LAB-AN (Latvian Agronomic Society – Foreign 

Department) for granting me a bursary. Also I would like to thank the Agricultural Science Centre of Latgale for 

installation assistance.  

This publication has been prepared within the framework of the ESF Project “Attraction of human 

resources to the research of the renewable energy sources”, Contract Nr. 

2009/0225/1DP/1.1.1.2.0/09/APIA/VIAA/129.  

 

REFERENCES 

Adamovičs A, Agapovs J, Aršanica A, Daņiļevičs A, Dižbite T, Dobele G, Dubrovskis V, Iesalnieks I, Jure M, 

Kronbergs Ē, Lazdiņa D, Lazdiņš A, Teliševa G, Urbanovičs I, Varika A, Vederņikovvs N, Zandersons J, 

Žūriņš A 2007. Enerģētisko augu audzēšana un izmantošana. Valsts SIA Vides projekti, 190 p. 

Arhipova I, Bāliņa S 2003. Statistika ekonomikā. Datorzinību centrs, Rīga, 352 p.  

Cars A 2008. Energoresursi. SIA Baltic Communication Partners, 102 p. 

Čubars E, Noviks G 2009. Evaluation of reed resources in the Lubans lake and substantiation of their use in energy 

production. In: ENVIROMENT. TECHNOLOGY. RESOURCES. Noviks G et al. (eds.). Proceedings of the 

7th International Scientific and Practical Conference June 25-27, 2009. Volume I. Rezekne. pp. 66-73. 

- 329 -



 Innovation and technology transfer  

  

  

 

 

 

 

Grabowska L, Koziara W 2005. The Effect of Nitrogen Dose, Sowing Density and Time of Harvest on Development 

and Yields of Hemp Cultivar Bialobrzeskie. Journal of Natural Fibers 4, 1-17. 

Jankauskiene Z, Gruzdeviene E 2009. Beniko and Bialobrezskie – industrial hemp varieties in Lithuania. In: 

ENVIROMENT. TECHNOLOGY. RESOURCES. Noviks G et al. (eds.). Proceedings of the 7th International 

Scientific and Practical Conference June 25-27, 2009. Volume I. Rezekne. pp. 176-182.  

MTT 2009. Energy from field energy crops – a handbook for energy producers 2009. MTT Agrifood Research 

Finland, 60 p. 

Murphy K M, Campbell K G, Lyon S R, Joness S S 2007. Evidence of varietal adaptation to organic farming 

systems. Field Crops Research 102, 172-177. 

Poiša L, Adamovičs A, Stramkale V 2009. Kaņepes (Canabis sativa L.) – biomasas augs. In: Ražas svētki Vecauce -

2009.  

Tardenaka A, Spince B 2006. Characterization of fuel granules and briquettes produced from fine-dispersed 

wastewood: International conference Eco-Balt 2006, May 11-12, 2006, Riga, Latvia, pp. 37-38. 

http://www.ecobalt.lv/request.php?436 (Feb 2010).  

Белосельский Б С, Соляков В К 1980. Энергетическое топливо. Энергия. Москва, 1980. 168 p. 

Доспехов Б А 1985. Методика полевого опыта. Агропромиздат, Москва, 351 p. 

- 330 -



Innovation and technology transfer  
  

 

FIELD STUDIES ON A CENTRALIZED APPROACH FOR 

THE SAFE AND SUSTAINABLE MANAGEMENT OF PIG 

SLURRY: OVERVIEW AND IMPLEMENTATION OF 

PROJECT IN ARAGÓN, SPAIN 
 
Dauden A. 

1
, Fernandez M. T. 

1
, Siegler C. 

1
, Herrero E.

1
, Burton C.

2,3
, Guiziou F.

2,3
, Martinez J.

2,3
 

1
SODEMASA, Area Nuevas Tecnologias, Zaragoza, Spain;  

2
CEMAGREF, Environmental Management and Biological Treatment of Waste Research Unit, Rennes 

(35), France;  
3
Université Européenne de Bretagne, Rennes (35), France 

 

1 INTRODUCTION 

Among other reasons, a key feature of pig production in the EU is the strong concentration of animals in limited 

geographical areas traditionally raising pigs because of strong opposition against new operations in areas with a low 

number of piggeries (Aumaitre, 2001). Thus most EU countries have their dedicated area for pig production, such as 

North Brabant (The Netherlands), West Flanders (Belguim), Jutland (Denmark), Yorkshire (UK), Brittany (France), 

and Emilia-Romagna (Italy). This uneven national distribution of livestock production is well-known to lead to 

environmental problems and social conflicts. With the increasing body of EU directives along with national 

legislation, the acceptable management of livestock effluent is becoming more demanding requiring basic 

knowledge in environmental issues. For the individual farmer, it is no longer reasonable to rely on judgement for the 

correct decisions: rather he must respond to the requirements dealing with (i) avoiding nitrogen losses to water 

courses and aquifers, (ii) avoiding soil pollution through the accumulation of nutrients (including phosphorus and 

heavy metals) and (iii) minimizing gaseous emissions either as ammonia (leading to acidification and 

eutrophication), or emissions contributing to global warming (methane and nitrous oxide emissions).  

In recent years, Spain has dramatically enlarged the size of its pig herds, in particular farms with more 

than 500 sows : it is becoming the second European country in terms of pig production after Germany. Northeast 

Spain (Cataluña and Aragon) are the main regions of intensive pig production in Spain. A key debate is between the 

promotion of pig slurry as a fertilizer by providing knowledge and scientific evidence on its benefits (Daudén & 

Quilez, 2004) or in some situations the implementation of individual treatment technologies (Béline et al., 2004; 

Martinez-Almeda & Barrera, 2005). 

The aim of this paper is to describe a centralised approach for manure management with studies based 

around three broad management scenarios each tested out on a small region with around 100.000 pigs. Each scheme 

is run by a central service known as a swine manure management enterprise (SMME). 

 

2 BACKGROUND AND DESCRIPTION OF THE PROJECT 

This European Commission LIFE project was launched in 2007 in Aragón, a region of Spain with a large and 

growing pig production. The project was established following an environmental assessment of the local situation 

which is represented by selected communes (table 1) to represent three main geographic scenarios : (a) sufficient 

local land for recycling of all manure produced, (b) insufficient local land but land available in neighbouring 

communes for spreading, (c) insufficient land both locally and in neighbouring areas. The main strategy was to 

focus on centralised (group) solutions involving farmers; these are implemented through the creation of dedicated 

swine manure management enterprises (SMME).  

The first scenario involved a centralised information system based on distributing available manure to 

available crop land respecting crop needs. The local situation in the study zone (TAUSTE) is on one side a huge 

amount of pig manure produced by about 116 pig farmers (around 400 000 m
3 

of slurry) and on the other side a 

available crop land up to 22 000 ha. The aim is therefore to move from an initial poorly managed situation where all 

the manure produced was spread on roughly 2000 ha, towards a situation of improved matching between nutrients 
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availability and crop needs, and consequently to apply the manure on a negotiated land area of 13 000 ha (in 

agreement with the corresponding 286 landowners). 

The second scenario is again an improved redistribution of manure but over a wider area extending 

beyond the local canton. Hilly areas are implied with pig farms often located on the upland and arable agriculture in 

the valleys, so it uses centralised storage and a dedicate slurry transfer and collection systems using pipelines where 

possible to reduce costs. In the chosen study area of MAESTRAZGO, the local context is a pig manure production 

amounting to 110 000 m
3
 originating from about 100 pig farms and a total agricultural surface land of 5840 ha.  

Within the third scenario, the slurry production is not manageable within the surrounding farms nor 

within neighbouring communes so a centralised treatment system to reduce the nutrient load is necessary. The 

municipality of PEÑARROYA was selected for the study: within this area are about 47 pig farms producing 

together more than 100 000 m
3
 of slurry, leading to a local surplus of 73 000 m

3
. The initial situation here was one 

of a critical nitrogen overload at a mean rate of 446 kg N/ha of available land. 

 

TABLE 1  Management scheme, infrastructures and equipment implemented in the three zones 

 Scenario 1 

“TAUSTE” 

Scenario 2 

“MAESTRAZGO” 

Scenario 3 

“PENARROYA” 

Type of management Recycling, through 

agronomic utilization 

within the commune 

Transport + recycling 

agricultural utilization 

within the commune and 

neighbouring areas 

Excess N and P removal 

through central processing 

Infrastructure Intermediate slurry 

storage: organised land 

applications 

Intermediate slurry 

storage, gravity transport 

pipelines, export. 

Treatment plant: farms 

connected by feeding 

pipelines or road tanker. 

Transport and 

application equipment 

Tractor + trailer and 

application equipment 

(trailing hoses) 

Lorry truck, application 

equipment (trailing hoses) 

Lorry truck: irrigation of 

final effluents on local 

fields. 

 

According to the overall objectives listed in table 1, the starting point was the implementation of a large 

number of facilities including: 

− Building of storage facilities. Three storage tanks of a final capacity of 28.000 m
3
 were built at Tauste, while 

eight storage tanks of a final capacity of 11.500 m
3
 were built at Maestrazgo.  

− Building of two pipelines systems for the slurry transport. This was implemented at two places with one 

located in Castellote which allows for collecting the slurry from three farms situated in a slope.and the 

second located in Cantavieja. 

− Building of a treatment plant in Peñarroya deTastavins. The treatment plant was finished by September 2008. 

It has a capacity of 120.000m
3
/year. The final project has included a pipeline connecting 4 pig farms and 

a fertirrigation system through which the liquid fraction treated is used to irrigate the land, while the solid 

fraction is exported. 

− Concurrently the equipment acquisition has allowed to: 

− Development of a communication system and installation particularly in Tauste, including electronic devices 

with GPS, etc. 

− Land application equipment. Four land applications equipment were bought at Tauste (trailing hose and disc) 

and two lorry tankers were acquired at Maestrazgo. 

A sampling protocol was established to monitor all manure flows and each plot receiving it, and also soil 

and water sampling to allow for evaluation of the environmental improvements generated by the project. 

 

3 RESULTS 

Due to the complexity related to the number of partners and globally the size of the project, the first stage was the 

creation of a project management group supported by a protocol aiming at establishing uniform procedures for all 

the partners, including a communication and a recording system. The second important action was the constitution 
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of the three dedicated SWME, and the allocation of a specific protocol according to the specific objectives of the 

three scenarios. 

Tauste scenario: 63 pig farmers have been already associated to the project with 330.000 m
3
/year of slurry 

managed. 

Maestrazgo: 39 pig farmers have been so far associated to the project with 850070 m
3
/year of slurry 

managed . This quantity represents an increase of 40% from the initial envisaged scenario. A total of 71 land 

farmers representing more than 6000 ha of land have contributed to the project. 

Peñarroya: 38 pig farmers have been associated to the project with 80000 m
3
/year slurry. Manure is 

brought to the plant facility and stored in a buffer tank (full capacity of the installation is 275 m
3
/day). The raw 

manure and recycled sludge are centrifuged to remove a solid (30% dry matter) suitable for composting and thus 

export out of the region. The separated slurry passes on the principal biological step comprising and anoxic reactor 

and two aeration vessels connected in a recirculation loop. The clarified supernatant runs to a large lagoon from 

where it is irrigated by pipeline to local fields. The plant is meeting its objective of removing 80% of phosphorus 

and nitrogen. However a full evaluation of the plant over an extended period and a full capacity remains to be done 

in 2010. 

The slurry monitoring is being carried out in all pig farms involved in the project at the three sites. 

Therefore all the farms are being characterized and every farmer knows the composition of his slurry. 

The water monitoring is based on control points and a periodical sampling of water quality. 

Soil monitoring is also based on a net of sampling which incorporates the various management options 

(plots irrigated or not, distance from pig farm etc). 

The assessment of ammonia volatilization and odour emission following spreading was carried out during 

field trials in 2008 (Hermina et al., 2009). The results are encouraging and demonstrate the efficiency of the low 

emission equipments used. 

 

4 CONCLUSIONS 

The Es-wamar ambitious project is being implemented satisfactorily and mostly according to the initial plans and 

objectives. It comprises management and logistical aspects (creation of specific SWMEs) and also scientific aspects 

in terms of monitoring and therefore assessing the environmental and social benefits of such collective approach. It 

has already per se increased awareness of farmers, policy makers in a region particularly concerned by the problem 

of pig farming. At this scale of implementation it is of no doubt a unique demonstration project which should bring 

news ideas in the proper and efficient environmental management and recycling of manure. 
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1 INTRODUCTION 

As ammonia emissions from agriculture are increasingly recognized as a serious impact to the environment and a 

loss of nitrogen for farms, international agreements, new national policies and extension service campaigns aiming 

at the reduction of emissions have increased in importance in recent years. These depend on reliable estimates of 

emissions which take into account the relevant farm management and structural parameters that influence emissions. 

The same is true for emissions reporting obligations under the Gothenburg Protocol. 

In most countries of North-western Europe inventories of ammonia emissions from agriculture use 

empirical models based on the nitrogen (N) flow, taking into account farm and manure management practices. An 

overview of such models in the UK, Germany, Denmark, Netherlands and Switzerland is given by Reidy et al. 

(2008a) who compared these models in the framework of the European Agricultural Gaseous Emissions Inventory 

Researchers Network (EAGER). 

Recently, emission calculations for Switzerland have been made at the individual farm, rather than 

national, level (Reidy et al. 2008b). For this purpose, the model DYNAMO was developed. The results were then 

compiled to average values for 36 farm classes differentiating between three geographical areas, three altitude levels 

and four farm types. DYNAMO was never released publicly since it was replaced by the new model AGRAMMON. 

The aims of the model revision were: 

− To revise and update all the emission factors and calculation algorithms in view of new scientific data, 

especially the conclusions from the EAGER network (Reidy et al. 2008a). 

− To put the model on a new programming basis making it more transparent, flexible and reliable, to allow for 

later modifications and extensions and to make it accessible via the internet. 

− To allow development of further applications using the same model base (e.g. calculations for regions). 

− To produce a detailed and transparent scientific and technical documentation of the model. 

 

As for DYNAMO, it was an important goal that the new model, AGRAMMON, can not only be used for 

inventory calculations, but should be implemented as a user-friendly tool that farmers and extension workers could 

use to evaluate the emission status of individual farms and to perform scenario calculations. Such scenario 

calculations could be a powerful means for increasing the awareness of farmers, politicians and the general public 

and for evaluating emission abatement options. 

 

2 MATERIALS AND METHODS 

AGRAMMON basically follows the same N flow approach as other European models (Reidy et al., 2008a) to allow 

for consideration of the complex interactions between different stages of the manure management chain. Following 

the requirements of the new draft Corinair guidebook for tier 3 emission calculations, emission factors in percent of 

soluble N (total ammoniacal N – TAN) are used. The model does not calculate the N excretion of the animals but 

uses the regularly revised official national guide-values (Flisch et al., 2009), which are also the basis of the farm-

related nutrient balance regulations. However, for dairy cows the influence of the milk yield level, the amount of 

concentrate used and special feed rations (e.g. maize silage during summer feeding) on N excretion is considered. 

For pigs, N excretion is adjusted according to the crude protein content of the ration. As an exception to the general 

approach, emission factors for slurry storage are not given in percent of the TAN flow but rather per m
2
 of storage 
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surface, because the emitting surface remains the same even if the N flow through the storage is reduced due to 

grazing (except for 24 h grazing for all animals). The major farm and manure management variables considered by 

the model are: 

− Housing systems: higher emission rates are used for loose housing systems for cattle and multi-area pens 

with littered areas or combined lying and feeding cubicles in combination with outside yards for pigs to 

account for the higher surface per animal. 

− Duration the animals spend outside the housing system (grazing and exercise yard). During the use of the 

exercise yard and grazing, emissions in animal housing systems are reduced less than proportional to the 

time that the animals are outside, because it is assumed that the emitting surface remains (except for 24 h 

grazing). 

− Floor type of exercise yards. 

− Mitigation techniques in housing. 

− Slurry storage system and the existence and type of a cover, the slurry storage surface area and frequency of 

slurry mixing. 

− Slurry spreading techniques, incorporation of solid manure, the proportion of manure that is spread during 

summer months (June to August). 

− Climatic factors and time of day of slurry application. 

− Amount and type of mineral N fertilizer and organic fertilizers used. 

The basic philosophy for choosing these influencing factors was that variables have to be relevant for the 

emissions and that the information is readily available on the farm without any special measurements, records or 

investigations. A more detailed description of the model design is available in Kupper et al. (2010) and Menzi et al. 

(2008).  

 

3 RESULTS AND DISCUSSION  

3.1 Implementation and improvement of the model 

Some twenty test users were instructed during a workshop. A test version of the model was uploaded on the internet 

and activated for the test users. They were asked to check the reliability and applicability of the model. The model 

was thereafter adapted according to the feedback. After this four month test phase the final version was uploaded in 

September 2009 (http://model.agrammon.ch/single/). Since then some minor improvements have been implemented. 

3.2 Usage of the model 

The model is available for unrestricted use on the AGRAMMON website at http://www.agrammon.ch in German, 

French and English. Users can create their own account with authentication credentials (Figure 1). Users can 

generate their own datasets using the “File” menu. Optionally, sample datasets for various farm types can be used as 

a starting point and adapted to the specific needs of the user (Figure 2). Data must be entered for each of the 

modules housing, storage, application and plant production. For each livestock category and manure store, instances 

must be created by clicking on the respective category label with the right mouse button. Data entry is complete 

when the red dots and boxes turn to green (Figure 3). The entered data is immediately stored in a relational database 

on the AGRAMMON server. The user can access the data later for completion, modification or further processing. 

They will remain unchanged in the database and can only be viewed, modified or deleted by the authenticated user. 

After the dataset is completed (i.e. all instances appear green) the results can be displayed as tables or 

graphs. A table is produced by clicking on the tab “Tabular Results” (Figure 2). Results can be displayed in different 

levels of details for each emission stage (housing, storage, application, plant production) as kilograms per year or 

per animal category or as percentages, respectively (Figure 4). The data can be exported in CSV-format (comma 

separated values) for further data processing. 

 

4 CONCLUSIONS  

To our knowledge, the new model, AGRAMMON,, is the first tool publicly available on the internet for calculating 

ammonia emissions at the whole farm level. An extensive documentation of input parameters, model algorithms and 

model design as well as an instructions manual is available from http://www.agrammon.ch. After several months of 
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public use, AGRAMMON has proven to be an appropriate and user-friendly tool. Currently, the model is being 

extended with a version allowing for regional calculations. In the future, it will be periodically revised according to 

the state of the science. Future modifications of AGRAMMON will be announced on the website and users are 

informed about changes during login. User feedback on the model is welcome (see contract addresses on the 

website) and will help us to further improve the model. 

 

 

 

FIGURE 1 Authentication and creating an account for using AGRAMMON 

 

 

FIGURE 2 Creating a dataset by using a sample 

 

 

FIGURE 3 Completion of input parameters  
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FIGURE 4 Display of the results 
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1 INTRODUCTION 

During recent years there has been a growing interest in biomass resources especially in connection with energy 

utilisation. Policy targets and regulations have been introduced for climate change mitigation and for substituting 

renewable energy sources, including biomass resources and bioenergy for fossil energy. Biomass resources 

represent not only energy sources but they also contain substantial amounts of nutrients. In fact, a significant 

fraction of energy replacement can be achieved by substituting inorganic fertilizers with biomass-based nutrients. In 

addition, mitigation of eutrophication through nutrient recycling is an additional means of generating environmental 

benefits. Consequently, there are increasing numbers of business options for corporate social responsible business in 

the bioenergy sector. 

The rapidly increasing interest in biomass utilisation has created a strong demand for assessments of 

biomass potential for a variety of purposes. Biomass assessments were recently reviewed by Smeets et al. (2009), 

Dornburg and Faaij (2008), Rettenmeier et al. (2008) and Berndes et al. (2003). The scopes of the reviews reflect the 

focuses of assessments at the global scale (Dornburg and Faaij 2008, Berndes et al. 2003) or global and supra-

national (EU) scales (Smeets et al. 2009, Rettenmeier et al. 2008). Most of the studies reviewed by Smeets et al. 

(2009) and Berndes et al. (2003) were oriented to future scenarios. Smeets et al. (2009) classified the wide range of 

approaches and methodologies that were employed in the assessment studies. The conclusions reached in the 

reviewed studies differed greatly, largely due to the range of estimates for land availability (Smeets et al. 2009, 

Berndes et al. 2003), yield levels of energy crops (Berndes et al. 2003) and intensification of agricultural production 

(Smeets et al. 2009).  

Various questions need to be asked that go beyond the focus of the reviewed studies. Such are questions 

raised at varied local, regional or national levels regarding exploitation of the currently weakly utilised resources for 

a range of bioenergy, nutrient, carbon and biomaterial products to supply the emerging market with the ultimate aim 

of mitigation of climate change and eutrophication. Planning biorefinery activities relies on assessments of biomass 

availability, including biomass properties, required transportation, costs and potential demand for products. Clients 

include those involved in biomass supply chains and biorefining activities and product use, and those concerned 

with regional, national and EU level policy frameworks and administration. 

Biomass resources are typically scattered and transportation costs are significant determinants of the 

technical and economical potentials. Thus, for practical planning of biomass utilisation, accurate data are needed on 

local conditions and available and achievable biomass resources for varied spatial scales. Previous approaches for 

assessing biomass potentials have not addressed the various sub-national, regional and local assessment scales 

satisfactorily due to insufficient resolution. In addition, regional and aggregated data sources have often been used, 

allowing only generalised assessments to be made. Furthermore, mainly forest and crop-based biomass is included 

in assessments, while other important agrifood biomass types are excluded. Concerning potential markets, organic 

amendments and recycling fertilizers have hardly been included in the demand analyses. This paper reviews 

assessments that address such gaps in needs.  

We review previous biomass resource assessments which address regionally achievable, spatially explicit 

resources. The aim is to identify the available approaches and methods and their possible shortcomings. In addition 
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to biomass supplied by dedicated energy crops, agrifood residues from primary production, processing and 

consumption stages were also included. In addition, forest biomass studies were considered since questions of 

scattered location are typical to both agrifood and forest biomass assessment. Since biomass represents both energy 

and a nutrient source not only volumes and energy properties but also nutrient properties were included. We study, 

what kind of questions have been addressed by the spatially explicit biomass resource assessments performed and 

what kind of approaches, methodology and data have been used to address these questions. We also examine what 

kind of relevant methods and tools have been developed. To our knowledge, such a study has not been undertaken to 

date. 

 

2 MATERIALS AND METHODS 

The first stage of the literature review of spatially explicit biomass resource studies included journal articles, project 

reports and on-going European studies. A conceptual model for spatially explicit assessment of all agrifood system 

biomass resources was created based on the findings. 

 

3 RESULTS AND DISCUSSION 

3.1 Spatially explicit studies 

Preliminary results of the review of literature on spatially explicit studies of biomass resources indicated that two 

principal questions were addressed: 1) What is the regional biomass potential? 2) What would be an appropriate 

location for a biomass processing plant in a region? The studies were mainly resource-focused, bottom-up 

approaches but were frequently linked to demand-drivers associated with energy and climate policy targets. Totally 

42 studies were reviewed (www.mtt.fi/valuewaste → Publications). Four studies solely concerned dedicated energy 

crops and 10 studies only addressed assessment of forest biomass sources, while others covered either individual 

biomass types or various combinations of agrifood and forestry crops and residues. Only a few studies concerned 

agrifood biomasses from all stages of the food chain: primary production, and primary, secondary and tertiary 

residues. Aquatic biomass resources have invariably been ignored. Nutrient and carbon contents of the biomass 

resources and demand for organic amendments and recycling fertilisers have largely been excluded. Data sources for 

biomass volumes were mostly regional, while spatially explicit biomass data of higher resolution were rarely found. 

Integrated assessment modelling methodology and modelled data were particularly used in the location studies. 

When it concerns methods and tools, most of the advanced ones were developed and applied for forest 

biomass assessments, e.g. WISDOM (Ghilardi et al. 2009, Masera et al. 2006), BRAVO (Noon and Daly 1996) and 

several GIS-based decision support systems (DSS) (Frombo et al. 2009, Panichelli and Gnansounou 2008). For 

agrifood biomass, e.g. ASABE (Batzias et al. 2005) and BIOLOCO (Geijzendorffer et al. 2008, Diekema et al. 

2005) were developed and applied. By the current methods and tools, only a limited number of agrifood biomass 

types were covered, mainly crop-based biomass and manure only. Nutrient and carbon properties of the biomass 

resources were not included in the tools, not even in the most advanced tool BIOLOCO. The DSS, on the other 

hand, included numerous optimisation targets and therefore are often too laborious for answering practical 

questions. For practical purposes, it is important to be able to assess the overall biomass resource potential 

simultaneously, because it is often possible to be processed with the same technology. There is thus a demand for 

spatially explicit bottom-up assessment methods which serve various local, regional and sub-national needs and 

cost-efficiently cover overall agrifood biomasses. 

3.2 Towards an adequate spatially explicit method 

We outline a preliminary conceptual model of an adequate method for spatially explicit small-scale agrifood 

biomass assessment (FIGURE 1). The operating system of the method is based on a hierarchy of a practical 

sequence of typically asked questions concerning the spatial location and availability of the biomass resources. 

Depending on the questions, varied databases and approaches will be utilised. The databases for the method consist 

of point locations of the primary data and the data based on key variables for those biomass types for which the 

primary data is not available in the accessible databases. 
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FIGURE 1 Conceptual model 

4 CONCLUSIONS 

The review of the biomass assessment literature and the available tools showed a need for a cost-efficient tool 

serving assessments of overall agrifood biomass types at varied spatial scales, also addressing for a demand of 

nutrient and carbon products. Due to a broad range of spatial scales and biomass types from varying sources, we 

concluded that a hierarchical structure of the approach is required. Further we concluded that the tool has to utilise 

calculated coefficients based on key determining factors specific for those biomass types for which comprehensive 

primary data is not easily accessible. 
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1 INTRODUCTION  

Livestock production systems are a current concern due to their adverse environmental effects. In Argentina, the 

lack of knowledge on waste management, manure reuse, and nutrient balance is one of the most conflicting issues 

concerning the environmental conservation. Therefore, conducting formal and informal environmental education at 

different education levels related to agricultural practices is required in order to develop attitudes towards the 

protection of the environment.  

Training at different social levels including community members, farmers, agricultural-school teachers, 

stakeholders and decision makers is a key factor in the development of environmental education. The training 

provided for agricultural-school teachers and professionals will assist them in improving awareness, knowledge and 

practical skills in the matter of the protection of the environment to subjects whose future activities may have a 

significant impact on it (Tbilisi Declaration, 1977). 

The present study was conducted in order to analyze changes in the environmental perception and 

knowledge of stakeholders involved in livestock management after a training course about livestock intensification 

and environmental management. 

 

2 MATERIALS AND METHODS 

A 40-h course was given within an environmental education program developed between the Ministerio de 

Educación (Buenos Aires) and the Facultad de Ciencias Veterinarias (UBA). The course was designed for a small 

number of students (10 – 20) as an interdisciplinary course; an agronomic engineer, a veterinary zootechnist, a 

veterinary pharmacology professor and an environment management professor gave lectures. Classes included a 

theoretical introduction, comprehensive reading of papers and a problem-solving group activity. Evaluation 

consisted on the description of a pilot project of a current local environmental problem selected by the group, and 

alternative solutions or changes, which could be carried out to protect the environment. Sixty-four professional 

trainers responsible of technological livestock management transfer to farmers and agricultural-oriented high school 

students took the course from August to December 2009. Five locations of Buenos Aires province were selected 

(Trenque Lauquen, La Plata, Pergamino, General Pueyrredon and Las Flores) as this is the most important province 

regarding livestock production and surface extension (307,571 km², 11.06 % of the total surface) in Argentina. The 

64 subjects were both male and female educated adults, 20 (31.3%) agronomic engineers, 6 (9.4%) veterinarian, 31 

(48.4%) livestock management technicians, 3 (4.7%) economist and 4 (6.3%) professionals in different subjects 

related to environmental management.  

Stakeholder’s perception of environmental issues and knowledge of different environmental aspects were 

assessed by the administration of an anonymous written questionnaire at the beginning of the course. In this 

questionnaire, the perception issues were focused on environmental problems related to effluents' discharges 

affecting surface and groundwater quality, soil contamination, flies, odours and diseases generated by concentrated 

animal feeding operations, greenhouse gases and presence of veterinary drugs in water bodies. The kknowledge 

issues were related to farm nutrient nitrogen/phosphorus balances and nutrients in manure in livestock production 

systems. The questionnaire consisted on eleven questions with a five-point response scale for each one, anchored by 

“very important” to “not important”. A “don't know” option was included in all questions (House, 1996). In each 

question two of the responses were correct, whereas the other two were incorrect. Correct/incorrect items were 

randomly distributed in all questions.  Students were required to answer the same questionnaire at the end of the 
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course in order to identify differences in their environmental awareness in comparison with the pre-course 

questionnaire results. 

Answers were categorised as correct/incorrect, don’t know answers were considered incorrect. 

Homogeneity of the five locations distribution of correct and incorrect answers before the course was proved by the 

chi-square test for homogeneity. The exact Fisher test was used for comparing the distribution of the 

correct/incorrect answers of the pre-course (n=20) versus the post-course (n=33) questionnaire. The proportion of 

times that the “don't know” item was selected was calculated for each question of the pre-course questionnaire, and 

was contrasted to the hypothesis “the probability of obtaining more “don't know” answers to the item is >10%” 

using a normal approximation for the parameter success proportion of a variable with a binomial distribution.  

 

3 RESULTS AND DISCUSSION  

Fifty-three (83%) students answered both questionnaires.  

Homogeneity of data proved that environmental perception and knowledge were similar for the five 

locations, showing that few respondents could give an appropriate response about impact of livestock productions 

on the environment before the training course. Significant differences (p<0.05) were found in the distribution of the 

correct and incorrect answers for 3 questions of perception issues (Table 1) and 3 questions of knowledge issues 

(Table 2) when comparing the questionnaires before and after the training course. The “don’t know” option was 

selected for all the 11 questions in the first questionnaire (>10%, test for one proportion, in all but 3 questions); 

however, it was never selected in the post-course questionnaire.  

Perception is defined as the ability to perceive environmental problems in the real world, based on 

memory and influenced by prior experience (House, 1996). Significant differences in perception issues were found 

for potential environmental effects of livestock systems effluents in superficial water quality, in development of flies 

and bad odours, and in soil contamination. These issues are current visible environmental problems in the five 

different locations, mostly due to the increasing numbers of concentrated animal feeding operations in the last years.  

In a previous survey of perception, knowledge, awareness and attitude in regard to environmental problems in 

Indonesia, Sudarmadi et al. (2001) detected similar results when evaluating the perception of educated groups. 

Hughey et al. (2001) detected better values for environmental perception among New Zealand communities whom 

perceived the country as clean and green.   

 

TABLE 1 Perception of environmental issues related to effluents discharges at the beginning (n=20) and at 

the end (n=33) of a training course categorized as correct and incorrect answers, expressed in 

%. 

Environmental issue  Pre-course 

questionnaire 

After-course 

questionnaire 

Correct 65
 

100
 

Surface water quality* 

Incorrect 35 0 

Correct 60
 

94
 

Development of flies and odours* 

Incorrect 40 6 

Correct 55
 

97
 

Soil contamination* 

Incorrect 45 3 

Correct 60 61 Greenhouse gases 

Incorrect 40 39 

Correct 60 55 Farm worker’s diseases 

Incorrect 40 45 

Correct 75 91 Groundwater contamination 

Incorrect 25 9 

Correct 30 9 Veterinary drugs in water bodies 

Incorrect 70 91 

* Statistically significant (p<0.05) 

The high pre-course perception regarding the groundwater contamination may be due to the thorough 

information, mostly in local papers, about the potential contamination of human drinking water. In all five locations, 
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human drinking water is obtained from aquifers proved polluted by nitrates (Carbó et al., 2009). Similar results were 

reported by Sudarmadi et al. (2001) with the perception of AIDS both in the educated and in the community group. 

The authors attribute these results to the extensive AIDS information program (newspapers, television, movies and 

radio) developed in Indonesia. 

Knowledge is defined as a body of facts and principles concerning environmental issues that have been 

accumulated by mankind through study (Clarke, 1999). The results of the survey on the knowledge (Table 2) issues 

regarding the livestock waste management before the course showed that only half of the responders could give an 

appropriate answer. Similar results were reported by Sudarmadi et al. (2001) in Indonesia and by Pillot et al. (2006) 

in Vietnam. 

The after-course questionnaire showed that this lack of knowledge had decreased significantly for almost 

all questions (3/4). The question of knowledge that did not show statistical changes after the course was the only one 

that the answer was a numerical value (Table 2). This result may be due to the less ability of the students to retain 

precise information.  

 

TABLE 2 Knowledge of different environmental issues related to livestock production system at the 

beginning (n=20) and at the end (n=33) of a training course categorized as correct and incorrect 

answers, expressed in %. 

Environmental issue  Pre-course 

questionnaire 

After-course 

questionnaire 

Correct 45 58 % Nitrogen excretion by livestock 

Incorrect 55 42 

Correct 45
 

76
 

Nutrient restitution in grazing systems * 

Incorrect 55 24 

Correct 30
 

75
 

Nutrient distribution due to permanence in pens * 

Incorrect 70 25 

Correct 55
 

90
 

Incoming nutrients by corn supplementation * 

Incorrect 45 10 

*Statistically significant (p<0.05) 

 

4 CONCLUSIONS  

The comparison of the issues regarding perceptions of potential environmental problems and knowledge of waste 

livestock management between the questionnaires administered at the beginning and after the course showed a 

significant improvement, less marked in the former than in the latter.  It can be concluded that the waste 

management-training course provided elements to improve the perception of the risks and consequences of 

environmental pollution by livestock productions, and provided knowledge to improve the technological transfer of 

waste livestock management involving environmental protection. The stakeholder becomes a key factor in the 

multiplication of the knowledge to better define courses of action for good practice livestock management involving 

the protection of the environment. 
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1 INTRODUCTION 

The United States has a strong agricultural foundation that leaves behind large quantities of animal wastes.  In the 

United States, an estimated 9 billion broilers, 256 million turkeys, 62 million pigs and 97 million dairy cows were 

produced in 2006 producing 5 times the waste of the U.S. human population.  This substantial quantity of manure 

may pose a threat to public health and the environment (Bowman and Burnham, 2000).  The potential hazard derives 

from repeated land disposal within a specific area leading to soil saturation of certain elements, such as phosphorus, 

and increasing pollution due to run-off from rainstorms and penetration into the groundwater.  Solutions to the 

transformation of manure into valuable products are much more desirable than their current methods of disposal. 

Production of activated carbons can be an excellent reuse of these waste materials (Lima and Marshall, 2005a).  

Water quality and public health impacts of animal manure produced at large concentrated animal facilities prompted 

the need for viable solutions for their conversion and reuse.  Our laboratory at the Southern Regional Research 

Center, SRRC, as part of the Agricultural Research Service, ARS of the U.S. Department of Agriculture, has shown 

that it is feasible to convert animal manure, particularly poultry litter into chars and granular activated carbons used 

for heavy metals remediation in waste waters, using laboratory prepared solutions.  Pyrolytic products or chars are 

low porosity, lower surface area materials that are intermediate products in the development of activated carbons.  

Toxic metals contamination of various water sources is a significant problem in many parts of the United States.  

Neither chars nor activated carbons, which can be produced from a number of precursor materials including coal, 

wood and agricultural plant wastes, have been examined for remediation of this problem.  We’ve been 

characterizing these chars and activated carbons for their physical properties and most importantly their ability to 

adsorb metal ions, ammonia and mercury. 

 

2 MATERIALS AND METHODS 

2.1 Char and activated carbon making (Figure 1) 

Dried animal manures (less than 20% moisture w.b.) were milled to less than 1mm and pelletized to produce 

cylindrical pellets (4.76mm diameter).  Pelletized samples were placed in a Lindberg bench furnace equipped with a 

retort and pyrolyzed at 700°C for 1hr under a flow of N2 gas.  Chars were allowed to cool overnight.  For activated 

carbon production, the chars were steam-activated at 800°C by pumping water via a peristaltic pump into the N2 

flow entering the heated retort.  Activated carbons were also allowed to cool in the retort to room temperature, 

overnight.  Surface-ash was removed by washing samples with 0.1 M HCl and subsequently triple-rinsing to remove 

excess acid.  Dried carbons were ground to specific particle sizes (Figure 2) depending on the test.  Chars and 

carbons were tested for yield, surface area, pH, attrition, ash content and adsorption per methods described in Lima 

and Marshall (2005b). 

2.2 Adsorption studies 

Four metal ions considered environmental pollutants and commonly found in both drinking and wastewater streams 

and ponds were chosen: Cu
2+

, Cd
2+

, Ni
2+

 and Zn
2+

.  Metal ion uptake was determined using the methods of Lima and 

Marshall (2005).  Mercury uptake was measured using the methods of Klasson et al (2009).  For the ammonia 

adsorption, three columns filled with carbon were placed in series and effluent NH3 concentration was monitored by 

a photo-acoustic gas analyzer and data converted into time to breakthrough.  Isotherm curves for trihalomethanes 

adsorption were generated by exposing varying amounts of carbon to 10ppm-solutions each of chloroform, 
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diclorobromomethane, dibromochloromethane and bromoform.  Purge and trap and solid phase micro extraction 

methods coupled with mass spectrometric detection were used to measure the amount of trihalomethanes remaining 

in solution after 24 hr batch adsorption studies. 

 

3 RESULTS AND DISCUSSION 

Animal manure-based char yields were relatively consistent ranging between 38 to 41% and were highest for dairy 

manure and lowest for swine manure-based chars.  Yields decreased with activation and were highest for dairy 

manure carbons and lowest for broiler cake carbons ranging between 11 to 32% (Table 1).  Surface areas increased 

with activation as expected with highest observed for broiler litter carbon with 441 m
2
/g (Table 1).  Adsorption for 

metal ions far exceeded that of the reference sample (coal) with negligent to no adsorption observed, under the same 

conditions (Table 2).  A feasibility analysis estimated the cost to produce these carbons at $0.65/lb (Lima et al, 

2009).  This compares favorably to alternative technologies that use ion exchange resins with typical retail costs of 

$9–22/lb for commercial, petroleum-based cation-exchange resins when purchased in bulk quantities (Marshall et al, 

2001).  According to Bailey et al. (1999), a sorbent is considered low-cost when it requires little processing, is 

abundant in nature or is a by-product or waste material and this is the case for animal manure-based carbons, when 

compared to those made from non-renewable and more expensive coal.  In looking to different markets and uses for 

these manure based chars and carbons, our laboratory has been recently testing their use in remediating ammonia 

from poultry houses (Figure 3), removing organics such as trihalomethanes from drinking water (Figure 4), and 

removing mercury from air with promising results (Figure 5). 
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FIGURE 1 Process of making chars and activated carbons from animal manure. 
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TABLE 1 Select physical properties for carbon and char samples (in parenthesis) from various animal 

manures as compared to those from coal: % yield, Y; surface area, BET; bulk density, BD, 

attrition, A and pH. 

Sample 
Y 

% 

BET 

m
2
/g 

BD 

g/cm
3
 

A 

% 
pH 

Broiler litter carbon (char) 

Broiler cake carbon (char) 

Turkey litter carbon (char) 

Dairy manure carbon (char) 

Swine manure carbon (char) 

Coal carbon (char) 

22.7 (40.7) 

11.0 (40.3) 

28.1 (41.7) 

32.0 (40.4) 

22.2 (38.2) 

70.0 (78.3) 

441 (238) 

395 (318) 

414 (179) 

318 (131) 

419 (91.5) 

0 (0) 

0.54 (0.60) 

0.61 (0.54) 

0.58 (0.57) 

0.56 (0.57) 

0.41 (0.59) 

0.48 (0.42) 

17.9 (14.4) 

24.0 (15.1) 

20.0 (9.2) 

22.1 (29.7) 

19.7 (21.3) 

22.3 (17.4) 

8.8 (8.1) 

8.2 (8.6) 

8.0 (8.1) 

9.0 (7.2) 

6.9 (6.8) 

4.9 (4.2) 

 

 

 
FIGURE 2 Manure pellets (left) and their respective chars and activated carbons (right) ground into 

different sizes depending on end use. 

 

The high affinity of activated carbons toward metal ions is usually a function of their surface chemistry.  

Elemental analysis (data not shown) revealed that phosphorus concentrates in the char and carbon. The possibility 

exists that pyrolysis, followed by steam activation, entraps pre-existing phosphorus found in the manure to a certain 

degree, in the form of phosphate or polyphosphate anions, in the activated carbon matrix, thus improving the 

carbon’s adsorption properties. The presence of covalently bound phosphorus in the form of phosphate ion can 

create centers of negative charge on the carbon that can readily adsorb or ionically bind positively charged ions such 

as metal ions. This inherent characteristic of poultry manures, coupled with their inexpensive and highly available 

status, can lead to the development of effective metal ion adsorbents as alternatives to existing commercial 

adsorbents. 

 

TABLE 2 Metal ion adsorption in mmoles/g (max. of 2 mmoles/g) for activated carbons and chars (in 

parenthesis) from various animal manures and carbons as compared to those from coal. 

 

mmoles/g Cu
2+

 Cd
2+

 Ni
2+

 Zn
2+

 

Broiler litter carbon (char) 1.20 (0.58) 1.09 (0.45) 0.06 (0.25) 1.33 (0.72) 

Broiler cake carbon (char) 1.90 (0.91) 1.33 (0.64) 0.42 (0.10) 1.94 (0.96) 

Turkey litter carbon (char) 1.65 (0.61) 1.44 (0.62) 0.86 (0.16) 1.73 (0.73) 

Dairy manure carbon (char) 0.61 (0.16) 0.12 0.07 0.15 

Swine manure carbon (char) 0.61 (0.27) 0.51 0.07 0.58 

Coal carbon (char) 0.08 (0.00) 0.30 (0.05) 0.05 (0.13) 0.04 (0.03) 
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FIGURE 3 Ammonia concentration in the effluent of a 3-chamber (in series) ammonia adsorption set-up 

with broiler cake carbons exposed to 34.8 ppm NH3 gas at 3 LPM. 
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FIGURE 4 Trihalomethane adsorption by a broiler litter carbon exposed to different carbon to volume 

(g/L) ratios of a solution containing 10ppm each of four different trihalomethanes. 
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FIGURE 5 Mercury adsorption by two types of manure based carbons as compared to a commercial 

carbon. 
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4 CONCLUSIONS 

The conversion of readily available and renewable animal manures into chars and activated carbons for 

environmental remediation might be an alternative to a serious disposal problem and at the same time create new 

markets for animal manures and new opportunities for animal farmers. 

 

DISCLAIMER 

The mention of firm names or trade products does not imply that they are endorsed or recommended by the U.S. 

Department of Agriculture over other firms or similar products not mentioned. 
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1 INTRODUCTION  

Livestock manures are valuable sources of crop available nutrients (i.e. nitrogen, phosphorus, potassium, 

magnesium and sulphur) and organic matter, which help to maintain and improve soil fertility physical properties 

and biological activity. However, livestock manures are also recognised as a major cause of controllable nutrient 

pollution from farming systems and applications need to be carefully managed to minimise ammonia (NH3) and 

nitrous oxide (N2O) emissions to the atmosphere, and nitrate (NO3), ammonium (NH4), phosphorus (P) and 

microbial pathogen losses to water.  Over recent years, research programmes have aimed to improve the knowledge 

base to support policies to reduce diffuse water and air pollution, and to comply with existing and forthcoming EU 

Directives and International agreements (e.g. Nitrates Directive, Water Framework Directive, National Emission 

Ceilings Directive, Kyoto Protocol etc.).  

Underpinning the success of policies to reduce diffuse pollution from agricultural systems is the ability of 

farmers and growers to adopt improved management practices to maximise the utilisation of manure nutrients. It is 

important that advice on best management practices is easily understood and consistent. Also, advice should be 

based on robust, scientific evidence, in order to be credible. This is particularly important as significant capital 

investment is often required on farms to increase manure storage capacity and to purchase improved spreading 

equipment, as part of the improved management practices necessary to reduce diffuse nutrient pollution.  

 

2 MATERIALS AND METHODS 

2.1  The Fertiliser Manual 

An organic manures section was first included in the 7
th

 edition of Defra’s “Fertiliser Recommendations Booklet 

(RB 209)”, which was published in December 2000 (Anon., 2000). The section provides comprehensive guidance 

on the utilisation of manure nutrients, including data on typical nutrient contents (total and readily available N, total 

phosphate, potash, sulphur and magnesium, and dry matter) of a range of livestock manure and biosolids (sewage 

sludge) products. These values were based on laboratory analysis data compiled over many years; presented 

according to livestock manure type (e.g. farmyard manure-FYM, poultry manure, slurry etc.) and for slurries are 

related to dry matter content.  

Manure crop N availabilities (i.e. the percentage of total N applied available to the next crop grown) were 

presented for each manure type in relation to soil type, application timing and for slurries dry matter content. An 

integrated nutrient management strategy was promoted, in which organic manure nutrients are balanced with 

manufactured fertiliser applications, in relation to soil analysis and crop requirements. 

The revised Organic Manures Section that will be included in the 8
th

 edition of RB 209 (“The Fertiliser 

Manual”) has been enhanced to provide updated guidance on: 

− Typical nutrient contents of a wider range of livestock manures, biosolids, composts and organic ‘waste’ 

materials (e.g. paper crumble) that are commonly applied to agricultural land. 

− Revised nutrient contents of livestock manures and biosolids, and readily available nitrogen contents. 

− Nitrogen availabilities to the next crop grown, using the recently revised MANNER-NPK software (see 

below) 

− Nutrients produced during the period when livestock are housed. 
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− The benefits of using bandspreading and shallow injection slurry application methods, in terms of reduced 

ammonia emissions and odour nuisance, and increased spreading days. 

− The interpretation of laboratory analyses and manure sampling guidelines. 

 

 
FIGURE 1  Defra Fertiliser Recommendations booklet (RB209) 

 

2.2  MANNER-NPK 

MANNER (MANure Nitrogen Evaluation Routine) version 3.0 has proved to be a valuable decision support tool for 

quantifying manure crop available N supply and assessing how changing the timing and method of manure 

application can affect N losses e.g. via ammonia volatilisation or nitrate leaching (Chambers et al., 1999). More than 

10,000 copies have been distributed to users following the launch of version 3.0 in 2000. The updated version of 

MANNER (MANNER-NPK) retains the user-friendly characteristics of the earlier version, but includes an increased 

number of inputs to drive new and revised N loss/transformation modules.  

 MANNER-NPK enables the effects of manure application technique and timing on N losses by ammonia 

volatilisation, nitrate leaching, nitrous oxide emission and denitrification to be estimated based on the latest UK 

scientific information.  To update and strengthen the MANNER-NPK N loss and crop available N supply 

predictions, updated information on N transformations and losses following manure application to land was 

incorporated into the software. A new module was added to estimate N losses via denitrification, as nitrous oxide 

(N2O-N) and di-nitrogen (N2). Although these losses are generally small in agronomic terms compared with 

ammonia volatilisation and nitrate leaching, N2O is a powerful greenhouse gas with a global warming potential 

around 300-fold greater than carbon dioxide.  Additionally, a module was included to accommodate autumn crop N 

uptake, which decreases the amount of N at risk from over-winter nitrate leaching, especially when manure 

applications are made to grassland or before oilseed rape.  Important changes were also made to the way that the 

existing (i.e. ammonia loss, nitrate leaching and organic N mineralisation) algorithms and new modules interrelated, 

to better represent N loss pathways and transformations that occur following manure application to land. A 

nitrification delay was included to better represent when manure ammonium-N (following nitrification to nitrate-N) 

was likely to be at risk from loss via nitrate leaching. Also, a more sophisticated approach to estimating organic N 

mineralisation was developed based on soil temperature, which recognised N mineralisation differences between 

rapid (e.g. pig slurry and poultry manure) and slow (e.g. straw-based FYM and cattle slurry) organic N release 

manure types. Additionally, MANNER-NPK estimates the quantity of N available to the following crop through the 

mineralisation of manure organic N.  

MANNER-NPK provides an estimate of manure phosphate (as P2O5), potash (as K2O), sulphur (as SO3) 

and magnesium (as MgO) supply, together with a facility for estimating the nutrient supply from more than one 

manure application in a cropping year and a laboratory analysis convertor tool. Although there have been 

considerable modifications and improvements, MANNER-NPK retains the user-friendly characteristics of the earlier 

version, whilst providing users with enhanced functionality. The requirements for extra data inputs, beyond those 
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which were needed to run MANNER (version 3.0), are relatively small and restricted to information that can be 

readily provided (e.g. crop type, wind speed and soil moisture content). 

 

 

FIGURE 2  MANNER-NPK ‘splash’ screen 

 

 The MANNER-NPK ammonia module was validated using data from >140 measurements undertaken 

between 1994 and 2001, where ammonia emissions were measured using the micro-meteorological mass balance 

technique (Misselbrook et al., 2005). For cattle slurry, pig slurry, FYM and poultry manure the slope of the 

relationship was not significantly (P>0.05) different from 1.0, indicating good quantitative agreement between 

predicted and measured ammonia emissions (P<0.01; R
2
 =17-80%). Validation of the nitrate leaching module 

showed that for both permeable soils (where matrix leaching is the predominant nitrate loss pathway) and for 

drained clay soils (where by-pass flow is the major pathway) the slope of the relationship was not significantly 

different from 1.0, indicating quantitative agreement between predicted and measured nitrate leaching losses. 

Furthermore, the relationship between the predicted and measured values was highly significant (P<0.001, R
2
=36% 

for free draining soils and R
2
=39% for clay soils).  

 Validation of MANNER-NPK crop available N supply predictions was undertaken using data from more 

than 200 field experimental studies where manure fertiliser N replacement values had been measured. The 

measurements covered a range of different manure types, application and soil incorporation methods/timings, as 

well as different soil textures, crops (grass and arable) and environmental conditions. The relationships between the 

predicted and measured fertiliser N replacement values were highly significant (P<0.001). For cattle (Figure 1) and 

pig (Figure 2) manures, the slope of the line was not significantly different from 1.0, indicating that MANNER-NPK 

predictions were quantitative (R
2
= 57% and 44%, respectively). Similarly, for poultry manures (i.e. broiler/turkey 

litter and layer manure) MANNER-NPK predictions (slope of line not significantly different from 1; R
2
 = 47%) 

were in good agreement (P<0.01) with independently measured experimental values. 
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FIGURE 1  Comparison of measured and MANNER-NPK predicted cattle manure fertiliser N replacement 

values 
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FIGURE 2  Comparison of measured and MANNER-NPK predicted pig manure fertiliser N replacement 

values 

 

CONCLUSIONS 

Many farmers still do not make adequate allowance for the contribution of organic manures to crop nutrient 

requirements which leads to nutrient overuse and pollution of the water and air environments. Tools such as the 

“Fertiliser Manual” and MANNER-NPK provide valuable support to farmers enabling them to assess the nutrient 

value of their manures, which is a “win-win” outcome for the economic performance of their businesses and the 

wider environment.  
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1 INTRODUCTION  

Regions with a high pig farm density require an adequate management of the effluent produced, if the environment 

is to be adequately protected. Manure transport is one of the most important issues of management, independently 

from whether a centralised management or farm-based schemes are used (Flotats et al., 2009). As pig slurry is a 

fluid, pipelines are an attractive option avoiding the need for road haulage (Sørensen et al. 2003). Using pipelines is 

a cheap way to transport livestock slurries, as observed by Bjerkholt et al. (2005). However, the costs of pipeline 

systems are scale dependent, as observed in the work of Ghafoori et al. (2007). Such study deals with the 

management of beef cattle manure in much larger volumes than it is done in this present paper.  

 The objective of this study is to analyse and compare the road and pipeline transport of pig slurry as part 

of the environmentally correct and sustainable management of pig manure. It covers three prototype pipeline 

systems built in two different regions in Aragón (Spain), which were funded under the European LIFE ES-WAMAR 

(2006-2011) project. 

 

2 MATERIALS AND METHODS  

Three different pipeline systems which are installed in two communes in Aragón (Spain): Maestrazgo County and 

the municipality of Peñarroya de Tastavins. In Maestrazgo, two pipeline facilities were assembled (systems A and 

B, as shown in Figure 1), whereas in Peñarroya de Tastavins there is just one system (scheme C). 

Local conditions such as accessibility to arable land and transportation costs are key factors to an 

optimised manure management (Flotats et al., 2009). Therefore, the design of the pipelines has been carried out 

according to the following principles: (i) to use gravity flow as much as possible, (ii) to substitute for road transport 

where it’s most advantageous. 

 

FIGURE 1 Pipeline Schemes in Maestrazgo and Peñarroya de Tastavins. A) Cantavieja, B) Castellote, C) Peñarroya 

de Tastavins. (g = Gravity transport;    : Pumping transport;          : Collection, transport by road and 

application in land;        : Transport from pig farm to tank 1b by road transport).  
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In system A, the slurry from two connected pig farms is collected by means of individual pipelines which 

end in a common tank close to the road enabling an easy collection of the manure. From this point road transport is 

used, either to directly for application to local fields, or transport to intermediate stores.  

System B comprises also two parts. The first pipeline is used to transport pig slurry to an intermediate 

tank, and the second to distribute it from here by two separate lines to one of four small collection pits, from where 

it is taken for local land application. In the area of System B, not all available land is easy to access, due to the local 

geography of this mountainous county. Currently, in this area the vehicles are transporting the pig manure over 

winding roads that run over the sleep terrain. As a consequence, the delivery of pig slurry is inefficient, leading to 

high fuel consumption (and the related transport emissions). Thus, pipeline transport by gravity force is an 

alternative, facilitating the access to remote areas and increasing the local nutrient recycling. 

The third pipeline, system C, collects pig slurry from three connected farms and sends it at a centralised 

treatment plant. Here the pig manure is biologically treated in order to eliminate the nitrogen surplus that is 

generated by the large local pig slurry production. Although two of the pipes run downhill, the pig slurry must also 

be pumped to take it out of the farm storage pits to reach the pipelines. 

2.1 Pipeline characteristics  

In the studied literature, very few data from previous studies were found that was useful for the pipelines design. 

The work of Bjerkholt et al. (2005) defines design parameters for pipelines transporting pig slurry. The suspended 

solids content in the pig slurry leads to an increased pressure loss (compared with water), which is a crucial 

parameter for the pipeline design, as it influences the choice of diameter and material (Ancev and Stoecker, 2006). 

The pressure loss term in the work of Bjerkholt et al. (2005) was used for the current design of the pipelines, which 

has been carried out with the standard Bernoulli’s equation. The volumetric flow rate that was assumed for the 

design was 60 m
3
/h.  

The internal diameters (D), pipe lengths (L), differences in altitude ∆H, the pipeline materials as well as 

flow rates (Q) are listed in Table 1 for the individual runs. All the pipelines except run 8 have a negative slope. In 

system B, in order to transport pig slurry from the intermediate tank 2b to tank 6b, runs 5 to 7 are used. The 

difference in altitude between these two tanks is 249 m. A continuous pipeline is technically possible but this would 

lead to a pressure of close to 25 bar in case of pipe blockage a valve that was shut by mistake. Therefore, 

intermediate tanks 4b and 5b are placed as pressure breakers. At the same time these vessels are fitted with the 

necessary items to remove slurry. In system C, Run 9 is connected to run 8 by a junction, so that the path from farm 

2 in Figure 1c is 175 m longer as the length indicated in Table 1.  

The flow rates of the different routes have been determined by field trials. It can be observed that the 

measured values were higher than the design value of 60 m
3
/h for all runs of schemes A and B, except run 4. Here, 

the controlling valve was not completely opened, being the same conditions for the measurements of run 5. This 

procedure was implemented in order to reduce foam creation in tank 4b.  

 

TABLE 1 Technical details and economic data of the installed pipelines 

Pipeline 

System 

Run L  �H  D  Material C  CL Q Q Road 

transp. 

  (m) (m) (mm)  (€) (€/m) (m
3
/h) (m

3
/h) 

1  1051 -87 115,4 PVC 21.662 20,61 94 141 A 

2  45 -7.4 115,4 PVC 9.789 217,52 96,8 120 

3  1640 -78 115,4 PVC 40.342 24,60 80,5 40 

4  1218 -108 115,4 PVC 26.683 21,91 40,9  40 

5  466 -89 133,8 Uratop® 15.597 33,47 105,2 65 

6  479 -62 96,8 HDPE 12.660 26,43   

B 

7  648 -98 96,8 HDPE 18.731 28,93 99,8 26,1 

8  1122 +18 141 HDPE 51.250 45,68 48,7 35,9 

9  422  -10 96,8 HDPE 18.466 43,78 54,7 35,9 

C 

10  923 -25 96,8 HDPE 36.479 39,54 51,3 35,9 

C stand for the investment costs in €, whereas CL represents the relative investment costs (€/m). 
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2.2 Economic aspects of the pipelines 

The investment costs, are indicated in Table 1 in terms of absolute (€) and related costs (€ per meter of pipeline). 

These amounts include VAT, at 16%. The costs include all materials and corresponding work. In addition to the 

pipeline costs, there are ancillary items such as concrete tanks and valves, as well as the pumps for runs 8 to 10. In 

change, the intermediate tank of 1500 m
3
 is not included in the costs, because it counts for the general infrastructure. 

Regarding the pipelines of scheme A, the relative investment costs of the run 2 are very high. This can be explained 

as the costs of commonly used accessories for the pipeline system are shared equally between both runs. In 

consequence, they have a stronger incident in the relative cost of this run.  

The annual costs analysed in this study comprise the fixed and variable expenses. Both fixed and variable 

costs are determined in order to compare them to the equivalent cost for the alternative road transport. In scheme C, 

the energy consumption (kWh) of the pumps was determined by the electricity meter installed on the farms. The 

electricity is the only variable cost, as the others are related to the investment. For the financing costs a life time of 

20 years is assumed, and an interest rate of 6%. Annual maintenance costs have been defined as 2% of the 

investment. This last item will cover replacement, repair as well as staff time. 

2.3 Characteristics of road transport 

The volume movements of slurry by road transport are based on a one way trip, in order to have the direct 

comparison with the pipeline (Table 1). For managing purposes, the overall hauling time (and distance) is doubled, 

since the return trip must be assumed. The time for road transport in every scenario has been measured on site.  

For system A, the two pig farms, from where the slurry is collected through the pipelines produce 

together 9016 m
3
/year. The alternative road transport, if the same slurry were carried by the lorry tankers of the local 

Swine Waste Management Enterprise, would have taken 107 hours. The cost of the local transport service is 69 

€/hour. 

In zone B, the pig slurry is brought to the arable land for nutrient recycling at a distance of 1,5 km around 

tanks 2b, 3b, 4b, and 6b. In total there are 194 ha of land available. The fields are only accessible by a tractor. For 

accessing the tanks 3b, 4b and 6b, the equivalent road transport starts at tank 1b and continues the respective 

alternative way to runs 4, 5 and 7. Tank 5b is not used for taking out pig slurry. The corresponding annual costs of 

run 6 and tank 5 are accounted for the next tank downstream, which is tank 7b. According to the local conditions 

and following the best practice for application of nutrient recycling the application rate was 35 m
3
/ha per year. The 

resulting volume of pig manure applied to the 194 ha is 6790 m
3
 per year. The local price for the service of a tractor 

with a 10m
3
 tanker is 28 €/hour.  

In scenario C, the total transported volume, 15.755 m
3
, corresponds to the year 2009 and is 41% of the 

total volume delivered to the plant. The road transport is carried out by a contracted service for 1,61 €/m
3
. The fuel 

consumption of the truck used for local transport is 12 l/h. 

2.4 Environmental aspects: GHG emission assessment. 

The environmental impact of pig slurry transport by pipeline has been assessed from the greenhouse gas emissions 

produced. The avoided emissions of the alternative road transport have been determined as 1 kg of diesel produces 

greenhouse gas (GHG) emissions of 3,78 kg CO2-eq. (Ceotto, 2005). Whereas 1 kWh electricity releases GHG as 

0,72 kg CO2-eq. (Murphy and McKeogh, 2006). 

 

3 RESULTS AND DISCUSSION  

The results of the economic analysis and the GHG balances are set out in Table 2. The pressurised pipelines of 

system C have higher relative investment costs, which is due to the pumps assembled at the farms. The mean 

relative cost of the pipelines in scenario C is 43 €/m, whereas the mean for zones A and B is 26 €/m (not considering 

run 2). Hence, the pressurised pipelines are 65,5% more expensive than the gravity driven pipelines. 

 All pipeline systems generate net savings. Systems A and C have similar periods for the return of 

investment, which is significantly higher for system B. As system C has higher relative investment costs and annual 

costs than system A, more volume has to be managed to obtain a similar return period. Comparing systems B and C, 

it can be seen that the first year costs and gross savings are similar, but the net savings are much higher for scenery 

C. A way to reduce the period of investment return in zone B is to increase the transport of pig slurry to be applied 
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on more arable land found at larger distance from the pipeline. The results are in agreement with similar studies such 

as Ghafoori et al. (2007) and Sørensen et al. (2003), although the sizes of the analysed schemes are different. 

 In system C, the energy consumption for the three runs varied from 0,048 to 0,173 kWh/m
3
. Little energy 

consumption corresponds to the short and medium pipeline, which both have a slight downhill profile. In contrast, 

the highest energy consumption is observed at the longest pipeline with an uphill profile. 

 

TABLE 2 Economic evaluation of pipeline transport in the three scenarios relative to road haulage. 

Pipeline 

System 

Total 

volume  

First year costs Gross Savings Net savings Investment 

return 

GHG 

emission 

savings 

 (m3/year) (€/year) (€/m3) (€/year) (€/m3) (€/year) (€/m3) Year (kg CO2-

eq./m3) 

A 9.016 4.089 0,45 7.388 0,82 3.300 0,37 8
th

  0,64 

B 6.790 14.822 2,18 22.005 3,24 7.183 1,06 13
th

  2,61 

C 15.755 14.099 0,89 25.385 1,61 11.286 0,72 9
th

  0,9 

 

A tractor consumes a mean of 9 l diesel per hour, for which a GHG emission saving for avoided road 

transport can be determined as 2,6 kg CO2 eq./m
3
 pig slurry. The GHG emission savings because of the not 

consumed diesel fuel vary from 0,64 to 2,61 kg CO2-eq./m3 as they depend on the local alternative road transport of 

the study zones. The electricity consumption by the pumps in scenario C has little effect on the GHG balance. The 

main environmental advantage lies with the avoided delivery by road transport.  

4 CONCLUSIONS  

In all three studied scenarios, the use of the pipelines for the pig slurry transport enabled to reduce the transport 

costs and, in consequence, the costs of general pig slurry management. On the strength of these encouraging results, 

the pipeline system C is currently being extended to connect more farms. Furthermore, remote arable land is made 

accessible by the pipeline thus increasing nutrient recycling in a sustainable and economic way. 

In the comparison, sensibility of the economic data was observed for both the cost of the alternative road 

transport and the total managed volume. Future work is required to determine more precisely the relevant 

management data as a support for planning pipeline implementation. 

Technically it's possible to transfer higher volume rates for pipelines in comparison to road transport. The 

observed technical issues of pig slurry transport by pipelines at full scale deserve a wider discussion.  
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1 INTRODUCTION 

The increase in the biogas production of animal manures when co-digested with organic agricultural, municipal or 

industrial wastes is well documented (Kaparaju et al. 2002; McDonald et al. 2008). In Denmark, the decreasing 

availability of organic waste products for biogas production and the high prices of these products have made 

economic production of biogas difficult. This is especially the case when the relatively low price paid for the 

electricity produced in Denmark (0.1 euros / kWh) is taken into account. These factors have been at least partly 

responsible for the stagnation of the production of new Danish biogas plants over the last ten years (Raven and 

Gregersen, 2007). However, the Danish government proposes to use 50% of livestock manure for energy production 

by 2020. Manure has low degradability and consequently low biogas yields (Møller et al. 2004). In order to increase 

the production of biogas from manure without co-digestion, pre-treatment processes are necessary. 

Extreme thermophilic pre-treatment has been shown to improve biogas production by up to 30% during 

continuous digestion of sewage sludge (Ferrer et al. 2008) and by up to 56% during batch digestion of cattle manure 

(Nielsen et al. 2004). 

This study examined the effect on biogas and methane yield of pilot scale reactors by the addition of an 

extreme thermophilic (68°C) pre-treatment stage at different retention times. Two experiments are described here; the 

first used a co-digestion mix of pig slurry with maize silage to examine the effect of pre-treatment on an agricultural 

digester using energy crops to boost biogas production. The second experiment used cattle slurry as a single substrate 

to represent an agricultural biogas plant with lower output but also significantly reduced feedstock costs. 

 

2 MATERIALS AND METHOD 

2.1 Experimental biogas reactors 

Two thermophilic (52°C) methanogenic continuously stirred tank reactors (CSTR) of 30 m
3
 (R1 and R2) and a pre-

treatment CSTR of 10 m
3
 maximum (R3) were used for experiments 1 and 2. All reactors were very similar in 

design, constructed of stainless steel and heated by an external water jacket. R3 working volume was lowered during 

the experiment to decrease the pre-treatment time, the minimum volume being dictated by the height of the lower of 

the two central mixing blades. One of the methanogenic reactors (R2, control) and R3 were fed directly from a 

feeding vessel of 800 litres maximum capacity and the other methanogenic reactor (R1) was fed from the output of 

R3. The feeding vessel functioned as a pre-heating unit in addition to the dosing and mixing of feedstock in 

experiment 1. The volumetric gas production was measured on-line using pressure differential gas meters. All 

pumping of slurry and digestate was carried out by Mono eccentric screw pumps. 

2.2 Experiment 1: Pig slurry with maize silage 

During experiment 1 the HRT of R1 and R2 methanogenic reactors was 12 days, which is common full scale Danish 

practice for pig manure with or without energy crop co-substrate. Feeding of the reactors occurred ten times per day. 

The operational parameters and pre-treatment HRTs are summarised in Table 1. 

2.3 Experiment 2: Cattle manure 

The second experiment used a longer methanogenic HRT of 14.6 days. This is to mimic Danish full scale experience 

where cattle manure is given a longer digestion time than pig manure or energy crops due to the fibrous nature of 

cattle manure. The combination of longer retention time and reduced dry matter and volatile solids per litre of 

material resulted in a lower organic loading rate than experiment 1. Feeding of the reactors occurred ten times per 

day. The operational parameters and pre-treatment HRTs are summarised in Table 1.  Changes in the flow rate as a 
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result of a longer methanogenic HRT than that used in experiment 1 meant that the minimum pre-treatment HRT 

was also increased from 35 to 38 hours. This was because R3 had a minimum capacity of ca. 30% full. 

As the cattle manure was more fibrous in nature than the pig slurry with maize silage used in experiment 

1, it was decided to include a longer pre-treatment HRT of 110 hours. 

 

TABLE 1 Operational parameters. 

 Parameter Value 

Experiment 1 Substrate volatile solids (VS) and mix 

ratio 

Pig slurry 6.7% VS 

(56 % of VS input) 

Maize silage 33 % VS 

(44 % of VS input) 

 Methanogenic reactors retention time 12 days 

 Pre-treatment reactor retention times  96 hours 

35 hours 

 Organic loading rate 8.5 kgVS / m
3
 / day 

   

Experiment 2 Substrate volatile solids 5.5 % VS 

 Methanogenic reactors retention time 14.6 days 

 Pre-treatment reactor retention times  110 hours 

77 hours 

38 hours 

 Organic loading rate 3.41 kgVS / m
3
 / day 

 

2.4 Analytical methods 

Gas composition was measured at-line with an infrared gas analyser (Visit 03, Messtechnik GmbH). Total and 

volatile solids were measured by heating to 105°C and 550°C respectively. Volatile fatty acids (VFA) were 

measured by gas chromatograph (HP 6859). 

 

3 RESULTS AND DISCUSSION 

3.1 Experiment 1 

The biogas and methane yields are shown in Figure 1. Clearly, including the biogas produced by the pre-treatment 

reactor had no effect on the overall methane yield, although biogas yield increased as a result of adding the pre-

treatment gas production. The biogas produced in the pre-treatment reactor was less than 7% methane on average 

therefore it contributed little to the overall methane yield. This was ascribed to the acidic conditions (pH 5.8-6.0) 

inhibiting methane production, which in turn was ascribed to high VFA levels (Table 2) from the hydrolysis of 

easily digestible material in the maize silage. 

Changing the HRT of the pre-treatment process had little effect on biogas or methane yields. Therefore 

the shorter retention time is preferable as this reduces construction and heating costs. Methane yield was found to be 

increased by a maximum of ca. 8.5% when compared to the control reactor. Mean yields at 35 hours HRT were 

lower than expected (as demonstrated by the change in the control reactor yields in Figure 1), due to technical 

problems but the problem affected both reactors so a direct comparison was considered valid. 

Examination of the mean VFA concentrations (Table 2) shows that pre-treatment increased acetic acid by 

ca. 30% and propanoic acid by ca. 13% when compared to the raw feedstock. R1 was therefore fed a higher 

concentration of VFA than R2. However, R2 VFA levels were at least 50% greater than R1. This suggests better 

utilisation of  VFA by R1 which is consistent with the biogas and methane yield data. 

The VFA concentrations during the experiment showed little change at different HRT, which is also 

consistent with the biogas and methane yield data. These results suggest that enhanced VFA production by extreme 

thermophilic pre-treatment of pig manure with maize silage has no appreciable effect above 38 hours HRT. 
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FIGURE 1 Biogas and methane yields of a methanogenic reactor fed pre-treated pig slurry with maize 

silage (R1), of the pre-treatment reactor combined with the methanogenic reactor (R3+R1) and 

a control reactor (R2). 

 

TABLE 2 Mean VFA levels during experiments 1 and 2. 
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3.2 Experiment 2 

Figure 2 shows the experiment 2 methane and biogas yields. In this experiment, a slight improvement in methane 

yield was gained by including the gas produced by R3. This was ascribed to the pre-treatment pH being more 

favourable for methanogenesis in this experiment (pH 7.4-7.8), which in turn was ascribed to less easily digestible 

material than was the case in experiment 1. Mean yields at 77 hours and 38 hours pre-treatment HRT were lower than 

expected, again due to technical problems. Pre-treatment at HRTs of 77 or 110 hours returned very similar results, 

suggesting that pre-treatment was optimal at less than 77 hours HRT with no gain in yield at longer pre-treatment 

times. This is in disagreement with Neilsen et al. (2004) who found optimum yield of liquid cattle manure at 108 

hours HRT but little HRT dependant change in the yield of separated fibres when treated for between 36 and 168 

hours. The highest gain in methane yield from R1 alone was 27.3% above that produced by R2, and 55.7% greater 

than R2 when the pre-treatment reactor biogas was included. The maximum increase was at the shortest HRT of 38 

hours. The VFA data (Table 2) was similar to experiment 1 in that there was an increase due to pre-treatment and 

higher VFA levels in R2 than R1, although the values were lower in experiment 2. 

The increase in both biogas and methane yields as a result of a reduction in HRT makes the data difficult to 

interpret. The VFA concentrations in R3 were fairly stable throughout the experiment, yet the concentrations were 

high. It is tentatively suggested that the methanogenic organisms in R3 were inhibited slightly by the high VFA 

concentrations at the start of the experiment and became acclimatised during the later (shorter HRT) part of the 

experiment.  
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FIGURE 2 Biogas and methane yields of a methanogenic reactor fed pre-treated cattle manure (R1), of the 

pre-treatment reactor combined with the methanogenic reactor (R3+R1) and a control reactor 

(R2). 

 

4 CONCLUSIONS 

The pre-treatment reactor provided a steady source of VFA, particularly acetic acid, to the methanogenic reactor R1. 

It can be concluded that pre-treatment at 68°C is particularly effective when cattle manure is used as a single 

substrate. The biogas produced in the pre-treatment reactor in experiment 1 was of a low methane concentration and 

as a result did not add substantially to the methane yield, but the gas from the experiment 2 pre-treatment was found 

to make a significant contribution to the overall yield. It was also found that a reduced pre-treatment HRT provided an 

increased methane yield. The reason for this is uncertain and will require further work although it has been proposed 

that some VFA inhibition was possible. Based on the results shown, a smaller pre-treatment reactor is optimal, thus 

reducing capital costs and also the energy required for heating. However, the pre-treatment times have yet to be 

optimised correctly and this is the aim of the next stage of this work. The cost of heating to 68°C will also be 

calculated and balanced against the energy gained by increased methane yield, although much of the extra energy 

input can be recycled via heat exchangers.  

 

ACKNOWLEDGEMENTS 

The authors would like to thank the EU-Agrobiogas project and Energinet for funding this work. 

 

REFERENCES  

Ferrer I, Ponsa S, Vazquez F, Font X 2008. Increasing biogas production by thermal (70°C) sludge pre-treatment 

prior to thermophilic anaerobic digestion. Biochemical Engineering Journal 42, 2 186-192. 

Kaparaju P, Luostarinen S, Kalmari E, Kalmari J, Rintala J 2002. Co-digestion of energy crops and industrial 

confectionery by-products with cow manure: batch scale and farm-scale evaluation. Water Science and 

Technology 45, 275–80. 

McDonald T, Achari G, Abiola A 2008. Feasibility of increased biogas production from the co-digestion of 

agricultural, municipal, and agro-industrial wastes in rural communities. Journal of Environmental 

Engineering and Science 7, 4, 262-273. 

Møller HB, Sommer SG, Ahring BK. 2004. Methane productivity of manure, straw and solid fractions of manure. 

Biomass and Bioenergy 26, 485-495. 

Nielsen HB, Mladenovska Z, Westermann P, Ahring BK 2004. Comparison of two-stage thermophilic (68°C/55°C) 

anaerobic digestion with one stage thermophilic (55°C) digestion of cattle manure. Biotechnology and 

Bioengineering 86, 3, 291-300. 

Raven R P J M, Gregersen K H 2007. Biogas plants in Denmark: successes and setbacks. Renewable and 

Sustainable Energy Reviews 11, 116-132. 

 

- 362 -



  Pre-processing of manure and organic waste for energy production  

  

THE EFFECT OF THERMO-CHEMICAL PRE-

TREATMENT ON THE ULTIMATE BIOGAS POTENTIAL 

OF STRAW  

 
Raju C.S., Ward A.J., Møller H.B. 

Department of Biosystems Engineering, Faculty of Agricultural Sciences, Aarhus University,  

Blichers Allé 20, P.O.Box 50 DK-8830 Tjele, Denmark. Tel. +45 89991423. ChitraS.Raju@agrsci.org  

 

1 INTRODUCTION  

Second generation biofuels derived from sources such as agricultural residues are gaining importance these days, 

although converting them to energy poses certain difficulties. Agricultural wastes, like straw or husk for example, 

have a high content of lignin, whose function is to provide structural support, defence against microbial attacks, and 

impermeability (Pérez et al, 2002). Lignin is closely associated with cellulose and hemicellulose, making them 

inaccessible for microbial degradation. Thus there is a difference between the total organic content of a biomass that 

can theoretically be converted into biofuels and the amount that can actually be converted by micro-organisms. 

Breaking down the association between lignin, cellulose and hemicellulose makes the latter two parts more available 

to the micro-organisms. This can be achieved by chemical, mechanical, biological or thermal means. 

Most of the research in pre-treatment of lignocellulosic biomasses has been for ethanol production. The 

same pre-treatments can also be applied to biogas production. Earlier studies have shown that lignocellulosic 

materials undergo hydrolysis at temperatures between 150°C and 230°C (Garotte et al 1999). There are also many 

studies that point out that alkali pre-treatment at ambient temperatures enhance the biogas yields (Pang et al 2008). 

Paper pulp sludge pretreated with sodium hydroxide increased the methane by 54-88% (Yunqin L., et al 2009). 

Chang et al (1997) studied the effects of thermo-chemical pre-treatment on switchgrass using calcium hydroxide as 

the alkaline reagent and found that about 29% of the lignin was solubilised. The alkalis commonly used in pre-

treatments are sodium hydroxide and calcium hydroxide. The use of sodium hydroxide poses a problem if the 

digestate after anaerobic digestion is to be spread on agricultural land as it could increase the soil salinity. 

The objective of this study is to quantify, at a laboratory scale, the effects of high temperatures, alkali 

treatment and a combination of alkali and thermal pre-treatments on the ultimate biogas yield of straw. 

2 MATERIALS AND METHODS  

2.1 Experimental design 

The experimental treatments can be classified into thermal treatment, thermo-chemical treatment, holding period 

and chemical treatment. The treatment scheme followed is as shown in table 1: 

 

TABLE 1 Treatment scheme  

Temperature in °C 
Pre-treatment 

20 75 100 125 150 175 200 225 

Thermal  X X X X X X X 

Thermo-chemical, 1.5% Ca(OH)2  X X X X X X X 

Thermo-chemical, 0.75% Ca(OH)2   X  X  X  

Thermo-chemical,  3% Ca(OH)2   X  X  X  

Chemical, 1day, 1.5% Ca(OH)2 X        

Chemical, 5days, 1.5% Ca(OH)2 X        

Chemical, 10days, 1.5% Ca(OH)2 X        

Chemical, 15days, 1.5% Ca(OH)2 X        

Holding time, 5 min   X  X  X  

Holding time, 10 min   X  X  X  

Untreated X        
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2.2 Pre-treatment methods 

The substrate used was straw (obtained from a Danish company called Dansk Dyrestimuli). The composition of the 

straw was 75% wheat straw and 25% rapeseed straw. The straw was cut to pieces of 4 cm average, and the dust 

removed. This ensured a near homogeneous sample for each of the treatments. The straw had a dry matter content of 

83%. The straw was treated in a high temperature and pressure vessel (Parr 4524). The system consisted of a 

stainless steel reaction chamber fitted with temperature and pressure measurement devices, a mechanism for mixing, 

and safety valves. The system also has an insulated external heating element which when raised surrounds the 

pressure vessel. The pressure vessel is completely sealed with no mass transfer occurring with the surroundings. The 

measurement devices from the pressure vessel are connected to a controller that controls the thermal output of the 

heating element according to the desired temperature that has been set. The controller is in turn connected to a 

computer where the settings can be changed and the process can be monitored and recorded in real time.  

The range of temperatures for the thermo-chemical pre-treatment were between 20°C and 225°C to see if 

pre-treatment at lower temperatures with the addition of an alkali will have the same effect as a pre-treatment at 

higher temperatures. The same temperature range was used for the thermal pre-treatment to facilitate a direct 

comparison with the thermo-chemical pre-treatment. Another aspect that was investigated in this study was the 

effect of holding time on anaerobic biodegradability. Holding time is the time the sample was held at a particular 

pre-treatment temperature. It does not include the heating time to reach the correct temperature. Laboratory grade 

calcium hydroxide (Merck) was used as the alkali reagent. The concentration of calcium hydroxide in this study was 

1.5% w/w of the dry matter and was based on a previous study by Møller, (2008). To examine the effect of a change 

in the concentration of alkali, two sets of thermo-chemical pre-treatments were carried out at 3% w/w concentration 

and 0.75% w/w concentration.  

Each pre-treatment was carried out on 1 kg of material. The straw was mixed with deionised water to 

make the dry matter content 5% by weight. This was done mainly to facilitate efficient mixing and heat transfer in 

the pressure vessel. The straw and water were mixed just before the mixture was introduced into the pressure vessel. 

The solubility of lime in water is low; hence wherever lime was used, it was dissolved into the deionised water 

before being mixed with the straw. After a sample was put into the reaction chamber, the chamber was sealed, and 

the heating element was raised. The temperature was maintained within ± 2.5 °C of the desired temperature. The 

holding period for all samples was 15 minutes unless otherwise specified in the treatment scheme. After the pre-

treatment, the material was cooled down to 30 °C before being taken out of the pressure vessel.  

2.3 Biogas batch assays 

The complete digestion period in this experiment is 90 days, and the total amount of biogas accumulated during this 

period will be considered as the ultimate biogas potential of the material. 

After pre-treatment, 200 grams of the material was put into a glass bottle with a capacity of one litre and 

500 grams of inoculum was added to it. The inoculum was sourced from a pilot scale digester operating on pig 

manure and was incubated for 15 days prior to the start of the batch experiment at 38°C to reduce the amount of 

digestible material. This ensures that the amount of biogas produced by the inoculum itself is very low and thus 

reducing errors. The bottle was then sealed with a rubber stopper and a screw cap. The empty space in each of the 

bottles was flushed with nitrogen gas for four minutes, so that the conditions in the bottle were made anaerobic. 

Each of the samples was tested in triplicate. The bottles were placed in an incubation chamber that was maintained 

at a mesophilic temperature of 38°C. The quantity and the quality of the biogas produced in each of the bottle were 

measured at regular intervals. The volume of biogas produced was measured by acidified water displacement. A 

sample of the biogas was collected and the composition was determined using a gas chromatograph (HP-5890 Series 

II).  

 

3 RESULTS AND DISCUSSION  

The total net biogas produced after 32 days has been tabulated in table 2. The results are presented in the same order 

as the treatment scheme. Some of the results are discussed in detail in the following sections. 
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TABLE 2 Total net biogas produced in L/Kg of VS after 32 days of anaerobic digestion  

Temperature in °C 
Pretreatment 

20 75 100 125 150 175 200 225 

Thermal  400 407 411 365 374 357 317 

Thermo-chemical         

1.5% Ca(OH)2  384 446 437 366 351 361 305 

0.75% Ca(OH)2   452  435  420  

3% Ca(OH)2   397  384  340  

Chemical, 1.5% Ca(OH)2          

1day 474        

5days 398        

10days 455        

15days 463        

Holding time         

5 min   357  331  338  

10 min   336  331  275  

Untreated 290        

 

3.1 Effect of concentration of calcium hydroxide on thermo-chemically pretreated samples 

The addition of calcium hydroxide in general increased the biogas production when compared to the untreated 

sample. From figure 1 it can be seen that the higher concentrations of calcium hydroxide seem to inhibit the biogas 

production especially as the pre-treatment temperature was increased. Only the samples pre-treated with 0.75% 

calcium hydroxide and the sample pretreated with 1.5% calcium hydroxide at 100°C produced more biogas than the 

samples pre-treated at the same temperatures with no calcium hydroxide. 
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FIGURE 1 Comparison of the total net biogas obtained after 32 days from samples thermally pretreated 

with different concentrations of Ca(OH)2 against straw samples pretreated at the same 

temperatures without Ca(OH)2 and the untreated straw. (The untreated straw here is shown as 

a line across the graph and has no relation to the temperature scale on the X-axis) 

3.2 Effect of thermal and thermo-chemical pretreatment 

A comparison of the samples pretreated at the same temperatures but with and without addition of calcium 

hydroxide shows that at lower temperatures i.e. 100°C and 125°C the biogas production increases with the addition 

of calcium hydroxide (figure 2). As seen in the previous observation, pre-treatment at higher temperatures leads to 

lower biogas production when compared to lower temperatures. A similar observation was made by Gossett et al 

(1982). They suggested that temperatures above 160°C caused the solubilisation of lignin, which being a phenolic 

polymer solubilised into phenolic compounds. These compounds usually have an inhibitory effect on the anaerobic 

digestion process. 
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FIGURE 2 Comparison of the total net biogas produced after 32 days from samples that have been 

pretreated between the temperatures 75°C to 225°C with and without the addition of calcium 

hydroxide against the untreated sample. (The untreated straw here is shown as a line across the 

graph and has no relation to the temperature scale on the X-axis) 

4 CONCLUSIONS  

Based on preliminary results after 32 days of anaerobic digestion it could be seen that thermo-chemical pre-

treatment in general increased the biogas yield of all the pretreated samples from a minimum of 5 % to a maximum 

of 63% except the sample that was treated at 200°C with a holding time of 10 minutes which showed a 5% decrease. 

At this stage the sample that was treated with 1.5% calcium hydroxide for 1 day gave the highest yield of biogas 

compared to the other pre-treatments.  
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1 INTRODUCTION  

A big advantage of biogas production is that a broad variety of organic substrates in view of availability and 

economic concerns can be used. In most of the biogas plants substrate mixtures from different energy crops, 

manures, organic wastes and residues from food-, feed- and bio-fuel industries are anaerobically digested. The 

economy of biogas plants depends mainly on feedstock prices and a continuous and stable fermentation process 

without any disturbances. The process stability as well as the velocity and rate of decomposition are affected by the 

chemical composition of the substrates and the full supply of the microbial community with essential- and trace 

elements. Well balanced feedstock mixtures are therefore a key for stable and optimised biogas yields. An example 

to energetically and economically optimise feedstock mixtures for biogas production is outlined within this paper.  

 

2 MATERIALS AND METHODS 

Anaerobic digestion experiments to measure the biochemical methane potential were carried out in accordance with 

VCI 4630 (2006). In detail, eudiometer batch fermenters of 250 ml capacity were used and the temperature was set 

at 38 °C. The inoculum used was obtained from two different biogas plants. In the batch fermenters, the substrates 

and mixtures were brought together with the inoculum in a total solid (dry matter) ratio of 1:3. In the laboratory 

experiments, the specific methane yield of every substrate and mixture was determined in three replicates. The 

amount of biogas production was monitored every day. Biogas and methane production is given in norm litre per kg 

of volatile solids (lN kg VS
-1

). Methane concentration in the biogas was analysed up to nine times during the 40 days 

digestion period using a Gas Data LMS NDIR analyser (Dräger X-am 7000). 

 Prior to anaerobic digestion the nutrient composition (dry matter, volatile solids, raw ash, raw protein, 

raw fat, raw fibre, starch, sugar, N-free extracts, cellulose, hemi-cellulose and lignin) as well as the gross-energy 

content were analysed using standard procedures. The results from specific methane yield and the nutrient 

composition were used for the data sets to develop the methane energy value models for the mixtures. Multiple 

regression analytical methods (SAS Version 9.1.2; Enterprise Guide 4) were used to develop two methane energy 

value model types for feedstock mixtures. For the calculation of the optimum feedstock mixture a linear 

optimisation was carried out using the programme SOLVA (excel tool). To validate the theoretical investigations on 

a practical biogas plant the process parameters and input data were monitored for two periods (May to June 2006 

and January to May 2008) at the research biogas plant under practical conditions.  

 

3 RESULTS AND DISCUSSION 

3.1 Nutrient composition of various feedstocks and specific methane yield 

From several research projects and laboratory investigations a certain correlation between the nutrient composition 

and the specific methane yield was observed. In Figure 1 the nutrient composition according to Weender&Van Soest 

and the specific methane yields in lN CH4 kg VS
-1 

(given in the outlines boxes) of various substrates for biogas 

production are shown. Results indicate that the nutrient composition affects the velocity of degradation and 

subsequently the specific methane yield. Generally the higher the amount of easily degradable compounds like raw 

protein, raw fat, starch and sugar the higher the specific methane yields (e.g. maize silage - 347, sugar beet body - 

380, stillage - 410 and rape cake – 489 lN CH4 kg VS
-1

). Substrates like rye (274 lN CH4 kg VS
-1

) and grassland  

biomass from extensive sites (241 lN CH4 kg VS
-1

) achieve lower specific methane yields due to a low amount of 

easy degradable and higher amount of hardly degradable compounds (e.g. raw fibres).  
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FIGURE 1 Nutrient composition and specific methane yield of various feedstocks 

 

However the nutrient composition according to Weender&VanSoest is not always applicable to explain 

the specific methane yield. Within maize it could be demonstrated that at later maturity stages (after “dough stage”) 

the specific methane yield is declining (Leonhartsberger et al. 2008) although the chemical composition remains 

more or less the same (data not shown). Therefore it can be assumed that the specific methane yield cannot be 

described sufficiently with the composition results of Weender&VanSoest and that the reduced specific methane 

yield is caused by the stable structure of the ligno-cellulosic complex that can’t be degraded by the micro-organisms.  

To overcome this phenomenon and to predict the specific methane yield from the nutrient composition of 

feedstock, regression models (Methane Energy Value Model - MEVM) were developed for the most common 

energy crops as well as for feedstock mixtures at the Institute of Agricultural Engineering. As the following results 

demonstrate, this tool can be also used for the energetically optimization of feedstock mixtures. 

3.2 Methane-Energy-Value-Models for feedstock mixtures 

In Table 1 regression models for a feedstock mixture that is based on a sustainable crop rotation system (Mixture 1) 

and a feedstock mixture that comprises by-products from biofuel- and starch industry (Mixture 2) are outlined. 

According to the available data on the nutrient composition two different models with differing accuracy are 

available. The models for Mixture 1 were developed on the basis of five different energy crops: sugar beet, maize, 

sun flower, clover, and green rye. In addition to energy crops also pig slurry and crude glycerol were used as 

substrates. The model type A and B have a coefficient of regression of 40 % and 67 % respectively. Both model 

types are significant. 

In Mixture 2 the following feedstocks were used to develop the model: pig manure, maize silage, maize 

remains from starch industry, potato remains from starch industry, maize draff from bioethanol industry, as well as 

glycerol and rape cake from biodiesel industry. As shown in Table 1, the model type A has a coefficient of 

regression of 87%. The type B model has a coefficient of regression of 91%. Both models are therefore highly 

significant. From the results of the lab experiments on the specific methane yield it was obvious that the 

convertibility of energy in the fermentation process is higher for feed mixtures compared to monofermentation of 

individual feedstocks (Machmüller et al. 2007). 
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TABLE 1 Methane Energy Value Models (MEVM) for feedstock mixtures 

Mixture  Model Type Equation r
2
 Level of sign. 

1 A CH4 = 434.22 (±59.48) - 0.39 (±0.60) XA - 0.97 (±0.46) 

XP - 1.70 (±0.53) XL + 0.37 (±0.20) XF 

0.396 0.003 

 B CH4 = 650.54 (±127.35) + 18.87 (±22.83) XP/BE  

- 134.91 (±48.49) XP/ADL - 4.79 (±1.13) XL + 3.32 

(±16.84) CEL/ADL + 2.54 (±28.45) HCEL/ADL + 0.42 

(±0.12) STC 

0.673 <0.001 

2 A CH4 = 195.37 (±56.00) – 1.16 (±0.20) XA + 1.14 (±0.31) 

XP – 2.88 (±0.67) XL + 1.28 (±0.31) XF + 0.52 (±0.09) 

Gly+Meth 

0.867 <0.001 

 B CH4 = 1053.54 (±84.89) – 40.77 (±) XF/BE – 12.26 (±) 

XP/BE – 37.54 (±) XP/ADL – 122.27(±) XL/ADL – 0.49 

(±0.08) Gly+Meth 

0.905 <0.001 

 

3.3 Energetically and economical optimisation of feedstock mixtures  

In order to energetically and economically optimise feedstock mixtures on a practical biogas plant laboratory 

investigations on the specific methane yield to develop the Methane Energy Value Model and a linear cost 

calculation was carried out. As feedstock maize (silage and CCM), pig slurry as well as by-products from biofuel 

industry (glycerol and pressed rape cake) were used. From the laboratory investigation the optimal mixture in terms 

of highest specific methane yield (456 lN CH4 kg VS
-1

) was found to have 30 percent of raw glycerol related to dry 

matter. 

 

TABLE 2 Example of an energetically and economic optimisation of feedstock mixtures 

Costs raw glycerol [€ per t FM]  75 100 60 

Content of raw glycerol [% in the mixture]  22 5 53 

Methane yield [m
3

N kg VS
-1

]  454 414 452 

Substrate Input [t FM d
-1

]  3.4 5.4 2.1 

Costs Mixture [€ per m
3

N CH4]  0.206 0.234 0.175 

 

In Table 2 the results of optimum methane yield and feedstock costs are shown depending on the raw 

glycerol costs. Assumed were prices of 75, 100 and 60 Euros per t FM glycerol. The lowest costs per produced 

methane (0.175 € per m
3

 CH4) could be achieved if the price for raw glycerol is 60 € per t fresh matter. At this price 

the raw glycerol content in the mixture would have 53 % and the specific methane yield of the mixture is 452 lN CH4 

kg VS
-1

. At higher raw glycerol prices the input of other feedstocks as well as the costs will increase.  

 

TABLE 3 Example of an energetically and economic optimisation an a practical biogas plant 

Input [t FM d
-1

] 1
st
 measuring period 

May – Jun 2006 

2
nd

 measuring period 

Jan – May 2008 

Relation [%] 

Pig slurry 40.34 40.34  

Maize silage 6.31 4.27  

CCM 17.28 1.22  

Pressed rape cake 0.75 0.05  

Glycerol 0.00 9.4  

Process parameter    

Specific methane yield [lN kg VS
-1

] 0.39 0.53 + 35 

Hydraulic retention time [d] 61.88 69.88 + 13 

Loading rate [kg VS m
-
³ digester day

-1
] 3.77 2.93 - 23 

Degree of degradation [%] 89.27 87.35 - 2 

Input per day [t VS d
-1

] 15.03 11.61 - 23 

Feeding costs [€ d
-1

] 3,366.30 1,267.44 - 60 
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Out of this information the theoretical information was transferred to a practical biogas plant. In Table 3 

the figures before (1
st
 measuring period) and after (2

nd
 measuring period) the optimization are shown. In the 1

st
 

period no raw glycerol was used. The main input was obtained by the energy crop maize in form of silage or CCM. 

In the second measuring period the content of maize was reduced and compensated by raw glycerol.  

In the same Table the performance and process parameter of the practical biogas plant for both periods 

are shown. Through the optimization of the feed mix the specific methane yield could be increased by 31 %. Over 

the 5 month lasting period a stable fermentation process was observed. At the same engine performance the 

hydraulic retention time of the plant was increased by 13 % because less input per day is needed. After optimization 

of the feedstock 11.6 t instead of 15.0 t VS were used, and the loading rate was reduced by 23 %. For this example 

on practical conditions the feedstock costs have been reduced from 3,366 to 1,267 € per day (minus 60 %). Besides 

the lower feedstock costs, such optimizations can also result in a significant reduction of the construction costs of 

biogas plants. 

 

4 CONCLUSIONS 

The presented results have shown that an energetically and economic optimization of complex feedstock mixtures at 

practical conditions is possible. The Methane-Energy-Value-Model (MEVM) can be used to estimate the specific 

methane yields on the chemical composition of the feedstock mixtures and subsequently to optimize these mixtures 

in an energetic and economic aspect. A validation of the MEVM on the basis of energy crops and animal manures 

was carried out at practical biogas plants. Furthermore the results demonstrate that an optimization of the feedstock 

mix can substantially contribute to the efficiency of biogas plants. The integration of by-products from biofuel 

industries as co-fermentation substrate can be highly recommended in order to fully utilize all available substrates 

for energy production and to overcome the competition to food and feed production. The models will be improved 

and extended for further biogas plants that use residues from agrarian and food processing industries.  
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0030 - Possibilities for sustainable agrarian feedstock production and utilisation 

Chrisitan Leonhartsberger, Alexander Bauer, Herwig Mayr, Thomas Amon 
University of Natural Resources and Applied Life Sciences, Vienna, Austria 
 
To meet the future demands of a sustainable biogas production from agrarian feedstock, 
concepts need to be developed, where high yielding energy crops are integrated into 
sustainable and site-adapted crop rotation systems, and where the production of food, feed and 
materials can occur without mutual competition. So far as technologies for the use of catch 
crops or agrarian by-products like straw are developed the energy output can be additionally 
increased.  
In several field experiments of the Institute of Agricultural Engineering across Austria a number 
of varieties and types of maize, sorghum, wheat, rye, barley, sunflower and sugar beet were 
grown and examined with regard to biomass and methane yields. Results from site experiments 
show that the variety or variety-type of an energy crop and the climatic condition of a certain 
location had a great effect on biomass as well as on methane yields. Significant differences in 
the methane yield have been observed when 16 maize varieties of different maturity behaviour 
were tested. Polynomial trend lines gave a 5 t DM ha-1 higher biomass yield for very-late 
maturing varieties (FAO number > 350) in contrast to early maturing varieties (FAO number < 
250) at a dry matter content between 28 to 35 %. According to the differences in the nutrient 
composition of the investigated varieties also significant differences in the specific methane 
yields were shown. The theoretical and practical investigation of the methane potential of site-
adapted and ecological balanced crop rotation systems have been compiled for selected 
Austrian regions. Yearly methane yields of 1,300 to 2,000 in organic and 1,680 to 3,870 m3N 
CH4 ha-1 per hectare in conventional agricultural systems could be achieved. Laboratory 
results of the anaerobic digestion of energy based feedstock mixtures have shown their 
potential for a positive co-fermentation effect. The high potential of ligno-cellulosic material from 
side-products or residues was also demonstrated when straw was pre-treated with steam-
explosion technology and fermented in the lab. Besides the improvement of fermentation 
properties the specific methane yield of straw was increased by 30 percent. 
The development of pre-treatment and harvesting technologies has to be forced when ligno-
cellulosic biomass or catch crops are used. In the context of anaerobic digestion of straw 
steam-explosion pretreatment is likely the method of choice. In view of soil humus content the 
effects of straw removal and recycling of low C containing digestates has to be investigated. 
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1 INTRODUCTION 

The European and Spanish legislation concerning the management of biodegradable wastes necessitate the treatment 

of wastes for their recycling, encouraging the use of waste as a source of energy. Anaerobic digestion treatment of 

biodegradable wastes (Mata-Alvarez et al., 2000) involves the decomposition of the organic matter under anoxic 

conditions by a microbial consortium, obtaining a source of renewable energy (biogas), which is mainly a mixture of 

CO2 (25-45 %) and methane (CH4, 55-75 %). A waste material (digestate) is also produced in a similar amount as 

the original waste. The composition of the digestate depends on the characteristics of the wastes used for anaerobic 

digestion, but it can be considered a mixture of water, partially-degraded organic matter (solid polymers and short-

chain molecules as intermediate degradation products and microorganisms) and inorganic compounds. Considering 

the present legislation concerning the integrated management of wastes, the recycling of the digestates produced 

during anaerobic digestion for biogas production should be a priority for ensuring the environmental viability of the 

anaerobic digestion process. Quality protocols for the production and use of digestates have been established in 

some countries (BSI, 2008), but in Spain there is no official information concerning quality and use of digestate. 

 PROBIOGAS is a Spanish research project involving 28 partners, from research institutions and 

universities to small and medium companies. The main objective is to develop sustainable systems for biogas 

production and use in the agroindustrial sector, and the demonstration of the viability and promotion of biogas in 

Spain. The Project includes coordination of industrial research for improvement of the systems for biogas 

production, based on anaerobic co-digestion of agroindustrial by-products widely produced in Spain.  

 

2 STRUCTURE OF THE PROBIOGAS PROJECT 

2.1 General description 

The PROBIOGAS Project consists of subprojects of differing nature, two studies of technical viability prior to 

research activities, two of industrial research (figure 1), one for diffusion and seven demonstration subprojects:  

− Availability of by-products for biogas production, potential production and sustainability (subproject 1). 

− Technical improvement of the anaerobic co-digestion from agroindustrial by-products (subproject 2). 

− Agronomical evaluation and use of the digestate (subproject 3). 

− Use of agroindustrial biogas, viability analysis (subproject 4). 

− Co-digestion of animal manures with slaughterhouse wastes for biogas uses in combustible batteries; 

− Co-digestion of cow manures with citrus residues.  

− Production of biogas and fertiliser products from energy crops;  

− Use of biogas in vehicles; 

− Production of organic fertilisers from co-digestion of animal manures and agroindustrial wastes;  

− Observation of the agroindustrial biogas;  
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− Control and automation of co-digestion plants for pig slurry and agroindustrial by-products. 

− Technical office and diffusion (subproject 5).  

 

TABLE 1 Schematic representation of the technical viability and industrial research subprojects in the 

PROBIOGAS project, and the connection of subproject 3, with 1 and 2. 

2.2 Subproject 3. Agronomical evaluation and use of the digestate 

The agronomic evaluation of the digestate is studied in subproject 3 under the coordination of CEBAS-CSIC. The 

main objective is the recycling and use of the digestate as a normalised fertiliser product, as follows:  

− Establish the chemical composition and specific characteristics of the digestates produced by anaerobic co-

digestion of animal manures and slurries with agroindustrial by-products.  

− Determine the agricultural value of the digestates and their usefulness as fertiliser products. 

− Develop new fertiliser products from digestates by conditioning and/or transformation by composting. 

− Contribute to the normalisation of digestates as recognised products in the fertiliser market. 

 The work is divided in 6 research activities, but only selected results will be reported in the present paper: 

 Activity 1. A literature review related to digestate composition and recycling methods in agriculture. 

 Activity 2. Standardisation of analytical methods for digestates characterisation.  

 Activity 3. Characterisation and improvement of digestate: A) Study the chemical and biological 

properties and variability, of the digestates produced by co-digestion of manures (pig and cattle slurries) mixed with 

biofuel by-product (glycerine), crop residue (orange peel) or food residues (slaughterhouse waste) (figure 1), and 

bioassays with plants for determining phytotoxicity problems; B) Formulation of fertiliser products based on 

digestates; C) Improvement of digestates by composting to obtain high-quality fertilisers. 

 Activity 4. Agronomical evaluation of the digestates and fertiliser products obtained in activity 3 in 

horticultural crops, fruit trees and energy crops; evaluation of the soil fertility. 

 Activity 5. Normalisation of the fertiliser products obtained: the intrinsic variability; comparison with 

certified fertiliser products according to Spanish legislation for fertilisers; and registration procedure for fertiliser 

products. 

 Activity 6. Evaluation of the environmental risks and quality of the processes, involving the identification 

of critical points using a model biogas plant; Carbon balance and relevance for C-sequestration in soils. 

 

3 STRUCTURE OF THE PROBIOGAS PROJECT 

3.1 Characterisation of the digestates 

The soil application of digestates requires a quality evaluation in terms of microbial stability, hygiene, the presence 

of organic and inorganic toxic compounds and the concentration of organic matter and nutrients (European 
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Commission, 2001; European Community, 2002; BOE, 2005). The chemical composition of the digestates showed a 

high variability (Table 1), especially in those parameters related to microbial stability (BOD5, and total organic-C). 

The most important fertiliser value of the digestates is due to the high concentration of total-N (2.2 g/l) with a 

minimum of 40 % in ammonium form, which may be the key factor for determining the application rate to soils. The 

concentrations of the main nutrients P and K were also relevant (Table 1), which indicate that the materials can be 

an important source of nutrients for agriculture, reducing the use of inorganic fertilisers. However, the great 

variability of their composition, which depend on the original materials used for the anaerobic co-digestion, make 

chemical characterisation prior to soil use necessary, in order to avoid over-application. 

 

TABLE 2 Chemical composition of the digestates produced after anaerobic co-digestion of binary 

mixtures based on pig and cattle slurries, with orange peel, slaughterhouse waste or glycerine. 

Parameter Mean Range CV (%) 

BOD5 (g/l) 26.7 1.2-62.5 90.3 

pH 7.1 5.6-7.9 11.5 

Electrical conductivity (dS/m) 12.6 8.7-21.1 26.1 

Dry matter (g/l) 51.1 17.6-126.8 62.8 

Total organic carbon (g/l) 25.9 5.8-70.5 77.0 

Total nitrogen (g/l) 2.2 1.4-3.0 24.0 

NH4-N (g/l) 1.1 0.8-2.2 32.9 

C/N ratio 11 2-23 60.6 

P (g/l) 0.4 0.2-0.7 35.4 

K (g/l) 1.7 1.1-2.9 29.2 

Ca (g/l) 1.7 0.8-4.2 51.6 

Mg (g/l) 0.3 0.3-0.4 12.6 

Fe (mg/l) 117 30-323 71.6 

Mn (mg/l) 14 6-24 42.3 

Zn (mg/l) 24 8-84 77.9 

Cu (mg/l) 10 3-17 54.6 

 

 The characteristics of the digestates have been compared with certified fertilisers and classified according 

to Spanish legislation (BOE, 2005). None of the digestates satisfied the requirements of concentrations concerning 

N, P2O5 and K2O, which implies that a fertiliser based on digestate should be prepared by mixing with inorganic 

fertiliser. Only 22 % of the digestate had a concentration of organic-C higher than the minimum required 

concentration for organic-mineral fertilisers (≥4 %). This is a major problem since mixing with other organic 

material is not clear and also those samples having highest values were highly unstable (high BOD5). Heavy metal 

Cd, Cr, Ni and Pb concentration were well below the limits established for fertilisers. 

 The fertiliser value of these materials should be evaluated not only by the total concentration of nutrients, 

but also by the availability of nutrients to plants, which should take into consideration the transformation processes 

in the soil, such as mineralisation, nitrification or soil fixation. The digestate having the highest BOD5 and organic-C 

values (co-digestion mixtures with glycerine) released high amount of CO2 in the soil (up to 1679 mg C/kg soil), 

which indicated that at least 60 % of the organic-C from the digestate was mineralised in the soil. However, 

digestates from the other co-digestion mixtures mineralised >15 % of TOC, similar to the values found for mature 

compost (Bernal et al., 1998). The behaviour of inorganic-N in the soil was related to the C-mineralisation process, 

the most stable digestate showing a slow N-mineralisation process and a quick nitrification of the NH4-N. The net 

mineralisation can account for 20 % of total-N. While the instable digestate (with high BOD5) led to microbial N-

immobilisation in the soil with a great reduction of NH4-N concentration in the soil during the first week, this can 

lead to N-deficiency for plant growth. Then the N-fertiliser value of the digestate can reach 93 % of total-N from the 

digestate if the material has been exhausted during anaerobic digestion (high stability). 

3.2 Preparation of fertilisers by composting of digestates 

Composting has been considered in the project as a post-treatment for ensuring microbial stability of the digestate. 

However, the digestate is a semi-liquid material with very low dry matter content (Table 1). Then composting of 

liquid material requires the addition of a bulking agent to absorb the excess of water, this is a serious limitation since 

the bulking is not always available at a low cost. Then in the context of the project, composting technology has been 
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tested on solid digestates produced at industrial level, where a solid-liquid separation of the digestate was included 

after the anaerobic digestion.  

 Comparing the composting of an industrial solid-phase digestate, with and without bulking agent, 

revealed that the solid fraction can be composted alone with an adequate development of the temperature and 

degradation of organic matter. However, high N-losses can occur due to the low C/N ratio of the digestate and high 

pH value, as demonstrated by comparing the composting of an industrial solid-phase digestate from cattle slurry 

with and without bulking agent. The bulking agent addition (10 % fresh weight) reduced the rate of N-losses without 

significantly change the performance of the composting process. But the application of certain additives, such as 

elemental sulphur for controlling pH near neutrality, was successful, reducing N-losses to <20 %, lower than the 

losses that usually occur when composting animal manures (Bernal et al., 2008). The composts obtained from cattle 

slurry digestate were classified as the highest quality according to the Spanish legislation (BOE, 2005). 

 

4 CONCLUSIONS 

The digestates cannot be considered equilibrated fertilisers, so a mineral complementary fertiliser may be necessary 

in some cases for adequate nutrient supply to crops. Therefore the preparation of certified organic-mineral fertilisers 

based on digestate is not nowadays viable. But the nutrient concentration of digestate indicated the feasibility of its 

recycling in agriculture, reducing the requirements for mineral fertilisers. The main problem is due to the low 

microbial stability that these wastes can have. To solve this problem, the anaerobic process should be exhaustive in 

order to ensure the maximum biogas production and low degradable organic matter content in the digestate. 

 Agronomic field studies are under development in the framework of the PROBIOGAS project to 

demonstrate the fertiliser value of the digestate, obtained composts and the limitations and constraints of the use of 

digestate. Several crops are being tested: horticultural crops (water melon, cauliflower, etc.), energy crops 

(sunflower and rape), fruit trees (clementine and nectarine) and permanent crops (wine grapes). All these studies 

will be compiled in a guide for agricultural use of digestate, to establish the basic rules for its use in Spain. 
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1 INTRODUCTION 

The agricultural food industry uses large amounts of water per production unit, although its effluents rarely pose 

serious environmental problems, as they usually consist of biodegradable organic matter. There are, however, 

significant exceptions to this rule, such as the alcohol and olive oil production industries (Pulgar, 1983). Their 

effluents contain high DBO5 concentration; poorly biodegradable substances or antibacterial activity compounds like 

phenols and lignin residues (Moreno et al., 1990). 

Anaerobic digestion has been the usual biological procedure for purifying wastewater from agricultural 

food industries containing high organic load, as their aerobic treatment would be incomplete and expensive (Basu et 

al., 1975; Metcalf and Eddy, 1991). Integrating biological and chemical procedures, with the purpose of removing or 

altering the structure of refractory and/or toxic substances, seems to be a good option (Heinzle et al., 1995). In fact, 

preliminary ozone oxidation has been found to increase the wastewater biodegradability.  

The homogeneous and heterogeneous photocatalytic systems (UV radiation/O3/H2O2 and O3/UV/TiO2) 

have been studied due to their ability to photo-catalyse the complete mineralization of a wide range of organic 

substrates, including amides, aromatics, dyes and pesticides (Mansilla et al., 1997; Mokrini et al., 1997; Beltran et 

al., 1999). The complete mineralization of poorly biodegradable compounds is not selective enough, in fact the 

necessary ozone generation cost to generate CO2 would be unviable. However, a shorter treatment time could be 

suitable for changing the molecular structure of phenol compounds to more biodegradable substances, reducing the 

process cost. 

The aim of this study was to enhance the organic matter degradation by anaerobic digestion, after a light 

ozone treatment, of vinasse, which is a poor biodegradable agricultural effluent from sugar cane distillery.  

 

2 MATERIALS AND METHODS 

2.1 Experimental set-up and procedure 

Ozonation pre-treatment was carried out in a 1L Pirex reactor in which a pure oxygen stream containing 34 g O3/m
3
 

(0ºC and 1atm) was conducted through a porous plate diffuser. The reactor was provided with a magnetic stirred 

system. The outlet gas stream was measured and continuously registered by an ozone analyser and a data acquisition 

system. The selected pre-treatment time was 15 minutes. 

The experimental anaerobic digestion set-up, used at laboratory scale, consisted of two 1L CSTR 

connected to a thermostatic jacket containing water, which allowed maintaining the reactors temperature as 35ºC 

(mesophilic conditions). All of the experiments were carried out in batch mode. The volume of methane produced 

during the process was measured after removing the CO2 contained in the biogas.  

The vinasse used is produced in SOTRAMEG Company (Kenitra, Moroco), which chemical composition 

is shown in Table 1. 

The innoculum was selected on the basis of its high methanogenic activity, showing values ranging from 

0.87 to 0.99 g COD/g volatile suspended solid (VSS)·d. The experiments were carried out using an innoculum 

concentration of 10 g VSS/L. The start-up was developed by adding a synthetic solution composed of glucose (50 

g/L), sodium acetate (25 g/L) and lactic acid (20.8 mL/L), over a 21-day period. Subsequently, the acclimatisation 

was carried out by increasing the added load with pre-treated vinasse to 1 g COD/L over a 16-day period. Once this 

preliminary acclimatisation step was completed, a series of batch mesophilic experiments were carried out using the 

pre-treated vinasse until reaching a final concentration of 3 g COD/L. Each assay lasted a maximum of 24 hours; the 

time interval required to completely biomethanize each load. The volume of methane was measured as a function of 
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time and samples were taken and analyzed before and after feeding. Each load was carried out at least in duplicate 

and the results expressed as means.  

All analyses were carried out in accordance with the Standard Methods of the American Public Health 

Association (APHA, 1989). 

 

TABLE 1 Untreated and pre-treated vinasse chemical characterisation. 

Parameter Untreated Vinasse Pre-treated Vinasse 

(Ozonation 15 minutes) 

pH 3.75 ± 0,08 3.54 ± 0,10 

COD total (mg/L) 68,560 ± 8,170 66,100 ± 8,170 

COD soluble (mg/L) 55,830 ± 2,120 54,020 ± 1,000 

BOD (mg/L) 29,700 ±100 33,350 ±130 

TOC soluble (mg/L) 20,160 ± 50 19,760 ± 70 

MS (mg/L) 30,990 ± 1,170 n.d. 

VS (mg/L) 46,390 ± 790 n.d. 

MSS (mg/L) 5,300 ± 370 n.d. 

VSS (mg/L) 15,860 ± 650 n.d. 

VA (mg acetic acid/L) 1,500 ± 115 2,610 ± 60 

Phenols compound (mg caffeic acid/L) 446 ± 10 267 ± 10 

COD: Chemical Oxygen Demand; BOD: Biochemical Oxygen Demand; TOC: Total Organic Carbon; TS: Total 

Solid; MS: Mineral Solid; VS: Volatile Solid; TSS: Total Suspended Solid; MSS: Mineral Suspended Solid; VS: 

Volatile Suspended Solid; VA: Volatile Acidity; n.d. no determined. 

 

3 RESULTS AND DISCUSSION 

3.1 Ozonation pre-treatment and aerobic biodegradability 

Figure 1 shows the ozone effect on the reduction percentage of phenols compounds with the ozonation time. As can 

be seen the phenols removal –although it practically has shown no influence over COD concentration (Table 1) – 

produced a positive influence upon the vinasse aerobic biodegradability. The BOD/COD ratio is a variable which 

indicates the biodegradable organic fraction in a wastewater. This ratio enhanced with the slight oxidation with 

ozone. As higher the ozonation time was, higher the BOD/COD ratio was, in spite of 15 minutes were chosen as 

pre-treatment time due to economic reasons.  

 Some chemical variables remained approximately constant during the pre-treatment, including pH, COD 

and TOC, although the enhancement of volatile acidity (from 1,500 to 2,610 mg acetic acid/L) seems to indicate the 

transformation of complex compounds into short chain acids –substances much more biodegradable than the 

previous ones. 

3.2 Anaerobic digestion viability 

In order to evaluate the anaerobic biodegradability, growing loads of vinasse and pre-treated vinasse were added 

into batch reactors, and the stability evolution, methane production yield and COD removal percentage were studied. 

It was remarkable that the variation of the VA/Alk ratio –stability index-, was slightly higher for untreated vinasses, 

0.26 while it was 0.23 values for pre-treated vinasse respectably. pH values were lower for untreated vinasses 

(7.02<pH<7.54) than pre-treated vinasse (7.40<pH<7.72)  This result indicated worse maintenance conditions in the 

anaerobic process stability. 0.30 is the value considers as the threshold of instability; this value was lower in both 

cases. It was also interesting the VSS concentration decrease when both wastes were fed, although the decrease was 

10% higher for the untreated vinasse (Figure 2). As the inoculum adaptation period was appropriate, this marked 

VSS reduction could be attributed to higher phenols accumulation in the reactors loaded with untreated vinasse, 

which produces cellular death. 
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FIGURE 1     Variation of phenol reduction percentage and BOD/COD ratio with ozonation time.     
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FIGURE 2     Evolution of VSS reduction percentage with the anaerobic digestion treatment.     

  

 

Load (g COD)

0 1 2 3

r
C

H
4

 (
m

L
 C

H
4

/g
 V

S
S

·d
)

50

100

150

200

250

Vinasse

Vinasse pretreated with Ozone

2
r 0,9844====

2
r 0,9954====

 
FIGURE 3   Untreated and pre-treated vinasses specific methane production rate.    

 

 For organic loading rates ranging from 1.00 to 3.00 g COD/L·d, the methane yield remained relatively 

stable around 0.25 L CH4/g COD added for untreated vinasses and 0.28 L CH4/g COD added for pre-treated 

vinasses, measured at 0ºC and 1 atm in both cases. Moreover, Figure 3 shows the specific methane production rate 

obtained with pre-treated vinasse, which was found to be 43.85 mL CH4/g VSS·g COD·d, while it was 30.78 mL 
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CH4/g VSS·g COD·d without pre-treatment in spite of the COD removal was around 80% in both cases. Authors 

described this positive effect over the kinetics (Borja et al., 1995).   

 

4 CONCLUSIONS 

Vinasse chemical characterisation shows values in the rage of 60,000-70,000 mg COD/L, being approximately 40-

50% aerobically biodegradable (BOD5). A short oxidation pre-treatment with ozone produced a decrease in phenols 

concentration that, although just supposed a light reduction of total organic carbon, increased the aerobic and 

anaerobic biodegradability and the biodegradation rate.  

 The methane production increase, which is a useful product due to its caloric power (Lower Caloric 

Power): 35,793 kJ/m
3
, equivalent to 9.96 kWh/m

3
. This fact together with the enhancement of the biodegradability 

ratio justifies the advantage of carrying out the pre-treatment. Treated wastewater contains less non biodegradable 

organic compounds, minimizing the necessity of applying a post-treatment to fulfill the environmental legislation. 

The main consequence of the degradation rate increase is the reduction of the anaerobic reactor volume, with the 

consequent investment reduction.  

 So important as obtaining the highest yield is to carry out the anaerobic digestion under stable conditions. 

In that sense, pre-treated vinasses have maintained the stability representative variables more than untreated 

vinasses.  

 In conclusion, the results were found to depend on the pre-treatment, being the anaerobic digestion 

process more adequate after ozonation. 
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1 INTRODUCTION 

Liquid biofuels are a growing resource of great interest and are complementary to petrol–based fuel. Biodiesel is an 

environmentally friendly liquid fuel that can be used in any diesel engine without any modifications. In addition, it 

is less contaminating and of a more renewable nature than conventional petroleum diesel fuel. Biodiesel is defined, 

according to The American Society for Testing and Materials (ASTM), as monoalkyl esters of long chain fatty acids 

(FAME) derived from a renewable lipid feedstock, such as vegetable oil or animal fat (Zhang et al. 2003).  

 Nowadays, the searching of alternative vegetable oily raw materials to product biodiesel has redirected 

the research towards animal fats. The shortage of the conventional raw materials has conducted to think the perfect 

raw material will be an animal fatty waste. In biodiesel production, to obtain high quality product at the same time 

good yields, is really important to repay the production costs. As far as their fatty acid compositions are concerned, 

animal fats have certain disadvantages with regard to quality due to the fact that the high saturated fatty acid content 

causes problems in winter operations. On the other hand, the high degree of saturation yields excellent fuel 

properties, specifically with regard to heating value and cetane number (Mittelbach et al. 2004).  

Residual or reused lard fat contains mainly triglycerides although it is frequently to found free fatty acids (FFA), 

solids and diminished compounds as polar-compounds due to the previous utilisation. Due to the high acid value, 

the fat needs pre-treatment for alkaline transesterification. If the FFA level exceeds 0.5 wt.%, saponification hinders 

separation of the ester from glycerine and reduces the yield and formation rate of FAME because of alkaline catalyst 

consumption (Berrios et al. 2007; Canakci et al. 2001). So if FFA esterification is carried out with methanol and acid 

catalyst to obtain FAME, the final yield will be slightly increased. A factorial design of experiments has been 

applied because it allows the simultaneous consideration of many variables at different levels and the interactions 

between those variables, using a smaller number of observations than conventional procedures. This technique has 

several advantages and has been used extensively to develop different transesterification processes (Da Lima et al. 

2006; Vicente et al. 2007). 

 Because FAME cannot be classified as biodiesel until the EN 14214 Standard specifications (2008) are 

met, the purification stage is essential. The purity level of the biodiesel has a strong effect on fuel properties and on 

engine life. The most common process of purification is water washing.  

 The aim of this work has been the utilisation of residual lard fat as new raw material in biodiesel 

production. Subsidiary objectives have been optimizing some reaction conditions in the two used process: 

esterification and transesterification.  

 

2 MATERIALS AND METHODS  

The raw material used in this paper was residual lard fat, with an acid value of 3.144 mg KOH·g
-1

 oil. Table 1 shows 

the most important characteristics of this residue, after water washing and centrifugation. 99.5% pure methanol, 

sulphuric acid (95-98% purity) and potassium hydroxide (85% purity) used as catalyst for esterification and 

transesterification respectively, were purchased from Alcoholes del Sur, S.A. (Spain) and Panreac (Spain), 

respectively. The gas chromatography reference standards were obtained from Fluka (Sweden). All the 

determinations were made with a method in accordance with the requirements from EN 14214 Standard (2008).  

The experimental set-up used for esterification and transesterification were identical to that previously employed in 

other papers (Berrios et al. 2007; Berrios et al. 2010), which allow to control agitation speed and temperature. In 

addition, pressure can be controlled in esterification reactor. 

 In previous studies (Berrios et al. 2007; Zhang et al. 2003) similar esterification conditions were reported. 

Esterification tests were carried out at 600 rpm, with H2SO4 as the acid catalyst at a concentration of 5 wt.% 
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(relative to total acidity as oleic acid), using a methanol/oleic acid mole ratio of 60:1 and two different temperatures 

(60 and 80 ºC). The reaction development was checked by the acid value determination (EN 14214, 2008) in 

samples taken from the reactor at several intervals.  

  The transesterification conditions were taken from the background literature (Darnoko et al. 2000; 

Tomasevic et al. 2003). Transesterification tests were carried out at 60ºC, with a methanol/oil mole ratio of 6:1, 

several agitation speeds (from 400 to 800 rpm) and three alkaline catalyst concentrations (KOH) of 0.6, 0.9 and 1.2 

wt.%. The transesterification development was checked by the determination of the content of methyl esters (EN 

14214, 2008) in samples taken from the reactor at several intervals. 

The purification stage was performed with water washing (2 extraction steps with tap water at 10 wt.%) in order to 

fulfil the requirements of EN 14214 Standard (2008). 

 A factorial design of experiments was applied to find out the influence of the operational conditions of the 

transesterification process. The experimental design applied to this study was a full 3
2
 factorial design (two factors 

each at three levels). The response selected was the FAME concentration (C, % m/m) at 20 minutes. The factors 

were selected according to the background literature (Berrios et al. 2007; Vicente et al. 2007), the chemistry of the 

system and previous studies. The factors chosen were agitation speed (revolutions per minute, rpm) and catalyst 

concentration (% wt). Factor levels were chosen by considering the operational limits of the experimental set-up and 

preliminary tests.  Experiments were run at random to minimize errors due to possible systematic trends in the 

variables (Vicente et al. 2007). The experiments were carried out in duplicate for experimental error estimation. The 

use of analysis and factorial design of experiments allowed us to express the FAME concentration as a polynomial 

model. 

 

TABLE 1 Chemical analysis of residual lard fat 

Tests Results (wt.%) Tests Results (wt.%) Tests Results (wt.%) 

Ash content 0.17 Monoglycerides 0.11 Triglycerides 84.82 

Moisture 1.24 Diglycerides 4.76 Others 7.32 

Free fatty acids (FFA) 1.58     

 

3 RESULTS AND DISCUSSION  

3.1 Esterification  

The elimination of FFAs relies on the well-known esterification reaction:  

R1-COOH + R2-OH    R1-COO-R2 + H2O 

which is catalysed by acids. In this work, R1 was a linear chain of 13–23 carbon atoms containing a variable number 

of unsaturations depending on the particular origin of the raw material, and R2 was a methyl radical.  

This reaction is heterogeneous (methanol is non-soluble in residual lard fat), so it requires agitation in 

order to avoid mass transfer taking control of the process. In this work, a speed of 600 rpm was used to examine the 

influence of the temperature on the conversion of FFA to FAME, because this value was found to have no further 

effect on the reaction rate in previous research (Berrios et al. 2007).  

The methanol/oleic acid mole ratio was set at 60:1 and the H2SO4 concentration was 5 wt.% as was 

checked in previous research. Figure 1 shows the removal of free fatty acids versus time. It was found that the 

reaction rate increased when the temperature rose. In all the tests, the equilibrium of the reaction was observed. The 

temperature increase caused the decrease of oil viscosity, improving the contact between reactants. The reaction 

time to obtain oil, with an acid value below 1 mg KOH·g
-1

 oil (FFA level of 0.5 wt.%) was reduced considerably. 

These improvements were possible thanks to the characteristics of the experimental set-up. Similar results were 

obtained at different temperatures. But the reaction time was reduced from 2 hours to 1 hour when temperature was 

increased from 60 to 80 ºC.  

Table 2 shows some chemical characteristics of esterified residual lard fat, where it can be observed that 

the triglyceride content did not show any significant variation because the formation of FAME from triglycerides in 

the esterification reaction is slower than in the transesterification step. Thus, diglycerides and monoglycerides 

appeared from the breakage of triglycerides. However, the fatty acid content decreased up to the recommended 

value in the background literature. 
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FIGURE1 Removal of free fatty acids versus time  

 

TABLE 2 Characterization of esterified residual lard fat 

Tests Results (wt.%) Tests Results (wt.%) Tests Results (wt.%) 

Moisture 0.85 Monoglycerides 1.65 Triglycerides 81.02 

FFA 0.13 Diglycerides 5.87 Others 5.58 

FAME 4.90     

 

3.2 Transesterification 

To choose the adequate response in the factorial design, several tests were carried out with different levels of 

catalyst concentration and agitation speed. In all the experiments, atmospheric pressure and a temperature of 60ºC 

were used for economic and technical reasons. A methanol lard mole ratio of 6:1 was selected according to the 

background literature (Darnoko et al. 2000; Tomasevic et al. 2003). The reaction time for all the experiments was 1 

hour in order to observe when the FAME concentration was approximately constant. In this way, the selected 

response was FAME concentration at 20 minutes as can be observed in Figure 2.  
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FIGURE1 FAME concentration versus time  

 The response was fitted to the factors through a general linear model (GLM). In the GLM, the following 

expression was obtained:  

conc conc conc
FAME = 78.068 + 0.007 g Agitation speed + 8.653 g Catalyst - 0.003 gAgitation speedg Catalyst Eq.(1)  

Statistical analysis of the experimental range studied shows the catalyst concentration as the most important 

factor in the response. The agitation speed also has an influence. Both of them have a positive influence. The 

interaction between them is not very significant but has a negative influence (see Eq. (1)). In this way, the FAME 

concentration increases when the values of these variables increase. However, from 600 rpm and 0.9% wt KOH, the 

improvement does not justify more catalyst and energy consumption.  
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Biodiesel purification was run by liquid-liquid extraction at 2 steps and 10 wt.% tap water and drying 

under vacuum, obtaining a high quality final product. Anaerobic co-digestion has been proposed as a viable option 

to valorise the glycerol and the generated wastewater. Table 3 shows the characterization of the final product.  

 

TABLE 3 Characterization of the final product 

Tests Results EN 14214 

Acid value (mg KOH·g
-1

 oil) 0.216 <0.500 

Density at 25 ºC (g·cm
-3

) 0.871 0.860-0.900 

Kinematic viscosity at 40 ºC (mm
2
·s

-1
) 4.89 3.50-5.00 

FAME content (wt.%) 89.3 >96.5 

Linolenic acid methyl ester content (wt.%) 0.5 <12.0 

Water content (mg·kg
-1

) 463 <500 

Triglyceride content (wt.%) 0.05 <0.20 

Diglyceride content (wt.%) 0.24 <0.20 

Monoglyceride content (wt.%) 0.67 <0.80 

 

4 CONCLUSIONS  

The most suitable conditions to produce biodiesel from residual lard fat were: pre-treatment of esterification with 

600 rpm, 80 ºC, 5 wt.% H2SO4 and 60:1 methanol/oleic acid mole ratio and  transesterification at 60ºC, 6:1 

methanol – lard mole ratio, 600 rpm and 0.9% wt KOH. Although the product was not fulfilled all the requirements 

of EN 14214 Standard, it could be an interesting way to treat an environmental residue.  
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1 INTRODUCTION  

Background: Co-digestion is defined as the anaerobic treatment of a mixture of at least two different waste types. 

Different feedstock types can provide more biogas than the sum of the two or less, which can be due to a range of 

factors some are known such as C:N ratio. Therefore we need to establish the best blend in order to maximise 

methane production and economic output. 

Research objectives: Currently, most full-scale biogas plants are co-digestion livestock slurry and 

other biomass material in Europe. A main research topic for co-digestion is to achieve the maximum methane 

volume from a biogas plant. Various factors affect methane productivity these include pre-treatment of the 

feedstock, microbial biomass activity, the C:N ratio, pH, volatile fatty acids (VFAs), chemical parameters of 

biomass substrates and dry matter. This study investigated how to optimise biogas production through an improved 

hydrolysis procedure by establishing the best blend in order to maximise methane production. 

           

2 MATERIALS AND METHODS 

2.1 Bioreactor reactors 

Ten bench-scale bioreactors were constructed from 5 L glass culture vessels (Fig 1). A 48 cm· 6 mm diameter 

stainless steel tube is bent in a gentle J-shape with a bend of 30
0
 from the vertical over the lower 15 cm of its length 

and any sharp edges are removed from the lower end by grinding. The bent length of the stir rod is lightly coated 

with silicone grease and inserted into a 38 cm length of 12.5 mm ID · 17 mm OD flexible plastic tubing, which is 

sealed at the end with a 14/18 neoprene bung. The open end of the tubing is inserted through a 19/26 hole in the 

center of the reactor lid such that it flush with the top of the lid's central port, with the steel rod extending 11 cm 

above the tubing. The protruding rod is coupled to a 60-rpm motor (W.W. Grainger, Inc., Lake Forest, IL). Gas is 

collected and measured by water displacement in a calibrated, inverted cans. (Wilkie et al 2004) 

2.2  Analysis 

Hydrolysis was monitored by total sugar estimations by phenol-sulfuric assay (Dubois, 1956) and VFAs. VFAs 

were analyzed with Thermo Electron High Performance Liquid Chromatography HPLC using a Bio Rod Column 

(125-0115). H2SO4 (1mM) was used as a mobile phase with a flow rate of 0.5mL/min.  The detection was carried 

out at ambient temperatures with a diode array UV detector at 220nm. 

2.3 Methods 

We monitored the hydrolysis of pig feed, grass silage, maize, and wheat straw using the Taguchi factorial designed 

experiment to establish the optimum conditions and to understand the effect of individual factors. We studied six 

parameters which were pre-treatment, fermentation temperature, substrate concentration, mixing, enzymes and 

inoculum volume. Three sets of experiments to understand pre-treatments of heating the substrate at 70
0
C, a mix of 

enzymes and the effect of the fermentation parameters on biogas production. Set 1 experiment with grass silage was 

performed to understand the effect of pre-treatments and fermentation conditions of temperature and inoculum load.  

Set 2 experiments was to understand the effect of pre-treatments of different substrates in co-digestion and set 3 

experiments was to understand the effect of pre-treatments with variation in substrate to livestock slurry ratio in co-

digestion (Table 1). 

Samples from the bioreactors were monitored for sugars and VFAs content and their effect on biogas 

production for all three sets of experiments. Standard methods were used to determine, biogas composition, C:N 

ratio, pH and other chemical parameters. Xylanase and cellulose enzymes were used as per manufacturer 

(Biocatalysts, UK) instructions. Inoculum was collected from a commercial biogas plant (Holsworthy, Devon, UK).  
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Biogas production was used to assess the effectiveness of hydrolysis and a Crowcon Triple plus InfraRed 

gas detector was used to measure the percentage of methane, CO2 and hydrogen. Biogas production was measured 

by water displacement. Pig feed, grass silage, wheat straw and maize were procured from local farms in Devon, UK. 

Pig feed was (wheat 4.44%, wheat feed 16%, barley, sunflower fibre, and rape extract) procured from Crediton 

Milling Co Ltd, Crediton, Devon, UK. Grass silage from North Wyke farm contained grasses, Lolium perenne, 

Holcus lanatus,Phleum pratense, and Poa trivialis mix. The chemical composition of grass silage was sugars as 

sucrose 5.44%, Neutral Detergent Fibre (NDF) 54.6%, Acid Detergent Lignin (ADL) 10.64%, Crude Firbe (CF) 

28.3% and Protein 10.7%. 

 
FIGURE 1  Schematic of small scale bioreactor  

 

3 RESULTS AND DISCUSSION 

3.1 Biogas production with different substrates  

Different fermentation experiments were performed using a factorial design using cattle slurry (CS), grass silage, 

maize, wheat straw and pig feed (Table 1). Different parameters were varied in the co-digestion experiments in 

order to evaluate the effect of temperature as well as using two pre-treatments i.e heat treatments at 70
0
C and 

enzymatic additions.  The samples from bioreactors were analysed to determine total and volatile solids, total 

carbohydrates and VFA content during fermentation (Table 2). 

 Notable results were that the maize silage with CS gave the maximum biogas yield in the co-digestion 

experiments with up to 4.90 l/day. Also pretreatment influenced substrate biodegradation and methane potential and 

temperature and continuous mixing were factors that influenced biogas production. Propionic acid accumulation 

occurred with all the substrates during the methanogenesis stage and acetic acid accumulation occurred during the 

hydrolysis stage and iso- butyric acid accumulated at the end of both fermentations. 
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TABLE 1 Biogas production as a measure of hydrolysis for different experimental designs 

 enzyme mix Stirring and inoculum Biogas production (l/day) 

(set 1 without CS) 

Grass  +70
0
Cpre treatment 

 

 

200mg xylanase+2ml 

Cellulase, 30 
0
C  

 

continuous stirring and 

low inoculum 

  

2.90 

Grass +70
0
Cpre treatment 

 

Grass +70
0
Cpre treatment 

 

Grass +70
0
Cpre treatment 

 

Cattle slurry  

 

Co-digestion (set 2 with 

cattle slurry  2.1L) 

+70
0
C pre treatment in all 

experiments. 

50mg enzyme, 45 
0
C 

 

200mg xylanase+2ml 

Cellulase, 30 
0
C, 

200mg xylanase+2ml 

Cellulase, 30 
0
C, 

200mg xylanase+2ml 

Cellulase, 45 
0
C 

 

continuous stirring and 

high inoculum 

continuous stirring and 

high inoculum 

on and off stirring and 

high inoculum 

continuous stirring and 

high inoculum 

 

 2.30 

 

                   2.70 

 

                   0.80 

 

                   1.50 

 

Pig feed  

 

Pig feed  

 

Maize 

 

Maize 

 

Grass 

 

Grass 

 

Wheat straw 

 

 

Co-digestion and 

Substrate variation in 

dry wt (25%DM) (set 3) 

+70
0
C pre treatment in all 

experiments  

Grass silage  

 

 

 

Maize 

200mg xylanase+2ml 

Cellulase, 45 
0
C 

With out enzyme at 45 0C 

 

200mg xylanase+2ml 

Cellulase, 45 
0
C 

With out enzyme at 45 
0
C 

 

200mg xylanase+2ml 

Cellulase, 45 
0
C 

With out enzyme at 45 
0
C 

 

200mg  xylanase+2ml 

Cellulase, 35 
0
C 

 

 

 

 

 

 

42g +CS 2.5l at 40
0
C 

83g +CS 2.1l at 40
0
C 

97g +CS 1.9l at 40
0
C 

 

45g +CS 2.5l at 40
0
C 

90g +CS 2.1l at 40
0
C 

105g +CS 1.9l at 40
0
C 

continuous stirring and 

high inoculum 

continuous stirring and  

high inoculum 

continuous stirring and 

high inoculum  

continuous stirring and 

high inoculum 

continuous stirring and 

high inoculum 

continuous stirring and 

high inoculum 

continuous stirring and 

high inoculum 

 

 

 

 

 

 

continuous stirring  

continuous stirring 

continuous stirring 

 

continuous stirring 

 continuous stirring 

 continuous stirring   

                   3.00 

 

                   3.10 

                    

                   3.20 

 

                   3.25 

 

                   1.50 

 

                   2.10 

                    

                   2.50 

 

 

 

                   

 

                    

                    

                   3.00    

                   3.40 

                   3.40 

 

                   4.00 

                   4.20 

                   4.90 

 

3.2 Effect of pre-treatment and fermentation parameters on hydrolysis and biogas 

production. 

In set 1 experiments contribution to the optimum conditions for grass silage hydrolysis was identified by 

methanogenesis as follows; (Significant levels at their levels given in %) Temp 20% (at 45 
0
C), Enzyme 28.8% 

(high enzyme concentration, 200mg xylanase+2ml Cellulase), inoculum 51% (high inoculum, 1 L), to give the 

maximum biogas production of 2.9Ld
-1

. An on and off stirring sequence for the hydrolysis stage reduced hydrolysis 

as perceived by the subsequent biogas production.  
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Set 2 and 3 experiments investigated the effect of variation of substrate/CS ratio on hydrolysis. Higher biogas 

production occurred with an increase in the substrate from 40 to 100g of grass silage. 

The reducing sugars concentration was high during the hydrolysis stage with a concentration range 

between 300 to 800 µg.ml
-1

 and during the fermentation stage between 155- 200 µg.ml
-1

. At the end of the 

fermentation reducing sugars were below 160 µg.ml
-1

. VFAs also shown a different trend during the  hydrolysis and 

fermentation stage Acetic acid was higher during the hydrolysis stage and propionic acid  was present during the 

hydrolysis and fermentation stage between 17mM to 72mM (Table 2). N-butyric acid was high during hydrolysis 

and iso-butyric acid was present at the end of fermentations. During the hydrolysis stage pH varied between 5.0 to 

7.0 while during the methanogenesis fermentation the pH was between 7.4 and 7.8. 

Biogas production was high with maize as a co-digestion substrate compared to other substrates. In co-

digestion experiments with maize more than 3.0L/day of biogas was produced. Methane concentration varied 

between 40-60% in biogas produced during the co-digestion experiments.   

 

TABLE 2 Biogas production and analysis of reactor contents during fermentation  experiments 

Substrate Biogas (l/day) Sugars µg/ml (day 3) Acetic acid (day 2) and 

propionic acid in mM 

concentration   (day 5) 

Pig feed + CS 

Maize +CS 

Grass + CS 

Wheat straw + CS 

Cow CS     

3.000                                                            

3.250                                              

2.100 

2.500 

1.400 

                  222       

                  273 

                  250 

                  270 

                  288 

            6.1 and  34.20     

          16.0 and  32.54 

          10.7 and  32.84 

          7.82  and 72.80 

            5.0 and 17.00 

 

4 CONCLUSIONS 

More complex understanding of biogas production was derived by these multiparameter experiments conducted to 

evaluate the effect of pre-treatment using heat and enzymes mixtures on hydrolysis of biomass as measured by the 

effects on biogas production. Main conclusions were: 

− A 70 
0
C pre-treatment increased hydrolysis with a mixture of enzymes for substrates containing grass silage.  

− Continuous stirring was necessary for hydrolysis as switching the stirring on and off reduced hydrolysis.  

− Additions of enzymes in co-digestion experiments had little effect on the hydrolysis of grass silage and 

biogas production.  

− Co-fermentation…, positive effect compared to single or not ? or inhibition? How we can find best blend? 

− High vs. low inoculum… 
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1 INTRODUCTION 

Flax is one of the oldest crops grown in Latvia. This crop gives dual-purpose production – fibre and seeds. The flax 

industry is very important for the development of the Latvian economy, because from the flax fibres, seeds and oil 

cakes are produced, which have a very broad range of applications. Oil is produced from flax seed, the most 

valuable stalk product – fibre – is produced from the peel of fibre bundles, while 35% of wood-pulp is used to 

produce the shove. Shove is an excellent fuel; the calorific value is higher than that of wood biomass. The shoves 

are used for heating the flax processing factory in Kraslava. The factory has bought the press for producing shove 

briquettes and pellets and is planning to export them to European countries, where they are demanded. 

In 2005, The Agricultural Science Center of Latgale evaluated 61 flax varieties, and in 2007-2008 even 

more. Several qualitative and quantitative traits, such as technical plant height, resistance to lodging, vegetation 

period, yield of straw and seeds, bast fibre, oil content and quality were evaluated. Flax fibre is second only to 

cotton in textile industry and is one of the most specific and durable plant fibres. Fibre quantity and quality depend 

on the stem and the morphology (Berglund, 2002). 

The quantitative evaluation of repatriated flax varieties of Latvian origin made in previous years showed 

that the use of local genetic resources which were created in the first half of last century for both fibre and seed 

production and distribution of certain genotypes would be prospective for long fibre flax breeding and linseed 

breeding (Stramkale, 2003). The research of the previous years found out that the technical height of the plants is the 

main criterion when taking a sample to determine the content of the flax long fibre. The difference between plant’s 

height and length determines the compact of the inflorescences, which is essential for flax lodging resistance and 

suitability for mechanical harvesting. Flax rapid growth phase is characterized by a fast (3-5 cm per day) growth in 

length. The growth of plants stops in the flowering phase completely, when the pod begins to form. The outcome of 

long fibre determines the technical height of the plant (Ivanov et al., 2001). The best fibre is gained from flax, whose 

technical height is 60 cm, but inflorescence does not exceed 10-12 cm. The fibre is formed mainly in the flax rapid 

growth phase during the formation of buds and stalk. Better quality of fibres is obtained from the stems, where 

bundles are flat and compactly placed (Ivanov et al., 2001).  

For the further development of Latvian economy, flax varieties and breeding lines of Latvian origin are an 

important role. Flax resistance against diseases, flax with good fibre and quality of seed in Latvian climatic 

conditions can be widely used for the manufacture of fabrics, linseed oil extraction, pharmaceutical, paper industry, 

construction, motor factory, and elsewhere (Liepiņa, 2006). It is therefore very important to grow and retain the best 

of genetic resources of Latvian origin and create new varieties of flax, which are ecologically flexible and adapted to 

local agro-climatic conditions and will be identified for specific uses. 

2 MATERIALS AND METHODS  

This investigation evaluated 72 flax varieties and 20 breeding lines using a random block design with three 

replications). Comparisons were made against the standard fibre flax variety ‘Vega 2’.  

Agriculturally important traits, such as technical stem length, resistance to lodging, duration of vegetation 

period, yield of straw and seeds, fibre and oil content were evaluated. Degree of lodging was scored on a 10 point 

system. The agricultural characteristic of soil at the site were sod podzolic sand loam with pH 6.4-7.0, phosphorus 

content P2O5 – 130-145 mg kg
-1

 and potassium content K2O –118-124 mg kg
-1

 soil. In the spring after first soil 

cultivation the complex mineral fertilizers NPK 6-26-30 (300 kg ha
-1

) were applied. Seeds were sown in May 

manually, at a seed rate of 170 seeds m
-1

. The distance between rows was 10 cm, sowing depth 2-3 cm. In the “fir 

tree” phase of the flax development N fertilizers at rate 15 g m
-2

 were applied. Flax accessions were harvested in 

early yellow ripening phase. When the flax was dry, flax was trashed with ‘Eddi’. Flax straw yield was measured in 
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g m
-2

. Seeds were cleaned with sample cleaner; the yield of seed was established and then re-calculated to the 

weight of 100 % purity and 9 % humidity. Oil content was determined by grain analyzer Infratec 1241tm with a 

special built-in machine for flax oil content. 

3 RESULTS AND DISCUSSION 

Seed yield depends on the boll number per 1 plant, seed number in the capsule and 1000 seed weight. Amount of 

pods per plant depends on the meteorological conditions during the florescence. When the flower opens, the anthers 

open, and fertilization happens. If during the plant florescence rainfall exceeds the optimum, only part fertilization 

occurs and it affects pistil development, thereby reducing the number of pods per plant.  

In 2007-2009 the duration of the vegetation period was determined for 92 flax accessions. Summarizing 

results after a vegetation period, flax accessions were divided in 2 groups: the early ones (vegetation period 75-80 

days (75 accessions) and for the serotinous accessions vegetation period was 86 days (17 accessions). 

In 2007-2009 total height of flax plants was a 51.5-87.2 cm. Plants of fibre flax variety '115' had the best 

technical stem length (52.3 cm), and plants of breeding lines 'L23-26/3' and 'T 11-13/3-1' had even higher technical 

stem length – 63.7 cm and 64.8 cm, respectively (Figure 1). The highest technical stem length was in 2009. The flax 

accessions 'T 11-13/3-1' and 'L23-26 / 3' technical stem length was > 60 cm. 
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FIGURE 1 The technical stem length (cm) of flax accession in 2007-2009. 

Names of accessions: 1 - 'Blue di Riga'; 2 - '115 ', 3 -' Osupe '4 – ' Rigar B ', 5 - 'LIN 748/82', 6 - 'S-53/8-3', 7 - 'T-

29-36/7-1'; 8 - 'T 11-13/3-1', 9 - ' L23-26 / 3 '; 10 -' L19-6 / 5 ', 11 - ' Vega 2 '( LSD05= 1,5)  
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FIGURE 2  The yield of straw g m 
-2

 

Names of accessions: 1 - 'Vega 2'; 2 - 'Blue di Riga'; 3 - 'Priekulu 665'; 4 - 'Riga Freis'; 5 - 'Osupes 30'; 6 - 'Vietejais 

1'; 7 - 'Rigaer LIN 748/82' ; 8 - 'S-53/8-3-93'; 9 - 'S-64-17-93'; 10 - 'L11-11/11-94'; 11 - 'L19 - 6 / 15', 12 - 'T-36-

26/4-8-94' ( LSD05= 25,5). 
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Standard variety 'Vega 2' produced a straw yield of 660 g m
-2 

in 2007.
 
In this year the standard was 

exceeded only by 'S-64-17-93' with a straw yield of 750 g m
-2

 and by accession 'L11-11/11-94' with a straw yield of 

703 g m
-2

. A highest yield of straw in 2008 was obtained from the plants of varieties 'Priekulu 665' and 'Osupes 30'. 

The highest straw yield in 2009 was obtained from the flax variety  'Priekulu 665' – 753 g m
-2 

and breeding line 'T-

36-26/4-8-94' – 837 g m
-2 

(Figure 2). In Latvian circumstances fibre flax can produce straw yields of 3.3 –7.5 t ha 
-1

. 

Seed yield depends on many factors: amount of capsules from one plant, amount of seeds in a capsule and 

1000 seed weight. In 2007-2009 the seeds of good quality from 54 accessions (59 % of all tested accessions) were 

obtained. These accessions had a higher seed yield than the standard 'Vega 2'.  

In 2007 the highest yield of seed was obtained from plants of varieties 'Blue di Riga' – 182.3 g m
-2 

and 

'Riga Freis' – 183.5 g m
-2

, in 2008 – from 'Osupes 30' (Figure 3). In 2009 the best yield of seed was obtained from 

varieties 'Priekulu 665' – 300.6 g m
-2

, 'Osupes 30' – 353.1 g m
-2

, 'Blue di Riga' – 250.3 g m
-2

. In 2009 yield of seed 

was 1.7-3.0 t ha
-1

. On average over three years, the best yield of seed was obtained from the fibre flax varieties 'Blue 

di Riga', 'Priekulu 665' and 'Riga Freis'. 
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FIGURE 3  The yield of seed, g m 
-2

 

Names of accessions: 1 - 'Vega 2'; 2 - 'Blue di Riga'; 3 - 'Priekulu 665'; 4 - 'Riga Freis'; 5 - 'Osupes 30'; 6 - 'Vietejais 

1'; 7 - 'Rigaer LIN 748/82' ; 8 - 'S-53/8-3-93'; 9 - 'S-64-17-93'; 10 - 'L11-11/11-94'; 11 - 'L19 - 6 / 15', 12 - 'T-36-

26/4-8-94' ( LSD05= 6,5). 

 

In 2007-2008 fibre content of the Latvian repatriated flax was from 26.1 to 34.1%, and for 20 accessions 

it was higher than that of the standard. In 2007 the best content of fibre was found in fibre flax varieties 'Blue di 

Riga' – 31.2 %, '55833' – 30.9 % and accession 'S-53/8-3-93' –27.8 % 'S-64-17-93' – 27.8 % and 'L23-26/3-97' – 

27.9 %. In 2008 the best content of fibre was found in fibre flax varieties 'Blue di Riga' – 29.5 % and accession 'S-

53/8-3-93' – 32.5 %. In 2009 the best content of fibre was found in fibre flax varieties 'VN1'– 36.1%,  '5581'– 35.8 

% and accession 'T36-26/4-8' – 33.3 %, 'L23-26/3-97' – 32.0 %. In 2009 the best content of fibre accessions was 

found 31.1-40.5%, while the best fibre content of the standard 'Vega 2' was 31.5 %. This index was exceeded by 63 

accessions (68 % of all tested accessions). Higher fibre content can be obtained from the varieties 'Blue di Riga', and 

accessions 'T-36-26/4-8-94' and 'L-26 -47/1 -97'. 

The seeds of flax are rich in lipids (33-45%), protein (18-33%), fibre substance (28-35%), mineral 

elements (~4%) and vitamins (Stramkale et al., 2008). Oil content in seeds depends on variety. In 2007-2008 oil 

content in varieties of fibre flax reared in Latvia was 40.6-44.0%. The results of our investigation show, that fibre 

flax variety of 'Rigaer LIN 748/82' and breeding lines 'T 36-26/4-8-94' and 'L-19/15 -97' had the highest oil content 

(Fig.4).  
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FIGURE 4  Relative oil content (%) and fibre content. 

Names of accessions: 1 - 'Vega 2'; 2 - 'Blue di Riga'; 3 - 'Priekulu 665'; 4 - 'Riga Freis'; 5 - 'Osupes 30'; 6 - 'Vietējais 

1'; 7 - 'Rigaer LIN 748/82' ; 8 - 'S-53/8-3-93'; 9 - 'S-64-17-93'; 10 - 'L11-11/11-94'; 11 - 'L19 - 6 / 15', 12 - 'T-36-

26/4-8-94'( LSD05= 0,5). 

 

Flax with lower fibre content or quality can get a higher wood content. Latvian flax accessions consist of 

60-76.9% of wood. From the flax variety 'Rigaer LIN 748/82' we can get a straw yield of 393 g m
-2

, but the fibre 

content is only 22.7% and the content of wood is 77.3%. The fiber content is low in the plants of variety 'Altgauzen 

12×80', but content of the wood leavings is higher – 79.3%.  

 

4 CONCLUSIONS 

Latvian fibre flax can be used for the production of a fabric or a technical fibre and flax shoves and granules of the 

straws can be used as an insulation material in the production or heating, also as a fuel material. After assessment of 

fibre parameters the best fibre flax varieties were 'N 115', 'Osupes 30', 'Rigar B' and two breeding lines: ' L19-6 /5 ' 

and 'T 11 -13/3-1'. The total height of fibre flax was 51.5-87.2 cm, but the best technical stem length in 2009 was 'T 

11-13/3-1', 9 - ' L23-26 / 3 '; while the cork and wood content of the flax accessions were quite different. The 

average of three years showed, that some accessions exceeded the standard variety in straw yield Vega 2 – 586 g m
-

2
, ‘Osupes 30' – 628 g m

-2
, 'S-64-17-93' – 649 g m

-2
, 'L11-11/11-94' – 602 g m

-2
, 'L19 – 6/15' – 620 g m

-2
 'T-36-26/4-

8-94' – 656 g m
-2

. Some flax varieties and accessions with the lowest fibre content and quality could be used as a 

fuel material. Flax accessions 'Blue di Riga', 'Riga Freis', 'Rigaer LIN 748/82' and 'T-36-26/4-8-94' preferably used 

for obtaining the technical oil, bat flax accessions S-53/8-3-93'; 9 - 'S-64-17-93' – for the fibre and flax variety 

'Altgauzen 12×80’used for the obtained shove. 
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1 INTRODUCTION  

Anaerobic digestion is a widely used technology for the treatment of organic wastes. This process is accomplished 

through four stages: hydrolysis, acidogenesis, acetogenesis and methanogenesis. In anaerobic digestion of solid 

wastes, biological hydrolysis stage has been identified as the rate-limiting step of the process. In this sense, several 

pretreatments (thermochemical, biological and ultrasonic) of OFMSW (organic fraction of municipal solid waste) 

have been proved to reduce this process limitation through enhancing hydrolysis rate. It has been reported than all of 

them are able to accelerate the solubilization (and consequently hydrolysis) of organic matter in solid wastes or 

sludges.  

 Thermochemical pretreatments has been studied to improve the anaerobic digestibility since the 

application of extreme conditions (high temperatures, pressures and NaOH dosage) can achieve the solubilization of 

organic matter from MSW (Fernández-Güelfo, L.A., 2008). Besides, a serial of biological pretreatments have been 

tested to increase the organic matter solubilization (De Vicente, A., 2009) using the following biological agents: 

compost (mature and raw), a fungus as Aspergillus awamori, MSW native microbiota and activated sludge from 

WWTP. New this research topic, ultrasonic pretreatment have been also used to increase the organic matter 

solubilization of MSW. 

 The objective of this study was to determine and to compare the efficiency of three pretreatments 

(thermochemical, biological and ultrasonic) for organic matter solubilization from OFMSW. 

 

2 MATERIALS AND METHODS 

2.1 Materials 

OFMSW and compost were collected from an industrial MSW treatment plant (“Las Calandrias” located in Jerez de 

la Frontera at the south of Spain). The original stock of the fungus Aspergillus awamori was provided by the 

research group of Food Engineering and Technology of the Department of Chemical Engineering and Food 

Technology of Cadiz University.  

2.2 Pretreatment of OFMSW 

In thermochemical pre-treatment, the samples of OFMSW were treated within a 160-180ºC temperature range and a 

3.5-6.5 bar pressure range. The OFMSW was diluted with water up to 20% in total solid and was introduced into the 

reactor (until 70% of the total volume). The NaOH was added to reach medium concentrations ranging from 2 to 4 

g/L. The time for pretreatment was 30 minutes. 

For the biological pretreatment, two different series of experiments were carried out. In the first one, the 

biological agents used have been compost, Aspergillus awamori and activated sludge from WWTP (from now on, 

WAS). Inoculation percentages of 1.75%, 2.75% and 5% w/w were tested and the experiments were run at contact 

times of 6, 12, 24 and 48 h. The reactors were equipped with an individual mixing system (13 rpm) and with an 

aeration system. The results obtained in this series of experiments indicates that aeration of the system had a net 

negative effect as pretreatment and hence, it was decided to realize a second test of biological pretreatments 

modifying the operational conditions and including a new biological agent (MSW native microbiota). In this second 

series of experiments, no aeration was applied, contact times used were 6, 12 and 24 h and, finally, agitation was 

intermittent. The assays were carried out in batch reactors and were realised by duplicate. 
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Ultrasonic pretreatment was performed using an Ultrasonic Processors operating at 100 kHz. The 

temperature was maintained at 45ºC during the pretreatment experiments by means a circulating bath. The operation 

pulse was ranged from 1:1 to 9:1 (on:off). The ultrasonic pretreatment has been carried out adding concentrations of 

alkaline agent (NaOH) from 0 to 3.5 g/L. Finally, the operation time was changed in function of the pulse used (20-

60 minutes). 

2.3 Analytical methods 

All analytical determinations were performed in according to Standard Methods of examination of water and 

wastewater (APHA, AWWA, WPCF). The parameters used to characterize samples were: pH, total solid (TS), 

volatile solid (VS), alkalinity, C/N ratio, total volatile fatty acids (total VFA), chemical oxygen demand (COD) and 

dissolved organic carbon (DOC). Samples were collected from the reactor and were filtered through 0.45 µm glass 

fibre filter. 

 

3 RESULTS AND DISCUSSION  

3.1 Analysis of the results 

To determine the most adequate pretreatment for organic matter solubilization from OFMSW, all the parameters 

analyzed have been considered. However, for simplicity, in the next discussion only DOC data have been selected to 

realize the comparison between pretreatment effects, since the others parameters show similar trends.  

 Figure 1 shows the increases obtained in DOC for each pretreatment tested at the best conditions used. 
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FIGURE 1  DOC increases with the different pre-treatments tested. 

 

As can be observed in figure 1, for thermochemical pretreatment, the best temperature is 160ºC, since it 

generates the highest increases in DOC. With respect to the NaOH dosage it can be observed than in all tests 

performed at 160ºC the best results were obtained for 3 g/L. Finally, comparison of the assays realized at 160ºC and 

3 g/L NaOH indicates that the best pressure at the tested values was 6.5 bar. In addition, at the selected conditions 

for these study using thermochemical pretreatment (160ºC, 6.5 bar and 3 g/L NaOH) an increase of DOC of 176 % 

can be reached. 

- 393 -



 Pre-processing of manure and organic waste for energy production  

  

 

Biological pretreatment assays show that it’s possible to differentiate between the results obtained in the 

first serial of experiments from the second one. In the first serial the obtained solubilization yields were negative. A 

possible explanation is that used conditions have further encouraged organic matter removal on hydrolysis.  

In this way, a second series of experiments had been carried out modifying operational conditions (no 

aeration and intermittent mixing) to reduce the metabolic rates and to promote the organic matter solubilization 

versus its consumption. Results obtained in this assays show a maximum increase of DOC of 325 %, when 

Aspergillus awamori have been used as biological agent and the operation time was 24 h with an inoculum 

percentage of 5%.  

For the ultrasonic pretreatment, the solubilization yields are lower than that obtained for thermochemical 

and biological pretreatments. In this point, it is necessary to highlight, that in this pretreatment, efficacy depends on 

the contact between the ultrasonic probe and the sample and, besides, during the process a warming of the probe 

occurs, affecting the efficiency. As can be seen in figure 1, selected conditions for ultrasonic pretreatment, operating 

at 45ºC, were 3 g NaOH/ L, operation time of 20 minutes and pulse 5:1. In these conditions an increase of 56 % of 

DOC has been obtained. 

From the above discussion it can be concluded than biological pretreatment with Aspergillus awamori is 

the best of all tested pretreatments.  

3.2 Design of experiments (DOE) software 

The design of experiments (DOE) consists in a statistical methodology to planning and analysis a series of 

experiments, in order to obtain the maximum information of them. In this study the specific software MODE 9.0 

have been used for applying DOE.  

 

The equation applied by the model is presented below : 

 

R= b0 + b1 x1 + b2 x2 + b3 x3 + b11 x1
2
 + b22 x2

2
 + b3 x3

2
 + b12 x1 x2 + b13 x1 x3 + b23 x2 x3 

 

R= response 

b= model constant 

xn= factors 

 

The aim of this analysis is to obtain a predictive model for the pretreatment when its operative conditions 

are changed. The goodness of model fitting depends on the values obtained for R
2
 related to variation percentage 

explained for the model
 
(should approach 1)

 
and Q

2
 related to variation percentage explained for the model by 

crossed validation
 
(should be greater than 0.5). The values of R

2
 and Q

2
 obtained show a good fitting of the model to 

biological pretreatment results.  

 

TABLE 1 Values of R 
2 
and Q

2
 for the different types of pretreatments used  

Values      Thermochemical Ultrasonic Biological 

R
2
~ 1 0.847 0.870 0.973 

Q
2
 > 0.5 0.562 0.150 0.811 

 

4 CONCLUSIONS  

From the analysis of the results obtained in the different tests realized to select the best pretreatment for organic 

matter solubilization, the following conclusions can be pointed out: 

− For the thermochemical pretreatments, the best tested conditions correspond with a time of operation of 30 

minutes, 160ºC, 6.5 bar and 3 g/L of NaOH. In these conditions increases of organic matter solubilization 

of 176 % of DOC can be reached. 

− In the ultrasonic pretreatment, the best conditions tested, were 45ºC, an operation time of 20 minutes, a pulse 

of 5:1 and 3 g/L NaOH. The rise obtained in these conditions was 56 % of DOC. 

− Finally, for the biological pretreatment, the optimum conditions were obtained with Aspergillus awamori 

with an operation time of 24 h, an inoculation percentage of 5 % (w/w) and no aeration with intermittent 

mixing. In these conditions the maximum organic matter solubilization reached was 325 % of DOC.  
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 In summary, as general conclusion of this work it can be highlighted than the biological pretreatment, 

using Aspergillus awamori as biological agent, is the best of all pretreatments tested for organic matter 

solubilization from OFMSW, reaching increases of DOC as high as 325%, which is double than the best of 

thermochemical and six times than the best ultrasonic pretreatment. 
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1 INTRODUCTION 

Anaerobic digestion is a natural biological process which allows the degradation of organic matter in anoxic, 

temperature and pH conditions by a bacterial consortium and leads to a production of biogas mainly composed of 

carbon dioxide and methane (Appels et al., 2008). This process follows four major steps: hydrolysis, acidogenesis, 

acetogenesis and methanogenesis. The step which is often considered as the rate-limiting step of the overall process 

is the organic matter hydrolysis (Bougrier et al., 2008). In order to improve the methanisation process many 

pretreatments approaches were led on waste, especially on waste activated sludge. The main aim of these 

pretreatments is to solubilise matter and enhance the biodegradability (Mosier et al., 2005; Motter et al., 2009). 

The main obstacle to use lignocellulosic materials for anaerobic digestion is its low digestibility due to 

the close link between their components: cellulose, hemicellulose and lignin. It is well known that lignin content 

significantly impacts enzymatic hydrolysis of lignocellulosic biomass (Mussato et al., 2008). Different authors have 

shown that biomass digestibility is enhanced by decreasing its lignin and/or hemicellulose content (Zhu et al., 

2008;Hendriks and Zeeman, 2008). Therefore pretreatments are necessary to modify lignocellulosic structure, 

solubilize and/or degrade its different components, and improve biomass digestibility at the subsequent enzymatic 

hydrolysis step (Mussato et al., 2008, Rosgaard et al., 2007). 

The different alternatives carried out for lignocellulosic residue pretreatment involve the use of physical, 

chemical, physicochemical and/or biological methods, e.g. steam explosion, hot water extraction (Silverstein et al., 

2007), sulfuric acid, sodium hydroxide, hydrogen peroxide, peracetic acid, ozonolysis (Zhao et al., 2008; Sendich et 

al., 2008), ammonia fiber explosion, AFEX (Teymori et al., 2005; Sun and Chen, 2008) and wet oxidation 

(Rosgaard et al., 2007; Sun and Cheng, 2002). 

The objective of this study is to demonstrate the effects of microwave pretreatments on cellulose, 

lignocellulosic compounds, especially straw as model, and  determine the influence of process parameters on the 

microwave pretreatment of straw to improve anaerobic digestion. 

 

2 MATERIALS AND METHODS 

2.1  Raw materials and sample preparation 

Several samples of straw were obtained at the farm “LaSalle Beauvais”. The humidity amount is around 9%.  

Before pretreatments, straw was either cut in pieces of 1 cm or grinded during 30 seconds with a knives 

mill Grindomix model GM200 (Retsche, Newton, PA), with blades spinning at 5,000 rpm. 

Samples for pretreatment were composed by 1g of cut or grinded straw and 40 mL of distilled water. 

2.2  Biochemical Methane Potential (BMP) 

The methane potential assays with the straw were prepared according to the Biochemical Methane Potential (BMP) 

assay for wastewater. The inoculum (pig manure) was starved for 48 hours prior to the start-up of the assays, by 

being incubated at 35°C and 100 rpm agitation with no substrate. 

The bottles were prepared anaerobically in duplicates in 500 mL serum bottles and filled under a constant 
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nitrogen flow. 

Each bottle received 20 grams of inoculum, 6 mL of complemented media, 4 mL of bicarbonate buffer 

and 0.5 mL of reducing agent. The amount of substrate added was 5 grams of straw treated with 40 ml of distilled 

water in microwave. The volume of the bottles was completed at 100 mL with dilution water. 

The amount of substrate added was or 1 gram of straw treated with 200 mL of distilled water in ozonator. 

The bottles were incubated at 35°C with an agitation of 100 rpm. Control bottles were prepared to allow the removal 

of endogenous methane production from the assays. The control bottles were identical to the test bottles, excepted 

that straw suspensions were replaced with the same volume of desoxygenated water. The assays were conducted 

until the methane production became negligible (< 3 mL CH4/day) as performed elsewhere . 

2.3  Analyses 

To evaluate the physico-chemical changes in samples, measurement of soluble chemical organic demand (sCOD) 

were determined. Soluble Chemical Oxygen Demand (sCOD) is measured with COD kit and spectrophotometer 

(Spectroflex 6100, WTW, Germany). The sCOD of the sample composed by straw and distilled water, before the 

microwave pretreatment is equal to 0. To determinate the solubilization ratio of matter, sCOD were compared to the 

total chemical organic demand (tCOD) by the following formula:  

 

COD Solubilization = (sCOD after microwave treatment / tCOD of raw matter) * 100 

  

 The biogas production was measured in the serum bottles with a water-displacement system. After 

equilibrium of the bottle headspace to 1 atm, a gas sample (0.5 mL) was taken with a gas-tight syringe (Hamilton, 

Reno, USA) and analyzed for H2, N2, CH4 and CO2 by gas chromatography (GC). The GC was a Agilent (Agilent 

Technologies, Wilmington, USA) coupled to a catharometric detector (TCD). The gas sample was injected and 

segregated on 3 columns for separation of H2, N2, CH4 and CO2. The columns were heated at 50°C and 70°C during 

the analysis. Argon was used as carrier gas.  

2.4  Pretreatments 

Samples were irradiated in a closed-vessel microwave accelerated reaction systeme (MARS Xpress, CEM µWaves, 

USA) which run at 2450 MHz, the power range is between 400 and 1600 W, the maximum temperature and 

pressure are respectively 260°C and 33 bars. It is equipped with a turning carousel, a maximum of 12 vessels (XP-

1500) of 100 mL each, and pressure and temperature probes. When target temperature was reached, the temperature 

was hold during a specify time, then cooled down until 90°C. The liquid and solid fractions of samples were 

collected and separated by centrifugation at 10,000g for 10 minutes in a centrifuge (Eppendorf) and then stored at 

4°C.  

Chemical treatments are carried out with NaOH 0.1 N and HCl 0.1 N at room temperature. 

 

3 RESULTS AND DISCUSSION 

3.1 Solubilisation rate 

The goal of this first part is to define the effects of microwave pretreatment on matter solubilization and to study the 

efficiency of temperature. The sCOD of the sample composed by straw and distilled water, before the microwave 

pretreatment is equal to 0. To determinate the solubilization ratio of matter, sCOD were compared to the total 

chemical organic demand (tCOD) by the following equation: 

 

COD Solubilization = (sCOD after microwave treatment / tCOD of raw matter) * 100 

 

The sCOD/tCOD ratio are respectively equal to 9.4 ; 9.3 ; 10.3 ; 10.8 ; 12.0 ; 13.8 % for the following 

temperature values : 90, 105, 120, 135, 150 and 180°C. 

As expected, the results of solubilization rate are correlated as function of temperature. The higher the 

temperature is, the higher the solubilization rate. 

These results show that microwave pretreatment provokes a matter solubilization. Nevertheless, it is 

necessary to test these microwave treated samples with BMP assay in order to evaluate the effect of the matter 

solubilization on the digestibility. 
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FIGURE 1   Solubilisation rate values as a function of temperature. 

 

3.2 Biochemical Methane Potential Assays 

The goal of this second part is to improve the digestibility of straw after microwave pretreatment. The anaerobic 

digestibility of treated samples is evaluated by the Biochemical Methane Potential (BMP) assay procedure. 

BMP tests were carried out on treated samples at same temperature values as previously: 0 (untreated), 

90, 105, 120, 135, 150, 180°C and BMP curves were plotted. 

The exposition time was tested in BMP assays, there was no effect both on matter solubilization and 

methane production (data not shown). With the standard deviation values, the maximum volumes of methane 

produced in 42 days were the same for untreated and treated samples. No improvement of methane production was 

observed with the microwave pretreatment. 

The following table summarizes the main values of BMP curves obtained. 

 

TABLE 1 Main values of BMP curves obtained 

Temperature 

Maximum volume of 

methane  

(LCH4/kgTVS) 

Kinetic 

constant  

(day
-1

) 

Ø 296 ± 17 0.080 ± 0.001 

90 260 ± 32 0.095 ± 0.022 

105 291 ± 2 0.081 ± 0.010 

120 296 ± 29 0.097 ± 0.003 

135 275 ± 16 0.111 ± 0.001 

150 320 ± 5 0.115 ± 0.001 

180 284 ± 12 0.134 ± 0.013 

 

The microwave pretreatment induces a modification of the methane production kinetic. In order to 

describe this effect and to define the kinetic constant, the following first order model was used : V(t) = V(∞)•(1-e-

kt) ; where V(t) is the cumulative production of methane as function of time t, (∞) is maximum production of 

methane and k is the kinetic constant. 

At 90°C and 105°C no significant difference was observed on kinetic constant in comparison with 

untreated sample.  

The enhancement of the kinetic constant appeared at 120°C with an improvement of 21% compared to 

untreated straw and continue to increase at 135°C, 150°C and 180°C with an improvement of 39%, 44% and 68% 

respectively. 
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4 CONCLUSIONS 

This study shows the feasibility of microwave pretreatment on straw in order to improve its anaerobic digestion. 

Microwave pretreatment at several temperature shows for all values an increase of solublization rate, reflecting the 

transfer of compounds from the lignocellulosic structure to the liquid phase. It reflects a partial degradation of the 

raw matter and a solubilization of chemical compounds from cellulose, hemicelluloses and lignin.  

Future works are focused on these compounds in order to determine which one is degradated, and the 

amount of solubilization for each. Analytic tests will be carry out to determine the level of sugars found in the liquid 

phase and to identify potential inhibitors generated during these microwave pretreatments. 

This study shows too an effect of the solubilization of organic matter on the biodegradability, especially 

on the kinetic constant as described previously. 
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1 INTRODUCTION 

Treated effluent from anaerobic digestion (known as digstate) is mainly constituted from water ( over 90%)  and 

with a low content of residual substrate  and  inorganic compounds (Palm, 2008). It is generally  stored in uncovered 

tanks and regularly land applied as organic fertilizer, or mixed with water for crop irrigation. Digestate management  

can cause problems as the volumes daily produced are high and, in some cases, storage tanks have  insufficient 

capacity to  hold the volumes produced  over the required period. Moreover, digestate transport to fields sometimes 

far away from the farm centre can be very expensive. For  these reasons, in many Italian anaerobic digestion plants, 

digestate is mechanically separated in order to obtain a solid and a liquid fraction (Balsari and Menardo, 2009). The 

liquid phase contains most of the  potassium and  ammoniacal nitrogen, whereas the solid fraction mainly contains 

the  insoluble organic matter compounds and the phosphorus (Kaparaju and Rintala, 2005; Jorgensen and Jensen, 

2009). Since the solid fraction still retains a high amount of volatile solids (Moller et al., 2007) it could be used as a 

feedstock for anaerobic digestion plants.  The present study was carried out with the aim to assess the biogas and 

methane yield of five different mechanically separated solid fractions of co-digested slurry and of a solid fraction 

sample from the mechanic separation of raw pig slurry.  

 

2 MATERIALS AND METHODS 

Five solid fraction samples (labelled samples A, B, C, D and E) were collected from separators of the digestate 

following 3 biogas plants working in mesophilic conditions (~40°C) A sixth sample of (F) was taken from separated 

raw manure from a pig breeding farm (sample F).  

 

The main biogas plants characteristics are listed below: 

− samples A and B: from a biogas plant fed with cattle manure (70%) and energy crops (30%) and with an 

hydraulic retention time (HRT) of 100 days; sample A was  taken during winter when the organic loading 

rate (OLR) was 1.09 kg VS/m
3
 of digester per day and sample B in spring (OLR=1.17 kgSV/m

3
 of 

digester per day). 

− samples C and D: from a second plant fed with pig slurry (80%) and energy crops (20%) and with an HRT of 

60 days; sample C was  taken during winter (OLR=1.95 kgSV/m
3
 of digester per day) and sample D in 

summer (OLR=2.47 kgSV/m
3
 of digester per day). 

− sample E: was from a plant fed with cattle manure (60%), energy crops (30%) and agro-industrial by-

products (10%) and with an HRT of 100 days; the sample was picked up in spring (OLR=1.48 kgSV/m
3
 

of digester per day). 

 

Samples A, B, D, E and F were obtained by screw press separators, whereas sample C was obtained by a 

one stage rotating separator. For both separator  types a mean separation efficiency, in terms of mass, of about 20% 

(Moller et al., 2000) was  used. Batch  measurements for ultimate gas yield were carried out in laboratory according 

to Stardard VDI 4630 (2006), following the procedure described in Dinuccio et al. (2010). Glass digesters of two 

litres are connected  to aluminium gas bags for the collection of the produced biogas (Figure 1) . All digesters were 

manually stirred twice a day. Each sample was made up of a mixture of biomass and inoculum (digested slurry 

collected from a co-digestion plant), in a 2:1 ratio calculated on the basis of volatile solids content. All samples were 
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digested in triplicate.  Control samples represented by inoculum alone were also digested in batch. The biogas 

volume produced by the control was afterwards subtracted  from the solid fraction samples yield.  

 Incubations were carried out at 40°C  over 60 days. Before the beginning of the  measurements, each 

sample was analysed for pH, total solids (TS), volatile solids (VS), total nitrogen (N), neutral detergent fiber (NDF) 

and fats (EE) determination. 

 

FIGURE 1 Batch reactors used for the trials. 

The pH was measured by a Hanna HI 9026 portable pH meter with a glass electrode combined with a 

thermal automatic compensation system. Total solids were determined  by drying samples over 24 hours at 105°C. 

Volatile solids were determined after 4 hours at 550°C in a muffle furnace (AOAC, 2000). Nitrogen was determined 

by elementary analyzer. NDF was determined by Van Soest method (1991). Fats were determined through the 

Soxlet (AOAC, 2000). Biogas and methane yields were daily monitored during the whole period of the experiment. 

The biogas composition was analysed by a Draeger XAM 7000 analyser with infrared sensors, whereas biogas 

volume was determined by a Ritter Drum-type Gas Meter type TG05/5 volume meter. The daily biogas and methane 

yields were normalized  to 0 °C and 1013 hPa. The specific yields of biogas and methane were afterwards expressed 

as NL/kgSV. In order to obtain the net biogas production of the tested samples, the biogas yield produced by the 

inoculum alone was subtracted from the total biogas yield measured from each replicate. The correlation between 

biogas yield and biomass main chemical parameters was determined by Pearson “r” correlation coefficient.       

 

3 RESULTS AND DISCUSSION 

The main chemical  characteristics of the samples used in the trials are reported in table 1.  

 

TABLE 1 Main chemical parameters of the separated solid fraction of digested and not digested slurry  

         (
1
 data are expressed on dry matter).  

Parameter A B C D E F 

pH 9.0 8.6 9.0 8.5 8.8 8.6 

TS (%)
1
 21.6 28.8 18.4 22.1 21.6 25.8 

VS (%)
1
 83.5 88.4 88.3 85.8 83.9 70.6 

PROTEINS (%)
1
 9.8 11.7 12.4 17.7 11.6 12.4 

N (%)
1
 1.9 2.5 3.1 3.1 2.8 2.9 

NDF (%)
1
 76.7 75.7 76.8 73.0 69.7 63.3 

EE (%)
1
 0.35 0.52 1.00 0.32 0.40 0.89 

 

The specific CH4 yields obtained from the samples were variable (Figure 2a). Samples B and D were the 

most productive ones: 156.9 L/kgSV and 203.8 L/kgSV respectively. The other biogas yields, in decreasing order, 

were 116.9 L/kgSV (sample E), 81.0 L/kgSV (sample F), 60.3 L/kgSV (sample C) and 59.3 L/kgSV (sample A). 

These latter were consistent with similar results obtained in other studies (Moller et al., 2004; Moller et al., 2007). 

There was  no significant correlation between the CH4 yields and the EE content, probably because the EE 

percentage was very low (<1.00%) in all samples. The NDF parameter, which represents the sum of fibre and lignin 

(organic compound not digestible by bacteria), was significantly and negatively correlated (α=0.01) with the specific 

CH4 yields of the samples, as expected (Al-Masri, 2001). Conversely, the specific biogas and CH4 yields were 

positively and significantly correlated (α=0.05) with proteins content (figure 2b). This indicates that the fraction of 
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the organic compound digested was represented by protein fraction. This is consistent with the percentage of the 

volatile solids digested during the batch anaerobic process, which was included between 9.4 and 26.7%. The 

absence of correlation with the other parameters could confirm that the digested volatile solids fraction was mainly 

represented by proteins.  
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a) b) 

FIGURE 2 a) Specific CH4 yields of the separated solid fraction samples analyzed. b) Correlation between 

CH4 specific yields of the separated solid fraction samples analyzed and the proteins, expressed 

as percentage on the fresh dry matter 

 

 Figure 3 shows the daily pattern of CH4 production measured from the tested samples. Samples B, D and 

E showed a quick increase of CH4 production within the first 5 days, whereas a slower increase was measured from 

the other ones. In detail, sample F, obtained from the fresh slurry, showed a very slow increase of the methane 

production and a peak only after 15 days from the beginning of the trial. The most productive samples showed a 

slow decrease of methane yield and a slight production was still observed in the very last days of the trial. The 

digestibility degree of organic matter for anaerobic microbial flora affected the increasing of the specific and the 

cumulative CH4 yields of these samples. CH4 yields measured from pairs of samples collected at the same AD plants 

(samples A  & B,  and C & D)  also differed. . The CH4 yield of sample B was almost 3 time higher than the one of 

sample A, whereas CH4 yield of sample D was 3 time higher than the one measured from sample C. The HRT of 

these plants was  similar for at each sampling time. This indicates that, the difference between these samples, in 

terms of CH4 yields, was not strictly linked with the HRT of the plants. This difference was probably due to the 

plant specific organic loading rate which, instead, was changed at the two sampling times. The solid fractions with 

an higher CH4 yield (B and D) were both sampled when the digester was fed with the upper OLR (1.17 kgSV/m
3
 of 

digester per day, sample B and 2,47 kgSV/m
3
 of digester per day, sample D), whereas the solid fraction with the 

lower yields were collected when the digester was fed with the lowest OLR (1.09 kgSV/m
3
 of digester per day, 

sample A and 1,95 kgSV/m
3
 of digester per day, sample C). Nevertheless, this correlation between the plant OLR 

and CH4 yield of the solid fractions is only evident between samples collected at the same plant. This was probably 

due to the different feedstock used to feed the digesters. The comparison with a separated solid fraction of fresh pig 

slurry showed that its separated solid fraction had a quite high content in less digestible volatile solids, probably as 

the greater amount of easy digestable volatile solids remained as a soluble form into the liquid fraction. Moller et al. 

(2007) reported that, although the VS content of separated solid fraction of pig manure is higher than liquid one, the 

specific CH4 yield is only a bit higher than liquid fraction, due to a small content of particles highly digestible in the 

separated solid fraction.    

 

4 CONCLUSIONS 

The re(use) of the separated solid fraction as a feedstock to produce methane through the anaerobic digestion of 

organic matter is an interesting possibility, but it  needs a specific evaluation of the  digestate. The organic loading 
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rate and the feedstock used to feed the anaerobic plant greatly affects the residual CH4 potential of the digested 

separated solid fractions.  

In anaerobic digestion plants where the organic loading rate is high and the HRT is short, it is expected to 

obtain a digested solid fraction quite productive in terms of biogas and methane. Especially in this case, it could be 

economic advantageous the reuse  the separated solid fraction as a feedstock to  a biogas plant and to collect its 

residual CH4 production. According to the results obtained from this study, the (re)use of the mechanically separated 

digested solid fraction into the digester can improve the total anaerobic digestion plant CH4 production  by between 

4% and 8%.  
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FIGURE 3 Trend of the CH4 daily  gas production of the six separated solid fraction samples.  
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1 INTRODUCTION  

Over the last few years, the interest in bioenergy production has increased significantly. A number of different 

technologies and processes are used to recycle organic substances and one of them is biogas production. Biogas 

production is a technology that can make efficient use of diverse organic substances despite high water content. 

Animal excrements are especially flexible and are therefore a preferred substrate for biogas production. Livestock 

husbandry involves the use of a lot of veterinary drugs, especially antibiotics.  

Antibiotics are substances used for chemotherapy treatment of infectious diseases. In agricultural 

livestock husbandry, antibiotics are not just used for the treatment of diseases but also for disease prevention. 

Antibiotics are natural metabolites of microorganisms (molds, bacteria) or synthetically derived copies of them. 

They act on pathogenic bacteria, either by killing them (bactericidal) or by inhibiting their growth (bacteriostatic). 

Because of the characteristics of antibiotics, it can be expected that their presence will have an inhibitory effect on 

biogas processes.  

This research project “Stercus Terra” investigated the effects of different concentrations of two antibiotics 

(chlortetracycline and enrofloxacin) on the biogas process. Concentrations between 40 and 8,000 mg per dry matter 

pig slurry were analyzed in continuous fermentation tests run according to VDI 4630 guidelines. Parameters like 

specific biogas and methane yield, H2- and H2S-concentration were evaluated daily. In this paper, the results of an 

antibiotic concentration of 400 mg kg
-1 

DM are presented.  

  

2 MATERIALS AND METHODS 

Continuous tests, run according to VDI guideline 4630, were used to evaluate the effect of antibiotics (enrofloxacin 

and chlortetracycline) on the specific biogas and methane concentrations. In contrast to a batch fermenter system, 

the type of system used in these experiments requires that the fermenter be fed once daily with a fixed substrate 

quantity and that fermentation residue be extracted with the help of a pipetting system developed for this purpose. 

The fermenter, set to a temperature of 37.5°C (fermentation temperature), is equipped with a magnetic mixer, which 

stirs the fermenter content every 30 minutes for a period of 10 minutes.  

The biogas and methane yield was monitored on a daily basis. Biogas and methane production is 

measured in norm liters (273 K and 1,013 mbar) per m³ digester volume (lN m³). At the beginning of the test run 

(December '08), every lab fermenter was fed with 1,000 ml IM (inoculum).  

The inoculum consisted of a mixture of 1 part active material (= fermenter content of the biogas plants 

Gaspoltshofen and Mureck) and 2 parts pig slurry (based on the fresh matter). The initial phase without addition of 

active ingredients (41 days) was used to help the microorganisms get acclimatized to the pig slurry. In 
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TABLE 1 the requirements for the experiment are summarized. Each variant was repeated three times.  
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TABLE 1  Summary of the general requirements for the experiments  

  data 

beginning of test  03. Dec. 2008 

Measuring period   12. – 20. Jan. 2009 

pig slurry   

Dry matter % Fresh matter 4.73 

Daily feeding  g Fresh matter 10.0 

 

The active ingredients were added daily during the measuring phase. Their concentration was based on 

the dry mass content. Before adding the active ingredients, the dry substance quantity in each fermenter was 

measured so that potential deviations in the dry matter content could be taken into consideration. Then, the active 

ingredients were added to each fermenter by dissolving them in deionised water (taking into account their solubility 

as stated by the manufacturer) and then feeding them in liquid form.  

The ingredient composition of big manure was determined by analyzing dry matter (DM) and raw ash 

(XA). Elemental analyses for all samples were carried out with the Elemental Analyzer of Perkin-Elmer in an EA 

1108 CHNS-O apparatus, Carlo Erba Instruments. All analyses were performed by the Microanalytical Laboratory 

of the University of Vienna according to standard procedures (Theiner, 2008). 

Hydraulic retention time defines the average time a substrate spends in a digester. This time (specified in 

days) is calculated by taking the ratio of total digester volume to volume of fresh substrate introduced daily. The 

retention time is controlled to ensure that the secondary digester does not lose more bacteria than the initial digester 

can regenerate. The bacteria regeneration concentration depends on the digester volume, the existing and supplied 

bacteria concentration, and their growth parameters. Since it takes several days to generate methanogenic 

microorganisms, short retention times (i.e., shorter than the generation time) lead to a loss of microorganisms and a 

decreasing degree of degradation (Grepmeier, 2002). Volume load is another characteristic fermentation property. It 

specifies the daily supply quantity of substrate per unit volume of the digester. Volume load is based on the substrate 

concentration and the retention time. The specific methane yield depends primarily on the type and composition of 

feedstock and on processing conditions in the digester.  

The statistics program SPSS (version 15) was used for statistical analysis of the study results. A multiple 

means comparison according to the Tukey method was used to check for statistically significant differences in the 

biogas and methane yield (per m³ fermenter volume). 

  

3 RESULTS AND DISCUSSION  

TABLE 2 lists the process-specific indicators. The mean value for daily feeding in the experiment was 10.14 g fresh 

matter/m³ fermenter volume. There was no significant difference between individual variants fed to the fermenters 

in the two test runs so that an influence of feeding on the daily gas production can be ruled out. The feeding 

quantities lead to a daily volume load of 0.5 kg VS/m³ fermenter volume for a retention time of 98.6 days. 

According to Hopfner-Sixt (2007), the retention time in Austrian biogas plants lies between 60 and 120 days, 

although in 18 % of the plants the retention time is more than 180 days.  

 

TABLE 2  Process parameters of the lab tests  

Process parameters Unit Experiment 

Feeding per day  g FM 10.14 

Volume load kg VS m
-3

 d
-1

 0.47 

Hydraulic retention time d 98.6 

 

 

The dry matter content in the lab fermenters was between 4.3 and 4.9 % (based on the fresh matter).  

Fluctuations in dry matter content were accounted when adding antibiotics to the mix.  
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TABLE 3 shows the biogas and methane production of the tested variants in the experiment. When 400 

mg chlortetracycline kg
-1

 DM was added, the biogas yield decreased from 0.19 lN to 0.14 lN m
-3

 fermenter volume d
-

1
.  

The difference in biogas yield was statistically significant. The addition of enrofloxacin as active 

ingredient showed similar results. Biogas yield decreased from 0.18 lN to 0.15 lN. The difference in biogas yield was 

not statistically significant. A similar trend can be seen in the daily methane production. When chlortetracycline was 

added, methane yield decreased from 0.12 lN to 0.08 lN. The difference in biogas yield was statistically significant. 

When enrofloxacin was added, methane yield decreased from 0.11 lN to 0.09 lN. 

 

TABLE 3  Statistical evaluation of biogas and methane production of the tested variants in test 1 

Parameter Variant Significance Antibiotic 

concentration 
x̄ [lN] SD n Statistics 

Biogas        

 Chlortetracyclin 0.000 0 mg kg
-1

 DM  0.19 0.033 15 a 

   400 mg kg
-1

 DM 0.14 0.020 15 b 

 Enrofloxacin 0.000 0 mg kg
-1

 DM  0.18 0.048 15 a 

   400 mg kg
-1

 DM 0.15 0.039 15 a 

Methane        

 Chlortetracyclin 0.000 0 mg kg
-1

 DM  0.12 0.021 15 a 

   400 mg kg
-1

 DM 0.08 0.012 15 b 

 Enrofloxacin 0.000 0 mg kg
-1

 DM  0.11 0.031 15 a 

   400 mg kg
-1

 DM 0.09 0.024 15 a 

 

The theoretical biogas yield that was calculated from the elementary composition of the substrate 

according to Boyle (1976) was within the range of 913 - 979 lN kg
-1 

VS biogas. Theoretical methane yield was in the 

range of 480 to 535 lN kg
-1 

VS. When no antibiotics were added, 71.5 % of the theoretically possible biogas yield 

and 86 % of the theoretically possible methane yield were achieved. Once antibiotics were added, the actual yield 

was lowered to 49 - 61 % of the potential. It can therefore be concluded that the two tested antibiotics exert a very 

strong influence on the degree of degradation of pig slurry.  

Arikan et al. (2006) used cattle slurry treated with oxytetracycline for their experiments. The initial 

oxytetracycline concentration was approx. 10 mg L
-1

 (at about 5 % dry mass content, this amount corresponds to a 

concentration of 200 mg kg
-1

 DM). During this experiment, a cumulative reduction of methane gas of 27 % over a 

period of 64 days was detected as compared to the use of slurry without antibiotics.  

 

4 CONCLUSIONS 

Animal manures are an important substrate for biogas production. So far, the effects of antibiotics and medicinal 

products on biogas production are not very well investigated. Results from this research project show that antibiotics 

have a strong effect on the specific biogas yield. A reduction on the biogas and methane yield and therefore a 

reduction of the economics results on practical biogas plants can be expected. Therefore it is necessary to keep the 

antibiotics utilization on animal husbandry on a low level, if the manure is used as substrate for the biogas 

production. 

Further investigates are necessary to analyze the effects from other antibiotic and medicinal product as 

well as disinfectant on the specific biogas production. Furthermore, no information on the effects of these substances 

on the microorganism and their ability to adapt are investigated.  
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1 INTRODUCTION 

Anaerobic digestion is an industrial process applied to organic wastes treatment with several environmental and 

energetic advantages over other forms of treatment and specially when is integrated in the agriculture sector (Möller, 

2009; Prochnow, 2009; Chynoweth, 1987). In addition to the organic wastes treatment there is an emerging interest 

in the production of biomethane as a biocombustible through anaerobic digestion of biomass and / or energy crops 

(IEA, 2010; Chanakya, 2009; CONCAWE, 2008; Tilche, 2008; Yadvika, 2004; Gunaseelan, 1997; Chynoweth, 

1987). Cynara cardunculus L. or commonly known as cardoon  is a perennial herb or herbaceous crop native to 

Mediterranean region, grown since ancient times as a wild plant or as vegetable using intensive management 

techniques (Ortega, 2007; Fernández, 2006). The average biomass annual production varies from 15 to 20 tons of 

biomass/ha depending on soil and rainfall with 11% of moisture content and the following biomass partitioning: 40 

% stalks, 25% leaves and 35 % capitula (Gominho, 2001 and 2008). Different studies have been shown the high 

potential of this plant as energy crop: the aerial biomass used as a solid biofuel and the oil from seeds used for the 

production of biodiesel (Fernández, 2006). However, the interest in their use in the production of biomethane has 

never been investigated. Different studies show that the addition of biomass or energy crops to the anaerobic 

digestion of cattle dung or the anaerobic digestion of energy crops residues with the addition of partially digested 

cattle dung or sewage digested sludge enhanced biogas production and methane yield (Chanakya, 2009; Yadvika, 

2004). The goal of the research performed on Cynara cardunculus L. was to increase the knowledge about the use 

of this promising industrial crop for biogas production in Mediterranean countries or countries with similar edapho-

climate conditions. 

         
FIGURE 1  Cynara cardunculus L. or cardoon aspect during vegetative cycle (left) and at the end of the 

cycle (right) 

 

2 MATERIALS AND METHODS 

2.1 Substrate and Inoculums 

The Cynara cardunculus L. used in these studies was collected from a pedagogic field (BioEnergISA) built at ISA 

campus (Instituto Superior de Agronomia, Lisboa) in October 2008. The leaves and the capitula were removed and 

only the stalks were used. The stalks were grounded, sieve and a 40-60 Mesh fractions of the material was stored in 

a dry place at environment temperature. This material is designed as substrate (S). In the anaerobic digestion 

experiment two different substrates were used a substrate submitted to a pre-treatment and a untreated substrate. The 

pre-treated substrate was submitted to a thermal pre-treatment using a 160ºC and a 12.5 % of solids during 30 min. 
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It was weighed 30 g of 40-60 Mesh fractions of Cynara stalks and 240 ml of distilled water were placed into small 

inox steel reactors using a solid/water ratio of 1/8. The inox steel reactors were tightly closed and placed in a rotate 

oil heated bath (160ºC) for 30 min. 

As inoculums (I) was used digested sewage sludge from a Waste Water Treatment Plant (WWTP, ETAR 

de Chelas, Lisboa). The sewage sludge was freshly collected using conventional cleaned plastic containers of 5L 

during the start-up of the anaerobic digestion experiment. 

2.2 Experimental procedure 

Laboratory experiments were carried out using three batch reactors with a working volume of 2000 ml and were 

operated using mesophilic temperature of 37 ºC within a incubation time of 32 days. The temperature was 

maintained using a water-heating jacket, in which the water was circulated through a water heater. The protocol 

experiment was based on Gunaseelan (1995). In these experiments three reactors were used B0 containing inoculum, 

B1 containing inoculum and pre-treated substrate and B2 containing inoculum and untreated substrate. Reactors 

content were mixed everyday for 10 min by a mechanical stirrer. The experiment was conducted using the following 

protocol: 

 

TABLE 1 Protocol used for the experiment  

Reactors H2O addition 

(ml) 

Substrate concentration 

(S) (g VS l
-1

) 

Inoculum (I) 

(ml) 

I/S ratio (ml 

I/g VS S) 

B0 (control) 462 NA 1538 NA 

B1 (pre-treated substrate) & B2 

(untreated substrate) 

462 28.7 1538 116.1 

Note: NA, not applicable 

 

The high volume of inoculum adopted was based on the experimental procedure adopted in Gunaseelan 

(1995) to maintain a constante pH. 

2.3 Analytical methods 

The chemical composition of the whole stalks fractions was determined using Tappi standard methods in relation to 

ash, moisture content, extractives, lignin and polysaccharides as described in (Gominho, 2001). Cynara stalks were 

also characterized in terms of Total solids, Volatile solids, Total Organic Carbon (TOC), Minerals (Ca
2+

, Na
+
, Mg

2+
, 

K
+
, Mn

2+
, Cu

+
, Zn

2+
, Fe

2+
 and P

5+
), Nitrogen (N-NH4

+
, NK and Ntotal) and pH according to Standard Methods. 

During anaerobic digestion experiment different measurements were applied volatile solids and total solids 

reduction, biogas accumulation, methane content and pH. 

Biogas accumulation was measured according the gas-liquid displacement method using as biogas 

holders 1l and 2l cylinders. Biogas was collected using the SGE GAV-200 MK ll system and the samples were 

storage in a refrigerator at -4ºC. The methane content was determined at weekly intervals using Variant-3800 gas 

chromatograph with a thermal conductivity detector with helium as the carrier gas at 99.9995 %. The injector, 

column and detector temperatures were 60ºC, 50ºC and 150ºC respectively. The methane yield was calculated by 

subtracting the amount of methane produced by the control from the methane production of each reactor and 

dividing the difference by the mass of VS in the substrate fed to the reactor.  

The following formula was used to estimate the VS reduction: 

VS reduction (%) = 100 (M0-(Mn-Mi))/M0, 

where M0 is the mass of VS in Cynara added to the reactors (g); Mn is the mass of VS in the reactor at the end of 

fermentation (g); and Mi is the mass of VS in the inoculums reactor B0 (control) at the end of fermentation (g). 

 

3 RESULTS AND DISCUSSION 

3.1 Substrate Composition 

Among the constituents of Cynara stalks C/N and C/P ratios are the most practical and important parameters for 

anaerobic digestion. The high correspondent values indicated that this substrate has to be co-digested with another 

component (Mshandete, 2004). The digested sewage sludge used as inoculums has better nitrogen content. In this 

way was decided to use an I/S ratio of 116.1 wish corresponded to C/N ratio of 14. Also in terms of polysaccharides 
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content it’s possible to say that Cynara stalks present 35% and 21% of cellulose and hemicelluloses respectively 

(Table 2). In terms of extractives value there is a 7% difference between the ones already published (Gominho, 2001 

and 2008; Fernández, 2006). This difference could be related to the fact that after stalks harvest they were left on the 

field for one month and had possibly occurred lixiviation of extractives. 

 

TABLE 2  Composition of the dry Cynara stalks 

Constituent % of TS  

Volatile Solids (VS) 95.7 

Total Organic carbon (TOC) 36.6 

Total Nitrogen (Ntotal) 0.30 

Kjeldahl Nitrogen (NK) 0.30 

N-NH4
+
 0.02 

Minerals (Ca
2+

, Na
+
, Mg

2+
, K

+
, Mn

2+
, Cu

+
, Zn

2+
, Fe

2+
 

and P
5+

) 

2.7; 1.7; 0.3; 0.5; 0.0; 0.01 and 0.1 

C/N 126 

C/P 305 

Extractives 6.4 

Total Lignin 20.49 

Total Polysaccharides:  

Monosacharides composition  % of Sugars 

Glucose 35.2 

Xylose 16.7 

Manose 1.4 

Arabinose 1.3 

Galactose 1.4 

Rhamnose 0.6 

3.2 Anaerobic digestion experiment 

The results achieved in terms of cumulative methane yield and VS reduction are in accordance with other energy 

crops (Prochnow, 2009; Gunaseelan, 1997 e 2008; Chynoweth, 1987). However, during the first days of the 

experiment there were gas leaks that affected indirectly cumulative methane yield determination which contributed 

to an underestimation of this parameter. Notwithstanding results show that Cynara stalks are a good substrate for 

biogas and methane production with 53% CH4 content. Assuming that Cynara stalks have a cumulative methane 

yield between 0.3-0.4 l CH4/g VSadded, (Figure 1 and Table 3) a crop productivity of 15 ton/ha which 40% are stalks 

(Gominho, 2001 & 2008) and 9.97 kWh/m
3
 heating value of biogas (Ahrens, 2004) it is possible to achieve an 

energy production between 42.90 – 57.2 MWh/ha with the use of Biogas. 

 

a) b)   

FIGURE 2  a) Cumulative biogas production during the anaerobic digestion experiment (B0-Control; B1- 

containing pre-treated substrate; B2- containing untreated substrate); b) Daily biogas 

production during the anaerobic digestion experiment (B0-Control; B1- containing pre-treated 

substrate; B2- containing untreated substrate) 
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TABLE 3 Results of the Anaerobic digestion experiment  

Reactors pH0 

(substrate) 

pHi(Mixture) pHf VS 

reduction 

(%) 

Specific Biogas 

Yield (l/g VSadded)
* 

Specific Methane 

yield (l/g VSadded)
* 

B0 NA 6.88 7.28 NA 0.19 0.19 

B1 4.44 6.91 7.25 56.15 0.68 0.36 

B2 6.25 7.09 7.30 41.69 0.63 0.33 
*There was one unpredicted leak gas in both reactors during the first 7 days which affected biogas quantification; Note: NA, not applicable 

4 CONCLUSIONS 

Cynara cardunculus L. is already a promising energy crop for Bioenergy field in Mediterranean countries. The 

results achieved show that Cynara stalks are a good substrate for biogas and methane production in Mediterranean 

countries. Cynara stalks have a specific methane yield that could possibly be higher than 0.3 l CH4/g VSadded 

depending on the pre-treatment applied. However, there is still work to be done in terms of choosing the most 

suitable pre-treatment for Mediterranean countries. There is also an interest in using the all crop material (stalks, 

leaves and seeds) for methane production (Gunaseelan, 2008) or combining two processes Biodiesel and Biogas 

production through co-digestion glycerol and de-oiled cake with other substrates. 
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1 INTRODUCTION 

Sardine fishing and canning is a traditional industry in Portugal and between 50,000 – 80,000 ton/year of sardines 

are captured by the Portuguese fish fleet. Almost one third of this quantity is processed by the canning industry and 

60% exported. One important operation of the sardine canning process, consists of steam cooking once the fish is 

canned (Pires, 2006). Once the sardines are packed in cans, the next step consists of the meat cooking. Here, the 

open cans are fed into an automatic steam cookers, through which the cans pass while being held inverted on 

perforated conveyors to allow simultaneous entry of the steam and drainage of the condensate and oil exuded from 

the flesh. 

The mixture of oils and grease that are collected from the cooking wastewater, will be designated as 

wasted sardine oil (WSO) (Ockerman et al., 1988). Some companies are recovering it and then selling it to others 

that produce other by-products, nevertheless there are others that can not do it with a guaranty of minimum quality. 

Biogas could be an alternative of valorization and help to reduce the final amount of grease and oils entering the 

final wastewater stream. WSO, according to the Regulation (CE) nº. 1774/2002, of 3
rd

 October, is classified as an 

animal sub product of category 3 and it can be processed in a biogas plant. 

During long time it was reported in the literature, an inhibitory phenomena related with the concentration 

of long chain fatty acids (LCFA), especially in digesters with a continuous feeding (Angelidaki, et al.,1990; Hwu et 

al., 1998; Pereira et al., 2003). Nevertheless, Fernandez et al. (2005) referring to a co-digestion system with 

simulated organic fraction of municipal solid waste, reported that fats from animal and vegetable origin could be 

almost completely converted, confirming the possibility of lipids digestion. The studies of Pereira et al. (2005) 

demonstrated the mass transfer limitations caused by LCFA accumulation onto anaerobic sludge and how this 

problem can be overcome. The most abundant LCFA’s normally found in sardine oil are palmitic acid (16:1), oleic 

acid (18:1), eicosapentanoic acid (20:5) and docosahexanoic acid (22:6), respectively in a percentage on the total 

fatty acids of 19,14,20,12 % (Gámez-Mezaa et al., 1999; Shiraia et al., 2002).  

In the same region where the canning plant is located, there are several full scale farm biogas plants 

where it could be interesting to introduce other substrates to co-digest with pig slurry (PS), in order to raise biogas 

production. 

1.1 Research objectives 

The purpose of this work was to demonstrate in a commercial pig farm with a biogas plant and in real conditions, 

the possibilities to co-digest WSO and PS at farm level. Anaerobic digestion is one of the most adequate 

technologies to manage this type of industrial organic waste streams (Chowdhury et al., 2009), and the decentralized 

operations of organic waste management for biogas production have many advantages but also a number of 

uncertainties that must be evaluated (Weiland, 2006; Raven et al., 2007). 

Since it was the first time that in Portugal such an experience was done, the production of technical 

information to the veterinary authorities was a secondary goal. 

2 MATERIALS AND METHODS 

2.1 Origin of materials 

Pig slurry (PS) was obtained in a 1000 sow farrow-to-finish pig farm and it was used the screened slurry fraction 

that feeds the operating farm digesters. An interception of the feeding circuit was done in order to supply the pilot 

plant on site. Wasted sardine oil (WSO) was originated from a fish canning factory during the early weeks of 
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August, within the season of the year when sardine body weight fat content is higher (May to December). The WSO 

was collected from the exudate rejection stream of the steam cooking process.  Inoculum was obtained from a 

mesophilic (35ºC) sewage sludge digester. Characteristics of PS and WSO are presented in Table 2.  

2.1 Lab and pilot set-up 

Exploratory lab trials, were performed using glass reactors (CSTR) with V= 2 litre. Although results will not be 

shown, these trials are mentioned due to their importance in the preliminary work phase of the pilot assay. The main 

goal of these trials was to make practical tests for the mixing of both streams, hydraulic behaviour, compositions and 

methane yield.       

Pilot scale trials were performed on site, in the farrow-to-finish pig farm in a biogas mobile pilot plant, 

previously designed in a standard shipping container (Ferreira, 2007; Ferreira et al., 2008). This plant consists of an 

automatic device, equipped with a heated stainless steel CSTR digester (Vwork = 1,6 m
3
 ) with a mechanical mixer, a 

mixing tank and tanks for slurry , pumpable  feedstocks and digestate, all equipped with the respective pumping and 

mixing systems. This set up was operated in real conditions during 4 months.  

Dynamic mesophilic (35º - 37º C) continuous pilot trials with a HRT=16 days, were performed with pig 

slurry (PS) as mono-substrate (OLR = 1,6 Kg COD/m
3
.d

-1
) and with mixtures of WSO:PS with a volumetric 

composition (% v/v) of  2:98 (OLR = 3,0 Kg COD/m
3
.d

-1
) ,  3:97 (OLR = 3,7 Kg COD/m

3
.d

-1
) and 5:95 (OLR = 5,2 

Kg COD/m
3
.d

-1
). The main operational parameters (methane, carbon dioxide, H2S and COD fractions of the 

digestate, nitrogen and phosphorous) has also been investigated. Table 1 describes for each of the assay periods, the 

respective loading compositions. 

2.2 Analytical methods  

The pH, chemical oxygen demand (COD), total solids (TS), volatile solids (VS), total kjeldahl nitrogen (TKN), 

ammonical nitrogen (NH4
+
-N), total phosphorous (TP), total volatile fatty acids (T-VFA), Bicarbonate alkalinity 

were determined according to standards methods (APHA, 1995).  

 

TABLE 1 Trials description and loading compositions 

Period (day) PS:WSO 

(% v/v) 

PS 

(kg SV/day) 

WSO 

(kg SV/day) 

PS 

(kg COD/day) 

WSO 

(kg COD/day) 

I : (1 to 25) 100:0 1,54 0 2,57 0 

II : (26 to 57)  98:2 1,51 1,66 2,52 2,32 

III: (58 to 89) 97:3 1,49 2,49 2,49 3,48 

IV: (90 to 122) 95:5 1,46 4,16 2,44 5,80 

3 RESULTS 

Characterization of WSO (Table 2.) indicates a very high COD content and good complementarities with PS, 

concerning nutrients balance. Regarding WSO characteristics, there is not much available information in the 

literature about this particular stream of this industry. The available data is not comparable because the fat content of 

sardines is not reported neither the steam cooking process described.  

 

TABLE 2 Characterization of the co-substrates (results are given as means of triplicates with standard 

deviations) 

Waste Pig slurry (g/l)  WSO (g/l) 

Total solids (TS) 22,6 ± 7,5  876 ± 7 

Volatile solids (VS) 15,4 ± 5,8  831 ± 6 

Chemical oxygen demand (COD) 25,7 ± 2,9  1159 ± 26 

Total Kjeldahl nitrogen (TKN) 2,5 ± 0,7  0,63 ± 0,29 

Fat content -  805 ± 29 

 

The time course of the daily methane production of the dynamic experiment is depicted in Fig.1 for 

I,II,III and IV periods. Table 3 summarizes the obtained average production for each period. Following the methane 

production results, it can be seen from the period II ( PS:WSO - 98:2) production profile, that biomass needs a 

period to adapt to the new substrate. Although after a period of about 10 days the production became stable. On the 
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other hand after biomass have already used WSO as co-substrate, first in period III ( PS:WSO - 97:3) and after in 

period  IV ( PS:WSO - 95:5), the response of the system to an increase on the WSO loading rate was characterised 

by a rapid conversion. A similar type of response to fish oil waste pulses was obtained in a co-digestion system with 

a continuous feeding of cow manure with food waste (Neves et al., 2008). 

 

TABLE 3 Biogas and methane production (results are given as means of observations with standard 

deviations) 

Period (day) biogas 

(l/day) 

methane 

(l/day) 

methane 

(l/kg VS) 

methane 

(kg COD-CH4 

/day) 

I : (1 to 25) 961 ± 74 692 ± 53 450 ± 35 1,98 ± 0,15 

II : (26 to 57)  1937 ± 255 1356 ± 178 428 ± 56 3,87 ± 0,50 

III: (58 to 89) 2863 ± 254 2004 ± 178 503 ± 45 5,73 ± 0,51 

IV: (90 to 122) 3691 ± 174 2571 ± 134 458±  24 7,35 ± 0,38 

 

 

FIGURE 1 Time course of methane production 

for the four periods  (l CH4/day) 

 FIGURE 2 Time course of specific methane 

production for the four periods  (l 

CH4/g VS.d
-1

) 
 

The especific methane production is represented in Fig. 2. For each of the periods where WSO was co-

digested with pig slurry,  it can be observed the evolution of the substrate conversion by the system and the 

respective average figures are presented in table 3. The results of the periods II, III and IV show some differences 

that can be explained in one hand due to in period II, biomass was not acclimatized to WSO. On the other hand the 

highest methane conversion rate recorded in period III might suggest a complete mineralization of  the WSO added.     

Although during period IV the average daily methane production kept a stable patern and  raised in 

relation to period III about 28%, nevertheless a reduction on the average specific methane production of  9% was 

obtained. Taking into account the daily loading of  WSO into the digester, it’s equivalent to a concentration of  3,63 

g CODoil/lreactor. Supported in the conclusions of Neves et al., 2008, this figure is almost five times less than the 18 g 

CODoil/lreactor capable to induce a persistent inhibition of the process. Pereira et al. (2005) described this inhibition 

due to a physical phenomena of adsortion and entrappment in the sludge that become “encapsulated” by a LCFA 

layer. On the other hand the process stability was monitored measuring the pH and T-VFA/BA ratio. Both 

indicators, suggests that the co-digestion process was robust. Therefore the most likely explanation for this 

difference, may have been a loss of efficiency in the mixing operation of the two substrates in the mixing tank, 

taking in account that a larger amout of SWO had to be mixed. A more detailed monitoring of soluble COD in the 

effluent could have also been recommended to clarify this issue.  

Operational results are summarized in table 4. It can be observed that increasing the percentage of  WSO 

in the composition of feedstock, methane productivity raises from 0,43 to 1,61 m
3
 methane/m

3
 digester.d

-1
. This 

represents an yield gain of the system of almost for times. According to the expectations and taking into account the 

lipidic fraction of the SWO, the biogas quality didn’t suffer substantial changes within the co-digestion experiment. 
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TABLE 4 Operating and process performance obtained from pilot plant trials 

Mixture 

PS:WSO 

(% v/v) 

HRT 

days 

OLR 

kg COD/m3.d-1 

 

m3 methane/ 

m3 digester.d-1 

Biogas 

quality 

% CH4 

Biogas 

quality 

ppm H2S 

COD 

removal 

% 

 

m3 methane/ 

m3 biomass 

100:0 16 1,6 0,43 72 > 1500 77 7 

98:2 16 3,0 0,85 70 > 1500 80 14 

97:3 16 3,7 1,25 70 > 1500 96 20 

95:5 16 5,2 1,61 70 > 1500 90 26 

4 CONCLUSIONS 

Co-digestion process of pig slurry with wasted sardine oil was performed with a high conversion of the inlet COD. 

The incremental addition of WSO to a composition (% v:v) of 95:5 enhanced the methane productivity in four 

times, when compared with the same system digesting pig slurry as the mono-substrate.  

The pilot experiment showed that WSO could be a food industry waste stream easily to be co-digested at farm scale 

biogas plants. In the particular case of this canning plant, a regional waste management solution could be envisaged 

and the awareness of the competent authorities about this waste management technology alternative was improved. 
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1 INTRODUCTION 

Sardine fishing and canning is a traditional industry in Portugal and between 50,000 – 80,000 ton/year of sardines 

are captured by the Portuguese fish fleet. Almost one third of this quantity is processed by the canning industry and 

60% exported. One important operation of the sardine canning process, consists of steam cooking once the fish is 

canned (Pires, 2006). Once the sardines are packed in cans, the next step consists of the meat cooking. Here, the 

open cans are fed into an automatic steam cookers, through which the cans pass while being held inverted on 

perforated conveyors to allow simultaneous entry of the steam and drainage of the condensate and oil exuded from 

the flesh. 

The mixture of oils and grease that are collected from the cooking wastewater, will be designated as 

wasted sardine oil (WSO) (Ockerman et al., 1988). Some companies are recovering it and then selling it to others 

that produce other by-products, nevertheless there are others that can not do it with a guaranty of minimum quality. 

Biogas could be an alternative of valorization and help to reduce the final amount of grease and oils entering the 

final wastewater stream. WSO, according to the Regulation (CE) nº. 1774/2002, of 3
rd

 October, is classified as an 

animal sub product of category 3 and it can be processed in a biogas plant. 

During long time it was reported in the literature, an inhibitory phenomena related with the concentration 

of long chain fatty acids (LCFA), especially in digesters with a continuous feeding (Angelidaki, et al.,1990; Hwu et 

al., 1998; Pereira et al., 2003). Nevertheless, Fernandez et al. (2005) referring to a co-digestion system with 

simulated organic fraction of municipal solid waste, reported that fats from animal and vegetable origin could be 

almost completely converted, confirming the possibility of lipids digestion. The studies of Pereira et al. (2005) 

demonstrated the mass transfer limitations caused by LCFA accumulation onto anaerobic sludge and how this 

problem can be overcome. The most abundant LCFA’s normally found in sardine oil are palmitic acid (16:1), oleic 

acid (18:1), eicosapentanoic acid (20:5) and docosahexanoic acid (22:6), respectively in a percentage on the total 

fatty acids of 19,14,20,12 % (Gámez-Mezaa et al., 1999; Shiraia et al., 2002).  

In the same region where the canning plant is located, there are several full scale farm biogas plants 

where it could be interesting to introduce other substrates to co-digest with pig slurry (PS), in order to raise biogas 

production. 

1.1 Research objectives 

The purpose of this work was to demonstrate in a commercial pig farm with a biogas plant and in real conditions, 

the possibilities to co-digest WSO and PS at farm level. Anaerobic digestion is one of the most adequate 

technologies to manage this type of industrial organic waste streams (Chowdhury et al., 2009), and the decentralized 

operations of organic waste management for biogas production have many advantages but also a number of 

uncertainties that must be evaluated (Weiland, 2006; Raven et al., 2007). 

Since it was the first time that in Portugal such an experience was done, the production of technical 

information to the veterinary authorities was a secondary goal. 

2 MATERIALS AND METHODS 

2.1 Origin of materials 

Pig slurry (PS) was obtained in a 1000 sow farrow-to-finish pig farm and it was used the screened slurry fraction 

that feeds the operating farm digesters. An interception of the feeding circuit was done in order to supply the pilot 

plant on site. Wasted sardine oil (WSO) was originated from a fish canning factory during the early weeks of 
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August, within the season of the year when sardine body weight fat content is higher (May to December). The WSO 

was collected from the exudate rejection stream of the steam cooking process.  Inoculum was obtained from a 

mesophilic (35ºC) sewage sludge digester. Characteristics of PS and WSO are presented in Table 2.  

2.1 Lab and pilot set-up 

Exploratory lab trials, were performed using glass reactors (CSTR) with V= 2 litre. Although results will not be 

shown, these trials are mentioned due to their importance in the preliminary work phase of the pilot assay. The main 

goal of these trials was to make practical tests for the mixing of both streams, hydraulic behaviour, compositions and 

methane yield.       

Pilot scale trials were performed on site, in the farrow-to-finish pig farm in a biogas mobile pilot plant, 

previously designed in a standard shipping container (Ferreira, 2007; Ferreira et al., 2008). This plant consists of an 

automatic device, equipped with a heated stainless steel CSTR digester (Vwork = 1,6 m
3
 ) with a mechanical mixer, a 

mixing tank and tanks for slurry , pumpable  feedstocks and digestate, all equipped with the respective pumping and 

mixing systems. This set up was operated in real conditions during 4 months.  

Dynamic mesophilic (35º - 37º C) continuous pilot trials with a HRT=16 days, were performed with pig 

slurry (PS) as mono-substrate (OLR = 1,6 Kg COD/m
3
.d

-1
) and with mixtures of WSO:PS with a volumetric 

composition (% v/v) of  2:98 (OLR = 3,0 Kg COD/m
3
.d

-1
) ,  3:97 (OLR = 3,7 Kg COD/m

3
.d

-1
) and 5:95 (OLR = 5,2 

Kg COD/m
3
.d

-1
). The main operational parameters (methane, carbon dioxide, H2S and COD fractions of the 

digestate, nitrogen and phosphorous) has also been investigated. Table 1 describes for each of the assay periods, the 

respective loading compositions. 

2.2 Analytical methods  

The pH, chemical oxygen demand (COD), total solids (TS), volatile solids (VS), total kjeldahl nitrogen (TKN), 

ammonical nitrogen (NH4
+
-N), total phosphorous (TP), total volatile fatty acids (T-VFA), Bicarbonate alkalinity 

were determined according to standards methods (APHA, 1995).  

 

TABLE 1 Trials description and loading compositions 

Period (day) PS:WSO 

(% v/v) 

PS 

(kg SV/day) 

WSO 

(kg SV/day) 

PS 

(kg COD/day) 

WSO 

(kg COD/day) 

I : (1 to 25) 100:0 1,54 0 2,57 0 

II : (26 to 57)  98:2 1,51 1,66 2,52 2,32 

III: (58 to 89) 97:3 1,49 2,49 2,49 3,48 

IV: (90 to 122) 95:5 1,46 4,16 2,44 5,80 

3 RESULTS 

Characterization of WSO (Table 2.) indicates a very high COD content and good complementarities with PS, 

concerning nutrients balance. Regarding WSO characteristics, there is not much available information in the 

literature about this particular stream of this industry. The available data is not comparable because the fat content of 

sardines is not reported neither the steam cooking process described.  

 

TABLE 2 Characterization of the co-substrates (results are given as means of triplicates with standard 

deviations) 

Waste Pig slurry (g/l)  WSO (g/l) 

Total solids (TS) 22,6 ± 7,5  876 ± 7 

Volatile solids (VS) 15,4 ± 5,8  831 ± 6 

Chemical oxygen demand (COD) 25,7 ± 2,9  1159 ± 26 

Total Kjeldahl nitrogen (TKN) 2,5 ± 0,7  0,63 ± 0,29 

Fat content -  805 ± 29 

 

The time course of the daily methane production of the dynamic experiment is depicted in Fig.1 for 

I,II,III and IV periods. Table 3 summarizes the obtained average production for each period. Following the methane 

production results, it can be seen from the period II ( PS:WSO - 98:2) production profile, that biomass needs a 

period to adapt to the new substrate. Although after a period of about 10 days the production became stable. On the 
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other hand after biomass have already used WSO as co-substrate, first in period III ( PS:WSO - 97:3) and after in 

period  IV ( PS:WSO - 95:5), the response of the system to an increase on the WSO loading rate was characterised 

by a rapid conversion. A similar type of response to fish oil waste pulses was obtained in a co-digestion system with 

a continuous feeding of cow manure with food waste (Neves et al., 2008). 

 

TABLE 3 Biogas and methane production (results are given as means of observations with standard 

deviations) 

Period (day) biogas 

(l/day) 

methane 

(l/day) 

methane 

(l/kg VS) 

methane 

(kg COD-CH4 

/day) 

I : (1 to 25) 961 ± 74 692 ± 53 450 ± 35 1,98 ± 0,15 

II : (26 to 57)  1937 ± 255 1356 ± 178 428 ± 56 3,87 ± 0,50 

III: (58 to 89) 2863 ± 254 2004 ± 178 503 ± 45 5,73 ± 0,51 

IV: (90 to 122) 3691 ± 174 2571 ± 134 458±  24 7,35 ± 0,38 

 

 

FIGURE 1 Time course of methane production 

for the four periods  (l CH4/day) 

 FIGURE 2 Time course of specific methane 

production for the four periods  (l 

CH4/g VS.d
-1

) 
 

The especific methane production is represented in Fig. 2. For each of the periods where WSO was co-

digested with pig slurry,  it can be observed the evolution of the substrate conversion by the system and the 

respective average figures are presented in table 3. The results of the periods II, III and IV show some differences 

that can be explained in one hand due to in period II, biomass was not acclimatized to WSO. On the other hand the 

highest methane conversion rate recorded in period III might suggest a complete mineralization of  the WSO added.     

Although during period IV the average daily methane production kept a stable patern and  raised in 

relation to period III about 28%, nevertheless a reduction on the average specific methane production of  9% was 

obtained. Taking into account the daily loading of  WSO into the digester, it’s equivalent to a concentration of  3,63 

g CODoil/lreactor. Supported in the conclusions of Neves et al., 2008, this figure is almost five times less than the 18 g 

CODoil/lreactor capable to induce a persistent inhibition of the process. Pereira et al. (2005) described this inhibition 

due to a physical phenomena of adsortion and entrappment in the sludge that become “encapsulated” by a LCFA 

layer. On the other hand the process stability was monitored measuring the pH and T-VFA/BA ratio. Both 

indicators, suggests that the co-digestion process was robust. Therefore the most likely explanation for this 

difference, may have been a loss of efficiency in the mixing operation of the two substrates in the mixing tank, 

taking in account that a larger amout of SWO had to be mixed. A more detailed monitoring of soluble COD in the 

effluent could have also been recommended to clarify this issue.  

Operational results are summarized in table 4. It can be observed that increasing the percentage of  WSO 

in the composition of feedstock, methane productivity raises from 0,43 to 1,61 m
3
 methane/m

3
 digester.d

-1
. This 

represents an yield gain of the system of almost for times. According to the expectations and taking into account the 

lipidic fraction of the SWO, the biogas quality didn’t suffer substantial changes within the co-digestion experiment. 
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TABLE 4 Operating and process performance obtained from pilot plant trials 

Mixture 

PS:WSO 

(% v/v) 

HRT 

days 

OLR 

kg COD/m3.d-1 

 

m3 methane/ 

m3 digester.d-1 

Biogas 

quality 

% CH4 

Biogas 

quality 

ppm H2S 

COD 

removal 

% 

 

m3 methane/ 

m3 biomass 

100:0 16 1,6 0,43 72 > 1500 77 7 

98:2 16 3,0 0,85 70 > 1500 80 14 

97:3 16 3,7 1,25 70 > 1500 96 20 

95:5 16 5,2 1,61 70 > 1500 90 26 

4 CONCLUSIONS 

Co-digestion process of pig slurry with wasted sardine oil was performed with a high conversion of the inlet COD. 

The incremental addition of WSO to a composition (% v:v) of 95:5 enhanced the methane productivity in four 

times, when compared with the same system digesting pig slurry as the mono-substrate.  

The pilot experiment showed that WSO could be a food industry waste stream easily to be co-digested at farm scale 

biogas plants. In the particular case of this canning plant, a regional waste management solution could be envisaged 

and the awareness of the competent authorities about this waste management technology alternative was improved. 
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1 INTRODUCTION 

Swine manure treatment is receiving an increasing attention in Europe due to the intensive and concentrated farming 

in located areas. Wastewaters produced by these farming activities are characterized by high organic and nutrient 

concentration which results in pollution problems when not treated properly. 

Despite the most traditional treatment is the aerobic technology, the high organic load inherent to 

livestock effluents often hinders the economical viability due to the intensive oxygen supply necessary to achieve 

pollutant depletion. On the other hand, anaerobic digestion is presented as an efficient and cost-effective treatment 

to diminish organic matter producing energy (methane). However, it is known that swine manure anaerobic 

digestion often results in low methane yields. This fact is mainly caused by two problems, which are the high fibre 

and water content in swine manure (Kaparaju and Rintala, 2005; González-Fernández et al., 2008) and the high 

ammonium concentration (Angelidaki et al., 1993).  Even though anaerobic processes may remove organic matter, 

nutrients remain in the effluent. 

Regarding nutrients, microalgae based processes offers a solution not only for nutrients removal but also 

for nutrients recovery. Bacteria and microalgae consortia has been used to treat several wastewaters. Both groups 

have a symbiotic relationship which involves the photosynthetic oxygen production by microalgae required by 

aerobic bacteria, while bacteria produce CO2 needed for microalgae growth. As mentioned before, in this type of 

systems nutrients removal usually takes place via uptake. Nutrients biomass uptake results in conversion to 

macromolecules such as carbohydrates, lipids and proteins (Wang et al. 2008). 

Different algae systems have been used in these last years for wastewater treatment (Ugwu et al., 2008). 

Among those systems, biofilms based have been proven to be more effective for nutrients recovery and biomass 

harvesting. However, open ponds have been extensively used due to its cost effectiveness and its easy application 

(Garcia et al., 2000).  

An in-depth study was carried out to fully understand the removal mechanisms and removal efficiencies 

of a multi-stage treatment of swine manure. Anaerobic digestion, centrifugation step and open pond oxygenated 

photosynthetically were the three consecutive stages of the treatment. The treatment was evaluated in terms of 

organic matter, nitrogen and phosphorus removal. Moreover, carbon, nitrogen and phosphorus assimilated in the 

biomass were also evaluated. 

 

2 MATERIALS AND METHODS  

Swine manure (SM) was obtained from a pig farm located in Avila (Spain). The anaerobic sludge (AS) used as 

inoculum was collected from an anaerobic digester in the municipal wastewater treatment plant of Valladolid 

(Spain).  

The multi-stage treatment included a first step of anaerobic digestion (S1). The digester was a 5 L 

completely mixed reactor operating at 25 days hydraulic retention time (HRT). Reactor temperature was set at 

37±2ºC with a water bath. Daily biogas production was quantified by water displacement. The second step was 

mechanical separation (S2) by employing a centrifugation step in order to decrease the solids content of the 

anaerobic effluent. The supernatant obtained in this later step was subsequently fed to the open pond (S3). The open 

pond was a 6 L reactor operating at 8 days HRT. 70 and 35 mg VSS/L microalgae and activated sludge were 

inoculated. The open pond was constantly illuminated using fluorescents lamps. The lightning of the reactor 

provided also heating of the cultivation medium. Daily measurements of temperature resulted in 30±2ºC. The 

culture broth was gently suspended by means of magnetic stirrers. The final effluent was collected in a settler (0.75 

L) for biomass sedimentation.        

Influents and effluents concentrations in terms of organic matter (total and soluble COD, TS and VS), 

ammonium and phosphate were analyzed periodically according to Standard Methods (APHA, 2005). Biomass 
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obtained at the end of the multi-stage treatment was also analyzed in order to estimate the carbon, nitrogen and 

phosphorus assimilated. 

 

3 RESULTS AND DISCUSSION  

3.1 First step of anaerobic digestion (S1). 

Organic matter reductions in the range of 30% and 50% for COD and TS respectively were obtained (Table 1). 

These values were higher than those obtained by Karakashev et al, (2008) who treated high strength pig manure in a 

full scale anaerobic digestion plant achieving removals of 25% for both CODs and CODt. In both studies, the low 

ratio CODs/CODt (Table 1) and the high fiber content (data not shown) in the swine manure were probably the 

factors that led to such low removals. 

 An averaged organic load rate of 0.80 g SV L
-1

 g 
-1 

with a HRT of 25 days was used. The reactor was 

working for 75 days achieving an averaged biogas yield of 0.21 L CH4 g SV added 
-1

 with a 48.9% of methane. 

Biogas yields were higher than the ones in the study carried out by Kaparaju and Rintala (2005), who reported that 

anaerobic digestion of hog manure alone produced a biogas yield of  0.13-0.15 L CH4 g SV added 
-1

. In that study, 

anaerobic digestion of hog manure alone was hindered by the high N-NH3 concentration. In our case, no N-NH3 -

mediated inhibition was detected, but, as expected, N-NH4
+
 concentration increased during the anaerobic digestion 

due to proteins break down (Table 1). 

 

TABLE 1  CODt, CODs, VS, TS, N-NH4
+
, TKN in the effluents and influents for S1 and S2. Standard 

deviation is showed in brackets. 

S1 in S1 out = S2 in S2 out

CODs (g L
-1

) 4.9 (3.23) 3.5 (1.15) 3.24 (0.16)

CODt (g L
-1

) 22.2 (14.67) 15.8 (8.96) 3.86 (0.92)

VS (g L
-1

) 20.0 (4.4) 9.7 (2.7) 2.54 (0.48)

TS (g L
-1

) 26.5 (4.5) 15.3 (3.6) 6.10 (1.01)

N-NH4
+
 (g L

-1
) 1.4 (0.01) 1.81 (0.32) 1.66 (0.37)

 
 

3.2 Second stage of centrifugation (S2). 

Anaerobically digested SM had still high COD, thus a second stage was carried out in order to further remove 

organic matter. Centrifugation step removed particulate organic matter achieving an influent for the open pond (S3) 

with relatively low content of organic matter and
 
high content of nutrients. The removals of CODt and TS obtained 

during this stage were 75% and 60%, respectively (Table 1). Thus, effluent from S1 was used as feeding for S2.  

3.3 Open pond (S3). 

The last stage of the treatment was an open pond where mainly nutrients (nitrogen and phosphorus) were depleted. 

The inlet of the open pond was diluted due to the microalgae limitation with regard to ammonium high 

concentrations (González et al, 2008). In this context, different periods (L1-L4), corresponding with different 

ammonium loads were considered (Table 2).  

Ammonium was almost exhausted in all the loads even though as long as ammonium concentration was 

increased, ammonium removal mechanisms changed. The ammonia concentration of the different loads was 

calculated according to Hansen et al., (1998). In the case of L1, stripping was the principal reason for ammonium 

removal (72.4%). The high photosynthetic activity during this load was the responsible of CO2 consumption, which 

resulted in pH increase. Such high pHs pH (up to 9.5) displaced N-NH4
+
 /N-NH3 equilibrium to N-NH3 and 

produced N-NH3 stripping. The pH of L2 to L4 ranged from 6.6 to 7.9. In this context, a more equilibrated activity 

between bacteria and microalgae was obtained. An accumulation of N-NOx made clear that nitrification was taking 

place. Therefore, even though ammonia volatilization (Garcia et al., 2000) and assimilation (Wolf et al., 2007) had 

always been thought as the main mechanism for ammonium removal in open ponds, nitrification played an 

important role in L2, L3 and L4 periods (Table 2). 

 Phosphate was removed mainly by biomass uptake. However, high pH during L1 could have cause PO4
3- 

precipitation (Nurdogan and Oswald, 1995). Therefore, removal percentage presented in L1 may be not only caused 

by biological processes but by chemical precipitation as well. Removals up to 80% PO4
3-

 were achieved during the 
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three first loads. In the last period (L4), microorganisms were not able to assimilate more phosphate than 54%. The 

high load applied at that time probably was the responsible of that behaviour. These removals were high compared 

with 10% reported by de Godos et al., (2009) who worked with high rate ponds.  

 

TABLE 2  N-NH4
+
 and soluble P concentration of the influent and removal of ammonium eliminated by 

stripping and nitrification through the different loads. Standard deviation is showed in 

brackets. 

% Removed by % Removed by

pH N-NH4
+
in (mg L

-1
) N-NH4

+
Removal stripping nitrification Psol in (mg L

-1
) Psol Removal

L1 9.5 185.6 (17.9) 99.9 (0.2) 72.4 - 9.7 (3.1) 79.1 (8.4)

L2 7.9 355.9 (48.4) 99.3 (1.0) 5.4 3.7 19.2 (6.4) 75.9 (11.0)

L3 6.6 496.6 (50.4) 93.8 (1.9) 0.4 23.2 25.5(5.8) 79.2 (2.1)

L4 7.6 689.0 (71.5) 88.3 (2.9) 3.2 33.9 30.4 (2.4) 54.3 (11.7)  
                  

                 Mainly heterotrophic bacteria removed COD, thus its removal depended on dissolved oxygen (DO) 

measured in the medium. As it can be seen in Table 3, COD removals decreased when organic load was increased. 

Dissolved oxygen levels averaged 8.3 and 7.3 for L1 and L2, while during L3 and L4 the OD measured was 5.5 and 

2.9 respectively, these values explained the COD removal drop. 

 

TABLE 3  Organic matter concentration and removal. Biomass uptake in terms of C, N and P through the 

different loads. Standard deviation is showed in brackets. 

 CODt in (mg L
-1

)  CODs in (mg L
-1

)  CODt Removal  CODs Removal TKN TP TC

L1 484.9 (66.7) 374.3 (86.6) 52.9 (5.6) 50.2 (6.9) 76.5 17.2 484.1

L2 816.8 (63.7) 686.4 (93.3) 57.6 (6.5) 60.2 (8.5) 75.2 18.0 471.5

L3 1181.9 (249.0) 960.1 (154.9) 46.9 (8.1) 51.8 (8.6) 82.1 22.3 457.1

L4 1806.4 (286.0) 1529.8 (291.8) 38.7 (10.9) 36.8 (12.0) 79.6 12.7 433.1

Biomass uptake (mg g DW
-1

)

 

 

                  Microalgae employ the fixed CO2 to produce carbohydrates, lipids, proteins and nucleic acids (Spolaore 

et al., 2006). Regarding nutrients, nitrogen is converted to proteins (Mitchell and Richmon, 1988) while phosphorus 

is used for the formation of phospholipids, nucleotides and nucleic acids. The biomass withdrawn presented 45% of 

carbon, 7-8% of nitrogen and 1-2% of phosphorus per dry weight of biomass. As can be seen in Tables 2 and 3, the 

higher N-NH4
+
 and PO4

3-
 added, the more TKN and TP assimilated by the biomass. In L4, the high load applied 

probably was the responsible of a reduction in biomass uptake, as mentioned before. Regarding total carbon (TC), as 

CODs and CODt loads were increased, TC uptake diminished (Table 3). This could be attributed to dissolved 

oxygen presented in the medium.  

 

4 CONCLUSIONS 

This study highlighted the great potential of combining several biological treatments for swine manure treatment. In 

the first stage, anaerobic digestion, organic matter was converted to methane. The centrifugation step removed 

organic matter as well, improving the quality of the effluent for the last stage. Finally, the open pond stage 

constitutes a cheap (solar powered) technology by which nutrients and organic matter were efficiently removed from 

the medium. Furthermore, the biomass of this last stage is a value added product which may help to offset the cost 

of the prior steps. 
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1 INTRODUCTION 

Solid-liquid separation of livestock slurry is an effective slurry treatment method for producing nutrient-rich organic 

solids and potentially reducing the nutrient contents and organic matter (OM) in the liquid phase. There is value in 

separating the cattle slurry solid fraction (SF) for use as a soil conditioning agent and this is particularly important in 

Southern European climates where soils are depleted in OM. Composting may be an effective management option to 

improve the suitability and acceptability of SF for use on agricultural land and composted SF can be managed in the 

same way as traditional farmyard manure with application at any time of the year provided ground conditions allow, 

unlike slurry spreading which is subject to closed periods.  

The SF produced by dairy cattle slurry separation is a fibrous product with high porosity that allows air 

transfer into the pile to facilitate composting action. The oxygen supply to the pile may be further increased by the 

upward convective air flow generated by the heat produced by the composting process. However, the porosity and 

air-flow are influenced by a number of factors such as temperature, moisture content (MC), carbon to nitrogen ratio 

(C/N), aeration and the physical structure of the raw feedstock material.  When the MC of the solids exceeds 70%, 

which is frequently the case for most separated cattle slurry solids (Brito et al., 2008), oxygen movement is 

restricted. Turning may serve to provide oxygen for the decomposition process, but can increase ammonia (NH3) 

emissions (Raviv et al., 2004) reducing the agronomic value of the final product. This work aims to find methods to 

improve the composting process of SF, without pile turning or additional bulking agent, based on the effects of pile 

size and the rate of SF solid-liquid separation, on the evolution of SF physicochemical characteristics and nutrient 

dynamics, in order to improve compost quality.  

 

2 MATERIALS AND METHODS 

Cattle slurry solid fraction (SF) was collected from two dairy farms and dewatered using a screw press. The press 

was supplied with slurry to produce SF at a rate of 4 m
3
 h

-1
 in Farm 1 (SF1) and a rate of 1 m

3
 h

-1
 at Farm 2 (SF2). 

The SF was composted without additional material in tall (1.7 m) and short (1.2 m) static piles, without turning, as 

follows: A) SF1 tall pile; B) SF2 tall pile; C) SF1 short pile; and D) SF2 short pile. Four replicate samples of each 

composting treatment were collected for analysis after 7, 14, 28, 42, 63, 91, 126 and 168 days of commencing 

composting and also at the beginning of the process. Compost temperature was monitored automatically with a 

thermistor positioned in the centre of each pile (Delta–T Devices).  

The average ambient air temperature was 14.4 ºC. Compost dry matter (DM), pH, electrical conductivity 

(EC), organic matter (OM), and Kjeldahl N were determined by standard procedures (CEN, 1999). Solids (50 g) 

were dried in an oven at a temperature of 103 ºC ± 2 ºC until the weight remained constant. The pH was measured 

with a pH meter in samples extracted with water at 22 ºC ± 3 ºC in an extraction ratio of 1 + 5 (v/v) and the specific 

EC was measured in the same extract. The OM content was calculated by the loss of mass on ignition at 450 ºC for 6 

hours and expressed as a percentage by mass of dried sample. The N content of the sample was determined using a 

modified Kjeldahl method based on a sulphuric acid/potassium sulphate digestion and with copper selenium 

catalyst, using a Kjeldahl therm digestion unit and a compact distillation unit. Losses of OM were calculated 

according to the following formula:  

OM loss (g kg
-1

) = 1000 - 1000[x1(1000 - x2)]/[x2(1000 - x1)] 
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where x1 and x2 are the initial and final ash contents (g kg
-1

), respectively (Paredes, et al., 2000). Mineral 

N of fresh compost samples was extracted with 2M KCl 1:5. Contents of ammonium nitrogen (NH4
+
-N) and nitrate 

nitrogen (NO3
-
-
 
N) in the extracts were determined by molecular absorption spectroscopy in a segmented flow 

analyser system equipped with dialysers to prevent interferences from colour or suspended solid particles of the 

extracts. Phosphorous (P) was measured by a molecular absorption spectroscopy procedure after digestion with 

sulphuric acid (H2SO4); potassium (K) and calcium (Ca) were measured by flame and atomic spectroscopy, 

respectively, after nitric-perchloric acid digestion. Non-linear regression using the Levenberg-Marquardt method 

and the Duncan's multiple range to test for significant differences of means were both carried out using SPSS 15.0 

for windows (SPSS Inc.). 

 

3 RESULTS AND DISCUSSION 

Initially the temperature of composting piles rose (fig. 1) as a consequence of the rapid breakdown of the readily 

available OM and N compounds by micro-organisms (thermophilic phase). SF separated at a Farm 1 showed long-

lasting thermophilic phase compared to Farm 2. Highest maximum temperature (62–64 ºC) was achieved in tall piles 

compared to short piles (52 ºC). Therefore, tall piles enhanced compost sanitation. As the OM became more 

stabilised, the microbial activity and the OM decomposition rate declined and the temperature decreased to ambient 

levels, approximately 3 and 5 months after composting was initiated respectively with SF2 and SF1.  
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FIGURE 1 Temperature during composting of dairy cattle slurry solid fraction (SF) in tall piles with fast 

(A) and slow (B) SF separation, and in short piles with fast (C) and slow (D) SF separation. Ta 

represents the ambient air temperature  

 

Moisture content (MC) of collected SF was in the range of 70-78% and composting proceeded in piles far 

above MC of 60% suggested as the maximum for composting (Tchobanoglous et al., 1993). Final compost MC was 

36-46% in tall piles and 67-72% in short piles. Therefore, tall piles enhanced the evaporative losses and moisture 

reduction compared to short piles. This represents a key benefit of composting SF in tall piles in terms of mass 

reduction and for the transportation of SF compost. The pH of SF was generally alkaline and in the range 7.1–9.9 

during the composting, probably due to the buffering effects of bicarbonates (Cáceres et al., 2006). These conditions 

potentially enhanced the risk of NH3 volatilisation (Raviv et al., 2004) and it was possible that some of the mineral 

N released during organic-N decomposition was as NH3 in the early stages of the composting process. The electrical 

conductivity (EC) of SF ranged from initial values of 0.4-2.4 dS m
-1

 to 0.6-1.4 dS m
-1

 in final composts. Variations 

in EC between different treatment piles were small on each sampling occasion. Final compost EC values were below 

the maximum of 3 dS m
-1

 recommended for application to soil (Soumaré et al., 2002). 

OM content of SF decreased from a maximum of 919 g kg
-1

 at the beginning of composting to a 

minimum of 772 g kg
-1

 found in the short pile with SF1, 168 days after composting was initiated. Losses of OM 
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showed two different phases of OM degradation. The first phase was indicative of the rapid decomposition of the 

most easily biodegradable substrates and a high rate of microbial activity. The second phase showed a slower rate of 

OM loss because only the more resistant compounds remained (table 1). Final OM losses increased for short piles 

(605-661g kg
-1

) in comparison to tall piles (521-562g kg
-1

). These OM losses are in agreement with Eghball et al. 

(1997) who measured OM losses during
 
composting of cattle feedlot manure of 460–620 g kg

-1
 DM and Vuorinen 

and Saharinen (1997) who cocomposted manure and straw in a drum system and found OM losses equivalent to 

620–660 g kg
-1

 DM. 

 

TABLE 1 Organic matter (OM) losses of dairy cattle slurry solid fraction (SF) in g kg
-1

 of the initial value 

Pile conditions Sample day number 

 7 14 28 42 63 91 126 168 

A) SF1 tall pile 92 112 208 331 451 543 518 521 

B) SF2 tall pile 118 67 371 373 469 464 523 562 

C) SF1 short pile 36 171 75 97 141 600 618 661 

D) SF2 short pile 127 299 386 445 450 544 588 605 

 

The amount of total N measured in the compost treatments increased from initial values of 9-12 g kg
-1

 

DM to 24-40 g kg
-1

 DM after 168 days composting treatment whereas the C/N ratio declined following a similar 

pattern for all compost treatments, from 43-55 at the beginning of the process, to a value of 14-20 towards the end of 

composting, indicating an high degree of stabilization. Mineral N was characterized by initial high NH4
+
 (690-2070 

mg kg
-1

 DM) and low NO3
-
 (10-100 mg kg

-1
 DM) contents, followed by a sharp decrease of NH4

+
 content after 1 

month and a steady increase of NO3
-
 content towards the end of composting.  

The low amounts of N-NH4
+
 (10-30 mg kg

-1
 DM) combined with the increase in N-NO3

-
 (900-3400 mg 

kg
-1

 DM) in final composts confirm that the SF composts were mature. The change of total P, K and Ca, followed 

the same trend as total N, with a gradual increase throughout the composting period due to the net loss of dry mass 

as CO2 emissions. Linear regression between nutrient and OM contents (fig. 2) showed highly significant correlation 

coefficients (P <0.001), which decreased by the following order: N, Ca, P and K. The high concentration of OM and 

total N (24–40 g kg
-1

), P (4–7 g kg
-1

), K (11–15 g kg
-1

) and Ca (13–21 g kg
-1

) in the DM of final composts, together 

with a low EC suggested that SF composts would be effective as soil amendments and suitable for use in agriculture. 
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N = 197 – 0.20 * OM 

R
2
 = 0.95*** 

P = 30.5 – 0.03 * OM 

R
2
 = 0.65*** 

K = 67.2 – 0.06 * OM 
R

2
 = 0.59*** 

Ca = 113 – 0.11 * OM 
R

2
 = 0.75*** 

 

FIGURE 2 Linear regression between N, P, K and Ca contents (g kg
-1

 DM) and OM content (g kg
-1

 DM) 

during composting of dairy cattle slurry solid fraction. ***P <0.001 
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4 CONCLUSIONS  

Thermophilic temperatures were attained soon after separation of SF and were above 60ºC for a period long enough 

to guarantee satisfying compost sanitation in tall piles. However, temperatures were below 52 ºC in short piles 

during active composting. Tall piles increased temperatures and compost moisture reduction in comparison with 

short piles, and this is a key benefit in terms of compost sanitation and mass reduction for the transportation of SF 

compost. Mature compost can be obtained with raw SF, without pile turning or bulk agent addition as indicated here 

by the low compost temperature, the low C/N ratio and the low amounts of NH4
+
, combined with the increase in 

NO3
-
 in final composts. N, P, K and Ca concentrations increased due to the reduction of pile mass during the 

composting process. This is important from an agricultural perspective in terms of the nutrient fertiliser value of 

composted residuals. 
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1 INTRODUCTION 

Livestock manure processing (e.g. solid/liquid separation, anaerobic digestion) alters physical, chemical and 

biological characteristics of manures, affecting the agronomic and the environmental effect of their application to 

the soil. Solid/liquid separation may improve manure management, field spreading and the agronomic value of both 

fractions. Anaerobic digestion allows using the labile fraction of organic matter for producing bio-energy  and the 

more recalcitrant fraction for sequestration into the soil organic matter. The study of the post application dynamics 

of carbon (C) and nitrogen (N) fractions of manures (Fangueiro et al., 2007; Bechini and Marino, 2009) is important 

to have a comprehensive analysis of the environmental effects of the different treatment options. This may also 

improve the emission coefficients foreseen by environmental impact assessment tools as LCA (Hansen et al., 2006). 

In the present work, we present the results of a laboratory quantification of the early carbon dioxide (CO2) and 

nitrous oxide (N2O) emissions and soil N availability after the application to soil of solid and liquid fractions from 

non-treatement, anaerobic digestion and codigestion of cattle slurry. 

 

2 MATERIALS AND METHODS 

Two laboratory experiments were set up as 36 day aerobic incubations of manured soil carried out in a climatic 

chamber (20° C). The two soils utilized in the experiment were a sub-acid silty loam (Poirino) and a sub-alkaline 

loam (TettoFrati) soils collected from the tilled layer of two arable fields in Piemonte. They were both poor in soil 

organic C and total N contents: 8.4 and 8.3 g C kg
-1

 and 0.81 and 0.83 g N kg
-1

 for Poirino and TettoFrati, 

respectively. A first experiment was conducted on the following treatments: non-treated cattle slurry, solid and 

liquid fractions of non-treated cattle slurry and solid and liquid fractions of digested cattle slurry, for a total of 5 

different treatments. Fresh cattle slurry was directly collected from the storage facilities of a dairy farm and 

anaerobic digestion was carried out in laboratory reactors simulating the process at the real scale under mesophilic 

conditions (Mantovi et al., 2010). Solid/liquid separation of non-treated and digested manures were performed using 

a laboratory centrifuge. Manures were then stored in tanks for 90 days under controlled ambient conditions. Before 

the experiment start, manures were analyzed for their main properties (Table 1) and for organic matter (total 

extractable C) and fibrous (Van Soest’s method) characterization (Table 2). 180 one-liter glass jars were filled with 

600 g of dry soil wetted with deionized water to reach 60% of water filled pore space and were fertilized with the 

incorporation of  125 mg kg
-1

 of total manure-N, corresponding approximately to 170 kg N ha
-1

 in 20 cm of soil  

(EU Nitrate Directive threshold for Vulnerable zones). An unfertilized treatment was also prepared. CO2 and N2O 

emissions from manured soil samples were measured in three replicates with a photo-acoustic infrared gas analyzer 

following the method described by Bertora et al. (2008). Soil inorganic N was extracted with KCl at five different 

dates (1, 3, 8, 15 and 36 days after fertilization) destroying 3 replicates per treatment per date. A second experiment 

was set up according to the same protocol using solid and liquid fractions of cattle slurry codigested with chopped 

silage maize. 

 

3 RESULTS AND DISCUSSION 

3.1  Manures characteristics. 

Manure processing and storage deeply changed the composition of the different fractions. The three types of liquid 

fractions showed different pH, dry matter (DM), total organic C and ammonium N, but a similar total N content. 
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Concerning the ratio between ammonium and total N in the liquid fractions, values were higher for codigested, 

intermediate for digested and lower for non-treated cattle slurry. Solid fractions mainly differed for the C to N ratio, 

which was higher for codigestion. Treatments also greatly differed for the main parameters resulting from organic 

matter and fiber characterization 

 

TABLE 1  Main properties of the cattle slurry included in the experiment (all the percentages are 

expressed on a fresh weight basis) (Mantovi et al. 2010). 

Type of manure pH Dry matter 

Total 

organic 

carbon 

Total N NH4
+
-N C/N 

  % % % % of total N  

Non-treated 6.7 5.9 2.6 0.26 54.5 10.1 

Non-treated (liquid fraction) 7.3 2.5 1.1 0.19 64.3 5.6 

Non-treated (solid fraction) 8.0 13.4 5.6 0.40 29.5 14.1 

Digested (liquid fraction) 7.9 1.8 0.8 0.20 70.4 3.9 

Digested (solid fraction) 8.5 13.7 5.9 0.42 34.6 14.0 

Codigested (liquid fraction) 8.5 1.6 0.5 0.21 77.0 2.4 

Codigested (solid fraction) 8.7 13.0 5.6 0.50 32.5 11.2 

 

TABLE 2  Organic matter and fiber (Van Soest's method) characterization of the manures included in the 

experiment (all the percentages are expressed on a dry matter weight basis). 

Type of manure Total 

organic 

carbon 

Total 

extractable 

carbon 

Humic 

carbon 

C soluble 

compounds 

(Organic 

matter-

NDF)* 

Hemicellulose 

NDF-(ADF)* 

Cellulose 

(ADF - 

ADL)* 

Lignin 

(ADL)* 

  % 

Non-treated 44.8 22.6 5.1 40.5 15.7 14.7 9.9 

Non-treated (liquid fraction) 43.4 33.3 14.1 57.4 4.1 0.4 1.0 

Non-treated (solid fraction) 42.0 29.5 10.1 24.6 21.7 27.1 13.0 

Digested (liquid fraction) 42.7 29.9 13.7 46.0 10.9 0.5 1.8 

Digested (solid fraction) 42.8 17.4 4.6 17.1 23.4 21.4 19.0 

Codigested (liquid fraction) 32.7 24.8 16.8 47.9 4.2 0.2 1.3 

Codigested (solid fraction) 42.9 18.6 13.9 17.0 20.7 19.4 22.8 
* 

Fiber fractions followed Van Soest method: NDF: Neutral detergent fiber, ADF: acid detergent fiber, ADL: acid 

detergent lignin. 

 

3.2  Comparison among treatments  

The results of the laboratory incubations are synthesized in table 3a and 3b.  For the first laboratory experiment, the 

increase with respect to unfertilized soil in the total CO2–C emissions was the highest for the solid fraction of the 

non-treated cattle slurry (0.682 g kg
-1 

of C), and the lowest for the liquid fraction of the digested slurry (0.140 g kg
-1 

of C). If the amount of CO2-C emitted is expressed as percentage of the C applied, the rank of the treatments 

changed and the liquid fraction of non-treated slurry showed the highest value (46.1%). Anaerobic digestion reduced 

CO2 emissions with respect to non-treated cattle slurry for both liquid and solid fractions. Treatment and treatment 
* 

soil interaction affected total cumulative N2O emissions. In both soils,  the highest values of N2O emissions were 

measured for the liquid fraction of non-treated cattle slurry (3.092 mg N2O-N kg
-1

 soil
-1

, on average) and the lowest 

for the solid fraction of digested cattle slurry (-0.007 mg N2O-N kg
-1

 soil
-1

, on average). Soil inorganic N recovery at 

the end of the experiment was affected by treatment and soil effect. From 38.3 to 108.5 % of the applied total 

manure-N was recovered as soil inorganic N at the end of the experiment. Solid fraction of digested slurry showed a 

soil N recovery 1.6 times higher than solid fraction of untreated cattle slurry. The results of the second laboratory 

experiment (Table 2b) showed that the fertilization with codigested fractions have a different effect on CO2 and N2O 

emissions depending on soil type, since soil 
* 

treatment interaction was highly significant. Comparing the two 
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experiments, total CO2 and N2O emissions were similar for codigested fractions compared with digested fractions, 

while codigested fractions showed a lower soil inorganic N recovery. The results of total CO2 emissions after 

manure application was calculated as the percentage of the initial C content in the non-treated cattle slurry (Table 4). 

Anaerobic digestion followed by solid/liquid separation reduced early CO2 emissions after fertilization in both soils. 

 

TABLE 3  The cumulative CO2 and N2O emissions and the soil inorganic N recovery at the beginning and 

at the end of the experiment [(soil inorganic N of treatment - soil inorganic N of the 

control)/(total N applied)] for the first (a) and the second (b) experiment. 

Soil inorganic N recovery 
a) 

CO2–C cumulative 

emissions 

N2O-N 

cumulative 

emissions Initial Final 

 
g CO2-C kg

-1
 

soil
-1

 

% of applied 

C 

mg N2O-N 

kg
-1

 soil
-1

 
% of applied total N 

Treatment      

Non-treated cattle slurry 0.390b 30.8b 0.263 48.2 71.6bc 

Unfertilized 0.099f - -0.060 - - 

Non-treated (liquid fraction) 0.317bc 46.1a 3.092 63.4 90.7ab 

Non-treated (solid fraction) 0.682a 24.3bc 0.406 42.7 38.3d 

Digested (liquid fraction) 0.140e 28.7b 0.418 85.8 108.5a 

Digested (solid fraction) 0.277cd 18.2c -0.007 46.8 61.0c 

      
Soil      

Poirino 0.315 29.3 0.881 44.0 68.1 

TettoFrati 0.320 29.9 0.490 70.6 80.0 

      
Source of variation      

Treatment 0.000 0.000 0.000 0.000 0.000 

Soil ns ns ns 0.000 0.004 

Treatment 
*
 soil ns ns 0.015 0.031 ns 

 

Soil inorganic N recovery 
b) 

CO2–C cumulative 

emissions 

N2O-N 

cumulative 

emissions Initial Final 

 
g CO2-C kg

-1
 

soil
-1

 

% of applied 

C 

mg N2O-N 

kg
-1

 soil
-1

 
% of applied total N 

Treatment      

Unfertilized 0.105 - 0.011 - - 

Codigested (liquid fraction) 0.196 70.0 0.482 85.6 78.8 

Codigested (solid fraction) 0.288 21.4 0.085 51.5 46.2 

      
Soil      

Poirino 0.145 30.6 0.118 66.4 57.9 

TettoFrati 0.248 60.7 0.268 70.7 67.0 

      
Source of variation      

Treatment 0.000 0.000 0.000 0.001 0.000 

Soil 0.000 0.000 ns ns 0.036 

Treatment 
*
 soil 0.000 0.011 0.001 ns ns 

* Different characters denote statistically significant differences based on log-trasformed data. 

TABLE 4  Total CO2 emissions of the manure treatments after the application to the soil, expressed as 

percentage of initial C and N amounts in the non-treated cattle slurry. 
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4 CONCLUSIONS 

The different manures were applied to soils at the same total N level. Early CO2 losses due to manure application 

ranged from 0.39 to 1.91 Mg CO2-C ha
-1

, for digested liquid fraction and non-treated solid fraction, respectively. On 

the contrary, the different manures supplied a different amount of total C: from 18.2 to 70.0% of this C was lost as 

CO2. Nitrous oxide emissions were high only for liquid fractions, where they represented, on average, 2.0% of the N 

applied. During the experimental interval, soil inorganic N recovery increased, on average, from 78.3 to 92.6% of 

total N applied with liquid fractions of manure, confirming the high N availability to crops of this type of manures. 

Moreover, results showed that manure treatment options reduce the amount of CO2 losses after application to soils 

by 10 (solid/liquid separation) and 52% (anaerobic digestion followed by solid/liquid separation). 

On average, 65% and 100% of CO2 and N2O was emitted within the first two weeks, respectively. A 

steady-state CO2 respiration rate was reached within the end of the experiment. These results confirm that, in several 

cases, longer laboratory incubations of amended soils are not necessary for early decomposition and basic 

respiration measurement. The effect of long-term application of treated manure on soil CO2 respiration level and the 

relative contribution of early CO2 and N2O emissions after application on total emission levels need to be 

investigated.  
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CO2-C emitted after fertilization (% of C as non-treated) 
Manure treatment process 

Poirino Tettofrati 

Non-treated cattle slurry 28.3 33.3 

Solid/liquid separation of non-treated slurry 28.5 27.0 

Digestion followed by solid/liquid separation 15.2 14.4 
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1 INTRODUCTION 

The digestate is a by-product of the anaerobic digestion (AD) process . During the AD process the organic matter 

content of biomass is reduced whilst the total content of nutrients (N, P) tended not to be influenced but nitrogen is 

partially converted from organic N to soluble ammonium N.  

Solid/liquid separation of digestate, as for liquid manures, is quite common in Italy. This kind of 

treatment concentrates the residual organic matter in the solid fraction and ammonium N in the clarified fraction.  

This latter fraction, due to the fact that ammonium N is readily available to crops, has good fertilising 

properties. On the other hand, the solid fraction from digestate may be considered to have good amendment 

properties. Adani et al. (2009) verified a relatively high biological stability of the residual organic matter and a 

concentration of recalcitrant fractions such as aromatic and aliphatic molecules, which are possible humus 

precursors. 

The objectives of this research were to evaluate to what extent N is converted from organic N to 

ammonium N in the AD process and the partition of dry matter and nutrients as a consequence of the solid/liquid 

separation applied on both raw and digested slurries. 

 

2 MATERIALS AND METHODS 

Three trials on AD were set up in laboratory reactors (23 dm
3
 each, Figure 1) simulating the biogas production 

process as performed in real scale, with daily input and output of material. 

 

 

FIGURE 1 Anaerobic digestion laboratory reactors 
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Characteristics of input materials utilised in the three trials are reported in Table 1. Pig slurry was 

collected from a house for growers-finishers heavy pigs (up to 160-180 kg/head); cattle slurries were collected from 

cubicles where a small amount of chopped straw was utilised as bedding.  

Each AD treatment had three replicates. Mesophilic conditions (38-39 °C) were maintained in the 

reactors. Table 2 reported some of the process conditions and results. 

 

TABLE 1 Chemical-physical characteristics of the materials used in the trials 

 pH 
Total Solids 

(TS) 
Volatile Solids (VS) 

Total Kjeldahl Nitrogen 

(TKN) 

Ammonium 

N 

 [-] [g/kg fm] [g/kg fm] [% TS] [mg/kg fm] [% TS] [% TKN] 

1) Pig slurry 7.2 46.9 31.3 66.6 4177 9.4 61.9 

2) Cattle slurry 7.0 68.6 56.3 82.1 2718 4.0 42.8 

3) Co-digestion        

- cattle slurry 7.6 66.9 54.8 81.8 2815 4.2 43.6 

- silage maize 3.6 336.2 320.3 95.3 4446 1.3 1.1 

 

TABLE 2 Main conditions and results of the anaerobic digestion trials 

 
Hydraulic 

retention time  
Organic load rate Methane production Methane in biogas  

 [d] [kg VS/m
3
/d] [Nm

3
/t VS] [%] 

1) Pig slurry 26 1.35 322 68.6 

2) Cattle slurry 30 2.19 223 55.5 

3) Cattle slurry + silage maize 50-70-90 2.60 289 51.3 

 

Hydraulic retention times (HRT) were fixed considering the chemical-physical characteristics of 

materials. Only for the third trial with co-digestion of cattle slurry + silage maize, different HRT were tested but the 

same organic load rate was maintained modifying the volatile solids cattle slurry/silage maize ratio around 1:9. 

Solid/liquid separation of raw slurries and digestates was performed by means of a laboratory centrifuge 

at 7000 rpm. Results cannot be directly compared with performances of the mechanical separators available on the 

market but they give indications on the effects due to AD process. 

 

3 RESULTS AND DISCUSSION 

In each trial: 

− the ratio between volatile acidity (VA) to total alkalinity (TA) was constantly below 0.3, the value normally 

indicated as standard to avoid the process inhibition (Deublein and Steinhauser, 2008); 

− methane production rates from organic matter were in accordance with data from literature (Deublein and 

Steinhauser, 2008) with higher values for pig slurry and silage maize and lower for cattle slurry; 

− nitrogen balances (input-output) testified of N losses of about 1-3% due to little ammonia volatilisation in 

biogas.  

The anaerobic digestion process determined the conversion of significant organic N quota to ammonium 

nitrogen. Ammonium increased from 62% (referred to Total Kjeldahl Nitrogen, TKN) in raw pig slurry to 73% in 

digested pig slurry, from 43% in raw cattle slurry to 52% in digested cattle slurry; in digestate from cattle slurry + 

silage maize it reaches 56% on TKN. 

Anaerobic digestion, converting organic matter in biogas, determined a dry matter reduction in slurries, 

with a consequent decrease in separation efficiencies, as reported in Table 3. 

 

 

 

- 434 -



 Technologies/systems for different manure and organic waste treatment options 

 

 

TABLE 3 Separation efficiencies in the solid fraction 

  Raw pig slurry 
Digested pig 

slurry 

Raw cattle 

slurry 

Digested cattle 

slurry 

Digestate from co-

digestion of cattle 

slurry + silage maize 

Weight [%] 23.4 10.9 36.7 26.9 24.7 

Total Solids [%] 73.8 60.8 77.1 75.6 70.8 

TKN [%] 49.8 27.7 55.6 48.4 43.2 

 

After anaerobic digestion, N separation efficiency in the solid fraction had diminished more than that of 

total solids, because of the mineralisation of organic N to soluble ammonium N, a process combined with the 

concurrent dry matter lowering in digestate (Figure 2). This effect was evident also in the third trial (co-digestion) 

where input N was mainly in the organic form, deriving from silage maize. This raw organic N, not digested by 

animals, is more reactive with respect to the organic N excreted by pigs and cattle (trials n. 1 and 2) and a significant 

part is converted to ammonium N. 

As a consequence, ammonium N in the clarified fraction from digested pig slurry was 36% higher than 

that of the clarified fraction from raw pig slurry. The same difference for the cattle slurry trial was 43%. 

 

FIGURE 2 Correlation between nitrogen concentration, referred to dry matter, and his separation 

efficiency 

 

4 CONCLUSIONS 

Solid/liquid separation in practice, when applied to digestate, accumulate lower amounts of dry matter and N in the 

solid fraction with respect to raw slurry treatment. This is not favourable when the objective is to concentrate dry 

matter and N in the solid fraction, to process or export them. On the other hand, solid/liquid separation of digestate 

allows to maintain in the clarified fraction a higher percentage of total N in form of ammonium, readily available to 

crops, and in the solid fraction the slow release organic nitrogen. 
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Taking into consideration the fertilising effect of the clarified fraction, it should be possible to go over the 

170 kg N/ha/year limit imposed by the Nitrate Directive for Nitrate Vulnerable Zones (NVZs) - in substitution to 

mineral fertilisers, thus reducing energy consumption and GHG emissions (Wood and Covie, 2004) - adopting Best 

Available Techniques (BAT) for land spreading to guarantee high N use efficiency (Mantovi et al., 2009). 
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1 INTRODUCTION 

The purpose of a biofilter is the purification of biological contaminants such as fungi, bacteria, enteric viruses, and 

endotoxins contained in the air of industrial plants that treat wastes, such us Municipal Solid Waste, ranching wastes 

or sludge of Waste Water Treatment Plant. Secondly, this auxiliary system of treatment of air, removals of most 

odor-producing compounds with a capacity of purification that in some cases can be higher than 95%. 

The aim of this work was to determine the variables that most affect the proper functioning of biological 

filters used to purify air from waste treatment plants. To this biofilters converges air from the composting tunnels 

(closed reactors with the addition of air to accelerate the process of respiration) and the air extracted from the 

discharge area in order to preserve the health of workers. This is a research line with little background information. 

The variables have been characterized for two biofilters with different types of porous filler: a green biofilter, using 

wood chips from timber wastes (genus Populus) and a OFMSW biofilter, using Organic Fraction from Municipal 

Solid Waste partially stabilized. 

The biofilters structure included a gravel layer at the bottom, which favors the spread of polluted air, in 

both cases. On this gravel, a layer of organic material was deposited, leaving a large void volume which allows the 

air passing through without a great loss of pressure. Moreover, the biofilter must be dimensioned in order to enable 

an adequate residence time to treat the ventilated air.  There are special cases, where biofilters used for agricultural 

wastes with an empty bed residence time (EBRT), of just 5 seconds, while other applications treating air at 

concentrations of 1000 ppm H2S require 50-60 seconds for attaining a removal efficiency of 90%. As a general rule, 

Haug (1993) found that the odor treatment for MSW composting plants requires EBRT between 30-60 seconds. As a 

biofilter is essentially a filled container which has the principal resistance offered by the media, it is not expensive or 

difficult to build. 

 

2 MATERIALS AND METHODS 

The term EBRT is calculated as the empty biofilter volume divided by the volume air flow. Typical EBRT values 

quoted in the literature vary depending on the characteristics of the gas to be treated. Experimental EBRT values are 

generally used to design the biofilter for the treatment of a contaminated gas flow for a specific pollutant (Devinny 

et al. 1999). 

f
V

EBRT
Q

=

 
where EBRT is the time empty bed residence (h

-1
), Vf = filter bed empty volume (m

3
) and Q = air flow to be treated 

(m
3
·h

-1
). Leson and Winer (1991) reported that the treatment of odour emissions generated in industrial and 

commercial requires no less than 25 seconds of EBRT. This minimal value is typically used for the design of fixed 

bed biofilters. 

In addition, the following physical determinations, for assessment and comparison of biofilters quality, 

have been made: porosity of the packing material, (calculated by the volumetric method of adding water), its particle 

size distribution (mesh size of 3, 5 and 10 mm) and the characterization of the called organic fraction of MSW, 

understood this, the ultimate elements that constitute the filling. So as being OFMSW a heterogeneous material 
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partially stabilized, were selected manually fractions as glass, paper, plastic and other items to know its proportion 

in the filler and the amount of inert materials.  

The chemical monitoring and characterization of the two raw materials (MSW compost and green wastes) 

was carried out by measuring organic matter (% VS), moisture (%) and pH, according to the Standard Methods 

(APHA, 1989). Finally, the biological evaluation was developed by the horizontal method of counting total aerobic 

bacteria, yeasts and moulds at 30° C. 

 

3 RESULTS AND DISCUSSION 

An EBRT value of 0.011 hours (40 seconds) was obtained from a green biofilter, volume of 275 m
3
, treating the air 

of a composting plant with 8 tunnels working with an intake flow air of 3125 m
3
/h. In contrast, another EBRT value 

of 0.051 hours (183 seconds) was obtained from the OFMSW biofilter, volume of 273,3 m
3
, in a composting plant 

with 4 tunnels working with an intake flow air of 1340 m
3
/h. 

These EBRT values far exceed the recommended values found in literature for most of the odour products 

that are produced during composting. It should be mentioned that the residence time (EBRT) overestimates the 

actual time of treatment since it does not consider the porosity of the filter, which will decrease the contact time 

between the gas phase and solid phase (Devinny et al. 1999). Therefore the real residence time is defined as the total 

filter bed volume multiplied by the porosity of the bed of the filter medium and divided by the air flow to be treated. 

·
f

r

V

Q

θ

τ =

 

where τr = Real residence time (s), Vf = Filter bed empty volume (m
3
), θ = P Porosity or volume of voids/volume 

of bed (dimensionless) and Q= Volume of flow treated (m
3
·s

-1
). 

Soil porosity is represented by the percentage of existing gaps and is usually empirically determined. 

Macroporosity, or no capillary porosity is formed by large gaps. The limit between macro and microporosity is fixed 

between 8 and 10 µm corresponds to the limit of the water holding capacity, where it is on hold with such force that 

it is not capable of vertical displacement by gravity, so these pores, once filled with water, always remain, unless 

some outside force is applied to the shift. The analysis of the material porosity showed a total value of 91% for the 

green biofilter (53% microporosity and 38% macroporosity) and 79% for OFMSW biofilter (70% microporosity and 

9% macroporosity). This analysis suggests that circulation of air is favoured in green biofilter versus OFMSW 

biofilter being the porosity total in this case appropriate too. 

Considering the necessary correction, τr reached a value of 36 seconds for the first case and 145 seconds 

for the second case. These results indicate that the OFMSW biofilter was oversized. 

Particle size and organic matter content of the packing media are very important variables to be 

considered for the appropriate biofilter operation. Whilst a large 10 mm + fraction is not desirable for the 

agricultural application of compost product is desirable in a biofilter, in order to increase the porosity for air 

circulation. Granulometric analysis (Table 1) revealed that particle size distribution is very different in both 

biofilters.  More, in the OFMSW biofilter the fraction with a particle size lower than 3 mm (49.9%) coincide with 

the organic matter reported in OFMSW biofilter characterization (50.4% organic matter, 28.1% glass, 5.5% paper, 

3.2% plastic and 12.9% others). 

 

TABLE 1   Size particle fractions of the media used in the two biofilters (% dry weight) 

 Green Biofilter 
OFMSW 

Biofilter 

Over 10 mm 49.4 27.1 

Between 5 and 10 mm. 26.4 17.0 

Between 3 and 5 mm. 15.9 6.0 

Less than 3 mm. 8.3 49.9 

 

Moisture and organic matter (Table 2) were analyzed at different depths, showing stratification in both 

cases. In relation to moisture, there is an analogy between the two biofilters. It should be noted that the green 

biofilter has much higher moisture, causing a washing of microorganisms present in micropores. This fact suggests 

that in some cases would require the covering of this installation, in order to maintain permanent moisture 
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conditions throughout the year. Conversely, in the case of OFMSW biofilter, the moisture in the media is considered 

too low to provide conditions for optimal biomass development. The optimum moisture range for the operation of 

the biofilter is between 40 and 60%. The maintenance of this desired level is a critical variable for the correct 

biofilters operation (Warren et al., 1997). In relation to organic matter content, it increases in depth.  

 

TABLE 2    Moisture and organic matter content  

 Moisture (%) Organic Matter (% d.w.) 

Depth (cm.) Green Biofilter OFMSW Biofilter  Green Biofilter OFMSW Biofilter  

0  82.0 5.2 86.8 12.2 

20  92.6 16.8 93.8 18.4 

40  93.7 15.6 91.1 14.3 

60  98.5 18.5 93.1 27.2 

80  96.0 20.9 97.1 30.8 

 

Figure 1 show Density and Temperature of the media in each biofilter at different depths. As can be 

observed, the density of the material was fairly uniform implying a consistent porosity. Density varied in the range 

0.22 - 0.33 g/cm
3
 for green biofilter and 0.48 - 0.61 g/cm

3
 for the media in the OFMSW biofilter. These results 

suggest that diffusion processes are not affected or even highly favoured in green biofilter, as the porosity is directly 

related to the volume of free holes through which air circulates.  

On the other hand, temperature is a key variable for microbial growth. Microorganisms growing on 

biofilters filling are mesophiles, growing at temperatures in the range of 15 - 41º C. Therefore it is important to 

monitor periodically the temperature, as has been essential to monitor the humidity in order to avoid excessive 

moisture, causing the displacement of the microbiota present in the micropores by water.  

The temperature in OFMSW biofilter varied from 32ºC to 40°C, thereby providing optimal conditions for 

the development of mesophilic microorganisms. The temperature profile shows that the warmest zone is located 

between 40 cm and 60 cm, being lower for green biofilter, where the high humidity causes the washing effect 

mentioned previously.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1    Density and Temperature in both biofilters at different depth. 

 

Another interesting factor to be considered is pH, which was found to be 7.9 and 7.7 for the two biofilters 

studied, respectively. These values are close to that of the original media (8.5) at the application time. This fact  

suggests a great buffer capacity, making unnecessary the addition of carbonate or other buffering commodities 

frequently used, especially for H2S purification or airs with acid compounds in its composition.  

Finally, the total aerobic microbiological analysis of both fillings (Figure 2) reported the most interesting 

results. It has been determined total aerobic bacteria, yeasts and moulds at 30° C.  The microbial concentration on 

the wood chip filling was much higher than in the material at the beginning of the operation of. this biofilter. In 

contrast, the aerobic microbial concentration in the OFMSW biofilter was lower than it was at the application time. 

Nevertheless, microbial concentration in this biofilter remained at higher values than in the green biofilter, 

particularly at the central zone (with values between 10
8
 and 10

9
 CFU/g d.m.), where the temperature and moisture 
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conditions are the best. Thus suggesting that both types of fillers adapt to environmental conditions and that 

microbial colonization is high for green wastes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 2   Total aerobic bacteria, yeasts and moulds at 30° C. 

 

4 CONCLUSIONS 

The use of a biofilter filled with OFMSW offers a number of drawbacks and advantages over the green biofilter. 

OFMSW partially stabilized used as biofilter is more advantageous than other organic fillers, because it contains 

microorganisms and nutrients which enables an optimum performance in a shorter time. Secondly, its biomass is 

very diverse and the likelihood of suitable bacteria for the purification of odours increases. However, the 

inconvenience of the lower life expectancy of this landfill media must be considered. Depending on the ventilation 

air to be treated, this ranges from 6 months to 2 years, while fillers based on wood chips (the most commonly used 

are of the genus Populus), can last from 4 to 7 years. 

The air residence time, (expressed as empty bed residence time, EBRT), was several times higher than 

recommended in the literature for the purification of odours in industrial emissions (EBRT>25 seconds) in both 

cases. Organic matter, pH, particle size, density, and material characterization were not significant for determining 

microbial concentration. Moisture and temperature were the most crucial factors for the microbial distribution, while 

porosity (related to particle size) was essential for the appropriate biofilter operation.  
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1 INTRODUCTION  

1.1 Background  

Organic household waste domestic composting is an alternative way to prevent the generation of municipal wastes. 

Aware of the importance of household waste domestic composting, “Servicios de la Comarca de Pamplona” has 

developed a program that encourages more than 1,000 families to compost kitchen and garden wastes on site. 

Different techniques to improve the composting process, like inoculations, should be tested with Kitchen-Garden 

wastes at domestic scale. 

The effectiveness of microbial inoculation on the degradation of organic matter during composting 

process is showed in many studies. Raut (2007) conducted an investigation to determine the dynamics of microbial 

and enzymatic activities during composting of municipal solid waste. The application of microbial inoculums 

(Phanerochaete chrysosporium and Trichoderma reese) increased temperature during the process and improved the 

degradation of cellulose. Gonzales-Villa et al (2009) and Nakai et al. (2004) suggested that the microorganisms 

present in a commercial microbiological preparations, functioned efficiently as an accelerator for the decomposition 

of organic wastes. A research of Vargas-García et al. (2007) concluded that the utility of inoculation in composting 

depends on the conditions under which the process is carried out, particularly the interaction between the 

characteristics of raw materials and the inoculants. 

The positive effect of the presence of earthworms and their influence on the establishment of a microbial 

biota effective on the degradation of organic matter has been demonstrated in numerous studies (Singh and Sharma 

2002; Domínguez, 2004; Vivas et al., 2009).   

1.2 Research objectives 

The aim of this study is to test the inoculation of a microbial prepared called MM (Mountain Microorganism) and 

of worms 'Eissenia Fetida' in domestic compost bins. 

 

2 MATERIALS AND METHODS 

2.1 Experiment design 

A random experiment with four treatments and four blocks was performed. Under outdoors conditions 16 plastic 

composts bins (320 L capacity each) were fed with organic matter obtained from a local street market. Each bin 

received 300 kg of wastes at four different moments 0, 7, 39 and 52 days after the beginning of the experiment. 

Treatments tested were: Control without turning (C), Control with Turning (CT), inoculated Mountain 

Microorganism with turning (MM) and Worms without turning (W). In addition to this, on the 52
nd

 day 36 Kg of 

pine bark were added to each compost bin. CT and MM treatments were hand turned once a week. On the 91
st
 day 

(May 2009) the experiment was finished. Compost was sifted (20 mm) and samples were submitted to a range of 

chemical, physical and biological analysis. 

The first day each MM compost bin received 9 kg of a microbial preparation. This preparation was 

obtained through the multiplication, during one month, under anaerobic conditions of microorganisms collected in 

the forests.  For this preparation 40 Kg of oak forest mulch collected in Ultzama Valley (Navarra, Spain), were 

added to a substrate for the activation of microorganisms. Substrate was made with 40 Kg of wheat bran, 12 Kg of 

ground charcoal, 10 Kg of sawdust, 4 kg of sugar, and water until reaching 30% of humidity. 
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The same day each W compost bin received 5 kg of substrate composed by 40% (weight) of earthworm 

(Eisenia foetida) and 60% of sheep manure.  

2.2 Sampling and analysis 

Fresh and dry (75ºC during 72 hours) weights of all the wastes added to each compost bin and of the resulting 

composts were measured. In each compost bin temperature and volume changes (height) were measured every 

week. The physical-chemical analysis carried out on resulting composts were: pH, EC, volatile matter, organic C, N 

Kjeldahal, C/N ratio, levels of P, K, Ca, Mg, Fe, Al, Mn, Cd, Cu, Cr, Ni and Pb. 

The stability of composts was determined with two methods: the first one was with Solvita® test kit. This 

test classifies the compost in 3 classes of activity according to the measured values of CO2 and NH3 produced. The 

second method was self-heating test (Brinton et al. 1992). Beside this, a single sample for each treatment was 

analyzed to detect Escherichia coli. 

Additionally the microbial profiles of use of carbon sources consumption were determined by mean of 

Biolog Eco Plats TM kit. This method is based on the number of phenotypes present in a microbial community. The 

test determines the level of microbial activity by measuring the oxidation of NADH in the presence of different 

substrates, and analyzing the color variation of tetrazol by spectrophotometry (Modini et al. 2004).  

Obtained data were analyzed with one-way ANOVA  (P<0.05). Statistic treatment was performed using 

software Statixtic 8.0. 

 

3 RESULTS AND DISCUSSION 

Composting process was developed appropriately in all the treatments. However temperatures were generally lower 

than 40ºC (Fig.1). These temperatures are much lower than those indicated in literature (Tuomela et al. 2000). 

However this is usual in domestic composting specially in winter cycles.  Temperatures of MM treatment showed a 

rise in temperature higher than the other treatments, especially in the first 10 days. It would be reasonable to assume 

that the effect of inoculum MM could not only have been developed by the contribution of new saprophytic 

organisms, but also by some residual energy supply in the substrate used in the production of inoculum. No 

statistically significant differences were observed between W and CT or between C and CT treatments. Turning did 

not produce a significant temperature change.  Slightly differences in enzymatic activity were only recorded in MM 

treatment. 

 

 
 

FIGURE 1 Temperature variation during composting 

 

Volume reduction during composting process was significantly higher in CT and MM treatments (Table 

1). Mass balance shows that 80% of the original mass vanished during the process and there were not found 

significant differences between treatments. 
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TABLE 1 Volume reduction (treatments followed by different letters were significally different  p<0.05) 

 C CT MM W 

initial height/final height 0.32 ± 0.03 (ab) 0.28 ± 0.01(d) 0.3 ± 0.01(c) 0.34 ± 0.05 (a) 

 

Resulted compost had a homogeneous appearance, was brown in color and fungi in odor. Nevertheless 

Solvita
®
 test showed still a high activity. Control treatment presented a 3 solvita value, while the most matured 

treatment was W with 5 solvita value. However self-heating test indicated that compost was matured (Rotting 

degree V) and there were no differences between treatments. High variability of experimental conditions, the 

difficulty of achieving high temperatures, the abundance of factors influencing the process of small-scale 

composting have made difficult to reach consensus on an specific method to evaluate the stability of compost 

(Benito et al., 2003). 

There were no significant differences in dry matter content between treatments (Table 2). Also significant 

differences were found between MM and CT for the parameters EC, C/N ratio and N Kjeldahl. pH in W treatment 

was the highest while the lowest was in MM treatment. Probably this low pH in MM treatment prevented ammonia 

losses, resulting in a richer N content and in a lower C / N ratio. All treatments showed similar amounts of nutrients 

(K, P, Mg, Ca, Fe, Na). In all sample heavy metals were very low. The highest value of each metal were: Al 2% DM, 

Zn 78 ppm, Cu 75 ppm , Ni 32 ppm, Cr 133 ppm, Pb < 10 ppm, Cd < 3 ppm. Resulted composts seemed adequate to 

be employed as organic fertilizer. 

Spanish limit value of 1,000 coli form NMP/g DM was surpassed in no turned treatments (W and C). It 

should be noted that the inoculum of worms was composed in part of sheep manure and temperatures did not reach 

sufficient higher to sanitation 

 

TABLE 2 Characteristic of compost of each treatment 

 C CT MM W 
pH 8.33 8.17 8.10 8.67 

EC (µS/cm) 4,483 4,383 5,743 5,093 

Dry Matter (% total weight) 85 89 83 78 

Volatile Matter (% dry matter) 20 19 24 25 

Organic C (C/dry matter) 10.1 9.4 11.9 12.6 

N Kjeldahl (%N/dry matter) 1.2 1.1 2.1 1.5 

C/N 8.4 8.9 5.7 8.7 

 

4 CONCLUSIONS 

The 320L composting bins have proved to be a useful devise for the reduction of organic domestic waste on site.  A 

decrease between 85% and 90% in the fresh weight of the organic waste was found in the first thirteen weeks after 

starting the composting process. 

The inoculation of MM could be very useful to improve the composting process, especially considering 

the statistical differences found in the initial temperature and enzymatic activity. This investigation does not provide 

enough grounds for a precise recommendation about worm inoculation in domestic compost bins. 

The quality level of the compost is acceptable, with very low heavy metal content. The turning process 

helps to keep the product hygienic especially after the inoculation with MM microbial.  

In conclusion, the use of 320L compost devices for the organic kitchen–garden waste management is 

strongly advisable. 
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1 INTRODUCTION 

International and national quality requirements define that compost shall not contain any environmentally harmful 

substances. Nevertheless, no established methods are available for measuring the toxicity of composted materials 

(Kapanen and Itävaara, 2001). Microbiological toxicity tests are gaining attention because they are fast, simple, 

sensitive and inexpensive. The bioluminescence-measuring test is based on the change in light emission by Vibrio 

fischeri when exposed to toxic chemicals. Tests can be performed with soil water eluates or with solid-phase 

samples (Flash method test) (Lappalainen et al., 1999). In Flash method, a kinetic measurement of the luminescence 

signal is started at the same time as the bacteria are added to the sediment sample. The advantage of this method is 

that it takes into account all the factors that effect the quenching of light: sample colour, adsorption of bacteria onto 

sediment particles and toxicity of the sample. This method has been previously used for measurement of soil and 

compost toxicity (Pollumaa et al 2000; Degli-Innocenti et al., 2001). 

 The aim of this work was to compare ecotoxicity of different materials (sewage sludge, plant wastes and 

municipal solid wastes) and their liquid extracts at several phases of composting by using the bioluminiscence Flash 

test method. 

 

2 MATERIALS AND METHODS 

2.1 Samples 

Samples of sewage sludge (SS), plant wastes (PW) and municipal solid wastes (MSW) were collected at five 

composting phases (T1, initial; T2, termophile; T3, cooling; T4 maturation; T5, final compost). Solid samples (E0) 

and their aqueous extracts (1:5, solid:water) after 24h (E24) or 48h (E48) contact time were subjected to toxicity 

analysis.  

2.2 Toxicity measurement of the samples 

The total toxicity of the samples was measured with a BioTox™ kit (Aboatox Oy, Turku, Finland) according to the 

instructions of the kit. The kit contains freeze-dried V. fischeri (strain NRRL-B-11177) and reagents for toxicity 

testing according to ISO 11348-3. Samples were diluted (1:5) with sample diluent (NaCl 2%) and pH adjusted to 

6.5-7.5 with NaOH or HCl when required. Sample diluent was also used as a control sample. 

 Bioluminiscence of V. fischeri was measured in a Luminoskan Ascent microplate luminometer (Thermo-

Electron Co., Vantaa, Finland) at 20ºC (Lappalainen et al., 1999). This instrument is an automated luminometer 

capable of dispensing bacteria reagent, mixing and measuring the samples simultaneously. The testing was 

performed in 96-well microplate. An aliquot of 100 µl of the sample was transferred to each well, after which 100µl 

of the bacterial suspension was automatically dispensed into the sample. The light signal was recorded 20 times/s for 

30 s after dispensing. The peak value of luminescence was obtained within the first 5 s and it was followed by a 

reduction in the case of toxicity of the sample. On the other hand, no bioluminescence decrease was recorded in the 

absence of toxicity. The luminometer was controlled by Ascent Software Version 2.4.1 (Thermo-Electron Co., 

Vantaa, Finland). 

2.3 Data analysis 

The results were presented as percentages of inhibition in light production. Inhibition percentage was calculated as 

the ratio of the maximum (peak) light production (0–5 s) against the light production after 30 s exposure time 

according to Eqs. (1) and (2): 
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(1)  KF=IC30/IC0 

(2)  %Inhib=100-(IT30/ (KFxIT0) ) x 100 

where KF is the correction factor, IC30 is the luminescence intensity of the control sample after 30s contact time 

(mV), IC0 is the peak luminescence of the control sample (mV), IT30 is the luminescence intensity of the test sample 

after 30s contact time (mV) and IT0 is the peak luminescence of the test sample (mV).  

 The toxicity of the samples was also estimated as EC50 values on the basis of dose-response curves. EC50 

represents the concentration of the tested substance when the amount of light produced by V. fischeri is reduced to 

one half. The dilution series for EC50 analysis were made with sample diluent until 1:32. Thirty-second EC50 values 

were determined from concentration versus %Inhib curves by means of standard least-squares statistics. The linear 

correlation coefficient reached values between 0.89 and 0.99. 

 

3 RESULTS AND DISCUSSION 

3.1 Toxicity of raw materials 

The kinetic responses of the control sample and samples at time 1 (initial) are shown in Figure 1. The curve shapes 

of the control and PW and SS samples were clearly similar, showing a typical profile of non-toxic samples. In these 

samples the peak value of the luminescence was attained rapidly (2s) after dispensing the V. fischeri suspension onto 

the sample, and the luminescence level stayed fairly constant during the 30 s exposure time. The luminiscence signal 

of the control sample was higher throughout the measurement. This was due to colour and solid particles 

interferences that reduced the luminiscence. During data processing these interferences were corrected because 

samples were used as a reference themselves and the light output was recorded immediately after all the bacteria 

contact the sample. In MSW and PW 24h aqueous extracts (E24h) samples, luminiscence decreased after 2s contact 

time because of their toxic effect on V. fischeri. In all samples toxicity was higher as aqueous extraction time was 

longer, as can be seen for the lower light output in E24h and E48h extract samples. 
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B) Municipal Solid Wastes
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C) Plant wastes
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FIGURE 1 Kinetic photobacterial measurement (30 s) of the control sample (NaCl 2%) (◊), and solid (▲) 

and 24h (○) and 48h (□) aqueous extracts of initial samples (T1) of (A) Sewage sludge (SS) (B) 

Municipal solid wastes (MSW) and (C) Plant wastes (PW). 

E24h

E48h

E0h (solid samples)

Control
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3.2 Evolution of toxicity during composting 

At the beginning of composting, MSW samples showed higher toxicity levels (higher % inhibition) than PW and SS 

samples (Figure 2). For nearly all samples toxicity was increased as water extraction time was more prolonged. 

Hence, 48h aqueous extracts caused a more noticeable decrease in luminiscence than 24h or solid samples. Toxicity 

decreased during composting time for all samples analysed. This decrease was more pronounced in samples with 

higher initial toxic values such as MSW or 24h-PW extract. In these samples toxicity decrease mainly occurred after 

cooling composting phase. All mature compost had similar toxic values with luminiscence inhibition percentages 

below 20%. 
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FIGURE 2 Inhibition of V. fisheri luminiscence in the Flash test (% Inhibition) with solid compost (▲) and 

24h (○) and 48h (□) aqueous extracts of (A) sewage sludge, (B) municipal solid wastes and (C) 

plant wastes at different stages of composting: 1, initial; 2, termophile; 3 cooling; 4 maturation; 

5, final compost. Results are average values±SD of three replicates. 

 

 Table 1 shows EC50 values of samples analysed. Toxic effect was only exhibited by 24h aqueous extracts 

from PW and MSW samples. As noticed previously, toxicity decreased as composting proceeded and, as a 

consequence, final compost were non-toxic. The unique deviation of this trend was observed in 24h aqueous extracts 

from plant wastes whose EC50 was higher (lower concentration decreased luminiscence) at more prolonged 

composting time up to maturation phase, but even for these samples 24h extracts from final compost were non-toxic. 

 

 

24h-extract

48h-extract

Solid

(A) Sewage sludge (B) Municipal solid waste 

(C) Plant wastes 
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TABLE 1 EC50 values of tested samples in V. fischeri Flash Assay after 30 s exposure. Values are % (v/v) 

of samples that lead to a decrease of 50% of luminiscence. nt: no toxic effect or low inhibition at 

the maximum concentration tested. 

EC50(%) 
Sample Composting phase 

Solid 24h extract 48h extract 

1 nt 43 nt 

2 nt 35 nt 

3 nt 33 nt 

4 nt 115 nt 

Plant wastes 

5 nt nt nt 

1 61 33 28 

2 84 39 38 

3 nt 46 42 

4 nt 99 97 

Municipal Solid wastes 

5 nt nt nt 

1 nt nt nt 

2 nt nt nt 

3 nt nt nt 

4 nt nt nt 

Sewage Sludge 

5 nt nt nt 

 

4 CONCLUSIONS 

In the present work the Flash test has been applied to verify the ecotoxicity of extracts from three raw materials 

during composting. The results of this study suggest that the Flash test can be reliably used for ecotoxicological 

analysis of these materials. 

 Municipal solid wastes samples had toxic values higher than plant wastes or sewage sludge. Even if the 

initial samples for composting have distinct toxic potential, composting act as an efficient method to reduce toxicity 

of organic materials because of stabilization processes. Mature compost had a negligible or null ecotoxic effect 

irrespective of raw materials used (MSW, PW or SS). However, attention should be paid to lixiviates generated from 

composting piles. This work demonstrated that aqueous extracts from compost samples might have a higher toxicity 

level than the solid samples. Consequently, uncontrolled lixiviates may contaminate other niches. 
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1 INTRODUCTION 

The leather industry generates an important volume of wastewater with high content of salts, solids, nutrients and 

chromium that are usually discharged to treatment plants and causes problems to the treatment process. For proper 

pollution control adequate treatment is needed. The aim of our study was to evaluate the effect of different flow 

rates of tannery effluent in a pilot scale vertical subsurface flow wetland (WS) cultivated with Phragmites australis 

or Typha latifolia, as tertiary treatment technology, on removal of N, chemical oxygen demand (COD) and 

suspended solids (SS). 

 

2 MATERIALS AND METHODS 

The study was conducted between Mar-2007 and Mar-2008 with tannery effluent from a typical commercial leather 

industry located in central Portugal. The effluent was previously pre-treated in a two-stage facility, including 

chemical separation and aerobic oxidation. The cells of the WS were built using plastic tanks with internal 

dimensions of 1.6 m length and 0.6 m width. Each cell was filled with gravel in the bottom (0-40 cm), above the 

drainage system; silt loam soil (40-100 cm) in the top, and a net between both layers to avoid blockage (Cronk et al., 

1996; Solano et al., 2004; Mant et al., 2006). 

 The experiment was carried out in two periods. From May to Oct-2007, a control (soil only), a 

Phragmites and a Typha treatment were irrigated with tannery effluent at three flow rates (10, 42.5 and 75 L m
-2

 

day
-1

), with three replications each. From Nov-2007 to Mar-2008, only the treatments with the flow rate of 42.5 L m
-

2
 day

-1 
were used (Table 1). 

 

TABLE 1 Treatments applied in constructed wetlands at pilot scale. 

 

 

 

 

 

 

 

 

 

 

 

The soils of each wetland cell were sampled and analysed by standard laboratory methods for total N, 

chromium (Cr), electrical conductivity (EC) and pH value before and after each running period. The main 

characteristics of the soil used to fill the cells of the WS were the following: total N = 4.8 mg N kg
-1

; Cr = 8.3 mg Cr 

kg
-1

; EC = 0.061 dS m
-1

 and pH = 6.0. The plant species were harvested in the end of each period to assess dry 

matter yield, and determination of N, sodium (Na) and Cr content were evaluated by standard laboratory methods. 

The effluent applied and drained from the WS was analysed for total N, COD and SS by standard laboratory 

Treatment Composition 

T1 Only soil with application of influent at 10 mm day
-1

 

T2 Typha with application of influent at 10 mm day
-1

 

T3 Phragmites with application of influent at 10 mm day
-1

 

T4 Only soil with application of influent at 42.5 mm day
-1

 

T5 Typha with application of influent at 42.5 mm day
-1

 

T6 Phragmites with application of influent at 42.5 mm day
-1

 

T7 Only soil with application of influent at 75 mm day
-1

 

T8 Typha with application of influent at 75 mm day
-1

 

T9 Phragmites with application of influent at 75 mm day
-1
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methods on 17 Jul, 10 Aug, 31 Aug, 14 Sept, 25 Oct, 30 Nov, 15 Dec, 27 Dec-2007, 14 Jan, 30 Jan, 14 Feb, 28 Feb 

and 17 Mar-2008. 

 Results obtained were compared to evaluate the effect of the rate of tannery effluent and the two species 

using the one-way ANOVA procedure in STATISTIX 7.0. To determine the statistical significance of the mean 

differences, least significant difference (LSD) tests were carried out based on a t-test. 

 

3 RESULTS AND DISCUSSION 

The period between May and Oct-2007 (spring and summer seasons) corresponds to the growth period of the two 

species. In this period the suspended solids were not significantly different (P > 0.05) between the three flow rates 

and also between the two species. However, the treatments with low flow rates (T1, T2 and T3) showed higher 

removal efficiencies than all other treatments with higher flow rates. It could be related with the loss of soil particles 

from the cells of the WS that was increased at higher flow rates (Table 2). 

Relatively to total N, results showed that the removal was significantly higher (P < 0.05) at low flow rate 

(10 L m
-2

 day
-1

) that at higher flow rates (42.5 or 75 L m
-2

 day
-1

) what could be related to organic N removal by soil 

at low flow rate. Also the N removal by Phragmites was significantly higher (P < 0.05) than by Typha, what may be 

related to a significantly higher (P < 0.05) N concentration by Phragmites comparatively to Typha (Tables 2 and 3). 

The COD concentration of the influent was significantly reduced (P < 0.05), between 37 and 76%, at all the 

three flow rates and species. Indeed, this reduction was significantly higher (P < 0.05) at flow rate of 10 than 42.5 

and 75 L m
-2

 day
-1

. Although statistically not significant a decrease of the COD removal in both species was 

observed with the increase in flow rate applied to WS. Concerning COD removal, Phragmites and Typha did not 

differ significantly (P < 0.05) relatively to soil only treatment (Table 2). 

Relatively to the period between Nov-2007 and Mar-2008 (autumn and winter seasons) the total N, COD 

and suspended solids concentrations of the influent were significantly reduced (P < 0.05) by the soil and the two 

species. During this period, the removal efficiency of total N, COD and suspended solids by Phragmites was higher 

than Typha (Table 2). 

 

TABLE 2 Characteristics of influent and effluent wastewaters applied in constructed wetlands at pilot 

scale (N = 3). 

Suspended solids Total N COD 

Treatments Concentration 

(g L
-1

) 

*Removal 

efficiency (%) 

Concentration 

(mg L
-1

) 

*Removal 

efficiency (%) 

Concentration 

(mg O2 L
-1

) 

*Removal 

efficiency (%) 

 Influent and effluent characteristics from May-2007 to Oct-2007 (5 samplings) 

Influent **12.5
a
  339

abcd
  544

a
  

T1 8.3
a
 34 188

de
 44 173

de
 68 

T2 8.6
a
 31 206

cde
 39 131

e
 76 

T3 8.7
a
 35 159

e
 53 197

cde
 64 

T4 12.8
a
 -3 309

bcde
 9 306

bc
 44 

T5 12.3
a
 1 344

abcd
 -2 266

bcd
 51 

T6 12.5
a
 0 376

abc
 -11 240

bcde
 56 

T7 12.2
a
 2 391

ab
 -15 230

bcde
 58 

T8 12.3
a
 1 497

a
 -47 297

bc
 45 

T9 13.9
a
 -12 352

abcd
 -4 343

b
 37 

 Influent and effluent characteristics from Nov-2007 to Mar-2008 (8 samplings) 

Influent **11.6
a
  338

a
  607

a
  

T4 9.9
b
 14 242

b
 28 288

b
 53 

T5 10.2
b
 12 250

b
 26 364

b
 40 

T6 8.7
b
 25 204

b
 39 269

b
 56 

* Removal efficiency = [(inflow concentration - outflow concentration) / inflow concentration] × 100. 

** For each one of the two sampling periods, values with different superscripts within columns are significantly different (P < 

0.05). 
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 As can be seen in Table 3, the increase of the flow rate reduced significantly (P < 0.05) the dry matter 

yield of the two species, which was significantly higher (P < 0.05) in Phragmites than in Typha. Similarly, N 

concentration was significantly higher (P < 0.05) in Phragmites than in Typha at flow rates of 10 and 42.5 L m
-2

 

day
-1

. Sodium concentration in Typha was significantly higher (P < 0.05) than in Phragmites. Results obtained show 

that the effluent flow rate was negatively correlated with dry matter yield of the two species, possibly due to salts 

effect. Furthermore the nutrient concentration by the two species was positively correlated with flow rate. In most 

treatments, the soils of the cells did not differ significantly (P > 0.05) between the three flow rates and the two 

species relatively to the contents of total N, Cr, EC and pH. 

 

TABLE 3 Production of dry matter, concentration of N, Cr and Na in Phragmites and Typha herbage and 

soil characteristics after each period (N = 3). 

Species     Soil    

Treatments Dry matter 

(t ha
-1

) 

**N 

(g kg
-1

) 

**Cr 

(mg kg
-1

) 

**Na 

(mg kg
-1

) 
 

***Total N 

(g kg
-1

) 

***Cr 

(mg kg
-1

) 

EC 

(dS m
-1

) 
pH 

From Mai-2007 to Oct-2007         

T1      1.2
a
 18

a
 1.48

a
 5.8

a
 

T2 *0.9
a
 21.4

b
 10

a
 32

c
  1.3

a
 20

a
 2.13

b
 5.5

a
 

T3 13.0
f
 22.8

b
 11

a
 1

a
  1.2

a
 19

a
 1.34

a
 5.9

a
 

T4      1.0
a
 20

a
 2.09

b
 6.1

a
 

T5 0.6
c
 25.7

c
 11

a
 56

d
  1.3

a
 20

a
 1.45

a
 6.1

a
 

T6 5.0
d
 29.3

d
 11

a
 3

b
  1.2

a
 24

a
 1.59

a
 6.1

a
 

T7      1.1
a
 22

a
 1.61

a
 5.9

a
 

T8 0.4
b
 17.7

a
 12

a
 53

d
  1.2

a
 23

a
 2.86

c
 6.0

a
 

T9 6.5
e
 30.5

d
 11

a
 3

b
  1.1

a
 21

a
 1.98

b
 5.9

a
 

From Nov-2007 to Mar-2008         

T4      1.4
a
 8

a
 1.37

a
 6.1

a
 

T5 *0.4
a
 34.1

a
 7.3

a
 ND  1.3

a
 10

a
 1.19

a
 6.1

a
 

T6 0.8
a
 37.9

a
 5.7

a
 ND  1.3

a
 7

a
 1.29

a
 6.0

a
 

* For each one of the two sampling periods, values with different superscripts within columns are significantly different (P < 0.05). 

** Expressed on a dry matter basis. 

*** Expressed relatively to the dry soil. 

ND = Not determinate. 

4 CONCLUSIONS 

The employment of constructed wetlands in treatment plants of tannery effluents has the potential to reduce 

pollutants. For both plant species, the removal efficiency of total N, COD and suspended solids was higher for flow 

rates of 10 and 42.5 than 75 L m
-2

 day
-1

. The effluent flow rate was negatively correlated with dry matter yield of the 

two species, possibly due to salts effect. Furthermore the N concentration by the two species was positively 

correlated with flow rate. Comparing the two species, it was observed that Phragmites was more efficient for 

treatment of tannery effluent. At the flow rate of 42.5 L m
-2

 day
-1

, this specie had a mean removal efficiency of 54% 

for total N, 56% for COD and 28% for suspended solids. 
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1 INTRODUCTION 

The solid manure fraction from slurry separation is normally exported from the farm, e.g. to be used on biogas 

plants or to be used on other farms as a fertilizer. The export of nutrients has to be accounted for and therefore the 

nutrient content of the manure should be known. Thus, an easy and inexpensive manure nutrient analysis method 

would be useful.   

The solid manure fraction will often be used as a fertiliser. However, the plant availability of nitrogen (N) 

in separated solid manures can be difficult to predict due to variable mineralisation of organic N in the manure after 

field application (Petersen & Sørensen, 2008).   

It has previously been documented that near infrared reflectance spectroscopy (NIRS) can be used for 

rapid routine analysis of nutrients in pig and cattle slurries (Sørensen et al. 2007), and NIRS can also be used for 

analysis of moisture, total N, total C and ammonium-N in solid dairy manures (Reeves and van Kessel, 2000). NIRS 

also has the potential to measure the composition of organic compounds in manure and thereby it might be possible 

to predict the potential N mineralization of manure N in soil. 

We have tested the performance of a NIRS instrument on the analysis of dry matter, total N, P, K, 

ammonium-N and potentially plant available N in separated solid manure fractions. Solid manures from a number of 

different slurry separation units were used in the test.  

 

2 MATERIALS AND METHODS 

Solid manure was sampled from different slurry separation units in Denmark with the intention of obtaining samples 

representing a high variability. These included digested and undigested manures from different animal species, 

separation techniques, storage times and drying treatment. A total of 96 manure samples originating from slurry 

separation were used for calibration and cross-validation. 

The following reference analyses were made on the manure samples: content of dry matter (100 °C), total 

N (wet Dumas), P and K (ICP analysis after ashing), ammonium-N (distillation after MgO addition) and net release 

of mineral N from manure after decomposition in soil (MIN-N). MIN-N was measured as the net release of mineral 

N from manure after 12 weeks’ laboratory incubation of a loamy sand soil amended with manure and kept at 10°C 

as described in detail by Petersen and Sørensen (2008). 

The measurement of NIR spectra was made on a FOSS NIRSystems 6500 instrument (monochromator) 

equipped with a “natural product sample cell” and a transport module for moving the sample during scanning (40 

repeated scannings on each sample). The only sample treatment was a mixing. The samples were scanned from 400-

2500 nm, but the area 400-1100 nm gave no significant information and was omitted from calibrations. Data were 

treated as described by Sørensen et al. (2007). Four of the samples showed deviant spectra and were omitted from 

the calibrations. The best calibrations were selected based on a cross-validation. 

 

3 RESULTS AND DISCUSSION 

The sampled manures showed a high variation in composition as intended (Table 1). Dry matter content varied from 

17 to 65%, total N content from 4 to 20 g N kg
-1

 and total P from 2 to 35 g P kg
-1

. Some of the manures had been 

dried or composted and had a low content of ammonium-N due to previous ammonia volatilization losses. Solid 
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manures from slurry separation are much more homogeneous than traditional solid manures and normally contain no 

large particles, and we found that a pre-treatment for homogenising the samples was unnecessary. 

 Figure 1 shows that dry matter, total N, ammonium-N, MIN-N and total P in the solid manures could be 

well predicted with the used NIRS methodology with r
2
 values of 0.96, 0.93, 0.88, 0.92 and 0.90, respectively. Total 

K was less well predicted. The ratios between analyte variation range standard deviation and the root mean square 

error of cross validation (SD/RMSECV) were 5.3, 4.0, 2.9, 3.9 and 3.3 for dry matter, total N, ammonium-N, MIN-

N and total P, but only 1.4 for total K (Table 1). 

 Ammonium-N in manure was less well predicted than in previous studies with slurry and solid dairy 

manures (Reeves and Van Kessel, 2000; Sørensen et al., 2007). The study of Sørensen et al. (2007) showed strong 

indications that the ammonium-N content in slurry was directly reflected in the spectra through an influence of N-H 

bonds on reflection. We cannot exclude that the poorer prediction observed here was due to weaknesses of the 

performed reference analysis of ammonium-N. Slightly negative ammonium values were predicted by NIRS for 

some of the samples, and this is a normal observation for samples with very low content at or below the detection 

limit.  

 

TABLE 1 Composition of solid manures and cross validation errors obtained from calibration. 

Parameter Minimum 

g kg
-1 

Maximum 

g kg
-1 

RMSECV *) 

g kg
-1 

SD/RMSECV *) 

Dry matter 173 652 18.5 5.3 

Total N 3.96 19.7 0.75 4.0 

Ammonium N 0.05 6.81 0.76 2.9 

MIN-N 0.49 10.5 0.56 3.9 

Total P 1.80 34.7 2.08 3.3 

Total K 0.94 4.03 0.50 1.4 

 *) RMSECV: Root mean square error of cross validation. SD: Standard deviation 

 

 Surprisingly, the potential plant availability of N (MIN-N) was predicted just as well as total N, and better 

predicted than ammonium-N. The initial ammonium content plus organic N that is mineralised in soil during the 

first 11 weeks after application influence MIN-N. However, N immobilisation processes also have influence on 

MIN-N (Petersen and Sørensen, 2008). The proportion between ammonium N and total N in the manures was very 

variable (1-53%), and the net mineralization of organic manure N in soil was also variable (-28-45%). Despite of 

this, MIN-N in soil after 12 weeks decomposition was well predicted indicating that net mineralization of the 

manure N in soil could also be predicted by NIRS. MIN-N in manure varied from 11 to 67% of total N. The good 

prediction of MIN-N indicates that the NIRS measurement responded to mineralisable organic N compounds in the 

manures. Measurement of ammonium-N alone gave a very poor prediction of MIN-N.   

 The NIRS analysis of total P in manure was also acceptable as observed for slurry P analysis by Sørensen 

et al (2007). The separated manures generally had a high P content, and P is an important element in environmental 

farm management.  

 The NIRS analysis could only give a very rough estimate of total manure K, like also found for slurry K 

analysis (Sørensen et al. 2007). However, this may not be so important since K is not an environmental pollutant and 

K is less expensive than P. In addition, the variation in manure K content is less than for N and P, and agricultural 

soils usually contain a significant stock of plant-available K.    

 NIRS instruments are still expensive for on-farm use, but they may become cheaper in the future, and 

they can also be used for other purposes, e.g. for control of the digestion process on biogas plants. The instrument 

used in this study is too expensive to be used for on-farm analysis. It will be necessary to make similar calibrations 

and tests with cheaper mobile instruments before the method can be used for routine on-farm analysis. However, if 

there is a demand for rapid laboratory analyses, there would be scope for the instrument in this area.   

 

4 CONCLUSIONS 

The content of dry matter, total N, ammonium-N, plant available N (MIN-N) and total P in solid manure fractions 

from slurry separation could be well predicted with NIRS with r
2
 values of 0.96, 0.93, 0.88, 0.92 and 0.90, 

respectively. The ratios between analyte variation range standard deviation and the root mean square error of cross 

validation (SD/RMSECV) were 2.9-5.3 for dry matter, total N, ammonium-N, MIN-N and total P. The 
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concentration of manure K was less well predicted. The net mineralization of manure N in soil could also be well 

predicted. We conclude that the used NIRS methodology seems to be suitable for rapid analysis of dry matter, total 

N and P, and potential plant availability of N in solid manure fractions from slurry separation.  
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FIGURE1 NIRS prediction versus measured content of dry matter, total N, ammonium-N, plant available 

N (MIN-N), total P and total K in solid manure (n=96). The predictions were based on cross-

calibrations. 
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1 INTRODUCTION 

Ligninolytic enzymes are a non-specific enzymatic system capable of degrading a broad range of chemical 

structures apart from lignin. Therefore, lignin-modifying microorganisms and enzymes can be applied, not only in 

the biotransformation of lignocellulose into value-added products, but also in the decontamination of pesticides, 

dyes and many other recalcitrant pollutants (Rodríguez Couto, 2009). 

The most efficient lignin-modifying microorganisms are white rot fungi, which produce a ligninolytic 

system mainly comprised of laccases and peroxidases (lignin, manganese or versatile peroxidases). Laccases and 

peroxidases are assisted in the degradation of lignin moieties by auxiliary enzymes and mediators: low-molecular 

weight compounds that improve lignin biotransformation by readily diffusing into the lignocellulosic matrix and by 

providing high redox potentials that enhance the variety of substrates that laccases and peroxidases are able to 

degrade (Wesenberg et al., 2003). These enzyme-mediator systems have been considered a useful tool for the 

improvement of several biotechnological processes where ligninolytic enzymes are involved, such as biopulping and 

biobleaching techniques. Direct use of ligninolytic microorganisms for delignification often entails extended 

practices and application of crude ligninolytic enzymes for that purpose is frequently hindered by prompt 

inactivation (Hamid and Khalil-ur-Rehman, 2009). Unfortunately, synthetic mediators have also a restricted use 

owing to their high cost and potential toxicity (Da Re et al., 2008). A way to overcome these drawbacks could be the 

development of new screening and selection protocols, in order to achieve ligninolytic microorganisms and enzymes 

better adapted to operational conditions; hence an optimization of their industrial and environmental applications is 

desired (Camassola and Dillon, 2009). 

The aim of the present study was to select microorganisms capable of producing ligninolytic enzymes 

(laccase, lignin peroxidase and/or manganese peroxidase) from a collection of environmental strains isolated from 

composting materials. A selection protocol based on the ability of ligninolytic microorganisms to decolorize 

synthetic dyes was developed and production of ligninolytic enzymes by selected strains was assessed under the 

presence of different ligninolytic inducers. 

2 MATERIALS AND METHODS 

2.1 Environmental strains 

A collection of 20 environmental strains (19 fungi and 1 bacterium) was employed in this study. Strains were 

isolated from vegetal wastes at different stages of the composting process. In previous studies, these microorganisms 

had demonstrated in vivo decolorization of three industrial dyes: polymeric dyes Poly B-478 and Poly S-119, and 

anthraquinonic dye Remazol Brilliant Blue R (RBBR) (López et al., 2006). 

All strains were stored at 4ºC on Nutrient Agar (Cultimed-Panreac, Barcelona, Spain) slants, except for 

thermophilic fungi, for which YMPG Agar was used (pH=4.5, in g/l: 10 glucose, 10 malt extract, 2 bacteriological 

peptone, 1 yeast extract, 1 MgSO4.7H2O, 1 L-asparagine, 20 agar). 

2.2 Selection protocol based on dye decolorization 

Mechanisms involved in in vivo decolorization of synthetic dyes were analysed. For that purpose, previously 

reported in vivo decolorization values were compared to those exclusively related to dye sorption on microbial 

biomass. Decolorization due to enzymes and/or metabolites was estimated as the difference between in vivo and 

biosorption decolorization values and the best dye-decolorizing microorganisms by means of this mechanism were 

selected for further study of their ligninolytic potential. 
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During biosorption experiment, production of microbial biomass was carried out in 250 ml flasks with 25 

ml of Liquid Basal Medium (LBM) comprised of 10 g/l glucose, 5 g/l bacteriological peptone, 2 g/l yeast extract 

and 70 ml/l trace element solution (Kirk et al., 1986). Flasks were inoculated with a 1 cm
2
 plug of a 4-day-old 

fungal culture on Nutrient Agar (Cultimed) or YMPG Agar (for thermophiles), or with 0.25 ml of an overnight 

bacterial culture on Nutrient Broth (Cultimed). After 7 days of incubation at 120 rpm and 30 or 40º C, for 

mesophiles and termophiles respectively, biomass was harvested by centrifugation (10,000 rpm, 4ºC, 5 min). 

Subsequently, recovered biomass was grinded (only for fungal biomass) to increase surface area, disposed in 250 ml 

Erlenmeyer flasks and autoclaved at 121º C during 20 minutes. Dead biomass from each strain was incubated during 

48 hours in 25 ml of sterilized LBM amended with 200 mg/l of Poly R-478, Poly S-119 or RBBR, at the appropriate 

temperature and 120 rpm. Aliquots of 3 ml were taken from each flask at the beginning and end of the incubation 

period. These samples were centrifugated and the absorbance of supernatants was measured in a Shimadzu UV-

160A spectrophotometer (Shimadzu Corporation, Kyoto, Japan) at the corresponding maximum wavelength (595 

nm for RBBR, 473 nm for Poly S-119 and 520 nm for Poly R-478). Biosorption decolorization efficiency was 

expressed as the percentage of absorbance which was lost as a result of the treatment with dead biomass, 

considering initial absorbance as 100%. Triplicate flasks were used for each isolate and dye. 

2.3 Production of ligninolytic enzymes 

Production of laccase (Lac), lignin peroxidase (LiP) and manganese peroxidase (MnP) by selected microorganisms was 

assessed in LBM amended with the following ligninolytic inducers: 1 mM ABTS (2,2’-azino-bis(3-

ethylbenzthiazoline-6-sulphonic acid)), 2.5 mM veratryl alcohol, 2.16 mM ferulic acid, 3.38 mM guaiacol, 0.05% 

Tween 80 and 0.1% Kraft lignin. Lac, LiP and MnP activity values obtained in these media were compared to those 

achieved in LBM without supplementation of inducers. Triplicate flasks were employed for each isolate and inducer. 

Selected mesophilic fungal strains were inoculated in 25 ml of each autoclaved medium (250 ml 

Erlenmeyer flasks) with a 1 cm
2
 plug of the corresponding fungal culture. Flasks were incubated during 15 days at 

30º C and 120 rpm. Aliquots (3 ml) of culture supernatants were centrifuged (10,000 rpm, 4º C, 5 min) prior to the 

quantification of ligninolytic enzymes. Lac and LiP were spectrofotometrically estimated (Shimadzu UV-160A 

spectrophotometer, Shimadzu Corporation) according to the methods described by Orth et al. (1993), whereas MnP 

was measured as stated by Camarero et al. (1999). Enzyme activities were expressed in units defined as 1 nmol of 

product formed per minute and ml. 

2.4 Chemicals 

Dyes, inducers and substrates for enzymatic assays were purchased from Sigma-Aldrich Chemical Co. (St. Louis, 

MO, USA). 

3 RESULTS AND DISCUSSION 

3.1 Selection of ligninolytic microorganisms 

In vivo decolorization of synthetic dyes is often associated to ligninolytic potential (Wesenberg et al., 2003), 

although other mechanisms, such as biosorption on microbial biomass or production of biofloculants, can be 

involved (Fu and Viraraghavan, 2002; Deng et al., 2005). For that reason, in vivo decolorization values described by 

López et al. (2006) for the collection of environmental strains tested in this study were considered to be caused by 

several decolorization mechanisms, including the activity of ligninolytic enzymes. When biosorption efficiency of 

these microorganisms was assessed, decolorization values were significantly different depending on the dye, but did 

not exceed 70% in any case (data not shown). Quantification of the extent of decolorization by biosorption led to 

determine the contribution of this mechanism to in vivo decolorization values and hence, decolorization owing to the 

action of enzymes (presumably with ligninolytic activity) and/or metabolites could be estimated. High 

decolorization levels of Poly S-119, Poly R-478 and RBBR (from approximately 30 to 50%; Figure 1) were 

achieved using this latter mechanism by mesophilic fungal strains MF4 and MF22, which are similar to those 

obtained by D’Souza et al. (2006) (46 and 43% decolorization values for RBBR and Poly R-478, respectively) 

employing an in vitro treatment of dyes with a purified fungal laccase. Furthermore, mesophilic fungus MF24 was 

the best decolorizing strain for Poly R-478, showing 63% decolorization efficiency for that dye due to enzymes 

and/or metabolites (Figure 1). These isolates, which were preliminary identified as Pseudallescheria angusta MF4, 

Penicillium chrysogenum MF22 and Penicillium sp. MF24, were therefore considered to have certain ligninolytic 

potential. However, since production of ligninolytic enzymes can be particularly correlated with Poly R-478 
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decolorizing ability (Wesenberg et al., 2003; Kiiskinen et al., 2004; Dritsa et al., 2007), P. angusta MF4 and 

Penicillium sp. MF24 (the best Poly R-478 decolorizing strains amongst the above mentioned microorganisms) were 

finally selected to further evaluate their ability to produce Lac, LiP and/or MnP. 
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Error bars represent Fisher’s Least Significant Difference (LSD) (p<0.05). MB: mesophilic bacterium; MF: mesophilic fungus; TF: thermophilic 

fungus. Decolorization (%): In vivo decolorization (%)-Biosorption decolorization (%) 

FIGURE 1 Decolorization (%) of industrial dyes due to enzymes and/or metabolites 

 

3.2 Effect of inducers on the production of ligninolytic enzymes by selected strains 

Selected decolorizing fungi, Pseudallescheria angusta MF4 and Penicillium sp. MF24, demonstrated ligninolytic 

ability and produced Lac, LiP and/or MnP under the presence of several ligninolytic inducers. Lac production was 

barely stimulated under the assay conditions. Although lignin model compounds have been described as strong 

inducers of Lac production (Koroljova-Skorobogat´ko et al., 1998), Lac activity was only slightly increased by 

effect of Kraft lignin in cultures of P. angusta MF4 (Table 1). This dye decolorizing strain additionally showed 

enhanced LiP and MnP production when cultured in the presence of guaiacol (1944 U/ml) and ABTS (1383 U/ml), 

respectively. Phenolic and aromatic compounds as guaiacol, ABTS, veratryl alcohol or ferulic acid, have been 

widely employed to improve the production of ligninolytic enzymes by several fungal species (Farnet et al., 2004; 

Pazarlioğlu et al, 2005; Jaouani et al, 2006). In this study, a stimulating effect on LiP production by Penicillium sp. 

MF24 due to veratryl alcohol (2046 U/ml) and, especially, ferulic acid (3411 U/ml), was observed. Moreover, 

Tween 80 is known to facilitate the secretion of ligninolytic enzymes (Rodríguez Couto et al., 2004) and its effect 

also enhanced LiP production (2509 U/ml) by this selected strain (Table 1). 

The results obtained suggest that selected decolorizing microorganisms could be useful, not only for the 

biodecontamination of dyes, but also for many biotechnological processes in which ligninolytic enzymes are involved. 

 

TABLE 1 Production of Lac, LiP and MnP by Pseudallescheria angusta MF4 and Penicillium sp. MF24 

 Enzyme activity (U/ml) 

 Lac LiP MnP 

Inducers MF4 MF24 MF4 MF24 MF4 MF24 

Without inducer 2.47 c 0.00 a 0.00 a 0.00 a 0.00 a 10.02 g 

ABTS 2.06 c 0.00 a 0.00 a 2419.92 cd 1383.21 b 5.02 f 

Ferulic acid 0.03 a 0.00 a 0.00 a 3410.61 e 0.36 a 2.37 d 

Guaiacol 0.00 a 0.00 a 1943.68 b 1840.55 b 4.62 a 0.60 b 

Veratryl alcohol 1.43 b 0.00 a 0.00 a 2046.31 bc 0.00 a 0.00 a 

Tween 80 3.93 d 0.00 a 0.00 a 2509.28 d 0.00 a 3.55 e 

Kraft lignin 13.13 e 0.00 a 0.00 a 1716.36 b 0.62 a 1.42 c 
1
 Values in columns with same letters (a-g) are not significantly different at 95% confidence 
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4 CONCLUSIONS 

Decolorization experiments developed in this study are based on the utilization of dyes structurally related to lignin 

and, according to results, constitute a useful tool for the selection of ligninolytic enzymes producers. Selected 

decolorizing microorganisms are stimulated in a different extent for ligninolytic enzymes production by phenolic 

substrates and alkaline Kraft lignin. These fungal strains have a great potential to be employed in several industrial 

bioprocesses, such as biopulping and biobleaching, as well as for different bioremediation techniques. 
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1 INTRODUCTION 

Orange juice is one of the most widely-consumed beverages today. Consequently, the cultivation of oranges has 

become a major industry and an important economic sector in the United States and most Mediterranean countries. 

A high percentage of orange production (70%) is used to manufacture derivative products and approximately 50–

60% of the processed fruit is transformed into citrus peel waste (peel, seeds and membrane residues) (Wilkins et al., 

2007a). In order to prevent problems related to the disposal of this product and environmental concerns, this waste 

must be properly processed. Until relatively recently orange peel has just been utilized as raw material in the 

manufacture of cattle feed or simply burnt (Higher caloric power: 4545 kcal/kg dry matter). However, these 

processes generate highly polluted wastewater given that the previous pressing stage requires the addition of binder. 

Anaerobic digestion, in which both pollution control and energy recovery can be achieved, is an interesting way to 

treat and revalorize abundant orange peel waste. This process is defined as the biological conversion of organic 

material to a variety of end products including ‘biogas’ whose main constituents are methane (65-70%) and carbon 

dioxide (Wheatley, 1990). Nevertheless, citrus peel contains essential oils (90% D-Limonene) which are well-

known antimicrobial agents that may cause upset or failure of anaerobic digesters. In addition, essential oils are 

employed in the manufacture of food and medicines as flavoring agents, cosmetics and domestic household products 

(Braddock et al., 1986). The aim of this study was to determine the most suitable conditions to carry out anaerobic 

digestion of orange peel waste after a pre-treatment to extract D-Limonene. The methane yield coefficient (YCH4/S), 

organic loading rate (OLR) and biodegradability were determined at pilot scale using a continuous stirred-tank 

reactor (CSTR) operating in semi-continuous mode and under thermophilic conditions. 

 

2 MATERIALS AND METHODS 

2.1 Experimental set-up and procedure 

The experimental set-up used at laboratory scale consisted of two 3.5-liter CSTR connected to a thermostatic jacket 

containing glycerol which allowed maintaining the reactors temperature (35ºC for mesophilic experiments and 55ºC 

for thermophilic assays). All of the experiments were carried out in batch mode. The volume of methane produced 

during the process was measured after removing the CO2 contained in the biogas. At pilot scale, a 3200-liter CSTR 

working in semi-continuous mode was utilized. The temperature was maintained at 55ºC by means of an electrical 

thermostatic jacket. Biogas was transported to a condenser to remove the moisture and it was then quantified by 

using a flow meter.  

The orange peel used as substrate derived from the orange juice manufacturing processes carried out at 

the Companies Cítricos del Andévalo (Spain) and CITRUMA (Morocco), showing similar characteristics in both 

cases. The peel was chopped until obtaining a final particle size of < 2 mm and it was then steam distilled at 

laboratory scale to reduce the concentration of D-Limonene and to ensure the stability of the anaerobic process. 

Distillation time varied from 0 to 6 hours and the ratio of water to chopped orange peel waste was fixed at 6:1 

(w/w). Table 1 shows the chemical composition of orange peel before and after steam distillation.  

The innoculum were selected on the basis of their high methanogenic activity, showing values ranging 

from 0.87 to 0.99 g COD/g volatile suspended solid (VSS)·d for mesophilic bacteria and 0.98-1.09 g COD/g VSS·d 

for thermophilic microorganisms. The experiments at laboratory scale were carried out using an innoculum 

concentration of 12 g VSS/L, while it was fixed at 80 g volatile solids (VS)/L (8%) at pilot scale. The start-up was 

developed by adding a synthetic solution composed of glucose (50 g/L), sodium acetate (25 g/L) and lactic acid 
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(20.8 mL/L), over a 14-day period. Subsequently, the acclimatization was carried out by increasing the added load 

with pretreated orange peel waste to 2 g VS/L over a 16-day period at laboratory scale. Once this preliminary 

acclimatization step was completed, a series of batch mesophilic and thermophilic experiments were carried out 

using the pre-treated orange peel at a concentration of 2 g VS/L. Each assay lasted a maximum of 120 hours; the 

time interval required to completely biomethanize each load. The volume of methane was measured as a function of 

time and samples were taken and analyzed before and after feeding. At pilot scale, biomass acclimatization was 

carried out over a 30-day period by increasing the organic loading rate (OLR) from 0.44 to 1.20 kg COD/m
3
·d. The 

reactor was fed in semi-continuous mode three times per day and the hydraulic retention time was fixed at 25 days. 

Each load was carried out at least in duplicate and the results expressed as means.  

All analyses were carried out in accordance with the Standard Methods of the American Public Health 

Association (APHA, 1989). D-Limonene concentration was determined according to the method suggested by Scott 

and Veldhuis (1966). 

 

TABLE 1  Chemical composition of orange peel waste before and after steam distillation. 

 
Parameter Orange peel waste 

Pre-treated orange peel 

waste 

pH 3.42 ± 0.02  3.41 ± 0.03 

VA (mg acetic acid/kg aqueous suspension) 1950 ± 27 220 ± 12 

Alkalinity (mg CaCO3/kg aqueous suspension) Under range (pH < 4.5) Under range (pH < 4.5) 

Moisture (%) 79.83 ± 0.08 91.15 ± 0.01 

Total Solids (TS) (%) 20.17 ± 0.08 8.85 ± 0.01  

Mineral Solids (MS) (%) 0.87 ± 0.03 0.26 ± 0.05 

Wet 

basis 

Volatile Solids (VS) (%) 19.31 ± 0.11 8.58 ± 0.05 

COD (mg O2/g) 1085 ± 55 1177 ± 46  

Total N (mg N/g) 12.24 ± 0.56 11.14 ± 0.04 

Kjeldahl N (mg N/g) 11.67 ± 0.24 9.66 ± 0.56  

Ammonia N (mg N/g) 1.68 ± 0.19  1.88 ± 0.20  

Total P (mg P/g) 1.18 ± 0.03  2.37 ± 0.03  

Cu (mg/kg) Under range 13.3 ± 1.4 

Cr (mg/kg) 1.6 ± 0.7 3.0 ± 0.1 

Ni (mg/kg) 6.1 ± 1.3  6.2 ± 0.3 

Cd (mg/kg) 4.9 ± 0.8 5.8 ± 1.0 

Pb (mg/kg) Under range 8.7 ± 1.3 

Dry 

basis 

Zn (mg/kg) 4.5 ± 0.4 12.4 ± 1.1 

 

3 RESULTS AND DISCUSSION 

3.1 D-Limonene extraction and  anaerobic digestion viability 

Figure 1a) shows the variation of the D-Limonene concentration in the distillate samples taken during the distillation 

time. As can be observed, the D-Limonene concentration in the distillate became stable after one hour, thus 

suggesting that, from the economical point of view, this is the most appropriate distillation time for reducing the 

concentration of D-Limonene in orange peel waste. Consequently, this time was fixed for the experiments at pilot 

scale. On the other hand, the D-Limonene removal yield achieved with this pretreatment for one hour was found to 

be 70%. Concretely, around 12.5% of the water initially added was necessary to achieve this yield, which is 

equivalent to an energy requirement of 1.7 kJ/g wet orange peel waste. These results are in line with those obtained 

by Wilkins et al. (2007b), who found that pre-treatment by steam explosion removed 90% of D-limonene in the 
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orange peel. Figure 1b) shows the variation of methane yield coefficient from pre-treated orange peel waste under 

mesophilic and thermophilic conditions in batch mode and at laboratory scale. The methane yield coefficient at 

standard temperature and pressure conditions (STP) was found to be higher under thermophilic conditions (332 ± 17 

mLSTP CH4/g VS added) than at mesophilic temperature (230 ± 16 mLSTP CH4/g VS added). Additionally, the mean 

rate was considerably different in both cases, being higher under thermophilic conditions (13.28 mLSTP CH4/g VS 

added·h) than at the lowest temperature (1.92 mLSTP CH4/g VS added·h). This justifies the election of thermophilic 

temperature as being the most suitable temperature for the anaerobic treatment of orange peel waste at pilot scale.  
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FIGURE 1    a) Variation of D-Limonene concentration in the distillate versus time; b) Evolution of the 

methane yield coefficient from pre-treated orange peel under mesophilic and   

                       thermophilic temperature. 

       

3.2 Stability, organic loading rate (OLR) and biodegradability. Thermophilic conditions 

The stability of the process at pilot scale was evaluated based on the evolution of the pH, alkalinity, volatile acidity 

(mg C2/L) and volatile acidity/alkalinity ratio (VA/Alk). Table 2 shows the variation of OLR, biodegradability, pH, 

VA/Alk ratio and methane yield coefficient (YCH4/S) during the thermophilic anaerobic process. In summary, the 

OLR obtained values in the range of 1.20-3.67 kg COD/m
3
·d under stable conditions and with a COD removal of 

84-90 %, with 4 kg COD/m
3
·d being the highest value that may be reached without acidification risk and the 

inhibition of methane production. 

 

TABLE 2  Variation of OLR, biodegradability, pH, VA/Alk ratio and YCH4/S at pilot scale. 

 

OLR               

(kg COD/m
3
·d) 

Biodegradability 

(%) 

pH 

VA/Alk 

(eq C2/eq CaCO3) 

YCH4/S  

(LSTP CH4/g COD)  

Acclimatization  0.44-1.20 Nd 8.08 ± 0.19 0.38 ± 0.07 Nd 

Set conditions  1.20-3.67 84-90 7.40 ± 0.20 0.22 ± 0.06 0.27-0.29 

Acidification  3.67-5.1 63 6.80 ± 0.12 0.45 ± 0.07 0.09 

 

3.4 Methane yield coefficient (YCH4/S) 

The generation of methane is of special interest as methane is a useful compound due to its caloric power (Lower 

Caloric Power): 35,793 kJ/m
3
, equivalent to 9.96 kWh/m

3
. Figure 2 shows the evolution of the methane yield 

coefficient with the organic loading rate during the thermophilic experiments at pilot scale. For OLR ranging from 

1.20 to 3.67 kg COD/m
3
·d, the yield remained relatively stable (around 0.27-0.29 LSTP CH4/g COD added) (Table 2). 

On the other hand, for OLR in the range of 3.67-5.10 kg COD/m
3
·d this variable decreased to 0.09 LSTP CH4/g COD 

added as a consequence of the acidification process and the inhibition of the methanogenic bacteria.  
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FIGURE 2     Variation of the methane yield coefficient with the organic loading rate (OLR) during the                            

                       thermophilic experiments at pilot scale.   

 

4 CONCLUSIONS 

The results obtained through this research study reveal that, after a pre-treatment, orange peel waste derived from 

orange juice manufacturing has a high level of anaerobic biodegradability and that a substantial quantity of methane 

can be obtained this way. Additionally, the digestate may be use as a quality fertilizer. This technique provides an 

excellent opportunity for harnessing the economic benefits of this agri-industrial waste and for developing more 

efficient and sustainable systems.  
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1 INTRODUCTION  

The installation of anaerobic digestion plants has progressed extensively in Germany. Anaerobic digestion has the 

benefit of biogas but also produces residues (referred to as digestate). The amount of digestate generated is parallel 

with the increase of anaerobic digestion treatment for agricultural waste, municipal biowaste or energy crops. The 

digestate has high nitrogen content which is favourably valued for its fertiliser potential. However, approach to 

apply the digestate directly in agricultural field has adverse impacts, such as odorous effect, nitrous oxide (N2O) 

emission and nitrate leaching (Dittert et al., 2009; Dorno et al., 2009), due to its high content of ammonia. Another 

disadvantage is related to its transport to the needed areas, since anaerobic digestion plants can be located in the city 

or in agricultural areas with surplus of nitrogen. The transport problem is mostly attributable to the high volume of 

digestate required. It is reported that transportation costs can be reduced by half by increasing its solid content as 

much as 1.5% to 5% (Noone, 1990). As transport costs continue to rise, reprocessing digestate to a more 

concentrated or solid form is inevitable. An alternative of digestate treatments for nitrogen removal and recovery is 

stripping, thus transforming the digestate into a suitable form of fertiliser and transportable product. Stripping 

method also is preferred due to the availability of heat in the process. Since the limiting factor for stripping is the 

energy requirement for high temperature process (Bonmati and Flotats, 2003), the heat from the biogas engine can 

be further utilised and therefore makes stripping as the best proposed treatment. The focus of the study is the 

development of a treatment of digestate that can avoid the adverse environmental impacts, minimise the loss of 

nitrogen contents and increase the solid contents in its end-product, thus making it technically and economically 

feasible as fertiliser.  

 

2 MATERIALS AND METHODS   

 

FIGURE 1 Experimental set up of stripping unit 
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Experiments were performed with digestate from a biogas plant treating grass mixed with cow manure as the 

feedstock. Digestate was preserved in the refrigerator at 4-5°C prior to the treatment. The treatment of digestate 

consists of solid-liquid separation and stripping. The solid-liquid separations of the digestate were performed with 

filter bag and manual pressing. The filter bag is a standard polypropylene material of 195 micron rating. Stripping 

was performed for solid and liquid digestate after solid-liquid separation. Stripping with diffuse aeration was chosen 

due to difficulty in further separation of the liquid part of digestate. The stripping retention times for liquid and solid 

digestate were 6 hours and 14 days, respectively. Ammonia was recovered in sulphuric acid solution (0.5 M) with 

volume of 200 mL. Stripping were performed with the variations of aeration flow rate (50, 150 and 300 L/h), 

digestate temperature (20 and 35°C) and digestate pH (pH 8 and 12). Sampling and analysis of sulphuric acid 

solution were performed after stripping. Sampling was performed hourly for liquid digestate and daily for solid 

digestate. The analyses that were performed on raw digestate are pH, NH4-N, and Total Nitrogen/ Total Kjeldahl 

Nitrogen (TN/TKN) analysis. NH4-N analysis was performed on post-treatment digestate and the absorbent solution, 

sulphuric acid. In addition, separate analyses were performed for solid and liquid digestate, namely water content 

and loss-in-ignition analyses for solid digestate, while density, total solids and conductivity analyses for liquid 

digestate. 

3 RESULTS AND DISCUSSION  

3.1 Characteristics of raw digestate and solid-liquid separation 

Anaerobic digestion transforms nitrogen compounds in the feedstock into ammoniacal nitrogen (NH4
+
/NH3) 

(Schievano et al., 2009) and the process can accumulate NH4
+
/NH3 in the substrate (Fricke et al., 2007) and in the 

digestate. The digestate samples for the experiment has the ammonia content of 3173 ± 375 mg/L, which is 20-30% 

lower than Total Nitrogen (TN) content (average of 4299 ± 916 mg/L). Analysis on the physical characteristics such 

as density of digestate can provides information for the solid-liquid separation and stripping treatment since density 

affects filtration effectiveness with filter bag. The digestate’s density is 1.04 ± 0.1 g/cm
3
 (at digestate temperature of  

18°C). Water content of digestate is 87.6 ± 1.2%. Loss-in-ignition is 72.12% to 76.88 ± 1.2% and pH is 7.65. The 

filtration process generated a solid fraction with a water content of 83.5 ± 1.5%. After separation, 58% Total 

Kjeldahl Nitrogen (TKN) of the raw digestate is present in the solid digestate, while 86% NH4-N of raw digestate is 

found in the liquid part. 

3.2 Effect of stripping duration on ammonia recovery 

The relationship of ammonia recovery from liquid and solid digestate with time can be seen from Figure 2 and 3. 

The correlation relationship of parameters is indicated by the Pearson correlation (r; -1 < r < 1), whereas positive r 

value indicates positive correlation and, vice versa, negative r value indicates negative correlation. It could be 

concluded that the large amount of ammonia in the solid digestate was immediately stripped out in a relatively short 

time during the beginning of the experimental run, regardless of the stripping parameter variations, while liquid 

stripping required a high pH (pH 12) to achieve the similar effect.  
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FIGURE 2 Liquid digestate stripping: Ammonia recovery vs. stripping duration 
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 The total recovery for solid stripping is 51% at temperature of 20°C, pH 12 and aeration flow rate of 50 

L/h, while the first 3 days of stripping can yield ammonia recovery as high as 26%.  Hence, half of the ammonia 

recovery from solid digestate in the 14-day operation had occurred in the first 3 days.  

 

 For the stripping of liquid digestate, the highest ammonia recovery is 68% at the temperature of 20°C, pH 

12 and aeration flow rate of 300 L/h, with first 3 hours stripping operation can achieve 47% of total recovery. While 

6 hours stripping operation for liquid digestate is still sufficient for achieving high efficiency, reduction on duration 

time for solid stripping while optimising other parameter is possible. 
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FIGURE 3 Solid digestate stripping: Ammonia recovery vs. time 

3.3 Effect of stripping parameter variation on ammonia recovery 

The stripping was performed with the variations in three parameters, namely aeration flow rate, digestate 

temperature and digestate pH. The dependence of the ammonia recovery on stripping duration varies with the pH 

value. For the digestate in the pH 12, ammonia recovery from liquid and solid digestate generally reduced with the 

stripping time. On the contrary, ammonia recovery from digestate in the pH 8 increased with the stripping time, 

especially for lower aeration flow-rate. From Figure 4 it can be seen that solid digestate stripping produced a total 

ammonia recovery rate of 51% as the highest which was occurred by a temperature of 20°C (pH 12, aeration 50 L/h) 

compared with 25% rate for the same pH and aeration rate but higher temperature. This is probably due to loss of 

ammonia during one-night acclimatisation period (for T35°C samples to increase the temperature).   

 

 

 

 

 

 

 

 

 

 

 

FIGURE 4 Comparison of ammonia recovery for stripping of solid (left) and liquid digestate (right) 

3.4 Mass calculation and recovery rate 

80% of Nitrogen (3.4 g) in raw digestate (4.3 g) was presented in the liquid digestate after filtration. 53% of the 

Nitrogen in liquid digestate (1 L) was trapped in H2SO4 liquid after 6 hours stripping process; which is 42% of the 

Nitrogen in raw digestate. 57% of Nitrogen (5.2 g) in raw digestate (9 g) was presented in solid digestate after 
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filtration. 10% of the Nitrogen in solid digestate (250 g) was trapped in H2SO4 liquid after 14 days stripping process; 

which is 6% of the Nitrogen in raw digestate. 

 

Raw digestate Solid H2SO4 (T35-pH12-F150)

TKN = 36 mg/g TKN = 21 mg/g NH4-N = 3220 mg/L

NH4-N (average) = 3173 mg/L NH4-N = n.a

TN (average) = 4299 mg/L pH = 6.77 Volume = 200 mL

pH = 7.65 Weight = 250 g

Volume = 15 L

Weight = 10 kg

Liquid H2SO4 (T35-pH12-F150)

TN = 3383 mg/L NH4-N = 10288 mg/L

NH4-N = 2726 mg/L

pH = 8.36 Volume = 200 mL

Volume = 1 L  

FIGURE 5 Data for mass calculation 

 This means that the stripping process for liquid digestate had a higher recovery rate of nitrogen than for 

solid fraction. However the duration of the stripping process of 14 days for solid digestate and 6 hours for liquid 

digestate was needed to be noted. The results of the calculation are showed in Table 1. 

 

TABLE 1 Results of mass calculation 

Raw digestate Liquid digestate H2SO4 Liquid Note TN Total Nitrogen

TN 4299 mg/L 3383 mg/L A 10288 mg/L TKN Total Kjeldahl Nitrogen

V 1 L 1 L V 200 mL V Volume

mN 4.3 g 3.4 g mA 2.1 g W Weight

mN 1.8 g A Ammonium-Nitrogen (NH4-N)

mN mass Nitrogen

Raw digestate Solid digestate H2SO4 Solid mA mass Ammonium-Nitrogen

TKN 36 mg/g 21 mg/g A 3220 mg/L

W 250 g 250 g V 200 mL

mN 9 g 5.2 g mA 0.6 g

mN 0.56 g  
 

Recovery rates of solid and liquid digestate stripping were calculated to allow a comparison. The 

calculations were performed on data NH4-N of stripping of solid digestate for first day result for the most optimal 

variation of temperature 35°C, pH 12 and flowrate 150 L/h (T35-pH12-F150) and first 6 hours for stripping liquid 

digestate (T35-pH12-F150 same variations) (input data in Figure 5.). The result is 23.9 mg/h as recovery rate for 

solid digestate and 342.9 mg/h for liquid digestate. Stripping rate ratio of liquid to solid digestate is 14 times. 53% 

of the Nitrogen in liquid digestate (1 L) was trapped in H2SO4 liquid after 6 hours stripping process ; which is 42% 

of the Nitrogen in raw digestate. 10% of the Nitrogen in solid digestate (250 g) was trapped in H2SO4 liquid after 14 

days stripping process; which is 6% of the Nitrogen in raw digestate. However, comparison apple to apple for solid 

and liquid digestate stripping could not be performed due to unavailable data of stripping yield of solid and liquid 

digestate. 

 

4 CONCLUSIONS  

The stripping process should only be applied to liquid fractions. The digestate had a high water content of 

87.6±1.2%, with solid-liquid separation resulted in 5% difference for solid-liquid part of digestate. After separation, 

58% TKN of raw digestate is present in solid digestate, while 86% NH4-N of raw digestate is found in the liquid. 

The study showed max.68% of recovery for stripping of liquid digestate (for temperature 20°C, pH 12 and flowrate 

300 L/h) and 51% for solid digestate (for temperature 20°C, pH 12 and flowrate 50 L/h). There is significant 

relationship of the amount of ammonia recovery in solid and liquid digestate with time. Efficiency can be increased 

by improved solid-liquid separation (e.g. by screw-presses application) and by higher NH4 recovery rates from the 

liquid (e.g. by regulation of pH, temperature, aeration). The removed ammonia which was concentrated in sulphuric 

acid can be treated further e.g by crystallization to produce solid, easily transportable fertilizer. The energetic 

efficiency of such a process can compete with the common nitrogen fertilizer production (Haber-Bosch). 
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1 INTRODUCTION 

Spain is the third beer producer of the European Union, together with Poland and behind United Kingdom and 

Germany (Food and Agriculture Organisation, 2009). Bagasse (BG) and yeast waste (YW) are the main organic 

residues produced by the brewery industry. In 2008, Spain produced 34,350x10
3
 hectolitres of beer, which generated 

688,546 tonnes of BG and 86,047 tonnes of YW (Food and Agriculture Organisation, 2009; Canales et al., 2005). 

Several methods have been proposed for BG disposal including feedstuff (Fillaudeau et al., 2006), bioplastic (Yu et 

al., 1999) production and treatment by anaerobic fermentation (Fillaudeau et al., 2006). Other studies have been 

focused on the YW disposal, such as livestock feed (Fillaudeau et al., 2006), heavy metal biosorbent production 

(Chen and Wang, 2008) and the recovery of high value-added compounds, used in food, cosmetic and 

pharmaceutical industries (Canales y col., 2005). However, relatively little research have been carried out on the 

composting of brewery wastes. Sanchez-Monedero et al. (2001) composted brewery sludge (sludge resulting from 

the depuration of brewery wastewater) with sorghum bagasse and pine bark and Garcia-Gomez et al. (2005) 

composted BG with others lignocellulosic materials. The aim of this work was to study the evolution of some 

parameters describing the stabilisation and maturity of brewery wastes when composted with agricultural and forest 

residues. 

 

2 MATERIALS AND METHODS 

2.1 Composting procedure 

Two different piles were prepared with mixtures of BG, banana waste (BW), pine chip (PC) and YW. The main 

characteristics of the initial materials were: for BG, pH 4.9, 4.72 dS m
-1

 electrical conductivity (EC), 81.5% organic 

matter (OM), 40.4% total organic carbon (CT) and 3.40% total nitrogen (NT); for BW, pH 5.5, 1.34 dS m
-1

 EC, 

87.2% OM, 42.1% CT and 1.63% NT; for PC, pH 5.3, 0.20 dS m
-1

 EC, 86.6% OM, 53.9% CT and 0.28% NT and for 

YW, pH 4.4, 5.52 dS m
-1

 EC, 87165 mg O2 L
-1

 chemical oxygen demand (COD) and 5250 mg L
-1

 suspended solids 

(SS). The mixtures were prepared in the following proportions, on a fresh weight basis: 

Pile 1: 50% BG + 25% BW + 25% PC 

Pile 2: 50% BG + 25% BW + 25% PC + 1.7 litres of YW per kg of mixture
 

 

The moisture of the piles was controlled by adding the necessary amount of water once a week to obtain a 

moisture content between 40 and 60%. In pile 2, 0.16  litres of yeast waste per kg of mixture was added on the first 

day, and the remaining volume, up to the total of 1.7 L kg
-1

, was added gradually up to 65 days of composting. The 

mixtures were composted  in a turned windrow composting system. The piles were turned weekly until day 91, in 

order to improve both the homogeneity of the material and the bio-oxidative degradation of the organic matter.. The 

bio-oxidative and mature phases lasted 126 and 60 days, respectively. The samples were taken by mixing seven 

subsamples from seven sites of the windrow, from the whole profile (from the top to the bottom of the windrow). 

Each sample was air-dried and ground to 0.5mm for analysis.  

2.2 Analytical methods 

In the starting materials and in the composting samples, EC, pH, COD, SS, OM, ash, NT, CT, humic acid-like carbon 

(CHA), fulvic acid-like carbon (CFA) and cation exchange capacity (CEC) were determined according to Bustamante 

et al. (2007, 2005), while the germination index (GI) was calculated using seeds of Lepidium sativum L. (Zucconi et 
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al., 1981). Losses of OM were calculated from the initial (X1) and final (X2) ash contents according to the equations 

of Paredes et al. (2001): 

OM-loss (%) = 100 – 100 [X1 (100 – X2)] / [(X2 (100 – X1)] 

 

3 RESULTS AND DISCUSSION 

Both piles showed a typical composting temperature trend, reaching thermophilic temperatures (>40ºC) during the 

first two weeks of composting and maintaining the thermophilic phase for approximately 35 days (Figure 1a). Pile 1 

reached higher temperature values than pile 2. However, in both piles, the temperature exceeded 55°C for more than 

two weeks, which presumably ensured the maximum pathogen reduction, following European guidelines on 

compost sanitation (European Commission, 2001). 
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FIGURE 1  Temperature development (a) and organic matter losses (b) during the composting of the two 

studied blends. Lines on graphs represent curve-fitting. 

 

The degradation of organic matter during composting, as determined by OM loss, followed a first-order 

kinetic equation: 

OM loss = A (1 - e
-kt

) 
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where A is the maximum degradation of organic matter (%), k the reaction rate constant (days
−1

) and t the elapsed 

composting time (days). Curve fitting of the experimental data gave the following parameter values (standard 

deviation in brackets): 

Pile 1: A = 60.6 (6.1) k = 0.0266 (0.0068) RMS = 0.8629 F = 76.55
***

 SEE = 8.36 

Pile 2: A = 33.8 (2.7) k = 0.0164 (0.0026) RMS = 0.9452 F = 208.00
***

 SEE = 2.34 

where SEE is the standard error of estimation. All equations were significant at P < 0.001. The OM degradation 

kinetics of both piles fitted satisfactorily this equation. The A value obtained in pile 1 was close to 59.8–68.4%, the 

range found by Paredes et al. (2001) in a composting experiment of agroindustrial and urban wastes with olive mill 

wastewater. However, the value of this parameter in pile 2 was lower than those found by the previously mentioned 

authors. The YW addition in pile 2 decreased the rate of OM degradation in comparison to pile 1, as it is 

demonstrated by the lower values of k and the product of A × k. The lower values of OM degradation and rate of 

OM degradation recorded in pile 2 could be due to the higher values of salinity observed in this mixture (Table 1), 

which could inhibit microbial growth. This fact was also observed by Diaz et al. (2002) in an experiment of grape 

marc composting with increasing amounts of beet vinasse (liquid residue from the sugar industry with high salt 

content). 

 

TABLE 1  Evolution of physico-chemical parameters during the composting process. 

Pile 1: BG + BW + PC 

Days 
pH EC  

(dS m-1) 

CT  

(%) 

NT  

(%) 

C/N CHA  

(%) 

CFA 

(%) 

CEC1 

(meq 100 g-1) 

GI  

(%) 

0 6.1 2.98 47.0 2.36 19.9 3.28 4.62 52.7 81.3 

7 4.7 3.65 45.4 2.56 17.7 3.50 4.53 n.d. 99.8 

21 6.2 3.13 40.9 2.75 14.9 3.70 2.97 n.d. 89.7 

35 6.5 2.72 39.6 3.16 12.5 n.d. n.d. n.d. 86.5 

49 6.7 2.68 38.9 3.32 11.7 n.d. n.d. n.d. 83.6 

70 6.6 3.23 38.7 3.89 9.9 n.d. n.d. n.d. 97.6 

126 6.4 3.03 37.6 3.92 9.6 6.01 2.28 128.6 88.6 

mature 6.6 3.08 38.1 4.07 9.3 6.28 2.27 131.7 95.8 

Pile 2: BG + BW + PC + YW 

Days 
pH EC  

(dS m-1) 

CT  

(%) 

NT  

(%) 

C/N CHA  

(%) 

CFA 

(%) 

CEC1 

(meq 100 g-1) 

GI  

(%) 

0 5.92 3.70 42.5 2.87 14.8 3.24 4.65 62.9 99.2 

7 4.90 5.04 43.0 3.15 13.7 2.79 6.81 n.d. 39.1 

21 4.82 5.25 41.2 3.03 13.6 2.82 7.98 n.d. 32.2 

35 5.34 5.39 42.1 3.30 12.8 n.d. n.d. n.d. 50.8 

49 4.59 5.71 43.2 3.84 11.3 n.d. n.d. n.d. 60.2 

70 4.76 5.88 40.2 4.34 9.3 n.d. n.d. n.d. 23.5 

126 5.07 4.75 41.9 4.62 9.1 3.52 9.59 86.0 68.2 

mature 5.72 5.26 41.8 4.70 8.9 3.81 9.59 83.7 50.4 
1Ash-free material. 

BG: bagasse; BW: banana waste; PC: pine chip; CT: total organic C; NT: total nitrogen; CHA: humic acid-like C; CFA: fulvic acid-like C; CEC: 

cation exchange capacity; GI: germination index; n.d.: not determined 

 

The pH in pile 1 initially decreased, probably due to the generation of acid-type organic compounds of 

low molecular-weight via the decomposition of the most-easily-degradable OM fraction (Table 1). Then, this 

parameter increased, as a consequence of the degradation of acid type compounds, such as carboxylic and phenolic 

groups, and the mineralisation of proteins, amino acids and peptides to ammonia (Bustamante et al., 2007). The pH 

in pile 2 initially also decreased, probably due to a similar formation of organic acids. However, in this pile this 

parameter did not then increase during composting, which could be related to the addition of YW with acidic pH or 

the nitrate formation (Bustamante et al., 2007). The EC also increased during composting because of the production 

of inorganic compounds, as a result of OM degradation, and the increase in the relative concentration of ions due to 

the loss of weight of the pile. The higher EC in the pile containing YW was clear from the beginning of the process, 

and was probably due to the soluble salts provided from YW. This EC increase during composting of mixtures of 

organic wastes with agroindustrial wastewater has been observed by others authors (Paredes et al., 2001 (olive mill 

wastewater); Diaz et al., 2007 (beet vinasse); Bustamante et al., 2007 (vinasse from distillery)).  

NT concentrations increased during the process in both piles (Table 1), most probably as a consequence of 

a concentration effect caused by the reduction in the pile weight, as it has been observed in other composting 
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experiments (Paredes et al., 2001; Bustamante et al., 2007). In addition to the reduction of the Corg concentration in 

both piles, another consequence of the organic matter degradation was that the C/N ratio fell sharply in both 

mixtures from the beginning of the process until day 70. Then, it remained steady and after the two months of 

maturation  fell to around 9, which suggested that both composts showed an acceptable degree of maturation (Bernal 

et al., 1998). 

In pile 1, the CFA content fell during composting (Table 1), indicating the degradation of easily bio-

degradable organic compounds associated with the fulvic acid fraction, which are produced during the humification 

of organic matter. Also in this pile, the CHA concentration increased during composting, as a consequence of the CFA 

decreasing. However, the addition of YW in pile 2 reduced the CFA transformation to CHA and increased the CFA 

content, probably due to the presence in this liquid waste of soluble organic compounds. Another parameter used as 

an indicator of the humification process is the CEC. This parameter increased during composting, showing the 

humification due to the formation of carboxyl and/or hydroxyphenolic functional groups (Lax et al., 1986). At the 

end of the maturation phase, the CEC values indicated a good degree of maturity in the composts elaborated, since 

these values were higher than those established by Iglesias Jiménez and Pérez García (1992) (CEC > 67 meq 100 g-
1
 

OM). It is interesting to point out that during the maturation period the CEC increased hardly in pile 2, prepared 

with YW. This fact was also observed by Paredes et al. (2001) in a composting experiment, where the effect of olive 

mill wastewater addition in composting of agroindustrial and urban wastes was studied. The GI increased in the pile 

1 throughout composting, being greater than 50% from the beginning of the process, the limit established by 

Zucconi et al. (1981), indicating the absence of phytotoxins in this compost. However, in the pile 2, this parameter 

decreased during composting probably due to its high value of salinity, as a consequence of the YW addition in this 

pile. Despite this fact, the final value of GI in compost 2 was > 50%, indicating the physiological compatibility with 

plants of this compost. 

 

4 CONCLUSIONS 

According to the results obtained, it can be concluded that composting can be considered as an alternative for the 

treatment of brewery waste, obtaining a compost with possible use as soil amendment. The addition of YW to pile 2 

produced lower temperature values than in the pile watered with water, but, in general, the temperature profile of 

both piles was very similar. Also, the addition of YW in pile 2 produced a lower degradation of organic matter, 

higher EC values, as well as lower pH values than in pile 1. Moreover, the addition of this effluent also reduced the 

CFA transformation to CHA, increased the CFA content and hardly the CEC and produced a longer persistence of 

phytotoxicity. However, both composts showed C/N ratio < 12, germination index > 50% and increases in the cation 

exchange capacity, which revealed the stabilisation and humification of the organic matter and the reduction of the 

phytotoxicity during composting. 
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1 INTRODUCTION 

Intensification of livestock production has led to a generation of great amounts of animal manures and slurries that 

can constitute a potential environmental risk, if their management is not optimised. Anaerobic digestion constitutes 

one of the main alternatives to manage these wastes and is based on the anaerobic conversion of organic matter, 

obtaining biogas and a digested substrate called digestate. Although digestate presents a high fertilising value, this 

material shows some characteristics, such as its phytotoxicity, which advices against its use as soil amendment in its 

basic form. Therefore, composting can constitute a suitable treatment to stabilise digestate and thus, to improve its 

properties prior to its use as soil conditioner. However, the solid-liquid separation usually implies the addition of co-

adjuvants, such as PAM (Polyacrylamide derivate) which could induce disturbances in composting. The objective of 

this work was twofold: i) to study the evolution of the composting process of the solid phase of digestates obtained 

from the anaerobic digestion of pig slurry (PSD) and wastes from the agricultural activity (wheat straw (WS), vine 

shoot pruning (VP) and pepper plant pruning (PP)) and from the agro-food sector (exhausted grape marc (EGM)) 

and ii) to evaluate the characteristics of the end-products obtained.  

 

2 MATERIALS AND METHODS 

Pig slurry digestate (PSD) was obtained from a centralized treatment plant of pig slurries in Catalonia using 

thermophilic anaerobic digestion. The solid phase of this digestate was separated by centrifugation and used in the 

pile elaboration without any additional preparation procedure. To carry out our objectives, five mixtures were 

composted in 350 L thermo-composters by the turning composting system. These mixtures (P1, P2, P3, P4 and P5) 

were established mixing in all of them the solid phase of PSD with WS (P1 and P2), with EGM (P3), with VP (P4) 

and with PP (P5). In all the scenarios, 70-75% of PSD was used, in terms of dry matter content. In addition, P2 was 

watered with the liquid phase of the anaerobic digestate of pig slurry (LPS); 0.22 L LPS per kg was added on the 

first day and the remaining volume, up to 0.45 L kg
-1

 was added gradually up to 27 days of composting, while the 

rest of piles were watered with water, maintaining a moisture content higher than 40 %. When the bio-oxidative 

phase of composting was considered finished, composts were left to mature for a month, approximately. Throughout 

the composting process, physico-chemical, chemical and biological parameters were studied. In mature compost, 

composition and quality assessment were made. 

 

3 RESULTS AND DISCUSSION 

3.1 Composting process 

In general, thermophilic temperature was reached in the first week of the composting process, showing piles P1, P2, 

P4 and P5 the highest temperature values (Figure 1). All piles reached 50ºC except P3, which did not reach 

thermophilic conditions throughout all the experiment. Each pile was turned between 1 (piles 4 & 5) and 2 times 

(piles 1 to 3). These piles did not reach the temperature requirement established by the 2nd Draft on Biological 

Treatment of Biowastes (EC, 2001), mainly due to the composting scale used, only showing piles P1 and P4  the 

most exothermic behaviour with ceiling temperatures closer or higher than 60ºC. However, sanitization standards 

were achieved in almost all the composting piles (except pile 4).  
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Pile P1: solid phase of pig digestate + wheat straw 

(Humidity source: water) 

Pile P2: solid phase of pig digestate + wheat straw 

(Humidity source: digestate) 

FIGURE 1 Thermal profile of composting piles P1 and P2 (bottom lines are ambient temperature). 

 

Losses of OM were calculated from ash contents according to the equations of Paredes et al. (2000). A 

first-order kinetic model was used for OM degradation during composting (Bernal et al., 1996). This model was 

chosen as the best fit because it gave a randomised distribution of the residuals together with the lowest residual 

mean square (RMS) value (data not shown) and a highly-significant F-value. The equation used was: OM loss (%) = 

A (1 - e
-kt

) where A is the maximum degradation of OM (%C), k the rate constant (d
-1

) and t the composting time 

(d). The highest organic matter degradation was observed in P1, which showed the greatest temperature values. 

However, the thermal profile and the losses of organic matter were lower compared to other composting processes 

(Bernal et al., 1996) using solid phases of pig slurries, probably due to the specific nature of our PSD and the use of 

PAM in its separation process. At the end of the composting process, all composts had a C/N ratio < 20 and a total 

absence of phytotoxicity (GI > 50%), which revealed the stabilisation of the organic matter in the mixtures studied.  

 

TABLE 1  Modelization of organic matter losses during composting 

 Pile 1 Pile 2 Pile 3 Pile 4 Pile 5 

A 34.52 (11.00) 25.61 (1.51) 6.27 (1.35) 12.91 (1.04) 16.30 (5.34) 

k 0.0397 

(0.0265) 

0.1740 

(0.0516) 

0.0620 

(0.0363) 

0.1046 

(0.0313) 

0.0313 

(0.0214) 

Adjusted r
2 0.5269 0.9198 0.7547 0.9162 0.8731 

F-value 7.68
* 

69.82
*** 

16.38
*
 55.68

**
 28.53

*
 

Estimation standard error 7.4312 2.7847 1.3037 1.4451 2.0835 

 

3.2 Compost agronomic composition and quality assessment 

The main agronomic characteristics of the composts are shown in Table 2. These composts showed a recalcitrant 

humidity, this aspect being especially important if the material is not allowed to mature. At the end of the 

composting process, all the composts showed pH values near to neutrality, and electrical conductivity (EC) values 

higher than 5 dS/m, probably due to the great content of salts of PSD. The use of wheat straw in the mixtures (P1 

and P2) induced significantly higher salinity than other co-composting agents, such as vine shoot or pepper plant 

pruning. The addition of digestate (P2) did not significantly increase EC compared to water (P1).  

The final levels of organic matter, total organic carbon and total nitrogen were higher o similar to those 

observed in other composts (Ranalli et al., 2001). Organic matter contents were higher than the minimum values 

established by the Spanish and the European legislation (35% and 30%, respectively) (BOE, 2005; EC, 2001). Also, 

total nitrogen contents were greater than 2.75% in all the investigated composts. With respect to phosphorus and 

potassium, compost values ranged between 26 and 34 g/kg, and 9.8 and 15 g/kg respectively. These fertilising 

contents varied depending on the mixtures, without any effect of the digestate use on these elements. 
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TABLE 2 Agronomic characterization of the digestate derived-composts 

Parameter P1 P2 P3 P4 P5 

Dry matter (%) 33.8 28.9 34.6 37.1 43.2 

pH   6.42 6.94 6.52 6.53 6.63 

Electrical conductivity (dS/m) 8.88 8.08 5.34 5.11 6.79 

Total organic matter (%) 71.0 72.5 67.0 67.6 59.6 

Total organic C (%) 35.0 36.2 33.0 34.5 30.3 

Total N (%) 2.75 2.94 3.13 3.03 3.32 

P (g/kg) 30.9 26.4 37.8 33.7 34.2 

K (g/kg) 15.1 10.8 11.5 9.78 13.8 

Ca (g/kg) 28.0 25.7 62.9 59.9 58.9 

Mg (g/kg) 19.8 19.1 34.0 30.8 30.5 

Na (mg/kg) 466 346 3475 3517 3639 

Fe (g/kg) 5.94 5.93 9.65 9.09 9.79 

Mn (mg/kg) 530 519 1020 904 860 

Cu (mg/kg) 333 332 556 518 486 

Zn (mg/kg) 1779 1730 3052 2776 2534 

 

Cu and Zn contents are usually high in pig slurries and composting increased their concentration. In our 

composts, Zn could be the limiting element to use the compost, according to the Spanish legislation. However, Fe 

was significantly high in all the compost, probably due to the use of iron salts in the separation phase procedure of 

PSD. Multiresidual pesticide analyses were developed for mature composts without any value over detection limits 

of GC-MS technique. In terms of pathogens, only P2 and P4 showed any incidence (E. coli > 1000 NMP/g and 

Salmonella spp. presence, respectively). 

The values of the parameters considered to ascertain the maturity and stability of the obtained composts, 

as well as the limit values suggested by different authors to consider that a compost is stable and mature are 

displayed in Table 3. Comparing the values obtained for the composts P1, P2, P3, P4 and P5, it can be observed that 

all the composts verify more than 62% of the maturity criteria, P1 being the compost that verifies the highest 

percentage, with 81.3% of the stability and/or maturity criteria. Other parameters, associated to compost use as 

organic amendment in agricultural soils, such as the C/N ratio, CEC or CEC/Ct, also verify the values established by 

other authors (Table 3). 

 

TABLE 3  Stability and/or maturity indices for the digestate derived-composts 

Parámeter Quality index Source P1 P2 P3 P4 P5 

WSC (%) < 0.5 García et al. (1992) 1.54 1.33 0.90 0.81 0.58 

 < 1 Hue and Liu (1995) 1.54 1.33 0.90 0.81 0.58 

 < 1.7 Bernal et al. (1998) 1.54 1.33 0.90 0.81 0.58 

Ct/Nt < 20 Golueke (1981) 12.7 12.3 10.5 11.4 9.12 

 < 15 Juste (1980) 12.7 12.3 10.5 11.4 9.12 

HR2 (%) > 7 Roletto et al. (1985) 39.0 13.7 8.6 9.3 10.6 

HR3 (%) > 3.5 Roletto et al.  (1985) 32.1 6.7 2.9 3.9 4.8 

 > 13 %a Iglesias-Jiménez et al. (1992b) 630 147 33 -7.3 9.9 

Pah4 (%) > 62 %a Iglesias-Jiménez et al. (1992b) 104 109 23.6 24.0 11.9 

Cah/Caf5 > 1 Roletto et al. (1985) 9.63 0.98 0.50 0.72 0.83 

 ∆∆∆∆ > 1.6a Iglesias-Jiménez et al. (1992b) 3.96 0.67 0.13 0.20 0.16 

GI6 (%) >50 Zucconi et al. (1981) 97.9 82.9 66.2 79.8 77.4 

CEC7 > 60 Harada and Inoko (1980) 131 132 176 171 170 

(meq/100 g MO) > 67 Iglesias-Jiménez et al. (1992b) 131 132 176 171 170 

CEC/Ct > 1.9 Iglesias-Jiménez et al. (1992a) 2.67 2.64 3.59 3.36 3.36 

(meq/g Cot) >>>> 3.5 García et al. (1992)  2.67 2.64 3.59 3.36 3.36 
1WSC: water-soluble organic C; 2HR: humification ratio; 3HI: humification index; 4Pah: percentage of humic acids; 
5PR: polimerization ratio, where Cha: humic acid-like carbon; Cfa: fulvic acid-like carbon; 6GI: germination index; 
7CEC: cation exchange capacity.  aThe values shown in this row are increments (final value – initial value).   
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4 CONCLUSIONS 

Composting of the solid phase of digestate (PSD) from pig slurries could be a feasible form to manage this residual 

flux. In our experiment, the thermal profile and the losses of organic matter were lower compared to other 

composting processes using solid phases of pig slurries, probably due to the digestion procedure, using PAM in the 

separation process, which produces a PSD with a specific nature. So, the selection of the co-composting agents is 

crucial in order to optimise the process and also to improve the composition and quality of the final compost. 

Electrical conductivity and Zn were the most limiting factors for the use of our composts in agriculture. Scaling the 

proposed composting processes must be developed in order to check the accomplishment of the stabilisation and 

quality patterns of the proposed mixtures. 
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1 INTRODUCTION 

In recent years the tendency in Europe has led to intensified livestock, resulting in an increased number of cattle that 

has not been accompanied by a proportional increase of the agricultural area for farming. Intensification of livestock 

production has resulted in generation of animal manure, which may be a significant source of harmful nutrient 

emissions into the environment if handled improperly. Therefore, the need for environmentally friendly methods to 

treat and use animal manure has become an imperative.  

Composting takes place to achieve stable, mineralized and hygienic organic products, to save energy and 

reduce emissions. This way it is intended to recover the compounds to reintroduce them in the productive cycles. 

Composting is a controlled aerobic digestion, during which the waste is disinfected and stabilized. The stabilization 

of organic matter is achieved by the oxidation of complex molecules to form simple compounds. The process 

generates heat, and this produces substrate sterilization removing pathogens and seeds. 

For the composting process, the carbon and the nitrogen are usually the limiting factor of composting. 

High C/N ratios make the process very slow as there is an excess of degradable substrate for microorganisms. 

However, with a low C/N ratio there is an excess of N per degradable C and N can be lost by ammonia volatilisation 

or by leaching from composting mass and can also cause odors and other environmental problems (Bernal et al., 

2009). Therefore, the optimal C/N relation is 25-35. Around 40-75% of humidity is also needed for composting 

process, since the decomposition process occurs mostly in thin liquid layers on the surface of the particles. 

Furthermore, the porosity of the pile is also a limiting factor, because if the manure is very compact, the air would 

not enter inside it and the aerobic digestion would not take place.  

Generally, most of heavy metals tend to remain in the end-product; this constitutes a very important 

problem from an agricultural and environmental standpoint (Ko et al., 2008). Hence, Royal Decree 824/2005 (Table 

1) establish ceilings and classify the compost into three categories (A, B and C), depending on the content of heavy 

metals it has. The fertilizers of column C can not be applied on agricultural soils in doses greater than 5 tn 

DM/ha/year. 

 

TABLE 1  Heavy metal ceiling set by RD 824/2005. 

Heavy metal ceiling (RD 824/2005) 

Heavy metal 

(mg/kg D.M.) 
A category B category C category 

Cadmium 0,7 2 3 

Copper 70 300 400 

Nickel 25 90 100 

Lead 45 150 200 

Zinc 200 500 1000 

Mercury 0,4 1,5 2,5 

Total Chrome 70 250 300 
 

 

The aim of this study was to compare two composting systems (static and dynamic piles) in order to 

improve the management of manure obtaining a quality compost. 
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2 MATERIALS AND METHODS. 

Sheep manure was used for composting in both systems (Table 2). The carbon and nitrogen, the humidity and the 

heavy metals were analyzed at the beginning and at the end of the process.  

 

TABLE 2  Characteristics of input manure. 

  Input manure 

Dry matter (%) 30,46 

Cu (mg/kg) D.M. 32 

Zn (mg/kg) D.M. 1476,45 

Cd (mg/kg) D.M. 0,56 

Pb (mg/kg) D.M. 3,2 

Cr (mg/kg) D.M. 24,8 

Ni (mg/kg) D.M. 12,95 

N total (%) F.M. 1,15 

C (%) F.M. 37,25 

C/N ratio 32,4 

 

2.1 Dynamic piles composting system 

Windrow composting is based on natural convection and diffusion, aided by regular volts for oxygen supply. Its 

effectiveness varies with microbial activity and pile porosity. The row had triangular section and its dimensions 

were around 1.8 m high by 3-4 m wide and 40 meters long. Therefore, the initial total volume was approximately 

126m
3
. The pile is covered with a geotextile cloth that waterproofs it and, at the same time, allows the pile breath. 

To prevent drying, crusting and preferential air paths, the composting material was turned over regularly. 

Through this periodic turning the piles released heat and humidity and the porosity was increased temporarily. It 

also contributed to shred the material, so that increased the oxygen transfer. To determine the turning frequency a 

long tip thermometer, to obtain the temperature at the centre of the pile, was provided to the farmer in charge of the 

pile. When the temperature decreased to approximately 55 ºC, the pile was turned over. 

The turner used was a MENARD SP 4300 equipped with a rotor with shovels and a geotextile cloth 

roller. 

2.2 Static piles composting system 

The static piles are not turned mechanically, once built it remained in place until the decomposition slowed down. 

The absence of agitation requires maintaining an adequate porosity for an extended period of time, so in most cases 

the substrate requires an input of structuring (straw or sawdust) to avoid compaction. In our case, the manure was 

already mixed with straw, so it was not needed an input of structuring. 

The static piles system used was BC-A20 biocomposter from Agrotech Applied Biotechnology S.A., 

consisted of a closed system of six reinforced concrete elements that form a tight silo. Each element measured 2.4 

meters long, 5 meters wide and 1.1 high. The maximum filling height was 2.5 meters; therefore, the approximate 

capacity of the installation was 120 m
3
. 

The bottom of these silos was equipped with three PVC pipes for the aeration system and leachate 

collection. The leachate was collected to a tank of 0.5 m
3
 of capacity, from which it was recirculated through two 

pipes placed above the pile. The plant is isolated by a fixed cover, made from a steel frame and a waterproof plastic 

film covering that protects from environment while creating a greenhouse effect inside it. The pile was covered with 

a geotextile cloth.  

The process was controlled via a pressure ventilation system, using temperature as control variable. The 

electronic system managed its operation based on parameters entered into the operator. The continuous temperature 

measurement, carried out by four temperature sensors, made the ventilation management possible.  

Once the composting time was completed, a stage of maturation outside the system was needed, in which 

the compost is stabilized and humidified. This phase ended when the compost temperature was around 45 ºC. 
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3 RESULTS AND DISCUSSION  

During the active phase of the composting process the organic carbon decreases in the material due to 

decomposition of the organic matter by the microorganisms. This loss of organic matter decreases the C/N ratio 

(Bernal et al., 2009), as it is shown in Table 3. The final compost volume decreased in both systems due to moisture 

loss and volatile organic matter destruction. The moisture in the static piles final compost was higher than in the 

other system because of the leaching recirculation system it had. But this recirculation was not uniform, so there 

were many dry areas in the final compost. 

 

TABLE 3  Characteristics of input manure and static and dynamic piles final compost. 

 

Biocomposter 

compost  

Dynamic pile 

compost  

Dry matter (%) 38,87  46,8 

Cu (mg/kg) D.M. 18,9 21,9 

Zn (mg/kg) D.M. 707,5 451,4 

Cd (mg/kg) D.M. 0,42 0,5 

Pb (mg/kg) D.M. 3,29 3,4 

Cr (mg/kg) D.M. 125 44,3 

Ni (mg/kg) D.M. 77 26,3 

N total (%) F.M. 1,05 1,4 

C (%) F.M. 14,45 17,1 

C/N ratio 13,76 12,3 
 

 

During composting, and in respect of moisture, two antagonistic phenomena take place, on the one hand, 

the moisture content decreases because of the heat that is generated in the process and because of the leaching, and 

secondly, the aerobic microbial metabolism of organic matter produces carbon dioxide and water. In practice, it is 

usually most severe the first phenomenon and the composting material loses moisture (provided by Agrotech), as 

happened in both systems (Table 3).  

As is shown in the Table 3, the concentration of Zn is the highest, followed by Cr, Ni, Cu, Pb and Cd in 

composts sampled at the end of the composting process. The high concentration of Zn in compost was largely 

derived from animal feeds used as additives that contained high levels of Zn. In addition, most of the dietary Zn is 

not absorbed in animal bodies but excreted in animal manures (Ko et al., 2008).Composting can concentrate or 

dilute heavy metals present in manure. The increase of metal level (Cr and Ni) was due to weight loss during 

composting because of organic matter decomposition, release of carbon dioxide and water and mineralization 

processes (Amir et al., 2005). Lowering the amounts of heavy metal present depends on metal loss by leaching. 

Grimes et al. (1999) used batch leaching tests to show the binding of metals to compost and it is found to be in the 

order Pb>Cd≃Cu>Zn. This explains why the concentrations of Pb, Cd, Cu and Zn did not increase in the final 

compost. We obtained a B category compost from the dynamic piles system and C category compost from the static 

piles system. 

Both systems achieved temperatures around 70ºC during the composting, indicating an aerobic digestion. 

In the dynamic piles system, when the temperature decreased below 55ºC, the pile was turned out (the first one was 

a month after starting and the second one was a month and a half after it). In the case of the static piles system, the 

temperature was recorded during the process (figure 1).  
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FIGURE 1  Pile temperature during composting process. 

 
The dynamic pile system lasted about five months to complete the composting process. In the case of 

static pile, manure was 70 days in the biocomposter and then around a month out of it for the maturity stage. So the 

forced aeration pile need less composting time than the dynamic one.  

The compost obtained by dynamic piles was more shredded and homogenous. The other compost was a 

very heterogeneous compost. It had many white areas due to the dryness caused by the unequal leaching 

recirculation. 

 

4 CONCLUSIONS 

On one hand, in the forced aeration system, the main advantages we observed were the process time required (3 

months versus 5 months), the leachate capture and recirculation and the self-control of the degradation parameters. 

On the other hand, although the biocomposter is an automated system, it had problems to control the temperature 

and the humidity; the leaching recirculation was not uniform. The manure reached very high temperatures and high 

humidity was consumed, thus affecting the quality of the final compost. 

With the dynamic system, we could control the increase in temperature by turning it over. Furthermore, 

this system allows to treat a variable amount of manure, while in the case of the static piles, the volume to treat 

depends on the volume of the biocomposter. Besides, the economical viability was better than in the other system 

because the compost turner could be used in many piles in many livestock farms, so the amount of manure treated 

could be higher. Furthermore, the compost turner shredded the manure, improving the degradation and achieving 

homogeneous final compost.  

After evaluating the time maturing, parameters of quality and the technical-economic management of 

both systems, we conclude that the dynamic pile system fitted better with the livestock residue we treated.  
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1 INTRODUCTION 

Air stripping in combination with absorption, can be used to remove and recover ammonia from animal slurry. The 

efficiency of the process is dependent on pH and temperature. Some previous studies on ammonia air stripping at 

ambient temperature and high pH have shown a number of drawbacks that limit the applicability of the technique 

(Cheung 1997 and Liao et al. 1995). In this study, an ammonia air stripping process at high temperature without 

chemically increasing pH was studied in a pilot plant. The combination of the technique with anaerobic digestion 

and energy production was also assessed. The activities were carried out to establish the feasibility of the removal of 

nitrogen from pig and cattle slurry by stripping, without changing the slurry pH. 

2 MATERIALS AND METHODS 

An experimental study was conducted to verify the effectiveness of the operation of an air stripper pilot plant, 

consisting of the following functional elements (Figure 1): 

− airtight ammonia stripping reactor of 1 m3, made of insulated stainless steel, diameter of 900 mm and height 

of 2100 mm, including a slurry mixing system and insufflation system to force air bubbles into the 

stripping process, with a free head space for handling foam; 

− acid washing scrubber counterflow of air outflowing from the stripping reactor in polypropylene cylindrical 

tower for a maximum capacity of 100 m3/h and crossing speed of 0.14 m/s, with a tank  for storing 

ammonium sulphate salt. At the beginning of the tests the scrubber’s tank for the storage of the acid 

solution was filled with about 185 dm3 of a 20% sulphuric acid (H2SO4) solution; 

− hot water generator (replaceable by a co-generator in full scale); 

− monitoring device to measure ammonia emission, temperature of air and slurry and flowmeter. 

 

In addition to working at high temperatures, the slurry was air-blown and mixed to facilitate the ammonia 

removal process. During the planning stage it was envisaged that this combination of physical treatments might give 

rise to the formation of large quantities of foam in the reactor head space. A slurry mixing system was designed to 

reduce this problem, which also acts as a foam reducer.  This mixing system takes the slurry from the bottom of the 

reactor and sprays it into the head space against a series of disks which have the effect of breaking the jets and 

creating a rain of slurry falling on the foam. 

All tests were carried out with a fully self-contained air circulation system: the entire flow of air coming 

from the stripping reactor is sent to the scrubber first and the air outflowing from there is sucked up by the pump 

and then blown back into the reactor. The absence of atmospheric emissions and/or airflow collection from the 

environment, significantly cuts-down atmospheric emissions of possible organic malodorous compounds that are not 

captured by the scrubber. 

The study was performed at a pig farm and a dairy farm in Parma (Italy) over two years. Seven treatments 

were carried out (three replications of each, amounting to a total of 21 experiments). The following slurries were 

treated: the liquid fraction of fresh swine slurry obtained from a solid-liquid separation carried out with a helical 

compressor (3 treatments; 50,60 and 70°C); the clarified fraction of fresh cattle slurry (1 treatments), obtained from 

a solid-liquid separation treatment with opposed straight rollers, and the same clarified fraction of cattle slurry 

downstream of anaerobic digestion (3 treatments). Three repeated experiments were conducted for each series of 

test. The duration of each test was 6 hours of consecutive insufflation under steady-state temperature of 60°C.  
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FIGURE 1 Layout of experimental stripping pilot plant. 

The main parameters monitored during each test were the following: 

− chemical characteristics of slurry (pH, NH4+-N, TS and TKN: analysed by standard methods APHA, 1995): 

at the beginning and at the end of the test and every hour of operation 

− air temperature at 8 points of the plant and pressure upstream  and downstream of the stripping reactor 

− ammonia nitrogen concentration in the airflow used for stripping, upstream and downstream of the stripper 

and downstream and upstream of the scrubber 

− nitrogen concentration and volume of ammonium sulphate solution present in the scrubber tank 

− electrical consumption and heat consumption 

3 RESULTS AND DISCUSSION 

3.1 Stripping from fresh pig slurry at different temperature 

On average, after about 6 hours of hydraulic retention time, the removal efficiency was 13% (St. Dev. 1%) for the 

50° test, 27% in the 60° test (St. Dev. 3%) and 40% in the 70° test (St.Dev. 13%). The relation between temperature 

and the percentage of ammonia nitrogen stripped per hour, reveals that efficiency increases as the slurry mass 

temperature rises. If removal efficiency as a function of temperature is related to energy consumption, the best ratio 

of energy costs/benefits  is achieved by keeping the process temperature at  60°C. Nonetheless, whenever surplus 

energy is sufficient, the process could still be carried out at temperatures higher than 60°. 

 

 

FIGURE 2 Evolution of ammonia concentration (primary y-axis) and removal rates (secondary y-axis) 

under different processing temperature. 

 A higher concentration of ammonia nitrogen in the fresh slurry increased the nitrogen percentage removed 

during the first hour of stripping.  This fact is likely to have useful implications for management and stripping 

efficiency. Figure 2 shows the reduction of ammonia nitrogen [NH4
+
-N] in pig slurry over time (as compared with 
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the initial ammonia nitrogen levels) together with the corresponding increase of removal efficiency during the 

experiment for the three temperatures tested  (average of the three replications at the three temperatures).  

3.2 Stripping from digested cattle slurry and fresh cattle slurry 

Given the improved energy costs/benefit ratio at a process temperature of 60°C with the treating of fresh pig slurry, 

it was decided to maintain the process temperature at 60° C for all the subsequent stripping tests on cattle slurry.  

Furthermore, cattle slurry with equal test duration (6 hours) and equal process temperature (60°C) revealed that the 

efficiency for removing ammonia nitrogen increased considerably if the slurry loaded into the pilot reactor was 

collected after anaerobic digestion as opposed to the fresh slurry which had not been through the biogas plant.  

Each test was made with the same amount of slurry (500 l) into the pilot reactor and maintaining the air-

stripping flow constant at 130 - 140 m
3
/h per m

3
 of slurry loaded. Figure 3 shows the average trends for the removal 

of ammonia nitrogen over time for the tests involving digested slurry as compared with those using fresh slurry not 

already subjected to anaerobic digestion.  The pilot system obtained an average stripping efficiency of 34.7% (St. 

Dev. 2.8) for the digested slurry. This reduced the amount of ammonia nitrogen from 1602 mg/kg (St. Dev. 24.4) to 

1046 mg/kg  (St. Dev. 50.6). When fresh, undigested slurry was used, the removal efficiency was only 17.0% (St. 

Dev. 2), lowering the total concentration of ammonia nitrogen in the fresh slurry from 1529 mg/kg (St. Dev. 145) to 

1268 mg/kg(St. Dev. 114). 

No technical problems were encountered in the stripping tests of digested cattle slurry. In contrast, the 

stripping process conducted on both fresh cattle slurry and fresh pig slurry proved more difficult from a practical 

point of view. There were greater difficulties in the air insufflation, there were some blockages of the porous 

components used for the diffusion of air, the accumulation of organic matter on the reactor walls and floor was 

greater and  more cleaning of the equipment was required after the test. In the case of the digested cattle slurry, 

processed by mesophilic anaerobic digestion, the problems relating to foam formation were less.  In the three test 

sessions when fresh, undigested cattle slurry had been loaded into the stripping reactor, foam formation was very 

much greater.  Foam formation is caused mainly by the presence of compounds derived from fatty acids which are 

substantially reduced during anaerobic digestion.  

 

 

FIGURE 3 Evolution of ammonia concentration (primary y-axis) and ammonia removal rates (secondary y-

axis) during the experiment  with fresh cattle slurry and digested cattle slurry. 

3.3 Stripping from digested cattle slurry at different air insufflation rates 

The slurry used for these tests had all been subjected to anaerobic digestion. With average insufflation of 237 m
3
/h 

(St.Dev. 46) per m
3
 of slurry loaded into the pilot reactor, average stripping efficiency after 6 hours at 60°C was 

51.9% (St. Dev. 1.9). When insufflation was reduced to 149 m
3
/h (St. Dev. 4) per m

3
 of slurry, the percentage of 

ammonia nitrogen removed reduced to 39.3% (St. Dev. 2.1) while with an average insufflation of 133 m
3
/h (St. Dev. 

35) per m
3
 of slurry loaded, the percentage removed was 34.7% (St. Dev. 2.8). Figure 4 shows average trends for the 

removal of ammonia over time in relation to the insufflation rates of the slurry mass loaded. 
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FIGURE 4 Evolution of ammonia concentration (primary y-axis) and removal rates (secondary y-axis) with 

different air insufflation ratio. 

4 CONCLUSIONS 

The results obtained from the experimentation showed the stripping process to be feasible by air insufflation and 

heating, without the need to chemically increase the pH value. 

A considerable increase was seen in ammonia nitrogen removal efficiency, with same treatment time (6 

hours) or temperature (60°C), when slurry processed by mesophilic anaerobic digestion was loaded into the pilot 

reactor rather than fresh slurry undigested. 

The concentration of ammonia nitrogen was much higher in the digested cattle slurry (65% of TKN in 

digestate compared to 51.5% of TKN in fresh slurry), as was the efficiency for removing ammonia nitrogen. 

Furthermore, slurry dry matter loading to the reactor was less for the digestate (3.05% in digestate against 5.2% for 

fresh slurry), with a greater airflow capacity insufflated into the reactor to remove ammonia solute into the liquid 

fraction and to bring it into an ammonia gaseous state in the headspace. Suspended dry matter can adsorb ammonia 

nitrogen, decreasing stripping efficiency. The initial pH of loaded digested slurry in the stripping reactor was higher, 

associated with much greater: pH of digested slurries is typically higher than pH of fresh slurry, even by one point 

(pH 7,95 digested cattle slurry vs pH 7,2 fresh cattle slurry in these test).  

Ammonia nitrogen removal efficiency increased significantly if the slurry was subjected to a high 

insufflation/bubbling rate and also when the process  temperature was equal or above 60°C. 

The stripping technique introduced in a chain with slurry anaerobic digestion and combustion of biogas 

produced through the co-generator, gives two benefits: energy recovery (specially thermal energy free) for energy 

demands of the process and the presence of digestate, which increases stripping efficiency compared to the raw 

slurry. 
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1 INTRODUCTION 

Air stripping in combination with absorption, can be used to remove and recover ammonia from animal slurry. The 

efficiency of the process is dependent on pH and temperature. Some previous studies on ammonia air stripping at 

ambient temperature and high pH have shown a number of drawbacks that limit the applicability of the technique 

(Cheung 1997 and Liao et al. 1995). In this study, an ammonia air stripping process at high temperature without 

chemically increasing pH was studied in a pilot plant. The combination of the technique with anaerobic digestion 

and energy production was also assessed. The activities were carried out to establish the feasibility of the removal of 

nitrogen from pig and cattle slurry by stripping, without changing the slurry pH. 

2 MATERIALS AND METHODS 

An experimental study was conducted to verify the effectiveness of the operation of an air stripper pilot plant, 

consisting of the following functional elements (Figure 1): 

− airtight ammonia stripping reactor of 1 m3, made of insulated stainless steel, diameter of 900 mm and height 

of 2100 mm, including a slurry mixing system and insufflation system to force air bubbles into the 

stripping process, with a free head space for handling foam; 

− acid washing scrubber counterflow of air outflowing from the stripping reactor in polypropylene cylindrical 

tower for a maximum capacity of 100 m3/h and crossing speed of 0.14 m/s, with a tank  for storing 

ammonium sulphate salt. At the beginning of the tests the scrubber’s tank for the storage of the acid 

solution was filled with about 185 dm3 of a 20% sulphuric acid (H2SO4) solution; 

− hot water generator (replaceable by a co-generator in full scale); 

− monitoring device to measure ammonia emission, temperature of air and slurry and flowmeter. 

 

In addition to working at high temperatures, the slurry was air-blown and mixed to facilitate the ammonia 

removal process. During the planning stage it was envisaged that this combination of physical treatments might give 

rise to the formation of large quantities of foam in the reactor head space. A slurry mixing system was designed to 

reduce this problem, which also acts as a foam reducer.  This mixing system takes the slurry from the bottom of the 

reactor and sprays it into the head space against a series of disks which have the effect of breaking the jets and 

creating a rain of slurry falling on the foam. 

All tests were carried out with a fully self-contained air circulation system: the entire flow of air coming 

from the stripping reactor is sent to the scrubber first and the air outflowing from there is sucked up by the pump 

and then blown back into the reactor. The absence of atmospheric emissions and/or airflow collection from the 

environment, significantly cuts-down atmospheric emissions of possible organic malodorous compounds that are not 

captured by the scrubber. 

The study was performed at a pig farm and a dairy farm in Parma (Italy) over two years. Seven treatments 

were carried out (three replications of each, amounting to a total of 21 experiments). The following slurries were 

treated: the liquid fraction of fresh swine slurry obtained from a solid-liquid separation carried out with a helical 

compressor (3 treatments; 50,60 and 70°C); the clarified fraction of fresh cattle slurry (1 treatments), obtained from 

a solid-liquid separation treatment with opposed straight rollers, and the same clarified fraction of cattle slurry 

downstream of anaerobic digestion (3 treatments). Three repeated experiments were conducted for each series of 

test. The duration of each test was 6 hours of consecutive insufflation under steady-state temperature of 60°C.  
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FIGURE 1 Layout of experimental stripping pilot plant. 

The main parameters monitored during each test were the following: 

− chemical characteristics of slurry (pH, NH4+-N, TS and TKN: analysed by standard methods APHA, 1995): 

at the beginning and at the end of the test and every hour of operation 

− air temperature at 8 points of the plant and pressure upstream  and downstream of the stripping reactor 

− ammonia nitrogen concentration in the airflow used for stripping, upstream and downstream of the stripper 

and downstream and upstream of the scrubber 

− nitrogen concentration and volume of ammonium sulphate solution present in the scrubber tank 

− electrical consumption and heat consumption 

3 RESULTS AND DISCUSSION 

3.1 Stripping from fresh pig slurry at different temperature 

On average, after about 6 hours of hydraulic retention time, the removal efficiency was 13% (St. Dev. 1%) for the 

50° test, 27% in the 60° test (St. Dev. 3%) and 40% in the 70° test (St.Dev. 13%). The relation between temperature 

and the percentage of ammonia nitrogen stripped per hour, reveals that efficiency increases as the slurry mass 

temperature rises. If removal efficiency as a function of temperature is related to energy consumption, the best ratio 

of energy costs/benefits  is achieved by keeping the process temperature at  60°C. Nonetheless, whenever surplus 

energy is sufficient, the process could still be carried out at temperatures higher than 60°. 

 

 

FIGURE 2 Evolution of ammonia concentration (primary y-axis) and removal rates (secondary y-axis) 

under different processing temperature. 

 A higher concentration of ammonia nitrogen in the fresh slurry increased the nitrogen percentage removed 

during the first hour of stripping.  This fact is likely to have useful implications for management and stripping 

efficiency. Figure 2 shows the reduction of ammonia nitrogen [NH4
+
-N] in pig slurry over time (as compared with 
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the initial ammonia nitrogen levels) together with the corresponding increase of removal efficiency during the 

experiment for the three temperatures tested  (average of the three replications at the three temperatures).  

3.2 Stripping from digested cattle slurry and fresh cattle slurry 

Given the improved energy costs/benefit ratio at a process temperature of 60°C with the treating of fresh pig slurry, 

it was decided to maintain the process temperature at 60° C for all the subsequent stripping tests on cattle slurry.  

Furthermore, cattle slurry with equal test duration (6 hours) and equal process temperature (60°C) revealed that the 

efficiency for removing ammonia nitrogen increased considerably if the slurry loaded into the pilot reactor was 

collected after anaerobic digestion as opposed to the fresh slurry which had not been through the biogas plant.  

Each test was made with the same amount of slurry (500 l) into the pilot reactor and maintaining the air-

stripping flow constant at 130 - 140 m
3
/h per m

3
 of slurry loaded. Figure 3 shows the average trends for the removal 

of ammonia nitrogen over time for the tests involving digested slurry as compared with those using fresh slurry not 

already subjected to anaerobic digestion.  The pilot system obtained an average stripping efficiency of 34.7% (St. 

Dev. 2.8) for the digested slurry. This reduced the amount of ammonia nitrogen from 1602 mg/kg (St. Dev. 24.4) to 

1046 mg/kg  (St. Dev. 50.6). When fresh, undigested slurry was used, the removal efficiency was only 17.0% (St. 

Dev. 2), lowering the total concentration of ammonia nitrogen in the fresh slurry from 1529 mg/kg (St. Dev. 145) to 

1268 mg/kg(St. Dev. 114). 

No technical problems were encountered in the stripping tests of digested cattle slurry. In contrast, the 

stripping process conducted on both fresh cattle slurry and fresh pig slurry proved more difficult from a practical 

point of view. There were greater difficulties in the air insufflation, there were some blockages of the porous 

components used for the diffusion of air, the accumulation of organic matter on the reactor walls and floor was 

greater and  more cleaning of the equipment was required after the test. In the case of the digested cattle slurry, 

processed by mesophilic anaerobic digestion, the problems relating to foam formation were less.  In the three test 

sessions when fresh, undigested cattle slurry had been loaded into the stripping reactor, foam formation was very 

much greater.  Foam formation is caused mainly by the presence of compounds derived from fatty acids which are 

substantially reduced during anaerobic digestion.  

 

 

FIGURE 3 Evolution of ammonia concentration (primary y-axis) and ammonia removal rates (secondary y-

axis) during the experiment  with fresh cattle slurry and digested cattle slurry. 

3.3 Stripping from digested cattle slurry at different air insufflation rates 

The slurry used for these tests had all been subjected to anaerobic digestion. With average insufflation of 237 m
3
/h 

(St.Dev. 46) per m
3
 of slurry loaded into the pilot reactor, average stripping efficiency after 6 hours at 60°C was 

51.9% (St. Dev. 1.9). When insufflation was reduced to 149 m
3
/h (St. Dev. 4) per m

3
 of slurry, the percentage of 

ammonia nitrogen removed reduced to 39.3% (St. Dev. 2.1) while with an average insufflation of 133 m
3
/h (St. Dev. 

35) per m
3
 of slurry loaded, the percentage removed was 34.7% (St. Dev. 2.8). Figure 4 shows average trends for the 

removal of ammonia over time in relation to the insufflation rates of the slurry mass loaded. 
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FIGURE 4 Evolution of ammonia concentration (primary y-axis) and removal rates (secondary y-axis) with 

different air insufflation ratio. 

4 CONCLUSIONS 

The results obtained from the experimentation showed the stripping process to be feasible by air insufflation and 

heating, without the need to chemically increase the pH value. 

A considerable increase was seen in ammonia nitrogen removal efficiency, with same treatment time (6 

hours) or temperature (60°C), when slurry processed by mesophilic anaerobic digestion was loaded into the pilot 

reactor rather than fresh slurry undigested. 

The concentration of ammonia nitrogen was much higher in the digested cattle slurry (65% of TKN in 

digestate compared to 51.5% of TKN in fresh slurry), as was the efficiency for removing ammonia nitrogen. 

Furthermore, slurry dry matter loading to the reactor was less for the digestate (3.05% in digestate against 5.2% for 

fresh slurry), with a greater airflow capacity insufflated into the reactor to remove ammonia solute into the liquid 

fraction and to bring it into an ammonia gaseous state in the headspace. Suspended dry matter can adsorb ammonia 

nitrogen, decreasing stripping efficiency. The initial pH of loaded digested slurry in the stripping reactor was higher, 

associated with much greater: pH of digested slurries is typically higher than pH of fresh slurry, even by one point 

(pH 7,95 digested cattle slurry vs pH 7,2 fresh cattle slurry in these test).  

Ammonia nitrogen removal efficiency increased significantly if the slurry was subjected to a high 

insufflation/bubbling rate and also when the process  temperature was equal or above 60°C. 

The stripping technique introduced in a chain with slurry anaerobic digestion and combustion of biogas 

produced through the co-generator, gives two benefits: energy recovery (specially thermal energy free) for energy 

demands of the process and the presence of digestate, which increases stripping efficiency compared to the raw 

slurry. 
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1 INTRODUCTION   

Modelling of anaerobic digestion is more and more used as a tool for process optimization or interpreting observed 

phenomena within research projects. Whatever the model, one of the major key issue is the characterisation of the 

influent. For substrates like activated sludge from wastewater treatment plants, detailed influent characterisation 

models have been developed. But, the other substrates more complex as livestock manures require a more detailed 

input characterisation. 

Chemical analysis can be used to give the basic splits required into proteins, fats, and carbohydrates. 

However, this does not provide biodegradability and kinetic data. Other methodologies have been developed with 

online calibration of the model on the results of a real anaerobic reactor (Girault et al., 2010 ; Batstone et al., 2009). 

Nevertheless, this kind of method is not applicable for predictive studies, which are one of the main interests of 

modelling. Accordingly, an experimental tool to estimate substrate fractionation and the associated degradation 

kinetics has been developed in Girault et al. (2010). Named “anaerobic respirometry”, this tool is based on the 

numerical interpretation of the results (in term of methane production kinetics) of batch experiments performed at 

low substrate to biomass ratio. Already used specifically for the characterisation of wastes from wastewater 

treatment plants (Yasui et al., 2006 & 2008), this method was applied on more complex substrates in Girault et al. 

(2010) and the effect of some operating conditions was studied. 

In this paper, this methodology is used to make a detailed characterisation of some agricultural effluents 

(pig and cow slurries). In addition to the identification of the limiting steps for the anaerobic degradation of these 

substrates, results give input data for a modelling approach allowing the prevision of the performance of a 

continuous anaerobic reactor. 

 

2 MATERIALS AND METHODS 

2.1 Substrates 

This study concerns the characterisation of the most used substrates for agricultural liquid anaerobic digestion: dairy 

cow slurry and mixed piggery slurry. Their characteristics are presented in the table 1. 

 

TABLE 1 Substrates characteristics (*biodegradable COD was calculated from BMP by considering that 

1 Nm
3

CH4 is obtained by the degradable 2.86 kg COD) 

 Dairy cow slurry Mixed pig slurry 

Organic matter (%) 7.9 2.5 

CODtotal (gO2/kg) 122 39.9 

BMP (Nm
3

CH4/kg) 18.9 +/- 2.5 - 

Biodegradability (% of total COD)* 44.3% +/- 6% - 

   

2.2 “Anaerobic respirometric” tests 

The principle of the “anaerobic respirometric” tests is the identification of COD fractions and the kinetic parameters 

associated with their degradation based on the numerical interpretation of Methane Production Rate (MPR) curves 

obtained in batch experiments.  
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Theses curves are obtained with a pulse of substrates in an important quantity of biomass (Yasui et al., 

2008). To obtain MPR curves, similar batch reactors with about 1L of working volume were used. They were 

continuously mixed and maintained at 38°C. The biogas production was continuously monitored by pressure 

measurements. The biogas composition was punctually determined in term of CH4 and CO2 contents by gas 

chromatography. First, the reactors were filled with sludge from a digester to supply anaerobic biomass. After one 

day of MPR stabilisation, a pulse of substrate was done and MPR was monitored during 10 days. After sludge filling 

and substrate pulse, the headspace of each reactor was purged with a gas mixture of N2 and CO2 (70/30). The 

quantity of substrate added was calculated in order to obtain a pulse addition representing between 1 to 3 times the 

organic daily loading rate (considered as biodegradable COD). For all the tests, the sludge used to supply biomass 

came from a CSTR digester fed with piggery wastewater (HRT=27 days, OLR = 3.7 kgCOD/m
3
reactor/d). To obtain 

MPR curves specific of the substrate, MPR of a control test obtained without substrate was subtracted.  

2.3 Modelling approach 

For the numerical interpretation of the MPR curves, a specific model was developed (Girault et al. 2010). Most of 

the MPR curves allow the visual identification of only two biodegradable fractions (one slowly and one readily 

biodegradable). So, a reduced order model was required and a modelling approach based on a simplification of 

ADM1 is used (Batstone et al., 2002). VFAs degradation steps were taken into account similarly to ADM1 because 

it is possible to assess them by chemical analysis. For upstream steps, only two steps were considered:  

− acidogenesis corresponding to the degradation of a part of the substrate for which hydrolysis is not the 

limiting step (Ss). The degradation of Ss produces VFAs. 

− hydrolysis corresponding to the degradation of a part of the substrate for which hydrolysis is the limiting step 

(Xs). The hydrolysis of Xs fraction produces Ss. 

 

Except for hydrolysis, biomass growth was considered for all the processes and the related parameters 

were supposed to depend only on biomass origin and not on substrate. So, the kinetic parameters used in this study 

for growth of each considered biomass was obtained from a previous study. To simulate MPR curves obtained with 

“anaerobic respirometry”, the initial state of the sludge was firstly obtained by the simulation of the digester from 

which the anaerobic sludge was taken. After that, the fractionation of the substrate was obtained by optimizing the 

numerical representation of experimental MPR curves. For this, initial VFAs concentrations were fixed by chemical 

analysis. Then, the rest of biodegradable COD was only considered as Xs, Ss and Xi (non-biodegradable COD). A 

first order constant for Xs hydrolysis was calibrated too.  

 

3 RESULTS AND DISCUSSION  

3.1 Characterisation of substrates 

Figure 1 presents the MPR curves obtained for studied agricultural wastes and make a comparison with simulated 

MPR curves after calibration. The associated fractionation of the total COD is given in figure 2 with the calibrated 

hydrolysis constants. The pulses of substrates represent 4.4gCODbiodegradable/Lsludge for piggery slurry and 

3.8gCODbiodegradable/Lsludge for cow slurry.  

First, for dairy cow slurry, the estimated biodegradability from “anaerobic respirometry” seems relatively 

consistent with BMPs. Nevertheless, a slight underestimation can be notified.  This difference can be explained by 

the lack of accuracy of short term experiments as “anaerobic respirometry” for the estimation of the biodegradability 

of very slowly biodegradable fractions.  
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FIGURE 1 MPR curves obtained for piggery slurry and dairy cow slurry by “anaerobic respirometry” 
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FIGURE 2 COD fractionation obtained by “anaerobic respirometry” and the associated hydrolysis 

constants (k_hyd) for dairy cow slurry and mixed piggery slurry 

 

The MPR curve obtain for piggery slurry allows the identification of two biodegradable COD fractions in 

addition to the measured VFAs. One fraction for which the hydrolysis rate is very low (Xs) corresponding mainly to 

the end of the curve (27% of total COD) and a second fraction for which the hydrolysis is not limiting for the 

anaerobic degradation (Ss) corresponding to the peak of MPR during the 2 first days (5% of total COD). For cow 

slurry, MPR curve allows the identification of an Xs fraction representing about 24% of the total COD. Ss and VFAs 

fractions represent 9% of the total COD. Results show significant differences on hydrolysis constants. Hydrolysis 

rate is 2.5 times higher for cow manure than for pig manure. 

3.2 Effect of HRT on digester yield 

To illustrate the interest of “anaerobic respirometry” for substrate characterisation combined with modelling, the 

previous fractionation and hydrolysis constant were used to predict the performance of a CSTR digester fed with the 

studied substrates. For this, the anaerobic digestion model used for MPR simulation was configured for continuous 

reactor modelling. The same calibrated parameters for biomass growth were used (parameters calibrated with pig 

slurry were considered valid for dairy cow slurry). Then, the effect of HRT on the COD degradation and the related 

CH4 production was investigated using the model. Results are shown on figure 3 for both substrates.  

For pig slurry, an HRT of 20 days allow assessing to 53% of the BMP and an HRT of 60 days permit to 

assess to only 72% of the BMP. For cow slurry, the degradation kinetic is higher. Then, HRTs of 20 and 60 days 

allow assessing respectively to 69% and 82% of the BMP. These results need to be compared with experimental 

results to valid the prediction method. But it’s interesting to underline that even for an HRT of 60 days, only 72% of 

the biodegradable COD is converted into methane for pig slurry. Figure 3 highlights the difficulty to fix an optimal 

HRT for these substrates due to a slow hydrolysis. Nevertheless, given the slight gain in performance when the HRT 

is increased from 40 days to 60 days (especially, for cow manure) the increase of HRT cannot be a very effective 

means to improve methane production. 
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FIGURE 3 a)Prediction of the effect of HRT on methane production of piggery and dairy cow slurry in an 

anaerobic CSTR; b) Prediction of the effect of HRT on the access to BMP for piggery and dairy 

cow slurry in an anaerobic CSTR. 

* : obtained from the biodegradable COD determined in 3.1. considering 350NLCH4/kgCODbiodegradable 

 

4 CONCLUSIONS  

This paper presents an illustration of a potential use of “anaerobic repirometry” for substrate characterisation aiming 

at digester performance prediction. In comparison with BMP experiments, anaerobic respirometric tests provide 

more information about the degradation kinetics of a substrate. The results can be very useful to easily determine 

inputs of an anaerobic digestion model. Thereafter, modelling approach can be used aiming at the prediction of the 

performance of an anaerobic reactor, what could be very useful in an operational (design, system management…) or 

a research (preliminary studies before experiments …) context. These results are promising for the future of 

“anaerobic respirometry” but a validation step is still necessary to quantify the accuracy of this method for 

prediction of digester performance. In addition to the interest of “anaerobic respirometry” for modelling highlighted 

by this paper, many other applications could be consider (evaluation of the effect of pretreatment on degradation 

kinetics, evaluation of inhibition effects,…) and should ensure a long life to “anaerobic respirometry”. 
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1 INTRODUCTION 

Recently new technologies have been developed or adapted, mainly from industrial or domestic effluents, for the 

treatment of swine wastewater to remove organic matter and nutrients, for example nitrogen (Kunz et al, 2005). 

For nitrogen removal the most used process is nitrification/denitrifcation.  Nitrosomonas (ammonia 

oxidation bacteria – AOB) are the main bacteria involved in the nitritation process responsible for the ammonia 

oxidation to nitrite, Nitrobacter (Nitrite oxidation bacteria – NOB), are the main bacteria acting on the oxidation of 

nitrite to nitrate (nitratation) (Henze et al., 1997).  The partial nitrification strategy is based on the accumulation of 

NO2
-
 favoring the AOB and inhibiting the NOB (Wiesmann, 2007).  

Because nitrite act as an intermediate both to nitrification and denitrification, a lot of studies have been 

performed studying the nitrogen biological removal via nitrite that can make the nitrification/denitrification process 

more economic, in addition to create the possibility to connect the partial nitritation process with anammox (Bernet 

e Béline, 2009). A great advantage of the anammox process is the possibility of direct oxidation of ammonia to 

gaseous nitrogen, using nitrite as a final acceptor of electrons, in a nitrite/ammonia theoretical ratio of 1.3 using 

inorganic carbon for cellular growing (Strous et al., 1998; van de Graaf et al., 1996). 

The main objective of the present study was to start up an activated sludge laboratory scale biological 

aerobic reactor, fed with a swine effluent from an UASB reactor, to implement the partial nitritation process with 

simultaneous removal of COD.  

 

2 MATERIALS AND METHODS 

2.1 Experimental set-up 

The experimental system (figure 1) was composed by a complete mix aerobic reactor (CMAR) assembled in acrylic, 

with 5 L volume and mechanical agitation (Fisaton-F713). The aeration apparatus was composed by an air pump 

(Big Air-320) and ceramic air diffusers. The secondary settled reactor was also assembled in acrylic with 1 L of 

useful volume.  

The feeding medium was collected from a full scale UASB reactor (Kunz et al., 2009), stored in a 6 L 

Erlenmeyer, homogenized with a magnetic stirrer (IKA-RH Basic 2) and pumped to the CMAR using a peristaltic 

pump (Milan-BP200) with a variable flow rate (between 1.58 mL/min and 3.6 mL/min) according to the desired 

organic loading rate (OLR) . The sludge was recirculated four times per day at recirculation flow rate between 20% 

and 60% of influent flow rate using a peristaltic pump (Milan-BP200). The surplus sludge was discharged manually 

maintaining the sludge age at 20 days. 
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FIGURE 1  Scheme of the partial nitritation system used in the experiment. 

 

2.2 Reactor start up and operation 

The reactor was inoculated with a sludge from an activated sludge reactor fed with swine effluent (Kunz et al., 

2009), at 1.58 g L
-1

 of TSS. The CMAR was fed with a swine effluent collected from an UASB reactor located at 

Embrapa swine and poultry and diluted to reach the desired loading rate as shown in Table 1.  

The system was operated in three different periods without oxygen restriction (4.86 mgO2 L
-1

 ± 1.05) at 

35.0 ºC ± 0.75 during 112 days. Alkalinity was supplemented adjusting the pH at 7.5 with NaOH 1 mol L
-1

 to firstly 

establish the nitrification process from day six until day 35, after this the alkalinity supplementation was suppressed. 

 

TABLE 1  CMAR operating condition during start up and operation time. 

Period (d) HRT (h) 

Feeding 

medium 

dilution 

factor 

Average COD 

concentration  

(mg L
-1

) 

Average 

ammonia 

concentration  

(mg L
-1

) 

Average 

organic loading 

rate 

(g COD L
-1

 d
-1

) 

Average 

ammonia loading 

rate 

(g NH3-N L
-1

 d
-1

) 

01-14 52 0.25 1023.7 ± 124.8  171.3 ± 44.7  0.36 ± 0.01 0.12 ± 0.04 

15-69 36 0.66 1276.2 ± 336.4 428.5 ± 181.9 0.78 ± 0.12 0.21 ± 0.01 

70-112 42 1 1841.6 ± 137.7 637.9 ± 91.3 0.92 ± 0.12 0.34 ± 0.01 

 

Analysis of COD was performed using the dichromate colorimetric method (APHA, 1995). The pH 

determinations were performed using a pontenciometer (Tecnal- Tec/3MP). Dissolved oxygen was analyzed using a 

membrane probe (YSI 55 Handheld Dissolved Oxygen). Ammonia (NH3-N) was analyzed pontentiometrically using 

a selective electrode method (APHA et al., 1995). Nitrate (NO3
-
-N) and nitrite (NO2

-
-N) determination were based 

in a colorimetric method (APHA, 1995) using a flow injection analysis system (FIAlab – 2500). Alkalinity was 

determined with potentiometric titration (APHA, 1995). 

 

3 RESULTS AND DISCUSSION  

3.1 Establishment of partial nitritation  

Figure 2 presents the relative distribution of nitrogen forms (NH3-N, NO3-N, NO2-N) in the CMAR effluent during 

the three phases of the experiment.  
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FIGURE 2 Nitrogen species concetration in the influent and effluent of the complete mix aerobic reactor.  

 

During the first fourteen days of operation the ammonia loading rate (ALR) was kept in 0.12 ± 0.04 g  L
-1

 

d
-1

, diluting the effluent at 25 % to facilitate the microorganisms adaptation and the reactor start up. In this first 

phase the pH decrease to 5.93 ± 0.40, based on this fact alkalinity was supplemented and pH adjusted to 7.5 with 

NaOH 1 mol L
-1

 after the seventh day and then the nitrification process started.  

After the fifteenth day the ALR was increased to 0.21 ± 0.08 g L
-1

 d
-1

. At the beginning of the second 

phase the nitrification was completely established, after this the supplementation of alkalinity was cut with a 

consequent nitrite depletion. The reactor pH dropped to  6.45 ± 0.29 and the ratio NO2-N/NH3-N reach to nearly 2, 

considering thus that after the fourty-four day the partial nitritation was established.  

Posteriorly began a stability period with pH at 6.45 ± 0.25 and nitritation efficiency of 62% until the day 

69. After this the ALR was increased to 0.35 ± 0.07 by reducing the dilution factor and the partial nitritation became 

56%, the  pH 6.32 ± 0.22 and the ratio NO2-N/NH3-N  1.5 as presented in figure 3.  According to the anammox 

process stoichiometry, the molar ratio of nitrite for ammonia is 1.32 mol. Yamamoto et al (2006) observed that to 

achieve this molar ratio the process must have a ammonia conversion to nitrite nearly 57 %. In figure 3 it is possible 

to observe the experimental points and the dashed line (theoretical) of NO2-N in the effluent compared to the 

concentration of NH3-N in the influent of CMAR.  

 

 
FIGURE 3  Oxidation efficiency of NH3-N to NO2

-
-N during the experiment in the CMAR. 

 

3.2 COD removal 

The OLR progression took place in three periods, in the first one the OLR was 0.36 ± 0.01 g L
-1

 d
-1 

and
 
the average 

of COD removal efficiency was 84% (Figure 4). In the second period, where the partial nitritation was reached, the 

OLR was 0.78 ± 0,12 g L
-1

, the average of COD removal efficiency was 72%, that was 12 % lower than the first 

period. In the last period the OLR was 0.92 ± 0.12 g L
-1

 d
-1

 with 82 % of efficiency. The decrease in the efficiency 

in the period number 2, probably is due to the HRT reduction from 52 to 36 hours, in the last period with HRT of 42 

h the efficiency of reactor increased in 10 %, which was nearly that observed in the first period. 
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FIGURE 4  COD concentration in the influent and effluent of CMAR, where:  1, OLR 0.36 ± 0.01; 2, OLR 

0.78 ± 0.12; 3, OLR 0.92 ± 0.12. 

 

4 CONCLUSIONS  

The partial nitritation process with the simple experimental apparatus shown in this work can be an important tool 

for the pretreatment of swine effluents, especially if combined with the anammox process.  It is possible to achieve 

COD removal levels higher than 80 % combined with the partial nitritation and reach nitrogen concentrations in the 

effluent matching the anammox input stoichiometry needed for a  nitritation/anammox system.  At the end of the 

experiment the partial nitritation efficiency was 51% and the COD removal 82% without alkalinity supplementation. 
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1 INTRODUCTION 

Animal production has changed considerably in the recent years  moving from extensive to a very intensive systems.  

Such developments were important to reduce the logistic and production costs but brought an environmental  

pressure in regions with high animal density and low soil absorption capacity. This new scenario needs new 

management strategies adapted to this production model (Vanotti et al., 2009). 

Swine production is following this concentration tendency and examples can be found in different parts 

of the world (Kunz et al., 2009a; Martinez, 2009). If in on hand the confined animal feeding operations (CAFOs) 

can reduce the production costs, on the other hand increase the localized demand for inputs and water, increasing the 

environmental impact caused by the residues generated in the production (Bradford et al., 2008). 

Swine production effluent has a large amount of suspended solids and its removal using conventional 

physical separation processes (settled or screened) is possible but not always efficiently. Animal manure solid 

separation is a good strategy that needs be used as a part of the whole treatment, because it can increase the recovery 

of nutrients in the solid fraction and the possibility to use it with higher agronomic value (Burton, 2006).  A solid-

liquid separation can also prevent particulate material overloading the subsequent chemical or biological treatment. 

To promote a good efficiency in solid-liquid separation, additives acting as flocculants can be added to 

the effluent. Inorganic salts, such as aluminium sulfate or ferric chloride are usually added as a coagulant in solid–

liquid separation processes (Westerman and Bicudo, 2000). However, the problem of metal salts for manure 

treatment is that the concentration of metal species in the sludge can restrict its agronomic use (Steinmetz, 2007). 

Therefore, there is an increasing interest in the use of organic coagulants, synthetic or natural, that are biodegradable 

and environmentally safe. The fact that it is not always necessary to adjust the pH using organic flocculants makes 

this process more practical than the use of inorganic salts (Zhang and Lei, 1998; Sievers et al., 1994). 

Natural organic polymers have been used for animal manure solid–liquid separation. Steinmetz et al. 

(2007) studied the efficiency of solid–liquid separation using modified natural extracts from black wattle (Acacia 

mearnsii) in swine manure, and obtained a removal efficiency of 90% for chemical oxygen demand (COD) and 98% 

for effluent turbidity. The high efficiency and low environmental impact of natural polymers enlarged the market for 

these kinds of products in Brazil. 

Furthermore, raw manure quality depends of temperature and storage time in the houses and pits. These 

factors can significantly change the characteristics of the stored manure solubilising certain solids due to a 

degradation processes (Zhu et al., 2000, Kunz et al., 2009b). In this study, was evaluated the influence of storage 

time on swine manure solid-liquid separation (SLS) efficiency using a natural coagulant extracted from black wattle. 

 

2 MATERIAL AND METHODS 

2.1 Manure sampling and storage 

The swine manure was collected at the experimental swine production system of the Swine and Poultry National 

Center of the Brazilian Agricultural Research Corporation (Embrapa) in Concordia, Santa Catarina State, Brazil 

(27º18
’
S, 51º59

’
W). Samples of fresh manure were collected directly from the reception pits inside finishing houses 

and the total solids (TS) of all samples adjusted, with water to 3% w/v. After this, the samples were homogenized 
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and distributed  in 2 liters fractions, on polyethylene bottles, and stored at dark and room temperature (20 ± 2 ºC). 

Triplicate of samples were used in solid-liquid separation assays after 0, 1, 3, 7, 14, 21 and 28 storage days. 

2.2 Solid-liquid separation (SLS) set up 

 The SLS tests were carried out with a 2 L jar test (Milan, model JTC.3P, Brazil) using two cationic 

organic polyelectrolytes 

 Coagulant;  (modified tannin extracted from Black Acacia) at 10% v/v (Veta Organic, Brazilian Wattle 

Extracts, Brazil)  

 Floculant:  polyacrilamide (PAM) as an auxiliary flocculant at 0.01% w/v (Ativador Q, Brazilian Wattle 

Extracts, Brazil).  

 The solutions were prepared immediately before use, to avoid the loss of efficiency in SLS by 

degradation of reagents. 

  

The tests were performed in a sequence of five steps:  

 Step 1: The samples were screened to remove the particulate matter with a diameter greater than 2 mm; 

 Step 2:  To 2 L of screened manure stirred at 120 rpm, were added 60 mL of tannin (10% v/v), 

maintaining agitation for 1 minute; 

 Step 3: After this, were added 20 mL of PAM (0.01% w/v) and reduced agitation at 40 rpm maintained 

for 5 minutes; 

 Step 4: Than the agitation was stopped and the sample kept at rest for 15 minutes for solid sedimentation; 

 Step 5: Measured the volume of sludge and collected 200 mL for analysis of supernatant and sludge. 

 

 For control was used the same procedure but with no addition of tannin and PAM solutions, only using 

the manure. 

2.3 Analysis 

Total suspended solids (TSS), total Kjeldhal nitrogen (TKN), chemical oxygen demand (COD) and total 

phosphorous (TP) were analysed according to the methodologies described in APHA (1995). Sludge volume was 

determined in the jar test. 

 

3 RESULTS AND DISCUTION 

The Figure 1a shows the residual COD on liquid fraction (clarified) after SLS. The COD residual on the clarified 

fraction increase from 5000 mg/L to more than 9000 mg/L representing a decrease in COD supernatant removal 

efficiency from 70% (day 0) to 45% (day 28). Also were observed an increase of TSS in raw manure supernatant, 

also shown in Figure 1b. These results show that soluble organic fraction increased following the same tendency 

observed by Zhu (2000) and Kunz (2009b), clearly soluble components cannot be separated efficiently by the 

chemicals after SLS. The increase of TSS in raw manure supernatant can be explained by anaerobic degradation 

(eg.: solids fraction hydrolysis). 

Figure 2 present the volume of settled solids for control samples and samples after SLS. After 3 days of 

storage, settled solids with addiction of flocculant, increased from 640 to more than 900 mL L
-1

, showing fluffy 

flocs. The sludge sedimentation depend of floc characteristics, according to Eckenfelder (1989) the charges and zeta 

potential of suspended solid surface was directly relationship with them capacity to settling. The anaerobiosis during 

the storage can produce modification on flocs surface and is feasible this implicate directly the efficiency in SLS 

systems. 
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FIGURE1 Residual COD on liquid fraction (clarified) after solid separation; and b) TSS difference before 

and after separation on supernatant. 

 

 
FIGURE2 Settled solids (sludge volume) after homogenization and settled for 15 minutes. Squares 

represent raw manure sample without chemical coagulant addition (control) and circles 

represent after SLS (sludge). 

 

 It was also observed an increase of TKN and TP in the supernatant as a function of increasing storage 

time (Figure 3a and 3b). The TKN in supernatant manure (control) increase from 770 mg/L (day 0) to 1152 mg/L 

(day 28). Similar behavior occur after SLS, the residual TKN increase from 500 mg/L (day 0) to 730 mg L
-1

 (day 

14) around 40% than the present in the control sample. The TP in the control increase from 203 mg L
-1

 (day 0) to 

330 mg L
-1

 (day 28) that is almost 40% more than TP in supernatant after SLS at day 28. 

 

 

FIGURE3 N-TKN for manure supernatant (control) and after SLS. b) total phosphorus for manure 

supernatant (control) and after SLS. 

 

4 CONCLUSIONS 

Storage time affects the subsequent separation process due to the biodegradation of components of the swine 

effluent. The observed decrease on the SLS efficiency is due the solubilization of COD and nutrients. After 28 
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storage days, the soluble COD increase around 40%, TKN around 30%, TP around 20% indicating the necessity of a 

quick solid liquid separation process after manure generation to avoid the subsequent biological treatment process 

overload.  
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Algar – Valorização e Tratamento de Resíduos Sólidos, S.A.; Rua Cândido Guerreiro nº43, 3º Frente, 

8000-318 Faro; Tel: 289894480; susana.oliveira@algar.com.pt 

 

1 INTRODUCTION 

In the last decade in Portugal, the adoption of technical solutions appropriate for the management of Municipal Solid 

Waste (MSW) induced the construction of front-line facilities for reducing the serious burden on the environment 

that existed at the time. 

Indeed, where MSW  is concerned, there has been an important change due to the implementation of 30 

solid waste management systems (16 municipal and 14 multi-municipal – “EGF”) and to the closure of the 341 listed 

rubbish tips, resulting in the adequate, nationwide treatment of the waste produced. 

In light of the prevailing circumstances in the early 1990s and the need for the rapid planning, projection, 

execution and exploitation of technically adequate waste management systems, technical containment was the most 

frequently used method, with the exception of the thermal treatment method employed in the two large metropolitan 

areas of Lisbon and Oporto. 

In the specific case of the Algarve, the strategy used was the creation of a multi-municipal system 

involving the region’s 16 municipalities and the Empresa Geral do Fomento (EGF), which gave rise to ALGAR – 

Valorização e Tratamento de Resíduos Sólidos S.A. Here, too, technical containment was chosen as the initial 

method of treating SUW; this was done by building two sanitary landfills and eight transfer stations, which were 

necessary because of the extensive area to be covered. A system for the recovery and reuse of recyclables was also 

implemented through the provision of eco-bins in which people could voluntarily deposit their recyclable waste. 

However, ALGAR considered it essential from the very outset that different types of waste should be 

treated in different ways depending on their nature and characteristics, so that they can benefit the environment, 

always as an integral part of economic sustainability.  

Thus, the company’s integrated management diagram (see figure 1), has been, and will undoubtedly 

continue to be, regularly adapted to legal and technical realities with a view to achieving the greatest degree of 

environmental adequacy.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE1 Diagram of ALGAR’S integrated waste management system. 
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2 ORGANIC RECYCLING 

The differentiation of biodegradable urban waste is currently one of the most widely expanding areas in the 

company. It was introduced as a result of Decree-Law 152/2002, of the 23
rd

 of May, which transported European 

Directive 1999/31/CE, of the 26
th

 of April, governing the landfill of waste, into Portuguese law, and which defines 

timelines for the admission of biodegradable waste to sanitary landfills. This requires a reduction in the quantity of 

biodegradable waste deposited in landfills and consequent recycling of the remainder, using methods such as 

composting, anaerobic digestion or some other form of recycling. 

Obviously, the technical methods used to recycle the organic part of the urban waste must be appropriate 

to local and regional realities otherwise the solution may not only be unsuitable but may actually create problems 

rather than resolving them. In light of this, and due to the region’s intrinsic characteristics with regard to waste 

production, the decision to go ahead with the organic recycling of one of the MSW components – green waste – was 

a natural step to take. 

 

3 GREEN COMPOSTING AT ALGAR 

Given the considerable potential of the raw materials and future legal requirements, the decision to develop a 

technical solution suitable for the organic recycling of the urban waste produced was almost instinctive and two 

green waste composting plants with an annual capacity of 5000 tonnes have been operating since 2003. 

Composting is the controlled aerobic decomposition of organic waste by a heterogeneous population of 

microorganisms until the waste stabilises, producing a humic substance (compost) used as a soil corrector (Lobato et 

al., 1997 in Martinho & Gonçalves 2000). 

During composting, the microorganisms aerobically decompose part of the organic waste into carbon 

dioxide, water and mineral salts, while another part humifies, resulting in a stable compost suitable for use as a bio-

fertiliser (Bertoldi & Schnappinger, 2001).  

At ALGAR, the process starts with the shredding of the green waste that has been deposited, usually by 

gardening companies, at its facilities. The aim of this initial stage is to obtain particles that are smaller in size, with 

the purpose not only to accelerate the composting process but also facilitating the handling. 

Next, the raw material is transported to the proper composting area, which consists of slabs of concrete 

that have been reinforced with additives to make them resistant to mechanical impacts, corrosion by the leaching 

waters and abrasion by machinery in operation. There, it is placed in homogenous piles where the decomposition 

will occur. 

After a first cycle involving the metabolisation of the organic matter, the temperature drops (cooling 

stage), resulting in the reappearance of microorganisms in the composting matter. At this stage, there is only a very 

small variety of bacteria; mesophilic/heat resistant actinomycetes and fungi are more common. 

Immediately thereafter comes the maturing stage where compounds such as lignin, hemicellulose, 

cellulose, starch and other polymers are slowly decomposed by the action of these microorganisms. 

The piles are turned over by machines at regular intervals to encourage oxygenation and to ensure 

uniform decomposition, thus accelerating the composting process. At the same time, water is injected in order to 

control the moisture content of the composting matter.  

Once the stabilisation phase is reached (after 2 to 3 months), the material is passed through a rotating 

sieve, where the compost proper is obtained along with another coarser product known as “mulch”. 

Figure 2 shows the areas and operations associated with the green composting facilities and the 

percentages inherent to each stage of the process. 

The green composting facilities generally result in a return of around 30% of the initial weight, depending 

on the amount of moisture in the final product and the amount of rejects and scrap, which is kept small due to the 

increasing quality of the materials entering the process from the outset. 
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FIGURE2 Graph showing the percentages achieved by ALGAR’S green composting system. 

 

3.1 Control and Monitoring of the Process 

The production process in the composting facilities is subject to regular six-monthly quality controls tests of the 

final product, which is done by means of analyses carried out in accredited laboratories. The schedule of analyses 

used for quality control purposes covers every type of parameter relevant to the verification of the final quality of 

Nutriverde® products. 

The quality control of the final compost obeys the parameters defined in the document “Proposed 

Technical Norm governing the Quality and Uses of Compost”. Where quality is concerned, and still based on the 

contents of the aforementioned document, it should be noted that the final compost meets all the required standards 

for Class 1 composts, in other words, there are no restrictions upon its use. 

 

TABLE 1 Summary of the quality control checks carried out on the compost produced at ALGAR 

Composting Units and comparison with reference values. 
  NUTRIVERDE (2008) NUTRIVERDE (2009) 

  

Barlavento 

Composting 

Station 

Sotavento 

Composting 

Station 

Barlavento 

Composting 

Station 

Sotavento 

Composting 

Station 

Proposed Technical 

Norm governing the 

quality and uses of 

compost – Class 1 

Organic 

Agriculture  

Parameter Results expressed in: Result  Result Result Result   

Humidity % 37 19 26 25 <40 - 

Organic matter % (m/m) 38 23 42 28 >30 - 

pH (1:6) at 19ºC Units of pH 8.5 8.5 8.8 8.65 5.5-8.5 - 

Conductivity at 20ºC (1:5) µS/cm 1121 1717 1855 941,5 1-10(1) - 

Total Nitrogen % (m/m) 0.6 0.6 0.845 0.555 0.5-2.5 (1) - 

Ratio C:N - 19:1 21:1 29:1 28:1 <20(1) - 

Total Copper mg/Kg Cu 14 12 16.5 17 ≤100 ≤50 

Total Zinc mg/Kg Zn 64 63 68.5 61 ≤200 ≤150 

Total Lead mg/Kg Pb 3 29 3 23 ≤100 ≤45 

Total Cadmium mg/Kg Cd 0.1 0.1 0.095 0.09 ≤0.7 ≤0.7 

Total Chromium mg/Kg Cr 4 5 55 47.5 ≤100 ≤50 

Total Nickel mg/Kg Ni 4.6 6.7 22.8 21.85 ≤50 ≤25 

Total Mercury mg/Kg Hg 0.06 0.5 0.1 0.1 ≤0.7 ≤0.4 

Salmonella sp Present or absent / g Absent Absent Absent Absent 
Absent in 25g of 

compost 

Absent in 25g of 

compost 

Escherichia coli N/g 0 9.5x102 0 10 <1000 <1000 

Degree of maturity ºC 
25 

(Degree V) 

24 

(Degree V) 

23 

(Degree V) 

22 

(Degree V) 
(Degree V) - 

Inert and anthropogenic 

materials 
% 0.22 0.21 0.165 0.315 <0.5 - 

Stones >5 mm % 3.1 7.6 3.4 3.4 <5 - 

Weeds 
No. of propagules or 

seeds / L 
<1 <1 <1 <1 - - 

(1)US Composting Council 

 

The figures shown in the table above correspond to the average values obtained in analyses carried out at 

the Portimão and Tavira Composting Units. 
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Regarding the analytical characterization presented above, the values are always within the limits 

considered for Class 1 compost (Portuguese Proposal of Technical Standard for the Use of Composts and Biological 

Treatment of Biowaste - 2nd draft). Note also that the values shown fall under the normal range for this type of 

composts. Regarding heavy metals, it does not have levels that limit the use for the purposes for which it is intended. 

 

4 CONCLUSIONS 

Concerning the above, the green composting project developed by ALGAR is clearly a success story, demonstrating 

that local and regional specifications should be taken into account in solid waste management systems, rather than 

simply applying existing systems and technologies that will normally have an adverse affect on operational 

capabilities to a greater or lesser degree.  

Thus, ALGAR’S experience of green composting allows us to conclude that: organic recycling of green 

waste through composting works; it is simple and economical in comparison to the composting of the fraction of 

organic waste contained in SUW; the compost obtained is high in quality; the process is very useful as a means of 

diverting organic matter from the landfill; the potential for using the compost at regional level is excellent. 

 

REFERENCES 

ALGAR – Valorização e Tratamento de Resíduos Sólidos, S.A. 2003. Regulamento de Exploração das Estações de 

Compostagem de Resíduos Verdes. Unpublished. 

Bertoli M, Shnappinger U 2001. Correlation among plant design, process control and quality of compost. 

Proceedings of the International Conference ORBIT 2001, on Biological processing of waste: a product-

oriented perspective, Seville, May, pp 3-13 

Martinho M, Gonçalves M 2001. Gestão de Resíduos. Universidade Aberta, Lisbon, pp 281. 

- 506 -



Technologies/systems for different manure and organic waste treatment options 

  

DISTILLERY STILLAGE AS ONE OF THE SUBSTRATES 

INCREASING THE EFFICIENCY OF AGRICULTURAL 

BIOGAS PLANT  

Pilarski K., Mioduszewska N.,  Zhou Mo, Dach J., Kluza T. 
Poznan University of Life Sciences, Institute of Agricultural Engineering, Wojska Polskiego 50, PL-60-

637 Poznan, Poland. Tel. 0048 61 846 6078, pilarski@up.poznan.pl 

 

1 INTRODUCTION  

Nowadays agriculture in EU countries namely in Poland is favorable to the development of new profit sources on 

rural areas. Directly after constitutional transformations in Poland, agriculture was at the edge of failure. The best 

examples were bankruptcy of State Agricultural Farms and many cooperatives. Only private properties could 

survive by investing in infrastructure and machinery. Currently, after Poland entry to the European Union, Polish 

agriculture also faces similar problems, but now at a smaller scale than in the 90’s. Probably tillage subventions and 

public assistance of Polish Government in the frame of different subsidiary programs supported by the European 

Union had an influence on the development of this situation. These programs caused that nowadays Polish 

agriculture, which was earlier energy-consuming, is working efficiently and with usage of power-saving machine 

systems which results in growth of competitiveness of national agriculture. However, there is still a long way 

towards a large profitableness.   

 

2  RESEARCH PRINCIPLES 

The objective was to build and establish working rules for a multichamber biofermentor. The studies related with the 

efficiency of biogas production from mixtures of cereal and molasses distillery stillage, maize sillage with additive 

of liquid materials – slurry, in proportions which allowed to obtain approximately 9% of dry matter, which is 

optimal for methanization process.  

The research on dependence of biogas production was carried out on 10-chamber fermentor which is the 

equipment of Laboratory of Ekotechnology at the Institute of Agricultural Engineering. The biofermentor scheme is 

shown on Fig. 1. 

 

FIGURE 1  Scheme of biofermentor for biogas production research (5-chamber section): 1. Water heater 

with temperature regulator, 2. Insulated conductors of calefaction liquid, 3. Water coat with temp. 36-

38 °C, 4. Biofermentor with charge capacity 2 dm
3
, 5. Biogas reservoir, 6. Cutting off valves, 7 Gas 

flow meters, 8. Gaseous analyzers (CH4, CO2, NH3, H2S), 9. pH sensors, 10. Temperature sensor, 11. 

Steering – recording central station, 12. Charge magnetic mixers  
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3  BIOFERMENTOR WORKING RULE AND RESEARCH METHODOLOGY 

General rules for biofermentor work were based on samples of organic substrates which were put in chambers with 

2 dm
3
 capacity. After, as a consequence of oxygen access cutoff and additive of fermentational inoculum the 

conditions present within the fermentation chamber in biogas plant were evaluated. Glass reservoirs (chambers) with 

samples were placed in water with regulated temperature which accelerated fermentation process and helped to 

imitate the real conditions of biogas plant. Biogas produced in each separate chamber was transferred to cylindrical 

store – equalizing reservoirs, filled in with liquid. The same mixture of was used is in 2 biofermentors in order to 

increase the results liability. 

 

4  RESEARCH RESULTS 

As a result of 30-day substrate experiments it has been stated the following effect of applicability for biogas 

production of distillery stillage with slurry, cellulose, maize silage and glycerin.   

Fig. 2 and 4 present composition of mixtures in particular biofermentors, whereas Fig. 3 and 5 show the 

influence of mixture composition on methane and carbon dioxide production.  
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FIGURE 2 Composition of mixtures used in experiment 1 
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FIGURE 3  Total dry matter [g] and volume of biogas produced in experiment 1 
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FIGURE 4  Influence of mixture composition on methane and carbon dioxide production in experiment 1 
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FIGURE 5  Composition of mixtures used in experiment 2 
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FIGURE 6  Total dry matter (g) and volume of biogas produced in experiment 2 
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FIGURE 7  Influence of mixture composition on methane and carbon dioxide production in experiment 2 

 

CONCLUSIONS 

− Distillery stillage is a suitable substrate for biogas production. 

− Proportional share of methane produced in biogas is enough to supply the explosion engine in order to 

produce electrical current. 

− The capacity of produced biogas is approximate to the amount of biogas obtained from slurry and silage. 

− Additive of glycerin did not influence considerably on caloricity increase of biogas obtained from distillery 

stillage. 
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1 INTRODUCTION  

Today, there is no disputing that the use of renewable energy has to increase in order to reduce the CO2 net emission 

and the dependence on fossil fuels. In 2008 the EU consequently passed a directive with the given objective to 

enhance the contribution of renewable energies to 20% of the total energy needs by 2020. Additionally a 10% use of 

green fuels in transport is also included within the overall EU objective (EC, 2008). Currently energy production 

from renewable resources is mainly based on wind power, solar energy and hydropower. Another important source 

is biomass, which may be converted by thermal or biological processes. The most promising technology of 

biological basis is anaerobic digestion (AD), where substrates such as energy crops, agricultural waste or urban 

waste may be converted into a methane rich biogas, suitable for heat and electricity production but also other 

purposes such as natural gas substitution. Furthermore, during the process a digestate remains, which may be used 

for fertilization and soil improvement purposes, but under certain circumstances it may cause environmental and 

disposal problems. 

In 2008 the RAMIRAN task group on “Anaerobic digestion (AD) and utilization of digestate” was 

established. It includes voluntary members from several European Countries that proposed to collect data about AD 

of waste and other biomass in Europe. The purpose was to produce a picture of AD development and utilisation in 

Europe. 

 

2 MATERIALS AND METHODS  

2.1 Preparation of the questionnaire content 

A questionnaire was elaborated containing statistical inquiries of present AD facilities regarding substrates; biogas 

production, processing and utilization; digestate production, utilization, treatment or disposal; the legal framework 

and other driving forces of AD development. The content preparations were based on the aspects considered as 

major factors to evaluate the background situation, the technologies, the product and by products used based on the 

experiences of the authors. To allow international application of the questionnaire, during preparation scientists from 

9 countries were involved. Its principal practicability for the different regional situations was verified by the group 

members before the final distribution for data collection. 

2.2.  Transformation into on web-base tool  

The central challenge to any questionnaire is to get recipients to respond. In most cases, one can expect an 

indifferent reaction from people who have their own work pressures. Once the structure and the key questions were 

validated by the scientists involved, the questionnaire was then transferred to an internet available form using the 

on-line survey designer tool: http://www.surveymonkey.com. Consequently, the proposed questionnaire had several 

features to encourage participation: (1) online format for ease of completion; (2) simplicity in layout both pleasing 

in appearance and easy to complete; (3) avoidance of ambiguity; (4) clear instruction; (5) use of devices to aid 

completion: (drop down menus, tick boxes, comment boxes, etc.). Part of the questionnaire is shown in Figure 1. 

The online questionnaire is also useful for collecting the results directly in the form of a spreadsheet 

format. The spreadsheet can be transferred into a database to allow further analysis. 

2.3 Data collection  

The data collection was carried out by the group members based on their own surveys or on nationally available 

survey literature. The data collection and input into the on-line questionnaire is still going on. For this paper 
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following data sets were used: 1) Data input into the on-line tool for 5 countries - Denmark, France, Italy, Sweden, 

and Switzerland; for Denmark data sets of 2 authors were available; 2) Written summaries of the state of AD from 5 

countries - Denmark, Germany, Italy,  Portugal, and Switzerland; for Italy 2 data sets were available. 

 

3 RESULTS AND DISCUSSION  

3.1 General Aspects 

This questionnaire is a complement of the one performed in the EU project Agrobiogas (www.agrobiogas.eu), which 

was related to specific European plants. In contrast data of the RAMIRAN questionnaire cover entire countries. 

Using a similar methodology, a study coordinated by The European Joint Research Centre and in relation with the 

GGELS project (Greenhouse Gas from the European Livestock Sector) was conducted to augment the regional 

production descriptions with quantitative information on manure management (i.e. processing, storage and land 

application) per farm animal species across the EU 27. 

Comparing the initial entries into the questionnaire, the following findings can be stated: 1) Questions 

regarding personal evaluations regarding general importance, trends, goals and driving forces were answered easily 

by all authors; 2) Questions demanding data and more detailed evaluations (e.g. percentage in increments of ten; 

verbal descriptions) needed considerable research time. No author could fill out the whole data set, but was able to 

put in a considerable amount of data at least for one of the sectors of agriculture, agro-food industries or urban 

wastes. These questions covered topics regarding numbers of plants, amounts and types of substrates treated, 

transport topics, types of fermentation and fermenters, energy production, biogas treatment and utilization, 

digestates, digestate treatment and application, laws and general problems. 

   

 

FIGURE 1 Part of the on-line questionnaire with data for Sweden (entry No. 38 to 41) 

3.2 Countries Profiles 

In the following some country-specific summaries on AD are given as an excerpt of the on-line questionnaires and 

the written summaries.  

Italy: In 2009, 333 biogas plants were operating or in construction using mainly livestock effluent, 

agricultural waste, energy crops, organic residues, discharges from the agro-industrial sector, but also the organic 

fraction of municipal solid waste as feedstock. The areas most affected are those with the highest concentration of 

livestock farms, almost all located in the northern regions. Some of the plants using livestock were constructed at the 

beginning of the 1990s with a plastic cover fitted to a slurry storage tank and/or lagoon. Subsequently there has been 
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increased interest in the co-digestion of livestock slurries mixed with other biomass. With reference to the type of 

reactor, the most common by far is that of the stirred and insulated tank with vertical walls (CSTR) in the majority 

of cases constructed in reinforced concrete followed by plug flow technology and simplified plants such as covered 

lagoons. Several plants have an installed power higher than 0.5 kWel, but most of them are farm scale plants with 

<0.1 MWel installed power. Process temperatures are in the range of 40-42°C in most of the plants. Only a few run 

under thermophilic conditions. Hydraulic retention time varies according to plant and feeding typology, nevertheless 

farm scale plant usually are characterized by HRT <40 days. In many cases, plants fed with energy crops and animal 

manures have HRT as long as 120 days. Digestate is generally used in agricultural under the rules of Action 

Programmes (Nitrate Directive).  

Portugal: The realistic potential of the biomass suitable for biogas production (from the animal 

production sector, wastewater treatment industry, municipal solid waste (MSW) management) represents approx. 

150 – 200 MWel. The three key sources of this potential are around twenty industrial AD facilities which in 2007 

produced electricity using biogas, but only fifteen of these continued production during 2008. From these, two are 

farm scale plants (total 0.7 MWel installed), four are wastewater treatment plants (sewage sludge digesters), seven 

are systems which collect biogas from MSW landfills, one is a dedicated plant for organic fraction of MSW (these  

represent in summary almost 16 MWel installed) and one is an industrial wastewater plant of a dairy factory (0.6 

MWel installed). Seven other AD plants using urban wastes are at the moment in different implementation phases.  

There are farm scale digesters from the mid nineteen eighties, operating in poor condition and exclusively as a pre-

treatment of animal slurries/manure. The direct use of digestate by crop farmers is not common practice. With 

regards to manure AD systems, digested manure is post-treated in lagoon systems and afterwards lagoon wastewater 

is discharged to the natural environment or used in agriculture. Digestates from urban wastes in most cases after a 

solid-liquid separation are used in agriculture or composted. Biogas production in Portugal is likely to be developed 

in the near future by the water and MSW industry, to comply with EU regulations for these sectors.  

 

Switzerland: 76, 22 and 20 AD facilities processing waste originating from of agriculture, agro-food 

industry and from households (respectively) are operated. The total amount of substrates digested is approx.  320 

000 Mg per year of which 30%, 20% and 50% are processed by agricultural, agro-food industrial and urban plants, 

respectively. They produce 49 GWh of heat, 58 GWh of electrical power, 10 GWh of natural gas substitute and 7 

GWh of fuel, respectively. All classes of plants produce electrical power in combination with heat except for urban 

plants producing electrical power combined natural gas substitute. Agricultural plants use 80 % of biogas for 

generation of electricity while agro-food industrial facilities focus on production of heat (70 % of biogas output). 

The main goals of AD are production of energy and use of resources. The main driving factors are national 

regulations, energy production and remuneration from feed-in tariffs. Agricultural and urban plants are emerging. 

Thus, competition for substrates occurs which might entail economical constraints for operators and conflict with 

quality improvement of digestates. 63 % of all digesters have a volume of < 500 m
3
, the maximum digester size is 

below 3000 m
3
. Agriculture and agro-food industry plants process liquid substrate at mesophilic process 

temperatures while urban plants treat a solid substrate under thermophilic conditions. Almost all residues end up as 

fertilizers on soils, with the major part being used in agriculture. About 30 % of digestate is composted prior to 

spreading.  

 

Denmark: There are 60 agricultural biogas plants, 30 treating municipal wastewater, 21 centralised co-

digestion plants and 2 plants treating municipal solid waste. Most of these plants are in the medium size range, with 

30 plants of 0.6 – 0.75 MWel, 30 plant of 0.75 - 1 MWel. Only 2 plants are below 0.6 MWel and 20 plants are 

greater than 1 MWel. Approximately 85% of plants operate in the thermophilic temperature range and consequently 

hydraulic retention times are relatively short with more than 60% of plants operating below 20 days HRT. The 

number of Danish agricultural biogas plants is expecting a substantial increase in the future as a result of 

government plans to use 50% of animal manure for energy production by 2020, compared to the 3% of manure 

currently used. Danish manure production is about 1,000,000 Mg per year of which about half is pig manure. Energy 

crops and crop residues have a much smaller role in Danish biogas production with 90% of crop feedstocks 

produced on site. 
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Germany: At the end of 2008, about 4000 biogas plants were in use (installed capacity: 1.4 MWel). 650 

were biowaste digesters and 99 of them were certified with the quality assurance for digestion residuals. The main 

driving force of AD plant installation was the Renewable Energies Act (EEG). The installed capacity of plants using 

energy crops was about 1.04 MWel. Agricultural biogas plants are small to medium size with an installed capacity 

of 0.35 MWel on average. Electricity generation from biogas was 9,200,000 MWhel. Moreover, landfill gas plants 

provided about 1,000,000 MWh per annum. At present approximately 700 sewage gas plants with an installed 

electric capacity of about 160 MW are in use. The electricity generation from sewage gas plants was approx. 

1,000,000 MWh. Biogas is used to generate electricity alone as well as for combined heat and power (CHP) 

generation. Furthermore, 15 plants feeding biogas into the natural gas distribution system were in use (installed 

capacity in total: approx. 80 MWh). The realised feed-in from biomethane into the gas distribution system is 

estimated to an amount of approx. 420,000 MWh. The estimated future installed capacity for biogas production is 

3635 MWel, the possible future heat utilization from biogas will be roughly between 9,000,000 and 13,000,000 

MWh per annum. Assuming that the number of new biogas plants will increase as a result of the amendment of the 

Renewable Energies Act 2009, a moderate growth of the number of biogas plants for the future energy use of biogas 

can be projected.  

 

4 CONCLUSIONS  

The on-line tool and set-up of the questionnaire allows a direct comparison of the data from different countries and 

is easy to actualize. Later questionnaire versions have to be improved. Problems found were regarding the clarity of 

definition. E.g. it was not clear if sewage sludge is included in urban waste or not. Since the on-line questionnaire is 

of easy access an update of data should be carried out at regular intervals as long as the developments on anaerobic 

digestion in the member's home countries are continuing. The questionnaire results and the international networking 

will help in learning from each other and in the integration of AD into regional systems in the most suitable and 

beneficial way.  

At this stage of elaboration it can be stated that the intentions regarding the introduction, the substrates, 

the procedures and the driving forces for the establishment of this technology are very different from one country to 

another. The increasing amount and diversity of substrates and processes result in a variety of digestate qualities. 

The distribution and characteristics of the digestates will become an important topic in the future.  

For the RAMIRAN conference the data sets will be improved and evaluated in detail regarding the 

similarities, differences, problems and benefits. Complete data sets will be available by then for Austria, Denmark, 

France, Germany, Italy, Poland, Portugal, Sweden, and Switzerland.  

In perspective, given that quantified data is requested in the questionnaire, it might be possible to use the 

results of the questionnaire in existing decision support tools to assess the impacts of anaerobic digestion on GHG 

emissions. In addition, these data could also be useful to consider anaerobic digestion as a reduction in the making 

of GHG inventories built by the official institutions of each country. 

 

ACKNOWLEDGEMENTS  

We would like to thank Pekka Raukola from Finland and Tina Koeppke from Canada which helped us in the frame 

of their student’s work at the Hamburg University of Technology to prepare the first versions of the questionnaire. 

Furthermore we thank Jose Martinez for the suggestion and the possibility to transform the questionnaire into an on-

line tool.  

 

REFERENCES 

European Commission  2008. Directive on the promotion of the use of energy from renewable sources. 

COD/2008/0016. 

 

- 514 -



0179 - Composting of Distillery Stillage Obtained as the Waste During Bioethanol 

Production 
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Background: In Poland more than 200 distillery plants produce bioethanol. Almost ¾ of them are small 
and medium size with distillery stillage production between 75 to 220 m

3
 daily. Usually these distillery 

plants are placed on the rural areas. That is why most of them try to use distillery stillage as a fertilizer. 
However, the fertilization period is rather short with exclusion of vegetation and winter periods. That is why 
distillery stillage has to be stored sometimes throughout several months which influences on creation of 
strong and very stinking odours. Also the direct application of distillery stillage with low pH (3,7-4,8) can 
have negative impact on proprieties of soils and its biological activity. 
Purpose: The aim of this work is to develop the technology of distillery stillage composting on the organic 
materials windrows. 
Methods: The experiments were carried out in laboratory and real scale. The laboratory part of research 
were executed with usage of 2-chamber isolated bioreactor for modelling of organic waste decomposition. 
The bioreactor chambers were filled in with biological material (straw, cow manure and plant wastes) and 
distillery stillage was applied daily with different ratios related with temperature level during thermophilic 
phase. The electric and electro-chemical sensors connected to data recorder and PC-computer let to 
control the main process parameters like temperature and gases content (NH3, O2, CO2, CH4, H2S). The 
physical and chemical parameters of composted mass (pH, moisture, NH4-N, Ntot, Corg, ash content) 
were analysed under the standard procedures. 
Results: The results showed that composting of distillery stillage with mixture of organic materials can be 
an ecologic and economic technology of liquid waste management leading to obtain good quality compost. 
Water present in stillage was intensively evaporated during thermophilic phase without leakage. No CH4 
and H2S emission was detected. 
Discussion:Comparing to fertilization effect of crude distillery stillage, agricultural usage of compost is 
more efficient and environmentally friendly. Low cost of real scale composting and possibilities of recycling 
other biowaste as a co-substrates in composting mixture make this technology as a good choice for food 
industry factories. 
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1 INTRODUCTION  

The intensification of livestock production in concentrated animal feeding operations (CAFOs) is a worldwide trend 

driven by economies of scale. Considering this, some policies adopted in the European Union were designed 

partially to slow the continued decline in the number of farms in order to achieve certain environmental goals, 

maintain the balance between rural and urban populations and strengthen rural economies.  However, these policies 

have had the indirect effect of accelerating the expansion of the large-scale farms in developing countries (FAO, 

2006). 

In Brazil, a dramatic increase in meat production has allowed the country to become one of the major 

meat exporters. The question is whether it is possible for these growth rates to continue in Brazil. There is evidence 

of pollution of natural resources in the South of the country, the main producer region. Most of these problems are 

associated with the nutrient surplus, leading to soil and groundwater contamination as well as the eutrophication of 

water bodies (Shigaki et al., 2006).  

Composting is an ancient technology that enables economical exportation of the excess of nutrients as 

compost, a quality product used as soil amendment (Pagans et al., 2006). Nevertheless the appropriate composting 

of swine manure requires the addition of a bulking agent in order to adjust the humidity and C/N ratio. Usually 

sawdust (Zhang & He, 2005) has been successfully employed as bulk to meet the primary conditions for aerobic 

fermentation. However, the increase in the scale of composting plants can lead to a lack of bulk raw material and 

encourage deforestation. In order to prevent this, some crop residues such as corncobs (Zhu, 2006), wheat and oat 

straws (Barrington, 2002) have been evaluated as alternative bulking agents.  

In the South of Brazil, ryegrass (Lollium multiflorum) is widely employed as winter culture/organic 

amendment in minimum tillage system, interleaved with cultures such as rice, soybean or bean. As ryegrass straw is 

an abundant raw material in this region, it could be used as a bulking agent and an alternative source of carbon for 

composting biomass. Also, it could provide additional input of nutrients to the final compost.  

According to Haug (1993) one of the major environmental concerns related to composting is the 

generation of environmentally damaging or odorous gaseous emissions. In particular, in the composting of animal 

manure, ammonia is one of the major gaseous emissions of concern. However, Sommer (2001) demonstrated that 

porosity and level of compaction of the biomass significantly impact ammonia emissions.  

Therefore, the objective of this study was to evaluate the influence of the composition of bulking agents 

on the ammonia emission pattern and the quality of the final compost. The method used was bin composting with no 

turning, in order to simulate the procedure usually adopted by the farmers in Brazil. 

   

2 MATERIALS AND METHODS 

A pilot scale study was conducted in order to compare ammonia emission from co-composting of swine manure 

incorporated into different bulking agents (Table 1).  

Four open boxes [2.5(w) x 1.5 (l) x 0.8 (h) m  – 3m
3
] were filled with bulking agents – treatments 1, 2, 3 

and 4 - and homogenized raw manure applied at intervals of 3 days until a ratio of 6 L of manure per 1 Kg of bulk 

was achieved. The proportion of manure incorporated were 40 %, 30 %, 20 % and 10 % of the total volume (from 

1
st
 to 4

th
 week, respectively).   
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TABLE 1 Amount and proportion of bulk (Kg) and manure (L) employed on the experimental treatments. 

Treatment Mass of Bulk (Kg) Volume of Manure (L) 

1- Sawdust 549 3294 

2- Ryegrass Straw 359 2151 

3- Sawdust/Ryegrass Straw (50/50) 454 2723 

4- Sawdust/Ryegrass Straw (30/70) 416 2494 

 

The manure was added in excess with the objective of maximizing the treatment capability and enriching 

the compost as the manure is the primary nutrient source of the process. Effluent draining from the heaps was 

collected and volumes were individually measured. After that, the effluents were added back to their correspondent 

composting heaps and this procedure was repeated until the leaching had completely ceased.  

Ammonia emission was monitored for 75 days using the portable gas detector Draeger X-AM 7000 

installed in a wind tunnel (1 m
2
 area) with laminar flow of 0.142 m

3 
s

-1
. Emission was measured daily for 10 

minutes/heap and ammonia flux was calculated according to Smith et al. (2007).  

The average temperature of the biomass was measured daily (in the morning) using Cu/CO thermo pars 

installed at two points per heap (0.2 m and 0.4 m from the surface).   

Manure was analysed for Organic Carbon (OC), Total Kjeldahl Nitrogen (TKN), Total Solids (TS) and 

Volatile Solids (VS), according to official methods (APHA, 1995) and at the end of the experiment the resulting 

composts were analysed for Potassium (K), Total Nitrogen (Nt), Total Phosphorus (Pt), OC, Moisture and pH 

(AOAC, 1995) in order to evaluate their potential as fertilizer.  

 

3 RESULTS AND DISCUSSION 

The average values for the parameters evaluated in the manure were OC = 2.35 ± 0.45%, TKN = 0.36 ± 0.06 %, TS 

= 4.22 ± 0.89% and VS = 3.16 ± 0.76%. 

The volumes of the manure used in the treatments exceeded the maximum absorption capability of all 

bulks evaluated, which resulted in the leaching of part of the effluent from the heaps.  The percentages (v/v) of 

leachate from the treatments were 7.5%, 29%, 10% and 15% for treatments 1, 2, 3 and 4, respectively.  

The results showed that the sawdust is a better absorbent compared to straw, helping to retain the 

humidity and nutrients in the biomass. Therefore, using sawdust as the bulking agent constitutes a strategy for 

labour saving (by minimizing the need of leachate reintroduction). 

As can be seem in Figure 1, the type of bulking agent also had an important influence on NH3 emission as 

well as on the development of biomass temperature.  The emission of NH3 was higher for straw treatments due to 

their low initial C: N ratios (56.4, 19.8, 47.5 and 34.5 for treatments 1 to 4, respectively). Also, the increase in straw 

proportion leads to lower density and consequently higher porosity. According to Sommer and Møller (2000) this 

property favours ammonia loss and accelerates the composting process.  Total ammonia emissions were estimated as 

being 324.0, 786.2, 450.2 and 589.1 g Kg
-1

 of Nt for treatments 1 to 4, respectively. Paillat et al. (2005) found lower 

NH3 emissions (165 – 489 g Kg
-1

 of Nt) using mixtures of wheat straw, sawdust and pig slurry as raw materials. 

Differences in initial mixtures and climate conditions (tropical) can explain the higher emissions found in the 

present work.  
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FIGURE 1 Composting biomass average temperature and ammonia fluxes during 75 days using four bulks 

– (1) sawdust, (2) straw, (3) straw/sawdust (50/50- v) and (4) straw/sawdust (70/30 – v).  

 

As straw is more biodegradable than sawdust its presence favours a temperature increase. The maximum 

temperatures measured in treatments 1 to 4 were 56.4, 65.7, 60.9 and 66.2 
0
C, respectively.  The end of the 

thermophilic phase, which is indicated by the decrease of biomass temperature, was observed only for straw after 

approximately 50 days.  Although straw promoted higher peaks in temperature and shortened the process duration, 

the sawdust seems to work as an insulator helping to retain the heat generated by the microbiological activity in the 

biomass and maintaining a more stable temperature. 

The chemical and physical analysis results for the different treatments shown in Table 2 indicate that a 

higher proportion of sawdust in the bulk leads to a higher percentage of organic carbon that remains in the compost.  

 

TABLE 2 Chemical and physical analysis of composts resulting from 75 days of treatment. 

Treatment/Bulk Agent K (g Kg
-1

) Nt (g Kg
-1

) Pt (g Kg
-1

) OC (%) Moisture (%) pH 

(1) Sawdust 1.41 4.00 3.02 10.9 68.7 6.8 

(2) Straw 5.00 6.65 3.98 4.44 77.0 7.3 

(3) Sawdust/Straw- 50/50 1.72 4.85 3.03 9.94 71.5 6.8 

(4) Sawdust/Straw- 30/70 2.48 5.45 3.28 7.84 72.0 7.2 

 

This behavior was expected because sawdust has a high content of cellulosic and other less biodegradable 

substances which slow down carbon mineralization.   
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As the amount of straw increased, an appreciable increment in nutrient content was noted in the compost, 

mainly Nt and K. According to Paillat et al. (2005), when carbon biodegradability increases the immobilization of 

mineral N can be more intense, resulting in compost with higher nutrient content.   

  

4 CONCLUSIONS 

Sawdust as well as ryegrass straw can be used as bulking agents in the co-composting of swine manure. Both raw 

materials have advantages and disadvantages. The main advantages of the sawdust are its insulation and absorption 

properties, while the low cost, fast renewability, biodegradability and nutrient content are the main advantages of the 

straw. Bulking agent composition can be employed as a tool to control biomass temperature in order to supply 

appropriate environment for microbial activity and ensure sanitary compost with higher quality. Ammonia emission 

is favoured by lower C: N ratio and porosity of the biomass.  
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1 INTRODUCTION  

New waste management methods are needed that can protect the environment and allow manure management to 

switch back to a recycling view of manure handling (Martinez et al., 2009).  One of the largest environmental 

concerns associated with livestock and poultry production is the loss of ammonia gas (NH3) from the manure (Aneja 

et al., 2001, Paerl, 1997).  The Research Triangle Institute International (RTI, 2003) estimated the monetized 

economic benefits to North Carolina households of changes in environmental quality resulting from the generalized 

adoption of alternative waste technologies (2,300 swine operations).  Results indicated that adoption of technologies 

that provides a 50% reduction of NH3 emissions account for an estimated benefit of $190 million/year in avoided 

human health impacts (RTI, 2003). Similarly, volatilization of NH3 inside poultry barns often results in an excessive 

accumulation of NH3 in air, which can negatively affect the health of both workers and birds (Ritz et al., 2004).  

Although increased ventilation can lower the NH3 in poultry houses to safe levels, it is expensive due to energy costs 

during winter months (Moore et al., 1995).  Conservation and recovery of nitrogen (N) is also important in animal 

agriculture because of the high cost of commercial NH3 fertilizers.  Thus, there is major interest from producers and 

the public on implementing best control technologies that would abate NH3 emissions from confined livestock and 

poultry operations by capturing and recovering N.   We investigated the use of gas-permeable membranes as 

components of new processes to capture and recover ammonia from liquid manures as well as from the air in poultry 

houses and other livestock installations. Gas permeable membranes have been used in biomedical engineering 

applications in membrane oxygenator devices to imitate the function of the lungs in cardiopulmonary bypass and 

longer term life support, to add oxygen to, and to remove carbon dioxide from the blood (Gaylor, 1988).  

 

 

2    MATERIALS AND METHODS  

 

The basic process includes the passage of gaseous ammonia through a microporous hydrophobic membrane and 

capture and concentration with circulating diluted acid on the other side of the membrane and production of a 

concentrated ammonium salt.  The membranes can be assembled in modules or manifolds.  We found that both 

tubular and flat gas-permeable membranes are useful extracting ammonia from manures, but in this paper we only 

show tubular configurations.  They were used to remove ammonia of manure origin from both liquid and air.  The 

enclosure consisted of a 2-L, polyethylene terephthalate (PET) plastic jar.  The acid tank (Fig. 1) consisted of a 500-

mL glass flask containing 300 mL 1N H2SO4.  A peristaltic Manostat pump (Cole-Parmer,Vernon Hills, IL, USA) 

was used to continuously circulate the acid through the tubular membranes inside the chamber and back into the acid 

tank using flow rates of 70-80 mL day
-1

.  Gas-permeable tubing made of expanded polytetrafluoroethylene (ePTFE) 

(Phillips Scientific Inc., Rock Hill, SC) was used in the interior of the chamber for NH3 capture.  The length of the 

tubing used in all experiments was 66 cm with inner diameter 5.25 mm and wall thickness 1.00 mm.  For liquid 

manure applications, the membrane manifolds were submerged in the manure liquid (1.8 L) and the ammonia was 

removed from the liquid matrix before it went into the air (Figure 1).  The concept was successfully tested in ten 

batches using liquid swine manure containing about 1500 mg/L NH4-N.  The same acidic solution was used in the 

consecutive batches.  Concentrated acid was added to the acidic solution as needed when pH increased from <1 to 

about 2.   For air applications, the membrane modules are placed exposed to the air close to the manure sources such 
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as poultry litter, composting pile, or the atmosphere above the liquid surface in manure tanks and pits. We tested 

NH3 capture coming from solid poultry litter manures (Figure 2).  The enclosure configuration was similar to the 

one used for the liquid, except it contained 300 g of poultry litter with a height of about 5 cm.  The membrane 

manifolds were placed either above, on or below the poultry litter surface and its performance was compared (Figure 

2).     

 

FIGURE 1 Ammonia capture and concentration from liquid. A. Schematic of ammonia (NH3) capture from 

liquid manure using hydrophobic gas-permeable tubular membrane:   1. Acid solution (NH3 

Sink); 2. Container for acid solution; 3. Connecting tubing; 4. Fluid pump; 5. Tank with 

wastewater; 6. Liquid manure (NH3 Emitting Source); 7. Hydrophobic, gas-permeable tubular 

membrane. B and C. Pictures of bench reactor with submerged membrane tubing, one 

submerged in water for illustration, and the other submerged in liquid swine manure used in 

the experiments.  

B CA B CA

 

FIGURE 2 Schematic of ammonia (NH3) capture from poultry litter using hydrophobic gas-permeable 

membrane.  The black tubing represents the impermeable Tygon® tubing and the light tubing 

represents the gas-permeable tubing.  Positioning of the tubular membranes with respect to the 

litter surface were:  Above (A), On (B) and Under (C) treatments.  The dashed box in C 

represents the nylon mesh pocket that supported the membrane tubing under the litter. Picture 

shows the Above treatment. 

 

3 RESULTS AND DISCUSSION  

3.1  Removal and recovery of NH3 from liquid manures using gas permeable membranes  

The idea of using gas permeable membranes to remove ammonia from liquid manure was successful. Although the 

total ammonia concentration decreased slowly, the free ammonia (FA) decreased fast.  Data in Fig. 3 show that as 

ammonia was being removed from the liquid manure, the pH of the manure decreased.  With the membrane 

manifold installed, in 9 days the NH4-N concentration in the manure decreased about 50%, from 1,290 mg/L to 663 
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mg/L. The pH decreased from 8.11 to 7.00.  And the FA decreased 95%, from 1142 to 5.4 mg/L.  Therefore, the 

technology is useful to remove from liquid manure the free ammonia that is a portion of the total ammonia that has 

been linked to ammonia emissions in swine farms (Szogi et al., 2006).   We also evaluated application of alkali to 

the manure to increase pH and accelerate ammonia removal by the membranes.  The alkali was applied at the end of 

batches 1-3 and at the beginning of batches 4-10 (Figure 4).  We used various process pH in the range of 9 to 12.  

With higher pH due to alkali addition, the ammonia in the liquid manure decreased faster and its recovery by the 

membrane system was quicker. After ten batches, the ammonia was recovered and concentrated in a clear solution 

containing 53,000 mg/L NH4-N (Fig. 4).  Soluble compounds such as soluble COD did not pass through the gas 

membrane, thus the concept represents an advantage for N removal from manure over biological systems. 
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FIGURE 3    Removal of free ammonia (FA) from swine wastewater (SWW) and changes in pH of SWW 

using gas permeable membranes.   
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FIGURE 4    Removal of NH4-N from swine wastewater (SWW) in ten consecutive batches using gas 

permeable membranes. The same acid solution (trap) was used in all batches; the N 

concentration in the solution increased from 0 to 53,000 mg/L.    

 

3.2  Removal and recovery of NH3 from air in manure environments using gas permeable 

membranes  

The concept of using gas permeable membranes to remove ammonia from air in livestock facilities was also 

successful.  During the 21-day test, the NH4-N content in the litter decreased 58% by volatilization, from 1,369 

mg/kg (± 9) to 792 (±7).  In terms of recovery efficiency, 82% of the NH4-N was recovered during the first week of 

the experiments, and 100% was recovered by the end of the third week.  We found that the NH3 volatilized from the 

litter can move down and below the litter layer and be effectively recovered with the membranes, as shown in the 
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“under” treatment in Fig. 5.  This provides flexibility in future membrane treatment system design.  For example, 

membrane manifolds may be placed below the bedding, or under caged production, thus minimizing exposure of 

birds to NH3.  Our results also show that aboveground placement of membrane manifolds is equally effective at 

recovering NH3 from the litter, and these manifolds could be placed in grids near the surface or along waterer/feeder 

lines, or even placed on the building walls.  Considering the ammonia is captured inside the houses, this technology 

help reduce ventilation and energy needs to lower ammonia levels in poultry houses. 
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FIGURE 5 The mass of (A) NH3-N recovered with the membrane manifold and (B) NH4-N remaining in the 

poultry litter manure (PL) from chambers comparing the effect of membrane positioning 

(Figure 2).  The bar represents the LSD0.05 value.  

  

4  CONCLUSIONS  

The results obtained in this study show that the use of gas-permeable membrane technology could be an effective 

approach to recover ammonia from livestock wastewater and from the air in poultry litter and other livestock 

operations. The final products are (1) reduced environmental emissions from livestock facilities, (2) cleaner air 

inside the poultry and swine houses with benefits to bird/animal health, and (3) concentrated liquid nitrogen that can 

be re-used in agriculture as a valued fertilizer. 
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1  INTRODUCTION 

EU Landfill Directive (1999/31/EC) requires the gradual reduction of biodegradable municipal waste going to 

landfills. In this context, three mechanical-biological treatments (MBT) plants were designed and installed 

progressively in Barcelona Metropolitan Area (Catalonia, NE Spain) during 2000s. These facilities were intended to 

solve the problem of municipal wastes generated in this region (Table 1), especially to stabilise OM (organic matter) 

from MSW (municipal solid waste). Near to 600.000 tn/year of OF (organic fraction) is estimated to be produced in 

Barcelona Metropolitan Area but currently, a rough fourth part of it is separately collected (SC) to be biologically 

treated. However, it is worth noting that for both cases collection of plastic, glass and, paper and cardboard is 

provided. This means that most of the OF contained in MSW must be mechanically selected in the treatment plants. 

In general, the low recovered OF is explained by the low participation of the population in source sorted collection 

policies of OF, despite the application of the current legislation in Catalonia (Law 6/93 and Law 9/2008 on waste 

regulation), which obliges to sorted this fraction at source. 

TABLE 1 Characteristics of MSW generated by Barcelona Metropolitan Area (Catalonia, NE Spain) in 

2008. (Source: ARC, 2010) 

Population 

(million) 

Total MSW 

generated 

(tn) 

OF source sorted 

collected (tn)  

MSW non-source 

sorted collected (tn) 

Individual generation 

(kg/inh/day) 

Potential OF (tn) 

(36%)1 

3.161.812 1.646.664 133.638 1.147.722 1,43 592.799 

1 According to the Agència de Residus de Catalunya, 36% of MSW corresponds to organic fraction 

  

TABLE 2  Characteristics of the 3 facilities (F) in Barcelona Metropolitan Area. (Sources: EMA, 2010, * 

GC, 2006) 

 
Surface 

(ha) 

Capacity 

(tn/year) 

Input 

(tn/year) 
OF treatment Products 

F 1 6 300.000 

SC 85.000 

MSW 

160.000 

Anaerobic digestion and 

Composting 

(wet fermentation) 

Recovered materials 11000 tn/year 

Biogas 3,58 milion m3   10300MWh/year 

Compost 25000 tn/year 

F 2 8 240.000 

SC 70.000 

MSW 

170.000 

Anaerobic digestion and 

Composting 

(dry fermentation) 

Recovered materials 23000 tn/year 

Biogas 12,6 milion m3   22000MWh/year 

Compost 38000 tn/year 

F 3 1 
260.000 

(*) 

MSW 

160.000 

Anaerobic digestion 

(wet fermentation) 
Biogas 22GWh/year 

 

 Table 2 shows the main characteristics of the three facilities currently in operation in Barcelona 

Metropolitan Area, which treat organic fraction from two different types: source separated collection and 

mechanical sorting at facility. Facilities 1 and 2 combine anaerobic digestion and composting processes, whereas 

facility 3 only applies anaerobic digestion. In 2010, a fourth plant is under construction. The total capacity of the 

three installations are treating less than 40% of the total municipal waste generated in the area, but there are some 

other composting plants in the Metropolitan Area that treat part of the organic waste produced, while the rest is 

destined to other treatments. An important data to be considered in relation to their process is the amount of reject 
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produced as a result of the mechanical selection and also of the final operations of digestate and compost 

production. 

 The general aim of this work was to assess the operation of these 3 facilities. In particular, we studied (1) 

the quality of the OF, based on % of non fermentable materials (or impurities), from source sorted collection (SC) 

and also from mechanical sorting (MS) at facility, (2) characteristics of organic fraction and middle products of 

biological processes and (3) quality of obtained compost. 

2 MATERIALS AND METHODS 

2.1  Sampling methodology 

Like this facilities are very complex, a good knowledge of the whole process and a good approach on the sampling 

points is crucial to provide an easy development of sampling and to ensure that a representative samples are taken. 

So, first step was to determine the material flow through the facility. The contact with managers and their 

knowledge about the biological process were essential to achieve this purpose. 

Samples of the whole process were taken from the three facilities. Figure 1 shows a simplified diagram of 

the processes conducted in a generic facility of combined biological treatment, and sampling points labelled with 

grey dots. Two main lines can be observed depending on the selection treatment: (1) source sorted municipal solid 

waste organic fraction (OF-SC line) and (2) non source sorted municipal solid waste organic fraction (OF-MS line). 

In both lines, anaerobic digestion and composting treatments were carried out, so that it is obtained four different 

composts: (a) compost from composting organic fraction separately collected (OFSC-C), (b) compost from 

anaerobic digestion of organic fraction separately collected (OFSC.AD-C), (c) compost from composting organic 

fraction mechanical sorted in the same plant (OFMS-C) and (d) compost from anaerobic digestion of organic 

fraction mechanical sorted (OFMS.AD-C). 

SC MSW

Mechanical Selection

OF-SC OF-MS

Anaerobic digestion

OFSC

-C

OFSC.AD

-C

OFMS.AD

-C

OFMS

-C

SC: municipal solid waste from

source sorted collection

MSW: municipal solid waste

from non-source sorted

collection

OF: organic fraction

C: compost

AD: anaerobic digestion

REFUSE

 
FIGURE1 Simplified diagram of facilities and sampling points. 

2.2  Sampling methodology 

(a) Quantification of the % of impurities and % of OF in solid samples was conducted on wet sample, sorting them 

by hand and weighing them to calculate their proportion in relation to the total mass considered. 

 (b)Solid and semi-solid samples: EC (dS m-1) and pH were measured from water extract (1:5 w/v) on wet 

samples, using a pH electrode and an electrical conductivity probe, respectively. Water extractable ammonium 

(NH4+-N, g kg-1 dry weight basis) was measured in the same extract using a specific ion electrode.  The 

characterisation of the organic fraction was carried out on the dry (105ºC to a constant weight) and milled samples. 

Results are expressed in g kg-1 dry weight basis. Total organic matter (TOM) was determined by weight loss on 

ignition heating for 4 h in a muffle furnace at 560°C. Mineral matter (%MM) is %MM=100-%TOM. Organic 

nitrogen (% org-N) was determined with a specific ion electrode after Kjeldahl digestion. C/N was calculated by 

dividing OM/2 (Zucconi and de Bertoldi, 1987; Saña et al., 1989). Parameters relating to organic matter and 

nitrogen stabilisation (ROM, SD, nh-N and rN) were conducted according to Klason modified method (López, 

2010) and Saña et al. (1989): ROM and nh-N were determined as TOM and org-N in the dried residue obtained after 

two successive sulphuric acid hydrolyses (one in a cool for 3 hours with 72% H2SO4 followed by a second boiling 

hydrolysis under reflux for 5 hours in H2SO4 0,7N). Stability degree (SD) expresses the percentage of ROM with 

respect to TOM content and resistant nitrogen (rN) expresses the percentage of nH-N relative to org-N content.  

Heavy metals (expressed as g kg-1 dry weight basis) were determined by atomic absorption spectrometry after 

dissolution of ashes (ignition at 470ºC) in 3N HNO3. 
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3 RESULTS AND DISCUSSION 

3.1 Quality of the organic fraction 

Impurities content in organic fraction in biological treatment plants can be highly variable depending on season and 

local areas, but above all, on the efficiency of the source sorted collection system (ARC, 2010). The results in table 

3 reflect the inadequate participation of population in source sorted organic fraction collection since the percentage 

of impurities is high, especially in these facilities. It should be notice that these percentages are usually higher than 

those ones showed by the average presented by the organic fractions treated in the rest of the Catalan SC 

composting facilities. 

TABLE 2 Percentage of impurities (%±SE) in municipal waste collected in F 1 and  F 2 and comparison 

with the total of Catalan composting plants (ARC, 2010) 

 

F 1 (SC+MSW) F 2 (SC+MSW)  

Catalan composting SC 

plants 

2006 30±2,92 18±1,07  15±0,37 

2007 17±0,90 14±0,93  10±2,08 

2008 22±1,14 10±1,00  11±0,26 

 

The quantification of the % of impurities and OF done from a total of 200kg of fresh sample (unloaded 

from lorries randomly selected in F 1), showed a lower proportion of OF in the SC (58,6%) coming from the streets 

than in the SC coming form markets (91,2%). The remaining percentage corresponded to refuse, mainly plastic from 

packaging. 

On other hand, mechanical selection systems in each facility are different, which can affect the selection 

of organic fraction before starting the biological treatment. The characterization of the refuse obtained after 

mechanical selection (figure 1) in both lines OF-SC and OF-MS, pointed out that the refuse from OF-SC line 

contained a 25,4% of organic matter yet, that has not been recovered through mechanical selection and which final 

destination is landfiling or incineration. In OF-MS line, only a 7,4% of OF was detected in the refuse but this figure 

could be associated with a lower OM content of MSW (in relation to SC) than with a higher efficiency of MSW 

selection. 

These results show that the mechanical selection, besides needing larger surface and investment for the 

selection devices, it seems not be as effective as source sorted collection made by citizens. In fact, effectiveness in 

source collection can be noticed in a small plant (in the municipality of Malla), involved in door by door collection 

of organic waste, which results for 2009 showed an average of impurities of 1±0,07% (ARC, 2010). 

3.2 OF-SC, OF-MS and digestate characterization 

Organic fraction after mechanical selection (OF-SC and OF-MS) showed different characteristics from those 

observed for SC in our previous work (López et al., 2010) where the organic fraction was analyzed at arrival in bags 

to the OF SC composting plants. The main differences were lower contents in moisture and organic matter, and 

higher heavy metal contents (Table 4). On the other hand, it should be noticed that similar heavy metal levels were 

observed between OF-SC and OF-MS in F1 and F2, and clearly higher than those observed in SC.  

Digestates from these plants (Table 5) result in a higher pH respect the observed in organic fraction 

(Table 4). For all digestate samples, a high content in ammonium was detected. Moisture content is according to the 

technology applied, resulting in lower content in F 2, whose anaerobic digestion is conducted on dry (Table 2). 

Digestates TOM contents are lower in F 2 and 3 than in F 1, suggesting a slighter degradation during AD in F 1. 

Moreover, organic nitrogen content results higher in F 3. Heavy metal content seems to be higher in F 3 than in F 1 

and 2.  

3.2.1 Compost quality 

In relation to compost quality from materials coming from anaerobic digestion, it must be considered that F 3 only 

produces digestate but not compost. Table 6 shows the differences in composts between F 1 and 2, and they are 

compared with compost from not digested source sorted collection of organic fraction (OF-C) obtained from 

different facilities and with compost from not digested MSW (MS-C) of other plants.  
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TABLE 3 Characterization of OF after mechanical selection compared to means values of OF-SC in 

Catalan composting plants  

 F 1 (2006)  F 2 (2007)  
F 3 

(2008) 

 Catalan SC 

plants 

 OF-SC OF-MS  OF-SC OF-MS  OF-MS 
 SC  (López et 

al., 2010) 

          

pH 5,31 5,76  5,73 4,97  6,15  5,26 

EC (mS cm-1) 4,16 5,32  4,37 6,28  3,78  3,43 

Moisture (%) 59,18 50,80  54,64 65,56  44,42  70,84 

N-NH+4 sol.  (mg kg-1 sms) 562 514  689 1307  460  808 

TOM (% sms) 78,60 68,74  74,52 79,36  77,37  85,15 

Norg (% sms) 2,22 2,49  1,43 3,09  1,84  2,65 

C/N 18 14  26 13  21  17 

           

Zn (mg kg-1 sms) 144 126  75 68  40  34 

Cu (mg kg-1 sms) 30 49  42 23  33  15 

Ni (mg kg-1 sms) 5 7  5 3  4  2 

Cr (mg kg-1 sms) 12 26  8 4  9  2 

Pb (mg kg-1 sms) 46 54  14 7  51  4 

Cd (mg kg-1 sms) 0,13 0,37  0,3 0,3  0,11  0,3 

 

TABLE 4 Characterization of  DIGESTATES  

 F 1 (2006)  F 2 (2007)  F 3 (2008) 

 OF-SC OF-MS  OF-SC OF-MS  OF-MS 

pH 8,05 8,15  8,58 8,48  8,92 

EC (mS cm-1) 4,18 4,55  5,30 5,54  3,50 

H (%) 69,59 71,02  50,57 49,26  65,82 

N-NH+4 sol.  (mg kg-1 sms) 5020 6603  4651 4909  4090 

TOM (% sms) 67,69 61,98  54,22 57,37  55,24 

Norg (% sms) 1,58 2,01  1,27 1,18  3,71 

C/N 21 15  21,46 24,35  7 

Zn (mg kg-1 sms) 234 139  104 148  524 

Cu (mg kg-1 sms) 95 90  78 143  167 

Ni (mg kg-1 sms) 16 14  5 10  37 

Cr (mg kg-1 sms) 17 19  9 14  30 

Pb (mg kg-1 sms) 38 42  26 34  87 

Cd (mg kg-1 sms) 0,54 0,39  0,64 0,79  3,59 

 

Slight differences between the composts from these plants were observed and no clear relation can be 

established in relation to the origin of the raw material (source collection or not) or to treatment applied in plant 

(anaerobic digestion or not). This apparent homogeneity could be attributed to the fact that both lines are not 

properly differentiate along the process. Compost from these plants was similar to those obtained in MS facilities. In 

relation to OF-C present a higher N-NH4+ and heavy metal content, and lower nitrogen (orgN and NnH) and 

stability.  Organic matter results different from products, and in F 2 it can be noticed that compost without previous 

digestion of OF shows higher values of TOM. Heavy metal content does not seem to differ between these plants 

samples and, in relation to Spanish regulation (RD824/2005) the use of these composts is restricted, and attending to 

the maximum limit established should be landfilled. 

 

4 CONCLUSIONS 

− Mechanical separation systems used to obtain a suitable initial material to perform anaerobic digestion, 

despite having been optimized, seems not to have enough efficacy considering their high economical cost, 

large space occupation and high content of rejects with a high organic matter content.  

− Lines for SC and for MS seem to be not sufficiently differentiated. For this reason, neither digestate nor the 

final compost showed the expected differences according to the type of starting material, including heavy 

metal content. 
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− The fact that the obtained products are very low in quality, especially in relation to heavy metal content 

indicates that the compost obtained in this type of facilities should be landfilled rather than be used as 

organic amendments. 

 

TABLE 5 Characterization of COMPOSTS from F 1 and F 2 and comparison to compost from source 

collection (OF-C) and from non source collection (MS-C). 

 F 1  F 2  Other facilities 

 
OFSC.AD 

-C 

OFMS.AD 

-C 

OFSC 

-C 
 

OFSC.AD 

-C 

OFMS.AD 

-C 

OFSC 

-C 

OFMS 

-C 
 

OFSC 

-C 

OFMS 

-C 

pH 7,76 7,98 8,08  8,32 8,69 7,79 7,63  7,8 7,5 

CE (mS cm-1) 7,48 8,63 9,35  6,15 8,00 8,07 7,76  7,2 8,3 

H (%) 30,91 28,76 25,86  34,89 33,26 35,09 34,25  27,1 27,6 

N-NH+4 sol. (mg 

kg-1 sms) 
2236 2459 2754  1600 2863 3488 2838  1103 1880 

             

TOM (% sms) 41,83 59,84 47,98  49,65 54,93 63,72 62,77  53,50 48,9 

Norg (% sms) 1,28 2,07 1,68  1,48 1,67 1,72 1,70  2,2 1,5 

C/N 16,38 14 14  17 16 19 19  13 16 

%ROM 17,70 22,56 19,92  22,35 22,31 25,36 25,07  25,12 18,69 

%SD 42,31 37,71 41,51  45,12 40,77 39,80 39,91  46,20 39,11 

%NnH 0,62 0,90 0,73  0,69 0,61 0,71 0,71  1,16 0,64 

%Nr 48,32 43,48 43,60  46,83 36,87 41,43 41,68  49,85 41,17 

Zn (mg kg-1 sms) 445 401 405  277 408 299 411  205 544 

Cu (mg kg-1 sms) 465 304 267  298 216 154 191  99 239 

Ni (mg kg-1 sms) 34 38 34  24 31 21 27  58 112 

Cr (mg kg-1 sms) 33 42 80  22 21 16 25  41 98 

Pb (mg kg-1 sms) 139 107 102  51 76 59 73  58 172 

Cd (mg kg-1 sms) 0,60 0,52 0,53  0,85 0,81 0,55 1,10  0,37 0,97 
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1 INTRODUCTION 

The present study is a part of a comprehensive Research Project financed by Veneto Agricoltura and the Veneto 

Region, with the main objective of evaluating the most promising processes for the treatment of digestate and 

farming effluents, in the optic of complying with the Nitrates Directive. Membrane treatment, i.e. ultra-filtration and 

reverse osmosis, represents a high-tech system derived from other sectors, including industrial applications and the 

production of drinking water (US EPA, 2005). This particular type of plants represents an extremely new solution 

for the treatment of digestate or manure, but the benefits that this technology could offer make it particularly 

promising (Chiumenti et al., 2009). These plants are complex and the application of this technology to this field 

required intense studies and field tests. In order to verify the efficiency of these plants monitoring campaigns were 

conducted on full scale units located in Europe (Germany, Switzerland and Belgium in particular) treating digestate 

from anaerobic digestion plants. The present work aims to present the results of the first monitoring period carried 

out in Germany. The tests were performed analyzing the input and output flows, with particular attention to the 

destiny of N and P.  Other tests are being conducted for improving the valorization of the different fractions 

obtained by this type of process. 

2 MATERIALS AND METHODS  

2.1 The anaerobic digestion plant  

The anaerobic digestion (AD) plant that feeds the treatment plant is located in Lastrup, Germany, and has been 

operating since 2003. The biogas plant is composed of n.2 digesters (2.200 m
3
 each), which are made of concrete 

and are equipped with insulation panels covered by protective metal panels. The produced biogas is captured and 

stored by means of a dual film plastic cover installed on each digester. The thermal regime of the process is 

mesophilic (35-38°C).  

A covered tank, without heating system and insulation, serves as storage of digestate and determines an 

additional recovery of biogas. The plant is fed with swine manure, poultry manure and other biomasses, such as corn 

silage. The correct mix to be sent to the biogas plant is prepared in a dedicated tank, where solid and liquid 

feedstocks are loaded: this unit, equipped with heating system, is weighted by load cells in order to determine the 

exact quantity of each material. The typical poultry manure/swine manure/corn silage ratio is of 1/4/5. The total 

daily load of the biogas plant is of 90 t/day. The produced biogas powers a 836 kWe Coupled Heat and Power 

(CHP) unit: the electric energy is delivered to the grid, while the thermal energy is used for heating the digesters and 

for farm uses. 

2.2 The post-treatment facility 

Digestate produced by the anaerobic digestion plant is subject to an advanced physical treatment composed by 

different stages, represented by liquid/solid separation (SEP), centrifugation by decanter (DEC), ultra-filtration (UF) 

and reverse osmosis (RO). The first treatment stage is a coarse separation performed by means of typical farm 

equipment, the screw-press, which operates on raw digestate (ED0) and determines the separation of coarser solids 

(SS1). The clarified fraction of digestate (CH1), hence, is mixed with flocculants and reaches the second treatment 

stage: this second process is performed by means of a decanter, horizontal rotating drum type, which determines the 

separation of another solid fraction (SS2) from a clarified fraction (CH2). While the solids are stored on a concrete 

slab, the liquid fraction is subject to the advanced separation stages.  The first stage of the advanced filtration system 

is represented by an ultra-filtration unit, featuring ceramic membranes and composed by 6+6 parallel sub-units, 
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operating at a pressure of 200 kPa.  This first membrane separation determines the production of a concentrated 

fraction (CON1), which is recirculated to the decanter flocculants dosing tank, and a filtered fraction, called 

permeate (PER1), which is sent to final step, the reverse osmosis. The reverse osmosis unit is composed of a low 

pressure section (900 kPa) followed by a high pressure section (3.900 kPa), sequentially operating on n.4 filtering 

columns. The outputs of the final stage are represented by a concentrated fraction (CON2), which is sent to storage 

tank, and the final permeate, representing the “clean” output of the treatment plant. 

 
FIGURE 1  Close ups of the main stages of the treatment: screw-press liquid/solid separation (a), decanter 

separation (b), ultra-filtration (c), reverse osmosis (d). 

 

2.3 Analytical methods 

The inputs and outputs of each stage were sampled, on regular intervals of each day of the monitoring, and analysed 

to determine: - pH; - Total Solids (TS); - Volatile Solids (VS); - Chemical Oxygen Demand (COD); - total nitrogen 

(N-T); - total ammoniacal nitrogen (N-NH4
+
); - total phosphorus (P); total potassium (K); - nitrites e nitrates (NO2

-
, 

NO3
-
), only on liquid fractions; - conductivity (CE), only on liquid fractions; - redox potential (REDOX), only on 

liquid fractions. The main parameters (TS, VS, COD, TKN, N-NH4
+
, P, K, Mg, Ca, S, Cu) were determined by 

means of standard analytic methods (IRSA-CNR, Metodi per l’analisi delle acque, DIN 38414, ISO 11261, ISO 

11732, ISO 11885). Nitrates and nitrites concentration was determined by means of Quantofix analytic kit. Electric 

conductivity and redox potential were determined by means of portable instruments equipped with electrochemical 

certified probes. The mass flows of different treatment stages were determined by flow meters and gravimetric 

methods. These measurements were performed on the liquid fractions (ED0, CH1, CH2, PER1, PER2) and on the solid 

fractions (SS1, SS2, CON2). 

3 RESULTS AND DISCUSSION  

3.1 Chemical-physical characteristics  

The main chemical-physical characteristics of the inputs/output of each stage of the treatment process are reported in 

tables 1 and 2. The concentration of total solids was subject to a decrease determine by the progressive filtration 

sorted by the multi-stage process: in particular, total solids decreased from initial 71.0 g/l to 1.3 g/l of the final 

output (i.e. RO permeate), showing a significant reduction mainly sorted by the decanter, that determined a 

reduction of solids of 58.8% (from 59.2 g/l to 24.4 g/l.  

The content of volatile solids, representing the organic fraction, decreased from 53.1 g/l of digestate to 

2.5 g/l of UF permeate. In particular, the organic fraction represented almost 75% of digestate total solids, while the 

first two stages of the treatment determined a reduction of 32%. A similar result was obtained also for COD, which 

represents an estimation of the organic content, that was subject to a reduction of  91.8% with the first three stages 

of treatment (SEP+DEC+UF), as underlined by 4’660 mg/l of UF permeate.  

Total nitrogen concentration on digestate resulted of 4.96 g/l. The first two separation stages (SEP+DEC) 

determined a slight reduction of total nitrogen, while the advanced filtering systems determined a higher reduction 

from 3.750 g/l of decanter output to 1.930 g/l after UF and 0.085 g/l after RO. The concentration of total nitrogen 

was reduced of more than 98%. As far as ammonium is concerned the tests showed that main removal, in terms of 

concentration, was sorted by the final stages of the process: from 2.28 g/l of digestate (ED) ammonium was reduced 
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to 1.59 g/l of UF permeate to 0.025 g/l of RO permeate. The effect of the treatment on phosphorus, instead, was 

different: for this element the first two stages (SEP + DEC) determined a significant reduction from 2.205 g/l of 

digestate (ED) to 0.275 g/l of decanter liquid output (CH2). Potassium concentration was reduced mainly in the last 

filtering stage (RO), from 2.740 g/l to 0.045 g/l of the final effluent. Conductivity ranged from 19.0 to 25.3 mS/cm 

in the first three phases of filtration (SEP+DEC+UF), while in the last step (RO) a substantial reduction was 

achieved, so that the final product showed a conductivity as low as 0.3 mS/cm. 

As far as the solid fractions is concerned the outputs from screw-press and decanter (SS1-SEP e SS2-

DEC), and concentrate from reverse osmosis (CON2-RO) represent the “solid” output of the entire treatment 

process, while the concentrated fraction out of the ultra-filtration is not considered an output since it is recirculated 

to the decanter. The content of total solids resulted of 19.8% and of 15.8% for the outputs of screw-press and 

decanter respectively. The percentage of volatile solids in these fractions is relevant in comparison to the content of 

total solids, respectively 89.9% and 75.9%.   Total nitrogen resulted 0.666% and 1.075% in solids from first (SEP) 

and second treatment stages (DEC). In these outputs ammonium represents only a small portion of total nitrogen, 

such as 0.184% and 0.217% (with N-NH4
+
/N-Tot ratio of about 0.2-0.3). 

 

TABLE 1  Characteristics of digestate and of the liquid effluents of the process 

Effluent pH TS (g/l) VS (g/l) 
COD 

(mg/l) 

total 

N (g/l) 

N-NH4
+ 

(g/l) 
P     (g/l) K    (g/l) 

Conductivity 

(mS/cm) 

ED 7.9 71.0 53.1 56’500 4.960 2.280 1.205 5.355 21.6 

CH1 7.8 59.2 41.9 57’000 4.780 2.270 2.000 5.485 25.3 

CH2 8.1 24.4 14.6 16’200 3.750 2.130 0.275 4.255 21.5 

PER1 7.8 7.7 2.5   4’660 1.930 1.590 0.050 2.740 19.0 

PER2 8.1 1.3 - - 0.085 0.025 - 0.045   0.3 

 

TABLE 2  Characteristics of solid outputs of the different stages of the process  

Effluent 
TS 

(%) 

VS 

(%) 

Total 

N (%) 
N-NH4

+
 (%) P (%) K (%) 

SS1 19.8 17.8 0.666 0.184 0.516 0.521 

SS2 15.9 12.1 1.075 0.217 0.743 0.470 

CON1   2.9 2.1 0.446 0.221 0.045 0.413 

CON2   2.9 0.7 0.662 0.543 0.008 0.997 

 

3.2  Mass Balance 

Digestate produced by the anaerobic digestion plant and sent to the treatment process resulted to be 3.600 t/h. The 

screw-press separation system determined an output of clarified digestate of 3.275 t/h, representing, also, the main 

input of the decanter. This effluent, in fact, is pumped in a mixing tank where it is mixed with concentrate from UF 

and with flocculants, prior to decanter separation. The flow of solids from the screw-press resulted of 0.325 t/h, 

corresponding to 9% of the total (AD plant output). The decanter produced 4.018 t/h of clarified liquid fraction and 

0.945 t/h of solids: the solid fraction, called also “clay” for it consistency, represents 26% of the total. The 

throughput of the UF stage resulted to be of 4.963 t/h, with a consequent production of 2.330 t/h of permeate and 

1.688 t/h of concentrate. The two-stage RO, fed with the permeate output from UF, produces as outputs 0.600 t/h of 

concentrate, representing 17% of initial input flow, and 1.730 t/h of permeate, filtered water that represents the final 

liquid output of the plant. The entire multi-stage digestate treatment plant, in fact, produced 48% of filtered water, 

35% of solids stored on a concrete slab, and 17% of concentrate.  

The combination of mass flows and chemical analyses, determined for each stream of every stage, 

allowed the determination of the mass balance of the entire process, with reference to nitrogen and phosphorus in 

particular. The results underline the distribution of nutrients in the different outputs of the process, expressed as 

flows (on hourly bases). As far as nitrogen is concerned, the input flow to the treatment plant resulted to be 0.018 t 

N/h. The first solid/liquid separation stage (screw-press) showed a limited efficiency on removing nitrogen form the 

liquid phase: the solid fraction, in fact, represents a flow of 0.002 t N/h, corresponding to a separation of 11% of the 

input. The second separation stage (decanter), instead, showed higher performance, with a removal of 0.011 t N/h 

from the liquid to the solid phase, equal to 61% of initial nitrogen. The remaining amount of nitrogen was removed 

by the advanced filtering system (UF+RO): the concentrated fraction from RO, in fact, represents, in terms of flow 
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of nitrogen, 0.005 t N/h, corresponding to a diversion of 28% of initial nitrogen flow. Nitrogen flow in the permeate 

resulted irrelevant (<0.0001 t/h).  

Phosphorus input flow to the treatment plant resulted to be 0.0086 t/h. The first stages of the process (SEP 

+ DEC) showed a high efficiency of phosphorus removal: the flows of this element represented by the streams of 

solids were of 0.0017 t/h from the screw-press and of 0.0068 t/h from the decanter. Referred to the input these 

values are equivalent to a separation of input phosphorus of 20% and 79% respectively. The remaining 1% of this 

element was separated by the membrane system (UF + RO), so that the output in the liquid effluent, the permeate, 

resulted to be irrelevant. 
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FIGURE 2  Diagrams of mass balance, nitrogen and phosphorus balances of the entire process. 

4 CONCLUSIONS   

The plant subject to the monitoring was a full scale membrane filtering system treating the effluent from an 

anaerobic digestion plant fed with animal wastes and other biomasses. Main objective of the study was to 

characterize the different outputs (liquid and solid) and to assess the efficiency in particular in terms of N and P 

separation, in order to understand if this technology could be considered a valid option for the management of 

livestock manure. 

In terms of nitrogen diversion the pre-treatment allowed to obtain significant results, with a reduction of 

about 70% of initial nitrogen: this result was determined not by the screw-press separator, that separated from the 

main flow about 11% of nitrogen, but mainly by the decanter, that removed about 60% of initial nitrogen. The high 

separation performance of the decanter was partially determined by the recirculation of concentrate from ultra-

filtration, but mainly by the use of flocculants in the separation process. The significant concentration of phosphorus 

in the solid phase represented an expected result (Chiumenti et al., 2008), but the entity of this separation resulted 

higher than the expectations. In some cases, the reduction gained by the first phases of treatment process could be 

sufficient. The process, in fact, determines the production of fractions containing about 70% of nitrogen and almost 

100% of phosphorus, hence with elevate fertilizing potential, in reduced volumes of solids: a reduction of nitrogen is 

effectively achieved only with the dislocation of the product, but this becomes easier to perform with such products. 

The entire process, furthermore, determines the total removal of N from the liquid stream and the discharged water 

represents the 48% by weight of the treated digestate. 

In conclusion, the multistage membrane filtration process proved to be effective in the treatment of 

digestate, producing a liquid effluent, the permeate, characterised by good quality: the possibility of discharging it 

on surface water is not easy to be assessed, since the list of requirements involves many parameters. This aspect will 

be subject to further studies. This product, anyway, could have multiple utilizations as process water (dilution of 

feedstocks, cleaning, etc.). Another aspect that will be subject to further studies is represented by the energy 

consumption of the entire process.  
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1 INTRODUCTION 

Usually the highly productive dairy cattle activity is performed with highly specialized animals, which are 

maintained in permanent confinement and constantly monitored. The confinement of animals generates a large 

amount of manure and other waste materials (litter, feces, urine, and water) within a small area. Amaral et al. (2004) 

report the production of 75.2 kg per day of excrements per lactating cow. Contrarily to the extensive cattle rearing, 

where the excrements remain on the pasture areas, naturally contributing for the energetic restoring of the 

environment, these waste materials need an adequate treatment. 

The waste materials produced at an intense activity dairy farm, when inadequately discarded and without 

proper treatment, may generate unfavorable impacts on the environment, causing contamination of superficial, sub-

superficial and subterranean bodies of water. The waste materials generated by confined animals can be treated, via 

microbiological activity, in anaerobic bioreactors yielding biogas, sludge and bio-fertilizers as effluent byproducts. 

The objective of this research was to verify the effect of the hydraulic retention time in two tubular anaerobic 

bioreactors, using as substrate the wastewater produced from facilities holding permanently confined dairy cows.  

 

2 MATERIAL AND METHODS 

The waste material for the experiment was collected at the rural property “Fazenda Iguaçu”, Céu Azul County, State 

of Paraná (latitude 25°02’43.07” South; longitude 53°46’51.85” West; altitude 641 m). The material was always 

screened through a 2 mm mash sieve and totally stored at -18 ºC. 

The following parameters were evaluated: Total Solids (TS), Volatile Solids (VS), pH, Total Alkalinity 

(TA) and Volatile Acidity (VA), according to methodologies described by APHA (1995). 

Two anaerobic bioreactors, constituted of vinile polichlorate tubes, with 9.5 L of useful volume each, 

were used. The loading of the reactors was manually performed, simulating the moment in which the mass of wastes 

would be pumped into the bioreactor, after the stable cleaning operation. The unloading was done through a siphon, 

with the aid of an aspirator bulb, at the same volumetric amount of the loading. The functional temperatures were set 

at 30 ºC and 35 ºC, maintained by a heater connected to a thermostat. 

 The gasometers were mounted with vinile polichlorate cylinders, totalizing 20 L useful volume each. The 

volume of biogas daily produced was measured by the displacement of the inner cylinder, and the difference 

between heights was multiplied by the 0.049 m
2
 transversal section, resulting on the daily volume. The calculations 

of volume were result of the transformation of the read volume, taken to normal condition of temperature and 

pressure (NCTP).           

The biogas was collected in plastic containers and analyzed with a packed column Construmaq Gas 

Chromatography apparatus, with H2 as dragging gas.
         

 

The reactor was initially loaded with one third of its useful volume and daily additions of 2 L of substrate 

were then performed until completion of the 9.5 L. After the start, the mean daily load was 8 560 milligrams of 

organic material.  

With bovine substrate, the star-up phase at the reactors was 10 days, after that the biogas volumetric 

production became stable, differently from Souza et al. (2005) who employed a start-up time higher than 20 days. 

The daily production of 6 L of biogas was considered as balanced for a provision of 0.480 L of gross material, with 

a mean content of solids of 45 grams per liter, after a 10 days running period. 
It was used a factorial crossover design 4 x 2 x 4, 4 factors of hydraulic retention time (HRT), 2 

temperature factors and 4 replications, being the means of Total Solids and Volatile Solids removals compared by 

Tukey test at 5% probability, using the MINITAB version 15.0 software.  

- 533 -



Technologies/systems for different manure and organic waste treatment options 

____________________________________________________________________________________________ _ 

 

3 RESULTS AND DISCUSSION 

The average characteristics of the material affluent into the reactor were: DQO = 18.050 gL
-1

; TS = 49.780 gL
-1

; VS 

= 37.024 gL
-1

; N = 2.040 gL
-1

; P = 0.420 gL
-
¹; K = 2.720 gL

-1
; C: N ratio = 6.21 and pH = 7.5. The high VS values 

emphasize the great potential of biogas production and indicate that the material has the potential to be 

microbiologically decomposable (AMARAL et al., 2005).  

  The mean TS and VS contents as well as statistical comparison of means of TS and VS removals are 

presented on Table 1. 

 

TABLE 1     Values of Total Solids (TS) and Volatile Solids (VS) in the material affluent and effluent to the 

reactors and respective comparisons of removal means.  

TS 

Affluent Effluent  Removal 

gL
-1

  gL
-1

 % 

  HRT 

(days) 

30 °C 35 °C 30 °C 35 °C  30 °C 35 °C 30 °C  35 °C  

8 61.519 45.350 43.826 34.427  17.693 10.923 28.76    a1* 24.09   a1 

10 61.519 45.350 29.809 22.599  31.709 22.750 51.54   a2 50.17   a2 

15 61.519 42.472 22.339 14.438  39.179 28.034 63.67 a2 66.01 a3 

20 61.519 42.472 14.664 12.979  46.854 29.493 76.16 a3 69.44 a3 

VS 

Affluent Effluent  Removal 

gL
-1

  gL
-1

 % 

HRT 

(days) 

30 °C 35 °C 30 °C 35 °C  30 °C 35 °C 30 °C  35 °C  

8 47.693 30.445 33.262 21.655  14.431 8.790 30.26   a1 28.87   a1 

10 47.693 30.445 20.205 13.387  27.489 17.058 57.64   a2 56.02   a2 

15 47.693 32.935 13.712 6.298  33.981 26.637 71.24 a2 80.88 a3 

20 47.693 32.935 6.569 5.551  41.124 27.384 86.23   a3 83.15  a3 

*values followed by the same symbol in the column are not statistically different from each other by the Tukey test 

at 0.5% probability (P 0.05). 

 

The essays performed with lower HRT resulted in higher TS and VS contents and the increase in the 

retention period of the substrate resulted in the decrease of those same parameters at the outlet of the reactor.   

The highest TS and VS reductions occurred at the HRT of 20 days, at 30 °C temperature, reaching values 

of 76.16% and 86.23% respectively. The essays performed at 35°C temperature did not present equivalent TS 

removals, since they were performed during lower temperature months and with the substrate being carried still 

frozen from storage to room temperature. 

The local temperatures ranged from 17 °C to 33 °C at the moment of the readings. Thus, during several 

loading moments, the substrate remained with a mean temperature lower than that of the total mass of waste 

material inside the reactor, until the thermal equilibrium was reached and the final temperature of 35 °C was 

achieved. So, during a short period of time, ranging from 60 to 120 minutes, the temperature inside the reactor was 

inferior to 35 °C. According to Amorin et al. (2004) and Chernicharo (2007), with the reduction in the temperature, 

the microorganisms decrease their activity, reducing the decomposition process until the moment in which the 

affluent reaches thermal balance. 

These values confirm the necessity of adequate periods for the growth of the Archea metanogenica, 

which needs 15 days to grow, since lower retention times would wash away the microorganisms in the effluent. 

Chromatographic analysis of the gas showed that it was composed of 67.42% CH4, 27.07% CO2, and 

5.51% of the N2 + O2 mixture. 

The average daily performance of TS and VS removals and of the biogas productions are shown on 

Figure 1. 
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FIGURE 1  Average performance of TS and VS removals, and biogas production: (A) means of TS removal; 

(B) means of VS removal; (C) volume of biogas in relation to TS removed; (D) volume of biogas 

in relation to VS removed; (E) volume of CH4 in relation to TS removed; (F) volume of CH4 in 

relation to VS removed.  

 

The maximum productions of 1.05 m
3
 of biogas per kg of TS removed, and of 1.01 m

3
 of biogas per kg of 

VS removed follow the results found by Castro (1998) and Amorin et al. (2004), i.e., the increase of the load 

resulted in increased biogas production and increased CH4 content held at the gaseous mixture in the treatment with 

anaerobic reactors. 

The increase on the organic load, through reduction of the HRT, increased the volumetric production of 

biogas in relation to the TS and VS removed from the system. These values are in accordance with those of Castro 

(1998) and Souza et al. (2005), who verified that the increase in the temperature also increases the volumetric 

production of biogas. 

The highest production of biogas were 1.013 m
3
 and 0.700 m

3
 of biogas per kg of VS removed, at the 

HRT of 8 and 15 days, respectively, at a temperature of 35 ºC.  At a HRT of 20 days, also at a temperature of 35 ºC, 

the biogas production was 0.533 m
3 
of biogas per kg of VS removed. These results surpass those reported by Amaral 

et al. (2004), who obtained 0.487 m
3
 of biogas per kg of VS removed in an Indian continuous bioreactor, loaded 

with bovine manure, at a HRT of 20 days.  
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The productions of CH4 followed the profile of the priorly cited biogas productions, reaching maximum 

values of 0.705 m
3 

of CH4 per kg of TS and of 0.683 m
3 

of CH4 per kg of VS, removed at a HRT of 8 days. The 

results were higher than those values obtained by Karapaju (2008), who found a production of 0.41 m
3
 of CH4 in 

relation to the volatile solids. 

These results, however, were lower than those obtained by Souza et al. (2005), who registered values of 

1.400 m
3
 of CH4 per m

3
 of reactor, at HRT of 10 days. Knowing that the useful volume of the reactors in this 

experiment was 9.6 L and that the highest production was achieved at HRT of 8 days, a production of 1.140 m
3
 of 

CH4 per m
3
 of reactor may be computed. 

The purpose of the treatment will define the reactor dimensions, as a function of the affluent load. If the 

objective is to produce methane, the option for smaller reactors with large production of gas is defined. If the 

objective is to improve the quality of the effluent, however, bigger bioreactors that retain the substrate for larger 

periods of time will be than necessary.  

 

4 CONCLUSIONS 

The anaerobic treatment of residuary water emanating from facilities used for dairy cattle rearing under permanent 

confinement, performed in continuous flow tubular anaerobic bioreactors for biogas production was efficient. 

The best results for volumetric production of biogas in relation to the solids removed were 1.046 m
3
 and 

1.013 m
3 

of biogas per kg of Total Solids and Volatile Solids removed, respectively, with a HRT of 8 days and 

substrate temperature of 35 ºC.  

In relation to reduction of the Total Solids and Volatile Solids present in the wastewater, the best results 

were achieved with HRT of 20 days, and at 30 ºC temperature, with the removal of 76.16% and 86.23% of TS and 

VS, respectively.  
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1 INTRODUCTION 

At the beginning of XXI Century, the aviculture is facing a globalized market approach and a high commercial 

demand where the products as well as the production processes have to fit the acceptability standards of the client. 

Besides, there is the quest for the recognition of the sustainable development and of the environmental and social 

management programs, incorporated to the commercial product (Santos, 2004). 

The growth of the industrialization process resulted in increased quantities of effluents with high organic 

contents that could lead to a potential increase of alternative energy sources. These effluents, which are capable of 

causing a great negative environmental impact, can become a considerable source of energy. 

The poultry rearing is an activity demanding high consumption of energy for heating. That activity, 

however, holds the characteristic of producing residues with considerable energetic potential, such as the poultry 

litter that could contribute to the energetic balance of the activities developed within the rearing facilities (Santos, 

2004). 

The bio-digestion, or anaerobic digestion, is an excellent alternative for the adequate treatment of the 

poultry litter for biogas and fertilizer production. These two byproducts are highly valued as sources of energy and 

plant nutrition, substituting the inputs that otherwise would need to be bought by the producer. From that 

substitution, the producer would have a decrease in his production costs (Palhares, 2005).  

The biogas produced from the bio-digestion of poultry litter can be used for the warming up of chicks, as 

well as in substitution of the electricity used, for example, in the illumination (lanterns), water heating (for 

sterilization of equipments, facilities washing, showers), stoves, and grain grinders (Palhares, 2005).  

The pure bio-fertilizer contains a high concentration of nutrients, and can be used directly in the soil. It is 

also a great help when used as an additive in the preparation of nutrient solutions for organic-inorganic hydroponics, 

promoting an enormous increase in the productivity of the hydroponics crops. Once diluted, it constitutes a great 

foliar fertilizer and, in that form it is generally known as diluted bio-fertilizer. 

Before the economical and environmental dependence in which the aviculture is set nowadays, this 

research work aimed at verifying the behavior of the anaerobic bio-digestion in the treatment of poultry litter in a 

continuous flow horizontal bioreactor, under laboratory scale. 

 

2 MATERIAL AND METHODS 

The experiment was carried out at the Sanitation Laboratory of the Western Paraná State University (UNIOESTE), 

Cascavel Campus, Paraná State, Brazil. The continuous flow bioreactor, measuring 60 cm in length x 20 cm in 

width x 30 cm in height, was built with glass, for a useful volume of 30 L. The bioreactor was maintained at 30±1ºC 

temperature and hydraulically connected to a gasometer, forming one single atmosphere. For the gasometer 

assembly, a 20 L capacity tube partially filled with a saline solution (3% H2SO4 and 25% NaCl) to avoid reaction of 

the CO2 from the biogas with the solution was used. A thermometer and a water column manometer were connected 

to the gasometer to correct the volume of the biogas produced at Normal Conditions of Temperature and Pressure 

(NCTP). Once the gasometer is pressurized with biogas, the solution is forced to flow, measuring the volume of the 

biogas produced. 

To start the bio-digestion process, 30% of the bioreactor volume was inoculated with sludge from the 

anaerobic lagoon of a starch effluents treatment system, and 70% of its volume was filled with poultry litter diluted 

in deionized water, at a proportion of 8% total solids (TS). The daily feeding of the bioreactor was performed with 1 
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L of poultry litter diluted in deionized water, for an organic load of 1.87 g volatile solids (VS) Lbioreactor
-1

 day
-1

. The 

bioreactor was allowed to stabilize for a period equal to the Hydraulic Retention Time (HRT) of 29 days, and after 

stabilization 30 days were evaluated as replications of the anaerobic bio-digestion with poultry litter for that HRT.   

The bioreactor evaluations were daily performed by physical analyses of TS, VS and biogas production 

(APHA, 1995). For monitoring the biological process of the bioreactor, the pH and the VA/TA ratio, between results 

of chemical analyses of Volatile Acidity (VA) and Total Alkalinity (TA), were weekly monitored. The 

physicochemical parameters were determined following the methodologies described by Silva (1977). 

The control graphs were mounted using the MINITAB 15 software, employing the following expressions 

for calculation of the upper and lower limits: 

MAi = | Xi – Xi – 1 |                               (2)  

UCL = X + ((3 * AM) / d2) 

MCL = X 

LCL = X – ((3 * AM) / d2) 

In which: 

X is the mean of individual values; 

MA is the moving average range of two successive observations to estimate the variability of the process;     

d2 is the factor for the median line; 

UCL is the upper limit of statistic control; 

MCL is the median limit of statistic control; and 

LCL is the lower limit of statistic control. 

 

3 RESULTS AND DISCUSSION 

On Table 1, the values on biogas production and on removal of the organic matter, resulting from the anaerobic bio-

digestion of poultry litter in a continuous flow horizontal bioreactor, are presented. The mean production of biogas 

was 0.56 L and the mean TS and VS removal were 77.5% and 88.8%, respectively. According to the Anderson 

Darling test (p-value), data on the analyzed variables were normally distributed, at 5% level of significance. 

 

TABLE 1      Descriptive statistics of the variables: biogas production, percent TS and percent VS removed 

 

 The anaerobic bio-digestion of poultry litter for the HRT (30 days) evaluated, yielded a mean biogas 

production by removal of organic mater of 0.017 L g VSconsumed
-1

. 

 Using continuous flow bioreactors for the treatment of poultry litter from automatized production 

system, Augusto (2007) obtained a mean production of biogas by removal of organic matter of 0.029 L g VSconsumed
-1

 

and reductions of TS (72%) and VS (74%) with organic charge of 1.82 g VS Lbioreactor
-1

 day
-1

, as well as poultry litter 

from conventional production system, achieving mean biogas production by removal of organic matter of 0.013 L g 

VSconsumed
-1

 and reductions of TS (78.7%) and VS (79.5%) with organic charge of 1.48 g VS Lbioreactor
-1

 day
-1

. 

 On Table 2, the pH and VA/TA ratio values, which are indexes indicating anaerobic bio-digestion 

stability, are presented. According to Silva (1977) with VA/TA values between 0.1 and 0.5, it is possible to state a 

better anaerobic behavior for the bioreactor. For values higher than those, the bioreactor may present instability 

signs.   

 

TABLE 2 VA/TA ratios. 

Date 01/10/2008 09/10/2008 16/10/2008 23/10/2008 28/10/2008 

pH 8.30 8.20 8.33 8.32 8.02 

VA / TA 0.32 0.30 0.33 0.25 0.25 

 

HRT: 

30 days 

p-

value 

Minimum Mean Maximum First  

Quartile 

Median Third 

Quartile  

Standard 

deviation 

CV 

% 

L biogas 0.705 0.11 0.55 1.30 0.37 0.50 0.74 0.27 49.5 

% TS removed 0.040 31.90 54.00 77.50 43.30 49.70 68.60 14.80 27.3 

% VS removed 0.041 44.50 65.30 88.80 55.40 61.10 77.60 12.80 19.6 
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Even with the bioreactor stabilized, variations in the byproducts yielded, originated from the bioreactor 

environmental conditions, will always occur. Through data and coefficient of variation displayed on Table 1, it is 

possible to verify the high variability of byproducts production and organic matter removal. Thus, the control of the 

process is important in order to achieve a higher conversion of the poultry litter into biogas and bio-fertilizer. 

The use of statistical graphs of control is an efficient technique in detecting lack of control within the 

process, and its systematic use is an effective way to detect and to reduce the variability (Montgomey, 2008). 

Analyzing the graphs of control processes of individual measurements of biogas production and solids 

removal, it is perceivable that the process is out of statistical control, since it displays extreme variations and 

deviations (more than six consecutive values below the median line). 

 

 
FIGURE 1  Control Charts: L biogas  

 

 
FIGURE 2  Control Charts: Means of TS removed 
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FIGURE 3  Control Charts: Means of VS removed 

 

4 CONCLUSIONS 

Stabilizing the bioreactor at the desired condition is extremely important to know the behavior of the anaerobic 

digestion and to take advantage of this technology with greater use of their byproducts. The pH and the VA/TA ratio 

are good indexes to verify if the bioreactor is actually acidifying or even if it supports a given organic charge. 

The anaerobic bio-digestion, like other processes, is subjected to natural or sporadic variability of its 

byproducts. In the anaerobic bio-digestion, as production process, the statistical graphs of control processes are very 

useful, as in the verification of the instantaneous stability  of the bioreactor by a sporadic value of gas production or 

if the bioreactor is actually producing byproducts with acceptable variations within a standard for its intended 

purpose . 
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1 INTRODUCTION 

With regard to pollution control, removal of excess nitrogen from wastewater is necessary because reduced forms of 

nitrogen consume dissolved oxygen of receiving water bodies (Azevedo Neto, 1998). Another consequence of 

release wastewater containing large amounts of nutrients is the overgrowth of algae and aquatic plants, causing 

eutrophication (Jeon and Park, 2000). 

Nitrogenous compounds can be removed from wastewater using physical-chemical or biological 

processes. Conventionally, biological processes are used to remove nitrogenous compounds from wastewater and 

occur in three stages: ammonification, which includes the conversion of organic nitrogen to ammoniacal nitrogen; 

nitrification, in which ammonia is oxidized to nitrite and subsequently to nitrate; and lastly, denitrification, where 

oxidized forms of nitrogen are reduced to nitrogen gas (Metcalf and Eddy, 2003). 

The nitrification occurs under aerobic conditions by two groups of chemoautotrophic bacteria called 

ammonium oxidizers and nitrite oxidizers (Philips et al., 2002). As the efficiency of oxidation reactions is low, the 

nitrifying organisms have a slow growth rate, requiring a long retention time cell allowing for the development of 

micro-organisms and ensuring the permanence of nitrifying biomass in the reactor. Therefore, the nitrification is 

considered the limiting step in processes of nitrogen removal in biological systems (Garbossa, 2006). 

It should be noted that the nitrification process is not capable to remove nitrogen from wastewater, it just 

change the oxidation state, since the reaction products are soluble nitrogenous compounds (Ono, 2007). For the 

effective removal of nitrogen, nitrate must be reduced to nitrogen gas (N2), a process carried out by denitrifying 

organisms that need anoxic conditions and an external carbon source (Franchin, 2006). 

Hence, this study aimed to evaluate the influence of the aeration time and ammonia nitrogen 

concentration in the nitrification process of poultry slaughterhouse wastewater using a sequential batch reactor 

(SBR), with the biomass immobilized in polyurethane foam. 

 

2 MATERIALS AND METHODS 

2.1 Poultry slaughterhouse wastewater 

The poultry slaughterhouse wastewater was collected at the exit of an anaerobic pond. The samples were collected 

and preserved as recommended by NBR 9898/1987. 

2.2 Sequential batch reactor 

The sequential batch reactor (SBR) was operated at laboratory-scale, with a work volume of 3.5 L, in a cylindrical 

shape of polyethylene internally coated with polyurethane foam of 1cm thickness used to promote nitrifying 

biomass growth in a mixed form (suspended or attached). 

The aeration system consisted of an aquarium aerator coupled to a flow meter to control the intake air 

flow, adjusted to 3.0 L min
-1

 (Qin and  Liu, 2006), with the spread of air made by two porous stones. 

The SBR was operated in the following phases: feeding (instantaneous): wastewater was added to the 

batch remaining in the reactor, in which the biomass was suspended; aeration stage (7, 9.5 and 12 h): air supply (3.0 

L min
-1

) for the required conversion of N-NH4
+
-N to NO2

-
 and subsequently to N-NO3

-
; sedimentation (30 minutes): 

sedimentation of solids and clarification of the effluent to be discharged; discharge (10 minutes ): the removal of 
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 Ox idation of N -N H 4
+ 

(%)

-2,13591

2,470951

6,31862

-6,49107

9,178043

11,44853

-12,0017

18, 87586

p=,05

Standardized Effect Es timate (Absolute Val ue)

AT(Q)x[N-NH4
+
](L)

AT(Q)x[N-NH4
+
](Q)

AT(L)x[N-NH4
+
](Q)

AT(L)x[N-NH4
+
](L)

[N-NH4
+
](Q)

AT(Q)

([N-NH4
+
](L)

AT(L)

clarified effluent, while 20% of the volume was maintained as initial inoculum for the next batch; rest/analysis (80 

minutes): analysis of ammonia-N for adjusting the initial concentration for next batch. 

Samples were collected at the beginning of the aerobic phase and after the sedimentation step, and were 

analyzed the following parameters: ammonia-N, COD, pH and alkalinity. Prior to analysis, samples were 

centrifuged at 5000 rpm for 10 minutes (Fontenot et al., 2007). 

2.3 Experimental design and statistical analysis 

The experiment was conducted in three stages of aeration (7, 9.5 and 12 h) and three ammonium nitrogen 

concentrations (80, 100 and 120 mg L
-1

), configured in a 3
2
 factorial design with 36 trials, which is the result of the 

combination of nine treatments with four replications. The response analyzed was the N-NH4
+
 oxidation. 

The software Statistica for Windows version 8.0 was used to generate the mathematical model, to 

determine the regression coefficient (R
2
), to perform the variance analysis and build the response surface to evaluate 

the effects of independent variables on the response examined, with a significance level of 5%. 

From the results of 36 trials obtained by combining the levels of the two factors studied, aeration time 

(AT) and ammonium nitrogen (N-NH4
+
), it was attempted to identify the best conditions to evaluate the nitrification 

process, analyzing as a response the N-NH4
+
 oxidation efficiency. For this analysis we used a second order 

mathematical model, where the response is described in terms of significant variables. 

 

3 RESULTS AND DISCUSSION 

3.1 Efficiency of N-NH4+ oxidation 

Figure 1 shows the estimated linear and quadratic effects, and interaction between factors studied in the level of 

95% confidence. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE1 Linear and quadratic effects estimative of independent variables (AT and N-NH4
+ 

concentration) on N-NH4
+
 oxidation efficiency. 

 

It can be seen from Figure 1 that the linear and quadratic effects of the two factors, time of aeration and 

N-NH4
+
 concentration, and all linear and quadratic interactions between them were statistically significant for the 

efficiency of N-NH4
+
 oxidation. From the estimation of significative effects, a polynomial equation of second order 

(Eq. 1) was obtained to establish a predictive mathematical model of response. 

 

N-NH4
+
 oxidation (%) = 72,00 + 13,23(AT) + 6,95(AT)

2
 – 8,41[N-NH4

+
] + 5,57([N-NH4

+
])

2
 – 5,57ATx[N-NH4

+
] + 

4,70ATx([N-NH4
+
])

2
 – 1,59(AT)

2
x[N-NH4

+
] + 1,59(AT)

2
x([N-NH4

+
])

2 
     Eq. (1) 

 

The quadratic model for N-NH4
+
 oxidation showed a determination coefficient (R2 = 0.9677) that means 

that 96.77% of N-NH4
+
 oxidation efficiency variation are explained by the model. 

The answer surface methodology (Figure 2) revealed that simultaneous behavior of two independent 

variables, and the determination of regions of maximum efficiency in N-NH4
+
 oxidation occurred. 
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FIGURE2 Answer surface (a) and level curves (b) in function of AT and N-NH4
+ 

concentration, to the  

 variable answer N-NH4
+ 

oxidation. 

 

The Figure 2 shows that a maximum efficiency in N-NH4
+
 oxidation between 87 and 92% occurred in the 

AT range from 9.5 to 12 hours at a N-NH4
+
 concentration was between 80 and 100 mg L

-1
. Moreover, the N-NH4

+
 

oxidation efficiency was higher as AT increased and N-NH4
+
 concentration decreased. When the AT in the study 

was about 7 h, at any N-NH4
+
 concentration, the N-NH4

+
 oxidation efficiency was around 50%. If the N-NH4

+
 

concentration amounted to120 mg L
-1

, N-NH4
+
 the oxidation efficiency reached from 60 to 70% relative to the 

performance obtained at the AT ranging from 9,5 to 12 h.. 

Isoldi et al. (2005) evaluated the performance of a combined system, a UASB/aerobic reactor, in terms of 

efficiency of simultaneous removal of COD and nitrogenous compounds in parboiling rice wastewater. The 

hydraulic detention time (HDT) in the aerobic reactor where nitrification occurred was about 15 h, with a 49.6 mg L
-

1
 of feeding N-NH4

+
 concentration and an average removal efficiency of 87%. In this study, results were more 

satisfactory for N-NH4
+
 oxidation considering that initial N-NH4

+
 concentration (80 and 100 mg L-1) was higher and 

aeration time was lower (9.5 to 12 h). 

 

3.2 pH and alkalinity behavior 

The Figures 3 (a) and 3 (b) show the behavior of pH and alkalinity during nitrification process in all experiments. 

 

 

 

 

 

 

 

 

 

 

FIGURE3 pH (a) and alkalinity (b) behavior during nitrification process 

 

Figure 3 (a) shows that during the nitrification process in all trials, the pH ranged between 7.0 and 8.5. 

These values are within the range established by Metcalf and Eddy (2003) that are between 7.0 and 9.0, considered 

ideal for maintenance of vital functions of nitrifier bacterias. Lower values may lead to nitrification inhibition. In 

almost experiments, the expected pH behavior and a decrease thereof during the process was found, given that a H
+
 

ions formation and consequently a decrease of the pH occur. 

It can be observed from Figure 3 (b) that all experimental runs showed a decrease in the alkalinity 

amount, which was expected since during N-NH4
+
 oxidation alkalinity is consumed. Among the experiments 13 to 

20 and 25 to 32, corresponding to 9.5 and 12h AT and N-NH4
+
 concentrations of 80 and 100 mg L

-1
 respectively, the 

 N-NH4
+ 
oxidation

 
(%)

 90 

 80 
 70 
 60 

7 8 9 10 11 12

AT

80

85

90

95

100

105

110

115

120

[N
-N

H
4
+
]

(b) 

6,5

7

7,5

8

8,5

9

1 4 7 10 13 16 19 22 25 28 31 34

test

p
H

initial nitrification final nitrification

a) 

(a) 

- 543 -



 Technologies/systems for different manure and organic waste treatment options 
 

 

lowest values of alkalinity at the end of nitrification were found. As already discussed, these tests were those with 

the highest N-NH4
+
 oxidation efficiencies. 

 

4 CONCLUSIONS 

− The reactor SBR performed well in the nitrification process, showing efficient N-NH4+ oxidation of poultry 

slaughterhouse wastewater; 

− The results showed that both AT and N-NH4+ concentration had a significant influence, with an interval of 

95% on N-NH4+ oxidation efficiency;  

− More satisfactory results were obtained with AT between 9.5 and 12 h, and N-NH4+ concentration  between 

80 and 100 mg L-1. In these experimental runs, N-NH4+ oxidation efficiency was between 87 and 92%; 

− The parameters pH and alkalinity showed the expected behavior during the process. 
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1 INTRODUCTION  

Slurry mechanical separation is nowadays a common animal waste management practice (Burton, 2007). The 

potential benefits of solid liquid separation include improved slurry handling properties, more flexibly agronomic 

use of digested slurry and less environmental risks (Burton, 2007). On farms with not enough land for an appropriate 

slurry nitrogen disposal, solid liquid separation may also allow to reduce the nitrogen transporting costs (Provolo, 

2009). Separation efficiency and nitrogen transport costs are strongly related (Møller et al., 2000). Separation 

efficiency mainly depends on separator type, inlet flow rate and the composition of the input manure, particularly its 

total solids content (Zhang and Westermann, 1997).  

Several agricultural biogas plants operating with animal manure and energy crops have been recently 

realized in Italy, due to the strong public support for renewable energies (Dinuccio et al., 2010). The digested slurry 

is often processed by mechanical separation due to the positive effects on the distribution logistics (Bauer et al., 

2009). Although many studies on mechanical separation efficiency are available (e.g. Møller et al., 2000; Balsari et 

al., 2006), information on the distribution of nutrients in separated solid and liquid fractions when digested manures 

are processed by mechanical separation are still limited. The aim of this study was to assess the performance of a 

press screw slurry mechanical separator (SEPCOM
®
 mod. 065) fed with raw (experiment 1) and digested 

(experiment 2) cattle slurry. 

 

2 MATERIALS AND METHODS  

Two full scale experiments were carried out at a livestock farm. The screw press mechanical separator (SEPCOM
®
 

mod. 065) used (Fig. 1) was driven by a 5.5 kW three phase electrical engine and had a cylindrical screen with 0.75 

mm pores size.  

 

 

FIGURE 1 The screw press mechanical separator (SEPCOM
®
 mod. 065) used in the trials 

 

In experiment 1 the separator was operated with raw cattle slurry and input flow rates of ~16 m
3
/h, ~7 

m
3
/h, and ~3 m

3
/h. In the second experiment digested slurry was used, operating the separator with ~15 m

3
/h, ~8 

m
3
/h and ~4 m

3
/h input flow rates. The raw cattle slurry was collected from the storage facility at a beef cattle farm. 
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The digested slurry came from a biogas plant operating in mesophilic conditions with an hydraulic 

retention time of 105 days. The main input feedstock of the anaerobic digestion plant was a mixture of animal 

manure (70%), energy crops (20%) and organic waste (10%) from food industries. Each experiment was performed 

using 15 - 20 m
3
 of each type of manure placed in a 24 m

3
 ferro-concrete tank. The amounts of the solid and liquid 

fractions produced were collected in containers and weighted at the end of each trial. Representative samples of the 

single fractions (raw slurry, liquid and solid fraction) were taken for chemical analysis. The chemical parameters 

assessed were: total solids (TS), total volatile solids (VS), total Kjeldhal nitrogen (TKN), ammonium nitrogen (NH4-

N), total phosphorous (TP), potassium (K), copper (Cu) and zinc (Zn). TS were determined after 24 hours at 105°C 

in stove. VS were determined after 4 hours at 550°C in a muffola stove (AOAC, 2000). TKN and NH4-N were 

determined by Kjeldahl instrument after total mineralization. TP, K, Cu and Zn were determined according to the 

Standard EPA 3050B (1996) and EPA 6010C (2000) methods. The separation efficiency (Ef) of a specific 

compound (x) was calculated as follow: 

slurry

solid

Mx

Mx
=fE  100   (1) 

where Mxslurry and Mxsolid are the total amount (kg) of the compound in consideration, respectively, in the slurry 

treated by the separator and in the solid fraction produced.  

The efficiency of removing a specific compound (x) from slurry was calculated using the reduced 

efficiency index (Et) as suggested by Moller et al. (2000):  

Q

U

Q

U
E f

−

−

=

1

E t  100   (2) 

where Q is the total mass (kg) of slurry treated and U the total mass (kg) of solid fraction produced.  

 

3 RESULTS AND DISCUSSION  

The composition of the raw cattle and digested slurries before separation and of the liquid and solid fractions 

obtained after mechanical separation are listed in Table 1. On average, the concentration of TS, TKN and TP in the 

solid fraction resulted, respectively, 2.56, 1.30 and 2.10 times higher than the concentration in the raw cattle slurry, 

and respectively 2.20, 1.05 and 2.19 times higher than the concentration in the digested slurry. 

 

TABLE 1 Main chemical characteristics of the tested raw cattle and digested slurries and mean 

composition (considering the three input flow rates used in the study) of the liquid and solid 

fractions obtained after mechanical separation. Standard deviations are given in parentheses 

(n=3) 

 pH TS 

(g/kg) 

VS 

(%TS) 

TKN 

(g/kg) 

NH4-N 

(g/kg) 

TP 

(g/kg) 

K 

(g/kg) 

Cu 

(g/kg) 

Zn 

(g/kg) 

Raw cattle 

slurry 
7.21 86.0 72.6 2.92 2.12 0.77 2.56 0.004 0.019 

Liquid fraction 
7.25 

(0.02) 

46.8 

(1.54) 

65.1 

(1.81) 

2.69 

(0.08) 

2.16 

(0.10) 

0.65 

(0.02) 

2.59 

(0.05) 

0.004 

(0.0001) 

0.016 

(0.001) 

solid fraction 
7.16 

(0.01) 

220 

(13.7) 

85.1 

(0.51) 

3.79 

(0.14) 

2.48 

(0.01) 

1.62 

(0.01) 

2.33 

(0.12) 

0.006 

(0.001) 

0.027 

(0.002) 

Digested slurry 7.86 93.1 69.6 4.02 3.36 2.08 5.92 0.011 0.031 

Liquid fraction 
7.91 

(0.01) 

62.7 

(1.49) 

61.0 

(0.55) 

3.33 

(0.01) 

3.02 

(0.01) 

1.50 

(0.34) 

6.36 

(0.72) 

0.009 

(0.002) 

0.026 

(0.007) 

solid fraction 
7.72 

(0.01) 

214 

(11.2) 

79.3 

(1.37) 

4.25 

(0.19) 

3.34 

(0.25) 

4.56 

(0.52) 

4.56 

(0.46) 

0.008 

(0.001) 

0.022 

(0.013) 
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 In Table 2 are listed the separation efficiency obtained in the trials. The tested screw press mechanical 

separator reduced from 11.8% (raw cattle slurry- input flow rate ~7 m
3
/h) to 20.4% (digested slurry- input flow rate 

~15 m
3
/h) the total mass of the processed slurries.  

 

TABLE 2 Separation efficiency (Ef) of the tested press screw separator as a function of input flow rate 

 Input flow  

rate (m
3
/h) 

U/Q 

(%) 

TS 

(%) 

VS  

(%) 

TKN 

(%) 

N-NH4 

(%) 

TP 

(%) 

K 

(%) 

Cu 

(%) 

Zn 

(%) 

~16 13.4 32.6 38.4 18.2 15.7 28.1 11.6 19.1 21.3 

~7 11.8 32.1 37.4 16.2 13.3 24.1 10.6 18.3 17.5 
Raw cattle  

slurry 
~3 13.7 34.4 40.4 17.7 14.9 28.9 13.3 19.0 20.6 

~15 20.4 36.7 41.0 20.6 18.8 39.6 13.9 14.6 13.6 

~8 20.2 43.9 50.2 22.3 21.6 49.5 16.4 15.9 14.9 
Digested  

slurry 
~4 18.2 42.4 49.0 19.3 18.1 40.0 15.0 14.9 14.2 

 

 The mechanical separator resulted more efficient in separating solids and macro elements (TKN, N-NH4, 

TP, K) from digested slurry than from raw cattle slurry, but for heavy metals (Cu and Zn) the opposite trend was 

observed. For digested slurry the separation efficiency averaged 20.7%, 19.5%, 43.0% and 15.1% for TKN, N-NH4, 

TP and K respectively. These values are in the same range of those obtained by other authors (e.g., Møller et al., 

2000; Bauer et al., 2009).  

Considering the reduced efficiency index values obtained (Table 3) it can be seen that the screw press 

separator was efficient in removing a large fraction of the TS and VS, most of the TP and some of the nitrogen, 

independently from the slurry input flow rate.  

 

TABLE 3 Reduced efficiency index (Et) obtained as a function of input flow rate 

 Input flow  

rate (m
3
/h) 

TS 

(%) 

VS  

(%) 

TKN 

(%) 

N-NH4 

(%) 

TP 

(%) 

TK 

(%) 

Cu 

(%) 

Zn 

(%) 

~16 22.1 28.8 5.47 2.63 16.9 -2.15 6.59 9.13 

~7 23.1 29.1 5.01 1.70 14.0 -1.30 7.36 6.54 
Cattle  

slurry 
~3 24.0 31.0 4.66 1.33 17.7 -0.43 6.10 8.00 

~15 20.4 25.8 0.24 -2.06 24.1 -8.20 -7.22 -8.59 

~8 29.6 37.6 2.64 1.77 36.6 -4.85 -5.44 -6.64 
Digested  

slurry 
~4 29.6 37.7 1.26 -0.12 26.6 -3.96 -4.05 -4.91 

 

 Significant amounts of Zn and Cu were removed from cattle slurry only. For K negative values, ranged 

from -0.43% (cattle slurry- input flow rate ~7 m3/h) to -8.20% (digested slurry- input flow rate ~15 m
3
/h), were 

calculated. Soluble salts, including potassium, are generally unaffected by mechanical separation treatment (Burton, 

2007). More TP, was transferred to the solid fraction when the separator operated with digested slurry. The 

anaerobic digestion process might have caused the formation of phosphate (PO4
3−

) and subsequent precipitation as 

calcium phosphate. A high degree of precipitation may improve the separation efficiency of phosphorous (Greaves 

et al., 1999). However, the efficiency of removing TKN and N-NH4, resulted lower when the separator operated 

with digested slurry than with raw cattle slurry. This was mainly due to the different characteristics of the slurries 

(Table 1). A minor part of the TKN was retained in the solid fraction, because much of the nitrogen in the digested 

slurry was in the form of dissolved N-NH4. Based on this results it might be deduced that a high proportion of K, 

Cu, and Zn in digested slurry was in soluble form. The presented results show no clear effect of input flow rate on 

separation efficiency of slurry nutrients. With digested slurry, better performance were achieved when the separator 

operated at an input flow rate of ~8 m
3
/h.  

 

4 CONCLUSIONS  

The mechanical separation of digested slurry seems to be able to give, for some compounds, better results if 

compared with the mechanical separation of raw cattle slurry. In our experiment, on average, 13.0% and 19.6% of 

the total mass, respectively, of the raw cattle and digested slurry processed was separated into the solid fraction. The 
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separation efficiency of TS, VS and TP resulted higher with digested slurry than with cattle slurry. TP and TKN 

removal averaged 16.2% and 5.05% from raw cattle slurry compared with 29.1% and 1.38% from digested slurry. 

Separation efficiency is strictly related to the digested slurry composition that depends on the anaerobic digestion 

feedstock and its management (organic loading rate and hydraulic retention time). Mechanical separation seems to 

be an effective technique to manage the outlet biomass from anaerobic digestion plants. Nevertheless, investigation 

carried out by DEIAFA highlighted several stops of many common mechanical separators fed with co-digested 

slurries. This suggests that mechanical separators for co-digested slurries must be improved in order to enable their 

continuous functioning.  
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1           INTRODUCTION 

In the last decades, an intensification in the animal production and an increase in the size of the animal production 

units have been produced in the developed countries (only in the EU-27, more than 1500 mill. tonnes of animal 

manure are produced every year) (Holm-Nielsen et al., 2009). This fact implies a great generation of animal 

manures that can constitute an environmental risk, if not managed properly. Nowadays, anaerobic digestion is one of 

the methods that is gaining interest to manage the wastes generated by livestock production. This treatment 

transforms organic wastes into two products: a source of renewable energy (biogas) and a potential fertiliser, the 

digested material (digestate). However, some characteristics of the digestate (phytotoxicity, viscosity, odour, etc.) 

make it difficult its direct application in agricultural soils (Abdullahi et al., 2008). One option is to separate the 

digestate into a liquid and a solid fraction, the latter can be composted in order to obtain valuable and marketable 

end-products for agriculture (Møller et al., 2006). 

The co-composting of the digestates obtained by anaerobic digestion of animal manures, with agricultural 

residues, such as vine shoot pruning (VP), could constitute an efficient method to manage these wastes, not only to 

reduce the potential environmental problems associated, but also to recycle them. The compost obtained is a 

stabilised organic material that contains humic-like substances, which can be safely used as organic amendment in 

agricultural soils. Therefore, the aims of this work were to study the co-composting process of the solid fraction of a 

digestate, obtained from the anaerobic digestion of cattle slurry, with vine shoot pruning (VP), and to evaluate the 

characteristics of the end-products obtained.  

 

2             MATERIALS AND METHODS 

2.1           Experimental procedure 

Three mixtures (about 1800 kg each) were prepared and composted in a pilot plant, in trapezoidal piles (1.5 m high 

with a 2 x 3 m base), by the Rutgers static pile composting system. This system maintains a temperature ceiling in 

the pile, involving on-demand ventilation through temperature feedback control. The air was blown from the base of 

the pile through holes in the walls of three PVC tubes of 3 m length and 12 cm diameter, using a sequential aeration 

program depending on the mass temperature, with a ceiling temperature for continuous air blowing of 65 ºC. The 

raw materials used in the mixtures were the solid fraction of a digestate obtained after the anaerobic digestion of 

cattle slurry mixed with vine shoot pruning (VP). The main characteristics of the initial materials were: for the 

digestate, pH 8.8, 4.49 dS m
-1

 electrical conductivity (EC), 79.7 % organic matter (OM), 42.2% total organic carbon 

(CT) and 2.20% total nitrogen (NT); for VP, pH 6.6, 1.26 dS m
-1

 EC, 96.1% OM, 47.4% CT and 0.89% NT. The 

proportions of the raw materials in the mixtures on a fresh weight basis were the following: P1 (100% digestate), P2 

(90% digestate + 10% VP) and P3 (80% digestate + 20% VP). Additionally, in all the composting piles two 

additives were included: elemental sulphur at the rate of 0.2% (fresh weight basis) in order to reduce pH of the 

mixtures, and almond shell powder in the proportion of 1% (fresh weight basis) to increase the C/N ratio. The piles 

were turned twice, when the temperature started to decrease in order to improve both the homogeneity of the 

materials and the composting process. The moisture of the piles was controlled weekly by adding the necessary 

amount of water to keep the moisture at > 40 %, and the evolution of the temperature was monitored. The bio-
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oxidative phase of composting was considered finished when the temperature was close to the ambient and re-

heating did not occur. The air-blowing was then stopped to allow the composts to mature over a period of one 

month. The samples were taken by mixing seven subsamples from seven sites of the pile, from the whole profile 

(from the top to bottom of the pile). Each sample was divided into two parts, one of which was air-dried and ground 

to 0.5 mm for analysis and the other was immediately frozen and kept for the determination of NH4
+
-N. 

2.2            Analytical methods 

In the starting materials and the composting samples, EC and pH were analysed in a 1:10 (w/v) water-soluble 

extract. OM, ash, NT, CT, humic acid-like carbon (CHA) and water-soluble organic carbon (Cw) were determined 

according to Bustamante et al. (2008a) and the germination index (GI) was calculated using seeds of Lepidium 

sativum L. (Zucconi et al., 1981). Losses of OM and NT were calculated from the initial (X1) and final (X2) ash 

contents according to the equations of Paredes et al. (2000): 

OM-loss (%) = 100 – 100 [X1 (100 – X2)] / [(X2 (100 – X1)] 

NT-loss (%) = 100 – 100 [(X1N2) / (X2N1)] 

where N1 and N2  are the initial and final NT concentrations, respectively. 

 

3             RESULTS AND DISCUSSION 

3.1          Temperature evolution in the composting piles 

Temperature is one of the main parameters used to monitor the composting process, since its evolution is related to 

many of the biological reactions that take place. The temperature in all the piles showed a rapid increase at the 

beginning of the composting process, reaching values higher than 50 ºC in the first week, especially in piles P1 and 

P3 (Fig. 1). Throughout the composting process, though the evolution pattern of the temperature was similar in all 

the mixtures, pile P1 showed the greatest temperature values and during a longer period of time than the other piles. 

This fact reveals the effect of the different proportions of the bulking agent used (VP), which influenced the 

evolution of this parameter during composting. 
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FIGURE 1  Temperature profile of P1 [100% digestate], P2 [90% digestate + 10% VP] and P3 [80% 

digestate + 20% VP]. Arrows indicate turnings. 

 

3.2          Evolution of physico-chemical, chemical and biological parameters 

Organic matter degradation, reflected in organic matter losses, and nitrogen losses also displayed clear differences 

amongst piles that demonstrated the effect of the added co-substrate (Figs. 2a and 2b). The addition of the bulking 

agent slowed down the organic matter degradation throughout the composting process, reducing N losses. However, 

at the end of the process, all piles showed similar OM losses, between 58-60%, which indicates that VP addition 

decreased OM mineralisation rate during the early stage of the process due to the ligno-cellulosic character of VP, 
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which makes difficult the microbial attack during this phase of the composting process. Nitrogen losses also 

reflected the effect of the bulking agent addition, since the highest the proportion of VP was in the piles, the lowest 

were the nitrogen losses in the mixtures (Fig. 2b). 
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FIGURE 2  Evolution of the organic matter (a) and nitrogen losses (b) in P1 [100% digestate], P2 [90% 

digestate + 10% VP] and P3 [80% digestate + 20% VP].  

 
Table 1 shows the evolution of other physico-chemical and chemical parameters related to the 

composting process in the studied mixtures. In all piles, the initial pH values were high, due to the high proportion 

of digestate, a material with an alkaline character. However, pH values decreased in the piles throughout the 

composting process, probably due to the progressive oxidation of the elemental sulphur added to the mixtures (Roig 

et al., 2004). Nitrification process may also reduce pH values at the end of the process. 

 

TABLE 1 Evolution of some physico-chemical and chemical parameters during the composting process. 

Pile 1: 100% digestate 

Days CT (%) NT (%) pH C/N CW (%) CHA (%) GI (%) 

0 41.7 2.12 8.46 19.7 1.76 1.57 91.0 

11 40.3 2.56 7.75 15.8 1.30 1.60 92.5 

33 35.7 2.60 7.71 13.7 0.74 1.75 91.1 

67 36.3 3.06 7.15 11.9 0.63 1.55 93.7 

95 34.3 3.17 7.03 10.8 0.55 1.86 99.1 

131 32.4 3.12 6.92 10.4 0.53 1.70 97.5 

Pile 2: 90% digestate + 10% VP 

Days CT (%) NT (%) pH C/N CW (%) CHA (%) GI (%) 

0 42.1 1.92 8.37 21.9 1.74 1.78 78.2 

11 43.1 2.22 7.47 19.5 1.34 1.53 82.5 

33 39.2 2.59 7.52 15.2 0.68 1.58 91.8 

67 38.7 2.94 7.21 13.2 0.54 1.46 89.7 

95 36.0 3.09 7.17 11.6 0.56 1.75 92.7 

131 34.6 2.90 6.88 11.9 0.57 1.71 99.6 

Pile 3: 80% digestate + 20% VP 

Days CT (%) NT (%) pH C/N CW (%) CHA (%) GI (%) 

0 43.8 1.64 8.34 26.7 1.56 1.75 84.6 

11 43.3 1.96 7.57 22.1 1.42 1.41 82.4 

33 40.9 2.24 7.44 18.3 0.70 1.42 88.1 

67 40.7 2.56 7.31 15.9 0.50 1.32 97.0 

95 36.9 2.81 7.33 13.2 0.46 1.40 96.9 

131 37.9 2.83 7.02 13.4 0.50 1.62 97.1 

VP: vine shoot pruning. CT: total organic C; NT: total nitrogen; Cw: water-soluble C; CHA: humic acid-like C; 

GI: germination index.  

 

Organic matter degradation produced a fall of the C/N ratio, being the end-values reached close to 12 

(Table 1), which suggested that all the composts showed a good degree of maturity (Bernal et al., 2009). The water-
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soluble organic C content (Cw) also decreased throughout the composting process in all the mixtures, mainly during 

the bio-oxidative phase, as a consequence of the degradation of simple, water-soluble organic compounds, such as 

sugars, amino acids and peptides. The Cw end-values reached were similar and close to 0.5%, value that fulfilled the 

limit values suggested by different authors to consider a compost sufficiently mature (Bernal et al., 2009). Humic 

acid-like C content (CHA) fell during composting in all the piles (Table 1), except in P1. This decrease during 

composting could be explained by the alkaline co-extraction and partial acid co-precipitation of incompletely or not 

humified components of organic matter (Iglesias Jiménez and Pérez García, 1992), such as polyphenols, compounds 

usually present in the grape processing wastes (Bustamante et al., 2008b). The germination index (GI) values 

increased in all the piles throughout the composting process (Table 1). However, the values were also high at the 

beginning of the process, which indicates the total absence of phytotoxicity in all the piles according to Zucconi et 

al. (1981). 

 

4              CONCLUSIONS 

Composting of digestate from the anaerobic digestion of cattle manure with and/or without vine shoot pruning 

constitutes a feasible treatment not only to recycle this type of wastes, but also to obtain composts that can be used 

as organic amendment due to their suitable degree of stability and maturity, as the evolution of different parameters 

(C/N ratio, Cw contents or the GI) have displayed. In addition, the use of a bulking agent (vine shoot pruning) in the 

mixture influenced the composting process, reducing nitrogen losses usually produced when manures or residues 

from manures are composted.  
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1  INTRODUCTION 

In the last years several technologies have been developed to reduce the environmental impacts of rearing livestock 

farms (Burton, 2007). 

Composting is one of these techniques. It is a simple technique and it is able to enhance the physical and 

chemical characteristics and management of manure (Bernal, 2008). Composting is carried out on heaps with turning or 

non-turning strategies. 

The main environmental impact of the composting process of high nitrogen content organic wastes is the 

ammonia (NH3) emission, a green house gas (GHG), released into the atmosphere (Szanto, 2007). 

NH3 emission during composting process of organic materials depends on many aspects concerning the 

physical and chemical characteristics of the materials, the environmental conditions and the different processing 

strategies adopted. Temperature, pH, C/N ratio, initial ammonium nitrogen (NH4-N) content and moisture are the main 

parameters affecting the final NH3 losses. 

This paper reports results on NH3 emission from composting process of mixtures of swine manure solid 

fraction and sawdust carried out in piles and adopting two different turning strategies. 

 

2  MATERIALS AND METHODS 

Swine solid fraction manure from a polyacrylamide separator device, was mixed with untreated sawdust and composted 

in two different covered heaps. The two heaps were submitted to different turning strategies: dynamic, where the heap 

was turned, and static, where the heap was not turned. 

The experimental composting process was observed for 150 days for the dynamic pile heap and 133 days for 

the static pile. The experimentation was carried out at IMAMOTER experimental station between June and November 

2009. 

5000 kg of swine solid fraction was mixed with 900 kg of sawdust to form the turned pile, while non-turned 

mixture was made of 2700 kg of swine solid fraction manure and 490 kg of sawdust. Quantities were mixed to obtain a 

theoretical C/N ratio equal to 30. 

Mixed material was divided into two windrows. One windrow (3 m wide, 6 m long and 1.2 m high, 

approximately 7.1 m
3
) was submitted to dynamic management. The second windrow (2.2 m wide, 5 m long and 1 m 

high, approximately 3.6 m
3
) was used for static composting. Both windrows were on a concrete floor and under a 

covering for protection from the rain. 

The materials were mixed using a device employed for the mixing of concrete, consisting of drum equipped 

with an internal rotary screw. 

The temperature inside the heaps at 0.4 m, 0.8 m and 1.2 m high above the floor and the environmental 

temperature were continuously recorded. 

The optimal moisture content (between 50-60%) of windrows was maintained spreading water by a rain 

distribution system placed under the covering. 

Water was distributed on the piles when the average temperature at the 3 depths was 50°C. Water was 

distributed on the dynamic pile during turning operations. Dynamic pile was turned 8 times, receiving 2400 L of water. 

The static pile received 1500 L of water distributed in 5 times without any turning. 
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NH3 emission from the two windrows was measured using a system based on the dynamic chamber 

technique. The system consists of various funnels totally covered with PTFE and perforated along the circumference, 

acid trap, flow meter, volume meter and a vacuum pump. The airflow through the funnel system was approximately 2 L 

min
–1

. NH3 in the sampled air was fixed in the acid traps and its concentration was determined by titration. In initial 

phase acid traps were changed every 24 h and less frequently overtime. The funnels were placed on the top, the middle 

and the bottom areas of the surface of the piles. 

Bulk density, pH, dry matter (DM), moisture content, C/N ratio, total Kjeldahl nitrogen (TKN), and NH4-N 

were measured at the beginning and at the end of the observation period. NH3 emissions and temperatures were recorded 

all along the observation period. 

 

3  RESULTS AND DISCUSSION 

Moisture, pH, C/N ratio, TKN content, and NH4-N at the beginning and at the of the observation period are shown in 

table 1. 

 

TABLE 1  Composition of materials at the beginning and at the end of the observation period of the 

composting process 

Final compost 
Parameter Units Initial mixture 

Dynamic pile Static pile 

DM % 39 42,2 77,5 

pH  8.2 6.9 7.9 

NH4-N
 mg kg

-1 
9066.2 3547.2 1630.2 

TKN % 1.8 1.8 2.0 

C/N  19.8 14.7 9.5 

 

The moisture at the end of the process in the dynamic pile was higher than that in the static pile because of the 

larger amount of water distributed during the turning operations. 

The pH decreased during the process for both pile, but the reduction was higher for the dynamic pile. 

NH4-N content at the end of the observation period in the compost from the dynamic heap was higher than 

that in the static heap. This data are not in line with expected value, so additional investigation is needed. 

C/N ratios in both final materials are favourable, in accordance with references (Bernal 2009). 

The environmental temperature, the average temperature calculated using temperatures at the 3 depths and the 

average NH3 emission from the two windrows are shown in figure 1. 

The static heap reached lower temperatures than the turned heap. 

During the turning operation, the dynamic heap showed an increase of NH3 volatilisation: in the first 

measurement it achieved almost 3.7 g NH3 m
-2

. The duration of emission peaks during turning operation was very short, 

so NH3 emission during this operation had not a great consequence on the total NH3 emission. 
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FIGURE 1 Evolution of NH3 emission and temperature in the dynamic and static heaps 

 

- 554 -



Technologies/systems for different manure and organic waste treatment options 

  

 

Higher NH3 emission was observed during thermophilic phase (temperatures > 45°C): high temperatures with 

pH >7 reduce nitrification, thus the NH3 volatilisation increases. 

NH3 emission from static windrow slightly increased during the first water addiction. 

Cumulated NH3 emissions during the observation period were 20 g NH3 m
-2

 or 52 g NH3 m
-3 

(of initial 

volume) for the dynamic pile and 5.4 g m
-2

 or 18 g m
-3

 (of initial volume) for the static pile (Figure 1 A). NH3 emission 

from the non-turned pile was significantly lower than from the turned pile. 

Pile compaction is probably responsible for the lower NH3 emission from the static pile. Indeed, the final bulk 

density for static pile was 190 kg m
-3

, while it was 170 kg m
-3

 for dynamic pile. Initial bulk density of mixed material, in 

common for both piles, was 340 kg m
-3

. Lower bulk density allowed higher oxygen diffusion through the pile 

determining higher microbial activity. 
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FIGURE 2 Total NH3 emissions during the observation period of the composting process (A) and comparison of 

percentage of the NH3 losses in the different zones of the heaps (top, middle and bottom regions) (B) 

 

In accordance with results of the investigation, NH3 emissions from the dynamic pile was 0.06 g NH3 kg
-1

 of 

initial mixture and 8.95 g NH3 kg
-1

 of TKN in the initial mixture, while it was 0.02 g NH3 kg
-1

 of initial mixture and 2.91 

g NH3 kg
-1

 of TKN in the initial mixture from the static pile. 

Statistic analysis showed a significant difference in NH3 emission between dynamic and static piles (Table 2). 

For both piles, dynamic and static, most of the NH3 emissions were from the top surface and from the upper 

half of the sides of windrows. Minor emission of NH3 was from the bottom half of the sides of the windrows (Figure 

2B). This is probably due to the efflux of air generated by the high temperatures developed by the composting process. 

 

 

TABLE 2 Average NH3 emission from dynamic and static pile and average NH3 emission from different 

regions of the piles (mean ±SE) 

 Dynamic pile Static pile 

Top (g m
-2

 ± SE) 0.24±0.10 0.06±0.01 

Middle (g m
-2

 ± SE) 0.15±0.05 0.04±0.01 

Bottom (g m
-2

 ± SE) 0.10±0.04 0,03±0.01 

Average (g m
-2

 ± SE) 0.17±0.04 0,04±0.01 

 

The turning strategy increase water loss, but the regular water addictions permitted to preserve the optimal 

water content of the material during the whole observed period of the composting process (Figure3). 
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FIGURE 3 Moisture content variations during the composting process 

 

4  CONCLUSIONS 

NH3 emissions from the compost heaps were higher in the initial phases and decreased during the process in both 

dynamic and static piles 

NH3 emission occurred from the composting depends on temperature, water content and turning regime of the 

different composting strategies. NH3 peak emission took place during and immediately after the turning, achieving 

almost 3.7 g m
-2 

for the dynamic pile. 

Static pile had a lower total NH3 emission than dynamic pile. 

Most of the emission from both, dynamic and static, windrows occurred from the top and the middle regions 

of the piles. 

 

ACKNOWLEDGEMENTS 

Thanks to Guarino Benvegnù and Giuseppe Paletto for the technical support and Niccolò Pampuro, M.Sc. student, for 

the precious help in carrying out the experimentation. 

 

REFERENCES 

Bernal M P, Alburquerque J A, Moral R 2009. Composting of animal manures and chemical criteria for compost 

maturity assessment, Bioresource Technology 100, 5444-5453 

Burton CH 2003. Manure Management – Treatment Strategies for Sustainable Agriculture, second edition. Silsoe 

Research Institute, Bedford, UK  

Szanto GL, Hameleres HVM, Rulkens W H, Veeken AHM 2007. NH3, N2O and CH4 emission during passively aerated 

composting of straw-rich pig manure, Bioresource Tecnology 98, 2659-2670 

- 556 -



Technologies/systems for different manure and organic waste treatment options 
 

 

 

CHEMICAL CHANGES IN POULTRY MANURE DURING 

COMPOSTING 
 

 Sasáková N.
1
, Venglovský J.

1
, Papajová I.

2
, Gregová G.

1
, Laktičová K.

1
, 

Ondrašovičová O.
1
, Ondrašovič M.

1 
1
University of Veterinary Medicine and Pharmacy, Komenského 73, 041 81 Košice, The Slovak Republic 

2
Parasitological Institute of the Slovak Academy of Sciences, Hlinkova 3, 040 01 Košice, The Slovak 

Republic; e-mail:sasakova@uvm.sk 

 

1  INTRODUCTION 

The environmental problems associated with raw poultry manure application, such as release of gas pollutants or 

dissemination of pathogens, could be mitigated by stabilizing its nutrient and organic matter (OM) contents by 

composting before application to agricultural soils (Tiquia and Tam, 2002).  

Processing, manipulation, storage and application of animal manure  is associated with  considerable nutrient 

losses, particularly nitrogen, that is released into the atmosphere in the form of ammonia but may also contaminate 

surface and grand water in the form of nitrates, and, together with phosphorus, may cause eutrophication of surface  

water (Burton  and Turner, 2003; Bernal et al., 2009). 

Composting of poultry manure reduces odour and pathogens and improves its quality as a soil amendment. 

Addition of organic material, e.g., sawdust, increases the C:N ratio so to achieve optimum degradation of organic C and 

retention of N through microbial biomass formation. However, the relative biodegradability of the organic material in 

poultry litter and the amendment are usually not known. It is assumed that as microorganisms metabolize organic 

compounds and produce CO2, they increase in biomass and retain nitrogen (Atkinson et al., 2005). 

The principal limiting factor when applying animal manures to agricultural soil is nitrogen loss in the form of 

ammonia (Turan, 2009). Even in the process of composting of poultry dropping  nitrogen losses may vary between 47 %  

and  62 %(REF?). It is most important to ensure optimum conditions in the substrate during composting to prevent these 

losses and support optimum retention of nitrogen N through biomass formation. This will increase usability of compost 

as optimal soil amendment (Tiquia and Tam, 2000).  

Reaching of appropriate composting temperatures (60-70
o
C) will prevent survival and dissemination of 

pathogens and decrease germinating ability of weed seeds (Tiquia and Tam, 1998). 

The aim of the present study was to investigate the processes taking place in poultry litter mixed with sawdust 

with regards to biodegradability of the mixture and the properties of the final products.. 

 

2  MATERIALS AND METHODS 

The investigations were carried out on fresh droppings collected in one day from laying hens on a poultry farm in total 

quantity of 3.00 m
3
. The experiment was conducted in winter in an open pilot-plant composting facility under a roof. 

Poultry droppings and straw used in the experiment were examined for basic physical and chemical properties (Tab. 1). 

The substrate for composting was prepared by mixing poultry droppings and cut straw at a ratio of 1:1.63 by 

volume. The experiment lasted 114 days with mixing of the substrate on days 9, 21 and 94. During 114 days of 

composting the core temperature and   0.1 m below the surface were recorded daily. Samples were taken from the core 

of the substrate on days shown in FIGURE 1 to determine the relevant chemical parameters, namely pH, dry matter 

(DM), organic matter, NH4
+
, total nitrogen (Nt), total phosphorus (Pt) and C:N ratio. The methods used corresponded to 

the STN 465 735. The C content was calculated according to the content of organic matter by the method of Navarro et 

al., (1993). Results are reported per dry weight. 
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TABLE 1  Physical and chemical properties of the basic materials 

 Straw Solid poultry manure 

pH 7.01 7.02 

MC (%) 5 71,4 

OM (%) 96.2 91.1 

IM (%) 3.8 8.9 

NH4
+
 (g.kg

-1 
DM) 0.1 1.96 

Nt (g.kg
-1 

DM) 4.2 45.5 

C:N ratio 117 10 

  

3  RESULTS AND DISCUSSION 

The present study focused on quantitative changes in physical and chemical properties of poultry manure and straw 

mixture during composting to contribute to the body of knowledge about the composting processes and to evaluate the 

suitability of the final product for application to agricultural soil. The poultry litter was composted in forced-aeration 

piles and the substrate was turned manually on days 9, 21, 94 of composting. 

Our experiment showed that on day two of composting the core temperature reached 44.1
o
C and increased to 

59
 o
C  by day 8. On day 9 after first mixing of the substrate it raised to 62 

o
C which was the highest temperature reached. 

After this day the core temperature decreased slowly with some small variations up to the end of the experiment. It 

persisted  above 55 
o
C  for 11 days. 

The course of temperature measured 0.1 m below the surface was different. On day 2 it reached 37.7 
o
C  and 

on day 8 it peaked at 59 
o
C  and after that it continued to decrease till the end of the experiment. The temperature above 

55 
o
C was recorded only for one day.  

The core temperature indicates that the processes were most intensive in the initial period which was reflected 

also in values of other parameters. 

The pH level increased with the progress of decomposition processes (Amanullah, 2007). Figure 1 shows the 

changes in pH  during our experiment. The initial pH was 8.46 and increased to the highest level (9.23) by day 3 of 

composting after which it gradually decreased down to 8.2 by day 114. The increase may be ascribed to mineralisation 

of N and production of ammonia and the subsequent decrease may be related to decomposition processes accompanied 

by production of fatty acids. Guerra-Rodríguez et al. (2000) investigated composting of poultry droppings mixed with 

barley straw and found out that final pH in the compost reached 8.61. 
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FIGURE 1  The course of pH during 114-day composting of poultry manure mixed with straw  

 

The moisture content is one of the essential factors affecting rate of composting and maturity of the product. 

The initial moisture content in the composted substrate was 67.4% which is in the optimum range (50-70%). After initial 
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increase it peaked at 72.9 % on day 3 and persisted at this level up to day 21 and then it decreased gradually down to 

59.7 % (Fig. 2). The decrease occurs mostly due to evaporation of water from the substrate at elevated temperatures. 

According to Stentiford (1996) moisture content should remain in the range of 40-60% during most of the composting 

process.  
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FIGURE 2  The course of MC during 114-day composting of poultry manure mixed with straw  

 

The initial level of NH4
+
  was 13.3 g. kg

-1 
 (Fig. 3) and increased in the process of composting, particularly  on 

days 9 and 21  (mixing of the substrate) when it reached 22.4 and  17.4 g.kg
-1

 DM, resp. At the end of the experiment the 

NH4
+
 level was 3.9 g. kg

-1
. The content of ammonia in the composted substrate increases initially due to increased 

microbial degradation of N-substances which is accompanied by increase in pH. If the temperature increases 

simultaneously, ammonia is increasingly released into air. This occurred also in our experiment up to day 21 when the 

core temperature continued to decrease (39.3 
o
C). Tiquia et al. (1998) observed that absence and/or decrease in NH4

+
 is 

an indicator of good composting and maturing process. 
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FIGURE 3  The course of  NH4

+
 and Nt during 114-day composting of poultry manure mixed with straw  

 

Transformation of nitrogen by ammonification processes in the first stage of composting of material rich in N 

usually occurs at high rates. Most of the nitrogen in this stage is lost as NH3 emissions. This decreases the agronomic 

value of the final products and contributes to environmental pollution (Witter and Lopez-Real, 1988). 

The N content in the manure declined linearly in the presence of straw and  the reduction was slow. The loss 

of Nt could largely be attributed to volatilization of ammonia (Fig. 4). Other authors (Goyal, 2009) also observed losses 

of N in poultry waste resulting in initial increase in C:N ratio which reached 10:1 at the beginning of the experiment. 

The parameter most frequently used to characterise composting conditions and compost quality is the C:N 

ratio. Organic material, e.g., sawdust or straw, is added to increase the C:N ratio to achieve optimum degradation of 
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organic C and retention of N through microbial biomass formation (Atkinson et al., 2005). High initial ratio (35:1)  may 

result in slower onset of composting process and longer time needed for composting (Martins and Dewes, 1992; 

Tuomela et al., 2000) while very low ratio (20:1) may lead to high losses of N in the form of NH3 (Ogunwande et al., 

2008). According to common agreement, C:N in the range 20:1 – 25:1 may indicate maturity of the final product.   In 

our experiment the initial C:N ratio was 9.3:1 and increased to  22:1 at the end of composting which indicates suitability 

of the compost for application to soil. 

In general, phosphorus content increases slightly during the intermediate phases of composting  irrespective 

of the methods of aerobic decomposition. The initial level of total P in our experiment was 5.5 g.kg
-1

 DM. It increased to 

11.8 g.kg
-1

 DM  by day 57 and than decreased to the final level of 9.4 g.kg
-1

 DM. Similar results were reported by 

Amanullah  (2007) who observed an increase in total P content during aerobic decomposition. 

  

4  CONCLUSIONS 

During the 114 days of composting the chemical parameters in the composted substrate underwent considerable changes 

that corresponded to intensive decomposition. The final C:N ratio was 22:1 which indicated maturity of the final product 

(range 20:1 – 25:1 is considered appropriate) and its suitability for application to soil. 
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1 INTRODUCTION  

The production of municipal solid waste (MSW) is continuously increasing. On a global scale, the amount of MSW 

generated worldwide in 2006 was 2.02 billion tonnes (Key Note, 2007) with production predicted to increase by 

51% between 2005 and 2025. As landfill gas emissions are one of the largest anthropogenic sources of methane 

(Adhikari et al., 2006) it is necessary to implement better management practice to prevent these uncontrolled 

emissions. Anaerobic digestion offers an alternative approach whereby the methane, which would otherwise be 

released to the environment, can be recovered for energy/ electricity generation. Biomethanization processes consist 

of the decomposition of organic matters using microorganisms without oxygen or under anaerobic conditions. This 

process involves the participation of multiple bacteria who will transform together the organic waste in biogas. The 

biogas is composed of 2/3 methane CH4 and around 1/3 of CO2 and small amount of other gas. If we consider all 

types of material component in sorted municipal solid wastes, these microorganisms can decompose and transform 

most of matters. Further anaerobic degradation of municipal solid waste, it produces an effluent that can be applied 

to agriculture. The biosecurity risk associated with using digested residue as fertiliser is hard to assess, but this risk 

cannot be neglected. It is of greatest importance that the treatment in the biogas plants (BGPs) minimise the survival 

of pathogens. Temperature is the most important factor when considering the reduction of pathogens in BGP, but 

there are also other factors involved.  

 

2 MATERIALS AND METHODS  

2.1  Food and inoculum 

As a source of inoculum was used, the effluent from an anaerobic reactor with 200 liters of capacity located in the 

pilot plant "Las Calandrias" in the town of Jerez de la Frontera. Municipal solid waste were collected in the same 

plant and were stored in cans of 5 liters capacity. Food was kept in a refrigerator at 4 ° C. The solids content of the 

diet was 20%. 

2.2  Equipment used 

The study was carried out in laboratory-scale continuously-stirred tank reactors (CSTR), without recycling solids 

and a working volume of 5 litres. The reactors were operated at 15 days hydraulic retention time (HRT) and a 

thermophilic temperature range (55 º C) was selected. 

2.3  Analytical methods 

The solid content of the samples, total organic carbon and chemical oxygen demand was determined according to 

the standard method procedure 2540G (APHA, 1998). VFA and biogas composition were determined by gas 

chromatography as described in Riau et al. (2010). The pH was measured using a Crison 20 Basic pH-meter; total 

alkalinity was measured at 4.3 using a pH titration according to Jenkins et al. (1983). The measurements Salmonella 

spp. as well as faecal coliform densities were determined in accordance with 9221C and 9260B standard methods, 

respectively. The volume of gas produced in the reactor was directly measured with a high precision flow gas meter 

– a Ritter Wet Drum TG 0.1 (mbar) – and using a Tedlar bag.  
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3 RESULTS AND DISCUSSION  

In the following table (Table 1) shows a summary of the physical and chemical characteristics of food 

 

 TABLE 1    Physical characterization of food chemistry 

 

COD 

(mg O2/gr) 

TOC 

(ppm) 

Alkalinity 

mgCaCO3/ l 

RSU pH 

Humedad 

% MO % 

SVS 

g/Kg 

VFA (mg 

acetic /l) 

Average 19122 7022 2797 5.9 84 68 8.04 1597 

Standard 

deviation 5825 232 1193 0.5 7 12 1.70 663 

 

As you can see some deviations are too high, this is explained by the wide diversity of these samples, 

where approximately 32% of the total solids was represented by inorganic material, mainly plastics and glass. 

The thermophilic anaerobic reactor (55 ºC) of 5 liters capacity which was operating the test was 

conducted at a HRT of 15 days, in the table 2 shows a summary of the physical-chemical parameters of effluent: 

 

TABLE 2    Physical characterization of effluent. 

 

COD 

(mg O2/gr) 

TOC 

(ppm) 

Alkalinity 

mgCaCO3/l 

RSU pH 

Humedad 

% MO % 

SVS 

g/Kg 

VFA (mg 

acetic /l) 

Average 11337 3472 6224 7.67 94 51 9 744 

Standard 

deviation 1317 566 911 0.2 5 15 3.58 536 

 

After the thermophilic anaerobic treatment of urban solid waste eliminations get high organic matter. The 

average reduction in total organic matter, dissolved and the fatty acids were 25%, 40% and 57% respectively. 

Moreover, this treatment causes an increase in alkalinity, pH and volatile suspended solids by 60%, 23% and 17% 

respectively. The increase in this last parameter is the growth of the bacterial population, after consumption of 

organic matter. 

The previous study of our research group (Delgado, 2003) had found that the concentration of metals is 

conforming to Article 20 of the Royal Decree 824/2005 of 8 July on fertilizer products.  

The average results in production of hydrogen, methane and carbon dioxide and the yields of the different 

constituents of biogas are presented in the table below. 

 

TABLE 3  Biogas production and productivity 

 

ml H2/day 

ml 

CH4/day 

ml 

CO2/day H2 yield* CH4 yield* CO2 yield* 

Average 0 3871 2336 0.00 2.06 1.16 

Standard 

deviation 0 2853 1963 0.00 1.81 1.00 

* liter/(day*gCODc) 

 

Both in Table 2 and 3 is observed that the standard deviations in acidity, production and productivity are 

very high, this is due to the heterogeneity of food. Waste is brought to a composting plant, logically to be a real 

power source, organic matter content and fatty acids varies over time. It is noteworthy that the variability in these 

parameters has also been observed to store the waste in refrigerator, as obviously, though the samples are kept in 

cold suffer a slight degradation. These effects are also seen in the graph which correlates the evolution of fatty acids 

and total dissolved organic carbon over time (Fig 1). Evidently the increase in any of the parameters, involves the 

rise of the other, since fatty acids are dissolved organic matter. 

There was also a relationship between methane production (liters per day) and consumption AGV (Fig 2) 

since most of the methane production comes from eating AGV. 
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FIGURE 1  Relationship between fatty acids and total organic carbon 
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FIGURE 2a   Evolution of fatty acids and methane production during the trial. 
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FIGURE 2b  Relationship between fatty acids effluent and methane production 
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The effectiveness of effluents from anaerobic digesters to use in agriculture was determined by 

characterization of these biosolids following EPA requirements.  

A comparison of the results of microbiological studies of Salmonella and coliform effluent limits 

established by EPA are shown in Table 4. 

 

TABLE 4  Comparative standards of microbiological quality of biosolids according to the EPA with the 

results of the effluent 

Biosolids Fecal Coliform (NMP/gST) Salmonella (NMP/4gTS) 

Class A 1000 3 

Class B 2*10
6
 N.D. 

Effluente 32 133 

 

The results showed that the pathogen concentrations in the effluents are lower than ceiling limits. Fecal 

coliform concentrations were 32 most probable numbers (MPN) per total solids gram (dry weight basis), less than 

1000 MPN per total solids gram what is considered biosolids class A. However Salmonella levels were 133 

NMP/4gTS, according to class B. 

It is concluded that effluents from thermophilic anaerobic digestion of sorted municipal solid wastes can 

be classified as Class B biosolids and used in agriculture.  

 

4 CONCLUSIONS  

Anaerobic treatment of municipal solid waste permits reductions in total organic matter, in dissolved organic matter 

and volatile fatty acids 25%, 40% and 57% respectively. Moreover, this treatment causes an increase in alkalinity, 

and pH. 

The effluents from thermophilic anaerobic digestion of sorted municipal solid wastes can be classified as 

Class B biosolids and used in agriculture.  
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1 INTRODUCTION  

Energy production trough anaerobic digestion of agricultural residues is a promising technology in line with the 

objectives of Kyoto protocol (UN, 1998). To promote this technology Italian government has incentivated the 

electric energy production from anaerobic digestion plant (A.D.P) paying a considerable price for MWhel (up to 280 

euro per MWhel). Due to this economic advantage several A.D.P have been already built in Italy. In Piedmont 

region (north west of Italy), 10 biogas plants are already running, 11 plants are now in a start-up phase and 25 are 

under project. Most of A.D.P are fed with manure, sewage and energy crops with an installed electric power 

between 500 and 1000 kWel.  

With the aim to evaluate the performances and the operating problems of the A.D.P, DEIAFA (University 

of Turin), thanks to a grant of Regione Piemonte and partially inside the EU-Agrobiogas project, has started the 

monitoring of several of those A.D.P. In this paper results obtained from the monitoring of an ADP are reported. 

 

2 MATERIALS AND METHODS 

2.1 The biogas plant 

The plant is made up of two ferroconcrete digesters (volume 6000 m
3
, height 6 m, diameter 36 m) and of an 

uncovered 6000 m
3
 digestate storage tank. Each digester has two concentrical digestion ponds; the outer pond has  a 

volume of 4000 m
3
 and it is equipped with an horizontal axis mixer and a propeller mixer, the inner pond has a 

volume of 2000 m
3
 and it is equipped with a vertical axis mixer. The digesters are not insulated and they are heated 

by means of a steel pipe coil in which hot water from the CHP circulates, maintaining digestion temperature close to 

41°C. The digester is fed with solid and liquid substrates; solids are automatically inserted into the digester by a 

“mixing vagon” every 30 minutes, liquids are collected in a  140 m
3
 tank and pumped in the digestion plant. The 

liquid substrates are mainly composed by slurry produced by the cattle (70 cows, 30 heifers and 80 bulls) of the 

farm. The substrate enters in the outer part of the first digester, it overflows in the inner part of the same digester, it 

passes to the outer part of the second digester and to the inner part of the same digester from which it is discharged. 

The digested slurry is then mechanically separated. Part of the solid fraction  is reused in the plant, the other part is 

land distributed or sold to other farms. The liquid fraction is stored in the storage tank and land applied in the period 

from March to November. The storage tank is equipped with a floating cover which collect the biogas produced by 

the stored slurry. 

The biogas produced by the digesters is mixed with an appropriate amount of air to eliminate the excess 

of H2S. Biogas is stored in a 500 m
3
 gasometer by a stainless steel pipe line which is slightly tilted to eliminate the 

condensed water. Biogas is then compressed by a centrifugal pump, filtered with a paper filter, and utilized by the 

CHP. This device can supply 1MW of electrical power and 2MW of thermal power burning about 500 m
3
 of biogas 

per hour. 

2.2 The monitoring activity 

The biogas plant was monitored over the year 2009. The monitored parameters were: 

− type and amount of manure and biomasses used to feed the plant 

− main chemical components (total solids, volatile solids, crude ash, pH) of each substrate and of the digestate 

− digesters temperature  

− hours of operation of the co-generator  

− electrical energy production 
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− electrical energy consumed by the plant 

− thermal energy production 

− thermal energy consumed by the farm activity 

− biogas production 

− biogas components 

− cost of the used biomasses.  

All parameters have been monitored with a frequency of approximately 15 days. 

The amount of sewage was determined measuring the flow and the running time of the pump loading the 

manure in the digester; the amount of feedstock was determined weighing all feedstocks. 

Samples of sewage, manure, biomasses, digested slurry and of mechanical separated solid and liquid 

fractions were monthly collected. For each sample, the amount of total solids, volatile solids and crude ash were 

determined according to the AOAC official method (2000). The pH was measured with the Hanna HI 9026 pH 

meter. 

According to substrate quantity and chemical data, organic loading rate was calculated. 

The digester temperature, the hours of operation of the co-generator, the electrical energy production and 

electrical energy used by the plant were collected from the electronic system which control the biogas plant. 

Since the electronic system doesn’t record the thermal energy produced, this latter was estimated by 

considering the working hours of CHP and its thermodynamic efficiency.    

The biogas production was indirectly estimated by considering the co-generator hourly consumption (500 

m
3
 of biogas per hour). 

The biogas composition in terms of methane, carbon dioxide, oxygen, hydrogen and hydrogen sulphide 

concentration was measured by a gas analyser (Drager X-am 7000 multi gas monitor). The cost of all the used 

biomasses was registered by the plant owner. Considering the price of electric power produced by the biogas plant 

and the ADP management cost, an economic balance was carried out. 

 

3 RESULTS AND DISCUSSION 

In table 1 the biomasses used as A.D.P feedstock with their main chemical characteristics are reported. The plant 

owner used the biomasses more economically convenient in each period of the year, for this reason the organic 

loading rate of the plant was variable during the monitored period (figure 1).  

 

TABLE 1   The biomasses used during the monitoring period and their main chemical characteristics 

Biomasses Total solids (%) Volatile solids  (%) Crude ash (%) pH 

Sewage 5.40-5.60 4.00-4.20 1.50-1.30 6.50-6.70 

Manure 25.71-16.92 22.03-14.33 4.95-2.58 8.70-8.74 

Maize silage 27.31-17.27 23.03-15.90 4.21-1.37 4.00-4.06 

Green maize silage 29.22-14.77 28.02-13.78 1.21-0.98 4.55-4.70 

Poultry manure 68.91-57.35 51.13-38.68 17.79-17.43 8.40-8.60 

Rice hulls 89.28-87.69 79.70-77.51 10.18-9.91 6.80-6.90 

Drying maize residue 84.18-81.63 82.56-78.45 3.18-1.62 5.30-5.50 

Solid fraction of 

digestate 
26.49-21.55 20.84-17.77 5.57-3.85 8.90-9.05 

 

The difference of used feedstock mixture could potentially generate a variable biogas production; for such 

a reason the farmer had to vary the amount of loading substrates. In figure 1 the monthly average gas production and 

the organic loading rate are reported. The annual average organic loading rate value was 1,11 Kg VS/m
3
 dig/day and 

the average daily biogas production was 10826 m
3
.   Despite a quite variable organic loading rate over the year, 

average daily biogas yield always ranged between 9000 and 12000 m
3
. 
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FIGURE 1   Monthly average biogas production (▲) and organic loading rate(●) 

 

Daily variation of biogas yields were less accentuate than daily variation of organic loading rate. The 

relative stability of biogas production is due to the buffering effect generated by the high HRT of the digester (>100 

days).  

 

TABLE 2   Average values of monitored biogas component 

Biogas component Average value 

Methane 52-56% 

Carbon dioxide 39-45% 

Oxygen 0,7-1,2% 

Hydrogen 810-375 ppm 

Hydrogen sulphide 96-346 ppm  
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FIGURE 2   Monthly average electric energy production 
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Table 2, where are reported the concentration of the main biogas components, shows that the quality of 

the biogas was quite constant. The temperature value measured in both digesters were constant (41°C) during the 

whole monitoring period.  

Figure 2 shows the variability of electric energy produced by the CHP. This latter, in detail, was 23,8 

MWh. Approximately 7% of the produced electric energy was utilized for plant and farm requirement, about 250 

kWh were daily used by auxiliary systems of the co-generator (biogas compressor and engine cooling system); 93% 

of the electric energy was sold to the national grid. 

The average produced thermal energy, considering that the CHP produces about the same amount of 

thermal and electric energy (AB Energy package data), was of about 23 MWhel. Approximately 10% of this energy 

was utilized for digesters heating and for farm requirement.  

 

feedstock

maintenance

plant amortization

plant manager

 
FIGURE 3   Running cost percentage 

 

As shown in figure 3, cost of feedstock, including transport costs, were the main A.D.P. running cost 

(56%), followed by maintenance cost (25%), plant amortization (16%) and plant management cost (3%). The 

running costs could be reduced choosing as feedstock mainly by-product of agricultural activity produced as close as 

possible to the A.D.P. The total annual running cost were 1171000 Euro; this expense has been widely compensated 

by the electric energy sold (2262000 euro). A further gain could be obtained if also the thermal energy will be sold. 

 

4 CONCLUSIONS  

The monitoring activity showed that the use of different biomasses as anaerobic digestion plant feedstock doesn’t 

affect the digestion process but allows the owner to utilize more economic substrate available in the different period 

of the year.  

Despite a quite variability in the organic loading rate, the biogas production is maintained enough stable 

as the energy production. This allowed to have an economic benefit from the ADP. 
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1 INTRODUCTION 

Appropriate land application of manure nitrogen at agronomic rates must be assured in order to preserve 

environmental quality of agricultural ecosystems, atmosphere, and water resources. When land is limiting, the 

combined bioprocess of nitrification-denitrification (NDN) has often been considered for the removal of nitrogen, 

implying the conversion of ammonium (NH4
+
) into innocuous dinitrogen gas (N2) through nitrate (NO3

-
) as 

intermediate (Béline et al., 2004; Vanotti et al., 2009). However, significant savings in power requirements for the 

supplying of oxygen during nitrification are possible considering an alternative nitrogen pathway such as the 

anaerobic oxidation of ammonium (anammox) (Strous et al., 1997). In addition, organic carbon is needed for 

heterotrophic denitrification, constraining pretreatments like anaerobic digestion for the production of biogas as 

renewable energy source (Magrí et al., 2009). 

Partial nitrification (PN) coupled with anammox has gained a lot of interest in recent years as a more 

sustainable alternative than conventional NDN. This PN-anammox process stands for a totally autotrophic strategy 

for the removal of nitrogen, particularly from wastewaters with high nitrogen and low organic contents (Paredes et 

al., 2007). Some advantages of PN-anammox process are the reduction on oxygen requirements during nitrification 

(60% less than complete nitrification), a decrease on the sludge production and dioxide carbon emissions with 

respect to heterotrophic denitrification, and the possibility of working with higher nitrogen loading rates. 

Ammonium present in wastewater must be first partially oxidized to nitrite (NO2
-
) by ammonium oxidizing bacteria 

(AOB). Subsequently, anammox process results in the combination of ammonium and nitrite under absence of 

oxygen to form N2. Optimal molar ratio NO2
-
/NH4

+
 of 1.32 was proposed for the influent targeting maximum N-

removal efficiencies close to 90% (Strous et al., 1998) (Eq. 1; CH2O0.5N0.15 stands for anammox biomass). 

 

NH4
+
 + 1.32NO2

-
 + 0.066HCO3

-
 + 0.13 H

+
 → 1.02N2 + 0.26NO3

-
 + 0.066CH2O0.5N0.15 + 2.03H2O (1) 

 

A challenge for the implementation of the anammox process is to ensure biomass retention inside the 

reactor due to the low growth rates of these bacteria. Use of immobilization technologies may result in better 

biomass retention, minimizing risks of washout, and positively affect the treatment process capacity. The objective 

of this work was to develop applications of anammox bacteria for the treatment of swine wastewaters using 

microbial immobilization techniques such as surficial attachment and gel carrier entrapment. 

 

2    MATERIALS AND METHODS 

The research was conducted at the ARS Coastal Plains Research Center in Florence, South Carolina. Anammox 

biomass isolated in previous research (Vanotti et al., 2006; Szogi et al., 2007) was used in the immobilized reactors. 

2.1  Molecular techniques 

Enriched biomass was characterized using culture-independent techniques. Chromosomal DNA was extracted and 

16S ribosomal DNA gene was amplified using the polymerase chain reaction (PCR) according to Fujii et al. (2002). 

Cloning techniques were applied, and finally cloned PCR products were sequenced. Such sequences were submitted 

to the blast search engine of the GenBank database (Altschul et al., 1997) to obtain putative phylogenetic 

assignment. 

2.2  Experimental set-ups 

Two different strategies for immobilizing the anammox bacteria were used (Figure 1): 
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1) Attached biomass: A 10-L pilot reactor was operated in continuous flow configured so that influent 

wastewater was injected at the bottom-end and the treated effluent was discharged near the top after passing through 

a matrix of immobilized anammox. Such cylindrical bioreactor was made of glass being jacketed on the outside to 

control process temperature (30ºC). A biomass carrier was placed inside the reactor made of a polyester non-woven 

material coated with pyridinium type polymer (Japan Vilene Co., Japan), designed to enhance retention of 

microorganisms (Furukawa et al., 2003). The reactor was continuously fed with synthetic substrate under a flow rate 

of 60 L d
-1

 during a 350-day time period. 

2) Entrapped biomass: A 1-L bench reactor was operated in continuous flow containing anammox 

biomass entrapped in polyvinyl alcohol (PVA) pellets. Encapsulation procedure was performed according to the 

methodology described by Vanotti and Hunt (2000) using PVA-HC (100% saponification, 2000 polymerization) 

(Kuraray Co., Japan). Partially nitrified swine wastewater was continuously supplied as feed and process 

temperature was controlled at 30ºC. 

 

 
 

FIGURE 1 View of bioreactors with immobilized anammox bacteria used in this research. Left: upflow 

reactor with attached biomass. Right: scheme of the reactor with encapsulated biomass. 

 

2.3  Analytical methods 

Nitrogen concentrations of filtrated samples were measured using an auto-analyzer (Technicon Instruments Corp., 

USA) and according to APHA et al. (1998). NH4-N was determined by the automated phenate method (4500-NH3 

G), NO2-N was determined by the colorimetric method (4500-NO2
-
 B), and NO3-N was determined by the 

automated cadmium reduction method (4500-NO3
-
 F). Total nitrogen (TN) was calculated as de sum of NH4-N, 

NO2-N and NO3-N. Total alkalinity was determined by acid titration to an endpoint of pH 4.5 and expressed as mg 

CaCO3 L
-1

. 

 

3 RESULTS AND DISCUSSION 

3.1  Microbiology 

Due to the relatively low DNA sequence homology and phylogenetic relationships, the dominant anammox bacteria 

was proposed as a novel species of the Candidatus “Brocadia” genera, being this novel anammox species named 

Candidatus “Brocadia caroliniensis” (Vanotti et al., 2010) (Figure 2). A strain of B. caroliniensis was deposited 

under the provisions of the Budapest Treaty in Agricultural Research Culture Collection (NRRL) in Peoria, Ill., and 

has been assigned accession deposit number NRRL B-50286. 
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  Brocadia sp. (Candidatus  AM285341)

 Uncultured planctomycete Pla 5GA-8 (GQ356125)

Uncultured bacterium Asahi BRW (AB456583)

 Brocadia caroliniensisCandidatus 

  Brocadia fulgida (Candidatus  EU478693)

 Uncultured planctomycete HAuD-MB/2-35 (AB176696)

   Brocadia anammoxidans  (Candidatus AF375994)

 Uncultured anoxic sludge bacterium KU1 (AB054006)

 Anammoxoglobus propionicus (Candidatus DQ317601)

 Jettenia asiatica (Candidatus DQ301513)

 Uncultured planctomycete KSU-1 (AB057453)

  Kuenenia stuttgartiensis (Candidatus  AF375995)

 Scalindua sorokinii (Candidatus  AY257181)

100

100

100

8999

87

96

97

100

81

0.005  

FIGURE 2 Bootstrapped (n = 1000) neighbour joining phylogenetic tree of NRRL B-50286 identified as 

Candidatus “Brocadia caroliniensis” in relation to major genera of anammox bacteria found in 

the GenBank database (Vanotti et al., 2010). 

 

3.2  Anammox attached biomass 

Data in Table 1 summarizes stabilized performance obtained in the continuous flow pilot reactor. Average 

nitrogenous composition of substrate was of 283.4 ±22.4 mg N L
-1

 (131.4 ±13.0 mg NH4-N L
-1

, 152.0 ±13.0 mg 

NO2-N L
-1

, and 0.1 ±0.6 mg NO3-N L
-1

). Under hydraulic retention times (HRT) of 3.9 h, the average total nitrogen 

loading rate (NLR) was 1.74 kg N m
-3

 d
-1

 and the total nitrogen removal rate (NRR) was 1.48 kg N m
-3

 d
-1

. At these 

high mass N loading, the average removal efficiency obtained was 85%. Similarly, the ammonium and nitrite were 

removed at efficiencies of 89 and 98%, respectively. Removal of NH4
+
 and NO2

-
 was at stoichiometric ratios 

summarized as NH4
+
 + 1.30 NO2

-
 � 1.06 N2 + 0.18 NO3

-
 (Vanotti et al., 2010). 

 

TABLE 1  Removal of nitrogen in upflow continuous pilot reactor 

Mass Nitrogen 

 Influent Effluent Removal Removal 

efficiency 

 -------------------mg N L
-1

 d
-1

---------------------- ------%----- 

TN 1,735 ±137 260 ±122 1,477 ±168 85 ± 7 

NH4-N  804 ±80  92 ±71  709 ±88 89 ± 9 

NO2-N  930 ±80  22 ±47  915 ±90 98 ± 5 

NH4-N + NO2-N 1,735 ±138 114 ±101 1,621 ±155 94 ± 6 

 

3.3  Anammox entrapped biomass 

Encapsulation of anammox bacteria in polymer gel carrier has been applied successfully for treatment of digester 

liquors using polyethylene glycol (PEG) as entrapment polymer (Isaka et al., 2007; Furukawa et al. 2009). Under 

such reactor configuration, influent contents on total suspended solids up to 2000-3000 mg L
-1

 have been 

demonstrated as non-limitant for the activity of anammox bacteria. In this work, PVA was used for the 

immobilization of anammox bacteria (packing ratio of 25%). Partially nitrified wastewater was fed as influent being 

the NO2-N/NH4-N ratio adjusted to the desired value of 1.32 by adding raw wastewater (1,400 ±36 mg NH4-N L
-1

; 

7,740 ±128 mg CaCO3 L
-1

). 

 

4 CONCLUSIONS 

New bacteria strain Candidatus “Brocadia caroliniensis” was identified in anammox enrichment started-up from 

animal waste sludge. The use of immobilization techniques enhanced anammox biomass retention inside the 

reactors and resulted in high nitrogen removal rates. These findings overall may lead to the development of more 

economical treatment systems for swine wastewater effluents containing high ammonium and low biodegradable 

organic carbon concentrations. 
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1 INTRODUCTION 

Due to legal restrictions, rising treatment costs, and environmentally conscious consumers, the treatment of some 

solid residues and wastes has emerged as a mayor concern in industries in general. (Salminen et al, 2002) 

Anaerobic digestion has become and established a proven technology as a means of managing solid 

organic waste (De Baere 1999). This technology is a biological process in which organic matter is degraded to 

methane under anaerobic conditions. Methane can be used for energy to replace fossil fuels and thereby to reduce 

carbon dioxide emissions. This process also reduces pathogens and odours, requires little land space for treatment, 

and may manage wet and pasty wastes.  

Slaughterhouse industries generate substantial amount of animal by-products, which are all bodies of 

animal not intended for human consumption. This waste causes important environmental problems as a result of 

organic pollution and microbial loads, and the increasing problems of its removal must be addressed as a result of 

legislative constraints and the cost of treatment and disposal. (Cuetos et al, 2008) 

This work studies the energy production potential of slaughterhouse by-products by anaerobic digestion. 

 

2 MATERIALS AND METHODS 

2.1 Slaughterhouse waste characterization 

The Royal Decree (RD 1774/2002) categorizes different animal by-products for human consumption, indicating 

how they must be used, commercialized and eliminated. Only the use of category 2 (condemned meat, fallen stock, 

manure, digestive tract content) and category 3 (livers, lungs, spleens, fats, esophagous…in general low risk by-

products) are allowed for the anaerobic digestion. This excludes all category 1 by-products, which includes high-risk 

products such as animals suspected or confirmed as being infected by a Transmissible Spongiform Encephalopathy 

(TSE), animals killed in the context of TSE controls, Specified Risk Material, which only can be eliminated by an 

incineration process. In this project the substrate used for the anaerobic digestion process belongs to category 3. 

The wastes were mechanically grinded prior to the process, to achieve an appropriate homogenization and 

characterization. (Table 1) 

 

TABLE 1 Characterization of slaughterhouse waste mixture. 

Parameters Values 

pH 6.92 
Conductivity (1:5) dS/m 2.67 

Total solids (%) 19 

Volatile solids (%) 15.5 

Kjeldahl nitrogen (%) 2.7 

Chemical Oxygen Demand (COD) g 

O2/Kg 
420 

Protein (%) 17 

 

The slaughterhouse by-products are ideal substrate for the digestion process because of the high content 

of organic matter, as it is shown in table 1. 
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2.2 Inoculum 

The inoculum used for the starting up of the digesters was obtained from the wastewater treatment plant of the city 

of Durango (Spain). The percentages of total solids (TS) and volatile solids (VS) in this sludge were 4.2 and 1.9 % 

respectively, the pH was 8.0 and COD 18.3 g O2/l. 

2.3 Equipment and operational conditions 
The digestion experiments were performed using 2 identical (D1 and D2), continuously stirred, 8L glass tank 

reactors. The digesters were operated at mesophilic conditions (35ºC). Both digesters were equipped with: 

mechanical shaker (IKA Eurostar power P4 model, operating at 13 rpm), thermostatic bath with recirculation 

(Hubber, CC-250 B model, set at 35ºC), pHmeter (KNICK 911 model, with Polilite Lab electrode for a range of 0-

14 pH), potentiometer (KNICK 991, equipped with LAB 238145 redox electrode), gas flowmeter (Ritter MilliGas 

counter MGC-1) and different volumes gas sampling bags (RITTER 5, 10, 40 and 60L). 

2.4 Starting up 
We opted for a gradual acclimatization strategy that allows an assessment of system stability by small variations in 

test conditions, ensuring that the sludge was acclimated to high concentrations of compounds, a priori inhibitory, 

such as ammonia and Volatile Fatty Acids (VFA). (Cuetos et al, 2008) 

The slaughterhouse waste was diluted with water in a range of 1:5-1:3 ratio, to facility the grinding 

process (obtaining a diameter of solids about 1-2 mm) and homogenizing. 

Both digesters were operated in a loading range of 0.3-1.05 gVS/l reactor.day and 160-125 Hidraulic 

Retention Time (HRT) range. The loading rate was increased and the HRT was decreased as the system reached 

stability. This was checked by periodic determination of the process control parameters: alkalinity ratio, biogas 

production, ammonium concentration, pH, temperature and redox potential. 

Feeding was done two times a week being the loading volume equal to the effluent volume removed 

from the digesters. 

 

3 RESULTS AND DISCUSSION 

On the starting phase the digesters were feed for 1 month with low waste loads (1:5 waste-water), about 0.3 gVS/l 

reactor.day without removing digestate. 

Due to the system stability, the load was increased slightly to 0.5 gVS/l.d and, at the same time, we began 

removing digestate, setting a HRT of 160 days. 

After two weeks operating under these conditions, the process remained stable allowing the introduction 

of new changes in the system, so feeding was increased to 0.7 gVS/l.d and the substrate-water ratio was decreased to 

1:4, to maintain a constant HRT avoiding overmuch modification of the operational conditions. This load increment 

increased biogas production, so it was maintained during three consecutive weeks. 

Over the next two weeks the loading and HRT were 0.9 gVS/l.d and 125 days respectively, leading to an 

increase in biogas production. For this reason, we improved the feeding to 1.05 gVS /l.d and the waste-water ratio 

was decreased to 1:3, in order to keep the HRT constant. 
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FIGURE1 Biogas production 
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Figure 1 shows the evolution of biogas relative production, which reached maximum values up to 2.3 l 

biogas/l reactor.day. This production increased as the loading rate rose. The composition of the generated biogas 

was 70% and 30% methane and carbon dioxide respectively. 
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FIGURE1 Total, intermediate and bicarbonate alkalinities and intermediate/total relation. 

 

As it is known, alkalinity is an indirect measurement of volatile fatty acids. Intermediate alkalinity is 

associated with the concentration of volatile fatty acids, and the ratio between them provides information on the 

process stability. This ratio should not exceed 0.5, since higher values would indicate accumulation of VFA-s. (Hill 

et al, 1989). 

In Figure 2 can be appreciate that the total alkalinity and bicarbonate are growing in parallel, while the 

VFA alkalinity (intermediate alkalinity) is constant (<0.3), indicating a balance in the system. 

The pH values increase gradually, always within the optimum range of microbial activity (6.5-8.0) and 

redox potential values maintained below -400 mV, ensuring optimal anaerobic conditions. 

The concentration of ammonium in both digesters was 41 g/l and 3.9 g/l of ammonia. These high 

concentrations should be inhibitory for the process (Salminen et al, 2002) but in our system seemed not to have this 

effect, probably due to the acclimatization of the digesters. 

 

4 CONCLUSIONS 

Anaerobic digestion seems to be a suitable process for decreasing the amount of organic matter in slaughterhouse 

by-products but also a complex task due to the high lipid and protein content of it. Nonetheless, the methanization 

was successfully carried out in discontinuously fed digesters at 35ºC, achieving a biogas production around 2.3 l/l 

reactor.day  with 70 % of methane, in spite of the low loading rate (1.05 gVS/l.day) and the high HRT (125 days). 
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The adaptation stage seems to be necessary when de substrate used has a high amount of nitrogen and 

fatty acids, otherwise the microorganisms involved in the process, would be inhibited. (Cuetos et al, 2008) 
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0331 - Development of pulse technology for production of fertilizers from an organic waste 

Ramazashvili, Y and Kiladze, K. 
Institute of agrarian radiology and ecology, Mtskheta, 3306 Georgia. 
 

Purpose of our research 
The purpose of our research is the processing of organic waste for the production of fertilizers for plants nutrition. Our 
researches participate in the resolution of a global problem of cleanliness of the environment and restoration of the 
fertility of soils. 
Technology description – how it works 
A progressive technology which intensively and effectively processes almost all sorts of raw materials, has been 
developed, by using high-voltage pulse electric discharge. The materials are influenced by powerful pulse hydraulic 
blows and ultrasound and magnetic fields and light radiations. These physical processes intensively affect the 
materials. As a result there is a collapse of large organic molecules and crystals, and the activation and formation of 
new complex materials takes place. This intensive process has a destructive effect on pathogenic bacteria and 
parasites. Therefore, there is a disinfecting of an organic waste - pig manure-, the fallout of waste waters, and of the 
waste of the food and hydrolytic manufacturing. The influence of physical parameters on technological process of 
synthesis of new materials has been investigated. Optimum technical parameters and reactionary systems were 
defined. It was also determined that duration and amplitude of the pulse discharge depends on what kind of 
molecular link is collapsed. In this process, С-Н and С-О links are most intensively collapsed, and there is an 
expense of energy in 3-5 times less for realization of reactions.  
What is produced by the technology – description of the production, properties 
As a result, complex fertilizers, growth-promoting factors for plants, ameliorators and artificial soil, are produced. This 
production is characterized by high agronomical value. The maintenance of humus in soil raises, with an increased 
productivity as well as the maintenance of useful substances in plants and fruits – sugar, starch, vitamins, oils and 
others. The levels of nitrates in plants decreases, their immunity to illnesses and wreckers raises. There are 
neutralized nuclides and heavy metals in the soil. Fertilizers are tested in frames of the World Bank project 
“Introduction of progressive methods of manufacturing agricultural production. Georgia, 2009”. It is received the 
harvest increase on vegetable cultures at the average of 30-40%. The production is also effective for restoration of 
woods after fires and against erosion of soils. 
Effect from the project – agronomical, ecological 
Introduction of our research facilitates the increase of producing of ecologically clean foodstuff, accelerates 
circulation of organic substances and provides ecological cleanliness of environment. 
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 INFLUENCE OF THE PARTICLE SIZE AND 

ANIMAL SLURRY TYPE ON THE POTENTIAL OF 

NITROGEN MINERALIZATION AFTER SOIL 

INCORPORATION 
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UIQA, Instituto Superior de Agronomia, TU Lisbon, Tapada da Ajuda, 1349-017 Lisboa, Portugal. 
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1 INTRODUCTION 

Animal manures are rich in organic matter and nutrients, namely nitrogen (N) and, consequently, widely applied to 

soil as organic fertilizers. However, a large part of the nitrogen contained in animal manures is in the organic form 

and so not directly available for plants. Indeed, organic N has to be mineralized prior to plant uptake (Rees and 

Castle, 2002). Several manure characteristics as the C:N ratio (Chadwick et al., 2000), the lignin content 

(Kristensen,  1996) and the NH4 
+
/organic N ratio (Beauchamp and Paul, 1989) have been suggested as indicators of 

the plant-available N. More recently, Fangueiro et al. (2008) showed that the potential of N mineralization (PNM) of 

cattle slurry is inversely correlated with slurry particle size: finest fractions are the particle-size fractions from which 

N mineralization occurs in slurries whereas coarser fractions are associated with immobilization. Furthermore, 

Moller et al. (2002) reported that animal diet and anaerobic decomposition during storage in slurry channels and 

stores affect the slurry particle size distribution. Such information is of great interest since the finest slurry particle 

size should infiltrate the soil more easily and quickly relative to the coarser slurry particle size that should remain 

close to soil surface. Furthermore, mechanical slurry separation is now performed in many pig and dairy farms in 

order to improve slurry management in terms of nutrients utilization and reducing costs related to slurry storage. 

Slurry separation by screw press leads to a nutrient rich organic solid fraction (0.7– 3.2 mm particles) that may be 

composted and a liquid fraction that can be used for fertigation.  

 In the present study, three types of slurry (pig, duck and cattle) were separated into 4 slurry particle size 

fractions (>2000 µm, 2000-500 µm, 500-100 µm, <100 µm) in order to assess the influence of the type of slurry and 

slurry particle size on the PNM after soil incorporation.   

 

2 MATERIALS AND METHODS 

The three slurries (pig, cow and duck) studied were obtained in commercial farms and slurry separation was 

performed by sieving. All the particle size fractions and whole slurries were characterized in terms of total N, 

ammonium (NH4
+
-N), dry matter (DM) and total organic carbon (TOC) using standard methods. More details about 

the methods used can be found in Fangueiro et al. (2010). The PNM of the fresh slurry fractions and non-separated 

slurries was determined using an anaerobic incubation method described by Fangueiro et al. (2008). Briefly, an 

amount of a specific slurry fraction corresponding to 0.02 g of N was added to 10 g of field-moist soil in a 60mL 

syringe and the amount of water was adjusted to have a total water amount of 25mL in the mixture soil + slurry. The 

soil used was a sandy-loam soil. Ten replicates of each slurry fraction were used to  allow one half to be incubated 

for 7 d at 40°C, whilst the other half was extracted immediately after the injection of 25mL of 4 M KCl into each 

syringe to give a 1:5 ratio of (soil + slurry) to 2 M KCl. After 1 hour shaking, the suspensions were filtered and the 

filtrates analyzed for NH4
+
-N content. Soil-only treatments acted as controls. The same extraction method was used 

at day 7 of the incubation period. The PNM (% of organic N applied) was calculated using the following equation:  

    

PM = {([NH4
+
]t=7 - [NH4

+
]t=0)sample - ([NH4

+
]t=7 - [NH4

+
]t=0)control}/ organic Napplied × 100 

 

3 RESULTS AND DISCUSSION 

The composition of the three slurries in terms of total N, organic C and DM content varied significantly (P<0.05) 

(Figure 1). Furthermore, the relative proportion of the slurry fractions obtained depended on the slurry type 
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considered. In the pig and duck slurries that showed lower DM contents relative to the cow slurry, the < 100 µm 

fraction represented more than 98% of the whole slurry whereas the cow slurry contained a higher amount of coarser 

slurry particles. The largest fractions of slurry presented higher total N, organic N, DM and TOC contents relative to 

the finest one in accordance with the results reported by previous authors (Moller et al., 2002; Fangueiro et al., 

2007). Nevertheless, differences in terms of total and organic N were not so evident in the cow slurry. It is still to 

note that the NH4
+
-N: total N ratio was significantly (P<0.05) higher in the pig and duck slurries relative to the cow 

slurry. More details about the slurry fractions characteristics are described in Fangueiro et al. (2010). 

 

 

FIGURE 1 Characteristics of the non-separated slurries and slurry fractions used; X axis unit: µm; DM: dry matter; 

NH4
+-N: ammonium nitrogen; TOC: total organic carbon (Fangueiro et al., 2010) 

 

Higher values of PNM were obtained for the pig whole slurry relative to the non-separated duck and cow 

slurry (Figure 2). The highest values of PNM were detected for the finest particle size fraction (<100 µm) in duck 

and pig slurries and in the 100-500µm and 500-2000 µm fractions of cow slurry. Hence, a large part of the organic 

N from the finest slurry fractions is expected to be quickly and easily mineralized being available for plants whereas 

this amount of potentially available organic N is smaller in larger slurry particle sizes. The values of PNM obtained 

were significantly higher than those reported by Fangueiro et al.(2008) for cattle slurry fractions using the same 

methodology. Despite the high variations observed between non-separated slurries and slurry fractions in terms of 

C:N ratio, N mineralization was observed in all slurries and slurry fractions. This result is in contradiction to 

previous results reported by Chadwick et al (2000) who concluded that materials with lower C:N ratio led to N 

mineralization whereas higher C:N ratios led to N immobilization. Nevertheless, the C:N ratio and the PNM were 

negatively correlated in the case of the duck (R
2
= 0.981) and pig (R

2
=0.636) slurry fractions but no significant 

relation was observed in the case of cow slurry.  
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FIGURE 2 Potential N mineralization (PNM) of the non-separated slurries and slurry fractions considered 

– average and standard deviation of 5 replicates (Fangueiro et al., 2010)  

 

4 CONCLUSIONS  

Our results showed that the slurry type as well as the slurry particle size strongly influence the potential of N 

mineralization. Such information is of relevant importance since slurry separation is used by farmers as pre-

treatment and, according to the particle size fraction obtained, it may be of interest to apply different slurry fractions 

at different stages of plant growth depending on the plant nitrogen requirements. Furthermore, combined application 

of different types of slurry may also be helpful to better match plants’ nitrogen demand.  

 

REFERENCES  

Beauchamp EG,  Paul JW  1989 A simple model to predict manure N availability to crops in the field. In: Nitrogen 

in Organic Wastes Applied to Soils. Hansen JA and K Henriksen (Eds),, Harcourt Brace Jovanovich 

Publcation, Boston, pp. 140–149. 

Chadwick DR, John F, Pain BF, Chambers B, Williams J 2000. Plant uptake of nitrogen from the organic nitrogen 

fraction of animal manures: a laboratory experiment. Journal of Agriculture Science 134, 159–168. 

Fangueiro D, Chadwick D, Dixon L, Bol R 2007 Quantification of priming and CO2 respiration sources following 

the application of different slurry particle size fractions to a grassland soil. Soil Biology and  Biochemistry 

39, 2608-2620. 

Fangueiro D, Chadwick D, Bol R 2008. Assessment of the potential N mineralization of different particle-size 

fractions in two dairy cattle slurries. Journal of Plant Nutrition and Soil Science 171, 313–315  

Fangueiro D, Gusmão M, Grilo J, Porfírio G, Vasconcelos E, Cabral F 2010. Proportion, composition and potential 

N mineralisation of particle size fractions obtained by mechanical separation of animal slurry. Biosystems 

Engineering, doi:10.1016/j.biosystemseng.2010.02.01 

Kristensen S 1996. The mineralization of faeces nitrogen in relation to the feed and faeces composition. MSc thesis, 

The Royal Veterinary and Agricultural University, Copenhagen, Denmark. 

Møller HB, Sommer SG, Ahring BK 2002. Separation efficiency and particle size distribution in relation to manure 

type and storage conditions. Bioresource Technology 85, 189–196. 

Rees R, Castle K 2002. Nitrogen recovery in soils amended with organic manures combined with inorganic 

fertilisers. Agronomie 22, 739–746. 

- 580 -



  
Use of manures and organic wastes to improve soil quality and nutrient balances 

 

 

 

LONG TERM APPLICATION OF DAIRY SLURRY 

REDUCES CD CONCENTRATION IN SUNFLOWER 

(HELIANTHUS ANUUS L.) 
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1 INTRODUCTION 

Cadmium (Cd) is a toxic trace element and movement of Cd into the food chain is a significant concern for human 

health (Meeus et al. 2002).  The total Cd intake in humans is a function Cd concentration and quantity of food 

consumed, and the Cd consumption should not exceed 70 ug day
-1

.  The tendency to accumulate Cd in edible parts 

of plants varies among plant species (Grant et al. 1998).  Food crops such as sunflower, durum wheat and rice are 

considered Cd accumulators and their Cd concentrations may exceed safe levels even when grown on 

uncontaminated soils. While sunflower is not a major component of human diets, its high Cd concentration may be 

of concern for diets rich in durum and rice, and may affect trade in this crop.  

 Uptake of Cd is influenced by soil conditions including available Cd, pH, cation exchange capacity, 

arbuscular mycorrhizal fungi, organic matter content and availability of competing ions (Grant et al. 1998).   The Cd 

concentration in agricultural products may be reduced by reducing Cd inputs to soil and by reducing Cd uptake in 

crops through improvements of soil conditions and changes in agricultural management practices.  For example, 

since commercial P fertilizers can be a significant source of Cd inputs to agricultural soils, avoiding excess P 

fertilization can reduce Cd inputs to soil. Livestock manures are typically high in P concentration and may substitute 

for mineral fertilizers, but the long term effects of manure application on Cd concentration in crops is not well 

understood. Manure may increase Cd through addition of N (Mitchell at al. 2000), effects on soil pH, and effects on 

other ions such as Zn which may affect Cd uptake in complex ways. Although manure contains some Cd and other 

heavy metals, at equivalent application rates of N or P, the amount of Cd input into soil with manure is usually less 

than with chemical fertilizer (Del-Castilho et al. 1993). However, recently Li et al. (2009) reported that application 

of swine manure increased the Cd concentration in rice above the National Standard for Hygiene in China while 

applications of both swine and cattle manure on the Canadian Prairies also lead to an increase in Cd concentration in 

wheat, which was attributed to lowering pH and increasing root mass (Lipoth and Schoenau 2007).  This greenhouse 

study tested the hypothesis that long term use of dairy manure slurry rather than mineral fertilizers will lower Cd 

uptake by the Cd-accumulator, sunflower.  The influence of additions of chemical fertilizers to the sunflower crop in 

the year of study was also investigated.  

2 MATERIALS AND METHODS 

This pot culture trial was conducted in the greenhouse in 2008 using soil collected (0-30 cm depth) from four 

replicated treatments of a 13-yr forage (Festuca arundinacea Schreb.) field experiment (12 yr of nutrient 

application) carried out in cool moist conditions in south-western BC, Canada (Bittman et al. 2007).  The field 

treatments included: 1) Control, 2) dairy manure slurry applied at 400 kg total N ha
-1 

year
-1

 (Man400), 3) mineral 

fertilizers at 400 kg total N ha
-1 

year
-1

 with other chemical nutrients applied according to soil test (Fert400), and 4) 

dairy slurry at 800 kg total N ha
-1 

year
-1

, (Man800).  The annual rate of 400 kg total N ha
-1

 is typical but somewhat 

below maximum agronomic response for grass at this location (Bittman et al. 2007). The manure was obtained from 

typical intensive commercial dairy operations where cows are confined year-round in passively ventilated, free-stall 

barns with wood chip bedding. Diets consisted mostly (70%) of locally grown maize and perennial grasses with the 

remainder comprising of imported concentrates including minerals. Historical annual applications of P and K 

averaged approximately 6 and 92 kg ha
-1

 for Fert400; 56 and 350 kg ha
-1

 for Man400; and 105 and 700 kg ha
-1

 for 

Man800.  

 Each of the historical treatments received, in the greenhouse, various mineral fertilizer treatments: 1) 

control with no fertilizer additions, 2) 80 kg N ha
-1

 (N80); 3) 80 kg N ha
-1

 with other required nutrients (N80+Rec), 

and 4,5) two N rates (80 and 160 kg N ha
-1

) with added recommended nutrients and Zn (N80+Rec+Zn and 
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160N+Rec+Zn, respectively). The N was applied as urea. The recommended fertilizers were: 175 kg K2O ha
-1

 as 

potassium chloride, and 33 kg S ha
-1

 and 25 kg Mg ha
-1 

as magnesium sulphate; no P was required. Zinc EDTA 

(15%) was applied at 5 kg ha
-1

.  

 The 4x4 factorial treatment combinations were arranged in a randomized complete block design with 4 

blocks. In each pot (28-cm diameter), 12 sunflower seeds (Pioneer 63A70) were planted (28 April 2008) then 

gradually thinned to two. One of these plants was sampled at the 5- to 6-leaf-pair stage (30 May 2008) while the 

remaining plant was harvested at maturity (13 August 2008). Pots were initially watered weekly, but as the plants 

grew larger and the weather became warmer, watering frequency was increased to two or three times a week. Care 

was taken to not over water to minimize leaching from the pots. Cadmium in plants and grain (shells removed) was 

determined by transverse-heated graphite furnace atomic absorption spectrometry. The data was subjected to 

Analysis of Variance using a randomized complete block design with probability set at <0.05%.  

3 RESULTS AND DISCUSSION 

Although the experimental site is not contaminated, the concentration of Cd in grain of sunflower from the Control 

soils, which had produced a grass crop with no nutrient application for 13 yr, were much higher than the 0.2 mg kg
-1 

generally considered to be safe for human consumption (Table 1). The grain Cd concentrations for the Control (with 

no Zn added in greenhouse) of 0.88-0.98 mg kg
-1

 are consistent with previous reports and confirm that sunflower is 

a Cd accumulator (Grant et al. 1998); less than 100g of grain would exceed allowable daily Cd intake.  Historical 

applications of chemical fertilizers (Fert400) increased Cd concentration 18% (P<0.05) compared to Control, 

averaged across all greenhouse treatments. This can be attributed to the Cd contained in the P fertilizer applied in the 

field and to the lower pH in Fert400 (5.3) than control (5.5) caused by applications of ammonium nitrate (Grant et al 

1998). There was little effect of Fert400 on sunflower yield (not shown) so Cd uptake in sunflower grains, averaged 

across greenhouse treatments, was significantly higher in Fert400 than Control treatments (Table 2). Both Man400 

and Man800 greatly decreased the concentration of Cd compared to Fert400 and Control soils, and the Man800 

treatment had significantly lower Cd concentrations than Man400 (Table 1). The sunflowers on the Man400 

treatment took up significantly less Cd than the Fert400 treatment despite higher yield (Table 2). Similarly, Man800 

treatments had higher yields but took up significantly less Cd than Man400 treatments. In the field, the Man800 rate 

with 2x the amount of applied Cd compared to Man400, increased grass yield by only about 20%, so it is likely that 

much more manure Cd remained in the Man800 soil. Although greatly lowering sunflower Cd concentrations, long 

term dairy manure did not reduce grain Cd concentration to the safe level. 

 

TABLE 1  Effect of historical field applications of fertilizers and dairy manure slurry and current 

applications of fertilizers on Cd concentration (mg kg-1) in sunflower grain at maturity 

 Historical Treatments 

Greenhouse treatments Control Fert400 Man400 Man800 Mean 

N80 0.98b
1
 1.2a 0.67c 0.46ef 0.83A

2
 

N80+Rec 0.88b 0.96b 0.70c 0.39fg 0.73B 

N80+Rec +Zn 0.47ef 0.60cd 0.29gh 0.21hi 0.39C 

N160+Rec +Zn 0.54de 0.66c 0.27hi 0.18i 0.41C 

Mean  0.72B3 0.85A 0.48C 0.31D  

  
1
values in any row or column followed by the same lower case letters are not significantly different at P<0.05   

2
values in column followed by the same upper case letters are not significantly different at P<0.05   

3
values in row followed by the same upper case letters are not significantly different at P<0.05   

 

 Averaged across historical treatments, applications of recommended nutrients (N80+Rec) decreased grain 

Cd concentrations and uptake significantly (Tables 1 and 2) but the effect was most apparent in Fert400, probably 

due to relatively low historical cation applications and high removal rates relative to Man and Control. 

  Addition of Zn (N80+Rec+Zn) had a significant effect across all historical treatments, reducing grain Cd 

concentrations and uptake by an average of 45%. In previous studies Zn application either increased or decreased Cd 

in plants, the difference attributed to contrasting effects in the soil, where Zn increases Cd availability, and in the 

plant where Zn reduces Cd uptake (Grant et al. 1998). Increasing N rate from 80 to 160 kg ha
-1

 increased yield by 
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13% but had little effect on Cd concentration or uptake, which contrasts with some reports that N increases Cd 

uptake. Application of Zn reduced Cd concentrations in sunflower to about 0.5 to 0.7 mg kg
-1

 on the Control and 

Fert400 soils, still much above the acceptable level. However, Zn application combined with historical manure 

reduced grain Cd to safe or near safe concentrations (<0.3 mg kg
-1

).  

 

TABLE 2 Effect of historical applications of fertilizers and dairy manure and current applications of 

fertilizers on Cd uptake  in sunflower grain (µg plant-1) at maturity (footnotes explained in 

Table 1) 

 Historical Treatments 

Greenhouse treatments Control Fert400 Man400 Man800 Mean 

N80 10.03b 13.12a 8.42bcde 6.62efgh 9.54A 

N80+Rec 9.37bc 9.57bc 9.16bcd 6.11fgh 8.55B 

N80+Rec +Zn 5.10ghi 7.70cdef 3.36ij 3.26ij 4.86C 

N160+Rec +Zn 6.95efg 7.47def 4.75hij 3.22j 5.60C 

Mean  7.86B 9.47A 6.42C 4.80D  

 
 The effect of treatments was apparent on Cd uptake and concentrations in whole sunflower plants 

sampled at the 5- to 6-leaf-pair stage (Tables 3 and 4). Averaged across greenhouse fertilizer treatments, Fert400 

increased Cd concentrations compared to Control, while manure treatments decreased Cd concentrations compared 

to Control with Man800 significantly lower that Man400. A similar pattern was apparent for Cd uptake; Fert400 

increased and manure treatments decreased whole plant Cd uptake. Manure rates had similar effects on Cd uptake 

indicating that the lowered concentration in the Man800 plots may have been caused by dilution due to better 

growth.  There was evidence that application of N (0 vs. 80 kg ha
-1

 and 80 vs. 160 kg ha
-1

) to the sunflower 

increased Cd concentrations and Cd uptake in the plants. The higher Cd concentration in the higher yielding crop 

indicates that the difference was not caused by dilution. The effect of N on Cd was not apparent in the mature grain. 

The additions of both recommended fertilizers and Zn to the sunflowers also lowered Cd concentrations in the 

young plants. The effect of the recommended fertilizers could have been due to dilution or to the direct effect the 

ions added on Cd uptake but Zn application decreased Cd uptake as well as concentration, eliminating dilution as a 

factor. The effect of addition of fertilizers to sunflower was not as great as the effect of historical treatments which 

produced a 4-fold difference between Fert400 and Man800. The greenhouse fertilizer treatments generally had little 

effect on Cd concentrations of sunflower plants grown on either Man treatment but did affect concentrations in the 

higher-Cd containing Fert400 and Control treatments.  

 

TABLE 3 Effect of historical applications of fertilizers and dairy manure and current applications of 

fertilizers on Cd concentration (mg kg-1) in sunflower at 5-leaf pair stage (footnotes explained 

in Table 1) 

 Historical Treatments 

Greenhouse treatments Control Fert400 Man400 Man800 Mean 

N0 0.71de
1
 0.91b 0.34gh 0.26hij 0.55B

2
 

N80 0.79cd 1.09a 0.34gh 0.23ij 0.61A 

N80+Rec 0.57f 0.86bc 0.28hi 0.24hij 0.49C 

N80+Rec +Zn 0.40g 0.68e 0.21ij 0.18j 0.37D 

N160+Rec +Zn 0.51f 0.86bc 0.29hi 0.19j 0.47C 

Mean  0.59B
3
 0.88A 0.29C 0.22D  

 
 Lower Cd uptake and concentrations in the high-yielding sunflower grown on historically manured soils 

relative to unfertilized Control cannot be attributed to lower Cd loadings or to dilution. The low crop Cd on manured 

soils may be attributed to higher pH (Man, 5.8-5.9; Fert, 5.3; Control, 5.5) and to the addition of large amounts of 

organic matter which may adsorb Cd (Grant et al 1998). The lower Cd concentration in manured soils may also be 

attributed to large nutrient loadings and high concentrations of soil extractable Zn, K, Ca, and Mg (data not shown). 

The effects of these ions vary because of contradictory effects on soil availability and uptake, but the lower Cd from 

direct applications to sunflower of Zn and recommended nutrients (K, Mg and S) suggests a role for these ions in the 
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manured soils. Recent reports of manure raising Cd concentrations have tested pig manure which has lower K 

concentrations and organic matter than cattle manure (Li et al. 2009) or tested soils with higher pH than in our study 

(Lipoth and Schoenau 2007). More work is needed to understand the long term effects of dairy manure on Cd 

concentration.  

 

TABLE 4 Effect of historical applications of fertilizers and dairy manure and current applications of 

fertilizers on Cd uptake by sunflower (µg plant-1) at 5-leaf pair stage (footnotes explained in 

Table 1) 

 Historical Treatments 

Greenhouse treatments Control Fert400 Man400 Man800 Mean 

N0 3.6efg
1
 4.1def 1.9j 1.9j 2.8C

2
 

N80 5.2bc 4.8bcd 3.2fgh 2.2ij 3.9B 

N80+Rec 5.5ab 6.5a 2.9ghi 2.5hij 4.3A 

N80+Rec +Zn 3.2fgh 4.5cde 2.0ij 1.8j 2.9C 

N160+Rec +Zn 4.3cde 6.3a 2.5hij 2.4hij 4.0AB 

Mean  4.4B
3
 5.3A 2.5C 2.2C  

  

4 CONCLUSIONS 

Lower Cd concentration in grains of sunflowers gown on historically manured compared to fertilized soils supports 

the hypothesis that dairy manure may be a safer long term source of P than mineral fertilizers where Cd 

accumulation is a concern, and suggests that soils with a long term history of manure application may be useful for 

growing Cd accumulating crops including staples such as durum wheat and rice. While sunflower is not generally 

consumed in large quantities, it may contribute meaningfully to diets already high in Cd. With continued 

applications of mineral fertilizers, Cd concentration in soils is likely to increase, especially as cleaner phosphate 

reserves are preferentially depleted. On dairy farms, Cd is the toxic trace element at greatest risk of accumulation (Li 

et al. 2005). Recycling manure as source of P on dairy farms and limiting fertilizer P usage will lower Cd loadings 

on soils.  
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1 INTRODUCTION 

For many years it has been very common to supply our soils with organic amendments, especially from agriculture, 

livestock and forestry, either spreading them on the surface or burying them at the time of agricultural work. These 

traditional forms of waste disposal seldom exceed the acceptance capacity of the soils and, therefore, rarely cause 

adverse effects on the environment. Moreover, the opposite effect was generally achieved with a beneficial result on 

physical and chemical soil properties because of its potential role to improve soil fertility. In the last decades, 

several changes in our consumer society have caused an increase in the quantity and types of organic wastes that are 

available for addition to the soils as a useful organic amendment. The application of compost from Municipal Solid 

Waste (MSW) is now gaining a higher popularity between farmers, municipalities and landscapers as a valuable soil 

strategy to implement in agricultural fields with the aim of achieving an increase in the organic matter and plant 

nutrient contents without forgetting the important problem of high levels of heavy metals contained in the MSW 

compost and its capacity to cause soil pollution (Hernando et al., 1986).  

 It has been previously reported by some studies (Costa et al., 1995) that the application of MSW compost 

to the soils can improve substantially some physical soil properties such as porosity, water-holding capacity and 

bulk density. Moreover, the addition of MSW compost to the soils can be also responsible for an enhanced buffering 

capacity of the soil with a substantial increase in its organic matter content and cationic exchangeable capacity.  

 In applying compost from MSW to the soils, it is important to take into consideration that the soil is part 

of a complex agro-ecosystem, with multiple interactions between soil, climate, crops, livestock and humans 

(Gallardo-Lora et al., 1987). As a key factor to maintain the sustainability of our ecosystems is necessary to make 

the best use possible of our residues in order to recover the soil elements contained in them (mainly, organic matter 

and nutrient contents), enabling the closing of biogeochemical cycles and minimizing its negative impact on the 

environment. 

 The main purpose of this research work undertaken during two years in different Galician agricultural 

soils situated in the metropolitan area of La Coruña (NW Spain) was to investigate the effect the addition of MSW 

compost had on the changes of the physical and chemical soil properties. 

 

2 MATERIALS AND METHODS 

2.1 Materials and Sampling 

The field study was carried out during the period 2000-2001 in different Galician agricultural soils, representative of 

intensive vegetable production (mainly, for forage maize), situated in La Coruña (NW Spain). Nine municipalities 

collaborated in this MSW composting trial. Twenty-nine control plots without and twenty treated plots with MSW 

compost addition were randomly assigned to 2-4 experimental areas of 4 m
2
 at each site. Compost was incorporated 

into the soils in March using an application rate of 50 t ha
-1

,
 
considered appropriated according to the Spanish 

regulation (BOE, 1998). Five soil subsamples were randomly taken at each plot in September from surface horizons 

(0-20 cm). Results reported in this paper are means of one composite sample collected at each site.  

2.2 Analytical Methods 

Soil pH (H20 and KCl), organic matter (OM), carbon and nitrogen content, exchangeable cationic content (ECC) 

(Ca
2+

+Mg
2+

+Na
+
+K

+
), acidity (H

+
+Al

3+
) and cationic exchangeable capacity (CEC) were determined following 

official methods of soil analysis developed by the Spanish Ministry of Agriculture, Fisheries and Foods (1995). 

Particle-size analyses were carried out using standard methods described by Guitián and Carballas (1976). 
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2.3 Statistical Analysis 

Data analysis was performed by the statistical program SPSS 17.0 using the Student t-test to compare the differences 

between treatments (without and with MSW compost addition) for physical and chemical soil properties.  

 

3 RESULTS AND DISCUSSION  

3.1 Physical, chemical and biological MSW compost properties 

According to the Spanish regulation (BOE, 1998) the analysis of the physical, chemical and biological compost 

properties showed a high quality in the experimental MSW compost applied to the soils, with low humidity, small 

inert particles size, high organic matter content, high total nitrogen content and C/N ratio. There was also a totally 

absence of pathogens and phytotoxic compounds in the experimental MSW compost (table 1).  

 

TABLE 1 Comparison of physical, chemical and biological compost properties between a compost 

considered of high quality according to the legislation and the experimental MSW compost. 

 High quality compost (O 28/1998) Experimental MSW compost 

 ................................................   Physical properties   ................................................. 

Granulometric analysis 90% particles less than 25 mm 100% particles less than 20 mm 

Inert particles size (mm) < 10  < 10  

Inorganic compounds (%) < 3 < 3 

Humidity (%) < 40 < 40 

 ...............................................   Chemical properties   ................................................ 

pH neutral or slightly alkaline pH  pH H2O = 7.32 and  pH KCl = 7.30   

Organic matter (%) > 35 51.20 

Total nitrogen (%) > 1 3.12 

Ratio C/N < 18 9.52 

Total phosphorus (%) > 0.43 0.85 

Calcium (%) > 1.40 1.85 

Magnesium (%) > 0.20 2.05 

Sodium (%) Low salinity 0.76 

Potasium (%) > 0.41 1.10 

    .............................................   Biological properties   .............................................. 

Pathogens Absence Absence 

Phytotoxic compounds Absence Absence 

 

3.2 Levels of heavy metals in MSW compost applied as an organic amendment to the soils 

The levels of heavy metals observed in the experimental MSW compost measured by a semi quantitative method 

(X-Ray Fluorescence, XRF) and a quantitative method (Emission Spectroscopy Induced by Argon Plasma, ICP-MS) 

were lower than those that were recommended by the Spanish regulation (BOE, 1998) (table 2). Zn and Pb were 

numerically the two soil elements that presented the largest amounts in the experimental MSW compost.  

 

TABLE 2 Maximum levels allowed of heavy metals according to the legislation for compost addition and 

average values obtained in the experimental MSW compost measured by XRF and ICP-MS. 

Heavy metals (mg kg 
-1

) Legislation for compost addition Experimental MSW compost 

 (O 28/1998) XRF   ICP-MS 

Cadmium < 10 -   2 

Chromium < 400 30   27 

Nickel < 120 29   16 

Plumb < 300 255   244 

Copper < 450 95   76 

Zinc < 1100 500   446 

Mercury < 7 -   0.1 
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3.3 Physical soil properties: granulometric analysis and soil texture 

There were no significant differences between treatments for course sand, fine sand, course silt and clay (table 3). 

However, sand and clay tended to be higher in the MSW compost plots compared to those plots without MSW 

compost application. Fine silt was significantly (P<0.05) lower in the amended MSW compost soils in contrast to 

those non-amended soils. Soil texture did not show any significant difference between treatments during the 

experimental period, the plots without and with MSW compost belonged to the same textural group (medium) but 

soils samples belonged to different textural classes (most plots without MSW compost belonged to the loam textural 

class while the plots with MSW compost addition belonged to the sandy clay loam textural class). 

 

TABLE 3 Granulometric analysis realized in plots without and with MSW compost addition (%). 

Without compost n Mean  Dev.  Min. Max. With compost n Mean Dev. Min. Max. Sig.
1
 

Coarse sand  29 20.35 12.09 4.96 57.53 Coarse sand  20 25.19 14.17 6.89 58.64 NS 

Fine sand 29 22.56 6.99 6.24 37.70 Fine sand 20 23.87 9.04 1.82 39.85 NS 

Coarse silt  29 7.32 3.35 0.60 13.33 Coarse silt  20 4.92 3.17 0.76 13.79 NS  

Fine silt 29 29.29 8.73 11.97 43.37 Fine silt 20 24.13 10.24 9.02 47.89 * 

Clay 29 20.49 4.42 10.76 30.57 Clay 20 21.88 4.51 13.70 29.57 NS 
1
Descriptive statistical analysis (Dev., Deviation; Min., Minimum; Max., Maximum); Sig., Significance treatments = 

without vs. with MSW compost addition (NS, Not significant differences; *P<0.05; **P<0.01; ***P<0.001). 

 

3.4 Chemical soil properties:  pH (H20 and KCl), organic matter, total carbon and nitrogen, 

C/N ratio, exchangeable cationic content, acidity and cationic exchangeable capacity  

There were no significant differences between treatments in chemical soil properties (table 4). Carbon, nitrogen and 

organic matter content tended to be higher in the amended soils compared to those non-amended. The C/N ratio took 

values acceptable for this type of agricultural soils but a higher ratio would be desirable to increase the humification 

process. Soil exchange complex properties did not differ significantly between treatments (table 5).  

 

TABLE 4 Soil pH (H20 and KCl), organic matter content (%), total carbon content (%), total nitrogen 

content (%) and C/N ratio measured in plots without and with MSW compost addition.  

Without compost n Mean  Dev.  Min. Max. With compost n Mean Dev. Min. Max. Sig.
1
 

pH (H20) 29 5.98 0.97 4.22 7.87 pH (H20) 20 5.79 0.82 4.89 7.70 NS 

pH (KCl) 29 5.16 1.00 3.73 7.04 pH (KCl) 20 5.10 0.78 3.90 7.06 NS 

Organic matter 29 4.81 1.90 1.48 9.96 Organic matter 20 5.87 3.46 2.19 16.55 NS 

Total carbon  29 2.79 1.10 0.86 5.78 Total carbon  20 3.40 2.01 1.27 9.60 NS 

Total nitrogen  29 0.22 0.09 0.13 0.56 Total nitrogen  20 0.27 0.14 0.10 0.60 NS 

C/N ratio 29 12.71 3.89 5.68 25.34 C/N ratio 20 12.40 2.30 10.45 21.14 NS 
1
Descriptive statistical analysis (Dev., Deviation; Min., Minimum; Max., Maximum); Sig., Significance treatments = 

without vs. with MSW compost addition (NS, Not significant differences; *P<0.05; **P<0.01; ***P<0.001).

  

TABLE 5 Soil exchangeable cationic content (ECC), acidity and cationic exchangeable capacity (CEC) 

measured in plots without and with MSW compost addition appeared expressed in cmol (+) kg
-1

.  

Without compost n Mean  Dev.  Min. Max. With compost n Mean Dev. Min. Max. Sig.
1

ECC 29 11.59 8.65 1.04 33.36 ECC 20 12.85 10.85 1.84 51.26 NS 

Ca
2+

 29 8.80 7.83 0.30 29.46 Ca
2+

 20 9.97 10.47 0.62 48.56 NS 

Mg
2+

 29 1.21 0.67 0.10 2.72 Mg
2+

 20 1.34 0.63 0.41 2.48 NS 

Na
+
 29 0.23 0.13 0.12 0.79 Na

+
 20 0.20 0.07 0.10 0.39 NS 

K
+
 29 1.35 0.68 0.15 2.68 K

+
 20 1.34 0.99 0.18 4.69 NS 

Acidity 29 0.28 0.72 0 3.10 Acidity 20 0.78 1.44 0 5.30 NS 

CEC 29 15.06 4.60 7.29 25.22 CEC 20 16.07 3.02 11.74 24.70 NS 
1
Descriptive statistical analysis (Dev., Deviation; Min., Minimum; Max., Maximum); Sig., Significance treatments = 

without vs. with MSW compost addition (NS, Not significant differences; *P<0.05; **P<0.01; ***P<0.001). 
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 A tendency to increase the ECC was observed in the MSW compost plots, mainly due to a greater amount 

of exchangeable cations Ca
2+

 and Mg
2+

. The addition of MSW compost to the soils also seemed to cause an increase 

in its acidity and CEC encouraging thus the setting of nutrients (H
+
, K

+
, NH

4+
, Ca

2+
, Mn

2+
, Al

3+
, Fe

2+
 and Fe

3+
) 

keeping them available to the plants for longer and avoiding the loss of such by leaching or fixation.  

3.5 Interactions between clay, organic matter and cationic exchangeable capacity  

An analysis of all the samples, regardless of the treatment, inferred that the cationic exchangeable capacity (CEC) 

introduced better relationships with organic matter (OM) than with clay (table 6). The correlation between OM and 

CEC was higher in the MSW compost plots (R
2
= 0.817) compared to those without MSW compost (R

2
= 0.405). 

This adsorption property also appeared in colloidal clays with a coefficient of determination between clay and CEC 

significant (P<0.05) in the compost plots but lower (R
2
= 0.244) than the obtained between OM and CEC.  

  

TABLE 6 Regression analysis between clay, organic matter content (OM) and cationic exchangeable 

capacity (CEC) in plots without and with MSW compost addition. 

Without compost n Regression R
2
 With compost n Regression R

2
 

Clay – CEC 29 YCEC=0.22XClay+11.52 0.105 Clay – CEC 20 YCEC = 0.51XClay + 4.00 0.244
1
* 

OM – CEC 29 YCEC=1.01XOM+11.20 0.405** OM – CEC 20 YCEC =1.21XOM + 7.98 0.817** 

1
Significance level: *P<0.05; **P<0.01. 

  

 The coefficients of determination obtained on this study corroborated the assertion of Costa et al. (1995), 

with the values of R
2
 between OM and CEC in the order of 3-4 times higher than between clay and CEC. This 

should be attributed to the fact that adding compost to the soils increases its OM content and also the clay fraction. 

The humic substances played an important role on this pattern, because they are responsible for cementing inorganic 

soil particles and forming aggregates of certain stability as well as contributing to an increase in the water retention 

capacity through the formation of aggregates and retaining large amounts of water due to its colloidal properties. 

 

4 CONCLUSIONS  

A correlation between organic matter and cationic exchangeable capacity was found in the amended soils. Further 

studies must be carried out to establish the long-term effects of MSW compost addition in soil properties. 
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1 INTRODUCTION 

The steady loss of soil quality is a consequence of a progressive decrease in its organic matter content and soil 

macro- and micronutrients (Caridad, 2002). A controlled application of Municipal Solid Waste (MSW) compost can 

confer beneficial effects on the physical, chemical and biological soil properties by reducing the risk of soil 

pollution (Smith, 2009). Soil is affected by the organic amendment characteristics, hydrological conditions and 

management practices. The literature relating to the behavior and availability of heavy metals applied to the soils in 

compost trials is extensive and includes short and long-term investigations, chemical extraction and plant uptake 

studies and pot and field experimental work. Nevertheless, the amount of information specific to source-segregated 

compost is relatively limited (Smith, 2009). In order to obtain a more appropriate measure of the total concentration 

and availability of soil elements, it is necessary to take into account all the forms that these elements occur in the 

soil to assess their abundance and distribution, helping at the same time to characterize the soil. However, the 

analysis of soil elements can become very complex because of the often low concentrations (Ma et al., 1997) and it 

is very difficult to choose a suitable method for analyzing the total composition and the availability of the analyte 

after MSW compost addition due to the high diversity of soil elements and the wide variety of analytical methods. 

Recently, due to the adoption of spectrometry techniques many of these problems are being solved. Traditionally, 

the most common reagents used in the analysis of soil elements were a mixture of hydrofluoric acid and perchloric 

(HF + HClO4) or regia water (HNO3 + HCl). Baize (2000) indicated that the regia water gave lower values than the 

other two agents. This makes it extremely difficult to compare concentrations obtained by different extraction 

methods. The development of the technique of X-ray fluorescence is now an alternative to this traditional total 

analysis (Buurman et al., 1996). The main objective of this study was to establish the effect the addition of MSW 

compost had on the total composition and nutritional status of different agricultural soils from Galicia (NW Spain) 

and to compare different techniques for analysis of the total composition and availability of soil elements. 

2 MATERIALS AND METHODS  

2.1 Materials and Sampling 

Experimental plots with or without MSW compost additions were established in several Galician agricultural soils, 

mainly belonged to the loam textural class. Twenty-nine plots without and nineteen with MSW compost addition (at 

a rate of 50 t ha
-1

) were sampled in two years (2000-2001). Compost was just applied once in March at the start of 

the first year and soil samples were collected across the experimental period. Five soil subsamples were randomly 

taken in each plot from the surface horizon (0-20 cm depth) and were bulked for analyses. Composition and 

availability of soil elements, including macronutrients (P, K, Ca and Mg), micronutrients (Fe, Cu, Mn and Zn) and 

heavy metals (Cd, Cr, Ni and Pb) were determined using four analytical techniques.  

2.2 Analytical Methods 

The total analysis of soil elements was performed using two techniques, a semi-quantitative method, X-ray 

fluorescence (XRF), as well as a quantitative method, emission spectroscopy induced by argon plasma (ICP-MS). 

The availability of soil elements was determined using two extraction methods, the DTPA chelating agent and the 

Mehlich-3 acidic solution. Two analytical runs were carried out for each composite sample by each technique. 
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2.3 Statistical Analysis 

Data analysis was performed by SPSS 17.0. The Student t-test was used to compare the differences between 

treatments (without and with MSW compost) and techniques (total composition, XRF vs. ICP-MS and availability 

of soil elements, DTPA vs. mehlich-3). No interaction was found between treatment and technique. 

3 RESULTS AND DISCUSSION   

According to the Spanish regulation (BOE, 1998) for the use of this type of organic amendment on agricultural soils, 

the quality of the MSW compost used experimentally in this trial can be categorized as good. However, the Pb 

values measured both by XRF (255 mg kg 
-1

) and ICP-MS (244 mg kg 
-1

) were very close to the maximum limit 

allowed (300 mg kg 
-1

) and should be addressed due to the risk of soil pollution.  

3.1 Analysis of the total content of macronutrients (P, K, Ca and Mg) in the soil samples 

No significant differences between treatments regarding the total content of macronutrients were observed (table 1). 

However, the concentrations of P, K and Ca measured by XRF and Ca determined by ICP-MS tended to be higher in 

the plots receiving MSW compost compared to those without. The values of P, K, Ca and Mg were significantly 

greater when analyzed by XRF than by ICP-MS for all plots because XRF was able to measure a higher quantity of 

these four macronutrients than ICP-MS. 

TABLE 1 Macronutrients P, K, Ca and Mg measured by XRF and determined by ICP-MS (g kg
-1

) 

Without compost n Mean Dev. Min. Max. With compost n Mean Dev. Min. Max. Sig.
1
 Sig.

2
 

XRF      XRF        

Ptotal 29 0.32 0.16 0.05 0.78 Ptotal 19 0.36 0.18 0.08 0.78 NS *** 

Ktotal 29 2.28 0.70 1.35 4.41 Ktotal 19 2.33 0.67 1.58 4.01 NS *** 

Catotal 29 0.80 0.96 0.12 5.40 Catotal 19 0.86 1.16 0.16 5.42 NS ** 

Mgtotal 29 1.10 0.31 0.43 1.66 Mgtotal 19 0.98 0.32 0.53 1.57 NS *** 

ICP-MS      ICP-MS        

Ptotal 29 0.11 0.05 0.03 0.27 Ptotal 19 0.11 0.07 0.02 0.27 NS *** 

Ktotal 29 0.41 0.16 0.10 0.73 Ktotal 19 0.34 0.18 0.10 0.63 NS *** 

Catotal 29 0.33 0.66 0 3.59 Catotal 19 0.41 0.86 0.02 3.91 NS ** 

Mgtotal 29 0.65 0.24 0.20 1.25 Mgtotal 19 0.63 0.26 0.17 1.10 NS *** 
1
Sig. treatment= without vs. with compost (NS, Not significant differences; * P<0.05; **P<0.01; ***P<0.001). 

2
Sig. technique = XRF vs. ICP-MS (NS, Not significant differences; * P<0.05; **P<0.01; ***P<0.001). 

3.2 Analysis of the total content of micronutrients (Fe, Cu, Mn and Zn) in the soil samples 

 No significant differences between treatments regarding the total content of micronutrients were found (table 2). 

The total amount of all these four micronutrients varied over a large range due to the heterogeneity of the MSW 

compost used experimentally or an unequal distribution of the MSW compost compounds over the plots. However, 

this variation was not higher than for the macronutrients. These results illustrated the difficulty of studying, over a 

short term period, the effect of compost action on the soil micronutrients content.  

TABLE 2 Micronutrients Fe, Cu, Mn and Zn measured by XRF and determined by ICP-MS (mg kg
-1

). 

Without compost n Mean Dev. Min. Max. With compost n Mean Dev. Min. Max. Sig.
1
 Sig.

2
 

XRF      XRF        

Fetotal  29 44094 7583 24450 61330 Fetotal  19 42474 7996 28000 59000 NS *** 

Cutotal 29 67 17 22 110 Cutotal 19 65 14 28 84 NS *** 

Mntotal 29 1100 256 420 1610 Mntotal 19 1049 247 640 1800 NS *** 

Zntotal 29 156 47 50 270 Zntotal 19 151 42 80 280 NS *** 

ICP-MS      ICP-MS        

Fetotal  29 33862 5027 20000 34000 Fetotal  19 30211 7714 13000 39000 NS *** 

Cutotal 29 34 13 4 73 Cutotal 19 30 10 3 46 NS *** 

Mntotal 29 771 202 333 1189 Mntotal 19 743 256 400 1542 NS *** 

Zntotal 29 94 31 30 150 Zntotal 19 86 33 31 172 NS *** 
1
Sig. treatment= without vs. with compost (NS, Not significant differences; * P<0.05; **P<0.01; ***P<0.001). 
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2
Sig. technique = XRF vs. ICP-MS (NS, Not significant differences; * P<0.05; **P<0.01; ***P<0.001). 

 The values of Fe, Cu, Mn and Zn were significantly greater when analyzed by XRF than by ICP-MS for all 

plots because ICP-MS was not able to release the elements contained in the silicate formations or from the minerals.  

3.3 Analysis of the total content of heavy metals (Cr, Ni and Pb) in the soil samples 

No significant differences between treatments regarding the total content of heavy metals were observed (table 3). 

The values of Cr, Ni and Pb were significantly greater when analyzed by XRF than by ICP-MS for all plots. The 

average values of these three heavy metals were approximately twice higher by XRF than by ICP-MS. 

TABLE 3 Heavy metals Cr, Ni and Pb measured by XRF and determined by ICP-MS (mg kg
-1

) 

Without compost n Mean Dev. Min. Max. With compost n Mean Dev. Min. Max. Sig.
1
 Sig.

2
 

XRF      XRF        

Crtotal 29 113 57 40 310 Crtotal 19 102 46 13 155 NS *** 

Nitotal 28 58 25 30 125 Nitotal 19 53 23 8 91 NS *** 

Pbtotal 5 43 12 38 56 Pbtotal 18 43 24 38 103 NS *** 

ICP-MS      ICP-MS        

Crtotal 29 48 27 40 260 Crtotal 19 45 27 13 143 NS *** 

Nitotal 29 28 19 27 115 Nitotal 19 25 16 8 81 NS *** 

Pbtotal 29 25 10 25 103 Pbtotal 19 25 12 13 63 NS *** 
1
Sig. treatment= without vs. with compost (NS, Not significant differences; * P<0.05; **P<0.01; ***P<0.001). 

2
Sig. technique = XRF vs. ICP-MS (NS, Not significant differences; * P<0.05; **P<0.01; ***P<0.001). 

  

The soil analysis also revealed that the total levels of some elements like Cu, Zn, Cr and Ni, in the 

Galician agricultural soils studied in this trial, are close to the Dutch restrictions implemented in 1987 (Ma et 

al.,1997).  

3.4 Analysis of the available micronutrients (Fe, Cu, Mn and Zn) in the soil samples 

There were no significant differences between treatments for the availability of micronutrients measured by DTPA 

(table 4). However, a significantly (P<0.001) higher content of Fe, Cu and Mn determined by Mehlich-3 was found 

in the plots with MSW compost addition. Moreover, the heavy metal Zn measured by the Mehlich-3 method tended 

to exhibit higher concentrations in the MSW compost plots. 

 No significant differences were found between techniques for Fe, Mn and Zn. However, a trend towards a 

higher amount extracted by DTPA was found in the plots without MSW compost for these three micronutrients 

while the Mehlich-3 method showed the opposite trend. For Cu, a significantly (P<0.05) higher concentration was 

obtained using the DTPA chelating agent in the plots without MSW compost while in the plots with MSW compost 

addition higher concentrations of Cu were found using the Mehlich-3 method. These results indicate that it is why it 

is very difficult to give coherent recommendations regarding the use of DTPA or Mehlich-3 extraction for these 

soils and further studies are required. 

 The decline in the relative availability of Cu and Zn measured by DTPA in amended soils may be 

explained due to the influence of the compost matrix on the sorption of metals compared to the non-amended. Soil 

types with a strong affinity for metal sorption, e.g. soils with high clay content, may be less responsive to the effects 

of pH (Smith, 2009) on metal availability and other mechanisms may have a more dominant role in metal behavior.  

TABLE 4 Micronutrients Fe, Cu, Mn and Zn measured by DTPA and determined by Mehlich-3 (mg kg
-1

) 

Without compost n Mean Dev. Min. Max. With compost n Mean Dev. Min. Max. Sig.
1
 Sig.

2
 

DTPA      DTPA        

Feavailable 29 97.1 46.3 31.5 207.8 Feavailable 12 104.4 69.9 44.2 274.8 NS NS 

Cuavailable 29 3.8 3.5 0.1 15.2 Cuavailable 12 2.6 1.4 0.9 6.1 NS * 

Mnavailable 29 34.2 25.0 5.0 98.4 Mnavailable 12 43.2 31.3 9.0 112.8 NS NS 

Znavailable 29 7.8 10.6 0.7 49.8 Znavailable 12 4.2 3.2 0.8 12.6 NS NS 

Mehlich-3      Mehlich-3        

Feavailable 29 93.2 82.4 18.0 286.2 Feavailable 12 232.4 77.1 116.2 360.2 *** NS 

Cuavailable 29 1.6 1.3 0 4.6 Cuavailable 12 3.6 2.4 1.3 10.2 *** * 

Mnavailable 29 16.3 26.6 1.4 127.0 Mnavailable 12 60.2 33.5 25.6 141.9 *** NS 
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Znavailable 29 4.1 5.1 0 24.7 Znavailable 12 7.4 7.7 1.1 24.6 NS NS 
1
Sig. treatment= without vs. with compost (NS, Not significant differences; * P<0.05; **P<0.01; ***P<0.001). 

2
Sig. technique = XRF vs. ICP-MS (NS, Not significant differences; * P<0.05; **P<0.01; ***P<0.001). 

3.5 Analysis of the available heavy metals (Cd, Cr, Ni and Pb) in the soil samples 

The analysis of the heavy metals (Cd, Ni and Pb) using DTPA and Mehlich-3did not show any significant 

differences between treatments (table 5). However, the concentrations of Cd and Pb tended to be higher in the MSW 

compost plots compared to those without. For Cr, a significantly greater concentration was obtained using DTPA in 

the plots without MSW compost while using Mehlich-3 higher amounts of Cr were found in the compost plots.  

 Mehlich-3 extracted a significantly (P<0.001) higher amount of Cr than DTPA in both treatments. 

However, for Ni (P<0.05) and Pb (P<0.001) the contrary result was obtained with higher concentrations using 

DTPA than Mehlich-3. For Cd, no differences were found at all between treatments although a higher amount of this 

heavy metal was extracted using DTPA than by Mehlich-3. These results are in line with a research reported by 

Caridad (2002) who recognized that it is not possible to recommend the use of DTPA or Mehlich-3 extraction for 

samples of widely variable soils because of the important role of physical and chemical soil properties.  

TABLE 5 Heavy metals Cd, Cr, Ni and Pb measured by DTPA and determined by Mehlich-3 (mg kg
-1

). 

Without compost n Mean Dev. Min. Max. With compost n Mean Dev. Min. Max. Sig.
1
 Sig.

2
 

DTPA      DTPA        

Cdavailable  29 0.06 0.06 0 0.20 Cdavailable  12 0.07 0.04 0 0.15 NS NS  

Cravailable 29 0.08 0.04 0 0.10 Cravailable 12 0.01 0.02 0 0.13 *** *** 

Niavailable 29 0.87 1.37 0.03 4.62 Niavailable 12 0.46 0.19 0 2.06 NS * 

Pbavailable 29 1.98 1.31 0.19 6.17 Pbavailable 12 2.47 0.88 0 4.50 NS *** 

Mehlich-3      Mehlich-3        

Cdavailable  29 0.03 0.05 0.02 0.16 Cdavailable  12 0.07 0.09 0 0.24 NS NS 

Cravailable 29 0.11 0.06 0 0.07 Cravailable 12 0.21 0.16 0 0.44 ** *** 

Niavailable 29 0.28 0.58 0.27 5.10 Niavailable 12 0.20 0.23 0 2.59 NS * 

Pbavailable 29 0.51 0.96 1.26 4.22 Pbavailable 12 0.56 1.02 0 3.33 NS *** 
1
Sig. treatment= without vs. with compost (NS, Not significant differences; * P<0.05; **P<0.01; ***P<0.001). 

2
Sig. technique = XRF vs. ICP-MS (NS, Not significant differences; * P<0.05; **P<0.01; ***P<0.001). 

4 CONCLUSIONS  

No differences between treatments in the total content of macro- and micronutrients and heavy metals measured by 

XRF and ICP-MS were found. XRF determined a higher quantity of soil elements than ICP-MS in all plots studied. 

However, a significantly higher content of available Fe, Cu, Mn and Cr measured by Mehlich-3 was found in the 

MSW compost plots. Mehlich-3 extracted a significantly higher content of Cr than DTPA in both treatments. For 

Cu, Ni and Pb the contrary result was obtained with higher concentrations by DTPA. It was not possible to 

recommend the use of DTPA or Mehlich-3 extraction for samples of mixed widely variable soils.  
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1 INTRODUCTION 

The modern livestock production systems are characterised by an intensification and concentration of their 

activities, generating vast amounts of biodegradable wastes which must be managed under sustainable 

environmental practices (Burton and Turner, 2003). In this context, anaerobic digestion is emerging as a 

management option for livestock wastes, providing a renewable energy source (biogas). A biogas production 

potential of 18.5 Mtoe (million tonnes of oil equivalent) has been estimated, taking into account that approximately 1500 

million tonnes of animal manure, mainly from cattle and pig farms, is produced every year in the EU-27 countries 

(Nielsen and Oleskowicz-Popiel, 2008). 

 On the other hand, the digested materials (digestate) can be used as fertilisers and amendments for agricultural 

systems. However, the presence of easily-degradable organic matter at a high concentration in digestate can lead to a 

great increase in soil microbial activity and cause detrimental effects on the plant-soil system such as phytotoxicity (toxic 

intermediate degradation products), anaerobic soil conditions, etc. Soil amendment with digestate must guarantee both 

agricultural and environmental benefits, optimising the organic matter balance in soil and increasing soil fertility in the 

long-term (Ajwa and Tabatabai, 1994; Thuriès et al., 2001). Therefore, the information gained from decomposition 

studies in digestate-treated soil (potentially mineralised carbon, mineralisation rate, nitrogen immobilisation, etc.) can be 

very useful to assess the stability of the digestate and decide the most appropriate recovery operation in practice (direct 

application, stabilisation treatments, optimum application rate, etc.).  

 The present paper evaluates the carbon and nitrogen mineralisation dynamics in a short-term laboratory study 

for an agricultural soil amended with some representative digestate samples produced from anaerobic co-digestion 

processes. 

 

2 MATERIALS AND METHODS  

2.1  Soil incubation experiment 

Four digestates were selected as representative samples: pig slurry+1.0% sludge from a slaughterhouse wastewater 

treatment plant and 6.5% biodiesel wastewaters as co-digestion substrates (PS); cattle slurry+4.3% cattle manure 

and 11.6% maize-oat silage as co-digestion substrates (CS); cattle slurry+4% glycerine (CG4), and cattle slurry+6% 

glycerine (CG6). Digestate samples (Table 1) were applied to a calcareous sandy-loam agricultural soil from La 

Alberca (Murcia, Spain) at a rate of 96 m
3
/ha (4 g of fresh digestate per 100 g of dry soil). The soil used for the 

experiment was collected from the top-layer (0-20 cm), air-dried and sieved to 2 mm before used in the incubation. 

Its main characteristics were 23.7% CaCO3, 7.5 pH and 1.72 dS/m electrical conductivity (saturated paste, with 

water), 24.3 g/kg organic matter, 14.1 g/kg organic carbon and 1.9 g/kg total nitrogen. The digestate-soil mixtures 

were incubated under aerobic conditions at 26
o
C for 56 days, using soil without digestate as the control. Soil 

moisture was maintained at 60% of the water-holding capacity with deionised water. Each treatment was run in 

triplicate.  

After 2, 7, 14, 28, 42 and 56 days, three soil replicates per treatment were analysed for inorganic-N (NH4-

N and NO3-N) to follow the nitrogen dynamic of mineralisation, while the dynamic of the organic carbon 

mineralisation was determined in a separate set of incubations for 56 days. Small vials with 10 ml of 0.1M NaOH 

were placed inside the incubation vessels to trap the CO2 evolved during the incubation, and empty vessels were 

used as blanks. The vessels were closed, but opened during a period of several minutes to restore adequate aerobic 

conditions when NaOH vials were replaced and measured after 2, 4, 7, 14, 28, 42 and 56 days. The CO2 was 

measured by titration of the NaOH solution with 0.1M HCl in an excess of BaCl2 to precipitate carbonates. The 
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mineralisation of the organic carbon from the digestate was calculated as the difference between the CO2-C evolved 

in the amended soils and that produced in the control (non-amended) soil. Data concerning C-mineralisation 

evolution in soil were fitted to kinetic models by the non-linear least-square technique (Marquardt-Levenberg 

algorithm), using the Sigma-Plot computer programme (SPSS Inc.). The statistical significance of curve fitting, the 

residual mean square (RMS) and F-values were calculated. 

 

TABLE 1 Main characteristics of the digestate samples (mean value, data expressed on a fresh weight 

basis).  

Parameter CG4
 

CG6
 

PS
 

CS
 

pH 5.64 7.35 8.20 7.50 

Electrical conductivity (dS/m) 14.5 11.7 30.3 25.8 

Dry matter (g/l) 38.3 72.9 19.5 90.1 

Total organic matter (g/l) 26.4 56.4 8.5 66.4 

Total nitrogen (g/l) 1.9 2.3 4.0 4.0 

NH4-N (g/l) 1.0 0.9 3.3 1.9 

 

2.2 Analytical methods 

The following parameters were determined in the digestate samples: electrical conductivity and pH (directly on 

samples after their homogenisation); moisture content after drying to constant weight at 105
o
C; the volatile solids 

which reflect the organic matter content by loss on ignition at 500
o
C for 24h; total organic carbon (TOC) and total 

nitrogen (TN) were measured by automatic microanalysis (EuroVector elemental analyser, Milan, Italy). 

Ammonium was determined by distillation in alkaline medium (MgO). The 5-days biochemical oxygen demand 

(BOD5) was measured with OxiTop® equipment.  

 The total organic carbon and total nitrogen concentrations of soil were determined with an automatic 

microanalyser. The CaCO3 content was measured with a Bernard calcimeter. As incubation progressed, inorganic-N 

was determined in 1:5 (w/v) soil:water extracts for NO3-N and soil:2M KCl extracts for NH4-N. Nitrate-N was 

measured using a nitrate-ion selective electrode (EPA, 2007), while NH4-N was determined by a colorimetric 

method based on Berthelot’s reaction (Sommer et al., 1992). All values refer to soil dried at 105
o
C for 24h. 

 

3 RESULTS AND DISCUSSION  

3.1 Carbon mineralisation in digestate treated-soil 

All digestates showed the largest release of CO2 during the first day of incubation due to the mineralisation of the 

most easily-degradable organic fraction of digestate samples. Mineralisation rates rapidly decreased until the end of 

the incubation where they became nearly constant, ranging from 5 to 10 µg C/g soil and day, and close to control 

values. Digestates from CG showed the highest production of CO2-C in the soil, favoured by the glycerine addition 

which increased the labile pool of organic-C in these treatments. The total amount of CO2-C evolved after 56 days 

of incubation increased significantly in the order (µg C/g soil): 730 < 948 < 1027 < 1679 for PS, CS, CG4 and CG6, 

respectively. The results obtained were conditioned by the amount of organic carbon added to soil in the digestate 

samples (237, 1350, 712 and 1713 mg TOC per kg of dry soil for PS, CS, CG4 and CG6, respectively) and its 

stability against microbial degradation. Then, BOD5 values were clearly higher in CG samples (930.7 and 1420.5 g 

O2/kg OM for CG6 and CG4, respectively) than in CS and PS digestates (90.4 and 252.3 g O2/kg OM, respectively).  

 The pattern of organic-C mineralisation varied considerably amongst digestates. At the end of the 

incubation period (56 days), the mineralised-C (% of TOC) in CS was 30%, much lower than for the CG digestates 

(60 and 63% of TOC for CG4 and CG6, respectively) and indicating the presence of a large easily degradable C 

fraction in the latter (lower stability degree), while more than 100% of the organic-C added with PS was 

mineralised, indicating the degradation of some native soil organic-C during incubation (priming effect).  

 The mineralisation of the total organic-C (TOC) coming from the digestates was calculated as the 

difference between the CO2-C evolved in the amended soils and that produced in the control, these results were 

fitted to kinetic functions (Table 2). CG samples followed a combined first- and zero-order kinetic model which 

suggested the presence of two different fractions of organic matter: an easily-degradable pool which was 
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mineralised quickly, representing about 50% of the added organic-C, and another more resistant to microbial 

degradation and, hence, degraded at a much lower rate during incubation. The CS digestate mineralisation pattern 

fitted a first order model, which meant that organic matter mineralisation followed an exponential rise to a 

maximum growth, while the PS dynamic needed an independent parameter (B) to show the initial flux of CO2-C 

evolved.  

 

TABLE 2 Parameters of the kinetic models used to describe C-mineralisation of the digestates (± standard 

error).  

Combined first- and zero-order function: Cm=CR(1-e
-k

R
t
)+At 

Digestate Cm (56 days) CR kR  A  RMS F 

CG4 59.8±2.4 52.0±0.6 0.33±0.01 0.14±0.02 0.4985 3015*** 

CG6 63.0±0.8 46.5±0.5 0.36±0.01 0.31±0.02 0.4357 3577*** 

First order: Cm= C0(1-e
-kt

)  

Digestate Cm (56 days) C0 k  B RMS F 

PS 108.2±4.4 106.4±10.0 0.02±0.01 30.2±1.9 4.6248 568*** 

CS 30.1±1.2 28.9±0.6 0.08±0.01 - 0.7567 1447*** 

***: Significant at probability level P < 0.001. 

Cm: mineralised-C (% of TOC) at the end of incubation (56 days) and t: incubation time (days). In the combined 

first- and zero-order function: CR, rapid potentially mineralisable-C (% of TOC); kR, rapid rate constant (day
-1

); A 

(% day
-1

), slowly mineralisable-C rate (equivalent to “CS×kS”; CS: slowly mineralisable-C and kS: the slow rate 

constant). In the first order: C0, potentially mineralised-C (% of TOC) and k, rate constant (day
-1

). For PS, a 

constant term (B) was included to consider the initial mineralisation flux detected in this treatment. 

 

3.2 Inorganic nitrogen dynamics in digestate-treated soil 

At the beginning of the incubation, NH4-N was the predominant nitrogen form provided by the digestates to the soil. 

As incubation progressed, nitrification of this NH4-N occurred in all treatments. However, changes in the NH4-N 

and NO3-N concentrations in digestate-treated soil were clearly influenced by the stability of the added material 

(Fig. 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

 

FIGURE 1 Dynamics of inorganic-N in soil during incubation with two representative digestate samples - 

PS and CG6 (average ± standard deviation; where absent, bars fall within symbols).  

 

 Therefore, two different trends in the mineral-N dynamic were observed during incubation. Soil treated 

with CG digestates, having a high proportion of labile organic matter, showed a large decrease in both mineral form 

(NH4-N and NO3-N) concentrations during the first week of incubation. These findings suggest that CG addition 

favoured the microbial immobilisation of inorganic-N in soil, due to the development of microorganisms in soil, as 

observed by the subsequent intense microbial respiration (high respiration rates were detected initially in these 
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treatments), which could also induce a lack of oxygen in the soil leading to denitrification (Dendooven et al., 1998). 

After this intense microbial activity, nitrification occurred but inorganic-N concentrations remained clearly lower 

than at the beginning of incubation.  

In contrast, nitrogen immobilisation/denitrification phenomena were not observed when PS (Fig. 1) and CS 

digestates were added to soil. Nitrate production was higher in the soil treated with PS than in that treated with CS 

due to the higher concentration of NH4-N added by PS (Table 1) and also to the lower C/N ratio of PS digestate (1.5 

and 8.5 for PS and CS, respectively). At the end of the incubation period, the percentage of added N that had been 

converted into nitrate “100×[(NO3-Nsoil+digestate-NO3-Nsoil)/added N]” was 55% and 85% for CS and PS, respectively.  

  

4 CONCLUSIONS 

The digested materials tested in this experiment showed a great variability in their organic matter content and a low 

stability degree. The digestates from cattle slurry-glycerine mixtures showed a high organic load and the lowest 

degree of stability. This fact conditioned the nitrogen and carbon mineralisation processes, leading to higher CO2-C 

production and N-immobilisation/denitrification. In these cases a further stabilisation process, such as the 

exhaustion of the easily degradable organic matter in anaerobic digestion, is recommended to assess the maximum 

agricultural and environmental benefits.  

In stabilised digestates the nitrogen immobilisation process hardly occurred in soil, and a considerable 

fraction of the added nitrogen was converted into nitrate during incubation. This constitutes an important source of 

available nitrogen for plants which must be taken into account in fertilisation programmes.    
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1 INTRODUCTION 

In recent years there has been growing concern that increased precipitation caused by climate change (CC) may 

reduce Soil Organic Carbon (SOC) in arable soils (Le Houérou 1995; Graef and Haigis 2001; Lal 2002; Wang et al. 

2005; Márton 2005, 2007), because of the increased rate of SOC decomposition, and SOC leaching from the upper 

to lower soil layers (Trierweiler and Lindsay 1969; Várallyay 2005; Russel and Jennifer 1991). Furthermore, new 

fertilizer input limits (e.g., nitrogen, phosphorus, potassium, etc) for crops have been introduced in Europe to reduce 

pollution originating from agriculture (Von Blottnitz 2006). In some countries (Germany, Portugal and Spain), 

where fertilizer limits are applied, crop yields and residue returns are expected to decline, and hence in agricultural 

systems there may be a reduction in the potential SOC equilibrum (Kádár 1992; Ardö and Olsson 2003; Von 

Blottnitz 2006). Long-term experiments are ideal for evaluating the complex influences of climate change (CC) (as 

precipitation) and agricultural practices (as crop fertilization) on changes in soil organic carbon (SOC). As at the 

moment, little is known about the net-interrelations of the quantity and distribution of precipitation, and NPKCaMg 

fertilization
 
on SOC in soil, the present study aimed to investigate this problem in a long-term field experiment in 

Hungary.  

2 MATERIALS AND METHODS 

The initial soil properties at the beginning of the long-term experiment (in 1962) were as follows (Láng 1973):  

particle-size distribution in the 0–25 cm layer: sand (> 0.05 mm) 70–85%, loam (0.05-0.002 mm) 8–20%, clay (< 

0.002 mm) 3–6%; clay in colloid accumulation layers: 10–18%; saturation percentage: 25–30; pH(H2O) 5.4; 

pH(KCl) 4.3; organic matter 0.5–0.8%; CEC 3–5 meq·100 g
-1

.  

From 1962 to 1980 the trial included 2 (crops)×2 (plough)×16 (fertilization)×8 (replicats) = 512 plots and 

from 1980 to 2001 32 (fertilization)×4 (replicats) = 128 plots in random block design. The gross plot size was 10×5 

= 50 m². The main chemical characteristics of the ploughed (0-25 cm) soil layer in the untreated plots in 1962, 1983, 

1988, 1998 and 2002 are presented in TABLE 1. The treatments and their combinations are shown in TABLE 2.  

 

TABLE 1  Chemical soil properties in the ploughed (0–30 cm) layer of the untreated control plots of the 

long-term fertilization experiment on sandy, acidic leached brown forest soil (Nyírlugos) in 

1963, 1983, 1988, 1998 and 2002  

PH Total AL-soluble Humus 
Nitrogen P2O5 K2O 

 

Year H2O KCl 

Hydro-

lytic 

acidity 

 

hy1 

% mg·kg-1 

1963 5.9 4.7 8.4 0.3 0,7 34 43 60 

1983  4.16   0.35  67 57 

1988  4.40   0.54  59 90 
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1998  3.41   0.55  65 27 

2002  4.1   0,56  54 72.8 

 

TABLE 2  Fertilizer treatments in the long-term fertilization experiment on sandy, acidic leached brown 

forest soil (Nyírlugos) between 1962 and 2002 

From 1962 to 1980, kg·ha
-1

·yr
-1

 

No Fertilization 

N1 = 30 P = 48 (P2O5) 

N2 = 60 K = 80 (K2O) 

N3 = 90 Mg = 15 (MgO) 

N, P, K, Mg combinations 

No Fertilization 

N1 N2 N3 

N1P N2P N3P 

N1K N2K N3K 

N1PK N2PK N3PK 

N1PKMg N2PKMg N3PKMg 

From 1980, kg·ha
-1

·yr
-1

 

Code N P2O5 K2O CaCO3 MgCO3 

0 0 0 0 0 0 

1 50 60 60 250 140 

2 100 120 120 500 280 

3 150 180 180 1000 0 

 

Precipitation was collected in a BES-01 collector (collecting precipitation on a standard 200 cm² surface) 

at the Meteorological Station  in Napkor. The averaged precipitation (mm) in the 1
st
 20-year period for the winter 

half year (WHY) (October–March), the summer half year (SHY) (April–September), and the total year (YT) 

(October–September) was 228, 288 and 516 mm, while in the 2
nd

 20-year interval these values were 204, 320 and 

523 mm, respectively.  

The average fertilizer rates in kg ha
-1

 year
-1

 were nitrogen 75, phosphorus 90 (P2O5), potassium 90 (K2O), 

calcium 437.5 (CaCO3) and magnesium 140 (MgCO3). The fertilizers were applied in the form of calcium-

ammonium nitrate (N: 25%), superphosphate (P2O5: 18%), muriate of potassium (K2O: 40%), powdered limestone 

(CaCO3: 96%) and dolomite (MgO: 14%). The crop sequence was potato (tuber)–rye (seed)–wheat (seed)–lupin 

(protein)–sunflower (oil) in the 1
st
 20-year period (1963–1983), and sunflower (oil)–grass (forage)–barley (seed)–

tobacco (tobacco)–wheat (seed)–triticale (seed) in the 2
nd

 20-year interval (1983–2002). The 1
st
 and 2

nd
 20-year crop 

yield average was 3.37 and 2.47 t·ha
-1

, respectively (mean 2.9 t·ha
-1

).  

3 RESULTS AND DISCUSSION 

Soil organic carbon (SOC) has strong influence on soil fertility, and crops yield. Several studies shown that 

continuous cropping decreases soil organic carbon stocks rapidly in the initial years. 40 year soil database was 

evaluated to investigate the impact of intensive ray-potato-wheat-triticale cropping system on SOC sequestration in 

a Long Term Field Fertilization Experiment at Nyírlugos in North-Eastern Hungary (N: 47º 41’ 60’’ and E: 22º 2’ 

80’’) on an acidic sandy soil from 1962 to 2002. Intensive fertilization and cropping resulted in a significant 

(P<0.001) decrease in SOC (16%) on all experimental plots in the 1
st
 20-year period, (1963–1982). In the 2

nd
 20-

year period (1983–2002) SOC pool values were improved by 16.9%. The correlation (R²) between precipitation 

sums for different periods of experimental years (Winter Half Year: WHY, Summer Half Year: SHY), and 

NPKCaMg fertilization on SOC (mg·kg
-1

) contents were significant (P<0.001): the means for WHY, SHY over 40 

years were 0.4691, 0.6171 and 0.6582, respectively. Organic carbon reserves (mg·kg
-1

) in soils decreased linearly as 

precipitation increased (from 3.22 to 7.27 mm·yr
-1

). Therefore, in the case of a trend - for growing precipitation 

caused by climate change, there will be associated reduction in SOC in soils. This process probably will continue in 
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the future. Thus, farmers must take into consideration the climate (WHY’s and SHY’s precipitation), fertilization 

(NPKCaMg), and cropping changeability to optimize their SOC pool and crop management.  

4 CONCLUSIONS 

Since the 1950s, there has been a significant increase in the variability experienced by European and Hungarian 

farmers in term of soil organic carbon (SOC). Seasonal precipitation, NPKCaMg fertilization, and cropping 

changeability has also increased over the same period. The dynamics, seasonal changes and mechanisms of SOC in 

arable soils are essential in understanding and mitigating global climate change in interrelation with crop nutrition. 

If this trend continues, and is aggravated by warming temperatures and a more altering climate, as predicted by 

climate change forecasts, the livelihoods of many Hungarian and European farmers may be substantially altered. 

Thus, it should be emphasized that farmers must take into consideration the changeability of climate (WHY and 

SHY precipitation), fertilization (NPKCaMg), and cropping pattern (tuber–seed–tobacco–protein–oil–forage) to 

optimize their SOC pool, soil carbon sequestration, soil sustainability and crop management in the nearest future. 

However, the presented study demonstrated that the properly calibrated and tested long-term experiment-based 

models are capable of detecting SOC yield responses to climatic (at first winter half year, summer half year and year 

total precipitation) variations in interaction with several nitrogen, phosphorus, potassium, calcium and magnesium 

fertilization systems for Hungary and on the European level under the changeable climate conditions.  
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1 INTRODUCTION 

The use of municipal solid waste (MSW) compost as a soil amendment is a feasible option for increasing the SOM 

contents, as well as a sustainable waste management strategy. In addition to increasing soil organic carbon, a 

fertilizing effect has often been observed after application of MSW compost to agricultural soil (Giusquiani et al. 

1988; Hargreaves et al. 2008). Given that part of the nutrients are present in organic forms, the gradual release of 

plant nutrients after mineralization is another of the expected advantages of the use of MSW compost as an 

agricultural soil amendment (Frossard et al. 2002; He et al. 2005). Although the effect of compost on the 

concentration, availability and dynamics of soil N and P has been widely studied, studies evaluating the effect on 

Ca, Mg, and K are still scarce. Most existing literature does not report the evolution of those nutrients throughout the 

short period following compost addition. However, this point deserves more attention because, if the mineralization 

process is responsible for the gradual release of nutrients from compost, their concentrations should increase after 

compost addition. However, when field experiments in cropped soils are conducted, it is difficult to establish the 

evolution of the added nutrients, due to the effects of plant uptake, leaching, modifications in the plant roots 

environment and in the soil nutrient pools, etc. 

In this work two laboratory experiments were performed with MSW compost-amended soils, in order to 

describe the evolution of available Ca, Mg and K in closed systems, free from potential disturbance due to leaching 

or nutrient uptake by plants. The main objective was to determine the extent of nutrient release from MSW compost, 

relating this effect to the initial composition of compost, on the one hand, and microbial nutrient immobilization, on 

the other hand. 

 

2 MATERIALS AND METHODS 

2.1 Soils and composts 

Composite samples from the top 10 cm of Ap horizons of agricultural soils developed on granite (Gr), schist (S) and 

gabbro (G) were collected. The three soils were located near each other at 43º N and 8º W, near to Santiago de 

Compostela (A Coruña, Spain). Once in the laboratory, the soils were sieved through a 4-mm mesh, and stored 

under 4ºC until utilization in the incubation experiments. The soils on schist and granite had a sandy-loam texture, 

while the soil on gabbro was loamy; all the soils were acidic, with pH values between 5.1 and 5.8. The soil 

developed on gabbro showed the highest C concentration, more than twice the C of the other two soils. 

Two municipal solid waste (MSW) composts supplied by industrial waste treatment facilities in Galicia 

were used. MSW1 is compost obtained by anaerobic fermentation of the biodegradable fraction of MSW, separated 

before collection, followed by an aerobic composting step, to stabilize the incompletely digested residue. MSW2 is 

an aerobic MSW compost obtained from source separated biodegradable fraction of MSW. For the analysis of the 

general properties of the composts, the Spanish version of the European CEN (European Committee for 

Standardization) methods for the characterization of soil amendments and substrates was followed. Briefly, pH and 

electrical conductivity (EC) were determined in aqueous extracts (substrate/extractant ratio: 1/5 v/v) of fresh 

samples. Total organic matter (OM) was determined by weight loss on ignition of dried ground samples at 450ºC, 

and total organic C (TOC) calculated multiplying OM by a factor of 0.58. Total N was measured by Kjeldahl 

digestion and steam distillation. Total nutrients were extracted after digestion in a sandbox with concentrated HCl 

and HNO3 (3:1 ratio), water-soluble nutrients were extracted with distilled water, and available nutrients were 
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extracted with CaCl2-DTPA solution. The exchangeable cations were determined in 1N NH4Cl extracts following 

the method of Gillman et al. (1983). The elemental concentrations in all extracts were measured by flame atomic 

absorption/emission spectroscopy (Varian 220FS). Total carbonates were measured in a Bernard calcimeter 

according to the method described by Guitián and Carballas (1976). 

2.2  Incubation Experiments 

Two incubation experiments were performed with fresh soil samples collected at two different times of the year, in 

order to study the effect of different microbial activity on nutrient dynamics. The first incubation was run with soils 

collected in March 2006, when microbial activity is expected to be at its minimum, and the second one was 

conducted with soils collected in May 2006, when the activity of microorganisms is supposed to be at its maximum 

in temperate soils in the Northern hemisphere (Leirós et al. 1999). Each soil was incubated alone and mixed with 

each compost at 2.5% dry weight (roughly equivalent to 60 t ha
-1

, a high rate which is closer to those of restoration 

studies than to agricultural rates). 

 Prior to the first incubation, which lasted three months, the moisture of the soils was adjusted 

approximately to 70% of their field capacity. For the incubation, 25-gram samples of the soil or mixtures of soil and 

compost were placed in 100-mL incubation vessels, three replicates per treatment. The jars were hermetically sealed 

and incubated at 25ºC for ninety days. The moisture of the samples was maintained constant during the experiment 

by replacing the weight losses with distilled water. Available Ca, Mg and K were extracted in 1M NH4AcO at pH 7, 

filtered, and the extracts analyzed by flame atomic absorption/emission spectroscopy (Varian FS220). 

The second incubation was similar to the first one but lasted five months. Available Ca, Mg, K were 

determined as explained above. After the incubation, the samples were fumigated with chloroform, and the available 

nutrients released (Ca, Mg, K) were also analyzed in the fumigated soils to determine the differences between the 

fumigated and non-fumigated soils (nutrient flux). 

 

3 RESULTS AND DISCUSSION 

The main properties of the composts are shown in Table 1. MSW1 had higher contents of total Mg and K compared 

to MSW1, whereas MSW2 was the richest in Ca and P. Despite the differences existing in the total concentrations, 

the available (soluble in CaCl2-DTPA) and water-soluble fractions were similar for both composts. Both composts 

had significant amounts of essential plant nutrients, with Ca as the most abundant nutrient, as it is typical for urban 

waste composts (He et al. 2005; Hargreaves et al. 2008). However, total concentrations are not indicative of the 

short-term nutrient availability to crops. In fact, the nutrients present in compost may exist in different forms, both 

organic and inorganic, with different solubility. The different extractions performed on the composts showed that K 

was almost completely available, as it was mainly present as an exchangeable cation or in water-soluble forms. 

Calcium and Mg were less water-soluble than K, and also had a lower fraction of their total concentrations in 

exchange sites. For Ca, this is explained by the presence of significant quantities of carbonates in both composts, 

which are not dissolved in water or in ammonium chloride. 

 

TABLE 1 Composts properties. Numbers in brackets represent percentage of the total concentrations. 

 MSW1 MSW2  MSW1 MSW2 

pH 8.4 8.2 Water-soluble nutrients (mg kg
-1

) 

EC (dS m
-1

) 2.3 2.4 Ca 605 (0.8) 542 (0.7) 
OM (g kg

-1
) 487 397 Mg 131 (1.7) 100 (2.0) 

Total C (g kg
-1

) 283 230 K 1507 (25) 1594 (33) 

Total N (g kg
-1

) 17 15 CaCl2-DTPA-soluble nutrients (mg kg
-1

) 

C/N 17 15 Mg 1072 (14) 876 (17) 
Carbonates (g kg

-1
) 163 169 K 3816 (63) 3315 (70) 

Total nutrients (mg kg
-1

) Exchangeable nutrients (mg kg
-1

) 

Ca 72464 80412 Ca 6940 (9.6) 4860 (6.0) 
Mg 7783 5054 Mg 778 (10) 583 (12) 

K 6082 4763 K 4575 (75) 5044 (106) 

 

After addition to the soil, both composts significantly increased the K, Ca and Mg concentrations with 

respect to the control soils in the two incubations, in general without differences in their respective effects (Tables 2-

3). Ca was the element whose available content was most increased in the soils amended with the composts, from 
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values about 700 mg kg
-1

 up to values around 1000-1500 mg kg
-1

 (i.e. a two-fold increase of the non-amended soil 

concentration). Bearing in mind that the composts were added at a rate of only 2.5% of the total soil weight, both 

composts had a notable role as an available Ca source, which could not be immediately predicted from their water-

soluble concentrations (Table 1). This effect was probably due to the dissolution of compost carbonates because of 

the acidic pH of the three soils. Similarly, the composts increased the available K concentrations by approximately 

150-200 mg kg
-1

 (i.e. a 100% increment for the granite and gabbro soils, and a 50% increment for the schist soil). 

The available Mg was also increased in the soils after the amendment, although to a lesser extent than Ca and K 

(about 20-30 mg kg
-1

, which represents approximately a 50% increment with respect to the soils concentrations). 

 

TABLE 2 Available nutrient concentrations (mg kg
-1

) during the first incubation. Different letters within 

the same column for each element mean statistically significant differences at p<0.05 in the 

Duncan’s test. 

 Day S S+MSW1 S+MSW2 G G+MSW1 G+MSW2 Gr Gr+MSW1 Gr+MSW2 

0 750bc 1442a 1663cd 718a 1585a 1343a 517ab 1131a 1193a 

15 754bc 1579ab 1457ab 765b 1549a 1474ab 544ab 1422a 1387b 

30 700a 1464a 1566abc 712a 1644a 1690bc 494a 1231a 1239ab 

45 707ab 1585ab 1436a 708a 1509a 1631bc 512ab 1479a 1272ab 

60 769c 1657ab 1624bc 773b 1707a 1824c 569b 1284a 1339ab 

Ca 

90 877d 1842b 1827d 874c 2018b 2125d 661c 1630a 1763c 

 Day S S+MSW1 S+MSW2 G G+MSW1 G+MSW2 Gr Gr+MSW1 Gr+MSW2 

0 50ab 77a 77bc 61c 94ab 86a 34a 63ab 61a 

15 51b 78a 75ab 58b 89a 88ab 35ab 64ab 66ab 

30 50ab 79a 78bc 57b 89a 91ab 35ab 61a 64ab 

45 46a 77a 74a 54a 89a 93ab 34a 68b 65ab 

60 51b 83a 79c 59bc 97b 93ab 37b 65ab 66b 

Mg 

90 49ab 79a 78bc 57b 95ab 95b 36ab 66ab 73c 

 Day S S+MSW1 S+MSW2 G G+MSW1 G+MSW2 Gr Gr+MSW1 Gr+MSW2 

0 400b 527a 534ab 162b 313cd 322bc 145bc 279bcd 300a 

15 397b 538ab 541ab 155b 282ab 308ab 143b 268ab 300a 

30 420bc 565ab 618c 150b 299bc 324bc 124a 273bc 296a 

45 350a 498a 499a 123a 267a 290a 120a 253a 275a 

60 461d 599b 561abc 159b 320cd 348c 153c 292d 333b 

K 

90 447cd 602b 573bc 153b 332d 315ab 150bc 288cd 341b 

 

TABLE 3 Available nutrient concentrations (mg kg
-1

) during the second incubation. Different letters 

within the same column for each element mean statistically significant differences at p<0.05 in 

the Duncan’s test. 

 Day S S+MSW1 S+MSW2 G G+MSW1 G+MSW2 Gr Gr+MSW1 Gr+MSW2 

0 953a 1652a 1443a 1055a 1759a 1684a 561a 1171a 956a 

30 1112c 1758a 1777bc 1200c 1985ab 2020b 564a 1257ab 1258bc 

60 1007ab 1738a 1630ab 1090ab 2011ab 1978b 555a 1333ab 1170ab 

90 1027abc 1822a 1742bc 1144bc 2147b 1978b 556a 1218a 1393bc 

120 1055bc 1825a 1935c 1286d 2213b 2273c 620a 1400b 1472c 

Ca 

150 994ab 1730a 1708abc 1193c 2018ab 1883b 620a 1332ab 1373bc 

 Day S S+MSW1 S+MSW2 G G+MSW1 G+MSW2 Gr Gr+MSW1 Gr+MSW2 

0 63a 98c 96cd 113b 140ab 141b 42a 68a 59a 

30 63a 90ab 96bcd 107a 146b 149bc 39a 65a 65a 

60 64a 92bc 93bc 106a 150b 157c 39a 67a 64a 

90 65a 98c 100d 139c 167c 174d 41a 66a 66a 

120 59a 86ab 91b 117b 142b 151bc 37a 62a 63a 

Mg 

150 59a 83a 85a 108a 127a 128a 38a 63a 64a 

 Day S S+MSW1 S+MSW2 G G+MSW1 G+MSW2 Gr Gr+MSW1 Gr+MSW2 

0 457a 645c 658b 198a 432a 444b 172b 318a 317a 

30 462a 584b 574a 194a 402a 373a 120a 266a 315a 

60 485a 603b 629ab 221ab 444a 416b 173b 320a 310a 

90 440a 605b 622ab 222ab 437a 429b 187b 310a 303a 

K 

120 487a 586b 612ab 238b 422a 430b 173b 301a 304a 
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150 437a 549a 586a 220ab 397a 368a 164b 287a 280a 

Over the incubation time, the nutrient concentrations were rarely increased with respect to those observed 

immediately after the amendment was applied (day 0). Four main mechanisms could explain this result: (1) the main 

part of the compost nutrients was already in available forms; (2) a significant fraction of the nutrients added is 

immediately taken by the soil microbial biomass, thus reducing the available pool; (3) a major fraction of the total 

elements in the compost existed in insoluble inorganic forms that were not affected by organic matter 

mineralization; and (4) a major fraction of the total elements in the compost existed in organic forms which were not 

mineralized in the course of the experiment. It has to be noted that mineralization of the compost was very low 

during the incubation time (under 5% of TOC for all treatments in both incubations), one more reason to discard this 

mechanism as a source of nutrients, at least in the short-term. 

The first hypothesis seems to be the most plausible to explain the behaviour of K. The availability of this 

element in the composts was very high, so all compost K will be released to the soil in available forms immediately 

after compost addition. Thus, further modifications due to the mineralization of compost or other soil processes were 

not expected. The first hypothesis could also explain the behaviour of Ca, although in this case, the quick dissolution 

of carbonates after addition to the acid soils would be the cause of its high availability. 

Regarding the second hypothesis, although microbial biomass has been demonstrated to retain variable 

concentrations of nutrients in soil (Jenkinson and Ladd 1981), significant increments of available Ca, Mg or K 

concentrations were not detected in the fumigated soils (data not shown). Therefore, the microbial biomass did not 

contain a significant fraction of K, Ca or Mg, so microbial immobilization must be discarded for these elements. 

To explain the behaviour of Mg, the third hypothesis must be considered, as it seems that Mg is present in 

inorganic forms of low solubility. Co-precipitation in insoluble forms or inclusion into the crystalline lattice of 

mineral components could be the main mechanisms to explain the low Mg availability, although its presence in 

highly stable complexes with organic matter cannot be excluded. 

4 CONCLUSIONS 

The addition of MSW compost to schist, granite and gabbro soils produced immediate increments in the soil 

available Ca, Mg, and K. The nutrient supply of the composts for these elements followed the sequence Ca > K > 

Mg, a result that cannot be predicted from the results of the chemical extractions used for assessing the availability 

of nutrients in compost. The incubation of compost-amended soils in the laboratory, in general, did not produce 

further changes after the initial increases in the concentrations of these elements. Thus, it seems that the fertilizing 

effect of compost in the short or mid term relies mostly on its soluble and carbonate-associated nutrient content, and 

less on the cation release upon organic matter mineralization. In conclusion, to adequately predict the availability of 

the compost nutrients in the soil-plant system and the fertilizing effect of compost, it is necessary to know the major 

forms of each element in compost. 
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1 INTRODUCTION 

An important product of anaerobic digestion is a mixed gas primarily composed of methane and carbon dioxide, 

which is commonly called biogas (Ebenezer et al., 2007). In the EU the biggest amount of biogas comes from 

landfills, but in Germany it is mainly agricultural waste from which biogas is produced (Biogas Barometer, 2008). 

This digestate contains reduced amounts of dry matter and total organic carbon and increased NH4
+
-N 

concentrations and pH values (Ernst et al., 2007). Annually, millions of tonnes of digestate are used as fertilizers in 

crop production in order to close the nutrient cycle in agricultural ecosystems. However, the effects of these 

fertilizers on soil conditions and crop yields, especially from an ecological point of view, are not completely 

understood. Therefore, the influence of dry and wet digestate applications to different crops, on yields and soil 

conditions were studied within this project.  

 

2 MATERIALS AND METHODS 

The effect of dry and wet digestates applied as organic fertilizers were compared with conventional fertilizers in on-

farm and field experiments.  

The on-farm experiments were carried out in two different German agricultural companies. The first 

company produces biogas through a wet fermentation from cattle manure, silage maize, silage grass, and millet. A 

residual product the so called wet digestate, a pumpable, homogeneous, and semi-liquid residue, is obtained. The 

second company produces biogas through a dry fermentation from silage maize. The residual product is a dry 

digestate which contains up to 70% of water. In the on-farm experiments, different amounts of wet and dry 

digestates produced by the respective companies and a combination with mineral fertilizers were applied at two 

different times (spring and autumn). In the field of the first company winter rye was sown as experimental crop in a 

loamy sand soil. In the field of the second one, winter wheat was sown in a silty clay soil.  

Furthermore, to investigate the effect of wet and dry digestates in direct comparison to conventional 

fertilizers such as mineral fertilizer (Calcium ammonium nitrate), liquid manure, and farmyard manure, a field 

experiment was carried out within a randomised complete block design. In this experiment an amount of fertilizer 

corresponding to 120 kg N ha
-1

 for each variant was applied, therefore the amounts of the organic and mineral 

fertilizers varied according to their nitrogen content. The corresponding amount of fertilizers were 25,81 t ha
-1

 fresh 

weight (FW) (7,95% DM) for wet digestate, 22,43 t ha
-1

FW (17,04% DM) for dry disgestate, 27,71 t ha
-1

 FW 

(9,86% DM) for liquid manure and 16,64 t ha
-1

 FW (28,63% DM) for farmyard manure. An untreated control was 

used as a reference. As experimental crop Sorghum bicolor var. sudanense was sown in a loamy sand soil. Among 

other parameters, the dry matter yield (grain + straw) and the grain yield were measured after each harvest.  

Also, an assessment of the impact of wet and dry digestates on earthworm population in comparison to 

conventional organic fertilizers and the untreated control was carried out. To obtain information about the 

earthworm population distribution between the different fertilizer treatments, hand sorting of a soil core with 0.125 

m² and 20 cm depth was combined with the formalin extraction to collect the species corresponding to a vertically 

stratified distribution. 

 

3 RESULTS 

3.1 On-Farm Experiments 

On the loamy sand soil, the highest winter rye yield was achieved with 120 kg N ha
-1

 applied in a single dose of 

mineral fertilizer in spring (MF2). An application of 120 kg N ha
-1

, applied as a combination of 80 kg N ha
-1

 of wet 
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digestate in autumn and 40 kg N ha
-1

 mineral fertilizer in spring (WD3), resulted in a comparable grain yield to the 

mineral fertilization of 120 kg N ha
-1 

applied in spring in a single dose (Table 1, Fig. 1). 

 

TABLE 1  Different combinations of wet digestate (WD) and mineral fertilizers (MF) given at two 

application times. 

Treatment Autumn 

(kg N ha-1) 

Fertilizer Spring 

(kg N ha-1) 

Fertilizer Total  

(kg N ha-1) 

WD 1 40 Wet Digestate 80 Mineral 120 

WD 2 80 Wet Digestate 0 -- 80 

WD 3 80 Wet Digestate 40 Mineral 120 

WD 4 0 -- 80 Wet Digestate 80 

WD 5 0 -- 80/40 Wet Digestate/Mineral 120 

Control 0 -- 0 -- 0 

MF 1 0 -- 80 Mineral 80 

MF 2 0 -- 120 Mineral 120 

MF 3 40 Mineral 40 Mineral 80 

MF 4 80 Mineral 40 Mineral 120 

 

FIGURE 1  Grain yield (dt ha
-1

 by 86% Dry Matter Content) of winter rye related to table 1. Mean Value 

and Standard Error. Dark grey correspond to 80 kg N ha
-1

. Light grey correspond to 120 kg N ha
-1

. 

 

On the silty clay soil, the highest grain yield of winter wheat was observed using a combination of 50 kg 

N ha
-1

 mineral fertilizer in autumn and 100 kg N ha
-1

 mineral fertilizer in spring  (MF3). Similar results were 

observed using a combination of 100 kg N ha
-1

 dry digestate in autumn and 50 kg N ha
-1

 dry digestate in spring 

(DD2) (Table 2, Fig. 2). 

 

TABLE 2  Different combinations of dry digestate (DD) and mineral fertilizers (MF) given in two 

application times. 

Treatment Autum 

(kg  N ha-1) 

Fertilizer Spring 

(kg  N ha-1) 

Fertilizer Total 

(kg  N ha-1) 

Control 0 -- 0 -- 0 

DD 1 75 Dry Digestate 25 Dry Digestate 100 

DD 2 100 Dry Digestate 50 Dry Digestate 150 

DD 3 150 Dry Digestate 0 -- 150 

MF 1 0 -- 100 Mineral  100 

MF 2 50 Mineral  100 Mineral  150 

MF 3 0 -- 150 Mineral  150 
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FIGURE 2  Grain yield (dt ha

-1
 by 86% Dry Matter Content) of winter wheat related to table 2. Mean Value 

and Standard Error. Dark grey correspond to 100 kg N ha
-1

. Light grey correspond to150 kg N ha
-1

. 

3.2 Field Experiments 

The results showed that on a loamy sand soil, when applying the same amount of nitrogen for each treatment (120 

kg N ha
-1

), the mineral fertilizer had a significantly positive effect on the dry matter yield of Sorghum bicolor var. 

sudanense as compared to the unfertilized control and the farmyard manure. In the case of wet and dry digestates, 

the dry matter yield was 23% and 19% below the mineral fertilized level (Fig. 3). 
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FIGURE 3  Dry matter yield (dt ha
-1

) of Sorghum bicolor var. sudanense using 120 kg N ha
-1

 per treatment. 

Mean value, Standard Error and Tukey Test with α: 0,05%. Means from the same homogeneous group 

are followed by the same letter. 

 

TABLE 3  Abundance (individuals m
-2

) and biomass (g m
-2

) of earthworms 1 month after application of 

120 kg N ha
-1

 in various organic fertilizer treatments and an untreated control. Mean Values and 

Tukey Test α: 0,05%. Means from the same homogeneous group are followed by the same letter. 

Abundance (Individuals m
-2

) 

 Control Wet 

Digestate 

Dry 

Digestate 

Liquid 

Manure 

Farmyard 

Manure 

Total Number 61
 a
 93

 a
 101

 a
 124

 a
 139

 a
 

Total Endogeic 58
 a
 89

 a
 100

 a
 120

 a
 136

 a
 

Total Anecic 1
 a
 4

 a
 1

 a
 2

 a
 2

 a
 

Total Juvenils 54
 a
 86

 a
 96

 a
 106

 a
 127

 a
 

Total Adults 5
 ab

 6
 ab

 4
 a
 14

 b
 10

 ab
 

Biomass (g m
-2

) 

Total Biomass 8,57
 a
 11,40

 a
 13,38

 a
 23,06

 a
 16,16

 a
 

Total Endogeic 8,03
 a
 10,74

 ab
 13,32

 ab
 22,22

 b
 18,85

 ab
 

Total Anecic 0,37
 a
 0,66

 a
 0,05

 a
 0,65

 a
 0,12

 a
 

Total Juvenils 4,26
 a
 7,44

 a
 8,90

 a
 9,67

 a
 9,95

 a
 

Total Adults 4,14
 a
 3,67

 a
 4,15

 a
 12,91

 a
 8,86

 a
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One month after fertilization with the same amount of nitrogen for each treatment (120 kg N ha
-1

) and an 

untreated control as comparison, the highest abundance of earthworms was found in the farmyard manure plots and 

the highest biomass was observed in the liquid manure. The abundance and biomass in all other treatments were 

lower (Table 3). Endogeic spieces (Aporrectodea caliginosa, Aporrectodea icterica, and Aporrectodea rosea ) were 

clearly dominant and anecic species (Aporrectodea longa and Lumbricus terrestris) amounted to only 1 to 4 

individuals m
-2

.  

4 DISCUSION AND CONCLUSIONS 

In a loamy sand soil the highest grain and dry matter yield was achieved by the application of 120 kg ha
-1

 N mineral 

fertilizer. This probably was due to the availability of nitrogen in a chemical form that could directly be assimilated 

by the crop. Comparable results were observed applying also 120 kg ha
-1

 N, but in a combination of 80 kg ha
-1

 N 

wet digestate in autumn and 40 kg ha
-1

 N mineral fertilizer in spring. It is known that sandy soils are characterized 

by low water holding capacity and excessive drainage of rain and irrigation water, leading to poor water use 

efficiency by crops. Probably the application of wet digestate in autumn lead to lower losses of nitrogen through 

leaching processes, as soon as the nitrogen is released gradually from the wet digestate after the mineralization 

process, allowing the plant to assimilate the nitrogen continuosly. The application of 80 kg ha
-1

 N of mineral 

fertilizer in a sigle dose in spring, lead to better results than an application of wet digestate at the same rate.  

In a clayey soil, the best results were achieved by the application of 150 kg ha
-1

 N mineral fertilizer 

splitted in autumn and spring. Using the same amount of nitrogen, comparable results were observed for the 

application of dry digestate splitted in autumn and spring. Mineral anions like nitrates, are repelled by negative 

charges on soil colloids. These anions, remain  mobile in the soil solution and are succeptible to leaching. But due to 

the high water holding capacity of clayey soils, the retention of nitrate ions is higher, enabling the bacterial 

nitrification to take place over a longer time. By the application of less nitrogen (100 kg ha
-1

 N), the dry matter yield 

was quite comparable by the use of digestate as well as by the use of  mineral fertilizer.  

One month after the application of the different fertilizers, the highest abundance of earthworms was 

found  in the treatment fertilized with farmyard manure. It is known that organic manures are one of the most 

important factors in increasing the abundance of earthworms in agricultural soils due to the increased food supply 

(Edwards and Lofty 1982). In addition, the C/N ratio of the farmyard manure was higher. Aira et al. 2006 has 

observed that fertilizers with high C/N ratios have a strong positive influence on earthworm populations. Ernst et al. 

2007 found that the organic matter of digestates is more difficulte to be decomposed by earthworms, compared to 

conventional organic fertilizers. After the use of digestates the abundance of earthworms were lower by 20 to 25 

individuals m
-2

 than for liquid manure and farmyard manure. In the case of the liquid manure the abundance of 

adults was significantly higher than in the treatment with dry digestate which led to a higher total biomass (Table 2). 

This could be due to the fact that the availability of readily usable organic substances as a result of the fermentation 

process is lower in the digestates. Another aspect could be the higher NH
4+

- N concentrations and higher pH of the 

digestates (Ernst et al., 2007).  

However, further studies need to be done in order to understand and confirm the effect of the digestates 

on the yield and on the soil biological status.   
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1 INTRODUCTION  

Composts could be used as peat substitute in nursery growing media, what prevents peat mining and favours waste 

reutilization, avoiding environmental problems (Guerrero et al. 2002, Moldes et al. 2007). Many organic (and 

inorganic) residues have been used as constituents of growing media. The use of composted pine bark has increased 

as a result of its stability, good properties and availability (Yu and Zinati 2006). Common composts such as that 

from municipal solid wastes or biosolids have been utilized to successfully grow a wide range of crops including 

bedding annuals, perennials, sods, vegetables, woody shrubs and trees, and foliage plants (Ingelmo et al. 1998). The 

combination of peat and compost in growing media is synergistic; peat often enhances aeration and water retention, 

while compost or other additives improves the fertilizing capacity of the substrate. In the nursery plant nutrient 

supply is critical due to the limited container volume for root development. However, few studies have addressed 

the fertilizing capacity of compost when they are used in nursery growing media. 

In the present paper the availability of nutrients N, P and K in compost-based nursery growing media was 

studied. Composts from binary or ternary mixtures of municipal solid waste, biosolids, and pruning wastes as well 

as composted pine bark and peat were included in the growing media. Standardized European procedures for the 

determination of nutrient availability were used. 

 

2 MATERIALS AND METHODS 

2.1 Growing media preparation 

Three urban composts (M, S and SM) were used as components of growing media. Compost M was produced from 

a mixture of unsorted municipal solid waste (particle size <8 cm) and garden pruning waste (2–15 cm) in a ratio 

1:1.5 in volume. Compost S was produced from biosolids and pruning waste in a ratio 1:3. Compost SM was 

produced from a mixture of unsorted municipal solid waste, biosolids and pruning waste in a ratio 1:1:2. Following 

active composting, the three composts were left to mature for a period of 3 months. Compost S was then screened to 

pass a 10 mm sieve and composts M and MS were screened to pass a 4 mm sieve. More details about composts 

preparation could be obtained from Ostos et al. 2008.   

Pine bark (B) was incorporated to substrates because negative properties of composts, such as 

heterogeneity, high salinity or high content of contaminants, can be minimized. In Spanish nurseries, bark is also 

one of the most usual substrates for forestry plant production (Guerrero et al, 2002). Commercial pine bark (from 

Badajoz, SW Spain) of particle size greater than 10 cm was grinded to particle size lesser than 10 mm before 

incorporating it to substrates. 

Coarse white Sphagnum peat (WP) (from Finland, H 1-6 von Post, particle size <25 mm, without added 

fertilizer) was used to counteract the little particle size and to prevent high pH due to compost. The characterization 

of the raw materials is shown in Table 1.  

 

TABLE 1 Characteristics of the raw materials used in the preparation of the growing media 

 pH 1:5 v/v E.C. 1:5 v/v 

(dSm
-1

) 

Org. Matter 

(g kg
-1

) 

Nitrogen 

(g kg
-1

) 

C/N 

Compost M 6.96 1.59 278 15.2 9.1 

Compost S 6.93 3.23 333 20.3 8.2 

Compost SM 7.01 1.52 178 8.3 10.7 

Pine bark 5.62 0.08 962 2.4 200 

White peat 3.54 0.04 959 7.8 61.8 

- 610 -



Use of manures and organic wastes to improve soil quality and nutrient balances 
 

 
 

 

The aforementioned components were mixed to prepare the following compost-based growing media: 

M20, M40, M40B20, M40B40, S20, S40, S40B20, S40B40, S60, SM20, SM40, SM40B20, SM40B40 (the figure 

following the initial indicated the percentage of each product in the mixture; the difference to 100 corresponded to 

WP percentage). A commercial growing media (C) made of both black and white peats (H 1–3 von Post, particle 

size <20 mm) and enriched with slow release fertilizer 16-18-19 at a rate of 0.8 kg m
-3

 was also tested as reference. 

Seeds of Pistacia lentiscus L were grown in these substrates for more than one year. Results 

corresponding to plant development could be found in Ostos et al. 2008. 

2.2 Analytical procedures 

Plant and growing media samples were taken at 0 (only growing media), 135, 192, 233 and 386 days after sowing. 

Plant samples were separately weighted and analysed (root, stem and leaves). Nutrient extractions were calculated 

from dry biomass and nutrient contents.  

Fresh samples of growing media were analysed for nutrients NH4-N, P, and K in CaCl2/DTPA extracts 

(CAT extracts), and for NO3-N, P and K in aqueous extracts, following standard European procedures (EN 13651 

and EN 13652 respectively). A 5:1 volume ratio extracting solution:substrate was employed in both procedures. 

Nutrients were expressed in a substrate volume basis, in mg L
-1

 of growing media. All analyses were carried out in 

duplicate. Nitrate- and Ammonium-N were determined by spectrophotemetry in a flow autoanalyzer. Phosphorus 

and potassium were determined by ICP-OES.  

 

3 RESULTS AND DISCUSSION  

Evolution of water soluble NO3-N, CAT-P and CAT-K in the different growing media during the growing period is 

shown in Figure 1. Average value for all compost-based media corresponds to the last group of bars in each plot.  

In the initial (0 days) sampling, NO3-N content in the compost media (data not shown) was more than 10 

times higher than in C, being the greater contents in S-based media, intermediate in SM-based media and lower in M 

media. Barral et al. (2007), using the same analytical procedure, also found significantly higher NO3-N content in 

biosolids compost compared to MSW composts and bark. Appreciable contents of NH4-N (CAT soluble) were only 

found at the initial sampling of S-based media (177 mg L
-1

 in S20 to 610 mg L
-1

 in S40B20) (data not shown). In 

compost-based media the NO3-N content sharply decreased from the initial to the 135 days sampling (Figure 1), 

probably as a result of leaching due to irrigation. In spite of this sharply abatement, plant N extraction (386 days) 

correlated with the initial NO3-N content, but no with the 135, 192, 233 and 386 days samplings (Table 2). Initial 

NO3-N contents came from the nitrogen mineralization process during the maturation stage of the composting 

process. Probably they were indicative of the mineralization capacity of the compost, which, in view of their C/N 

ratio (Table 2), must be high. This mineralization capacity probably is maintained during the entire growing period 

and accounted for the NO3-N contents in compost-media at 135, 192, 233 and 386 days equalling and even 

surpassing the NO3-N content in C.  

Control substrate (C) and S compost-based media had initially higher CAT-P content than M and MS 

compost-media (Figure 1). In C, CAT-P content decreased sharply throughout the experimental period, probably 

because irrigation. In compost-based media the decline of CAT-P contents was less intense and, as a result these 

values in compost media, at 135, 192, 233 days, were greater than in C. Calcium content in compost (data not 

shown) or media pH could have favoured P retention in soluble forms in compost media. By contrast to that 

observed for nitrogen, some significant correlations were found between CAT-P content, or water soluble P content, 

and plant extracted P, at 135 and 192 days (Table 2). Correlation was highly significant for plant P extraction and 

water soluble P content at 192 days. Such high correlation indicates C substrate did not supply enough P fertilizer to 

sustain plant growth during the entire growing season whereas compost-based substrates effectively increased the P 

supplying capacity. 

 Initial CAT-K contents in S and M compost-based growing media were higher than that in C (twice in 

average compost media; Figure 1). Barral et al. (2007) reported CAT-K contents greater than 1000 mg kg
-1 

(about 

300-500 mg  L
-1
) in similar composts. During the experiment, CAT-K contents decreased to values about 50-60 mg L

-1
 

in all the substrates. In general, water soluble K was about half of the CAT-K in compost-based media, and about 

30% in the case of C. Similarly to that observed for phosphorus, plant extracted K correlated to CAT-K and water 

soluble K for data corresponding to 135 or 192 days. 
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FIGURE1 Nutrients extracted in the different growing media  

 

TABLE 2 Pearson´s correlation between nutrient growing media contents at different sampling times and 

the corresponding plant nutrient extraction (NS not significant; * significant at p<0.05: ** 

significant at p<0.01) 

  Nutrient extracted at 386 days 

N=14 days Leaf Stem Root Total 

NO3-N in water 0 * NS * * 

 135 NS NS NS NS 

 192 NS NS NS NS 

CAT-P 0 NS NS NS NS 

 135 * * * * 

 192 * NS NS * 

WATER-P 0 NS NS NS NS 

 135 NS NS * NS 

 192 ** ** ** ** 

CAT-K 0 NS NS NS NS 

 135 * NS NS NS 

 192 * NS NS * 

WATER-K 0 NS NS NS NS 

 135 NS NS * * 

 192 ** NS NS * 
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 There was not clear effect due to bark in the growing media. Substrates including bark had similar 

contents to the corresponding (with the same compost percentage) without bark. Nutrients in bark were very low in 

relation to composts (Barral et al. 2007). 

 

4 CONCLUSIONS  

Binary or ternary composts of municipal solid waste, biosolids, and pruning wastes included in nursery substrates up 

to 60% increased fertility of the growing media and the water and CaCl2/DTPA extractable contents of nitrate, 

phosphorus and potassium, compared to commercial substrates including peat and slow release fertilizer. 

 In the growth conditions in a forestry nursery, the nutrient contents in the substrates sharply decreased 

during the growing season (1 year). 

 Standardized test to assess nutrient availability in the growing media (water and CaCl2/DTPA extraction) 

carried out at the starting of the growth period only showed correlation to plant nutrient extraction in the case of 

nitrate. Probably initial water soluble nitrate content is indicative of the mineralization capacity of composts. With 

regard to phosphorus and potassium, both water and CaCl2/DTPA extraction tests carried out during the growth 

season (135-192 days) showed better correlation to plant response. 
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1      INTRODUCTION  

The needs to increase food production to feed the world population more securely, requires to draw on any available 

and safe method. Using compost in sustainable agriculture manner preserves agro-ecosystems and environmental 

quality (Tafaghodinia 2008). 

The utilization of compost is not a standard practice in commercial agriculture. For agricultural 

markets to develop and use of compost to become a standard practice, the agronomic benefits and safe use of 

compost application must be demonstrated and a cost benefit analysis developed (Weltzein 1989). 

Lack of adequate nutrient supply and poor soil structure are the principal constraints to crop production 

under low input agriculture systems. Chemical fertilizers are not the most suitable solution to overcome these 

constraints, especially for vegetables that have short growing period and are consumed fresh. Uses of chemicals are 

also expensive and a threat to human health (Weltzein 1990). Cress is one of fresh vegetable that could find in 

Iranian meals. 

We suggest looking for alternatives to chemical fertilizers such as compost, which is cheaper than other 

sources of nutrients and relatively safe (Rindle 1997). The use of compost has a role in plant disease management 

and soil fertility in greenhouse. This project seeks to assess the ability of compost to increase production and have 

increased crop production of Cress plant almost twice as much as other plot. The goal of this project was to 

demonstrate the benefits of compost application in commercial agriculture for the purpose of securing markets for 

municipally derived compost. 

 

2      MATERIALS AND METHODS  

The demonstration site is located on farm of Iranian Research Organization for Science and Technology (IROST) 

and spans over 160 square meters in size. The experiment was designed for a side-by-side comparison of compost 

application to current agronomic practices. It was divided into six equal plots (2×1.5 m). The plots number 2, 4 and 

5 were randomly chosen for compost application (Figure 1). 

The composted yard waste was prepared from yard waste collected from dried and wet plant and from the 

IROST field and Cow Excrement. These materials were blended and composted during 21 days. The compost 

release total organic nitrogen, phosphorus and potassium over the growing period. The compost was applied at rate 

10 kg for each treatment plot. After application, the compost was mixed into soil. Demonstration Site was divided 

into six equal three square meters plots and three plots were randomly chosen for compost application (Figure 1).  

 

6 Rows 

 

Plot1 

6 Rows 

 

Plot2 (compost) 

6 Rows 

 

Plot3 

6 Rows 

 

Plot4 (compost) 

6 Rows 

 

Plot5 (compost) 

6 Rows 

 

Plot6 

FIGURE 1  Design of demonstration site 

 
Cress seeds were planted at a rate of 20 grams per plot. Growth measurements included height of plants, 

number of leaves, and yield of crops. 
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3      RESULTS AND DISCUSSION  

Effect of Compost on the Vegetative Parts of cress: 

3.1  Cress Height 

The height of the plants increased with compost application during the measuring period (Figure 2). The percentage 

of increase in height was 35.82 percent for the compost application. The model F-value of 72.72 implies the model 

is significant (P<0.0001).  There is only a 0.01% chance that a "Model F-Value" this large could occur due to noise. 

 

 
FIGURE 2  Effect of compost application on cress plant height(mean and error bar) 

 

3.2  Number of Leaves 

The number of leaves also increased with compost application (Figure 3). The percentage of increase in the number 

of leaves was 76.46 percent for the compost application. Since the increase in the number of leaves did not reduce 

the size of the leaves (visual observation), the area of photosynthesis increased. This was one of the main factors in 

growth improvement (Shiralipour and Epstein 1994). The model F-value of 18.39 implies the model is significant 

(P<0.0128).  There is only a 1.28% chance that a "Model F-Value" this large could occur due to noise. 

 

 
FIGURE 3  Effect of compost application on the number of leaves on cress (mean and error bar) 

 

3.3  Crop Yield 

Compost increased the cress yield significantly (Figure 4). The increase is probably the result of soil improvement 

and the nitrogen addition to the soil. The percentage of increase for the compost application of was 46.32 percent for 

the compost application (P<0.0001). The model F-value of 90.25 implies the model is significant. There is only a 

0.01% chance that a "Model F-Value" this large could occur due to noise. 

 

- 615 -



Use of manures and organic wastes to improve soil quality and nutrient balances 
 

 

 
FIGURE 4  Effect of compost application on cress yield (mean and error bar) 

 

4      CONCLUSIONS  

Apparently, compost application was very effective in improving the physical and chemical properties of the soil, 

resulting in great improvements of vegetative parts of cress as compared to non-amended plots. In addition to 

improvement of soil’s physical and chemical properties, incorporation of compost into the soil added a considerable 

amount of available soil nutrients for cress.  

The utilization of compost could be a replacement for chemical fertilizers while growing vegetables 

like cress which need short time for growth and consume freshly. Of course further research on other criteria like 

pathogens, heavy metals, economics, ... are necessary to complete this results. 
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1 INTRODUCTION 

Knowledge of the amount of N mineralized from manure applied to soil and its availability to crops is extremely 

important for precise fertilization practices and environment protection. The objectives of our study were to evaluate 

the effect of cattle-slurry application rate on net N mineralization (NNM) and compare the field methods of soil core 

incubation with acetylene (SIA) and the sequential in situ incubation of undisturbed soil cores (SIU) to assess N 

mineralization in an intensive double-cropping forage system producing maize and Italian ryegrass (winter crop) for 

silage. 

 

2 MATERIALS AND METHODS 

The experiment was conducted on a sandy loam soil, between May-1997 and May-2000, on a typical commercial 

dairy farm located in the main Portuguese dairy region (NW Portugal). A control (T1) and four treatments (T2, T3, 

T4 and T5) were arranged in a randomized complete block design (RCBD) with three replications as described in 

Table1. The dimension of each plot was 160 m
2
 (20m x 8m). Treatments consisted of the application of different 

rates of cattle-slurry and/or mineral fertiliser at sowing or top-dressed to growing crops (Table 1). The treatments 

were arranged to compare slurry additions alone or in combination with mineral-N fertiliser, which is the common 

local practice, and mineral-N fertiliser only. Treatment T4 represents the fertiliser management of many intensive 

dairy farmers in the NW Portugal. In the summer (May-October) silage maize (Zea mays L.) was grown and in 

October a winter crop (Lolium multiflorum Lam.) was established. Cattle-slurry was incorporated immediately after 

each application by disk ploughing, in order to reduce ammonia volatilization. From each application, representative 

slurry samples were collected and analysed by standard laboratory methods. The main characteristics of the slurry 

used were the following: total N = 1.8 g N kg
-1

; NH4
+
-N = 0.9 g N kg

-1
; NO3

-
-N < 1.0 mg N kg

-1
; pH = 8.3 and dry 

matter = 7.1%. Each experimental plot was maintained under the assigned treatment management for the two 

previous years and measurements were carried out only in the 3
rd

 year. 

 Net N mineralization in the 0-30 cm soil layer was measured in each treatment (for sub-plots of 15 m
2
) 

employing two methods and incubation periods of two weeks for each measurement date. From May-1999 to May-

2000 NNM was measured using the SIA method (Hatch et al., 1990). For each incubation period and in each plot, 

five soil cores of 3 cm diameter and 30 cm depth were collected and placed in sealed jars. To facilitate the collection 

and management of the soil cores for incubation, PVC tubes were used with appropriate dimensions and perforated 

sidelong to accelerate the diffusion of the acetylene into the soil. Each lid of the jars had two septum seal stoppers 

through which acetylene was injected to achieve a concentration of 2% (vol/vol) in the headspace of the jar. This 

acetylene concentration was effective inhibiting the nitrification process. The cores in the jars were incubated for ca. 

14 days in holes made in the study area. At the same time and near the place where the cores were picked, soil 

samples for analysis were collected to the same depth using a probe. 

For comparison with the SIA method, NNM rates were measured at the same depth, using the SIU 

technique as described by Stenger et al. (1996). The measurements with this method were made only in treatments 

T1, T2 and T3 in two periods, namely between June and October-1999 and between Mars and May-2000 (total of 12 

incubations). The SIU method consists of the incubation of covered soil cores, combined with measurements of 
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mineral N content (NH4
+
 and NO3

-
) in the surrounding unconfined soil at the start and the end of each incubation 

period. At the start of each incubation period, five PVC tubes not perforated (3 cm diameter) were inserted into the 

soil to 30 cm depth and then removed at the end of incubation (14 days). The incubated soil cores were covered by a 

roof (10 x 10 cm) to prevent nitrate leaching. The start and the end of each incubation period were coincident in both 

methods. Soil samples were homogenised and the humidity, mineral N content and bulk density determined by 

standard laboratory methods. The mean daily NNM rates were determined through the difference of mineral N at the 

start and end of each incubation period. Results (for each method) were analysed assuming a two factor RCBD, 

where the treatments were the main-plots and the incubation periods the split-plot, as described by Little and Hills 

(1978). The two methods were compared by linear regression. 

 

TABLE 1 Nitrogen applications in treatments during this study (kg N ha-1). 

Maize silage (sowing at 2-Jun 99) Winter crop (sowing at 27-Oct 99) 

Treatment 
Time of 

application Cattle-slurry  Mineral fertiliser Cattle-slurry  Mineral fertiliser 

T1 (control)  0 0 0 0 

T2 At sowing 

187 (total N) 

98 (NH4
+
-N) 

on 1-Jun 99 

0 0 0 

T3 At sowing 

340 (total N) 

175 (NH4
+
-N) 

on 1-Jun 99 

0 0 0 

T4 At sowing 

258 (total N) 

127 (NH4
+
-N) 

on 1-Jun 99 

50 (total N) 

25 (NH4
+
-N) 

on 1-Jun 99 

150 (total N) 

76 (NH4
+
-N) 

on 19-Oct. 99 

0 

 
Top-

dressed 
0 

140 (total N) 

70 (NH4
+
-N) 

on 14-Jul 99 

0 

50 (total N) 

25 (NH4
+
-N) 

on 12-Fev. 00 

T5 At sowing 0 

50 (total N) 

25 (NH4
+
-N) 

on 1-Jun 99 

0 0 

 
Top-

dressed 
0 

140 (total N) 

70 (NH4
+
-N) 

on 14-Jul 99 

0 

50 (total N) 

25 (NH4
+
-N) 

on 12-Fev. 00 

 

3 RESULTS AND DISCUSSION 

3.1 N mineralization 

Figs 1a and 1b show the pattern of daily NNM rates and N mineral contents in the treatments up to 30 cm depth. As 

can be seen in treatments T2 and T3 the application of cattle-slurry at the sowing of maize led to an immediately 

increase of NNM rate reaching maximum values ,of respectively, 1.8 and 2.6 mg N kg
-1

 d
-1

. Indeed, high 

applications of cattle-slurry make available at short term large amounts of mineral N by net mineralization. The 

highest NNM rates were obtained in treatment T4, which reached a maximum rate of 6.7 mg N kg
-1

 d
-1

. Top-

dressing of mineral N fertiliser to the maize crop led immediately to N immobilization in treatments T4 and T5; the 

immobilization effect was more pronounced in T4 than in T5. Daily mean NNM rates during maize growth in the 

treatments T1, T2, T3, T4 and T5 were, respectively, 0.5, 0.8, 1.2, 1.9 and 0.5 mg N kg
-1

 d
-1

. However, during the 

winter crop growth NNM rates were relatively low and constant, showing daily mean values of 0.2, 0.3, 0.3, 0.1 and 

0.2 mg N kg
-1

 d
-1

, respectively, in T1, T2, T3, T4 and T5. In these treatments, the amounts of N released annually in 

the soil layer up to 30 cm depth reached, respectively, 313, 477, 637, 602 and 258 kg N ha
-1

. Apparent NNM from 

amended treatments (subtracting N released in treatments T1), accounted to 88, 95 and 45% of the total N applied 

respectively in treatments T2, T3 and T4, while the application of mineral fertiliser in treatment T5 led to N 

immobilization (-23%). Sims (1995) found annual NNM rates between 40 and 80% when cattle-slurry was applied 

to soil. 
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FIGURE 1 (a) Net N mineralization rates measured using soil core incubation with acetylene method (0-30 

cm) and (b) soil mineral N content at the start of incubation period (0-30 cm). Vertical bars 

represent standard errors of the mean (N = 3). 

 

3.2 Comparison of the two field methods for NNM estimation 

Measurements of NNM rates in treatments T1, T2 and T3 with the two field methods shown that they supply similar 

estimates of the N mineralization because the measured values did not differ significantly (P > 0.05) (Fig. 2). 

However, for treatments where cattle slurry was applied (T2 and T3), the regression equations fitted showed that the 

sequential in situ incubation method of undisturbed soil cores tended to give slightly higher estimates for low values 

of NNM rates and lower estimates for high values of NNM rates than the soil core incubation method with 

acetylene. 
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FIGURE 2 Linear regressions between daily mean net N mineralization rates measured for the two in situ 

methods. 

 

4 CONCLUSIONS 

Apparent NNM from amended treatments (subtracting N released in control), accounted to 88, 95 and 45% of the 

total N applied respectively in treatments T2, T3 and T4, while the application of mineral fertiliser in T5 conducted 

to N immobilization (-23%). To assess N mineralization from slurry applications the field methods of SIA and SIU 

did not differ significantly for estimating NNM rates. Important amounts of N were released by mineralization due 

cattle-slurry application to soil. Data obtained in this study may be used for N fertiliser recommendations in order to 

improve the N efficiency of the double-cropping forage system of NW Portugal. 
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1 INTRODUCTION 

Animal manure is the main source of organic matter spread on agricultural areas in France, most of which is cattle 

farmyard manure, which represents 73% of national animal-manure supply (INRA, 2002). Application of animal 

manure to the soil increases soil organic matter (SOM) content and nitrogen mineralisation (Chang and Janzen, 

1996, Schröder et al., 2005). There remains little information, however, on the effect of repeated applications on the 

accumulation and quality of the SOM, and between the accumulation of SOM and N mineralisation. Information 

from medium- and long-term experiments thus is needed to give an accurate prediction of the behavior of manures 

in soil and their effects on carbon and nutrient cycles. 

A network of 11 medium- (8-15 years) and long-term (> 15 years) experiments, mainly located in western 

France, was used to assess the effects of cattle farmyard manure (FYM) and composted FYM (CFYM) on the 

accumulation of organic matter and N mineralisation. The upper soil layer was sampled 7 months to 4.5 years after 

the last animal manure application, depending on the experiment, and the effects of FYM/CFYM applications were 

measured by comparison with a control treatment that had not received any organic fertilizer during the experiment. 

 

2 MATERIAL AND METHODS 

2.1. Network presentation 

The location of the 11 experiments, period of manure application, crop rotation, rates and frequency of application 

are presented in Table 1. Most of the experimental sites were located in western France, except for the St. Hilaire 

and Feucherolles sites. Manure was applied yearly or every two years on crop rotations, except at Derval and La 

Jaillière 2, where applications were spread on grass. The effect of manure application was studied in comparison 

with control treatments receiving only mineral fertilizers. 

The soil surface layer corresponding to the tillage depth (25-30 cm) was sampled during late autumn, 7 

months to 4.5 years after the last application of animal manure (Table 1). The soils were loam or sandy loam, with 

the silt content varying from 43-72% and the clay contents remaining relatively stable (15-19%). The soil C content 

ranged from 0.9-2.8%. 
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TABLE 1 Presentation of the experiment network, with crop rotations, rates and frequency of manure 

application (TBLAS: Time Between Last manure Application and soil Sampling) in each experiment 

Experiment Abbreviation Manure 

application 

period 

Crop 

rotation* 

Spreading 

frequency 

FYM 

application 

rates (t ha
-1

) 

CFYM 

application 

rates (t ha
-1

) 

TBLAS 

(y) 

Crécom 1 CREC 1 1984-2003 m once per y 25 - 0.6 

Crécom 2 CREC 2 1987-2005 m/w every 2 y 25/50 - 1.7 

Derval DER 1998-2005 gr/m/w once per y 24 - 3.3 

Feucherolles FEU 1998-2008 m/w every 2 y 40 - 1.5 

La Jaillière 1 LAJA 1 1995-2005 m/w once per y 20 20 0.9 

La Jaillière 2 LAJA 2 1995-2005 gr once per y 25 20 1.4 

Rennes REN 1995-2007 m/w every 2 y 50 50 1.8 

Rheu RHEU 1995-2005 m once per y 25 15, 25, 40 0.8 

St Hilaire 1 ST HIL 1 1994-2003 r/w once per y 30, 60, 90** - 4.6 

S Hilaire 2 ST HIL 2 1994-2003 m/w once per y 30,60,90*** - 4.4 

Trévarez TREV 1987-2006 m/w every 2 y 25 - 1.7 

* m: forage maize; w: wheat ; r: rapeseed; gr: grassland 

** from 1999-2003, respectively ; rates of application of 25, 25, 25, 30, and 30 t ha
-1

 from 1994 to 1998, followed 

by 3 different rates of application between 1999 and 2003 

*** from 2000-2003, respectively ; rates of application of 25, 0, 25, 0, 25, and 0 t ha
-1

 from 1994 to 1999, followed 

by 3 different rates of application between 2000 and 2003 

 

2.2. Manure composition  

Large variations in manure composition were observed over the years for a given site, suggesting that subsequent 

short-term transformation of manure C and N also varied greatly. The mean composition of cattle manure also 

varied among experiments; the C:N ratios were relatively low for FYM, ranging from 13.6 to 16, consistent with 

stored and matured cattle manure, except for FYM applied at Crécom and Rennes. Within experiments, the mean 

compositions of FYM and CFYM differed significantly only at Rennes. 

The amounts of applied organic C and total N varied greatly among application years, because of the 

variable composition of the manure, but also due to the experimental design (lower rates of application on wheat at 

La Jaillière 1 than on maize) and to protocol modification during the experiment at St. Hilaire (Table 1) and Rheu 

(lower rates of application during the final years). 

2.3. Soil analysis and soil incubations 

Total C and N contents of the soils were determined by elemental analysis (AFNOR, 1999). A fractionation method 

was used to determine the distribution of coarse (200-2000 µ), intermediate (50-200 µ) and fine (< 50 µ) SOM 

fractions. Soil N mineralisation was measured during incubation under controlled laboratory conditions at 15 °C for 

240 days, simulating one year in the climatic conditions of western France.  

 

3 RESULTS AND DISCUSSION 

3.1. Relations between manure application and C accumulation 

FYM and CFYM applications increased the C content of SOM by 3-55% (Fig. 1). C accumulation resulting from 

FYM applications varied greatly, from 19-65 % of cumulative applied C, with high values observed at St. Hilaire 

and Feucherolles and the lowest rates observed at Crécom. Less variability was observed for CFYM applications 

(mean rate of C accumulation = 37%, n = 3), though C-accumulation rates were higher for CFYM than for FYM at 

Rennes and La Jaillière 1. 
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This variability can be related to different factors: i) the short-term degradability of cattle-manure organic 

matter, which determines the residual amount of C at the end of the year following application, which may vary 

from 20-60% of the applied C (Morvan et al., 2005); ii) the duration of the experiment and the decreasing global rate 

of C accumulation with time (Jenkinson and Rayner, 1977); iii) the time interval between the last application and 

soil sampling, which varied greatly among sites; and iv) soil characteristics and climatic conditions – higher rates of 

C accumulation were observed at St. Hilaire and Feucherolles, where climatic conditions are warmer and less 

temperate than at other sites. 

Fractionation of SOM showed that no C accumulation occurred in the coarse fraction in any experiment, 

regardless of the time interval between the last manure application and soil sampling. C was mainly observed in the 

finest fraction (< 50 µ). 
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FIGURE 1  Relation between C application and C accumulation resulting from repeated applications of 

uncomposted (FYM) and composted (CFYM) farmyard manure. 

 

3.2. Effects of manure application on nitrogen mineralisation 

Soil N mineralisation varied from 25-40 mg N kg
-1

 soil over 240 d for control soils, with a higher rate at Derval (69 

mg N kg
-1

 soil). Manure applications significantly increased soil N mineralisation for most experiments and 

treatments (Fig. 2), but weak extra mineralisation also was observed for FYM at La Jallière 1 and for FYM and low 

application rates of CFYM at Rheu. Soil N mineralisation increased by 0-47 % depending on the treatment, 

corresponding to extra N mineralisation ranging from 0-62 kg N ha
-1

 y
-1

 (mean = 25 kg N ha
-1

 y
-1

). 

Extra N mineralisation was poorly correlated with soil N accumulation resulting from manure application 

(r = 0.48, n = 22), which indicates that turnover rates of stored OM varied greatly among sites, likely because they 

were influenced by the same factors that influenced accumulation rates. 
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FIGURE 2  Comparison of soil N mineralisation measured on control soils and soils with FYM and 

composted (CFYM) manure applied, during a 240-day incubation at 15°C. 

 

4 CONCLUSION 

Repeated applications of cattle manure significantly increased soil C and N contents, and a large variability of C-

accumulation rates was observed. This may result from the interaction of several factors, such as the short-term 

decomposition rate, application rates, the duration of the experiment, and climatic conditions... Thus, a modeling 

approach appears necessary to study these factors, and we think that as an initial approach, simple compartmental 

models (e.g., ROTH-C, AMG, ICBM) are more appropriate than mechanistic models (e.g., CANTIS, NC SOIL) to 

evaluate the relative magnitude of the effects of these factors. Organic matter accumulation was observed in the 

intermediate and fine SOM fractions, corresponding to low turnover pools. This is confirmed by the moderate rates 

of extra N mineralisation observed in most experiments. In fact, the lower rates of soil N mineralisation observed in 

manured soils than in control soils at Derval, La Jaillière and Rheu suggest a lower OM turnover in the manured 

soils and thus high OM stabilization following the short-term biodegradation phase. 
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1 INTRODUCTION  

A significant growth in pig farming in Murcia has occurred in the last 25 years. This fact has resulted in an 

important increase in the number of animals and intensive pig farms and their concentration in certain production 

areas, so that, the slurry management has become an important issue for farmers. Surplus manure from intensive 

livestock production is a recognised environmental hazard as its mismanagement threatens the quality of water 

resources and contributes to emissions of ammonia (NH), methane (CH4) and nitrous oxide (N2O). For these 

reasons, farmers search for options to reduce environmental impacts of excess manure, while remaining productive 

and economically viable. To safely handle the slurry produced on a intensive pig farm in compliance with the 

environmental legislation, may require substantial capital investment in storage capacity. Slurry spreading may also 

tie up either considerable farm labour resource or incur further annual expenditure on specialist contractor fees. 

Given the costs and investments required, it is important to ensure that the management practices employed make 

the most efficient use of the nutrients available from slurry, to minimise fertiliser costs. Nevertheless farmers are 

only allowed to apply the slurry to land in a controlled amount according to the current regulations (RD 261/1996). 

These regulations on the use of animal manure were made in order to reduce risks of eutrophication of the aquatic 

environment. To maximise the utilisation of manure N it is important to know how much is available to crops and 

also to take into account the residual manure N in the years following application. 

Thus the agronomic use of these organic manures could be a very good solution in order to contribute to 

the restoration and reclamation of agricultural and marginal lands, improve the amount and quality of stable organic 

matter and fight against progressive desertification processes. For these reason, a Cooperative Project has been set 

up to assist farmers in the sustainable use of pig manures as an organic fertiliser. The present work aims to provide 

an evaluation of the value of the raw pig slurry, within present economical and ecological constraints and studies the 

effects of its application on soil. 

 

2 MATERIALS AND METHODS 

The following work was carried out in the area representing the first one Murcia, SE Spain, with the highest pig 

production, as well as is the most important horticultural area. For this work, a total of 5 Farmers (F) and 5 Pig 

farmers (PF) were selected, according to the optimal distance between them.  

It is well established that animal manures are a valuable source of plant nutrients and that fertiliser costs 

can be reduced by recycling the nutrients in manure. It is therefore important to have accurate information on the 

composition of these animal wastes so that they can be successfully integrated into a fertiliser programme (Tunney 

and Molloy, 1975). 

In this way, slurry and soil samples have been analysed for physical and chemical characteristics before 

and after use as a soil amendment, for three consecutive years of the development of this study. Then, pH, electrical 

conductivity (CE), N, P and organic C content are studied in order to calculate the application dose of those 

previously valorised slurries in agricultural soils.  

The soils and pig slurries samples presented in this work, were collected in two consecutive years, 2008 

and 2009. Soil samples were collected at surface level and at a depth of 30cm, with and without slurry application, 

in order to see the influence of this application on soil composition.  
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With regard to pig slurries, three randomized samples were collected (named as PF) from each Pig farmer 

selected. All the samples were analyzed by standards methods for determining soil suitability for manure 

application.  

Values of total N (Duchafour, 1970), pH (Peech, 1965), electrical conductivity (Bower and Wilcox, 1965) 

and total P (Watanabe and Olsen 1965) were evaluated in soils. In the same way, pH, EC, total N, NH4+ and P 

analysis data were obtained for the pig slurry samples. 

The amount of pig manure to apply was calculated according to the N content obtained from analysis, as 

well as the current regulatory limit with regard to N addition to agricultural soils (RD 261/1996).  

In spite of evidence indicating that ammonia volatilisation can be reduced and the utilisation of slurry N 

improved by direct injection of slurry (Sorensen, 2002), during recent years, surface-banding of pig slurry in an 

established crop in spring has become a very popular application method, because this technique is more easily 

compatible with slurry application by tanker. For this reason, in this study, the slurry pig was applied by surface 

spreading using a tanker. 

Analysis of variance was carried out by using SPSS procedures. Statistical differences were considered 

significant when P≤0,05. 

 

3 RESULTS AND DISCUSSION  

The pig manure is applied as slurry. In this region, farmers apply the slurry to land from late winter to early summer 

(with a few exceptions) due to characteristics of crops and the climatic conditions, as well as to minimise the risk of 

odour emissions.  

When slurry data are studied (TABLE 1 and 2) they show that the composition of analysed samples is 

different for 2009 as compared to 2008, as a result of the changes that occur from one year to another in terms of 

handling, animal feeding and cleaning of facilities. These changes are related to a number of factors, including 

economics, weather conditions, sanitary conditions, etc. However, the level of nutrients observed in soils seems not 

to be strongly influenced by slurry composition. 

 

TABLE 1 Pig slurry analysis results, 2008.  

PIG 

FARMER EC dSm-1
pH

Moisture 

(%) NH4+ (g/L)

TOTAL N 

(g/L) P (mg/L)

PF1 30,27±0,21 6,36±0,03 96,02±0,17 2,12±0,009 2,46±0,54 94,00±28,79

PF2 40,77±1,70 7,38±0,17 89,15±11,11 4,35±0,23 6,26±0,12 111,67±46,74

PF3 25,73±0,32 8,19±0,15 96,52±0,97 3,00±0,04 3,95±0,14 174,33±26,08

PF4 31,77±0,42 7,91±0,06 97,26±0,32 3,31±0,42 5,05±0,17 207,00±33,05

PF5 30,27±0,95 7,63±0,33 98,34±0,09 3,34±0,09 3,87±0,19 270,00±71,00  
 

TABLE 2 Pig slurry analysis results, 2009.  

PIG 

FARMER EC dSm-1
pH

Moisture 

(%) NH4+ (g/L)

TOTAL N 

(g/L) P (mg/L)

PF1 27,75±0,92 7,12±0,06 84,4±11,44 2,15±0,63 2,51±0,68 75,5±20,10

PF2 36,50±0,1 6,95±0,05 92,22±1,07 3,15±0,44 2,50±0,25 323,3±10,29

PF3 26,53±1,64 7,44±0,02 89,02±1,23 2,79±0,07 3,12±0,05 397±15,03

PF4 28,97±0,29 7,73±0,02 91,26±0,53 2,48±0,021 2,93±0,02 110,7±21,33

PF5 41,67±1,97 7,71±0,02 95,23±1,08 5,58±0,35 6,64±0,31 277,7±12,05
 

 

 When soil analyses are considered (TABLE 3), it is possible to see that pH values ranged from 7,6-8,3 

corresponding with a basic soil (Porta et al, 1999). The electrical conductivity ranged between 1.5 and 0.2 dS m
-1

 at 

25ºC, that allows to classify the soil as a non saline soil (EC=0-2 dS/m) or slightly saline soil (EC=2-4dS/m). 

 However, it is necessary to take in account that changes in the chemical composition of the soil caused by 

application of manure are much influenced by factors such as soil texture, rate, time and method of application of 

manure, the amount of local precipitation, and the crops grown, as well as the animal and farm management. In this 

work, the climatic variation has a minimum influence because of the study has been developed in the same region 

with similar meteorological conditions.  
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 Farmers often have a choice between different slurry application methods. During recent years surface-

banding of pig slurry in an established crop in spring has become a very popular application method. However, 

experiments indicate that ammonia volatilisation can be reduced and the utilisation of slurry N further improved by 

using direct injection of slurry (Sørensen and Amato, 2002). The direct injection method is expensive and requires 

more complex and expensive equipment. So the application method used for this study was the surface banding.  

 With respect to total N content, the highest concentration of N is located in the surface for both studied 

years, in all cases. Data showed no significant differences for N leaching from surface to depth of 30cm samples in 

the five soils evaluated after two years of apply (significance level of P≤0.05). Manure application also results in 

accumulation of NO3-N, and extractable P in the subsoil (Pries, 1996). The level of accumulation increased with the 

rate of application, but in this study the dose applied is low in relation to regulatory limits (RD 261/1996). These 

results show that surface banding of pig slurry under the regional climatic conditions may result in a very poor first-

year utilisation of slurry N because of immobilisation in combination with volatilisation losses.  

 The organic C data (OC) showed that the percentage in 2009 (ranged from 0.42±0.10 to 1.54±1.08%) is 

higher than 2008 (ranged from 0.41±0.17 to 0.98±0.57%) (TABLE 3). The amendment caused an increase in 

organic C, respiration rates, the microbial biomass C, mineralization coefficients and the numbers of fungi and 

bacteria. After two years these effects are still present (Guerrero et al., 1998). These increments are related to the 

application rate. In our case the application rate is the minimum established by the current regulations, and a smaller 

effect was observed on the OC, so that the levels of OC have no statistical differences before and after slurry 

application. 

 

TABLE 3 Results obtained in soils the two last years of study.  

FARMER CODE SAMPLE pH EC(µS/cm)

TOTAL N 

2008 (g/kg))

TOTAL N 

2009 (g/kg) P 2008 (mg/kg) P 2009 (mg/kg) OC 2008 (%) OC 2009 (%)

1 F1 SL 7,83 941,83 1,26±0,23 1,52±0,41 236,15±76,52 650,10±363,16 0,82±0,18 1,54±1,08

D30 cm 8,19 462,33 0,92±0,07 1,25±0,25 140,18±48,52 463,62±96,13 0,55±0,09 1,28±0,45

2 F2 SL 7,81 1203,00 2,17±0,66 1,13±0,17 313,33±138,70 259,37±44,81 0,98±0,37 1,33±0,20

D30 cm 7,86 1544,82 1,81±0,27 1,02±0,20 159,95±82,45 262,28±48,80 0,64±0,23 1,15±0,17

3 F3 SL 8,35 240,87 0,87±0,36 0,55±0,12 257,84±76,32 316,28±72,38 0,68±0,27 0,62±0,14

D30 cm 8,09 682,43 0,62±0,18 0,51±0,13 177,45±66,01 237,03±58,92 0,41±0,17 0,84±0,28

4 F4 SL 7,64 885,00 1,12±0,09 1,02±0,11 545,45±150,34 474,75±77,56 0,89±0,22 0,66±0,29

D30 cm 7,80 1141,71 0,89±0,17 0,95±0,14 360,2±95,25 349,60±72,63 0,73±0,20 0,58±0,21

5 F5 SL 8,05 442,00 1,42±1,26 1,14±0,14 427,16±204,15 380,69±221,06 0,80±0,28 0,50±0,13

D30 cm 8,07 913,75 0,759±0,14 0,88±0,16 353,48±120,19 283,07±112,98 0,68±0,24 0,42±0,10

SL= SURFACE LEVEL

D30Ccm=at a depth of 30 cm  
 

4 CONCLUSIONS  

The results obtained showed that pH, CE and N content in soils have not increased significantly after slurry 

application, which means that salinity characteristics of soils have not changed following slurry application, whereas 

P content and organic C have increased after two years of application. Therefore, further studies are necessary in 

order to evaluate the cumulative effects of consecutive pig slurry applications over a period of several years.  

 Organic matter amendments to soils are of particular interest, not only because of their effects on soil 

physical, chemical and biological fertility, but also because their potential buffering effect which may reduce soil 

pollution caused by excessive or unbalanced use of mineral fertilizers (Vasconcelos and Cabral, 1996).  
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1 INTRODUCTION  

Organic fertilisers based on waste products are frequently introduced in agriculture. Their nitrogen (N) fertilisation 

effect in relation to their total and mineral N content varies widely, and a demand has arisen for standardised 

laboratory methods to determine this. The fertilisation value of the nitrogen is likely to be affected by the C/N ratio 

and the forms of organic N and C present in the organic fertiliser. Measurement of total N and C content and their 

different forms involves expensive and time-consuming extractions. Near infrared reflectance (NIR) spectroscopy is 

a quick laboratory method without the need for extraction. It can be used in qualitative and quantitative 

characterisation of biological materials. The NIR spectrum is affected not only by the content of C and N but also by 

the forms. Near infrared spectroscopy is used for rapid analysis of forage, grains and soil, and has recently also been 

applied for determination of DM, NH4-N and total N in manures (Kemsley et al., 2001; Sørensen et al., 2007). The 

objective of this study was to test whether the N fertilisation value of different organic residues could be predicted 

from NIR data and to compare the results with predictions based on C/N ratio and amino acid content.  

 

2 MATERIALS AND METHODS 

2.1 Fertiliser value of organic residues  

The nitrogen fertiliser value of different organic residues was tested in pot experiments with ryegrass. Fifteen 

treatments received 70 kg total N ha
-1

 as organic residues and three additional treatments received 0, 35 or 70 kg N 

ha
-1

 as ammonium nitrate. The residues were blood meal, feather meal, bone meal, meat meal, cattle manure, pig 

slurry, mink manure, chicken manure, horse manure, sewage sludge, biogas residue, lucerne pellets, rapeseed cake, 

mussel compost and vinasse. The ryegrass was cut twice during a two-month period and the amount of harvested 

plant N measured. Plant N uptake in relation to added total N in organic fertiliser treatments was compared with the 

linear response of mineral N fertiliser. This allowed the mineral fertiliser equivalent (MFE), expressed as percentage 

of total N added, to be calculated. To separate the effect of ammonium N in organic fertilisers from that of 

mineralised organic N, the mineral fertiliser equivalent of the organic N (MFEorg) was calculated by subtracting the 

percentage of ammonium from the MFE. 

2.2 Elemental analyses 

The organic residues were analysed for total N, ammonium N, total C and amino acid N. Total N was analysed 

according to Kjeldahl and ammonium N by direct distillation on a Kjeltec analyser. Total C was analysed on dried 

and ground samples by elemental analysis using an Elementar VarioMax CHN. Amino acids were determined 

according to SS-EN ISO 13903:2005. From this, the C/N ratios and ammonium-N and amino acid N contents as a 

percentage of total N were calculated and related to MFE through linear regression.  

2.3 NIR measurements 

NIR measurements were made with the spectroradiometer FieldSpec Pro FR (Analytical Spectral Devices, Inc., 

Denver, Co) on all samples both before and after drying, except for vinasse, which would not dry. Liquid materials 

(pig slurry, cattle slurry and biogas residue) were shaken in closed bottles and then a 5 mm thick sample was poured 

into the black dish used for all samples during measuring. Just before measuring the sample was stirred to prevent 

sedimentation or floating particles. The instrument was equipped with a bare optic fibre connected to a probe with a 

20 W tungsten light source positioned 7 cm over the rotating sample. The same spectroradiometer was used for the 

dried samples, but with the probe in direct contact with the sample and with a 50W halogen light source.  Each 

spectrum consisted of 50 averaged sub-spectra. The range of measurement was 350-2,500 nm in 1.4-2.0 nm 

intervals, with a spectral resolution of 3-10 nm. A wavelength interval of 1 nm was interpolated to the instrument 
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output file.  The potential of NIR to predict MFE was tested partial least square regression (PLS) performed on the 

first derivative of NIR absorbance data (900-2500 nm) with leave-one-out cross-validation. In addition to r
2
 of 

calibration and r
2 

of cross-validation, RMSE (root mean square error) and RPD (ratio between standard deviation 

and the RMSE) were calculated for both the calibration and the cross-validation. The larger the RPD value, the more 

successful the prediction achieved. A commonly used decision criterion is based on a ratio limit of 3 (Sørensen et 

al., 2007). 

 

3 RESULTS AND DISCUSSION 

3.1 Correlation between mineral fertiliser value and C/N ratio 

The C/N ratio had a strong negative correlation (r
2
=0.90) with MFE (Figure 1). Similar relations between MFE and 

C/N ratio were reported in Danish experiments with different pig slurries (Sørensen and Fernández, 2003) and cattle 

slurries (Sørensen et al., 2003), although the MFE values at different C/N ratios were about 20% higher in those 

experiments. This difference was probably due to the Danish studies measuring MFE in spring barley field 

experiments, as opposed to our measurements in ryegrass pot experiments. While the choice of crop and duration of 

the experiment can also influence the results, the relative differences between the organic fertilisers remain the 

same. 
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FIGURE 1 Linear regression between a) C/N ratio and mineral fertiliser equivalent (MFE) and b) amino 

acid N and MFE of the organic N (MFEorg). 

  

3.2 Correlations between fertiliser value and amino acid nitrogen 

The amino acid fraction of N did not correlate well to MFEorg (Figure 1b). In fact, the total organic nitrogen 

correlated better (r
2
=0.46). Since the sum of ammonium N and amino acid N can be considered to be the potentially 

plant-available N, although influenced by the C content of the fertiliser. The correlation between MFE and the ratio 

between ammonium and amino acid N and total C was tested, but proved to have a weaker correlation (0.73) than 

the C/N ratio based on total N and C (Figure 1a). 

3.3 Prediction with NIR 

The prediction of C and N content per unit dry matter (DM) with NIR was not very successful from neither 

untreated samples (Table 1) nor from dried samples. This contradicts other investigations with manure (Kemsley et 

al., 2001), composts (Michel et al., 2006) and plant material (Bruun et al., 2005). The difference is probably due to 

the small amount of samples and the large variation in types of material. However, the predictive power of 

calibrations for both total N and C per unit wet weight of the untreated samples was high (Table 1). NIR is a good 

detector of water content, and the better prediction per unit wet weight is likely to be an effect of that, since The 

higher the water content, the more diluted N and other constituents will be per unit wet weight. However, the 

correlation between dry matter content and total N per wet weight (r
2
=0.54) could not fully explain the high r

2
 

values obtained for both calibration and prediction of total N from NIR (Table 1).  
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TABLE 1 PLS results for prediction from NIR on undried samples of different variables, expressed as 

percentage per unit wet weight (ww) and per unit dry matter (DM), where MFE is mineral 

fertiliser equivalent, MFEorg is MFE of the organic nitrogen, RPD is the ratio between the 

standard deviation and the root mean square error (RMSE) and cal and cval indicate whether 

r
2
 and RPD refer to calibration or cross-validation respectively 

 r
2

cal RPDcal r
2
cval RPDcval 

MFE/DM 0.69 1.86 0.41 1.33 

MFEorg/DM 0.90 3.29 0.66 1.77 

Total C/DM 0.39 1.32 0.04 0.95 

Total N/DM 0.67 1.81 0.37 1.27 

Ammonium N/DM 0.31 1.24 0.07 1.02 

MFE/ww 0.94 4.14 0.73 1.96 

MFEorg/ww 0.95 4.87 0.77 2.13 

Total C/ ww 0.87 2.85 0.72 1.96 

Total N/ww 0.87 3.03 0.74 2.02 

Ammonium N/ww 0.20 1.16 0.01 0.90 

C/N ratio 0.51 1.48 0.16 1.07 

 

The predictive power of the C/N ratio was not strong (Table 1). The possibilities for directly predicting 

MFE appeared better. NIR of dried samples showed potential for prediction of MFEorg per unit dry matter (Figure 

2a), as did NIR of untreated samples (Figure 2b; Table 1), although not as accurately as the dried samples. NIR of 

untreated samples was not promising for prediction of MFE per unit dry matter (Figure 3a; Table 1), but better for 

MFE per unit wet weight (Figure 3b; Table 1). Even though the promising correlations are partly an effect of the 

covariation of nitrogen and dry matter content, the prediction of MFEorg from the dried samples proves that NIR 

detects properties of the organic N that relate to the mineralising capacity. Since other investigations show that N 

and C can be measured accurately with NIR, it should be possible to use different models on different materials to 

predict N and C and from these predictions calculate C/N ratio and thereby MFE. 
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FIGURE 2 PLS results for prediction of MFEorg per unit DM from NIR data from a) dried and b) undried 

samples 
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FIGURE 3 PLS results for prediction of MFE a) per unit DM and b) per unit wet weight from NIR data 

taken on undried samples. 

 

4 CONCLUSIONS 

The C/N ratio gave a good indication of the immediate plant availability of N in fertiliser, with a negative linear 

relationship where MFE ranged from 10% at C/N ratios around 14 to 75% at C/N ratios around 2. Amino acid 

content did not explain any further variation in MFE. The results indicate that nitrogen fertiliser values can be 

predicted from NIR data and that it may be worthwhile exploring this possibility within a larger distribution of data. 
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1 INTRODUCTION 

The use of exogenous organic matters (EOM) in croplands can contribute to carbon sequestration by increasing soil 

organic matter content and to soil fertility improvement by recycling organic matter.  Multi-compartments C 

dynamic models such as RothC (Coleman and Jenkinson, 1999) or CENTURY (Parton et al., 1987) are useful tools 

to evaluate the long-term potential C sequestration in croplands after EOM applications. These models need to be 

parameterized to account for the diversity of EOM types.  

In the RothC model, organic C from EOM is split into the labile pool (DPM, turnover time of 1.2 month), 

the resistant pool (RPM, turnover time of 3.3 years) and possibly the humified pool (HUM, turnover time of 50 

years). Then at each time-step of the model, a fraction of each pool (RPM, DPM and HUM) is decomposed and 

either mineralized into CO2 or transferred into the humified (HUM) or the microbial biomass pools (BIO). 

 The objectives of the study were: 

−  To determine the distribution of EOM into the RothC entry pools (DPMEOM, RPMEOM, HUMEOM) using mid 

to long terms field data, with the hypothesis that the decay rate constants of the pools are similar for all 

kind of EOM. 

−  To assess the possibility to estimate the pools previously determined using field data with widely available 

laboratory biochemical characterizations and indicators of EOM behaviour in soil. 

 

2 MATERIALS AND METHODS 

Mid- to long-term field data were collected from four field experiments displaying various types of applied EOMs, 

soil types, climatic conditions and management practices: 1) The Qualiagro experiment (1998 – 2009, Houot et al., 

2002) situated near Paris, France, on a loamy soil cultivated with a maize/wheat rotation and receiving four different 

EOMs (municipal solid waste compost: MSW-Qua, farmyard manure FYM-Qua, co-compost of green waste and 

sludge: GWS-Qua and biowaste compost: BIO-Qua) with a dose of approximately 4 T C / ha every two years. 2) 

The SERAIL experiment (1995 – 2009, Berry et al., 2008) situated near Lyon, France, on a sandy loamy soil 

cultivated with a vegetables rotation and receiving five different EOMs (dehydrated farmyard manure “Fumeterre”: 

FMT-Ser, fresh farmyard manure: FYM-Ser, enriched barks compost “Algoforestier”: ALG-Ser, enriched coffee 

cake compost “Vegethumus”: VGH-Ser, and green waste compost: GWC-Ser) with doses based on total C or stable 

C equivalent contained in 30 T / ha of fresh farmyard manure each year. 3) The Ultuna experiment (1956 – 2008, 

Gerzabek et al., 1997) situated near Uppsala, Sweden, on a clay loam cultivated with a rotation of cereals (70%), 

rape crops (25%) and fodder beet (5%) until 1999 and with maize thereafter until 2007 receiving six EOMs (straw: 

STR-Ult, green manure: GM-Ult, sawdust: SAW-Ult, farmyard manure: FYM-Ult, sewage sludge: SLU-Ult and 

peat: PEA-Ult) with a dose of approximately 4 T C / ha every two years. And 4) The Askov K2 experiment (1956 – 

1987, Christensen & Johnston, 1997) situated in Askov, Denmark, in a sandy soil cultivated with a four-course 

rotation of spring barley, fibre flax, winter cereals (wheat or rye), and maize for silage and receiving four different 

EOMs (matured straw: STR-Ask, sawdust: SAW-Ask, farmyard manure: FYM-Ask and peat: PEA-Ask) with a dose 

of 6.5 T DM / ha each year. 
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 The RothC 26.3 model was used to simulate with a monthly time step the soil C accumulation after 

EOMs applications compared with non-amended control plots. The entry data of RothC included: the clay contents 

of soils, monthly climatic data (potential ETP, temperatures, cumulated rainfalls), soil cover (covered or not 

covered), C inputs from EOMs and additional C inputs from stem bases, roots or vegetables residues compared with 

control plots. 

 The initial distributions of EOM organic C into the entry pools DPMEOM, RPMEOM and HUMEOM were 

adjusted to fit with the kinetics of C stocks accumulation for all treatments of the four field experiments. The 

DPMEOM and RPMEOM were set to be comprised between 0 and 100% of EOMs and the HUMEOM pool was set to be 

≤ 10% of EOMs. Allowing the allocation of a part of EOMs directly in the HUM pool have been shown to be more 

consistent with size and density fractionation data in the Qualiagro experiment (better concordance between the C 

contained in the soil fraction < 50 µm and the HUM pool). 

 The DPMEOM and RPMEOM pools previously adjusted to the field data were then compared with values of 

an indicator of potentially residual organic C in soil (IROC, Lashermes at al., 2009). The IROC can be calculated with 

laboratory characterizations according to the formula: IROC = 44.5 + 0.5 SOL – 0.2 CEL + 0.7 LIC – 2.3 C3d (values 

expressed in % of Total Organic C: TOC) where SOL, CEL and LIC are the soluble-, cellulose- and lignin- and 

cutin- like fractions of the Van Soest fractionation (Van Soest and Wine, 1967) and C3d is the proportion of EOM 

TOC mineralized after 3 days of incubation with soil in controlled conditions at 28°C. The IROC values resulting 

from the characterization of the products effectively applied were used for the Qualiagro and SERAIL experiments 

whereas approached mean IROC values of products of the same types were used for the Ultuna and Askov K2 

experiments. 

 

3 RESULTS AND DISCUSSION 

3.1 Adjustment of the RothC entry pools on the kinetics of C accumulation in the field 

experiments 

The EOM applied had contrasted capacities at increasing soil C stocks as illustrated by the proportions of total C 

inputs remaining in the soil (proportion of EOM C and additional C inputs from crop residues remaining in soil 

compared to control plots, Table 1). For example, the increase of soil C stock was equivalent to 18.0% of the C 

inputs in the plots with straw applications in the Askov K2 experiment and 54.7% of the C inputs in the biowaste 

compost treatment of the Qualiagro experiment. The proportions of C inputs retained in soil determined with field 

results were related to the values of IROC (r = 0.89) estimating the potentially residual organic C in soil from 

laboratory characterisations (Table 1). 

 The kinetics of C accumulation after EOMs applications were successfully simulated with RothC after 

adjusting the entry pools DPMEOM, RPMEOM and HUMEOM for the Qualiagro experiment (CV of 13.6 to 19.4%), the 

Ultuna experiment (CV of 12.1 to 23.1%) and the Askov K2 experiment (CV of 11.7 to 17.6%). The accuracy of the 

simulations was lower for the SERAIL experiment (CV of 41.1 to 71.0%) due to the higher experimental variability 

of the measured C stocks in this experiment. However the simulations reproduced fairly well the C accumulation 

patterns for the SERAIL experiment, so the adjusted pools were considered as remaining valid. 

 The adjusted RothC pools had contrasted values related to the composition of the EOMs. Products well 

stabilized like BIO-Qua (mainly made from green wastes) or ALG-Ser (mainly made from barks) had high RPMEOM 

values (90 and 96.2% respectively) whereas more decomposable products had high values of DPMEOM like GM-Ult 

(grass) or STR-Ult (87.3 and 86.3% respectively). Some treatments with application of very stable EOMs (PEA-Ult, 

PEA-Ask, SLU-Ult, GWC-Ser) leading to very large increase of C stocks could not be correctly adjusted with the 

constrain HUMEOM < 10%. The C storage following sludge application in the Ultuna experiment was surprisingly 

important, sewage sludge being usually highly biodegradable (low value of IROC = 51.2%, calculated from the mean 

of 36 sewage sludges from an EOMs database). 
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TABLE 1 Results of the adjustment of the RothC entry pools on the field experiments Askov K2, 

Qualiagro, SERAIL and Ultuna. % of C inputs retained in soil compared to control plots, IROC 

values. RMSE: root mean squared error between measured and simulated C stocks increases, 

CV: coefficient of variation = RMSE / mean of measured C stock increases * 100 

 DPMEOM RPMEOM HUMEOM R² RMSE CV 
% of C inputs  

retained in soil 
IROC 

 --------------(% TOC)-------------  (T C / ha) (%) (%) (% TOC) 

STR-Ask 68.7 22.9 8.5 0.90 1.5 12.2 18.0 53.6 

SAW-Ask 53.3 36.7 10.0 0.88 2.8 17.6 27.3 60.1 

FYM-Ask 16.0 74.0 10.0 0.95 1.8 11.7 35.2 70.4 

PEA-Ask 46.0 0.0 54.0 0.97 3.2 10.5 54.9 81.5 

MSW-Qua 63.3 36.7 0.0 0.92 0.7 17.2 29.6 45.4 

FYM-Qua 21.9 68.1 10.0 0.95 1.0 13.6 50.4 71.5 

GWS-Qua 19.1 70.9 10.0 0.96 1.1 14.0 52.4 81.1 

BIO-Qua 0.0 90.0 10.0 0.93 1.5 19.4 54.7 79.5 

FMT-Ser 83.0 7.6 9.4 0.66 2.3 49.1 21.1 49.3 

FYM-Ser 76.3 18.8 4.9 0.47 3.3 71.0 22.9 49.3 

VGH-Ser 50.2 49.8 0.0 0.11 3.8 60.6 26.3 69.4 

ALG-Ser 2.1 96.2 1.7 0.42 3.8 41.1 41.1 82.7 

GWC-Ser 27.2 0.2 72.6 0.73 4.0 34.8 70.4 92.2 

STR-Ult 86.4 13.6 0.0 0.67 2.3 23.3 16.0 44.3 

GM-Ult 87.3 12.7 0.0 0.80 1.9 17.3 16.9 44.3 

SAW-Ult 50.8 47.8 1.5 0.90 1.7 12.2 26.2 60.1 

FYM-Ult 16.0 84.0 0.0 0.89 2.3 12.1 31.5 70.4 

SLU-Ult 0.0 78.1 21.9 0.72 6.5 21.1 47.5 51.2 

PEA-Ult 0.0 55.4 44.6 0.84 5.8 16.4 63.7 81.5 

 

3.2 Estimation of the adjusted entry pools of RothC using laboratory characterizations 

In order to determine the values of the RothC entry pools from laboratory characterizations, a linear regression was 

computed to predict the values of DPMEOM and RPMEOM previously adjusted on kinetics of C stock increase in field 

conditions with values of an indicator of potentially residual organic C in soil (IROC, Lashermes et al., 2009). Only 

the EOMs that could be adjusted with the constraint HUMEOM ≤ 10% were considered for those regressions. The 

IROC evaluates the proportion of EOM remaining in soil after application over the long-term. The adjusted DPMEOM 

and RPMEOM could be predicted with the IROC with R² = 0.893 and 0.856 respectively and with coefficients of 

variation equivalent to 22.9 and 24.2% of the mean, respectively (Figure 1). The low difference between the RMSE 

and the RMSE of cross validation (RMSECV, Figure 1) indicated that the regression equation was fairly robust when 

a sample was predicted with a regression equation computed with the rest of the samples. 
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FIGURE 1 Relationships between the indicator of potentially residual organic C in soil (IROC) and the 

adjusted entry pools of the RothC model. Error bars are standard deviations of the IROC. 

RMSECV: RMSE calculated with independently predicted values during cross validation 
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The regression equations previously developed (Figure 1) were then used to predict the values of 

DPMEOM and RPMEOM for each treatments of the field experiments, the HUMDPM pools were calculated by 

difference as HUMEOM = 100 – DPMEOM – RPMEOM. The so predicted pools were used in RothC instead of the 

adjusted pools presented in Table 1 to simulate C stocks evolutions in the field experiments. The use of those 

predicted pools led to a mean increase of the coefficients of variation of 3.6% compared to the use of the fitted 

pools. Those regression equations could thus be used to determine the RothC entry pools with acceptable additional 

errors for various types of EOMs. 

 

4 CONCLUSIONS 

Our study aimed at parameterizing the pools of the RothC model to account for the diversity of EOMs types in the 

simulation of C sequestration in soil after EOMs applications. The entry pools DPMEOM, RPMEOM and HUMEOM of 

RothC were adjusted on the data of four mid- to long-term field experiments with EOM applications. The model 

successfully simulated the C accumulation patterns after EOMs applications in the field experiments. The entry 

pools could be fitted with a maximum of 10% of the EOM allocated to the humified pool HUMEOM for all EOMs 

except very stable products (peat, green waste compost from the SERAIL experiment and sewage sludge from the 

Ultuna experiment). 

 The DPMEOM and RPMEOM pools previously fitted could be predicted using the indicator of potential 

residual organic C in soil (IROC) calculated with biochemical fractions of the Van Soest fractionation and proportions 

of C mineralized after three days of incubation at 28 °C. The accuracy of those predictions was fairly satisfying (R² 

= 0.893 for DPMEOM and R² = 0.856 for RPMEOM), their use in RothC to simulate C sequestration from EOMs led to 

an increase of the coefficient of variation of 3.6% compared to the use of fitted parameters. Those regression 

equations could thus be used to determine entry pools and simulate C sequestration from EOMs with RothC. Further 

study will aim at refining the regression equations for the prediction of the RothC entry pools by performing 

additional laboratory characterisations on the EOMs applied in the Ultuna experiment. 
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1 INTRODUCTION  

Fertilization and liming activities in forest plantations can help maintaining production and forest health in poor sites 

in which nutrient imbalances may occur. The addition of biosolids to forested land may recycle nutrients back to the 

soil, and decrease both disposal (Kimberley et al. 2004) and fertilization costs (when used in place of conventional 

fertilizers) (Wang et al. 2004; Kovanen, 2007). Nonetheless, the application of such wastes to forest soils should be 

restricted to (i) short-term rotation plantations, (ii) plantations destined for growing energy crops, and (iii) 

reforestation purposes where there is an extra input of nutrients. The growth responses of forest species to sludge 

amendments are often related to the N and P added with the sludge (Kimberley et al. 2004), and ratios of N to P in 

this waste are usually lower than required for crop growth (O’Connor et al., 2004). Here in this study, the foliar 

nutrient concentrations (Ca, Mg, K, P, N) of pine stands on acidic, sandy soils amended with repeated applications 

of sewage sludge, at different loading rates (2.4, 17 and 60 Mg ha
-1

, DW equivalent, and control) was studied during 

4 years.  

 

2 MATERIALS AND METHODS 

The soil is a Typic Endoaquept (Soil Survey Staff, 2006) developed from sandstones. The experimental design is a 

completely randomized design. Sludge was applied to 9 of the 12 established plots (8.1 x 8.6 m) at three different 

loading rates (2.4, 17 and 60 Mg ha
-1

, DW sludge equivalent); there were three replicates per treatment and the 

remaining untreated plots were considered as controls. Vegetation consisted of a Pinus radiata D. Don. plantation, 

aged 22 months old at the start of experiment, and spaced at 2 × 3.5 m. The sludge was an anaerobic municipal 

sewage sludge (DW of ~23%), and was added at the above mentioned loading rates on three occasions:  October 

2001 (day 0), October 2002 (day 371), and October 2004 (day 1134), and the plots were monitored until September 

2005. At these doses, European Union limits were exceeded for all of the metals, except for Pb (European Directive 

86/278/EEC), and for N (European Directive 91/676/EEC) in  the 60 Mg ha
-1

 year
-1 

treatment, and for Cr, Zn, and N 

in the 17 Mg ha
-1

 year
-1 

treatment. The present study was part of a project in which the presence of heavy metals and 

nitrates in leachates was investigated, and high doses of the sludge were applied so that cumulative metal and nitrate 

loading in the soil could be attained to simulate long-term applications. The mean organic C concentration in the 

biosolid applied to the plots was ~200 g kg
-1

, total N 41.7 g kg
-1

, P Olsen 556 mg kg
-1

, C/N ratio 4.8, and pH 7.4. 

Concentrations of KCl-extractable NO3
-
-N and NH4

+
-N in sludges were 33.9 and 2.7 mg kg

-1
, respectively. Thus, 

most of the N in the sludge was present as organic N. Considering that the sludge was applied at loading rates of 2.4, 

17, and 60 Mg ha
-1

 year
-1

, the total N application rates were 101, 721, and 2544 kg ha
-1

, respectively. Concentrations 

of Ca, Mg, K and Na, in the municipal sludge applied in 2001, 2002 and 2004 were between 35 and 49, 3.0 and 3.3, 

2.0 and 3.4, and 1.4 and 1.7 g kg
-1

, respectively. The chemical characterization of soils and leachates sampled 

throughout the experimental period are described by Egiarte et al. (2005; 2008; 2009). Concentrations of Ca, Mg, K, 

P of pine needles collected from lateral shoots, were measured with an ICP-OES and those of C, and N, with a 

LECO carbon analyzer. 
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3 RESULTS AND DISCUSSION 

The distribution of mean Ca, Mg, K and P, N concentrations in current year pine needles taken at three sampling 

times (years 2002, 2004, 2005) are shown in Fig. 1 and Fig. 2, respectively. It was only in the fourth year of 

experiment, that the total mean concentrations of Ca in the 60 and 17 Mg ha
-1

 treatments were significantly higher 

(P < 0.05) than in the control plots (Fig. 1A). At any time, significant differences (P < 0.05) were detected between 

treatments for Mg (Fig. 1B). Nonetheless, there was a marked time effect at that time (2005), compared with 

previous sampling periods for Ca and Mg. The pattern of concentrations of Ca of pine needles in which there was an 

increase in this element with dose and time indicates either (i) that this element might be present in the sludge in non 

available forms, or (ii) that interactions with other nutrients and plant growth might occur, limiting the Ca uptake at 

low doses of sludge. On the other hand, subsurface lateral flow contributed to the flow of elements added with the 

sludge to the subsurface horizons of the control plots, and thus the pattern of the control samples should be 

interpreted with caution, especially for mobile ions. A significant decreasing trend (P < 0.05) in K concentrations in 

needles was observed over time, for all treatments (specifically, between years 2002 and 2004, except for the 

control). From that time on, the concentrations of K remained fairly constant (Fig. 1C). This decrease in K 

concentration could be mainly related to the effect of the aging of the forest stand; that is, when the stand is young, 

the amount of K available is high compared with the requirements of the stand (other variables being favourable). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1 Mean concentrations of Ca (A), Mg (B), and K (C) in current needles of Monterey pine, for each 

treatment (control, 2.4, 17, and 60 Mg ha
-1

 sludge addition), and at each of the sampling times: 

2002, 2004, and 2005. Bars represent standard errors of the means (n = 3). 

 

Concentrations of P in pine needles generally followed increasing trend with dose and time (Fig. 2A). The 

low mobility of P enabled the detection of clear differences between the different treatments and the control, despite 

the existence of the subsurface lateral flow responsible for the cross-contamination of control plots with mobile 

elements. A decreasing trend with time was observed in concentrations of N in needles in all treatments, and was 

especially evident between 2002 and 2005 for 2.4 Mg ha
-1

 dose and control, although the differences were only 

significant (P < 0.05) for control soil (Fig. 2B). The initial flux of N concentrations in needles observed in the 
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control plots may be related to this additional supply of N in very young pine stands, and the fact that other nutrients 

were scarce.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 2 Mean concentrations of P (A), N (B), in current needles of Monterey pine, for each treatment 

(control, 2.4, 17, and 60 Mg ha
-1

 sludge addition), and at each of the sampling times: 2002, 2004, 

and 2005. Bars represent standard errors of the means (n = 3). 

 

TABLE 1 Mean N/P, K/N, N/Mg, and N/Ca ratios in current needles of Monterey pine after repeated 

applications of sewage sludge. Comparison between plots treated with sewage sludge at three 

different loading doses (2.4, 17, and 60 Mg ha
-1

, DW equivalent) and control. 

 

Dose N/P (g g
-1

) K/N (g g
-1

) N/Mg (g g
-1

) 

  Year 

2002 

Year 

2004 

Year 

2005 

Year 

2002 

Year 

2004 

Year 

2005 

Year 

2002 

Year 

2004 

Year 

2005 

Sewage sludge at 60 Mg ha
-1

       

X 13.3ba 7.3aa 7.4aa 0.7aa 0.4aa 0.4aa 24.5aa 22.2aa 17.8aa 

S.D. 0.6 0.5 0.2 0.10 0.01 0.03 1.8 1.7 1.6 

Sewage sludge at 17 Mg ha
-1

       

X 10.4ba 7.5aa 7.1aa 0.6aa 0.4aa 0.4aa 20.4aa 19.5aa 15.6aa 

S.D. 1.6 0.3 0.5 0.13 0.04 0.03 2.7 3.5 1.4 

Sewage sludge at 2.4 Mg ha
-1

        

X 16.1aba 8.0aab 6.7ab 0.5aa 0.5aa 0.5aa 26.9aa 15.3aa 12.0aa 

S.D. 0.9 1.4 0.7 0.14 0.04 0.04 4.7 2.1 0.1 

Control        

X 29.5a 13.8aab 10.2ab 0.3aa 0.6aa 0.5aa 34.9aa 19.9aa 15.8aa 

S.D. 1.5 0.6 0.5 0.03 0.07 0.03 4.2 2.3 1.9 

n=3 for each treatment. Similarities and significant differences (P< 0.05) are indicated by letters for each element. 
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The Ca/Al molar ratios in foliage - used as an indicator of Al stress in trees - ranged between 1.7 and 2.6, 

which suggests risk of Al toxicity (data not shown). The foliar N/Mg ratios corresponding to the different treatments 

ranged between 20 and 35 g g
-1

 in 2002, between 15 and 22 g g
-1

 in 2004, and between 12 and 18 g g
-1

 in 2005, i.e. 

there was a decreasing trend over time (Table 1), which indicates critical Mg nutrition in relation to N nutrition. 

Moreover, the foliar N/Mg and K/N ratios did not differ significantly (P < 0.05) among treatments (including 

control), or among sampled years (Table 1). The K/N ratios obtained from the needles sampled in this experiment 

(Table 1) indicate that they were generally below the foliar ratio considered to be related to marginal nutrition 

(0.65). 

The foliar levels of N/P for all treatments except for the 60 and 2.4 Mg ha
-1

 in year 2002 (Table 1) were 

below 12.5, which is indicative of optimal P nutrition, whereas in the control plots, this condition was only fulfilled 

at the final sampling time. 

 

4 CONCLUSIONS 

Under acidic and dystrophic conditions, these amended pine stands with repeated application of sewage sludge tend 

to be deficient in P and other nutrients (e.g., Ca, Mg). Moreover, other drawbacks related to nutrient imbalance (e.g., 

K) or antagonistic effects (e.g., Ca against Mg) may be the limiting factors for the optimum growth of pine stands, 

as suggested by the concentrations of these elements in the needles of the forest stands under study. Given the strong 

acidification in the plots amended with the highest dose of sludge mainly attributed to strong nitrification a negative 

impact is expected on the whole ecosystem in the long term. For this reason, the use of other types of sludge with a 

higher acid buffering capacity and greater stabilization of the organic fraction of this waste is strongly encouraged in 

very acid soils such as the present ones. In addition, balancing the wastes with those nutrients in which they are 

deficient is fully recommended in order to avoid imbalances in plant nutrients. 
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1 INTRODUCTION 

Environmental relevance of different utilisation or disposal routes for sewage sludge was the title of David 

Hiegelsbergers final year project in the agricultural college of St. Florian near Linz, Upper Austria. The focus of this 

project was the immediate release of CO2 from different disposal/utilisation routes and the potential of phosphorus 

recycling through the use of sludge and sludge-compost in agriculture. 

 

2 MATERIALS AND METHODS  

2.1 Methodology 

The presumption for calculating the C-content of sewage sludge was that 1 t of dewatered sludge (water content 65 

%) contains ~ 9 kg nitrogen. The C/N-ratio is ~ 15/1. So 1 t of dewatered sludge contains ~ 135 kg carbon and 1 t 

dry matter contains ~ 386 kg carbon. If sewage sludge is utilised on land as stabilised, limed or composted sludge, 

easy to decompose carbon is a valuable energy source for soil micro organisms and the rest of the carbon is stored in 

soils as humus and humus acids. 

In the case of sludge incineration, most of the energy content is used to evaporate the water contained in 

sludge and nearly 100 % of carbon is emitted as CO2. 

2.2 Phosphorus in municipal sludge in Austria 

The amount of P in municipal sludge in Austria is ~ 6.500 t/a. Applications to agriculture return only 1.300 t/a P. 

The unutilised potential of 5.000 t P/a corresponds with the P consumption of ~ 200.000 ha corn. In 2006 the area of 

corn grown in Austria was 570.000 ha. These numbers show the potential for treating resources with care by 

utilising sludge in agriculture and by the recovery of phosphorus of mono-incineration ashes. Additional 3.000 t P/a 

can be utilised when meat and bone meal would be treated in mono-incineration plants instead of incinerators for 

mixed waste. 

 

3 RESULTS AND DISCUSSION  

3.1 CO2 emissions during utilisation in agriculture 

For utilising sludge in agriculture usually lorries are used for road transport and spreading equipment usually 

consists of tractors with compost spreaders and front- or wheel loader. The CO2 emission for utilising one lorry load 

sludge (~ 25 t, water content ~ 65 %) on a field in a distance of 80 km from the wastewater treatment plant (WWTP) 

was calculated as 229 kg CO2. The same amount spread on land within 1 km from the WWTP without transportation 

by lorry produces 104,5 kg CO2. 

3.2 CO2 emissions by incineration of sludge 

For incinerating sludge usually lorries are used for the transport from the WWTP to the incinerator. Before the dry 

matter can be burnt the contained water has to be evaporated. The consumption of energy to evaporate water is not 

part of this calculation. By incinerating of 1 kg carbon the emission of CO2 is 3,77 kg. 1 t dewatered sludge contains 

~ 135 kg carbon. One lorry load of sludge (~ 25 t, water content ~ 65 %) consists of ~ 3.375 kg C. This carbon is 

oxidised by incineration to 12.723 kg CO2 and sent to the atmosphere immediately. For transporting sludge to the 

incinerator for ~ 80 kg additional 192 kg CO2 have to be added. The immediate CO2 emission by incinerating one 

lorry load sludge is 12.915 kg. 
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FIGURE 1 Comparison of immediate co2 emissions by utilisation in agriculture or incineration 

 

The difference of the immediate CO2 emission between regional utilisation and incineration of 25 t 

dewatered sludge is 12.810 kg and corresponds approximately with the amount of CO2 a middleclass car (~ 150 g 

CO2/km) emits on a driving distance of ~ 85.000 km. 

3.3 Realisation of potentials by utilisation 

During the 6th DWA-sludge days in Fulda, Germany, Dr. Claus-Gerhard Bergs from the German ministry for 

environment made clear that utilisation of sludge in agriculture is state of the art and part of recycling methods. 

 An additional benefit of sludge use in agriculture is that it is an easy method for recycling phosphorus and 

other valuable resources like organic matter, nitrogen, potassium, lime, trace elements etc. The main requirement for 

use in agriculture is to consider the nutrient content in soils and the crop nutrient requirement. Well designed 

nutrient management plans are a consistently reliable way of ensuring best use of sludge within short transport 

distances from source. 

The biggest advantage of regional utilisation is the fact, that it can be realised immediately, without need 

to wait for new technologies, without big investments, without high energy consumption and transport distances. 

The effect of resource protection is realised by utilisation of any ton of sludge in agriculture when the need is well 

calculated. 

 

4 CONCLUSIONS 

Carbon sequestration in soils is increasingly regarded as an effective method to slow down emissions of greenhouse 

gases and impact climate change effects. Intensive farming and the use of mineral fertilizers are suggested as 

reasons why the organic matter content in many soils decreases. So it is urgent to find ways to stabilise or increase 

the humus content of soils. The question is where to find sources for organic matter to increase the soil organic 

carbon content which is energy for the soil organisms with the added benefit of better physical and chemical 

fertility. The dry matter of waste fertilizers like compost from source-separated collected biowaste, sludge from 

waste water treatment, sludge compost, etc. usually consist of more than 30 % organics. Major nutrients and trace 

elements are additional contents of waste fertilizers which can reduce the reliance of farming on primary mineral 
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and energy resources. Examples are phosphorus with its limited mineral deposits or nitrogen with its high energy 

consumption for production of mineral fertilizers. Nevertheless during the last decade the discussions about the use 

of waste fertilizers on land were dominated by studies about possible pollutions and risk analyses for substances 

which derive from everyday commodities as well as from industrial processes with much higher emission loads to 

the environment by other paths, like air or products, than by the waste water stream. When it was decided, that 

organic waste and waste water sludge are renewable fuels it seemed, that only incineration can be the future 

treatment and utilisation for them. Co-incineration in coal power-stations or in incinerators for mixed household 

waste seemed to be perfect solutions because the additional technical requirements to incinerate organics are not 

very high, continuous treatment all over the year is guaranteed and energy cycle efficiency or resource protection are 

something nobody asked for. 

New developments like the awareness of phosphorus being a limited resource changed the discussions 

about future treatment and utilisation of waste fertilizers. One minimum requirement seems to build mono-

incinerators for waste water treatment sludge to avoid dilution of the phosphorus content in the ash because 

phosphorus recycling requires minimum concentrations in the ashes. Mono incinerators, fed with sludge containing 

~ 20 % dry matter need additional energy to evaporate ~ 80 % water before the organics can be burnt. This fact 

leads to the question what sense makes a fuel with negative energy cycle efficiency? To gain phosphorus as a 

fertilizer, additional industrial processes with need of chemicals and energy are necessary. This means additional 

emissions of carbon-dioxide (CO2) as well as other pollutants. 

The alternative to industrial processes like incineration and production of phosphorus-fertilizers is to 

spread waste fertilizers on land if the quality fits the requirements for utilisation. Main requirement for the use in 

agriculture is to consider the nutrient content in soils und the nutrient requirement of plants. Proper fertilising plans 

are a perfect instrument to ensure a professional use of waste fertilizers within short transport distances. The biggest 

advantage of regional utilisation is the fact, that it can be realised immediately, without need to wait for new 

technologies, without big investments, without high energy consumption and transport distances. The effect of 

resource protection is realised by utilisation of any ton of sludge in agriculture when the need is well calculated. 

In 2009 presented his final year project for the agricultural college St. Florian near Linz, Upper Austria to detect the 

immediate discharge of carbon-dioxide by different treatment and disposal routes for sewage sludge and the 

potential of phosphorus recycling by the use of sludge and sludge-compost in agriculture. 

 

Main conclusions of David Hiegelsberger´s final year project are: 

− Utilisation of sewage sludge and sludge compost within short distances causes least CO2 emissions – 

regional utilisation should be favored. 

− Phosphorus comes by direct utilisation in agriculture to soils and plants without detour. 

− Sewage sludge, derived in large wastewater (WWTP) treatment plants, which cannot be used in agriculture 

directly has to be treated in mono-incineration plants because phosphorus recovery is only possible from 

ashes with high phosphorus-content. 
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1 INTRODUCTION  

Climate change resulting from global warming eventually became a global issue. The Korean government 

pronounced “Low Carbon Green Growth”, a new paradigm, as driving force for future development in 2008. 

Livestock manures have a potential to be a valuable resource if efficiently treated. Recently recycling of livestock 

manures for biogas production through anaerobic digestion is increasing and to enhance the biogas yield organic 

resource such as food waste or agricultural residue are added. In Korea, 42 million tons of livestock manures were 

generated in 2008 and 84 % of them were used for compost and liquid fertilizer production (MIFAFF, 2009). About 

5 million tons per year of food wastes were generated in 2007(MOE, 2008).   

Generally speaking, food wastes in Korea have a high content of salt because of salty soup and sauce. 

When applied to the soil, some negative affects to the crops occur: inhibition of water absorption by osmosis, direct 

toxicity of sodium or chlorine ion, growth retardation or necrosis resulting from nutritional imbalance by 

antagonism, restraint of root elongation by impeding moisture movement and aeration in soil due to the deterioration 

of soil physical properties by dispersion effect of sodium ion in soil (Bernstein, 1975; Shannon, 1997). In Korea, all 

the compost and liquid fertilizer must meet the guideline which is maximum 1% and 0.3% of salt content, 

respectively as sodium chloride according to the “Korean quality standard for fertilizer”.  

Pig manure and food wastes were usually co-digested in Korea. After anaerobic digestion, it has 

quantities of plant nutrients, such as nitrogen, phosphorous, potassium and other micro nutrients. It has, however, 

potential risks to plant and soil. In this study, we monitor the contents of co-digestate for seasonal variation to assess 

the safety of co-digestate and investigated the soil properties and crop responses by applying it to the paddy rice 

cultivation based on N supplement.  

 

2 MATERIALS AND METHODS 

2.1 Monitoring the seasonal variations of co-digestate  

We sampled co-digestate fermented with pig manure slurry and food waste slurry by 70:30 in its volumetric basis in 

biogas plant in Korea. HRT was 20 days at high temperature (52℃). Chemical properties of co-digestate were 

analyzed according to standard method (APHA, 1998). 

2.2 Paddy rice cultivation 

Pot test: Paddy rice was cultivated in 1/2000 a Wagner pot packed with paddy soil. Soil was sampled before 

transplantation of paddy rice and after harvesting. After fertilizing with chemical fertilizer and co-digestate, leachate 

was sampled every two weeks for two months. Crop responses to fertilizer were investigated at harvesting stage.  

 Chemical analysis: Paddy soil was analyzed according to soil and plant analysis methods (NIAST, 

2000).  Soil was dried at room temperature and sieved with 2 mm. The pH and EC of compost was measured using 

pH meter (Orion 720A+) and EC meter (Orion 145A+), respectively, on 1:5 water extracts. Organic matter content 

was determined by Turin method, available phosphorus by Lancaster method, and total nitrogen content by Kjeldahl 

digestion, respectively. Soil was extract by 1N-NH4OAc solution (pH 7) and then its exchangeable cation was 
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determined by ICP (GBC Integra XMP). Nitrate nitrogen of infiltrated water was determined by Ion 

chromatography (DIONEX). 

3 RESULTS AND DISCUSSION  

3.1 Seasonal chemical variations of co-digestate 

The chemical composition of livestock manure varies by livestock species, dietary and maturity etc. To secure the 

co-digestate as an alternative fertilizer, variations of nutritional contents should be within the guideline. In case of 

applying organic waste including food waste to arable land, salt content becomes the limiting factor for utilizing. In 

Korea, people seedle paddy rice in March and transplant in the middle of May to early June. For this reason, there 

were monitored the chemical variations of co-digestate from March to July. According to the fertilizer standard 

quality in Korea, liquid fertilizer including digestate should contain minimum 0.3% of total nitrogen (T-N). As 

shown in Figure 1, T-N content was higher than 0.3%, which met the Korean guideline except in June and at the 

same time the content of sodium chloride was under 0.3%. Other quality standard such as heavy metals was within 

the permission. This means that the co-digestate used in this experiment are suitable fertilizers. 

 

 

FIGURE 1 Seasonal variations of pig manure slurry co-digestated with food wastes from March to July in 

Korea. 

 

3.2 Cultivation of paddy rice in pot  

Paddy rice treated with chemical fertilizer and several levels of co-digestate were cultivated in 1/2,000 a Wagner pot.  

The properties of paddy soil before fertilization and after harvesting are shown in Table 1. There was no significant 

difference in pH, OM and T-N content during the sampling periods. In case of exchangeable potassium, its content 

in soil after harvesting increased with the amount of co-digestate applied. For feeding stock of additive included 

copper and zinc which is essential element for co-enzyme, it was considered that the high application rate of co-

digestate combined with pig manure resulted in the accumulation of copper and zinc in soil. Other heavy metals, 

however, were not related with the rate of co-digestate application.  
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TABLE 1 Physico-chemical properties of paddy soil before fertilization and after harvesting 

 pH EC OM T-N P2O5 Ex. Ca Ex. Mg Ex. K Ex. Na 

 

Treatment 

 (dS/m) (g/kg) (%) (mg/kg) ---------------- (cmol+/kg) ---------------- 

Before Exp. 5.01 0.81 32.8 0.15 89.36 6.43 1.07 0.23 0.54 

After Exp. None 5.68 0.55 33.7 0.17 73.15 4.35 0.80 0.25 0.39 

 CF 5.61 0.81 33.9 0.15 72.68 4.50 0.90 0.28 0.44 

 CD75 5.63 0.82 33.6 0.15 63.23 4.46 0.85 0.27 0.44 

 CD100 5.64 0.60 32.1 0.14 69.08 4.50 0.84 0.27 0.44 

 CD150 5.52 0.95 34.1 0.15 82.96 4.98 0.97 0.30 0.53 

 CD200 5.61 1.07 34.0 0.16 96.09 5.07 1.04 0.32 0.54 

 

  Cd Cu Zn Pb Ni Cr Mn 

  ------------------------------------------------ (mg/kg) ------------------------------------------------ 

Before Exp. 0.11 4.95 5.59 4.15 0.65 0.16 41.17 

After Exp. None 0.20 6.42 6.34 5.79 0.55 0.23 62.86 

 CF 0.21 6.45 6.05 5.60 0.73 0.33 67.64 

 CD75 0.20 6.60 6.51 5.76 0.53 0.25 73.61 

 CD100 0.21 6.91 6.42 6.02 0.55 nd 71.77 

 CD150 0.19 7.38 8.30 5.59 0.56 nd 77.08 

 CD200 0.20 8.05 10.01 5.73 0.58 nd 71.93 

*0.1 N HCl extractable  

**CF means chemical fertilizer and CD represents co-digestate. 

 

  

  

FIGURE 2 Changes of some chemical properties of leachate with the time after fertilizing.  

 

 As shown in Figure 2, the pH increased with the days after treatment of chemical fertilizer and co-

digestate. However, pH in the untreated pot increased with a similar tendency, indicating that the pH increases did 

not result from the fertilizing. However, concentrations of sodium chloride decreased with time.  

 In case of nitrogen, concentration of ammonium nitrogen fluctuated with time, while that of nitrate 

nitrogen which charged negatively like soil particle was washed out within two weeks. The ratio of NH4
+
-N/ NO3

-
-N 
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was above 50:50 in two weeks after treatment and then drew back. Smiciklas and Below (1992) reported that rice 

grew better in most situations when NH4
+
-N/ NO3

-
-N ratio was above 50:50.  

 

 

FIGURE 3 Growth responses of paddy rice with different fertilizer. 

 

Considering the growth responses of paddy rice (Fig. 3), there was no significant difference between the 

treatments (DMRT at 95% level). However, limited to the co-digestate treated pot only, the more co-digestate 

applied the taller the plant height was. In case of paddy rice, optimal application rate should be established for co-

digestate to prevent the loss by lodging.  

 

4 CONCLUSIONS  

The study for investigating the soil properties and crop responses by applying co-digestate to the paddy rice 

cultivation based on N supplement showed that soil applied with co-digestate was increased in exchangeable 

potassium, copper and zinc mainly due to the high rate of pig manure in co-digestate applied. Considering high salt 

content due to the combination with food waste, strict quality assurances are needed for safe application to arable 

land though it has valuable fertilizer nutrient. Leachate after treatment showed that the concentration of nitrate 

nitrogen washed out within two weeks. Considering the salt accumulation results in soil, it is highly recommended 

that the application rate of co-digestate should not exceed the crop fertilization rate based on N supplement. With 

these results, we concluded that co-digestate could be used as an alternative fertilizer for chemical fertilizer. More 

studies are needed for the long-term effects of co-digestate application on the soil and water environment. 
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1 INTRODUCTION 

In the European Union urban wastewater treatment plants produce large amounts of sewage sludge (SS). SS has a 

high content of organic matter and nutrients that can be recycled for crop production. Anaerobic digestion is a well- 

known technology that improves SS quality for agricultural use producing biogas. However, strategies for biogas 

optimization are required. Anaerobic co-digestion with other organic wastes is a feasible option to improve biogas 

yield because little investment is required. The resulting nutrient-rich residues can be valorized as fertilizer in local 

agriculture as pre-seeding fertilizer. However, little is known about its nutritional value. Nitrogen concentration and 

the distribution between organic and inorganic forms as well as decomposition kinetics of SS depend on wastewater 

characteristics, the treatment technology applied and the SS treatment line. Decomposition rates of SS follow two 

patterns. In some cases, the decomposition rate is constant while in other cases an initial high decomposition rate 

period is followed by a period with a constant slow decomposition rate (Gilmour, 1998). Many approaches have 

been used to estimate total plant available nitrogen of SS and other organic wastes, among them are chemical 

analysis and laboratory incubations. The long-term incubation method of Stanford and Smith (1972) is the standard 

method. In recent years, other techniques were assessed (Schomberg et al., 2009) 

The aim of the present work was to evaluate the nitrogen fertilizing value of SS and the mixture of SS 

with glycerin before and after anaerobic digestion by long-term aerobic-leaching incubation.  

 

2 MATERIALS AND METHODS 

2.1 Materials 

Four different substrates were used in the long term incubation test: raw sewage sludge, a mixture of raw SS with 

glycerin, digested SS, and codigested SS with glycerin. Raw sewage sludge as well as digested SS was obtained 

from a waste water treatment plant located near to Barcelona (Spain). Codigested SS + glycerin was obtained in a 

5,5 L lab scale mesophilic anaerobic digester with an HRT of 20 days. Substrates were decanted, dewatered 

(centrifuged 5 min at 8000 rpm) and higienized (121ºC, 30 min) before the aerobic-leaching incubation essays. The 

topsoil used in the incubations was the surface horizon (0-20 cm) of a Typic Calcixerept (Soil Survey Staff, 1998) 

from Almacelles (NE Spain). 

2.2 Experimental units 

A long-term aerobic-leaching incubation technique, adapted from Stanford and Smith (1972), was used to monitor 

apparent N mineralization NO3
-
-N and CO2 emitted. The experimental units were leaching containers of 240 mL (10 

cm in height and 5.5 cm in internal diameter), containing 70.6 g of topsoil mixed with 89.8 g of quartz sand (0.4 – 2 

mm diameter); the bottom of the container was filled with 1 g of glass wool to retain the substrate. Before 

incubation, the sieved topsoil (< 2 mm) was pre-incubated for three weeks at 30ºC and 55% water filling pore space 

(WFPS). Then, the following parameters were determined: texture (USDA), pH (1:2.5, soil/water), electrical 

conductivity (1:2.5, soil/water), Kjeldahl N, organic carbon (Walkley and Black 1934), P (Olsen), K (extracted by 

NH4-acetate), results are not shown. During incubation, experimental units were maintained at 30ºC and 55% WFPS 

to facilitate oxygen diffusion, and therefore optimal nitrification and minimal anaerobic denitrification (Linn and 
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Doran, 1984). Water content was maintained by weighing the experimental units every 7 days and adding deionized 

water when necessary. During the leaching process, glass wool was placed on top of the mixture of soil and sand to 

avoid modification of the structure of the mixture.  

2.3 Treatments  

Apparent N mineralization and microbial activity was monitored in the following treatments: T1: 1.89 g of sewage 

sludge (SS) dry matter kg
-1

 soil, T2: 2.57 g of digested SS dry matter kg
-1

 soil, T3: 2.00 g of a mixture of SS with 

glycerin (76% SS + 24 % glycerin) dry matter kg
-1

 soil,, T4: 2.25 g kg
-1

 of co-digested mixture of SS dry matter kg
-1

 

soil, all treatments equivalent to 100 kg N/ha, and S: the unamended soil as a control. Treatments and the control 

were replicated three times.  

2.4 Monitoring of organic N and C mineralization  

Leachates were recovered after 1, 2, 4, 8, 12, 16, 20, 26, 30, weeks by washing each experimental unit with 0.01 M 

CaCl2 and a final wash with the nitrogen-free solution (KH2PO4, K2SO4, MgSO4, and CaSO4, containing 100, 24, 

113, 0.5 and 4 mg/L of Ca, Mg, S, P and K respectively) (Cabrera and  Kissel, 1988). Leachates were analyzed for 

NO3
-
 and NH4

+
 concentration by capillary electrophoresis (Hewlett-Packard 3D CE, Hewlett-Packard Company, 

Waldbronn, Germany). Experimental units were placed in 1 L sealed glass with the presence of 10 mL of 0.5 M 

NaOH to absorb CO2 emission from experimental units. Three jars without substrate were prepared in the same 

manner as blanks. CO2 emission was determined by titration daily for the first 10 days and subsequently every 7 

days. Cumulative apparently mineralized N ( ( )
N

Z t ) and mineralized organic C ( ( )
C

Z t ) were calculated adding 

respectively, the values of apparently mineralized N and mineralized organic C between sampling dates. In the 

control and all treatments, cumulative apparently mineralized N by the end of the incubations (
NΘ ) and cumulative 

mineralized organic C (
CΘ ) were estimated as the average of the three replicates. ANOVA-test using the PROC 

GLM followed by least significant difference (LSD) mean separation test of SAS package was used in order to 

determine the effect of treatments on the parameters.  

2.5 Monitoring of organic N and C mineralization  

( )NZ t was modelled assuming that the rate of mineralization was either constant, equal to '

Nκ   

'( )N
N

dZ t

dt
κ=  

 

(eq. 1) 

or proportional to the remaining soil mineralizable N, (which is the difference between potentially mineralizable N, 

(
*

NΘ ), and the cumulative already mineralized N at time t ( ( )NZ t )  

*( )
( ( ))N

N N N

dZ t
Z t

dt
κ= Θ −  

 

(eq. 2) 

where 
Nκ denotes the mineralization rate constant of the exponential model. Parameter

Nκ  is assumed to be 

invariable given a certain type of soil and fixed conditions of temperature and moisture and parameter *

NΘ  is 

assumed to be constant for a particular soil (or amended soil). Assuming that at the beginning of incubation 

cumulative mineralized N content is zero, the solution of eq. 1 is given by 

'( )N NZ t tκ=                                           (eq. 3) 

and the solution of eq. 2 by 

( )

*( ) 1 N t

N NZ t e
κ−

= Θ −  
(eq. 4) 

Cumulative mineralized organic C ( ( )
C

Z t  was modeled similarly using the linear (eq. 5) and the 

exponential model (eq. 6) : 

'( )C CZ t tκ=  (eq. 5) 

( )

*( ) 1 Ct

C CZ t e
κ−

= Θ −  (eq. 6) 
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where, '

Cκ  is the rate of mineralization of the linear model, and *

CΘ , is the potentially mineralizable organic C and 

Cκ the mineralization rate constant of the exponential model. 

3 RESULTS 

3.1 Cumulative apparently mineralized N(
NΘ ) and cumulative mineralized organic C (

CΘ ) at the end 

of incubations 

In this study we did not detect NH4
+
 in leachates, even in the initial weeks of incubation. In the unamended soil (S), 

estimated apparent mineralized N after 30 weeks of incubation, ( )N SΘ , was 136.2 mg kg
-1

 and mean 

mineralizedorganic carbon, ( )C SΘ  was 2110.8 mg kg
-1

 At the end of incubation apparent soil total Kjeldahl 

nitrogen (TKN) mineralization represented 9.3% of the initial substrate TKN. This is a reasonable value for a 

substrate in optimal mineralization conditions within the values reported in the literature for similar soils and 

conditions of incubation (Quemada and Díez, 2007).  Amending the soil with sewage sludge (T1) led to a recovery 

of NO3
-
-N of 117.1 mg kg

-1
 ( ( 1)N TΘ , and a recovery of 2591.7 mg kg

-1
 ( ( 1)C TΘ  at the 30

th
 week. Amending the 

soil with digested sewage sludge (T2) did not significantly decrease the recovery of NO3
-
-N but significantly 

decreased the CO2 emitted (Fig 1).  
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FIGURE 1 Cumulative apparently mineralized nitrogen, recovered as NO3

-
-N,  and cumulative mineralized 

organic C, recovered as  CO2-C,   in treatments T1: 1.89 g of sewage sludge (SS) dry matter kg
-1

 

soil, T2: 2.57 g of digested SS dry matter kg
-1

 soil, T3: 2.00 g of a mixture of SS with glycerin 

(76% SS + 24 % glycerin) dry matter kg
-1

 soil,, T4: 2.25 g kg
-1

 of co-digested mixture of SS dry 

matter kg
-1

 soil.  

 

Amending the soil with a mixture of sewage sludge plus glycerin (T3), did not significantly increase 
NΘ  

nor 
CΘ  in relation to treatment T1 (Fig. 1). Amending the soil with co-digested SS + glycerin (T4) did not lead to a 

significant increase in the production of
NΘ , but led to a significant decrease of 

CΘ  in relation to (T3) (Fig. 1). On 
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the other hand, in all treatments apparently mineralized nitrogen after 30 weeks of incubation (
NΘ ) was lower than 

in the unamended soil. In digested treatments (T2 and T4) CO2 release at the end of the incubations ( 
CΘ ), was 

lower than in the unamended soil, while it was much greater for the treatments with the undigested substrates (T1 

and T3). These results suggest that probably in soils amended with digested sewage sludge, there is some inhibition 

of microbial activity along with a loss of N in the form of gaseous nitrogen in all treatments even if water filling 

pore space was kept at 55%. 

3.2 Modeling of cumulative apparently mineralized N and cumulative mineralized organic C  

First we fitted cumulative apparently mineralized N ( ( )NZ t ), using the linear model (eq. 3) and then the 

exponential model (eq. 4). In all treatments, the model that best fitted ( )NZ t  data was the linear model ( R
2
  0.98 

vs. 0.89). However, with cumulative mineralized organic C, the model that best fitted the dada was the exponential 

model (R
2
 0.98 vs. 0.94). These results indicate that during the first weeks of incubation, the recovery of N in the 

form of NO3
-
 was much smaller than that of C, as CO2. It is therefore likely that a loss of gaseous N occurred. 

 

4 CONCLUSIONS 

The use of digested sewage sludge as well as codigested sewage sludge plus glycerin reduces the microbial 

respiration in relation to soils amended with the equivalent raw products, but it is unlikely that the treatment reduces 

the risk of nitrogen losses by denitrification. 
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1 INTRODUCTION 

The maintenance of soil quality implies a sustainable management of soil organic matter (SOM). Among the 

practices aimed to SOM conservation and restoration, application of compost represents a valuable option because it 

allows for sustainable recycling of organic residues and enhancement of soil fertility. Nevertheless, addition of 

exogenous organic matter may have a significant impact on soil mineralisation dynamics and microbial pool. 

Carbon and N mineralisation plays a key function for availability of nutrients, release of toxic elements, emissions 

of greenhouse gases and soil C sequestration, while soil microorganisms exert fundamental functions determining 

the degree of soil quality, such as cycling of  C and nutrients, enhancement of water uptake and  bioremediation of 

xenobiotics. 

Consequently, the suitability of compost as an effective strategy for sustainable SOM management 

requires a thorough evaluation of the impact of exogenous organic matter on soil quality. In particular,  the 

properties of compost and temperature are important factors that may modulate the effects of exogenous organic 

matter on soil equilibria. The characteristics of compost control the amount of easily degradable substrate available 

for microorganisms and the rate of C sequestration in soil. An increase in temperature is known to directly affect the 

rate of mineralisation and microbial metabolic activity. It has been reported that in soils with a mesophilic microbial 

population an approximate increase of 10 ºC is normally associated with a doubling of activity (Davidson and 

Janssens, 2006). 

In this work, a series of laboratory assays were designed to study mineralisation dynamics and 

biochemical properties of soil following amendment with compost. In particular, the effect of composts properties 

and temperature of incubation were investigated. 

 

2 MATERIALS AND METHODS 

A degraded agricultural soil and two composts were chosen for soil incubation experiments. The selected soil was 

an arable soil from South East Spain, with the following main properties: 52% sand, 21% silt, 27% clay, 8.0 pH 

(H2O), 41.5% CaCO3, 1.04% TOC, 0.1% TN, 119 µg g
-1 

microbial biomass C. 

Two composting mixtures were prepared: 

- Mixture A: Cotton carding wastes, wheat straw and meat meal (62:31:7; moist weight) (43.9% TOC, 1.46% 

TN, 30.1 TOC/TN). 

- Mixture B: Cotton carding wastes, wheat straw, blood meal and horn and hoof meal (63:32:2.5:2.5; moist 

weight) (43.8% TOC, 1.34% TN, 32.7 TOC/TN). 

The composting mixtures (100 kg moist weight) were placed in 300 dm
3
 polyethylene composting bins 

(95 cm long, 60 cm wide, 53 cm height) in the open, under a shed. Addition of water and manual turning were 

performed when appropriate. Samples were taken after 3, 9, 21 and 92 days of composting, air dried, ground and 

sieved (<0.5 mm) to homogenize their particle size before application. 

The soil was preconditioned under aerobic conditions at the temperature of incubation for 5 days and 

subsequently amended (0.5% w/w) with the different age compost samples. The amended soil were incubated in the 

laboratory for 35 days at 2 temperatures (20 and 30 °C). During incubation the CO2 evolution of the amended soils 

was measured every 4 hours by an automated chromatography system for gas sampling and measurement (Mondini 

et al., 2010). Cumulative extra CO2-C evolution was calculated as the difference between the cumulative CO2 
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evolved from the amended soil and that evolved from the control. At the end of incubation, soil samples were 

analysed for water extractable C and N (WEOC, WEN), extractable NH4
+
 and NO3

-
, microbial biomass C and N, 

and esterase, protease and phosphatase activity. 

WEOC and WEN were determined using a TOC-VCSN analyser (Shimadzu). NH4
+
 and NO3

-
 were 

determined in a 1:4 (w/v) K2SO4 0.5M extract. The content of NH4
+
 was determined by a modified colorimetric 

method based on Berthelot’s reaction (Sommer et al., 1992) The content of NO3
-
 in the extracts was determined by 

reading the absorbance at 220 nm and subtracting the absorbance at 275 nm caused by organic matter. Net N 

mineralization of compost samples was calculated as the difference between the amounts of inorganic N (NH4
+
 + 

NO3
-
) released in the amended soil and those released in the control. Soil microbial biomass C and N were 

determined by the fumigation-extraction method (Vance et al., 1987). Enzymatic activities were determined 

colorimetrically. 

 

3 RESULTS AND DISCUSSION 

Dynamics and amount of soil respiration were significantly affected by the type and degree of stability of compost 

and incubation temperature. 

Patterns of respiration rate showed that compost samples up to 21 days old caused a peak in respiration, 

corresponding to the exponential phase of microbial growth, which occurrence was inversely related to the age of 

the sample. End products of both compost showed a lower and rather constant respiration rate (Figure 1a and b). 

FIGURE 1 Dynamics of CO2 emission from soil amended with different age samples (3, 9, 21, 92 days of 

composting) of compost A (a) and B (b) and incubated at 20 °C. 

 

Cumulative extra CO2-C evolution (i.e. respiration caused by compost addition) ranged from 1.4 to 11.1 

% of added C (Table 1). The total amount of CO2 evolved was affected by the properties of the compost (B > A) and 

was inversely correlated with the degree of stability of compost. The different behaviour of the two compost is 

likely due to the impact of the different N source utilized in the initial composting mixture on compost 

degradability. 

A 10 °C increase in temperature caused on average a 1.65 fold increase in cumulative respiration, 

confirming the direct effect of temperature on microbial metabolism (Davidson and Janssens, 2006). 

Soil amendment with non stable compost samples (C/N ratio >20) caused soil N immobilization, while 

soil addition of 92 days old compost samples (C/N ratio of about 11) caused a significant increase in mineral N, that 

was constituted almost entirely by NO3
-
. The amount of added N that was mineralised after 35 days of incubation of 

stable compost samples (92 days of composting) ranged from 1.1 to 2.7% of added N (Table 1), corresponding to an 

increase of 32-84 kg Ha
-1

 of available N, and was greater for soil amended with compost B. The higher net N 

mineralisation in soil amended with compost B indicates that the different source of N utilized in the preparation of 

the compost had a significant effect on compost properties. In particular, compost B was characterized by a higher 

content of WEN and NO3
-
 with respect to compost A (data not shown), that could be indicative of an higher degree 

of degradability. 
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TABLE 1 Balance of C and N mineralization in amended soil incubated at 20 and 30 °C for 35 days. Extra 

CO2-C represents the difference in cumulative CO2-C between amended soil and control. Net 

mineral N was calculated as the difference in inorganic N (NH4
+
 + NO3

-
) between amended soil 

and control. 

Compost 

type  

Compost 

age 
  Extra CO2-C   Extra CO2-C   Net mineral N   Net mineral N 

 

(Days of 

composting) 
 (µg g

-1
) (% of 

added C) 

 (µg g
-1

) (% of 

added C) 

 (µg g
-1

) (% of 

added N) 

 (µg g
-1

) (% of 

added N) 

     20 °C  30 °C  20 °C  30 °C 

3  129 6.1 206 9.6 -13 -4.1 -15 -4.9

9  123 6.0 175 8.5 -15 -3.6 -10 -2.3A 

92  27 1.4 54 2.7 8 1.1 13 1.8

              

3  143 6.6 242 11.1 -15 -4.5 -11 -3.1

9  121 5.6 199 9.3 -14 -3.6 -6 -1.6

21  103 4.9 131 6.2 -12 -2.1 2 0.3
B 

92   38 1.9  62 3.0  21 2.7  20 2.7

 

Soil amendment caused a 2.2 to 4.6 fold increase in the size of soil microbial biomass with respect to the 

control. This increase was significantly higher in amended soil incubated at higher temperature (Figure 2). 
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FIGURE 2 Net increase (control subtracted) in microbial biomass C in soil amended with different age 

compost samples (3, 9, 21, 92 days of composting) and incubated for 35 days at 20 and 30 °C. 

Bars represent standard deviation. 

 

Compost addition to the soil caused a general enhancement of microbial activity. Such increase was 

affected by the degree of compost stability, as it was lower in soil amended with stable compost, and incubation 

temperature, with higher values recorded in soil incubated at 30 °C. Esterase hydrolysis, a non specific enzymatic 

activity indicative of the overall hydrolytic potential of soil, was almost double in amended soil with respect to the 

control (data not shown). The increase in microbial hydrolytic activity indicates an enhanced capacity of the soil to 

carry out important ecosystem functions such as the degradation and transformation of organic substrates and 

pollutants and the cycling of nutritive elements. 

Figure 3 reports the net increase in protease activity in amended soil with respect to the control. Results 

indicate a lower net protease activity in soil amended with compost B, particularly for 92 days old compost samples. 

Soil addition of compost B resulted in higher N mineralisation with respect to compost A, as indicated by values of 

mineral N (Table1) and WEN (data not shown). The lower values of protease activity measured in soil amended 

with compost B could be due to a repression of the enzyme synthesis from the products of the enzymatic reaction. 
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FIGURE 3 Net increase (control subtracted) in protease activity in soil amended with different age compost 

samples (3, 9, 21, 92 days of composting) and incubated for 35 days at 20 and 30 °C. 

 

4 CONCLUSIONS 

The results of the present study clearly demonstrated that the characteristic of the compost and the temperature had a 

significant impact on the mineralisation dynamics and biochemical properties of amended soils. 

The two analysed composts mainly differed for their effect on soil N mineralisation and the release of 

mineral N available for plants and microorganisms. A further important factor to consider for the effective 

utilization of compost as soil amendment is the degree of degradability of organic matter: results suggest that non 

completely mature composts are more indicated for the improvement of soil biological fertility, while stable 

composts are best suited for the balanced supply of nutritive elements. 

Temperature directly affected soil mineralisation and, consequently, the cycle of nutritive elements and 

the amount of added C sequestered in the soil. The increase in temperature also favoured the enhancement of soil 

biological fertility and the ability of the soil to carry out important ecosystem functions. 

Information provided by studies on mineralisation dynamics and changes in biochemical properties 

following compost application to soil is relevant for the optimisation of soil amendment as an effective strategy for 

the sustainable recycling of organic residues. 
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1 INTRODUCTION 

Due to the intensive farming in SE Spain, great amounts of pig slurries are generated which suppose a problem of 

management to avoid damages to the environment. Pig slurry is a source of many nutrients and specially rich in 

nitrogen. So the use of this effluent as fertilizer is a common practice that in the correct dose is a good amendment 

and essential for sustainable development, but in excess can be a risk of soil and water pollution, and damage of 

crops. 

We can find different ways of managing pig slurries that help to reduce its volume and quantity of 

pollutants. The most important ones are those that allow a use of these residues without damaging the environment. 

The application of slurries directly to the soil as an organic amendment is one of the best ways of management, 

especially after phase-separation by applying both the solid and liquid phase, composting, biological treatments, etc. 

(González, 2003). Therefore, one of the best ways of acting is the use in agriculture as organic fertilizer taking into 

account the doses and the availability of crops near the farm (Daudén and Quilez, 2003). 

Due to the high quantity of nitrogen in the slurries, the possibility of nitrate leaching arises, causing 

groundwater pollution. As a consequence, the quantity of slurry allowed to apply is limited to 210 kg N ha
-1

 year
-1

 

and to 170 kg N ha
-1

 year
-1

 in nitrate vulnerable zones (Council Directive 91/676/EEC), where our study area is 

located. The main objective of this study is to determine changes in nitrogen dynamics resulting from organic 

amendments applied after different treatments and doses in an almond orchard. 

 

2 MATERIALS AND METHODS 

The experimental area is an almond orchard located in the village of La Aljorra, belonging to the municipality of 

Cartagena in the Murcia Region (SE Spain). The climate of the area is semiarid Mediterranean with mean annual 

temperature of 18ºC and mean annual rainfall of 275 mm. A total of 10 plots (12 m x 30 m) were designed, one of 

them being the control without fertilizer. Three different treatments were applied, raw slurry, the effluent obtained 

after solid-liquid separation and solid manure, all of them in three doses being the first one of 170 kg N/ha, and the 

others two and three times the first one. The first dose is determined by the Council Directive 91/676/EEC 

concerning the protection of waters against pollution caused by nitrates from agricultural sources adopted by the 

Commission on 19 December 1991. Application of the different fertilizers was carried out in February 2009. Three 

surface soil samples (0-25 cm) were randomly collected from each plot in September 2009 (7 months after the 

application). 

The soil is a Thypic Haplocalcid (Soil Survey Staff, 2010) with clay loam to loam texture. Soil 

characteristics are given in Table 1. 
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TABLE 1 Soil Characterization (values are mean, n = 3)  

Treatment Doses pH EC
a 

(dS/m) 

OM
b 

(%) 

CaCO3
 

(%) 

Texture
c 

(% sand, silt, clay) 

Control  8.25 0.46 3.13 15.36 Clay-Loam (34, 33, 33) 
       

1 7.99 0.45 2.79 24.55 Clay-Loam (29, 39, 32) 

2 7.79 1.37 2.85 21.76 Clay-Loam (25, 44, 31) 
Raw 

Slurry 
3 8.12 1.23 2.86 25.85 Clay-Loam (28, 42, 30) 

       

1 8.08 0.48 2.93 23.71 Clay-Loam (26, 39, 35) 

2 7.84 0.59 3.55 25.16 Clay-Loam (29, 36, 35) 
Liquid 

Slurry 
3 7.92 1.06 2.95 30.43 Clay-Loam (29, 39, 32) 

       

1 7.93 0.79 3.58 27.87 Loam (34, 39, 27) 

2 8.17 0.58 3.62 32.18 Loam (38, 37, 25) 
Solid 

Manure 
3 8.17 0.70 3.59 28.22 Loam (36, 40, 24) 

a EC: electrical conductivity 
b OM: organic matter 
c Sand: 2-0.05 mm; silt: 0.05-0.002 mm; clay: <0.002 mm. 

 

 Soil total nitrogen (Nt) was assessed by the Kjeldahl method according to Duchaufour (1970); soluble 

nitrogen (Nsol) by Sims and Haby (1971), analyzed by a TOC analyzer (TOC-V- CSH Shimadzu). Soil microbial 

biomass nitrogen (MBN) was determined by the fumigation–extraction method by Vance et al. (1987). Urease 

activity was analysed according to Tabatabai and Bremner (1972) and modified by Nannipieri et al. (1978).   

 The fitting of the data to a Normal distribution for all properties measured was checked with the 

Kolmogorov–Smirnov test. We carried out a one-way ANOVA to investigate the differences between treatments 

and doses. The separation of means was made according to Tukey's honestly significant difference at P < 0.05. 

Relations between soil properties were studied using Pearson correlations. 

 

3 RESULTS AND DISCUSSION 

No significant differences were found in TN for any of the applications, ranging from 0.14 to 0.22 % (Figure 1). 

This is contrary to the results reported by Fernández et al. (2009) in barley crops amended with sewage sludge in a 

three years period. Nsol, urease activity and MBN showed the same trend with highest values in doses 2 and 3 in raw 

pig slurry and dose 3 in liquid slurry. No significant differences were found between control and the rest of the 

treatments and doses (Figure 1). The values obtained for urease activity are significantly higher than the values 

reported by Zornoza et. al (2009) in non amended almond orchards in SE Spain, under similar climatic and edaphic 

conditions. This is likely due to pig slurry application in our study area as a common procedure for years, since we 

found values of urease activity near 5 times higher for the control samples. The similar values obtained in TN in the 

different treatments and doses are due to the mineralization of N after 7 months of the application of fertilizers. In 

contrast, the differences found in Nsol are due to the liquid phase of the treatments (raw and liquid slurry) in the 

highest doses in which there are high quantities of soluble organic matter. 

We found positive significant correlations between urease and MBN (r = 0.61; P<0.001) and Nsol (r = 

0.60; P<0.001). Regarding NBM, significant correlations were found with Nsol (r = 0.79, P<0.001), as Li et al. 

(2008) also found in soils amended with mineral fertilization and pig manure. No correlations between urease, 

MBN, Nsol and organic carbon were found (P>0.05). There was a significantly negative correlation between pH and 

urease activity (r = -0.59, P<0.001) and NBM (r = -0.53, P<0.01), the same that Li et al. (2008) obtained in 

application of mineral fertilization plus swine manure in a wheat-maize rotation crop. 

The fact that we found the same pattern in MBN, urease activity and Nsol, together with correlation 

between them, indicates that Nsol controls microbial populations, which increase their numbers owing to increases in 

labile organic matter, easy to decompose. To carry out the degradation of these labile compounds, microorganisms 

release to the soil higher amounts of enzymes, reflected in the increased activity in urease. Hence, organic matter 

amendement had an effect on soil microbial community size and activity resulting in an increase in microbial 

biomass, enzyme activities and N mineralization as previously observed by several authors (Kizilkaya et al., 2005; 
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Stark et al., 2008; Bastida et al., 2009). The changes in biochemical properties observed in this study were also, in 

part due to organic matter application induced changes in soil pH. Our data indicates that most parameters 

determined in this study are significantly negatively correlated with soil pH values. This has been reported very 

often, since organic matter presents acid functional groups that decrease pH. 

With all these results, we can infer that most organic N mineralizes to soluble forms like soluble organic 

compounds and NH4
+
 or NO3

-
. Thus, doses are crucial to avoid leaching of soluble nitrogen that can be rapidly 

mineralised likely provoking pollution of groundwater by nitrates. 

 

 

 

FIGURE 1 Mean values and standard deviation for Soil Total Nitrogen, Soluble Nitrogen, Urease Activity, 

Microbial Biomass Nitrogen. 1, 2 and 3 denoted the three different doses. Different letters 

indicate mean values significantly different after Tukey’s honestly significant difference at 

P<0.05.  

 

4 CONCLUSIONS  

We can conclude that the use of pig slurry as organic fertilizer incorporates great amounts of nitrogen to the soil in 

its different forms, mainly as soluble and microbial biomass. Doses are important so it is a factor that has to be taken 

into account before applying these fertilizers because soluble nitrogen could be leached and rapidly mineralised 

which may lead to possible pollution of groundwater by nitrates; however more research is needed to confirm this 

assertion. This research also evidences the importance of analyzing biochemical parameters when studying nitrogen 

cycle, as they have been proved to be more sensitive to the different treatments and doses applied than total 

nitrogen. 
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1 INTRODUCTION 

On intensive pig production areas the amount of phosphorus in the slurries is often too large to consider its 

application on the fields of the same farm or even those of the farms in the neighbourhood, although the amount of 

soluble nitrogen quite suitable. The limit derived from the Nitrate Directive (EEC 1991) for total nitrogen from 

manure does not usually limit the use of slurry to provide soluble nitrogen and phosphorus for the grains in Finland 

where the whole country is declared nitrate vulnerable. In addition to the legislation, the rates of soluble nitrogen 

and phosphorus are regulated according to plant, soil type, growing site etc. in the Finnish Agri-Environmental 

Subsidy Scheme (MMM 2009) in which almost all Finnish farms are involved. 

The proportion of the nutrients in pig slurry, however, not correct for barley, the typical grain cultivated 

and typically fertilized with 100 kg soluble N and 15 kg P per ha.  This ratio could be corrected by separating slurry. 

The solid phase contains the majority of the phosphorus and the liquid phase contains the majority of soluble 

nitrogen. Anaerobic digestion potentially converts nitrogen of manure into compounds more available for plants. A 

slight increase in pH caused by e.g. anaerobic digestion enhances the transfer of phosphorus to the solid phase. The 

liquid phase could still be used to grow barley on the pig farms, but the solid phase with a large amount of 

phosphorus could more economically be transported to other locations having shortage of phosphorus.  

The effect of digestion on the fertilizer value of pig slurry is a central criterion when considering 

digestion as an environmentally advanced treatment. It has been claimed to significantly improve the fertilizing 

value of manure and reduce the impact on the environment. A 2-year field test was performed in order to validate 

these claims. 

 

2 MATERIALS AND METHODS 

A split-plot field experiment, with 4 replicates, started in 2005 and 2006 in Ypäjä on the same loam field (N60º48’, 

E23º20’) but on different locations. The reaction of soil was 5.8 on an average. Nutrients contents were P 7.0 mgL
-1

, 

K 101 mgL
-1

, Ca 1147 mgL
-1

 and Mg 179 mgL
-1

. Contents of organic carbon and soil organic matter were 2.51% 

and 4.35%. 

The main effects under study were the type of manure, and sub-plot effect the combination of application 

method and time. The plot size was 3 m by 20 m. The experimental plant was barley (Hordeum vulgare L) (var. 

Annabell) seeded at a rate of 500 m
-2

. Treatments are presented in figure 1. The manures were applied at seeding on 

25
th

 to 27
th

 May 2005 and 22
nd

 May to 2
nd

 June 2006 or in growing crops on 14
th

 to 15
th
 June 2005 and 20

th
 June 

2006. Non-digested, digested, separated liquid and solids of pig slurry were used. The slurry contained small 

proportions of food waste and sewage sludge. The materials were applied with different methods at sowing and with 

one method in growing crops with starter nitrogen at sowing in mineral fertilizer. The non-digested slurry was 

hygienised at 70ºC for one hour. The target rate of soluble nitrogen was 100 kg ha (Kemppainen, 1989). The rates 

were determined according to either the total (lower rate) or soluble (higher rate) nitrogen. In the treatments for 

growing crops, the level of starter nitrogen was 50 kg ha
-1

 and the amount of manure was a half of the amount 

applied at seeding. No starter fertilizer was used in other treatments. In addition to the manure treatments, there were 

plots treated with differents levels of mineral fertiliser in order to determine the apparent nitrogen levels of manure 

treatments.  

The slurries (non-digested, digested and liquid phase of the latter) and starter fertilizers were applied on 

seeding through fertilizer coulters of a combi-drill (Tume HKL 300) hitched in the rear of a slurry tanker (Livakka) 

(Kapuinen 2001, Kapuinen & Tyynelä 2006).  The coulter spacing was 25 cm and the injection depth 8 to 10 cm. 

The application with trailing hoses was imitated by passing through the plots with the combi-drill in the 

transportation position. Solid fraction was applied manually with tubs and rakes. The mineral fertilizer (GrowHow 
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Kevätviljan Y6; N17%, P4%, K13%) was used as a starter fertilizer and in the treatments with different nitrogen 

levels. To have the same trampling effect as in the manure treatments, the mineral fertilizer was placed with the 

slurry tanker attached in the combination between the tractor and the combi-drill.  

The yield was measured at 15% moisture contents and corrected to the nitrogen level of 100 kg ha
-1

 using 

the production function derived from the yields of the nitrogen levels. 

 

3 RESULTS AND DISCUSSION 

In 2005, the contents of total nitrogen was 4.8 kg t
-1

 in non-digested slurry and 4.2 kg t
-1

 in digested slurry which 

implies that the non-digested and digested slurry were not completely the same origin. The influent varied during the 

process of 3 weeks in the centralized biogas plant providing the manures. However, the proportion of soluble 

nitrogen of the total nitrogen was 71% in non-digested slurry and 73% in digested slurry in 2005, and in 2006 72% 

and 77%, respectively. Dry matter content was 6.1% in non-digested slurry and 5.1% in digested slurry in 2005. In 

2006 they were 8.6% and 6.1%, respectively.  Assuming that these changes in the proportions of soluble nitrogen of 

total nitrogen remained the same at least those three weeks both the years the digestion potentially increased the 

amount of soluble nitrogen by 2.8 to 6.9%  

Although yield was rather high even without any fertilization because of a high mineralization rate any 

nitrogen fertilization increased the yield significantly (Figure 1). A lower mineralization rate would have led to 

larger differences between the treatments. In 2005, the majority of yield response took place already at 50 kg N ha
-1

 

diminishing any yield response on nitrogen utilization at the target rate. In 2006, the yield increased even with the 

highest level because July 2006 was rainless and exceptionally warm, which caused rather poor utilization of 

nitrogen. In a normal season, a nitrogen level higher than 100 kg ha
-1

 would not be reasonable. 
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FIGURE 1 Barley yields of treatments adjusted at 100 kg soluble nitrogen 

 

The Finnish legislation implementing the Nitrate Directive (EEC 1991) allowed for about a rate of 120 to 

130 sol. N ha
-1

 in non-digested and digested pig slurry without exceeding the limit of total N from animal manures. 

However, such high rates can not be used annually because the Finnish Agri-Environmental Subsidy Scheme 

(MMM 2009) limits the rate of phosphorus to about 15 kg ha
-1

 yr
-1

 when growing barley on soil having a 

satisfactory content of phosphorus. 85% of the total phosphorus is considered to be available for plants in animal 

manures in general. Thus, the rate of total phosphorus in manure could be 17.6 kgha
-1

yr
-1

.  A phosphorus ration of 

five years could, however, be applied at one time. A dose of 140 kg sol. N could be applied annually as liquid 

fraction of separated digested slurry without exceeding the maximum rate of phosphorus in the same case. The 

prevailing legislation considers the materials under study as fertilizer products because they contain other materials 

than just manure. The manure samples were not analyzed according to the fertilizer product legislation which was 

only under preparation that time. In this kind of fertilizer products, the soluble nitrogen contents are lower according 

to the analysis method of the fertilizer product legislation than according to the Finnish manure analyses method. 

The greater the dry matter content the greater is the difference (Salo et al. 2010). In fertilizer products containing 
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sewage sludge, the proportion of phosphorus available for the plants is always considered to be 40% of the total 

phosphorus but otherwise the content is analysed according to the fertilizer product legislation which gives always 

much lower values for raw manure than 85% of total phosphorus. 

In neither of the years were the yields achieved using manures applied with the combination of the best 

application method and time not significantly less than the yield achieved with mineral fertilizer. The best type of 

coulter for application of slurries varied as well as the best incorporation method. In 2005, the best method and time 

to apply slurries was on seeding with a winged fertilizer coulter.  In 2006, the regular type was better most likely 

because of rather moist soil at seeding. In 2005 the best way to apply the solid phase of digested slurry was covering 

the seeded plot without any incorporation.  

In 2005, band-spreading of non-digested slurry reduced the yield significantly by 6.7% and spreading in 

growing crops by 21.2% compared to the use of mineral fertilizer.  Application in growing crops yielded 16.9% less 

than the other methods on an average. 

Application of digested slurry on growing crops yielded significantly 15.3% less than mineral fertilizer. 

Band-spreading at seeding yielded significantly 9.9% and in growing crops 20.2% less than the best injection 

method on seeding. 

 The liquid phase from digested slurry injected with a regular type of coulter on seeding yielded 

significantly 6.4 to 9.1% less (depending on the rate) than mineral fertilizer. Respectively, band-spreading at seeding 

followed by incorporation in 1 hour yielded significantly 5.9 to 10.5% less and band-spreading in growing crops 

18.6% less. The application in growing crops yielded 13.3% less than the application at the higher rate at seeding. 

The liquid phase was more suitable for the application in growing crops than the non-separated slurries because the 

yield loss compared to application at seeding was much smaller when using the liquid phase than the non-separated 

slurries. 

The incorporation of solid phase from digested slurry with the combi-drill immediately after application 

yielded significantly 6.3% and separate incorporation 1 h after application 14.9 to 19.9% less depending on the rate 

than mineral fertilizer. Incorporation 1 h after application at a higher rate yielded significantly 14.6% less than 

immediate incorporation by the combi-drill. 

In 2005, the advantage of using digested slurry instead of non-digested was 2.5 to 10.6% depending on 

the application method and time. The smallest advantage when band-spreading at seeding followed by incorporation 

in 1 h most likely resulted from a great loss of nitrogen in the form of ammonia.  

In 2006, non-digested and digested slurries yielded the same with mineral fertilizer when they were 

injected on seeding with regular coulters, and digested slurry as well when injected with winged coulters. Liquid 

phase separated from digested slurry yielded the same as mineral fertilizer with all methods and at both times. Solid 

phase separated from digested slurry yielded significantly 11.4% better than mineral fertilizer when spread on 

surface at seeding followed by incorporation and seeding in 1 hour. Application on surface followed by 

incorporation in 1 h of non-digested slurry yielded significantly 20.9% and digested slurry 21.4% less than injection 

with the regular coulter. Because of rainy weather at seeding time in 2006 the methods requiring several passes in 

the plots resulted in soil compaction and thus yielded less compared to injection on drilling. The application of the 

solid phase separated from digested slurry only in growing crops yielded significantly on an average 8.6% less than 

application at seeding.  

In 2006, digested slurry yielded significantly 12.3%, liquid phase 14.8% and solid phase 15.3% better 

than non-separated slurries applied with the best method and at the best time for each type of manure. The advantage 

of using digested slurry instead of non-digested at the same level of soluble nitrogen was much bigger in 2006 than 

in 2005 most likely because of larger response to nitrogen fertilization. The advantage of digesting was the largest 

when manures were injected on seeding just like in 2005. In 2006, a separate incorporation 1 h after application 

followed by immediate seeding yielded the best. For slurries, injection on seeding with either type of coulter was the 

best whereas for the solid phase an immediate incorporation and seeding with the combi-drill was the best. 

In 2005, there was no use to apply manure in growing crops because the yields were better at the level of 

nitrogen these treatment got at seeding than those of application in growing crops. Year 2006 was more suitable for 

application in growing crops. Even then non-digested slurry yielded less than the treatment would have yielded with 

just the starter fertilizer. The best response to manures applied in growing crops was achieved with solid phase 

which yielded almost according to its content of soluble nitrogen. 

The results show that digestion increases the fertilizer value of slurry proportional to the increase in the 

content of soluble nitrogen in the process. In addition to that the yield was 2.5 to 17.4% better with digested slurry 
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than could be anticipated according to the rate of soluble nitrogen depending on the method of application. The yield 

results, however, clearly showed that the nitrogen fertilizer value of manure is in accordance with the content of 

soluble nitrogen, not total nitrogen. 

 

4 CONCLUSIONS 

The nitrogen fertilization effect of manure is generally based on its content of soluble nitrogen. Digestion increased 

the fertilizing value according to the degradation of organic nitrogen compounds into ammonium nitrogen, which 

was in this study only 1.6 to 3.0 percentage units. The fertilizing value of manure seems, however, to increase 

somewhat more in addition to that, 2.5 to 17.4% depending on the application method. The injection methods 

yielded the best and application on surface yields the worst although incorporated within 1 hour. Digested slurry 

should be injected because the higher alkalinity increases ammonia emissions compared to those of non-digested 

slurry. The solid phase should be incorporated immediately because of high ammonia emission as well.   

The increased proportion of soluble nitrogen to total nitrogen and phosphorus of digested slurry increases 

the possibilities to use slurry as a source of nutrients for barley when the amount of total nitrogen and phosphorus is 

limited by the legislation implementing the Nitrate Directive and the Finnish Agri-Environmental Subsidy Scheme. 

The phosphorus content of the liquid phase of digested slurry is low and allows for its use annually despite of the 

limits in the Scheme. The high phosphorus content of the solid phase makes its transportation out from the 

centralized pig production areas beneficial. Because of the higher pH caused by digestion the transfer of phosphorus 

to the solid phase is more efficient when separating digested slurry than non-digested.  

With the best application technique for each type of manure, all the manures used could produce at least 

as good yield as mineral fertilizer at the same level of soluble nitrogen. The separated solids produced even better 

yield than mineral fertilizer. Drilling of non-digested and digested slurry in combination with sowing produced 

better yield than a separate incorporation with a s-tine harrow one hour after application. The advantage of injection 

compared to incorporating is smaller for separated liquid than for non-separated slurries. The application in growing 

crops was not reasonable from the viewpoint of producing good yields.  
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1 INTRODUCTION 

Among the commonly claimed benefits of anaerobic digestion are a reduced risk of odour nuisance, a reduction in 

viable pathogenic organisms and improvements in effluent nutrient (digestate) quality.  During anaerobic digestion, 

organic compounds are broken down, firstly via acetogenic bacteria to methane precursors, largely volatile fatty 

acids (VFAs) and then to methane and other products via methanogenic bacteria.  Under anaerobic conditions, 

organic forms of nitrogen (N) are converted into ammonium-N (NH4-N), i.e. readily available nitrogen (RAN).  The 

RAN content of cattle slurry is typically 50% and pig slurry c. 60% of total-N (Chambers and Nicholson, 2004).  It 

might be anticipated that a measurable increase in the proportion of readily available N would occur in these 

materials, as a result of the digestion process. Changes in slurry P availability may also occur as a result of the 

release of P from organic forms during digestion, leading to an increase in the water-soluble P fraction.  This may 

increase the vulnerability of slurry P to losses by surface run-off or via by-pass flow through field drainage systems, 

unless application practices are carefully managed and controlled.      

The main objectives of this study were: 

− a critical review of existing research on the environmental benefits and the nutrient value of farm slurry 

digestate from anaerobic biogas systems; 

− to undertake comparative chemical analysis of slurry feedstock and the resulting digestate output from farm-

scale digesters on commercial farms in Scotland.  

  

2 MATERIALS AND METHODS 

2.1 Technical review of existing research data 

In order to identify suitable information sources, some preliminary networking and initial scoping of known 

reference material was undertaken, to identify further key reference data.  This included a search of known research 

organisations in Europe and USA, for example, FAO RAMIRAN network conference proceedings and research 

database (www.ramiran.net).  Follow-up requests for papers and reports were made, initially largely via existing 

relevant contacts, e.g. RAMIRAN network, N European network of specialists (Danish Agricultural Advisory 

Centre).  Relevant analytical data and technical information were also collected from recent projects in the UK. 

2.2 Monitoring, sampling and analysis of effluent from farm-based digesters 

As part of a strategy to improve the quality of Scottish bathing waters, the Scottish Executive funded research on 

new approaches to reduce the impact on bathing waters of diffuse agricultural pollution. One of these approaches 

involved the installation of anaerobic digestion (biogas) plants on farms in the Sandyhills and Saltcoats catchments, 

in SW Scotland (Anon, 2006). The project provided, also, a good opportunity for study of digester effluent nutrient 

characteristics in well designed farm digester installations. Careful site selection of two representative farm-scale 

digesters included consideration of the range and type of livestock, livestock feeding system, match of digester with 

livestock slurry production and calculated retention times; also potential for representative sampling.  

The proposed work was of limited duration and comprised sampling of the two farm sites on two 

occasions per week over a four-week period.  The proposed sampling methodology was designed to facilitate the 

comparative analysis of feedstock slurry and digestate. To accommodate the “system inertia” arising from digester 

retention time, the sampling spanned four full weeks of digester operation; giving operational coverage over a c. 30 
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day period, well in excess of the likely operating retention time. Analyses included: dry matter (DM), organic 

matter, pH, total N, NH4-N, NO3-N, total P, bio-available P (water soluble), total K, total S, total Mg, total Na. 

 

3 RESULTS AND DISCUSSION 

3.1 Review of existing research data 

There is an extensive literature describing the microbial processes involved in the anaerobic degradation of organic 

substances to the most reduced form of methane (CH4) (Hobson et al., 1974; Møller, 2001).  The energy released in 

the process is mostly recovered in the methane.  The degradation of organic substances is complex, involving (i) 

slow enzymatic hydrolysis and the formation of sugars, amino acids and fatty acids; (ii) fast acetogenesis of volatile 

fatty acids (VFAs) and (iii) methane (and CO2) formation.  A number of groups of bacteria are involved in the 

various stages.  Details of the processes are well described in the literature and an appreciation of the biochemistry 

will assist in understanding the nutrient transformations and the nutrient content of the final digestate product. 

Comparative analytical data including digested and undigested livestock slurries were compiled from 

sources in the UK, Europe and USA, covering the period from 1979 to 2007.  Full data are available (Smith et al. 

2007), though summary data only, are presented in Table 1; results were reported only from studies thought to 

provide reliable comparisons of digester input and output analyses. 

 

TABLE 1 Changes in nutrient content of livestock slurries and manures as a result of anaerobic digestion
1
 

(comparison between input and output, as % except for pH) – summarised data only    

Observations  DM N-total NH4-N P2O5 pH COD 

Mean  -25.6 -0.8 25.7 0.7 0.4 -29.9 

Median  -25.15 0 29.4 1.05 0.4 -31.8 

No. of Observations 12 16 18 10 11 12 
1
 Note analytical and source data from all the research, reported in Smith et al., 2007 

 

Data from the research showed a reduction in slurry DM content as a result of anaerobic digestion with, 

overall, a difference of c. 25% between input and output slurry DM (Table 1). This reflects the breakdown of 

organic matter and loss of carbon from the substrate, with the generation of CH4 and CO2.  The substantial reduction 

in COD of c. 30% is also as anticipated and, whilst a much larger reduction in BOD of c. 70%, was also observed, 

these data were available from four studies only and are not included in the summary.  Increases in effluent NH4-N 

content and pH are also anticipated as a result of the degradation of proteins and the production of CO2.  Such 

changes were recorded in most of the studies and resulted in c. 26% increase in NH4-N and 0.4 unit rise in pH 

(Table 1).  There were small and inconsistent changes in N, P2O5 and K2O content; such changes would not be 

anticipated since these elements should be conserved during digestion.  Any small, apparent, changes would be 

consistent with typical sampling and analytical error and, when averaged across a range of reliable research data, 

they tend to disappear.  The consistency in total content of N, P2O5 and K2O (confirmation of the anticipated lack of 

change), gives greater confidence in the reliability of the changes observed in DM, NH4-N and in pH. 

Claims of beneficial impacts of anaerobic digestion on effluent analysis are of no real significance if these 

are not reflected by positive impact in terms of nutrient recovery and crop yield response.  Whilst there have been 

few well controlled comparisons of the impact of digestion on slurry analysis, there are even fewer data involving 

crop response. In Denmark, field assessments on the utilisation of slurries following a range of treatments, including 

anaerobic digestion and separation, have been carried out for a number of years.  In fact, it is claimed that the 

utilisation of N in manure has increased dramatically and the use of mineral fertiliser N has decreased by 50% 

(Birkmose, Danish Agricultural Advisory Centre, pers. comm).  Schröder and Uenk (2006) studied the nitrogen 

fertiliser replacement value (NFRV) of undigested and digested cattle slurry in the Netherlands.  Efficiency was 

determined from replicated field trials running from 2002-05.  In the first year the NFRV of digested slurry 

exceeded that of undigested slurry by 5%.  However this initial advantage was completely offset when residual N 

effects, in years 2, 3 & 4, were taken into account, yielding similar long term NFRV’s for both types of slurry.    
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3.2 Analysis of effluent from farm-based digesters 

Slurry input and digester output were sampled via sample ports on the feed and delivery screw pumps, accessible 

from the control room at both of the farm sites.  The reactor tank was sampled first (digestate) after mixing, then the 

holding tank (feedstock), this procedure avoiding any contamination digestate with raw (untreated) slurry.  Mean 

input and output analysis data, with overall differences, are presented in Table 2.  An indication of the variability of 

some observations can also be seen from the data presented, for the Ryes Farm site, in Figure 1. 

 

TABLE 2 Input and digester output analyses with overall differences from the two farm sites in Scotland 

(values are mean of 9 observations)     

Site  

Observations DM pH 

Ash 

%DM N-total NH4-N P2O5 

Water sol 

P %DM 

Total 

K2O 

Ryes Farm         

Input 8.1 7.68 34.8 0.29 0.11 0.11 0.012 0.43 

Output 6.2 7.84 40.3 0.29 0.13 0.11 0.012 0.42 

Difference %
1 

-21.2 0.16 16.7 - 17.7 - - -1.9 

P value
2 

0.005 0.264 0.017 0.608 0.092 0.347 0.299 0.368 

Digestate store
3 

10.1 7.44 39.4 0.30 0.11 0.22 0.024 0.3 

Corsock Farm         

Input 7.7 7.35 16.3 0.29 0.11 0.10 0.025 0.23 

Output 6.8 7.58 19.4 0.30 0.12 0.11 0.017 0.23 

Difference %
1 

-11.8 0.22 19.1 4.2 4.5 8.2 -32.0 3.4 

P value
2 

0.002 0.008 <0.001 0.107 0.296 0.065 <0.001 0.262 

Digestate store
3 

4.0 7.51 22.8 0.21 0.10 0.09 0.015 0.22 
1
 – Difference between output and input values expressed as % input, except pH which is in units (reduction –ve);                    

2
 – indication of significance from paired t-test between input and output level; 

3
 – Large digestate store at each site sampled, once only, towards end of monitoring period. 
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FIGURE 1 Monitoring changes in pH, total and NH4-N in digester input and output, at Ryes Farm  

In general the results followed the pattern of those identified within the technical review, with a 

substantial and highly significant reduction (P<0.01) in slurry DM content of 21% at Ryes and 12% at Corsock.  

Similarly, the highly significant increase in ash content at both sites reflects the breakdown of organic matter and 

removal of carbon as CH4 and CO2 against the background of minerals retention confirmed, for example, by the 

consistent levels or small and non-significant changes in total N, total phosphate and total potash.  Although an 18% 

increase in NH4-N in the digestate was recorded at Ryes Farm, which is in line with the levels of performance 

reported in the literature, this increase failed to reach statistical significance (Table 2).  A rather small increase in 
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NH4-N (4.5%) was observed at Corsock, also non-significant.  The variability in the NH4-N data can be seen with 

time in Figure 1 and is reflected by a relatively high coefficient of variation (cv %) for both slurry input and 

digestate (not shown here). 

Small increases in pH also occurred at both sites but again were inconsistent and failed to reach statistical 

significance. The greatest variability was associated with the more ephemeral parameters like NH4-N and DM 

content, which are subject to rapid change, particularly in dilute slurries as a result of solids settlement and, in the 

case of NH4-N, ionic buffering within the slurry; also, as a result of microbial activity within the digestion process, 

retention time and C:N ratio of the substrate mix.  Water soluble P content was very low in the slurry at both sites 

(1.5 – 4.2% of total P), with no difference between input and digestate at Ryes. The apparent decrease in water 

soluble P in the digestate at Corsock must be treated with caution, however, since the laboratory detection limit for 

this particular determination was only slightly below the reported levels and differences between observations at this 

level be considered unreliable.      

The analysis of the slurry on the single occasion from the large storage tank was closely similar, in both 

cases, to the overall mean of the digestate analyses, except for a reduced DM content at Corsock, this latter case 

reflecting the likely dilution by rainfall within the store at that site, and the normal in-store settlement of solids.   

 

4 CONCLUSIONS 

As a result of the digestion process a number of changes in slurry analysis can be expected, which were confirmed 

by the literature and the monitoring results.  These include a substantial reduction (up to 25%) in solids content and 

a consequential increase in ash content, due to the conservation of minerals and reduced slurry carbon (and organic 

matter content).  Increases in slurry pH (up to 0.5 pH units) and NH4-N content (up to 25%) may also occur, though 

these changes are less consistent than the reduction in solids content and organic matter content, and may be 

transient or dependent on digester operating conditions and the analysis of the feedstock slurries. 

Increased slurry NH4-N content, even with reduced NH3 emissions, does not guarantee improved 

utilisation of slurry N and increased savings in fertiliser N.  The limited research data on agronomic assessments has 

generated mixed results with small, short term, or inconsistent benefits.  There is evidence, from the literature and 

from other recent research, to suggest that an increased availability factor for the phosphate (P) content of AD 

slurries might be appropriate, although the monitoring data failed to show any increase in the water soluble P 

content of the digestate. 
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1 INTRODUCTION 

Horticultural activity produces a great amount of biodegradable wastes which are an excellent organic matter to 

improve soil fertility as an organic amendment in substitution of fertilizers. Vermicomposting uses earthworms 

(Eisenia foetida) to convert fresh organic matter into fine and dark worm castings - humus (Appelhof, 1982). In 

addition, organic matter digestion by earthworms significantly increases the nutrients availability to plants (Mustin, 

1987). 

This biodegradation process runs in two phases, in the first one organic matter is biodegraded where hight 

higienization temperatures are attained which reduces pathogenic activity. After thirty days the second phase takes 

place where the organic mixture is inoculated with earthworms. After 2 to 3 months, a mature compost, rich in 

macro and micronutrients is obtained (Lourenço et al, 2009).  

The aim of the present study was to evaluate the fertilizer value of the ending compost product of a 

vermicomposting of a horticultural waste by means of chemical and biological tests. 

 

2 MATERIALS AND METHODS 

Horticultural wastes of several cultures such as melon, tomatoes and lettuce were mixed with kiwi fruit, foliage and 

straw. This mixture was placed into trays (20 cm high), with a plastic net in the bottom to promote aeration and to 

leachate drainage. Trays were overlapping placed till a total of 4 trays high and covered by a perforated plastic. 

Organic wastes were aerated and watered weekly, and new food was added every 15 days. After three months of 

earthworms activity, an earthysmelling nutrient rich compost was obtained (Table 1). Vermicompost maturity 

degree was evaluated by biological pot essays, using barley (Hordeum vulgare L.). For this essay, compost was 

mixed with pH corrected peat at a proportion of 0, 25 and 50 %, and 500 ml pots were used. After 12 days, barley 

biomass production was measured and compost maturity degree estimated in a basis of relative production obtained 

according with the formula: (barley media production at treatment 25(g DM): barley media production at test) x 100. 

The compost was considered matured when relative production were higher or equal to 90% of that obtained with 

test treatment. To test the fertilizer value of the vermicompost it was carry out a five litre pot essay using lettuce 

(Lactuca sativa L.) as an indicator plant and a sandy soil corrected  with macro and micronutrients, according to soil 

analysis results and to nutrient extraction by lettuce (Table 2) (Allen et al, 1976). It was assessed the effect of the 

vermicompost incorporation in soil fertility and lettuce biomass increment following the concentration gradient 0, 

10, 25 and to 62,5 t DM/ha (Table 3). The soil moisture was corrected to attain 70% of its water holding capacity. 

At the end of the experiment (after one month), both lettuce biomass production and soil fertility were evaluated. 

 

TABLE 1 Physical and chemical characterization of the vermicompost ( in  dry matter ) 

Parameter   Máx. value  Reference  

    OA
(2) 

values 
(1) 

Moisture % 68.8  < 40   

Dry matter % 31.2    

pH   
   

7.5  5.5-8.5  

Organic carbon   g.kg
-1 

250   

Organic matter  g.kg
-1 

431  > 300   
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Nitrogen Kjeldhal   g.kg
-1 

4.4   

Mineral nitrogen  mg.kg
-1 

0.1   

Amoniacal nitrogen  mg.kg
-1 

0   

C/N  57  12-20  

Phosphorous  (P2O5)  g.kg
-1 

0.7   

Potassium (K2O)  g.kg
-1 

19.9   

Calcium (CaO)  g.kg
-1 

20.5   

Magnesium (MgO)  g.kg
-1 

3.1   

Electric conductivity
(1) 

 mS/cm 129   

Copper (Cu)  mg.kg
-1 

54 70 < 100   

Iron (Fe) mg.kg
-1 

12103   

Manganese (Mn)  mg.kg
-1 

720   

Zinc (Zn) mg.kg
-1 

122 200 < 200  

    (1) Proposal of technical specifications for quality compost evaluation, 2008; (2) Maximum levels for organic 

agriculture, CEE Regulation nº2092/91 

 

TABLE 2 Physical and chemical characterization of the test soli and fertility amendment. 

Determinations Unit Test soil  

mg/kg soil 

Fertility amendment  

(mg/pot)* 

pH  6.7   

Organic matter (MO)  g kg
-1 

0.1   

Nitrogen (N)  mg kg
-1 

0 25 150 

Phosphorous(ER) (P2O5)   mg kg
-1 

53 35 210 

Potassium (K2O)  mg kg
-1 

5 70 390 

Calcium (Ca)  mg kg
-1 

30   

Magnesium (MgO)  mg kg
-1 

2 22 130 

Sódium (Na) mg kg
-1 

8   

Electric conductivity (CE)20ºC  mS/cm 0.25   

Boron (B)   mg kg
-1 

0.1   

* Five liters soil capacity 

 

TABLE 3 Vermicompost concentrations incorporated in soil, expressed in dry matter (DM) and fresh 

matter (FM) units 

Treatment Vermicompost 

 Tonnes DM/ha g DM/kg soil
1 

Dose g DM/pot 
2 

Dose g FM /pot
3 

V0 0 0 0 0 

V10 10 4 20 22.2 

V25 25 10 49 54.4 

V62.5 62.5 25 122.5 136.0 
(1)

 Weight of 1 m
2 

sandy soil = 1m
 2 

area
 
x

  
0.20 m deep x 1.53 g/cm3 bulk density = 306 Kg soil/m

2
; 

(2)
 five litters 

capacity pots;  
(3)

- correction factor fresh matter= 1.11 

 

Chemical soil characterization was achieved at water extract 1:5 (w/v) (Ryser et al, Payot et al, 1983): 

For organic matter quantification it was adopted the Tinsley method (Tinsley, 1950) and for nutrient dosage, the 

distillation method for nitrogen (Payot et al., 1983; Black et al, 1965), spectrometry of molecular absorption for 

phosphorus, flame photometry for sodium and potassium, and spectrometry of atomic absorption for calcium and 

magnesium were used. For bulk density quantification the Keen & Raczkowski method (Silva, 1957) was used. For 

micronutrients extraction the Lakannen method (Sillanpaa, 1982) was adopted and for its dosage the flame atomic 

absorption spectrophotometer . For data statistical treatment it was used the software SPSS, V.17.0. was used. 
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3 RESULTS AND DISCUSSION 

The good development of the barley showed that vermicompost was not phytotoxic and presents a good maturity 

degree (Table 4).  

 

TABLE 4 Results of phytotoxic test : effect of vermicompost on barley biomass production (mean values 

and standard deviation for n=3) 

Treatment g fresh weight g dry matter Relative production %) 

Test 17.7±0.2 1.30± 0.0 100 

V25 18.4 ±1.1 1.33 ±0.05 102.6 

V50 15.7± 1.5 1.23 ± 0.12 94.9 

 

The crescent levels of vermicompost induced an increase in the lettuce biomass development, expressed 

by fresh matter weight. That effect demonstrates the fertilizer value of the compost, specially related with 

phosphorus and potassium content levels (Table 5, Figure 1). 

 

TABLE 5 Effect  of vermicompost  at 0, 10, 25 and 62.5 t/ha  concentration in lettuce biomass 

development. (mean values ±±±± standard deviation for n=4) 

Treatment g fresh weight g dry matter 

Test 61.55 ± 2.6 c 5.2± 0.6 

V10 74.9 ±9.6 bc 6.2 ±0.8 

V25 83.6 ±9.6 ab 6.2 ±1.0 

V62.5 104.4 ±12.8 a 7.3 ±1.0 

FIGURE1 Effect of vermicompost on lettuce yield, express by g of fresh matter 

 

At Table 6 it was represented the effect of crescent levels of vermicompost on soil fertility. The addition 

of vermicompost to soil increases phosphorus and potassium levels which are available for lettuce. Although 

sodium level in soil improves with the crescent concentrations of vermicompost, its contents stays below the 

recommended limit value in soil (Table 6). 
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TABLE 6 Effect of vermicompost in soil fertility at the end of the essay (mean values ±±±± standard 

desviation, n=4). The parameters mesured wered pH,  organic matter (OM), nitrogen (N), 

phosphorus (P2O5), potassium (K2O), calcium (Ca), magnésium (Mg), sodium (Na) and electric 

conductivity (EC).* 

Trat. pH OM N P2O5 K2O Ca Mg Na EC 

  (%) mg/kg mS/cm 

V0 6.4±0.3 0.9±0.0 12.5±6.0 59±1.4  7.5±5.7 57.8±6.8 6±1.4 53±3.2 0.41±0.09 

V10 6.4±0.1 0.8±0.2 21.3±14.3 54.5±1.3 13.5±10.4 71.5±26 7.3±2.6 16.5±3.1 0.49±0.54 

V25 6.5±0.1 0.7±0.1 15.0±7.4 60.8±1.5 38.3±5.6 50.5±8.1 6.5±1.0 21.3±1.3 0.49±0.27 

V62.5 6.5±0.1 1.2±0.5 13.5±7.9 64.8±6.1 84±24.0 38.5±9.1 6.3±1.5 30.3±1.9 0.66±0.10 

Refª * 5.5 a 6 3.0 25-30 50-80 70-90 50-70 15-20 < 50 < 2.00 

*Reference soil fertility values for lettuce (Cermeno, 1988) 

 

4 CONCLUSIONS 

Vermicomposting is a simple technique of recycling horticultural wastes. Compost resulting from vermicomposting 

has quality to be used not only as an organic fertilizer but also as a source of potassium and phosphorus, in 

substitution of chemical fertilizers. Vermicomposting allows the farmer to obtain a high quality organic fertilizer, 

helping him to minimize the production costs and the soil pollution related with chemical fertilizers apply. 
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COMPARISON OF THREE DIFFERENT ANALYSIS 

METHODS TO ESTIMATE N AND P AVAILABILITY IN 

ORGANIC SOIL AMENDMENTS 

 
Salo T., Kapuinen P., Ylivainio K., Luostarinen S., Paavola T. 

MTT Agrifood Research Finland, 31600 Jokioinen, Finland. Tel: +358 3 41881, tapio.salo@mtt.fi 

 

1 INTRODUCTION 

Nitrogen (N) and phosphorus (P) are the key nutrients for both crop growth and environmental loads. The 

phosphorus content of Finnish soils is usually high at least on cattle and pig farms, which emphasize its role as a 

pollutant. Analysis methods to evaluate N and P availability of organic amendments are essential for deciding 

application rates for agricultural crops. In particular, the correct rate and sufficient solubility of nitrogen is critical 

for a yield of good quantity and quality. An excess of nutrients is a potential risk for environment as well as the 

soluble nutrients available for the plants beyond the correct time for the uptake of plants.  The Finnish Agri-

Environment Subsidy Scheme (MMM 2009) requires that manure applications are adjusted according to a manure 

analysis method or table values. The whole Finnish territory is declared nitrate vulnerable, which means that the rate 

of total nitrogen from animal manures is limited to 170 kg ha
-1 

yr
-1

 by the national legislation implementing the 

Nitrate Directive (EEC 1991). The Scheme sets limits to soluble nitrogen which are lower than those limits stated 

for soluble nitrogen in national legislation implementing the Nitrate Directive (EEC 1991). The Scheme also 

restricts the use of phosphorus. The allowed rates depend on the plant, geographical location, soil type and yield, the 

rate of phosphorus also on the phosphorus content of the soil. The significance of the Scheme is high because almost 

all the Finnish farms are engaged with the Scheme The accepted methods itself are not clearly determined by the 

Scheme, but they usually include total P, total N and ammonium N or soluble N. The Scheme assumes that 85% of 

total phosphorus in animal manures are available for plants. For manure of fur animals and fertilizer products 

containing sewage sludge the assumption is 40%. For the rest of the fertilizer products, soluble nitrogen and 

phosphorus considered to be available for the plants are defined as contents determined by 1:5 water extraction. In 

Finnish legislation, fertilizer products include fertilizer soil amendments but not animal manures if not processed to 

a fertilizer product. Until now, the agricultural use of fertilizer products other than mineral fertilisers and animal 

manures have been rare, but their use is increasing because of more strict environmental rules for other uses e.g. in 

landscaping.  The challenge for analyses methods is greatest when analysing organic fertilizer products, especially 

soil amendments, to describe their behaviour as a source nutrients. The traditional methods are not suitable for 

fertilizer products containing a lot of nitrate or small sized (<Ø 10 µm) and rapidly degrading organic nitrogen 

compounds (manure analyses method) or ammonium and fixed phosphorus (1:5 water extraction).  

In this study, we have compared three analysis methods used in Finland as a basis for application rates. 

The dry matter contents of the materials in the compared dataset varied from 1% to 95%. Materials included e.g. 

potato juice, animal slurries, composted biowaste, digested and mechanically as liquid and solid fraction separated 

pig slurry or sewage sludge, which of solid fraction was further granulated. 

 

2 MATERIALS AND METHODS 

Potato juice, solid fraction of digested sewage sludge, composted sewage sludge, composted biowaste, granulated 

sewage sludge (two types), pig and cow slurry, digested pig slurry, liquid fraction of digested pig slurry and solid 

fraction of digested pig slurry were analysed with three analyses methods and the results for total and soluble 

nitrogen and phosphorus were compared. 

The methods consisted of the Finnish manure analysis method (Kemppainen, 1989), CEN-standard of 1:5 

(v/v) water extraction (CEN 2001) and 1:60 (w/w) water extraction (Sharpley and Moyer 2000). In the Finnish 

manure analysis, soluble N was extracted with CaCl2 (0.2-0.6 M) from acidified (HCl) samples and NH4-N was 

distilled from centrifuged and filtered solution. In water extractions, solutions were filtrated and then analyzed for 

NH4-N, NO3-N and PO4-P, and after oxidation of organic matter for total water soluble N and P by Lachat 

autoanalyser. Total N content was determined with Kjeldahl procedure and total P with ashing and HCl extraction. 
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3 RESULTS AND DISCUSSION 

In case of materials with high dry matter content, the extraction with CaCl2 lead to two times higher soluble N 

concentrations compared to the water extractions (Figure 1). With liquid materials, differences in soluble N 

concentrations between extraction methods were smaller (Figure 2). Soluble N was extracted more efficiently by 

CaCl2 and field applications are most likely better adjusted by results of CaCl2 compared to water extractions. 

However, the additional nitrogen determined by the Finnish manure analyses method is less available for the plants 

than the water extractable nitrogen. A large proportion of this less soluble nitrogen could lower the quality of 

products from plants using the nitrogen in the beginning of the season but also increase pollution when the 

availability is realised only after the plant uptake has ended.  

Water extractions produced very low soluble P concentrations compared to the total P concentrations. 

Water soluble P of solid materials was often less than 1% of total P content. Use of water extracted P contents can 

lead to much higher application rates compared to Finnish recommendations of 85% P availability from animal 

manure or 40% P availability from sewage sludge which is a potential risk for the watercourse.  
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FIGURE1 Nitrogen concentrations of organic soil amendments coming from industry or municipalities.  

Total N (Kjeldahl-method) and soluble N (manure) are determined according to the Finnish 

manure analysis method, soluble N concentrations are determined after two water extractions, 

1:5 (v/v, CEN 2001) or 1:60 (w/w, Sharpley and Moyer 2000). 
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FIGURE2 Nitrogen concentrations of manure based organic soil amendments.  Total N (Kjeldahl-method) 

and soluble N (manure) are determined according to the Finnish manure analysis method, 

soluble N concentrations are determined after two water extractions, 1:5 (v/v, CEN 2001) or 

1:60 (w/w, Sharpley and Moyer 2000). 
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FIGURE3 Phosphorus concentrations of manure coming from industry or municipalities. Total P (dry 

ashing), PO4-P and soluble P according to the two water extractions, 1:5 (v/v, CEN 2001) or 

1:60 (w/w, Sharpley and Moyer 2000). 

- 674 -



 
Use of manures and organic wastes to improve soil quality and nutrient balances 

 

 

0

0.4

0.8

1.2

1.6

2

Pig slurry Cow slurry Digested pig

slurry

Liquid fraction of

digested pig

slurry

Solid fraction of

digested pig

slurry

P
 
k

g
/
t

Total P

PO4-P 1:5

Soluble P 1:5

Soluble P 1:60

6.7

 
FIGURE4 Phosphorus concentrations of manure based organic soil amendments.  Total P (dry ashing), 

PO4-P and soluble P according to the two water extractions, 1:5 (v/v, CEN 2001) or 1:60 (w/w, 

Sharpley and Moyer 2000). 

 

4 CONCLUSIONS 

The selected analysis methods affect considerably the application rates of organic soil amendments. Thus it is 

extremely important for researchers to suggest and authorities to select methods that are both economically and 

environmentally viable for agriculture and recycling of organic materials. Parallel comparison of values determined 

by different analysis methods helps to better understand qualities of different fertilizer products and suitable ways to 

use them to reach a good yield in quantity and quality but also avoid unnecessary pollution.   

 

REFERENCES 

CEN 2001. EN 13652. Soil improvers and growing media. Extraction of water soluble nutrients and elements 

EEC 1991. Council directive of 12 December 1991 concerning the protection of waters against pollution caused by 

nitrates from agricultural sources. Official Journal of the European Communities L 237, 1 – 7 

Kemppainen E 1989. Nutrient content and fertilizer value of livestock manure with special reference to cow manure. 

Annales Agriculturae Fenniae 28, 3: Annales Agriculturae Fenniae. Seria Agrogeologia et -chimica 163-284. 

Diss. : Helsinki : University of Helsinki, 1989. 

MMM 2009. Rural Development Programme For Mainland Finland 2007–2013. Available on internet: 

http://www.maaseutu.fi/attachments/maaseutu/maaseudunkehittamisohjelmat/ohjelmatkaudelle20072013/5pa

OIhQwF/Rural_Development_Programme_for_Mainland_Finland_241109_EN.pdf. Read 26
th

 March 2010. 

pp. 1 – 266 

Sharpley AN, Moyer B 2000. Phosphorus forms in manure and compost and their release during simulated rainfall. 

Journal of Environmental Quality 29:1462–1469. 

- 675 -



Use of manures and organic wastes to improve soil quality and nutrient balances 

 

 

MEAT AND BONE MEAL AS NITROGEN AND 

PHOSPHORUS SUPPLIER TO RYEGRASS (LOLIUM 
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II – EFFECTS ON SOIL N AND P LEVELS 
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1 INTRODUCTION 

Application of organic amendments in Mediterranean soils, declining in soil organic matter, is a valuable way to 

sequester carbon. Chemical analyses of MBM indicate that the material contains substantial amounts of organic 

matter (OM) 50-70 %, nitrogen (N) 8 %, phosphorus (P) 5 %, and calcium (Ca) 10 % (Jeng et al. 2006). Its content 

of organic matter suggests a positive effect on the physical, chemical and microbiological properties of the soil 

making it a potential fertilizer for various crops and an option to get a higher soil productivity. 

Animal by-products, with low C/N ratio, produced an immediate and remarkable increase of mineral N in 

the soil (Cayuela et al. 2009). Although soil N mineralization represents one of the most important factors to 

consider in the evaluation of the agronomical value (Jeng et al. 2008, 2006) of an organic amendment, total nitrogen 

level is an essential parameter with respect to the capacity of the soil regarding N supply.  

The MBM-P is partly present as Ca5(PO4)3OH in the bone fraction and in an organic form in the meat 

fraction. Its solubility increases concomitantly with the acidity of the soil. The relatively low N/P ratio of this waste, 

can be the cause of obtaining residual phosphorus in soil after crop harvest. Ylivainio et al. (2008) found 60 % of 

the added P in soil from MBM, after 3 years of a pot experiment. 

The objective of this investigation was to determine the effects of MBM application as a source of 

nitrogen and phosphorus on soil total nitrogen and soil available phosphorus level, using two different soils, a sandy 

and a clay loam soil. 

 

2 MATERIALS  AND METHODS 

The study was carried out by two pot trials, arranged into completely randomized block with rates of MBM 

application corresponding to 2, 4 and 6 t ha
-1

, in greenhouse conditions using two different soils: a Eutric Vertisol – 

VReu and a Humic Cambisol – CMhu (IUSS Working Group WRB, 2006). The main characteristics were as 

follows: VReu - clay loam texture; pH (H2O) 7.6; organic matter (OM) 1.68 %; Total N 0.098 %; Extractable P 

(P2O5) 16.5 mg kg
-1

; K (K2O) 58 mg kg
-1

; Ca 4032 mg kg
-1

; Mg 1664 mg kg
-1

; Exchangeable cations: Ca 23.0; Mg 

16.0; K 0.13; Na 0.42 cmol(+)kg
-1

; CEC 40 cmol(+)kg
-1

; BS 100%; CMhu – sandy  loam texture; pH (H2O) 4.9 ; 

organic matter (OM) 2.97 %; Total N 0.153 %; Extractable P (P2O5) 56.3 mg kg
-1

; K (K2O) 139 mg kg
-1

; Ca 776 mg 

kg
-1

; Mg 104 mg kg
-1

; Exchangeable cations: Ca 3.44; Mg 0.51; K 0.35; Na 0.07 cmol(+)kg
-1

; CEC 7.79 cmol(+)kg
-1

; 

BS 56 %. 

A category 3 meat and bone meal derived from residues of slaughtering operations was utilized. The main 

properties of MBM were: water content 2.8 %; pH 6.45; organic C 65.6 %; total N 8.7 %; Corg/Ntot 4.4; P 5.7 %; K 

0.5 %; Ca 10.9 %  and a N/P ratio 1.5. 

 Soil chemical analyses were performed on air dried and sieved (<2 mm) soil samples. Organic matter was 

obtained multiplying total organic carbon (TOC) content by 1.724 which was determined by sodium dichromate wet 

oxidation (Nelson and Sommers 1996). Total N was determined by dry combustion, according to ISO Standard 

13878, using a CNS elemental analyzer. Phosphorus was extracted by a solution of ammonium lactate 0.1N and 

acetic acid 0.4N (AL-P), buffered at pH 3.65 - 3.75 (Riehm, 1958) and determined by ICP-Optical Emission 

Spectrometry (ICP-OES) at 185.9 nm. 

The statistical analysis was performed by ANOVA II and the Duncan multiple range test (p=0.05) was 

used in order to establish the differences among means using Statgraphics plus program. 
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3 RESULTS AND DISCUSSION 

The treatments had a significant effect (p≤0.05) on soil total N at the end of the experiment in the VReu soil. In 

contrast, the CMhu soil did not respond significantly (TABLE 1). 

Different total doses of N applied had a significantly increased total N level compared to the initial status 

in the VReu soil, with a positive balance, leaving a residual N. CMhu soil had no response at the 95 % significance 

level (TABLE 1) showing a negative balance, probably caused by higher N uptake values referred in the companion 

paper (Sempiterno et al. 2010). High clay content can explain these results, positive balance in VReu soil in contrast 

to negative balance in CMhu soil, which can be associated to a lower N mineralization rate. (Cayuela, et al. 2008, 

2009). 

 

Effects of N sources on two soils nitrogen level (g/pot) after ryegrass harvest  

N applied (g/pot) N final (g/pot) N final – N initial 
Treatments 

MBF MBM total VReu CMhu VReu CMhu 

1 – 0 MBM + cMBF 2.5 0 2.500 9.363 bc 11.507 a 1.032 bc -2.725 a  

2 - 2t ha-1 MBM + cMBF 2.5 0.609 3.109 9.560 bc 12.433 a 1.230 bc -1.795 a 

3 - 4 t ha-1 MBM + cMBF 2.5 1.219 3.719 9.570 bc 12.827 a 1.238 bc -1.401 a 

4 - 6 t ha-1 MBM + cMBF 2.5 1.828 4.328 10.013 ab 12.820 a 1.686 ab -1.408 a 

5 - 2 t ha-1 MBM + N0MBF 0 0.609 0.609 9.097 c 12.053 a 0.768 c -2.178 a 

6 - 4 t ha-1 MBM + N0MBF 0 1.219 1.219 9.267 bc 12.400 a 0.938 bc -1.829 a 

7 - 6 t ha-1 MBM + N0MBF 0 1.828 1.828 9.747 abc 12.843 a 1.654 ab -1.387 a 

8 - 2 t ha-1 MBM + P0MBF  2.5 0.609 3.109 9.753 abc 12.317 a 1.423 abc -1.911 a 

9 - 4 t ha-1 MBM + P0MBF  2.5 1.219 3.719 9.520 bc 12.437 a 1.193 bc -1.789 a 

10 - 6 t ha-1 MBM + P0MBF  2.5 1.828 4.328 10.437 a 13.203 a 2.108 a -1.026 a 

MBM – meat and bone meal; cMBF – complete mineral base fertilization; N0MBF – mineral base fertilization without N; P0MBF 

– mineral base fertilization without P. Within a column, values followed by the same letter do not differ significantly (p>0.05, 

Duncan’s test) 

 

The soil P content (AL-P), at the end of the experiment (TABLE 2), responded significantly (p≤0.001) to 

the treatments applied. 

In accordance with results obtained by Jeng et al. (2006, 2008), a significantly (p≤0,001) increased level 

of available P with MBM application compared to the initial P status was observed for both soils (TABLE 2), 

inducing an appreciable residual P. 

 In VReu soil, higher MBM doses (corresponding to 6 t ha
-1

), without the contribution of mineral P, got 

results not different significantly (p>0.05) from the application of this waste with a complete mineral base 

fertilization (0.70 g/pot versus 0.85 g/pot), as is shown in TABLE 2. Greater residual P observed in CMhu soil can 

be explained by the effects of its acidity thus representing an important factor for an increasing P solubility. 

 

TABLE 2 Effects of P sources on two soils phosphorus level (g/pot) after ryegrass harvest 

P applied (g/pot) P final (g/pot) P final – P initial 
Treatments 

MBF MBM total VReu CMhu VReu CMhu 

1 – 0 MBM + cMBF 0.655 0 0.655 0.20 d 0.83 d 0.060 d 0.310 d 

2 - 2t ha-1 MBM + cMBF 0.655 0.397 1.052 0.41c 1.09 c 0.260 c 0.567 c 

3 - 4 t ha-1 MBM + cMBF 0.655 0.794 1.449 0.57b 1.35 ab 0.427 b 0.830 ab 

4 - 6 t ha-1 MBM + cMBF 0.655 1.191 1.846 0.85 a 1.44 a 0.707 a 0.917 a 

5 - 2 t ha-1 MBM + N0MBF 0.655 0.397 1.052 0.34 cd 1.06 c 0.193 cd 0.543 c 

6 - 4 t ha-1 MBM + N0MBF 0.655 0.794 1.449 0.63 b 1.23 abc 0.480 b 0.713 abc 

7 - 6 t ha-1 MBM + N0MBF 0.655 1.191 1.846 0.85 a 1.33 ab 0.707 a 0.807 ab 

8 - 2 t ha-1 MBM + P0MBF  0 0.397 0.397 0.26 cd 0.75 d 0.113 cd 0.227 d 

9 - 4 t ha-1 MBM + P0MBF  0 0.794 0.794 0.38 c 0.83 d 0.233 cd 0.313 d 

10 - 6 t ha-1 MBM + P0MBF  0 1.191 1.191 0.70 ab 1.18 bc 0.560 ab 0.657 bc 

MBM – meat and bone meal; cMBF – complete mineral base fertilization; N0MBF – mineral base fertilization without N; P0MBF 

– mineral base fertilization without P. Within a column, values followed by the same letter do not differ significantly (p>0.05, 

Duncan’s test) 
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No significant correlations (p>0.05) were obtained between applied N, applied by MBM, and the content 

of N total in soil after harvest, while between soil P and applied P by MBM, linear correlations (89 %< R
2
 < 99 %) 

were observed in both soils. FIGURES 1 and 2 show the soil P level (g/pot) obtained by MBM application with 

(cMBF) and without additional mineral phosphorus (P0MBF) or nitrogen (N0MBF). 
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FIGURE1 Soil P versus applied P by MBM in VReu soil.  ♦ – cMBF; ■ – N0MBF; ▲ – P0MBF 

 

Regressions developing with very close slopes (0.533 to 0.642 in VReu and 0.525 to 0.541 in CMhu), 

illustrate a similar response to applied P for treatments (cMBF, N0MBF and P0MBF) reflecting complementary 

effects between MBM application and inorganic fertilizer. 
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FIGURE2 Soil P versus applied P by MBM in CMhu soil.  ♦ – cMBF; ■ – N0MBF; ▲ – P0MBF 

 

4 CONCLUSIONS 

The results suggest that MBM can be an effective fertilizer supplying N and P. Their effects depend from the type of 

soil. In this work, VReu soil, with a higher exchange capacity and a higher clay level, stored more total N than the 

CMhu soil. As expected the sandy soil CMhu showed serious restrictions to nitrogen management.  

The experiment proved by the residual P amount, that this by-product is a valuable P fertilizer supporting 

the long term availability of this element. Because the N/P ratio of MBM is rather narrow providing more P relative 

to N than the normal uptake by crops the use of MBM applications can increase available P in the soils. Results 

showed that the application of higher doses of MBM (6 t ha
-1

), especially for acid soils is not recommended because 

it leaves great quantity of residual P which can contribute to the contamination of ground waters by leaching and can 

induce eutrophication of surface waters. On the other hand, by using of an appropriate fertilization plan a basic 

manuring might be obtained providing a benefit for perennial or subsequent annual crops. 
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1 INTRODUCTION 

Meat and bone meal (MBM) utilization for animal production was banned in the European Union since 2000 as a 

consequence of the appearance of transmissive spongiform encephalopathies. The progressive restriction of the use 

of MBM in applications, as animal feed, has led to a significant increase in the amounts of this by-product to be 

eliminated (Mondini et al. 2008, Ylivainio et al. 2008). The current European legislation - CE nº 1774/2002 

(European Commission, 2002) and Portuguese legislation - Portaria 631/2009 (MAOTDR, MADRP 2009), 

authorizes agricultural valorisation of processed dead animals and abattoir by-products, designed in Portugal by 

SPOAT, but there is a lack of knowledge about the implications of their use  in soil since limited research has been 

done. 

This organic residue contains substantial amounts of organic matter and nutritive elements such as N, P 

and Ca. It may have a positive effect on the physical, chemical and microbiological properties of the soil and it can 

be a useful fertilizer for crops (Chaves et al. 2005, Jeng  et al. 2006, Jeng and Vagstad  2008).  

The aim of this study was to determine the effectiveness of MBM as a source of nitrogen and phosphorus 

to ryegrass (Lollium multiflorum L. var Helen.).  

 

2 MATERIALS  AND METHODS 

2.1 Experimental plot 

The study was carried out through two pot trials in greenhouse conditions using two different soils: i) an Eutric 

Vertisol – VReu; ii) an  Humic Cambisol – CMhu (IUSS Working Group WRB 2006)  which main characteristics 

before the establishment of the trials were as follow: VReu - clay loam texture; pH (H2O) 7.6 ; organic matter (OM) 

1.68 %; Extractable P (P2O5) 16.5 mg kg
-1

; Extractable K (K2O) 58 mg kg
-1

; Ca 4032 mg kg
-1

; Mg 1664 mg kg
-1

; 

Exchangeable cations: Ca 23.0; Mg 16.0; K 0.13; Na 0.42 cmol(+)kg
-1

; CEC 40 cmol(+)kg
-1

; BS 100 %; CMhu – 

sandy  loam texture; pH (H2O) 4.9 ; organic matter (OM) 2.97 %; Extractable P (P2O5) 56.3 mg kg
-1

; Extractable K 

(K2O) 139 mg kg
-1

; Ca 776 mg kg
-1

; Mg 104 mg kg
-1

; Exchangeable cations: Ca 3.44; Mg 0.51; K 0.35; Na 0.07 

cmol(+)kg
-1

; CEC 7.79 cmol(+)kg
-1

; BS 56 %. 

A category 3 meat and bone meal derived from residues of slaughtering operation was utilized. The main 

properties of MBM were: water content 2.8 %; pH 6.45; organic C 65.6 %; total N 8.7 %; Corg/Ntot 4.4; P 5.7 %;  K 

0.5 %; Ca 10.9 % . 

The treatments consisted in a control and different levels of meat and bone meal applied in Kick-

brauckman pots, with a volume of 6.9 dm
3
, receiving a complete mineral basal fertilization with and without N and P. 

The rates of MBM application corresponded to 2, 4 and 6 t ha
-1

. The amount of 2 t ha
-1

 represents 170 kg N ha
-1 

which 

was established according to good agricultural practices. The ten experimental treatments were established in a 

completely randomized design, with three replications each experimental treatment. Ryegrass (Lollium multiflorum L. 

var Helen) was used as test plant. Soil water content was kept at approximately 70 % water holding capacity and was 

corrected daily. Thirty days after seeding, aboveground biomass was cut (1
st
 cut) and with an interval of four weeks 

between cuts, others four were executed. Plant samples were weighted and dried for further analysis. 
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2.2 Plant analyses 

All plant samples collected were washed with distilled water, dried at 70ºC for 48 h, and ground for elemental 

analysis. N and S were determined by automatic CNS analyzer (LECO). After wet ashing P, K, Ca, Mg, Fe, Mn, Zn, 

Cu, and B were determined by inductively coupled plasma spectrometry. 

2.3 Statistical analysis 

The statistical analysis was performed by ANOVA II and Duncan multiple range test (p=0.05) was used in order to 

establish the differences among means, using Statgraphics plus program. 

 

3 RESULTS AND DISCUSSION 

3.1 Plant Yield 

The treatments had a significant effect (p≤0.001) on ryegrass dry matter yield (DMY) in both soils. The data from 

the experiments are presented in TABLE 1.  

Significant regression equations were obtained regarding the response of yield to the application of MBM 

different doses at the two soils (TABLE 2). Increasing amounts of MBM showed a linear yield increase when no 

mineral N and P were applied.  

MBM with a complete basal fertilization did not caused any significant changes in yield production in 

VReu soil, with a slight negative regression coefficient, while there was a notary increase with 6 t ha
-1

 in the CMhu 

soil. 

Treatments without mineral nitrogen fertilization promoted lower plants growth than in control, in both 

soils. In these treatments highest dry matter production were observed at the highest MBM rate; however, its 

contribution as N supplier, is not satisfactory enough. 

In the acid soil CMhu, no significant (p>0.05) yield difference was observed between treatments 

receiving different rates of MBM without mineral P fertilization, and, between them and the control with a complete 

mineral fertilization, probably consequence of its higher initial P soil level. 

 

TABLE 1 Effects of N and P sources on ryegrass dry matter yield (DMY) - ∑∑∑∑cuts  (g/pot) 

N applied (g/pot) P applied (g/pot) DMY (g/pot) 
Treatments 

MBF MBM total MBF MBM total VReu CMhu 

1 – 0 MBM + cMBF 2.5 0 2.500 0.655 0 0.655 65.9 a 71.4 b 

2 - 2t ha-1 MBM + cMBF 2.5 0.609 3.109 0.655 0.397 1.052 64.6 a 74.6 b 

3 - 4 t ha-1 MBM + cMBF 2.5 1.219 3.719 0.655 0.794 1.449 65.8 a 76.0 b 

4 - 6 t ha-1 MBM + cMBF 2.5 1.828 4.328 0.655 1.191 1.846 63.8 a 81.7 a 

5 - 2 t ha-1 MBM + N0MBF 0 0.609 0.609 0.655 0.397 1.052 33.3 d 42.7 d 

6 - 4 t ha-1 MBM + N0MBF 0 1.219 1.219 0.655 0.794 1.449 36.6 d 48.0 d 

7 - 6 t ha-1 MBM + N0MBF 0 1.828 1.828 0.655 1.191 1.846 41.9 c 59.5 c 

8 - 2 t ha-1 MBM + P0MBF  2.5 0.609 3.109 0 0.397 0.397 53.9 b 72.1 b 

9 - 4 t ha-1 MBM + P0MBF  2.5 1.219 3.719 0 0.794 0.794 54.2 b 75.7 b 

10 - 6 t ha-1 MBM + P0MBF  2.5 1.828 4.328 0 1.191 1.191 58.2 b 74.5 b 

MBM – meat and bone meal; MBF- mineral base fertilization; cMBF – complete mineral base fertilization N0MBF– mineral base 

fertilization without N; P0MBF – mineral base fertilization without P; Within a column, values followed by the same letter do not 

differ significantly (p>0.05, Duncan’s test) 

 

 

TABLE 2 Regression equations for the responses of ryegrass DMY to MBM rate soil application 

Soil treat. regression equation R
2
  Soil treat. regression equation R

2
 

 cMBF y = −0.073x + 65.790 46%   cMBF y = 0.461x + 71.080 94% 

VReu N0MBF y = 0.614x + 28.667 98%  CMhu N0MBF y = 1.200x + 33.267 96% 

 P0MBF y = 0.307x + 51.133 80%   P0MBF y = 0.171x + 71.700 43% 

 

 

 

 

 

- 681 -



Use of manures and organic wastes to improve soil quality and nutrient balances 

 

 

 

 

3.2 N and P uptake and apparent recovery 

Total N and P uptake were calculated as dry matter yield × total N and P plant concentrations (TABLE 3).  

MBM was effective in increasing N uptake in the two soils used in the experiments. This effect was 

significant (p≤0.05) both without extra N and P mineral fertilizer and with these nutrients in the mineral base 

fertilization. 

P uptake responds significantly (p≤0.05) to MBM application, in both soils, only when no mineral N was 

applied. 

 

TABLE 3 Ryegrass N and P uptake in VReu and CMhu soil (g/pot) 

N uptake (g/pot) P uptake (g/pot) 
Treatments 

VReu CMhu VReu CMhu 

1 – 0 MBM + cMBF 2.917 ab 3.557 c 0.217 b 0.367 bc 

2 - 2t ha-1 MBM + cMBF 2.970 ab 3.720 bc 0.230 ab 0.403 b 

3 - 4 t ha-1 MBM + cMBF 3.060 ab 3.927 b 0.240 a 0.400 b 

4 - 6 t ha-1 MBM + cMBF 3.147 a 4.407 a 0.227 ab 0.403 b 

5 - 2 t ha-1 MBM + N0MBF 1.163 f 1.947 e 0.190 c 0.323 cd 

6 - 4 t ha-1 MBM + N0MBF 1.383 e 2.117 e 0.193 c 0.363 bc 

7 - 6 t ha-1 MBM + N0MBF 1.637 d 2.667 d 0.217 b 0.453 a 

8 - 2 t ha-1 MBM + P0MBF  2.557 c 3.707 bc 0.107 d 0.287 d 

9 - 4 t ha-1 MBM + P0MBF  2.620 c 3.887 b 0.107 d 0.323 cd 

10 - 6 t ha-1 MBM + P0MBF  2.853 b 4.247 a 0.117 d 0.290 d 

MBM – meat and bone meal; MBF− mineral base fertilization;  cMBF – complete mineral base fertilization N0MBF – mineral 

base fertilization without N; P0MBF – mineral base fertilization without P; Within a column, values followed by the same letter 

do not differ significantly (p>0.05, Duncan’s test) 

 

Apparent N and P recovery (%) was calculated by the difference method [(N uptakex – N uptakec)/(N 

appliedx – N appliedc)] ×100; [(P uptakex – P uptakec)/(P appliedx – P appliedc)] × 100, with: x – treatments 2,3 and 

4; c - treatment 1 (TABLE 4). 

  

TABLE 4 Apparent N and P MBM recovery by ryegrass  (%) 

N recovery (%) P recovery (%) 
Treatments 

VReu CMhu VReu CMhu 

2 t ha-1 MBM + cMBF 9 27 3 9 

4 t ha-1 MBM + cMBF 12 30 3 4 

6 t ha-1 MBM + cMBF 13 46 1 3 

 

Higher levels of MBM led to a higher apparent N recovery, especially at the sandy loam acid soil - 

CMhu. Phosphorus in MBM is mostly in the form of calcium phosphate and is not immediately available to the 

plants (Ylivainio et al. 2008). That can explain the lowers results observed in apparent P recovery of MBM. These 

results are consistent with those reported in a companion paper (Fernandes et al. 2010). 

 

4 CONCLUSIONS 

Soil application of meat and bone meal could represent a valuable recycling strategy of MBM. The MBM showed to 

be an effective N and P complementary fertilizer for ryegrass and makes possible to reduce the use of N and P 

chemical fertilizers.  

Higher levels of MBM led to higher N and P uptake and to higher apparent N recovery in both soils. 

Results of P recovery showed us a lesser capacity of the plants to use this element from the soil compared to N. 

 The effect of MBM seems to be greatest in acid soils and N mineralization seems to occur rapidly while 

MBM-derived P is gradually converted to more available forms. 

Long term studies with MBM applications are needed to evaluate their effect on N and P plant-

availability. 
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1 INTRODUCTION 

Composting is clearly reported as one of the most effective technique to transform organic wastes into an interesting 

resource, useful to improve soil characteristics and playing a potential role in reducing greenhouse gases, due to its 

high content in stable organic matter (Favoino and Hogg, 2008). However, its agronomical properties are dependent 

on several factors, which pollutant contents becomes the most restrictive for its use.  

 Organic wastes produced in Spain correspond mainly to farming wastes, municipal solid waste organic 

fraction, sewage sludge and organic wastes from agrifood industry. Organic fraction of municipal solid waste is 

commonly managed in Spain by biological treatments, generally composting, to fulfil the requirements set by the 

EU Landfill Directive (1999/31/EC) and, as a result, this compost becomes a possible product to be used in 

agriculture. 

 In Spain, municipal solid waste is regulated by Law 10/1998 on waste, which obliges municipalities of 

more than 5000 inhabitants to collect waste separately, but without special mention of organic fraction. On the other 

hand, Catalonia (NE Spain) has a specific regulation for waste since 1993 (Law 6/93 regulating waste) focusing on 

waste generation with special concern on separate source collection of organic fraction. This law has been recently 

modified (Law 9/2008), forcing all municipalities to collect waste separately, including those of less than 5000 

inhabitants. Thus, in Spain, it is possible to find (a) composting plants processing organic fraction from source 

sorted municipal solid waste (mainly in Catalonia), and (b) other facilities that treat organic fraction from municipal 

solid waste collected on mass, and recovered by mechanical separation at the beginning of the process. 

In order to avoid soil contamination by pollutants application from composted organic wastes, several 

Members States of the EU have adopted specific regulations to establish limitations for some of pollutant contents. 

Spain is one of these countries, and its legislation has been focused mainly on heavy metals. However, some other 

parameters are also important to be considered before an agronomic use of composted organic waste. Unfortunately, 

no requirements are set in the Spanish law to assess the quality of compost organic matter, and only a threshold 

value, requested as a minimum content, is stated for the total organic matter of the product. This Spanish law, RD 

824/2005 concerning fertilizers products, also provides requirements for the following parameters: moisture content, 

C/N ratio, percentage of impurities and particle size (Table 1). 

In this paper, the fulfilment of the requirements states by RD 824/2005 are evaluated for composts 

obtained from several municipal solid waste composting facilities of Spain. 

 

TABLE 1 Requirements established by RD 824/2005 

Heavy metals
1
 

(mg kg-1 dry basis) 
Requirements 

Other parameters 
(wet basis) 

Requirements 

 Class A Class B Class C   

Cd  0.7 2 3 Moisture content 30-40% 

Cu 70 300 400 C/N <20 

Ni 25 90 100 % Total organic matter >35 

Pb 45 150 200 % Impurities <3 

Zn 200 500 1000 Particle size 90% particles Ø < 25mm 

Cr 70 250 300   
1 RD 824/2005 states three classes of compost (A, B and C) based on heavy metal content. Class A is the most demanding, but from 

the point of view of the compost commercialization, the legislation does not differentiate between compost from class A and B. Class C cannot be 

applied to agricultural soils in doses greater than 5 tonnes of dry matter per year. Composts that do not achieve one of these three classes cannot 

be commercialized and have to be landfilled (or incinerated). 
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2 MATERIALS AND METHODS  

A total of 58 municipal solid waste composting facilities located in Spain were sampled in 2003-2007: 22 facilities 

of source sorted collected organic fraction of municipal solid waste (SC) and 36 facilities of mechanical-sorted 

organic fraction of municipal solid waste (MS). The compost obtained from these installations were analysed, 63 

composts from MS and 115 from SC. Composting facilities that treat SC add municipal yard trimmings, which 

improve aeration and provide a carbonaceous source that balance the initial composition (López et al., 2010a). In 

contrast plants that treat MS do not add yard trimmings because non compostable materials are considered as a 

bulking agent. 

The evaluated parameters were (a) moisture content, (b) impurities, (c) total organic matter, (d) C/N, (e) 

particle size and (f) heavy metals. Moisture content was measured drying samples at 105 ºC to a constant weight. 

Impurities were determined by removing them by hand from a total of over 600 g of dry sample. Total amount of 

impurities was weighed to calculate the percentage on dry basis. Total organic matter (TOM, % dry basis) and 

organic nitrogen (org-N, % dry basis) analyses were conducted on dry, impurities free and milled samples. Milling 

was performed using a planetary zirconium oxide ball mill (Retsch PM100) to avoid mineral contamination. TOM 

was determined by the loss on ignition after it was heated for 4 h in a muffle furnace (Carbolite CWF 11/13) at 560 

°C. Total organic carbon content was estimated by dividing TOM by 2 (Zucconi and de Bertoldi, 1987, Saña et al., 

1989) to calculate C/N ratio. Org-N was determined by specific ion electrode (ThermoOrion 720A as a 

potentiometer and ThermoOrion 95_12 as an electrode) after Kjeldahl digestion (Selecta Block Digest 20). Heavy 

metal contents were determined by atomic absorption spectrometry (Zn, Cu, Ni, Cr, Pb and Cd) after dissolution of 

ashes (ignition at 470ºC) in 3N HNO3 (Saña et al. 1989). 

For each parameter, differences between SC and MS samples were examined by t-test using 

Satterthwaite's approximation. 

3 RESULTS AND DISCUSSION 

3.1 Moisture 

No significant differences were detected between moisture content of SC and MS (Table 2). Most of the compost 

samples did not comply with the legislation requirements regarding humidity, although they showed on average near 

the threshold (minimum content 30% and maximum content 40%). Considering together SC and MS samples, only 

26% were within the thresholds and 65% were below. As we reported in Huerta-Pujol et al. (2010), the actual 

composting process leads the compost matrix to low moisture content, due to self-heating of mass, but also to low 

watering developed. On the other hand, the post-processing equipment works better with low moisture content 

(Krauss et al., 1987) and preferably under 30% (Diaz et al., 2007). 

3.2 Impurities and particle size 

SC compost showed significant lower content in impurities than MS compost (3,83%±0,46 for SC and 9,18%±1,46 

for MS on dry basis). RD 824/2005 does not allow more than 3% of impurities with a size over 2mm (Table 1). This 

percentage is expressed in "mass" and therefore wet. Our impurities assessments were performed on dry matter 

according to the U.S. Composting Council (1997). Thus, in order to adjust our values to the proposed legislation, a 

correction of the moisture content of compost was done to express the impurities in wet basis and determine the 

degree of compliance towards this parameter. In this case 42 samples from MS compost and 67 samples from SC 

compost were analyzed. The results showed that 67% of the MS compost did not comply with the legislation, while 

64% of the SC did it, just the reverse ratio. However, and considering that SC composting facilities treat organic 

fraction from source sorted collection, 64% is still a low proportion of samples. This indicates that more efforts are 

needed to improve the quality of SC organic matter by improving source sorted collection. On the other hand, 

mechanical devices used by MS composting facilities cannot avoid the presence of impurities in the compost 

obtained (López et al. 2010b).  

The law also stipulates that 90% of the particles will pass through a mesh of 25 mm and no problem was 

detected to fulfil with this point. 

3.3 Organic matter and C/N ratio 

MS compost showed lower total organic matter and organic nitrogen contents than SC compost. On the other hand, 

SC compost presented a lower C/N ratio (Table 2). 
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TABLE 2 Characteristics of MS and SC composts. (p: significance of difference between MS and SC) 

 H TOM orgN C/N Zn Cu Ni Cr Pb Cd 

 % % dry basis  mg·Kg
-1

 dry basis 

 MS compost samples (n=63) 

Mean 26,45 49,77 1,56 16,24 565 246 72 88 160 0,98 

SE 1,23 1,15 0,04 0,41 37,94 14,02 5,76 9,49 14,43 0,07 

 SC compost samples (n=115) 

Mean 27,00 57,23 2,10 14,05 201 88 17 18 52 0,35 

SE 0,87 0,82 0,04 0,28 8,71 5,07 1,35 1,62 4,03 0,02 

p 0.7147 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

 

RD 824/2005 sets a 35% on wet basis of total organic matter content as a minimum requirement, which 

represents at least 50% of organic matter on dry sample, assuming the minimum threshold of 30% humidity. Only 

few of studied compost presented values in organic matter under the 50% on dry basis. Actually, 21% of the SC 

compost and 46% of MS compost did not achieve this threshold. It is worth noting that very stable compost will 

result in a lower organic matter than those ones which has suffered an incomplete process. Moreover, as we reported 

in López et al. (2010b), MS composting starts from a matrix poorer in organic matter and, if the process were 

developed correctly, could easily low the 50% set as minimum requirement.  

Regarding C/N ratio, RD 824/2005 establishes that the compost have to present a value under 20. Most of 

the studied compost met this requirement (97% of SC and 86% of MS). 

3.4 Heavy metal content 

In general, MS compost showed higher values of heavy metal contents than SC (Table 2). Both types of composts 

were mainly included in class B (52% of the total samples), whereas only 19% remained within the class A. SC 

compost showed 30% of samples in class A, while none of MS samples were included in this class. SC compost 

showed 66% of samples in class B, 3% in class C and only 2% should be landfilled. On the other hand, MS 

composts mainly belonged to class C (32%), a few of them achieved class B (27%) and most of them (41%) should 

be landfilled (Figure 1). Therefore, SC composts showed less than 6% of samples with restrictions on use. 

It is important to know the status of fulfilment of the compost currently produced, but it is also interesting 

to see which heavy metals are more restrictive for legislative fulfilment in order to establish some kind of preventive 

measure. In Figure 2, we show the percentage of samples in each class for each metal. For both SC and MS, copper, 

lead and zinc were the more restrictive. The most significant difference between MS and SC is in the proportion in 

class C and landfilling destination (Figure 2). 
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FIGURE 1 Heavy metal content in SC and MS composts, according to RD 824/2005 
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FIGURE 2 Heavy metal classification achieved by each studied element for SC and MS compost 

 

4 CONCLUSIONS 

The results show that more efforts should be done to enhance and improve the source sorted collection of municipal 

solid waste organic fraction to increase compost quality. In general, quality of the composts obtained from the SC 

was higher than those ones obtained from MS, according to the classification established by RD 824/2005. Most of 

SC composts were included in class B (66%), 30% in class A and only 2% should be landfilled. In contrast, 41% of 

MS composts should be landfilled and none of them were included in class A. In both cases (SC and MS) zinc, 

copper and lead were the most restrictive heavy metals to fulfil the current Spanish legislation. 

It is important to highlight the low moisture content in both SC and MS composts. This fact could affect 

the fulfilment of the law and also could influence some aspects related to the compost application on land. 

Moreover, it could denote an improper development of composting process. 
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1 INTRODUCTION  

The pig farming industry has grown in Murcia in recent years. This fact involves an important slurry accumulation 

close to the farm. Slurry management plays a crucial role in the integration of crop and livestock production systems 

and the interaction between agriculture and the environment. Excess manure from intensive livestock production is a 

recognised environmental hazard as its mismanagement threatens the quality of water resources and contributes to 

emissions of NH3, CH4 and N2O. For these reasons, farmers search for options to reduce environmental impacts of 

excess manure, while remaining productive and economically viable. One interesting option is the agronomical use 

for slurry as an organic fertilizer that besides being an additional source of nutrients to plants is also an alternative 

for manure disposal (Ceretta et al., 2005) 

Given the volume of slurry generated in Murcia, and the total cultivable area and considering the 

legislation, RD 261/1996, which allows a maximum application of 170 kg N/ha/year in areas designated as 

vulnerable, it is estimated that to implement the slurry generated in the region in a year, would require only half the 

arable land devoted to irrigation. However, nitrogen and phosphorus losses by surface run off in no tillage can 

decrease the efficiency of organic fertilizers and also be a potential pollutant, threatening the quality of water bodies 

In this way, this study has included detailed monitoring of the effect of the application of pig slurry at a 

concentration recommended on the chemical, physical and biological properties of soil, water and plant to determine 

the influence of slurry on the reserve of organic matter in each of these crops, as well as on soil contamination, 

through the creation of a pilot system for managing livestock waste. This system put in contact pig farmers and 

farmers to collect the stored slurry for their valorisation and land distribution, in accordance with preventive 

measures that allow for their optimal use, without risk of contamination for the water-soil-plant system. 

Nowadays, anyone who has bought chemical fertilizer recently knows that the cost of fertilizer has 

increased in the last years. Phosphate prices have trebled over the past 12 months with the price of Potash following 

a similar trend. 

For these reasons, the aim of the present study has been developed in order to give some economical 

advantages for farmers and pig farmers besides the sustainable management of slurry and organic soil amendment. 

In this way, the effects of nitrogen (N) fertiliser and slurry management practices in agricultural systems has been 

calculated based on three application dose: valorised slurry pig as the only fertilizer, valorised slurry pig + chemical 

fertilizer and only chemical fertilizer. 

 

2 MATERIALS AND METHODS  

The present work was carried out in the area representing the first one Murcia, SE Spain, with the highest pig 

production, as well as is the most important horticultural area.  

For this work it has been selected 3 Farmers (F) and 3 Pig farmers (PF) according to the optimal distance 

between them.  

Information about the farm management as well as crop cycles was collected by farmer’s interview. Then, 

10 points of sustainability were selected where samples of soil and slurry were taken before and after slurry 

application. Plant samples also were taken at the end of each cultural cycle depending on the crop. 

The pig slurry application was made as an organic amendment soil before the crop cycle. The form of this 

application was in spreading band using a tanker. The N maximum dose of application is mandatory regulated (RD 

261/1995) and established in 170kg ha
-1

 year
-1

 in special sensitive areas. In this work the dose of valorised slurry to 
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apply has been calculated based on N content. In this work it has been considered the lowest dose (170kg ha
-1

year
-1

) 

in order to avoid the risk of soil pollution. 

The rest of the chemical fertilizers doses were applied following the rules reported in the NBPA (Good 

Agrarian Practices) as nutrients complement crop requirements. 

The soils and pig slurries samples were collected in two consecutive years, 2008 and 2009. Soil samples 

were collected at surface level and at a depth of 30cm, with and without slurry application, in order to see the 

influence of this application on soil composition. Soil samples were collected at surface level and at a depth of 

30cm, with and without slurry application in order to see the influence of this application on soil composition. All 

the samples were analyzed by standard methods to obtain the texture classification for determining soil suitability 

for manure application according to the three fertilizer selected systems, values of total N (Duchafour, 1970), pH 

(Peech, 1965), electrical conductivity (Bower and Wilcox, 1965) and total P (Watanabe and Olsen 1965). 

 

3 RESULTS AND DISCUSSION  

At the beginning of the study, the farmers had to complete a questionnaire where they reported all the necessary 

information about the farm management (TABLE 1). In this questionnaire it is possible to find very important 

information like slurry application method (surface spreading or injection), application time or the additional use of 

chemical fertilizer.  

The most important decision about slurry spreading concern is the selection of spreading date and 

choosing the fields which are likely to produce only moderate leaching effects (Lewis et al, 2003). In this study the 

application method was surface spreading in all cases, as well as the date of application was in autumn, before the 

crops cycle starts. Application of slurry in autumn (as a single or split loading), invariably leads to large losses 

through N leaching, with a single application always resulting in the highest loss. Significant differences are evident 

for N leaching from different soil types (Lewis et al., 2003). Also climatic variation produces noticeable and 

significant differences in both N leached and harvest crop totals (Lewis et al., 2003). Nevertheless, in this study the 

farm manager can recognise and match the soil type and drainage condition of the fields on which spreading is to 

occur, as all the soil samples are analyzed in order to identify the textural classes. But, as it is shown in TABLE 3 

the predominant textural class is Clay, what means low permeability and decreased risk of N leaching. Other 

important advantage is that this study has been developed within a similar climate region. 

 

TABLE 1 Farming management and crop cycle information  

Farmer Crop Has

Chemical 

fertilizer cost (€) Application time

Application 

method

Application 

dose(L/Ha/year)

Tanker 

capacity (L)

F1 broccoli 0,51 133,35

at the end of 

summer surface spreading 61000 10000

artichoke 1,42 457,2

F2 broccoli 3,04 802,56 all year surface spreading 50425 12000

brocoli 2,37 625,68

brocoli 4,68 1235,52

brocoli 4,93 1301,52

F3 brocoli 0,73 193,88

at the end of 

summer surface spreading 34000 12000

brocoli 0,62 163,13

brocoli 1,05 272,2

brocoli 2,53 666,96  
 

The physic and chemical characterization of pig slurry (TABLE 2) showed that the changes produced in 

slurry pig nutrients composition, could be considered as a minimum variation due to changes in animal and farm 

management. Thus, this data allow calculate application dose according to the N content for both years. The 

additional amount of chemical fertilizers is applied, in each case, based on the published data in the current 

normative. 
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TABLE 2  Physic and chemical data of pig slurry.  

Sampling Date

PIG 

FARMER EC dSm-1
pH

Moisture (%) NH4+ (g/L)

TOTAL N 

(g/L) P (mg/L)

PF1 30,27±0,21 6,36±0,03 96,02±0,17 2,12±0,009 2,46±0,54 94,00±28,79

PF2 40,77±1,70 7,38±0,17 89,15±11,11 4,35±0,23 6,26±0,12 111,67±46,74

PF3 33,80±0,42 7,31±0,06 97,26±0,32 3,31±0,42 5,05±0,17 207,00±33,05

PF1 27,75±0,919 7,12±0,06 84,4±11,44 2,15±0,63 2,51±0,68 100,2±0,10

PF2 55,10±0,1 7,79±0,01 92,22±1,07 6,33±0,01 4,58±0,25 290,7±0,29

PF3 36,50±0,1 6,95±0,04 97,87±0,05 2,79±0,07 3,12±0,05 397,0±0,39

2008

2009  

 

The results obtained in soil samples (TABLE 3) showed that the selected fields had optimal 

characteristics to agronomical use; the N and P content were lower than the published references values. Also is 

possible to see that the nutrient’s content is higher at the surface level than at a depth of 30cm. This is due to the 

fertilizers application method, always by surface spreading, as well as the textural class (mainly Clay) (TABLE 3·). 

Even it is possible to see that the N content between years has suffered a minimum variation. 

 

TABLE 3  Soil data for 10 points of sustainability selected 

FARMER CODE SAMPLE pH EC(µS/cm)

TOTAL N 

2008

TOTAL N 

2009 P 2008 P 2009 Textural class

F1 F1-1 SL 7,22 578 1,471 1,098 360,83 529,21 Silt loam

D30 cm 7,17 668 0,946 1,632 162,41 559,36 Loam

F1-2 SL 7,15 1660 1,476 1,461 216,08 476,00 Loam

D30 cm 7,48 316 1,012 1,220 98,72 461,43 Clay loam

F2 F2-1 SL 7,25 775 0,959 1,194 321,05 288,64 Loam

D30 cm 7,38 2150 2,080 1,132 250,57 288,40 Clay loam

F2-2 SL 7,23 1457 2,399 1,306 147,57 261,05 Loam

D30 cm 7,34 1384 2,000 1,136 116,49 227,50 Clay

F2-3 SL 7,23 1392 2,455 1,142 189,15 219,01 Clay loam

D30 cm 7,36 1917 1,432 1,142 188,23 276,29 Clay

F2-4 SL 7,12 1060 2,615 1,199 306,36 250,29 Clay loam

D30 cm 7,4 1238 1,679 1,159 82,55 313,53 Clay loam

F3 F3-1 SL 7,33 816 1,186 1,079 861,89 418,44 Silty clay

D30 cm 7,16 1039 0,983 0,954 514,10 413,84 Silty clay

F3-2 SL 7,35 652 1,109 1,070 592,13 465,27 Silty clay

D30 cm 7,13 1348 1,108 1,194 430,72 344,03 Silty clay

F3-3 SL 7,34 910 1,007 1,068 470,00 619,85 Clay

D30 cm 7,27 1301 0,662 0,656 317,92 299,72 Clay

F3-4 SL 7,34 822 1,200 1,077 408,16 418,52 Silty clay

D30 cm 7,26 767 0,900 0,974 308,91 349,52 Silty clay

SL= SURFACE LEVEL

D30Ccm=at a depth of 30 cm  

In TABLE 5 it is showed the comparison between three fertilizers options in order to evaluate the optimal 

decision. Thus, following the main objective of this study, an economic analysis was carried out taking into account 

equipment costs, in this case the tankers used for slurry transport and spreading, and potential savings in costs of N, 

P and K mineral fertilizer. The fertilizer’s cost has been calculated according to crop requirements that make the 

Integrated Production Technical Standards, published for these crops. The price for the tanker is the mean from 

different prices reported by farmers for several tanker capacities. On economic grounds, the use of tankers for 

surface spreading, could be justified in terms of fertilizer cost savings, because the additional costs of injection 

could be recouped in reduced fertilizer requirements, but comparing the results reported by others authors 

(McGechan and Wu, 1998) only half of the additional costs could be recovered in this way. 
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In spite of broccoli and artichoke were the evaluated crops, in TABLE 4 and 5 were presented the crops 

they had published data for technical management in Integrated Production Technical Standards (BORM Nº 138, 

1998). Thus the estimation price has been adapted to the available crop information.  

 

TABLE 4 Nutrient uptake according to the crop cycle (based on INTEGRATED PRODUCTION 

TECHNICAL STANDARDS, BORM Nº 138, 1998). 

CROP Production (kg/ha) N(kg/ha) P (kg/ha) K (kg/ha)

Barley 2500 65 25 5

Lettuce 50000 100 105 5

Broccoli 20000 245 100 15  

TABLE 5 Economical data for three options of fertilizers evaluated  

CROP Only chemical fertilizers(€/ha) Only slurry pig(€/ha) Slurry pig+chemical fertilizer(€/ha)

Barley 210 200 207

Lettuce 502 200 399

Broccoli 783 200 570
 

In view of economic performance the most important objective is to convince farmers that this system is 

very suitable fertilization and is well supported by legislation. In addition the system is perfectly enhanced with the 

addition of suitable chemical fertilizers. 

 

4 CONCLUSIONS  

The results of this study show that increasing rates of N applications (in the form of slurry and fertiliser) resulted in 

a non-linear increase before two years of study. And taking in account the economical conditions, we conclude that 

the mixed fertilizer option represented a saving of at least 50% compared to chemical fertilization, and taking 

advantage of liquid nutrients complement crop requirements that make the AIPG. 

The repeated spreading of slurry on the same land area was shown to be a good practice from an 

economic standpoint, as well as being a sustainable option to manage the excess of manure. However, the economic 

and organisational feasibility of this system should be evaluated. Also, the content of others nutrients as a P, for 

example, should be further investigated. 
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1 INTRODUCTION  

Broiler chicken farms produces large amounts of manure, which generates problems from foul odours and may 

contain pathogenic bacteria, viruses and parasites (Sims and Wolf, 1994). Uncontrolled use of broiler litter may lead 

to pollution of groundwater and spreading of diseases (Moore et al., 1995). Sustainable and environmental friendly 

recycling of broiler litter to agricultural land reduces problems related to management and will also contribute 

positively to the economy of farming because fertilizing elements contained in this manure, especially P and N 

(Stephenson et al., 1990), improve soil productivity and thus reduce the need for adding mineral fertilizers. 

The dewatering and pelletizing of broiler litter can minimize nutrient losses and environmental risks 

associated with its storage, while preserving its fertilizing properties and reducing potentially toxic element addition 

and/or increase in pathogen organisms in the soil where it is applied. Pelletized broiler litter has a reduced moisture 

content, which eases storing, transport and field application, and more constant nutrient characteristics than the fresh 

product (López-Mosquera et al., 2008). The fertilizer value of pelletized broiler litter is high, as it has high N (80% 

as organic N), P and K contents, and the organic N can be considered readily mineralizable (López-Mosquera et al., 

2008). The aim of this work was to study the effects of a commercial fertilizer called BIOF-1, as compared with the 

mineral or organic fertilization usually applied by owners. The BIOF-1 is a dried pelletized broiler litter, and the 

effect studied was soil fertility characteristics of sown meadows, which were established in three livestock farms in 

northwestern Spain.  

 

2 MATERIALS AND METHODS 

Field experiments were conducted in three sown meadows established on acid soils, which had been limed prior to 

sowing a mixture of grasses and clovers. Main characteristics of the three soils before establishing the trials are 

given in table 1. 

 

TABLE 1 Main characteristics of sown meadows soils before establishing the trials. 

Soil characteristics Castro Samos Vilalba 

pH (H2O) 6.38 5.52 5.55 

% Organic matter 8.89 9.04 9.33 

% N 0.27 0.24 0.22 

Olsen P (mg kg
-1

) 58.75 21.19 5.81 

K     (cmolc kg
-1

) 0.59 0.26 0.38 

Ca   (cmolc kg
-1

) 11.81 3.21 2.58 

Mg  (cmolc kg
-1

) 1.45 0.21 0.22 

% Al saturation 0.56 5.32 22.32 

 

 In each sown meadow, the following treatments were randomly applied in 8 subplots (each 250 m
2
 in 

Castro and Samos, and 40 m
2
 in Vilalba), with 4 subplots per treatment: i) fertilization applied by owners 

(fertilization with mineral fertilizers or cattle slurry), and ii) BIOF-1 application at a dose which varied among 

farms, as BIOF-1 dose aimed to level the amount of N applied by the owner. It was assumed that N available for 

plants in the BIOF-1 fertilizer was of about 60%. Preusch et al. (2002) reported that, 120 days after fertilizing two 
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different soils with fresh poultry litter, nitrogen mineralization (percent total organic N converted to inorganic N) 

rates in soil were of 42 in one soil to 64% in the other. Sown species and types, application dates and doses of 

fertilizers applied in each sown meadow are shown in Table 2. 

 

TABLE 2 Sown species and types, application dates and doses of fertilizers applied in treatments in each 

sown meadow. 

Fertilizer treatment Sown 

meadow 

Sown species Date of 

application Conventional 

(applied by owners) 

BIOF-1 

(kg ha 
-1

) 

Castro Lolium perenne L., Lolium 

multiflorum Lam., Dactylis 

glomerata L., Trifolium repens L., 

Trifolium pratense L. 

29
th

 April 

 

26.3 m
3
 ha 

-1
 cattle slurry 

 

1667 

Samos Lolium perenne, Dactylis 

glomerata, Trifolium repens, 

Trifolium pratense 

8
th

 March 400 kg ha 
-1

 8-24-16 NPK 

fertilizer  

 

2000 

Vilalba Lolium perenne, Lolium hybridum 

Hausskn., Trifolium repens 

14
th

 March 292 kg ha 
-1

 calcium 

ammonium nitrate (20.5 %N) 

3000 

 

Main characteristics of BIOF-1 fertilizer were: water content 13.5 %, N 3.46 %, P 1.58 %, K 4.14 %, Ca 

1.76 %, and Mg 1.13 %. 

In each subplot of the three sown meadows, soil samplers where collected after a forage cut for silage in 

spring (made on May 30
th

 in Vilaba and on June 21
st
 and 20

th
 in Castro and Samos, respectively). The soil samples 

were taken as cores (7 cm diameter) from  0- 15 cm depth. The soil cores where air-dried and sieved through a 2 mm 

mesh, to determine pH (in a 1:2.5 suspension soil/water), HNaCO3-extractable P (Olsen P) by the molybdenum blue 

method (Olsen and Dean, 1965), and K, Ca, Mg and Al, extracted with NH4Cl (Peech et al., 1974), by atomic 

emission/absorption spectrophotometry.  

 

3 RESULTS AND DISCUSSION 

The pelletized broiler litter was as effective as the conventional fertilization applied by owners to fulfil plant nutrient 

requirements in the three sown meadows. There were no significant differences in forage production (data not 

shown). After the spring forage cut soil P, K, Ca and Mg contents in the soils were as high or higher in BIOF-1 

subplots than in those conventionally fertilized (Table 3), indicating that the pelletized broiler litter can be used as 

sole fertilizer source in meadows sown with ryegrass species, coksfoot and clover species. Sistani et al. (2004) also 

concluded that non pelletized fresh broiler litter can provide top yields in plots established with bermudagrass 

cultivars, without requiring another fertilizer.  

 

TABLE 3 Main characteristics of sown meadows soils after the spring silage cut in plots fertilized either 

with BIOF-1 or the conventional fertilization (cattle slurry in Castro and mineral fertilizers in 

Samos and Vilalba) made by owners. Within each soil, values of a parameter followed by a 

different letter are significantly different for p<0.05. 

 Castro soil Samos soil Vilalba soil 

 Conventional 

fertilization 

BIOF-1 Conventional 

fertilization 

BIOF-1 Conventional 

fertilization 

BIOF-1 

pH (H2O) 6.14 6.18 5.32 5.44 5.28 5.43 

Olsen P (mg kg
-1

)     105.60  100.09 20.39 a  39.77 b       20.62     22.47  

K     (cmolc kg
-1

) 0.48 0.46   0.30 a    0.40 b 0.41 0.45 

Ca   (cmolc kg
-1

)       10.37    12.78   1.98 a    3.02 b 1.83 2.05 

Mg  (cmolc kg
-1

)         1.47 1.57 0.39 0.40 0.32 0.37 

% Al saturation    1.20 b    0.78 a    7.52 b    4.52 a  26.07 b  22.16 a 
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Our results also confirm that a high proportion of BIOF-1 total N was rapidly mineralized in the three 

sown meadows, becoming available for plants. In a study on N uptake by common and six hybrid bermudagrass 

cultivars fertilized with broiler litter, Brink et al. (2004) found that N uptake by plants represents 58% of the total 

applied broiler litter N, which is similar to the percentage chosen in the present work to establish BIOF-1 doses. 

In subplots under the owner fertilization strategy, soil aluminium saturation percentage increased respect 

to those receiving BIOF-1 (Table 3), despite only four months had elapsed since the application of the pelletized 

broiler litter. The liming effect of BIOF-1 can be explained by its alkalinity (pH 7.9) (López-Mosquera et al., 2008). 

Mokolobate and Haynes (2002) also reported a liming effect of poultry litter after six weeks application to an acid 

Oxisol, concluding that addition of organic residues to acid soils is potentially a practicable low input strategy for 

reducing lime requirements. In acid soils, liming is an essential farming technique to achieve high forage yields and 

usually consists in large application of calcitic or dolomitic lime. Leaching of basic cations in areas of high 

precipitation makes the soil recover a low pH and high aluminium content, which determines the need for regular 

liming practices. Long term studies are needed to quantify the role of pelletized broiler litter on reducing liming 

requirements on acid soils that maintain meadows sown with ryegrass and clover.  

4 CONCLUSIONS 

The pelletized broiler litter BIOF-1 can be used as sole fertilizer source in grass-clover swards, as a result of similar 

or higher major nutrients supply than mineral or cattle slurry fertilizers. Respect to the fertilization applied by 

owners, the application of dried pelletized broiler litter favoured the maintenance of initial soil pH and aluminium 

saturation percentage, which was related with significantly higher soil Ca exchangeable content and availability of P 

assimilable for plants in Samos soil. Further studies are needed to investigate whether these effects may persist in 

soil at a longer term. 
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1 INTRODUCTION  

The dairy industry produces large volumes of wastewater containing cleaning products and milk residues, which 

usually undergo different treatments and yield a semi-liquid sludge as by-product. Recycling dairy sludges as 

fertilizers in agricultural land is a good method of disposal for these waste products, as they can provide the soil 

with N and P while having low K and metal content (Sommers, 1997). There is no specific legislation for dairy 

sludges and, by default, their use as fertilizers is governed by Directive 86/278/EEC, which encourages the use in 

agriculture and establishes strict limits on metal contents for sewage sludges (Commision of the European 

Communities, 1986).  

In Galicia (NW Spain), the dairy sector produced 2280 million litres of milk in 2007, which represents 

almost 30% of the Spanish production (Ministerio de Medio Ambiente y Medio Rural y Marino, 2008). Main forage 

crops at dairy cattle farms in Galicia are sown meadows, Italian ryegrass and maize, which are usually fertilized 

with mineral fertilizers and/or cattle slurry. An agroindustrial sludge produced by a dairy plant has been regularly 

applied to sown meadows as fertilizer over the last 18 years, thus reducing the input of mineral fertilizers in 

receiving farms. In this sludge, K content is rather low, so that its use as fertilizer requires K supplementation 

(López-Mosquera et al., 2005).  Although dairy sludges have low metal content (López-Mosquera et al., 2005), the 

possibility of metal accumulation in soil with regular use of these residues can not be discounted. In the present 

study, the effects of a dairy sludge applied to an acid soil, with or without K supplementation, on soil metal content 

were compared with those of mineral fertilization commonly used in sown meadows in northwestern Spain over a 

two-year period.  

 

2 MATERIALS AND METHODS 

A field trial was carried out at Goiriz-Lugo (NW Spain). The soil was a humic Umbrisol, which had been limed and 

fertilized with 600 kg ha
-1

 of a 8-24-16 NPK mineral fertilizer before sowing a mixture of perennial ryegrass 

(Lolium perenne cv. Barbestra) and white clover (Trifolium repens cv. Huia). Before establishing the experimental 

treatments, the soil had the following characteristics: pH (H2O) 5.52, Olsen P 20.6 mg kg
-1

, K 0.18 cmolc kg
-1

, Ca 

1.26 cmolc kg
-1

, and Mg 0.66 cmolc kg
-1

.  It was very low in K and had a strong P retention. 

At the beginning of the first growing season, sixteen plots of 400 m
2
 were established in order to apply 

randomly four fertilizer treatments: an unfertilized control, dairy sludge, dairy sludge supplemented with K, and 

mineral fertilizers. Application dates and doses of fertilizers applied in each treatment are shown in Table 1. Metal 

contents in the dairy sludge used in each application were far below the limit values for metal concentrations in 

sludge for use in agriculture established in the Directive 86/278/EEC (Table 2).  

During two growing seasons (first and second production year of the sown meadow), a silage cut was 

made in May. After mowing forage, in each plot soil samples were taken with a 7 cm diameter corer up to a 15 cm 

depth, then air-dried and sieved through a 2 mm mesh. The concentrations of Cd, Cr, Cu, Ni, Pb and Zn were 

determined by atomic absorption spectrometry in extracts obtained by digestion of soil samples with 70% nitric acid 

for 30 min in a Milestone Ethos 900 microwave oven (Tessier et al., 1979). The digestion procedure was quality-

controlled by parallel analysis of the BCR-certified reference material BCR 143R. Results were subjected to a one 

way ANOVA and means were compared by the LSD test at P<0.05. 
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TABLE 1 Application dates, and types and doses of fertilizers applied in treatments. 

Treatment Spring 1
st
 year Spring 2

nd
 year 

 17
th

 March 22
nd

 June 22
nd

 March 

Control --- --- --- 

Mineral 675 kg ha 
-1

 15-15-15 

NPK fertilizer 

292.5 kg ha 
-1

 calcium 

ammonium nitrate (20.5 

%N)  

120 kg ha 
-1

 K2SO4 (50%) 

675 kg ha 
-1

 15-15-15 NPK fertilizer 

Dairy sludge 80 m
3
 ha 

-1
 dairy sludge 80 m

3
 ha 

-1
 dairy sludge 160 m

3
 ha 

-1
 dairy sludge 

Dairy sludge + K 80 m
3
 ha 

-1
 dairy sludge 

175 kg ha
-1

 K2SO4 (50%) 

80 m
3
 ha 

-1
 dairy sludge  

120 kg ha 
-1

 K2SO4 (50%) 

160 m
3
 ha 

-1
 dairy sludge  

137.5 kg ha 
-1

 K2SO4 (50%) 

235 kg ha 
-1

 superphosphate (18%) 

 

TABLE 2 Metal contents (mg kg
-1

) of the dairy sludge applied over the study period on a dry matter basis, 

and EU limit values for metal concentrations in sludge for use in agriculture applied in soils 

with pH<7 (Directive 86/278/EEC). 

  Metal content 

(mg kg
-1

) 

  Cd Cr Cu Ni Pb Zn 

17
th

 March 0.2 17.3 47.8 8.9 13.7 427 Spring 1
st
 year 

22
nd

 June 0.4 20.2 65.9 12.9 15.3 475 

Spring 2
nd

 year 22
nd

 March 1.0 12.7 28.5 19.0 19.0 444 

EU limit values for metal 

concentrations 

20 1000 1000 300 750 2500 

 

3 RESULTS AND DISCUSSION  

Dairy sludge was effective as fertilizer, as its application resulted in similar or higher forage production than mineral 

fertilizers (data not shown).  In spite of different soil fertility conditions under the four treatments, there were no 

significant differences in soil metal contents  neither the first nor the second year (Tables 3 and 4).  

Results showed that application of dairy sludge did not even increase soil contents of Cd, Cr, Cu, Ni, Pb 

or Zn respect to the control, what can be explained by the low metal content of this agroindustrial residue.  

 

TABLE 3 Cd, Pb, Cu, Cr, Ni and Zn content in soils from plots under the different fertilization treatments 

after the silage cut of the first year.  Within each soil, values of a parameter followed by a 

different letter are significantly different for p<0.05. 

 Cd Cr Cu Ni Pb Zn 

 mg kg
-1

 

Control 0.45    22.85    3.72 10.87 11.00    32.33 

Mineral 0.45    21.01    2.90 10.57 9.70    28.77 

Dairy sludge 0.49    21.21    2.20 10.75 9.37    30.29 

Dairy sludge + K 0.44    21.64    3.26 10.24 11.12    29.78 
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TABLE 4 Cd, Pb, Cu, Cr, Ni and Zn content in soils from plots under the different fertilization treatments 

after the silage cut of the second year.  Within each soil, values of a parameter followed by a 

different letter are significantly different for p<0.05. 

 Cd Cr Cu Ni Pb Zn 

 mg kg
-1

 

Control 0.47    24.97    2.76 12.29 6.37    24.08 

Mineral 0.43    24.11    3.81 12.26 7.12    23.72 

Dairy sludge 0.37    22.90    3.46 12.25 8.50    24.82 

Dairy sludge + K 0.46    22.59    3.25 11.44 6.87    20.29 

 

 The effects of dairy sludge on soil metal concentrations were thus far different to those produced by the 

application of sewage sludge. In field experiments, Wang et al. (2008) found that application of sewage sludge 

increased grass biomass, but also Cu, Pb, Zn and especially Cd concentrations in soil compared to the untreated 

control, concluding that the sludge was suitable for application to forestry and grasslands or nurseries where food 

chain contamination with cadmium is not a concern. These limitations can be ruled out when using dairy sludges as 

fertilizers. 

 

4 CONCLUSIONS 

Application of dairy sludge did not increase soil contents of Cd, Cr, Cu, Ni, Pb or Zn respect to the control during 

the two years studied, which can be explained by the low metal content of this agroindustrial residue.  
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1 INTRODUCTION  

Silvopastoral systems are ancient farming systems in the world, consisting of the combination of a woody 

component (tree or shurbs) and crops and/ or animals within the same land-management unit (Rigueiro-Rodríguez et 

al., 2009). Organic fertiliser use is promoted by EU (86/278/CEE) and Spanish regulations (R.D 1310/1990) due to 

the physical soil improvements it causes and the recycling of the nutrient of the wastes from animal or vegetal 

residue. Liming improves, in general, acid soil physical properties through the increment of soil pH (Smith, 1996), 

cation exchange capacity and the microbial activity (Bailey, 1995) which causes organic mineralization and 

therefore nutrient release (Wheeler, 1998) in acid soils. These soil improvements caused by liming may increase 

pasture productivity and quality, as soil nutrient availability increase (Mosquera-Losada et al., 2006a, López-Díaz et 

al., 2007). 

Environmental monitoring of sewage sludge use is usually focussed on heavy metals due to the higher 

concentration in sewage sludge than in soils. Heavy metal environment concerns are usually more important in acid 

soils because heavy metal solubility is normally increased when soil pH is reduced (Smith, 1996). Nickel and 

cadmium are two of the heavy metals that should be considered to apply sewage sludge in soils following the 

Spanish regulations, besides Cu, Zn, Cr, Hg and Pb.  

In general, the contribution of sewage sludge as fertilizer at a high dose causes an increment of heavy 

metals in in soil (Canet et al., 1998) especially in the area in which the sewage sludge is incorporated (Alloway, 

1995). In any case, the available proportion of heavy metals is lower than the total concentration in soil (Kabata and 

Pendías, 1985) since heavy metals are mostly linked to organic matter and present some facility to be washed off 

when the water from precipitation goes down through the profile (Kabata and Pendias, 1985; Loué 1988). 

The effect of sewage sludge inputs on nickel and cadmium availability usually depends on the initial soil 

pH, therefore it can be affected by lime additions (Kabata and Pendias, 1985). Sewage sludge inputs in acid soils 

increased the availabity of Ni (Barbarick et al., 1998) and Cd although pH is also slightly increased (Tsadillas et al., 

1995) as a result of the calcium inputs done with the sludge. However, in neutral or basic soil nickel availability 

variations caused by sludge inputs tends to be zero (Canet et al., 1998), provided it does not increase the acidity and 

uptake of this nutrient by plants (Tsadillas et al., 1995). 

The aim of this study was to evaluate the effects of lime and two dose of sewage sludge applied in three 

differents dates on pH, and on the concentration of Ni and Cd in soil and pasture in a silvopastoral systems 

developed under Pinus radiata D. Don established in a forest soil. 

 

2 MATERIALS AND METHODS 

The experiment was located in the San Breixo Forest Community (Guitiriz, NW Spain). A plantation of Pinus 

radiata D. Don was established at a density of 1667 trees ha
-1

 after the harvesting of a Pinus radiata D. Don stand 

30 years old. Scrubland was the main understory vegetation. When the forestry plants were one year old, in October 

1999, an experiment was established in 39 (13 treatments x 3 replicas) experimental units of 12 x 8 m
2
, each one 

consisting of 25 trees arranged in a 5x5 grid. The experimental design was a randomised block with three replicates.  

The treatments consisted of two doses of sewage sludge comprising 50 (B: low) and 100 (A: high) kg 

total N ha
-1

, applied on three different dates (1. beginning of February; 2. early March, and 3. early April) to limed 

and unlimed plots. A no-fertilisation (NF) treatment was used as a control. Fertilisation with sewage sludge was 

conducted during the years 2000, 2001, 2002 and 2003. In this paper only results from five treatments: control (NF) 

, limed and low (LL) and high dose (LH)of sewage sludge and unlimed and low (LH) and high (UH) dose of sewage 
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sludge applied in early April are shown. After the addition of lime a mixture of 25 kg ha 
-1

Lolium perenne L. var. 

Brigantia, 4 kg ha
-1

 Trifolium repens L. var. Huia, and 10 kg ha
-1

 Dactylis glomerata L. var. Artabro was sown. The 

sewage sludge was anaerobically stabilised and met the requirements for use in agriculture laid down by Spanish 

regulations (RD 1310/1990).  

Three surveys were conducted before each harvest in 2002 while in 2003 two samplings were carried out 

in 2003This paper shows the results for cadmium and nickel concentrations at harvests in 2002 and 2003. Every 

survey consisted of taking four samples (each 0.30 m x 0.3 m) of pasture. The samples were transported to the 

laboratory and the Ni and Cd concentration of the pasture was estimated after a digestion in microwave (CEM, 

1994) and analysis by spectrophotometer (VARIAN 880FS). Soil samples were taken at beginning of 2004 at a 

depth of 25 cm and transported to the laboratory, where the water and KCl pH (1:2.5) and total Ni and Cd 

concentrations in soil (microwave digestion with nitric acid (CEM, 1994) and analysis by spectorphotometer 

(VARIAN 880FS) were determined. 

Data were analyzed using ANOVA and, when significant, differences between averages were shown by 

the LSD test using the statistical package SAS (SAS, 2001). 

 

3 RESULTS AND DISCUSSION  

ANOVA results show that the soil water pH was significantly influenced by lime (p<0.05), and organic matter by 

lime and sewage input dose (p<0.05). Nickel and Cadmium total concentrations in soil were not influenced by 

different treatments applied. Soil pH, Cd and Ni concentrations in 2004 can be seen in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE1 Water and KCl pH, total Cd and Ni concentration (mg kg
-1

) in soil in each treatment in 2004. 

Where: NF: no fertilisation, LL: lime+low sewage sludge dose (50 kg N ha
-1

 total); LH: 

lime+high sewage sludge dose (100 kg N ha
-1

 total) UL: No lime+low sewage sludge dose (50 kg 

N ha
-1

 total); UH: No lime+high sewage sludge dose (100 kg N ha
-1

 total) applied in early April. 

Different letters indicate significant differences between treatments. 

 

Initial soil analyses revealed a low water (4.28) pH. In January 2004, water and KCl pH values were 

between 4.7-5.3 and 3.9-4.4, respectively. These results indicate that this is an acid soil according to Porta et al., 

(2005). Both water and KCl pH were only significantly increased when a combination of lime and a high dose of 

sewage sludge were added to the soil with respect to no fertilised control treatment as was found in a silvopastoral 

system developed with Populus x euroamericana (Mosquera-Losada et al., 2010). 
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Total soil Ni concentration values were between 14-18 mg kg
-1

, being them in the low part of the range 

defined by Carter (1993) and Alloway (1995). Moreover, total soil Cd levels were also in the low range provided by 

Kabata and Pendias (1985) and Merckx et al. (1990). Both heavy metals were below the values considered as 

phytotoxic by Kabata and Pendias (1985) for Ni (100 mg kg
-1

) and Cd (3-8 mg kg
-1

). Although, there were not found 

significant effects of treatments on total soil Ni and Cd levels, both heavy metals tended to be higher when both lime 

and high dose of sludge were applied. 

 

TABLE 1 Concentrations of Cd and Ni in pasture (mg kg
-1

) in the harvests of May, July and December 

2002 and June and December 2003. LL: lime+low sewage sludge dose (50 kg N ha
-1

 total); LH: 

lime+high sewage sludge dose (100 kg N ha
-1

 total) UL: No lime+low sewage sludge dose (50 kg 

N ha
-1

 total); UH: No lime+high sewage sludge dose (100 kg N ha
-1

 total) applied in early April. 

Different letters indicate significant differences between treatments. 

 

Table 1 shows the Ni and Cd concentrations in pasture performed during the study. No significant effects 

were found in Ni concentration in pasture, but treatment affected Cd pasture concentration, but levels were 

significant modified by the date of harvest. The range of Ni concentrations in pasture in this experiment was 2.28-

12.74 mg kg
-1

, which is within the low part of the range described as usual (10-80 mg kg
-1

) by Loué (1988). Ni 

content was higher in the third harvest and very low subsequently. The levels of Ni in soil did not change between 

treatments. On the other hand, Cd levels were also in the low part of the range described as usual by Fergusson 

(1990). The inputs of low dose of sewage sludge without liming significantly increased the values of Cd in plant in 

the last three evaluated harvests. Lime usually reduces bioavailability of Cd which explains why limed treatments 

did not increase the concentration of Cd in pasture. However, the addition of high doses of sewage sludge only 

significantly increased the levels of Cd in pasture in the first harvest, probably due to the higher cadmium inputs 

performed with this treatment. 

There is some disagreement about the essentiality and function of Cd in both plants and animals, although 

there is general consensus about their benefits for animal growth. However, its deficiency is rare, because the 

quantities needed are very small, although necessary, for example, minimal concentrations for feeding goats are 

above 0.1 mg kg
-1

 (Lamand, 1981) and largely exceeded in our study. However, the nickel values of this study are 

always below the levels set as harmful for livestock like cow, sheep or horses (50 mg kg
-1

) (NRC, 2000). 

 

4 CONCLUSIONS  

In general, when a combination of lime and high dose of sewage sludge was applied it increased the pH, but no 

increment of nickel and cadmium in soil were found, probably due to the low inputs done with the sludge. However, 

the low dose of sewage sludge without liming increased the levels of Cd in  Pasture. In any case the reached values 

for Cd or Ni can be considered as harmful for animals or plants 
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1 INTRODUCTION 

1.1 Background 

Organic “wastes” arise from living systems, either directly (e.g., animal manures and green wastes such as garden 

cuttings) or indirectly (e.g., paper and processed food wastes).  The Landfill Directive (99/31/EC) seeks to alter the 

way wastes are managed in the EU by inter alia forbidding the use of landfills as a repository for a variety of 

organic wastes.  As organic wastes are an inevitable by-product of day-to-day human activity, management options 

other than landfilling must be used to assure compliance with the EU's waste management hierarchy.  An obvious 

management option for organic wastes is their application to land; this technique has been used for as long as 

recorded history. 

 While the use of land for the application of organic wastes is conceptually valid, a number of constraints 

determine the extent to which this management option is actually viable.  These constraints include technical, 

economic and legal requirements, as well as attitudes among many stakeholders within the agricultural / food supply 

and consumption chain. 

 Heretofore, research has focused on the technological aspects of applying organic wastes to land, from 

which excellent compendia have been produced (e.g., Burton and Turner 2003).  Knowledge gained from well over 

a century of global research has informed the establishment of a variety of legal instruments to “guide” the 

appropriate use of organic wastes on land (e.g., Nitrate Directive).  Fundamental to most legislation have been the 

concepts of beneficial use (as opposed to dumping), either to realise agronomic potential, minimise environmental 

risks (European IPPC Bureau 2003), or both.  The principle of a “land limiting constraint” follows directly from the 

beneficial use concept and is the foundation for nutrient management planning.  Technological and legal constraints 

limit the availability of land (Magette and O’Reagan, 2007).  Less well studied are attitudinal constraints. 

1.2 Research Objectives 

This research began on the hypothesis that there is inadequate land in Ireland to accommodate all the organic wastes 

that are suitable for land application.  The overall goal was to develop a hierarchy to inform public policy by which 

the demand for land as a waste receptor should be addressed.  Specific objectives were to: 

− Test the fundamental hypothesis; 

− Determine legal and technical constraints on land application of wastes in Ireland; 

− Define the attitudes of major stakeholders in the land application of wastes; 

− Develop a means of spatially allocating wastes based on an objective environmental criterion; 

− Incorporate guidance into a decision support system for use by government agencies. 

 This paper is focused on the results from the determination of attitudes of one group of stakeholders 

(urban general public) towards the use of land as an organic waste receptor. 

 

2 MATERIALS AND METHODS 

2.1 Stakeholders 

Stakeholder groups identified for inclusion in the attitudinal surveys included the following:  general public (rural 

and urban); farmers; farmer organisations (corporate level); relevant government agencies; non-governmental 

organisations; and supermarkets.  (This paper reports results only from surveys of the urban general public). 
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2.2 Surveys 

Questionnaires were devised with which to survey stakeholder attitudes.  With slight modifications, the same survey 

was administered to all stakeholders.  The questionnaire sought attitudes in four areas: general environmental issues, 

waste management related issues, knowledge of biosolids and perception of the resource value of biosolids, general 

knowledge about land application of biosolids and attitude towards recycling biosolids through the land system.  

Other than for demographic information about respondents, questions were constructed to solicit responses on a 5-

point Likert scale. 

2.3 Survey Administration and Analysis 

For the research discussed in this paper, the urban general public stakeholder group was surveyed by door-to-door 

interviews.  A sample size (N) of 400 households was selected to facilitate the highest level of statistical veracity 

within resource (time and money) constraints.  All survey responses were analysed using SPSS 15.0® (SPSS, 2007) 

with the Pearson chi-squared test being employed to examine the strength of relationships between responses. 

 

3 RESULTS AND DISCUSSION 

3.1 Respondent Profile 

Four hundred people were interviewed from 30 electoral districts across metropolitan Dublin, Ireland in 2009.  The 

districts were selected to encompass the variety of socio-economic conditions in the city.  Except for marital status, 

for which the surveyed group had a higher percentage of married persons than in Dublin’s general population, the 

demographic profile of the respondents compared favourably with that of Dublin’s general population (Table 1).  

This gives confidence that the attitudes and opinions expressed by the study group are broadly representative of 

Dublin’s urban population.  Further, as Dublin’s population comprises ca. 30% of the national population, the views 

of the study group must be considered nationally important. 

 

TABLE 1 Characteristics of Surveyed Population and General Dublin Population 

Parameter Respondent Population 

(% of total) 

General Population
1
  

(% of total) 

Male  46 49 

Female  54 51 

Young (18-29 yrs) 25 25 

Mature (30-50 yrs) 47 47 

Senior (>50 yrs) 28 28 

Married  53 34 

Single 39 58 

Other Marital Status 8 8 

Primary Education (ca. 6 yrs) 10 not available 

Secondary Education (ca. 6 yrs) 25 not available 

University Education (ca. 4-5 yrs) 65 not available 
1
CSO (2006) 

3.2 Environmental and Waste “Awareness” 

Nearly 75% of the survey respondents were either “very concerned” (28%) or “concerned” (46%) about the state of 

Ireland’s environment.  Soil pollution and food pollution ranked lower than both water and atmospheric pollution as 

issues of concern.  Nevertheless, when asked specifically about waste management as an issue, almost all (95%) 

respondents either “strongly agreed” (49%) or “agreed” (46%) that this was a serious environmental issue in Ireland.  

Similarly, ca. 90% of the surveyed population “strongly agreed” (36%) or “agreed” (54%) with the concept of waste 

as a “resource”.  Given this attitude, it was not surprising that virtually all (99%) of respondents either “strongly 

agreed” or “agreed” that waste should be recycled.  In contrast, respondents’ understanding of the term “organic 

waste” was less pronounced; only 13% were “highly aware” of this term, while 38% said they were “aware” and 

37% said they were “somewhat aware”.  However, after receiving an explanation (from the interview team) that 

organic waste will “break down” or “degrade”, and possibly contain beneficial elements, respondents were generally 

able to correctly identify organic wastes from a list of seven wastes presented to them (all of which were organic) 
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(Table 2).  It should be noted that the questionnaire administered to respondents contained brief descriptions of the 

seven waste types, without specifically referring to them as organic wastes. 

 

TABLE 2 Percentages of Surveyed Respondents Correctly Identifying Seven Waste Types as “Organic 

Waste” (N=400) 

Waste Type % 

Municipal Biosolids  62 

Industrial biosolids  12 

Sewage sludge 47 

Agro-industrial biosolids 48 

Municipal compost 90 

Mushroom compost  83 

Animal manure 89 

 

 Measures of environmental and waste “awareness” generally showed no correlations with specific 

demographic characteristics of the surveyed population. Thus, broadly speaking, the entire survey group had similar 

attitudes and awareness levels regardless of age, gender, marital status and education. 

3.3 Difference in Views about Specific Organic Wastes 

Although the surveyed population agreed with the concept that “wastes” are “resources” (see Section 3.2), there 

were striking differences in their views about specific organic wastes as resources.  While over 90% of the 

respondents considered manure, municipal compost and mushroom compost each to be a resource, far fewer (71%) 

said municipal biosolids were a resource.  An even smaller proportion of respondents classified industrial biosolids 

(17%), sewage sludge (26%) and agro-industrial biosolids (35%) as a resource.  These results show a clear 

difference in the way the surveyed population perceived different organic wastes.  One can safely infer that Ireland’s 

urban population has a generally “positive” or “receptive” attitude about certain organic wastes, and a “negative” or 

“cautious” attitude about others.  Collectively, “biosolids” and sewage sludge fall into the latter category. 

3.4 Attitudes towards Land Application 

Not surprisingly for an urban population, most respondents had little or no knowledge about the practice of land 

application of wastes; only 36% said they had a “working knowledge” of the practice.  These results were highly 

correlated with the age of respondents.  In contrast, a majority (77%) of respondents said they were aware that land 

was being used as a recycling option for organic wastes in Ireland.  This measure also was significantly correlated 

with age, but not gender or education.  When asked “to what extent do you agree with organic wastes being spread 

on land?” 60% said they “agreed” and 22% said they “strongly agreed”.  When this question was asked in relation to 

land on which food for humans is produced, slightly fewer people (75% of respondents) either agreed or strongly 

agreed with this idea. 

Despite the overwhelmingly positive attitude towards applying organic wastes on land (even “food 

growing” land), there were large differences in the extent to which respondents agreed with specific organic wastes 

being used on “food producing land”.  Nearly 87% of respondents agreed that municipal composts (derived 

primarily from food scraps and garden trimmings) should go on food growing land; yet, only 34% agreed this 

should be a practice by which to manage municipal biosolids (treated sludge from municipal wastewater treatment 

plants), and only 3% agreed that sewage sludge (untreated biosolids from wastewater treatment and sludge removed 

from onsite systems) should go on food producing land.  Similarly, less than 7% of respondents agreed that 

industrial biosolids should be applied to food producing land, and only 38% of respondents felt agro-industrial 

biosolids should be managed on land used to grow food for humans.  Respondents felt similarly about these wastes 

being applied to grazing land. 

Respondents that answered in the affirmative to the question “Will it concern you that food is grown 

using organic waste as a fertilizer?” were offered a selection of seven possible reasons for their attitude, from which 

they could identify as many as were applicable to them.  They were also given the opportunity to supply their own 

reasons.  Table 3 summarises the study group’s responses. 
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TABLE 3 Reasons for Concerns about Land Application of Organic Wastes (N=400)
1
 

Reason % of Respondents 

Identifying Reason 

Previous bad experience 5 

Uncertainty about fate of pollutants 5 

Psychological revulsion 17 

Lack of knowledge 18 

Smell 37 

Doubts procedures and practices 48 

Doubts waste treatment processes 41 

Heavy metals and toxins 69 

Fear of the unknown (unquantified risk) 41 

Disease causing organisms 56 

Food pollution 44 

Health impacts 59 
1
Respondents could select as many reasons as desired. 

 

4 CONCLUSIONS 

Dublin’s urban population, and by extension, much of Ireland’s general population, is environmentally conscious, 

and aware that waste management is a serious environmental issue.  Further, these stakeholders are favourably 

inclined towards the use of land as a management alternative for organic wastes.  However, this attitude does not 

extend to all organic wastes.  Untreated human wastes (e.g., septage from onsite wastewater treatment) and 

industrial / agro-industrial wastes (e.g., food processing wastes) are perceived to be unsuitable for application to 

land.  Interestingly, it is non-agricultural organic wastes such as these for which land in Ireland appears to be in 

short supply (Tanto and Magette, 2009).  A variety of reasons inform the public’s attitudes about land as a receptor 

for organic wastes.  These attitudes, and their underlying motivators, must be addressed in any strategy that attempts 

to make use of land as a waste management alternative.  
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1 INTRODUCTION 

The technological improvement of pork meat production reflects on the production increase of liquid waste (swine 

wastewater - SWW), which may cause environmental problems if it is not applied a correct management (Fernandes 

& Oliveira, 2006; Cruz et al. 2008). This is due to the high content of organic matter, solids, nutrients, heavy metals 

and pathogens. However, the wastewater use, mainly for annual crops irrigation, is an available alternative to this 

problem since it shows a high content of nutrients (Cruz, 2008; Gomes Filho et al., 2001). 

The wastewater application on crops using fertirrigation has shown satisfactory results regarding the 

utilization of nutrients. Freitas et al. (2005) have worked with swine wastewater in corn silage and found out an 

increase on dry matter yield of the plants in relation to irrigation water, as well as an increase in all yield 

components evaluated for the SWW treatment, even in higher doses than the recommended ones. 

There are several studies in the literature showing the benefits of swine wastewater application for 

irrigation associated to the development of different crops (Baumgartner et al., 2007, Gomes Filho et al. 2001). But, 

there are a few studies concerning the bean crop and the relationship between the wastewater application as well as 

the quality of produced grain. 

The vegetal protein sources have been widely used for human consumption, due to its low cost and low 

fat content when compared to foods based on animal. Furthermore, it is considered a traditional Brazilian food, 

consumed almost everywhere in the country. It is also cropped during all months of the year, in a wide range of 

ecosystems and besides its protein, it is an important source of carbohydrates, minerals and fiber (Faria et al., 2003) 

in beans, justifying the effort throughout the production chain to ensure its domestic supply. This has a great 

relevance not only for production, but also for the quality of this product. 

The produced grain quality can be influenced by the management systems. According to Kigel (1999), the 

application of nitrogen and sulfur in beans, especially in poor soils, increases protein and sulfur amino acids such as 

methionine and cysteine. According to Andrade et al. (2002), fertilization levels that promote high bean yield can 

lead to an increased protein content of grain. 

Technological and nutritional quality of beans is as important as productivity, which will reach the final 

consumer. The beans quality can be determined primarily by the consumers’ acceptability, given by the 

technological characteristics of cooking time, water absorption, color of the product, as well as its nutritional 

characteristics. However, technological and even nutritional quality changes during the storage of the product 

(Bragantini et al., 2005). 

Therefore this study evaluated some changes in nutritional and technological quality during storage of 

beans, grown with swine wastewater, also comparing with the conventional sprinkler irrigation system and a non-

irrigation control. 

 

2 MATERIALS AND METHODS  

2.1 Material 

The experiment was carried out at the Experimental Center of Agricultural Engineering – UNIOESTE, in 

Cascavel - PR, (latitude 24°57'21" S; longitude 53°27'19" W and altitude 781 m). The experiment was set in a 

1728 m
2
 area. The common bean sowing, IAPAR 81 cultivar, was manual in a consortium between jatropha and 

hybrid maize, without chemical fertilization. The distance among bean plants was 8 cm and 60 cm between rows 

from the maize and 60 cm from the jatropha. The experiment was divided in three blocks and each one was 
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divided into three plots, with one different treatment per block, which were: swine wastewater irrigation (T1), 

conventional irrigation (T2) and non-irrigation system (T3). Application of T1 and T2 began at 30 days of 

sowing of beans, with four applications of these treatments at each 15 days. The wastewater was supplied by 

swine farm located in Toledo, Pr after integrated bio-system (on-site bioreactor). The wastewater treatment (T1) 

and conventional irrigation (T2) were carried out with irrigation rates of 65 m
3
 ha

-1
 for each aplication. The crop 

practices aimed the maximum control of insects and weeds. 

 

TABLE 1  Physicochemical analysis of the SW treatment applied to the T1 

NUTRIENT mg.kg
-1

 

Nitrogen 37.56 

Phosphors 5.71 

Potassium 6.0 

Calcium 3.05 

Magnesium 1.1 

Sulphur 0.6 

Carbon 19.20 

Organic Matter 33.02 

Source: Laboratory of Water Analysis – SOLANÁLISES® (2008). 

 

2.2 Components of production and productivity of bean crop 

At harvest, the beans for each plot were randomly collected from ten plants, which were used for the analysis of 

agronomic parameters. Based on these samples, water content by standard method of oven (RAAS) was determined 

and by direct measurement, the analyses of pods number per plant, number of grains per pod, number of grains per 

plant, average height of each plant and insertion of the first pod were performed (Bassan et al, 2001). 

The yield of each treatment was estimated by weighing the mass of dry grains of each replication, 

dividing by the practical area of two rows of beans (28.8 m
2
 of each plot) and multiplied by 10,000 to change to 

Kg.ha
-1

, expressed with a 13% moisture content. 

2.3 Cooking Quality 

Determination of cooking time by the adapted Mattson cooker: the analysis was according to the adapted method, 

proposed by Proctor and Watts (1987): approximately 30 g seed were soaked overnight in deionized water and a 

Mattson bean cooker was used to test 25 seeds at a time. Cooking time was the mean time over four replications, 

when 50% of the beans were cooked, as indicated by plunger dropping, penetrating each bean. 

2.4 Experimental design and statistical analysis 

The experiment was carried out in a complete randomized block design (CRB) in factorial scheme with three kinds 

of irrigation as plots with three replications. For data analysis, it was applied a Sisvar software, while data were 

submitted to analysis of variance (ANOVA) and Tukey mean comparison (Tukey test) with a significant level ≤ 5%. 

 

3 RESULTS AND DISCUSSION  

It can be seen in Table 1 that there were no significant differences among treatments for any of the measured yield 

components, except for the number of grains per pod, which was higher in treatment using fertirrigation with swine 

wastewater. 
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TABLE 1  Components of the common bean production in treated swine wastewater (T1), conventional 

irrigation (T2) and non-irrigated treatment (T3). 

 Yield 

(Kg ha
-1

) 

NPP NGP NGPl MHP FPI Cooking 

time 

(min) 

T1  1233.8 a 20.1 a 6.1 a 124.2 a 100.3 a 15.8a 25.41a  

T2  1137.7 a 21.0 a 5.6b 129.8 a 97.1 a 15.9 a 22.41a  

T3  1341.4 a 20.6 a 5.4 b 111.5 a 102.3 a 14.1 a 18.50 a 

Fcalculado 0.575  ns 0.036n 14.773* 0.386ns 0.239ns 1.287ns 0.23 ns 

CV 18.81 19.49 2.74 18.46 9.32 10.24 11.16 % 

Means followed by the same letter in column do not differ by Tukey test at 5% significance level. 

NPP: number of pods per plant; NGP: number of grains per pod; NGPl: number of grains per plant; MHP: mean 

height of plant and FPI: first pod insertion; ns: non-significant; * significant for 95%; CV: variation coefficient. 

 

 During the experimental period, there was no water deficit for the crop. So, this may explains why there 

was no difference in productivity of irrigation treatments (T1 and T2) when compared to beans grown in non-

irrigation system. Andrade Júnior et al. (2002) evaluated yield components, grain productivity and technological 

characteristics of common bean cultivars and observed that the grain yield ranged from 2.251 kg ha
-1

 to 3.587 kg ha
-

1
, highlighting a superior average of productivity, ie, 3.046 kg ha

-1
. Although, in this experiment, productivity did 

not exceed 1,350 kg ha
-1

, it was superior to the average productivity of Paraná state. 

There was no significant difference in the number of pods per plant, number of grains per plant, average 

plant height and first pod insertion. The number of grains per pod was the only one higher in beans irrigated with 

SWW. Lemos et al. (2004) pointed out that the number of pods per plant, number of grains per plant and grain 

weight are correlated with grain yield, which also did not differ among the treatments.  

Andrade et al (2004) evaluated yield components in common beans and observed an increase in the 

number of pods per plant according to the increased levels of nitrogen applied, although the values found in the 

studied cultivars were lower than the ones from trial. Gonçalves and Maciel (2008) studied the use of swine 

biosolids on bean production and found out that the application of 6,000 Kg.ha
-1

 stimulated a higher yield, but 

higher amounts showed inhibitory effect, probably due to the excess of some nutrients. 

In this study, there were no significant differences in plant heights and first pod insertion, but there was a 

greater plant height in common beans cropped in a non-irrigated system, which was shorter regarding insertion of 

first pod. Rubin et al. (2002) studied the growth of bean plants, irrigated and cropped in a no-tillage and 

conventional system and observed that for plant height, there was no significant difference between the systems of 

soil management (no-tillage and conventional system), but for the water irrigation management, the plant height was 

6.03% higher. 

The cooking time did not show significant differences among treatments, but the grains grown with SWW 

showed an extra cooking time of seven minutes than the non-irrigated system. Thus, more studies are needed to 

prove that the SWW application does not change cooking quality of the product, especially during the storage of 

these grains. 

 

4 CONCLUSIONS  

It can be concluded that SWW application in Parana, Brazil did not affect the productivity or the components of 

bean production nor the technological quality. 
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1 INTRODUCTION 

The composting of urban (and other) organic ‘wastes’ and recycling through land application is a valuable 

alternative to landfill or incineration (Mylavarapu and Zinati, 2009) and is supported by EU policy. Compost 

application to agricultural land can result in changes in soil physical properties such as structure, water retention and 

infiltration rates, biological properties and crop yields. Moreover, organic materials such as compost can act as a 

valuable source of plant available nutrients (e.g. nitrogen (N), phosphorus (P), potassium (K), sulphur (S) and 

magnesium (Mg)) and thereby reduce the need for manufactured fertiliser inputs. The objective of this research was 

to quantify the crop available N supply (using winter wheat as a test crop) and soil fertility benefits of green/food 

compost applications to agricultural land. 

 

2 METHODS 

Experimental plots were established in September 2005 at three sites in England: ADAS Gleadthorpe, 

Nottinghamshire (sandy loam soil), ADAS Boxworth, Cambridgeshire (clay soil) and ADAS Rosemaund, 

Herefordshire (silty clay loam soil). Single (2005) and repeated (2005, 2006 and 2007) green/food compost 

applications were made at a rate of 250 kg total N/ha per annum (the maximum field N rate permitted in Nitrate 

Vulnerable Zones in Britain) and were compared with manufactured fertiliser N additions to quantify the crop 

available N supply. In addition, nitrate leaching losses (following each of the repeated compost additions) were 

measured over-winter at ADAS Gleadthorpe. Soil quality and fertility measurements were undertaken at all three 

sites in 2008, following three years of repeated compost additions; the methodologies used are detailed in Bhogal et 

al. (2009). 

 

3 RESULTS AND DISCUSSION 

3.1  Crop available nitrogen supply 

The grain yield response to increasing rates of manufactured fertiliser N was described using either a linear plus 

exponential function (yield=a+br
N
+cN; George, 1984) or by linear regression. Over the three-year experimental period 

the application of compost typically increased (P<0.05) winter wheat yields by between 0.3 and 0.5 t/ha, compared 

with the untreated control (i.e. a mean increase of c.8% above the untreated control). The measured yield increases 

were similar to those reported by Erhart et al. (2005) of 6-7% above the untreated control plots. 

The nitrogen efficiency of the compost applied in 2005 at the three experimental sites in comparison with 

manufactured fertiliser N is summarised in Figure 1. The mean fertiliser N replacement value of the single green/food 

compost application in 2005 was 5% (range 3 to 8% at the three sites) to the next crop grown in 2006, to the second 

crop grown in 2007 was 3% (at all three sites) and to the third crop grown was 2% (range 0 to 3% at the three sites in 

2008). Over the three-year experimental period, the mean fertiliser N replacement value of the single green/food 

compost application was 10% (range 7 to 13% at the three sites).  
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FIGURE 1  Nitrogen use efficiency of green/food compost applied in 2005 to the next and following wheat 

crops 

 

3.2 Nitrate leaching 

There was no effect (P>0.05) of the three years of repeated compost applications on nitrate-N leaching losses at 

ADAS Gleadthorpe over-winter 2007/2008 (drainage volume 309 mm). Total N losses were 75 kg/ha and mean 

nitrate nitrogen (NO3-N) concentrations 55 mg/l from the repeated compost treatment, compared with total N losses 

of 68 kg/ha and mean NO3-N concentrations of 50 mg/l from the untreated control. Similarly, there was no effect 

(P>0.05) of the compost applications on NO3-N losses in the previous two over-winter seasons. 

3.3 Soil chemical properties 

The repeated compost additions (in 2005, 2006 and 2007) increased topsoil pH (P<0.01) at all three sites as a result 

of the liming effect of the applied green/food compost; pH increased from pH 7.6 to 7.9 at Boxworth, from pH 6.2 

to 6.8 at Gleadthorpe and from pH 7.1 to 7.7 at Rosemaund (Table 1). Increases in soil pH have previously been 

measured as a result of compost application, for example, Wallace and Carter (2007) noted that soil pH was raised 

(0.3-0.4 pH units) by the addition of compost compared with inorganic fertilisers, and Courtney and Mullen (2008) 

recorded a pH increase (0.2 pH units) on plots receiving compost at rates of 50 (c.160 kg N/ha) or 100 t/ha (c.320 kg 

N/ha). 

Increased topsoil (0-15 cm) extractable P and K concentrations (P<0.05) were measured above the 

untreated control at both Rosemaund and Boxworth following the three years of repeated compost applications 

(Table 1). At Rosemaund, extractable P increased from 24 mg/l to 31 mg/l and at Boxworth from 17 mg/l to 20 

mg/l. Extractable K increased from 268 mg/l to 346 mg/l at Rosemaund and from 198 mg/l to 253 mg/l at 

Boxworth. Other studies have also measured increases in soil extractable P (Davison, 2008; Mylavarapu and Zinati, 

2009; Courtney and Mullen, 2008) and extractable K (Wallace and Carter, 2007) supply.  

Topsoil cation exchange capacity (CEC) was increased (c.1 meq/100g) by the repeated compost 

additions (P<0.05) at Rosemaund (Table 1), but not at Boxworth or Gleadthorpe. Also, there were small numerical 

increases in soil total N (0.01-0.02%) at all three sites, but these could only be confirmed statistically (P<0.01) at 

Rosemaund (Table 1). 
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TABLE 1 Soil chemical properties at the three experimental sites: Spring 2008  

Control Repeated compost Statistical significance 

Treatment Mean  se* Mean  se* P Value 

Boxworth      

pH 7.6 0.07 7.9 0.07 P<0.01 

Extractable P (mg/l) 17 0.88 20 1.86 P<0.01 

Extractable K (mg/l) 198 6.64 253 10.48 P<0.001 

CEC (meq/100g) 48 1.57 49 2.14 NS 

Total N (% w/w) 0.25 0.01 0.27 0.01 NS 

Gleadthorpe      

pH 6.2 0.03 6.8 0.10 P<0.01 

Extractable P (mg/l) 34 1.2 36 2.03 NS 

Extractable K (mg/l) 145 5.29 177 15.71 NS 

CEC (meq/100g) 6.5 0.21 6.3 0.22 NS 

Total N (% w/w) 0.19 0.01 0.20 0.01 NS 

Rosemaund      

pH 7.1 0.12 7.7 0.03 P<0.001 

Extractable P (mg/l) 24 2.19 31 1.20 P<0.05 

Extractable K (mg/l) 268 25.5 346 17.65 P<0.001 

CEC (meq/100g) 13 0.50 14 0.48 P<0.01 

Total N (% w/w) 0.19 0.01 0.21 0.003 P<0.01 
*se: standard error of the mean value  

 

3.4 Topsoil total and light organic carbon content 

Total topsoil organic carbon (SOC) levels were numerically increased above the untreated control at all three sites 

(Table 2), but could only be confirmed statistically (P<0.05) at Boxworth (control 2.34% SOC, repeated compost 

2.46% SOC). Courtney and Mullen (2008) also measured SOC increases (0.4-0.5%; P<0.05) following compost 

application at rates of 50 (c.160 kg N/ha) and 100 t/ha (c.320 kg N/ha), and Evanlyo et al. (2008) reported increased 

SOC levels (60%) following three years of repeated compost additions at high application rates (c.900 kg N/ha). 

 

TABLE 1 Soil organic carbon and light fraction organic carbon at the three experimental sites: Spring 2008 

Control Repeated compost Statistical significance 
Treatment 

Mean se* Mean se* P Value 

Boxworth      

Organic C (% w/w) 2.34 0.06 2.46 0.02 P<0.05 

Total LFOC (g/kg) 0.46 0.09 0.85 0.13 NS 

Gleadthorpe      

Organic C (% w/w) 1.66 0.08 1.71 0.07 NS 

Total LFOC (g/kg) 0.94 0.05 1.01 0.07 NS 

Rosemaund      

Organic C (% w/w) 1.65 0.11 1.72 0.12 NS 

Total LFOC (g/kg) 0.54 0.05 1.17 0.13 P<0.01 
*se: standard error of the mean value  

 

Light fraction organic carbon (LFOC) is a part of the total soil organic carbon pool that is readily broken 

down, largely consisting of roots and crop residues. As such, it is considered to be more sensitive to changes in 

management than measurements of the total SOC pool. As with the total SOC pool, LFOC was numerically 

increased by compost applications (range 0.07-0.63 g/kg) at all three sites, but could only be confirmed statistically 

(P<0.01) at Rosemaund. 
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4 CONCLUSIONS 

Green/food compost applications at the three experimental sites increased winter wheat yields by 0.3-0.5 t/ha above the 

untreated control treatments. Nitrogen use efficiency of the single green/food compost application in 2005 was 5% 

(range 3 to 8% at the three sites) to the next crop grown in 2006, to the second crop grown in 2007 was 3% (at all three 

sites) and to the third crop grown in 2008 was 2% (range 0 to 3% at the three sites). Over the three-year experimental 

period, the mean N fertiliser replacement value of the single green/food compost application was 10% (range 7 to 13% 

at the three sites).  

There was no effect (P>0.05) of the three years of repeated compost applications on NO3-N leaching losses 

at Gleadthorpe over-winter 2007/2008. Similarly, there was no effect (P>0.05) of the compost applications on NO3-N 

losses in the previous two over-winter seasons. 
The repeated compost applications increased (P<0.05) topsoil pH as a result of the liming effect of the 

green/food compost applications. Extractable P and K levels were also increased (P<0.05) at the Rosemaund and 

Boxworth sites. Additionally, there were small numerical increases in total N (0.01-0.02%) at all three sites, but 

these could only be confirmed statistically (P<0.01) at Rosemaund.  

Total SOC was numerically increased above the untreated control at all three sites, but could only be 

confirmed statistically (P<0.05) at Boxworth (control 2.34% SOC, repeated compost 2.46% SOC). Similarly, LFOC 

was numerically increased by the compost additions (range 0.07-0.63 g/kg) but the increases could only be 

confirmed statistically (P<0.01) at Rosemaund. 
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1 INTRODUCTION 

Current methods of laboratory analysis for organic materials are slow, relatively expensive and can give inconsistent 

results for solid and semi-solid materials.  Consequently, they are rarely analysed.  The resulting uncertainty means 

that farmers and growers are unaware of the nutrient content of organic materials and, therefore, generally fail to 

adequately allow for the nutrients supplied following the application of manures to land.  Growers therefore tend to 

apply unnecessarily high rates of inorganic fertilisers (Anon, 2008), as “insurance” for optimal yields, in addition to 

the often substantial nutrient supply from the organic materials.  However, interest in manures as nutrient sources 

reached unprecedented levels in 2008-09, as a result of substantially increased fertiliser prices.  Whilst prices peaked 

in late 2008 and have fallen progressively since that time, interest appears to have remained high and farmers are 

more receptive to the use of practical aids for improved recycling of manures. 

Near infrared reflectance spectroscopy (NIRS) has greatly improved precision and reliability in the 

analysis of forages and is now used routinely for the analysis of grain.  More recently, NIRS has shown considerable 

potential for estimating the nutrient content of manures and slurries from multiple, rapid, scanning of fresh samples 

(Reeves and Van Kessel, 2000; Smith et al, 2005). The main aim of the project is to extend substantially the 

sustainable recycling of organic manures and residues through the development of NIRS as a robust and reliable 

technology for multi-nutrient analysis.  The initial focus of the research was on the development of robust 

calibration models for estimation of manure content of dry matter (DM), total N, NH4-N, SO3, P2O5, K2O, MgO and 

pH; covering a range of manure types, including cattle and pig slurries and farmyard manures, and a range of treated 

biosolids.  In addition to the conventional analysis capability, the research aims to develop a calibration model for 

the estimation of N release from the organic component of manure N, using data from small scale studies on N 

recovery by ryegrass following mineralisation of the organic N content of selected manures and biosolids. 

 

2 MATERIALS AND METHODS 

2.1 Development of NIRS calibration model for manure nutrient analysis 

 

  

FIGURE 1 Scanning of manure samples for nutrient content (a) using the Bruker Optics Matrix-I NIRS; 

(b) NIR spectra of two cattle manure samples. 
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Within this research, the NIRS analyses were performed using a FT-NIR instrument, the Matrix-I (Bruker Optics 

UK, Ltd) (Figure 1).  The samples are placed in a sample cup, with clear quartz base which allows the sample to be 

irradiated from below and the reflected IR spectra recorded, with the results of multiple scans integrated using the 

Opus software (version 6 © Bruker Optics).  The Matrix-I, which has been used previously for analysis of immature 

grain samples, was chosen due to its robustness, sensitivity and its potential for on-farm measurement.  Samples are 

routinely scanned three times, though in the case of potentially heterogeneous manure samples, a 6x scanning 

procedure has been used. 

In each of the first two years of the research, a target total of 1050 samples of manures and biosolids were 

to be collected from across the UK, with the aim of covering the anticipated range in variability in the manures, both 

in terms of chemical and physical characteristics, and NIRS spectral variability.  The projected sample totals for 

individual manure types were 250 of both pig and cattle FYM, 150 of both pig and cattle slurries and 250 biosolids 

samples, reflecting the anticipated variability of these different materials.  A detailed sampling protocol was drafted 

to ensure a consistent approach for the collection, labelling, storage and submission of samples.  Screw-top 

polythene bottles (ca. 1 litre) and strong plastic bags for collection of samples, together with card labels and 

information collection forms (separate forms for slurry, FYM and biosolids samples) were distributed.  The 

methodology included guidance on sample size (ca. 1 kg for solids; 0.8 l for slurries), labelling, and despatch via 

courier services to the laboratory. All samples were logged on receipt and scanned as soon as possible thereafter.  

After initial scanning, the samples were frozen and stored until selection of a subset for full chemical analysis by 

conventional laboratory methods. A combination of Principal Component Analysis (PCA) and outlier analysis based 

on preliminary models was used to select the sample subsets for calibration (ca. 120 samples, i.e. 24 of each manure 

type in each of the two years).  This approach facilitated a wide range of spectral variability and analyses and, 

hence, the development of robust nutrient calibration models. After thawing, the selected samples were multi-

scanned (6x) and analysed by wet chemistry, the solids after rapid freezing in liquid nitrogen and homogenisation 

using a technique developed in previous research (Smith et al., 2005).   

2.2 Development of NIRS calibration model for manure organic nitrogen 

Ryegrass grown in large pots (10 litre) has been used to track the release of N from manures with 30 selected 

manures applied to 3 different soil types (clay loam, sandy loam, loamy sand) at each of two sites: ADAS Boxworth, 

Cambs and North Wyke, Devon, for 3 years (180 manures in total). As far as possible, manures for this phase of the 

research were selected by discriminatory analysis of the spectral database for samples collected for the conventional 

analysis calibration models. The aim was to include three groups of manure types, i.e. those likely to be fast, 

moderate or slow releasers of N from the organic component of manure N.  There were three replicates of each of 

the 30 manure treatments on each soil type and including controls, giving a total of 297 pots at each site in each 

year. The experiments were based in plastic tunnels, with overhead, sprinkler irrigation, to ensure that moisture was 

not limiting to grass growth.  

Dry matter yield and N offtake were recorded for each cut of grass at the two sites.  Based on the N 

recovery data, a total of six of the more recalcitrant N-source manures from the first- and second-year experiments 

were also kept on, at both sites, in order to assess the residual N release from the manure applications made in the 

previous year. The experiments will thus provide N release data for one season after application, across a total of 

180 manures (on three soil types over three years) and second season N release data from a further 24 manures. The 

experiment will provide a basis for developing an NIRS model for the prediction of the longer term N release 

characteristics of manures. Air temperature within the tunnels has been recorded throughout the growing period, so 

that the influence of thermal time can be considered in relation to the results on N mineralization from the manures. 

 

3 RESULTS AND DISCUSSION 

3.1 Manure nutrient analysis by NIRS 

A total of 1019 samples were collected and scanned between January and June 2008, with the active support of the 

project partners.  The total comprised 190 pig FYM, 134 pig slurry, 338 cattle FYM, 176 cattle slurry and 181 

biosolids samples.  Principal Component Analysis (PCA) was used to select a total of 118 samples to represent the 

spectral variability and range of manure analysis, in order to assemble preliminary nutrient calibration models.  

These samples, comprising 14 pig FYM, 41 pig slurry, 20 cattle FYM, 22 cattle slurry and 21 biosolids, were multi-
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scanned (6x) and analysed by wet chemistry, the solids following homogenisation.  The multiple scans were 

spectrally averaged before performing model regression. In 2009, a total of 1154 samples were collected and 

scanned between January and July 2009; the total comprising 254 pig FYM, 135 pig slurry, 373 cattle FYM, 145 

cattle slurry and 247 biosolids samples.  Principal Component Analysis was again used in combination with outlier 

analysis to select a further subset of 120 samples (24 of each manure type) for chemical analysis, to expand the 

range of spectral variability and analyses and continue the development of robust nutrient calibration models. 

Following this second year calibration analyses, refinement of the calibration models was undertaken 

with expert chemometrics input from Bruker Optics.  Calibration optimization was performed with 50% of the data 

used as a test set. Model regressions were run with this test set selected by both analyte value and by PCA. Those 

models optimized by the test set selected by analyte value gave the most stable results. The removal of some 

samples from the calibration set was necessary and included slurry samples of very low solids content, in fact “dirty 

water” samples and also samples with very low nutrient content (at ppm level).  Some of these samples were almost 

translucent and, hence, unsuitable for reflectance-based analysis.   The resulting calibration graphs for sample DM 

and total N content are shown in Figures 2a and 2b.   
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FIGURE 2 Second year calibration models for manure analyses: (a) DM content and (b) total N content. 

From the statistics associated with the validation procedure, Malley et al. (2005) proposed the following 

guideline for describing the performance of calibration models for environmental samples, based on the r
2
 

(correlation coefficient) and RPD statistic (standard deviation of the analyte set divided by standard error of 

prediction): r
2
>0.95, RPD>4 - excellent; r

2
= 0.9-0.95, RPD 3-4 – successful; r

2
= 0.8-0.9, RPD 2.25-3 – moderately 

successful; r
2
= 0.7-0.8, RPD 1.75-2.25 – moderately useful.  It was considered that some calibrations with r

2
<0.7 

may be useful for screening purposes.  On this basis, performance of the calibrations for conventional analysis of 

manure and biosolids samples, at the current stage, was as follows: excellent – DM, total N; successful – NH4-N, 

P2O5; moderately successful – SO3; moderately useful – K2O, MgO. 

Near infrared radiation (9000cm
-1

 – 4000cm
-1

) is absorbed by various chemical bonds, mainly  C-H, N-H, 

O-H, all of which are characteristic of organic matter.  It is therefore no surprise that the calibrations have been 

particularly successful for dry matter (moisture), nitrogen, ammonium-N and phosphate content, but rather less so 

for minerals, potassium and magnesium.  However, the success of the models for DM, N, NH4-N and P content is 

perhaps remarkable, bearing in mind the range of materials represented by these calibrations, from dirty water with 

<0.5% solids content at one extreme and extending to dried biosolids products with up to 80-90% DM.  

Performance for pH was unsatisfactory (r
2
<0.3, RPD 1.2), which was not a surprise given the limited range in pH 

(almost all between pH 6.5 and 9.0) even within the very large range of samples scanned and analysed.          

3.2 NIRS calibration model for manure organic nitrogen 

Observations on N release from the manures have been similar across the first two years of results, with greatest 

recovery in the first grass cut from slurries, elevated N offtake from FYM samples extended to second and third cuts 

and a more even N release observed across all cuts from conditioned biosolids.  An example of the N recovery from 

pig FYM is shown in Figure 3, with N uptake in the harvested grass expressed as % of manure N applied, across the 

three soil types used in the experiments.  It is hoped that similar N release data for the 180 manure/biosolids samples 
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will provide a good basis for developing an NIRS calibration and, hence, a method for predicting the mineralization 

of organic N from these materials.  A similar approach has been shown to have great potential for prediction of the 

performance of horticultural, organic potting mixes (Smith et al, 2001). 
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FIGURE 3 Nitrogen recovery from pig FYM across five cuts of ryegrass (year one 2008) 

4 CONCLUSIONS 

The research has confirmed the potential of NIRS to provide a rapid, reliable and reduced cost analysis capability 

for farm manures, slurries and biosolids.  The calibration models for conventional analysis parameters were 

improved by the exclusion of very dilute effluents, where the low solids content and very low nutrient content 

appears to reduce the reliability of the reflectance assessment.  It is therefore suggested that a threshold limit of ca. 

0.5% solids be set, below which NIRS should not be used for sample analysis.  It is envisaged that the development 

of a predictive capability for mineralization of manure organic N will enhance interest in NIRS as an analytical tool.   

 The high level of interest in the research at local and national farming events, confirms the potential of the 

technique to encourage manure analysis as a strategic tool to improve manure and nutrient management, resulting in 

economic benefits at the farm level and a significant contribution to reducing environmental emissions. 
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1 INTRODUCTION 

Knowing the amount of manure (or slurry) produced at a farm and its composition is crucial to any fertilisation 

planning and to any nitrogen balance at field, farm-gate or watershed scale. However, this knowledge is not always 

available, up to date or accurate. Such information has economic implications both at farm scale, and for planning at 

the watershed level. 

In order to improve the available information on the amount generated and the composition of pig slurry 

and poultry manure in Catalonia (Spain), a field study was carried out. 

 

2 MATERIALS AND METHODS 

Commercial pig and poultry farms voluntarily allowed the quantification and sampling of their wastes over 2 years. 

In 70% of the samples taken, the analysed parameters were dry matter, pH, electrical conductivity (EC), organic 

matter, organic nitrogen, ammonia and nitrate nitrogen, total phosphorous and potassium, calcium, magnesium, total 

iron, total chromium, lead, zinc, cadmium, nickel, copper, mercury, manganese, sodium, total sulphur, cobalt, 

chlorine, C/N ratio and density. Due to budgetary restrictions, for the rest of the samples, only the main parameters 

for fertilisation (dry matter, pH, electrical conductivity (EC), organic matter, organic nitrogen, ammonia and nitrate 

nitrogen, total phosphorous and potassium) were determined. Due to space limitation, here only nitrogen (the only 

one with legal restriction) and phosphorous (important both from the fertilisation and the environmental point of 

view) are discussed. 

The obtained results are compared with the current legal reference values in Catalonia (DAR 8/11/05; 

Table 1). 

Slurry volume and composition estimates were made for fattening pigs (192 samples analyzed, 40 

measurements of the generated volume), pregnant sows (24 samples analyzed, 6 measurements of the generated 

volume), sows in lactation (23 samples analyzed, 9 measurements of the generated volume), and piglets in transition 

(44 samples analyzed, 21 measurements of the generated volume). The values obtained are compared with the 

reference values of Table 1. 

The pig farms included in the sample represented average to good management practices. They derive 

from 8 different counties/regions (comarques) including all those with the largest herds in Catalonia. The size of the 

farms varied from 120 to 1500 places for fattening pigs, from 730 to 2890 for piglets, from 14 to 67 for lactating 

sows and from 92 to 290 for gestating sows. All of the farms had the capacity to store all the slurry generated during 

one production cycle. They were characterized in terms of floor type, drinking and cleaning water supply and 

storage mechanism, water potability, water consumption control, drinking system, size, aeration, heating system and 

energy supply, number of different feeds used per cycle, feed storage, feed provider, amount of feed consumed per 

capita and composition, exact duration of the cycle, exact duration of the empty period, cleaning method, slurry 

storage capacity, characteristics of the slurry application machinery, mortality, race, age and degree of education of 

the owner and the workers as well as time daily spent on the farm, and whether the farm was integrated or not. 
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TABLE 1  Standard values for N for pig and poultry farms (source: 

www.gencat.net/darp/c/ramader/dejecram/dejec10.htm, consulted, 21/04/2006).  Figures in 

italics are data estimated from other data from the same source. 

Type of animal kg N/place 

per year 

m
3 
slurry/place 

per year 

Tonne of 

 manure/place 

per year 

manure 

density (t/m
3
) 

Sow with piglets (0-6 kg) 15.0 5.1 5.4 0.8 

Sow with piglets to 20 kg 18.0 6.12   

Sow  8.5 2.5 2.75 0.8 

Piglets 6-20 kg 1.19 0.41 0.6 0.8 

Fattening pig (20-100 kg) 7.25 2.15 2.4 0.8 

Laying hens (adult) 0.50 0.037 0.04 0.9 

Hens (2,5 cycles/place & year. from age 

100 days to 1,4 kg) 

0.08 - 0.0073 0.5 

Broilers (5 cycles/place & year. Cycle of 

48 to 50 days) 

0.22 - 0.01 0.5 

Fattening ducks (3.5 cycles/place & year) 0.24 0.088 0.102 0.5 

Fattening quails (8 cycles/place & year. 

Final weight: 200 g) 

0.03 - 0.00267 0.5 

Fattening partridge (4 cycles / place & 

year. Final weight: 800 g) 

0.07 - 0.0064 0.5 

Fattening turkeys (3 cycles / place & year. 

Final weight: 7 kg aprox.) 

0.46  0.04868 0.5 

Geese 0.24 0.088 0.102 0.5 

Adult turkeys (older than 10 months) 1.72 - 0.73 0.5 

 

 Calculations were made with the following assumptions: lactation lasts 28 days (DAR) in the lactation 

barn (Stage A); each sow stays in farrowing for 56 days/year, 309 days in the insemination-control-gestation barn 

(Stage B); each sow lactates at least twice a year; the amount of slurry yearly produced by each sow with piglets (up 

to 6 kg) to be compared with the legal reference is calculated from [volume at Stage A (m
3
/day) x 56 days/year] + 

[volume at Stage B (m
3
/day) x 309 days/year]; the barn is empty for 7 days after the 20 kg piglets leave it; transition 

lasts for 42 days (average of the generated information), so 49 days/cycle including the empty days gives 7.4 

cycles/year; fattening lasts from approximately 20 to 100 kg live weight, 2.2 cycles/year, each cycle includes 15 

days when the barn is empty so the slurry production corresponds to the pigs being in the barn 332 days/year; slurry 

density is 1029 kg/m
3
 (average of the 110 measurements); except the samples of slurry for gestating sows (dry 

cleaning), samples include cleaning water; ammonia volatilization was estimated according to the Catalan 

government Department of Environment and Housing (2001) as 10 to 30% of the total-N excreted and of ≤65% of 

the available N during its broadcast application.  

The poultry farms included in the sample represented average to good management practices. Some pre-

existing data were used regarding quail (5 samples analyzed, 3 measurements of the generated volume), turkeys (17 

samples analyzed, 11 measurements of the generated volume), hens laying fertile eggs not used for consumption 

(reproductive hens) (5 samples analyzed, 3 measurements of the generated volume), laying hens (10 samples 

analyzed, 160 measurements of the generated volume), replacement hens (5 samples analyzed, 6 measurements of 

the generated volume), and broilers (26 samples analyzed, 18 measurements of the generated volume). The sampled 

farms derive from 10 different counties/regions (comarques) including all those with the largest flocks in Catalonia. 

The size of the farms varied from 86,000 to 250,000 places for quails, from 4,000 to 27,000 for turkeys, from 9,000 

to 36,000 for reproductive hens, one farm of 53,145 laying hens, from 7,600 to 9,500 for replacement hens and from 

7,000 to 58,000 for broilers. All of them had the capacity to store the whole of the manure generated during one 

production cycle. They were characterized in terms of bedding material, surface, aeration, etc. 

Calculations were made individually per farm with the weights and cycle duration as shown in Table 1. 

However, the following discrepancies (already corrected for in the results) were detected regarding the duration of 

the measured productive cycle and the that of the legal reference: (i) for laying hens the year when the farm shall be 
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emptied, the farm will be occupied only between 305 and 335 days/year; (ii) for laying hens mortality can be about 

4%, however manure generation is counted per incoming head; (iii) the legal reference for replacement hens 

considers 2.5 cycles/year each of 100 days full farm and 46 days of empty farm, however, the usual cycle in the 

sampled farms was of 147 (minimum 140) days full farm followed by 30 days of empty farm (about 1.7 

cycles/year), therefore, the legal reference probably overestimates in reality; ammonia volatilization was estimated 

according to procedures set by the European Commission (1999). 

 

3 RESULTS AND DISCUSSION 

Table 2 summarizes the main results for pig slurry generation and nitrogen content without considering ammonia 

volatilization. 

If volatilization is considered the net amount of N produced is 6.2 kg N/place per year for fattening pigs 

(14.5% less than the legal reference), 1.61 kg N/place per year for piglets 6-20 kg (8.2% more than the legal 

reference), and 14.6 kg N/place per year for sows with piglets up to 6 kg (2.5% less than the legal reference). 

The N/P ratio for fattening pigs slurry was 5.10, that of piglets 6-20 kg was 3.75 and that of sow 

slurrywais 5.56. Therefore, fertilizing with slurries according to the N criterion will lead to an over fertilisation of P, 

since the N/P needs of the most important crops is above 8 and often above 10. 

The Cu and Zn concentrations in piglet 6-20 kg slurry are above the Spanish legal threshold set in the 

Real Decreto 824/2005.  

 

TABLE 2 Amount of pig slurry and nitrogen produced 

Type of animal

Num. 

samples (n)

m
3
 slurry/ year 

(average±stddev)

Legal reference 

(DAR 8/11/05) (m
3 

slurry/ year) Deviation (%)

kg N/ year          

(average±stddev)

Legal reference (DAR 

8/11/05) (kg N/ year)

Deviation 

(%)

fattening pig (20-100 kg) 44 1.36±0.47 2.15 36.9 7.75±4.18 7.25 -6.9

piglets (6-20 kg) 42 0.48±0.12 0.41 -18.1 1.61±0.62 1.19 -35.6

sow with piglets (0-6 kg) 30* 5.86±1.53 5.10 -14.9 18.27±4.53 15.00 -21.8

*18 samples from nursing and 12 from gestation  
 

Table 3 shows the amount of poultry manure produced and nitrogen content (after subtracting the 

volatilized ammonia according to European Commission (1999)).  

 

TABLE 3 Amount of poultry manure produced and of nitrogen in the poultry manure (after subtracting 

the volatilized ammonia according to European Commission (1999)) 

Type of animal

Num. 

samples (n)

kg manure/ 

year

Deviation (legal ref 

to measured) (%)

kg N/ year          

(average±stddev)

Deviation (legal 

ref to measured) 

(%)

quail 3 2.37 11.24 0.11 -270.07

turkey 11 26.15 46.28 0.55 -20.11

reproductive hens 3 9.40 76.50 0.22 55.20

laying hens 160* 44.96 -12.40 0.52 -4.13

replacement hens 4 4.73 35.25 0.08 5.15

broiler 18 8.90 11.00 0.18 19.66

*160 measures of the generated amount made during 1 year and 10 analysis during the same period  
 

The generated amount of poultry manure presents a good agreement with the legal reference value except 

for turkey, reproductive hens and hens for which the value determined in this study is much less than the reference 

value. It might be advisable to reduce the legal reference value for these three types of poultry to better adjust them 

to reality. 

Regarding the N generated in poultry manure, according to the samples analyzed and taking into account 

volatilization losses (Table 3) one can say that: 

− for quail and reproductive hens, and to a lesser extent for turkeys and broilers, the results differ greatly from 

the legal reference, 
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− an increase in the reference value for quail and a decrease for laying hens would better approximate to reality 

for most farms.  

 

 Regarding the 50% and 75 % percentile, it is confirmed that: 

− the nitrogen generated by quail and reproductive hens  differ notably from the reference values, 

− the nitrogen generated by the laying hens and replacement hens approximates to the corresponding reference 

values,  

− the nitrogen generated by the broilers and the turkeys slightly differs from the reference values. 

 

4  CONCLUSIONS 

Some modifications to the legal reference values of the generated amount of slurry, poultry manure and N have been 

introduced based on these results. 

Due to its N/P ratio applying pig slurry at a rate to meet the N demand will oversupply P since the N/P 

ratio of the major crop needs is >8 and often >10. 

The Cu and Zn concentrations are legally limiting its soil application only in piglet 6-20 kg slurry. 

More data are necessary to confirm these conclusions for poultry manure, except for laying hens. 
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1 INTRODUCTION  

The sustainable development of agricultural production systems, which is called to meet the food needs of the world 

population without damaging the environment, must follow several objectives such as better quality of agricultural 

products, healthier and better value food, increasing sustainability and reducing the environmental impact of wastes. 

Agrochemicals play an important role in agricultural practice to prevent loosing of crop yields. Large amounts of 

toxic residual chemicals found in food, ground water and environment determined stringent restrictions on the use of 

chemical pesticides, limiting or eliminating from the market many agro-efficient products responsible for human 

diseases and agro-environmental hazard.  

Research must find efficient solutions to create and promote safer, selective and biodegradable products 

with improved properties as phytotoxicity, staining and killing pests. One of these solutions is the optimal 

valorisation of natural renewable resources as opportunities for agrochemical industry to manufacture a large variety 

of eco-friendly products as alternatives to synthetic pesticides. The most convenient is treating and converting 

organic by-products and wastes from various human activities into bioactive products for cultivated plants nutrition 

and protection against pests and diseases.  

Residual greases resulted from agro-industrial processing or spent edible fats from public food services 

are potential contaminants of the environment and should be converted into value added useful products with non-

food agricultural applicability. Organic residues from industrial processing of greases contain fatty acids, naturally 

occurring substances in animal and vegetal organs. Ecological technologies can provide a diversity of fatty acid 

derivatives as active ingredients for biodegradable compositions with good efficacy and low toxicity for plants, 

humans or pets. Preliminary studies suggested that canola oil, cottonseed oil and soybean oil may serve as 

fungicides and/or synergists (Lancaster, 2002, Nix, 2010) for horticultural purposes (Fernandez, 2006, Harris, 2008, 

Iannotti, 2010, Müller, 2005) and several fatty acid derivatives were considered safer alternatives to agrochemicals 

containing unfixed copper, sulphur, free fatty acids or mineral oils (Cranshaw and  Baxendale, 2005). 

Present paper proposed some possibilities for treatment and conversion of fatty residual fractions into 

horticultural oils and soft soaps compositions to be used as safe and biodegradable products for plant protection in 

organic agricultural practice.  

2 MATERIALS AND METHODS  

Horticultural oils and soaps compositions were obtained from materials disposed from industrial processing of 

animal fats and vegetable oils such as residual lipid fractions resulted from soap industry, biodiesel manufacture and 

spent edible oils. The processing technologies were clean, simple, cost-effective and more environmentally 

compatible than others, according to the sustainable development strategies focused on promoting and improving 

ecological products and technologies. 

Residual lipid fractions contain glycerol esters with olefin bounds and functional groups easy to convert 

using mild treatments and simple laboratory installations into various agro-useful products for cultivated plants 

protection. The conversion of residual fats into horticultural oils involved as main stages: a) lipid extraction, b) 

trans-esterification and c) formulation as a light oily concentrate. Calcium and copper soaps were prepared using the 

double decomposition method of saponification which included two reaction steps: a) mild heating saponification of 

fatty acids containing mixtures from an industrial unit for processing animal greases and vegetable oils; b) the 

reaction of the crude alkali soap with diluted aqueous solutions of cupric inorganic salts, such as copper sulphate, to 

precipitate water insoluble copper soap. Soaps prepared from caustic soda yield pure soaps which may be 

conveniently washed, filtered and dried. The crude copper soap may be ground when cold to give a fine powder or 
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may be obtained as a viscous mass, depending on the fatty acid type. Several samples were fortified with various 

ratios of natural phospholipids and formulated as wettable powder, concentrated suspension and paste (Popescu et 

al., 2010).  

Horticultural oils and soaps compositions were tested during two continental temperate seasons: winter 

dormant season and vegetative growing period. The composition consisting in horticultural oil, bioactive enhancer, 

surfactants and antioxidant was obtained in 5 variants and tested in laboratory conditions following standard 

procedures. The best variant was selected and tested in situ against a dangerous overwintering pest of pear and apple 

fruit trees in orchards, San-José scale (Quadraspidiotus perniciosus). Experiments were performed using the linear 

method, each of them comprising five trials: 3 different concentrations of water diluted samples (1%, 1,5% and 3%), 

one trial treated with standard product and one untreated control. Each experimental variant comprised 3 repetitions, 

one repetition meaning 5 trees. The products were applied by spraying on hard infested bark and sprouts of fruit 

trees, using a SOLO manual pump of 10 litres capacity, in mild conditions of wind and atmospheric temperature (6-

8°C) of the dormant season. The effects of the treatment were registered by in vitro and in situ monitoring (Popescu 

et al. 2010). The evaluation of biological action consisted in harvesting, observing pieces of botanical material (5-6 

cm
2
) and microscopically countering of shields with dead or alive larva before and after treatments (30 and 60 days). 

Nine variants of formulated copper and calcium salts of fatty acids were obtained and tested in laboratory conditions 

against various agricultural pests and diseases. Three of them were the most effective against powdery mildew and 

were subjected to in situ experiments. Similar application method and equipments as for horticultural oils were used 

for soap formulations with the main difference that treatment was applied during the vegetative period, following 

warning of hard contamination with powdery mildew (Podosphaera leucotricha), on sprouts and foliage of Jonathan 

and Idared susceptible apple trees. Treatments were applied by spraying of 1% water solution equivalent to 5, 10 

and 15 kg/ha using 1500 litres of water/ha/treatment. Experiments were performing using Latin rectangle method, 

with 21 variants and 3 repetitions, one repetition meaning one tree.  

3 RESULTS AND DISCUSSION  

Several mixtures of methyl esters of fatty acids from sunflower, soybean and micro algal oils were obtained and 

formulated as stable light oily concentrates. Table 1 presents analytical data on the concentration of preponderant 

C10-C22 fatty acid methyl esters in horticultural oil compositions.  

 

TABLE 1    Analysis results on fatty ester ingredients in horticultural oil compositions 

Methyl esters of fatty acids Concentration (%) 

Linoleic C18:2 44-68 

Linolenic C18:3 0,2-39 

Oleic C18:1 19-43 

Palmitoleic C16:1 0-19 

Palmitic C16:0 2-11 

Stearic C18:0 2-6 

Others (caprilic, myristic, lauric, eicosenoic, erucic) < 2,5 

 

The efficacy of the composition against hibernal larva of Q. perniciosus was demonstrated countering the 

dead and alive individuals found in the hard infested bark 30 and 60 days after treatments. The most significant 

results were recorded in tables 2 and 3, the efficacy E (%) being calculated using the Savescu-Iacob formula: 

 

E  = [1-a2/(N-M2)] x100 

 

where: N = individuals assessed after treatment; M2= dead individuals countered on untreated control; a2   = alive 

individuals countered after treatment (30 and 60 days respectively). 

 

The best results were compared with those obtained in two variants: untreated controls and standard 

product (mixture of a chemical insecticide and a mineral oil) usually applied to destroy overwintering pests. 
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TABLE 2  Efficacy of horticultural oil composition against Q. perniciosus infesting pear trees  

Efficacy (%) Control (no.) Time of action 

(days) Standard 

(1,5%) 

Sample 1  

(1%) 

Sample 2 

 (1,5%) 

Sample 3 

 (3%) 

alive dead 

30 93,50 88,23 92,40 93,08 1120 185 

60 95,48 91,04 95,12 95,98 1210 205 

 

TABLE 3 Efficacy of horticultural oil composition against Q.  perniciosus infesting apple trees 

Efficacy (%) Control (no.) Time of action 

(days) Standard 

(1,5%) 

Sample 1  

(1%) 

Sample 2 

 (1,5%) 

Sample 3 

 (3%) 

alive dead 

30 91,16 87,07 91,81 92,73 1380 450 

60 96,25 89,90 94,77 95,23 1420 390 

  

Experimental results demonstrated the highest efficacy of spray applications with 1,5% water solution of 

the original composition, comparable with standard trials even on harder infestation of fruit trees.  A small excess of 

efficacy for 3% sample is not economically justified to double the quantity of product per ha. Winter eggs of spider 

mites (Bryiobia rubriculus) were present too in bark and sprout and disappeared almost completely in the same 

period of observation. Horticultural oil composition controlled smaller insects and scales by coating and suffocating 

them, working on all stages — eggs, larvae, nymphs and adults- of the target pest. It also had an insect preventing 

effect coating plants with a fine oily film that repels egg-laying insects (Lewis, 2010). 

 

   
                             (a)                                                    (b)                                                              (c) 

 

FIGURE 1    Biological action of horticultural oil composition against Q. perniciosus hibernal larva: alive 

larva infesting apple bark before treatment (a), dead larva 30 days (b) and 60 days (c) after 

treatment 

 

Separately, soap compositions were tested in orchards of fruit bearing apple trees. Jonathan and Idared 

apple fruit sizes were 0,5 and 2,5 cm when aggressive powdery mildew attach was reported and treatments were 

applied. Several formulations were prepared, formulated and tested, the best results being registered for three of 

them: paste of copper oleate/soy lecithin 1:0,25 (sample 1), concentrate suspension of calcium oleostearate/soy 

lecithin 1:0,25 (sample 2) and concentrate suspension of calcium oleate/soy lecithin 1:0,4 (sample 3).  

The best results were compared with those obtained in two variants: control and standard trials, where 

standard product contained 0,6% wettable sulphur conventionally used to destroy mildew (Vanderlinde, 2010). 

 

TABLE 4 Efficacy of soap compositions against Podosphaera leucotricha infesting apple trees 

Parameters /variants Sample 1 Sample 2 Sample 3 Standard  Control 

I 3,0 3,3 5,2 8,7 75,3 Leaves  

II 0,1 0,1 6,3 9,8 27,6 

I 1,2 1,2 3,8 4,2 44,0 

Mildew 

infestation 

degree (%) Sprouts  

II 0,06 0,04 0,9 3,2 21,5 

Fruit yields (kg/tree) 78 77 76 69 53 
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Treated variants recorded significantly lower infestation when compared to untreated variant which 

produced small unhealthy fruits and earlier loosing of leaves. The best results for soap compositions were obtained 

by foliar spraying with concentrations of 1%/ha/treatment and better results than standard which also registered 1% 

phytotoxicity on leaves and fruit as expected from sulphur. Copper in a fixed oily form was more effective at lower 

doses than old inorganic compounds, considerably better retained or absorbed by plants, milder than conventional 

fungicides but better utilized on the surface of plant tissues. The improved composition is a mixture of copper soaps 

synergistically acting in the presence of natural occurring phospholipids, even at 1% concentration of active 

ingredients in aqueous solution. A possible mechanism of action is the ability of fatty acids to increase the adhesion 

to plant leaves and mediates the transport of the fungicidal agent. Phospholipids facilitated the diffusion of fatty 

acids and soaps through hydrophilic structures of the vegetal tissues, thus contributing to the enhanced fungicidal 

action. Stable aqueous concentrate suspensions and pastes exhibited excellent spreader-sticker and film-forming 

properties when applied to plant foliage, tree wounds, soil or stored fruits and vegetables. Also, the lower water 

solubility of the fatty acid esters and salts compositions decreased their phytotoxicity and dissemination. Neither 

observable phytotoxic effects to fruit trees nor toxicity to animals or users were reported at required concentrations 

to control fungi. On the contrary, increased quality and quantity of fruit yields were obtained.  

4 CONCLUSIONS  

Horticultural oil and soap compositions made of residual fatty acid methyl esters and naturally fortified 

copper/calcium salts were confirmed as effective and eco-friendly alternatives to the conventional agrochemicals. 

An efficient control of the dangerous pest San José scale of the fruit trees was achieved in winter treatments with 

horticultural oil composition and synergistic fungicidal effects of copper and calcium salts of fatty acids with 

phospholipids were demonstrated. The fungicidal soap formulations were very effective against mildew in apples, 

thus confirming some experimental results obtained in other studies about mildew control on vines and wheat, 

brown rust on wheat, cucumber staining profiles and aphids in vegetables (Velea et al.,  2009), being appropriate for 

protection of fruit plantations, vineyards, field crops and greenhouse vegetables, herbs and spices, ornamental trees 

and shrubs, houseplants, flowers and grass in public and private spaces. Spray applications of horticultural oil-in-

water mixtures containing copper and calcium soaps as surfactants represent potential effective control agents with 

broaden biological activity to be study and tested for cultivated plants protection in integrated management 

schedules for organic farming.  
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1 INTRODUCTION 

Towards sustainable soil management, the application of organic residues to the soil has to be based on criteria 

sustained by experimental studies. Several methods for estimating the amount of N that mineralizes from land-

applied organic residues can be used but laboratory incubations has been the main methodology used due to several 

advantages related to practical and economical aspects (Qafoku et al., 2001). However, this type of methodology is 

performed under controlled temperature and moisture content, at optimal conditions for the mineralization process, 

limiting the extrapolation of laboratory derived values to the field conditions (Hanselman et al., 2004). Since N 

mineralization process can be affected by the dynamic of these factors, several authors consider field incubations as 

a more realistic method to assess N mineralization (Subler et al., 1995; Halselman et al., 2004). Nevertheless, the 

quality of the results obtained depends on the type of reactor devices used for measuring N mineralization under 

these conditions. In fact, various reactors devices described in the specific literature, like buried bags (Eno, 1960) or 

covered cylinders (Raison et al., 1987), reveal some disadvantages or limitations in monitoring N mineralization in 

field conditions. More recently, refining reactor devices, by introducing exchange resins, promoted a more sensible 

indicator comparatively to other methods since temperature, moisture content and aeration inside the containerized 

soil are close to undisturbed soil (Halselman et al., 2004). Considering that resin-trap incubation is the most 

promising in-situ technology in measuring nitrogen net mineralization rates from organic soil amendments, the aim 

of the present study is to evaluate the quality of the results obtained by using a new in-situ incubation device for the 

determination of N mineralization kinetics in the soil as well as the potential of nitrogen leaching as a potential 

alternative use in field studies of N mineralization kinetics from organic residues applied to soils. 

 

2 MATERIAL AND METHODS 

In this study, a new reactor device with 1500 g of sieved soil (Ø 4 mm) and 10 g of exchange resins (AMBERLITE 

type, relative a mixture of cationic (H
+
) and anionic (OH

-
) resins, with a exchange ionic capacity superior to 0.6 

mmol ml
-1

 and a size between 0.3 and 1.1 mm) (B.D.H., 1981), at the open end bottom was constructed and setup in 

a Mediterranean climate and non-cultivated field conditions during a 392 days period. 

Table 1 shows some of the physical and chemical characteristics of the soil used in this study, a eutric 

Regosol (WRB, 2006). 

 

TABLE 1  Some physical and chemical properties of soil used in the field incubation experiment. 

Parameter Value 

pH(H2O) 6.8 

pH(1M KCl) 6.2 
Organic matter (g kg-1) 15.5 

Organic carbon (g kg
-1

) 88.0 

NKjeldahl (g kg-1) 0.6 

NH4
+-N (mg kg-1) 3.6 

NO3
--N (mg kg-1) 1.7 

P Egner-Riehm (mg kg
-1

) 373.2 

Clay (g kg-1) 10.6 

Texture class  Silt-loam 
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Twenty four reactors were installed (day 0) and six sampling dates (28, 56, 84, 112, 224 and 392 days) 

were considered. At each date, 4 reactors were destructed and soil mineral N (NH4
+
 + NO3

-
) and mineral N adsorbed 

on the exchange resins was extracted with a 2M KCl solution (Houba et al. 1995) and quantified using a segmented 

flow auto-analyser (SKALAR
®
), based in the Berthelot reaction and the sulphanilamide method, after reduction in a 

cadmium column. The N net mineralization was calculated as the cumulative sum of the net change in soil mineral 

N content during each time period plus the mineral N adsorbed in the exchange resins at the end of each period and 

the results expressed in mg of N per kg of soil. The calendar time was normalized for temperature and moisture 

content, using factors obtained by empirical mathematical models described by Recous (1997) and Paul et al. 

(2002), respectively. Considering the results obtained, the validation of this new reactor device in assessing N soil 

mineralization was performed by analyse of repeatability aspects, based on the calculation of the respective 

coefficient of variation (C.V.) value, and the degree of adjustment to the one pool exponential asymptotic model 

defined by Stanford & Smith (1970) (Nmin=N0*(1-exp(-k*time normalized))), expressed by the value of r
2
adjust.. 

Results from mineral N and N leaching in each time period were analysed by analysis of variance (one way-

ANOVA). The statistical significance of the mean differences was determined by the TUKEY test at a 0.05 

probability level. 

 

3 RESULTS AND DISCUSSION 

Figure 1 presents the values of mineral N adsorbed by the exchange resins (mg kg
-1

) at different time intervals 

during the incubation period, as an indicator of potential N leaching. The results showed significant differences 

(p<0.05) between the amounts of N leached at the different time intervals, with the most significant losses observed 

at the initial phase, between the 24 and 43 normalized days, where the values registered (8.8 mg N per kg soil) 

represent 48.8% of the total sum of N leached at the end of the incubation period (17.9 mg of N per kg of soil). 

These results are associated not only to the rainfall values registered in this phase of the incubation, the third high 

value observed during the incubation period (176.4 mm) but principally to the quantity of soluble inorganic forms of 

nitrogen present in the soil, which promote a higher nitrogen leaching as suggested by Berg & McClaugherty 

(2008). 
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FIGURE 1  Nitrogen leaching (NLix) (mg kg

-1
) and precipitation (R) values (mm) registered along the 

incubation period (normalized days). 

 

After this period, the variation of N leaching depended on the dynamic of N mineralization process. The 

lowest amount of N leached registered between 43 and 56 days (0.7 mg of N per kg of soil) was a consequence of 

the combined effect of the low soil temperature and the high precipitation values recorded which limited the 

microbial activity and, consequently, the quantities of N mineralized and leached. With the improvement of the 

environmental soil conditions, the microbial activity increased and a second maximum of N leached (3.7 mg N per 

kg of soil) was registered, coincident with a new peak of precipitation (436.6 mm). These results demonstrate the 

high sensibility of the reactor device to the environmental factors variation, like precipitation, with the high 

adsorptions of mineral N by the exchange resins coinciding with the periods of higher precipitation (figure 1). 
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Nevertheless, the quantities registered in this late phase, between 65 and 108 incubations days, were significantly 

smaller comparatively to the lowest N leached in the initial periods. The quality of the organic matter remaining in 

soil in this phase of the incubation period, after the expected initial flush of mineralisation (Cabrera, 1993), limited 

the quantities of inorganic N present in soil solution and the potential of N leaching, what is consistent with the 

results obtained by Berg & McClaugherty (2008), that observed a lower amount of N leached from materials with 

higher concentrations of recalcitrant compounds, like lignin or cellulose. At the end of the incubation period, taking 

into consideration the environmental conditions of the site under study, namely the total amount of precipitation 

registered (1141.6 mm), the total N leached from soil was 17.9 mg of N per kg of soil and year. 

Considering the nitrogen content in soil during the incubation period (figure 2), the results obtained reveal 

an identical evolution trend as in the N leaching process (figure 1), with the highest and more significant amount of 

available nitrogen observed at the initial phase (24 days), registering values of 7.3 mg N kg
-1

. The presence of higher 

amounts of nitrogen inorganic forms and the faster mineralization of the more soluble compounds, related to the 

organic matter labile pool, contributed to higher nitrogen availability in the soil at the initial phase. Along the 

incubation period, particularly at 43 and 65 days, the significantly minor availability of N registered, with values 

varying in a range between 0.8 and 3.5 mg N kg
-1

, reflect the disappearance of the organic matter soluble fraction, 

responsible for the initial flush, but also the limitation effect imposed by a less favourable soil environmental 

conditions to N mineralization, that suppressed or limited microbial activity and, consequently, affected the kinetics 

of N mineralization process. On the other hand, the significantly increase observed on N mineral availability at the 

two final sampling dates reflects the improvement of soil environmental conditions for microbial activity; such as 

reduced soil moisture and high temperature values. Considering that the organic matter recalcitrant compounds are 

the main substrate for microbial activity in this phase of the incubation period, the results obtained are in accordance 

to the Mikan et al. (2002) observations that reported an increase in the mineralization kinetics of recalcitrant 

compounds with increasing temperature values. Nevertheless, the variations on environmental conditions don’t 

apparently affect the nitrification process. In all dates, the nitrate (NO3
-
) form represent the major fraction of 

available nitrogen in soil as in the leaching process (data not show), corroborating the presuppose defended by many 

author’s, that in agricultural normal soil conditions the ammonium form (NH4
+
) is rapidly transformed (oxidise) in 

nitrate form (NO3
-
) (Mengel, 1996). 
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FIGURE 2  Mineral nitrogen content (NH4

+
-N + NO3

-
-N) (mg kg

-1
) in soil along the incubation period 

(normalized days). 

 

Taking the sum of the two processes evaluated, i.e. N leaching at the end of each period and net change in 

mineral N soil content during each period, the N net mineralization in the soil under study was calculated and the 

cumulative results are presented in figure 3. The results reveal N mineralization cumulative values of 23.1 mg kg
-1

 

year
-1

, where different kinetic phases of N mineralization were observed. One initial phase, with a more rapid N net 

mineralization in the first 55 incubation days, corresponding to 62.3% of the total of N mineralized at the end of the 

incubation period. Several authors associate this high initial values to the oxidation of easy available organic matter 

compounds present in soil and related to the organic matter labile pool (Berg & McClaugherty, 2008) but, also, to 

the effect of soil preparation treatment, namely the drying operation that promote a killer of soil biomass (Cabrera, 
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1993), that was mineralized by the microorganisms survivors, to the temperature biocide effect, and to the sieving 

operation that facilitates the accessibility of organic compounds protected by organic-clay aggregates, that are 

destroyed in this mechanical operation (Benbi & Ritcher, 2002). 

With the disappearance of the labile fraction, a reduction of kinetic mineralization process was observed, 

that is described by the minor slope of the curve at the final stage of the incubation period. This behaviour made it 

easier the adjustment of the exponential model described by Stanford & Smith (1970), that explains more than 98% 

of the variation registered in the N mineralization process (figure 3). The potential of this exponential model used 

was registered in many soil incubations studies performed at laboratory or at field conditions, with many different 

types of soils, different agricultural systems, where the results obtained, with the same or high magnitude, reveal 

their universality (Sanford & Smith, 1970; Sousa et al., 2002). 

Considering the parameters related by dynamic aspects of the N mineralization obtained by estimated 

model, the results reveal a kinetic constant (k) value of 0.015 day
-1

 for the soil under study. Taking the last value, the 

life-time (t1/2 time=0.693/k) for N mineralization was calculated and a value of 46.2 normalised days was obtained. 

This value was lower than the results obtained in others independent incubations experiments, carried out with 

different soils and environmental conditions (Lagoa, 2004). These differences may be explained by discrepancies 

existent between the various experiments environmental conditions or related with the quality of organic matter 

associated with each soil type. 

In order to the other validation aspect, the precision, the results reveal an acceptable repeatability results, 

with coefficient of variation (C.V.) values of 3.9%. These results were considered acceptable taking into 

consideration the conditions where the incubation was performed. For different field conditions and with other 

reactor device, without incorporation of exchange resins, Halseman et al. (2006) registered C.V. superiors in factor 

of 100. The results obtained with this reactor device were the same magnitude that are observed in more controlled 

experiment, conducted in laboratory conditions (Qian & Schoenau, 2005), where the factors associated with 

repeatability results are more controlled. 
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FIGURE 3  Net N mineralization (mg kg

-1
) during the incubation period (normalized days). 

 

4 CONCLUSIONS 

Considering the high quality of adjustment obtained by the empirical model used, reveal by a high and significant 

value of r
2
adjust. (0,985***), and the high repeatability results, with low C.V. values (3.9%), it may be concluded that 

the use of this type of reactor used in N mineralization of soil must be considered as a reliable alternative in field 

studies of N mineralization kinetics with or without organic residues applied to soils. 
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1 INTRODUCTION  

Nitrogen (N) and phosphorus (P) nutrition play a critical role in maize (Zea mays L.) production, especially in 

calcareous soils with low organic matter content (Moss et al., 2001). More importantly, the supply of N and P in 

maize cropping could sustainably improve plant growth and yields, particularly in semi-arid regions (Damodar 

Reddy et al., 2000). The expansion of the poultry industry and an increase in the price of inorganic fertilizer, 

especially N, has led to an increase in the use of poultry litter as a source of crop nutrients. Poultry manure has long 

been recognized as perhaps the most valuable of these natural fertilizers because of its high N content. In addition, 

manures supply other essential plant nutrients and serve as a soil amendment by adding organic matter.  

 Application of poultry litter as a source of N and P has been shown to increase yields of crops such as 

corn and pasture (Ma et al., 1999). Furthermore, our studies have shown that poultry litter improves soil chemical 

properties compared with inorganic sources of N such as ammonium nitrate (Nyakatawa et al., 2001). Although 

most of N and P required by maize is supplied through chemical fertilizers, the addition of these nutrients via broiler 

litter may enhance maize yield (Moss et al., 2001) and further improve soil chemical fertility (Edward et al., 1992). 

It has been reported that broiler litter can enhance grain yields of maize, soybean and cotton, most probably as a 

result of increased plant nutrient availability and improved soil structure (Nyakatawa et al., 2001; Gascho et al., 

2001; Adeli et al., 2005). Due to the increasing importance of poultry farming in Iran, and the increase of litter 

production, the objective of this study was to explore influence of poultry litter and urea fertilizer on forage maize 

yield.  

 

2 MATERIALS AND METHODS 

A field experiment was conducted in a clay loam soil at the Agricultural Research Farm of the Shahrekord 

University, Iran. The experimental design was a randomized complete block with four replicates. Nitrogen rates 

ranging from 0 to 300 kg ha
–1

 were applied in 100-kg intervals as urea fertilizer or poultry litter. The initial soil 

properties at the experimental site are presented in Table 1. Poultry litter was obtained from a Poultry Farm nearby 

the experimental site. The manure was analyzed and, on average, had the following properties on a dry weight basis: 

EC, 1.1 dS m
-1

; pH, 8.2; O.C, 368 g kg
-1

, total N, 26 g kg
-1

; P, 17 g kg
-1

 and K, 18 g kg
-1

.  

Maize seed (SC 704) was drilled on May, 2008 at 140000 plant ha
-1

, while average day and night 

temperature was 12˚ C. Plot size was 3.6m × 9m and consisted of six rows with a distance between rows of 60 cm. 

Thirty three percent of N and all of P fertilizers were applied before seed preparation and the remaining N was 

added 42 days after sowing. Nitrogen and P were applied as urea and superphosphate, respectively. Potassium 

fertilizer was not applied to the soil due to the initial soil K level of 364 mg kg
-1

 (Table 1), which was adequate for 

maize. The target poultry litter rates were surface applied before sowing the maize, and immediately banded 4 to 5 

cm below the seed into the soil. Furrow irrigation, which is also common in the region studied, was applied at the 

flow rate of 1.41 s
-1

 at weekly intervals. At the 50% kernel milk-line stage, plant height, weight of leaves, stem and 

ear per plant and total forage yield were determined by hand-harvesting the four middle rows in each plot. 

 

TABLE 1. Main variables of field soil used for the experiment  

Values       Properties  

pH 8.4 

ECe 0.25 dS m
-1

 

Organic carbon 3.6 mg g
-1
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Total N 1.1 mg g
-1

 

P (Olsen�s) 48.0 mg kg
-1

 

K 346 mg kg
-1

 

Sand 220 mg g
-1

 

Silt 390 mg g
-1

 

Clay 390 mg g
-1

 

 

The statistical analysis was performed using PROC ANOVA in SAS (Version 8.02 SAS Institute, 2001). 

Treatment means were separated using the Least Significant Difference (LSD) test. Differences were considered 

significant only when P values were lower than 0.05, unless expressed otherwise.  

 

3 RESULTS AND DISCUSSION 

The height of plant increased with rate of N, but no significant differences were observed between urea fertilizer or 

poultry litter treatments (Figure 1). Such results confirmed the similar finding Damodar Reddy et al. ( 2000).   
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FIGURE 1 Plant height (left) and herbage weight (right) of  maize plant receiving N as urea fertilizer or 

poultry litter. Means followed by the same letter are not significantly different from each other 

using Fisher’s protected LSD test at the 0.05 level. 

 

The maximum herbage yield corresponded to treatment of 300 kg ha
-1

 as urea fertilizer and its variance 

was only significant with control and 100 kg ha
-1

 as Poultry litter (Figure 1). It appears that the high N availability in 

early growth period from urea fertilizer encourages early leaf growth. 

Stem weight was increased with increasing N application. Maximum stem weight was obtained at the 300 

kg ha
-1

 as poultry litter (Figure 2). In general, treatments receiving either high rate poultry litter (100 or 200 kg N ha
-

1
) or 300 kg N ha

-1
 as urea fertilizer gave greater stem weights than another treatments (Figure 2). It seems that the 

soil total N increased with increasing litter rate for any fertilizer treatment, and subsequently, higher plant available 

nitrogen led to higher stem growth. 
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FIGURE 2 Stem weight (left) and ear weight (right) of  maize plant receiving N  as urea fertilizer or poultry 

litter. Means followed by the same letter are not significantly different from each other using 

Fisher’s protected LSD test at the 0.05 level. 

 

The treatments of 300 kg ha
-1

 as urea fertilizer and control gave maximum and minimum ear weights, 

respectively (Figure 2). The average ear weight in the treatment of 300 kg ha
-1

 as urea fertilizer (223.45 g/plant) was 

22% and 102% higher than that of the 300 kg ha
-1

 as poultry litter and control treatments, respectively. 

The results showed the importance of N supply on yield. Nitrogen source had little effect on yield. 

Overall, forage yield increased with increasing poultry litter and urea fertilizer rates (Figure 3). The greatest forage 

yield was observed in 300 kg N ha
-1

 of urea fertilizer, however there was no significant difference with 200 and 300 

kg N ha
-1

 supplied by poultry litter. In agreement with our results, increased yields have been obtained from broiler 

litter applications in cotton cropping systems (Gascho et al., 2001). On the other hand, the remarkable effect of 

broiler litter application on maize grain yield could be ascribed to its favorable effect on soil physical and biological 

properties (Hati et al., 2001; Sistani et al., 2008). 
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FIGURE 3 Forage yield of  maize receiving N as urea fertilizer or poultry litter. Means followed by the 

same letter are not significantly different from each other using Fisher’s protected LSD test at 

the 0.05 level. 
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4 CONCLUSIONS 

In general, 300 kg ha-1 of N as urea fertilizer improved plant growth (height), herbage yield, ear weight and, 

subsequently, increased forage maize yield (82.68 Mg ha
-1

). However, there were no significant differences in 

forage yield between 200 and 300 kg ha
-1

 of N as poultry litter or 200  kg ha
-1

 of N as urea fertilizer. The increased 

maize forage yield in these treatments could be the result of, overall better utilization of nutrients by the crop. The 

results of the current study showed that N supplied either as urea fertilizer or poultry litter, significantly increased 

forage maize yield. In summary, the results suggest that N applied to forage maize by poultry litter, at the 

recommended rate for inorganic N fertilization, is almost as effective in terms of forage maize yield response as urea 

fertilizer. 
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1            INTRODUCTION 

At present, 306.000 Mg of Spent Mushroom Substrate (SMC) are yearly produced in La Rioja region (Spain), the 

production of mushroom represents the second major activity in this region after vineyard farming. These SMC have 

been accumulated at opencast dumping sites, where lixiviation becomes in a serious contamination source for 

groundwaters. This organic waste, owing to its high organic matter (OM) content and appreciable amounts  of 

essential plant nutrients as N, P, K, Ca and Mg, and could be exploited as a soil fertilizer and amendment to increase 

the OM content in vineyard soils which are generally low (< 1 %) in La Rioja region (Peregrina et al., 2010). 

However few information exits about the SMC utilization in vineyard with the agronomic conditions of the La Rioja 

region. For this we studied the effect of two different SMC (fresh and recomposted) with two different rates of dry 

matter (DM), as organic amendment (25 Mg ha
-1

.) and as fertilizer (8 Mg ha
-1

), in the P and K soil fertility.     

  

2  MATERIALS AND METHODS 

2.1  Site description and experimental design 

The experiment was established in 2006, at the experimental farm “La Grajera” property of La Rioja region 

government (northern Spain) (42º27’N, 2º31’E), in Logroño (La Rioja). The vineyard selected, was established in 

1990 with Vitis vinifera L., cv. ‘Tempranillo’, grafted on 110-R rootstock, which had a planting density of 3135 

vines per hectare.  

The experimental design was a randomized complete block with five treatments and three replications per 

treatment with subplots of 35.09 m
2
. The soil was classified as Typic Haploxerepts (Soil Survey Staff, 2006). The 

particle size distribution of surface horizon was 33.7 % sand, 43.3 % silt and 23.0 % clay. Respect the carbonates 

content it was 14.9 % and pH H2O 8.62. The organic matter content was 0.93 %, similar to the OM content in 

vineyards of Rioja region (Peregrina et al., 2010). 

In general the climate in the area is semiarid, with heavy winter rains and summer drought conditions. For 

the period 2005–2008, the average annual precipitation was 477 mm, average annual temperature was 12.9 º C, and 

average annual potential evapotranspiration (FAO-Penman) was 1123 mm.  

2.2  Description of SMC  

Two different SMC were used in the assay. 

- Fresh SMC (F-SMC). It comes directly from the farms where the mushrooms are cultivated, and as only 

preparation process the plastics and the “gravillin” (little calcic stones) were eliminated. The SMC 

properties were OM (49-65%), relation C/N (13-17) and nutrient contents of 2-2.9% N, 0.70-0.95 % P, 

0.74-0.96 % Mg and 1.97-2.40 % K. (Table 1). 

- Recomposted SMC (R-SMC). The F-SMC was recomposted under aerobic conditions during 90 days.  In 

these 90 days, SMC structure is enhanced with the addition of wood pieces. The SMC is turned over 

under aerobic conditions and, after the elimination of the residual wood pieces (which have not been 

incorporated to the SMC during the recomposting process), SMC is finally sieved, crumbled, and 

homogenized. The properties of the resultant material were OM (41-52%), C/N ratio (13-16.2) and 

nutrient contents of 1.4-1.8 % N, 0.60-0.85 % P, 0.97-2.45 % Mg and 1.80-2.20 % K (Table 1). 
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TABLE 1  Physical and chemicals properties of the F-SMC and R-SMC 
 2006 2007 2008 

Parameter F-SMC R-SMC F-SMC R-SMC F-SMC R-SMC 

Dry matter ( %) 50.2 48.1 26.7 50 33.8 58.8 

pH (1:5) 6.7 8.1 6.6 7.8 6.7 8.1 

E.C. 1:5 (mS/cm) 6.0 5.4 5.6 7.1 5.8 6,9 

O.M  (% d.m.) 48.9 39.1 65.4 36.2 63.5 50.2 

 O. C. (% d.m.) 28.4 22.7 37.9 21 37.4 28.8 

N total (% d.m.) 2.0 1.4 2.9 1.6 2.2 1.8 

C/N 14.2 16.2 13.1 13.1 17 16 

P (% d.m.) 0.85 0.6 0.94 0.64 0.73 0.85 

K
+
 (% d.m.) 2.05 1.91 2.46 1.8 2.7 2.2 

Mg
2+

 (% d.m.) 0.74 2.45 0.96 0.97 0.87 1.28 

 

2.3  Treatments 

Treatments were applied for three consecutive years. The first application was in May 2006, the second in April 

2007 and the third in February 2008. The compost was distributed homogeneously on surface, and mixed with the 

soil (0-15 cm depth) by cultivator.  
The rates of the annual application of DM were: 

- C: Control, without SMC application.  

- F08: F-SMC rate of 6630 kg ha-1  in 2006; 7996 in 2007 and 8417 kg ha-1 2008.  

- R08: R-SMC rate of  7975 kg ha-1  in 2006; 8009 kg ha-1 in 2007 and  8289 kg ha-1 in 2008 

- F25: F-SMC rate of  9889 kg ha-1 in 2006; 25228 in 2007 and 26288 kg ha-1 2008.  

- R25: R-SMC rate of 23925 kg ha-1 in 2006; 25010 kg ha-1 (in 2007 and 25890 kg ha-1  in 2008.  

 

In each application the SMC treatments as fertilizers (F08 and C08) supplied approximately 160 kg N ha
-

1
, 160 kg K ha

-1
 and 60 kg P ha

-1
 and the P and K amounts supplied are lightly higher than the N, P and K vine crop 

requirements, also the SMC treatments as organic amendments (F25 and C25) supplied approximately 500 kg N ha
-

1
, 500 kg N ha

-1
 and 200 kg P ha

-1
.  

2.4  Soil sampling and analysis 

In February 2009, soil samples were collected for each plot at three depths (0-15, 15-30 and 30-60 cm). Soil samples 

were air dried, and the soil ground and sieved to 2 mm. P and K were extracted by the Mehlich III method (Mehlich, 

1984) and determined by ICP. Mg exchangeable was determined by cobaltihexamine method (Orsini and Remy, 

1976). 

2.5  Statistical Analysis 

Soil properties were statistically analysed using a completely randomised block design. Treatment effects on 

measured variables were tested using ANOVA (univariate linear model), and comparisons among treatment means 

were made using the least significant difference (LSD) multiple range test calculated at p < 0.05.  Statistical 

procedures were carried out with the software program SPSS 12.0. 

 

3 RESULTS AND DISCUSSION 

All SMC treatments increased significantly the P respect to the control in the 0-15 cm depth (Fig. 1). The F25 and 

R25 treatments tended to be higher respect to the F08 and R08 treatments. In the 15-30 cm depth, the P tended to 

increase respect to the control in all SMC treatments, this increments were significant in the R08, F25 and R25 

treatments. In the 30-60 cm depth, the effects of the SMC treatments were few appreciable. Courtney and Mullen 

(2008) also reported P increments in the soil surface after the SMC application (25 Mg ha
-1

). 

Our results indicate that the P rate applied was greater than the P uptake by the vine. P was accumulated 

in the zone of application (in the 0-15 cm depth) due to the low mobility of the P in the soil. Therefore, at the soil 
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surface (0-15 cm) for all SMC treatments, the P reached a very high value for all kind of crops according to Sawyer 

et al. (2006).   

The K content tended to increase respect to the control in all SMC treatments at 0-15 and 15-30 cm 

depth. In the case of the higher rate (F25 and R25) this increments were significant. Similar results were reported by 

Courtney and Mullen (2008). The SMC treatments at 0-15 cm depth, reached a K value very high for all kind of 

crops according to Sawyer et al. (2006). 

Also in the F25 and R25 treatments the K:Mg ratio reached values higher than the desirable (0.7) for 

orchards crops  (López and López, 1978) (Fig. 2), due to the K accumulation in the soil surface (0-15 cm depth) 

caused by the SMC application.  
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FIGURE 1   P and K content at three different depths of the soil after three SMC applications  
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FIGURE 2  K/Mg ratio at three different depths of the soil after three SMC applications 

 

- 737 -



Use of manures and organic wastes to improve soil quality and nutrient balances 

 

 

  

 

4  CONCLUSIONS 

The two types of SMC (fresh and recomposted) have similar effects as P and K fertilizer in the two rates studied. 

After 3 years of applications, all SMC treatments can increase the P and K availability in soil, particularly in the 0-

15 cm depth where the SMC was applied.  

The higher rates of SMC (25 Mg ha
-1

), cause an excessive K content in the soil surface (0-15 cm), and 

therefore increase the K:Mg ratio to undesirable level for the vine crop. The SMC utilization as organic amendment 

(with rate > 25 Mg ha
-1

 d.m.) must be avoid in soil with an adequate K soil content.  

 Finally the N amounts supplied with the SMC treatments were higher than the requirements of the vine 

crop and therefore is necessary evaluate the organic N mineralization for avoid the environmental risk due to nitrate 

soil accumulation and the leaching to groundwaters.  
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1 INTRODUCTION 

Southern Spain includes large areas of cultivated soils with high summer temperatures, low rainfall and an 

inappropriate agricultural management; all these factors originate processes of degradation. On the other hand, the 

production of sewage sludge from waste water in Spain was 1.012.157 Mg (http://wastebase.eionet.eu.int/, 2009). 

The production of co-compost (i.e., sewage sludge transformed with woody plant waste from tree pruning as 

bulking structuring agent) involves the recycling of residues, leading to organic matter, which, compared to the 

original waste, behaves as a more stable (aerobic fermentation), more beneficial (matured organic matter) and value-

added substrate. The amendment of soil with compost is an environmentally-friendly option for organic farming in 

soils, contributing to enhanced soil fertility and further crop development, thus producing both economic and 

environmental benefits (Brunetti et al., 2007). 

 In the present work, it is study the effect of co-compost from sewage sludge and plant pruning remains, 

on biological activity (dehydrogenase activity, DSH) and quantity of soil organic carbon (SOC). Also, a sequential 

fractionation for organic matter was performed, in order to measure the presence of dihydroperilenquinones 

(DHPQ), humic acids fraction formed under fungal activity (Almendros, 2000).  

 Topsoil samples (0-20 cm depth) were collected from four agricultural soils in Andalusia (Spain). Control 

soil samples (no co-compost addition) and soil samples treated with co-composts (equivalent to 140 Mg ha
-1

), were 

incubated for 90 days at two temperatures: 5 and 35ºC. The need to control all soil-independent factors has led to the 

use of the soil microcosm, especially suitable for the provision of controlled experimental conditions in terms of 

time, temperature, compost amendments and moisture (Sonnleitner et al., 2003). Therefore, this experimental design 

involves the analysis of four factors: soil type, addition of co-compost, time and temperature of incubation. 2
3
 

factorial design was used in order to interpret the results. 

 

2 MATERIALS AND METHODS 

Soils S1 and S2, are typical for growing olive trees, located in Jaén (Spain) whereas the other two, S3 and S4, are 

used for tropical crops on the coast of Granada (Spain). Soil S1 is a relatively evolved soil [Hypocalcic Luvic 

Calcisol (Siltic, Chromic) (FAO, 2006)]. Soil S2 is a soil from eroded materials [Calcaric Regosols (Siltic) (FAO, 

2006)], soil S3 is an alluvial soil [Epigleyic Fluvisol (Calcaric, Hypereutric) (FAO, 2006)] and soil S4 is a man-

made soil built in terraces [although classified as Haplic Regosols (Calcaric, Hypereutric) (FAO, 2006)]. The soils 

were air-dried and screened (2 mm diameter). The co-compost used was manufactured by Biomasa del 

Guadalquivir, S.A. (Santa Fé, Granada, Spain). Sludge from treatment plants in Granada and Motril (Granada) was 

air-dried to reduce its moisture to less than 20%, mixed with chopped remains of plant pruning (mainly olive and 

pine) in 1:1 (v/v) and placed in stacks of about 3-4 meters high, turning regularly to prevent anaerobic processes. 

The co-compost with 10-11 months of maturation was air-dried and sieved (2 mm-holes). 

 The standard analyses were determined according to the Soil Conservation Service (1972). The 

dehydrogenase activity was measured employing a spectrophotometric determination of 2,3-triphenylformazan 

(TPF). The sequential fractionation procedure to extract humic acid from organic matter was described by Zancada 

et al. (2004) and Aranda and Oyonarte (2006). Purified HA (solutions of 66.6 mg L
-1

 in 0.02M NaOH) was analyzed 

in a Shimadzu UV-240 spectrophotometer in order to obtain the derivative spectra, where it was measured the 

intensity of peaks at 528, 570 and 617 nm, corresponding to DHPQ.  

- 739 -



 Use of manures and organic wastes to improve soil quality and nutrient balances 
 

 

 

 With a 2
3
 factor analysis, eight soil samples were tested against three factors at two different levels: 0 

days incubation (t-) or 90 days (t+), temperature: 5 ºC (T-) or 35 ºC (T+), and doses of co-compost: 0 Mg ha
-1

 (c-) or 

140 Mg ha
-1

 (c+). The effects and interactions between factors were considered to be significant when various 

criteria, described by Box et al. (1978) and Almendros (1989), coincided. 23
 factorial analysis was performed using 

Statgraphics Plus version 2.1. 

 

3 RESULTS AND DISCUSSION 

The differences between the sampled soils, including genetic characters, are reflected in the analytical data of the 

arable layer (Table 1). The soils showed some common characters, such as the relatively low content of soil organic 

matter, the exchange complex dominated by Ca
2+

 (data not shown) and the slightly basic pH. 

  

TABLE 1 Analytical dates of soils and co-compost  

 Characteristics Units Soil 1 Soil 2 Soil 3 Soil 4 Co-compost 

 Sand (%) 31.0 15.0 27.4 19.2 19.2 
Texture Silt (%) 28.5 39.2 56.9 48.2 48.2 
 Clay (%) 40.5 45.8 15.7 32.6 32.6 
Organic matter (%) 2,58 1.19 1.98 3.08 35.3 
Nitrogen (%) 0.30 0.11 0.13 0.21 2.2 
C/N  5,00 6.29 8.86 8.53 9.33 
Available P (mg kg-1) 13.2 3.0 21.2 81.4 3074.2 
pH   8.6 8.0 8.3 8.0 7.7 
E.C. 25ºC S m-1 0.5 0.5 4.0 4.0 9.0 
Exchangeable bases cmol (+) kg-1 47.47 59.71 46.25 37.56 50.27 
CEC cmol (+) kg-1 31.52 28.91 27.68 27.21 46.35 

 
 

 

The co-compost (Table 1) showed a percentage of organic matter (35.3) slightly higher than that required 

for commercial compost (Moreno-Casco and Moral-Herrero, 2008). The values of N (2.2%), pH (7.7), C/N (9.3), 

available phosphorus (3074 mg kg
-1

) and exchangeable bases were similar to Fernández et al. (2007) and Moreno-

Casco and Moral-Herrero (2008). 

3.1 Evolution of Dehydrogenase activity (DSH) and Soil Organic Carbon (SOC) 

Figure 1 shows DSH and SOC evolution during the incubation of soil microcosm in different conditions of soil 

types, time, temperature and amendment (of co-compost).  
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FIGURE 1     Percentage of SOC and DSH in the different soil microcosm 

 

The 2
3
 factorial analysis let us quantify the factors: incubation (t), temperature (T) and co-compost 

amendment (c), and the combinations of these factors (“t×T”, “t×c”, “T×c”) on DSH and SOC evolution, in each 

soil (Table 2). 

 In general, the incubation in the microcosm is associated to SOC mineralization, since it causes a 

significant decrease of SOC (factor t, table 2). In our experiments, the mineralization is higher in the soil with 
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comparatively larger amounts of SOC (S1 and S4) and in the amended soils (factor t×c, Table 2), what is agreed 

with Busby et al. (2007). The higher temperature (35 ºC), as report Franzluebbers et al. (2001), increases the SOC 

mineralization (factors T and t×T, Table 2). 

 Incubating soil materials in microcosm, regardless of the addition of co-compost and temperature factor, 

enhances biological activity, as evidenced by the increasing of DSH in all samples studied (factor t, Table 2; figure 

2A and B). Furthermore, the activity of soil microorganisms is increased, generally, by the addition of co-compost 

(S1, not significant) (factor c and t × c, Table 2; figure 2A) and by the higher temperature (35ºC), except S4 and 

amended S1 (factors T and t × T, Table 2; figure 2B). 
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FIGURE 2     Samples of DSH (µg de TPF/mL) evolution (2
3 
factorial analysis) 

 

TABLE 2       Main effects and interactions between factors influencing the evolution of soil organic matter 

Main factors  
Two-factor 

interactions 
 Statistical data 

 

t
 

T
 

C
 

 t × T t × c T × c Average r
2 
(%) DW 

SOC -0.26 -0.14 0.63  -0.14 -0.13 Ns 1.75 99.3 1.75 
Soil S1 

DSH 3.31 5.05 Ns  3.54 Ns -3.87 6.33 55.9 1.70 

SOC -0.18 -0.01 0.67  -0.01 -0.13 Ns 1.00 99.9 2.50 
Soil S2 

DSH 1.47 1.82 1.04  Ns 1.22 Ns 4.29 72.9 1.96 

SOC -0.15 -0.01 0.61  -0.01 -0.17 Ns 1.46 99.9 1.50 
Soil S3 

DSH 12.78 2.59 Ns  Ns 4.85 Ns 2.49 82.1 1.83 

SOC -0.26 -0.02 0.57  -0.02 -0.17 Ns 2.03 99.9 1.25* 
Soil S4 

DSH 5.66 -3.66 2.90  -3.59 4.31 Ns 16.99 81.4 2.63 

t: time of incubation; T: temperature of incubation; c: co-compost application; DW: Durbin-Watson coefficient. 

Ns: not significant; *not significant, but it shows a trend. 

 

3.2 Evolution of Dihydroperilenquinones (DHPQ) 

In regard to figure 3, we can comment:  

− Co-compost has similar levels of DHPQ to sampled soils; the presence of these compounds on co-compost 

has not been described previously, and it evidence than composting process (sewage sludge and pruning 

remains) is relatively similar to the natural soil evolution (White arrow in figure 3). 

− Soils from Jaén (S1 and S2) show bigger concentration of DHPQ than coast soils (S3 and S4); the 

explanation more possible is than the first ones are more evolved (old terraces of Guadalquivir River). 

− Incubation of amended S1and amended S2 to 35ºC originate a DHPQ reduction (black arrows in figure 3), 

while than the other soils (S3 and S4) scarcely modify their DHPQ levels. Maybe S3 and S4 have been 

previously irrigated with wastewater or amended with organic waste, leading to extensive hampering of 

soil biological processes. Another possibility, co-compost incorporates new microorganisms to S1 and 

S2, which originates a degradation of this type of humic acids, while S3 y S4 could be not affected by 

their previous contact. 
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FIGURE 3     Evolution of DHPQ (A528, A570, A617) 

 

3.3 Pearson correlation coefficient 

Finally, it was studied the relationship between the properties: Dehydrogenase Activity, Soil Organic Carbon and 

Dihydroperilenquinones. Table 3 shows Pearson correlation coefficient; we observe that DSH has a elevate grade of 

correlation with SOC, the regression analysis shows a lineal equation (DSH = -1.40 + 9.70 x SOC) with a elevate 

grade of signification (0.01). We also notice than DSH is related negatively, although scarcely, with DHPQ, what 

indicates a possible degradation of these compounds by the microbial activity.  

 

TABLE 3       Pearson correlation coefficient between DSH against SOC and DHPQ 
 

 SOC (%) A528 A570 A617 

DSH 

(µg TPF/mL) 
0.579** -0.180 -0.460* -0.252 

 

*The correlation is significant at level 0.05; the correlation is significant at level 0.01; n=24. 

 

4 CONCLUSIONS 

The effect on the soil of the addition of co-compost is influenced by various factors, mainly soil type (origin, 

evolution degree and initial organic carbon content) and temperature; both modify properties as DSH and SOC 

evolution. Similar conclusion was anticipated by Busby et al. (2007). 

 A major content of SOC in the native soils originates a bigger DSH, what carries an elevated SOC 

mineralization. Generally, the co-compost amendment also increases significantly the SOC mineralization, as a 

result of increased biological activity (stimulated by the own amendment).  

 The incubation time and the higher temperature generally stimulate the microbial activity (DSH), 

although there is a great dependency of the soil type. This situation let us choose between a rapid increase in 

nutrients through mineralization (promoting the DSH), or a stabilization and preservation of the SOC (improving 

soil properties and carbon sequestration), selecting the environmental temperature (season for amendment).  

 It is concluded that: a) It is necessary more investigation about the organic amendment in relation to soil 

types and environmental conditions, in order to select the best conditions in each case. b) Soil microcosm is a 

suitable method for studying the SOC evolution under controlled laboratory conditions, which is a first step towards 

predicting its evolution under field conditions. 
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1 INTRODUCTION 

Smallholdings (<5 ha) represent 73% of the total area devoted to agricultural production in Mexico. Velasco-

Velasco (2009) argued that many smallholder production systems (SPSs) are of low productivity and little 

quantitative data has been published on nitrogen use efficiency at farm scale in terms of nitrogen use and 

management. Nitrogen (N) is the most important nutrient for increasing crop yields. While the benefits from the use 

of N in terms of productivity are self-evident, low efficiency of N utilization can lead to environmental problems.  

Nitrogen use efficiency (NUE) at farm scale can be used to indicate the relative balance between the amount of N 

output from the core components (crops and livestock) versus the amount of N input (Dawson et al., 2008). 

Nitrogen use efficiency in farming systems is primarily influenced by two factors: the crop and animal themselves 

and the N loss opportunity, which depends on soil, weather, management strategies and practices (Moll et al., 

1982). Nitrogen flow in agricultural systems is commonly used to assess NUE by calculating agri-environmental 

indicators such as output/input ratio (O/I ratio), N losses (Nloss) and change of soil N pool (∆SNP) (OECD, 2001). 

From this point of view, several research projects have been conducted in developed countries and Europe to assess 

NUE of farming systems (Langeveld et al., 2007; Schroder et al., 2003; Spears et al., 2003). In Mexico, there have 

been few studies on N dynamics in smallholding agricultural systems, and most of them focused in separate 

processes within enterprises. Aspects which evidence the importance of studying and understanding N flows at farm 

scale are missing. Therefore this research aimed to quantify and analyze NUE indices such as O/I ratio, N losses 

and the change of soil N pool (∆SNP) through the development of a predictive framework for N flows in 

smallholder systems in the Texcoco region in central Mexico. Typical N management practices were evaluated at 

farm scale. 

 

2 MATERIAL AND METHODS 

The data used was derived from primary sources which included information from an integrated agricultural system 

prototype located in the Texcoco region and data generated in this research; and secondary sources were those from 

the literature review and production statistics for the Texcoco region. Due to the characteristics of SPSs in the 

Texcoco region, general assumptions were defined for each component, and the predictive framework was designed 

upon the soil surface and system balances methodologies (Öborn et al., 2003; OECD, 2001; Roy et al., 2003). A 

reconnaissance survey of 15 farms was conducted in the Texcoco region to collect indicative qualitative and 

quantitative information about nitrogen use and management in SPSs. This survey was carried out following 

personal field interviews logistics and expert observation as suggested by FAO (1997). Data from the 

reconnaissance survey was used to characterize the boundaries of SPSs and to define the N management practices 

analyzed by applying the predictive framework for N flows.  Nitrogen input and outputs in the core components 

(livestock, manure management and cropping system) were defined and computed ( 

FIGURE 1a). The methodological approach to develop the predictive framework for N flow is summarized in ( 

FIGURE 1b). A predictive framework for N flows was developed using a worksheet and programming feature of 

Microsoft Excel to relate N inputs, internal N transfers and N outputs.   
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FIGURE 1  Simplified N inputs, outputs and internal transfers for core components a) and methodological 

approach for the development of the predictive framework for N flows b). *Biological N fixation (BNF) 

 

3 RESULTS 

3.1  Key characteristics of livestock, stocking density and manure management practices of 

surveyed smallholder production systems 

According to the surveyed information, seven agricultural producers had farms from 0.5 - 2.0 ha, seven from 2.5 – 

8.0 ha and one had a 20 ha farm. This information coincided with data quoted by Madrid-Cordero (2009), who 

noted that smallholders (<5 ha) represent 73% of farming systems, and 22 and 5% corresponding to medium scale 

(5 - 20 ha) and large scale farms (>20 ha) respectively. Smallholder farmers are commonly employed in urban jobs 

to support family income; this is as a common pattern of smallholder farms in the Valley of Mexico (Torres-Lima 

and Burns, 2002). The Texcoco region is characterized by two seasons of cultivation: Spring-Summer (rainy 

season) and Autumn-Winter (irrigated agriculture). The main crops are corn maize followed by forage maize, 

forage oat, alfalfa and vegetables. Nitrogen supply for crops is through manure and mineral N fertilizer. Manure 

application rates to corn maize and alfalfa ranged from 5 to 180 Mg ha
-1

 (equivalent to 40 – 600 kg N ha
-1

 a
-1

). The 

use of manure in the Texcoco region is low when compared to other regions of Mexico e.g. “La laguna” region in 

Northern Mexico, where application rates range from 200 – 300 Mg ha
-1

 a
-1

 (Salazar-Sosa et al., 2004). Mineral 

fertilizers most commonly used in the Texcoco region are urea, calcium nitrate and superphosphate, with fertilizer 

application rates ranging from 10 - 140 kg ha
-1

. 

 Dairy cows are the most dominant livestock type held in corrals, with variable stocking density 

ranging from 1 - 10 LU ha
-1

. Pigs were the second most common type of livestock, in terms of the number of LU ha
-

1
. Typically, agricultural producers in this region simultaneously manage two or more species. Old manure is 

defined in this research as that which is stored six months or more before being applied to agricultural land, whereas 

fresh manure is defined as manure stored for less than six months, usually one month (within or next to the corral). 

According to the collected data during the reconnaissance survey, 10 agricultural producers store manure from 6 - 

12 months before land application, one keeps manure for more than 12 months and four farmers store it for <4 

months. Manure management is a key element in terms of N use efficiency at farm scale, and improving N 

management requires specific on-farm analysis. As noted by Oenema (2006), the study of the complete farming 

production system is essential to increase productivity and reduce environmental impact from agricultural practices.  

3.3  Nitrogen budgets for the case study farms 

The data was estimated using the predictive framework and was based upon key management practices such as crop 

sequence, livestock type, stocking density, manure management (fresh, old and vermicompost), fertilization and 

manure application rates. TABLE 1 shows N inputs, outputs and NUE indices for three examples of selected SPSs. 

  

a) 

 

Variables and 

assumptions for N 

flows in smallholdings 

at farm scale 

Development of the 

predictive 

framework (Excel 

worksheet)  

Scenario 

outputs and 

data analysis 

Application of 

the predictive 

framework 

Losses 

 

Soil-cropping system 

Livestock 

Manure management 

Product 

BNF
*
, seed, 

water, 

fertilizer 

Imported 

feed 

Internal N transfer 

b) 
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TABLE 1  Nitrogen budgets (kg N ha
-1

 a
-1

) for smallholder production systems in the Texcoco region. 

Variable\management practice Farm A Farm B Farm C 

      Crop sequence Cm/fo* Alfalfa Cm/fm** 

      Livestock type Pigs Dairy Dairy 

      Stocking density 1.6 4 10 

      Manure management Old Old Old 

Inputs   149 586 

      Biological Fixation 57 425 11 

      Seed   3 1 

      Rain & irrigation water 35 40 35 

      Imported manure 11 120 0 

      Fertilizer   0 0 

      Imported animal feed 42 0 712 

Outputs   73 313 

      Livestock product 64 116 291 

      Exported crop 10 0 47 

      Exported animal feed 0 197 0 

      Exported manure 0 0 735 

N losses (Nloss) 70 241 528 

O/I ratio  0.49 0.53 0.40 

Change SNP (∆SNP) -35 124 13 

*corn maize/forage oats (Cm/fo), **corn maize/forage maize (Cm/fm) 

 

The stocking density ranged from 0.4 - 10.0 LU ha
-1

, and it was observed that manure is typically applied 

after being stored for more than 6 months. Nitrogen input varied widely, total N inputs ranged from 149 to 852 kg 

N ha
-1

 a
-1

. Biological N fixation (estimated from previous research) ranged from 11 – 532 kg N ha
-1

 a
-1

 depending 

on the crop sequence and the use of fertilizer. The proximity of Mexico city to the Texcoco region is reflected in 

approximately 33 kg N ha
-1

 a
-1

 deposited in rainfall (Cristobal-Acevedo et al., 2007). Nitrogen inputs such as 

imported manure, imported animal food and biological fixation strongly influenced the studied variables i.e. O/I 

ratio. Alfalfa as crop sequence showed positive effect on ∆SNP with values ranging from 43 – 124 kg ha
-1

 a
-1

. 

Likewise, SPSs with imported animal feed showed N depletion (TABLE 1). It is important to notice that every 

surveyed smallholder has particular management strategies that could affect the N flow. 

 

4 CONCLUSION 

The effect of selected management practices on O/I ratio was as follows: crop sequence > stocking density > 

livestock type > manure management. The effect of livestock type on O/I ratio from high to low productivity was 

observed as follow: pigs > dairy cows/beef cattle > sheep/goats. The effect of manure management on O/I ratio 

showed that applying vermicompost and fresh manure produced the highest O/I ratios compared to applying old 

manure. Nitrogen losses decreased as follows: stocking density > livestock type > manure management > crop 

sequence. The predictive framework can be used as a management tool to highlight NUE indices at farm scale for 

agricultural systems in central Mexico. 
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1 INTRODUCTION  

Several studies on organic amendments have been developed on the environmental problems related to an excessive 

inorganic fertilization in agricultural soils (Hernández and Martínez, 1987; Delgado et al., 1999). Moreover, pig 

slurries have potential to supply nutrients to the soil due to the high organic matter contents; this capacity depends 

on the pig slurry and soil characteristics (Faz et al., 2005; Sánchez and González, 2005; Llona et al., 2009). 

However, the inappropriate management of livestock organic wastes could have an environmental impact. In order 

to minimize the environmental impact of the pig production it would be necessary to reduce pollutants in the wastes. 

It could be achieved through the modification of the livestock diet (Pomar, 1999), using techniques such as the 

liquid diet. This technique is based on the mix of solid feed and whey and it provides an appreciation of the whey 

increasing the economical benefits in the farms (Scholten et al., 1997).    

On the other hand, gas emissions from livestock farms are a threat to prevent the atmosphere against to 

the global climate change (IPCC, 2009). This fact represents one of the main environmental challenges for different 

countries such as Spain (MARM, 2009). Therefore, the quantification of the gas emissions from the pig farming is 

an important point in order to establish the contribution of this activity to the atmosphere greenhouse effects. 

In order to determine the optimum doses of pig slurry applications, the objectives of this research were: 

(i) the soil resource description before the applications, (ii) the characterization of pig slurries from different pig 

diets (liquid and conventional) with physico-chemical treatment (iii) the study of some greenhouse gases produced 

by the pig farming. 

 

2 MATERIALS AND METHODS  

The studied farm was located in the South East of Spain, in Albacete province (Hellín district). This area is not 

considered with a high pollution risk due to the nitrate leaching; therefore, the maximum dose of total nitrogen (TN) 

recommended is 210 kg ha
-1

 year 
-1

 (ITAP-Junta Castilla La Mancha, 2006). Two production nucleus were selected, 

one with liquid feed and one with conventional feed. Moreover, pig slurries from liquid and conventional feed were 

treated through a physico-chemical treatment with flocculants with the aim of decreasing the electrical conductivity 

and the nitrogen concentration.   

In order to apply dissimilar pig slurry dose different agricultural plots (5 x 5 m) were constructed: (1) 3 

plots for raw pig slurry application from liquid diet, (2) 3 plots for pig slurry application from liquid diet with 

physico-chemical treatment, (3) 3 plots for raw pig slurry application from conventional diet and (4) 3 plots for pig 

slurry application from conventional diet with physico-chemical treatment. Furthermore, 3 soil sampling points were 

selected per plot. Soil surface (0-30 cm) and subsurface samples (30-60 cm) were taken to describe the soil 

properties before the pig slurry applications. Physico-chemical soil properties determined were: pH, electrical 

conductivity (EC), calcium carbonate, texture, organic carbon (OC), TN and C/N.   

Three pig slurry samples were collected in each pig building to characterize the raw pig slurries from 

liquid and conventional feed nucleus. Moreover, 3 samples were taken after the physico-chemical treatment of pig 

slurries from liquid and conventional diet to determine the changes in some parameters. Chemical pig slurry 
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analyses were: pH, EC and TN. Application dose were determined taking into account maximum TN recommended 

concentration (210 kg ha
-1

 yr
-1

) in each kind of pig slurries. 

In addition, CO2, NH3, H2S and CH4 concentrations were measured in the buildings using a Drager 7000 

AM equipment and there were considered 3 different heights: level 1 (1.5 m from the floor), level 2 (0.5 m from the 

floor) and level 3 (on the floor).  

 

3 RESULTS AND DISCUSSION (letter size 11 pt, capitals, bold) 

In general, preliminary results before the pig slurry application (Tables 1 and 2) showed slightly-moderate alkaline 

(Soil Survey Division Staff, 1993) values, exhibiting the highest mean value in subsurface samples (8.2 ± 0.4). Soils 

were no saline or slightly saline (USDA, 2005) with higher EC in surface (maximum mean value 1.6 ± 0.5 dS m
-1

).  

The texture was sandy loam (FAO-UNESCO-ISRIC, 1998) with higher silt contents in the 0-30 cm (36 ± 7 %). 

Calcium carbonate contents were higher in surface and subsurface samples (with a maximum mean value of 50.6 ± 

6.8 % from 0 to 30 cm).  

 

TABLE 1 Surface soil results before pig slurry applications (n=9) 

Surface (0-30 cm) 

  Liquid feed Conventional feed 

 Raw  Treated Raw Treated 

pH 7.8 ± 0.3 7.9 ± 0.3 7.6 ± 0.3 7.6 ± 0.4 

EC (dS m
-1

) 1.1 ± 0.3 1.2 ± 0.4 1.6 ± 0.5 1.1 ± 0.2 

Sand (%) 51 ± 9 48 ± 12 53 ± 6 57 ± 7 

Silt (%) 36 ± 7 30 ± 13 15 ± 6 29 ± 7 

Clay (%) 12 ± 4 20 ± 2 32 ± 4 14 ± 4 

CaCO3 (%) 45.0 ± 4.0 38.1 ± 2.1 43.5 ± 4.9 36.8 ± 1.9 

OC (g kg
-1

) 19.4 ± 9.1 23.0 ± 7.3 28.8 ± 10.7 23.8 ± 8.9 

TN  (g kg
-1

) 0.6 ± 0.3 0.9 ± 0.3 1.0 ± 0.5 0.9 ± 0.4 

C/N 9.8 ± 2.1 7.9 ± 0.9 7.1 ± 1.0 7.2 ± 0.5 

 

Organic carbon and TN contents were moderately high (Cobertera, 1993) and both parameters were 

higher in surface samples (28.8 ± 10.7 g kg
-1

 and  1.0 ± 0.5 g kg
-1

, respectively). Moreover, C/N ratio pinpointed a 

predominance of the mineralization by the contrast of humification processes in the most of the studied plots (Brady 

and Weil, 2007).  

 

TABLE 2 Subsurface soil results before pig slurry applications (n=9) 

Subsurface (30-60 cm) 

  Liquid feed Conventional feed 

 Raw  Treated Raw Treated 

pH 8.0 ± 0.5 8.2 ± 0.3 8.2 ± 0.4 8.1 ± 0.2 

EC (dS m
-1

) 0.8 ± 0.1 1.0 ± 0.3 0.9 ± 0.3 0.8 ± 0.2 

Sand (%) 55 ± 14 48 ± 13 53 ± 12 56 ± 10 

Silt (%) 29 ± 10 46 ± 12 29 ± 8 25 ± 8 

Clay (%) 16 ± 6 5 ± 2 18 ± 8 19 ± 3 

CaCO3 (%) 48.5 ± 3.9 43.2 ± 7.6 50.6 ± 6.8 39.2 ± 2.5 

OC (g kg
-1

) 15.4 ± 10.0 13.8 ± 2.3 9.3 ± 5.0 12.1 ± 8.4 

TN  (g kg
-1

) 0.4 ± 0.3 0.5 ± 0.1 0.3 ± 0.1 0.4 ± 0.3 

C/N 12.1 ± 2.0 8.8 ± 2.4 8.5 ± 2.4 8.8 ± 1.8 
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Pig slurry results exhibited neutral pH in liquid and conventional feed in connection with other 

authors´results (Llona and Faz, 2009; Daudén and Quílez, 2004). Electrical conductivity was higher in conventional 

feed (23.2 ± 5.7 dS m
-1

) and it decreased to 14.1 ± 0.4 dS m
-1

 after the physico-chemical treatment; similar results 

were observed by Faz et al. (2005). Total nitrogen concentrations in raw and treated pig slurries were lower than 

Sanchez and Gonzalez´s (2005) results. After physico-chemical treatment the highest TN reduction was observed in 

conventional feed, from 2.0 ± 0.3 g kg
-1

 to 1.1 ± 0.4 g kg
-1

. Dose of raw and treated pig slurry applications were 

determined taking into account TN concentrations. Therefore, the highest dose corresponded to the pig slurry from 

conventional diet with physico-chemical treatment (495 L by plot). 

Gas concentrations in the production buildings were similar in the three studied levels of measurement. 

Preliminary results did not show noticeable differences between liquid and conventional feeding nucleus. According 

to Díez (2000), in general, carbon dioxide concentrations were in the desirable-acceptable range (500-6000 ppm) 

while NH3 and H2S were below desirable level (25 and 5 ppm, respectively). It was observed an important CO2 and 

NH3 decrease in those buildings without animals. Moreover, no CH4 concentration was found in any buildings. 

 

4 CONCLUSIONS  

In order to prevent the unsustainable use of pig slurries in the agricultural fertilizations, soil and pig slurry physico-

chemical properties must be studied. This research shows that the soil for the pig slurry applications was moderately 

alkaline without salinity problems and it presents high calcium carbonate contents and sandy loam texture. 

Moderately high OC and TN contents were observed and mineralization process was predominant rather than 

humification. 

Liquid and conventional livestock diet point out differences in some pig slurry parameters such as 

electrical conductivity and total nitrogen concentration. These differences should be taken account in order to 

determine the appropriate dose of application to avoid some risks related to the nitrate leaching. Preliminary results 

exhibit an important decrease in the EC and TN concentration after the physico-chemical treatment.  

In addition, differences between liquid and conventional feed in the production of some greenhouse gases 

have not been observed into the building studied. Generally, gas concentrations were below than admissible level. 

Therefore, the contribution of these gases to the atmosphere seems to be not so relevant in the production buildings 

of the pig farm studied.  

 

ACKNOWLEDGEMENTS  

This work was financed by Science and Technology Ministry of Spain through CDTI (Project “Aplicación 

agronómica de purines de cerdo ibérico sometidos a dieta líquida”). 

 

REFERENCES (letter size 11 pt, capitals, bold) 

Brady N, Weil R 2007. The Nature and Properties of Soil. Pearson International Edition. ISBN 13: 978-0-13-

513387-3. New Jersey. USA. 975 pp. 

Cobertera E 1993. Edafología Aplicada. Suelos, producción agraria, planificación territorial e impactos ambientales. 

Cobertera E (ed.). Madrid. 326 pp. 

Daudén A, Quílez D 2004. Pig slurry versus mineral fertilization on corn yield and nitrate leaching in a 

Mediterranean irrigated environment. European Journal Agronomy 21, 7-19.  

Delgado M, Porcel M, Miralles de Imperial R, Bellido N, Bigeriego M, Beltrán E, Calvo R  1999. Mineralización 

del nitrógeno procedente de residuos orgánicos. Rev. Internacional de Contaminación Ambiental 15 (1), 19-

25. 

Díez A 2000. Entrevista con D. Agustín Diez Cisneros: los purines y sus tratamientos. Revista Medio Ambiental 

Econotici@s.com, nº 6, III trimestre, 5-9. 

FAO-UNESCO-ISRIC 1988: Soil Map of the World. Revised Legend. Report n 60. Roma. 83 pp. 

- 750 -



Use of manures and organic wastes to improve soil quality and nutrient balances 

 

 

Faz A, Tortosa J, Andújar M, Llona M, Lobera J, Palop A, Amat S 2005. Application of Pig Slurry in the 

Guadalentin Valley for Brocoli and Water Melon production: preliminary results. Advances in Geoecology 

36. Catena Verlag. Reiskirchen. 133-148 pp. 

Hernádez M,  Martínez J 1987. Efecto del encalado sobre las características biológicas y la productividad de un 

suelo Ferralítico Cuarcítico Amarillo Lixiviado. III acción sobre la población microbiana del suelo. Ciencia y 

Agronomía. 31, 68-74. 

IPCC 2009. Panel Intergubernamental de Cambio Climático. http://www.ipcc.ch 

ITAP-Junta de Castilla La Mancha 2006. Instituto Técnico Agronómico Provincial SA, Consejería de Medio 

Ambiente y Desarrollo Rural, Consejería de Agricultura. 2006. Zonas vulnerables a la contaminación por 

nitratos en Castilla La Mancha procedentes de fuentes agrarias. Boletín nº 70. Febrero. 8 pp. 

Llona M, Faz A 2009. Contribution from Pig Slurry to Micro and Macro nutrients Status of Soil Planted with 

Brocoli. Advances in Ecology 40. Catena Verlag. Reiskirchen. 347-353 pp. 

MARM 2009. Emisiones de gases en la ganadería. http://www.marm.es/es/ganderia/ganderia.htm 

Pomar C,  Dit B, Philippe J, Rivest J 1999. Alimentar mejor a los cerdos para proteger el medio ambiente. Anaporc. 

Revista de Porcinocultura XIX (193), 87-102. 

Sánchez M, González JL 2005. The fertilizer value of pig slurry. I. Values depending on the type of operation. 

Bioresource Tecnology 96, 1117-11123. 

Scholten R, Peet-Schwering C, Van Der H, Den L, Verstegen A, Martin WA, Schrama J 1997. Uso de dietas 

líquidas y co-productos líquidos para porcino. In: http://dialnet.uniroja.es/servlet. 

Soil Survey Division Staff 1993. Soil Survey Manual. USDA Handbook 18, U.S. Government Printing Office, 

Washington, DC. 437 pp. 

USDA 2005. U.S. Department of Agriculture, Natural Resources Conservation Service. National Soil Survey 

Handbook, Title 430 - VI. En: http://www.soils.usda.gov/technical/handbook/ 

 

 

 

 

 
 
 

 
 

 
 

 

- 751 -



 
Use of manures and organic wastes to improve soil quality and nutrient balances 

 

 

 

INCREASING SOIL FERTILITY AFTER APPLICATION 

OF COMPOSTED OLIVE MILL POMACE IN ORGANIC 

OLIVE OIL GROVES 

  
Gómez-Muñoz B., Ochoa V., García-Ruiz R. 

ECOLOGY SECTION, Department of Animal and Plant Biology, and Ecology, University of Jaén, 

Paraje las lagunillas s/n, 23071 Jaén, Spain. Tel: +34953212668. bgomez@ujaen.es 

 

1 INTRODUCTION  

Between 2 to 3 million tonnes of olive mill pomace are produce annually during the two-phase extraction procedure 

in the Andalusia olive oil industry, in just 3-4 months. Most (~ 80 %) of the nitrogen (N), phosphorus (P) and 

potassium (K) harvested with the olives appears in the olive mill pomace during its transformation to olive oil. Olive 

mill pomace is characterised by its high organic matter (typically > 40%) and carbon (> 20%) content. Until 

recently, olive mill pomace was considered as an environmentally harmful residue. The valorisation of olive mill 

pomace fulfils some of the objectives of sustainable agricultural systems. Olive mill pomace can be used as a 

potential source of nutrients and might provide organic matter and carbon, increasing the soil fertility and thus long 

term sustainability. However, because of the high polyphenol and biological oxygen demand levels and its very high 

water content, its composting is highly recommended before any further use in agriculture. However, before 

recommendations can be made on doses, frequency and timing of application of the composted olive mill pomace 

(COMP), short, medium and long term changes in soil fertility after soil application of COMP should be assessed. 

The objective of this investigation was to evaluate the improvements in soil fertility and soil C 

sequestration in olive oil farming which apply COMP. In addition, we have also assessed the effects of the number 

of years since COMP has been applied on soil fertility indicators.  

 

2 MATERIALS AND METHODS  

Five organic olive oil groves which had received COMP (+COMP) for different numbers of years and 5 nearby and 

comparable but without COMP (-COMP) were selected: Olvera (O) during the last 3 years, Reja (R) and 

Villaviciosa (V) during the last 4 years, Tobazo (T) during the last 9 years and Andujar (A) the last 16 years. 5 soil 

samples (composed of four subsamples soil) were collected in April (2009).  

Soil samples were analysed for pH in soil:water extract (1:10, w:v). Organic matter content was analysed 

by loss on ignition. The percentage of stable aggregates was determined by the method of Lax et al. (1994). The 

water holding capacity and particle size distribution were determined by the methods of Klute (1986) and Gee and 

Bauder (1986), respectively. Exchangeable Ca, Mg, K and Na, following Grant (1982), carbonate and labile 

phosphorus contents (Olsen and Sommers, 1982) were determined on air-dried samples. Cation exchange capacity 

was analysed according to Rhoades (1982). Total C and N contents were determined using a Leco CNH-932 

analyser. Potential N mineralization (PNM) and the potential rate of soil ammonium oxidation were analysed 

according to Kandeler (1995). The mineralization and nitrification rate were determined by in situ bag technique 

during 1-2 months and the subsequent analyses of NO3
-
 and NH4

+
 (Keeney & Nelson, 1982). Soil inversate, xilanase 

and celullase were analysed by Schinner and Von Mersi (1990) and acid phosphatase, dehydrogenase, protease, 

arilsulfatase and β-glucosidase according Tabatabai (1982). The geometric mean of the assayed enzyme activities 

(GM, hereafter) was calculated. 

Differences between treatments were analysed by ANOVA, and the Fisher post hoc test. Principal 

Components Analysis (PCA) was applied with all variables analysed to obtain the ordination of cases in the 2 new 

axes. 
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3 RESULTS AND DISCUSSION  

3.1 Physico-chemical and biological properties 

Soil organic matter (SOM) was significantly higher in the +COMP olive farming (Table 1); however this was 

depended on the number of years that COMP had been applied. SOM was similar after 3 years but was 8.5 times 

higher after 16 years of COMP application. According to the higher SOM values, water holding capacity (WHC) 

and the percentage of soil stable aggregates (SA) were significantly improved in 4 out of the 5 olive groves. 

Therefore, the regular application of COMP might help to mitigate the relative high soil erosion of many olive 

groves and improve soil water conservation. 

Soil organic carbon (SOC) and nitrogen (SN) were also significantly higher in the COMP olive farming 

(in 3 out of 5), especially in those that applied COMP for more than 7 years (Table 1). SOC and SN in the olive 

farming that applied COMP for 17 years were 8.5 and 14.8 times higher than the comparable farming without 

COMP. Theses results indicates that COMP nitrogen retention is high and application of COMP might be an 

adequate strategy to increase soil carbon sequestration in olive farming. The soil capacity to retain cations (CEC) 

was also significantly improved after the application of COMP (Table 1). 

The rate of net nitrogen supply via mineralization and nitrification under field conditions were 

significantly higher in the +COMP-plots (Table 1). Moreover, differences between +COMP and –COMP farming 

were greater in relation to the number of years of COMP application. So, the regular application of COMP provides 

available nitrogen during COMP decomposition, at least at the long term. 

Soil enzyme activity has been described as soil health/quality indicators (Pascual et al., 2000). Soil 

alkaline  phosphatase, β-glucosidase, protease, invertase and dehydrogenase (date not shown) and a combine index, 

such as geometric mean (GM), were all significantly higher (in some cases even an order of magnitude higher) in 

olive farming which received COMP (Table 1), except at V. Thus, soil functional quality was greatly improved after 

COMP application. 

 

TABLE 1 Some properties of soil from olive oil farming with COMP (+COMP) and without COMP (-

COMP). Data are the mean ± standard deviation (n=3). Different letter denote significant 

differences (P<0.05) between one plot and its comparable conventional.  

Site 
WHC 

(%) 

SA 

(%) 

SOM 

(%) 

SN 

(%) 

SOC 

(%) 

CEC 

meq 

100g
-1

 

Soil net N 

mineralisation  

(µg N g
-1

d
-1

) 

GM 

(Relative 

values) 

O (+COMP) 0.26±0.01ª 51.9±2.0
a
 3.94±0.9

 a
 0.25±0.03

a
 2.3±0.55

a
 22.2±1.5ª 0.39±0.11ª 39.3±3.2ª 

O (-COMP) 0.22±0.01
b
 34.1±1.6

b
 3.45±0.8

 a
 0.28±0.02

a
 2.0±0.49

 a
 20.8±0.2ª 0.31±0.19ª 4.13±4.0

b
 

R (+COMP) 0.22±0.01ª 58.0±1.8ª 8.34±3.6
 a
 0.29±0.03

a
 4.8±2.12

a
 25.3±4.7ª 0.33±0.19

 a
 30.4±2.9ª 

R (-COMP) 0.21±0.02ª 37.2±1.0
b
 3.96±1.1

 b
 0.23±0.01

b
 2.3±0.63

b
 18.6±0.3

b
 0.16±0.07

b
 2.35±2.3

b
 

V (+COMP) 0.21±0.01ª 38.4±1.4ª 4.97±0.6
a
 0.12±0.01

a
 2.8 ±0.36

a
 12.8±1.9ª 0.86±0..13ª 13.4±3.6ª 

V (-COMP) 0.16±0.01
b
 32.1±3.1

b
 5.48±1.2

a
 0.13±0.01

a
 3.1±0.71

a
 11.7±0.4ª 0.90±0.11ª 14.9±2.0

a
 

T (+COMP) 0.24±0.01ª 56.8±0.2ª 6.31±2.2
a
 0.25±0.08

a
 3.6±1.28

a
 21.1±4.2ª 0.39±0.37ª 22.6±7.2ª 

T (-COMP) 0.21±0.01
b
 22.7±0.7

b
 2.39±0.2

 b
 0.15±0.02

b
 1.3±0.35

b
 15.4±2.5

b
 0.02±0.12

 b
 15.2±0.6

b
 

A (+COMP) 0.30±0.01ª 24.0±1.1ª 16.1±3.4
a
 0.74±0.32

a
 9.3 ±2.02

a
 23.3±8.5ª 0.29±0.19ª 22.9±6.9ª 

A (-COMP) 0.29±0.01ª 23.7±1.6ª 1.88±0.4
 b
 0.05±0.01

b
 1.1±0.24

b
 10.6±1.5

b
 -0.44±1.29

b
 16.4±3.1

b
 

 

3.2 Principal components analyses 

To summarize the information a principal component analysis was performed. The first axis (PC1) showed 

significant negative correlation with soil enzymes activities and long and medium terms stock of nutrient as total 

SN, SOM, PNM or CEC. Therefore, PC1 separates olive farming according to a soil fertility gradient. Figure 1 

shows the scores of the each plot (+COMP and -COMP) along PC1 and PC2. Olive oil farms which applied COMP 

were situated in the negative range of the PC1 values (high fertility) whereas the –COMP plots in the positive range 

(low fertility plots). Figure 2 shows the difference in PC1 of each pair of olive oil farms, which differ in COMP. 

Clearly the application of COMP improved soil fertility, except for the V site. Moreover, these differences increased 

along the number of years since COMP has been added, except to V (Figure 2). The reasons of lack of differences at 
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V are unknown, and highlight the fact that the effect of COMP application on soil fertility depend on site (i.e. soil 

properties). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1 Scores of the olive oil farming (+COMP and –COMP) samples on the PC1 and PC2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 2 Distance between each olive oil farm with COMP, and the comparable olive oil farm without 

COMP.  

 

4 CONCLUSIONS  

The revalorization of olive mill pomace as an organic fertilizer after composting reduces the economic and 

environmental problems associated with the disposal of this byproduct of olive oil industry, which is annually 

produced in large amounts in Andalusia. The application of COMP as a fertilizer in olive groves improves the 

physical, chemical and biological soil properties, and provides organic matter and sequesters organic carbon into the 

soil. In addition, it provides available nitrogen (and phosphorus and potassium) reducing the requirement for 

chemical fertilisers. There was a clear tendency of soil fertility to increase after three years of regular COMP 

application, and therefore the benefits are achieved at the short term.  
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1 INTRODUCTION 

Anaerobic digestion of animal manures is being adopted by an increasing number of farmers. In Italy, anaerobic 

digestion is frequently carried out (co-digestion) by adding dedicated crop biomass (e.g. above ground biomass of 

cereals) or waste (e.g. food processing residues) to the manure, with the purpose of increasing biogas production. 

Moreover, most farmers separate the manures to obtain a solid and a liquid fraction, which can be managed 

separately. Few field or laboratory experiments exist, however, that provide information about the fertilising value 

of raw or separated co-digested manures (de Boer, 2008; Möller et al., 2008). Therefore, preparation of nutrient 

management plans is problematic, because the dynamics of added N after soil incorporation of manures are not 

known and estimates of apparent nitrogen recovery have been seldom published. Moreover, most of the published 

research works on this subject are related to manures obtained under anaerobic digestion without addition of 

biomasses (besides the raw manure itself). 

 The aim of the work reported here was to study the dynamics of C and N contained in raw and separated 

co-digested manures, in particular to obtain estimates of their net N mineralisation as a support for the preparation of 

nutrient management plans. 

 

2 MATERIALS AND METHODS  

The twenty manures used in this experiment were obtained as the incomplete factorial combination of: two liquid 

manure types (pig and dairy); four digestion types (no digestion, i.e. raw manure; digestion without added biomass; 

digestion with silage maize; digestion with household organic waste); three fractions (non-separated raw manure; 

liquid fraction; solid fraction). Raw pig and dairy liquid manures were not separated. All the manures used in this 

research were produced experimentally starting from a pig and a dairy liquid manure obtained from commercial 

farms. Anaerobic digestion was conducted over a period of 60 days at a temperature of 40 °C in reactors of 50 L. 

Reactors were initially inoculated with the actively fermenting content of a full-scale digestion plant. Depending on 

the manure to be produced, the reactors were fed either with raw manure or with raw manure and biomass (1:1, 

w/w). The addition of manure and/or biomass to the reactor was carried out when the alkali/volatile fatty acids ratio 

was lower than 0.3, and when percentage of CH4 was lower than 40% of the total biogas volume. The pH, biogas 

and methane production were continuously monitored. Digested manures were separated by applying a pressure of 

1.5 kg cm
-2

 on a 2-mm screen; the duration of separation was about 5 min. 

 The soil used for the incubation was collected from a cereal farm in northern Italy. It had (Table 1) a pH 

lower than 6.8, and had not received organic manures during the last 10 years, to minimize C and N mineralisation 

from the unfertilised control treatment. 

 

TABLE 1 Soil used in the incubation experiment 

Sand 

(g kg
-1

) 

Silt 

(g kg
-1

) 

Clay 

(g kg
-1

) 

pH(H2O) Organic carbon 

(g kg
-1

) 

Total nitrogen 

(g kg
-1

) 

C/N 

666 294 40 6.7 13.3 1.4 9.2 

 

 For sake of brevity, we report in Table 2 only the analysis of the manures whose results will be presented 

throughout this text. 
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TABLE 2 Manures used in the incubation experiment. Co-digested manure was obtained by adding silage 

maize during anaerobic digestion. Composition values expressed on a wet weight basis. 

Manure Dry matter 

(g kg
-1

) 

Carbon 

(g kg
-1

) 

Total N 

(g kg
-1

) 

NH4-N 

(g kg
-1

) 

NH4-N / 

Total N 

(%) 

Raw liquid pig manure (NOD) 58 21.6 4.63 3.12 67% 

Raw co-digested pig manure (DRA) 40 14.0 2.89 2.16 75% 

Liquid fraction of co-digested pig manure (DLF) 25 8.3 2.56 2.27 89% 

Solid fraction of co-digested pig manure (DSF) 207 91.2 4.64 1.96 42% 

 

 We adopted a completely randomised experimental design with three replicates and 22 treatments (20 

manures + 2 controls: one unfertilised control with water, and one with ammonium sulphate). Following the 

“nursery” method by Thuriès et al. (2000), which involves destructive measurements over time, we have set up 792 

experimental units, allowing 12 sampling dates (22 treatments × 3 replicates × 12 dates). Each experimental unit 

consisted of 100 g of dry soil. A 1-week pre-incubation of remoistened, bulk-sieved soil was carried out to allow 

mineralisation of labile pools eventually present in the soil after desiccation and sieving (at 2 mm). After pre-

incubation, manures were added to soils and immediately incorporated through mixing. Each manure was added at a 

rate supplying 100 mg N kg
-1

 dry soil. 

 Incubation was carried out at a soil water potential of -50 kPa, and a temperature of 25°C. Experimental 

units were periodically watered to compensate for water loss by evaporation. Measurements of respired CO2, nitrate 

and ammonium concentration in the soil, and C and N concentration in microbial biomass were made at Day 0, 2, 4, 

8, 13, 21, 28, 41, and 75. As of April 2010, the experiment is in progress, and three additional sampling dates are 

scheduled. 

 At the end of each incubation period, respired CO2 was determined by the alkali trap method. Mineral 

forms of N were extracted with 100 mL of 1 M KCl per 30 g of soil. Suspensions were shaken for 1 h and then 

filtered through Whatman 40 filter paper. Concentrations of NH4–N and NO3–N in the KCl extracts were 

determined by flow injection analysis and spectrometric detection (FIAstar 5000 Analyzer, Foss Tecator, Denmark). 

Analysis of NH4–N was done by the gas semi-permeable membrane method according to the ISO 11732 procedure 

(1997). Analysis of NO3–N was done by the sulphanilamide-naphtylethylendiamine dihydrocloride method, after 

preliminary reduction of NO3 to NO2 by a copper-cadmium reductor column, according to the ISO 13395 procedure 

(1996). 

 For each incubation interval, the net CO2-C respiration of manure C was determined by subtracting the 

CO2-C respiration of the control from the CO2-C respiration of the amended soil (assuming no priming effect from 

the manure). These values were either summed for all the intervals to obtain the cumulative respiration, or divided 

by the duration of each interval to calculate the rate of respiration. All the results (cumulative values and rates) were 

expressed as a fraction of added manure C. At each incubation interval, plant available N (PAN) was calculated as 

the SMN in the manured treatments minus the SMN in the control receiving water; PAN was expressed as a fraction 

of added manure N. 

 

3 RESULTS AND DISCUSSION 

In this paper, we present only the results of treatments listed in Table 2, i.e. undigested liquid pig manure (NOD: NO 

Digestion) and manures co-digested with silage maize (DRA: Digested RAw; DLF: Digested Liquid Fraction; DSF: 

Digested Solid Fraction). 

The pattern of CO2 respiration (Figure 1) is similar to that found in similar studies, with higher rates in 

the first week and lower rates later on. The percentage of C respired after 75 days ranged from 79% (DLF) to 13% 

(DSF). Anaerobic digestion did not reduce the decomposability of organic matter (Figure 1: NOD vs. DRA), with 

final respiration of 52 (raw undigested manure) and 54% (raw digested manure). The respiration of the solid fraction 

was extremely slow, with a more linear kinetic compared to the other three materials. The liquid fraction was 

metabolised very quickly, with 40% CO2-C emission in only two weeks. 
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FIGURE 1 Cumulative CO2-C respiration of raw, co-digested and separated manure. See Table 2 for 

abbreviations 
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FIGURE 2 Plant available nitrogen following the addition of raw, co-digested and separated manure. See 

Table 2 for abbreviations 

 

 Substantial fluctuations in plant available nitrogen were apparent in the first week. The peak of 

immobilisation was most evident for the raw pig manure (NOD) and the liquid fraction of digested manure (DLF). 
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 After the first week, the values of PAN remained relatively stable in most treatments, and at the end of the 

incubation they were rather similar to those measured at the start. This suggests that the organic fraction of all these 

materials is rather recalcitrant to microbial decomposition. 

 

4 CONCLUSIONS 

The complete results of this experiment will allow a better preparation of nutrient management plans. The 

cumulative dynamics of C respiration will provide insight on the humification potential of different manures and of 

their fractions. This will be of particular interest to estimate their C sequestration potential, also considering that the 

solid fraction can be more easily transported to areas where organic manure availability is scarce. Results of plant 

available N will indicate what contribution to crop N nutrition can be expected from these materials after soil 

incorporation, at least in relative terms (raw vs. digested vs. separated manure vs. ammonium sulphate). This 

information will permit to make hypotheses about the apparent N recovery of these materials under field conditions, 

to be used in N management plans based on a mass balance. 
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1  INTRODUCTION 

Crop residues, like cereal and maize straw, are a potential source of bio-energy. Their use for real bio-energy is on 

one hand a good idea because of their very high energy potential, which were discussed (Bavec et al., 2007) at the 

workshop 'Cereal straw and agricultural residues for bio-energy in new member states and candidate countries' 

organized by EU Commission's Joint Research Centre in Novi Sad 2007. For example, if Japanese technologies 

enable the effective use of agricultural rice residues abroad as a result of Japanese effort from the years after 2010, 

the resulting reduction of greenhouse gas emission can be counted under the framework of the Kyoto Protocol 

(Matsumura et al., 2005). The same importance was attributed for all organic wastes in Canada (Champagne, 2007). 

                But on the other hand, in the longer term, their indiscriminate removal  has adverse impacts on soil, the 

environment, and crop production. Therefore agronomists do not support removal of crop residues from the fields 

(Kastori and Tesic, 2005). 

Straw removal from the fields can decrease humus content, provoke degradation of soil structure with 

additional negative influences on erosion of soil and plant nutrients, and reduce the natural pathways of plant 

nutrients, especially nitrogen mineralization. As a consequence, a great reduction in natural soil fertility occurs. In 

all types of soils, except chernozem, lack of organic matter in the soil (straw is the main input in specialised field 

crop production) significantly decreases earthworm population and in consequence available nitrogen and other 

nutrients from organic budget (pools). However, the lack of organic matter in the soil also has a lot of interactions 

with soil water and temperature regimes associated with physical (e.g. water infiltration, saturated/unsaturated 

hydraulic conductivity, and air permeability, thereby increasing runoff/soil erosion and transport of non-point source 

pollutants such as sediment and chemicals (Blanco-Canqui and Lal, 2009), chemical and biological properties of 

soils and has direct effects on the environment and growth of plants.  

 

2  METHODS 

We made a simple data analysis (data for arable land from Slovenian Yearbook,) of cereal straw residues and their 

potential use for bio-energy. On this basis we analyzed potential use of straw and made a critical review, especially 

if we take into account the ecological and agronomical weaknesses, which influence the soil, environments and 

yields in the long term period.  

 

3  RESULTS AND DISCUSSION 

In the case of Slovenia we have 323.000 t of straw from which 61.000 t are used as litter for livestock bedding and 

for production of mushrooms. It means that this straw can be returned as organic manures to approx. 19% of the 

fields. The residual 262.000 t might be used for bio-energy, but there remains a question on how much and which 

kind of organic matter is available to apply for adequate protection of soil fertility in the other 81% of the fields. For 

now, due to the Slovenian Guidelines for Integrated Field Crop Production, removal of straw from the fields is not 

allowed in the case where there is no other supply of organic matter, especially if the content of humus is very low. 

For those we need additional information. Strategy and guidelines are due to follow reviews and discussion. 

A simulation of the effect of removing 50% and 95% of the above-ground residues over a 50-year period 

showed that removing 50% of the straw would likely have a detectable effect on the soil C, while removing 95% of 

the straw certainly would. Measurements and model simulations suggest that adoption of no-tillage without proper 

fertilization will not increase soil C. Although it appears that a modest amount of residue may be safely removed 

from black chernozem without a measurable effect on soil C, this would only be feasible if accompanied by 

appropriate fertility management (Lemke et al., 2010). Also a short term 10y experiment shows that residue removal 
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may not always degrade soil physical properties and decrease crop yields in the short term depending on the soil 

type, topography, and fluctuations in annual weather conditions. It was reported that sloping terrains are not only 

highly susceptible to water and wind erosion but also to tillage erosion in comparison to flat terrains (Blanco-Canqui 

and Lal, 2009). The same authors (Blanco-Canqui and Lal, 2008) reported that removal of stover at 50% rates 

reduced sub critical water repellence by 2 to 10 times in all soils in case of chernzem, but in case of sandy soil 

characteristic sub critical water repellence can be poorly, because of earlier intensive conventional use and faster 

mineralization of organic matter. Overall, stover removal altered micro-scale soil properties, and complete stover 

removal had the most detrimental effects.   

In spite of these experiences and conclusions the main target in agronomy is improving the soil quality 

over the longer term, and not to compare the actual bad soil characteristics, which have become more and more poor 

over the last decades due to their intensive use, especially under monocroping systems. When we remove organic 

residues without any additional organic fertilisers (stable manure, green manure, etc.) we will also lose some 

undefined soil properties like sustainable influences of natural growth regulators, micronutrients, natural disinfection 

compounds and many more compounds on beneficial’s of soil biodiversity and growth of crops than we analyse as a 

standard characteristics.    

 The removal of residues for bio-energy production would have risky consequences for the sustainability 

of agricultural productivity, particularly on soil conservation and stability of production systems. There is a further 

exploration of alternative sources such as bio-energy crop plantations or shrub or tree species, rather than the use of 

crop residues (Montico, 2009). Also conservation tillage (which includes straw residues) should be also addressed 

for farming system sustainability in terms of energy conservation and nutrient management (Carter 1994).  

In case of  future scenarios (Saffih-Hdadi and Mary, 2008) the selected simple AMG model was used to 

simulate the impact of a straw export scenario in nine experiments considering a systematic straw removal one year 

out of two. With this scenario, straw removal vs. incorporation would reduce humification described as carbon 

stocks by 2.5–10.9% of the initial SOC after 50 yr, depending primarily on the experiment (soil, climate, 

productivity) and secondarily on the size of the stable C pool (varying from 10% to 65%), but from long term 

agronomic experiences it is nothing new. It is just a confirmation that in activities of removing cereal residues from 

the fields we need very careful consideration. 

 

4 CONCLUSIONS 

The fact is that uncontrolled removal of straw from the fields for bio-energy will deteriorate environment, soil 

properties and reduce the yields of crops at large scale. We suggest that the influence of cereal straw removal from 

the fields (if it will not return to the fields in the form of manure) should be carefully investigated before a long term 

EU green light is given for these activities. After that the standard guidelines should be laid down. The quantity of 

straw removal from the fields needs to be defined and controlled for each environment and soil type – it means that 

the removal amount should not have negative influences on the soil and ecology. However, to avoid the next big 

damage to sustainability, best cultivation practices need to be involved into plant production systems including 

obligatory fertilization with organic manures (which have an apropriate C:N ratio), and inclusion of cover crops  for 

a better crop rotation to minimize impacts of straw removal. 
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1 INTRODUCTION 

In Denmark, maize is grown to provide energy-rich silage that serves as winter forage for housed cattle. Within the 

last two decades the area planted with maize has increased dramatically and silage maize has now almost completely 

replaced fodder beets. In 2004, maize cropping accounted for 130 000 ha, corresponding to 5% of the arable land. 

While fodder beets need to be grown in a crop rotation, silage maize is generally found to perform better when 

grown on the same field every year. 

Maize is typically fertilized with animal manure at rates that fully cover the phosphorus (P) requirements. 

On top of that, mineral P fertilizer is side-banded at sowing to overcome potential P deficiency in the early growth 

stages (Grant et al., 2001). With frequent maize cropping this practice causes accumulation of P in the soil (Withers 

et al., 2000) and result in a poor overall utilisation efficiency. The necessity for recycling of P in agriculture is 

pointed out by Neeteson et al. (2006). 

The accumulation rate of P in a soil continuously cropped with silage maize often exceeds 15-25 kg ha
-1

 

year
-1

 under Danish conditions, corresponding to more than 2 500 t P annually. These soils highly enriched in P are 

furthermore a potential source of P losses to adjacent streams and lakes for many years (Kronvang et al., 2009, 

Maguire et al. 2009). The use of starter-P fertilizer, side-banded simultaneously with maize planting amounts to 10-

25 kg P ha
-1

. The quantity of fertilizer P used for this purpose accounts for about 15% of the total mineral fertilizer P 

(14 000 t P) used annually in Denmark. 

To reduce the environmental impact of P, the third Action plan for the aquatic environment passed by the 

Danish parliament in 2004, stipulates a 50% reduction of the P-surplus by 2015 and further restrictions are expected 

due to the implementation of the Water Framework Directive.  

This work aimed to examine the scope for replacing the use of side-banded mineral P fertilizer as starter 

fertilization with side-band injection of animal slurry as source for P. For this purpose we analysed the growth and 

nutrient off-take by maize seedlings during the early growth phases in response to two slurry types with contrasting 

properties. 

 

2 MATERIALS AND METHODS 

In spring 2008 maize was sown in miniplots (1 m row of maize, 10 plants) at Jyndevad Experimental Station (54° 

54´N 9° 08´E) in a coarse sand soil (topsoil 5% clay, 10.8 mg C/kg, 0.7 mg N/kg, pH(CaCl2) 6.5). We deliberately 

chose a field with moderate P status (34 mg Olsen-P/kg, 614 mg total-P/kg) for the experiment to stress the 

seedlings. Thus, the experimental area (18 × 27 m) was located in a crop rotation without any manure application in 

the past five years. An NS-fertilizer (40 kg N/ha) was applied at seed-bed preparation to simulate soil fertility of a 

typical field used for maize cropping and to avoid deficiency in these nutrients. To stress the maize seedlings further 

we also aimed early sowing. 

The four treatments (Table 1) were combined with six sampling dates (Figure 1) in three replicates, 

giving a total of 72 miniplots. Two types of animal slurry, cattle slurry and anaerobically digested pig slurry, both 

labelled with 
15

N were side-banded 5 cm from the seed row at the time of sowing. The mineral fertilizers in the 

reference treatments were placed at 5 cm depth, whereas the slurries were placed at 8 cm depth to account for the 

slurry volume. Maize was seeded at 4 cm depth. All applications in the mini-plots took place by hand to obtain the 

planned synlocation of nutrients relative to the seed row. 
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We aimed at a slurry application rate of 10 kg P/ha side-banded for maize sown at a 75 cm row distance 

(Table 1). The ammonium-N fraction of the slurries was 
15

N-labelled by addition of a small amount of highly 

enriched ammonium sulphate. The 
15

N excess was 0.454 (SE ±0.005) and 0.483 (SE ±0.006) atom % for the cattle 

and digested pig slurry, respectively.  

The height and stem diameter of each plant were recorded at sampling, and all aerial parts of the plants in 

the miniplots were sampled and dried to constant weight at 80°C (>16h). The six samplings were done at weekly 

intervals from 7
th

 May to 12
th

 June. The slurries and plant material were analysed for dry matter (DM), N, 
15

N, P, K, 

S, Ca, Mg, B, Na, Mn, Fe, Cu, Zn, Cd and Al. Data were fitted to the exponential growth function y=αi exp(β×day), 

where day is number of days from emergence and index i is treatment by using the PROC NLMIXED procedure 

(SAS Institute, Cary, NC, USA). The doubling time T2 was calculated as ln(2)/β. 
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FIGURE 1 Daily mean air temperature (line), precipitation (bars), calculated Ontario heat units (dashed 

line) at Jyndevad Experimental Station 2008. Dates of sowing (••••), emergence (○) and the six 

sampling dates (����) are indicated. 

 

TABLE 1 Treatments and actual rates of phosphorus and nitrogen applied in mineral fertilizer and 

slurry. 

Treatment Mineral fertilizer Slurry 
1)

 Slurry rate 
2)

 

 [kg P/ha] [kg N/ha] [kg P/ha] [kg NH4-N/ha] [t/ha] 

Negative reference without P (NS 27-4)  18    

Positive reference with P (NP 21-23) 20 18    

Fresh cattle slurry – high VFA
 3)

   9.3 30.6 40 

Digested pig slurry – low VFA
 3)

   12.1 36.4 36 
1)

 Rate of nutrients in slurry side-band injected next to a seed row of maize with 75 cm inter-row distance (13 333 

running meter/ha) 
2)

 Slurry rate for application equipment with 25 cm inter-tine distance (40 000 running meter/ha) 
3)

 See Table 2 for characteristics of the slurries 

 

TABLE 2 Characteristics of the applied slurries (n=3). 

 Dry 

matter 

[g/kg] 

Total-N 

 

[g/kg] 

NH4
+
 -N 

 

[g/kg] 

Total-P 

 

[g/kg] 

Citrate 

soluble P 

[g/kg] 

Water 

soluble P 

[g/kg] 

K 

 

[g/kg] 

pH VFA 
1) 

 

[mmol/kg] 

Fresh cattle slurry 77 4.5 2.3 0.69 0.53 0.47 3.7 7.6 55.9 

Digested pig slurry 
2)

 29 4.0 3.0 0.84 0.75 0.17 4.4 8.1 1.4 
1) VFA – Volatile fatty acids immobilize nutrients, particularly N, and reduce root growth. Cattle slurry contained 

66% acetate, 27% propionate and 6% butyrate within C9 VFAs. 
2) Anaerobically digested pig slurry. 
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3 RESULTS AND DISCUSSION  

The slurries were selected due to their difference in DM and volatile fatty acids (VFA). The fresh cattle slurry with a 

high VFA content that acts as an energy source for microbial growth has the potential to immobilize mineral soil 

nutrients (e.g. Sørensen, 1998). In contrast, the anaerobically digested pig slurry had a very low content of VFA. 

Significant differences in the solubility of P were also recorded (Table 1). Most of the P in the digested pig slurry 

was citrate soluble, but only 20% was water soluble. In contrast, about 2/3 of total-P in the cattle slurry was easily 

soluble, and there was only a minor difference between the proportion of citrate and water soluble P. 

Both slurries increased dry matter yield compared with the reference treatments, but side-banding of 

mineral P in the positive reference did not increase the yield compared with the negative reference (Table 3). The 

treatment effect on N off-take was minor and insignificant. However, N off-take tended to be lowest for the negative 

reference. There was a significant effect on P off-take by applying mineral P in the positive reference, but P applied 

by the slurries was not able to affect the P off-take. The reference treatments were without the third macronutrient 

K, but 50-54 kg K/ha was applied for the cattle and digested pig slurry. This is clearly reflected in the estimates of α 

(Table 3). In contrast, a slightly faster K off-take was obtained for the reference treatments (T2=4.6) compared with 

T2=5.5 for the slurry treatments. 

 

TABLE 3 Estimates (and standard errors) for αi [mg/plot] for each treatment and a common estimate for 

β [per day] and doubling time, T2 [days] in the applied exponential growth function 

Treatment DM N offtake P offtake K offtake 

Negative reference 307 (24) 25 (2.8) 1.6 (0.16) 5.6 (0.97) 

Positive reference 317 (25) 27 (2.9) 2.2 (0.22) 4.6 (0.80) 

Cattle slurry 369 (29) 29 (3.1) 1.7 (0.17) 8.9 (1.4) 

Digested pig slurry 378 (29) 30 (3.2) 1.7 (0.17) 9.1 (1.4) 

β 0.134 (0.0024) 0.102 (0.0033) 0.119 (0.0029) 0.144 (0.0049) 

T2 5.2 (0.10) 6.7 (0.23) 5.8 (0.15) 4.8 (0.17) 

 

Although there was a positive effect of side-band injected slurry on dry matter production, the effect could 

not be related to P. The effect may be caused by other nutrients, e.g. K. One reason could be that severe P deficiency 

did not occur in this experiment, as the P concentration in the plant material ranged from 5 to 3 mg P/kg DM (first 

and last sampling, respectively) although yellow leaves were provoked by near-freezing temperatures on three nights 

(19-21 May). The growth may be reduced by P deficiency (Plénet et al., 2000) and at serious deficiency the radiation 

use efficiency may be affected (Jacob & Lawlor, 1993). 
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FIGURE 2 Nitrogen derived from applied slurry. 

The response to nutrients applied in mineral fertilizer as well as manure is very dynamic during the early 

growth. After 8-10 days the recovery of 
15

N labelled slurry-N starts to increase, and the recovery reached 30-35% at 

the last sampling date (data not shown). Until 3-4 weeks after emergence the N off-take is dominated by applied 

slurry-N and N derived from applied slurry (Ndff) increase (Figure 2). Afterwards the N off-take was dominated by 
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soil-N causing a decrease in Ndff. A similar pattern was obtained for the plant K concentration in the slurry 

treatments (data not shown) and for plant P concentration in the positive reference (data not shown). Our results 

clearly demonstrate that dry matter production may not be the only relevant variable in interpreting and 

understanding the crop response to starter fertilizer; in-depth information on crop response can be obtained by 

including analyses of nutrient concentrations at intervals of a few days. 

Other studies on slurry injection prior to sowing of maize indicate that slurry may have the potential to 

replace mineral starter-P fertilizer (Schröder et al., 1997; Bittman et al., 2006). However, organic-matter-rich cattle 

slurry may cause unfavourable conditions for root growth into the slurry band, reducing the availability of applied 

nutrients (Sawyer & Hoeft, 1990). Identification of slurry fractions low in organic matter may improve the 

infiltration rate of slurry in soil and reduce the immobilization potential attached to easily degradable organic matter. 

Despite significant differences in slurry characteristics (Table 2) the identical estimates (Table 3) mean that our 

results are not able to support the hypothesis that slurry P can replace mineral P.  

 

4 CONCLUSIONS  

The roots of maize were able to take up N and K from the applied animal slurry, but slurry P seems not to be taken 

up in the early phase of maize growth. This illustrates that yet undefined barriers may restrict maize seedlings from 

accessing P sources in the side-band injected slurry. Ours results therefore raise highly relevant research questions 

related to identification and elimination of the barriers that limit P availability in animal manure applied at sowing.  
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1 INTRODUCTION 

Repeated applications of animal manure to agricultural soils contribute not only to the short term fertility but 

determine also the residual effect, i.e. higher crop N availability in manured compared to unmanured soils. An 

improved understanding of the chemical and biological processes of the residual effect would help to improve 

nutrient management plans. After manure addition to soil, a decrease of soil mineral N is observed in the short term 

in the manured compared to the unfertilised control treatment, probably due to microbial immobilisation (e.g. 

Sørensen, 1998; Bechini and Marino, 2009). Moreover, studies conducted using 
15

N suggest that part of this 

immobilized N is stored in the soil in organic form, at least for a few years after manure addition (Sørensen, 2004). 

However, to our knowledge, a detailed analysis of N sinks under repeated manure applications has yet to be 

undertaken. Therefore, it is not clear what the role is of microbial immobilisation, clay fixation, denitrification and 

ammonia volatilisation in determining the observed soil mineral N dynamics after repeated manure additions. 

Moreover, it is not clear how different manure types (due to different decomposability of the organic fraction) and 

different soils (due to different clay content which may impact on microbial turnover and clay fixation) will interact 

with repeated manure applications. 

 The process of organic matter accumulation as a result of repeated manure applications has been studied 

in several field experiments (e.g. Schröder et al., 2005 and 2007). However, in field experiments it is very difficult 

and expensive to study in detail the flows of N in different compartments, due to the contemporary processes of crop 

N uptake, N loss, and mineralisation of native and added organic matter. Laboratory experiments permit the 

measurement of the net N mineralisation of manures, without the confounding effect of other inputs or outputs, and 

the study of the fate of added N in different compartments (e.g. Sørensen, 1998; Van Kessel and Reeves, 2002; 

Bechini and Marino, 2009). 

 The aim of the experiment described here is to study in the laboratory, under constant conditions of soil 

temperature and water content, the dynamics of C and N following the repeated application of two different liquid 

dairy manures to two agricultural soils of contrasting texture. Because the experiment is on-going, only preliminary 

results are presented in this communication. 

 

2 MATERIALS AND METHODS  

Eight treatments were established for the incubation experiment, obtained as the full combination of two soils and 

four types of addition (two liquid dairy manures, and two controls: ammonium sulphate and water). 

 Soils were sampled in cereal farms in northern Italy. The two soils selected for the experiment (Table 1) 

had very different clay content, pH < 6.8, and similar C and N concentration and C/N ratio (to minimise the 

differences between control treatments). We excluded soils that had received organic manures during the last 10 

years, to minimize C and N mineralisation from control treatments. 

 

TABLE 1 Soils used in the incubation experiment 

Soil Sand 

(g kg
-1

) 

Silt 

(g kg
-1

) 

Clay 

(g kg
-1

) 

pH(H2O) Organic carbon 

(g kg
-1

) 

Total nitrogen 

(g kg
-1

) 

C/N 

#1 666 294 40 6.7 13.3 1.4 9.2 

#2 443 252 305 6.8 11.6 1.4 8.6 
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 Our objective during the selection of the manures was to obtain two very different materials. The two 

manures were selected from within a group of eight: four of them were sampled in commercial farms adopting 

different diets, while four were obtained by sampling faeces and urine of cows undergoing a feeding experiment that 

included two milk production levels and two dietary starch/protein ratios. After a storage period of 90 days in tanks, 

these manures were subjected to a preliminary incubation of 11 days, during which CO2 respiration was measured at 

Day 1, 2, 4, 8 and 11, while soil mineral nitrogen (SMN) was measured at Day 0 and 11. The two manures with 

greatest contrasting behaviour during the preliminary incubation (Table 2) were then selected for the experiment. 

 

TABLE 2 Manures used in the incubation experiment. Composition expressed on a wet weight basis 

Manure Source Dry matter 

(g kg
-1

) 

Carbon 

(g kg
-1

) 

Total N 

(g kg
-1

) 

NH4-N 

(g kg
-1

) 

CO2 

respired 
a
 

Net N 

mineralisation 
b
 

#1 Commercial farm 

(young non-

lactating cows) 

40 143 13 3 13% +3% 

#2 Feeding 

experiment (adult 

lactating cows) 

80 354 39 20 29% -34% 

a
 CO2 respired during a preliminary incubation of 11 days, expressed as a percentage of added C (net of control). 

b
 Net N mineralisation during a preliminary incubation of 11 days, expressed as a percentage of added organic N 

(net of control). 

 

 We adopted a fully randomised experimental design with three replicates. Following the “nursery” 

method by Thuriès et al. (2000), which involves destructive measurements over time, we have set up 864 

experimental units, allowing 36 sampling dates (8 treatments × 3 replicates × 36 dates). Each experimental unit 

consisted of 100 g of dry soil. A 1-week pre-incubation of remoistened, bulk-sieved soil was carried out to allow 

mineralisation of labile pools eventually present in the soil after desiccation and sieving (at 2 mm). 

 Experimental units were divided in four groups; the first group received manure only once, the second 

group twice, the third three times, and the last group four times. Repeated applications are being made every 85 

days, which roughly correspond to one year under field conditions. Incubation was carried out at a soil water 

potential of -50 kPa, and a temperature of 25°C. Experimental units were periodically watered to compensate for 

water loss by evaporation. Periodic measurements are being undertaken: CO2 emission, nitrate and ammonium 

concentration in the soil, and C and N concentration in microbial biomass. Measurements are carried out after the 

last manure addition over a period of about 85 days (e.g. after the first addition in the first group and after the fourth 

addition in the last group). To date, results are available only for the first manure addition, whose experimental units 

were sampled at Day 0, 1, 3, 6, 10, 15, 21, 29, 41, 62 and 85. 

 At the end of each incubation period, respired CO2 was determined by the alkali trap method (Stotzky, 

1965). Mineral forms of N were extracted with 100 mL 1 M KCl from 30 g of soil. Suspensions were shaken for 1 h 

and then filtered through Whatman 40 filter paper. Concentrations of NH4–N and NO3–N of the KCl extracts were 

determined by flow injection analysis and spectrometric detection (FIAstar 5000 Analyzer, Foss Tecator, Denmark). 

Analysis of NH4–N was by the gas semi-permeable membrane method according to the ISO 11732 procedure 

(1997). Analysis of NO3–N was by the sulphanilamide-naphtylethylendiamine dihydrocloride method, after 

preliminary reduction of NO3 to NO2 by a copper-cadmium reductor column, according to the ISO 13395 procedure 

(1996). 

 For each incubation interval, the net CO2-C respiration of manure C was determined by subtracting the 

CO2-C respiration of the control from the CO2-C respiration of the amended soil (assuming no priming effect from 

the manure). These values were either summed for all the intervals to obtain the accumulated respiration, or divided 

by the duration of each interval to calculate the rate of respiration. All the results (accumulated values and rates) 

were expressed as a fraction of added manure C. For each incubation interval, plant available N (PAN) was 

calculated as the SMN in the manured treatments minus the SMN in the control receiving water; PAN was 

expressed as a fraction of added manure N. ANOVA was carried out with the statistical package SPSS version 

16.0.2 separately for each sampling date; this choice was necessary because variances were not homogeneous when 

evaluated on the entire data set (Levene test, P<0.05). 
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3 RESULTS AND DISCUSSION 

As expected from the results of the preliminary incubation, the two manures had markedly different cumulative 

respiration, with manure #1 respiring much less than manure #2 (P<0.05); both manures showed a typical 

respiration pattern, with higher rates in the first period and slower rates thereafter; the effect of soil on accumulated 

C respiration was negligible (Figure 1), even if there were some significant differences of C respiration rates among 

treatments (data not shown). 
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FIGURE 1 Cumulative CO2-C respiration of two manures on two soils 
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FIGURE 2 Plant available N following the addition of two manures on two soils. 
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 The lack of soil effect on C respiration may be due to the high porosity of both soils as a consequence of 

the soil+manure mix preparation. At the end of the incubation, manure #2 respired 44 and 47% of added C in soil #1 

and #2, respectively, while these values were 15 and 16% for manure #1. The most likely reason for the lower 

respiration of manure #1 is that the diet of young cows is normally richer in fibre (with lower digestibility) than that 

of adult lactating cows, and this has a demonstrable impact on manure decomposition (e.g. Sørensen et al., 2003). 

Immediately after manure addition, net inorganic N (NO3
-
 + exchangeable NH4

+
 = PAN) recovered in soil 

#2 was only 30% and 39% of added inorganic N for manure #1 and #2, compared to 99% and 94% for soil #1 

(Figure 2). This may have been due either to clay fixation or microbial immobilisation. PAN was relatively constant 

after the first two weeks of incubation. At the end of the experiment, only manure #1 on soil #1 had a PAN (27%) 

higher than the inorganic N added with the manure (23%). This indicates that in the other three treatments (both 

manures on soil #2, and manure #2 on soil #1) there was an extremely low mineralisation of added organic N, and/or 

ammonium fixation by clay minerals. Whatever the process involved, a release of sequestered N apparently did not 

occur until the end of the incubation period. 

 

4 CONCLUSIONS 

The preliminary data presented here confirm that the two manures studied within this experiment have markedly 

different decomposition patterns. Analyses of C and N in microbial biomass are being carried out and will contribute 

to a better understanding of measured dynamics of C respiration and soil inorganic N. Possible further developments 

of this experiment include the measurement of clay-fixed ammonium and denitrification. 
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1 INTRODUCTION 

The growth and development of organic vegetables depend on soil biological activity which in turn depends on soil 

properties such as, soil texture and structure, pH, organic matter (OM) and nutrient contents, cultural practices (soil 

fertilization, crop rotation, tillage and irrigation) and environmental factors (for example, soil temperature and 

moisture content). The slow turnover of organic amendments may become a limiting factor for optimal crop 

productivity, particularly in greenhouse production where the nutrient requirements are higher than those of field 

crops, mostly due to increased yield which, in the case of tomatoes, can be up to ten times more inside the 

greenhouse compared to outside field conditions (Heuvelink & Dorais, 2005). Caturano et al. (2008) reported that in 

Italy, for protected crops, it is usual to apply manure, solid organic fertilizers, and also potassium and magnesium 

sulphates before transplanting, whereas in post transplanting, fluid fertilizers are usually applied by fertirrigation 

once a week during spring-summer and once a fortnight during the winter, with molasses and hydrolyzed animal 

protein as nitrogen (N) fertilizer. 

The response of organic tomato (Lycopersicon esculentum Mill.) to the application of increasing rates of 

composted animal manure combined with a commercial organic fertilizer was evaluated at NW Portugal, followed 

by a pea crop. Although increased yields are expected to occur with manure application in low fertility soils, this 

experiment aimed to evaluate its effects in high fertility soils and the fertilization potential for a long season crop. 

 

2 MATERIALS AND METHODS 

Tomato crop (cv. Dixie) was organically produced in NW Portugal at 41º 12’ N, 8º 20’ W and 300 m high inside a 

polythene greenhouse (26.0 x 6.4 m) with a plant spacing of 1.0 m x 0.5 m, on a sandy loam soil with the following 

chemical characteristics: pH 4.6, OM 38.8 g kg
-1

, electrical conductivity 0.08 dS m
-1

 and exchangeable P and K of 

respectively 31.5 and 77.4 mg kg
-1

. A split-plot design experiment with 3 blocks was carried on with increasing 

rates of a cattle and horse manure compost (0, 30 and 60 t/ha) as main plots combined with the organic fertilizer 

Monterra (0 and 2 t/ha) as the sub-plots, both applied one week before planting. Means comparisons between 

compost treatments were performed by the least significant difference (LSD) test. All statistical calculations were 

performed using SPSS 15.0 for Windows (SPSS Inc.). Statistical significance was indicated at a probability level of 

P=0.05. 

Tomato plants were raised with the organic substrate Hawita (Kapa verde) and planted in May after an 

edible pods pea crop (Pisum sativum L.). The mean air temperature during the growing period was 17.7ºC. The crop 

was drip irrigated and hand weeding was carried out regularly throughout the season. The tomato harvest was 

carried out over eleven times from 73 to 143 days after planting based on 4 plants of each replicate treatment, to 

quantify the number and grade of fruits, fresh and dry (70ºC, 2-3 days) weights and N and phosphorous (P) fruit 

contents. At the end of the season both the stems and the leaves were weighted to calculate nutrient uptake. 

Compost pH was measured with a pH meter in samples extracted with water at 22ºC±3ºC in an extraction 

ratio of 1:5 (v/v) and the specific EC was measured in the same extract with a conductivity meter. For the organic 

matter (OM) determination, compost samples were dried at 103ºC, then ashed at 450ºC in a muffle furnace. The N 

content of the sample was determined using a modified Kjeldahl method based on a sulphuric acid/potassium 

sulphate digestion and copper selenium catalyst, with a Kjeldahltherm digestion unit and a compact distillation unit. 

Mineral N of fresh compost samples was extracted with KCl 2M 1:5. Mineral N content of the extracts (NH4
+
-N and 

NO3
-
-N) were determined by molecular absorption spectroscopy in a segmented flow analyser system equipped with 
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dialysers to prevent interferences from colour or suspended solid particles in the extracts. For the C/N ratio 

calculation, C content of compost was estimated by dividing the OM content by a factor of 1.8. The apparent N 

mineralization rate from the composts was estimated by the difference between N accumulation in plants shoots 

grown with and without compost soil application, after subtraction the initial amount of mineral N in composts. 

 

3 RESULTS AND DISCUSSION 

Chemical characteristics of compost and organic fertilizer are shown on table 1. Whereas 30 t/ha compost contained 

309 kg total N/ha of which 0.5% was mineral N, 2 t/ha of the organic fertilizer Monterra contained 139 kg total N/ha 

(table 1). 

 

TABLE 1 Chemical characteristics of cattle and horse manure compost (n=6) and commercial organic 

fertilizer Monterra (n=3) (mean ± standard error). 

 DM pH EC OM C/N N P K Ca Mg Fe 

 (%)  (dS m
-1

) (g kg
-1

 DM)  (g kg
-1

 DM) 

Compost 41,0±1 8,0±0,04 0,53±0,04 74,7±0,6 16,5±0,1 25,1±2 5,1±0,3 16,3±3 22,3±4 6,9±0,5 2,7±0,2 

Monterra 91,1±1 5,3±0,03 9,0±0,2 942,0±2,7 6,9±0,02 76,1±23 2,2±1 35,0±8 11,9±3 2,2±0,5 0,6±0,2 

 

Tomato dry matter content (4.8%), the total number of fruits per plant (24.8 fruits/plant) and the 

percentage of marketable fruits between 35 to 101 mm in diameter (98.2%), were not significantly different between 

crop treatments (fig. 1). However, the percentage of the number of higher grade tomatoes, between 67 and 101 mm, 

was significantly higher (p<0.05) for crops grown with manure compost (at both rates) and Monterra (mean of 

81.4%), compared to the unfertilized crops (72.9%) (fig. 1). Tomato yield increased (p<0.05) with the application of 

30 t/ha of manure compost combined with 2 t/ha of Monterra (117.5 t/ha), compared to the control treatment that 

was not fertilized (88.7 t/ha). However an increase in compost application to 60 t/ha was not associated to an 

increase in tomato yield (fig. 1). Similar yields were found for protected organic truss tomato (between 80 and 120 

t/ha) by Caturano et al. (2008) in Italy, although with greater amounts of manure and solid organic fertilizers (310.6 

kg N/ha to 1324.0 kg N/ha) before transplanting plus post transplanting application of fluid fertilizers by 

fertirrigation. 

The high yield achieved in this experiment without fertilizers might be explained by the ability of deep-

rooted tomato plants to uptake nutrients leached to deeper soil layers as a result of compost soil application to 

previous crops and also in consequence of the mineralization of high soil OM content, showing that crop rotation 

design can improve N use efficiency by using the differences in crop rooting patterns (Thorup-Kristensen, 2006). 

Also, the soil incorporation of edible pods pea crop residues that preceded tomato in rotation may have contributed 

to increase nutrient availability.  

Beneficial effects of field pea and other legumes on subsequent crops are well documented (Hauggaard-

Nielsen et al., 2009). Soil mineral N content is often found to be higher after a grain legume crop due to the low C/N 

ratio of the residues (Jensen 1996). Jensen (1994) showed that 20% of the N from pea residues was assimilated into 

the soil microbial biomass during the initial 1-2 weeks after incorporation of the residues into the soil. Heinzmann 

(1981, cited by Shepherd et al., 2000) reported that the quantity of N in the above and below ground parts of a pea 

crop was respectively 291 kg/ha and 40 kg/ha. Jensen (1996) supported that the turnover of the easily decomposed 

pea residue may result in potential leaching losses, but in greenhouse conditions it is unlikely to take place, mainly 

due to the low volume of water that percolate through the soil profile. 

The mean fruit N content (20.2 g N kg
-1

 DM), was similar for all crop treatments as well as it was similar 

the N content of the stems and leaves present at the end of the season for all crops. Similarly to yield results, shoot N 

accumulation increased (p<0.05) with the application of 30 t/ha of compost plus 2 t/ha of Monterra (202.7 kg N/ha), 

compared to the unfertilized crops (166.5 kg N/ha), which was comparable to the N uptake of crops grown with the 

application to 60 t/ha of compost with or without Monterra (fig. 2). In contrast, apparently P uptake was increased 

for crops grown with the higher amount of organic fertilizer application (fig. 2), while the fruit P content also 

increased with the compost application and was 3.2 g P kg
-1 

DM for unfertilized crops and 3.8 and 4.5 g P kg
-1

 DM 

respectively for crops grown with soil application of 30 and 60 t/ha of compost. Similar trend was shown for the P 

content of the stems and leaves of the tomato plants. 
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FIGURE 1 Accumulated (i) fruit dry weight (g/plant) and (ii) number of fruits/plant throughout the harvest 

period, (iii) total yield (t/ha) and (iv) total number of fruits/plant of different grades, for 

unfertilized crops (C0), crops grown with soil application of 30 and 60 t/ha compost (C30, C60) 

and with the organic fertilizer Monterra (C30 M, C60 M). 
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FIGURE 2 (i) N and (ii) P accumulation (kg/ha) by the stem and leaves at the end of the season and by the 

fruits; for unfertilized crops (C0), crops grown with soil application of 30 and 60 t/ha compost 

(C30, C60) and with the organic fertilizer Monterra (C30 M, C60 M). 

 

The compost apparent mineralization (7.5 g N/100g Norg) when applied at a rate of 30 t/ha 

without Monterra increased to 12.0 g N/100g Norg when it was included the fertilizer Monterra (2 t/ha). 

However, at the rate of 60 t/ha compost, with and without Monterra, compost apparent N mineralization was 

close to zero (fig. 3), probably due to negative effects on the soil microbial community that changes with the 

availability of additional substrate (Stark et al., 2007) or because mineral N in compost was enough for plant 

demand, and therefore, mineral N released by compost was not uptaked by the crop, on which basis N 

mineralization was calculated. In addition, non-significant response of plants to this compost rate could also 

- 773 -



Use of manures and organic wastes to improve soil quality and nutrient balances 
 

 

 

be attributed to immobilization of soil nutrients, which occurs when soil is over loaded with high carbon 

content that may have negative effects on biodegradation of oil OM and bioavailability of the nutrients for 

plant uptake (Togun et al., 2004). 

 

0

2

4

6

8

10

12

14

0 M M 0 M M

30 t/ha 60 t/ha 

A
p

p
a
re

n
t 
N

 m
in

e
ra

liz
a
ti
o

n
(g

 N
/1

0
0
g

 N
o

rg
)

 

FIGURE 3 Apparent N mineralization rate (g N/100g Norg) of compost without and with the organic 

fertilizer Monterra (0 M, M). 

 

4 CONCLUSIONS  

This study shows that compost soil application at a rate of 30 t/ha improved soil nutrient balance and increased 

organic tomato yield but additional application of compost is not recommended under the prevailing local 

conditions.  

Crop rotation design with a legume previously to tomato crop apparently contributed to high organic 

tomato yield and improved nitrogen use efficiency due to differences in crop rooting patterns. 
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1 INTRODUCTION 

The aim of organic farming is to have the agricultural system as sustainable as possible. One of the means to fulfil 

this principle is to keep nutrients in closed cycles and to avoid nutrients from chemically produced mineral 

fertilizers (IFOAM, 2006). Reasons for this are that mineral fertilizers increase the turnover of nutrients thus 

increasing the risk of eutrophication and also depend on a linear input of non-renewable sources, e.g. phosphorus 

and sulphur. The production of mineral fertilizers is energy demanding accounting for about 1.2 % of the worlds 

total energy consumption (IFA, 2009) and for about 20 % of the energy used in Swedish agriculture, including direct 

and indirect use (Ahlgren, 2009). A challenge is to find sustainable ways of supplying farms without or with only 

sparse access to manure with nutrients, especially for organic farms where the use of mineral fertilizers is not 

allowed.   

One source of nutrients is animal by-products (ABP), slaughter waste not intended for human 

consumption. ABP Category 2 includes material potentially bearing infecting agents and also other parts of an 

animal not suitable for pet food production, e.g. manure and digestive tract content (European Parliament, 2002). In 

Sweden, fertilizers are used which are produced from ABP Category 2 waste. 

The main goal of this study is to assess the total and fossil energy use and the global warming potential of 

using a fertilizer based on meat meal and to compare these environmental impacts with the impact from using a 

mineral fertilizer. Two systems typical for the conditions in Sweden are compared: In the first system meat meal is 

used as fertilizer and the animal fat, which is a by-product from the meat meal production, substitutes fuel oil of 

fossil origin and in the second system a mineral fertilizer is used and the animal by-products are combusted in the 

form of a slurry, Biomal, substituting bio fuel (of forestry origin). 

 

2 MATERIALS AND METHODS 

2.1 Life cycle assessment 

The study was conducted using life cycle assessment (LCA) methodology. A LCA study consists of three main 

steps; a goal and scope definition, an inventory part and an assessment part. The study followed a so called cradle-

to-grave perspective. System expansion was used in this study in such a way that avoided activities were included in 

the studied systems. This means that impacts from avoided activities are subtracted from impacts from the rest of the 

included activities. The subtraction due to the avoided activity means the resulting environmental impact for the 

system can be negative. In the study two different systems were compared, System MM and System CF. Harvest 

data were obtained from field trials conducted in the middle parts of Sweden. The field operations followed 

conventional production for both fertilizers, which made the fertilizers more comparable. Emissions and energy used 

were in this study analyzed according to the ISO standards (ISO 2006a; ISO 2006b). 

2.2 Functional unit 

The functional unit of the study was the harvest of one kilogram of spring wheat with a dry matter content of 85%. 

An additional valued function of each system was the treatment and disposal of 0.59 kg of ABP Category 2 material. 

2.3 System MM 

In this system, ABP Category 2 is sent from the south of Sweden to a treatment plant in Denmark where animal fat 

is extracted and the remaining meat meal dried and milled. Animal fat is then incinerated at industries in the vicinity 

of the plant. In Sweden the meat meal is bought by a fertilizer producing company that pelletizes and packages the 

meat meal fertilizer and sells it under the product name Biofer 10-3-0. From the production site the fertilizer is sent 

to the farm directly, since they wait with transport until they have a fully loaded truck. On the farm 80 kilograms per 
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hectare of fertilizer is spread onto the field. Agricultural activities that are included are one ploughing, two 

harrowing, one combined drill, one field spraying and one harvest operation (Figure 1).  

2.4 System CF 

In System CF mineral fertilizers is used. These are produced in the middle of Finland, shipped to Sweden, packaged 

and transported to central supply. From here the fertilizer is transported to the farm. At the farm, the same operations 

are performed as in System MM. 

The ABP Category 2 material, which is not used for production of meat meal, is instead used for the 

production of Biomal, a bio fuel produced by crushing and grinding the ABP material. The Biomal is incinerated at 

a plant about 45 kilometres from the production plant (Figure 2). 

 

 

FIGURE 1 Schematic of System MM 

 

 

FIGURE 2 Schematic of System CF 

2.5 System boundaries 

In this study slaughter was considered the cradle of the ABP Category 2 waste, and thus the production of the 

livestock and the slaughter itself was not included. The harvest of spring wheat was considered the grave. 

Environmental impact from production of mineral fertilizers and energy carriers included all steps from the 

extraction of the raw material, including transports. However, the construction of buildings and machinery were not 

included for any of the production sites. Furthermore, only the production of the material for the big bag, but neither 

the sewing nor the recycling of the big bags was included in this study. Both the Biofer fertilizer and the NPK 21-4-

7 are packaged in big bags. Also, use of a few chemicals in minor amounts (less than 1 kg per ton of ABP waste) at 

the treatment plant at Ortved was neglected. All these activities were assumed to have negligible impact on the final 

results. All production sites in the study (production of meat meal, animal fat, Biomal, Biofer, mineral fertilizer and 

spring wheat) were within the Nordic countries and the electricity used was assumed to be a Nordic average mix.  
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3 RESULT AND DISCUSSION 

System MM had a primary energy use of 0.29 MJ and System CF had a primary energy use of -2.8 MJ per 

functional unit (Figure 3). The negative value in System CF was due to energy obtained from the raw ABP material. 

System MM had a global warming potential (GWP) of 37 g CO2-equivalents and System CF 138 g CO2-

equivalents per functional unit (Figure 4). The reason that the primary energy use did not correlate with the amount 

of greenhouse gas emissions was because the animal fat produced in System MM substituted fuel oil, while the 

Biomal in System CF substituted bio fuels (which can be seen correlated to the fossil fuel energy use shown in 

Figure 3).   
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FIGURE 3 Primary energy use and use of fossil fuel energy for systems 
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FIGURE 4 Global warming potential, GWP, for the systems 

 

The meat meal fertiliser supplies the soil with about twice as much phosphorus as the mineral fertilizer at 

the typical application rate of 80 kilograms of nitrogen per hectare for both. The mineral fertilizer contains 

potassium of which the meat meal contains only minimal amounts. These factors should however not affect the yield 

since the soil is rich in both phosphorus and potassium.  

Meat meal is an organic material with less available nutrients which increases the risk for leaching of 

nutrients and consequently eutrophication. Studies show that the relative N efficiency value of meat and bone meal 

is 80 % compared to ammonium nitrate (Gruveaus, 2003) and calcium nitrate (Jeng et al., 2004) and the relative P 

efficiency value around 50 % of phosphate-P in the first year with subsequent release in the following year (Jeng et 
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al. 2006). This indicates a low risk for nitrogen leaching comparably to the application of mineral fertilizer, and a 

significant risk of phosphorus absorption and erosion, increased by the relatively high addition of phosphorus to the 

soil.  

Moreover, the study shows the great importance of the surrounding infrastructure for these kinds of 

multifunctional systems. The result of the study greatly depends on the product that is substituted, whether it is a 

mineral fuels or bio fuels. In another location in Europe, the results would be different since then probably also the 

Biomal would replace a fossil fuel, and thus greatly decrease the greenhouse gas emissions for the CF system. From 

a future perspective, if there will be more bio fuels on the market, all processes would have less environmental 

impact where both systems would have a similar global warming potential.  

 

4 CONCLUSIONS 

ABP Category 2 material is a valuable resource of nutrients that could be recycled to the farm as fertilizer. Whether 

this is a more environmentally sustainable use of the material than using it as an energy source highly depends on 

the fuel that the animal fat and the Biomal replaces. The study shows that if fuel substituted by animal fat is a fossil 

fuel, here fuel oil, the greenhouse gas emissions would be around three times lower than if the ABP Category 2 

material is instead incinerated as Biomal, substituting bio fuels. 
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1 INTRODUCTION  

The expanding bioenergy sector in the current biobased economy will inevitably affect land use and the 

environmental consequences are not clear yet. Probably the increased bioenergy production will trigger the need to 

develop new uses for the by-products. A likely destination will be their application to soil as either amendments or 

fertilizers (Pinto and Ilileji, 2009). 

The rationale of applying bioenergy by-products to the soil could be: 

− To sequester carbon in soil as a strategy for mitigating Climate Change. In this case, the by-products should 

contain highly stable C, not vulnerable to microbial decomposition in soil.  

− To maintain soil organic carbon for soil quality and functioning. There is evidence that small increases in soil 

organic matter can have a large effect on soil physico-chemical properties, such as aggregate stability, 

water holding capacity, buffering or cation exchange capacity. For this purpose, the by-products should 

be able to degrade to an extent to maintain biological activity and nutrient cycling but still show some 

persistence in soil. 

− As fertilizers in agricultural soils. The value of the by-products then depends on their ability to release 

nutrients in soil, which is directly related to their mineralization.  

These three endeavours are in conflict. As  Henry Janzen recently indicated, there is a dilemma between 

the urge of storing carbon in soil and the need of improving soil quality when “the decay of organic matter, and not 

the mere presence of it, that gives ‘life’ to the soil” (Janzen, 2006). 

Biofuels are claimed to contribute to climate change mitigation, in theory, because the feedstocks used for 

their production remove CO2 from the atmosphere.  However, the overall impact of biofuel production on global 

carbon cycling is not well understood. When full life-cycle analyses are conducted, soil can not be neglected. Soil 

provides the feedstock for biofuel production and it is the ultimate receiver of the by-products. For this reason, C 

balance of the soil and changes in N2O emissions of the soil need particular attention 

The bioenergy industry is rapidly developing worldwide and as a consequence, a series of novel by-

products are emerging, but how will these by-products of bioenergy production and biorefinery influence microbial 

transformation processes in soil, and thereby its greenhouse gas balance and organic matter stocks? 

In this study we highlight the importance of considering the by-products of bioenergy production on C 

and N dynamics and net greenhouse gas balance calculations. Biofuel by-products vary enormously in chemical 

composition and, when used directly as soil-amendments, they lead to very different climate relevant dynamics. 

Whereas some may mineralize very rapidly in soil and lead to elevated CO2 and N2O emissions, others may increase 

soil organic matter stocks with little or no nutrient release and no N2O emissions. 

 

2 MATERIALS AND METHODS  

2.1 Soil and residues used in the incubation experiment 

A sandy agricultural soil (Typic Endoaquoll with 75% sand, 23% silt, 2% clay) (USDA, 1999) was selected for the 

incubation experiments. Ten organic residues from bioenergy production were selected: residues from anaerobic 

digestion (cow manure digestate (CMD) and pig slurry digestate (PSD)); first generation biofuel residues (rapeseed 

meal (RSM) from biodiesel production, dried distillers grains with solubles (DDGS), and two different yeast 

concentrates (YC1 and YC2) from bioethanol production ); second generation biofuel residues (non-fermentables 
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from enzymatic hydrolysis of potato peels (NFPP) and non-fermentables from enzymatic hydrolysis of wheat straw 

(NFWS); commercially available green waste biochar (GBC) and poultry manure biochar (PBC), both produced by 

continuous slow pyrolysis at 550 ˚C. The residues were freeze-dried (except the biochars), ground and sieved (< 0.5 

mm) before application to avoid a moisture or particle size effect. Their chemical characteristics are shown in Table 1. 

 

TABLE 1 Main chemical properties of the bioenergy by-products used in the experiment. 

Residue  

type 

Residue TOC 

(%) 

TN 

(%) 

TOC/

TN 

pH EC 

(dS m
-1

) 

WSC  

(g kg
-1

) 

WSN 

(g kg
-1

) 

NH4

+   

(mg kg
-1

) 

NO3

- 
+NO2

-

(mg kg
-1

) 

CMD 41.7 3.2 13.2 9.03 16.80 48.8 4.3 166 4.2 Anaerobic 

digestion PSD 37.9 4.4 8.7 8.52 19.77 38.7 11.6 5361 2.5 

RSM 45.9 6.0 7.7 6.15 2.54 74.4 2.4 180 13.4 

DDGS 48.4 5.4 8.9 5.02 5.40 111.1 4.4 151 2.0 

YC1 48.5 6.2 7.8 4.22 8.36 202.5 12.8 1153 1.9 

First 

generation 

biofuels 

YC2 47.4 4.7 10.0 4.05 8.39 220.0 8.7 274 1.5 

NFWS 44.8 1.3 34.2 5.82 3.50 135.3 2.0 196 18.0 Second 

generation 

biofuels 

NFPP 46.5 3.6 12.9 5.59 2.75 44.3 2.8 292 38.2 

GBC 86.3 0.3 345 6.55 0.12 0.1 0.0 17 0.4 Pyrolysis 

PBC 37.0 1.2 29.8 10.25 10.32 0.5 0.0 2 1.8 

 

2.2 Soil incubations 

The incubation experiment was carried out with 500 g (based on oven-dry weight) soil in 1 L glass jars at 20 ºC. 

Before the start of the incubation, the soil was adjusted to ca. 60 % of water holding capacity (WHC) and pre-

incubated at 20 ºC for 7 days. Subsequently the different organic residues were thoroughly mixed and water was 

added to adjust moisture to 80% of water filled pore space. The jars were covered by a woven black polyethylene 

cover, to allow gaseous exchange, but retard evaporation. The incubation jars were maintained in a climatic room 

with a constant temperature (20 ºC) and air humidity (40%). The soil moisture was gravimetrically adjusted 2 times 

a week with de-ionized water for each individual jar. During the incubation experiment we evaluated CO2 and N2O 

emissions when  the different bioenergy residues were applied. The experiment, consisting of 11 treatments: a 

control (unfertilized soil) and ten bioenergy by-products, it was laid out as a randomized block design with five 

replicates per treatment and lasted 60 days. All the residues were applied at a rate of 150 kg N ha
-1

, corresponding to 

50 mg N kg
-1

 soil based on a plough layer of 25 cm.  

2.3 Measurements of N2O and CO2 emissions  

Fluxes of N2O and CO2 were measured 26 times over a period of 60 days. Changes in the concentration of N2O in 

the headspace of the jars after closing the lid were determined with a photo-acoustic infrared analyser (Innova air 

Tech Instruments, Ballerup, Denmark) which was directly attached to the jars by two Teflon tubes and needles 

through septa. The gas analyser was fitted with optical filters to measure selectively concentrations of N2O, CO2 and 

water vapour 30 min after closing the jar (Velthof et al., 2003).  

2.4 Statistical analysis 

Carbon mineralization kinetics was fit with a two-compartment model according to Robertson and Paul (2000). The 

impact of the different characteristics of biofuel residues on CO2  and N2O losses was determined by redundancy analysis 

(RDA) using Canoco 4.5 for windows software package. Significance of the ordination axes was calculated by the Monte-

Carlo permutation test 

 

3 RESULTS AND DISCUSSION  

Application of the bioenergy by-products to the soil resulted in an immediate increase of soil respiration. The 

highest CO2 and N2O fluxes were produced during the first week of incubation. Biochars were the exception with 

very low respiration rates through the whole incubation period. In the case of green-biochar, respiration was never 

significantly different than that of the control soil (data not shown). The relative amounts of total C remaining in soil 

after 60 days differed significantly among residue categories and decreased in the order: biochars>manure 
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digestates>second generation biofuel by-products>first generation biofuel  by-products (Figure 1a). First generation 

biofuel residues resulted in almost complete C mineralization during the experiment, contributing little or nothing to 

soil organic matter stocks. Conversely, biochars were by far the most recalcitrant residues, showing therefore the 

highest C sequestration potential. N2O emissions (Figure 1b) followed a similar pattern, with highest losses for first 

generation biofuel residues. Biochars led to negative (although not statistically significant) N2O emissions.  

      (a)               (b) 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1 (a) Remaining fraction of organic C in soil over time after amendment with the ten by-products 

according to a two-compartment model. (b) Cumulative N2O emissions following application of 

the different bioenergy by-products to soil.  

According to our study, first generation biofuel by-products contain easily available C that serves as 

“fuel” for soil microorganisms. This easy decomposition promotes microbial activity and supplies nutrients to the 

soil. However, this is not the best option for GHG mitigation (as biofuels are accounted for). Digestates and second-

generation biofuel by-products showed a balance between amounts held in reserve and amounts used for microbial 

activity, guarantying the services expected for ecosystem functioning, and leading to moderate GHG emissions. 

Finally biochars showed the best potential to increase soil C reserves, but limited fertiliser value. 

Figure 2 shows the redundancy analysis (RDA) ordination plot. The results of RDA indicated that 96.3 % 

of the total variance within the investigated parameters was explained by the first and second ordination axis with 

the different characteristics of the residues as environmental variables. High species-environment correlation (0.984, 

P=0.002) revealed a strong relation between greenhouse gas emissions and residues characteristics. Total 

concentration of N in the residue seems to be the most critical factor, highly correlated with both CO2 and N2O 

emissions.  

Samples from different bioenergy chains clearly grouped with respect to the first ordination axis (x axis), 

showing their different behaviour with respect to N2O and CO2 emissions. The biochars (GBC and PBC) were the 

residues positioned at the right of the diagram indicating the lowest C and N losses and highest C sequestration 

potential. Digestates (PSD, CMD) exhibited lower than average emissions, followed by second-generation biofuels 

(NFPP, NFWS). First generation biofuel by-products (RSM, DDGS, YC1, YC2) produced the highest CO2 and N2O 

emissions.  
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FIGURE 2 Redundancy analysis (RDA) ordination diagram depicting the residues characteristics 

responsible for differences in CO2 and N2O emissions among the biofuel by-products. The length 

of the arrows indicate the significance for sample differentiation. Arrows point in the direction of by-

products with above average signal. pCO2 and pN2O represent the percentages of C and N emitted as 

CO2 and N2O respectively. Cseq refers to amount of C remaining in soil after 60 days. For biofuel by-

products abbreviations see the methods section.  

4 CONCLUSIONS  

Biofuel by-products vary enormously in chemical composition and, when used as soil-amendments, they lead to 

very different C and N dynamics. First generation biofuel by-products undergo rapid mineralization, which on the 

one hand releases nutrients to the soil, but on the other leads to higher CO2 and N2O losses. Biochars on the 

contrary, show the highest potential for Climate Change mitigation due to their ability to increase soil C stocks. 

Second generation biofuels and digestates show an intermediate behaviour. These dynamics need to be taken into 

account in life-cycle analyses in the future in order to reach a truly integrated assessment of the impact of biofuel 

production.  
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1 INTRODUCTION 

The olive mill extraction of oil is a widespread industry in Mediterranean countries, generating large amounts of 

olive mill waste over a limited time period. The new technology for olive oil extraction is a continuous centrifuge 

two-phase process that in Spain generates more than 4 000 000 Mg yr
-1

 of two-phase olive mill waste (TPOMW), 

which has to be suitably managed in order to avoid the associated environmental impact. Soils in many 

Mediterranean areas are generally characterized by low organic matter content, which greatly contributes to their 

limited fertility and production levels, and their great exposure to degradation processes such as erosion (Albaladejo 

et al., 1994).  

 Since TPOMW contains large amounts of organic matter, application of TPOMW to soils may play a 

fundamental role in the maintenance of the olive tree ecosystem and close the residue-resource gap (Roig et al., 

2006; López-Piñeiro et al., 2008). Several studies have investigated the use of composted TPOMW as a soil 

amendment, although most were carried out under short-term and/or greenhouse conditions (e.g., Altieri and 

Exposito, 2008; Fornes et al., 2009). However, very few studies concerning the effect of direct (not composted) 

application of TPOMW as organic amendment have been carried out, although this can mean important advantages 

in terms of time and costs. These studies have demonstrated the beneficial effects of this raw waste in restoring crop 

productivity on degraded soils (López-Piñeiro et al., 2006 and 2008). Little is know, however, of the long-term 

impact of raw TPOMW on soil enzyme activities, although these parameters would give helpful information 

concerning functionality and productivity because of their central role in nutrient cycling and their sensivity to 

management (Moreno et al., 2009).  

 The aim of the present study was to evaluate the cumulative effects of eight years of repeated applications 

of TPOMW on the biochemical properties (dehydrogenase, β-glucosidase, urease, phosphatase, and arylsulphatase 

activities) of a typical Mediterranean olive grove soil. The influence on biochemical properties of organic matter 

transformation after two years of the TPOMW’s natural biodegradation in the soil was also assessed. 

 

2 MATERIALS AND METHODS 

A field experiment was conducted in Elvas (Portugal) on a representative olive grove (Olea europaea L.) whose soil 

was left unamended or amended annually for eight years with two-phase olive mill waste. The soil, classified as a 

Cutanic Luvisol (ISSS-ISRIC-FAO 1994), consisted of 19.7% clay, 19.7% silt, and 60.6% sand.  The fresh 

TPOMW was obtained from an oil industry which employs a two-phase decanter centrifugation system. The main 

characteristics of the soil and the two-phase olive mill waste are given in Table 1. The experimental design consisted 

of nine plots in the olive grove, with amendments made in a complete randomized design with three replicates per 

treatment. Each plot consisted of 4 × 3 trees. The three treatments were: 30 (T30) and 60 (T60) Mg ha
-1

 of two-

phase olive mill waste, dry weight equivalent, and unamended (T0) treatment. Amendments were applied annually 

in February (from 1999 to 2006), manually spreading the waste on the soil surface, followed by arable-level 

homogenization using a mould-board plough.  Soil subsamples (0-25 cm depth) from each olive grove plot were 

taken randomly in December 2006 and 2008. Moist and air-dried samples were passed through a 2-mm sieve and 

stored at 4 °C until use. Measurements made in 2006 and 2008 represented the “cumulative” (T0C, T30C, and T60C 

samples) and “residual” (T0R, T30R, and T60R samples) effects, respectively. 
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TABLE 1 Selected characteristics of the soil and two-phase olive mill waste 

 Organic 

Carbon 

 

pH 

 

Total N 

Electrical 

conductivity 

 

P 

 

K 

Water soluble 

phenols 

Unit (g kg
-1

)  (g kg
-1

) (dS m
-1

) (g kg
-1

) (g kg
-1

) (g kg
-1

) 

Soil 13.3 8.10 1.49 0.513 0.013
a
 0.200

 a
 0.016 

TPOMW 535 5.70 16.0 5.02 2.75
 b
 15.0

 b
 7.3 

a
Available P and K; 

b
Total P and K 

 

 Dehydrogenase (DH) activity was determined by the method of Trevors (1984) modified by García et al. 

(1993). One gram of soil was incubated for 20 h at 20 °C in the dark with 0.2 ml of 0.4% 2-p-iodophenyl-3 p-

nitrophenyl-5 tetrazolium chloride (INT) as substrate. At the end of the incubation the iodonitrotetrazolium 

formazan produced was extracted with 10 ml of methanol and the absorbance measured at 490 nm. To assay urease 

(UR) activity, 2 ml of 0.1 M pH 7.0 phosphate buffer and 0.5 ml of 1.066 M urea were added to 0.5 g of soil and 

incubated for 1.5 h at 30 °C. The ammonium released in the hydrolytic reaction was measured 

spectrophotometrically at 636 nm (Kandeler and Gerber, 1988). The activities of β-glucosidase (GLU), phosphatase 

(PHO), and arylsulphatase (ARS) were determined by incubating 1 g of soil with 4 ml of 25 mM 4-nitrophenyl-β-d-

glucanopyranoside in 0.1 M modified universal buffer (MUB) pH 6.0, MUB pH 11, and 5 mM 4-nitrophenyl 

sulphate in 0.5 M acetate buffer pH 5.8 for 1h at 37 °C (Tabatabai, 1982,  Tabatabai and Bremmer, 1969, and 

Tabatabai and Bremmer, 1970, respectively). The samples were then cooled to 2 °C for 15 min to stop the reaction, 

and the p-nitrophenol produced in the enzymatic reactions was determined at 400 nm, 398 nm, and 410 nm for 

GLU, PHO, and ARS, respectively. Blank assays without soil and with substrate were made at the same time as 

controls 

 

3 RESULTS AND DISCUSSION 

The DH activity increased significantly after application of both TPOMW rates (Table 2). Compared to the control, 

DH activity increased by about 70% and 115% in the cumulative year and by about 29% and 49% in the residual 

year, at the lower and higher rates, respectively. These results suggest that the addition of a readily available C 

source from TPOMW could promote the growth of indigenous microorganisms, and therefore result in increased 

synthesis of DH. However, although DH activity was always greater in amended than in unamended soils, even in 

the amended soils it decreased, significantly at the higher rate, two years after the last TPOMW application, 

probably because most of the readily available organic matter had decomposed, with the humified organic matter 

being more resistant to microbial mineralization. Similar results are reported by Piotrowska et al. (2006), although in 

laboratory experiments and using a three-phase olive mill waste water, and by García-Gil et al. (2000) in a field 

study but using municipal solid waste compost.  

 The GLU activity also increased after TPOMW addition and this effect was more evident with increasing 

amendment rate (Table. 2). This could indicate the soil's achieving the capacity to utilize the carbohydrate material 

added with TPOMW (Piotrowska et al., 2006). Furthermore, as GLU is mainly produced by fungi (Perucci, 1992), 

its increased activity suggests that the presence of TPOMW caused a shift in the relative proportions of fungi and 

bacteria, especially in the residual year in which a significant increase in electric conductivity was also observed 

(data not shown). 

 In the cumulative and residual years of the experiment, the TPOMW application greatly increased the 

urease (UR) activity (Table 2) compared with the control, although the residual effect was less pronounced than the 

cumulative effect.  In particular, the UR activity increase over the unamended soil was by factors of 4.8 and 3.4 at 

60 Mg ha
-1

 for the cumulative and residual years, respectively. The high concentration of N, the high level of 

available substrate, and the demand for nutrients by vegetation or microorganisms could lead to a high activity of 

these enzymes during the mineralization of TPOMW (García-Gil et al., 2000; Fernández et al., 2009).  The UR 

increase was similar to those reported by Fernández et al. (2009) in short-term study where a Mediterranean soil was 

amended with two kinds of sewage sludge. However, in a laboratory study using olive mill waste water amended 

soils (Piotrowska et al., 2006), the urease in the amended soils increased much less than in our study, probably 

because the N applied was also much lower since the amendment was only added once, not repetitively for years as 
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in our experiment. Similarly to UR, compared to the control the phosphatase (PHO) activity increased by factors of 

2.7 and 2.8 at 60 Mg ha
-1

 for the cumulative and residual years, respectively (Table 2). 

 

TABLE 2 Cumulative and residual effects on the selected soil enzyme activities after repeated application 

of the two-phase olive mill waste 

 Dehydrogenase 

(mg INTF g
-1

 h
-1

) 

ββββ– glucosidase 

(µµµµmol pNP g
-1

 h
-1

) 

Urease  

(µµµµg NH4
+
 g

-1
 h

-1
) 

Phosphatase  

(µµµµmol pNP g
-1

 h
-1

) 

Arylsulphatase 

(µµµµg pNP g
-1

 h
-1

) 

2006      

T0C 1.02a ± 0.01 2.20a ± 0.05 14.9a ± 0.5 1.25a ± 0.09 15.9a ± 1.6 

T30C 1.74b ± 0.02 5.33b ± 0.47 56.5b ± 3.9 2.72b ± 0.15 35.6b ± 0.4 

T60C 2.20c ± 0.04 5.90b ± 0.49 72.2c ± 3.9 3.43c ± 0.12 34.8b ± 1.1 

2008      

T0R 1.30a ± 0.02 2.35a ± 0.12 17.9a ± 0.3 1.02a ± 0.02 15.9a ± 0.6 

T30R 1.67b ± 0.03 6.25b ± 0.32 43.3b ± 0.8 2.55b ± 0.06 52.3b ± 1.9 

T60R 1.94c ± 0.03 6.66b ± 0.17 61.0b ± 2.3 2.87b ± 0.09 54.1b ± 0.8 

Values with the same letter within a column, for a given sampling date, are not significantly different at p<0.05 level 

of probability. 

 

 A significant increase in arylsulphatase (ARS) was also observed in TPOMW amended soils in the 

cumulative and residual years, independently of the loading rate of the applied waste (Table 2). The residual effect 

was more pronounced than the cumulative effect. Compared with the control, ARS increased by about 120% and 

240% at the greater rate of TPOMW application in the cumulative and residual years, respectively. This seems to 

indicate that the nature of the organic matter has be to taken into account, since not all organic matter has the same 

effectiveness for ARS activity. Indeed, ARS activity correlated positively and highly significantly (P<0.001) with 

HA and PG (r=0.891, 0.790), and significantly (P<0.01) with TOC (r=0.760) (data not shown). 

 

4 CONCLUSIONS  

A long-term history of field amendment of soils with two-phase olive mill waste greatly influenced the soil enzyme 

activities. The TPOMW soil application increased dehydrogenase, urease β-glucosidase, phosphatase, and 

arylsulphatase activities of the soils with increasing TPOMW rate, but also increasing the humified organic matter 

fraction. Since these biochemical indicators are believed to be essential for the sustainability of organic-farming 

systems, the results of this study reveal that recycling of fresh TPOMW back to the olive grove as an organic 

amendment may be considered a good strategy both for its disposal and for the restoration of frequently degraded 

olive grove soils.  
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Sustainable management of soil, air and water is among the challenges and priorities of the new century. The 
production of animal manures has been increasing markedly, due to the greater meat demand. Application of 
these residues to soils with forest or bio-energetic crops has the potential to significantly improve the physical and 
chemical quality of these soils, as well as restore degraded ones, by influencing the invasion of native plant 
species. The addition of poultry manure, is known to supply significant quantities of nutrients namely N to plant 
nutrition. Its application to the field, not only contributes to plant growth, but enhances the populations of specific 
native plant species. A field experiment was set up in selected bio-energetic fields. Poultry manure was buried in 
seven different plots cultivated with three herbaceous, three woody bio-energetic crops and one control, using a 
randomized design of the buried bag method. One year after burial the native herbaceous species were 
accounted for, using the quadrat method. Data collected was analysed for abundance, density, frequency, cover 
and richness of species. A dominant cover by Oxalis pes-caprae L. was present in the control field, where no crop 
was cultivated. The application of poultry manure enhanced plant cover in 29% and duplicated the richness of 
species. Where poultry manure was buried, an evidence of frequency of Picris echioides L. was recorded. 
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The activity of microorganisms is essential for the maintenance of soil fertility, but its growth depends on the 

amount of carbon easily available, so it is beneficial to add organic matter when the goal is to increase 

production. The root exudates of plants improve the environment of the rhizosphere by accelerating the 

recycling of nutrients through the stimulation of microbial activity that acts on organic waste, culminating in its 

most rapid decomposition. The microbial activity and composition of rhizosphere differs according to the plant 

species present, since the root exudates also differ between them. The purpose of this study was to determine 

the level of decomposition in organic wastes applied to soil under the influence of root exudates in their 

mineralization, considering the possible occurrence of behavior patterns between woody and herbaceous 

species. For this purpose a test was carried out in in situ incubation ("litterbag" method) with burial of the 

residue: PM (poultry manure) in randomized blocks on soil without plant cover and in the proximity of the roots 

of woody plants (3 species: Blue Gum, Willow and Black Cottonwood) and herbaceous (3 species: Elephant 

Grass, Sugar Cane and Giant Cane). The intensity of microbial decomposition was determined by registration 

of metabolic activity at 30, 90 and 180 days of burial. From our results we could observe the positive influence 

of waste application on microbial activity and differentiation between species. Blue Gum in woody plants group 

and, to a lesser extent, the Giant Cane in the herbaceous group showed a greater influence in promoting 

microbial activity. However, with the mineralization of organic matter over time this effect will be extinguished. 
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1 INTRODUCTION 

Intensive livestock farms in Europe import feedstuffs including the nitrogen (N) and phosphorus (P) that these feeds 

contain. This results in local nutrient surpluses because home-grown crops take up less N and P than available in the 

manure. The European Commission forces member countries to address the environmental consequences in Action 

Programmes (AP). AP’s have set limits to manure application rates and confronted intensive livestock farmers with 

costs to export manure, mainly to better balance P inputs and outputs, and costs of additional mineral fertilizer N to 

compensate for the concomitant export of N in that manure. This stimulates measures to increase the amount of 

available N per unit applied manure P. Slurry separation may help to achieve this goal (Oh et al., 2005). 

Separation results in a solid fraction (SF) and a liquid fraction (LF). The SF, rich in P, is less bulky and 

can be exported at lower costs to arable farms as a substitute for mineral fertilizer P (Schröder et al., 2009b). The 

widened N (largely ammonia-N) to P ratio of the remaining LF matches better with the requirements of forage 

crops. Livestock farms could thus substitute LFs for mineral fertilizer N, depending on the quality of the separation 

process. The lower organic N to total N ratio in the LF can contribute to a better synchronisation between N supply 

and demand, provided that the LF is injected and applied within the growing season. This, in combination with the 

lower P to total N ratio of the LF, could spare the environment and thus help to underpin requests to deviate from 

the standard threshold of 170 kg manure-N per ha (‘derogations’), as required by the EU Commission in Nitrate 

Vulnerable Zones  (NVZs; Anonymous, 1991). The present paper explores the effects of slurry separation on the 

room for manure use on livestock farms. 

2 MATERIALS AND METHODS 

Explorations were carried out by means of a simple grassland / maize land N leaching model. The structure, 

validation and parameter setting of the model are described in Schröder et al. (2007, 2009a, 2010). The model 

defines the N input to a field as the sum of manure-N (including N excreted during grazing), mineral fertilizer N, 

deposition of atmospheric N, and N mineralized from soil organic matter. The corresponding nitrate leaching to the 

upper groundwater is derived from the soil N surplus. This surplus is calculated as the difference between the inputs 

and the sum of crop N which is removed by grazing (grassland) and cuttings (grassland, silage maize), N 

investments in crop residues, N stored in the organic N fraction of manure (in as far as this N is not mineralized in 

the first year after application), and volatilized ammonia-N. The crop N output is determined by i) the fertilizer 

equivalency i.e. the availability to plants of N from various sources relative to mineral fertilizer N, ii) the uptake 

efficiency i.e. the fraction of the available N taken up by the crop whilst accounting for the reduction in uptake 

efficiency at higher input levels and iii) the harvest efficiency. The model converts soil N surpluses into nitrate 

concentrations by means of crop and soil specific leaching factors which are derived from a national monitoring 

program (Fraters et al., 2008). The P surplus is defined as the difference between the P in excreted or applied 

manure-P (deduced from the manure-N rate and the P to N ratios in manure) and the P removed by either grazing 

animals or cuttings (calculated as the product of crop N output and typical P to N ratios of crops). We subsequently 

used the MS Excel ™ Solver Tool to determine which combinations of manure N and fertilizer N would maximize 

the harvestable yield under the constraints that i) the N concentration in groundwater is at most 11.3 mg nitrate-N 

per litre, and ii) the P surplus is 0 kg per ha i.e. soil P pools are depleted nor augmented. 

The focus of our study is on cattle slurry from dairy farms on sandy soils for which we defined scenario’s 

differing in the extent to which the composition of manure had been changed by slurry separation. For the sake of 

simplicity we assumed that P was fully associated with solids. Hence, any P and organic N in the LF points at an 

imperfect separation which is not uncommon as the efficiency of separation (i.e. the fraction of the ingoing solids 
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recovered in the SF) will generally range between values of 20-60% (Schröder et al., 2009b) if the separation is not 

followed by ultra filtration (UF) and reversed osmosis (RO). Our scenario’s hence correspond with separation 

efficiencies up to 60%. The compositions of the resultant LFs are listed in Table 1, whilst assuming that the SF has a 

dry matter content of 25%. 

As similar soil N surpluses result in approximately 2 times higher nitrate concentrations on dry sandy 

soils than on wet sandy soils, and 1.5 times higher nitrate concentrations on maize land than on grassland (Schröder 

et al., 2009a), we ran our scenario’s for both soil types and for dairy farms in which up to one third of the grassland 

area was devoted to silage maize instead of grassland. We also explored the consequences of grazing, as slurry 

separation will have a smaller impact on the room for manure application if grassland is harvested via grazing. This 

is due to the fact that there is less manure to be separated in the first place and, secondly, because urine and dung 

excreted during grazing are exposed to greater losses than collected manures (Vellinga et al., 2001). We explored 

this effect by assuming that in farms with a mixed use of cutting and grazing, one third of the grassland is harvested 

via grazing and 65 kg N per ha per year is excreted outdoors (Aarts et al., 2008). To explore the potential of slurry 

separation for livestock farms that only grow maize, we also included scenario’s with farms without grassland, using 

untreated slurry or LFs  from either cattle or pig slurries (Table 1). 

 

TABLE 1  Explored scenario’s in terms of the composition of the liquid fraction resulting from different 

slurry P separation efficiencies, assuming a dry matter content of 25% in the solid fraction (N / 

P2O5 ratio’s of untreated slurries based on Van Dijk, 2003) 

Slurry type P-separation efficiency 

(%) 

N / P2O5 Ammonia N / total N 

    

Cattle slurry 0 2.75 0.50 

 33 3.25 0.58 

 50 3.75 0.63 

 60 4.25 0.68 

    

Pig slurry 0 1.71 0.58 

 33 2.07 0.65 

 50 2.42 0.70 

 60 2.77 0.74 

  

3 RESULTS AND DISCUSSION 

Without slurry separation, grasslands on Dutch dairy farms can, on average, utilize 375 kg total N per ha per year on 

dry sandy soils with a mixed use of cutting and grazing and 500 kg total N per ha per year on wet sandy soil with a 

‘cutting only’ regime, without exceeding a target value of 11.3 mg nitrate-N per litre or accumulating P. The use of 

LFs would increase these permissible rates by another 20 kg N per ha, and, more interestingly, would enable dairy 

farmers to cover this demand to a much greater extent with manure instead of mineral fertilizer N (Figure 1). 

Substitution of maize for grassland, common on sandy soils, reduces the room for manure applications (Figure 2), 

because P uptake of maize is lower and N leaching per kg N applied is higher than on grassland. Even then, 

justifiable manure rates are higher than the 170 kg manure-N per ha stipulated by the EU Nitrates Directive in 

NVZs, which is even more so if LFs would be used. If, however, maize would be the sole crop grown, much lower 

rates than 170 kg manure-N per ha should be permitted to avoid accumulation of P. Rates higher than that, would 

only be justified with LFs from cattle slurry, not with LFs from pig slurry (Figure 3). 

Our explorations indicate that manure application thresholds in NVZs should be differentiated for soil 

type, crop type, harvest regime and the composition of manure. Separation enables the users of LF to save on 

expenses for slurry export and mineral fertilizer N. Arable farmers using the SFs, obviously, receive less N per unit 

P than when they would have used untreated slurries. On heavier soil types, however, manures are preferentially 

applied to cereal stubbles, so that the N utilization by subsequent crops is low anyhow. Replacing slurries with SFs 

will therefore hardly affect the overall use of mineral fertilizer N on these arable farms. Energy consumption of 

separation techniques without UF and RO are sufficiently low to be fully compensated by the savings on energy use 

for fertilizer N production and slurry transport (Schröder et al., 2009b). 

- 790 -



Integrated manure and organic wastes management at the farm level 

 

 

0

100

200

300

400

500

600

2
.
7
5

3
.
2
5

3
.
7
5

4
.
2
5

2
.
7
5

3
.
2
5

3
.
7
5

4
.
2
5

2
.
7
5

3
.
2
5

3
.
7
5

4
.
2
5

2
.
7
5

3
.
2
5

3
.
7
5

4
.
2
5

mixed use cutting only mixed use cutting only

dry sand wet sand

Soil type, harvest regime and N/P
2
O

5
 ratio in manure:

P
e
r
m

i
s
s
i
b

l
e
 
N

 
r
a
t
e
,
 
k
g

 
N

 
p

e
r
 
h

a
 
p

e
r
 
y
e
a
r

mineral fertilizer N

slurry

 

FIGURE 1  Simulated cattle slurry and mineral fertilizer rates associated with a N concentration of 11.3 mg 

nitrate-N per litre upper groundwater and a phosphorus surplus of 0 kg P per ha, as affected by 

the soil type, the harvest regime of grassland and slurry separation (reflected in N to P2O5 ratio’s), on 

dairy farms growing grass only (under average growing conditions, average management quality and 

average leaching risks, cf. Schröder et al., 2009a). 
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FIGURE 2  Simulated cattle slurry and mineral fertilizer rates associated with a N concentration of 11.3 mg 

nitrate-N per litre upper groundwater and a phosphorus surplus of 0 kg P per ha, as affected by 

the soil type, the harvest regime of grassland and slurry separation (reflected in N to P2O5 ratio’s), on 

dairy farms growing grass and silage maize in a 66.6 to 33.3 ratio (under average growing conditions, 

average management quality and average leaching risks, cf. Schröder et al., 2009a). 
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FIGURE 3  Simulated slurry and mineral fertilizer rates associated with a N concentration of 11.3 mg 

nitrate-N per litre upper groundwater and a phosphorus surplus of at most 0 kg P per ha, as 

affected by the soil type, the slurry type and slurry separation (reflected in N to P2O5 ratio’s), on farms 

growing silage maize only (under average growing conditions, average management quality and 

average leaching risks, cf. Schröder et al., 2009a). 

 

4 CONCLUSIONS 

The lower N to P ratio in liquid fractions resulting from slurry separation, can justify a much wider use of manure on 

dairy farms in NVZs, than the current EU threshold of 170 kg N per ha. Separation may help to save mineral 

fertilizer N and P as well as transport energy within the agricultural sector as a whole. 
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1 INTRODUCTION  

1.1 Background 

Dedicated lignocellulosic bioenergy crops have the potential to provide a range of benefits on energy balance, 

carbon (C) cycle and  biodiversity, when growth is compared to arable crops (Rowe et al. 2009). From the 

standpoint of energy balance, perennial crops are favoured over annual crops, because they do not require energy 

expenditure for annual soil tillage and sowing (Nonhebel, 1997). However, nitrogen (N) fertilization is a central 

issue on the sustainability of bioenergy crops, because: i) N mineral fertilization is the most energy demanding 

agronomic practice, normally covering 30 to 50 % of the overall fossil energy use for crop growth; N fertilization 

implies inevitable nitrous oxide (N2O) emissions, a potent greenhouse gas. If properly managed, manure application 

on dedicated bioenergy crops can displace the use of industrial nitrogen fertilizers, hence reducing the fossil energy 

required for cultivation. However, little is known about the effects of manure application on dedicated 

lignocellulosic crops. The scope of this paper is: i) to report some preliminary results on manure application of 

lignocellulosic bioenergy crops; ii) to discuss  the energy and C cycle implications of displacing use of industrial N 

fertilizers on bioenergy crops. 

 

2 MATERIALS AND METHODS  

2.1 Site characterization and agronomic details 

A field experiment on cattle manure application to dedicated energy crops was carried out in 2008 and 2009 in 

Anzola dell'Emilia (Bologna), in the Lower Po Valley, Northern Italy (Lat. 44°32N,  Long. 11°80’E, 38 m a.s.l.). 

The soil of the site is loam-silty, classified as Udifluventic Haplustepts fine silty, mixed mesic. The location is 

characterized by an annual average precipitation of about 600 mm. The climate is temperate sub-continental.  The 

following lignocellulosic bioenergy crops were investigated: the herbaceous annual fiber sorghum (Sorghum bicolor 

L. Moench, cultivar biomass H 133); the herbaceous perennial giant reed (Arundo donax L.) and the woody 

perennial, hybrid poplar (Populus x canadensis hybrid). Fiber sorghum was sowed in May of 2008 and 2009, and 

the preceding crop was wheat for both years. The crop stand of giant reed was established in March 2007, using 

rhizomes of a local clone. The poplar stand was established in March 2002 and managed as short rotation coppice 

(SRC) with a harvest interval of two years. Fertilization treatments for each crop species were: two rates of liquid 

cattle manure, named as M1 and M2, corresponding to 100 and 200 m
3
 per ha, respectively; one rate of industrial 

fertilizers, named as IF, corresponding to 120 kg N ha
-1

 year
-1

, applied in form of urea, + 120 kg P2O5 ha
-1

 year
-1

, 

applied in form of superphosphate; and one unfertilized control, named as Control. The nutrient content of the 

applied liquid cattle manure was 1.9 kg N and 0.20 kg P Mg
-1

 in 2008, and 3 kg N and 0.29 kg P Mg
-1

 in 2009. 

Manure and industrial fertilizers were applied manually to the plots. Treatments were applied on three randomized 

replicates within the field crops. The size of the plots were 32.4 m
2
 for poplar, and 26 m

2
 for both giant reed and 

sorghum. Giant reed and sorghum were harvested in both years (2008 and 2009), while for poplar SRC the 

cumulative growth for the years 2008 and 2009 was harvested in March 2010. The experiment was rainfed. At 

harvest time dry matter yield, moisture content and yield components were measured. In particular: stem density, 

stem height and diameter, and nodes per stem for giant reed. 
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3 RESULTS AND DISCUSSION  

3.1 Effects on productivity and plant characteristics 

The results for giant reed are reported in table 1. Compared to unfertilized Control, manure application increased 

production by + 37% for M1 and + 43% for M2, while IF increased yield by + 32%. However, differences among 

fertilization treatments were not statistically significant. The increased yield appears to be attributable to higher stem 

density, higher stem height and higher number of nodes per stems. The higher yield observed in 2009 is likely due to 

the crop being in its second year in 2008 and in its third year in 2009.  So, the crop was still in its juvenile phase in 

2008.  

  

TABLE 1 Giant reed. Above: effects of fertilization treatments on productivity and plant characteristics 

(mean values for years 2008 and 2009). Means sharing common letters are not significantly different 

for P<0.05.  Below: average annual values for 2008 and 2009; * and ** indicate significant 

differences at P<0.05 and P<0.01, respectively. 

Treatments Stem density
 

(n. m
-2

) 

Stem height 

(m) 

Stem basal 

diameter 

(mm) 

Nodes per 

stem 

(n.) 

Dry matter 

Yield  

(Mg ha
-1

) 

Moisture at 

harvest  

(%) 

M1 

M2 

IF 

Control 

 

2008 

17.3 ab 

18.1 a  

16.3 bc 

15.1 c 

 

14.6 

4.93 a 

4.85 a 

4.90 a 

4.18 b 

 

4.57 

20.6 a 

20.4 a 

20.6 a 

19.0 b 

 

20.6 

41.4 a 

39.3 bc 

40.7 ab 

37.8 c 

 

   38.1 

33.9 a 

35.3 a 

32.7 a 

24.7 b 

 

27.8 

53.8 a 

55.2 a 

52.3 a 

52.6 a 

 

       55.7 

2009     18.8 **    4.86 *    19.7 * 41.5*    35.5**        51.2 * 

 

 

The results for poplar SRC are reported in table 2. Compared to Control, manure application increased 

yield by + 14% for M1 and + 30% for M2, while the increase was + 22 % for IF.  No significant differences arose 

among fertilization treatments. Fertilization tend to increase yield by increasing stem height stem diameter. Overall 

these effects are consistent with the ones observed for giant reed.  

 

TABLE 2 Poplar SRC.  Effects  of fertilization treatments on productivity and plant characteristics.  Data 

refers to harvest  2010,  which summarize the growing seasons 2008-2009.  Means sharing 

common letters are not significantly different for P<0.05.  Asterisks, * and ** indicate significant 

differences at P<0.05 and P<0.01, respectively. 

 

Treatments Plant density
 

(n. m
-2

) 

Main stem 

height 

(m) 

Main stem 

diameter 

(mm) 

Yield DM 

 

(Mg ha
-1

) 

Moisture at 

harvest  

(%) 

M1 

M2 

IF 

Control 

0.76 a 

0.74 a 

0.74 a 

0.73 a 

6.26 a 

6.80 a 

6.62 a 

6.35 a 

45.0 a 

51.0 a 

50.7 a 

46.7 a 

24.4 a 

27.6 a 

26.0 a 

21.3 b 

54.1 b 

54.5 b 

52.4 a 

  53.3 ab 

 

ANOVA NS NS NS * ** 

 

 The results for fiber sorghum are summarized in table 3. Under our experimental conditions, no effects of 

fertilization, either applied in form of manure or industrial fertilizers, were observed in 2008 and 2009. It is 

important to reiterate here that the crop was not irrigated. Therefore, it is likely that the prevailing water limiting 

conditions didn’t allow the crop to take advantage of increased nutrient availability. In fact, the observed 

productivity of irrigated fiber sorghum in the same environment, in the year 2009, was about 35 Mg DM ha
-1

. 
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TABLE 3 Fiber sorghum. Effects of fertilization treatments on productivity and plant characteristics 

(mean values for the years 2008 and 2009).  

 

Treatments Stem density
 

(n. m
-2

) 

Stem height 

(m) 

Stem basal 

diameter 

(mm) 

Dry matter 

Yield  

(Mg ha
-1

) 

Moisture at 

harvest  

(%) 

M1 

M2 

IF 

Control 

 

Mean 

17.7 a 

16.0 a 

17.3 a 

17.9 a 

 

17.2 

4.09 a 

4.02 a 

4.12 a 

4.14 a 

 

4.10 

20.3 a 

20.0 a 

19.8 a 

20.3 a 

 

20.1 

27.0 a 

25.8 a 

26.0 a 

24.3 a 

 

25.8 

73.1 a 

74.4 a 

73.5 a 

73.6 a 

 

73.6 

ANOVA NS NS NS  NS NS 

 

3.2 Energy and C cycle implications 

Increased cultivation of perennial bioenergy crops, such as giant reed and poplar, may result in substantial soil C 

storage. In fact, in the same experimental site we observed that after seven years of cultivation, i.e. from 2002 to 

2009, both giant reed and poplar increased soil organic C stock by + 46 %  compared to arable land, and +19 % 

compared to unmanaged grassland established at the same time on previously cultivated soil (fig.1). These effect, 

however, were limited to the upper soil layer 0.- 0.2 m. 
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FIGURE 1 Organic carbon stored in the soil layer 0.-0.2 m, measured on giant reed, poplar, arable crops 

and permanent meadow 7 years after the beginning of the experiment.  

 

 Nevertheless, Olness et al. (2002) pointed out that N represents a critical aspect of soil C sequestration. 

Since N is about 9 % of soil organic matter (SOM), a source of N is needed in order to allow the storage of C in the 

soil profile. These authors calculated that an increase of 0.1 % in soil organic C to a depth of 0.15 m, assuming bulk 

density of 1.2 and nitrogen efficiency of 50 %, requires 328 kg N ha
-1

. Consequently, when the N embodied in soil 

organic matter is provided by industrial fertilizers an environmental cost in terms of fossil energy used (and CO2 

released) should be taken into account.  But then, the overall C balance of energy crops could be further ameliorated 

if manure is applied in place of industrial fertilizer, providing that the hauling distance of manure is not 

overwhelming.   

 The application of manure instead of industrial fertilizers, can help diminish  the use of fossil energy, and 

related CO2  emissions, required for manufacturing industrial fertilizers (Ceotto, 2005). Wien et al. (2008) estimated 
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that adiluted slurry could be transported 12.3 km before the energy cost per kg of available N is equivalent to the 

energy cost of urea N. This estimate takes into account the full energy costs for transportation, including the energy 

needed to keep the slurry in agitation. However, these authors referred to highly diluted slurry with about 1.5 kg N 

Mg
-1

 manure, hence the hauling distance could be doubled for less diluted slurry containing about 3 kg N Mg
-1

 

manure. We underscore that the hauling distance can be doubled, even for diluted slurry, if one considers that these 

authors assumed a severe energy cost of 76 MJ kg
-1

 N for manufacturing of urea, while up to date estimates 

indicated an average net consumption of 39 MJ kg
-1

 N for European plants (Erisman et al. 2010).   

 Recently, Crutzen et al.  (2008) estimated that 3-5% of the “new reactive nitrogen”, applied to the crops 

as a fertilizer, will be lost sooner or later in the atmosphere in form of nitrous oxide (N2O), a potent greenhouse gas 

with a global warming potential of 296 compared to CO2. This high fraction is apparently in disagreement with the 

IPCC (2006) who estimated that a fraction of about 1 % of  N is lost as N2O regardless of whether the N is applied 

in the form of industrial fertilizers or manure. Indeed, Crutzen et al.  (2008) pointed out that these losses are 

attributable to the overall “N cascade” subsequent to industrial fertilizers application.  Galloway et al. (2003) 

defined as “N cascade” as the multiple effects in the atmosphere, in terrestrial ecosystems, in freshwater and marine 

systems, and on human health of an each atom of reactive N until it is converted back into non reactive form N2. 

Therefore, if manure is effectively recycled within agroecosystems, this can avoid the use of new reactive nitrogen 

in form of industrial fertilizers.  

 

4 CONCLUSIONS  

Our data indicate that cattle slurry is well suited to be applied to giant reed and poplar in substitution of industrial 

fertilizers. This can improve the energy balance of bioenergy crops while offering additional chance for agronomic 

utilization of manure. However, our data are preliminary, and further investigation is needed to evaluate the effects 

of nitrate leaching and nutrient accumulation in the soil. Yet, in order to avoid competition for land with fodder 

crops, we suggest that energy crops should be cultivated on land poorly suited to the production of forage and grain 

crops. 
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1 INTRODUCTION 

Biophysical models that estimate nutrients (e.g. nitrogen (N)) flow have been widely used for livestock manure 

management. They track the fate and pathway of nutrients through animal ration in feeding operation and identify 

the nutrient transformations process in the animal production system until field application. This type of model 

approach may be attempted for a single component or source of N losses (e.g. animal house, lagoon, compost, 

ammonia emission, leaching) (Muck et al., 1984; Burton and Beauchamp, 1986; Groot Koerkamp et al., 1998); or 

for entire animal production systems (N flows in farm-gate balances) integrated with cropping systems at farm 

level (Beauchamp, 1983; Oudendag and Luesink, 1998; Chambers et al., 1999; Hutching et al., 2001; Menzi et al., 

2002).   

Though many of these nutrient balance models have been developed, most of them are for temperate 

climate in line with their animal farming system and conditions. However, it is clear that the different housing 

systems, manure handling methods (storage) and the biophysical processes (e.g. temperature and pH effects) affect 

the magnitude of nutrients losses. Therefore, the models from temperate countries may not be entirely adequate for 

Malaysian humid tropic conditions.  

Currently, no model exists that describes the whole nutrient cycle linking the flows from animal 

production phase (e.g. cattle feedlot) to waste handling phase (e.g. composting). There also no study or model on 

nutrient N flow processes for livestock manure management system prevalent in Malaysia. In view of this, 

biophysical models, namely the Beef Cattle Production and Manure Excretion (BCPME) Model will be developed. 

This model focuses on nutrients cycling at the whole farm-level from source (e.g. cattle feedlot production) to 

waste handling (composting phase) and investigates nutrient flows, associated losses and efficiency, and can thus 

be used for assessing the impact of animal manure on the surrounding environment.  

 

2 MATERIALS AND METHODS 

The study was conducted to develop a model that can estimate the nutrient flow from animal housing and through 

the whole manure handling system. The model development involved data acquisition and field data collection, 

model calibration and refinement.  

 It was developed by using a nutrients balance approach to estimate the nutrients flow from (1) cattle 

production (Production System) through (2) cattle housing and manure management (Housing system) and finally 

(3) manure composting (Manure Handling System) (FIGURE 1) 

 

 

 

 

 

 

 

FIGURE 1 Nutrient flow in the Beef Cattle Production and Manure Excretion Model 

 

 

 

 

 

(3) Cattle Manure 

Handling System 
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(2) Cattle Housing System 

- Manure excretion 
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(1) Cattle Production 

System 

- Nutrients in feed 

- Nutrients absorb in body 

of cattle (metabolisme) 
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3 RESULTS AND DISCUSSION 

3.1 Model overview 

The Cattle Production and Manure Excretion model focuses on assessing nutrient flows (N, P, K). This modeling 

system involves 2 sub models development, namely, Model 1: Production and Housing System (FIGURE 2) and 

Model 2: Manure Handling System (FIGURE 3). 

 

 
 

FIGURE 2 Model 1: Daily nutrients flow (kg/day) of a 300 cattle feedlot (liveweight = 70660 kg) (Manure 

Production and Housing System)  

 

In Model 1, the nutrient input was estimated beginning with the nutrients content in feed uptake of the  

cattle. The feed intake nutrients will be partly retained in the animal and partly excreted. The excretion ‘manure 

excreted’ was calibrated on the basis of experimental measurements, taking into account retention in the animals 

and used for metabolic activities of the cattle. Based on the experimental data it was assumed that of the nutrients 

excreted will be lost in 35% of inorganic N, which is lost through ammonia volatilization while losses would be 

19% for P and K, respectively as calibrated from field experiment data.  
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FIGURE 3 Model 2: Daily nutrients flow (kg/day) in a compost area based on 300 cattle feedlot manure 

(Manure Handling System) 

 

Model 2 describes nutrient flows on the composting stage. The nutrient input was obtained from model 

1. The model 2 takes into account the mineralization process for nitrogen, and N losses through ammonia 

volatilization and denitrification processes. However, there were no or negligible losses of P and K.  

3.2 Model simulation output  

FIGURE 4 shows nutrient losses to the environment at different stages of manure management, i.e., production and 

housing stage (Model 1) and manure handling stage (Model 2).  

On average, a 300 cattle feedlot farm in Malaysia (total liveweight = 70660kg) produces approximately 

29 kg N/day/farm, 10 kg P/day/farm and 9 kg K/day/farm in cattle manure. Of the excreted manure, daily losses 

were approximately 6 kg of N through ammonia volatilization and 1 kg P and 0.4 kg K through runoff (FIGURE 

4).   

In model 2, composting approximately 23% of total manure N was lost to the environment.  There were 

negligible losses of P and K at this manure handling stage, as the composting was conducted in a roof shed without 

any rain drain or runoff.  

 

 
 

FIGURE 4 Daily nutrients losses in fresh manure (housing stage; model 1) and compost manure handling 

(model 2) based on a 300 cattle feedlot in Malaysia 

 

4 CONCLUSIONS 

In this study, the mass balance approach is used to develop a process based model. This allowed nutrient flow 

estimates for current Malaysian beef cattle feedlots. Model 1 and model 2 have shown that it is possible to evaluate 
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nutrient flows and thus the impact of nutrients on the environment through nutrients loss and the potential of 

manure as a resource in terms of nutrients available that may utilize as fertilizer 

According to the model simulation output, a feedlot shows that approximately 35% of N are lost at the 

housing and production stage (model 1) and 23% of N are lost at the manure handling stage (model 2). About 19 % 

of P and 5 % of K were lost at the housing and production stage (model 1). There were no or negligible losses at the 

manure handling stage.  
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1 INTRODUCTION 

This paper presents the results of monitoring of three biogas plants with conversion to electrical energy carried out 

in the context of the project EU LIFE “Seq-Cure - Integrated systems to enhance sequestration of carbon, producing 

energy crops by using organic residues” (www.crpa.it/seqcure) lasting for about one year. 

The organic substrates traditionally used for biogas production have very low total solid content, varying from 3 to 

6% in the pig slurry to 8 to 12% in the cattle slurry (CRPA, 2001).  In the co-digestion plant however, other 

substrates with high energy density are used in addition to the livestock effluent, deriving typically from energy 

crops and/or residues of the agro-food industry which have total solid content of between 15 to 35% and with 80 to 

96% of volatile solids (CRPA, 2008; CRPA, 1996). 

The purpose of the co-digestion is to increase the production of biogas per volume unit of the digester and 

hence the profitability of the investment (Soldano, 2007). In addition to the obvious benefits deriving from increased 

productivity however, the increase in the organic load radically alters the management approach that has to be 

adopted in running the plant. The stability of the process becomes more difficult to maintain because of the 

increased intensity of the various processes characteristic of anaerobic digestion and the balance that has to be 

achieved between them (acidic hydrolysis vs. methanogenic activity). Care in maintaining the composition of the 

mixture loaded, pH control and possible recycling to balance the load are thus of fundamental importance.  As a 

consequence of the above it is not always possible to achieve the theoretical yields identified in laboratory tests, 

typically carried out in batch reactors allowing the obtaining of the maximum methanogenic potential (BMP). 

It is also necessary to consider that not only may biogas production be interrupted but also its 

transformation into electrical energy and transmission to the national grid may be halted because of break-downs on 

ordinary or extraordinary maintenance. This is why the extended monitoring of biogas plant is of great importance 

for all those considering making an investment in farm energy (Soldano et al., 2008). Knowledge of production 

dynamics and actual average yields over extended periods makes it possible to obtain a realistic picture of actual 

production yields. 

 

2 MATERIALS AND METHODS  

The project monitored three plants differing from each other in the technology applied and the organic substrates 

used: 

− CSTR, pig slurry (215 kWe installed); 

− CSTR, dairy cow slurry, agro-industrial residues and energy crops such as maize and triticale silage (355 

kWe installed);  

− Plug flow + CSTR, beef slurry, energy crops such as maize and sorghum silage, and agro-industrial residues 

(845 kWe installed). 

2.1 Description of the monitored plants 

The biomass for the first biogas plant was slurry supplied by a pig fattening farm where pigs were housed on fully 

slatted floor and pit underneath. The slurry produced was removed on a continuous basis and his house retention 

time was about 10 days. The second biogas plant was loaded with dairy cattle slurry and agro-industrial residues 

(potato, onion, sugar beet pulp). The third plant was loaded with beef cattle slurry, maize and sorghum silage and 

agro-industrial residues. Table 1 shows the characteristics of the related farms and biogas plants. 
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TABLE 1 Characteristics of farms and biogas plants 

Parameter First Plant Second Plant Third Plant 

Type of farm 
Fattening pig farm 

(1000 t lw) 

Dairy farm (110 

milking cows) 

Beef farm (2000 heads) 

Substrate (% of OLR)    

- slurry  100 9 5 

- energy crops - 24 74 

- agro-industrial residues - 67 21 

Reactor type CSTR CSTR PFR+CSTR 

Reactor volume (m
3
) 2 x 1370 2 x 1050 + 850 1000 + 2 x 2400 

Hydraulic retention time (days) 23 60 95 

Process temperature (°C) 35-40 35-40 38-42 

OLR (kg VS·m
-3
·day

-1
) 1 2.5 1.9 

CHP (kWe) 210 355 845 

lw: live weight  

CSTR: Continuously stirred tank reactor; PFR: Plug flow reactor 

 

2.2 Monitoring plan 

The purpose of the monitoring plan was to check the efficiency of the biomass conversion and to measure the 

functioning parameters. The activities were carried out over a period of about 12 months. The main parameters 

measured were the following: 

− quantity of solid and liquid biomass loaded (t·d-1); 

− the chemical characteristics of the biomasses loaded (pH, total and volatile solids, total and ammonia 

nitrogen, total organic carbon, phosphorous and potassium and COD); 

− quality of the biogas produced: methane concentrations (% vol), carbon dioxide, (% vol), hydrogen sulphate 

(mg·Nm-3), ammonia (mg·Nm-3); 

− average gross electrical power (kW) produced, used by the auxiliaries, used by the digesters and accessories;  

− characteristics of the digestate: pH, total and volatile solids, total and ammonia nitrogen, total organic carbon, 

phosphorous and potassium, COD, volatile acidity and total alkalinity. 

The biogas production was calculated on the basis of electrical energy and the rated electrical yield of the 

cogenerators.  None of the plants included a measuring system for the biogas produced. All parameters identified 

were processed to calculate typical efficiency indices for biogas plant: Organic load rate (kgVS·m
-3

·d
-1

), hydraulic 

retention time (d), gas production (m
3

biogas·m
-3

reactor, m
3
biogas·kg VS

-1
), specific Energy conversion rate (kWh·kgVS

-1
). 

 

3 RESULTS AND DISCUSSION  

3.1 First plant 

Average pig slurry production was 120 m
3
·d

-1
, that is, the equivalent of about 42 m

3
·tlw

-1
·year

-1
.  If this production is 

related to the digester’s useful volume, this means an average hydraulic retention time of about 23 days. On the 

basis of the chemical analyses of the loaded pig slurry, the organic load rate can be estimated at 1 kgVS·d
-1

·m
-3

. The 

digestion type effected was mesophilic: the average temperatures in the primary digesters were 36.6°C, and those of 

the secondary digester were 39.5°C. The average methane concentration in the biogas produced was 67%vol (59-

72%vol), while that for carbon dioxide was 31.1%vol (26-36%vol). The hydrogen sulphate concentration was however 

very high (about 1,992 ppm), typical of pig slurry but an indication of low efficiency in the desulphurisation system. 

The biogas produced was used in a cogenerator. Table 3 indicates total annual production. The electrical energy 

produced over the whole period amounted to 1,043 MWh. The consumption of auxiliaries and the anaerobic 

digestion plant amounted to 217 MWh, representing 20.8% of the gross electrical energy produced. The plant 

transformed volatile solids loaded with a yield of 0.423 Nm
3·

kgVS
-1

. The volumetric production, referring to each 

cubic metre of useful space in the reactor was 0.433 Nm
3·

m
-3

. 

- 802 -



 Integrated manure and organic wastes management at the farm level  

  

3.2 Second plant 

Over the monitoring period a total average of about 18,000 t of organic substrates was loaded, equivalent to about 

3,160 t of organic material. 23.6% of the organic material loaded was from farm silages and 67% from the agro-

industrial residues with the remaining 9.4% coming from livestock cattle slurry. 73.4% of the organic materials from 

the agro-industrial residues was represented by potatoes (entire, pieces and mashed), about 8.1% was made up of 

residues from tomato processing and 7.5% from fruit residues. The additional material bringing the whole up to 

100% was residues from beet, cereals, onions, beans and pumpkins. The organic material content of the loaded 

biomass (residues and energy crops) was always 90% or more of the dry material. In the cattle slurry, however, 

volatile solid represented about 80% of the total solid. Volatile solids represented on average, 91% of dry matter of 

the mixture loaded. The average concentration of total solids in the mixture loaded was about 19% while the organic 

loading rate, also considering the volume of the first covered storage tank in the calculation, was about 2.5 kgVS·m
-

3
·d

-1
. The high organic load in the plant was in part made possible by the homogenising and balancing effect of the 

recycling of part of the digestate present in the second anaerobic reactor and/or in the first storage tank. The high 

concentration of starches was due to the extensive use of potatoes and silages. Their intense hydrolytic action lead to 

a high production of volatile acidity which, if not sufficiently blocked by cattle slurry and end-of-process digestate, 

was in danger of lowering pH excessively and inhibiting the action of the methanogenic bacteria. The average 

hydraulic retention time, with the inclusion of the first covered storage tank in the calculation, was about 60 days. 

The production of biogas, calculated by reference to the cogenerators’ official yields and the percentage of methane 

in the biogas, amounted to 119,436 m
3
·month

-1
, equivalent to 1,430,000 m

3
·y

-1
. On the basis of the methane 

percentage present on average in biogas (53%) this means that the production of methane was about 760,000 m
3
·y

-1
.  

The specific production of biogas was thus about 450 Nm
3
·tVS

-1
 loaded, while the methane yield was about 240 

Nm
3
·tVS

-1
 loaded. Specific biogas production per unit of volume unit was however, on average, 1.331 Nm

3
·m

-3
·d

-1
. 

3.3 Third  plant 

The monitoring period saw an average loading of 60.8 t·d
-1

  in which the predominant material was that of farm 

sorghum silage (37.9% of the load) followed by a mixture of fruit residues (28.1%), then followed by the secondary 

substrates. The solid biomasses represented about 73.6% of the total solid load. A total of 22,196 t of all substrates 

was loaded, equivalent to average hydraulic retention time of 95 days. On the basis of the chemical analyses of the 

biomasses used the organic material load was about 4,270 t of volatile solids, equivalent to 1.95 kgSV
-1
·d

-1
·m

-3
. The 

digestion was the mesophilic type. The temperatures in the primary digester were on average 41° C. Fluctuation 

over the last period were contained within an interval of ± 4° C.  In the same way, in the two secondary digesters, 

the temperature of the slurry was maintained at 42.4° C for the first and 41.3° C for the second. Turning then to the 

quality of the gas produced, methane concentrations were found on average to be 53.1% vol (51.8 to 55.6% vol.), 

carbon dioxide concentrations were 46.6% vol (44.6 to 47.8% vol), hydrogen concentrations were 83 ppm (23 to 

180 ppm), while concentrations of hydrogen sulphate sent to the cogenerator were 38 ppm (13.6 to 59.9 ppm). The 

biogas produced is entirely used in a cogenerator for the production of electrical energy transmitted to the national 

grid. Part of the electrical energy is used by the plant for the various internal components (mixers, loaders, sorting 

pumps for loading and unloading). Table 3 sets out electrical production over the period under consideration. It was 

possible to estimate biogas production on the basis of the rated value of the electricity production of the installed co-

generator and hence the yield indices. The plant allowed the processing of volatile solids loaded into biogas at a 

yield of  0.672 Nm
3
·kg VS

-1
. Volumetric production compared with cubic metres of useful space in the reactor was 

calculated at 1.38 Nm
3
·m

-3 
reactor. 

 

Table 2 shows the differences identified between monitored plants. Energy production in the first plant 

was highly dependent on the live weight of the animals. On the other plants production was much more regular due 

to the higher co-fermentation rate between the energy crops and agro-industrial residues. Table 3 sets out electrical 

production of the three plants over the period under consideration. 
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TABLE 2 Results of monitoring activity 

 First plant Second plant Third plant 

Volumetric production (m
3
 biogas · m

-3 
reactor) 0.45 1.33 1.38 

Biogas yield (Nm
3
 · kg VS

-1
) 0.42 0.45 0.67 

Methane yield (Nm
3
 · kg VS

-1
) 0.28 0.24 0.36 

Electric energy yield (kWhe · kg VS
-1

) 0.99 0.80 1.48 

 

 

TABLE 3 Summary of energy production parameters of the three plants monitored 

Parameter  First Second Third 

Gross electrical production  MWh·y
-1 

1,018 2,527 6,578 

Average electrical power 

produced  
kW 119 287 742 

 % installed power 59 80.8 87.7 

Cogenerator auxiliaries 

consumption 

% gross energy 

production 
4.2 3 3.99 

Digestion plant consumption 
% gross energy 

production 
14.5 5.5 3.27 

 

4 CONCLUSIONS 

In the agricultural and livestock sector the production of biogas and its subsequent transformation into electrical 

energy has by now become a well-established practice.  The substrates which can be used include both animal 

manure on its own and in a mixture with energy crops and/or agro-industrial residues. In both cases however, correct 

plant design must take account of the specific characteristics of the matrices to be used is indispensable to ensure 

that it functions well. 

In the case of plant using prevalently energy crops, the uniform nature of the product makes it possible to 

construct more reliable, even if more complex, plant.  The addition of agro-industrial residues brings with it 

problems relating to continuity of supply and variable quality. These problems can be mitigated if the matrices can 

be subjected to ensilage or if the main load remains energy crops. In the case of animal slurry however, the variable 

nature of these matrices means that the plant designer and subsequently the manager, must take all necessary 

measures to limit the effects on biogas production that may be caused by load variation. 

Finally, in economic terms, it is important to remember that organic materials coming from the use of 

animal manure are free while agro-industrial residues and energy crops have to be paid for and the management of 

the digestate represents an additional cost item. 
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1 INTRODUCTION  

The farm gate nutrient balance approach has improved nutrient management in Western-European countries by re-

examining the routine agricultural practices. A nutrient balance at farm level is a type of bookkeeping of all in- and 

outflows of the most important nutrients (N and P). At a farm, products are constantly brought in and other products 

are removed. With each load of these products N and P might be brought into or removed from the farm (Mulier et 

al., 2001). 

Too low amounts of available nutrients result in a reduction of crop production. Moreover, deficiency 

symptoms as a consequence of metabolic disturbance are often visible (Vos and MacKerron, 2000). To avoid a 

decrease in soil fertility with negative consequences for future crop production, the soil nutrient pools have to be 

filled up to meet the plant uptake (Várallyay et al., 1992, Watson et al., 2002). These yield losses cause financial 

losses to the farmer. 

To reduce nutrient losses from plant production or avoid deficiency problems, fertilization has to be based 

on plant needs and consider the input through mineral N and P in the soil, mineralization and deposition (Hofman, 

1995 and Tunney et al., 2003).  

This is a study on the farm gate nitrogen (N) and phosphorus (P) balances of two typical Bulgarian 

vegetables farms calculated for two years with different climatic conditions. One of the farms is using only 

inorganic fertilisers and fertigation. The other farmer is applying large amounts of farmyard manure and uses 

traditional irrigation.  

 

2 MATERIALS AND METHODS 

2.1 “Balance NP” software 

The "Balance NP" software was developed at Gent University, Belgium. Before applying it in Bulgaria, the software 

was tested under Flemish and Hungarian conditions. The software is in Excel and average data for the N and P 

content for all parameters is available. User specific data can also be applied. The financial assessment of the 

nutrients balance is a very helpful function of the software.  

2.2 Studied farms 

2.2.1 General information of the farm with fertigation 

The private farm with fertigation is situated in Dobrich area, Northeast Bulgaria and is focused on vegetable 

production – peppers and tomatoes. The total arable area of the farm was 16 ha in 2007 and 13 ha in 2008. Only 

mineral fertilisers were used. Soils of the farm are calcareous – pH(H2O)=7.6.  Average nitrogen stocks in the soils 

were good (22.3 mg.kg
-1

) and moderate fertilisation was needed. Available P level in soils was medium – 13.7 

mg.100g
-1

. For normal yields no potassium fertilisations (K) was needed. 

The mineral N fertilisation was 69.4 kg N per hectare in 2007 and 133.5 kg N in 2008. The mineral P 

fertilisation was 2.3 kg per hectare in 2007 and 1.9 kg in 2008 which is less than the average for the country. 

Fertiliser’s rates are relatively high for the nitrogen and the difference in yields is due partly to the very dry climatic 

conditions in 2007.  Tomatoes yield in 2007 was 30 tons per hectare and 100 tons in 2008. Peppers yield was 

respectively 21.5 and 17.5 tons in 2007 and 2008, respectively. 
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2.2.2 General information of the farm with manure application 

The private farm with manure application is situated in Plovdiv area, Central South Bulgaria and is focused on 

vegetable production – peppers, tomatoes, eggplants, potatoes.  The total arable area of the farm was 0.79 ha in 2007 

and 2008. The main nutrient source was the farmyard manure applied. Some mineral fertilisers were used. Soils of 

the farm are acid - pH(H2O)= 5.6. Mineral nitrogen content in soils was relatively low (10.5 mg.kg
-1

) and fertilisation 

was needed. Available P level in soils was poor (3.5 mg.100g
-1

) and normal yields could be obtained only with P 

fertilisation. For normal yields potassium fertilisation was needed, too. 

The mineral N fertilisation was 38.7 kg N per hectare in 2007 and 34.1 kg N in 2008. No mineral P 

fertilisation was applied in 2007 and 2008. The organic N fertilisation was 142.4 kg.ha
-1

 N in 2007 and 135.1 kg.ha
-1

 

N in 2008. Organic fertilisation with P was 34.8 kg P.ha
-1

 in 2007 and 33 kg P.ha
-1

 in 2008. Yields per hectare for 

2007 and 2008 were as follows – tomatoes 35.7 and 28.6 tons; peppers 15 and 20 tons; water melons 10 and 14 tons; 

potatoes 41,7 and 50 tons. 

 

3 RESULTS AND DISCUSSION 

The farm gate nutrient surpluses/deficits varied between the different years for every farm. This could be explained 

by the weather conditions, applied fertilisers rates and yields in the different years of investigations.  

3.1 Nutrient balance of the farm with fertigation.  

The input flows of nitrogen were fertilisers and atmospheric deposition (Klein et al., 2007). For the phosphorus, the 

input flow was only mineral fertilisers. Main source of nutrients was the fertiliser input – 87.4% for N and 100% for 

P (Table 1). With 10 kg N .ha
-1

or 12.6% of total inputs the deposition was relatively high in 2007. Due to the very 

low weight of peppers and tomatoes seeds they are not significant source of N and P inputs. The output flow 

consisted only of plant products sold on the market. Efficiency in 2007 was higher than in 2008 due to the lower 

nitrogen fertiliser application and dry climatic conditions. Nitrogen efficiency was 49.5% and P efficiency was 

250% in 2007. Efficiency rate for N is an indication that the fertiliser N is not used fully by crops. For the P 

efficiency the indication is that natural soil fertility is disturbed and P from the soil stocks is utilised regardless the 

relatively low yields. Higher fertilisation rates and smaller arable area in 2008 turned the efficiency to 28.3% for N 

and 308% for P (Table 2). Main source of nutrients was the fertiliser input – 93% for N and 100% for P. In 2008 N 

deposition was relatively low – 7%. In 2007 about 40 kg.ha
-1

 N remained in farm after the harvest while in 2008 - 

103 kg.ha
-1

 N was in surplus. For 2 years about 150 kg of N were not utilised by crops and maybe some negative 

environmental process occurred. Efficiency of P was very high – +308%, which is meaning that 2/3 of P uptake of 

crops is provided by the soil. This soil depletion in the long term bears the risk of decreasing soil fertility. 

The application of the “Balance NP” software shows that the farmer is probably applying more N than 

needed and much less P than needed. An optimisation of the fertiliser rates and types could probably increase yields 

and improve the economical effectiveness of the farm. 

 

TABLE 1 Vegetable farm with fertigation - 2007 

  N (kg) P (kg) % N of input % P of input 

Input     

Fertilizers 1110.0 36.3 87.40% 100% 

Deposition 160.0 0.0 12.60%  

Output     

Plant products 629.0 90.8 49.53% 250% 

Total input 1270.0 36.3   

Total output 629.0 90.8   

Surplus 641.0 -54.5   

Surplus per ha 40.1 -3.4   

EFFICIENCY (%)   49.53% 250% 

SURPLUS (%)   50.47% -150% 
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TABLE 2  Vegetable farm with fertigation - 2008 

  N (kg) P (kg) % N of input % P of input 

Input         

Fertilizers 1735.0 24.2 93.03% 100% 

Deposition 130.0 0.0 6.97%  

Output     

Plant products 527.0 74.6 28.26% 308% 

Total input 1865.0 24.2   

Total output 527.0 74.6   

Surplus 1338.0 -50.4   

Surplus per ha 102.9 -3.9   

EFFICIENCY (%)   28.26% 308% 

SURPLUS (%)   71.74% -208% 

 

3.2. Nutrient balance of the farm with manure application  

The input flows of nitrogen were seeds, fertilisers and deposition. Seeds had very small input of 0.7%-1% (Table 3 

and 4). In this farm the seeds were not negligible factor because of potato growing. For the phosphorus, the input 

flows were fertilisers and seeds. Main source of N was the manure flow – 74% for N and 99% for P in 2007. In 2007 

N deposition was a relatively high input – 7.9 %. The output flow consisted only of plant products sold on the 

market. In 2007 nitrogen efficiency was 18.3% and P efficiency was 15%. Efficiency rate for N was very low and it 

was an indication that the fertiliser N was not used fully by crops. For the P efficiency which was very low too, the 

indication was that natural soil fertility was not disturbed and P uptake with crop yields was based on manure 

utilisation. In 2008 the efficiency was similar 23.1 % for N and lower for P 18% (Table 4). In 2007 157 kg of N per 

hectare remained in the field after the harvest while in 2008 - 139 kg N per hectare was in surplus. For 2 years about 

300 kg of N were not utilised by crops and maybe some negative environmental process occurred. In this farm the 

surplus of P was 30 kg per ha for 2007 and 27 kg for 2008. Problem for the underground waters could be observed 

in this farm due to nitrate leaching. P fertilisation rates are normal for the obtained yields and favourable for 

sustainable soil fertility. Phosphorus pollution of the near river could arise only in case of soil particle transfer due to 

soil erosion. 

The farmer is applying free of charges farmyard manure. Therefore the economical effectiveness is not 

disturbed by the excessive farmyard manure application. The software application shows that the application of 

mineral nitrogen fertilisers is excessive is such case and  is not suitable from economical and environmental point of 

view. 

 

TABLE 3 Vegetable farm with farmyard manure application - 2007  

  N (kg) P (kg) % N of input % P of input 

Input         

Seeds 1.0 0.2 0.7% 1% 

Fertilizers 30.6 0.0 20.1%  

Manure 112.5 27.5 74% 99% 

Deposition 7.9 0.0 5.2%  

Output     

Plant products 27.7 4.0 18.3% 15% 

Total input 152.0 27.7   

Total output 27.7 4.0   

Surplus 124.2 23.6   

Surplus per ha 157.3 29.9   

EFFICIENCY (%)   18.3% 15% 

SURPLUS (%)     81.7% 85% 
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TABLE 4 Vegetable farm with farmyard manure application - 2008  

  N P % N of input % P of input 

Input         

Seeds 1.2 0.2 0.8% 1% 

Fertilizers 26.9 0.0 18.8%  

Manure 106.7 26.1 75% 99% 

Deposition 7.9 0.0 5.5%  

Output     

Plant products 32.9 4.8 23.1% 18% 

Total input 142.6 26.2   

Total output 32.9 4.8   

Surplus 109.6 21.4   

Surplus per ha 138.8 27.1   

EFFICIENCY (%)   23.1% 18% 

SURPLUS (%)   76.9% 82% 

 

4 CONCLUSIONS 

The farm gate N and P balance of farms studied indicate a surplus for nitrogen, which might lead to environmental 

pollution. Nitrogen surplus is more significant in the farm applying farmyard manure. The balance of P in the farm 

with fertigation is strongly negative. Soil mining is observed in conditions of intensive vegetable production and 

fertigation because of low P fertilisers application. In the farm with farmyard manure application the nutrient input 

rates are very high and residual nutrients in soil could provoke environmental pollution. 

Application of “Balance NP” software for the assessment of nutrients balance at farm scale is an easy way 

to improve the nutrients, environmental and economical effectiveness of farms. 
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1 INTRODUCTION  

Currently in Italy, poultry manure (PM) is spread to agricultural soils and incorporated pre-sowing according to 

nitrate directive CEE/91/676 and manure Agronomic Use Plan (D.Lgs. 152/99). The nitrogen (essential element for 

the development and growth of plants) contained in ureic form comes to mineralization in a few weeks: it is readily 

available but not usable by plants, unless they are not characterized by a short life cycle.  

 For caged laying hen manure (LHM), carbon and nutrient content are function of diet and manure 

management system; furthermore carbon and nitrogen are affected also by maturation processes, which often reduce 

them via CO2 and ammonia volatilization respectively, particularly in the case of wet manure.  

 The project is part of a general project for LHM sanitation through the application of new biological 

technologies (bio-treatment) (Dall’Ara et al., 2010). The goal of the work is to check the effect on optimize nutrient 

and organic content by means of a biotreatment which overcomes the management of manure (livestock outputs) as 

waste by means of sanitation process to obtain quality marketable fertilizer, that improves the soil structure, 

enhances its fertility and prevents desertification. From a nutrient point of view, the purpose was to minimize 

nitrogen and carbon losses.  

 

2 MATERIALS AND METHODS  

2.1 Materials  

Tests were performed on an Italian intensive farm. LHM was collected from a commercial poultry unit with vertical 

tiered cages and Manure Drying System (MDS). Manure was removed from housing after 24-36 hours by means of 

manure conveyor belts and dried in a tunnel outside the housing (MDS) in the subsequent 72 hours. MDS, classified 

as BAT (Best Available Technique) according to BREF (EC, 2003), allows drying up to 85% DM.  

 For bio-treatment an innovative Italian technology was used, based on a European patent pending process 

(AMEK, CTI, 2002). It describes a natural enzymatic mixture named PAV (Vegetable Active Principles), prepared 

from selected plants, picked up in their balsamic period, that is to say at the time of maximum vegetative 

development . Raw materials are plants belonging to the following families: Cucurbits, Grass, Labiates, Umbellifers 

and Rue, able to develop flavours and scents and to give vitamins (especially A, C, E). PAV are prepared by 

comminuting such raw materials to under the size of a grain of rice and then mixing them with natural liquids. Then 

they are poured onto the heap/substrate to treat. In doses ranging from 0,1 to 2 kg/m
3
 of treated substrate, in function 

of pile dimension. PAV have been developed in order to speed up biooxidation processes, to reduce biomasses 

turning and to maintain N in slow release form (AMEK, CTI, 2002).  

2.2 Experimental design  

Bio-treatment tests were performed directly in a big bag (1 m
3
), the packaging for final trading, and in a pile set in a 

barn with impermeable floor, used for manure storage, during the period from October 2008 to April 2009. 

Treatment consisted in adding PAV to dried manure inside big-bags, during filling, at a dose of 1 kg per big bag (≥ 

1m
3
). Big-bags are the bioreactor where manure matures by static batch process; at the end they are closed and are 

ready for marketing. The method of fertilizer production is shown in Figure 1. A pile was formed in 4 weeks, with a 

dimension of about  480 m
3
, and a quantity of  90 kg of PAV  added along/ its formation.  
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The experimental planning was developed using Design of Experiment (DOE) in the case of big bags. This is a 

methodology for statistical design of an experiment used to describe a complex biological process. DOE reduces the 

number of experiments to be performed in complex systems characterized by many variables that affect the process.  

 Screening design was based on previous tests performed at the same intensive farm, which had indicated 

2 vital factors: LHM dry matter (DM%) and maturation time (t). Consequently a fully factorial 2
2
 plan was adopted 

where the variables were initial LHM dry matter (63%, 72%, 81%) and maturation time (38, 81, 123 days) to assess 

their effects and their interaction. The fully factorial with central point design (4 replicates of central point) was 

adopted (Montgomery, 2005), as shown in Figure 2. A comparative pile treatment was performed. Also LHM 

characterization at t=0 (just outside MDS) was executed. 

2.3 Sampling  

Sampling procedure was in agreement with regulation EC 1774/2002 (annex VIII, chapter III), which requires 5 

sampling points for each material. Therefore, for each big bag, 5 subsamples of about 0.2 kg were collected, united 

and mixed to form a composite sample for chemical analysis. Every big bag was completely opened for sampling; 

(i.e.  one big bag was prepared for each sampling).  

2.4 Analysis  

Sub-samples of “wet manure” were taken and analysed for dry matter (DM) content, pH, nitrogen as Total Kjeldahl 

Nitrogen (organic nitrogen and ammonia). Dry matter was ground and analysed for total phosphorus. Volatile solids 

(VS) were determined as loss on ignition ashing DM in an oven at 550°C for 2 hours and determining the weight 

loss. Additional “wet manure” sub-samples were taken and oven dried at 60°C for more than 12 hours (until 

constant weight) and then ground with a micro-mill under 0.2 mm and analysed for organic carbon (TOC) by total 

organic carbon (TOC) analyzer RC412 (LECO, Milano, Italy). All analyses were performed in accordance with 

officially recognized methods for compost analysis (ANPA, 2001); total phosphorus analysis was performed 

according to officially recognized methods for fertilizers (Trinchera et al., 2006). All analyses were repeated at least 

once to check the homogeneity of sub-samples and analysis methods.  

 

excreta MDS

BIG BAG

PILE

TREATMENT

 

FIGURE 1 Scheme of experimental tests  

 

3 RESULTS AND DISCUSSION  

Response parameters were TOC and TKN, where TOC is expressed as % DM, while TKN is expressed as % on wet 

basis according to Italian regulation; also DM, VS, P2O5, , pH and electrical conductivity were measured. Mass loss 

was checked. The results of TOC determination for big bags are shown in Table 1. The first evidence is LHM 

homogeneity just after MDS (all figures ≥ 30 % DM). Furthermore data indicate a substantial maintenance of TOC 

concentration over the treatment period, that is to say that there was little effects of maturation time and water 

content on TOC. The results of TKN content for big bags ( table 1), show variability in initial samples, due to 

variability of nitrogen concentration in poultry manure (produced in that protocol); variability seems to reduce 

towards final phase (123 days), just as treatment could standardize final products; further investigations are needed. 

Carbon and TKN trends in pile are reported in Table 2; there are no differences from the observations for big bags. 
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 Analysis of variance (ANOVA) applied to big bags shows that the effects of selected independent 

variables (DM%, maturation time) and their interactions are not relevant to describe response parameter (TOC, 

TKN); there are not statistically significant differences for TOC and TKN within the ranges of considered 

independent variables.  

About humidity, there is different behaviour for LHM in big bag and in pile: water content does not 

undergo substantial changes in big bags during treatment; on the other hand there is a trend towards drying in pile. 

This can be partially explained by temperature evolution during the treatment: spot measures have shown that pile 

reaches thermophilic conditions, with Taverage of 60,9 (± 7,5) °C during its formation, it  maintains Taverage 50,1 

(±12,7) °C at the end of formation; in the meanwhile, in big bag, temperature doesn’t reach values typical of 

composting processes.  

11 77 2 3 5 44 4 6

63% 63% 72% 72% 72% 72% 81% 81%

t = 38 t = 38

day t = 81 t = 81 t = 81 t = 81 day

day day day day

t = 123 t = 123

day day

Legend X % DM

Y n. bigbag

BIG BAG 

 

63% 72% 72% 72% 72% 81%

t = 38 t = 38

days t = 81 t = 81 t = 81 t = 81 days

days days days days

t = 123 t = 123
days days

X % Dry matter

BIG BAG 

 

FIGURE 2 Experimental design: : fully factorial with central point design (4 replicates of central point)  

 

TABLE 1 Results of Carbon (TOC) and Nitrogen (TKN) determination  

Big bag n. 

DM  

(% ± SD) 

t = 0 

TOC 

(%DM) 

t = 0 

TKN  

(%) 

t = 0 

DM  

(% ± SD) 

t=Final 

TOC  

(% DM) 

t =Final 

TKN  

(%) 

t=Final Final time 

11 63.2 ± 1.6 30.3 1.91 73.6 ± 0.6 32.3 3.12 t = 123 d 

77 " 33.3 2.64 " 33.4 2.48 t = 38 d 

2 71.7± 5.1 33.5 2.91 75.2 ± 7.1 35.1 3.30 t = 81 d  

3 " 33.1 2.91 " 30.8 2.94 t = 81 d  

44 " 33.3 2.64 " 32.1 4.21 t = 81 d  

5 " 32.2 3.17 " 30.0 3.01 t = 81 d  

4 81.1 ± 4.2 33.1 3.42 75.2 ± 6.8 31.8 3.04 t = 123 d 

6 " 30.0 2.20 " 28.8 2.32 t = 38 d 

Mean value 

(± SD)   32.4 ± 1.4 2.72 ± 0.46 

 

31.8 ± 2.0 3.02 ± 0.56  
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TABLE 2 Results of Carbon (TOC) determination together with Italian regulations requirements for 

“commercial amendment, manure” 

Big bag n. 

DM  

(% ± SD) 

t = 0 

TOC 

(%DM) 

t = 0 

DM  

(% ± SD) 

t=Final 

TOC  

(% DM) 

t =Final 

∆ TOC  

(%)  

Final time 

Italian Law 

requirements 

11 63.2 ± 1.6 30.3 73.6 ± 0.6 32.3 2.0 t = 123 d DM < 30% 

77 " 33.3 

" 

33.4 0.1 t = 38 d 

TOC > 30% 

DM 

2 71.7± 5.1 33.5 75.2 ± 7.1 35.1 1.6 t = 81 d   

3 " 33.1 " 30.8 -2.3 t = 81 d   

44 " 33.3 " 32.1 -1.2 t = 81 d   

5 " 32.2 " 30.0 -2.2 t = 81 d   

4 81.1 ± 4.2 33.1 75.2 ± 6.8 31.8 -1.3 t = 123 d  

6 " 30.0 " 28.8 -1.2 t = 38 d  

Mean value 

(± SD)   32.4 ± 1.4 

 

31.8 ± 2.0 -0.6 ± 1.6  

 

 

TABLE 3 Results of Nitrogen (TKN) determination  together with Italian regulations requirements for 

“commercial organic fertilizer NP, Dried Poultry Manure” ,   

Big bag n. 

DM  

(% ± SD) 

t = 0 

TKN  

(%) 

t = 0 

DM  

(% ± SD) 

t=Final 

TKN  

(%) 

t=Final 

∆ TKN  

(% DM) 

Final time 

Italian Law 

requirements 

11 63.2 ± 1.6 1.91 73.6 ± 0.6 3.12 1,21 t = 123 d TKN > 2% 

77 " 2.64 " 2.48 -0,16 t = 38 d P2O5 > 2% 

2 71.7± 5.1 2.91 

75.2 ± 7.1 

3.30 

0,39 

t = 81 d  

TKN +P2O5 > 

5% 

3 " 2.91 " 2.94 0.03 t = 81 d   

44 " 2.64 " 4.21 1.57 t = 81 d   

5 " 3.17 " 3.01 -0.16 t = 81 d   

4 81.1 ± 4.2 3.42 75.2 ± 6.8 3.04 -0.38 t = 123 d  

6 " 2.20 " 2.32 0,12 t = 38 d  

Mean value 

(± SD)   2.72 ± 0.46 

 

3.02 ± 0.56 

 

0.3 ± 0.7  

 

 

TABLE 4 Results of Carbon (TOC) and Nitrogen (TKN) determination for pile  

Parameters  t = 0  t = 38 d t = 81 d t = 123 d  

DM (%) 53.3 66.4 70.0 79.1 

TOC (% DM) 31.3 29.5 29.5 29.9 

TKN (%) 2.66 3.14 3.58 3.27 

 

Italian regulations for commercial fertilizers (D.Lgs. 75/2010) lists organic fertilizers such as dried 

poultry manure; the requirements are reported in Table 3. Furthermore it defines also “organic amendment, manure” 

asking DM < 30% and TOC > 30% DM. 

 

TABLE 5 Requirements for organic fertilizer NP dried poultry manure 

Parameters Minimum value 

Total Nitrogen as N (%) 2 

Total Phosphorus as P2O5 (%) 2 

N + P2O5 (%) 5 
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4  CONCLUSIONS  

Chemical analysis have shown that TOC and TKN contents for final product satisfy requirements of Italian 

regulations for commercial fertilizers (D.Lgs. 217/06); also measured total phosphorus (P2O5 ≥ 2,5 %) is in 

agreement with law. Therefore, final product can be classified as “NP organic fertilizer”, dried poultry manure.  

 By means of a parallel test, time needed for sanitation, according to Regulation CE/208/2006, was 

assessed in 123 days; during this time, carbon and nitrogen contents did not undergo substantial changes; therefore 

sanitation bioprocess does not reduce nitrogen and carbon content. Indeed, the final fertilizer in big bag is 

characterized by high carbon content, enough for being classified as amendment.  

Also statistical analysis for TOC and TKN show that “big bag system” is not affected either by initial 

water content or maturation time in considered ranges. However, these preliminary considerations need further 

investigations  

 

 

REFERENCES  

AMEK, CTI 2002. A Process of maturing and biomasses under reduction of smelling emission (EP 1314710 A1). 

http://ep.espacenet.com (march 2010) 

ANPA 2001. Metodi ufficiali di analisi del compost., Handbook 3. ANPA (Ed). Rome, Italy. 

EC 2003. Integrated Pollution Prevention and Control (IPPC). Reference document on Best Available Techniques 

for Intensive Rearing of Poultry and Pigs, pp: 161-184. http://eippcb. jrc.es/pages/FActivities.htm.  

Dall’Ara A, Golfari G, Massi P, Poglayen G 2010. Manure hygienisation development and application as biological 

treatment of laying hen manure. International Poultry scientific forum, Abstracts. Atlanta. 

http://www.internationalpoultryexposition.com/ipsf/docs/2010_IPSF_Abstract.pdf (march 2010) 

Montgomery D C 2005. Design and Analysis of Experiments. VI ed., John Wiley & Sons (eds). New York, USA.  

Trinchera A, Leita L, Sequi P 2006. Metodi di analisi dei fertilizzanti. Ministero delle Politiche agricole alimentari e 

forestali (ed.). Rome, Italy. 

 

 

- 813 -



 Integrated manure and organic wastes management at the farm level  

  

SEQ-CURE: A LIFE PROJECT ON THE USE OF ORGANIC 
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1 INTRODUCTION  

Seq-Cure “Integrated systems to enhance sequestration of carbon, producing energy crops by using organic 

residues” is a three-year (2007-2010) LIFE III project coordinated by CRPA, designed to demonstrate how organic 

residues can be used successfully in the cultivation of biomass intended for the production of renewable energy, 

contributing both to the reduction of CO2 emissions and to the sequestration of significant quantities of C in the soil. 

Three types of biomass energy chains at farm level have been considered in the project, based on: 1) combustion of 

biogas from anaerobic digestion of residues and energy crops, 2) combustion of raw vegetable oil obtained from 

crushing of seeds; 3) combustion or gasification of wood and fibres.  

The economic efficiency of the agroenergy chains requires particular attention, specially, key factors for 

maximum biogas yields are species and variety of energy crops, time of harvesting, mode of conservation and pre-

treatment of the biomass prior to the digestion process but also the nutrient composition of the energy crop (Amon et 

al., 2007) 

The objective of this study was to evaluate the use of organic residues such as manure and digestates to 

fertilise energy crops used in biogas production in order to improve biomass yields and environmental sustainability. 

The crops chosen for the biogas energy chain were triticale (× Triticosecale) and sorghum (Sorghum bicolor 

Moench). The latter included both sweet sorghum and forage sorghum, the varieties with highest dry matter yields 

and, as such, of greatest interest for this energy chain. Triticale shares some of wheat’s more valuable 

characteristics, like productivity and good protein content as well as several of the properties of rye, such as 

rusticity, resistance to diseases of the leaf apparatus and to cold temperatures. Moreover, like other winter cereals, it 

provides soil covering in winter thereby limiting leaching of nitrogen into the ground water.  Its high biogas yield 

makes it particularly interesting for biomass production. Sorghum is also an interesting crop for biomass production 

for anaerobic digestion due to its capacity to adapt to different environmental conditions. In fact, thanks to its 

tolerance to drought and its ability to adapt to marginal zones, it can be considered as an alternative crop to maize 

wherever the availability of water for irrigation purposes becomes a limiting factor. 

 

2 MATERIALS AND METHODS  

The use of organic residues such as manure and digestates to fertilise energy crops was monitored during 3 

monitoring campaigns (2007-2009) in 4 different demonstrative farms across the Emilia-Romagna Region in 

northern Italy. This paper discusses the results obtained during 2008 for the biogas chain.  

One variety of triticale was sown in all the biogas demonstrative farms, followed by the sowing of two 

varieties of sorghum (sweet and forage sorghum). Each trial was set up in such a way as to be able to compare two 

kinds of fertilisers (organic residues and inorganic fertiliser) for each crop, using the same N available rate as that of 

a test without fertilisation. The N-rate was calculated using the software Sim.Ba-N (Bortolazzo et al., 2009). No 

irrigation was applied to sorghum trials. 

Dry-matter yields were measured at harvest. Total N from vegetal samples was determined to calculate 

the nitrogen uptake and efficiency. 

To follow nitrate dynamics, and thus the risk of nitrate leaching, soil samples were taken from each site at 

a depth of 0-25 cm at least three times during the cropping season. 

 

3 RESULTS AND DISCUSSION 

The characteristics of the soils where trials were held are summarised in table 1.  
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TABLE 1  Soil characteristics and texture 

Farm Province Soil texture 
N 

(DM %) 

O.M 

(DM %) 

PC01 Piacenza Loam 0.18 2.4 

RE01 Reggio Emilia Clay 0.13 1.9 

BO01 Bologna Loam 0.11 1.5 

RA01 Ravenna Silty – clay 0.19 2.4 

 

3.1 Triticale (× Triticosecale) trials  

So far as triticale was concerned, the same variety was sown in all locations. Results from the trials show that the 

dry-matter yield varied from a minimum of 8.6 Mg ha
-1

 up to a maximum of 15.1 t Mg ha
-1

. The best results were 

obtained when organic residues (manure or digestates) were applied before sowing. There were no differences 

between the dry-matter yield obtained using mineral fertilisers or organic fertilisers applied as top dressing when 

crops were actively growing, the only case where a difference was found was of about 2,5 Mg ha
-1

 of dry matter 

between the inorganic fertiliser and the organic fertiliser applied as top dressing for PC01. The low yield obtained 

for the organic fertiliser in RA01 was due to late fertilisation. Heavy rains in March prevented fertilisation from 

being applied in time for the trial.  

Uptake and N-efficiency (table 2) confirm the above results, with maximum yields being obtained when 

organic material was distributed before sowing and, at the same time, maximum values of N uptake and efficiency  

being obtained for the same treatment, digestates in particular, showing N-efficiency of about 88%. In fact, for 

digestates, N-NH4 content was 65-70% of total N, while N-NH4  content in cattle slurries was about 40% of the total 

N content in the slurry. The lower yields obtained with ammonium nitrate and organic fertiliser treatments used as 

top dressing, determined lower N-efficiency and N uptake. Although for top dressing treatments it was expected a 

better performance of inorganic fertilizers, no difference was found and this is maybe because slurries applied as 

well as digestates contains an important amount of water which helps N to be easily available for plants. On the 

other hand, the period where the top dressing was done, rains were very scarce.  

Initial N content in soils, in some of the farms was high due to frequent distributions of organic fertilisers. 

In these cases, the N uptake was very high also for the test.So far as the effects on soil nitrate content were 

concerned, there was no accumulation of nitrates due to the any of the treatments at harvest (Table 2). 

 

TABLE 2  DM Yield, N content in plants and N uptake and efficiency 

Farm Fertiliser 
N rate 

(kg N ha
-1

) 

Yield 

Mg DM ha
-

1
 

N uptake 

kg N ha
-1

 

N-efficiency 

% 

Soil 

NO3
-
 Index 

harvest/sowing 

Test 0 10.79 142 - 0.48 

Ammonium nitrate 11.75 154 14.4 1.03 

Cattle manure (before sowing) 15.14 188 56.6 0.81 

PC01 

Cattle manure top dressing 

80 

14.42 160 22.0 0.71 

Test 0 11.00 98 - 0.48 

Ammonium nitrate 13.21 143 37.4 0.61 

Pig manure (before sowing) 14.64 161 52.2 0.71 

RE01 

Pig manure top dressing 

121 

13.08 144 38.0 0.97 

Test 0 9.67 204 - 0.12 

Ammonium nitrate 10.78 240 41.1 0.07 

Digestate (before sowing) 12.70 283 88.4 0.12 

BO01 

Digestate top dressing 

90 

11.11 256 59.1 0.10 

Test 0 10.17 144 - 0.49 

Ammonium nitrate 11.38 193 48.8 0.98 

RA01 

 

Digestate top dressing 

100 

8.56 127 -17.6 0.99 
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3.2 Sorghum (Sorghum bicolor Moench) trials 

The trials were divided in two groups: the first involved PC01 and RE01 and the second BO01 and RA01.  The 

difference between groups was that for the first group, sorghum was sown as the main crop while in the second 

group, sorghum was sown as a secondary crop after the triticale harvest. In each trial one forage sorghum variety 

and one sweet sorghum variety were cropped. 

Results from trials are shown in table 3 for main crops and in table 4 for secondary crops.  

 

TABLE 3  Sorghum (main crop) dry-matter yields, N uptake and efficiency  

Farm 
Type of 

sorghum 
Fertiliser 

N rate 

(kgN ha
-1

) 

Yield 

Mg DM ha
-1

 

N uptake 

kg N ha
-1

 

N-

efficiency 

% 

Soil 

NO3
-
 Index 

harvest/sowing 

PC01 Sweet Test 0 7.29 70 - 1.07 

  Urea 9.93 104 17.97 0.99 

  Cattle manure  

190 

12.77 117 24.91 2.59 

 Forage Test  11.22 110 - 0.52 

  Urea 8.56 101 -4.73 1.05 

  Cattle manure  

190 

11.58 112 1.25 1.18 

RE01 Sweet Test 0 6.26 31 - 0.52 

  Urea 9.81 50 15.77 0.46 

  Pig manure  
120 

11.96 56 21.01 0.55 

 Forage Test 0 7.49 38 - 0.41 

  Urea 10.48 50 10.09 1.01 

  Pig manure  
120 

12.16 63 21.22 0.49 

 

TABLE 4   Sorghum (secondary crop) dry-matter yields, N uptake and efficiency 

Farm 
Type of 

sorghum 
Fertiliser 

N rate 

(kgN ha
-1

) 

Yield 

Mg DM ha
-1

 

N uptake 

kg N ha
-1

 

N-

efficiency 

% 

Soil 

NO3
-
 Index 

harvest/sowing 

Sweet Test 0 6.29 156 - 0.68 BO01 

Forage Test 0 7.58 156  0.64 

Sweet Test  5.60 67 - 3.59 

 Urea 5.52 70 3.60 10.23 

 Digestate 

100 

6.04 83 16.60 10.41 

Forage Test  7.49 73 - 3.59 

 Urea 10.48 73 2.51 10.23 

RA01 

 Digestate 

100 

12.16 80 9.98 10.41 

 

Results from table 3 and 4 showed that higher dry-matter yields were obtained for forage sorghum, 

amounting to an increase of about 1 Mg ha
-1

 of dry-matter as compared with that obtained from sweet sorghum.  

In farms where sorghum was sown as a main crop (table 3), plots fertilised with organic fertilisers (cattle 

manure for PC01 and pig manure for RE01) produced the highest dry-matter for both varieties of sorghum. Liquid 

manure seemed to facilitate the availability of nitrogen for plants. On the other hand, the efficiency of inorganic 

fertilisers such as urea depends on soil moisture, rains and irrigation. In this case, as no irrigation was applied and 

rains were fairly light over the period, the fertilisation effect was very low. The low production observed for PC01 

was due to the laid down of the crop resulting in losses during harvest.  

When Sorghum was sown as a secondary crop, it was observed that despite the fact that it is a drought-

resistant species, if no irrigation is applied, the initial sprouting of the crop depends on rains, which in the months of 

June and July are very rare in the Po plain reducing dry-matter yields, as can be seen from table 4.   

The N efficiency found was very low for all cases. The maximum was found for organic fertilisation, as   

explained above, possibly because water contained in manure or digestates contributed to making N available for the 

plants. 

The comparison of the soil nitrate content did not reveal any change between sowing and harvesting times 

when sorghum was sown as a main crop. N accumulation, however, was found for fertilised sorghum sown after 
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triticale (RA01). In this case N-uptake was very limited, and this resulted in low production as well as nitrate 

accumulation (Table 3 and 4) with the consequential soil leaching risk.  

 

4 CONCLUSIONS  

In general, organic residues guaranteed production levels similar to those obtained with mineral fertilisers. Results 

obtained showed that organic residues from energy conversion (i.e. digestates) can be a valuable nitrogen source for 

fertilisation, which plays a positive role in reducing the environmental and economic impact of the energy chains. 

Triticale yields confirm that it is a valuable crop for producing biomass for biogas, and moreover, as any 

winter crop covering soil during the cold season, it prevents nitrates from leaching to water bodies. So far as the 

sorghum trials were concerned, it was shown that if sorghum is sown as a main crop, sustainable production can be 

achieved even without any irrigation. If, however, it is sown after triticale as a secondary crop, it is necessary to 

irrigate because otherwise yields can be fairly low, compromising rotation sustainability. In sorghum trials, the use 

of slurries and digestates contributed to the availability of N for the plants, increasing the N uptake and efficiency. 

The trials discussed in this paper were used to validate a mathematical model for the estimation of 

variations in greenhouse gas emissions and carbon sequestration resulting from changes in soil use (in particular, 

conversion to energy crops and the use of organic residues).  
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1 INTRODUCTION 

Composting is not a new technology in livestock farms. Generally animal manure composting is carried out with basic 

methodology, without controlling the main characteristics of the feedstock and the process conditions (Bernal, 2008). 

Composting of organic residues promotes the maturation and partial humification of organic matter up to 

complete stabilisation. This process depends on characteristics of organic materials and process management. 

Environmental impact of intensive breeding makes treatment techniques of liquid manure very popular. 

Liquid-solid separation of liquid manure is the most simple of these techniques. It consists of the separation of the solid 

fraction from the liquids. This process splits the nitrogen content into two different materials that can be stored and 

managed separately, permitting different agronomical use. 

The solid fraction can be successfully composted to achieve stabilization of the organic matter and to improve 

the agronomical value of the material. 

High efficiency separator devices produce a solid fraction with low C/N ratio (Almela, 2005). However this 

product can lead to important ammonia (NH3) emissions during composting process.  

This paper reports the results of investigations on the evolution of characteristics of the same initial mixture 

of solid fraction of swine manure and untreated sawdust composted with a turning and non-turning composting process. 

 

2  MATERIALS AND METHODS 

Swine solid fraction from a polyacrylamide separator device was mixed with untreated sawdust. Quantities were mixed 

in such a ratio to obtain a theoretical C/N ratio equal to 30. 

The initial mixture was divided in two heaps stored at outdoor temperature and submitted to different turning 

strategies. One of the heaps was turned (dynamic pile) while the other one was not disturbed (static pile). 

The pile was arranged in windrows: 3 m wide, 6 m long and 1.2 m high, approximately 7.1 m
3
 for to dynamic 

management, and 2.2 m wide, 5 m long and 1 m high, approximately 3.6 m
3
 for the static composting. Both windrows 

were on a concrete floor and covered in order to protect them from rain. 

The experimental composting process was observed for 150 days for the dynamic pile and 133 days for the 

static pile. 

Environmental temperature and temperature inside the heaps (0.4 m, 0.8 m and 1.2 m high above the floor) 

were continuously recorded. 

Water was distributed by a rain distribution system on the two piles to keep the optimal humidity (between 

50-60%) of the material. Water distribution took place when the average temperature at the 3 depths was 50°C. 

The static pile received 1500 L of water distributed in 5 times without any turning, while the dynamic pile 

received 2400 L of water in 8 times during turning operations. 

Material from both composting piles were periodically sampled and analysed to determine the main chemical 

properties at the start, during and at the end of the period of observation of the process. Each sample was taken by 

mixing subsamples that were randomly collected at three different depths of the piles. 

The parameters measured to evaluate the evolution of the mixture submitted to the two composting strategies 

were: pH, electrical conductivity (EC), dry matter (DM), organic matter (OM), ash content, moisture content, Total 
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Organic Carbon (TOC), Total Kjeldahl Nitrogen (TKN), ammonium nitrogen (NH4-N), C/N ratio, humic (HA) and 

fulvic (FA) acids, humification ratio (HR), and humification index (HI). 

Losses of organic matter (OM) were calculated according to the Paredes (2000) equation. 

 

OM loss (g kg 
-1

) = 1000-1000[(1000-x2)]/[x2(1000-x1)] 

where x1 and x2 are the initial and final ash contents. 

 

3  RESULTS AND DISCUSSION 

The temperatures recorded into the heaps clearly show the heating, the thermophilic and the cooling phase of the 

biological process. The temperature evolution in the piles (figure 1) highlights a slow degradation of the mixture, due to 

the considerable quantity of lignocellulose from the added bulking agent (sawdust). The average temperature in the 

composting piles was about 50°C for more than 50 days. 

In both piles peak temperatures of 70°C were recorded at 0.4 m from the ground. In the dynamic pile the 

average temperature was higher than in the static pile during all the observation period because the oxygen provided by 

the turning operation promoted microbial activity. 
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FIGURE 1 Evolution of environmental temperature and temperatures during the composting process at 

different depths of the dynamic pile (A) and the static pile (B) 

 

Table 1 shows the main characteristics of the initial and final mixture of the material submitted to the 

composting process. 

Swine solid fraction manure makes the pH value (Figure 2) of initial mixture alkaline. pH tended to be stable 

in the static pile. In the dynamic pile pH increased during the process and declined towards the end of the process, 

probably because during the cooling phase nitrification took place involving the acidification of the medium (Caceres et 

al, 2006). 

The EC (Figure 2) of the dynamic pile increased from 3120 µS cm
-1 

to 5640 µS cm
-1 

and decreased in the 

final phases, while in the static pile EC it rose continuously from 3120 µS cm
-1 

to 4400 µS cm
-1

. 

The dynamic pile seems to have a higher rate of OM mineralisation than the static pile. OM lost during the 

process was 708 g kg 
-1

 of DM for the static pile and thus higher than the 682 g kg 
-1

 of DM for the dynamic pile. The 

ash content increased significantly during the process for both piles. The OM losses reflected the ash content rise. The 

TKN content varied during the process for both piles (Figure 3). The final TKN content was higher for the static pile. 

The C/N ratio decreased for both piles, but the reduction was less important for the dynamic pile (figure 3). The TOC 

value for the static pile decreased 47%, thus reducing the C/N ratio. 

The initial feedstock had a high NH4-N content because of the presence of the swine solid fraction manure in 

the mixture. High temperature and pH>7 (figure 1 and 2) in the first phases of process promoted ammonia (NH3) 

volatilisation. NH4-N drastically decreased in both piles. Indeed, rising temperatures increased the water evaporation and 

thus the NH3 volatilisation (Brito et al, 2008). The highest pile NH4-N concentration was generally associated with the 

static composting (figure 4), although the final sample of dynamic compost presented a higher value (table 1). 
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TABLE 1 Chemical characteristics of the initial and final mixture (electrical conductivity (EC), dry matter 

(DM), organic matter (OM), Total Organic Carbon (TOC), Total Kjeldahl Nitrogen (TKN), 

Ammonium nitrogen (NH4-N) 

   final compost 

Parameter Units Initial mixture Dynamic pile Static pile 

EC µS cm-1 3120 3690 4380 

pH  8.2 6.9 7.9 

DM % 39 42.2 77.5 

OM % 94.7 90.1 83.8 

Ash content % 5.3 9.88 16.2 

Moisture content % 61 57.8 22.5 

TOC % 35.7 26.5 19.0 

Fulvic acid %  3.7 4.3 

Humic acid %  6.14 5.2 

NH4-N mg kg-1 9066.2 3547.2 1630.2 

TKN mg kg-1 1.8 1.8 2.0 

Humification ratio %  37.0 50.1 

C/N  19.8 14.7 9.5 
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FIGURE 2 Evolution of pH and EC (electrical conductivity) values during the composting process of the 

dynamic and static piles 
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FIGURE 3 TKN (Total Kjeldahl Nitrogen) content and C/N ratio during the composting process of the 

dynamic and static piles 
 

The humification ratio (HR) (figure 4) varied in accordance with the concentration of humic (HA) and fulvic 

(FA) acids that changed gradually during the process. HR was 27 in the material from the dynamic pile and 38 in the 

material from static pile. The material at the end of the period of observation of the process had a humification index 

HI=23 for the dynamic pile and HI=27 for the static pile. Bernal (2009) reported that compost are stable if HR is ≥7.0 

and HI ≥3.5; therefore both piles presented a good degree of humification. 
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FIGURE 4 Evolution of NH4-N (ammonium) content and humification ratio HR (%) during the composting 

process of the dynamic and static piles 

 

4  CONCLUSION 

The experiment showed that both dynamic and static composting are applicable to mixtures of solid fraction from liquid 

swine manure and sawdust, but turning in dynamic piles promoted microbial activity and lead to higher average 

temperatures than in the static strategy. 

OM mineralization was higher in the dynamic pile than in the static pile. Both composting materials presented 

a reduction of C/N, but the static pile reached a lower value. Both dynamic and static strategies permit to obtain a final 

material with an optimal degree of stabilisation considering the indices used to evaluate the humification level. 

 

AKNOWLEDEMENT 

Thanks to Giuseppe Paletto and Guarino Benvegnù for the technical support and Niccolò Pampuro, M.Sc. student, for 

the precious help in carrying out the experimentation. 

 

REFERENCES 

Almela J M, Barrera J M 2005, SELCO Ecopurin pig slurry treatment system, Bioresource Tecnology 96 (2005) 223-

228 

Bernal M P, Alburquerque J. A, Moral R 2009. Composting of animal manures and chemical criteria for compost 

maturity assessment, Bioresource Technology 100, 5444-5453 

Brito LM, Coutinho J, Smith SR 2008. Methods to improve the composting process of the solid fraction of dairy cattle 

slurry, Bioresource Technology 99, 8955–8960 

Caceres R, Flotats X, Marfa` O 2006. Changes in the chemical and physicochemical properties of the solid fraction of 

cattle slurry during composting using different aeration strategies, Waste management 26, 1081-1091 

Paredes C, Roig A, Bernal M P, Sanchez-Monedero MA, Cegarra J 2000. Evolution of organic matter and nitrogen 

during co-composting of olive mill wastewater with solid organic wastes. Biology and Fertility of soils 20, 226-

236 

- 821 -



Integrated manure and organic wastes management at the farm level 

  

 

EFFECT OF ORGANIC AND INORGANIC FERTILIZERS ON 

SOIL MICROBIAL BIOMASS AND MINERAL N DURING 

CANOLA (BRASSICA NAPUS L.) DEVELOPMENT  
 

 Sabahi H., Liaghati H., Viesi H. 

Department of Agroecology, Shahid Beheshti University, G.C., Tehran, Iran. Tel: +98 21 2243 1970. 

sabahy_h@yahoo.com 

 

1 INTRODUCTION  

Although small in mass, microbial biomass is among the most labile pools of organic matter and thus serves as an 

important reservoir of plant nutrients such as N and P. Microbial biomass is a sensitive indicator of change resulting 

from agronomic practices and other perturbations of the soil ecosystem. Its size and activity is directly related to the 

amount and quality of carbon and other nutrients available from plant residues, organic amendments and root 

exudates (Wang and Klassen, 2007). Other factors influencing microbial communities are soil moisture and 

temperature and physical disturbance of the soil.  

Application of dairy-feedlot manure as a supplementary source, have been shown to maintain or increase 

soil carbon and microbial biomass improving soil quality than that achieved with chemical fertilization (Mandal et 

al., 2006). However, information on the effects of dairy-feedlot manure, as an alternative source, on soil biological 

properties during active crop growth stages and its relationship with seed yield is sparse. Hence, the present study 

was undertaken to assess the impact of short-term application of combined mineral fertilizer and farm yard manure 

compared to single applications of each on soil biological traits during two critical stages of canola growth and their 

relationships with crop yield in a temperate agro-ecosystem.  

  

2 MATERIALS AND METHODS  

A two year experiment was conducted in 2004-2005 and 2005-2006 at the Research Station of Shahid Beheshti 

University in Savadkooh (36º 40′ N and 53º 10′ E, 1200m above sea level), a mountainous area in the southern zone 

of Mazandaran Province in the north of Iran.  

The experiment was conducted as a randomized complete block design with four replications. Treatments 

included 0 (F0), 50 (F50), 100 (F100), 150 (F150) kg N ha
-1

, 100 kg N ha
-1

 as urea + 50 kg N ha
-1

 as manure (F100M50), 

50 kg N ha
-1

 as urea + 100 kg N ha
-1

 as manure (F50M100), and 150 kg N ha
-1

 as manure (M150). Treatments were 

located on the same plots during both years. Half of the urea was applied at planting and the remaining was 

manually side-dressed at the beginning of stem elongation. Beef cattle feedlot manure (collected during October 

2004 and 2005) was applied in both years. It was incorporated into the 15 cm topsoil by disking 2 weeks prior to 

planting. Manure application was based on the assumption that 35 and 20% of total N in manure would become 

available during the first and second years after its application, respectively. Based on this assumption, oilseed rape 

received 43 (31.3 t ha
-1

 in the first year and 11.7 t ha
-1

 in the second year), 28.6 (20.9 t ha
-1

 in the first year and 7.7 t 

ha
-1

 in the second year) and 14.6 t ha
-1

 (10.4 t ha
-1

 in the first year and 4.2 t ha
-1

 in the second year) of non-

composted manure in treatments M150, F50M100 and F100M50, respectively. Manure application was on dry weight 

basis. Information on OC, total and inorganic N, P, EC, pH and manure moisture is presented in Table 1. 

Plots were 2.1m wide (7 rows with 0.30m row spacing) and 5m long. Oilseed rape cv. Hyola was 

overseeded on 6 and 16 November 2004 and 2005, respectively, and thinned to 66 plants m-2 at the three-leaf stage. 

Oilseed rape was cultivated under rainfed conditions, so that no irrigation was applied. Plots were kept weed-free 

during the growing season by hand weeding. No fungicide or insecticide was applied since there was no serious 

problem due to diseases or insects. 

Soil sampling was conducted at two physiological stages of canola, stem elongation and flowering, on 

April and May 2006, respectively. At each sampling, five soil cores (2.5cm diameter, 15 cm depth) were taken from 

each plot, and mixed as a composite sample. The composite samples were placed in plastic bags and transported to 

the laboratory, where field moist soil was sieved (2mm mesh size), homogenized and stored at 4 °C. 
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Total organic carbon in soil was determined by dichromate oxidation. The microbial biomass C and N 

was estimated using the chloroform fumigation extraction method. The soils were extracted with 2M KCl and 

inorganic-N (NH4 + NO3) in the extracts was measured by steam distillation.  

All data were analyzed statistically using the GLM procedure of SAS. The Duncan multiple range test 

(DMRT) set at 0.05 was used to determine the significance of the difference between treatment means.  

 

3 RESULTS AND DISCUSSION  

3.1  Natural condition in experimental area 

The total annual rainfall of the region was 738 and 712 mm in 2004-2005 and 2005-2006, respectively, of which 

540 mm and 578 mm occurred during the crop growing period (October-June) of 2004-2005 and 2005-2006, 

respectively. Mean seasonal air temperature during fall, winter, spring and summer of 2004-2005 was 14, 8.4, 17.9 

and 22.3ºC, respectively. These values were 16.2, 8.1, 19.8 and 25.2ºC for 2005-2006. The soil is classified as 

Alfisol. The soil texture of the experimental plots was clay loam. Soil available P (18 mg kg
-1

) and exchangeable K 

(479 mg kg
-1

) both appeared to be adequate for production of 3 t ha
-1

 of oilseed rape grain yield. Information on 

some other soil characteristics including organic carbon (OC), total N, P, electrical conductivity (EC) and pH is 

presented in Table 1. The experimental site had been under paddy rice cultivation for several years up to 1999 and 

had been left fallow since then. 

 

TABLE 1    Chemical analysis of soil (0-15 cm layer) and manure applied in 2004-2005 and 2005-2006.                              

Moisture 

 (%) 

 

pH EC 

(ds m
-1

) 

P 

(ppm) 

Total N 

(g kg
-1

) 

Inorganic N  

 (mg kg
-1

) 

OC 

(g kg
-1

) 

Source 

 7.8 1.07 18
a
                                                                                    2.43 20 13.3 Soil 

40 6.4 7 3500
b
  13.7 1028 220 Manure (2004) 

45 7.0 6 4200
b 

 15.6 1293 200 Manure (2005) 
                               a , b Available and total phosphorus, respectively. 

 

3.2 Soil microbial Biomass 

The microbial biomass carbon (MBC) was low in the control and increased significantly in plots amended with 

manure and fertilizer at both growth stages (Table 2 and 3). Application of the sub-optimum level of N (35% N) 

significantly decreased MBC and the microbial biomass nitrogen (MBN). The soil microbial biomass, which consist 

1–5% of total soil organic carbon, can be used as an effective early warning of the improvement or deterioration of 

soil quality as a result of different management practices (Wang and Klassen , 2007). In the present study, the values 

ranged between 2 and 2.4%, with the lowest and highest values being associated with the control and manure 

amended plots, respectively. Supplying 100% of the canola N requirement with manure, resulted in higher microbial 

biomass than supplying 35 and 65% of crop N requirement with manure. This result is inconsistent with the 

observations of Hopkins and Shiel (1996) on grassland, who reported that the microbial biomass was greater in soils 

following annual additions of both farmyard manure and inorganic NPK than in soil following additions of 

inorganic fertilizers or farmyard manure alone. These researchers suggested that the readily metabolizable C and N 

in organic manure, not only increasing root biomass and root exudates as a result of greater crop growth but also 

greatly contributed to biomass increase. The disagreement may be related to the fact that in Hopkins’s and Shiel’s 

experiment manure was applied as a supplementary source while in the present study manure was applied as an 

alternative source of fertilization.  

The observations on the effect of physiological stages indicated that MBC and MBN were subjected to 

the time of sampling. The stem elongation stage of canola had a higher positive impact on soil MBC and MBN than 

the flowering stage. Microbial biomass is a small but very dynamic component of soil organic matter fluctuating 

with the weather, crop, input and season (Mandal et al., 2006). It might be suggested that the interaction effect of 

treatments and rhizosphere conditions induced by plant growth stages played an important role in the enhancement 

of microbial biomass to a more around stem elongation. On average, shoots transport about half of the C fixed in 

photosynthesis to the root (Nguyen, 2003). Thus, higher plant growth due to short-term application of manure  might 
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would stimulate more below ground flux of C fixed by photosynthesis. The release of organic C from roots into the 

soil might be regarded as a pool of reduced C that no longer contributed to dry matter production. However, it is 

well established that rhizodeposits stimulate biological activity as found in the present study as well, and benefits 

plants by enhancing nutrient availability.  

 

TABLE 2        Soil organic carbon (OC), microbial biomass carbon (MBC), microbial biomass nitrogen 

(MBN), MBC/OC ratio, MBC/MBN ratio and nitrogen mineralization as affected by different 

fertilizer treatments at stem elongation stage of canola   

Treatments Mineral N  

mg kg
-1

 

MBC/MBN MBN 

mg kg
-1

 

MBC 

mg kg
-1

 

F0 14.3e 4.38b 64d 280e 

F50 24.7d 4.04b 73c 295d 

F100 36.6c 4.1b 81b 331c 

F150 66a 4.3b 75b 322c 

M50F100 62.3ab 5.7a 77b 441b 

M100F50 54b 5.5a 79b 437b 

M150 33.2c 5.5a 87a 480a 

 

TABLE 3     Soil organic carbon (OC), microbial biomass carbon (MBC), microbial biomass nitrogen 

(MBN), MBC/OC ratio, MBC/MBN ratio and nitrogen mineralization as affected by different 

fertilizer treatments at flowering stage of canola  

Treatments Mineral N 

mg kg
-1

 

MBC/MBN MBN 

mg kg
-1

 

MBC 

mg kg
-1

 

F0 17.7c 3.5c 60d 252e 

F50 16.7c 4.2bc 72c 301d 

F100 18c 4.4b 73b 323c 

F150 18.3cb 4.6b 69b 320c 

M50F100 20.2b 5.6a 70b 395b 

M100F50 21.3b 5.4a 75b 405b 

M150 24.5a 5.4a 80a 431a 

 

3.2    MICROBIAL BIOMASS C/N RATIO 

MBC to MBN ratio in soil showed the significant effect of fertilizer treatments (Tables 2 and 3). The significant 

decrease in this ratio in chemical fertilizer treatments may be due to changes in microbial community structure and 

size as a result of changes in the inputs of metabolized N (Gomez et al., 2006). Higher MBC to MBN indicates the 

chance of more N immobilization by microbes than its availability by mineralization or its limitation in manure.  

3.3    N MINERALIZATION  

The highest mineral N (66 mg kg-1) was observed due to the interactive effect of 100% N treatment and stem 

elongation (Tables 2 and 3). Similar to MBC and MBN, mineral N in soil was higher at stem elongation than 

flowering stage. Supplying 35, 65 and 100% of the canola N requirement with manure-N compared to supplying the 

same level of fertilizations with 100% urea-N decreased mineral N at stem elongation stage by 6, 33 and 50%, 

respectively. Briar et al. (2007) found that the conventional farming system had more N in the mineral pools 

whereas the organic farming system had higher N in the microbial biomass pool, indicating shifts in nitrogen 

deposition between the two systems. Inversely, the above mentioned treatments in the present study increased 

mineral N by 10, 16 and 34%, respectively, at flowering stage. Presumably, there was a higher release of plant-

available N from the soil microbial biomass toward the end of the experiment, e.g via higher temperature, more dry 

condition or predators (Ferris et al., 1996) as indicated by the fact that there was enough N during the late growth 

stages to sustain adequate canola yields in the F50M100 and F100M50 treatments, in spite of lower total N uptake 

compared to F150 treatment (Sabahi et al., 2009). The significant positive relationship that exists between mineral N 

and microbial biomass at the flowering stage supported this hypothesis (R
2
= 0.78).  

- 824 -



Integrated manure and organic wastes management at the farm level 

  

 

A positive and significant relationship (p=0.01) was found between soil mineral N and seed yield at stem 

elongation (R
2
= 0.89). Stepwise regression was used to find out the critical biological and biochemical factors 

associating with higher grain yield of canola. It was observed that mineral N at stem elongation (R
2
 = 0.89), and 

MBN (R
2
 = 0.085) at flowering were the two most important traits affecting canola seed yield. Wang and Klassen, 

2007 also reported a high correlation between plant biomass and grain yield in tomato with the level of soil 

microbial N. Canola growth rate and demand for N during the stem elongation stage is high.  

 

4     CONCLUSION 

Mineral N and microbial biomass in soil were improved by the integrated applications of chemical fertilizer and 

manure at the flowering stage. This resulted in enough N during the later growth stages to sustain adequate canola 

yields in the integrated treatments, in spite of lower N uptake in these treatments compared to the chemical 

treatment. Mineral N at stem elongation and microbial biomass N at flowering stage were highly associated with 

seed yield. Application of cattle manure over a 2-year period resulted in significant increase in C/N ratio in 

microbial biomass which suggests that the changes in soil microbial community and functional importance of such 

changes should be investigated under manure-based and chemical fertilization systems. 
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1 INTRODUCTION 

Manure represents a valuable source for fertilization of agricultural land, but may represent a danger in case of bad 

management (short period of storage, unreasonable use). It may also contain various pathogens: Salmonella, 

Listeria, E. coli 0157, Campylobacter, Mycobacterium etc. (Burton and Turner, 2003). The amount of manure 

produced from cows, in kg/head/day, is between 30 and 45 for dairy cows, between 25 and 30 for beef cattle and 

between 14 and 30 for calves (Man and Ivan, 1999).  

In Romania, the “Code of good agricultural practice for water protection against pollution by nitrates 

from agricultural source” (Ordin nr. 1270/2005), requires the storage of manure for minimum 4 months (17-18 

weeks). A storage period of 5 months (23 to 24 weeks) is recommended if there is a risk of pollution when manure 

is spread on the soil, due to superficial flows or rapid internal drainage. In nitrate vulnerable areas storage will be 

required for a 6-month period (27 to 28 weeks). 

This study aimed to highlight manure management in cattle farms from Transilvania (Romania).  

 

2 MATERIALS AND METHODS 

The research was conducted during June-September 2009, in 27 farms from 8 counties: Alba, Bihor, Bistriţa-

Năsăud, Braşov, Cluj, Mureş,Satu-Mare and Sibiu. Data were obtained by interviewing farmers and by observations 

on the spot.  

14 of the farms were provided with tie-stalls shelters, while the others had free-standing stalls (cubicle 

house). 15 out of the 27 farms were located in nitrate vulnerable areas (Ordin nr.1552/743/2008). These areas (for 

Romania) are listed in figure 1 (ICPA Bucharest, 2009). 

 

 
FIGURE 1 Romanian nitrate vulnerable zones (NVZ) 
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In figure 1: 

NVZ-actual sources: the conditions of nitrate transfer to water bodies are favourable and at the level of 

the town there is a positive balance of nitrogen.  

NVZ-historical sources: the conditions of nitrate transfer to water bodies are favourable, at the level of the 

town there is no positive balance of nitrogen, there used to be animal breeding units and the underground water 

nitrate concentration surpasses 50 mg/l. 

 

3 RESULTS AND DISCUSSION 

The data obtained in farms with tie-stalls shelters are presented in table 1. 

 

TABLE 1 Tie-stalls shelters farms 

Farm Total 

no. 

 of cattle 

No. of  

dairy 

cows 

Manure 

evacuation 

Manure  

type 

Manure 

 storage 

 (month) 

Land available 

 for fertilization  

(ha) 

Dairy 

cows/ha 

A* 62 42 manual mixed 3-6 40 1.05 

B* 30 30 manual solid 4-6 80 0.37 

C* 233 113 automatic scraper  solid 12 1000 0.11 

D 450 200 automatic scraper solid 12 600 0.33 

E* 1000 300 automatic scraper solid 6 2000 0.15 

F* 235 64 flushing slurry 6 70 0.91 

G* 69 41 manual solid 6 65 0.63 

H 98 44 manual mixed 4 200 0.22 

I* 40 16 manual solid 6 - - 

J 156 56 manual solid 12 20 2.8 

K 90 47 manual mixed 6 25 1.88 

L* 70 30 manual solid 6 40 0.75 

M 73 37 manual solid 6 20 1.85 

N* 68 32 manual solid 12 10 3.2 

 * = farms placed in nitrate vulnerable areas 

 

The data obtained in farms with free-standing stalls (cubicle house) are presented in table 2. 

From the farms studied, manure evacuation was manually done in 11 of them and by mechanical means 

(automatic scraper or tractor mounted scraper) in other 15. The process was performed by the flushing method in 

only one of the studied farms. In those farms where manure evacuation was manually performed, this activity was 

more difficult than in the other farms. This is due to the fact that a significant percentage of the personnel’s labour 

force has been directed towards the evacuation of waste. 

In figure 2 the farms distribution according to the method of manure evacuation is presented. 

40,74%

29,62%

25,92%

3,70%

manual

automatic scraper

tractor mounted scraper

flushing
 

FIGURE 2 Methods of manure evacuation 
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TABLE 2 Cubicle house farms                                           

Farm Total 

no. 

 of cattle 

No. of  

dairy 

cows 

Manure 

evacuation 

Manure  

type 

Manure 

 storage 

 (month) 

Land available 

 for fertilization  

(ha) 

Dairy 

cows/ha 

A
’ 

690 332 automatic scraper slurry 6 400 0.83 

B
’ 

120 60 tractor mounted 

scraper 

solid 12 120 0.5 

C
’
* 230 94 tractor mounted 

scraper 

solid 6 130 0.72 

D
’
* 70 40 automatic scraper slurry 6 60 0.66 

E
’
* 262 119 automatic scraper slurry 6 50 2.38 

F
’ 

420 150 tractor mounted 

scraper 

solid 6 700 0.21 

G
’
* 56 30 manual solid 3 - - 

H
’
* 196 92 tractor mounted 

scraper 

solid 2 100 0.92 

I
’
* 700 420 tractor mounted 

scraper 

solid 6 - - 

J
’ 

150 90 automatic scraper slurry 4-5 50 1.8 

K
’ 

180 90 tractor mounted 

scraper 

solid 2 40 2.25 

L
’ 

28 9 tractor mounted 

scraper 

solid 3 20 0.45 

M
’ 

89 60 automatic scraper slurry 2 50 1.2 

 * = farms placed in nitrate vulnerable areas 

 

Manure storage period was between 2 and 12 months. Figure 3 presents the percentage distribution of 

farms according to manure storage period. 

 

22,22%

59,25%

18,51%

< 4 months 4-6 months > 6 months

 
FIGURE 3 Manure storage period 

 

It was found that in 5 out of the 27 farms considered for the study (farms G ', H', K ', L', M ') manure 

storage period was not respected (2 of the 5 are located in nitrate vulnerable areas). In other 2 farms (A and B), also 

located in vulnerable areas, storage period was sometimes lower than the minimum required in such cases. 

 The percentage distribution of the farms according to compliance (YES), failure (NO) or partial 

compliance (NO/YES) with the required storage periods is presented in figure 4. 

Although the data available has not allowed us to calculate the exact number of LU/ha, we can safely say 

that the maximum amount of 3 LU/ha  has been surpassed in the farms of J, N, E
’
 and K

’
. 
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18,51

7,4

74,07

NO NO/YES YES

 
FIGURE 4 Compliance with the manure storage periods 

 

4 CONCLUSIONS 

There have been cases in which the manure storage time was not respected, even for farms located in nitrate 

vulnerable areas.  

Manure management should be improved in some farms, both in terms of evacuation methods and of 

storage periods. 

  

ACKNOWLEDGMENTS 

This study was supported by the National University research Council (CNCSIS) as part of the project PN II-ID-

PCE No. 1095/2009. 

 

REFERENCES 

Burton CH, Turner C 2003. Manure management-treatment strategies for sustainable agriculture. Silsoe Research 

Institute, Bedford, UK. 

Man C, Ivan I 1999. Strategii în managementul deşeurilor şi reziduurilor. Ed. Mesagerul, Cluj-Napoca, România. 

Ordin nr. 1270 din 30.11.2005 privind aprobarea Codului de bune practici agricole pentru protecţia apelor împotriva 

poluării cu nitraţi din surse agricole, Monitorul Oficial, Partea I nr. 224 din 13.03.2006. 

Ordin nr.1552/743/2008 pentru aprobarea listei localitaţilor pe judeţe unde există surse de nitraţi din activităţi 

agricole (lista zonelor vulnerabile), Monitorul Oficial nr.851 din 18.12.2008. 

Institutul Naţional de Cercetare-Dezvoltare Pentru Pedologie, Agrochimie şi Protecţia Mediului-ICPA Bucureşti: 

Diagnoza zonelor vulnerabile la poluarea cu nitraţi-2009 (versiune de lucru). 
http://www.icpa.ro/Diagnoza_v2.doc (Dec 2009). 

 

- 829 -



Integrated manure and organic wastes management at the farm level 

  

   

HIGH URUGUAI RIVER: TURNING A PROBLEM INTO A 

SOLUTION 

 
Baron S. 

1
 

Projeto Alto Uruguai. E-mail: sadibaron@hotmail.com . Correspondência: Avenida Getulio Vargas, 870 

N, Centro, Chapecó - SC, Cep: 89801 - 002 

 

1  INTRODUCTION 

High Uruguai region is characterized strongly by the agricultural industries and hogs production, generating wealth 

but with environment preservation concern. The southern region of Brazil concentrates about 16 millions of hogs 

which is a key factor for the region´s growth. As that sector grows the negative effects cause deep environmental 

problems such as the underground  superficial waters as wells as the Green House Gas emissions. 

According to Overcash et al (1963) the hog raise sector is responsible by  high organic  content residuals 

with a contribution per capta up to 340g DBO
5
/animal.day while a human being contributes with an average of  54g 

DBO
5
/inhabitant.day. 

That sector is also responsible for gases that contribute to the GHG. The Methane gas - CH4  generated 

during the anaerobic digestion process of the hog residuals presents a GHG potential 21 times the  CO2 (IPCC, 

2007).  

High Uruguai River Project Citzenship, Energy and Environment is a Pilot Project of National concern  

that aims at turning a 29 city region between Santa Catarina and Rio Grande do Sul states, in the southern region of 

Brazil, into a sustainable  model region of energy production and consumption. In this sense, this paper aims to 

report the actions and results achieved by the Project, specifically the installation of digesters.  

1.1  History High Uruguai River Project 

The Project has its roots during the Energy and Development Seminar sponsored by the MAB – Movement of 

People around the Dams, Chapeco Prefecture and University Community Region Chapeco where a deep debate held 

in 2003 was able to discuss the relationship between regional development and ways of energy production and 

consumption in the Uruguai River area.  

On May 5, 2004, High Uruguai River Project had its start up in Chapeco city in the State of Santa 

Catarina. Around 600 leaders from the nearby cities in that region. At that moment the Commitment Terms for the 

Project Implementation.   On May 2005, a cooperation agreement between the companies Eletrobras and Eletrosul 

was signed in order to implement the required actions. 

High Uruguai River Project is coordinated by Eletrobras and Eletrosul, MAB, Chapeco Region 

Community University – UNOCHAPECO, the Research and Planning Institute from  Rio de Janeiro Federal 

University  and local prefectures. 

High Uruguai River Project Citizenship, Energy and Environment is committed in contributing with the 

environmental sustainability and proposes the conversion of a  problem: environmental degradation caused by hog 

breeding – into a solution ie: energy and biofertilizer production. 

 

2  METHODOLOGY 

In the Project 35 biodigester have already been assembled in rural properties which have been selected through a 

participative process that involved the whole community by applying social and technical criteria. Those properties 

are located in 25 cities, being 19 in the State of Santa Catarina, and 6 in the Sate of Rio Grande do Sul. 
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FIGURE 1 Area covered by the Project Alto Uruguay in Santa Catarina and Rio Grande do Sul 

 

The Biodigester used is the Canadina Model, built with a geomembrane including a digestion chamber 

and a biogas chamber. In that reactor occurs the anaerobic digestion process having as its product the biogas with a 

content of about 75 % of Methane gas (CH4). 

 

 
FIGURE 2  Model of the digester installed on 35 farms 

 

3  RESULTS AND DISCUSSION 

These biodigesters will contribute to  residual  organic load reduction in the hog facilities and consequently lowering 

the water and soil pollution caused by waste without proper treatment. Moreover they will contribute  to the GHG  

emission reduction due to hog breeding.  The biodigesters will use the energy resources from biogas which may be 

applied for  the production of thermal and electrical energy. 

As seen, a biodigester may contribute - from the use of a renewable power source – to aggregate values  

to agricultural products contributing as well as to  rural producers economic sustainability in a decentralized and 

democratic way for energy production. 

The productive unities have a hog breeding of 4,486 heads which can produce about 160,370 cubic 

meters of methane gas. The use of biogas as fuel in a generator  may  generate an energy amount  up to 260,601 

KWh/year and reduce  1,043 t CO2/e per year. 

The covered region of the High Uruguai River Project is characterized by small properties with family 

labor force. So   such a  sector is responsible by the good performance of the local economy. 

That  sector is also responsible by significant environmental impacts, due to the massive hog breeding in 

small areas , that threat that model which has presented evidences of environmental and economic sustainability of 

that activity. 

The development of  confined hog breeding in those small areas have surpassed the support capacity, 

properties have generated more residual than the soil capacity to absorb the effluence and convert the organic matter 

into nutrients in rural activities. That surplus has contributed to the  contamination of the soil and water, so that´s the 

significance  of  promoting the reduction of organic load from hogs´ excrements. 

The properties that have been benefited by the  35 rural biodigesters  aggregate  a hog breeding of 17,096 

units, divided in baby nurseries ( 3,000 units) , terminations  (12,061), complete cycle ( 300 units)  and the adult 
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productive unit – UPL (1,735). With the assemble of the biodigesters and the burning of  biogas (CO2) there will be 

an emission reduction of CO2 of  about  3,940 t/year, the annual biogas production may achieve to 605,952 m
3
 /year, 

the use ou burning of the biogas  may increment the producer in an expressive way (Bley Junior, 2009). 

This fuel gas, besides the use as a renewable  energy source it contributes to the GHG  reduction – since it 

contributes to GHG  2 times more than CO2. The  High Uruguai River Project goes beyond the GHG reduction since 

it proposes the biogas use  as a thermal energy source for facilities heating of birds and hogs during the winter as 

well as for water heating for bathing, cloth and dish washing and other home tasks. 

The Project also contemplates the biogas use for productive activities such as milk cooling, water heating 

for cleaning the milk facilities, milk cooking, jelly production, cheese, bread, and other products. 

The excrements remain in the biodigester for about 35 days for a fermentation process. At the end of that 

period the biofertilizer is produced for use on the plantation reducing the costs with chemical fertilizers. The 

biodigesters also contribute to the rural sanitation as a excrement treatment unity reducing the contamination of the 

water and rivers. 

The High Uruguai River Project achieves other renewable energy sources, for besides the biodigesters 

solar panels will be assembled for water heating at hospitals and schools. 

The Project contributes to Energy Conservation promoting training courses for teachers and community 

agents  and for members of the Municipal Energy Planning Committee. Which help the city staff on reducing energy 

costs increasing the efficiency on the population demand. 

It also promotes the dissemination of the technologies and the socialization of the subject through the 

social communication vehicles such as radios, newspapers and television, promoting the insertion  of  the matters  in 

all the region involved by  the Project  issuing hints of how to save energy as well as all the actions already taken 

place.  

 

4  CONCLUSIONS 

So the use of  clean and renewable  energy  becomes  more and more necessary for the human survival in the planet, 

and it´s up to the society to due changes on the consumption habits and to the  governors, the actions to preserve the 

natural resources  and the emission reduction of polluting gases in the atmosphere. The High Uruguai River Project 

comes to contribute, in a concrete and affirmative significant way, in the production of clean energy and in the 

sustainable development. 
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1 INTRODUCTION 

The main objectives of the Portuguese Strategy for Energy are to promote energetic efficiency and endogenous 

resources utilization, particularly renewable energies, and simultaneously, to ensure quality of life to future 

generations throughout greenhouse gas emissions reduction. In this context, it is also important to refer the 

guidelines prescribed on DIRECTIVE 2001/77/EC, concerning the promotion of electricity produced from 

renewable energy sources in the internal electricity market, where the dairy sector presents a great potential. In fact, 

intensive dairy farming results in the accumulation of large amounts of slurry at the end of the winter, with very 

high contents of organic matter and nutrients. Dairy farming wastewater is currently disposed off through land 

application with little or no pre-treatment. The application to soil of organic residues can have important effects on 

the environment. In fact, the presence of organic carbon can stimulate soil microbial activity, which may result in 

carbon losses and nitrate leaching, together with gaseous emissions. However, due to increasing awareness of the 

general public about potential adverse impact of animal wastes on environmental quality and recent developments in 

environmental regulations for gaseous-emissions control and nutrient management, alternative wastewater treatment 

methods become attractive options for dairy producers. In that regard, it is important to develop and implement 

integrated measures in order to protect the soil quality and fertility, as well as to prevent water pollution. 

Composting may be an effective management option to improve the quality of cattle slurry solid fraction 

(SF) for use as a soil-conditioning agent (Brito et al., 2008). Nevertheless, the remaining liquid fraction, resulting 

from the solid-liquid separation of livestock slurry also needs to be treated in order to achieve the legal compliance 

for wastewater discharge. 

The Sequencing Batch Reactor (SBR), if designed and operated properly, under anaerobic conditions, 

may become a promising technology for treating the liquid fraction of dairy farming wastewater, and simultaneously 

contribute to greenhouse gas emissions reduction and energy production.  

Therefore, the present study endeavours to contribute for the development and optimization of an 

integrated solution for dairy farming wastewater treatment, throughout the operation and monitoring of an anaerobic 

sequencing batch reactor treating the liquid fraction of the wastewater produced at a dairy farm located in the 

northwest region of Portugal (Vila do Conde). 

 

2 MATERIALS AND METHODS 

The dairy wastewater used in this study was original from a farm with a dairy cow density of 253 animals. The 

wastewater treatment and management system consisted on the slurry collection, the separation of its solid fraction, 

and the storage of the liquid fraction in a 2011 m
3
 tank for subsequent land application. The experimental set-up 

consisted of a cylindrical anaerobic SBR (ASBR), made of acrylic, with a total operating volume of 8 L and a 

thermo-regulated water jacket for temperature control. The reactor was filled-up with ¼ of inoculum (biomass 

collected from a conventional anaerobic digester used in the stabilisation of activated sludge purged from a domestic 

wastewater treatment plant) and ¾ of dairy slurry liquid fraction collected from the storage tank diluted with water 

(1:6). The composition of the biomass inoculum and the dairy farming slurry liquid fraction is presented in Table 1.  
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TABLE 1 Composition of the biomass inoculum and the dairy farming slurry liquid fraction (SLF)  

Parameter Biomass inoculum SLF 

TS (g/L) 7.0± 0.8 47.5 ± 0.9 

VS (g/L) 6.7 ± 0.1 28.7 ± 0.5 

Total COD (gO2/L) 10.0 ± 0.6 36.2 ± 0.0 

Soluble COD (gO2/L) 2.0 ± 0.0 15.5± 0.2 

TKN (g/L) 0.9 ± 0.2 2.3 ± 0.3 

Phosphorus (mg/L) not determined 0.6± 0.0 

  

 The reactor was operated for 31 days and samples were collected for analysis along ASBR operation 

time. The mixed liquor pH, temperature, total and soluble organic matter as Chemical Oxygen Demand (COD), total 

(TS) and volatile (VS) solids, TKN and phosphorus were monitored during ASBR operation time, using standard 

procedures (APHA, WPCF, 1998). Biogas production was measured with a Ritter MilligasCounter gas meter. The 

ASBR was operated in the typical sequence of fill, react, settle and draw. A magnetic stirrer was used to provide 

mixing during the reaction phase. The average operating temperature was 37 ºC.  

 

3 RESULTS AND DISCUSSION 

During the operational cycle of the ASBR, the temperature was 37 ºC and the pH was 7. The initial food to 

microorganism ratio was 0.3 kg COD
 
kg VS

-1
d

-1
. This value was slightly lower than the usually reported for 

anaerobic digestion of dairy manure (Qureshi et al., 2008). The hydraulic retention time was 40 days, which is in the 

typical range of values for anaerobic digestion of livestock manure (García-Ochoa, 1999). 

Figures 1 and 2 present, respectively, COD and solids concentration along a typical ASBR operational 

cycle. 

 

 

FIGURE 1   COD concentration along ASBR operational cycle.  
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FIGURE 2   Solids concentration along ASBR operational cycle.  

 

The results obtained in the present study showed that, despite the high COD values (including dissolved 

and particulate organic matter) typical of dairy farming wastewater, the soluble fraction was very low, reaching only 

15±7 % of the total COD (Figure 1). Indeed, a significant fraction of the organic pollution is present in the form of 

particles and, hence, may not be readily accessible for microbial uptake. This fact suggests that solubilization and 

hydrolysis of particulate organic matter may be the limiting step for microbial degradation (Rodrigues et al., 2001). 

Nevertheless, the apparent COD removal efficiencies were high, the soluble COD being removed with an efficiency 

of, approximately, 89 %. Concerning total COD removal, it was expected that, during the SBR operating cycle, 

soluble organic carbon could be made available to microorganisms as a consequence of solubilization and 

hydrolysis of particulate organic matter. However, in terms of total COD, lower removal efficiencies were detected, 

reaching 53 %. This result is in accordance with the values reported by Rico et al. (2007) in anaerobic digestion 

studies using the liquid fraction of dairy manure as substrate. As expected, the soluble COD was removed with a 

higher efficiency, since the dissolved compounds are more accessible for microbial degradation than the particulate 

organic matter. The results presented in Figure 1 show that, after 31 days of operation, the remaining COD is still 

very high (15 g/L), indicating the need of a post-treatment before wastewater discharge.  

Figure 2 depicts the extremely high solids content of dairy wastewaters. The apparent TS and VS removal 

rates were 89 % and 91 %, respectively. Such values are higher than the solids removal efficiencies reported by 

Chen et al. (2008) and Neves et al. (2009) in processes of anaerobic digestion of dairy wastewaters. In fact, the high 

solids removal efficiencies obtained in the present study can be explained by the solubilisation and degradation of 

particulate organic matter, but may also be strongly correlated to difficulties in maintaining suspension and 

homogenization of the mixed liquor, leading to the deposition of solids at the bottom of the reactor, which may 

remain inside the ASBR for the subsequent operating cycles. 

Biogas production is represented in Figure 3. The results showed that, during the initial 19 days of 

operation, the maximum observed biogas production rate was 1.5x10
-6

 m
3
 biogas/d and 15 mL of biogas were 

produced. However, a sudden increase in biogas production rate was observed, reaching a maximum value of 3x10
-5

 

m
3
 biogas/d and a final volume of 190 mL after 31 days of ASBR operation. The specific overall biogas production 

rate was 0.12 m
3
 biogas kg solubleCDO

-1
 d

-1
 and the maximum observed rate was 0.23 m

3
 biogas kg solubleCDO

-1
 

d
-1

. 
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FIGURE 3     Biogas production along ASBR operational cycle.  

 

4 CONCLUSIONS  

The results obtained suggest that the anaerobic SBR is a feasible system for the treatment and valorisation of dairy 

slurry liquid fraction. However, due to the high solids and organic matter content typical of dairy effluents, a post 

treatment is still necessary in order to minimise negative environmental impacts as result of wastewater discharge. 

Therefore, the application of integrated management and treatment solutions to dairy farming wastewaters is 

necessary in order to contribute to significantly reduce the organic and nutrient loads of such effluents. 
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1 INTRODUCTION 

In recent decades, a very intensive dairy farming system has been developed in the northwest region of Portugal, 

being responsible for the generation of important quantities of manure (Curado et al., 2008). It is recognised t hat 

one of the most appropriate manure management options is its application to the soil leading to the recovery and 

recycling of nutrients and energy. Nevertheless, the application of organic residues to soil can have important effects 

on the environment. The high fraction of available carbon, often found in manure, can greatly stimulate soil 

microbial activity, which may result in carbon losses and nitrate (NO3
-
) leaching, as well as in gaseous emissions 

(Tittonell et al., 2010). 

Manure surplus in dairy farms can be reduced by mechanical separation of the solid fraction from slurry, 

which can be composted and exported to other farms with a high demand for organic amendments (Brito et al., 

2008). Nevertheless, the dairy slurry liquid fraction also needs to be treated before discharge into receiving bodies in 

order to reduce the still high organic matter and nitrogen levels (Rico et al., 2007).  Anaerobic digestion may be a 

promising technology for treating the liquid fraction of dairy slurry, and simultaneously contribute to greenhouse 

gas emissions reduction and energy production from biogas. In addition, anaerobic digestion can also be an 

appropriate solution for farms that are not able to perform mechanical solid-liquid separation of dairy slurry, as it 

allows the conversion of organic waste into a biologically stable fertilizer or soil-conditioning agent. The problem is 

that on-farm biogas energy production from anaerobic digestion may not be economically feasible for most of the 

farms (Brown et al., 2007). 

The Portuguese Strategy for livestock and agro-industrial wastewaters points out to the adoption, of 

collective treatment solutions, whenever possible, instead of individual solutions, since they are more flexible to the 

natural variations of the dairy farming sector. Besides, it allows the treatment of higher quantities of manure, 

increasing biogas production. On the other hand, it is also referred as extremely important, the need to integrate the 

wastewater treatment components with appropriate waste and by-products management practices. 

In this context, it is important to develop and implement technically and economically feasible integrated 

solutions for dairy farming wastewaters, considering their distribution in the territory, with the purpose of 

preventing water pollution, as well as to protect the soil quality and fertility. 

Therefore, the present work aims to provide information for the definition of the most appropriate 

solutions for dairy farming wastewaters, throughout a spacial analysis based on the identification, localization and 

characterization of the management practices prevailing in dairy farms located at the northwest region of Portugal. 

 

2  MATERIALS AND METHODS 

The present study comprised the identification and analysis of 1860 dairy farms located in the northwest region of 

Portugal. The farms were geographically referred and characterized regarding the production and the environmental 

systems (Alonso et al., 2008). In this work, emphasis was put on the ability to perform the separation between the 

solid and the liquid fraction of cattle slurry, the storage capacity of the collection systems, wastewater treatment and 

valorization processes, including manure application to soil when possible. Considering the territorial density of 

dairy farms, the dairy farming wastewater pollution load and the features of the territory, critical areas were 

identified. 
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3 RESULTS AND DISCUSSION 

The results obtained from the geographical databases that included characterization and analysis of 1860 dairy farms 

located in the northwest region of Portugal revealed significant differences regarding the production and market 

strategies, as well as the physical and economical dimension. Different wastewater management options and, 

consequently, different environmental pressures could be identified according to the features of the dairy farms and 

its territorial integration. Figure 1 presents the geographical distribution of dairy farms in the northwest region of 

Portugal (a) and identification of critical areas in terms of organic pollution load (b).  

 

 a)    b) 

FIGURE 1   Geographical distribution of dairy farms in the northwest region of Portugal (a) and 

identification of critical areas in terms of organic pollution load (b).  

 

The data presented in Figure 1 (a) demonstrate a very high density of farms in certain locations resulting 

in the identification of critical areas when co-related to dairy wastewater pollution load and the features of the 

territory. In Figure 2 is depicted the geographical distribution of farms with mechanical devices for solid-liquid 

separation of livestock slurry, demonstrating a high dispersion of such farms in the territory of the northwest region 

of Portugal. The results obtained demonstrated that only 4% of the dairy farms had screw press dewatering systems, 

and therefore were able to perform the separation of the solid fraction from cattle slurry.   
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FIGURE 2  Geographical distribution of farms with mechanical devices for solid-liquid separation of 

livestock slurry, in the northwest region of Portugal. 

 

 Mechanical solid-liquid separation of slurry produced at dairy farms may be considered a beneficial 

wastewater management practice, leading to the production of nutrient-rich organic solids and a liquid phase with a 

reduced organic matter and nutrient content. Moreover, the cattle slurry solid fraction can be composted and used 

for agricultural purposes as a soil conditioning agent. The composted cattle solid fraction may also be exported to 

other farms with a high demand for organic amendments and this fact also contributes to achieve the legal 

compliance in terms of nitrogen load concerning dairy wastewater land spreading, which is, in addition, restricted to 

certain periods. In this context, the area of agricultural land of the farms was analysed, as well as the wastewater 

storage capacity of the collection systems. Figure 3 presents the percent distribution of the farms regarding the 

required wastewater storage capacity of the collection systems, considering the nutrient load of the slurry produced 

and the period where wastewater spreading is not allowed (MADRP, 2010). The wastewater storage capacity of the 

dairy farms ranged between 1 and 17980 m
3
. However, 7% of the dairy farms did not have any wastewater storage 

capacity. In 61% of the dairy farms, the wastewater storage systems were located inside the stable. Only 0.4% of the 

farms had ponds for wastewater treatment. 

 

 
FIGURE 3  Percent distribution of the farms regarding the required wastewater storage capacity of the 

collection systems. 

 

In Figure 4 is depicted the percent distribution of the farms in terms of the required area of agricultural 

land for dairy wastewater spreading, considering the permitted periods, as well as the limit in terms of nutrient load, 

of 170 kg of nitrogen per ha per year (MADRP, 2010). The results obtained from the analysis of the dairy farms 

geographical database revealed that 38 dairy farms do not have agricultural land and only 15 farms have the required 

area of agricultural land for wastewater spreading.  
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FIGURE 4   Percent distribution of the farms in terms of the required area of agricultural land for dairy 

wastewater spreading. 

 

4 CONCLUSIONS  

The results of the present study provide an approach of dairy manure management practices in the northwest region 

of Portugal in the view of an integrated strategy towards sustainable management and valorisation of dairy effluents. 

The development and implementation of an integrated solution for dairy wastewaters should consider the 

management practices prevailing in dairy farms, as well as their distribution in the territory. 

In that regard, the present study provides important information in to: 

− evaluate the adequacy and feasibility of collective or individual dairy farming residues and wastewater 

valorisation processes and technologies, considering the geographical distribution of the farms, the features 

of the farms in terms of ability to perform solid-liquid separation, the wastewater storage capacity, the area 

of agricultural land for dairy wastewater spreading and the organic pollution load; 

− to define the most appropriate location for the implementation of collective systems that may represent the 

best solution for dairy farming wastewaters, considering dairy farm available resources and general benefits 

derived from wastewater treatment and energy and fertilizers production. 
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Intensive livestock production and labour-saving methods of husbandry require the storage and subsequent 
disposal of large volumes of slurry on land. The effect of pig slurry, applied to a soil surface, on the composition of 
the soil atmosphere was investigated using laboratory soil methods. Slurry also sealed soil pores, slowing 
gaseous diffusion rates and delaying the return of the composition of the soil atmosphere to that approaching air. 
Repeated slurry applications completely sealed the soil surface and oxygen in the soil atmosphere was rapidly 
depleted. In Murcia the intensive pig farms produce and dispose large quantities of slurry. For that, the safely 
disposal of the slurry is needed to protect water and soil resources. 
The aim of this study was to evaluate the soil conditions under the disposal slurry ponds, and estimate the 
potential soil pollution in representative ponds located in different areas in Murcia. The studied areas were 
selected because of their pig farms concentration. The soil samples were collected using a core drill in each 
selected pond from the surface to fifteen metres deep. The slurries samples were colleted in three different points 
on each slurry ponds. Then, the soil and pig slurries samples were analyzed in the lab in order to obtain their 
physics and chemicals characteristics and, for that, the possible influence of the slurry effluent over the soil 
quality. 
The information from the core drill and the physics and chemical analyses show the depth of the potential slurry 
leaching. In soils, the affected layers had high pH and electrical conductivity and slightly larger total N, P and 
organic C, decreasing as the depth were increasing. From 4-5 metres deep, the levels of these macronutrients 
were lower than the reference limits. As well as the textural characteristics show natural impermeability of these 
soils. 
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The reuse of treated wastewater had become as a valid option to minimize the water scarcity impacts. 
Nowadays there are high volumes of treated wastewater that allow them to be faced has a resource 
with several uses, such as industry, agriculture and non potable urban uses.  
The main objective of this work was the assessment of WWTP technical conditions, for treated 
wastewater reuse. Field data analyses carried out through the processing of wastewater flow daily 
records and the collection and characterization of wastewater and treated wastewater samples. This 
allowed to assess the wastewater hydraulic performance, wastewater and treated wastewater 
concentrations, percentage of pollution load reduction and treated wastewater quality, according to the 
requirements for discharge on water body and for irrigation use. Furthermore field experiment was 
made in order to assess the potential of treated wastewater reuse for irrigation, through its interaction 
with the soil and the plants.  
During the analysis period, was found that wastewater and treated wastewater have a significant 
variability referring to contaminants concentration and its hydraulic performance. The treated 
wastewater presented a considerable content of some nutrients as nitrogen (19 - 67 mg L

-1
) and 

phosphorus (2 - 6 mg L
-1

), as well as low content of heavy metals. Field experiment showed that grass 
irrigation with treated wastewater resulted in an improved grass quality that may be enhanced with the 
application of sewage sludge in situ into the soil.  
In this study were obtained results which provided useful information for implementing a treated 
wastewater management plan from small / medium size WWTP´s, presenting options for treated 
wastewater discharge on water body, preserving water resources and contributing to implementation 
of Plano Nacional do Uso Eficiente da Água (PNUEA) in urban and agricultural components. 
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1 INTRODUCTION  

“Servicios de la Comarca de Pamplona” works for more than 300.000 people with the waste management and water 

supply service. Nowadays in this area, each person generates 1.20 kg of waste per day.  The organic fraction of this 

waste is 40% (MCP, 2009). Organic waste domestic composting is an alternative and cheap way to prevent the 

generation of municipal waste. Decentralized domestic composting reduces the amount of biodegradable waste 

transported to treatment plants. Being aware of the importance of waste domestic composting, “Servicios de la 

Comarca de Pamplona” is developing, since 2006, a Home Composting Scheme that in 2009 encouraged more than 

1,016 families. These families acquired a standard waste bin aerated, a compost bin and a device form turning the 

compost. They also received a short course about composting. Besides, four years since the Scheme started it is 

necessary to evaluate it. Therefore the objectives of this research are: 

− Development of the database “Home Composting Scheme in Pamplona”. 

− Monitoring of Home Composting in Pamplona. 

− Estimation of the amount of organic waste reduced at source by the Home Composting Scheme. 

− Compost characterization. 

 

2 MATERIALS AND METHODS  

2.1 Development of the database “Home Composting Scheme in Pamplona”. 

For the development of the database, the lists of applicants in each Home Composting Campaign from 2006 to 2009 

have been considered. There have been included the following fields: User’s name, locality, address, telephone 

number, garden area (m
2
), number of people who usually live in the house, compost bin size, start year in 

composting, email address and comments. 

2.2 Monitoring Home Composting.  

All the applicants were telephoned when they started composting and 98% answered a basic survey. In 2009, a more 

exhaustive survey was mailed to all the applicants. However, only 35% of applicants answered it. In addition to this, 

in some cases, home technical visits were performed. The main information compiled was about the kind, amount 

and frequency of waste managed, the technical development of composting process and the personal opinion about 

it. 

2.3 Estimation of the amount of organic waste reduced at source by the Home Composting 

Scheme. 

In order to calculate the amount of waste that is reduced at source with this programme, the frequency of emptying 

the waste bins was extracted from the database “Home Composting Scheme in Pamplona”.  Besides, all the waste 

bins generated by five standard families were weighted for six months. 

2.4  Compost  characterization 

17 samples of household-compost and 4 of school-compost were sampled. Physicochemical and microbiological 

parameters were measured in the EDAR-Arazuri’s laboratory (SCPSA). The results have been contrasted with the 

marketing requirements established by Spanish “Real Decreto 824/2005” about fertilizers. 
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3 RESULTS AND DISCUSSION  

3.1 Development of the database “Home Composting Scheme in Pamplona”. 

When this work was performed, there were 1,016 users of Home Composting Scheme in the database; 27% with 

320L composting bin, 52% with 420L composting bin, and 21% with 800L composting bin. The demand has 

increased over the years; 215 composting bins were requested in 2006, 248 in 2007, 284 in 2008 and 269 in 2009.  

The size of compost bin applied also has varied. At first, most of the compost bins distributed had the biggest size 

(800L), but there is a remarkable increasing demand of smaller compost bins. This may be associated with peri-

urban population with smaller garden area.  Interesting information obtained from database is the medium green 

area associated to each size composter applied. The medium green area associated to 320L composting bin is 100m
2
, 

430m
2
 to 420L and 1.500m

2
 to 800L.  The final result is that 1.2% of the total population in this area is practicing 

home composting of organic household waste. In the localities with less than 3.000 citizens, this means around 10%. 

Also it is important to notice, besides kitchen waste, that also the waste of 54 ha of green area is being managed by 

home composting. 

3.2 Monitoring Home Composting Scheme. 

The users of home composting seem not to have any doubts about composting. The vast majority of users was 

extremely happy and gratified with the compost bins and intends to continue using them. Moreover, they think that 

the quality of the compost obtained is good. The positive commentaries collected in the monitoring survey show the 

increasing participation and awareness of inhabitants in this area. There aren’t any problems detected, but in some 

cases mosquitoes or unpleasant smell may appear inside the compost bin when compost is not aerated. As it may be 

shown in the Figure 1, 89% of users gutted the organic waste bin in the compost bin at least once every four days. 

Also, 75 % turns the compost bin once every 10 days. Finally, 80% of users say that have awakened interest in other 

people about home composting. 

1-2 Days 2-4 Days 5-10 Days More time Doesn' t know

Frequency of compost 

aerating

8%

22%

1%

45%

24%

Frequency of emptying the 

organic waste bin  

57%

32%

8%

1% 2%

 
 

FIGURE 1 Results of Home Composting Process 

 

3.3 Estimation of the amount of organic waste reduced at source by the Home Composting 

Scheme. 

The medium weight of a waste bin is 1.86kg. Taking into account the frequency emptying these bins, and the 

population making home composting in the region of Pamplona, it is estimated that the amount of organic waste 

reduced at source is of 0.22kg/person/day. This information is similar to other works realized in the north of Spain 

such as 0.15kg/person/day in Azkoitia, 0.23kg/person/day in Azpeitia and 0.14kg/person/day in Amara (Ansorena, 
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2008).  This quantity in the region of Pamplona goes with 300 Mg/year of kitchen-waste. In addition, there should 

also be considered the waste of 54 ha of green areas that are being managed by home composting.   

3.4 Description of final Compost obtained.  

Table 1 shows the physicochemical parameters analyzed in the sampled compost. The home compost is a bit humid, 

presents balanced NPK content, good C/N relation and is slightly alkaline. According to the microbiological 

content, Salmonella has not been founded and E. coli is always behind 1,000 MPN/g. 

 

TABLE 1 Physicochemical analysis of Compost in schools and in homes. 

SCHOOL HOUSEHOLD 
COMPOST ANALYSIS 

Media Max Min SD Media Max Min SD 

Dry Matter (%FW) 40 51 36 6 44 73 33 12 

Volatile Matter (%DM) 55 89 44 19 45 67 23 13 

pH 8.3 9.2 7.7 0.6 8.2 9.2 6.8 0.7 

Conductivity (µS/cm) 1,934 2,940 1,300 604 3,417 6,410 1,020 1,671 

Organic Carbon(%/DM) 28 44 22 9 23 34 11 6 

Relation C/N 14 25 9 6 12 17 5 3 

Total Nitrogen- NT (% DM) 2.0 2.5 1.8 0.3 2.1 4.5 1.0 0.9 

P2O5 (%/DM) 1.3 2.9 0.5 1.0 1.6 2.8 0.8 0.6 

K2O (% DM) 1.3 1.5 1.0 0.2 2.2 4.1 0.7 1.0 

CaO (%DM) 6.2 12.0 1.0 5.0 11.5 20.3 5.5 4.0 

MgO (%DM) 0.7 1.0 0.3 0.3 1.1 1.9 0.7 0.3 

Na (%DM) <0.3 0.0 0.0 - <0.3 0.6 0.6 - 

 

According to the marketing requirements established by Spanish “Real Decreto 824/2005” about 

fertilizers, compost presented a very good- quality. Below, heavy metal content of compost sampled is plotted and 

contrasted with the limits established by Spanish fertilizers legislation. 65% of compost is included in Category A. 

Hence, it could even be used in organic farming. The 35% that remains is included in Commercial Category B and it 

also is high-quality compost. All the compost could be employed in agriculture and gardening without restrictions. 
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FIGURE 2 Heavy Metal content contrasted with the marketing requirements established by “Real Decreto 

824/2005” about fertilizers. 

 

4 CONCLUSIONS  

In conclusion, there are 1,016 households that are reducing their organic waste by home composting in the region of 

Pamplona. In total, the organic waste generated by 4,200 people and 54 ha of green area are home composted. The 

monitoring information shows the positives results of the programme and its social implication. It is estimated that 

300t of biodegradable waste are being reduced at source by home composting in this region. This corresponded to 

0.22kg of waste/person/day. The quality of the compost obtained is high and its heavy metal content does not 

exceed legal limits established in Spain. 

Home and decentralized composting schemes are an interesting alternative for organic waste treatment with 

economical, environmental and social advantages. According to this, the environmental impact is being minimized. 

Inhabitants are implicated directly in waste management, making them more aware of the importance of reducing it 

at source. Besides, it has been obtained high valuable compost appropriate to be applied in home garden in 

vegetables or ornamental plants. 
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1 INTRODUCTION 

In the year 2001, after 5 years of intensive discussions and negotiations of governmental, non governmental and 

private institutions the Austrian compost–ordinance was established. Compost, produced from defined input 

materials, which fulfils the quality requirements of the compost – ordinance is a product which can be sold on the 

market under the condition, that the quality-class, content of main-/trace–elements and user recommendations are 

visible for the consumers. 

The compost-ordinance was the first and not the final step to the end of waste solution in Austria. Since 

2001 a lot of Austrian standards and technical reports have been revised. An important example for the need of 

ongoing adaption of the regulation is the implementation of the EU animal by-product regulation and its 

requirements by the definition of “good practice of composting” by a directive from the Federal Ministry of 

Agriculture, Forestry, Environment and Water Management. 

Nevertheless compost is a product the conditions for the use of compost have to be proper. One negative 

example to hinder the use of compost is the Austrian fertilizer-ordinance. There the fertilizers and components, 

which can be brought to the market under this regulation, are defined. The regulation is from 1994 and allows as 

mixing component for pot plant substrates and soil improvers only compost from green areas. Compost of green 

areas is neither defined in the compost-ordinance nor in the definition of good practice of compost nor in the 

different standards. Hitherto it’s impossible to use quality-compost for the before mentioned products when one of 

the input materials is source separate collected bio waste. A not at all satisfying solution for this problem was found 

by establishing standards for “earths” instead of “substrates” for pot plants, etc. and to define the use of these earths 

in the federal waste management plan as utilization. 

 One existing problem is the ban of compost for fertilizing sugar beat in Austria and another fact to 

question are the stringent limits for heavy metals for organic farming in Europe. It´s not understandable to define 

compost as valuable resource for organic, main-nutrients, trace-elements, etc. and to set quality requirements which 

cannot be fulfilled in many cases even by using clean input materials. An opposite example is the use of 

phosphorous-fertilizers for organic farming. The limit for Cadmium in these fertilizers is 90 mg/kg P2O5 and much 

higher than the allowed content in class A compost which is not allowed for organic farming. 

 Many steps to establish compost as a product have been done. The target should be a common European 

solution with intensive efforts for proper conditions to use compost on soils in all member states. 

 

2  COMPOST IS A PRODUCT 

In 2001 a compost – ordinance was established in Austria which enabled the production of high quality compost as a 

product. The main achievement was to use defined and source separate collected waste-fractions as input-materials 

and to gain an “end of waste” status during composting by documentation of all mixing – partners and the whole 

composting process. Compost as a product can be sold on the market with easy to fulfil requirements for the 

documentation about the use of it. The producer has to inform about nutrients and heavy metals, the classification 

(B, A or A+, table 1) and recommendations for restricted use if for example the salt content is too high for the use as 

mixing components in pot substrates. 
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TABLE 1 Classification for compost 

Parameter Guidelines class B
 

Thresholds class B Thresholds class A Thresholds class A+ 

Cd --- 3,0 mg/kg DM 1 mg/kg DM 0,7 mg/kg DM 

Cr --- 250 mg/kg DM 70 mg/kg DM 70 mg/kg DM 

Hg --- 3,0 mg/kg DM 0,7 mg/kg DM 0,4 mg/kg DM 

Ni --- 100 mg/kg DM 60 mg/kg DM 25 mg/kg DM 

Pb --- 200 mg/kg DM 120 mg/kg DM 45 mg/kg DM 

Cu 400 mg/kg DM 500 mg/kg DM 150 mg/kg DM 70 mg/kg DM 

Zn 1200 mg/kg DM 1800 mg/kg DM 500 mg/kg DM 200 mg/kg DM 

 

2.1. Background 

In Austria the first steps in composting have been done in the middle of the 1970s. The idea was to reduce the 

amount of waste for land filling by aerobic treatment of mixed waste. The result was so called waste-compost with a 

lot of positive properties for the use on soil. One problem for the acceptance by consumers was the high content of 

glass- and plastic-particles even after screening it with 6 to 8 mm. Another hinder was the very low acceptance by 

the farmers because of glass-/plastic-particles and the discussion about heavy metals and other pollutants in “waste-

compost”. In the years around 1980 a lot of research work was done by the producers of compost by the “university 

of soil science” and also by governmental institutes for soil and agriculture. The result have been standards for 

compost – analyses, quality – criteria, compost use on land and as a last standard quality criteria for input materials. 

At the end of the 1980s composting of mixed waste was step by step substituted by composting of source separate 

collected bio waste and green waste. 

2.2. Steps to a compost ordinance 

In the year 1996, one year after the compost quality society was founded, a long discussion between the agricultural 

and the environmental section of the ministry of agriculture, forest, environment and water affairs ended by the 

decision that a compost ordinance within the waste framework can be established. The first intention was to include 

compost regulations into the fertilizer law but there was no interest of agricultural experts to support the use of 

compost. Hitherto the fertilizer regulation restricts the use of compost to produce pot plant substrates or soil 

improvers. Only green waste compost is allowed as source for the production of soil improvers or substrates 

according to the fertilizer regulation. 

The section for environmental affairs of the Austrian ministry found a legal way to develop a compost – 

ordinance within the Austrian waste – framework directive and so the first negotiations for a future solution were 

possible. 

One important basis for the compost – ordinance were the different standards which were established 

during nearly 20 years standardisation work in working groups of the “Austrian Standards Institute”. 

2.3. Effects of the compost ordinance 

Until 2001 the permission for composting plants usually was based on environmental and water protection facts. 

Because input as well as output materials had the status of waste the balance of these materials was checked by the 

local authorities. The use of compost as “waste fertilizer” was allowed under the federal soil protection laws and 

was in most cases according to the regulations for sewage – sludge. 

Since the compost – ordinance is valid the permission of the compost plants has additionally to be based 

on the different waste fractions which are allowed for producing compost as a product. Therefore it is important that 

any charge of input material is controlled and to accept it only if it is in line with the requirements of the compost 

ordinance. 

Following the new approach a lot of legal frameworks had to be changed. So for example the waste-

register-ordinance, the waste-identification-ordinance, the federal waste-management-plan, etc. had to be revised to 

enable compost to be a product. 
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2.4. Future aspects for compost as a product 

There have to be fulfilled a lot of requirements of the compost ordinance. Especially the documentation of input 

materials and the composting process produces a lot of data which has to be presented whenever the authority wants 

to have a look at it. Normally random supervisions can be done by the ministry or the local government. One way 

was to establish a quality assurance system which is voluntary for operators of compost plants. The rules for the 

QAS are defined in two standards (norms) and one technical report. The best way for compost plants to show the 

authority that the legal requirements are fulfilled and the compost quality is high is to take part in a QAS like the 

Austrian Compost Quality Society with its annual audits and to show the quality label which is a distinction for 

operating the plant well. To make documentation and audition as easy as possible during the last two years a lot of 

work was done to establish an electronic data base. In 2009 the data for a mass-balance for input- and output 

materials have to be uploaded to the database for the first time. The system is called “eBalance”. In the future it is 

planned to enhance the system by “eCompost” for delivering all data required by the compost ordinance and 

“eCertificate” for electronic compost certificates visible for laboratories, compost plants, authority and QAS. Every 

participant in the electronic system has its own account and data are only visible by authorisation. 

 

3 CONCLUSIONS 

The Austrian solution to enable the use of compost, derived from defined waste fractions, as a product on the market 

was a big effort for the related sections of the ministry, for the operators of the compost plants and for the QAS 

organizations. After 7 years of practicing the new system the fortunes are visible. High quality compost can be used 

for many purposes without special restrictions. The acceptance of compost by farmers as well as consumers is high 

and the price development for mineral fertilizers during the last years should be a basis for interesting compost 

prices for the producers. To advance the use of compost by clear regulations for production and use helps to gain all 

the advantages caused by compost like increasing humus in soils, carbon sequestration, substitution of mineral 

fertilizers, increasing the regional economy and last but not least to reduce the amount of waste which hast to be 

disposed. 
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1 INTRODUCTION  

The production of a SNF (non-synthetic fertilizers) can transform laying hen manure (LHM) into a commercial 

product (PAV manure) hygienically safe and with a quality in accordance with the legislation on fertilizers. Actually 

the farmers offer poultry manure free of charge. Therefore this activity is not yet a business, but it involves further 

costs for transport. Furthermore often poultry farms do not have sufficient land to use this waste as fertilizer on 

cropland (Quiroga et al., 2010). An on farm quality fertilizer production will introduce the strategy to transform all 

the manure into a marketable fertilizer with the aim to obtain an economical advantage. 

 The goal is to find a solution with minimal financial investment : if the breeder examines his actual 

economic advantages derived from production and marketing of LHM, he  may decide to make further investments 

to expand the product market and to automate the production process. Therefore a breeding business growth can be 

expected, with different phases that will evolve gradually over time, each characterized by different investments. 

 This contribution reports the results of a specific situation with the application of the treatment described 

in the patent EP 1314710 A1 (Amek and CTI, 2002) to laying hens with MDS drying manure, taking as reference a 

barn for manure storage. The final fertilizer transport was foreseen up to a maximum distance of 100-150 km from 

the production plant, in order to keep low transportation cost, foreseeing local production and use of fertilizer. 

In relation with the economic assessment, the project has to consider the entire chain and to optimize it, taking into 

account all the products, the biological catalyst (PAV), the fertilizers and the innovative application systems adopted 

for all types of products. Then the cost-effectiveness resulting from the implementation of the new product (PAV 

manure) was assessed for the fertilizer producer. Furthermore some economic aspects which affect the end-user 

were considered. 

 

2 MATERIALS AND METHODS  

The feasibility study includes an analysis of the production process to be carried out to produce PAV manure; they 

were analyzed: the new process in its various stages and its development over time, the required activities sequence 

and their timing, the estimated fertilizer amount that can be realized  during  the considered period.  

 It’s important to consider the changes of the existing manure management process and the 

implementation of the investments for the fertilizer production from hen manure. Then, by financial methods, the 

economical advantages were considered. The assessment of investments in innovation (new product) presents 

special difficulties in relation with other industrial investments, such as uncertain expected returns or the market 

response.  

 The method used is the NPV (Net Present Value), which tells you whether the payments or receipts made 

during the lifetime of the project result in an overall gain or loss, considering economic values at time zero (i.e. 

when you do the assessment) (Fontana and Caroli, 2006). If the NPV is positive the project is economically 

advantageous. 

We consider a single real case: an intensive laying hen farm in Mordano (Bologna, Italy) and in particular 

the treatment of manure produced by 320,000 caged hens. LHM is removed from the housing after 24-36 hours by 

means of manure conveyor belts and dried in a tunnel outside the housing (MDS, Manure Drying System) in the 

subsequent 72 hours and then sent to a barn with impermeable floor, used for manure storage, where 3 piles can be 

set up. MDS is classified as a Best Available Technique (BAT) according to BREF (EC, 2003). 
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2.1 Experimental design  

The first step is expected to produce PAV manure only in bulk, which will be loaded onto trucks and transported to 

farmers (B2C, business to consumer) or to traders (B2B, business to business), without packaging. The final 

production of fertilizer will amount to 328 t/pile, taking into account 20% of losses for mineralization and water 

evaporation occurring during the 120 days of refining. 

In the first year you have 2 cycles of production (production of 6 piles in all), but only one traded (the 

first 3 piles made); the second year, however, there will be only one production cycle, but 2 stages of 

commercialization (sales of the 3 piles of the preceding year and 3 made in the year). It can be assumed that this 

situation, characterizing the cycles of production and marketing in 2 years, will be repeated cyclically over time, so 

X the average values for each year will be used. 

The first step is characterized by the minimum investment that the company can achieve for the 

production of manure PAV. In this case it is expected to make an opening in the back shed to allow access to the 

third pile, install three PVC walls, one at the front opening, to fix the overlapping from external secondary contacts 

and from weathering. The refining stage of manure requires an adequate aggregation ventilation, provided by the 

side openings in the warehouse.  The investment prospectus is reported in Table 1. 

 

TABLE 1 Investment prospectus   

 Investment  

(€) 

Amortization term 

(years) 

Annual fee amortization 

(constant) (€ / year)  

Door opening  409  / / 

Moving walls and rear door 25.277  5  5055,4 

Mosquito nets 2.375  / / 

Total 28.061    

 

The operational costs are: labour, maintenance, energy consumption, transport. The average amount of 

transported material is 1476 t/y for a total cost for transport of about 18.450 €/y in the case B2C; B2B is without 

transport. The commercial price for the PAV manure was assumed at 20 €/kg PAV with the treatment of 1845 t/y. 

All operative costs are reported in table 2; about transport costs, for project assessment, the previous costs are 

emended by the costs that farmers would pay to send dejections to manure soils. 

 

TABLE 2 Operational costs  

Operational costs B2C 

€/y 

B2B 

€/y 

Labour 15.000 15.000 

Energy and maintenance 300 300 

Transport (B2C) 6.642  

Transport (B2B)   -11.808 

PAV material 11070 11070 

 

 General costs are related with administrative fees, laboratory analysis costs, marketing promotion, etc.  In 

table 3 all the general costs are summarized. 

 

TABLE 3 General costs 

General costs Amount 

Subscribing to register 1.000 € (first year) 

Analysis 1.000 €/y 

Administrative and Commercial (B2C) 18.000 €/y 

Administrative (B2B) 10.000 €/y 

Promotion 2.500 € first year 

700 € other years 

Trade Mark Creation and registration  1.500 € first year 

80 € other years 
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The PAV manure (in an estimated quantity of 1.476 t) can be sold at 85 €/t in case of B2C, included 

transport, and at 60 €/t in case B2B (Dall’Ara, 2010). In table 4 the yearly proceeds are presented.  

 

TABLE 4 Obtained yearly proceeds 

Obtained yearly proceeds Amount (€) 

B2C 125.460 

B2B 88.560 

 

3 RESULTS AND DISCUSSION  

In Table 5 the assumptions used for the NPV implementation are reported. NPV is calculated on the basis of costs 

and incomes related to operational management and investments (buildings and equipment) which can generate 

amortization. We specifically considered all the discounted cash flows in a 5-year period as a time horizon of the 

project for the two options. For the NPV determination a PAV cost of 20 € / kg (minimum price) was used.  

Through a series of tests, it can be observed that even if the price of PAV increased to 25 or 30 € / kg, the NPV of 

the project (both in the case in B2B and B2C) would still be positive. 

 

TABLE 5 Net Present Value (NPV) calculation assumptions  

Project time 5 years 

Expected production 1845 t/y 

Expected marketing 1476 t/y 

Production period 168 days (123 +45 for pile formation) 

Processing time  6 piles in the first year and three in the second year 

Marketing during Jul/Aug/Sept and Feb/Mar/Apr 

PAV/pile dose 0,3 kg PAV/t manure 

finished product storage and transport Storage on farm and offered transport in case of B2C  

Storage A barn for 3 manure piles  

Amount of not treated manure  886 t/year 

Discount rate 0,05 

Sale Format  In bulk  

 

Results: NPV = 136.876 euro in case of Business to Consumer (B2C) 

Results: NPV = 114.255 euro in case of Business to Business (B2B) 

 

In the second step it was assumed that besides the production of PAV manure in bulk, the other 886 t 

manure are treated in big-bag and marketed. The manure is inserted by conveyor belts directly into big-bags, where, 

after 120 days of maturation to ensure quality and sanitation, it becomes marketable fertilizer. The largest 

investments are related to the investment in the a big-bag filling machine and a warehouse storage construction as 

above mentioned. The assumptions used as reference for the implementation of NPV are reported in Table 6.  

Results: VAN in case B2C = 20.353,35 euro; VAN in case B2B = 4.071,09 euro  

 

4 CONCLUSIONS  

The present assessment is a preliminary approach, useful to provide practical and operational guidance. Economic 

theory argues that the prospectus forecast of net present value represents the most rigorous and reliable method for 

evaluating an investment. Where the NPV is greater than 0 the project should be accepted because it produces 

economic benefit. The NPV of step 1 is positive in both cases (B2C and B2B) which indicates that the production of 

PAV manure is beneficiall for  breeding farms. Even if the product is packed in big bags and sold, NPV is positive 

but with very small margin: the main limitation is represented by the cost of warehouse storage of big bags. 

The economic evaluation of the project can became even more higher: maybe it is possible to reduce 

refining time to 90 days instead of 120. This would reduce downtime in the production process and the losses for 

mineralization during maturation and would then increase the amount of PAV manure (weight) and proceeds. 
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Furthermore a lower price was awarded which doesn’t reflect its fertilizer qualities (in particular the presence of 

slow release Nitrogen). 

Thus the production situation can only get better than that analyzed, with a consequent increase in the 

amount of NPV. Apart from an economic assessment, it is important to emphasize that the development of a natural 

material utilisation , resulting from the use organic products rich in nutrients, provides a new valuable tool to the 

world community to combat the depletion of soil fertility and desertification, an issue that involves not only 

developing countries but also industrialized nations, which increasingly should be committed to preserving their 

natural resources, rather than oriented to their depletion, thus altering the equilibrium consumption-regeneration of 

terrestrial ecosystem. 

 

TABLE 6 Net Present Value (NPV) calculation assumptions in step II 

Project time 7 years 

Expected production 1470 big-bag/y  

Expected marketing 1470 big-bag/y 

Production period 123 days 

Processing time 2,5 hours/big bag and 15 big-bag/year 

PAV/big bag  0,8 kg   

Finished product storage and transport Storage on farm and offered transport in B2C case 

Storage  Warehouse construction 

Discount rate 0,05 

Sale Format Big-bag 
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1 INTRODUCTION 

The Danish Parliament passed Action plans for the aquatic environment in 1987, 1998 and 2004, a Plan for 

Sustainable Agriculture in 1991, and an Action Plan to reduce Ammonia Emission in 2001 (see Mikkelsen et al., 

2005; Kronvang et al., 2008). As a result of the plans, The Danish Plant Directorate was authorized by the Minister 

of Food, Agriculture and Fisheries to lay down statutory orders on the agricultural use of nitrogen (N) with the aim 

of reducing nitrate leaching from fields. The annual statutory order is divided into two parts for nitrogen: one setting 

out standard N rates for each crop, and the other a substitution rate for N in animal manures that has to be taken into 

account in observing the standard N rate.  

The standard N rates, which took effect starting with the 1993/94 growing season, depend on soil type, 

irrigation, and preceding crop, and are defined as the N rate required to obtain economically optimal yields. To meet 

the Nitrate Directive (EEC, 1991) the second Action Plan for the Aquatic Environment from 1998 stipulates a 

suboptimal N rate for crops corresponding to c. 90% of the N rate for economically optimal yields. The substitution 

rate for N in animal manures took effect starting with the 1993/94 growing season, and it has been tightened 

gradually ever since (Petersen & Sørensen, 2008, 2009). These regulations have, together with statutory orders 

determined by the Danish Environmental Protection Agency (DEPA) regarding application time and method, caused 

significant changes in the use of N in animal manure and mineral fertilizers. The most important change is the ban 

on slurry application in the autumn (from harvest to 1
st
 February), taking effect from July 1993. 

The average consumption of mineral fertilizer N has decreased concurrent with the introduction of 

regulations on the use of animal manure and an increased focus on the agricultural nitrogen cycle (Grant et al., 2007; 

Figure 1). The statutory orders derived by the actions plans concerns N, but the general awareness of utilization of 

nutrients in animal manure has, together with a high phosphorus (P) status in Danish soils, reduced the use of 

mineral fertilizer-P since 1980 (Maguire et al., 2009). The focus on nutrient utilization has also decreased the 

average application rate of potassium, particularly since 1990 (Figure 1).  

In Denmark winter wheat covers one quarter of the cultivated land, but during the recent two decades the 

yields have stagnated (Petersen & Kristensen, 2010). While investigating the causes for this stagnation we examined 

the changes in the rate of mineral fertilizers applied to winter wheat for two typical farming systems: one using 

mineral fertilizer exclusively and another using mineral fertilizer as supplement to nutrients applied in animal 

manures (Petersen & Knudsen, 2010). The aim of this presentation is to demonstrate the change in the use of 

mineral fertilizer in winter wheat caused by implementation of national action plans and estimate the yield effects of 

reduced standard N rates. 

 

2 MATERIALS AND METHODS 

Figures for rates of mineral fertilizer and animal manure were obtained from the KVADRATNET, which is a square 

grid of 7×7 km established by the Danish Agricultural Advisory Service (DAAS) in the winter 1986/87 to provide 

annual estimates on the content of mineral soil N in the spring. This systematic grid has 590 intersections on 

farmland. Each intersection is represented by a 50×50 m area managed by the farmer, who also annually reports on 

manure and fertilizer applications. The data was considered as useful for this purpose, although Heidmann et al. 

(2001) drew attention to elements of uncertainty associated with the reporting. 

The KVADRATNET data consist at present of 3300 observations on winter wheat. We selected those that 

had the most important preceding crops (cereals, sugar beet, rape or peas) and where the dominating soil type was 

sandy loam. The data did not give us the opportunity to distinguish between ordinary wheat for feeding and wheat 

for bread, where the latter may allow a higher N rate to be applied. Bread wheat accounts for <10% of the area with 
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winter wheat, and has a supplemental standard N rate of 30 kg N/ha. The remaining data were divided into two sets: 

(A) exclusive fertilization with mineral fertilizer N, and (B) fertilization with animal manure plus mineral fertilizer 

N (Table 1). 
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FIGURE 1 Average application rate of N, P and K in Danish agriculture from 1960-2007 (Grant et al., 

2007; The Danish Plant Directorate, 2006). 

 

Several changes in agricultural systems have taken place over time (e.g. area with winter wheat, livestock 

holdings and crop rotation), which adds noise to data and causes considerable variation. In a crop rotation including 

winter wheat, an intersection point may be redrawn systematically at intervals of 3-4 years, but as the crop preceding 

winter wheat more frequently has become winter wheat since the middle of the 1990s, which indicates continuous 

cropping, the systematic redrawing has increased. This causes correlated data that may be considered as repeated 

measurements, and analysis on sub-datasets of intersection points redrawn ≥10 times may be more suitable to 

estimate changes over time as some random variation may be excluded. The datasets sub-A and sub-B reflect the 

typologies of winter wheat crops fertilized with mineral fertilizer only and with a combination of animal manure and 

mineral fertilizer, respectively (Table 1). 

To get the advantage of the repeated measurements we focus on the sub-datasets that both represent sandy 

loam soils but in two different regions of the country (Table 1). Considering the effect of reduced standard N rate we 

focus on the changes comparing two periods: the past, from the beginning of the 1990s to 2000 (some variation in 

the starting year used depending on the dataset) versus today, the period 2001-06 (reduced standard N rates 

corresponding to c. 90% of the standard N rates).  

 

TABLE 1 Overview of the datasets extracted from the KVADRATNET database for winter wheat. 

 Dataset A Dataset B 

 Mineral fertilizer N exclusively Animal manure plus mineral fertilizer N 

No. of observations 1374 1103 

No. of intersection points 389 311 

Sub-dataset * Sub-A Sub-B 

No. of observations 190 190 

No. of intersection points/county 16 / Zeeland 17 / Jutland 

* More than nine recordings of individual intersection points 

 

Estimates of yield effects are based on 115 field experiments on N response carried out by DAAS during 

1998-2007 using application rates from 0-250 kg N/ha in six steps of 50 kg N/ha. The preceding crops were cereals 

or fallow with a maximum annual animal manure N rate of 40 kg/ha in the preceding five years. The yield response 
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of each individual experiment was estimated using a modified cubic polynomial function with plateau when the first 

inflection point was passed. Where a cubic function did not fit, a quadratic function was used. The experiments were 

all located in well-managed fields including pesticide treatments following the practice of the surrounding fields. 

The varieties used in these experiments reflect the current market assortment incorporating the increased yield 

potential achieved through breeding.  

 

3 RESULTS AND DISCUSSION 

3.1 Change in application rate of mineral N, P and K 

Farmers using animal manure for winter wheat, particularly pig slurry applied by trailing hoses in the spring, have 

recognised the nutrient value of animal manures, and they consider these nutrients in the fertilizer planning. Today, 

the use of mineral N fertilizer has been reduced by more than 50%, from c. 160 to 70 kg N/ha on average (Figure 2). 

The N rate for farms exclusively using mineral fertilizer was on average of c. 170 kg N/ha for the full dataset A with 

a minor decline after the introduction of reduced standard N rates. Animal manure is not exclusively an N source as 

other nutrients are applied with the manure. The change in the use of animal manure due to statutory orders on N 

therefore also affects the application of other nutrients.  
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FIGURE 2 Average rates of mineral fertilizer N, P and K applied for winter wheat. Farmers exclusively 

using mineral fertilizer (□) and farmers using mineral fertilizer in addition to animal manure 

(■) based on datasets A and B, respectively (Table 1). 

 

Farmers’ also accounts on P and K in animal manure and dataset B (Table 1) clearly show a reduced 

application rate of P and K in mineral fertilizers (Figure 2). The reduced use of mineral fertilizer is enhanced as 

animal manure is often used for winter wheat, partly due to the increased area of winter wheat since the mid 1980s 

(Petersen & Kristensen, 2010), and partly due to a more even distribution of the animal manure between crops 

within the crop rotation as indirectly requested by the statutory orders. For farmers using exclusively mineral 

fertilizer (Dataset A, Table 1), some reduction in mineral P fertilizer was also observed (Figure 2). In contrast, the 

application rate of mineral K was largely unchanged during the period 1985-2006 at 46 kg K/ha on average. 
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3.2 Yield effect of reduced standard N rate 

In the sub-datasets random variations due to general structural changes in the agricultural sector were excluded and 

the data are considered as repeated measurements. For intersection points without application of animal manure the 

mineral fertilizer N rate changed from 182 kg N/ha as an average for the years 1991-2000 to 166 kg N/ha 

(corresponding to -9%) as an average for 2003-06 using sub-dataset A (data not shown). Using purely the 115 

DAAS response curves without taking any other aspects on N fertilization into account, the difference between the 

past and present pair-wise yield estimates was 1.4 dt/ha (s.e. 0.87 dt/ha). If animal manure is included (sub-dataset 

B) the question becomes more complicated as there have been several changes in the substitution rate for N for 

different types of animal manure plus changes in requirements regarding application time and method to prevent 

over-application of animal manures (Petersen & Knudsen, 2010). In addition, Petersen & Knudsen (2010) estimated 

an average yield loss of 1.2 dt/ha due to traffic damages caused by slurry application in the spring, plus some minor 

effects of the use of legislated standard N rates. 

 

4 CONCLUSIONS 

Implementation of statutory orders on the agricultural use of animal manure and increased focus on nutrient 

utilization and cycling in agricultural systems has reduced the application rates of N, P and K in mineral fertilizer 

considerably. In total an effect of legislation on N rate/fertilization was estimated in the range 3.7-4.3 dt/ha, but this 

yield loss was only able to explain a minor part of the stagnating yields in winter wheat. Effects on winter wheat 

grain yield due to changes resulting from nutrients other than N were not demonstrated. 
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1 INTRODUCTION 

Since 1984 the centralised co-digestion plant concept was developed in Denmark. Earlier attempts to develop 

smaller scale on-farm biogas facilities largely failed due to technical and economical problems. The idea of the 

centralised plant concept was that a centralised facility, to which several farmers supply livestock manure, might 

supply both heat and electricity to a local village or community. In 1988 an ambitious government technology 

development plan was launched, and before the new millennium 20 centralised plants were established.   

However, in the beginning technical problems were significant, and it turned out that the biogas 

production potential from the manure alone was not sufficient to secure financial viability.  So very soon plants 

started supplying organic waste from food processing industries to the plants because it represented higher 

production potentials. After some years of operation the centralised co digestion plant concept was considered both 

technically and economically viable. But as the number of plants increased, and also a large number of on-farm 

plants were initiated, demand for suitable organic waste accelerated, which made the co-digestion strategy 

increasingly difficult to persue. Consequently there is a need for alternative inputs of biomass resources.  

Another challenge is the seasonal variation in heat consumption, which in many cases lead to unutilised 

heat surpluses during summer seasons, and heat deficits that must be covered by other energy sources, sometimes of 

fossil origin. Other European countries demonstrated mainly corn silage as an excellent alternative substrate to be 

applied when electricity sales prices are sufficiently high.   

The project Increase and Regulation of Biogas Production, funded by the Danish Energy Agency, aims at 

the demonstration of how biogas production can be both increased and regulated by the use of storable energy crops 

and fibre fractions from pre-separated livestock manure. 

  

2 IDENTIFICATION OF THE PROBLEM TO BE ADDRESSED  

From experience we know (Nielsen et al. 2002) that most centralised plants need to produce approx. 30-35 m
3
 

biogas per ton biomass digested to make the company financially viable. So far this was not possible if based solely 

on liquid livestock manure, as Danish slurry holds relatively low dry matter content. On average liquid manure is 

anticipated to contribute to approx 20 m
3
 biogas per ton manure digested. So in fact there is a 50% gap before a 

system based on such feedstock can be expected economic. So far both on-farm and centralised plants closed this 

gap by supplying organic industrial waste mainly from food processing industries. However the economic 

dependence on this feedstock lead to considerable increase in prices for the procurement of suitable waste. So 

indeed there is a need to find alternative biomass feedstock that may substitute organic industrial waste and thus 

close the biogas production gab. The project aims at demonstrating how organic industrial waste can be substituted 

by supplying storable energy crops or fibre fraction from pre-separated liquid livestock manure. In Table 1 is 

estimated the economic potential of doing so for the four participating plants. In the table the annual treatment 

capacity of each plant is listed. From this biogas production is estimated using a gas-yield of 20 m
3
 biogas per ton 

digested, corresponding to the level if only liquid manure is digested. Then 30 m
3
 biogas per ton is used, which 

represent the economic break even level today when organic industrial waste is supplied. But if this extra biogas 

production could be achieved by the application of fibre fractions from pre-separated liquid manure costs for waste 

procurement could be eliminated. Based on experience DKK 1-1,5 per m
3
 biogas is often paid for waste 

procurement. The immediate economic potential in following this strategy is represented by these cost savings, 

which are presented in the right column of Table 1. The estimates are based on application of fibre fractions from 

pre-separated liquid manure or other biomass resources that can be procured costless as far as the plant is concerned.  
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If for example corn silage was to be used instead the economic potential would be reduced, because the 

company would then have to purchase corn silage.     

 

TABLE 1  Economic potential in substituting organic waste by fiber fraction from pre-separated liquid 

manure. 

Company Treatment 

capacity.  

Ton manure 

digested per 

year 

Biogas 

production if 

based only on 

liquid manure.  

m
3
 biogas per 

year 

Biogas production if 

based on liquid 

manure and fibre 

fraction. 

 m
3
 biogas per year 

Economic potential: Cost 

savings in waste 

procurement if waste is 

substituted by fibre fraction 

from manure 

DKK per year 

V. Hjermitslev 22.000 440.000 660.000 220.000-330.000 

Vegger 14.600 300.000 440.000 140.000-210.000 

Baanlev 109.500 2.200.000 3.300.000 1.100.000-1.650.000 

Linkogas 200.000 4.000.000 6.000.000 2.000.000-3.000.000 

 

It appears from Table 1 that there is a considerable economic potential in swiching from using costly 

organic industrial waste to costless fibre fraction from manure, as waste procurement costs are thereby eliminated. 

The potential will increase if biogas production could be further increased. 

In Denmark biogas from centralised co-digestion plants is used for combined heat and power production. 

Electricity is sold to the public power grid, and heat is sold and distributed in district heating systems. There is a 

need for heating of houses approx 9 months every year. However the demand is not the same throughout the year 

which appears from the below figure 1. And in the warmest period during summer season very little heat is 

consumed. This in fact is a challenge to plant economy, as they would normally desire to seek full capacity 

utilisation all year around. In addition, today no plants are able to meet the winter peak heat demand during the 

winter season, which then has to be covered from other energy sources. Figure 1 illustrates the situation where a 

constant heat supply leads to a significant heat surplus during summer seasons and a corresponding deficit during 

winter seasons. 
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FIGURE 1 An example of varying heat demand and constant heat supply 

 

This situation is very widespread among centralised plants in Denmark, and even more characteristic 

among on farm plants, of which some produce heat surpluses all the year round. It is evident that this situation 

leaves room for optimisation if biogas production can be regulated according to seasonal variation in heat demand. 

The figure implies that 28% of heat consumption cannot be met by heat from the biogas plant.  It is evident that 

plant revenues may be increased significantly if production could be regulated and increased during winter seasons. 

The figure also implies that the heat production in question is actually produced, but at the wrong time of the year, 

and thus cannot be utilised. Most favourable solution would be to find ways to utilise the heat by finding new 

customers or other forms of heat utilisation. Another way to go is to save the extra biomass resources and thereby 
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reduce production during summer seasons, but this is more complicated, as then also electricity production would be 

reduced and thus revenues decline. But if the peak heat demand could be met by increasing biogas production, the 

economic potential in doing this would among the four participating plants range from DKK 500.000 to 1.600.000    

representing an increase in heat sales by approx one third. 

Also in the project, it will be investigated to what extent biogas production can be regulated on a daily 

basis. This is because demand for both heat and electricity varys significantly on a 24 hour basis. If production can 

be regulated, some plants would be enabled to sell especially electricity production at higher prices during day hours 

than the general feed-in tariff allows, and thus benefit from differences in electricity sales prices. However this is 

only tested in lab and pilot scale, as high-load experiments of this kind may be too risky to carry out at full scale. 

The trials are carried out at the research and test biogas plant at Faculty of Agricultural Sciences at Aarhus 

University. 

 

3 DESCRIPTION OF PARTICIPATING PLANTS AND THEIR ACUTAL SITUATIONS  

The project includes four existing centralised co-digestion plants, all characterised by the need to increase biogas 

production and in a situation where an ability to regulate production due to seasonal variations in heat demand may 

improve economic results.   

The first plant is Vester Hjermitslev Energiselskab, which is actually the first centralised plant established 

in Denmark back in 1984. It is a small plant, supplying only approx 60 ton livestock manure and industrial waste on 

a daily basis. The plant is obliged to supply all the heat necessary for the village all year round. Being a small plant 

it is highly dependant on organic waste supplies, as very high gas yields were necessary to make the company 

economic. This was easy when organic waste was ample, but increasingly difficult as the demand for waste was 

gradually increased, and now it is hardly viable for the company to follow this strategy, as they have to pay high 

prices to procure waste in sufficient amounts. But as it has to supply sufficient heat, extra heat has in recent years 

been produced from heating oil at a cost level that exceeds the revenues from selling the heat. So in this case action 

must be taken to meet these challenges. The management of the plant intends to do this buy supplying corn silages 

during winter seasons.  

The next participating plant is Vegger Energiselskab, with a situation very similar to the above 

mentioned. The plant is even smaller, only approx. 40 ton on a daily basis. For many years this plant was actually 

able to procure sufficient amounts and qualities of organic waste to maintain a very high biogas production. But for 

the mentioned reasons this situation has changed dramatically. Furthermore, the plant needs a major renovation, and 

it has been decided to make a very offensive investment to enlarge the production capacity of the plant in order to 

enable the company to meet the winter season heat demand. They intend to do that by supplying fibre fraction from 

pre-separated manure. 

The third participating plant is Baanlev Biogas A/S. This plant has a treatment capacity of approx 300 

tons per day. This plant suffers from insufficient dry matter contents in the manure supplied to the plant, which 

makes it difficult to make the plant economic. The management of this plant developed its own strategy to overcome 

this problem. They plan to purchase in the first place one, later perhaps several mobile separators, which can be 

moved from farm to farm and separate the manure. The product will not be a compost like fibre fraction, but rather a 

more concentrated, but still liquid, manure, with a dry matter content of approx. 10 % which should allow the 

operation of the plant to be economic. Another significant advantage in doing this is that the concentrated liquid 

fraction can be transported in the same traditional slurry tankers, which are widely used for liquid manure 

transportation by biogas plants in Denmark. This is a special issue to be demonstration by this project.  

The fourth and largest participating plant is the Linkogas plant, with a treatment capacity of 550 ton per 

day, which makes this it the largest plant in Denmark, as far as treatment capacity is concerned. Linkogas provides 

heat for the local town. There is the classic utilisation problem during summer seasons, and the peak heat 

consumption is met by burning wood pellets. It is the ambition to mitigate the use of pellets. A considerable 

enlargement of the plant is also planned, which may create a surplus situation not only during summer seasons. To 

meet this challence the management of this plant is open for a solution, which would involve upgrading of the 

biogas and distribution of it via the natural gas grid. 
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4 CONCLUSIONS  

The project; Increase and Regulation of Biogas Production, funded by the Danish Energy Agency (EUDP Program), 

is a demonstration project. At four existing centralised co-digestion plants it is demonstrated how biogas production 

can be both increased and regulated by the use of storable energy crops and fibre fractions from livestock manure. 

From the program investement subsidies are granted for the feed-in equipment necessary to enable the utilisation of 

these concentrated biomass substrates. The plants will make this and additional investments in storage facilities. The 

necessary equipment is scheduled to be in place end 2010 or early 2011, and from that point the very demonstration 

period is started. 

 When experience from the operation of the systems are gained it is disseminated at seminars organised by 

the Danish Biogas Plant Association. In the second half of the demonstration period comprehensive economic 

analysis of the economic potential is carried out, not only for the participating plants but for the biogas business in 

general. In this paper only preliminary assessments of the economic potentials are presented, but the perspectives 

seem very promising 
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1  INTRODUCTION 

Aerobic composting was the technique adopted to produce a stabilized organic matter compost, which can be 

used as organic amendment in market gardening. 

The quality of the compost obtained has been tested by means of tomato (Lycoperscicum esculentum 

L.) germination and growth trials, and compared with the same organic matter at the beginning of the 

composting and with an all-purpose mould. The results recorded on the different parameters correspond to a 

good composting process and make it possible to validate the use of the ripe compost obtained to improve 

market gardening yields. 

 

2  MATERIALS AND METHODS 

Contents of first stomachs from cattle processing were collected in slaughterhouses, carried in carts (Figure 1) 

and then spread, semi-liquid, on the ground to be dehydrated. The dried contents are deposited on the 

composting site which includes a paving stone protected by a roof, the shed (Figure 2).The technique adopted 

was an aerobic composting (Rock, 2005) . The material to be biodegraded was laid down in cone-shaped heaps 

of 1.5 meter with a diameter of 2 to 3 meters. Before, the organic residues were mixed with fishmeal (Konate, 

1995)  and horse dung by alternative layers for the latter substrate. The whole set is damped with running water. 

The manure was used to inoculate the medium with microorganisms called “starters” to accelerate the starting of 

the decomposition process and the fishmeal to lower the C/N ratio, in order to avoid nitrogen immobilisation 

phenomena when the compost is being used agronomically. 

 

 
FIGURE 1   Collecting and  carrying contents of  the first stomach of cattle 
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FIGURE 2   Making a heap on the composting site. 

The thermophase is evaluated  at the center and the periphery according to the method advocated by 

Seck and Rocky (2003), starting from the second day after the heaps have been piled up and then daily with the 

help of a probe thermometer. When the temperature reached 60° or 70° C, the heap was turned over in order to 

aerate the medium and to increase the contact surface areas between the organic matter pieces and the 

decomposing organisms. Water was sprinkled over the heap when water content was visually assessed to be low. 

Organic matter samples were taken at the beginning of the composting, at the periphery and in the middle of the 

heap; the whole set was mixed to homogenise the composite sample (sample1, S1).The same operation was 

carried out at the end of composting (sample 2, S2 ), S2 representing  the ripe stabilised  compost. 

S1 and S2 were used in pot experiments to assess the compost ripeness (Seck, 1987, Seck and Lo, 

2008). Samples of each compost were taken and a control (all-purpose mould ) were put in pots with 5 

repetitions, with 10 tomato seeds, mongol-hybrid F1 variety, are set to germinate and the germination percentage 

is calculated every day. 

Evaluation of germination and growth was also carried out in accordance with the technique adopted 

by Rocky (2005). Compost quality, was tested on biological fertility of the fragmented twigs (Casuarina 

equisetifolia) in the Niayes (Senegal) market gardening zone. Plants were measured every 15 days. At the end of 

45 day’s growth the S1 and S2 sample plants are cut, the compost debris washed away from the roots. Plants 

were weighed to assess the total yield (epigeous and hypogeous) C/N ratio was calculated in S1 and S2 samples. 

 

3  RESULTS 

The results show a sharp temperature increase at the second day after setting up the heap. This evolution is 

classical and shows that the composting process is being carried out appropriately. The thermophase even 

reaches 60°C on the 6
th

 day (Figure 3) and 70°C on the 7
th

 day . 

The turning over allows the medium to be aerated. A transitory decrease of the temperature was 

observed then followed by an increase, certainly because of new contacts established between microorganisms 

and partially or not yet biodegraded pieces of first cattle stomach contents. In his treatment of organic matter, 

Mustin (1987) pointed out the importance of turning over to avoid the formation of anaerobic zones inside the 

heap. Temperature was higher in the centre than at the periphery of the heap, under a ventilation environment. 

Seck et al. (2005) pointed out similar phenomena in some previous work on household waste composting. 

The chemical dosages show a very low C/N ratio (8.12) as reported by Seck et al. (2005) starting from 

household organic residue compost. There is a true risk of losing nitrogen during the use of these organic 

substrates after this excessive mineralization. It would perhaps be less pollutant to shorten the composting 

duration. That the first cattle stomach contents have undergone a strong degradation at the level of the digestive 

system which has had as an effect to reduce the carbonaceous component content of the food ingested by the 

animals. 

 The germination rate related data show that the compost has had a stimulating effect, since as early as 

the first day the two samples have a germination rate higher than that of the check. A difference, however, can be 
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noted between the first sample (organic matter at the composting beginning) and the one corresponding to the 

ripe compost, S2 (Figure 4).The composting has very clearly improved the agronomic quality of the first 

stomach contents; it somehow brings some added value. Rocky (2005), Seck (1987) and Seck and Lo (2008) 

have observed this property with different initial organic substrates. 
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FIGURE 3   Thermophase  evolution (Turning over) 
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FIGURE 4   The germination rate according to the substrate type 

 

The S2 stimulating effect on plant growth (Figure 5) was very obvious. After 45 days of development, 

the tomato feet showed an average growth of 45 cm, against 20 cm for the control. S1 induces a depressive effect 

on plant growth. Fuchs et al. (2006) and Reis et al. (1997) working on different types of compost, different by 

the origin of their initial organic substrate, have shown the beneficial effect of the compost ripeness on vegetable 

growth. 

 

 
FIGURE 5   The growth of tomato feet in vegetation pots, according to the substrate nature. 
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The effect of the compost on the production of biomass (epigeous and hypogeous) perfectly 

corresponds to the data obtained in the previous calculations and the conclusions derived from them. This is a 

high agronomic quality (Figure 6). At the end of 45 days of growth, the first sample plants accumulate a higher 

amount of biomass that the check plants. Others have already reported similar phenomena, when the unripe 

compost residual phytotoxicity phases are passed beyond (Rocky, 2005). 
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FIGURE 6   Primary biomass production, according to the substrate nature 

 

4  CONCLUSIONS 

At the end of this study on bovine first stomach waste development, a final product with high agricultural quality 

compost, was obtained. Given the low C/N ratio, the “amendment” aspect has certainly prevailed over the 

“organic fertilizer” aspect. Until the latter quality is improved by providing additives, this compost proves very 

useful to enhance the organic matter rate of the Niayes market gardening soils, sandy soils of Dior type, poor in 

organic matter. 
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1 INTRODUCTION  

Tunisia is one of the most important productive olive oil and almond in Mediterranean countries. It is well known 

that large quantities of wastes are generated every year as a consequence of olive mill factories and almond shelling 

industries. These solid and liquid residues are characterized by high organic matter contents and a substantial 

quantity of plant nutrients (N, P, K, Ca, Mg and Fe) (Kammoun-Rigane et al., 2008; Garcia-Gomez et al., 2003). 

Co-composting of these wastes to provide adequate chemical composition, particularly C/N has shown to be a 

suitable method needing low technical and economical requirements (Sellami et al., 2008; Garcia-Gomez et al., 

2003). It is a new management priority in Tunisia. During composting, it is necessary to know the physico-chemical, 

physical and biological parameters evolution to improve the process. Tejada and Gonzales, (2003) showed that olive 

mill factories wastes composts valorization as soil amendments could increase both soil fertility and crops 

production. Kammoun-Rigane et al., (2009) achieved the important role of almond shell and olive wastes composts 

for tomato production in reconstituted anthropic soil. Several studies have demonstrated that composts derived from 

olive wastes have been used as component in horticultural substrate (Papafotiou et al., 2004; Herrera et al., 2008; 

Kammoun-Rigane et al., 2010); Urrestarazu et al., (2005) used composted almond shell as local rockwool substitute 

in soilless crop culture and Sellami et al., (2008) showed that co-composting of exhausted olive cake with poultry 

manure, sesame shells and humidification with confectionery wastewater produces a compost with sufficient 

amounts of available P and K to sustain the growth of horticultural crops and products tested in vivo increased the 

potato yield significantly. The aims of the present work, therefore, was to investigate the principal modifications in 

physico-chemical properties i.e pH, electrical conductivity (EC), total nitrogen (TN), C, organic matter contents 

(OM) and C/N rations during the co-composting processes of agricultural wastes mixtures prepared by the pile 

system and humidified by olive mill wastewater and confectionery wastewater. The final products may be used as 

soil amendments or as components in soilless substrates for horticultural production. 

 

2 MATERIALS AND METHODS  

Agricultural wastes used in this work are mainly Mediterranean wastes generated by: 

− confectionery industries, i.e., almond shells (AS), sesame bark (SB) and confectionery wastewater;  

− olive oil production industries, i.e., olive mill wastewater (OMW), olive mill wastewater sludge, (OMWS) 

collected from the natural evaporation of OMW in artificial basin from the region of Sfax (south east of 

Tunisia) and olive husks (OC); 

− poultry-related industries, i.e., poultry manure (PM). 
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TABLE 1 Main physicochemical properties of raw materials 

 

 

 

 

 

 

 

 

 

 

 

The most important physico-chemical properties of raw materials were presented in Table 1. The OM 

content in OMWS waste was relatively low compared to the other wastes used in this study but more important 

comparing to PM. SB is the most rich in nitrogen content and C/N ratio in AS is the highest. The pH value was 

alkaline for PM and acidic for the other wastes. Five windrows were prepared by mixing agricultural wastes CI, CII, 

CIII, CIV and CV. The mixtures were prepared in the following proportions, on a fresh weight basis and were 

watered by OMW and confectionery wastewater mixture. Mixtures of about 10000 kg each were composted in a 

trapezoidal windrow. 

− Windrow CI: was composed of AS and SB at the ratio of 75/25; 

− Windrow CII: was prepared by mixing OH and SB at the ratio of 75/25; 

− Windrow CIII: represented a mixture of OMWS and PM at the ratio of 70/30;  

− Windrow CIV: is composed of OMWS, OH and PM at the ratios of 50/20/30; 

− Windrow CV: compost was prepared by mixing OMWS, PM and AS (coarse) as a bulking agent at the ratios 

of 55/35/10. 

During the mesophilic and thermophilic phases, the turnover of composts ensured the aeration and 

homogenous humidification of waste mixtures. Moisture was maintained at 55% using OMW and confectionery 

wastewater. The bulk temperature of piles was measured daily using a thermometer (Bioblock, France) and 

composts were sampled by mixing subsamples taken from the top, the medium and the bottom portions of each 

windrow. Compost sampling was assessed once a month during the mesophilic and thermophilic phases, and twice 

during the maturation phase (at 12 and 18 months). Physico-chemical analyses of agricultural residue and compost 

samples were established using the standard, EN Pr 13040:1999. Water content was determined by weight loss of 

samples, which were dried at 105°C for 48 h. The pH and electric conductivity (EC) were determined in a solution 

ratio 1/5 (v:v) according to standards EN Pr 13037:1999 and EN Pr 13038:1999, respectively. The organic matter 

contents (OM) were assessed by determining the loss-on-ignition at 450°C over six hours. Total nitrogen (TN) and 

carbon contents (TC) were measured by elementary analyses based on the standard, NF ISO 10694 (ISO, 1995), 

using a Thermoquest® analyser. 

 

3 RESULTS AND DISCUSSION  

3.1 Temperature evolution 

Temperatures of the mixtures increased at the beginning of the process to thermophilic values (Fig.1). Temperature 

profiles for mixtures reaching the optimal temperature of 65–70°C and held during relatively a long period ( Paredes 

et al., 2004).  Zhang and He, (2006) considered that level contributed to the elimination of pathogens and harmful 

seeds. Indeed, the duration of process phases were related to the proportion of readily degradable carbon in 

substrates. The decrease in temperature was recorded approximately after three months of composting. The bio-

oxidative phase of composting was considered finished when the temperature of these windrows was stable and 

close to that of the surrounding atmosphere (Hachicha et al., 2006; Garcia-Gomez 2003). At this stage we 

substituted the addition of wastewater by water. 

 pH OM% TC% TN% C/N 

AS 5.2±0.1 97.9±0.1 43.8±0.1 0.3±0.05 175.2 

OC 5.8±0.3 85.1±3.6 39.5±0.6 1.2±0.12 33 

OMWS 3.4±0.5 62.9±0.1 42.0±0.8 1.0±0.1 42 

SB 5,6±0.1 90,6±3.8 45±3.1 1.7±0.06 26.5 

PM 8.2±0.3 26.0±2.9 10.6±2.7 1.2±0.11 9.3 

Values are given as a mean of three replicates ± standard deviation 
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FIGURE 1 Temperature profiles during  the composting process 

 

3.2 Composts properties evolutions 

As shown in Table 2, composts pH were alkaline with values ranging from 8 to 9.7 during the process. It may be 

explained by the alkaline hydrolysis of K and Na salts from wastes (Abid and Sayadi, 2006). This finding correlates 

with previous studies (Paredes et al., 2001). The EC values increased slightly during the first four month for the 

windrows CI and CII (Table 2). This increase may be related to the loss of weight and accumulation of salts such as 

phosphate and ammonium ions through the decomposition of organic substances (Abid and Saydi, 2006) and also salt 

providing from OMW used for windrows humidification. Inversely, decreases were observed for composts CIII, CIV 

and CV mainly composed by OMWS and PM whilst OMW use. This fact is related to a leaching effect which occurred 

while using water for irrigating during the maturation phase. Although, EC values were around 1.6 mS/cm in AS, OH 

and SB at the end of the process and were ranged from 2.5 to 3.1 mS/cm for OMWS and PM-basing composts.  

The N, C and OM contents, evolution during composting process were presented in Table 3a, b and c. 

Physico-chemical properties of the mixtures at the process starting were significantly affected by the nature of wastes. 

The OM contents in composts were higher in AS, OH and SB composts (CI and CII) than that in OMWS and PM-based 

composts, while significant difference was observed in the C, N and C/N ratio at the start of the process Table 3d. The 

composts CI containing AS as substrate present the lowest N content, whilst no significant difference was observed in 

the TN contents during the bio-oxidative phase for all composts. The C, OM contents and C/N ratio showed a 

significant decrease throughout the composting process for CII. However, the bio-degradation of AS substrates which 

contain more resistant compounds in CI was less intense mainly during the first three months and it presents an 

increasing in CIII, CIV and CV. This fact could be related to low C/N ratios in OMWS and PM characterized by low 

quantities of carbon-rich materials. Therefore, the using of OMW and confectionery effluent having a large quantity of 

organic and easily degradable substances increased C contents remarkably in these windrows and improved C/N ratio 

considered adequately for monitoring OM degradation. Then, decreases in C contents and C/N ratio were observed.  

 

 

TABLE 2 Evolution of pH and EC of composts during process 

 CI  CII  CIII  CIV  CV  

CM pH CE pH CE pH CE pH CE pH CE 

0 9.7±0.2 0.67±0.13 8.6±0.1 1.03±0.12 9.0±0.2 4.4±0.4 8±0.2 3.4±0.2 9.3±0.1 3.2±0.13 

1 9.4±0.1 0.67±0.08 9.4±0.2 0.97±0.24 8.4±0.4 4±0.3 9.4±0.2 2.4±0.2 9.5±0.1 2.2±0.18 

2 9.5±0.1 0.64±0.09 9.7±0.0 1.18±0.19 9.4±0.1 3.7±0.2 8.6±0.0 3.4±0.2 8.4±0.1 3.4±0.22 

3 9.5±0.2 0.84±0.19 9.6±0.1 1.7±0.31 9.1±0.2 4.3±0.4 9.6±0.1 2.6±0.2 8.4±0.2 1.6±0,11 

4 9.5±0.2 0.75±0.2 9.6±0.1 1.2±0.17 8.7±0.1 3.9±0.2 9.6±0.1 2.3±0.2 9.3±0.3 1.6±0.2 

5 9.5±0.1 1.26±0.23 9.5±0.1 2.9±0.38 9.4±0.3 4.0±0.4 9.5±0.2 1.8±0.2 9.4±0.2 1.8±0.16 

6 9.5±0.2 1.18±0.08 9.6±0.2 2.05±0.41 9.7±0.1 2.6±0.2 9.7±0.2 2.6±0.2 9.7±0.1 1.6±0,21 

12 9.7±0.2 1.07±0.21 9.6±0.1 1.89±0.3 9.7±0.1 2.8±0.3 9.8±0.0 1.6±0.2 9.7±0.2 1.6±0.14 

18 9.4±0.1 1.61±0.11 9.2±0.3 1.66±0.16 9.5±0.2 2.6±0.2 9.4±0.2 2.9±0.2 9.1±0.0 3.3±0.23 

Composting months: CM;  Values are given as a mean of three replicates ± standard deviation 
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Through the process, the C/N ratio showed a significant decrease measured as more than 45% for AS, OH 

and SB and less the 35%, for OMWS and PM-based composts. Therefore, the C/N ratios at the end of the process were 

stabilized around 12 for olive wastes based composts and about 20 for AS based compost. Bernal et al. (1998) 

suggested that a C/N ratio of 20 would reflect a satisfactory degree of compost maturity, though, Mustin (1987), 

considers that a value below 12 indicates a high degree of compost maturity.  

 

TABLE 3 Evolution of N, C, OM contents and C/N ratios during the  composting process 

a- Evolution of N s for CI, CII, CIII, CIV and 

CV 

 

N 

CI 

N 

CII 

N 

CIII 

N 

CIV 

N 

CV 

0 0.7±0.05 1.1±0.08 1.1±0.1 0.8±0.12 1.0±0.03 

1 0.6±0.01 0.9±0.12 1.1±0.0 0.9±0.09 1.1±0.04 

2 0.62±0.03 1.1±0.02 1.2±0.1 1.0±0.05 0.9±0.01 

3 0.62±0.04 0.9±0.08 1.2±0.1 0.9±0.03 1.1±0.07 

4 0.63±0.02 1.0±0.05 1.2±0,0 0.9±0.05 1.1±0.01 

5 0.70±0.01 1.0±0.09 1.0±0.0 1.0±0.11 1.2±0.03 

6 0.71±0.03 1.0±0.06 1.2±0.0 1.0±0.08 1.1±0.06 

12 0.70±0.01 1±0.08 1.0±0.1 1.0±0.02 1.0±0.09 

18 0.64±0.02 1.0±0.1 0.9±0.1 0.9±0.06 1.0±0.06 
  

b- Evolution of C contents for CI, CII, CIII, CIV 

and CV 

 

C 

CI 

C 

CII 

C 

CIII 

C 

CIV 

C 

CV 

0 21±1 30.8±0.2 14±0.1 15.3±0.8 14.7±1.2 

1 22±0.9 21.5±0.6 20±0.4 14.0±0.4 17.3±0.9 

2 21±1.2 18.9±0.4 17±0.6 15.5±0.4 17.5±0.7 

3 21±0.8 18.9±0.3 16±0.5 14.8±1.0 22.5±1.2 

4 15±1.1 21.1±0.9 18±0.5 14.9±0.09 19.5±0.1 

5 15±0.7 17.4±0.2 12±0.1 15.0±1.2 16.1±1.1 

6 17±1.2 14.7±0.2 16±0.7 14.0±0.7 15.6±1.3 

12 12±0.6 13.9±0.6 11±0.9 11.1±0.6 11.2±2.1 

18 14±1.3 13.1±0.3 10±0.5 9.7±0.2 11.9±1.0 

 

c- Evolution of OM contents for CI, CII, CIII, 

CIV and CV 

 

OM 

CI 

OM 

CII 

OM 

CIII 

OM 

CIV 

OM 

CV 

0 43.3±1.2 55.1±2.2 34.2±1.2 35.0±1.2 38.7±2.2 

1 42.3±1.8 52.0±3.5 31.8±2.3 37.2±1.8 36.2±3.3 

2 39.5±1.5 50.8±3.0 29.3±1,0 34.6±2.4 39.5±1.9 

3 37.8±1.6 47.6±1.6 30.5±1.4 31.9±0.2 37.3±2.7 

4 40.2±2.2 37.8±1.4 31.0±2.2 27.5±1.6 33.0±1.2 

5 34.0±0.9 38.1±1.0 29.2±0.8 23.3±1.3 31.3±3.2 

6 31.4±1.2 33.4±0.9 29.3±0.7 22.0±0.9 28.9±1.5 

12 32.9±0.2 33.5±1.3 24.7±0.5 20.6±0.4 20.6±1.2 

18 32.0±0.2 30.3±1.1 24.7±1,1 20.2±0.7 20.4±1.3 

d- Evolution of C/N ratios CI, CII, CIII, CIV  

and CV 

 

C/N 

CI C/N CII C/N CIII C/N CIV C/N CV 

0 31 28.2 14.6 18.8 14.7 

1 37 22.6 19.3 14.9 15.2 

2 34 17.9 14.4 15.5 19.2 

3 34 19.8 13.6 16.7 20.2 

4 24 20.6 15.2 18.8 18.4 

5 23 16.5 12.1 16.0 13.6 

6 24 14.1 13.6 14.0 14.8 

12 19 13.3 12.3 11.5 11.2 

18 20 12.7 11.8 12.6 11.9 

 

4 CONCLUSIONS 

It can be concluded that used agricultural wastes can be successfully co-composted and humidified by OMW and 

confectionery wastewater. The N contents C and C/N ratios are related to the nature of the co-composted wastes and 

values were significantly low in olive wastes-based composts. The effluents addition was necessary for improving the 

process mainly for OMWS and PM mixtures by increasing C and OM contents and C/N ratios. These values rise also by 

adding AS as bulking agent in CIV. The OM mineralization was less important in these composts comparing to AS, OH 

and SB- based compost due to the low initial contents. At the end of the process C/N ratios were stable and were ringing 

from 20 to 11 with the highest values for AS based-compost, indicating maturity of OM in the studied composts. The 

pH levels were alkaline for all composts. The EC values were higher in OMWS and PM-based composts comparing to 

AS, OH and SB based-composts, hence indicating a possible toxicity for plants due to salts if used undiluted in growing 

media or if applied by high quantities to soil. Further works should be undertaken to optimize the rate of adequate rate 

for using composts as soil amendments and/or components in horticultural substrates.  
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1 INTRODUCTION  

In the southern region of Tunisia, soils are characterizes by sandy to sandy-loamy texture and a low organic matter 

(OM) contents (0.5-1%). The agricultural areas are mainly amended with manure and mostly by chemical fertilizer. 

This practice ameliorates only harvesting, decline soil properties and proves soil erosion. The using of exogenous 

organic matter as composts for soil amendments is a new management priority in Tunisia for restoring nutrients, C 

and Soil organic matter contents (SOM). This practices improving the physical, chemical and biological properties 

of soils (Christanis et al., 2006). Decreasing of SOM contents, usually leads to the degradation of soil physical 

properties especially soi1 pore size distribution. Consequently, soil has smaller pores, low infiltration rate (Or, 1996) 

and available water / air to plants (Oades, 1984). It is following lead to decrease the soil productivity. The objectives 

of this study were i.e. (i) to investigate physic-chemical properties of organic amendments obtained from 

agricultural wastes composts (almond shell: AS, sesame bark: SB, olive wastes OW, olive cake: OC, olive mill 

wastewater sludge: OMWS obtained from Olive mill wastewater evaporation ponds in Sfax-Tunisia and poultry 

manure: PM) and mixtures of compost/manure (CM), (ii) the evaluation of the fertilizing potential using tomato 

crops comparing to manure and (iii) to evaluate their effects on sandy-loamy soil properties during short-term 

application.  

 

2 MATERIALS AND METHODS 

 Seven treatments designated by TI, TII, TIII, TIV, TV, TVI and M were prepared using agricultural waste composts 

twelve-month old and CM mixtures. The treatment TI was prepared using composted AS with SB, TIII was 

constituted by a mixture of TI and OW and PM compost at the ratio of 70/30% (W/W), TII was the compost of OC, 

SB and coarsens AS and the TV treatment was composed by OW and PM compost. The TIV or CMI and TVI or 

CMII were prepared by mixing treatment TIII and TV, respectively with manure at a ratio of 70% and 30% 

according to Hachicha et al. (2003).  The manure M was used as control. The total nitrogen TN contents were 

determined by Kjeldhal method. The OM was determined by loss on ignition at 450°C until constant weight and C 

calculated by dividing values by 1.724 and cellulose contents (cel.) by Weende method and nutrients contents were 

determined by atomic absorption spectrophotometry. The study was conducted in Sfax (south east of Tunisia 

34°10’N, 10°46’E) in open-air condition during the April- October period. The soil used for the experiment was 

collected from the top 20 cm of the arable earth of agricultural soil of the region. The soil pH and electrical 

conductivity (EC) were determined in a 1:1(w/v) water soil extract. The SOM contents were calculated by loss on 

ignition at 550°C until constant weight. Macro and micronutrients were determined by atomic absorption 

spectrophotometry.  
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TABLE 1  Main physic-chemical properties of the used soil 

 value 

Sand (g/100g) 83±0.3 

Silt+Clay(g/100g) 17±0.3 

OM %  0.44±0.07 

pH 8.2±0.1 

EC mS/cm 0.17±0.07 

C 0.22±0.02 

NTK%   0.02 

C/N 11 

P2O5 g/Kg  0.94 

K2O g/Kg  0.82 

Cao g/Kg  27.7 

MgO g/Kg  2.62 

Na2O g/Kg 0.2 

 

 The soil texture was classified as sandy-loam; pH is basic, SOM content, N, C, and EC were low and the 

C/N ratio was 11 (table 1). This kind of soil is characterized by low fertility and nutrients contents. Moreover, it is 

abundant in the southern region of Tunisia and largely used for the elaboration of horticultural substrates due to its 

low cost and important porosity. Eight mixtures of soil/treatments (600 L/28 kg) were placed in metallic basins in 

order to prepare a 30 cm deep artificial layer with 2 m
2 

(ALTI, ALTII, ALTIII, ALTIV, ALTV and ALTVI) relative 

to TI, TII, TIII, TIVCMI, TV and TVICMII respectively and ALM for M. Pilot areas (2 m
2
 for each plot) were able 

to test 10 tomato plants.  Irrigation was achieved homogenously without chemical fertilizing regularly every five 

days using tap water by drip system (100l/plot). The tomato fruits were harvested and weighed in order to determine 

the total yields, the number of fruits/plant and the fruits average weight, fresh marketable tomatoes and increment of 

fresh marketable tomatoes compared to M. The tomato fruit dry matter (DM) content and dry marketable tomatoes 

were determined by drying fruit at 60°C until a constant weight. The soil, pH, EC and OM contents, properties were 

examined at the start of the experiment (T0), 45 days (start of fruits development) and 185 days (the end of the 

cropping cycle). The unsaturated hydraulic conductivity of treated soils was measured using ASTM 2434 method at 

45 days of the experiment and the end of the cropping cycle using cylindrical sub-samples (6.5 cm diameter and 40 

cm high) in 5 cycles for each plot. Mean values of three replicates were calculated and standard deviations were 

determined (±). 

 

3 RESULTS AND DISCUSSION  

3.1 Physico-chemical properties of amendments 

 The C and N contents ranged from 11.3 to 37.5% and from 0.6 to 1.3%, respectively (table 2). Accordingly, the 

C/N values varied from 19.1 to 29.7. Values were clearly related to the nature of the used wastes. The highest values 

were recorded in composted olive wastes based treatments (TII, TV and TVI). Thus, only M, T I, T III and T IVCMI 

presented an acceptable degree of maturity with C/N ratio under 20 suggested by Hirai et al. (1983).  For the 

treatments TII, TV and TVI the C/N ratio, OM and cel. contents were the highest. The pH values were alkaline and 

EC levels were ranging from 1.8 to 10.4 mS/cm indicating the highest salt content for M. Moreover, the mixing of 

AS-based compost (TI) with composted OW and PM wastes increased EC by 2 units in TIII. Furthermore, 

parameter was strongly affected by the M addition. The macronutrients (N, P, K, Ca, and Mg) and micronutrients 

(Fe, Mn, Zn, and Cu) contents in treatments depend on the nature of the used waste. The most important P and K 

contents were obtained in treatments composed by OW and PM-based composts. Significant differences in Fe-

content were also observed; it ranged from 5300 to 4000 g/kg in AS-based treatments (TI, TIII and TII) and was 

about 2000 g/kg in OW and PM-based treatments. The Mg contents ranged from 3.3 to 8.6 g/Kg, the lowest value 

was recorded in TV. Moreover, Mg and Ca contents were similar in treatments TI, TII and TIII. Furthermore, Cu 

and Zn contents were the highest in olive and PM wastes based treatments and Mn in AS-based treatments. Adding 

OW and PM compost to TI increased mainly N, P, K, Mn, Cu, Zn contents in TIII and M addition increased N 

contents and by 500 mg/kg of Fe-contents to OW and PM-based treatments.  

 

- 872 -



 

Manure and organic residues management approaches in non-European countries 

 

 

  

 

TABLE 2  Physicochemical properties of treatments 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 Fertilizing power of treatments 

The treatments fertilizing power was evaluated by determining the tomato fruits quantity and quality. The tomato 

total yields ranged from 2.2 to 4.7 kg/m
2
 (table 3). The highest yield was observed in soil treated with M and TIV 

and the lowest was observed for plot treatments by OW and PM compost; moreover, the number of tomatoes was 

the minimum for the last plots; but, these treatments (TII and TV) increased the fruit mean weight from 30 to 50-52 

g compared to M. For plot treated with M, nutrients were available to plants at the beginning of the crop cycle, 

permitting an important vegetative growth and fructification; but, the nutrients contents were not enough to keep 

fruit growing. Indeed, plots treated with M and the CM presented fruits number/plant significantly higher than plots 

treated only with compost. Filgueira, (2000) associated the vegetative and fruit growth and the increase of fruit 

number to high nitrogen contents. 

Moreover, root system growth is favored by the presence of P in soil, increases productivity and fruit 

number. The M or CM, characterized by a high salinity, application increased the number of fruits per plant in 

ALTIV and ALTVI (more than 20); inversely, it reduced the average of individual fruit weight (less than 45 g) as 

observed by Magan et al. (2008).  

During harvesting, a visual symptom blossom-end-rot (BER) was observed on tomato fruits. It is definite as a 

physiological disorder on fruit and generally associated to Ca insufficiency for fruits or increment of EC value 

(Magan et al., 2008). In our experiment, BER percentage ranged from 0 to 42% of the total fresh weight. In soils 

amended only with composts, less than 7% of the harvested fruits showed BER and all of fruits were not affected in 

ALTV. 

 

TABLE 3  Evaluation of the fertilizing power of treatments 

 
TY 

Kg/m² 
Nb/Pl 

FMW 

(g) 

I F 

(%w) 

FMF 

Kg/m
2
 

ICM 
DMC 

% 

ALTI 3.9 10.8 58.4 6.2 2.9 1.41 6.6 

ALTII 2.2 7.0 52.6 1.6 2.1 -25.9 8.4 

ALTIII 3.8 13.8 52.2 2.9 3.7 29.2 6.9 

ALTIV 4.6 20.3 44.2 15.3 3.9 36.4 8.3 

ALTV 2.2 8.7 50.5 0 2.2 - 3.9 6.6 

ALTVI 4.0 22.1 36.5 27.2 2.9 2.2 8 

ALM 4.7±0.1 30.8±4 30.7±0.1 42±7.7 2.9±0.3 - 9.2±0.1 

TY: Total Yields;  Nb/Pl: number of fruit/plant; FMW: Fruit mean weight; IF: 

Infested fruit; FMF: Fresh marketable fruit; ICM:  Increment comparing to M;  DMC: 

Dry Matter contents; w: weight 

 M T I TII T III TIVCMI T V TVICMII 

C% 16.3±0.8 11.3±1.1 28.6±2.6 13.8 16.4±0.3 37.5±2.1 32.2±0.8 

N %  1.1±0.1 0.6±0.1 1.1±0.1 0.7±0.1 0.9±0.1 1.3±0.2 1.2±0.3 

C/N 14.8 18.8 26.0 19.7 18.2 28.8 26.8 

Cel  6.9±0.8 4.7±0. 7 15.5±2.6 5.6±0.5 7.4±0.3 17.9 ±2 17±0.8 

OM %  28±0.8 19.4±1.1 49.3±0.9 23.7±2.2 28.3±1,5 64.5±2.1 55.3±0.1 

pH 8.5±0.1 8.8±0.1 8.2±0.1 8.6±0.02 8.6±0,05 8.3±0.07 8.6±0.2 

ECmS/cm 10.4±0.8 1.8±0.5 2.6±0.02 3.3±0.4 5.4±0.6 3.3±0.1 5.8±0.1 

TN%   1.1±0.05 0.6±0.04 1.1±0.1 0.7±0.04 0.9±0.06 1.2±0.1 1.3±0.1 

P2O5g/Kg  18.2±0.6 6.6±0.3 8.5±0.8 11.3±0.4 13.1±0.1 8.1±0.9 10.6±0.1 

K2O g/Kg  22.5±1.0 9.4±0.3 9.9±0.6 11.3±0.3 13.6±0.8 11.4±0.9 13.1±0.1 

Cao g/Kg  62.7±0.9 65.6±4.1 67.5±1.2 72.4±2.1 71.6±3.4 50.3±1.4 53.6±0.9 

MgOg/Kg  8.6±0.4 5.3±0.3 5.4±1.2 6±0.6 7.5±0.0 3.3±0.4 5.0±0.1 

Na2Og/Kg 8.3±0.9 1.6±0.04 2.6±0.8 2.3±0.1 4.7±0.9 2.3±0.1 4.7±0.0 

Cl- g/Kg  1±0.0 0.1±0.0 0.2±0.0 0.2±0.0 0.4±0.0 0.2±0.04 0.4±0.0 

Fe mg/Kg  2637±4 5291±204 4002±85 5304±64 5 162±39 1660±78 2035 ±94 

Mnmg/kg  201±12 117±12 85±4 139±21 159±5 66.0±2 100±1 

Cu mg/kg  34±0.9 12±0.1 23±0.7 20±7 25±1 2.01±1 25.0±0.5 

Zn mg/kg  157.0±3 68.0±4 86.0±1 116.0±7 125.0±2 87.0±6 99.0±2.5 
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 Moreover, significant increments of the percentage of fruit BER-affected was observed for soils treated 

with CM and M. BER-infested fruit were considered as non marketable and were eliminated to determined fresh 

marketable weight. Results showed that FMF in ALTII and ALTV were the lowest, weights were similar for ALTI, 

ALTVI and ALM (2.9 Kg/m²) and the most important increments were obtained for soil treated with composted AS 

and OW mixture in ALTIII and for soil treated with CMI (29 and 36% respectively). The DMC of tomato fruits was 

determined during harvesting percentages were over 8 % for fruits cropped from ALM, CM and TII treated soils.  

3.3 Physico-chemical characteristics of treated soil 
 In this part of the study, we aimed to compare the pH, EC and OM contents of the treated plots exposed to similar 

climatic conditions and agricultural management (amendments, cropping and irrigation without chemical fertilizing) 

in short-term experiments (table 4). At the start of the experiment the soil basic pH values was conserved after 

treatments application. An increasing by 0.5 pH unit was observed after 45 days of the cropping cycle for all plots. 

The values decreased significantly mainly in soil treated with M and CM mixtures at the end of the experiment. 

Walker et al. (2004) associated the decrease of soil pH to sulphide oxidation during the mineralization of the labile 

OM and to the build-up of CO2 of both roots and microorganisms explained by Hinsinger et al. (2005). Measuring 

soil EC during the cropping cycle is a good indication of the salt content evolution. The soil EC increased from 

0.17mS/cm to 2-3mS/cm at T0. The rising is mainly related to the high EC in amendments. On day 45 of the 

cropping cycle, the EC values decreased considerably in all plots, due to the uptake of nutrients by plants and 

leaching of soluble salts during irrigation. At the end of the experiment the EC values in ALTII, ALTIII, ALTIV, 

ALTV and ALTVI increased comparing to levels at T0, thus, mainly soil amended with OW-PM and CM based 

treatments presented the most important values. Richards, (1954) considered that EC values above 4 mS/cm from 

which soils present salinization hazard. For the SOM contents, amendments application increased significantly level 

from 0.44 to 1.2 -2.8%.The rise was nearly twice as high in the treatments containing composted OW than in the 

other plots due to their high OM contents in ALTV, ALTII and ALTVI. Decreased was considerably observed in 

AS-based treatment, especially for ALTI and ALM on day 45 of the cropping cycle. These losses in SOM contents 

could be associated to the leaching of soluble fraction and uses by microorganism at the shoots and fruits growing 

stage. Later, rising of OM content was observed in all plots mostly in ALTI and ALTVI. Wander and Yang (2000) 

also showed that SOC content increased at the surface of no-till soils as a result of residue concentration.  

 

TABLE 4  Physico-chemical characteristics of soils during cropping cycle 

 ALM ALTI ALTII ALTIII ALTIV  ALTV ALTVI  

T0  8.6±0.1 8.3±0.2   8.5±0.2     8.4±0.0        8.5±0.1      8.6±0.2     8.6±0.3     

45 days 9.0±0.3 8.8±0.2 9.0±0.2    9.0±0.1        9.1±0.3  9.1±0.2        9.2±0.2    pH 

The end 8.1±0.1 8.6±0.1  8.3±0.2      8.5±0.4    8.3±0.2     8.3±0.3     8.3±0.2       

T0 2.5±0.3     2.7±0.3     1.9±0.2     2.9±0.21    2±0.2     2.2±0.2   2.4±0.3     

45 days 1.4±0.2     0.3±0.3     1.3±0.4    0.2±0.2     0.7±0.3    1±0.14     0.4±0.3     
EC  

mS/cm 
The end 1.4±0.3     1.5±0.4    3.8±0.3    4.3±0.4     3.5±0.2     3.4±0.3     3.2±0.2     

T0 1.3±0.6     1.3±0.4     1.7±0.5     1±0.3     1.6±0.4     2.8±0.7     1.7±0.7     

45 days 0.9±0.2     1±0.3     1.4±0.4     0.9±0.4    0.9±0.3    2.5±0.4     2.0±0.5     
SOM  

% 
The end 1.9±0.4     3.8±0.7     2.6±0.6     1.8±0.3     2.1±0.5    3.8±0.7     5.7±0.9     

 

3.4  Hydraulic conductivity 
 Before adding organic amendment soil hydraulic conductivity was 0.75 m/h. Compost addition and irrigation by 

drips system during 45 days, decreased hydraulic conductivity in all plots (table 5). The reduction could be 

associated to the important compaction and soil/treatments particle reorganization. The ALTII present the lowest 

value at this stage of the experiment, the reduction could be associated to the calcium carbonate precipitated in the 

pores as shown by Mácsik et al. (2006) and/or to the biological activity therewith decomposition of the OM and 

cellulose occurs (Wikman et al., 2005). At the end of the experiment the hydraulic conductivity increased in ALTI, 

ALTIII and mostly in ALTVI, the rise can be explained by the important root development. 
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TABLE 5  Hydraulic conductivity of amended soil at 45 and 185 days (m/h) 

 ALT I ALTII ALTIII ALTIV ALTV ALTVI ALM 

45days 0.12±0.04 0.07±0,04 0.1±0.04 0.3±0.04 0.14±0.03 0.2±0.01 0.11±0.01 

The 

end 
0.18±0.05 0.06±0.04 0.27±0.02 0.15±0.01 0.11±0.01 0.65±0.07 0.1±0.01 

 

4 CONCLUSIONS  

Important variations in the treatments physico-chemical properties were related to the kind of composted wastes. 

Their application, without chemical complements under semi arid climate during short-term, to sandy-loamy soil 

influenced plots OM contents, EC, hydraulic conductivities and tomato productivities. The presence of M in 

treatments increased fruit number, yields and fruit DM contents. Moreover, AS-based composts increased the fruit 

fresh weights and reduced soil EC; the presence of OW composts with high C/N ratio, OM and Cel. contents in 

treatments reduced mainly the BER incidence. Mixing composts (AS-based composted OW and PM) in TIII and 

CM in TIV increased nutrients contents in treatments and performed fertilizing capacity. Unfortunately, some of the 

studied treatments improved Mediterranean soil problems. It provoked soil salinization, compaction and also low 

production comparing to M such as TII and TV. More research is under progress to provide clear explanations 

relating physical and physico-chemical properties to soil productivity. 
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1 INTRODUCTION  

During the last 20 years the intensive animal raising industry developed rapidly in China. In 2009 the output of meat 

was 75 million tons, meanwhile the output of eggs were 26.6 million tons (Ministry of Agriculture of China, 2009). 

The development of breeding industry not only increased the meat consumption, but also produced large number of 

animal excreta. In 2003 the total livestock manure production was 3.19 billion ton, 3.2 times higher than the 

industrial solid wastes (Wang et al., 2006). The pig manure accounted a great proportion, because the pork occupied 

61% of total meat consumption in China (Schuchardt et al., 2009). 

There were 3 different kinds of manure collecting methods in Chinese pig farms, named Shuichongfen 

(use water to flush the manure out), Shuipaofen (use water to flush the manure, store under the stable, let out by the 

gravity termly) and Ganqingfen (collect the faeces manually) separately. Compared to the Shuichongfen and 

Shuipaofen the Ganqingfen system can save a great deal of water and make the utilizations much more easily. The 

Chinese government plan to develop it, and right now it was imperatively used in Beijing. It was reported that 28% 

of nitrogen, 77% of phosphorus, 9% of potassium, and 88% of dry matter could be reserved in the Ganqingfen solid 

phase (Schuchardt et al., 2009). Compared to separated solids from liquid manure systems in Germany (mixture of 

urine and faeces), the Ganqingfen system could separate much more phosphorus, dry mater and nitrogen in the 

solids. Different with European countries, most of Chinese pig farms were located in peri-urban areas with limited 

land to utilize these manure in a sustainable way. Nutrients overload was inevitable, caused serious pollution. Thus 

composting of the faeces, convert the nitrogen from unstable ammonium to stable organic form. An export of the 

nutrients in the compost to rural areas seems to be a way to resolve the problems. The purposes of this paper were to 

investigate the effect of tuning frequency and covering during the composting of pig faeces from Ganqingfen 

system. 

2 MATERIALS AND METHODS 

2.1 Experiment installation  

Six composting bin at the size of 1.04 m×0.8 m×1.4 m (length×wide×high) were built for composting. The aim of 

this design was to simulate the central parts of windrow system where the oxygen content was lowest. The front side 

of the bins were constructed by pieces of wooden board which could be installed or uninstalled easily. At the bottom 

of the bins a series of holes (spacing: 10cm*10cm, Ф = 6mm) were made for aeration. The experiment installations 

were located in Shangzhuang station, China Agricultural University, Beijing. 

2.2 The raw materials and design of the experiment 

Pig faeces were gotten from Zhouchunsheng pig farm, located in Shujiatuo, Haidian district, Beijing, China. The 

corn stalks were obtained from Shangzhuang station, China Agricultural University. The composition of the raw 

materials is shown in Table 1. The experiment was designed to study the effect of turning frequency and covering 

during composting (Table 2). The pig faeces and corn stalks were mixed at the ratio of 7:1 (wet weight). Materials 

were composted from 30 August 2009 to 10 October 2009, total 10 weeks. About 100g sample were taken weekly 

for analysis. 

2.3 Analysis methods  

The TKN, TOC, pH were determined according to Chinese national standard (NY 525-2002). The moisture content 

was determined by dry the samples at 105℃, until the weight was constant. Inorganic nitrogen (NH4
+
- N, NO3

－-
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N,NO2
－-N) were extracted by 2M KCl, and then analyzed by flow analyzer. The GI was measured according to 

Tiquia and Tam (1998). 

TABLE 1 Composition of raw materials 

  TOC TKN NH4
+
 

  (g·kg-1)
a
 

Moisture 

content (%) 
C/N 

pig faces 362 27.4 1.1 71.2 13.2 

cornstalk 419 10.1 — 8.9 41.5 

 

TABLE 2 The design of static experiment 

NO. covering Turning frequency 

1 No 2/week 

2 Yes 2/week 

3 No 1/week 

4 Yes 1/week 

5 No 0/week 

6 Yes 0/week 

3 RESULTS AND DISCUSSION  

3.1 Physical and chemical changes  

The volume of the most treatments decreased gradually in the beginning 6 weeks, and then maintain at a constant 

level. At the end, the volume of turning treatments decreased about 63.9% to 65.7%, the differences of turning 

frequency (1/week and 2/week) were not significant. Compared to the turning treatments, the volume of the non-

turning treatments  decreased much more slowly; only 46.6% and 36.3% of initial volume were lost.  

The smells of all treatments were strong after the pile were started, and persisted about 10 days. After that 

the smell began to decrease and disappeared after 4 weeks. The moisture content (MC) of all treatments increased in 

the first 3 weeks, caused by the great deal of decomposition water, after that began to decrease. The covering 

reduced the water evaporation, thus let the end products had higher water content. The 2 non-turning treatments both 

have 3 layers at the end of the experiment: The material at the top layers (10 cm) was wet (MC 55%), the middle 

layer (20 cm) was dry (MC 25%), and the bottom layer (40 cm) was wet again with a moisture content of about 

65%. 
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FIGURE 1 Changes of pH (left) and Temperature profiles (right) 
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The pH values of all treatments were decreasing in the first 5 weeks (Fig. 1, left). This should responsible 

for the loss of ammonium and the emergence of organic acid.  After that the pH of turning treatments verified at 7.2-

7.4, but the non-turning treatments had an increasing period, and the pH increased to 7.9-8.0. This should caused by 

the lack of oxygen in the non-turning piles delayed the ammonification periods, especially in the bottom regions.  

This was proved by the high ammonium concentration in the bottom of non-tuning pile at the end of composting. 

3.2 Temperature 

The temperature of all treatments raised gradually in the first 2 weeks (Fig. 1, right), and maintain at a high regime 

about 4 weeks, after that the temperature of turning treatment began to decrease, but the non-turning treatment still 

maintain at a high level. Statistic analysis showed that there was no significant difference between turning 1/week 

and 2/week, but significant differences between the tunings and non-turnings trials. Accumulated temperature 

analysis showed that, the covering could decrease heat losses. But for the non-turning treatment, covering also 

decreased the exchange of oxygen, caused a comparatively low temperature. Otherwise the thermophilic phases of 

all treatments were long enough to satisfy the requirement of Chinese national standard GB 7989-87 for sanitation 

effect.   

3.3 The degradation of total organic matter (TOM) 

The TOM of turning treatments decreased gradually during the thermophilic phases (Fig. 2, left), about 85%-90% 

were happened in the beginning 6 weeks. Statistic analysis showed that the differences between the turning and non-

turning treatments were significant. Under the combined actions of high moisture content and weight compress, the 

porosity of the bottom materials of non-turning treatments became very low, restricted the chimney effect. For 

turning treatments, the turning action could enhance the ventilation condition of the pile, which was advantage for 

chimney effect. But the differences between 2/week and 1/week were not significant. For the 4 turning treatments 

the covering could not affect the TOM decomposition significantly, but significantly for non-turning treatments.  

Covering could decrease the air exchange, caused the decreasing of decomposition, but for turning treatment the 

chimney effect was much higher than the surface air exchange.  
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FIGURE 2 Changes of TOM (left) and NH3 Emissions (right) 

 

TABLE 3 The total carbon and nitrogen losses during composting 

  1 2 3 4 5 6 

Carbon losses (%) 59.2  60.4  61.0  57.7  51.0  36.4  

Nitrogen losses (%) 50.3  48.7  51.6  44.3  36.9  26.7  
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3.4 The emission of NH3 and total nitrogen  

Almost all treatments had an NH3 emission peak in the first days and then decreased sharply in the following week 

(Fig. 2, right), this might caused by the high NH4
+
 content in the manure. After the 8

th
 day NH3 emissions began to 

increase again, coupled with the high temperature and the high decomposition rate. Analysis showed that the 

covering could reduce the NH3 emissions about 14% to 28%. The differences between the turning and non-turning 

treatment were significant. Compared with the turning treatment, the non-turning piles had a lower peak value, but a 

longer emission periods. The TN loss was coincide with the NH3 emissions, in the first 4 weeks the TN lost rapidly, 

5-6 weeks later the amount of TN maintain at a constant level. The N loses of non-turning treatment were lower than 

the turning treatment (Table 3), the main reason should be the inadequacy decomposition of the raw materials. 

Covering could reduce the TN losses by reducing the NH3 emission. The TN nitrogen losses in this study were 

comparatively higher than previous studies, thus nitrogen conservation materials should been introduced to the 

composting to reduce the nitrogen losses (Ren et al., 2010). 

3.5 Germination Index (GI)  

The GI of all treatments were decreased in the first 2-3 weeks, this might caused by the increasing of ammonium 

and organic acid in the materials. 3 weeks later the GI began to increase until the experiment was finished. The 

treatment which was turned 2/week and without covering matured firstly, after 6 weeks the GI was higher than 

80%.The covering could decrease the GI by increased ammonium concentration in the material and also by 

decreased oxygen exchange. During all composting periods, the GI of non-turning treatments was lower than 55%, 

especially at the bottom regions.  
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FIGURE 3 Changes of TN (left) and Changes of GI (right)  

 

4 CONCLUSIONS 

Results of the present study showed that the turning can enhance the air exchange condition of the composting 

materials, could increase the decomposition rate made the composting pile matured quickly, but also enhance the 

NH3 emission, increase the N losses. The difference between the 2 turning frequencies (1/week and 2/week) was not 

significantly. The covering could decrease the heat losses and reduce the NH3 emission. On the other hand it 

decreased the oxygen exchange, delayed the mature time and made the end product wetter. So for the practice 

production, 1/week turning frequency, non-covering, a 6 to 7 weeks composting periods should been suggested for 

the composting of pig faeces from Chinese Ganqingfen system. To avoid the large mount of nitrogen losses, MAP 

process should been introduced in to this system. 
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1 INTRODUCTION 

The chain of swine production has been prominent in the Brazilian agribusiness scenario due to advances in 

production scale and technological investments of this sector. According to the Brazilian Institute of Geography and 

Statistics, Brazil is the third country in the swine production ranks with 36.82 million heads, standing behind of 

China and the United States (IBGE, 2009th). The activity is widespread throughout the Brazilian territory, with the 

south accounting for 50% of national production. In this region there are about 20 million heads, with 25.3% of the 

herd in the Parana State (ABIPECS, 2008). 

 The west region of Parana State is the largest producer, accounting for 37% of the state and 4.9% of the 

national production, with 1.76 million head (IBGE, 2009B). This concentration is due to strong integration policy 

promoted by several local agricultural industries. These industries are responsible for intensifying the demand for 

agricultural inputs and the growth and modernization of commercial sectors (Roesler and Cesconeto, 2004). 

 The swine industrial development has brought about a high concentration of animals per area and 

therefore a large production of waste in a centralized manner. Thus, this activity had a high ability to produce 

pollution potential (IAP, 2007). The absence of waste treatment can cause several damages to the environment, like 

the soil, water and air degradation. 

 According to Gangbazo et al. (1993), the swine manure causes water surface pollution due to transport 

by runoff of nutrients, like nitrogen and phosphorus. These nutrients cause eutrophication of water sources. Feder 

and Findeling (2007) reports that supply of nitrogen can be leaching when the waste exceeds the demand of crops 

and environmental conditions. Another approach is the potentially polluting organic through fecal pathogenic 

microorganisms present in manure (Cools et al., 2001). 

 Another important aspect, according to Sinotti (2005), would be the air pollution resulting from intensive 

swine production that is related to the production of toxic gases, which can cause air pollution phenomena due to 

emission of the greenhouse gases, originated in the process of open anaerobic digestion systems for storage or 

processing waste. 

 Due to impacts caused by the emission of the greenhouse gases, the energy sector is challenged to 

develop and adopt measures in order to solve these problems (WWF-BRAZIL, 2006). Tolmasquim (2003) indicates 

that the use of renewable energy resources is one of the most important activities in the context of climate change, as 

it reduces emissions of greenhouse gases. Moreover, alternative sources of energy contribute to the minimization of 

adverse socio-environmental impacts associated with local pollution of air, soil and water resources. 

 In this context, the use of highly polluting waste as energy source and production of biogas can be 

attractive. In addition to environmental benefits for the treatment of waste, the use of biogas generates economic 

dividends such as reduced energy costs and a source of extra revenue by selling carbon credits. 

 

2 OBJECTIVES 

This work aims to achieve the potential of biogas production on a swine farm for the treatment of biomass. 
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3 MATERIAL AND METHODS 

We measured biogas production in a Clean Development Mechanism (CDM) system. Gauges were used to measure 

the production of biogas in a digester output. The farm has a capacity of 3,000 swines in the finishing phase and it’s 

expanding to create up to 6,000 heads. Also, the biomass was analyzed as the concentration of COD and the process 

is avaliable for consumption of raw materials and sanitizers. 

 There are two digesters in parallel that receive all wastewater producted. The total volume of biodigester 

is about 1,200 m
3 

(Figure 1). The hydraulic detention time was calculated based of studies realized in Brazil of 

wastewater production for similar farms. 

 

 
 

FIGURE1 Biodigesters in Colombari farm. 

 

 It was analysed the type of equipment for water supply and the period for cleaning stalls to identify 

caracteristics associated with the biomass generated. 

 

4 RESULTS  

Votto (1999) mentions that a swine production system consists of a set of components that are interrelated. The 

performance of production will depend on harmony between these components. This system must consider the 

inputs (water, energy, food, medicines, sanitizers), facilities, type and category of production and waste 

management. 

According to Assis (2006), it is necessary to analyze the various sets of technologies existing in this 

activity to be able to identify the differences in intensity of the environmental impacts of various forms of swine 

production.  

In the Colombari farm , object of this study, in the city of Céu Azul, state of Parana, Brazil; has capacity 

to create 3,000 swines in the finishing phase, with an expected of expansion to create up to 6,000 swines in the 

finishing phase. Production cycles last 4 months. The feed used for swines is produced in the farm Colombari, while 

the swines begin the process of fattening with approximately 24 to 140 kg at the end of the cycle. The average 

weekly feed intake per swine was 57.06 kg.  

Sanitizers are used for cleaning animal stalls. The Colombari farm uses as a sanitizer glutaraldehyde and 

benzalkonium chloride. The cleaning is performed daily in the corridors between stalls and inspection. 

The swine slurry is made of feces, urine, waste water for drinking and hygiene, waste feed, hair, dust and 

other material arising from the breeding process (Konzen et al., 1998). The composition of this waste is associated 

with the management system and may have large variations in the concentration of this components, depending on 

the dilution and how they are handled and stored. 

Raw and treated wastewater were analyzed from January 2007 to April 2009. Figure 2 shows the 

variation of pH in chart controls. pH outflow has a decrease due mainly to removal of solids in the digester. The 

average pH of inflow was 7.56 ± 0.71 and outflow was 7.05 ± 0.69. 
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FIGURE2 Variation of pH.  

 

The COD removal is shown in Figure 3. The COD average inflow is 10619 ± 8193 mg.L
-1

 and COD 

average outflow is 4973 ± 4488 m.L
-1

. The average removal of COD in the digester was 57.7%. 
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FIGURE3 Variation of COD. 

 

The tests in figures are: 1 - One point more than 3-sigma from center line; 2 - Nine points in a row one the 

same side of the center line; 6 - Four out of five points more than 1sigma from center line in the same side; 8 - Eight 

points in a row more than 1sigma from center line in either side. The tests provides the strongest evidence of lack of 

control of variables.  

Konzen (1983) in his work developed in Brazil, found an average yield of 7.0 liters of manure per day for 

swines during the growing and finishing (25 to 100 kg), while Oliveira (1993) presents an average of 8.6 liters of 

swine in various stages of the production cycle. The hydraulic detention time ranges from 30 to 50 days. 

Colombari farm in the treatment system used was a digester with a volume of 1.200 m
3
, in which the 

biogas production was approximately 13.894 m
3
.month

-1
, measured by a gasometer. Next to the digester was 

installed a generator to produce electricity, which would be distributed to the electrical network. 

The use of digesters is a technological alternative for the management of swine manure, which allows the 

aggregation of value to the waste through the use of biogas systems in power generation and heat (Perdomo et al., 

2003). 

Power generation through treatment of swine waste in Brazil fits perfectly into the category of Clean 

Development Mechanism (CDM), and contribute to sustainable development. CDM projects by the implementation 

of digesters on farms minimize the environmental impact of the activity and manage sustainably the solid and liquid 

waste generated. 

 

5 CONCLUSION 

Agroenergy gained emphasis within the guidelines of sustainable development with the concern about the emission 

of greenhouse gases and environmental degradation from agricultural activities, especially with incentives for 

rational use of energy.  

 The use of biodigester technology for the swine waste treatment is beneficial socio-economically and 

environmentally making the Brazilian swine market more competitive in the world scenario. 
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1 INTRODUCTION 

China is the world‘s largest consumer of livestock meat products and Chinese farmers produce 50% of the global 

production of slaughtered pigs. Livestock production in peri urban areas is dominating in China and pig farming has 

been decoupled from crop farming (Ju et al., 2005). Intensive pig farming is positioning China as one of the largest 

producers of animal manure in the world with an annual output of more than 3 billion tonnes (Huang et al., 2008). 

The manual daily collection of pig manures denominated “gan qing fen” in Chinese or its direct translation in 

English as “dry manure cleaning” is an old Chinese farming practise. Gan qing fen is mainly used in large scale 

animal farms in order to maintain high Nitrogen, Phosphorus and Potassium nutrient contents in manure for compost 

production. Following the gan qing fen system, two main fractions are generated through the collection system, 

i.e. manures (solid fraction) and piggery wastewaters (liquid fraction) (Ju et al., 2005). A few descriptive studies 

about nutrients and heavy metals concentrations in pig manures and wastewaters from gan qing fen manure 

management are published in Chinese journals and hence not broadly reported. There is a knowledge gap in order to 

understand the gan qing fen system. Therefore, in this research an intensive pig farm in Beijing that applies the 

gan qing fen manure management system was studied in order to analyse the concentrations of main nutrients and 

heavy metals in their pig manures and wastewaters. 

 

2 MATERIALS AND METHODS 

This study was performed on a commercial pig farm located in the North West of Beijing, China. The pig farm has 

an annual stock of ca. 15000 LU and it is composed by 56 pig barns with an average capacity of 200-300 pigs each 

one. Pig barns are distributed following the main pig cycles, i.e. gestation, farrowing, weaning and fattening.  

For this study, 4 pig barns were selected, each one in every pig cycle. A sampling plan was set from June 

to October 2009 (summer season). Each week samples of pig manures and wastewaters were collected inside the pig 

barns before emptying of the solid and the liquid manure from the barn with the traditional the  gan qing fen 

management. Samples were stored in a cooler and lately they were transported for chemical analysis at the labs of 

the China Agricultural University, Beijing. Determination of Phosphorus (P), Potassium (K), Zinc (Zn), 

Copper (Cu), Cadmium (Cd), Lead (Pb) and Chromium (Cr) were achieved through the use of Inductively Coupled 

Plasma Atomic Emission Spectroscopy (ICP) technology. Determination of Total Kjeldahl Nitrogen (TN) was 

performed by means of the Kjeldahl method. All the results are shown on wet weight basis or as sampled (wb.).  

 

3 RESULTS AND DISCUSSION 

Figs 1 and 2 show the main results obtained for TN, P and K contents in pig manures and wastewaters. TN contents 

from 6 to 16 g/kg were found in all the pig manures. The highest contents of TN (16,48 g/kg) and K (6,76 g/kg) 

were found in pig manures from weaning pigs while the highest values of P were found in manures from farrowing 

pigs (12,60 g/kg). Results in western countries, showed average values of TN from 3,5 to 12 g/kg, mean values of P 

of 2,5 g/kg and mean values of K of 4,79 g/kg for pig manures (Masse et al., 2004; Bernal et al., 2009) hence these 

studies show that the solid manure contains higher amounts of mineral nutrients compared to the results found in 

this study. It seems that under this Chinese manure management system, high nutrient amounts can be maintained in 

the manures as result of their separation from the liquid wastes before pig pen’s floors are flushed with water. 

Besides, piggery wastewaters showed very low nutrient contents, indeed, less than 4 g/kg of TN, less than 1,8 g/kg 
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of K and less than 0,43 g/kg of P were found in all the piggery wastewaters that reflects the large amounts of water 

used to flush the pig floors and to cool pigs specially during the summer season. 

Figs 2, 3 and 4 show the main results obtained for heavy metals contents in pig manures and wastewaters. 

Concentrations of heavy metals in pig manures can be ranked in the following order, Zn>Cu>Cr>Pb>Cd, while 

concentrations of heavy metals in piggery wastewaters can be ranked as Zn>Cu>Pb>Cr>Cd. Similar distribution of 

heavy metals were found in pig manures from Jiangsu, China, UK and Australia (Cang et al., 2004; Luo et al., 2009; 

Bolan et al., 2004; Hilliard et al., 2003). Zn was the heavy metal with the main presence in all the manure and 

wastewater samples which may reflects its addition to pig diets as similarly found in a study in the UK (Chambers  

et al., 1998). The highest values of Zn were found in manures from weaning pigs (169,33 mg/kg) representing 

almost 7 times the mean contents of Zn found in the fattening pig manures (24,91 mg/kg). The average content of 

Cu in manures were very low compared with a study performed in Beijing, in which Cu was found to be 

ca. 10 times higher than the values obtained in this study (Li et al., 2007); this can be a result of the low Cu 

supplementation in the pig feeds in the pig farm under study. The highest concentrations of Cd (0,76 mg/kg), 

Pb (3,67 mg/kg) and Cr (10,35 mg/kg) were mainly found in manures from weaning pigs. Cd contents in this study 

were very similar to those found in pig manures from Jiangsu (Cang et al., 2004). In overall, all the wastewater 

samples showed very low heavy metals concentrations as expected under the gan qing fen manure collection 

method.  
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FIGURE 1 TN and P contents (wb.) found in pig manures and wastewaters 
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FIGURE 2 K and Cu contents (wb.) found in pig manures and wastewaters 
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FIGURE 3 Zn and Cd contents (wb.) found in pig manures and wastewaters 
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GM: Gestation manure, GWw: Gestation wastewater, FM: Farrowing manure, FWw: Farrowing wastewater, WM: Weaning 

manure, WWw: Weaning wastewater, TM: Fattening manure, TWw: Fattening wastewater. 

FIGURE 4 Pb and Cr contents (wb.) found in pig manures and wastewaters 

 

4 CONCLUSIONS  

Pig solid manures were characterised by high nutrients and heavy metals contents that might be result of the solid 

fraction separation from the liquid fraction under the gan qing fen manure management system. Further, piggery 

wastewaters were characterised by very low concentrations of nutrients and heavy metals as result of their dilution 

when using water for cleaning the pig sites and for cooling the pigs. Manure and wastewaters samples from weaning 

pigs contained the highest concentrations of nutrients and heavy metals that could be due to high supplementation 

rates of these minerals in the weaner diets. In general, it seems that the daily collection of pig manures or 

gan qing fen is an efficient practise in order to maintain the nutrient contents in pig manures, however, dilution of 

nutrients and heavy metals in the pig wastewaters by the use of flushing water is not a solution for environmental 

pollution. 
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1 INTRODUCTION 

Milk production is important in South American countries, where Argentina, Chile and Uruguay account for 15% of 

the South American dairy herd producing 25% of the milk of this region (FAO STATS, 2010), based on pasture 

systems. Dairy slurry management has become an important issue in these farms because of the large volumes 

produced and the environmental effects.  

To assess the impact of farm management practices is important to have reliable information, especially 

with respect to manure production and use. This is key information for gaseous emission inventories and regulatory 

normative and policies. In the South America countries surveyed in the present study, there is not official 

information about manure management and this information is not considered in national census, which is similar to 

other countries elsewhere (Menzi et al., 2004). They mentioned that generally it is use expert opinion and experience 

to know about these farm practices.  

The aims of this work were to analyse the management of slurry on dairy fams in countries of South 

America (Argentina, Chile and Uruguay) and to identify potential options to reduce the risk of pollution and issues 

where research and technology transfer is required. 

 

2 METHODOLOGY 

The analysis of dairy slurry was based on surveys and measurements on farms, published literature together with 

expert judgement of researchers working in this area.  

Information in Chile was collected from 155 dairy farm located in the southern regions (39 to 44 S and 71 

to 74 W), which concentrated 85% of the Chile milk production. A complete description of the methodology is 

presented in Salazar et al. (2003, 2007). Briefly, a questionnaire was used to obtain information when visiting each 

farm about housing period, animal-stocking rate, clean and dirty water production, manure application and storage 

capacity. During farm visit measurement were carried out to quantify slurry production and use of clean water. Also, 

slurry sample from each farm was collected for laboratory analysis. 

In Argentina information represent mean values between data coming from the Central Basin (30% of 

overall production) and from the Buenos Aires Basins (30% of overall production). Data was provided by Charlón et 

al. (2000), Charlón (2007) and Taverna et al. (2004) for the Central Basin and, by Nosetti et al. 2002 for the Buenos 

Aires. Slurry characteristics were obtained through sampling and analysis in 63 dairy farms. Information of water use 

was obtained by on-farm water quantification of different operations during milking, in different dairy basins (n= 

63), and an average was calculated to obtain a unified value. Information of slurry use, management and treatment 

was collected using surveys which were focus on farmers and milking machinery providers and represent 329 farms. 

With the available data, a database was built to evaluate these aspects in dairy farms in Argentina.  

The information in Uruguay was collected through survey and direct measurements. For water use 

measurements were made in 20 farms from the Montevideo basin. Slurry characteristics were obtained from 

sampling 20 dairy farms. Information of slurry use and management was collected from a survey from 621 dairies. 
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3 RESULTS AND DISCUSSION 

Slurry is the most important organic residue on dairy grazing farms with large volumes produced characterised for a 

high contribution of rain and cleaning water. Raw slurry is generally applied to agricultural soil, with only few farms 

using a physical treatment for separation, and some farms in Uruguay using biodigestion (Table 1).  Dairy slurry is 

applied mainly to grassland and crops (e.g. corn and sorghum) all year around, with no legislation to control rate or 

time of application in these countries. Generally, farmers did not take into account the nutrient contents of slurry; 

which is similar to that found in other countries elsewhere (Smith et al. 2001). Most dairy slurry is applied by surface 

broadcasting systems, either high-pressure irrigation system (e.g. irrigation gun), tank spreader or a combination of 

both. These methods have the disadvantage of causing air pollution due to gases or odours. A high proportion of 

dairy farmers store slurry in earth-banked lagoons or lagoons lined with concrete, and recently is becoming popular 

the use of high density polystyrene or PVC for lining. 

Slurry analyses showed similitude among the countries surveyed with low dry matter contents (Table 2), 

which is similar to dairy farm based on grassland systems (Longhurst et al., 2000). However, nutrient content in 

slurry is low compared to those reported in other countries (e.g. Westerman et al. 1985) and variable, which could be 

associated with differences in animal feeds, animal type, animal age and manure management. This could be 

explained by short or no confinement periods on these dairy grazing systems and a high contribution of water from 

cleaning, mainly on yards (Table 1). Also rainfall entering direct or indirect to the slurry stores from unroofed areas 

is important.  In these countries dairy production is based on regions with high rainfall regime ranging from 800 to 

3.000 mm yr
-1

. Water for milking operations in all three countries comes mainly from groundwater private wells and 

their use is similar to dairy farms located in United States (Willers et al., 1999). Alternatives such as diversion of 

rain water and recycling wastewater for washing floors can be consider reducing water pumping. 

Regular surveys on farm and manure management practices are a valuable tool for informing research, 

extension and policy. Also, the private sector (e.g. manure machinery and traders of manure handling equipment) 

could use this information to focalize the products to be offer to the different countries and regions depending on 

particular manure management system previously characterized in each of them. 

 

TABLE 1 Use, management and treatment of dairy effluent and use of water for cleaning on dairy farms 

in South America. 

 Argentina Chile Uruguay 

Dairy system Mainly all day grazing 

>> housing 

Mainly all day grazing 

> housing  

Mainly all day 

grazing 

Some temporary dry 

lot  in winter 

Use in Mainly forage crops  

(maize, sorghum, 

ryegrass) >> pasture 

Pasture > crops, mainly 

forage maize 

Pasture and crops 

corn and sorghum 

Rate of application 30 – 90 m
3
 ha

-1
 yr

-1
 10 – 300 m

3
 ha

-1
 yr

-1
 No data 

Time of application All year around All year around All year round 

Main equipments used Slurry tank >> 

irrigation pump 

Irrigation pump > slurry 

tank > travelling 

irrigators 

Slurry tank, irrigation 

pumps 

Use of effluent Mainly raw effluent Mainly raw effluent Mainly raw effluent 

Effluent treatments (if it is used) Physical separation Mechanical or physical 

separation 

Physical separation 

Storage Earth bank lagoons Earth bank lagoons > 

concrete tank > and 

HDPE and PVC lined 

lagoons 

Earth bank lagoons 

(one lagoon, or more 

than one) 

Biogas No No, only experimental 

plant 

Very few farmers 
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Water use for cooling system 

for milk  

Theorically 2.5-3 litre 

per each litre of milk. 

Measured in farms 6.3 

(4 – 10)* 

Theorically 3 litres per 

each litre of milk 

NA 

Water for cow’s udders
1
* (L)

 
1.4  

(0 – 3.5) 

No information NA 

Water for Yard cleaning
1
** (L) 21.6 

(7 – 80) 

31.2 

(2.0 – 169.4) 

32,9 

(6-88) 

Water for milk equipment 

cleaning
1
*** (L) 

3.03 

(1.32 – 4.45) 

4.5 

(1.5 – 11.1) 

NA 

Water for milk tank 

cleaning
1
**** (L) 

1.32 

(0.91 – 1.74) 

1.1 

(0.5 – 2.3) 

NA 

NA: not available information  
 1 

litre.cow
-1

.day
-1

 for a 100 cow dairy farm (2000 kg milk) 

Argentina *n= 40; **n= 56; ***n= 60; ****n= 60; Chile **n= 39; ***n=54 ****n= 50; Uruguay** n=20 

 

TABLE 2 Dry matter and nutrient contents on dairy effluents of South America, fresh weight basis 

(average ± standard error). 

Parameter Unit Argentina  Chile* Uruguay 

Dry matter (%) 1.21± 0.84 2.7 ± 0.23 1,05±0.77 

Kjeldahl total nitrogen (kg N/1000 L) 0.42± 0.36 1.28 ± 0.087 0,27±0.09 

Ammonnium nitrogen (Kg N-NH3/1000 L) 0.33± 0.16 0.50 ± 0.031 0.19±0.07 

Phosphorus (kg P2O5/1000 L) 0.20± 0.12 0.47 ± 0.038 0.13±0.07 

Potassium (kg K2O/1000 L) 0.33± 0.13 1.06 ± 0.071 0.49±0.09 

Magnesium (kg MgO/1000 L) NA 0.30 ± 0.022 NA 

Calcium (kg CaO/1000 L) NA 0.61 ± 0.050 NA 

Sodium (kg Na/1000 L) NA 0.19 ± 0.012 NA 

Sulphur (kg S/1000 L) NA 0.11 ± 0.009 NA 

Zinc (g Zn/1000 L) NA 19.2 ± 3.07 NA 

Iron (kg Fe/1000 L) NA 940 ± 175.9 NA 

Manganese (kg Mn/1000 L) NA 52.7 ± 7.00 NA 

Copper (kg Cu/1000 L) NA 25.3 ± 8.47 NA 

NA: not available information 

* Argentina= DM (n= 63); N, NH3, P, K (n= 48)  

** Chile= DM, N, N-NH3, P, K, Mg, Ca, Na (n= 151); S (n= 100); Zn, Fe, Mn y Cu (n= 147) 

*** Uruguay= DM (n= 28); N, NH3, P, K (n= 25) 

 

4 CONCLUSIONS 

Slurry is the most important organic residue on dairy grazing farms with large volumes produced characterised for a 

high contribution of rain and cleaning water and low dry matter and nutrient contents. The information collected has 

helped to identify problems in slurry management in South American dairy farms and areas where research and 

technology transfer will be necessary to avoid pollution and to improve the use of manure nutrients. There are many 

aspects that should be improved on dairy farms, such as reducing slurry production, increase and improve storage, 

rate and time of application and the use of more efficient equipment in order to reduce pollution and to increase the 

recycling of nutrients in these production systems. An important action will be to coordinate periodically slurry 

management surveys and data analysis using the same approach across South American countries. We suggest a 

coordinate research network on manure management for South America countries as RAMIRAN, and elaborate 

protocols of sampling and analysis for these countries. 
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1  INTRODUCTION  

Low fertility of agricultural soils is a common feature in the drylands of Oaxaca (Mexico) state. The widely ancient 

used practice to add organic matter to the agricultural soils is now very scarce, with the obvious consequence of 

diminishing soil fertility. The present agronomic practice of continued addition of mineral fertilizers to agricultural 

soils causes an accelerated oxidation of its organic matter and concomitantly loss of structure and depress of its 

physical properties (Sharma et al 1998, Hati et al, 2008). This combination of agricultural practices represents an 

enlargement of nutrient biogeochemical cycles and a degradation of the indicators of soil health and quality 

(Bautista-Cruz et al., 2007). 

In contrast, the production of organic residues, in urban as in rural cities and towns, continues to increase 

without making use of its organic matter and nutrient contents. Recycling of these materials after its stabilization by 

composting or vermicomposting is a promising ecological option to ameliorate soil fertility and quality, to enhance 

plant production and to reduce the environmental impact of its production and final disposal (Gardner, 1999).  

Raw materials for composting and vermicomposting could be from various origins: feed and garden 

residues, used paper, waste water, manures, agroindustrial residues and subproducts, and others. Actually, only a 

small quantity of these materials is processed for recycling in the world. In Oaxaca (México), there is not an 

operative program to process organic residues and to recycling it for agricultural use or another goal. Only a small 

proportion of urban or rural residues is processed by small firms with the aim to use the products in gardening, 

Nevertheless, the compost or vermicompost production are not quality controled, so, their composition, maturity, 

possible phytotoxic substances or another features are unknown. Application of immature compost causes nitrogen 

immobilization, phosphorus fixation and decreases the oxygen concentration around root systems due to the 

acceleration of microbial oxidative metabolism. Unstable compost is also phytotoxic due to the production of 

ammonia, ethylene oxide and organic acids (Mathur et al., 1993; Tam and Tiquia, 1994, cited by Khan et al., 2009). 

Therefore, evaluation of compost stability prior to its use is essential for the recycling of organic waste to 

agricultural soils. The aim of this research was to characterize processes and products of the composting and the 

vermicomposting of urban organic residues, and its effects on plant germination and growth. 

2 MATERIALS AND METHODS  

Earthworm production. We selected two strains of Eisenia foetida Savigny. The first one was from the Central 

Valleys region of Oaxaca (1550 masl, annual rain ca. 650 mm, climate classification: warm semidry), fed with home 

and garden residues. The second strain was from Sierra Sur region of Oaxaca (1800 masl, annual rain ca. 2100 mm, 

climate classification: warm semihumid), fed with coffee pulp. Earthworm growth and reproduction, and 

vermicomposting and composting processes were developed according to the methods of Ferruzi (1987), De Sanzo 

and Ravera (2001) and Martínez (1999). Three beds 1 m wide, 3 m long and 40 cm heigh made with bricks and 

cement were constructed, with a difference of 5 cm between top and end sides of the bed to conduct the natural 

drainage. Raw material for the compost was an 80:20 mixture of home and garden residues and dairy manure. 

 Experimental design. We used the general linear model to establish a complete randomized design to 

analyze the four treatments. The first two were vermicomposting processes with the two earthworm strains, named 

V1 and V2. Treatments three and four were composting processes, C1 was the basic raw material plus 2% of 

agricultural soil as microbiota innocula; C2 was only the raw material. Each treatment was performed in an area of 

0.60 m
2
. The vermicomposting process began with 500 earthworm individuals.  
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 Data record and analysis. Temperature was registered daily at 5 and 10 cm depths. pH was registered 

weekly in a representative sample of the fermenting mass. After six months of process the mass was dried and 

sieved (2 mm). A sample of each treatment was analyzed for physico-chemical characterization. Parameters and 

methods were: pH – potenciometric in a 1:2 rate with distillated water; Organic Carbon – Walkley and Black; 

extractable Phosphorus; extractable Potassium; Cationic Exchangeable Capacity – Ammonium acetate method (Ruiz 

and Ortega, 1979); Water Holding Capacity – gravimetric method.  

 Biological assays. Two experimental assays were performed to analyze phytotoxic residues in the 

compost products and another to record their effects on the growth of two regional plant species, tomato 

(Lycopersicon esculentum) and “chile de agua” (Capsicum annum). In the first experiment, 50 radish (Raphanus 

sativus) and lettuce (Lactuca sativa) seeds were placed on filter paper in the bottom of Petri dishes. The paper was 

moistened with a compost aqueous extract (5%), the dish sealed with parafilm and placed in a dark and fresh site. 

Every 24 h the germination was registered. Another experiment with the same aim was performed. A thin layer (1 

cm) of compost was placed in square salvers, on the surface 50 seeds of same species were uniformly distributed. 

The compost was moistened with distilled water and the salver was covered with plastic and placed in a dark and 

fresh site. 72 h later, the numbers of emerged seedlings were recorded. All treatments were in triplicate. Plant 

growth was followed in an assay using agricultural soil (sandy, pH 7.4, poor in organic matter, available N and P) in 

pots. A completely randomized experimental design was used with four replicates. The factor analyzed was the 

compost type (V1, V2, C1, C2 and Control) and the model plant species were L. esculentum and C. annum. The 

experiment was cultured for eight weeks. Plant height, number of leaves and shoot diameter were recorded weekly. 

At harvest, shoot and root dry weight were recorded and N, P and K concentrations in shoot were determined. 

 Statistical analysis. Data expressed as percentage were arcos transformed to cover the variance 

homogeneity demand of the model. Analysis of variance was applied to the data, when statistical significant 

differences were encountered, a multiple range test (Tukey HSD P < 0.05) was used (Steel and Torrie, 1988). 

3 RESULTS AND DISCUSSION  

Temperature at 10 cm depth was slightly but not significantly different to that at 5 cm (Figure 1). This difference 

may be due to the freeze capacity of the air exchange with the surrounding environment. There were no differences 

between composting and vermicomposting processes for this variable at either depths. The thermal behavior of the 

processes indicates that these are thermophilic, characteristic of the aerobic fermentation.  

 Organic C was significantly greater in compost that in vermicompost (Figure 2). We hypothesized that 

earthworm consumption of organic matter diminished the organic C in the vermicompost at a greater rate than the 

microbiota acting on the same materials. This C was incorporated into the earthworm biomass, causing a net loss of 

C in the organic matter processed. The pH values were medium alkaline with no significantly differences between 

processes (Figure 2). According to some authors, an alkaline value of pH indicates that the process is finished and 

the products have reached the maturity (Díaz-Burgos, 1990; Renalli et al., 2001). 

The nutrient concentrations of vermicompost and compost products are recorded in Figure 3. The mean N 

concentration was the same in both types of products. The P concentration was significantly greater in compost that 

in vermicompost, but no significant differences was recorded between V1 and V2 or C1 and C2. In contrast, K 

concentrations were greater in vermicompost than in compost products, nevertheless there were no significant 

differences between V1 and V2 or C1 and C2. These data show us the potential value of the products for agricultural 

use as source of macronutrients. Comparison with other types of organic products used in agriculture, like manures 

(dairy, poultry, goat) establish these compost products as “medium” in richness of macronutrients concentration 

(Trinidad, 1987; Mitchel and Donald, 1995). 

In the phytotoxicity assays, both types of products showed toxic effects for both plant species, with the 

greater effect on lettuce. For both plant species V1 has the lowest and C2 the highest toxic effect (Figure 4). The 

exact identity of the phytotoxic substances is unknown. Costa (1991) suggested the main germination inhibitors 

were the polyphenols and the low molecular weight organic acids neo-synthesized o recalcitrant to the fermentation 

process.  
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FIGURE 3  Total Nitrogen, Phosphorus and Potassium concentrations in vermicompost (V) and compost(C) 

products. 
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With respect to the control (without addition of organic or mineral products), both V or C products act as 

plant growth promoters (Figure 5), mainly due to their nutrient content and perhaps also by the existence of plant 

hormones or plant growth promoter substances.  
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FIGURE 4  Germination percentage of raphanus and lettuce seeds added with vermicompost (V) or 

compost (C) aqueous extract.  
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FIGURE 5  Vegetative growth of two plant species affected by the addition of vermicompost (V) or compost 

(C) in a pot assay 
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1 INTRODUCTION 

The production of 1 tonne crude palm oil requires 5 t of fresh fruit bunches (FFB) and its processing in palm oil 

mills generates on average 1,150 kg empty fruit bunches (EFB) as residue and 3,250 kg palm oil mill effluent 

(POME), a high polluted waste water with a COD of about 50,000 mg/L. On the one hand both have high contents 

of nutrient and organic matter and are suitable as fertilizer and soil conditioner for crop production (Table 1), on the 

other hand they pollute the environment by green house gases. The other residues from the oil palm fruit are 

mesocarp fibres and shells, which are used to generate heat and power for the oil mill processing. Fresh EFB can be 

used as mulch in order to recycle nutrients and organic matter. Even a growing number of oil mills use EFB as 

mulch in plantation there are still several oil mills which just dump the EFB. That causes high emission of the 

greenhouse gases such as methane (CH4) and laughing gas (N2O) and lead to significant nutrient loss. POME can be 

used for land application after reduction of the COD. The total process of palm oil production is given in figure 1. 

 Land application of POME needs high investment and maintenance cost if it is done in a sustainable way. 

Sustainability is given when the application rate is limited by the nutrient demand of the oil palm (including losses 

by surface run-off, leaching and evaporation). A widespread system in palm oil mills for POME is still the treatment 

in open ponds with land application or discharge of the outlet. But the high methane emissions from pond systems, 

more than 8 m³/t fresh fruit bunches (FFB) or 40 m³/t crude palm oil, are a serious pollution of the atmosphere. 

Discharge of POME to surface water is not only a pollution of the environment but also a high monetary loss as 

nutrients are wasted (Schuchardt et al. 2006). Covering the ponds to collect the biogas, as it is done in some palm oil 

mills in the last years, seems to be only a short term solution, because the well known problem of ponds 

maintenance (de-sludging) cannot be solved for a longer period of time. The only practical way to capture the biogas 

is a digester system with gas holder. A biogas system with a fixed bed fermenter is a very effective and flexible one 

for the high polluted waste water and changing conditions in palm oil mills (Wulfert et al. 2002). The biogas 

production in a fermenter system is lower compared to anaerobic ponds because of different retention times. Wulfert 

et al (2002) found for POME a CH4 yield of 0.251 kg/kg COD-degraded. 
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FIGURE 1 Palm oil production system including waste treatment and power generation 
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 In a new process (EcoEFB™) EFB and POME is used together in a co-composting process with total 

evaporation (biological drying) of the water. The process is evaluated economically and by a life cycle assessment. 

 

TABLE 1 Content of nutrients and heavy metals in EFB, POME, and compost (Schuchardt et al. 2002, 

Schuchardt et al. 2008, own analyses) 

  EFB POME Compost 

Mass kg/t FFB 0,23 0,65 - 

Dry matter kg/t 350 41 500 

Organ. DM kg/t DM 937 - 562 

pH - 5.5 -5.7 4 – 4.5 7.7 

bulk density t/m³ 0.35 1 0.5 

CODtot kg/m³ - 50 - 

Carbon  kg/t DM 432 370 351 

C/N ratio - 54 20 15 

Nitrogen kg/t DM 8.0 18.3 26.3 

Phosphorus kg/t DM 0.97 4.39 4.56 

Potassium kg/t DM 24.0 55.4 79.6 

Calcium kg/t DM 1.80 10.73 10.1 

Magnesium kg/t DM 1.80 15.12 12.8 

Plumbum g/t DM 1.80 7,1 7,8 

Cadmium g/t DM <0.3 <0.3 <0.3 

Chrom g/t DM 49.9 54,0 29,7 

Copper g/t DM 14.0 30.6 38 

Nickel g/t DM 30.5 1.34 10 

Mercury g/t DM <0.5 <0.5 <0.5 

Zinc g/t DM 37.9 80,2 154 

 

2 MATERIALS AND METHODS 

The economical data based on market prices for machines, concrete, energy, labour, nutrients, and others in 

Indonesia in 2008. A detailed life cycle model has been used to calculate the environmental impacts of POME and 

EFB treatment. The options under investigation are:  

(1) Dumping EFB and storing POME in ponds,  

(2) Returning EFB to the plantation and POME as before,  

(3) Using EFB and POME for co-composting and returning the produced compost to the plantation,  

(4) Generating biogas from POME and thereafter as in (3).  

The CML 2001 method included in the GABI 4.3 software package has been used for the impact 

calculations (PE Europe 2003). 

 

3 RESULTS AND DISCUSSION 

3.1 The process and its economy 

During the co-composting process in open windrows on a concrete floor the total waste water, fresh or after 

anaerobic fermentation, is added to the chopped EFB step by step in a range of 2 to 4 m³/t EFB, the average ratio 

between both of them in palm oil mills (Figure 2). The windrows are turned regularly by a turning machine. As a 

result of the high air pores volume and the high biological activity the rotting temperature grows up to >70°C and 

the waste water is evaporated within 3 to 4 weeks. So the process can be called "biological drying". The evaporation 

rate is about 70 L/(t EFB*d) during the first 4 to 5 weeks. All the nutrients of the EFB and the POME are combined 

in one product, compost or mulch. After that time a mulch material is ready for using in plantation area, after a total 

rotting time of about 8 to 10 weeks mature compost is produced.  

 The process is profitable with a payback time of less than 2 years; it is also accepted and realized for 

clean development mechanism (CDM) (Schuchardt et al. 2008). The investment costs for the composting plant are 
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in the range of 750,000 EUR (only mulch) to 1.16 Mio. EUR (for compost) for an average size palm oil mil 

(capacity 30 t FFB/h; 153,000 t FFB/year). The investment costs for the biogas plant (fixed bed digester are about 

424,000 EUR. In about 40 palm oil mills in Indonesia and Malaysia the co-composting process is realized in 

practice (or in planning or under construction). 
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FIGURE 2 Co-composting process for EFB and POME (Indonesian patent P-00200400378; ID 0019277)  

 

3.2 The life cycle assessment of the process 

The main contributor to the GWP is methane from POME and EFB dumping. The GWP of palm oil mill waste 

treatment can be reduced from 245 kg CO2eq per t FFB to up to 6 kg CO2eq per t FFB due to reduced methane 

emissions and nutrient recycling (Table 2, Fig. 3). Co-composting of POME and EFB leads to considerable nutrients 

recovery, additionally to GWP reduction. Thus the composting process reduces not only environmental burdens; it 

leads to net environmental benefit regarding most environmental impact categories, e.g. acidification potential, 

eutrophication potential, ozone layer depletion potential, etc. due to the avoided emissions from inorganic fertilizer 

production. The recovery of nutrients in EFB can be achieved by solely returning it to the plantation but only the 

combined treatment of EFB and POME allows nutrient recovery from POME while methane emissions from pond 

systems are avoided simultaneously. The fermentation of POME to produce biogas reduces environmental burdens 

when operating under best practice conditions (Fig. 4). However, fugitive biogas emissions of more than 1.2% 

reverse that beneficial effect. 

 

4 CONCLUSIONS 

Co-composting of EFB and POME is a profitable solution to avoid methane emissions that are usually generated in 

anaerobic waste water ponds and EFB dumping-sites, additionally pollution of surface and groundwater is reduced.  

Simultaneously nutrients from EFB and POME are recovered and that decreases the mineral fertilizer demand on 

plantations. Using EFB for energy production, as it is discussed and realized by some palm oil mills prohibits 

environmental beneficial POME utilisation. Best waste management practise reduces emissions at palm oil mills and 

consequently the carbon footprint of palm oil products.  

 

TABLE 2 Environmental impacts per tonne FFB according to the CML method (PE Europe 2003) 

Environmental impact Unit Option 1 Option 2 Option 3 Option 4 

Abiotic Resource Depletion Potential  kg Sb-Equiv. 1,2E-03 -2,9E-02 -4,8E-02 -1,4E-01 

Acidification Potential  kg SO2-Equiv 1,3E-03 -1,1E-02 -2,1E-02 -2,8E-02 

Eutrophication Potential  kg Phosphate-Eq. 1,4E+00 1,1E+00 -1,6E-03 -2,0E-03 

Freshwater Aquatic Ecotoxicity Potential  kg DCB-Equiv. 4,6E-04 -4,3E-03 -8,8E-03 -1,4E-02 

Global Warming Potential (100 years)  kg CO2-Equiv. 2,5E+02 1,2E+02 7,4E+00 6,2E+00 

Human Toxicity Potential  kg DCB-Equiv. 9,3E-03 -7,6E-02 -1,6E-01 -2,1E-01 

Ozone Layer Depletion Potential kg R11-Equiv. 3,6E-10 -1,5E-07 -2,5E-07 -3,7E-07 

Photochem. Ozone Creation Potential  kg Ethene-Equiv. 5,9E-02 3,0E-02 1,4E-03 1,2E-04 

Terrestric Ecotoxicity Potential kg DCB-Equiv. 1,3E-04 -1,5E-03 -3,2E-03 -6,4E-03 

 

 Compared to the worst case practice (POME in ponds, EFB dumping; option 1) the CO2eq. reduction of 

the co-composting process is 1.2 t/t crude palm oil. For option 2 it is still 0.6 t CO2eq./t crude palm oil. The 

worldwide reduction potential is 51 Mio. t CO2eq. and 25 Mio. t CO2eq. resp. (world crude palm oil production 

2009: 43 Mio. tonnes). 
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 A life cycle based comparison of conventional and advanced treatment systems for EFB and POME can 

support decision makers regarding waste treatment options and provide information on technology risks involved. 

The results may be used as basic calculation data for CDM (Clean Development Mechanism) for palm oil mills. 

LCA is shown to be a powerful tool to estimate and compare environmental impacts of different options. 

Unfortunately it is rarely used in the palm oil industry in order to improve or optimise palm oil production systems.  
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FIGURE 3 Global warming potential of EFB and POME treatment and utilisation  
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1 INTRODUCTION 

1.1 Background: 

This Sino-German collaborative research and technology transfer project takes advantage of different 

interdisciplinary research groups and the involvement of German small and medium-sized enterprises to develop 

integrated strategies and solutions for the recycling of organic residues in China.  

1.2 Research objectives: 

The project aims at reducing pollution, abating greenhouse gas emissions, improving nutrient cycling, generating 

renewable energy and increasing regional added value in the Chinese countryside. The aim is an integration through 

a more holistic view of optimizing the various flows for best recycling of organic residues, best water management, 

high energy efficiency and a sustainable animal husbandry and crop production. Starting from the technical situation 

of selected model farms and pilot plants, an improvement of the regional situation, as well as intensive animal 

husbandry in peri-urban areas of large Chinese cities is envisaged. Two different approaches are pursued in this 

consortium. 

2 MATERIALS AND METHODS 

2.1 Nutrient Cycling Team 

In one comprehensive and integrated approach planning, technical improvement of animal production techniques, 

feed optimization, manure storage and treatment for minimizing emissions, as well as hygienization, designation of 

organic fertilizers for specific usage, carrying capacity of cropland, economic factors, administrative issues and 

environmental regulations are taken into account and realized in a case study. The “Nutrient Cycling Team”, led by 

the universities of Braunschweig and Bonn and the China Agricultural University (CAU), first concentrates on an 

interdisciplinary and in-depth research of the different processes and flows involved, in a second step offering 

newly-adapted process lines and strategies. Finally, a balance between livestock production and cropland areas 

(including livestock densities) is to be achieved, with an integration of livestock and crop production. An exemplary 

pilot pig raising plant, with an annual production of about 80,000 pigs, has been selected in the Shunyi District of 

Beijing. 

The Nutrient Cycling Team comprises a total of nine subprojects, five of which dealing with nutrient 

fluxes and balances, two with pollutants and risks, and two with environmental assessment, and transfer and 

extension, respectively. The subprojects are subsequently presented: 

 

Nutrient fluxes and balances: 

− Farm-gate balance for animal production: Subproject 1 covers the cycling of animal waste products prior 

to application to agricultural land (handling, storage and treatment) at the pilot animal production plant 
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close to Beijing. Main objectives are to describe the status quo with respect to the way of animal 

husbandry and production management and the resulting input/output balances of nutrients and harmful 

pollutants of these facilities. 

− Anaerobic digestion and subsequent nutrient separation in intensive animal husbandry: The objectives 

of Subproject 3 are to contribute to a technology which maximizes nutrient re-use and minimizes the 

euthrophication potential and environmental pollution from animal production. The activities focus on 

anaerobic digestion as a treatment technology and on the export of nutrients in form of organic, organo-

mineral and mineral fertilizers, substrates and irrigation water. 

− Composting of solid wastes from agriculture and agricultural industry after anaerobic fermentation: 

The aim of Subproject 4 is the optimization and evaluation of composting processes for the production of 

organic fertilizer from pig manure with bulk material additives. The losses of ammonia gas emissions 

should be limited as much as possible. 

− Testing of products (substrates and compost) for horticultural and greenhouse production: The 

objectives of Subproject 7 are to optimize the use and to further develop substrates and residues from 

intensive livestock raising for intensive ornamental and vegetable production. 

− Strategies for optimizing C, N, P and S balances and flows of an exemplary animal production plant as 

a basis for improved regional recycling concepts: Subproject 2 deals with the cycling of treated animal 

waste products after application to agricultural land. Input-output calculations on plot, farm and regional 

scale are carried out. The aim is to increase the nutrient efficiency of animal excreta with respect to 

optimum plant and soil nutritional status. 

 

 Pollutants and risks: 

− Hygienic Safety and Veterinary Public Health: The overall goal of Subproject 5 is to increase biosafety on 

the farm level by sophisticated waste management and application of advanced treatment of the effluents 

and improvement of herd-health. The main aims are to define the microbial risks on the farm level, to 

identify the points where the highest risks concerning the above given epidemiological pathways are 

given, to validate the treatment options given in the subprojects on aerobic digestion and composting 

under the aspect of hygienic safety, and to investigate the risks related to animal health care is the 

possibility of spreading pharmaceutics (antibiotics, drugs) used in animal treatment and in prophylaxis or 

their metabolites via urine and faeces. 

− Soil and groundwater: Subproject 6 deals with accumulation and leaching of phosphorus (P), heavy metals 

(HM), and antibiotics following extended organic fertilization in light soils. It aims at elucidating and 

minimizing environmental risks associated with high density livestock raising. Major focus lies on the 

fate of manure-born P and feed-additives as HM (in particular copper) and antibiotics. One major 

objective is to record the evolution of the contents of P as well as HM and antibiotics in soils of the pilot 

farm with special reference to site history and spatial on-farm variability ("hot spots"). 

 

 Environmental assessment, transfer and extension: 

− Environmental assessment of development options and options to ameliorate waste treatment methods: The 

aim of cross-cutting Subproject 8 is to develop sustainable policy recommendations to optimize the 

environmental, economical and social state in the pilot farm and village. Activities comprise a 

microeconomic assessment using linear programming method for cost-benefit-analysis, environmental 

economic assessment by using discrete choice analysis to internalize the environmental costs in the 

production system, and participation process to agree on possible policy scenarios with local farm 

decision makers. 

− Transfer and extension, setting up a quality assurance system in agriculture, an assurance system for laws and 

ordinances, environmental regulations, policy recommendations: The main focus of cross-cutting 

Subproject 9 is the transfer and extension of the results achieved in Subprojects 1-7 as well as the 

economical investigations in Subproject 8 into agricultural practice of Chinese peri-urban areas. This 

includes evaluation of a quality assurance system feeding strategies, waste management, soil management 

and plant production, scenarios with minimized environmental pollution as well as legal 

recommendations. 
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2.2 Recycling Team 

In a second  parallel approach five research sites in four different Chinese provinces and municipalities have been 

selected to develop technically feasible, economically viable and ecologically sound pilot recycling projects through 

regional material flow management, stakeholders' involvement, innovative financial schemes and technology 

transfer. The strongly application-oriented “Recycling Team” led by the University of Applied Sciences Trier (FH 

Trier) focuses on developing new, systemic material flow management concepts combined with micro-economic 

methods and strategies for establishing the pilot projects aiming at recycling organic residues, reducing pollution 

and increasing regional added value. This is to be achieved through the approaches of regional material flow 

management, stakeholders’ involvement, innovative financing and implementation schemes (Public Private 

Partnership (PPP), Build Operate Transfer (BOT), Build Operate Own (BOO)) as well as technology transfer. 

3 RESULTS AND DISCUSSION  

The current paper focuses on approaches and preliminary results by the “Nutrient Cycling Team”. First-hand 

accounts from China will be delivered and first research results will be shown. 

3.1 Status quo 

As a first step, the status quo of the matter (nutrient and pollutant) fluxes on the farm is being investigated. Fig. 1 

shows the current matter fluxes of animal excreta on the pilot farm. The pigs are held on concrete platforms and the 

solid excreta are manually removed from the pigsties. The advantage of this Chinese gan qing fen system is that it 

can separate a high amount of the nutrients in the faeces. The stables are subsequently flushed with large amounts of 

water. The resulting liquid fraction is therefore highly diluted, with only low contents of organic matter. A part of 

the liquid fraction is anaerobically digested in a biogas reactor. In order to guarantee the necessary chemical oxygen 

demand (COD), part of the solids are re-added to the liquid fraction, while the remaining solids are composted. The 

fermentation residues are subsequently stored in an oxidation pond. They are then either used for irrigation purposes 

(cash crops) or flow into a lagoon, which is connected to a riverbed via a discharge sluice. At present, only a very 

limited testing of biogas sludge and compost for pathogens and pollutants is undertaken.   

As to the cropland status, an ongoing monitoring of 26 plots comprising the 5 major cropping systems on 

the pilot farm as well as in the wider region (Shunyi and Huairou Districts of Beijing) has resulted in very high 

contents of available nutrients in most of the 0-200 cm soil profiles. This was particularly the case for mineral 

nitrogen (Nmin = NO3
-
-N + NH4

+
-N), available phosphorus (Olsen P), dissolved organic carbon (DOC) and dissolved 

organic nitrogen (DON). Fig. 2 shows an example of Nmin contents for plots under maize/Chinese cabbage rotations 

and for poplar plantations. These high contents in reactive N, P and C compounds pose a high risk for surface water 

pollution. The high soil Nmin contents and application of NH4
+
-rich liquid effluents to cropland also cause gaseous N 

losses of NH3 and N2O. Groundwater pollution in the Beijing area is serious (e.g. Zhang et al., 1996). However, due 

to the constant lowering of the groundwater table and the subhumid climate, the groundwater recharge rate is 

probably quite low. With few exceptions, analyses of HM did not result in soil concentrations exceeding Chinese or 

German threshold levels.  

 

 

FIGURE 1 Matter fluxes of excrements from pilot pig raising plant: --- liquid phase,  — solid phase. 
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Poplars on loamy soil
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FIGURE 2 Mineral nitrogen (NH4
+
-N +NO3

-
-N = Nmin) contents in field plots from Shunyi District under 

maize/Chinese cabbage rotation (3 plots) and poplar plantations (2 plots) on loamy soil in the 

0-200 cm soil profile in March 2009 (means and standard deviations) (Heimann et al., 

unpublished). 

3.2 Optimized options for treatment 

As second step, optimized options for treatment of the organic wastes are developed and tested, which allow for an 

export of nutrients from the pilot pig raising plant and their re-use in farms in the wider region. Such a procedure is 

urgently required in the short run, as is highlighted by the current situation of the cropland described above. Options 

are presented via composting of the solid phase and recycling of nutrients from the liquid phase via precipitation and 

stripping. These processes allow for the production of marketable organic or combined organo-mineral fertilizer 

products. These require uniform nutrient concentrations, availability and composition, as well as standards regarding 

hygiene and pollutant contents. In this respect, several organic residues are currently being investigated for their 

suitability as organic fertilizer products and steps are being taken for their approval and registration. Moreover, 

suggestions for the revision and improvement of currently existing Chinese organic fertilizer standards will be made 

as part of the project.  

4 CONCLUSIONS 

Experiences from the first year have shown that all solutions have to be site-specific, and that no standard concepts 

for aerobic or anaerobic treatment of organic wastes exist.  

An intense exchange of knowledge and personnel has been initiated by this ongoing Sino-German 

research consortium. Several subprojects have successfully applied for mobility costs via the German Academic 

Exchange Service DAAD and the China Scholarship Council CSC. Moreover, funding from Chinese sources is 

additionally obtained for the investigation of upcoming questions.    
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1 INTRODUCTION  

The small scale family farming represents 85% of the agrarian structure in the State of Paraná. According to the 

National Institute of Settlement and Agrarian Reform/INCRA, and the Food and Agriculture Organisation of the 

United Nations/FAO, employs about 13.8 million people, or 77% of the population working in agriculture. There 

are about 4.1 million family establishments, which produce almost 40% of the Gross Value of Agricultural and 

Livestock Production, or 60% of the food consumed by the Brazilian population.  Around 70% of the beans and 

84% of the cassava, important food in Brazil, come from this source, as well as 58% of the swine production, 54% 

of the dairy cattle, 49% of the maize and 40% of the poultry and eggs. 

 The efficiency of a project for sustainable growth in the State of Paraná depends directly on the capacity 

of mobilizing, not only because of its economic importance in current food production, but also for the real 

possibility of adding a new function to the traditional agrarian vocation: that of generating renewable energy 

 The segment hardly renews itself. Only 23% small establishments have had access to financial support in 

the last three years. The Brazilian Government, besides spotlighting family farming by placing it under the 

orientation of a specific ministry, the Ministry of Agrarian Development/MDA, in which is the National Office for 

Family Farming (Secretaria Nacional de Agricultura Familiar), has established and has been improving the National 

Program for Strengthening Family Farming/ PRONAF (Programa Nacional de Fortalecimento da Agricultura 

Familiar), started in the biennium 1994/95, with the endowment, at the time, of R$ 100 million for family farming 

credit. In 2002, PRONAF offered a credit line of R$ 2.3 billion and today, after exponential growth, offers credit of 

R$ 16 billion, which may allow family farmings to overcome the pattern of need by which it is characterized. After 

all, according to the MDA, the family farming segment has been increasing its productivity by 3.8% a year. 

 In Brazil, for at least four decades, both family farming and industrial farming steer their operations 

towards specialization, single cropping, and livestock type, all highly dependent on chemical inputs. The prices of 

the products float as in a roller-coaster, in an up and down seasonal movement which is unstable and unpredictable. 

There is no surplus either for promoting the sector’s modernization or for investments in environmental services.  

 In the environmental and energy context, Brazil is inefficient in its main business: producing foodstuffs. 

To produce, the sector generates by-products with no market value. There are solid residues and other waste in great 

proportions. They end up becoming significant environmental liabilities, always in a large scale. It would be better 

to use the environmental liabilities for the production of energy and bio-fertilizers.  

 Among all the sources of renewable energy available in the countryside, biomass residue is the most 

accessible at a low cost, that is, it has the best cost benefit ratio available in the Brazilian rural areas. It must be 

pointed out that 80% of the Brazilian cities have less than 50 thousand inhabitants. Family activities in agriculture 

are directly reflected in the specialized sectors of local commerce and industries that supply them with machines, 

raw materials, seeds, tools etc. Furthermore, local services are also stimulated by family farming and are established 

in direct dependence of harvest seasons or the financial flows of the trade on the products it generates. 

 By adding bio-energy generation to small scale family farming production causes a positive impact upon 

the small towns. A new local economy is put in motion (design engineering, electrical and mechanical maintenance, 

assistance for the biology of the biodigesters, trade of equipment, raw materials, machinery, engines, generators, 

piping, control panels, electric connections of low, medium and high tension). This will strengthen dynamism for all 

the local energy economy, whose sale is done by means of distributing concessionaries, and public bids which 

generate long-term public contracts at stable prices.  

  The Distributed Generation, is one of the keys to make family farms viable as micro-producers of 

bioenergy. It is centered on the possibility of generating energy and supplying it to the distributing grid. In some 
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countries, bioenergy is generated by micro-generators, as part of programs generally dubbed “smart grid”, which 

allows the sharing of the distributing grids with micro-generators as well as with services of data transmission, 

control and monitoring, creating, therefore, a set of new services housed in the existing distributing networks. 

 There is a specific and consolidated new regulation for operations with Distributed Generation: the 

Resolution 390, signed in December 2009 by the National Electric Energy Agency/ANEEL. This Resolution 

establishes the legal pre requisites for the distributed energy generation with renewable sources. 

 

2 THE AGRI-ENERGY COOPERATIVE FOR FAMILY FARMING 

Itaipu Binational, the most important hydroelectric power plant in the world, turned its attention in 2003 to the 

support to new decentralized ways of generating energy. Among other actions for demonstrating the viability of bio-

energy, the Company has developed the Project “Agri-energy Cooperative for Family Farming”, in the Ajuricaba 

hydro basin, in the Municipality of Marechal Cândido Rondon, state of Paraná. This partnership counts with the 

support of the Paraná State Rural Technical Asistance Enterprise/Emater-PR and the Paraná State Electricity 

Company/Copel. This project involves 41 small scale family farms located on the Ajuricaba hydro basin, as a 

planning unit. Individual biodigesters are being installed in the properties in order to produce bio-fertilizers and 

biogas. This biogas will be transported through a 22 kilometer-long gas pipeline to a biogas power plant located at a 

central position, to produce electric, thermal, and vehicular energy.  

 

 
FIGURE 1 Ajuricaba hydro basin and rural proprieties  

 

 

 

 

 

- 907 -



 

Manure and organic residues management approaches in non-European countries 

 

 

 

 

3 FINANCIAL  ANALISYS 

 

TABLE 1 Costs and investiments to implement the Cooperative 

Operational Cost R$ 52.072,50 per year 

Total Investiment Cost - Biodigestors R$ 685.096,00 

Investiment in Each Farm - Biodigestor R$ 16.714,54 

Main Gas Pipeline (~ 22 km) R$ 134.860,50 

Gas Pipeline in Each Property R$ 3.289,28 

Generator and related equipments R$ 150.360,00 

 

 These farmers’ herds, dairy cattle and swine, annually generate around 16 thousand tons of residues. 

Submitted to anaerobic bio-digestion, it will yield around 319 thousand m³ of biogas a year. If used as fuel for 

engine-generators, this biogas will produce about 507 thousand kWh a year, enough to provide electricity to 170 

households with a monthly consumption of 250 kWh each. With the reference value of the electric sector at about 

R$ 0,130 kW/hour, the project will generate earnings of R$ 5.959,74 per year. The other product of biodigestion, the 

bio-fertilizers, will represent around 19 thousand m³ per year, with revenue of R$ 95.325,23 per year. In terms of 

Carbon Credits within the CDM, it is estimated that there will be an emission reduction of 2.5 thousand ton eq of 

CO2 per year with revenue of R$ 93,009.31. The expected new revenue totals, therefore, R$ 225,051.61 per year. 

 

TABLE 2 The analysis of the economic viability of the project presents the following indicators: 

Indicator Output 

Payback 7 years 

Current Liquid Value R$ 244.548,97 

Internal Return Rate 18,30% 

Cost Benefit Index 30% of the investiment 

Return of Investiment 15,70% 

Net Annual Return 2,30% 

 

4 PURPOSE OF THE PROJECT 

The project aims to offer concrete reference for agroenergy in small scale family farming and develop criteria for its 

economic, environmental, social and energetic sustainability. 

Some considerations about agri/bio-energy that can be derived from the Coooperative Project, even if 

precociously: 

− The biodigestion of agri residues, including the animal manure, is the source of energy with the best cost 

benefit regarding investments and maintenance.  

− The legal adoption of the Distributed Generation methodology is a key issue in making all the sources of 

renewable energies viable, especially bioenergy generated by family farming.  

− The paradigm of bio-energy in small scale is essentially collective, co-owned and cooperative. Its territorial 

unity of planning and management is the small drainage basin.  

− The results of bio-energy programs cannot be measured only by the energy unit (kW, or kW/hour), but also 

by its economic, environmental and social externalities, which can be translated into “feed-in tariffs”.  

− It is necessary to keep the bio-energy processes under total control of the family farmers. That is why the 

criterion for the participation in an energy project in a small drainage basin must be exclusively that of 

being located within the area, without taking into consideration the industrial and commercial connections 

the producers might have. New structures are needed for handling the paradigm of small scale bio-energy  

production. 

− It will be possible to aggregate value in the farmer's income with carbon credits, commercialization of 

biofertilizer and of the energy surplus produced in the property. 
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In order to make the bio-energy in distributed generation a national reality and allow society to reap the 

fruit of its benefits, the following steps are necessary: 

− Creating a new structure for the management of projects in bio-energy; 

− Accessing and incorporating land management and tenure systems; 

− Stimulating incentive funds and research/innovation; 

− Training project designers, specialists in operations and managers for overseeing the implantation, 

maintenance and monitoring of the generating units; 

− Creating technical assistance with an emphasis on bioenergy generated from family farming;  

− Establishing a strategy for planting crops without harming the production of foodstuffs, but with sufficient 

surplus to enrich the residual biomass and increase the production of biogas; 

− Defining priorities for the possible applications for family farm generated bio-energy – electric, thermal and 

vehicular; 

− Stimulating the organization of small scale family farmers to make the generation and use of bioenergy 

viable;  

− Setting standards of Environmental Licensing and Clean Development Mechanisms for bio-energy 

cooperative operations.  

 

5 CONCLUSION 

The physical works concerning the Agri-energy Cooperative for Family Farming already started with the ground 

levelling the 41 related small properties to set up the biodigesters, as well as the central electric power plant, which 

will receive the biogas transported by a 22 km-long-pipeline to be converted into electric energy. This energy will 

be sold to the Paraná State Electric Company/COPEL. In parallel, a project is being prepared, according to the Clean 

Development Mechanism/CDM in order to receive carbon credits. Finally, to close the productive chain, the 

biofertilizer originated from such process will be used in the 41 cooperative farms and its surplus can also be sold.  

 Thus, the access of family farmers to the universe of bioenergy, so close to them and yet so often ignored 

in their activities, is a pre requisite for them to embark on the Energy Revolution of the 21
st
 Century, which is 

heralded by Ignacy Sachs, and which has not even started yet. This depends on the willingness one may have to 

remove the mountain of obstacles we have tried to list in this text. 
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1  INTRODUCTION 

In the past five years, livestock waste treatment in Mexico has shifted from a strategy focused on water quality 

improvement and recycling, to another whose objective is the capture and burning of methane.  

Water pollution is a major environmental problem in Mexico. Based on the Biological Oxygen Demand 

(BOD), in 2006, 23% of sites under monitoring reported that water was polluted and/or heavily polluted. Previously, 

in order to improve water quality and to make its recycling possible, in 1996 a standard on wastewater discharges 

was issued. With the exception of pig farming (Perez, 2006), this standard has not been assessed, nor has it been 

reviewed; thus, compliance and enforcement of this standard in the livestock sector is minimal. In part, this problem 

can be explained because the standard is not linked to, and supported by programs concerning education, technical 

assistance and financing, which would facilitate its compliance. 

In the other hand, the emission of Green House Gases (GHGs) is a global problem in which Mexican 

livestock has a limited responsibility, but for which external founding is available, while no support –international or 

national- is focused on water quality improvement, a national and local problem that has negative effects on human 

health, biodiversity and economic development. 

The aim of this document are: 1) To show the dimension of two environmental problems in Mexico: 

water pollution and GHGs; 2) To discuss the characteristics and results of the water quality control strategy in the 

livestock sector; 3) To analyze the new strategy of methane capture and burning in the livestock sector and 4) To 

discuss the environmental implications of both strategies. 

 

2  MATERIALS AND METHODS 

This work was based on the documental analysis of the National Inventory of Green House Gasses Emissions 1990-

2002, the Mexican Official Standard- 001-SEMARNAT on wastewater discharges and the United Nations 

Framework for Climate Change Convention. Internet pages on the topic were reviewed. 

 

3  RESULTS AND DISCUSSION 

3.1  Water pollution in Mexico 

Water pollution is a major environmental problem in Mexico. The National Commission of Water (NCW), the 

institution in charge of water monitoring, has been systematically analyzing main water bodies since 1973. In 2004, 

the NCW had 964 monitoring stations across the country. In that year, biological monitoring began in six of thirteen 

hydrological regions. Based on the Water Quality Index, in 2001 the NCW reported that 74% of the monitoring 

stations presented some level of contamination in water bodies; 1% had found toxics and in only 26% the quality of 

the water was acceptable (www.semarnat.gob.mx). One year later, in 2002, the NCW changed its methodology and 

nowadays information on water quality (Table 1) is based on only two parameters: Biological Oxygen Demand 

(BOD) and chemical oxygen demand (COD). 
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TABLE 1 Monitoring Stations of Superficial Water Quality, 2006 (%) 

Quality     BOD   COD   TSS 

Excellent    40.4   19.6   45.3 

Good quality    25.3   18.9   33.0 

Acceptable    17.6   23.8   14.0 

Polluted and strongly polluted  23.0   37.8  

Source: SEMARNAT, National Commission of Water. Statistics of Water in Mexico 2007 

BOD: Biological Oxygen Demand; COD: Chemical Oxygen Demand; TSS: Total Suspended Solids 

 

This change in methodology does not allow for the comparison of data for a long period or the evaluation  

of whether the reduction in the percentage of stations that report pollution in water bodies is due to a real 

improvement in the quality of the resource or to the change in the monitoring method. Furthermore, in Mexico, there 

is no official information about the sources of water impairment, but in developed countries, where point pollution is 

under control, it is estimated that agriculture is responsible for 80% of water pollution.  

According to the information of the NCW, Mexican agriculture uses 78% of extracted fresh water 

(livestock uses only 2%, without considering the water used in feed crops and pastures) and is one of the activities 

that produce the most polluting discharges: 3.2 cubic meters per second and 1,063 million tons per year of organic 

material
1
. Pig wastewater contains about 9,000 mg/L of BOD. International agencies have considered Mexico 

among the countries where the risk of water contamination by nitrogen from pig wastes is low on the national scale, 

but is high at the regional level, positioning Mexico in the category of countries with an overall higher risk (OECD, 

2003). One of the main problems of water pollution in Mexico is the lack of information about sources of pollution 

and specific pollutants.  

3.2 Greenhouse Gases Emissions (GHGs) in Mexico 

In general, Mexico does not have direct measures of GHGs emitted by fixed and area sources, so default emission 

factors of the International Panel for Climate Change (IPCC) are used as parameters, given that no emission factors 

specific for the country or the region are available. The total emissions of GHGSs in Mexico in 2002 were 553,329 

Gg. representing 2% of global emissions (Table 2).  

 Uncertainty was estimated based on the level 1 methodology of the IPCC’s Good Practices Guidelines. 

Values of uncertainty associated to annual emissions estimations and their trend were calculated. According to this 

approach, it is estimated that the National Emissions Inventory of GHGs for 2002 has a global combined uncertainty 

of 7% and 4% for uncertainty in the trends of emissions.   

  

TABLE 2 Emissions of GHGs in Gg in CO2 equivalent, 1990 and 2002 

Category of emission   1990   2002   % 1990-2002 

1 Energy    312.027.2  389.496.7  +24.8 

1A Fossil Fuels Consumption  279.863.7  350.414.3  +25.5 

1B Fugitive Emissions    32.163.5   39.082.3  +21.5 

2 Industrial Processes   32.456.4   52.102.2   +60.5 

4 Agriculture    47.427.5   46.146.2   -  2.7 

6 Residues    33.357.2   65.584.4              +133.5 

Total     425.268.2  553.329.4   +5.3 

Source: SEMARNAT, INE, 2006 

 

In 2002, agriculture generated 46,146 Gg of equivalent CO2 including methane and nitrous oxide. 

Reductions in GHGs emissions in the period of 1990-2002, could be attributed to the decrease in the areas cultivated 

with rice, one of the key sources of GHGs emissions in agriculture.  

Depending on the year, the number of sources contributing with more than 95% of the tendency of the 

inventory changes range between 13 and 15 from 1990 to 2002. Important categories in that period are electricity, 

                                                 
1 Only sugar cane industry and oil industries have more polluted discharges with 1,750 M tons/year and 1.186 M tons/year, 

respectively (NCW, 2003) 
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the manufacture and construction industry. Enteric fermentation occupies the fourth place during this period. This 

distribution may significantly change if changes in land use are included (Table 3).       

Livestock is considered a key source of GHGs emissions; during 2002, the livestock sector contributed 

with 38,527.55 Gg (83% of the agricultural sector). Average methane emissions (the sum of enteric fermentation 

and manure management) in the 1990-2002 period were 1,823 Gg (37,366.87 Gg CO2e) of which cattle emissions 

represented 89%, dairy 10% and the remaining 1% the rest of farm animals (SEMARNAT, INE, 2006). Considering 

only waste treatment (no manure applications as fertilizer or manure generated in grazing) estimated emissions of 

nitrous oxide were about 0.02 Gg.  

Emission factors from dairy cattle were equivalent to those in developed countries, while the reported 

factor for meat cattle was slightly lower to the default factor suggested for Latin American countries. The emission 

factor for anaerobic fermentation of cattle wastes is a weighted average taken from Gonzalez-Avalos and Ruiz-

Suarez (2001). In a recent paper (Gonzalez-Avalos and Ruiz-Suarez, 2007), these authors find that the methane 

emission factor from cattle manure was smaller, on the average, by at least a factor of five than the one proposed by 

the IPCC for Latin America. It is important to point out that the maximum methane production is obtained in 

anaerobic lagoons, followed by slurry management systems and both systems for cattle manure management are 

almost non-existent in Mexico. These systems do exist for pig manure, but they were not included in the national 

inventory. Enteric fermentation presented a high value of uncertainty in the trend in 2002 due to uncertainty in the 

data of the activity (stocks, emissions, technologies, etc.). A default value of 20% of global uncertainty was 

suggested to use. 

 

TABLE 3 Evaluation of key sources for trend in 2002 

Source Category   Sector   GHGSs    CO2 eq.  Contribution to 

IPCC      Direct effect Estimation the tendency 

           Gg         % 

1A1a Electricity    Energy   CO2   115.449.087 21.19%                  

1A2  Manufacturing and  

construction industry Energy  CO2    51.025.368  16.74%  

6A  Solid waste disposal on 

land   Residues  CH4    34.960.611 10.18%  

4A  Enteric fermentation Agriculture CH4    37.366.876    9.70%  

1A1b  Oil refinery  Energy   CO2    37.020.277   9.17%  

2A  Minery products       Industrial 

Processes  CO2   30.618.698   7.83% 

6B  Wastewater management 

And treatment  Residues  CH4    28.566.615    6.24%  

Residential  Energy   CO2    19.277.118    3 .39%  

4D  Agricultural soils  Agriculture  N2O       7.449.319    1.32%                  

Source: SEMARNAT, INE, 2006 

 

3.3  Characteristics and results of the water quality control strategy in the livestock sector 

In order to protect the quality of national waters, prevent their deterioration and enable the re-use of water, the 

Mexican Official Standard 001-SEMARNAT-1996 (MOS 001) was published in January 1997. The MOS 001 

establishes maximum permissible limits (MPL) for 20 pollutants
2
 in wastewater discharges to national waters for all 

the activities in terms of two elements: the type of receptor body and the subsequent use of the water.  The 

government decided that by controlling the discharges of the biggest polluters, only a few big companies in the 

livestock sector, the pollution of water bodies would be significantly reduced in the short term. Hence, the 

government offered a 3-stage compliance schedule: January of 2000, 2005 and 2010 for big polluters (more than 

3.0 tons/day of BOD or TSS), medium polluters (from 1.2 to 3.0 tons/day BOD or TSS) and small polluters (less 

                                                 
2
 Fecal coliforms, pH, helmynth eggs, temperature, grease and oils, floating material, sedimentable solids, total suspended solids, 

biochemical oxygen demand, nitrogen, phosphorus, arsenic, cadmium, cyanide, copper, mercury, chromium, nickel, lead and zinc. 
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than 1.2 tons/day BOD or TSS) respectively. A few issues regarding the implementation of this standard are 

addressed: 

 The implementation of a standard requires a wide process of consultation and a cost-benefit analysis (C/B) 

showing its economic viability. The C/B analysis of the MOS 001 (Rojas et al., 1997) estimated that the economic 

viability of the standard requires a secondary treatment technology.  

  With the exception of pig farming (Perez, 2006), this standard has not been assessed, nor has it been 

reviewed; compliance and enforcement of the standard in the livestock sector is minimal, while the assessment of the 

MOS 001 in the pig sector concludes:   

− It is not economically viable because pig farms need tertiary treatment in order to avoid surpassing the 

maximum permissible limits of the pollutants allowed by the standard. 

− Its surveillance by authorities is minimal because it is costly. 

− Water analyses are costly and their results do not represent a fair basis upon which to charge fees. The results 

of a wastewater sample (measured in concentrations) are inappropriate in activities subject to the 

uncertainties of nature. 

− MOS 001 is a regressive mechanism because small pig producers pay more than medium and large 

producers. It is also unfair because it is more expensive for pig production than for other industries. 

− The regulatory approach, exemplified by Standard 001, is useful in countries where it is supported by 

subsidies, financing and other economic instruments designed to facilitate compliance and where 

institutions are able to enforce compliance. 

3.4  Characteristics of the new strategy of methane capture and burning in the livestock sector 

In order to reduce atmospheric emissions of methane generated by the livestock sector, some actions funded by the 

Clean Development Mechanism (CDM cap and trade) under the Kyoto Protocol, have been carried out in order to 

capture and burn methane. The CDM of the Kyoto Protocol allows industrialized countries (the so-called Annex 1 

countries) with a GHGs reduction commitment, to invest in emission reducing projects in developing countries and 

count them towards their Kyoto targets.  

The GHGs reduction project in Mexico is the installation of a biogas control system that captures and 

destroys methane gas from manure treatment and/or storage facilities on livestock operations. Regardless of how the 

project developers take advantage of the captured biogas, the ultimate fate of the methane must be destruction. 

Activities not associated with installing a biogas control system do not meet the definition of the GHGs reduction 

project. Furthermore, producing power for the electricity grid (and thus displacing fossil-fueled power plant GHGs 

emissions) is a complementary and separate GHGs project activity and it is not included within projects in Mexico. 

Additionally, project developers should demonstrate that the project meets local air and water regulations; in this 

regard, projects that do not comply with air and water quality regulations should not be eligible to register GHGs 

reductions. 

Since December 2005, 89 Animal Waste Methane Recovery projects were registered in the UNCFFF 

page, 21 large projects and 68 small with 1,355,666 and 875,681 metric tonnes of CO2e per annum of estimated 

emission reductions, respectively. Four of them classified as Methane Recovery and Electricity Generation projects. 

The total amount of metric tonnes of CO2e per annum is 2,231,347 metric tonnes. If these reductions were really 

possible, Mexico would be diminishing 56.5% of the annual emissions of CO2 attributed to the livestock sector 

(3,943,149 metric tonnes of CO2
3
). Installation of the biogas manure biogas control system, and the measurement 

and monitoring of GHGs reductions are in hands of the project developer, who receives the Certificates of 

Emissions Reductions based in a contractual agreement between private agents. Updated information from the 

UNFCC (22/02/2010) shows that from the 89 registered projects, only 21 (some of them involving several farms) 

have received CER’s amounting 795,405. That means that 795,405 tonnes of CO2 emissions have been avoided. 

 

4  CONCLUSIONS 

Mexico faces a problem of lack of accurate information on two environmental problems: water pollution and the 

generation of GHGs. With partial and unreliable information, a standard on wastewater discharges and an inventory 

of GHGs have been issued. Studies show that the livestock sector (particularly the Concentrated Animal Feeding 

                                                 
3
 1.823 CH4 Gg emission*103=187.769 CH4 metric tonnes*21= 3.943.149 CO2 metric tonnes  
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Operations), are a key sector in water pollution and in the generation of methane. The economic problems of the 

livestock sector, structural and emerging (the AH1V1 virus emergency and its impact on pig production), have 

relegated the implementation of the standard on wastewater discharges. The MOS 001 is not linked to economic 

incentives nor to technical assistance that would facilitate its compliance. In contrast, the Clean Development 

Mechanism, through project developers, offers a comprehensive technology package in which there is no 

participation of the producer. The effluent after the biodigestor cannot meet the Mexican Official Standard-001 on 

wastewater discharges (from 30 to 200 mg/lt BOD according to the receptor body) and it might be difficult to treat 

further since it is completely anaerobic and thus would lack organic nutrients for aerobic bacteria which are the only 

ones that can reduce the BOD to national standards. The technology in use, while mitigating environmental 

problems, leaves unresolved the country's fundamental problem which is water pollution and not GHGs emissions. 
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1 INTRODUCTION  

In China, more than 4000 middle and large scale biogas plants are operated. It is widely used to reduce the 

environmental pollution from animal wastes and to produce energy (Zhang et al., 2009).  

Many Chinese agricultural biogas plants are operated at the lower range of the mesophilic temperature 

range and a minimum temperature around 20°C is kept during winter. In this case, the plant is heated with external 

energy sources e.g. coal. In summer, the temperature in the plant depends on ambient temperature. This operation 

mode is different as compared to biogas plants in Europe where the temperature is kept around 37-39°C all over the 

year.  

The objective of this work was to evaluate the performance of a Chinese biogas plant on a pig farm 

operated with pig excrements at low temperatures, regarding mass balance (oDM input, oDMoutput and biogas out). 

 

2 MATERIALS AND METHODS  

2.1 Manure system on the farm 

The pig farm which has 8000 pigs is located in the Shunyi district of Beijing. For manure management, the 

“Ganqingfen” is in operation: The solid pig manure in the barn is collected separately by manpower. Then water is 

used to flush the floor of the barn.  

2.2 Biogas plant 

The continuous biogas plant is a complete stirred reactor with a volume of 1000m
3
 is located on the farm. It has 

been running for 3 years since 2006. The plant consists of four digesters (D1-D4) with a horizontal agitator in each 

digester. Each of them has a volume of 250 m³. Temperature is monitored with a thermometer submerged in the 

liquid phase. The solid pig manure and slurry produced by barn flushing are mixed and fed into the four digesters 

via a mixing and feeding pump. Around 400-600kg per day pig manure is fed to the fermenters D1 and D2 

additionally and directly. The produced biogas is fed into a micro gas grid and used in households for cooking and 

heating. The feeding operation of the plant is heat demand driven. In summer, the input into the biogas plant is 

reduced as the biogas demand is lower as compared to the winter season. In this case, the non treated and surplus pig 

manure is composted.  

2.3 Methodology 

An analyzing campaign was conducted in summer, in June and July of 2009, for 49 days. The fluxes of organic dry 

matter into and out of the biogas plant (oDM in, oDM out, biogas out) were analyzed. The mass flow and 

conversion of oDM into biogas were calculated using equation (1) and (2). Additionally the produced biogas volume 

in standard temperature and pressure was calculated using equation 4 and 5.  

entationseeffluentCOCHoutputinput oDMoDMoDMoDMoDM dim24
++==

+
                (1) 

input

COCH

oDM

oDM
fficiency 24E

+

=                  (2) 

 The hydraulic retention time (HRT) was estimated by equation (3): 
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where 1000 is the volume of biogas plant (m
3
), 49 is the duration of measurement in days, Vi is the daily feeding 

volume (m
3
), i is the time (days). 
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where V  is measured gas volume (L), V0  is gas volume in stardard tempareture and pressure, p is gas pressure 

(mbar), pW  is vapor pressure (mbar) related to gas temperature in the fermenter, T  is gas temperature (K), T0  is 

normal temperature (273.15 K). 

The vapor pressure can be calculated using the equation 5: 

)2.241(
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c

T
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w ep
+

⋅

⋅=                   (5) 

where  pw  is vapor pressure (mbar), Tc  is gas temperature in °C 

2.4 Sampling procedure and Parameters 

The influent (slurry and manure) and effluent of the biogas plant were sampled daily, respectively. The total 

inorganic carbon (TIC) and volatile fatty acid (VFA) were analyzed by titration (Rieger, 2006) daily in the first 

week (intensive sampling week) and once a week in the following 6 weeks. A volumetric method was used to 

determine the alkalinity in the effluent at the same time. 

pH, Electrical Conductivity (EC), Dry matter (DM), organic dry matter (ODM) of the samples were 

measured every day. Biogas quality was measured by mobile analyzer for biogas (Eheim Visit 03, Messtechnik 

EHEIM GmbH) was measured daily in the first week and once a week in the following weeks. Gas quantities are 

given at norm conditions (T=273 K and 1013 mbar). Biogas quantity was recorded by the installed gas meter daily. 

The feeding volume of the influent was estimated by measuring the pumping interval and the pump rate. The pump 

with a rate of 0.7m
3
 min

-1
 was determined in a separate experiment. The amount of solid manure fed into the plant 

was estimated by the volume and the density of the material.  

2.5 Biogas potential  

The biogas potential of three types of manure from the farm, sow, fattening and weaner, was analysed in 5L plastic 

batch reactors at 37°C and 20°C, respectively. 300g fresh solid manure were mixed with 3L effluent from the biogas 

plant as inoculum and stirred. A control with 3L effluent only was used to determine the gas production from the 

inoculum. Each treatment was triplicated. Accumulated biogas and methane production were measured (Eheim Visit 

03, gas meter LMF-1). The slurry was a mixture of the different manures and flushing water. For our calculations, 

we assumed the slurry consists of same aliquots of the three manures (sow, fattening and weaner).  

 

3 RESULTS AND DISCUSSION  

The average temperature in the fermenter of the biogas plant increased with the ambient temperature from 23.4 to 

26.5°C during seven weeks. In average, the input had a pH of 6.8, and the effluent had a pH of 7.3 indicating a 

degradation of VFA.  

The concentration of TIC and VFA ranged from 3740 to 5780 mg CaCO3 L
-1

 and 300 to 755 mg L
-1

, 

respectively. During the seven weeks, the VFA/TIC ratio fluctuated between 0.04-0.16 which is much less than 0.3, 

a threshold that indicates for a regular performance of the anaerobic process (WRC, 1992).  

3.1 Mass flow and efficiency estimation 

The overall input was 17 570 kg oDM during seven weeks. The output was 19 430 kg oDM, of those the amount of 

biogas was 12 890 kg oDM (TABLE 1). The overall efficiency was calculated according to equation (1) and (2) and 

was either 68% or 73%. The HRT was 35 days. 

Because only the overall biogas production of the biogas plant could be measured, the efficiency of each 

single digester could not be calculated.  
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TABLE 1 Mass flow of the biogas plant in seven weeks 

Input 
Mass 

kg oDM 
Output 

Mass 

kg oDM 

Slurry 8 750 Biogas 12 890 

Solid manure fed to D1 and D2 7 395 effluent 6 180 

Sedimentation
a
 0 

Solid manure fed to D3 and D4 1 425 
  

Sum: 17 570 

biogas efficiency: 73% 

 

Sum:19070  

biogas efficiency: 68% 

F1 and F2 F3 and F4 Estimated organic loading rate (OLR) 

 kg oDM m
-3

 d
-1

 0.5 0.2 

a: sedimentation was assumed as 0,  because no sedimentation has been discharged since 2006.  

 

The biogas plant performed rather well at low organic loading rates at ambient temperature. These 

findings go along with the results from Wellinger & Kaufmann (1982). They operated two full-scale, unheated, 

batch-fed digesters (accumulation systems) in Switzerland. The systems proved to be an economically viable 

alternative to mesophilic continuous-flow digesters. Daily gas production approached net energy values known for 

fermenters operating at 35°C.  

The demand driven operation hasn’t affected the performance of the biogas plant at low temperature. 

Experimental results from Massé et al. (1996) also indicated that intermittent feeding did not affect performance 

during anaerobic digestion of swine manure slurry at 20°C. 

 Sutter and Wellinger (1988) reported that the gross biogas production by a digester operating at 20°C and 

at retention time of 40–50 days is comparable to a digester operating at mesophilic temperature but at half the 

retention time. This result cohered with the estimated longer HRT of 35 days. Similar result was reported by Sigh et 

al. (1995). 

3.2 Evaluation of estimation results 

Interestingly, the estimated methane production (6540m
3
) on the plant was higher as compared to the methane 

production analyzed in the batch experiments. At 37°C the methane production (5502m
3
) was 17%, and at 20°C 

(4810m
3
) 28% lower, respectively (TABLE 2). Reasons may be (i) an error in the determination of mass fluxes on 

the farm: the input into the fermenter was estimated using the time the pump fed substrate into the fermenter and its 

pumping capacity. The output of the fermenter was estimated by the volume of output material measured by buckets. 

(ii) sediment in the biogas plant that contributed to the biogas production on the farm. In this study, the 

sedimentation was assumed zero because the operators did not have any sedimentation problem during the three 

year operation (iii) the stimulation of biogas production by a mixed substrate compared to the batch experiments 

where the single substrates were tested and not mixtures.  

 

TABLE 2 Calculated methane production on the base of methane yields from batch tests at 37°C and 20°C 

 
Input 

kg ODM 

CH4 potential 

m
3 
CH4/kg ODM 

 

CH4 

production 

m
3
 

 

CH4 potential 

m
3 
CH4/kg ODM 

 

CH4 

production 

m
3
 

                      20 
o
C  37

 o
C 

                                       

 oDM in solid fraction 

sow 1630 0.22 359 0.29 473 

fattening 910 0.23 209 0.26 237 

piglet 6280 0.27 1696 0.29 1821 

Sum 8820  2264 

 

 2531 

    oDM in slurry 

Calculated 

using output 

data 

10250 0.24 2460  0.28 2870 
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Overall calculated methane production 4724   5401 

Measured methane production of the biogas plant 6540    

 

4 CONCLUSIONS 

Biogas plants with low loading rates are very stable and don´t need intensive process control. And intermittent 

feeding will not affect the efficiency of them. 

The microbial community in the biogas plant seems to be adapted well to temperatures below the 

optimum temperature in the mesophilic range. Perhaps the microorganisms are adapted in the three years of 

operation to changing and rather low temperatures. 
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1  INTRODUCTION 

In most argentine dairy cattle establishments, livestock pasture open field. However, during milking, great amounts 

of manure accumulate in pre-milking track. During the cleaning of the track, residues are throwing to courses of 

water, causing environmental damages (Díaz and Romagnioli, 1987; Díaz and Rolando, 2000). 

Anaerobic digestion is a prominent alternative at world level for treating these residues, taking into 

account economical and environmental aspects. The manure digestion is carried out in digesters which are filled 

with a mix of manure and water resulting from the cleaning of the pre-milking track. Bacterial activity produces: 1) 

biogas, considered an alternative source of energy because of their content in methane, 2) mud, organic stabilized 

silt and cellular material with properties as soil amendment, and 3) effluent, liquid material with mineral salts, 

humid acids and fithormones. This product could be used as bio fertilizer because of it content in soluble nutrients, 

easily available for plant absorption (FAO 1984; Gropelli et al., 2002; Puerta et al., 2006a). 

In Argentine, there is scarce scientific information about the use of the effluent, in opposition to other 

countries where the treatment of the agricultural residues by none aerobic digestion is a more common practices 

(FAO, 1977; FAO, 1984). Escobar and Gonzalez (1996) consider that there is not enough technical data for an 

appropriate and efficient use of these kinds of products. Therefore, it is necessary the development of studies to 

define the technical variables that affect this treatment and the most appropriate disposal methods (Campaña et al., 

2001). The characterization of the effluent and the evaluation of its effects on horticulture production, would allow 

finding an ecological alternative, characterized by the lack of availability and homogeneity of the inputs of this type 

(Bogliani., 1988; Del Pino, 1996; Puerta, 2005; Puerta et al., 2006b). 

The aim of this work was to study effluent chemical and microbiological characteristics and evaluate its 

effect as bio fertilizer in the organic production of lettuce seedling in greenhouse. 

 

2  MATERIALS AND METHODS 

Manure was obtained from dairy installation of the National University of Luján, Buenos Aires, Argentina (35º 35' 

S, 59º W, 28 m over sea level). A digester of discontinuous load was built to pilot scale, using 25 liter glass bottles 

placed in stove at 37 +/- 1 °C. To assure treatment efficiency and good nutrient yield, the material used for the 

digestion process contained 4 % of total solids. The digestion process was concluded when biogas production 

diminished compared to the maximum registered values, approximately 3 ½ months after process initiation. At the 

beginning and the end of the process, the material was analyzed by chemical and microbiological tests according to 

APHA Norms (1992), determining percentages of total solids (%TS), fixed solids (%FS), volatile solids (%VS), 

chemical oxygen demand (COD),  pH, electrical conductivity (EC), total nitrogen and potassium on dry base 

(%NK), total phosphorus on dry base (%P) and potassium on wet base. Sanitary quality was evaluated through 

analysis of potential residues for the agricultural media, coliform bacteria and faecal Streptococcus and Salmonella.  

Seedlings were produced in a greenhouse during winter season. Lettuce (Lactuca sativa L.) var. Galician 

seeds were sowed in cell trays, using a commercial substrate, composed by crowd, pearl and pine composted bark. 

The effluent was manual pulverized with a weekly frequency, using three different effluent:water dilutions and a 

control without effluent addition. Dilutions were: D I dilution 1:9, D II dilution 1:6 and D 3 dilution 1:3. When 

plants were on transplant stage (4 true leaves), fresh and dry weight of leaves and root, height and leaf area of plants 
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from each treatment were measured, according to the methods describes by Salisbury and Ross (1985) and Gardner 

et al. (1995). 

The essay was carried out in a complete randomized design with six replications. Data were evaluated by 

variance analysis, and differences among means studied by LSD (p <0.005).   

 

3  RESULTS AND DISCUSION 

The organic material diminished during the anaerobic digestion process, correspondingly with the decrease of the 

percentage of volatile solids (%SV). Consequently it was observed an increment in the mass of inorganic 

compounds, caused by the organic material mineralization, which is confirmed by the higher percentages of fixed 

solids (%SF) and the value of electric conductivity (Table 1). Results are in accordance with other authors 

observations, allowing considering that the anaerobic digestion was developed appropriately (Badger, 1979; Hills, 

1980; Puerta, 2003; Puerta, 2006a) 

Bacterial population diminished after anaerobic treatment (Table 2), assuring a safe sanitary manipulation 

of the obtained product as bio fertilizer (Fortunato et al., 2006; Muñoz et al., 2006).   

Seedlings watered with effluent dilutions achieved better quality parameters, with higher values of fresh 

and dry weigh, height and leaf area, differing statically from control plants. Higher increments were obtained with 

1:3 and 1:6 dilutions (Table 3). Obtained plants fit quality characteristics to be used in commercial production 

(Ferratto,1996; Guarinos and Balcalza, 1996; Puerta, 2003). 

 

TABLE 1  Chemical characterization of the material before and after digestion process 

VARIABLES BEFORE DIGESTION AFTER DIGESTION 

TS [%] 3.0 0.8 

FS [%] 18.3 33.9 

VS [%] 81.7 66.1 

COD [mg.l
-1

] 24,000 10,333 

pH 7.1 7.9 

EC [mmhos.cm
-1

] 3.1 5.9 

NK [% dry] 4.4 10.5 

P [% dry] 1.03 1.72 

K [mg.l
-1

, wet] 970 1200 

 

 
TABLE 2  Concentration of microorganisms before and after digestion process  

 
TABLE 3   Plant height, root and leaf fresh and dry weight and leaf area of lettuce (Lactuca sativa L.) var. 

Galician plants at 4 true leaves stage 

TREATMENTS CONTROL 
1:9  

DILUTION 

1:6  

DILUTION 

1:3  

DILUTION 

PLANT HEIGHT 4.97 a 6.62 b 8.49 c 8.72 c 

ROOT FRESH WEIGHT 0.45 a 0.55 b 0.62 c 0.63 c 

LEAF FRESH WEIGHT 0.48 a 0.68 b 1.01 c 1.09 c 

ROOT DRY WEIGHT 0.0384 a 0.0436 b 0.0462 b 0.0458 b 

LEAF DRY WEIGHT 0.0601 a 0.082 b 0.101 c 0.100 c 

LEAF AREA 17.47 a 25.88 b 39.63 c 42.04 c 

 
Values followed by the same letter in the column do not differ significantly according to LSD (p<0.05)  

 

CONCENTRATION OF MICROORGANISMS 

[CFU.ml
-1

] 
BEFORE DIGESTION AFTER DIGESTION 

THERMO TOLERANT COLIFORMS  5x10
4 

Less than 10 

FAECAL Streptococcus  9x10
3 

Less than 10 

Salmonella spp. MPN Less than 3 Less than 3 
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4 CONCLUSIONS 

The anaerobic digestion is an appropriate mechanism to treat the dairy cattle manure, obtaining an effluent with 

fertilizing properties and microbiologically safely. 
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1       INTRODUCTION  

The unsustainable use of renewable resources in Brazil is happening in a fast speed, causing the lost of entire ecosystems 

and reducing the stock of natural capital.  Among these natural resources, native forest species stands out.  They had 

once been present in   great extensions in the Brazilian territory and currently many of them are being extinct.  Vale do 

Ribeira concentrates one of the last and most preserved remaining of the Atlantic Forest in Brazil, which means that 

there is a demand in a short term of good quality forest seedlings for reforestation projects.  

Agriculture in Vale do Ribeira, São Paulo, Brazil, has as its main products banana (Musa sp) and heart of 

palm (Bactris gasipae Kunth).  These products are industrialized in the region, producing great quantities of waste 

which are dumped without any planning, what can be a source of pollution. Because the organic compounds obtained 

from composting of waste from banana and heart of palm agro industries (abundant materials in Vale do Ribeira) have 

considerable contents of organic matter, nutrients, and also high capacity of water retention, they have potential for 

being used as substrate on the production of native species seedlings.  

Each species has its own requirements for its development.  The substrate has a great influence on the 

germinative process because factors such as aeration, structure, water retention capacity, degree of infestation by 

pathogens, among others, differ among substrates, favoring or harming seed germination. Substrates have to keep a 

suitable proportion between water availability and aeration, and it should not be excessively moistened in order to avoid 

that a film of water involves the seed, restricting the entry of oxygen (Scalon et al., 1993).  The choice of substrate has to 

be done taking into account the requirements of the seed, regarding its size, shape, etc.  

Cedro (Cedrela fissillis Vell.) is a forest species from Meliaceae family, and it can be found from Rio Grande 

do Sul to Minas Gerais, mainly in semideciduous and Atlantic rainy forests (Lorenzi, 1992).  It grows in primary forests 

and it has a quite faster growth than other native species, being much used in the recovery of degraded areas as a 

secondary starter species. The works on production of seedlings of these species are scarce  

This work aimed at evaluating the performance of organic compounds obtained from composting of banana 

and heart of palm agroindustrial waste as substrate for production of Cedro Rosa (Cedrela fissilis Vell.) seedlings. 

 

2       MATERIALS AND METHODS  

The seeds for seedling production Cedrella fissilis Vell. (Cedro Rosa) was obtained from the nursery of Fundação 

Bradesco, Registro, São Paulo, Brazil. It was adopted a randomized block design with 12 treatments and ten repetitions. 

The substrates were prepared from combinations of organic compounds produced from industry wastes of palm (palm 

and royal palm), banana, ashes from boiler (used to heat the water used to prepare the hearts of palm) and the 

vermiculite medium texture. The combinations of materials for the composition of substrates: :  T1 (100% CB); T2 

(100% CPR); T3 (100% CP); T4 (70% CB + 20% ash + 10% vermiculite); T5 (60% CB + 20% ash + 20% vermiculite); 

T6 (50% CB + 20% ash + 30% vermiculite); T7 (70% CPR + 20% ash + 10% vermiculite); T8 (60% CPR + 20% ash + 

20% vermiculite); T9 (50% CPR + 20% ash + 30% vermiculite); T10 (70% CP + 20% ash + 10%); T11 (60% CP + 20% 

ash + 20% vermiculite); T12 (50% CP + 20% ash + 30% vermiculite ). CB - Compost-based agro-industry waste 

banana; CPR - Compost-based agribusiness waste palm heart (royal palm), CP - Compost-based agribusiness waste of 

palm (palm). 
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TABLE 1      Chemical characteristics of materials used in the composition of the substrates. 

 pH EC N P K Ca Mg Cu Fe Zn Mn OC C/N 

   ----------------  %  -------------------- -------------mg.kg
-1

------------   

CB 7.2 3.5 2.0 1.8 10.6 8.2 4.0 10 7500 42 234 128 11/1 

CPR 7.7 3.7 9.9 2.6 12.9 7.9 4.6 24 1050 110 501 194 9/1 

CP 7.1 3.5 2.4 2.8 14.5 8.8 4.4 21 900 84 321 211 10/1 

Ash 8.8 3.4 3.0 59.0 27.0 3.0 3.0 - - - - - 12/1 
CB - Compost-based agro-industry waste banana; CPR - Compost-based agribusiness waste palm heart (royal palm), CP - Compost-

based agribusiness waste of palm (palm).OC – Organic carbon. 

 

We used hard plastic tubes (50 cm
3
 vv), containing different substrates, placed on support type plastic tray 

under shade with 40% capacity retention of light. Irrigation was performed manually and daily. 

After 120 days were evaluated the following characteristics: Height of shoot (H) Diameter of the neck (D), 

dry matter of shoot (SDM). At the end of the experiment, the plants were separated into roots and shoots. The parties 

were dried in an oven with forced air at a temperature of 65 ° C, until constant weight. Data obtained were calculated on 

the dry matter of shoot (SDM), and the different levels of quality seedlings, which are the ratio of shoot height and stem 

diameter (H / D), the ratio of the height of the air / dry matter of shoot (M / DMAP).  

After drying, the plant material was sent to the Laboratory of soil and plant analysis of UNESP to determine 

the macronutrients levels. 

Data were subjected to analysis of variance and multiple comparisons using the statistical program SISVAR. 

3         RESULTS AND DISCUSSION  

3.1  Morphological parameters 
For the variable plant height (H), observed that the compound T3 was higher than in the other, showing that for this 

variable, the introduction of the components of boiler ash and vermiculite mixture exerted a negative effect, ie, in the 

values significantly lower than other treatments. It adds that the time considered ideal for a seedling is planted in the 

field is 30 cm, so the seedlings evaluated, even in statistically superior treatments were not yet ready for planting. A 

similar result was also in 'to the variable stem diameter (D). 

Also the relations between the morphological attributes that indicate the quality of seedlings were affected by 

the composition of substrates (Table 2). In this study, the aspect of the shoot / stem diameter (H / D) was higher in 

treatment T6. It is known that values of H / D ratio ranging between 5.4 and 8.1 are ideal, however, the smaller this 

value, the greater the ability of seedlings to survive and establish themselves in the field (Carneiro, 1983) Therefore, on 

this parameter, most of the seedlings showed satisfactory values, the exception of T2, T3 and T9. 

 

TABLE  2 Height (H), collar diameter (D), total dry biomass (BST) and ratio between height and shoot 

(H/BST) of the seedlings Cedrella fissilis Vell. 

Substrates H D H/D BST H/BST 

 cm mm  g  

T1 21.3b 3.8b 5.6bc 2.1c 10.1b 

T2 20.1b 4.7a 4.3c 3.2b 6.3d 

T3 23.4a 5.1a 4.6c 4.6a 5.1d 

T4 19.3b 3.7b 5.2bc 2.7bc 7.1c 

T5 18.6bc 2.9bc 6.4b 2.2c 8.5c 

T6 16.8c 2.2c 7.6a 1.3c 12.9b 

T7 13.7d 2.2c 6.2ab 1.4c 9.8b 

T8 12.9d 2.1c 6.1ab 0.9d 14.3a 

T9 12.5d 2.5c 5.0c 0.9d 13.9a 

T10 17.4c 2.4c 7.3a 2.0c 8.7c 

T11 16.2c 2.4c 6.8ab 1.9c 8.5c 

T12 16.7c 2.9bc 5.8b 1.8c 9.3bc 

CV% 9.6 13.2 12.7 14.1 13.3 
*Means followed by the same letter in columns do not differ by Tukey test (P> 0.05). 
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Index M / DMAP used to predict the potential for survival of the seedling in the field. Gomes (2001) states 

that the lower this index, the more lignified will change and better development in the field. In this study, the lowest rate 

was observed when the substrate was used T3. 

3.2  Macronutrient Concentrations 

The macronutrient content of the shoots of seedlings of C. fissilis Vell can be seen in Table 3. 
Silva and Muniz (1995) in a paper that evaluated the nutritional needs of cedar seedlings, consider the 

following leaf as normal for this species: N - 34.5 (g kg-1), P - 3.3 (g kg 
-1

), K - 11.8 (g kg
-1

), Ca - 15.0 (g kg
-1

), Mg - 5.0 

(g kg
-1

). From the comparisons found in this study with the work of Silva and Muniz (1995), it was found that the levels 

of N found were considered below normal for all treatments. This may be explained by the pH of the substrate (between 

7.0 and 8.0), considered high by Hanhn (2006), according to him, the high pH values compromise the availability of 

nutrients for seedlings.  

 

TABLE  3     Macronutrients concentration (g kg 
-1

)  in  Cedrela fissilis Vell. seedlings. 

Substrates Macronutrients concentration 

 N P K Ca Mg S 

  g  kg 
-1

  

T1 16.0c 3.2 a 33.0b 10.0c 3.5c 1.4a 

T2 19.05b 2.1b 22.0c 15.0b 5.6bc 1.3a 

T3 14.0c 1.8b 27.0bc 12.0c 5.5bc 1.3a 

T4 23.0a 2.1b 26.0c 14.0b 6.9a 1.4a 

T5 15.0c 2.1b 25.0c 15.0b 6.9a 1.2a 

T6 20.0a 2.1b 21.0c 19.0a 7.7a 1.3a 

T7 14.0c 1.7c 23.0c 12.0c 6.2b 1.1a 

T8 12.0c 1.9c 24.0c 14.0b 6.6b 1.2a 

T9 18.0b 3.2a 45.0a 6.0d 2.9c 1.5a 

T10 14.0c 3.2a 34.0b 6.0d 2.8c 1.3a 

T11 17.0c 2.4b 23.0c 16.0b 6.5b 1.4a 

T12 19.0b 1.5c 30.0b 14.0b 6.3b 1.3a 

CV% 10 12.2 13.6 13.1 12.5 8.2 
*Means followed by the same letter in columns do not differ by Tukey test (P> 0.05). 

 

Another hypothesis is that although the C / N ratio of substrates to be appropriate and within recommended 

levels, the N mineralized was not contained in time for the growth of seedlings. It is noteworthy that even with N 

content below what is considered ideal, the seedlings showed no visible symptoms of nutritional deficiency. The P 

concentrations in tissues were similar to those of N. 

The K concentrations were in high values for all treatments above considered adequate (11.8 g kg
-1

) for 

seedlings of cedar, with both the highest values were recorded in treatment T9 and T10 and T1. However, the treatments 

were observed where the highest values of K corresponded to lower levels of Ca and Mg. The effects of increasing doses 

of K on the decrease in the accumulation of nutrients, especially Ca and Mg, are widely reported in the literature. 

Malavolta et al. (1997) explain the behavior of the competitive effect on the absorption of Ca and Mg, since, during the 

process of root uptake, these nutrients used the same sites shippers.  

We suggest other tests with more demanding and species tolerant to high salinity of the substrates. 

 

4       CONCLUSION 

Chemical composition of the substrate exerted great influence on growth parameters of seedlings of Cedrela fissilis Vell. 

And is supposedly the high concentration of K of the material and the low N supply factors responsible for the negative 

effects observed. 
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1  INTRODUCTION  

Livestock agriculture dominated by pig rearing is responsible for the production large volumes of wastes.  Across 

the European Union there are over 151 million pigs that produce 300 million tonnes of slurry annually.  

Furthermore, intensive production linked to certain regions, leads to zones of nutrient excess where available land 

for land spreading is insufficient.  However, even if the environmental problems that affect these zones have been 

long recognised and largely dealt with, the concern now lies equally with sanitary aspects.  Questions are now asked 

on the relationship between land spreading of animal manures and the faecal contamination of groundwater (and 

sometimes bathing water) and the outbreaks of specific disease or general ill health.  Over 150 zoonoses have been 

isolated from livestock slurries with a variable prevalence, but often not negligible.  These include the bacteria 

Campylobacter sp, Escherichia coli O157:H7 and Salmonella sp ; the viruses  enterovirus and hepatitus E;  the 

protozoa  Cryptosporidium parvum and Giardia lamblia ; and the helminths Ascaris suum and Taenia solium 

(Levasseur, 2007).  Pathogens are today considered to be a rising barrier to recycling manures to land for crop 

nutrition.  Furthermore, within the context of a growing demand of water quality for domestic use, it is becoming 

necessary (a) to find methods for sanitisation that are economically acceptable, (b) to establish effective regulations 

and (c) to establish and manage the hygienic risks.  Within these definitions, the work presented here is set out to 

establish the effectiveness of sanitation of continuous thermal treatments based on the use of heat exchangers.  The 

specific germs studied were the classic indicators (E. coli and enterococci), coliforms, aero-anaerobic flora and the 

bacteriophages F+ specific and somatic. 

 

2  MATERIALS AND METHODS  

2.1  Sanitization process and the means of evaluation 

The continuous thermal treatment process developed, comprises two heat exchangers (HE1 et HE2) and a means to 

sustain the temperature (C) as shown in Figure 1 below: 

 

 
FIGURE 1  Schematic diagram of the thermal treatment systems including heat recovery option. 
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Two tubular heat exchangers made of 316 stainless steel were used for pilot studies. They comprised a 

series of double tube units each of a nominal 3 meters length and an interior diameter of 9.7mm.  These units were 

joined in series to make a total length of 15 meters (5 units) for HE1 and 9 meters (3 units) of HE2.  The liquid 

effluent stream being heated passed through the inner tube, whereas the heating fluid passed countercurrent through 

the external jacket formed by the two tubes.  The exchanger HE1 allowed the heating of the slurry from 16.7 to 

43.8°C solely from recovering the heat from the returning hot effluent in the jacket.  The second exchanger, HE2 

completed the heating, raising the temperature to a final set value of 78°C using an external heat source via hot 

water.  For the slurry, the circulation flowrate was 115 litres/hour (pump P1) : for the circulating hot water (pump 

P2), the flowrate was 230 litres/hour.  Fluid velocity was judged turbulent in both cases with a flow pattern close to 

“plug flow”: the retention time was calculated as 75 seconds for the slurry on its heating cycle.  The heating rate 

approximated to linearity with a mean value of 51 deg.C per minute. 

Once heated to the set temperature, the slurry was held at this condition by means of passing through a 

retention vessel (C) made from a length of PER tube (length 125 metres and internal diameter 14.8 mm) rolled up 

and held in a heated chamber.  The flow of slurry though this unit was deemed very close to plug flow with a 

calculated retention time of 11.25 minutes.  The objective had been identified to achieve a minimal residence time of 

10 minutes for the processed effluent.  The higher actual time period ensures this condition is met noting a non 

perfect plug flow identified by prior tracer studies.  The entry temperature of the slurry was noted as 78°C cooling 

slightly to 76.3°C at the exit from this unit.   

Noting the small interior diameters of the tubular elements of HE1 and HE2 and of the retention unit (C), 

the raw pig slurry used for the trials was centrifuged before being used in trials.  This pretreatment (which is not 

uncommon in the management of livestock effluents) allowed the removal from the liquid phase of hair, straw, fine 

stones and other particles larger than 5 mm that could otherwise lead to a blockage.  It is of note that the separation 

removed no more than 50% of the total original dry matter (40 ± 1 mg/g) of which little would have been deemed 

reactive.   

The thermal treatment carried out in these trials comprised of heating this effluent to 78°C over 75 

seconds, sustaining a temperature above 76.3°C for 10 minutes then cooling to a final temperature of 41°C over 37 

seconds. 

2.2  Evaluation of the treatment efficiency 

The sanitising performance from the thermal treatment was evaluated from the counts of selected microbiological 

indicators originally present in the pig slurry.  Samplings were done before centrifugation (raw effluent), just after 

the feed pump (P1), just after the second heat exchanger (HE2) and at the exit from the retention unit (C).  50ml 

samples were taken and immediately put into an ice pack.  The system, being continuous, allowed to take all the 

samples at the same time.  A duplicate was taken after an interval of 15 minutes. 

The counting of the coliforms at 30°C, E.coli, enterococci, and aero-anaerobic flora were carried out 

following the published standard NF EN ISO 8199:2008 on agar culture media respectively: Mac Conkey (Biokar) 

at 30 °C/24 hours, TBX (Biokar) at 44°C/24 hours, Slanetz (Biokar) 37 °C/48 hour then transfer to BEA (Biokar) 

44°C/3 hour and finally TSYE (Biokar) 37 °C/72 hours.   In order to improve the threshold of detection for the E. 

coli and the entereococci, checks for presence/absence in 10mL samples of non-diluted slurry were done with the 

media colilert®-18 et Enterolert
TM

-E following the defined method of Substrat Technology® d’IDEXX. 

The counting of virus indicators (phages F+ specific and phages somatics) was done by following the 

published standard NF EN ISO 10705:2001 parts 1 and 2. 

The densities of slurry before centrifugation and following the pump, P1 were measured as 1.017 and 

1.008 kg/L respectively: it was thus noted then that 1g of slurry was equivalent to 1ml.  The results of viability were 

expressed as CFU (colony forming units) or PFU (plaque forming units) per millilitre this being closely equivalent 

to the same value per gram of raw effluent. 

 

3  RESULTS AND DISCUSSION  

3.1   Slurry pre treatment 

The effect of centrifugation of raw pig slurry and of thermal treatment on the supernatant produced in terms of the 

numbers of microorganisms is set out in Tables 1 and 2.  Of special note is that centrifugation had no effect on 
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numbers as might have been expected.  A similar observation was reported by Levasseur (2007). This result justifies 

the choice of centrifuged effluent as model for studying effect of thermal treatment. 

3.2  Resistance of indicators bacteria to thermal treatment 

For the coliforms, E. coli and the entereococci, simply heating to 78°C is enough to achieve a reduction of 4 log10 

units or more (Table 2).  Holding at the elevated temperature (above 76°C) increases further the efficiency of 

treatment.  On the other hand, the thermal treatment applied did not achieve more than 2 log10 units of reduction on 

aero-anaerobic flora which remained at concentrations above 10
5
 CFU/mL following the period of retention at the 

raised temperature.  It has been already established that vegetative form of spore forming bacteria are removed at 

temperatures of 80°C following a 10 minutes exposure (Setlow, 2006).  Thus, noting the lack of distinction of the 

broad measures used, one might expect that the microorganisms quantified after treatment under “aero-anaerobic 

flora” could be spores. These could include spore formers such as Bacillus which have already been reported as 

present in animal slurries (Peu, 2006; Levasseur, 2007).  Amongst these types of bacteria, some are known as 

pathogenic for man (Levasseur, 2007).  Thus, such a treatment, even if adequate for coliforms, E. coli and 

enterococci would be insufficient for a non-negligible number of spore forming pathogens that might be present.  

Furthermore, the thermal shock on wastewaters are known to select and support the development of a flora including 

the spore formers Bacillus and Clostridium (Valdez-Vazquez, 2009).  The number of pathogenic organisms in the 

effluent could, in some conditions, increase following an inadequate thermal treatment. 

 

TABLE 1  The effect of centrifugation on the concentration of selected indicators 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE 2   Reduction of specific indicator organisms following thermal treatment 

 

 

 

 

 

 

 

 

 

 

 

 

3.3  Resistance of the virus indicators to thermal treatment 

Heating alone is enough to achieve a reduction of more than 5 log10 units for the F+ specific phages (confirmed by 

testing for RNAase).  These demonstrated substantial thermo sensitivity at 76.3°C.  After 16 hours of incubation, 

two different morphologies were observed for the somatic phages.  Morphology 1 was of large lysis plates (5-6 mm 

diameter) similar to those of the phage, reference ΦX 174.  Morphology 2 comprised small plates (1-2 mm 

diameter).  Both morphologies were present before treatment (Table 1) and in effluent leaving the exchanger (noting 

Mean
a
 in CFU or PFU / mL 

Microorganisms 
Raw slurry Centrifuged slurry 

Coliforms at 30°C 1.6×10
5
 1.4×10

5
 

E. coli 8.7×10
4
 3.0×10

4
 

Enterococci 1.7×10
5
 1.9×10

5
 

Aero/anaerobic bacteria 4.4×10
7
 6.0×10

7
 

F+ specific phages 1.6×10
4
 1.7×10

4
 

Somatic phages 2.2×10
5
 1.9×10

5
 

Included morphology 1 1.5×10
5
 1.1×10

5
 

Included morphology 2 7×10
4
 8×10

4
 

a
 Mean of 2 replicates 

Decimal reduction (log10) 
Microorganisms 

Heating only
a
 78-76.3 °C / 10 min

b
 

Coliforms at 30°C 4 > 4 

E. coli > 5 > 5 

Enterococci > 4, < 6 > 6 

Aero/anaerobic bacteria nd
c
 2 

F+ specific phages > 4 > 4 

Total somatic phages 2 2 

Included morphology 1 5 > 5 

Included morphology 2 2 2 
a
 after heat exchanger, 

 b
 after chamber, 

 c
 nd: no data 
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just 0.5 PFU for morphology 1 and predominance of morphology 2).  But leaving the retention zone, there remained 

only organisms giving rise to morphology 2.  Without genetic typing method, it is impossible to claim whether it is a 

matter of one or two (or more) distinct species.  However, following this reasoning, one would appreciate that the 

heating alone was enough to destroy 5 log10 units of morphology 1.  Maintaining at the elevated temperature would 

increase this effect.  On the other hand, passing effluent through the retention zone would have no effect on those 

phages giving rise to morphology 2 which have previously resisted the heating process. 

Following this line of reasoning, just under 1% of the population giving rise to morphology 2 would seem 

insensitive to the treatment.  The main part of phages responsible for morphology 2 on passing through heating 

showed a reduction of more than 2 log10 units.  So, It could be that there are three distinct populations amongst the 

somatic phages such as: (i) thermo tolerant amongst phages linked to morphology 2 (ii) thermo sensitive amongst 

phages linked to morphology 1 and (iii) thermo sensitive amongst phages linked to morphology 2.  Such an 

interpretation is in agreement with the results of Moce-Llivina et al.(2003) who observed different resistance to heat 

exposure between several types of somatic phage. 

 

4  CONCLUSIONS  

− Centrifugation of piggery slurry has no abatement effect on the numbers of microorganisms observed. 

− Thermal treatment at 76°C was sufficient to reduce coliforms, E. coli and enterococci by more than 4 log10 

units.  Heating alone (prior to retention at the elevated temperature) was enough to achieve this effect. 

− The broad counts on aero-anaerobic flora were only reduced by 2 log10 units even after retention at the 

elevated temperature for 10 minutes. 

− The results for the phages used were mixed.  The picture was complicated by the formation of two different 

types of plates during incubation suggesting tree sub-types with different thermo tolerances. 

 

The overall conclusion is that the required conditions for sanitisation depend on the type of 

microorganism and regulation in question.  With respect to livestock slurry, current regulations are relatively slack : 

the  EU Directive 1774 (amendment 208/2006) specifies a maximum of 10
3
 per gram for just two indicators (E. coli 

and enterococci).  The French standard NFU 44-051 is more demanding but in either case a reduction of 2 or 3 

log10 units from the initial concentrations observed in the raw slurry would easily be enough.  Applying this 

standard, a treatment at a lower temperature could thus be foreseen with the objective to reduce costs.  On the other 

hand, if the treatment aims to guarantee the safety of the treated effluent or slurry (that is free of pathogens), an 

even higher temperature for treatment must be considered.  The large range of thermo resistance revealed for the 

selected indicators for this study underlines the importance in using more indicators in order to confirm and evaluate 

the efficiency of a treatment system. 

REFERENCES   

Levasseur P, Dutreme S 2007. Hygiénisation des effluents d'élevage porcin. Techni porc 30(2) 3-18. 

Moce-Llivina L, Muniesa M, Pimenta-Vale H, Lucena F, Jofre J 2003. Survival of bacterial indicator species and 

bacteriophages after thermal treatment of sludge and sewage. Applied and Environmental microbiology 69(3) 

1452. 

NF EN ISO 10705:2001: Qualité de l'eau - Détection et dénombrement des bactériophages 

NF EN ISO 8199:2008 : Qualité de l'eau - Lignes directrices générales pour le dénombrement des micro-organismes 

sur milieu de culture 

NF U44-051:2006 : Amendements organiques - Dénominations, spécifications et marquage 

Peu P, Brugere H, Pourcher A M, Kerouredan M, Godon JJ, Delgenes J P, Dabert P 2006. Dynamics of a pig slurry 

microbial community during anaerobic storage and management. Applied and Environmental Microbiology 

72(5) 3578. 

Setlow P 2006. Spores of Bacillus subtilis: their resistance to and killing by radiation, heat and chemicals. Journal of 

applied microbiology 101(3) 514-525. 

Valdez-Vazquez I, Poggi-Varaldo H M 2009. Hydrogen production by fermentative consortia. Renewable and 

Sustainable Energy Reviews 13(5) 1000-1013. 

- 930 -



 Environmental and sanitary safety aspects of manure and organic residues utilization 

  

 

EFFECT OF LOW OZONE DOSE TREATMENT ON 

EMISSION AND COMPOSITION OF PIG MANURE  

 
Bildsøe P, Feilberg A. 

Dept. of Agricultural Engineering, Aarhus University, DK-8830 Tjele, Denmark 

Tel. +45 8999 1925. pernille.bildsoe@agrsci.dk 

 

1 INTRODUCTION 

Emission of Ammonia (NH3), hydrogen sulphide (H2S) and odour from intensive livestock production adversely 

affect local air quality as well as the health and well-being of animals and human beings (Aneja et al. 2009). The 

most important odorous component of livestock production is believed to be reduced sulphur compounds, volatile 

fatty acids (VFAs), phenols and indoles (Aneja et al. 2009; Feilberg et al. 2010). 

The indolic and phenolic compounds (phenol, p-cresol, 4-ethylphenol (4E-phenol), indole and skatole) 

are degradable by ozone treatment and offensiveness of the manure odour was significantly reduced when doses of 

0.5g O3/L manure where used (Wu et al. 1999). High ozone doses (1, 2 and 3g/L manure) can degrade odorous 

phenolic and indolic microbial metabolites to non-detectable levels, but have not proven effective on e.g. total 

volatile fatty acids (VFAs) and only slightly on hydrogen sulphide (H2S) (Watkins et al. 1997). However, manure 

treatment with high doses of ozone is costly due to high power consumption and includes a risk of release of excess 

ozone, which is toxic to plants and humans. In order to develop cost-effective and safe ozone treatment 

technologies, there is therefore a need for investigation of ozone treatment at low doses. 

The purpose of this work is to investigate effects of ozone treatment on pig manure emissions and 

composition. The focus was on application of ozone at relatively low doses (0 – 150mg/L manure). Furthermore, the 

paper also includes results from ozone treatment of flocculated manure with a lower content of suspended solids. 

Low-dose ozone application is currently being tested at farm level in Denmark. 

 

2 MATERIALS AND METHODS 

For the ozonation experiment, pig manure (pH ~8; Eh ~330mV; dry matter content ~ 2%; total ammoniacal nitrogen 

(TAN) 2.8 g/L) from a research facility were collected. Flocculation was performed by adding 350mL 0.25% C2260 

polymer pr litre manure, This was tested to give the best combination of large floc size and fast dewatering of the 

flocculated sample as well as the lowest turbidity and smallest dry matter content of the liquid fraction (Hjorth et al. 

2010). 

Ozone was generated by passing an oxygen stream though an electrical discharge ozone generator, set to 

highest ozone output level (~45mg/L O2). The ozone-enriched oxygen steam was added through a diffuser placed 

underneath the manure surface. Ozone was added by a gas flow rate of 500mL/min during constant stirring, to a 

manure volume of 7L, in a laboratory scale reactor. Ozonation was carried out at dosages of 0, 40, 80 and 150mg 

O3/L manure. After each ozone addition the headspace was exchanged at a air flow of 2L/min, before dynamic 

sampling of emissions were carried out; NH3 on detections tubes (Kitagawa, Japan; range 0.25 – 300ppm); H2S was 

measured by gold film H2S detector (Jerome) and air samples were collected on Tenax/Carbograph sorbent tubes for 

analysis of Volatile Organic Compounds (VOCs) emission. Moreover pH and Redox potential (Eh) were measured 

as a function of ozone doses. 

Detailed analyses of odorous VOC emissions were carried out by thermal desorption coupled with gas 

chromatography – mass spectrometry (GC/MS) using the GC/MS method described in Feilberg et al (2010). 

Emission rates were calculated from the measured concentrations and the air exchange rate. 

 

3 RESULTS AND DISCUSSION  

Emissions of selected compounds prior to ozonation are presented in Table 1. The study showed that ozonation 

changed the composition of VOCs in the headspace. Emissions of both phenolic and indolic compounds were 

clearly reduced during ozonation treatments (Figure 1). After adding 40mg O3/L manure, indolic compounds were 

reduced to below detection limit for both manure types. 
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TABLE 1 The rate of emission (ng/min) for the phenolic and indolic compounds for untreated manure for 

raw and flocculated manure respectively. 

Manure Phenol p-Cresol 4E-phenol Indole skatole 

Raw  3.0 ± 0.9 52.9 ± 5.2 2.5 ± 0.3 1.03 ± 0.16 3.48 ± 0.33 

Flocculated 39.1 ± 3.2 24.6 ± 2.5 9.1 ± 0.9 1.49 ± 0.27 7.61 ± 0.39 

 

Emissions rates (ER) of p-cresol and 4E-phenol from raw manure were strongly reduced even at the 

lowest ozone dose, whereas higher emissions of phenol were observed following ozonation. Phenol emissions after 

ozone doses of 80 and 150 mg/L were, however, lower compared to emissions after 40 mg/L, the large variation in 

phenol emission is tentatively ascribed to low concentrations close to background levels. Surprisingly, ozone 

treatment of flocculated manure was less efficient compared to raw manure, since reductions at all ozone doses were 

lower for flocculated manure. Furthermore, flocculated manure gave higher initial emissions of all compounds 

except p-cresol (Figure 1). 
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FIGURE 1 Emission rates (ng/min) for the phenolic compounds for the raw manure (open symbols) and the 

flocculated manure (black symboles) for the different amount of O3 (mg) added pr litre manure. 

Circles represent phenol, squares p-cresol and triangles represent 4E-phenol. 

 

VFA emission (Table 2) was in consistence with other work (Watkins et al. 1997) not decreased during 

ozonation and were not affected by observed changes in Eh, in agreement with Guenzi and Beard (1981). In fact, 

total VFA emissions increased at ozone doses up to 80 mg/L for raw manure and up to 150 mg/L for flocculated 

manure. The results indicate that VFA are formed as by products of ozone treatment of manure. The reason for the 

difference between raw and flocculated manure is presently not resolved. 

 

TABLE 2 Changes in emission rate of H2S (mg/min), NH3 (mg/min) and total amount of VFAs (µg/min) 

and Eh for all doses, for raw and flocculated (sep) manure respectively. 

Dose Eh (mV) H2S (mg/min) NH3 (mg/min) VFAtotal (µg/min) 

(mg/l) raw sep raw sep Raw Sep raw sep 

0 -330 -380 7 ± 2 25 ± 3 134 ± 13 92 ± 9 0.1 ± 0.1 0.1 ± 0.2 

40 -0.17 25 0 0 134 ± 13 64 ± 6 0.2 ± 0.05 0.2 ± 0.06 

80 25 37 1.4 ± 0.1 0 117 ±  11 72 ± 7 0.3 ± 0.1 0.15 ± 0.05 

150 50 50 0 0 141 ± 14 71 ± 7 0.2 ± 0.1 0.2 ± 0.04 

 

H2S emission was reduced to below background level for both manure types even at the lowest ozone 

dose. Initial emission rates are presented in Table 2. Formation of sulphur compounds (e.g. H2S) in cattle manure is 
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Eh dependent and mainly occurs under anaerobic conditions when Eh is below 0 mV (Beard & Guenzi 1983). For the 

present data, the inverse correlation between H2S emission and Eh is in agreement with the literature and shows that 

the same is likely to be true for pig manure. 

pH was stable at approximately 8, and consequently no significant increase in NH3 emissions as a 

function of ozone dose was observed. For flocculated manure, a small but non-significant, decrease was observed 

upon ozonation.  

 

4 CONCLUSIONS 

This study of ozonation at relatively low doses has shown that concentrations of phenolic and indolic compounds in 

general are easily reduced, the indolic compounds already at ozone levels below 40mg O3/L manure. H2S emission 

is Eh dependent and disappears when Eh becomes positive, which occurs at the lowest ozone dose applied. Total 

VFA emission increased during ozonation.  
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1 INTRODUCTION 

According to the Food and Agriculture Organization of the United Nations (FAO, 2007), world pig production has 

risen from around 830.6 million heads in 1997 to some 989.9 million heads in 2007, which represents a 19% 

increase, with a concomitant increase in the quantity of pig slurry produced. For instance, French pig breeding farms 

(14 million pigs produced) generate about 24 million t of pig slurry annually (Pauwels et al. 2005). Pig slurry 

spreading in the fields is the most common way of managing this waste. As elements essential for plant life (i.e. 

nitrogen (N), phosphorus (P) and potassium (K)) are found in pig slurry, it can thus be used as a fertilizer in crop 

fields. Unfortunately, pig slurry also contains heavy metals. 

 Among the heavy metals found in pig slurry, there is a high quantity of copper (Cu), i.e. 360–800 mg kg
-1

 

dry matter (dm) and zinc (Zn), i.e.  500 to 1900 mg kg
-1 

dm (Jondreville et al. 2002; Nicholson, et al., 2003). Cu and 

Zn additions (under CuO and/or CuSO4 and ZnO and/or ZnSO4 forms) are currently authorized, even at very high 

concentration, in pig feeds (20 to 220 mg kg
-1

 dm for Cu and 50 to 250 mg kg
-1 

dm for Zn) as an essential 

micronutrient additive for pig feeds (Directive 70/524/EEC). Pigs assimilate very little Cu and Zn, so 80–90% Cu 

and Zn is excreted and found in pig slurry.  

 It has been demonstrated that intensive pig slurry spreading can have impacts on field ecosystems. Heavy 

metals can accumulate at the soil surface (Novak, et al., 2004), and this accumulation, through the enhancement of 

heavy metal mobility, can therefore ultimately lead to surface water and/or groundwater contamination (6). Hence, it 

is essential to assess heavy metal speciation in pig slurry, i.e. determine the bearing phases, atomic coordination, and 

oxidation state of heavy metals, to evaluate their mobility. This is an essential contribution in order to determine the 

overall environmental impact of pig slurry spreading in crop fields.  

 Pig slurry is a complex matrix composed of liquid (urine + water) and solid (feaces) phases in which 

organic (C, N) and inorganic (P, K) chemical elements are present. Studying the speciation of Cu and Zn in pig 

slurry is thus a scientific challenge that can be addressed through an in situ multi-technique approach. The unique 

feature of the present study is that it involved a combination of techniques to investigate Cu and Zn speciation in pig 

slurry. This study was conducted in two steps: characterization analyses first focused on raw pig slurry, and then, 

due to the great complexity of the sample, size fractionation was performed in order to possibly separate individual 

Cu and Zn species.  

 Size fractionation was first carried out to account for the complexity of pig slurry. We then used SEM-

EDS to identify sites where Cu and Zn were colocated with other elements. Chemical microanalyses were 

performed at a laboratory-scale with micro X-ray fluorescence spectroscopy (µXRF) to locate Cu within pig slurry 

and identify spatial correlations between elements. The results were compared with those obtained through 

geochemical calculation of the pig slurry lagoon geochemical system. This calculation was performed to determine 

the Cu major species in the pig slurry. Finally a more detailed insight into Cu and Zn speciation was obtained using 

synchrotron-based X-ray absorption spectroscopy (XAS). XAS is one of the most known structural in situ 

techniques for direct determination of the speciation of chemical elements in complex matrix. This technique 

includes X-ray absorption near-edge structure spectroscopy (XANES), which provides global information on the 

oxidation state, three-dimensional geometry, and coordination environment of elements under investigation and 
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extended X-ray absorption fine structure spectroscopy (EXAFS), which provides information on the distances, 

coordination number, and species of the neighbors of the absorbing atom. 

2 MATERIALS AND METHODS  

2.1 Pig slurry sample 

In pig breeding, the extent of Cu and Zn addition to pig feed varies with the pig maturity stage and Cu-Zn 

concentration in pig slurry is maximal during the fattening stage. Pig slurry produced during this specific stage was 

chosen for the present study. Apart from the high Cu and Zn concentration, the studied pig slurry parameter values 

(pH 7.7, 8.35% dry matter, etc.) were comparable to those reported in the literature. 

2.2 Size fractionation 

80 g of raw pig slurry (PS raw) were filtered through different sieves using pure water. The sieve sizes were 1000, 

630, 355, 200, 50, and 20 µm. Retentates were dried at 60°C for 24 h. Six size fractions were then obtained: PS sup 

1000 (with particle sizes over 1000 µm), PS 630-1000 (with particle sizes ranging from 630 µm to 1 000 µm), PS 

355-630, PS 200-355, PS 50-200 and PS 20-50. Samples passed through the 20 µm sieve could not be directly 

filtered at 0.45 µm due to the problem of sieve fouling. Therefore, these samples were centrifuged for 27 h at 11 000 

rpm. The centrifugation residue contained particles of over 0.45 µm in size, providing the PS0.45-20 size fraction. 

The supernatant was filtered at 0.45 µm (with less than 1% loss on the sieve) to give the PSinf0.45 fraction. These 

samples were also dried for 24 h at 60 °C. Size fractionation of the pig slurry was performed in triplicate, and each 

corresponding fraction was mixed. 

2.3 Scanning electron microscopy with X-ray microanalysis (SEM-EDS)  

Before analysis, the sample was metallised with a carbon metal-spray operator (Balzer MED 010). Micrographs and 

chemical microanalyses of the sample were obtained using a Philips XL30 SFEG scanning electron microscope 

coupled to an Oxford Instrument energy dispersive spectrometer. The SEM was operated at 15 kV with a counting 

time of 60 s per point. With SEM-EDS, chemical microanalysis results can be obtained with a spatial resolution 

around 2-5 µm and a penetration depth of about the same range, but this technique is not always effective for 

locating trace elements because of its insufficient sensitivity (Zn detection limit of 10000 mg kg
-1

, depending of the 

type of matrix). SEM-EDS chemical microanalyses were then performed on selected size fractions (PS0.45-20) 

because these samples exhibited higher Zn content. 

2.4 Laboratory-based µXRF coupled with Chemometrics 

The measurements were carried out on a HORIBA XGT-5000 microscope equipped with an X-ray tube producing a 

finely focused and high-intensity beam with a 10 µm spot size. The X-ray beam was generated with an Rh X-ray 

tube at an accelerating voltage of 30 kV, with a current of 1 mA. X-ray emission from the irradiated sample was 

detected with an Energy-dispersive X-ray (EDX) spectrometer equipped with a liquid nitrogen cooled high purity Si 

detector. Elements detected by µXRF ranged from Mg (12) to U (92). The detector resolution was 145 eV at the Mn 

Kα emission line. µXRF analysis detection limits can reach 100 mg kg
-1

, depending of the nature of the matrix and 

the atomic weight of the element analyzed. Sample to be analyzed was finely ground and then pressed as a 13 mm 

diameter pellet. 45 µXRF spectra were recorded for each sample with the incident beam randomly pointed on 45 

spots on the pellet surface (total counting time of 1000 s per spectrum).  

In order to analyze these spectra properly, a self-modelling mixture analysis technique, called SIMPLISMA 

(SIMPLe-to-use Interactive Self-modelling Mixture Analysis) was used (Windig and Guilment, 1991). 

The spectrum recorded by µXRF is actually a “mixture spectrum” as the incident X-ray beam penetrates 

thought the sample and the collected fluorescence signal is coming from all the phases contained in the probed 

volume. Thus it could be difficult to establish unambiguously spatial correlations between elements (trace and major 

elements). The SIMPLISMA algorithm decomposes the data matrix (i.e. the 45 pig slurry µXRF spectra) into pure 

contributions due to each of the components in the system, and it can elucidate and characterize components in a 

mixture. The algorithm assumes that there is a wavelength with significant intensity contributions from only one of 

the components (pure component) in the mixture. This wavelength is called the pure variable. If the pure variable 

can be found for every component in a mixture, then the intensity at these wavelengths can be used to resolve the 

corresponding spectra through a least squares fit. 
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2.5 X-ray absorption spectroscopy (XAS)  

Cu K-edge XANES spectra were collected on the SAMBA beamline at the SOLEIL storage ring (France) run at 

2.75 GeV with a current of 200 mA. XANES analysis of our specific samples was very time consuming and we 

were thus not able to analyze all the size fractions. Therefore, PSraw and four size fractions PS 0.45-20, PS 20-50, 

PS 50-200, and PS 355-630 were analyzed. These size fractions were chosen because they represent the majority of 

the copper mass in pig slurry. Spectra acquisition was performed at liquid nitrogen temperature to improve the 

signal/noise ratio by decreasing thermal motion of atoms, and to avoid sample oxidation. Measurements were 

carried out in the fluorescence mode with a seven-element solid-state germanium detector. Each spectrum is the sum 

of three recordings ranging from 150 eV below to 400 eV above the absorption edge of Cu at 8979 eV. XANES 

spectra were acquired from 8959 eV to 9029 eV with a 0.2 eV monochromator step (i.e. from 20 eV below to 50 eV 

above the absorption edge) and an integration time of 4.0 s per point. The photon energy of the experimental spectra 

was calibrated using a Cu foil (threshold energy was taken at the zero-crossing point of the second derivative of the 

spectrum). The data reduction was accomplished using Athena software. In order to quantitatively compare the 

intensity of absorption features in various compounds, all experimental Cu K-edge XANES spectra were reduced by 

background subtraction with a linear function in the pre-edge region and with a quadratic polynomial function in the 

post-edge region, and normalized using the point of inflection of the first EXAFS oscillations as a unit.  

Quantitative application of XANES to geochemical systems requires determination of the proportions of 

multiple chemical species that contribute to the measured spectrum. Indeed, the XANES spectrum of the unknown 

sample is a weighted sum of all species spectra present; the atomic fraction of each metal species can be obtained by 

a linear combination fits (LCF) of this spectrum to reference spectra. XANES spectra analysis is based on 

comparisons with several reference compounds of well-known crystal structure. Reference compounds are chosen 

from a large panel of potential chemical species that could contribute to explaining the coordination, oxidation state 

and atomic environment of Cu within pig slurry. Cu K-edge XANES spectra for 13 reference compounds were 

recorded. In this database were inorganic and organic compounds with various Cu oxidation states (Cu(0), Cu(I) and 

Cu(II)). The purity of the mineral reference compounds was checked by XRD. These spectra were all subjected to 

accurate energy calibration and carefully normalized. In this study, we used a combination of principal component 

analysis (PCA), target transformation (TT), and linear combination fitting (LCF) to fit Cu K-edge XANES spectra 

of pig slurry samples. The goodness of fit was assessed with the normalized sum-square (NSS) equation. 

 Zn K-edge X-ray absorption spectra were recorded at room temperature on a FAME beamline at ESRF in 

fluorescence mode using a 30 element solid-state detector, and on an X32-A2 beamline at NSLS (in transmission 

mode), depending on the Zn concentration. The energy was calibrated on both beamlines using a Zn foil (threshold 

energy taken at the zero-crossing point of the second derivative spectrum). EXAFS k
3
χZn(k) spectra were Fourier 

transformed from the k to R space using Kaiser-Bessel apodization windows. This procedure results in pseudo-radial 

distribution functions (RDF) uncorrected from phase shift functions. RDF peaks are therefore displaced by about 

0.3-0.4 Å with respect to the crystallographic distances. The contributions of the first atomic shell were filtered by 

back Fourier transforms. In complex matrices like pig slurry, this approach may be unsuitable for fitting the second 

shell around Zn because of the numerous second neighbour nature, distance and number possibilities. Alternatively, 

since the EXAFS spectrum of the unknown sample is a weighted sum of all species spectra present, the atomic 

fraction of each metal species can be obtained by linear combination fits (LCF) of this spectrum to reference spectra 

within a 2.6-11.0 Å
-1

 k-range. The minimum number of reference spectra needed to fit the unknown sample was 

determined by principal component analysis (PCA). We also verified that the progressive introduction of component 

during the spectral reconstruction decreases the NSS (see NSS definition in S3 supporting information) at least 20%. 

PCA was performed using SixPack software and EXAFS k3χZn(k) spectra in the range 2.6 to 11.0 Å
-1

. Relevant 

reference compounds were identified via target transformation and the SPOIL function in a large collection of pure 

Zn minerals and species. 

3 RESULTS AND DISCUSSION 

3.1 Zn distribution in particle-size fractions 

Cu and Zn analysis of particle-size fractions obtained from pig slurry led to recoveries of 108 and 98% respectively. 

First, only 0.3% of total Cu and 0.2% of total Zn was in PSinf0.45, which was potentially the most mobile size 

fraction. Second, most of the Cu and Zn were detected in the PS 0.45-20 fraction (78% of total Cu and 75% of total 
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Zn). The PS 0.45-20 fraction also contained the greatest share of Fe (51% of total Fe), S (48% of total S), Ca (33%) 

and P (28%). This indicated that there could be a correlation between these elements and Cu/Zn. 

3.2 Chemical microanalysis 

We used SEM-EDS to perform exploratory chemical microanalyses and identify Cu/Zn distributions in PS0.45-20, 

i.e. the size fraction with the highest Cu/Zn concentrations. Regions of interest were selected on the images and EDS 

spectra were then recorded to determine their elemental composition. Four phases were identified (in duplicate at 

least) according to the following elemental composition: P/Mg, Ca, Zn and O, and Cu/Zn/S. 

Zn co-located with oxygen could be explained by the presence of ZnO (e.g. zincite, a pig feed 

supplement) or Zn hydroxides. Zn could be co-located with phases containing sulfur, e.g. ZnSO4 (a pig feed 

supplement), but also ZnS (sphalerite). 

3.3 Localisation of Cu in Pig Slurry 

Raw pig slurry was analyzed by µXRF in order to localise Cu and then determine the nature of the potential Cu-

bearing phase(s). The initial dataset (45 µXRF spectra recorded with a 10 µm X-ray beam) was resolved by the 

SIMPLISMA procedure into pure components and their contributions in the original spectra. The most interesting 

finding showed co-localisation of Cu with S, suggesting the presence of an S-rich Cu-bearing phase 

3.4 XANES Cu Speciation on the Molecular Scale 

Figure 1 presents the normalized Cu K-edge XANES spectra of the pig slurry samples (PS raw and 4 size fractions) 

and two selected reference compounds. In all the samples the presence of a shoulder at 8982 eV (Feature B) and the 

absence of a pre-edge from 8977 to 8978 eV (feature A) indicated the presence of Cu(I) in the sample. PSraw and 

PS0.45-20 showed a Cu K-edge XANES pattern very close to the chalcocite spectrum. But, on the spectra of PS20-

50, PS50-200 and PS355-630, a shoulder (C”) is observed. The peak C’’ resulted from the 1s → 4p transitions in 

Cu(II) compounds in square planar symmetry like Cu(II)-acetate. 
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FIGURE 1   (a) Normalized Cu K-edge XANES Spectra of Pig Slurry Samples (b) Corresponding First 

Derivatives of Cu-K edge XANES Spectra 

 

The LCF fits were satisfactory for all samples, with very low NSS values. All size fraction samples were 

fitted by a high proportion of Cu(I)2S (from 72 to 90 %) and a smaller proportion of Cu(II)-acetate (10–28%). The 

sum of the linear combination fit results for size fractions weighted by the mass of each size fraction reached 91% 

Cu(I)2S and 9% Cu(II)-acetate. Taking into account the LCF method uncertainty of 10 to 15%, this is consistent 

with Cu speciation in the raw pig slurry samples (Cu(I)2S = 96% and Cu(II)-acetate = 4%). Therefore, there is only a 
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minority of Cu(II) bound to organic matter in the pig slurry. The presence of Cu(I)2S in great majority in the pig 

slurry spectra LCF fit was attributed to chalcocite (Cu(I)2S) precipitation. 

3.5 EXAFS Zn Speciation on the Molecular Scale 

Complex matrices like pig slurry generally contain a disordered species distribution and a large panel of potential 

second neighbours. Therefore, we used a second "fingerprint" approach. The sample spectra were simulated by 

linear combinations of reference compound spectra. The PS raw EXAFS spectrum was reconstructed with 14% 

sphalerite 25% Zn-cysteine, 24% Zn-acetate acid and 37% amorphous Zn hydroxide. The large-size fractions 

(PS355-630; PS630-1000 and PSsup 1000) were reconstructed with 12-17% Zn-cysteine, 54-63% Zn-acetate, 22-

24% amorphous Zn hydroxide and less than 4% of zincite or sphalerite. The intermediary-size fractions (PS20-50; 

PS50-200 and PS200-355) were reconstructed with 32-40% sphalerite, 38-40% Zn-acetate, 11-17% amorphous Zn 

hydroxide and 9-16% zincite. Finally, PS0.45-20 was reconstructed with 33% sphalerite, 27% Zn-acetate, 32% Zn-

cysteine and 9% amorphous Zn-hydroxide.  

4 CONCLUSIONS 

In pig slurry, Cu is mainly in sulfide form (Cu2S) with a Cu(I) oxidation state. As copper sulfide precipitates in 

anoxic conditions (34), questions arise concerning the solubility of this mineral phase at the soil surface after pig 

slurry spreading. According to the litterature (Calmano et al., 1993; Al-Abed et al., 2006), we put forward the 

hypothesis that the solubility of copper sulfide from pig slurry would be very low in soil, even in aerobic conditions, 

when the soil pH is over 4.5. Cu accumulation at the soil surface resulting from intensive pig slurry spreading could 

thus be explained by the very low solubility of Cu2S. 

 Zn speciation within pig slurry revealed the presence of three main components: 49% Zn bound to 

organic matter, 37% amorphous Zn hydroxides and 14% sphalerite (Legros et al., 2010). The three forms of Zn 

bound to organic matter, Zn hydroxide and sphalerite were soluble under aerobic conditions and within the pH 5-8 

range, which corresponds to the pH measured in many soils. It should be underlined that kinetic effects and potential 

interactions between soil compounds and pig slurry compounds were not taken into account in these latter 

observations. We therefore consider that, for the purposes of determining the long-term impact of pig slurry 

spreading, it would be essential to undertake long-term field experiments to assess the fate of Heavy Metals in soils 

following heavy organic waste applications. 
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1 INTRODUCTION  

The soil is a long-term sink for the group of potentially toxic elements often referred to as heavy metals. Leaching 

losses and plant offtakes are usually relatively small compared with the total quantities entering the soil from 

different diffuse and agricultural sources. As a consequence, they slowly accumulate in the soil over long periods of 

time, which can have implications for the quality of agricultural soils. Therefore, reducing heavy metal inputs to 

soils is a strategic aim of soil protection policies in England and the EU (Defra, 2009; EC, 2002). However, 

information on the significance and extent of soil contamination from heavy metals in different material additions is 

required so that appropriate actions can be effectively targeted to reduce inputs to soil. 

A previous version of the “Agricultural Soil Heavy Metal Inventory” (Nicholson et al. 2003) identified 

atmospheric deposition as the principal source of most metals entering soils at a national level, with biosolids 

(treated sewage sludge) and livestock manures also significant sources, albeit to limited land areas. Subsequently, a 

number of important changes have taken place which are likely to have affected heavy metal inputs to agricultural 

soils in England and Wales. These include reductions in the maximum permitted levels of trace elements in 

livestock feeds, decreasing metal atmospheric deposition rates, the increased recycling of organic materials such as 

compost to agricultural land and the application of ‘new’ materials (e.g. anaerobic digestate, paper crumble etc.) 

which are likely to be of increasing importance in the future. 

In this paper, we discuss the effects of these changes on the relative importance of the different sources of 

metals at a national and individual field level, and the implications for agricultural soil quality. 

 

2 MATERIALS AND METHODS  

This paper presents a quantitative inventory of heavy metal inputs (zinc - Zn, copper - Cu, nickel -Ni, lead - Pb, 

cadmium - Cd, chromium - Cr, arsenic - As and mercury - Hg) to agricultural soils in England and Wales. The major 

sources included were atmospheric deposition, biosolids (i.e. treated sewage sludge), livestock manures and 

footbaths, composts (green and green/food), digestates, industrial ‘wastes’ (including paper crumble, food ‘wastes’, 

water treatment cakes), ash (from poultry manure incineration), canal/river dredgings, inorganic fertilisers and lime, 

agrochemicals, metal corrosion, lead shot (from recreational shooting) and irrigation water. 

The inventory was based on recently published data on the heavy metal contents of the above materials 

and estimated quantities applied to agricultural land, including data from a survey of metal concentrations in c.190 

livestock manures sampled between 2007 and 2009. The relative importance of the different sources of metals at a 

national level was estimated from the total quantities of materials applied to agricultural land and their typical metal 

concentrations. Relative importance at the individual field was based on a typical rate of material addition per 

hectare of farmland, which for most organic materials was equivalent to c.250 kg N/ha (Defra/EA 2008). We also 

assessed the implications of these input rates in terms of the time required to reach soil metal limit concentrations 

where biosolids are recycled to agricultural land (DoE 1996). 

 

3 RESULTS AND DISCUSSION  

3.1 Inventory of heavy metal inputs 

Estimated total annual heavy metal inputs to agricultural land in England and Wales (Table 1) were lower than those 

previously reported (Nicholson et al. 2003) mainly due to lower estimated inputs from atmospheric deposition. 

Inputs from atmospheric deposition, which were previously based solely on a national monitoring network (Alloway 
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et al. 2000), were adjusted to correct for a potential over-estimate of the contribution of dry deposition, as well as 

allowing for reductions in deposition since the original measurements were taken (1995-98). Nevertheless, 

atmospheric deposition still accounted for 24-35% of the total annual inputs to agricultural land for Zn, Cu, Ni, Cd, 

Pb and As, and c.80% for Hg. 

Livestock manures were estimated to account for c.30% of Zn, Cu and As inputs, but were a less 

important source of the other metals. Biosolids contributed between 10% (Cd) and 41% (Cr) of total metal inputs, 

and composts less than 5% of total inputs (except for Pb). Industrial ‘wastes’ (including paper crumble, food 

‘wastes’, water treatment sludges) were an important source of Ni (15%) and Cd (c.7%), whilst inorganic fertilisers 

(mainly phosphate fertilisers) and lime contributed c.30% of Cd and Cr inputs. 

 

TABLE 1 Estimates of total annual metal inputs (t/yr) to agricultural soils in England and Wales from 

different sources. 

Source Zn Cu Ni Pb Cd Cr As Hg 

Atmospheric deposition 1009 333 72 99 6.3 20 8.1 9.0 

Livestock manures 998 364 21 34 1.7 23 9.5 0.1 

Biosolids 701 364 42 167 1.9 101 6.6 1.5 

Industrial wastes
1
 80 41 32 10 1.2 10 0.2 0.2 

Dredgings 63 17 8 19 0.3 9 2 0.2 

Compost
2
 116 34 9 64 0.4 14 <0.1 0.1 

Digestate 1 <1 <1 <1 <0.1 <1 nd nd 

Footbaths
3
 28 17 nd nd nd nd nd nd 

Fertilisers and lime 150 32 25 12 6.7 71 4.5 <0.1 

Ash
4
 145 43 <1 <1 <0.1 <1 <0.1 <0.1 

Plant protection products 20 <10 nd nd nd nd nd nd 

Irrigation water 1 <1 <1 <1 <0.1 <1 0.1 <0.1 

Corrosion  28 nd nd nd nd nd nd nd 

Lead shot nd nd nd [3250]
5
 nd nd nd nd 

Total 3336 1248 210 406 18.5 248 31 11 

nd: no data 
1
Including paper crumble, food ‘wastes’ and water treatment cake 

2
Including green compost and green/food compost 

3
Only includes the proportion of footbaths disposed directly to land. Metals in footbaths disposed to slurry/manure 

stores are assumed to be included in the contribution from livestock manures 
4
Ash from the incineration of poultry litter  

5
Not included in total due to uncertainty of estimate 

 

Although atmospheric deposition was an important source of heavy metal inputs to agricultural land on a 

national scale, metal addition rates at an individual field level were small compared with other sources. For some 

metals (Zn, Cu, Cr and As), the highest metal addition rates at a field level were from biosolids (applied at 6.5 t dry 

solids/ha/yr, c.250 kg total N/ha/yr), although Zn and Cu addition rates from some pig and poultry manures (applied 

at 250 kg total N/ha/yr) were of a similar magnitude (Figure 1). Metal addition rates from composts (applied at 20-

30 t fresh weight/ha, c.250 kg total N/ha/yr) were similar to or greater than those from biosolids. 

‘Wastes’ from food production (e.g. dairies, soft drinks manufacture etc.) are generally low dry matter 

liquids and as a result are commonly applied at high rates to agricultural land (c.180 m
3
/ha). Consequently, Ni and 

Cd addition rates with these materials were estimated to be higher than from biosolids (Figure 1). Similarly, water 

treatment cakes were also estimated to add high rates of metals, in particular Ni, to agricultural soils. Digestate 

(applied at 30 t fresh weight/ha or c.250 kg total N/ha/yr) did not add significant quantities of metals at the field 

level compared to many of the other sources considered. Notably, metal addition rates from all the sources discussed 

here were below the current maxima for biosolids application to agricultural soils (DoE 1996). 
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FIGURE 1 Estimates of metal addition rates (g/ha/yr) from selected organic and inorganic materials 

applied to agricultural land in England and Wales at typical rates.Implications for soil quality 
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The above field level heavy metal addition rates were used to estimate the time (number of years) 

required to raise topsoil metal concentrations from background values (i.e. mean concentrations in England and 

Wales; McGrath and Loveland 1992) to the maximum permissible concentrations for heavy metals stipulated in the 

Code of Practice for Agricultural Use of Sewage Sludge(DoE 1996), assuming that all fields received inputs from 

atmospheric deposition and had the same rate of metal loss via crop offtake and leaching. 

The limiting metal for most organic and inorganic material additions was Zn, with the limit value of 200 

mg/kg soil reached after less than 200 years of annual biosolids, pig slurry, compost and water treatment cake 

additions. Clearly, these times would decrease if soil Zn concentrations were already above background values, if 

more than one material was applied in a year, or if application rates or input material Zn concentrations were higher 

than those assumed here. In comparison, it was estimated to take >1,000 years for cattle farmyard manure (FYM) 

applications to raise topsoil Zn concentrations to the limit value. For food ‘wastes’, the limiting metal was generally 

Cd, where the maximum permitted concentration of 3 mg/kg soil was estimated to be reached after c.250 years. 

 

4 CONCLUSIONS  

In response to concerns over the impact of heavy metal inputs on long-term soil fertility and the potential transfer of 

certain metals to human diets, an updated inventory of heavy metal inputs to agricultural soils was compiled for 

England and Wales. Whilst atmospheric deposition was a major source of total heavy metals inputs to agricultural 

land at the national level, livestock manures and biosolids were also important sources because of the large 

quantities of materials applied. The results also showed that metal addition rates at the field level from some pig and 

poultry manures and composts were similar to (and sometimes greater than) those from biosolids. Moreover, metal 

inputs from ‘new’ materials which are increasingly being applied to agricultural land (e.g. food ‘wastes’) also 

sometimes exceeded those from biosolids. This study has provided baseline information for the development of 

strategies to reduce heavy metal inputs to agricultural land and to effectively target policies for minimising long-

term accumulation in soils. 
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1  INTRODUCTION 

Phytophthora blight, caused by oomycete Phytophthora capsici, is a devastating disease on pepper crops. Methyl 

bromide has been used for many years to provide control of the disease. However, it was removed from markets in 

2005 due to environmental hazards. Solarisation through polyethylene sheets and soil biodisinfestation, which 

involves manure application under the plastic sheets, have been described as alternative processes to reduce disease 

incidence (Ristaino and Johnston, 1999). Biodisinfestation elevates soil temperature together with the generation of 

toxic volatile compounds, which enhance the vulnerability of pathogens (Piedra Buena et al., 2007). Among other 

lethal molecules, the application of animal manure leads to ammonia (NH3) generation, which is the mechanism 

most often implicated in killing pathogens (Tenuta and Lazarovits, 2002). In contrast, the application of manure may 

be related to nitrous oxide (N2O) emissions. Few data are available on the contribution of animal manure on N2O 

emission when used as biofumigant. The objective of this trial was to test the contribution of soil biodisinfestation 

technique to NH3 concentration and N2O emission. Disease rate and crop yield were also analysed. 

 

2 MATERIALS AND METHODS 

2.1 Experimental design 

In spring 2008, a greenhouse experiment was carried out at NEIKER-Tecnalia Research Station (Derio, 43°18'20'' N 

- 3°53'0'' W). Four treatments were replicated in three fully randomised blocks (28 m
2
): control soil (C), solarisation 

(S), biodisinfestation with a mixture of fresh sheep manure and dry chicken litter (SCM) and biodisinfestation with a 

commercial semicomposted mixture of horse manure and chicken litter (HCM) applied at 1:1 ratio of volume. 

Manure was incorporated into the soil (depth, 20 cm) using a rotavator on 12
th
 March 2008. On 13

th
 March pepper 

(Capsicum Annuum L., var Derio) plant residues infested with Phytophthora capsici were buried into soil. Plots 

were covered with a transparent polyethylene film (PE 200 gauge) on 14
th

 March. Soil solarisation and 

biodisinfestation processes finished on 22
nd

 April. After removing plastic sheets, pepper plants were planted on 25
th

 

April at a crop density of 33,670 plants ha
-1

 and harvested on 22
nd

 August. 

2.2 Gas measurements  

Ammonia was measured under polyethylene sheets (connecting fittings placed on the film) from 17
th

 March to 21
st
 

April 2008. Measurements were recorded with a photoacoustic infrared gas analyser (Brüel and Kjaer 1302 Multi-

Gas Monitor). Sampling was conducted once per week and determinations began at 10:00 a.m. 

 Nitrous oxide emissions were measured from 22
nd

 April to 3
rd

 June 2008 once the plastic sheets had been 

removed. Measurements were recorded through a closed air circulation technique (PVC chambers volume 6.75 L, 

area 0.0314 m
2
) in conjunction with the photoacoustic infrared gas analyser. Emissions were assessed twice or three 

times a week. Three frames were inserted 3 cm into the soil and repositioned to account for the spatial variation in 

each plot. Measurements were carried out for 40 minutes after closing the chamber (Merino et al. 2001) and fluxes 

were calculated from concentration increase in the chamber headspace with time (R
2
 > 0.90). Sampling was always 

conducted in the same moment of the day (from 10:00 to 14:00). As N2O emissions were similar in C and S plots 

during the first measurements, only C plots were measured for N2O. Cumulative N2O emissions were estimated by 

averaging the rate of loss between two successive determinations, multiplying the average rate by the length of the 

period between measurements, and adding that amount to the previous cumulative total.  

- 943 -



Environmental and sanitary safety aspects of manure and organic residues utilization 

  

 

2.3 Soil analysis  

Soils, classified as clay soils (47.4% clay, 36.2% silt and 16.4% sand in the top 10 cm), were sampled (0-10 cm 

depth) and analysed before manure application for initial characterisation and weekly after removing plastic sheets. 

They were analysed for water-filled pore space (WFPS), pH, N (Kjeldahl-N method) and C:N ratio. Besides, 

ammonium and nitrate N content (NH4
+
–N and NO3

-
–N) were measured by segmented flow analysis. Potential N 

mineralisation (PNM) was calculated at the end of the experimental period. Soil temperature was continuously 

monitored at 15 cm.  

2.4 Inoculum survival, disease incidence and crop yield 

After the removal of the plastic films on 22
nd

 April, 12 plant residues from each plot were collected and pathogen 

survival determined. The presence of Phytophthora capsici was confirmed using immature carnation petals as 

“vegetable traps”. The incidence of disease was quantified in all treatments on a weekly basis until crop harvest. 

Plants were rated as “diseased” if shrivelled and crown rot lesions were observed. Plants were harvested on 22
nd

 

August and yields determined.  

2.5 Statistical analysis  

Data were analysed using SAS 8.0 Software. Prior to statistical analysis, emissions of N2O were log-transformed. 

Data on disease incidence were transformed using arcsin (√x/n), where x= number of diseased plants and n= number 

of pepper plants in each experimental unit. Differences among treatments (cumulative gas emissions, inoculum 

survival rate, disease incidence and crop yield) were determined by analysis of variance (ANOVA) and means were 

separated by least significant difference (LSD) test. The LSD-test was also used for multiple comparisons of the 

instantaneous flux means. The model included manure as fixed factor, plots as random factor, and the interaction 

between treatments. Significance for ANOVAs as well as LSD-tests was determined at P < 0.05. 

 

3 RESULTS AND DISCUSSION  

3.1 Manure application 

Manure application was carried out at the same dry matter (DM) rate in both treatments, with 5.1 kg m
-2

 for SCM 

and HCM manure, respectively. Nitrogen content differed between manures (P < 0.05) and application doses were 

0.16 and 0.09 kg N m
-2

 for SCM and HCM, respectively. These N loads were extremely high regarding the advised 

rates for green pepper fertilisation in the region (170 kg N ha
-1

) (CBPA, 1999). As mineral N content did not differ 

in both manures (P > 0.05), the difference on N application was due to the different N organic content (Norg) of 

manure (2.77% DM in SCM and 1.35% DM in HCM).  

3.2 Ammona concentration under plastic sheets 
As Figure 1 shows, NH3 concentration increased significantly after manure amendment with respect to C plots and 

differed between SCM and HCM manure (P < 0.05). Mean concentrations were 3.9 mg NH3 m
-3

 for C plots, 14.8 

mg NH3 m
-3

 for SCM and 9.1 mg NH3 m
-3

 for HCM. Ammonia concentration decreased 45.0% in manure amended 

treatments after 35 days of biodisinfestation. This trend might be related to the high water condensation observed on 

the inner surface of plastics, which might have trapped volatilised NH3. Ammonia emission is regulated by NH4
+
-N 

concentration of the solution and is modelled by factors such as pH or temperature. As pH-value did not differ in 

sampled soils (mean soil pH, 6.9) and manure (mean manure pH, 9.1), and soil and air temperatures were similar for 

all treatments, the difference on NH3 concentration might be attributed to the different NH4
+
-N content. The higher 

Norg content in SCM, together with the lower C/N ratio (8.1 in SCM and 15.3 in HCM) which would have favoured 

Norg mineralisation (soil PNM was 197.7 and 88.9 mg NH4
+
-N kg

-1
 in SCM and HCM, respectively), might have 

contributed to higher NH4
+
-N availability in SCM plots. 
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FIGURE1 Ammonia concentration under plastic sheets and soil temperature.  

3.3 Nitrous oxide emission after biodisinfestation process 

Nitrous oxide averaged 0.1 mg N2O-N m
-2

 d
-1

 from C plots and amendment of both manure increased N2O 

emissions (P < 0.05). The emission pattern was similar for SCM and HCM during the experiment: the highest peaks 

were observed for the first day, emissions remained stable for 2 weeks and decreased from then on (Figure 2).  

 

 
FIGURE2 Nitrous oxide emission after biodisinfestation process and soil WFPS. 

 

Initial high peaks were related to N2O cumulated under plastic sheets during soil biodisinfestation. We 

suggest that denitrification might have leaded to initial N2O emission peaks. Soil nitrate content (9.4 g NO3
-
-N m

-2
), 

the water condensation and anaerobic conditions under the plastic sheets would have favoured conditions for 

denitrification. However, the evolution of soil mineral N showed a net nitrification process after removing plastic 

sheets. Soil NH4
+
-N content decreased for the first week, reducing by 92.8% and 83.7% the initial concentration in 

SCM (47.5 g NH4
+
-N m

-2
) and HCM (13.8 g NH4

+
-N m

-2
). In contrast, initial soil NO3

-
-N content in SCM (13.8 g 

NO3
-
-N m

-2
) and HCM (6.1 g NO3

-
-N m

-2
) increased through 35 days of measurements. Nitrification would have 

been favoured by dry soil moisture conditions (Firestone and Davidson, 1989) and soil aireation. Cumulative N2O 

emissions from SCM and HCM increased in relation to C treatment (0.01 g N2O-N m
-2

) (P < 0.05), but did not differ 

significantly between them (1.31 and 0.42 g N2O-N m
-2

 in SCM and HCM, respectively). As N application was 

higher from SCM manure, N2O emission factor was calculated to compare both treatments. Data showed that N2O 

losses represented 0.80% and 0.47% of applied N in SCM and HCM manure, respectively. This suggested that the 

application of fresh manure might contribute to larger N2O emissions due to lower Norg stability.  
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3.4 Inoculum survival, disease incidence and crop yield 

The application of fresh SCM under plastic sheets reduced Phytophthora inoculum survival (30.6%) in relation to 

HCM (75.0%) and S treatments (94.4%) (P < 0.05). We hypothesize that higher inactivation observed in SCM could 

be attributed to the effect of toxic volatile compounds, including higher NH3 concentration. In addition, as 

temperature did not exceed 33ºC, solarisation did not succeed in reducing inoculum survival rate. Phytophthora 

disease incidence differed among treatments after 4 months since crop transplanting (P < 0.05). Manure amended 

treatments reduced significantly the incidence (2.8% for SCM and 8.3% for HCM) compared with C and S (40.7% 

and 42.6%, respectively). Plant disease incidence was reduced by 90% in HCM, despite the high inoculum survival 

rate observed. This phenomenon could be explained through the increment in soil suppressiveness, in which soil 

microbes play an important role by an antagonistic mechanism (Hoitink and Boehm, 1999). Pepper crop yield 

differed among treatments (P < 0.05). Production increased with manure amendment, averaging 4.6 and 4.3 kg m
-2

 

in SCM and HCM, respectively. When crop yield was related to cumulated N2O emission, results showed that SCM 

averaged 0.28 g N2O-N kg
-1

 pepper while HCM averaged 0.10 g N2O-N kg
-1

 pepper. These results were accounted 

for the high N inputs incorporated from manure. 

 

4 CONCLUSIONS 

The use of fresh manure might favour NH3 volatilisation, as Norg mineralisation rate might be higher than in 

semicomposted manure. However, animal manure application increased N2O emission. Larger Norg mineralisation 

rate on fresh manure amended soils might have contributed to higher N2O emissions during and after soil 

biodisinfestation by denitrification and nitrification processes, respectively. The application of animal manure 

followed by plastic covering during spring period reduces the incidence of Phytophthora capsici in pepper crops. 

Ammonia volatilisation, among other volatile compounds, might contribute to minimize inoculum survival rate and 

disease incidence after biodisinfestation. Soil solarisation was not a successful strategy reducing pathogen incidence. 

Further research will be necessary to guarantee an effective Phytophthora capsici biofumigation by fitting manure N 

and organic matter applications, getting an efficient crop yield and reducing N2O pollution. 
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1 INTRODUCTION 

The innocuousness and the agronomic efficiency of organic amendments must be demonstrated prior to their 

application on cultivated field, in order to protect soils and plants qualities. For example, pathogens that can be 

present in raw materials before composting represent a potential risk of contamination of crops and consequently a 

potential risk for consumers. Most countries lack of legal regulations defining the hygienic requirements for finished 

composts. In most cases, indirect parameters, e.g. maturity of the product, frequency of turning of windrows, 

temperature-time relationships are kept voluntary or in the framework of quality networks (EC, 2002; Böhm, R. 

2007). In France, the standards NFU 44-095 concerning compost containing sewage sludge and NFU 44-051 

concerning the other organic amendments impose thresholds for metallic and organic pollutants and also for micro-

organisms contents in the finished compost (AFNOR 2002 and 2006). Pathogens (Salmonella spp, Listeria 

monocytogenes, Helminths eggs) and indicators of treatment efficiency (Escherichia coli, Clostridium perfringens, 

Enterococcus) are distinguished (Table 1). The analytical methods used in French standards correspond to those 

used for food. 

The composting effect on pathogens survival was studied in previous works (Lemunier et al., 2005). 

Survival of pathogens from amendments in soil or their potential transfer to plants has been described but mainly 

concerned non composted organic amendments (Pourcher et al., 2006). In contrast, few works concern their 

potential transfer from composts to soils and plants (Islam et al., 2004).  

The objective of our study was to determine the potential contribution of three urban composts (municipal 

solid waste, biowaste and green waste composted with sewage sludge) and farmyard manure both to the short and 

midterm impact on pathogens concentrations in soil and their potential transfer to plants. 

TABLE 1 Maximum levels of pathogenic germs in the French compost standards (concentrations for wet 

weight) 

French standard  NFU 44 095   NFU 44 051 

  Sewage sludge compost  Other composts and farmyard manure 

  Max. level utilization  Max. level Utilizatio

n 

 10
3
 per g  Marketing gardening  E.coli 

 10
4
 per g  Arable crops  

10
2
 per g (only advised) All crops 

 10
2
 per g  Marketing gardening    C. perfringens 

 10
3
 per g  Arable crops    

Enteroccocus  10
5
 per g  All crops  10

4
 per g (only advised) All crops 

 0 in 25 g  Marketing gardening  0 in 25 g   All crops Salmonella 

 0 in 1 g  Arable crops  0 in 1 g All crops 

 0 in 25 g  Marketing gardening    L. monocytogenes 

 0 in 1g  Arable crops    
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2 MATERIALS AND METHODS  

2.1 Field experiment 

The “QualiAgro” long term field experiment has been initiated in 1998 in order to study the agronomic and 

environmental effects of repeated urban compost applications on soil and plant qualities. The field is located at 

Feucherolles, Ile de France, 35 km west of Paris (Houot et al., 2002). The field experiment is divided into 

4 replicates of 10 plots of 450 m² where three composts (municipal solid waste compost: MSW; sludge co-

composted with greenwastes: GWS; biowaste compost: BIO) are applied and compared to a farmyard manure 

(FYM) and to control non amended treatment (CTR) with or without additional mineral N fertilizer. Composts and 

manure had been applied every two years since 1998 at doses equivalent to 4 t of C/ha, corresponding to 15 to 20 t 

Dry Weight (DW) /ha depending on the organic products. The field experiment is cultivated with a wheat-maize 

succession. In 2006-2007, because of a Diabrotica virgifera alert, barley was seeded in replacement of maize and 

organic amendments were applied after harvest in September 2007.  

2.2 Organic amendments, soils and plants sampling 

Composts and farmyard manure were sampled the day when they were applied. They differed by their stability level 

and their chemical characteristics (Houot et al., 2002). Their organic matters varied between 34 to 57 % DW in 

order: BIO < GWS < FYM, MSW. This wais consistent with the duration of composting: respectively 6, 4.5 and 1 

month(s) for BIO, GWS and MSW and no composting for FYM. Representative samples of soils were collected 

from pooled samples in each plots of the mineral N complemented part of the field (20 plots) before amendment 

application, at each harvest and at different times after application (Table 2). Plants were sampled every year at the 

harvest in the fertilised part of the experiment (20 plots). Each plant was immediately split into three fractions: roots, 

stems and leaves, and grains. For maize, grains were isolated from cobs. For wheat and barley grains were not 

separated from the ears. The samples were kept at 4°C before analysis. Samples were crushed and analysed 

following the standard methods. 

 

TABLE 2 Summary of all sampling dates  

  2004  2005  2006  2007  2008  2009 

  Sep Oct Nov  Mar Sep  Jul Sep Nov  Jul Sep  Oct  Jul 

Time after 

spreading months 
 0 1 2  6 12  22 0 2  10 0  13  22 

Organic 

amendments 
X1        X1    X1     

Soils  X1 X1 X1  X1 X1  X1 X2 X2  X1   X2  X2 

Plants       maize1,3 wheat1,4    barley1,4  Maize2,3 Wheat2,4 

1 All the micro-organisms; 2 Enteroccocus and helminths eggs; 3 Roots, stems+leaves, grains; 4 Stems+leaves and grains.  

 

2.3 Microbial analysis of organic amendments, soils and plants 

The microbial analysis of composts, soil and plants was done following the standard methods given in the French 

quality standards (NFU 44-095 and NFU 44-051) (Table 1). E. coli were counted on Tryptone bile glucuronide 

medium (TBX) (NF V 08-053). C. perfringens level (vegetative forms plus a great part of spores) was estimated 

according to method NF V 08-056 after sowing on tryptose sulfite medium. Enterococcus were estimated from the 

micro-organism density after sowing and incubation of microplates and examination under UV radiation (NF IN 

ISO 7899-1). L. monocytogenes were counted in 25g after enrichment by Faser bubble, incubation and identification 

on PALCAM gelose medium (NF V 08-055). According to NF V 08-052, search for Salmonella was performed in 

25g, by biochemical identification after various steps of enrichment and incubation. Total helminths eggs analysis 

were performed in 1.5g according to a densimetric method (XPX 33-017), by triple floatation in a zinc sulfate 

solution. 
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3 RESULTS AND DISCUSSION  

3.1 Composts and manure 

No Salmonella nor L. monocytogenes were detected in the composts and manure, in 2004, 2006 and 2007. 

Helminths eggs were not detected in the amendments, except in FYM in 2004. E. coli was not detected 

(<10
2
 CFU/g), except in GWS and FYM in 2006 (10

2
/g). C. perfringens levels varied between 1.6.10

1
 (GWS) and 

6.4.10
3
 (FYM) CFU/g (Table 3). Enterococcus levels varied between 9.1.10

3
 (BIO) and 1.0.10

6
 (MSW) MPN/g. 

The three composts matched the microbial values recommended by the French standards NFU 44-051 or 

NFU 44-095. Higher concentrations of micro-organisms were detected in MSW and in FYM. This may be 

explained, respectively by the short time (1 month for MSW) or the absence of composting (FYM) of these two 

amendments. FYM matched the microbial values recommended by the French standards NFU 44-051, except in 

2004 (helminths eggs detected). 

 

TABLE 3 Concentrations of micro-organisms in composts and farmyard manure: means (standard 

deviations) or absence/presence (a / P) (2004, 2006 and 2007) 

  E.Coli CFU/g 

 

 

 

C. perfringens  

CFU/ g 

 

 

Enteroccocus  

(MPN)/g 
 

 

L. monocy- 

togenes/25g 
 

Salmonella  

spp /25g 
 

Helminths  

eggs  /1,5g 

MSW  <102  (0)  1.6 .102 (1.3 .102) 
 

 
1.0 .106  (1.6 .106)  a  (3/3)  a  (3/3)  a  (3/3) 

BIO  <102  (0)  2.1 .102 (7.1 .101)  9.1 .103 (8.8  103)  a  (3/3)  a  (3/3)  a  (3/3) 

GWS  <102  (5.101)  1.6 .101 (1.0 .101) 
 

 
1.7 .104  (2.0 .104)  a  (3/3)  a  (3/3)  a  (3/3) 

FYM  <102  (5.101)  6.4 .103 (7.6 .103) 
 

 
2.1 .105  (1.5 .105)  a  (3/3)  a  (3/3)  P  (1/3) 

 

3.2 Soils 

L. monocytogenes and Salmonella were never detected in soil samples, except once in 2006, where Salmonella was 

detected in one of the 3 plots BIO (1/3). E. coli levels were under the detection limits (10
2
 CFU/g) in all soil samples 

and all treatments. The presence of helminths eggs occurred only rarely in soils and showed no obvious correlation 

with soil treatments. Indeed, they were detected in CTR (1/3) and BIO (1/3) in October 2004 (1 month after 

spreading); in FYM (1/3) and MSW (1/3) in November 2004 (2 months after spreading); in FYM (3/3), MSW (2/3) 

and GWS (1/3) in March 2005 (6 months after spreading); GWS (1/4) in July 2007 (10 months after spreading). In 

contrast, no helminths eggs were detected in soils in 2006, 2008, 2009. C. perfringens was detected in all plots, 

without significant difference between treatments. Their levels varied between : <1.10
1 

and 2.9.10
2
 (Figure 1). The 

significant decrease observed in winter 2005 could be explained by the rather cold winter period (dayly average 

temperatures lower than 10°C during more than 2 months) before the sampling date (March 2005). Probably C. 

perfringens may have survived under spore form when restrictive climatic conditions occurred. The temperature 

increase during summer allowed probably spore germination and growth of vegetative forms explaining the 

concentration increase up to 10
2
 CFU/g at September 2005, July 2006 and July 2007, which were close from the 

content before spreading (de Jong, 2003). Enteroccocus levels ranged from 1.1.10
2
 up-to 1.7.10

3
 MNP/g in all soils 

without significant difference between treatments and without temporal variation.  
 

- 949 -



 Environmental and sanitary safety aspects of manure and organic residues utilization  

  

 

 

FIGURE 1 Concentrations of C. perfringens in soils (3 or 4 replicates at each date, logarithmic scale, 

differences lower than 1 log are considered as no different, arrows mean amendments applications)  

 

3.3 Plants 

Although some cautions were previously pointed out concerning the reliability of analytical methods applications to 

composts, these methods coming from food standards are consequently adapted to plants analyse.  

No trace of Salmonella was detected whereas Listeria and E. coli were under the detection limits 

(10
2
 CFU/g) in all the parts of the plants and whatever the treatment. In contrast, C. perfringens were under the 

detection limits (10 CFU/g) in stems, leaves and grains, but they were close from the detection limit in maize roots 

(between 10 and 15 CFU/g). Enteroccocus were detected in all parts of plants, with higher concentrations in stems 

and leaves (1.7.10
3
 and 2.3.10

4 
MNP/g) than in roots (7.1.10

2
 and 2.3. 10

3 
MNP/g) or grains (2.2.10

1
 and 

2.4.10
4
 MNP/g). This may be because the method used was not sufficiently efficient enough to discriminate between 

different Enterococcus species. This implied that species which can be found in plants are not necessary human 

pathogens (Whitman et al. 2005). Helminths eggs were never detected in grains and stems + leaves, except in stems 

+ leaves in 2006 in BIO (1/4), GWS (1/4) and TEM (2/4). They were detected in maize roots for all the treatments 

and only once in wheat root (BIO). As for Enterococcus, this result could be explained by the presence of cysts of 

other helminths (parasites of plants). Indeed, the method used was not specific to the human and animal parasitic 

nematodes leading to the recovery of plant parasitic nematode eggs in the root environment that probably offers 

favourable conditions for cyst hatching. 

 

4 CONCLUSIONS  

Some interrogations remain concerning the reliability of results obtained with methods issued from food standards 

because the compost matrix is very different to alimentary matrix, and an important work must be carried out in 

order to guarantee the accuracy of methods used for compost analysis. This work is currently carried out within the 

framework of the European project HORIZONTAL for some parameters. 

Even if results regarding the presence of human pathogen in composts have to be cautiously interpreted, 

they can be discussed. The composts matched the French standards for microbial pathogens content in composts. No 

significant effect of composts application in field conditions was observed on pathogens levels in soils and plants, 

especially in grains. Based on current French standards, the use of composts with microbial quality matching the 

legislation criteria seems to be safe with no risk of soil and plant contamination 
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1 INTRODUCTION  

Agronomists have long recognized the effect of farmyard manure application on maintaining and increasing soil 

organic carbon, and consequently soil fertility and water retention. More recently, it was suggested that increasing 

soil carbon stock might contribute in curbing the rise of atmospheric CO2 concentration (Lal, 2002).  Nevertheless, 

Schlesinger (1999) contend that no net sink of carbon (C) is likely to accompany the use of manure. In particular, 

this author argued that manuring is not a valid method for soil C  sequestration because of the extra land required to 

produce the manure used on a given area. The scope of this study is  to add light to the current debate on the 

effectiveness of farmyard manure in promoting soil C storage. Our discussion is based on experimental data 

collected on  a medium-term field experiment in which farmyard manure and semi-liquid manure were repeatedly 

applied over the years.  

 

2 MATERIALS AND METHODS  

2.1 Site characterization and  agronomic details 

A long-term field experiment was started in 1995, and still on-going, at the experimental station of CRA-FLC, 

Centro di Ricerca per le Produzioni Foraggere e Lattiero Casearie, located in Lodi, High Po Valley, Northern Italy 

(Lat. 45°19’ N, Long. 9°28’ E, 80 m a.s.l.). The soil at the site is classified as a coarse-loamy, mixed, mesic, Typic 

Haplustalf. The climate is temperate subcontinental,  the average annual rainfall is about 800 mm, well distributed 

along the year, and the average annual daily temperature is 12.5 °C with a minimum of 1.1°C in January and a 

maximum of 22.9 °C in July (Onofrii et al., 1993, Borrelli and Tomasoni, 2005).  The experiment compares two 

rotations: the annual double crop R1, Italian ryegrass, Lolium multiflorum Lam.+ silage maize, Zea mays L.;  and the 

6-year rotation R6, in which 3 years of  double crop Italian ryegrass + silage maize are followed by three years of 

alfalfa, Medicago sativa L.), harvested for hay. Italian ryegrass was sown in middle October to late November  and 

harvested in the first decade of May, silage maize was sown from the end of  May  to beginning of June and 

harvested in the middle of September. Alfalfa was sown from the end of March to beginning of April, and the crop 

stand lasts three years. Each rotation has received two types of dairy manure: 1) farmyard manure (FYM) with 

added maize stover;  2) semi liquid manure (SLM) without addition of stover. The amounts applied matched the 

criterion of returning to each unit land area the excreta produced by the number of adult dairy cows sustained, in 

terms of net energy, by the forage produced in each rotation, corresponding to 6 adult cows ha
-1

 for R1 and 4 adult 

cows ha
-1

 for R6, respectively. Consequently, 66 t ha
-1

 of FYM and 100 m
3
  ha

-1
 of SLM were applied annually to 

R1;  44 t ha
-1

 of FYM and 66  m
3
 ha

-1
  of SLM were applied annually to R6. The average manure composition was 

0.66 N %, 0.48 % P2O5  and 0.70 % K2O for FYM; 0.255 % N, 0.18 % P2O5  and 0.30 % K2O for SLM. Both FYM 

and SLM were incorporated into the soil by plowing at 0.3 m depth immediately after their distribution. Moreover, 

each manure treatment was applied in combination with two rates of industrial  N,  applied in form of urea: N0 (i.e. 

0 kg N ha
-1

 for all crops) and N1 (i.e. 75 kg N ha
-1

 for Italian ryegrass; 150 kg  ha
-1

  N for maize; 0 kg N ha
-1

 for 

alfalfa). The experimental design was a strip-split-split–plot, with three replications. Each phase of the rotations was 

present every year, in order to control  the years interaction effect. This includes one plot for the annual rotation R1 

and six plots for the 6-year rotation R6. The size of the elementary plot was 84 m
2
.  
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In the area under study, maize is normally irrigated by flooding irrigation, with about 1000 m
3
 per hectare for each 

water supply (Ciotti, 1978, Cereti et al. 1985), and irrigation turns regulated by water consortium.  This implies that 

in year with lack of water availability water limited production conditions cannot be avoided. Alfalfa normally is not 

irrigated, unless in very critical years, in order to avoid drowning of the rooting system. In the present trial sprinkler 

irrigation was applied to maize, at each water supply from the water consortium, in order to avoid that contiguous 

plots of alfalfa would receive water supply. Weeds were controlled chemically.  Data reported in this paper refers to 

soil sampling, and analysis, of the year 2006.  

2.2 Soil sampling and analysis  

Soil samples were collected from all plots on September 2006, after the harvest of silage maize, about 12 years from 

the outset of the experiment. Three independent soil cores were collected for  each plot, for the soil layers 0.-0.3 m 

which corresponds to the depth of annual ploughing. Soil cores were collected using a soil sampler drill, model 

Eijkelkamp, 4 cm diameter. Samples from each plot were combined and sieved. The sieved soil was used to 

determine the  soil organic matter through chromic acid digestion, according to the Walkley-Black method and total 

N using the Kjeldahl method, according to Page et al. (1982). The Statistical analysis were performed using  the 

GLM procedure of the SAS systems (Sas, 1990). 

 

3 RESULTS AND DISCUSSION  

The effect of manure application, in combination with the rotation, on soil organic carbon (SOC), and total N  

concentration are reported in table 1 (ANOVA) and  table 2 (mean values). In figure 1 are shown the values of C to 

N ratio of each treatment in comparison with the one measured at the outset of the experiment. The application of 

FYM, compared to SLM, increased SOC +27 % for the rotation R1, and +14 % for the rotation R6.  Interestingly, 

the highest value of  SOC,    i.e. 2.47 %, measured on the intensive treatment R1 combined with FYM, is still lower 

than to the value of 2.94%  reported by Lanza and Spallacci (1970) after 18 years of continuous application of  40 

Mg of FYM ha
-1

 integrated by  mineral N, on a loam soil in Modena, Po Valley, Northern Italy. Thus, it is likely that 

the level of SOM in the present experiment is still increasing. Compared to initial conditions, the maximum increase 

of the soil C to N ratio was observed  for rotation R1 combined with FYM, that received the highest amount of 

FYM. In good agreement, little if any increase of the soil C to N ratio was observed  for the combination of rotation 

R6 and SLM, that received the lowest amount of SLM and little crop residues. 

 

TABLE 1 ANOVA Analysis results P value 

Source            df C org (Mg ha
-1

) total N (g kg
-1

) 

Block                         2 - - 

Manure (M)              1 

Error1                       2 

Rotation (R)              1 

M x R                         1 

Error2                       4 

Nitrogen  (N)             1 

M x N                         1 

R x N                          1 

M x R x N                  1 

Pool error                  8 

0.0202 

- 

0.0235 

0.0623 

- 

ns 

ns 

ns 

ns 

0.0424 

- 

ns 

ns 

- 

ns 

ns 

ns 

ns 

 

   

 

TABLE 2  Soil Organic C  and  total N after 12 years from the outset of the experiment 

Manure Rotation C org (Mg ha
-1

) Total N (g kg
-1

) 

FYM R1 61.06 a 1.62 a 

 R6 53.49 b 1.46 a 

 

SLM R1 48.10 c 1.27 b 

 R6 46.87c 1.29 b 
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FIGURE 1 Soil C/N ratio  after 12 years from the outset of the experiment. The dashed line indicate the 

level of C/N ratio at the outset of the experiment. Bars indicate standard errors. 

 

While it is quite evident that FYM remarkably increased soil C stock, a cautionary remark is appropriate 

here. From the standpoint of C cycle  it is important to notice that, in the present experiment, forage production 

combined with SLM application represent an almost closed system, in which the excreta produced are returned to 

the same unit land area feeding the animals. On the contrary, in case of FYM it is crucial to consider that the maize 

stover necessary for composting the manure was produced outside the experimental plots. Therefore, most of the 

carbon embedded in FYM was imported from land area external to the forage rotations under study. This external 

cropland need to be cultivated with  grain maize, either in monocrop or in rotation, to provide the maize stover 

necessary for composting the animal excreta of these forage-based systems under study. Consequently, the observed  

increase of the soil C stock occurred at the expenses of external land area that was deprived of  maize crop residues.  

According to Draghetti (1991) about 3-5 kg of litter per day  is necessary for one adult cow. Assuming an average of 

4 kg litter cow
-1

 day
-1

 x 365 days = 1460 kg of maize stover cow
-1

 year
-1

.  Hence, the 4 and 6 cows sustained by the 

rotations R1 and R6 require respectively about  5840 and 8760 kg of maize stover year
-1

. Assuming an average 

maize stover  production of 9000 kg ha
-1

, about 0.65 and  0.98 ha  of grain maize must be deprived annually of their 

maize crop residues for composting the FYM necessary for 1 ha of the  rotation R6 and R1 receiving FYM. Yet, 

assuming that the grain maize is rotated in a three-year rotation, about 3 x 0.65 = 1.95 ha and 3 x 0.98 = 2.94 ha 

would be necessary to provide annually the maize stover necessary to enrich the  soil C stock of one hectare 

cultivated with the forage rotations devised in the present experiment.  

Our findings are in good agreement with Schlesinger (1999; 2000) who pointed out that no net sink for C 

is likely to accompany the use of manure on agricultural land when the boundaries of the system are properly 

considered. Schlesinger (1999) using data of Missouri, estimated that  the entire above-ground plant production on 

3.0 ha of land was required to supply the manure to each hectare of manured land.  Consequenlty, the author 

concluded that greater concentrations of SOM in manured fields can be expected to be associated with declining 

SOM on a proportionally larger area of off-site lands. Our experimental data, however, refers to a different situation 

in which intensive forage rotation systems produce heavy load of manure. Under our experimental conditions are 

maize crop residues, rather than manure, that need to be produced on extra land to produce the farmyard manure 

necessary to increase soil carbon storage. In contrast, Bertora et al. (2009) pointed out that farmyard manure 

application is a superior technique with respect to slurry application because the composting allows more carbon to 

be transformed into stable organic matter. Moreover, Yamulki (2006) indicated that increasing the carbon content of 

the manure heap with high-C additives, such as straw or maize stover, may provide the opportunity for N2O and CH4 

emission reduction. Nevertheless, our data suggest that a pitfall is just around the corner: unless farmyard manure is 

evenly distributed on the whole surface providing the crop residues needed  to its preparation, it may result in 

“robbing Peter to pay Paul”. 
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4 CONCLUSIONS  

Our findings suggest that the claim FYM is particularly effective in increasing soil C stock has to be tempered 

against the fact that FYM preparation implies removal of crop residues from original cropland and concentration of 

C elsewhere. Thus, we suggest that the strategy of applying SLM and leaving grain crops residues where they are 

produced, is likely to be more sustainable at territorial level. 
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1 INTRODUCTION 

Compost is widely used as a soil amendment to provide nutrients and organic matter, and to improve the physical 

and biological properties of soils. In addition, some types of compost also suppress soilborne plant pathogens, 

although the exact mode of action is not clear. Several mechanisms are involved, however, many studies have been 

developed to identify the compost microbiota able to reduce the activity of plant pathogens and additionally, able to 

favour the plant growth by the production of phytohormones, vitamins or/and amino acids (Murcia et al., 1997; 

Gravel et al., 2007; Suárez-Estrella et al., 2007). 

Since the control of several plant pathogens is considered a pressing need of current agriculture, the main 

aim of this work was to select and test those microorganisms whose antagonistic capacity were detected towards 

phytopathogenic bacteria and fungi. From selected microbiota, production of the most important plant growth 

promoting substances such as phytohormones, vitamins and amino acids was also investigated.  

 

2 MATERIALS AND METHODS 

The raw materials for the mixtures of composting processes were vegetable wastes (VW), urban solid wastes (USW) 

and sewage sludges (SS). Piles were periodically turned and aerated while fluctuations in temperature were observed 

(approximately during 70 days). Compost samples were collected at different stages of the composting process 

(initial, early thermophile, thermophile, cooling and maturation phases). The most representative actinomycetes, 

bacteria and fungi were recovered from compost samples on specific culture media and colonies growing on plates 

were selected, isolated and kept in the same source media. 

Microbial antagonist capacity (not directly from compost) was detected by in vitro and in vivo test. One 

hundred and thirty five strains were in vitro tested against six phytopathogenic agents: Fusarium oxysporum f.sp. 

melonis (FOM), Pythium ultimun (PU), Rhizoctonia solani (RS), Pectobacterium carotovora subsp. carotovora 

(PCC), Pseudomonas syringae subsp. syringae (PSS) and Xanthomonas campestris (XC). Methods applied in this 

case were those based on Petri plate confrontation between phytopathogenic and antagonistic agents and previously 

described by Landa et al. (1997), de Boer et al. (1999) and Rojas-Rosas (2000). Several of them, selected on the 

basis of the best inhibitory capacity, were investigated in relation to their capacity to produce several 

phytohormones or precursors such as indol acetic acid (IAA), zeatin (Ze), Abscisic acid (ABA), 1-

aminociclopropane 1-carboxylate (ACC), jasmonate (JA) and salicylic acid (SA). Besides, production of vitamins 

and amino acids such as niacin (NIA), thiamine (THI), biotin (BIO), vitamin B12, pantothenic acid (PAN) and 

cystine (CYS) was also investigated by chromatographic and spectrophotometric methods. 

Finally, five of the fourteen strains selected were in vivo tested to induce systemic resistance in melon and 

tomato plants towards the pathogenic fungus Fusarium oxsyporum f.sp. melonis and the pathogenic bacterium 

Xanthomonas campestris. Methods applied in this case were previously described by Larkin and Fravel (1998). 

 

3 RESULTS AND DISCUSSION 

3.1 Isolation of potential antagonistic strains  

One hundred and thirty five strains were isolated from compost samples obtained at different stages of the 

composting process. Due to viability problems related to the strains isolated, only one hundred and six out of the 

total were finally tested against phytopathogenic bacteria and fungi previously cited (39 bacteria, 39 actinomycetes 

and 28 fungi). Methods and references are indicated in the paragraph of “Material and Methods”. 
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Twenty eight (9 bacteria, 14 actinomycetes and 5 fungi) out of the total strains isolated showed 

antagonistic activity against at least one of the pathogenic bacteria assayed (approximately 21% from the total of 

strains tested). In relation to results obtained against the pathogenic fungi tested, forty six (6 bacteria, 24 

actinomycetes and 16 fungi) out of the total strains showed antagonistic activity against at least one of them 

(approximately 34% from the total of strains tested). 

The ratio of strains antagonistic found in this work is satisfactory in relation to data previously obtained. 

Landa et al., (1997) showed that approximately 32% of 74 bacterial isolates from the chickpea rhizosphere inhibited 

in vitro growth of F. oxysporum f.sp. ciceris in dual cultures. In contrast, Myatt et al., (1992) obtained a lower 

proportion of antagonistic bacteria toward Phytophthora megasperma Dreschsler f.sp. medicaginis from a similar 

environment. Therefore, the degree of disease suppression depends on the strength of both antagonistic 

microorganism and host, as well as the inoculum concentration of the pathogen (Landa et al., 1997). 

On the basis of the best inhibitory capacity, fourteen strains were finally selected (Table1). The main 

criterion to achieve this selection was to show antagonistic activity against at least two of the six phytopathogenic 

microorganisms assayed (Table 1). Origin and behaviour of the fourteen strains selected is showed in Table 1. 

Strains named as RSU312, RV413 and RV523 were capable to inhibit to four or five phytopathogen agent. 

 

TABLE 1 In vitro selected strains on the basis of the best inhibitory capacity: origin and behaviour and 

antagonistic capacity 

Code Type Raw Material Composting Phase PSS XC PCC RS  PU  FOM 

L233 Actinomycete SS Termophile Phase + - - - + + 

L312 Fungus SS Termophile Phase - + + - - - 

L333 Actinomycete SS Termophile Phase - - - - + + 

L512 Fungus SS Maturation - - - - + + 

RSU123 Actinomycete USW Beginning - - - + + + 

RSU231 Bacterium USW Termophile Phase - + - + + - 

RSU233 Actinomycete USW Termophile Phase - - - - + + 

RSU312 Fungus USW Termophile Phase - + - + + + 

RSU522 Fungus USW Maturation - - - - + + 

RV312 Fungus VW Termophile Phase - + + - - - 

RV413 Actinomycete VW Cooling Phase + + + - + + 

RV422 Fungus VW Cooling Phase - - - + + + 

RV523 Actinomycete VW Maturation + + + + + - 

RV532 Fungus VW Maturation - + + - - - 

 

3.2 Production of agricultural interesting substances 

All strains indicated in Table 1 were tested in relation to its capacity to produce agricultural interesting substances 

such as vitamins, amino acids and phytohormones.  

In this sense, strains named L512, RSU522 and RV422 (fungi), showed satisfactory results respect to 

both thiamine, niacin and panthotenic acid production, while strain RV413 (actinomycete) emphasized with respect 

to thiamine, niacin and vitamin B12 production. In relation to phytohormones production, IAA was detected only 

from strain named L333 (actinomycete), while the strains L512, RSU522 and RV413 were pointed up in relation to 

the rest of phytohormones. Microbial strains producing amino acids were not detected in any case.  

On the basis of results previously described by others authors respecting to niacin, thiamine and 

pantothenic acid production from several species of Azotobacter spp., our results could be satisfactory and 

encouraging (Murcia et al., 1997). Although in general, results related to phytohormones production have not been 

comparable to those previously described, several strains have shown an interesting capacity to produce different 

substances at the same time. 

A summary related to the production of agricultural interesting substances is shown in Table 2. Strains 

L512, RSU522, RV422 (fungi), RSU233 and RV413 were characterized as the most interesting producing 

microorganisms. 
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TABLE 2 Production of agricultural interesting substances from selected strains 

 

Code NIA THI BIO B12 PAN CYS IAA Ze ABA ACC JA SA 

L233 + + ++ + + - + + + + + + 

L312 +++ + + + + - + + + ++ + ++ 

L333 + + + + - - +++ + + ++ + ++ 

L512 +++ +++ + + +++ - - +++ +++ +++ + ++ 

RSU123 - + + + - - + + + ++ + + 

RSU231 ++ + + + + - + + + ++ + ++ 

RSU233 +++ + + + +++ - + ++ + ++ + +++ 

RSU312 + + +++ + ++ - + + + ++ + ++ 

RSU522 +++ ++ + + ++ - - ++ +++ ++ + ++ 

RV312 ++ + + + + - - + + + + + 

RV413 ++ ++ + ++ + - + ++ ++ ++ +++ +++ 

RV422 +++ +++ + + +++ - - + +++ ++ + ++ 

RV523 ++ + + ++ + - nt* nt nt nt nt nt 

RV532 ++ + ++ + + - + + ++ + + +++ 

 +: low level ++: medium level  +++: high level *: non tested 

 

3.3 In planta evaluation of antagonistic activity of selected strains 

Five strains (RSU123, RSU312, RV523, RSU231 and RV532) were finally in vivo tested to induce systemic 

resistance in melon and tomato plants against the fungus FOM and the bacterium XC. In the first case a low 

suppressive capacity was detected in plants infected with FOM. A reduction range of the fungal isolation between 

10-15 % was observed. However, plants exhibited an enhanced defensive capacity against the pathogenic bacterium 

as compared with control plants non inoculated with inducing agents. This capacity was higher in the case of the 

strains named RSU312 (fungus) and RSU231 (bacterium). These biocontrol agents showed a reduction range of XC 

isolation higher than 60%, from inoculated plants. 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1 Microbial inhibitory capacity towards FOM-infected plant treated with antagonist strains 

 

Numerous microbes are antagonistic to soilborne plant pathogens but few of them have been 

commercialized as biocontrol agents due to problems such as inconsistent performance in the field, lack of broad-

spectrum disease suppression activity, or slower or less complete suppression when compared with chemical 

pesticides. In this work, several of the isolated strains showed an in vitro antagonistic broad spectrum and could be 

applied individually for the suppression of soilborne diseases.  
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4 CONCLUSIONS  

One of the most interesting aspects derived from this extensive work was the discovery of microbial agents able to 

show antagonistic capacity against a broad-spectrum of phytopathogenic microorganisms as well as a potential to 

produce plant growth promoting substances. The combination of both capacities could be of interest from an 

agronomical point of view.   

The isolation of a high percentage of potential antagonistic microorganisms has been possible from 

compost manufactured from vegetable wastes, urban solid wastes and sewage sludges. Antagonistic bacteria and 

actinomycetes were mainly isolated from vegetable based-compost while antagonistic fungi were more important 

from urban and sludge based-composts. In relation to the composting phase, most of antagonistic agents were 

isolated between thermophile and maturation phase, while a very low number of antagonistic microorganisms were 

isolated at the initial phase of the process.   

Several of these strains have shown an in vitro broad-spectrum disease antagonistic activity, and four of 

them have shown an interesting suppressive capacity in planta against the pathogenic bacterium Xanthomonas 

campestris. These strains are RV523, RSU312, RSU231 and RV532. 

A broad-spectrum of agricultural interesting substances is produced from strains L512, RSU233, 

RSU522, RV413 and RV422. However, additional research is required in order to perform in vivo tests leading to 

ascertain the real role these strains can play as effective plant growth promoters. 

Bearing in mind the results here shown, it has been therefore corroborated that the suppressive capacity of 

different types of composts as well as their fertilizing capacity are mainly caused by the presence of bio-protective 

microorganisms. 
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1 INTRODUCTION  

Cattle and pig manure may contain pathogenic micro-organisms that can be transferred to soil through spreading on 

fields and thence to surface water. Such faecal pollution may pose risks to human health, especially in sensitive 

areas which support recreational shellfish harvesting, swimming and other uses where the public may come into 

direct contact with the water. Furthermore, the new European Directive on bathing waters (2006/7 /CE) requires the 

establishment of bathing water profiles, which require identification of sources of pollution. As the bacteria 

currently monitored to assess faecal pollution (E. coli, faecal coliforms and enterococci) do not distinguish between 

faecal pollution of water from animal and human sources, host-specific markers would be useful for the 

identification of faecal pollution. Recently, the concept of "Microbial source tracking" has been proposed (Scott et 

al., 2002). It includes biological and chemical methodologies that could be used to identify the dominant sources of 

faecal contamination in surface waters. Among specific markers, steroids, intensity peaks and their ratios of three-

dimensional fluorescence excitation−emission matrix (3D-EEM) spectroscopy, F+ RNA bacteriophages (FRNAPH) 

genotypes, host specific Bacteroidales and Lactobacillus appear to be interesting tools to distinguish human from 

animal faecal pollution (Leeming et al., 1996, Seurinck et al., 2005, Blanch et al., 2006; Mieszkin et al., 2009, 

Naden et al., 2009, Marti et al., 2010). The aim of this study was to compare the suitability of chemical and 

microbiological markers to identify farm livestock sources of faecal contamination found in the environment. Four 

types of markers were tested: (i) the ratio of coprostanol/coprostanol+24-ethylcoprostanol (R1, expressed in 

percentage) and sitostanol/coprostanol (R2), (ii) tryptophan and fulvic-like fluorescence ratios (Bio/Geo and 

(V+VI/III)), (iii) genotypes of F-specific RNA bacteriophages (animal genotypes I and IV and human genotypes II 

and III) and (iv) bacterial markers belonging to Bacteroidales (human-specific HF183, ruminant-specific Rum-2-

Bac and pig-specific Pig-2-Bac markers) and to the pig-specific Lactobacillus amylovorus. 

 

2 MATERIALS AND METHODS 

2.1 Sampling 

Pig and bovine manure were collected from two farms located in Brittany (France). Six independent samples of field 

runoff water were collected after rainfall simulations on an experimental agricultural plot previously spread with 

either bovine or pig manure. Eight water samples were collected in Pays de la Loire (France). These include the 

effluents of three wastewater treatment plants (WWTP) and five samples, one of which was collected from a WWTP 

effluent (S1) and four (S0, S2, S3 and S4) from the Mayenne river (sample S0 was taken 50 m upstream of the 

WWTP effluent discharge, and three other samples taken downstream at distances of 10, 150 and 350 m, 

respectively). Three water samples were collected in the Daoulas river (Brittany, France) flowing through an 

agricultural area associated with intensive cattle pasture (B1 to B3); the distance between each point was 

approximately 500 m. 

2.2 E. coli quantification  

E. coli was counted using 3M
TM

 Petrifilm E. coli (3M, France) and TBX medium (OXOID, France) for samples of 1 

mL and 100 mL volume, respectively. Inoculated media were incubated for 24 h at 44°C. Blue colonies 

(Glucuronidase positive) were counted to determine the concentration of E. coli. 
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2.3 Steroids  

Steroid concentrations were determined using the method reported by Jardé et al. (2009). Briefly, freeze-dried 

samples were extracted by dichloromethane using an automated extractor (Dionex, ASE200). Hydrocarbons and 

polar molecules were separated into aliphatic hydrocarbons, aromatic hydrocarbons, and polar compounds by liquid 

chromatography on silica column using three successive elutions with organic solvents. Steroids compounds are 

present in the polar fraction. After derivatization using N,O-bis(trimethylsilyl)trifuoroacetamide (BSTFA) - 

trimethylchlorosilane (TMSC) (99/1, v/v), quantitative analyses of steroid compounds were performed on  a 

Shimadzu QP2010+ gas chromatograph mass spectrometer. The quantification of steroid compounds was performed 

by the addition of 
2
H6-cholestane as an internal standard in the polar fraction. 

2.4 Fluorescence  

Fluorescence measurements were performed using a Perkin-Elmer LS-55B luminescence spectrometer, with the 

protocol described by Bilal et al. (2010). A regional integration adapted from Chen et al. (2003) was applied on 5 

mg.L
-1

 C-normalized solution. With this technique, EEM is divided into biochemical (Bio) (I, II, IV) and 

geochemical (Geo) (III, V) fluorescent regions and three peak intensity zones of tryptophan, fulvic like and humic 

like fluorescence. Data were normalized to a daily-determined water Raman intensity (excitation 350 nm, emission 

395 nm, Raman emission intensity averaged 10.5 
+
- 0.5 (n=10)). Two ratios were considered: Bio/Geo and 

V+III/VI.  

2.5 Bacteroidales and L. amylovorus  

The bacterial markers were quantified using real-time PCR. Volumes of 50 to 200 mL water were filtered on 0.22 

µm or centrifuged at 9000 g for 15 min. Filters and pellets (250 mg) were transferred into microtubes and stored at -

20°C. Genomic DNA of Bacteroidales and L. amylovorus were extracted using the Fast DNA Spin Kit for Soil and 

the QIAamp DNA Stool Kit, respectively. The primers used to amplify the Representational Difference Analysis 

fragment of the pig specific L. amylovorus, and the 16S rRNA genes of HF183, Pig-2-Bac and Rum-2-Bac were 

described by Konstantinov et al. (2005), Seurinck et al. (2005) and Mieszkin et al. (2009, 2010), respectively. 

2.6 F-specific RNA bacteriophages  

FRNAPH were enumerated following the ISO method, either directly or after concentration by ultrafiltration 

Centricon Plus-70 (Millipore) for less contaminated water samples. Bacteriophage isolates were then genotyped by 

real time RT-PCR, with the One-Step RT-PCR kit, as in Ogorzaly et al. (2009). 

 

3 RESULTS AND DISCUSSION  

3.1 Values of the markers in manure, in runoff waters and in WWTP effluents 

The values of the markers observed in manures, runoff waters contaminated by manure and in WWTP effluents are 

presented in table 1. Six of the markers appeared useful for differentiating livestock from human faecal pollution. 

The Pig-2-Bac and L. amylovorus markers were only detected in pig manure and runoff contaminated by pig manure 

whereas Rum-2-Bac and HF183 were specific to bovine and human contamination, respectively, confirming their 

host specificity reported by Seurinck et al. (2005), Mieszkin et al. (2009, 2010) and Marti et al. (2010). Steroids 

identified in pig manure were mainly represented by coprostanol, 24-ethylcoprostanol and cholestanol, whereas in 

bovine manure, the major steroids were 24-ethylepicoprostanol, sitostanol and sitosterol, in agreement with data of 

Leeming et al. (1996). As a consequence the coprostanol / coprostanol+ 24 ethylcoprostanol × 100 (R1 ratio) and 

sitostanol/coprostanol (R2 ratio) clearly differentiate bovine from pig contamination. Furthermore, the value of R1(> 

65) and R2 (<0.3) in WWTP effluents also differentiates human from bovine pollution. The fluorescence ratios 

Bio/Geo and (V + III)/VI, which differed between pig and bovine manure, did not have the ability to distinguish the 

two types of pollution in water runoff samples. Animal genotypes (FRNAPH I and IV) were not detected in the pig 

manure and only FRNAPH I was detected in bovine manure with a low percentage of isolates (11.5%). These results 

agree with reports by Lee et al. (2009) who observed that only 25% of cow faeces were positive for F specific 

coliphages. In the WWTP effluents, human genotypes (II+III) represented 67% of the isolates but animal genotypes 

were also detected (30.5% of isolates). As reported by Blanch et al. (2006), FRNAPH I and FRNAPH IV appeared 

less efficient for detecting animal contamination, due to their sporadic occurrence. 
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TABLE 1 Mean concentrations (CFU, PFU, cells or copies / g or /100 mL) of microbial markers and 

chemical ratios in manures and waters contaminated by animal or human faecal pollution 

Sample type  
E. coli 

(CFU) 

Phages 

(PFU) 

L. amylovorus 

(cells) 

Pig-2-Bac 

(copies) 

Rum-2-Bac 

(copies) 

HF183 

(copies) 

 

R1 

 

R2 

Ratios 

Bio/Geo 

 

(V+III)/VI 

Pig manure meana 3 104 <lqc 2.6 107 1.2 107 <lq <lq 59 0.23 0.47 1.33 

(/g) SDb 7.1 103  1.2 107 1.3 105   3 0.02 0.003 0.01 

Bovine manure mean 5.1 104 1.2 102 <lq <lq 2.2 107 <lq 45 2.70 0.39 1.66 

(/g) SD 4.5 104    5.6 106  2 0.23 0.007 0.01 

Runoff pig mean 1.4 104 <lq 3.5 107 6.8 105 <lq <lq 57 0.62 0.25 1.35 

(/100 mL) SD 6.7 103  1.4 107 3.4 105   1 0.01 0.06 0.06 

Runoff bovine mean 3.4 105 1.1 103 <lq <lq 1.1 107 <lq 49 2.18 0.24 1.22 

(/100 mL) SD 6.6 105    7.2 106  1 0.03 0.02 0.15 

WWTP mean 3.1 105 7.4 103 <lq <lq <lq 3.1 106 70 0.26 0.22 0.88 

(/100 mL) SD 2.9 105 8.4 103    3.1 106 8 0.25 0.034 0.06 
a 
 mean of three values; 

b
 standard deviation ; 

c
 limit of quantification  

 

3.2 Values of markers in rivers impacted by human or bovine contamination 

In the Mayenne river, impacted by a discharge of a WWTP effluent (S0 to S4 samples), none of the animal specific 

bacterial markers were found in samples upstream or downstream of the effluent discharge (table 2). Human-

specific marker HF183 and FRNAPH were detected only in the most contaminated samples (S1 and S2). The human 

genotypes (II and III) represented 79% and 95% of the isolates in the water samples S1 and S2, respectively. The 

values of R1 and R2, which were specific to human pollution in the WWTP effluent, were less informative in river 

samples, probably due to the lower contamination (concentration of E. coli <10
3 

CFU/100 mL). As the Mayenne 

river is located in a rural area, the presence of E. coli could be the result of a mixed bovine and human faecal 

contamination, which was too weak to be quantifiable using the real-time PCR. Conversely, the origin of 

contamination in the river flowing through intensive cattle pasture (B1 to B3 samples, table 2) was clearly identified 

by Rum-2 Bac, the absence of HF 183, Pig-2-Bac and L. amylovorus markers, low values of the ratio R1 (<44) and 

the high values of the ratio R2 (>1.3). Two of the markers failed to indicate this bovine contamination despite a high 

level of E. coli: FRNAPH (not detected) and the Bio/ Geo and (V+III)/VI ratios (uninterpretable). 

 

TABLE 2 Mean concentrations (CFU, PFU, cells or copies / 100 mL) of microbial markers and chemical 

ratios in two rivers, impacted either by a treated urban effluent (Mayenne river) or by bovine 

contamination (Daoulas river) 
Origin of 

pollution 

sample E. coli 

(CFU) 

Phages 

(PFU) 

L. amya 

(cells) 

Pig-2-Bac 

(copies) 

Rum-2-Bac 

(copies) 

HF183 

(copies) 

 

R1 

 

R2 

Ratios 

Bio/Geo 

 

(V+III)/VI 

Human S0 (upstream) 5 10
1
 <lq

b
 <lq <lq <lq <LQ 56 0.76 0.11 1.16 

 S1 (WWTP effluent) 6.3 10
5
 1,70 10

4
 <lq <lq <lq 4.4 10

4
 70 0.24 0.24 0.94 

 S2 (discharge) 3.2 10
3
 320 <lq <lq <lq 8.1 10

4
 nd

c
 1.01 0.11 1.15 

 S3 (downstream) 5 10
2
 <lq <lq <lq <lq <lq 51 0.96 0.11 1.15 

 S4 (downstream) 3.3 10
2
 <lq <lq <lq <lq <lq 54 0.86 0.11 1.17 

Bovine B1 1.9 10
4
 <lq <lq <lq 2.5 10

5
 <lq 43 1.4 0.07 1.0 

 B2 1.5 10
4
 <lq <lq <lq 1.3 10

5
 <lq 39 1.8 0.07 1.0 

 B3 1.7 10
4
 <lq <lq <lq 1.6 10

5
 <lq 38 1.8 0.07 1.0 

a
 L. amylovorus; 

b
 limit of quantification; 

 c 
no data  

 

4 CONCLUSIONS 

In conclusion, as previously reported by Blanch et al. (2006), our study confirmed that the identification of the 

source of faecal contamination is improved by the use of several markers. Although contamination sources in the 

Mayenne river were more difficult to identify due to the low level of E. coli and the possibility of mixed 
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contamination (bovine and human), highly contaminated samples (runoff waters contaminated by manure, Daoulas 

river) could be easily characterised with most of the animal markers: steroid ratios R1 and R2, and bacterial markers 

Rum-2-Bac, Pig-2-Bac and L. amylovorus. The suitability of the proposed markers has been demonstrated by their 

transfer via runoff to surface waters and their detection in water contaminated by bovine faeces.  

 

ACKNOWLEDGEMENTS  

This work was partly supported by the Agence Française de Sécurité Sanitaire de l'Environnement et du Travail 

(AFSSET) (EST-2006/1/36).  

 

REFERENCES  

Bilal M, Jaffrezic A, Dudal Dudal Y, Le Guillou C, Menasseri S, Walter C 2010. Discrimination of Farm Waste 

Contamination by Fluorescence Spectroscopy Coupled with Multivariate Analysis during a Biodegradation 

Study. Journal of Agricultural and Food Chemistry 58 (5), 3093-3100 

Blanch A R, Belanche-Munoz L, Bonjoch X, Ebdon J, Gantzer C, Lucena F, Ottoson J, Kourtis C, Iversen A, Kuhn 

I, Moce L, Muniesa M, Schwartzbrod J, Skraber S, Papageorgiou G T, Taylor H, Wallis J, Jofre J 2006. 

Integrated analysis of established and novel microbial and chemical methods for microbial source tracking. 

Applied and Environmental Microbiololgy 72, 5915-5926. 

Chen W, Westerhoff P, Leenheer J A, Booksh K 2003. Fluorescence excitation-emission matrix regional integration 

to quantify spectra for dissolved organic matter. Environmental Science and Technology 37, 5701-5710. 

Jardé E, Gruau G, Jaffrezic A 2009. Tracing and quantifying sources of fatty acids and steroids in amended 

cultivated soils. Journal of Agricultural and Food Chemistry 57,6950-6956. 

Konstantinov S R, Smidt H, de Vos W M 2005. Representational difference analysis and real-time PCR for strain-

specific quantification of Lactobacillus sobrius sp. nov. Applied and Environmental Microbiology 71, 7578-

7581. 

Lee J E, Lim M Y, Kim S Y, Lee S, Lee H, Oh HM, Hur HG, Ko G 2009. Molecular Characterization of 

Bacteriophages for Microbial Source Tracking in Korea. Applied Environmental Microbiology 75, 7107-

7114. 

Leeming R, Ball A, Asholt N, Nichols P D 1996. Using faecal sterols from humans and animals to distinguish faecal 

pollution in receiving waters. Water Research 30, 2893-2900. 

Marti R, Dabert P, Ziebal C, Pourcher A M 2010. Evaluation of Lactobacillus sobrius/amylovorus as a new 

microbial marker of pig manure. Applied and Environmental Microbiololgy 76 (5), 1456-1461. 

Mieszkin S, Furet J P, Corthier G, Gourmelon M 2009. Estimation of pig fecal contamination in a river catchment 

by Real-Time PCR using two pig-specific Bacteroidales 16S rRNA genetic markers. Applied and 

Environmental Microbiololgy 75, 3045-3054. 

Mieszkin S, Yala J F, Joubrel R, Gourmelon M 2010. Phylogenetic analysis of Bacteroidales 16S rRNA gene 

sequences from human and animal effluents and assessment of ruminant faecal pollution by real-time PCR. 

Journal of Applied Microbiology 108, 974-984 

Naden PS, Old GH, Eliot-Laize C, Granger S J, Hawkins J M B, Bol R, Haygarth P 2010. Assessment of natural 

fluorescence as a tracer of diffuse agricultural pollution from slurry spreading in intensively-farmed 

grasslands. Water Research 44( 6), 1701-1712. 

Ogorzaly L, Gantzer C 2006. Development of real-time RT-PCR methods for specific detection of F-specific RNA 

bacteriophage genogroups: Application to urban raw wastewater. Journal of Virological Methods 138, 131-

139.  

Scott T M, Rose JB, Jenkins TM, Farrah SR, Lukasik J 2002. Microbial Source Tracking: Current methodology and 

future directions. Applied and Environmental Microbiololgy 68, 5796-5803. 

Seurinck, S, Defoirdt T, Verstraete W, Siciliano S D 2005. Detection and quantification of the human-specific 

HF183 Bacteroides 16S rRNA genetic marker with real-time PCR for assessment of human faecal pollution 

in freshwater. Environmental Microbiology 7,249-259. 

- 963 -



Environmental and sanitary safety aspects of manure and organic residues utilization  

  

 

A 40-YEAR RECORD OF SOIL ORGANIC CARBON (SOC) 

SEQUESTRATION IN AN INTENSIVE CROPPING SYSTEM 

IN HUNGARY 

 
Márton L.

1
, Yuriy V.K.

2
, Xiao T.

3
, Hyo-T.C.

4
 

1
Research Inst. for Soil Science and Agricultural Chemistry of the Hungarian Academy of Sciences, H-

1022 Budapest, Herman O. u. 15. Tel:+36 1 3558491, e-mail: marton@rissac.hu 
2
Heat & Mass Exchange in Geo-systems Dept. Scientific Centre Aerospace Res. of the Earth, National 

Academy of Sciences of Ukraine. Ukraine, 01601, Kiev, 55-b, O. Honchar str. e-mail: yvk@casre.kiev.ua 
3
Inst. Geochemistry Chinese Academy of Sciences State Key Laboratory of Environ. Geochemistry, 46 

Guangshui Road, Guiyang Guizhou Province, 550002 P.R.China, e-mail: xiaotangfu@vip.gyig.ac.cn 
4
Applied Geochemistry and Geochemical Engineering Department of Energy Resources Engineering 

School of Energy Systems Engineering, College of Engineering, Seoul National University, Seoul 151-

744, Korea, e-mail: chon@snu.ac.kr 

 

1 INTRODUCTION 

Recently, there is a concern that increased precipitation caused by climate change (CC) may reduce soil organic 

carbon (SOC) in arable soils (Le Houérou 1995; Graef and Haigis 2001; Lal 2002; Wang et al. 2005; Márton 2005, 

2007), because of the increased rate of SOC decomposition, and SOC leaching from the upper soil layer to the lower 

(Trierweiler and Lindsay 1969; Várallyay 2005; Russel and Jennifer 1991). Furthermore, new fertilizer input limits 

(e.g., nitrogen, phosphorus, potassium, etc) for crops have been introduced in Europe to reduce pollution originating 

from agriculture (Von Blottnitz 2006). In some countries (Germany, Portugal and Spain) where fertilizer limits are 

applied, crop yields and residue returns are expected to decline, and hence in agricultural systems there may be a 

reduction in the potential SOC equilibrum (Kádár 1992; Ardö and Olsson 2003; Von Blottnitz 2006). Long-term 

experiments are ideal for evaluating the complex influences of climate change (CC) (as precipitation) and 

agricultural practices (as crop fertilization) on changes in soil organic carbon (SOC). As at the moment, little is 

known about the net-interrelations of the quantity and distribution of precipitation, and NPKCaMg fertilization
 
on 

altering SOC in soil, the present study aimed to investigate this problem in a long-term field experiment in Hungary.  

 

2 MATERIALS AND METHODS 

The initial soil properties at the beginning of the long-term experiment (in 1962) were as follows (Láng 1973):  

particle-size distribution in the 0–25 cm layer: sand (> 0.05 mm) 70–85%, loam (0.05-0.002 mm) 8–20%, clay (< 

0.002 mm) 3–6%; clay in colloid accumulation layers: 10–18%; saturation percentage: 25–30; pH(H2O) 5.4; 

pH(KCl) 4.3; organic matter 0.5–0.8%; CEC 3–5 meq·100 g
-1

.  

 From 1962 to 1980 the trial included 2 (crops)×2 (plough)×16 (fertilization)×8 (replicates) = 512 plots and 

from 1980 to 2001 32 (fertilization)×4 (replicates) = 128 plots in random block design. The gross plot size was 10×5 

= 50 m². The main chemical characteristics of the plowed (0–25 cm) soil layer in the untreated plots in 1962, 1983, 

1988, 1998 and 2002 are presented in Table 1. The treatments and their combinations are shown in Table 2.  

 Precipitation was collected in a BES-01 collector (collecting precipitation on a standard 200 cm² surface) 

at the Meteorological Station  in Napkor. The averaged precipitation (mm) in the 1
st
 20-year period for the winter 

half year (WHY) (October–March), the summer half year (SHY) (April–September), and the total year (YT) 

(October–September) was 228, 288 and 516 mm, while in the 2
nd

 20-year interval these values were 204, 320 and 

523 mm, respectively.  

 The average fertilizer rates in kg ha
-1

 year
-1

 were nitrogen 75, phosphorus 90 (P2O5), potassium 90 (K2O), 

calcium 437.5 (CaCO3) and magnesium 140 (MgCO3). The fertilizers were applied in the form of Ca-ammonium 

nitrate (N: 25%), superphosphate (P2O5: 18%), muriate of potassium (K2O: 40%), powdered limestone (CaCO3: 

96%) and dolomite (MgO: 14%). The crop sequence was potato (tuber)–rye (seed)–wheat (seed)–lupin (protein)–

sunflower (oil) in the 1
st
 20-year period (1963–1983), and sunflower (oil)–grass (forage)–barley (seed)–tobacco 
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(tobacco)–wheat (seed)–triticale (seed) in the 2
nd

 20-year interval (1983–2002). The 1
st
 and 2

nd
 20-year crop yield 

average was 3.37 and 2.47 t·ha
-1

, respectively (mean 2.9 t·ha
-1

).  

 

TABLE 1  Chemical soil properties in the plowed (0–30 cm) layer of the untreated control plots of the long-

term fertilization experiment on sandy, acidic lessivated brown forest soil (Nyírlugos) in 1963, 

1983, 1988, 1998 and 2002  

pH Total AL-soluble Humus 
Nitrogen P2O5 K2O 

 

Year H2O KCl 

Hydro-

lytic 

acidity 

 

hy1 

% mg·kg-1 

1963 5.9 4.7 8.4 0.3 0,7 34 43 60 

1983  4.16   0.35  67 57 

1988  4.40   0.54  59 90 

1998  3.41   0.55  65 27 

2002  4.1   0,56  54 72.8 

 

 

TABLE 2  Fertilizer treatments in the long-term fertilization experiment on sandy, acidic lessivated brown 

forest soil (Nyírlugos) between 1962 and 2002 

From 1962 to 1980, kg·ha
-1

·yr
-1

 

N1 = 30 P = 48 (P2O5) 

N2 = 60 K = 80 (K2O) 

N3 = 90 Mg = 15 (MgO) 

N, P, K, Mg combinations 

Control 

N1 N2 N3 

N1P N2P N3P 

N1K N2K N3K 

N1PK N2PK N3PK 

N1PKMg N2PKMg N3PKMg 

From 1980, kg·ha
-1

·yr
-1

 

 N P2O5 K2O CaCO3 MgCO3 

Control 0 0 0 0 0 

1 50 60 60 250 140 

2 100 120 120 500 280 

3 150 180 180 1000 0 

 

3 RESULTS AND DISCUSSION 

Soil organic carbon (SOC) has strong influence on soil fertility, and crops yield. Several studies shown that 

continuous cropping decreases soil organic carbon stocks rapidly in the initial years. 40 year soil database was 

evaluated to investigate the impact of intensive ray-potato-wheat-triticale cropping system on SOC sequestration in 

a Long Term Field Fertilization Experiment at Nyírlugos in North-Eastern Hungary (N: 47º 41’ 60’’ and E: 22º 2’ 

80’’) on an acidic sandy soil from 1962 to 2002. The results showed that, expectedly, intensive fertilization and 

cropping pattern has resulted significant (P<0.001) decrease of SOC (16%) on all experimental plots in the 1
st
 20-

year period, (1963–1982). In the 2
nd

 20-year period (1983–2002) SOC pool values were improved by 16.9%. The 

correlation (R²) between precipitation sums inside of different periods of experimental years (Winter Half Year: 

WHY, Summer Half Year: SHY), and NPKCaMg fertilization on SOC (mg·kg
-1

) contents were significant 

(P<0.001): the means for WHY, SHY and over 40 years were 0.4691, 0.6171 and 0.6582, respectively. Organic 

carbon reserves (mg·kg
-1

) in soils decreased linearly as precipitation increased (from 3.22 to 7.27 mm·yr
-1

). In case 

this trend - growing precipitation caused by climate change reduces SOC in soils. This process probably will 
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continue in the future. Thus, farmers must take into consideration the climate (WHY’s and SHY’s precipitation), 

fertilization (NPKCaMg), and cropping changeability to optimize their SOC pool and crop management.  

 

4 CONCLUSIONS 

Since the 1950s, there has been a significant expansion in the variability experienced by European and Hungarian 

farmers in term of soil organic carbon (SOC), seasonal precipitation, NPKCaMg fertilization, and cropping 

changeability has also increased over the same period. The dynamics, seasonal changes and mechanisms of SOC in 

arable soils are essential in understanding and mitigating global climate change in interrelation with crop nutrition. 

There is a concern that increasing precipitation as a result of climate change, and reduced fertilizer input may reduce 

SOC in arable soils, as stated by Le Houérou (1995), Wigley (1999), Graef and Haigis (2001), Lal (2002), Wang et 

al. (2005) and Márton (2007). If this trend continues, and is aggravated by warming temperatures and a more 

altering climate, as predicted by climate change forecasts, the livelihoods of many Hungarian and European farmers 

may be substantially altered. Thus, it should be emphasized that farmers must take into consideration the 

changeability of climate (WHY and SHY precipitation), fertilization (NPKCaMg), and cropping pattern (tuber–

seed–tobacco–protein–oil–forage) to optimize their SOC pool, soil carbon sequestration, soil sustainability and crop 

management in the nearest future.  

However, the presented study demonstrated that the properly calibrated and tested long-term experiment-

based models are capable of detecting SOC yield responses to climatic (at first winter half year, summer half year 

and year total precipitation) variations (closely corresponding with the findings of Jolánkai 2005 and Márton et al. 

2007) in interaction with several nitrogen, phosphorus, potassium, calcium and magnesium fertilization systems for 

Hungary and on the European level under the changeable climate conditions.  
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1 INTRODUCTION 

Sustainable development must take into account economic, social and environmental aspects (Figure 1); however, 

one important, but often neglected, aspect is health and hygiene. Best management practices (BMPs) are those that 

best attain all of the abovementioned aspects. Manure may contain zoonotic agents that can be transmitted to 

humans via the food chain, contaminated water and environment. To minimise the risk of disease transmission, 

manure can be extensively treated in order to reduce the amount of pathogens. This may however not be practical or 

associated with an unbearable cost for the farmer. One helpful tool in order to integrate hygiene in BMPs is 

quantitative microbial risk assessment (QMRA) for the calculation of health-based targets to provide stakeholders 

(risk managers, farmers, politicians, environmental and health inspectors, Board of Agriculture, city planners) with 

decision support from a public health point of view. This paper outlines QMRA for manure management and 

suggests how it can be used to integrate public health in best manure management practices. 

 

FIGURE 1 Schedule of decision support leading to fertilizer BMPs as a dynamic process taking into 

account the local context (adapted from Fixen, 2005). 

 

2 MATERIALS AND METHODS 

Risk assessment is a four-step analysis including: hazard identification, exposure assessment, hazard 

characterisation and risk characterisation (Table 1). The end-point of QMRA is the numerical values of the 

probability of exposure, infection, illness or death. From a decision support point of view, a more relevant target is 

that the disease incidence from recycled manure should not exceed a minimal background level; in food safety 

normally termed appropriate level of protection or acceptable risk (Figure 2). 

Manure can contain high levels of zoonotic agents such as E. coli O157, Salmonella spp., Campylobacter 

jejuni and Cryptosporidium parvum (Hutchison et al. 2004) that can contaminate surface water, crops and pasture 
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exposing humans and grazing animals. Some inactivation will take place during storage but significant numbers are 

still transmitted to the environment (Hutchison et al. 2005). Other barriers to exposure are holding times between 

manure application and exposure and dilution in soil and water. However, extensive treatment may still be necessary 

depending on organism, exposure and the risk of regrowth of bacteria. The level of treatment can be determined 

based on the amount of pathogens in manure, environmental inactivation/growth and the dose response relationship 

(Figure 2). The latter has been determined for many gastro-intestinal pathogens by Teunis et al. (1999).  

 

TABLE 1 Microbial risk assessment paradigm for public health (adapted from Ashbolt et al., 2005) 

Step Aim 

Hazard identification To describe acute and chronic human health effects from the transmission of 

infectious agents associated with a particular hazard 

Exposure assessment To determine the size and nature of the population exposed and the route, amount and 

duration of the exposure 

Hazard characterisation To characterise the relationship between various doses administered and the incidence 

of the health effect (probability of infection, illness or death) 

Risk characterisation To integrate the information from the exposure and hazard characterisation steps in 

order to estimate the magnitude of the public health problem and to evaluate 

variability and uncertainty 

 

   

FIGURE 2 Monte Carlo simulations are commonly used in risk assessment analyses when the data are 

based on a number of distributions. The normal procedure is to calculate the risk of infection (left). 

However in the suggested approach, QMRA is used to calculate treatment performance targets (right). 

Based on an acceptable risk, for example 0.1% of gastroenteritis for a certain pathogen, an acceptable 

dose can be calculated from established dose-response relationships. Depending on exposure, this 

dose equals an acceptable concentration for the targeted hazard/pathogen. The log10 treatment 

performance target can be calculated from the log10 concentration of pathogen in manure – log10 

acceptable concentration – log10 reduction in concentration over barriers other than treatment, i.e.  

dilution and inactivation in the environment (adapted from Ottoson, 2005). 

 

3 RESULTS AND DISCUSSION 

Recycling of manure should not increase the prevalence of a certain disease. The prevalence differs between regions 

and hence must be taken into account as a site factor (Figure 3). Based on the exposure scenario and pathogen in 

question (hazard characterisation or dose response relationship) the treatment performance target is calculated.  This 

can be done in an early phase of the planning process to give an indication of the performance need in order to 
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recycle manure safely. Based on the calculated performance targets different manure treatment technologies can be 

suggested for the future process of planning, weighing in other parameters such as economics, environmental, soil 

supply etc. in order to predict the optional treatment (Figure 3). A significant increase or decrease of the prevalence 

might be detected in the national reporting system or determined from epidemiological studies and further fed back 

to the decision makers. Briefly, Table 2 outlines the suggested information to include in the model by Fixen (2005) 

(Figure 1) in order to integrate hygiene in manure BMPs. 

 

TABLE 2 Suggestions for information to include public health in BMPs in Figure 1 

Under: Include 

Site factor Endemic level of disease 

Decision support Treatment performance target 

Output Prediction of: right treatment 

Outcome Public health impact (disease incidence < endemic level of disease) 

 

 

FIGURE 3 Decision support including public health indicator (adapted from Fixen 2005). 

 

4 CONCLUSIONS 

In a sustainable society, agricultural and urban waste must be recycled to productive land. This can open up for new 

transmission routes for pathogens and therefore public health is an important indicator to take into account. One 

suggestion is to use QMRA as a tool to provide decision support from a hygienic point of view, describing the 

abovementioned risk in quantitative terms for different recycling system solutions. QMRA can also, as described, be 

used to provide decision makers and other actors involved in the planning process with guidance of treatment needs 

of waste streams in order to improve public health in spite of new transmission routes for pathogens. In the models 

there is also the possibility to adjust for weather changes predicted to occur, for example more frequent flooding, 

higher temperatures etc. and the outcome in relative terms between alternative system solutions and the present 

situation. In this sense (comparing system solutions in relative terms), limited data availability can be overcome, but 

it also points at another important function of risk assessment, to address the need for the scientific society to fill in 

data gaps to improve future risk models. 
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 1 INTRODUCTION 

Down and feather waste - a special type of organic waste, consisting of keratinous substances, mainly of keratin (a 

group of proteins - skleroproteins). Keratin is a highly stable substance and is poorly soluble in water, in solutions of 

neutral salts and in the diluted solutions of acids and alkalis and it’s hydrolysis demands the special technical 

equipment− vacuum coppers, crushers, magnetic installations (Tret'yakov and Bessarabov, 1985). 

Keratin is not liable to hydrolysis under the influence of enzymes, except for keratinase enzyme 

(Sidorenko and Cherdancev, 2001; Nikitin and Nikitina, 1985).  

Utilization of down-feather crumbs for the purpose of reception of valuable organic fertilizer occurs by a 

composting method by biochemical oxidation of organic substrates with use the microorganism’s mixed population. 

As a result there is an enzyme hydrolysis of keratin. To regulate the biochemical process of composting down and 

feather crumbs data is needed on what microbiological processes occurs and which groups of microorganisms that 

dominate the transformation of this substrate. 

The purpose of the work – the study of quantitative and qualitative composition of microbial community 

of compost on the basis of grey forest soil with down – feather crumb additives.   

 

 2 MATERIALS AND METHODS 

The laboratory experiment on receipt of three compost mixes:  1 – the control – grey forest soil (S), 2 − soil + down-

feather crumb (S+FC ratio 20:1), 3 − S+FC + worm compost (WC). WC – vermicomposted cattle manure , added in 

the ratio S:FC:WC = 20:1:2. The water content was set to 30-35 %. All mixes were placed in оpen glass vessels in 

volume of 0.5 l and were incubated  at 28°С during six weeks. All variants were carried out it three replications. 

The method of microbial diagnostic based on gas chromatography – mass spectrometry of fatty acids, 

hydroxy acids and fatty aldehydes was applied for study microbial community of compost. At present time structure 

of fatty acids of the majority of microorganisms and structure reproducibility is studied, shown specificity of fatty 

acids of bacterial species and genera (Stead et al., 1992). The algorithm of detecting of mass spectral parameters of 

the sample allows defining about two hundred fatty acids, aldehydes and sterols to define  more than 170 species or 

genera of microorganisms. The advantage of analytical procedure consists in direct extraction these compounds 

(markers) from sample by chemical procedure and calculates (reconstruct) the composition of the microbial 

community, encoded in the markers of the sample. 

GC-MS analysis was provided by chromate-mass-spectrometer AT-5973 D (Agillent Technologies, 

USA). A special program was designed for selective detection with accumulation of specific ion signals from 

microorganism marker compounds. The areas of marker’s peaks were integrated automatically (mass-

phragmentography) and supervised manually under regular programs of the device with using of internal standard. 

A special program was design for selective detection with accumulation of specific ion signals from microorganism 

marker compounds. Then these data were input into account program prepared in electronic EXCEL tables. 

The methodology of a molecular method of a gas chromatography-mass spectrometry (GC-МS) was in 

detail presented by Osipov & Turova, (1997) and Shekhovtsova et al. (2003). 
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3 RESULTS AND DISCUSSION 

In table 1 the data about structure of microbial community of grey forest soil and two composts: soil + down-feather 

crumb (S+FC) and S+FC + worm compost (S+FC+WC) is presented.  

Microbial diversity of community of all samples (46 species, 33 genera) and their high number (4 × 10
7 

cell/g) after incubation was shown.  

 

TABLE 1  Structure of microbial community of composts (S+FC, S+FC+WC) and grey forest soil (S) in 

their basis 

Microorganisms, cell/g × 10
6
 S+FC  S+FC+WC S 

Acetobacter sp. 1,70 3,77 1,90 

Agrobacterium radiobacter 1,58 3,87 1,66 

Ochrobactrum sp. 0,54 0,70 0,45 

Pseudomonas fluorescens 0,55 0,84 0,32 

P.putida 0,66 1,14 0,33 

P. vesicularis 0,12 0,17 0,09 

Riemirella sp. 0,16 1,21 0,16 

Sphingobacterium spiritovorum 0,30 0,54 0,23 

Sphingomonas adgesiva 0,25 0,40 0,16 

Sphingomonas capsulata 0,40 0,41 0,19 

Xanthomonas sp. 0,31 1,22 0,21 

FeRed 0,68 0,64 0,52 

Bacteroides fragilis 0,00 0,42 0,02 

Bacteroides hypermegas 0,02 0,06 0,01 

Bacteroides ruminicola 0,15 0,52 0,13 

Wolinella sp. 0,21 1,00 0,20 

Desulfovibrio sp. 0,36 2,29 0,39 

Nitrobacter sp. 1,16 0,90 0,50 

Cytophaga sp. 0,19 0,34 0,18 

Arthrobacter sp. 2,62 2,37 2,35 

Caulobacter sp. 0,72 2,23 0,56 

Bacillus subtilis 0,80 1,81 0,69 

Bacillus sp. 0,43 1,30 0,42 

Clostridium difficile 0,00 0,06 0,00 

C.pasteurianum 1,11 2,48 0,72 

C.perfringens 0,03 0,21 0,02 

C. propionicum 0,07 1,24 0,30 

Acetobacterium sp. 0,06 13,25 0,00 

Butyrivibrio 1-2-13 0,30 0,95 0,31 

Butyrivibrio 1-4-11 0,23 17,31 0,26 

Butyrivibrio 7S-14-3 2,65 18,81 2,38 

Bifidobacterium sp. 0,00 7,76 0,00 

Corynebacterium sp. 0,38 0,00 0,56 

Eubacterium sp. 0,00 0,05 0,00 

Eubacterium lentum 0,43 10,71 0,33 

Propionibacterium 

freudenreichii 

0,40 0,73 0,44 

P. jensenii 6,44 11,74 7,36 

Propionibacterium sp. 1,78 2,66 1,48 

Mycobacterium sp. 4,19 5,41 4,23 

Rhodococcus  equi 0,62 1,03 0,63 

Rhodococcus terrae 1,78 2,50 1,64 

Ruminococcus sp.  1,64 4,65 1,57 

Pseudonocardia sp. 0,43 0,87 0,39 

Streptomyces-Nocardiopsis 1,80 2,13 1,48 

Nocardia carnea 0,36 0,57 0,18 

Actinomadura roseola 0,34 0,66 0,33 

Sum 38,9 133,9 36,3 
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The highest total number of microorganisms (10
8
 cell/g) and a microbial biodiversity (46 species 

belonging to 34 genera) has been noted in the sample S+FC+WC. The microbial characteristics of compost S+FC 

did not significantly differ from such of grey forest soil that allows assuming that the basic increase in microbial 

potential of compost S+FC+WC occurs owing to the worm compost. In comparison with soil for this variant is 

considerably increased only nitrifies number of the second phase Nitrobacter and of anaerobic bacteria Clostridium 

pasterianum (on 40%) which are capable to anaerobic nitrogen fixation. The increase in number and a diversity of 

microorganisms in compost of variant S+FC+WC occurs, basically, for because of anaerobic bacterial species (tab. 

2). 

 

TABLE 2 Anaerobic and facultative anaerobic bacterial species of composts (S+FC, S+FC+WC) and of 

grey forest soil (S) in their basis 

Microorganisms, cell/g × 10
6
 S+FC  S+FC+WC S 

FeRed 0,68 0,64 0,52 

Bacteroides fragilis 0,00 0,42 0,02 

Bacteroides hypermegas 0,02 0,06 0,01 

Bacteroides ruminicola 0,15 0,52 0,13 

Desulfovibrio sp. 0,21 1,00 0,20 

Bacillus subtilis 0,36 2,29 0,39 

Bacillus sp. 0,00 0,06 0,00 

Clostridium pasterianum 1,11 2,48 0,72 

C.perfringens 0,03 0,21 0,02 

C. propionicum 0,07 1,24 0,30 

Acetobacterium sp. 0,06 13,25 0,00 

Butyrivibrio 1-2-13 0,30 0,95 0,31 

Butyrivibrio 1-4-11 0,23 17,31 0,26 

Butyrivibrio 7S-14-3 2,65 18,81 2,38 

Bifidobacterium sp. 0,00 7,76 0,00 

Eubacterium sp. 0,00 0,05 0,00 

Eubacterium lentum 0,43 10,71 0,33 

Propionibacterium 

freudenreichii 0,40 0,73 0,44 

P. jensenii 6,44 11,74 7,36 

Propionibacterium sp. 1,78 2,66 1,48 

Ruminococcus sp. 1,64 4,65 1,57 

Sum 16,6 97,5 16,4 

 

The fermentative consortium active in degradation of protein components of compost consisted of 

obligate anaerobes (Clostridium and Bacteroides spp., Desulfovibrio sp.) and facultative anaerobes (Bacillus spp.) 

having protease activity. It was shown a manifold increase in the number of Bifidobacterium sp. ("Useful" anaerobic 

species), and Wolinella sp. (representative of the normal intestinal worms, Eisenia foetida, which explains its 

presence in the compost with the addition of worm compost). However some species, such as Butyrivibrio and 

Eubacterium, can accumulate volatile fatty acids, in particular, oil acid. In general, the proportion of anaerobic 

species in the soil and compost S+FC is 50% and in compost S+FC+WC up to 70%.  

 

TABLE 3 The content of actinomycetes in composts (S+FC, S+FC+WC) and in grey forest soil (S) in their 

basis, cell/g × 10
6
 

 S+FC  S+FC+WC S 

Rhodococcus equi 1,03 0,63 

Rhodococcus terrae 

0,62 

1,78 2,50 1,64 

Pseudonocardia sp. 0,43 0,87 0,39 

Streptomyces-

Nocardiopsis 1,80 2,13 1,48 

Nocardia carnea 0,36 0,57 0,18 

Actinomadura roseola 0,34 0,66 0,33 

Sum 5,0 7,1 4,3 
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Actinomycetes (tab. 3) in number of 10
8 

− 10
7 

cell/g have been found in all investigated samples. Their 

part in bacterial community constituted in compost S+FC – 17 %, and in compost S+FC+WC – about 10 %. It 

testified that the isolated complex of actinomycetes actively did not participate in process of composting. Besides, 

domination of anaerobic conditions did not conduce to development of aerobic component of compost’s microbial 

community such as actinomycetes. 

The biomass of micromycetes in composts increased in comparison with initial soil – more than in 2 

times in compost S+FC and more, than in 3 times in compost S+FC+WC (tab. 4). 

 

TABLE 4  The content of micromycetes in composts (S+FC, S+FC+WC) and in grey forest soil (S) in their 

basis, rel. units 

 S+FC  S+FC+WC S 

Fungi  37,62 49,89 14,91 

 

Except bacterial population and micromycetes in composts we had been led the definition of chemical 

markers of Protozoa. For the Protozoa as such marker aldehyde С18 (octadecanoic aldehyde) has been chosen. In 

compost S+FC of such chemical markers is halve that in soil after incubation (S) and in 50 times compared to 

compost where it is in addition brought WC (tab. 5).  

 

TABLE 5 The content of Protozoan in composts (S+FC, S+FC+WC) and in grey forest soil (S) in their 

basis, rel. units 

 S+FC  S+FC+WC S 

Protozoa 0,64 32,87 1,22 

 

 4 CONCLUSIONS 

At composting of down–feather crumb and grey forest soil in their basis with addition of worm compost in the ratio 

in 20:1:2 within six weeks was formed microbial community with large diversity (46 species, 33 genera) with the 

total bacterial number (10
8 

cell/g). Anaerobiosis was dominating microbiological process at composting – since 

more than 70 % of species in microbial community, studied by the gas chromatography-mass spectrometry method 

on chemical markers, are obligate and facultative-anaerobic species. The fermentative consortium active in 

degradation of protein components of compost consisted of obligate anaerobes (Eubacterium, Clostridium, 

Bacteroides) and facultative anaerobes (Bacillus spp.) together with micromycetes having protease activity. The 

compost S+FC+ WC in comparison with soil (S) is enriched also by such eukaryote microorganisms, as the 

Protozoan. 
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1 INTRODUCTION 

Agricultural activity is recognised as the major contributor of ammonia (NH3) emissions to the atmosphere. NH3 

emissions cause serious negative environmental effects such as acidification and eutrophication of natural 

ecosystems and contribute substantially to the formation of secondary atmospheric particulates. In 1999, NH3 was 

therefore included as an air pollutant in the Gothenburg Protocol aiming at reducing acidification, eutrophication 

and ground-level ozone, within the framework of the Convention on Long-range Transboundary Air Pollution. 

Member countries have to report on the development of NH3 emissions by means of emission inventories. Farm and 

manure management are key parameters for modelling emissions. In most cases, calculations are based on estimates 

and assumptions of national experts, as statistical information on such parameters is scarce. This does not allow for 

detecting small changes of emissions over periods of a few years on a national scale and constrains their accurate 

regional differentiation. 

In order to obtain an accurate resolution of NH3 emissions in time and space, thorough information on 

farm and manure management is required. In this paper, we introduce a method to collect data on farm and manure 

management by means of surveys, provide an evaluation of the quality of the data derived from the responses and 

present an overview on some important parameters of farm and manure management as well as their evolution 

between 1990 and 2007 for Switzerland.  

 

2 MATERIALS AND METHODS 

Detailed representative investigations on farm and manure management were conducted in Switzerland by means of 

mail surveys for 2002 and 2007, respectively (Menzi et al., 2005; Reidy et al., 2008). A stratified random sample of 

3877 and 6702 farms was used in the survey of 2002 and 2007, respectively. This number represented 7.0% and 

10.7% of the Swiss farms in 2002 and 2007, respectively, which met the following defined minimum farm size 

criteria with respect to surface area and livestock number: agricultural surface area higher than 10 ha, surface of 

vegetables, fruit or vineyards higher than 1 ha or more than 6 dairy cows, 40 other types of cattle, 20 horses, 50 

sheep or goats, 25 sows, 200 other types of pigs present on a farm. 12353 (2002) and 10774 (2007) farms, 

respectively, which did not meet these criteria were excluded from the survey representing 18 % (2002) and 17% 

(2007) of the total number of Swiss farms.  

Farm classes were defined for the stratification accounting for five farm types (arable farms, cattle farms, 

pig or poultry farms, mixed farms, other farms), three geographical regions and three altitude zones. The minimum 

number of datasets required for each farm class was set to 20. Assuming an average return rate of completed 

questionnaires being at 40%, the minimum sample size of 50 farms per farm class was determined.  

The selected farms received a 12-page questionnaire containing around 300 questions on major farm and 

manure management parameters regarding housing systems, feeding, manure storage and application which are 

considered as relevant for NH3 emissions. The questionnaire was designed to allow straightforward completion by 

farmers within about half an hour and automated data registration of completed questionnaires. Data of the survey 

was complemented with existing, routinely collected livestock numbers and crop surface areas. Parallel to sending 
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out the questionnaire to the farms, an information campaign on the project was launched in agricultural journals. As 

an incentive to participate, a prize lottery for the participating farmers was organised.   

Within the survey, a return rate of 50% and 48% of the distributed questionnaires was obtained yielding 

1950 and 3133 datasets for 2002 and 2007, respectively. All data was then transferred in an anonymous form to a 

database, which was used for all further analyses. Tests regarding plausibility and correction were established for 

missing and ambiguous entries in the questionnaire. Missing or ambiguous entries were replaced by values 

occurring predominantly or deeming most plausible (e.g. aviary housing systems with manure belts for farms with 

500 laying hens or more). Parameters with a significant influence on emissions (e.g. coverage of slurry stores, 

manure spreading) were replaced by values that would result in highest emission (e.g. for missing information on 

manure spreading techniques, broadcast spreading would be used). A more detailed description is given in 

Anonymous (2010). A concerted evaluation of the returned questionnaires of 2007 with respect to missing or 

ambiguous entries was carried out. It included the most important entries of housing systems, exercise yards, 

grazing, storage and application of manure aiming at assessing the reliability of the questionnaire entries and thus 

the robustness of the survey results. 

The evaluation of the obtained data on farm and manure management for 2002 and 2007 were compared 

with the situation in 1990 and 1995. For the latter, information from the literature and expert judgments were used. 

 

3 RESULTS AND DISCUSSION 

3.1 Robustness of the survey results 

The average portion of missing entries ranged between 10 and 20% for most of the questions on housing systems, 

exercise yards and grazing. The percentage of ambiguous entries for questions allowing for multiple entries reached 

up to 50 % while it was clearly below 10 % for questions requiring single entries. Missing entries occurred more 

frequently for respondents operating small farms while the opposite applied to ambiguous entries for questions with 

multiple entries. This is probably due to the higher occurrence of several systems (e.g. different housings systems) 

for big farms. The sum of average portions for missing and ambiguous entries in the questionnaire was 15%. Similar 

numbers applied to storage and application of manure. In summary, the sum of average portions for missing and 

ambiguous entries of the entire questionnaire was ca. 10 %. This can be considered as moderate. The uncertainty 

generated thereby and its impact for the resulting data on farm and manure management is likely to be limited.  

3.2 Evolution of farm and manure management between 1990 and 2007 

N-excretion dairy cows: The main influencing factors for N-excretion emerged as follows. The milk yield used as an 

indicator for the N-output increased from 4940 to 6790 kg per head and year between 1990 and 2007. Feeds 

influencing excretion of nitrogen (concentrates, hay, maize silage, maize pellets) were used more frequently. In 

2007, the daily amount of concentrates used per cow was lower in the mountain area by 27% and by 9% in summer 

and winter, respectively, compared to the valley zone. Pigs: Due to a progress in genetic selection the standard N-

output was reduced by approx. 15 % between 1990 and 2007. As compared to the data of Kessler et al. (1994) for 

1990, the average crude protein content of the rations declined by 12%, 11%, 4% and 14% for dry sows, nursing 

sows, weaned piglets and fattening pigs, respectively, until 2007. The resulting average crude protein contents of 

148 g/kg, 161 g/kg, 169 g/kg and 160 g/kg for dry sows, nursing sows, weaned piglets and fattening pigs, 

respectively, as calculated for 2007 comply well with the study of Bracher and Spring (2010). 

Grazing: The percentage of grazing animals and the duration of the grazing period were extended 

between 1990 and 2007. For dairy cattle, the portion of grazing animals increased from about 67% to 98%. For other 

cattle, the trends were less pronounced. In the mountain area, the yearly duration of grazing was lower by 5% for 

dairy cows, by 9% for heifers and by 27% for suckling cows, respectively, compared to the valley zone. 

Housings and exercise yards: Between 1990 and 2007, tied housing systems were continuously replaced 

by loose housing systems. The portion kept in loose housing systems increased from 6 % to 41%, for dairy cows, 

from 29% to 60% for heifers and from 71% to 87% for suckling cows. Beef cattle exhibited an almost unchanged 

level of 95% for animals kept in loose housing systems (Figure 1). In 2007 the percentage of dairy cows kept in 

loose housing systems was much higher in the valley zone (49%) compared to the mountain area (26%). In the mid 

1990s, statutory regulations regarding animal welfare were implemented which required for animal movement 

outside of the housings over the whole year. As a consequence, exercise yards were established, especially for cattle 
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kept in tied housing systems. Concomitantly, the new agricultural policy and the related direct payments program 

promoted animal-friendly production systems on the farms. Between 1990 and 2007, the proportion of cattle having 

access to exercise yards strongly increased in all areas. In the mountain zone, the yearly duration dairy cows 

accessed an exercise yard was lower by 35% for dairy cows compared to the valley zone in 2007. 

The trend towards animal-friendly housing systems was similar for pigs as for cattle. Conventional 

housings with partly or fully slatted one-area pens were largely replaced by multi-area pens with littered areas or 

combined lying and feeding cubicles connected to outside yards (Figure 2). They reached an occurrence of 82 % for 

dry sows and 63% for fattening pigs by 2007. On the other hand, conventional systems with partly slatted floors 

without outside yards were still used for approximately 80% of the nursing sows and weaned piglets. For growing 

hens and laying hens, aviary housing systems with manure belts, often combined with a veranda and/or a free range 

were increasingly operated and reached a percentage of about 80 % by 2007 (data not shown). This trend went in 

parallel with a decline of deep litter and deep pit systems. The trends regarding the evolution of housing systems as 

characterized above are largely in line with the statistical numbers on promotion of animal-friendly conditions for 

livestock (Federal Office for Agriculture, 2009). 

 

 

FIGURE 1 Evolution of the percentage of cattle kept in loose housing systems between 1990 and 2007 

 

 

FIGURE 2 Evolution of the percentage of pigs kept in multi-area pens with littered areas or combined lying 

and feeding cubicles between 1990 and 2007 

 

The total volume of slurry stores was 12.4 × 10
6
 m

3
 (Meyre et al., 2000) and increased to 17.1 × 10

6
 m

3
 

by 2007 (Table 1). This growth was due to stricter the enforcement of minimal storage capacities. Between 2002 and 

2007, a slight decrease of the storage volume was observed. This might reflect a real decrease as a result of 

abandonments of farms (decline of number of farms: ca. 3% per year) or to a bias between the samples of the two 

surveys. The percentage of uncovered storages increased from 13% to 17%.  

The proportion of slurry applied with trailing hoses increased from 8% in 2002 to 12% in 2007. Trailing 

shoes and slurry injection are still of minor importance in Switzerland. Soft measures such as spreading of manure 

in the evening are increasingly applied. Incorporation of solid manure after application is also emerging and the time 

period between spreading and incorporation tend to become shorter. These trends are likely to be the result of 

growing awareness of the farmers and of recent voluntary programs aiming at reducing gaseous nitrogen losses. 
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TABLE 1 Percentage of slurry storage coverings and evolution of total storage volume from 1990 to 2007 

 1990 1995 2002 2007 

Uncovered 13% 13% 17% 17% 

Solid cover 87% 87% 71% 69% 

Perforated cover 0% 0% 12% 13% 

Tent, floating cover 0% 0% 0% 0% 

Total volume relative to volume of 1990 100% 120% 146% 139% 

 

4 CONCLUSIONS  

The ability to reliably characterize farm and manure management is crucial for assessing the evolution of ammonia 

emissions under the Gothenburg protocol. The approach of the survey on farm and manure management based on (i) 

a stratified sample, (ii) a coherent questionnaire allowing straightforward and rapid completion by farmers and (iii) 

an adapted procedure for plausibility tests and corrections yielded plausible data on farm and manure management.  

Major factors for the evolution of farm and manure management were statutory regulations regarding the 

new agricultural policy and the related direct payments program promoting ecological benefits and animal-friendly 

management. Consequently, grazing, loose housing systems and exercise yards for cattle, multi-area pens connected 

to outside yards for pigs and aviary housing systems with manure belts combined with a veranda and/or a free range 

for growing hens and laying hens were enhanced. Economical constraints contributed to the emerging of grazing 

cattle and loose housing systems. Statutory orders regarding the protection of surface waters and growing awareness 

of the farmers as well as recent voluntary programs aiming at reducing gaseous nitrogen losses after application 

were major influencing factors for increasing slurry store volumes and the use of low emission spreading techniques 

and practices. The trends observed in this study are largely confirmed by other investigations. 

It can thus be concluded that a survey carried out regularly as presented here provides a reliable base for 

the calculation of ammonia emissions from agriculture and for an accurate resolution of NH3 emissions in time and 

space. However, the implementation of the survey is laborious. Once established, the method can be periodically 

applied thereby compensating the initial expenditures. 
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1 INTRODUCTION  

Within the framework of the Convention on Long-range Transboundary Air Pollution and its protocols (UN/ECE, 

1999), Parties have to regularly report their emissions and to achieve national emission ceiling values. Since 1999 

ammonia (NH3) is included as an air pollutant in the Gothenburg Protocol covering the time period 1990 to 2010. 

The target for Switzerland according to this protocol is a reduction of ammonia emissions by 13%. NH3 emission 

inventories for Switzerland were therefore compiled and published by Stadelmann et al. (1998) for 1990 and 1995 

and by Reidy et al. (2008) for 1990, 1995, 2000 and 2003. Since in all considered years, agriculture contributed with 

about 93-95% to the total national NH3 emissions, these inventories had a special focus on agriculture. While expert 

assumptions for activity data on structural and management parameters were used for 1990 and 1995, emissions 

from 2002 onwards were based on data from representative farm surveys. 

National emission ceilings are set in the Gothenburg Protocol for 2010. A new representative farm survey 

was therefore carried out in winter 2007/2008 to establish an updated time series on emissions and provide baseline 

data for the negotiations on a revised Protocol for the time period beyond 2010. A special objective was to study the 

influence on NH3 emissions of the new agricultural policy and direct payment program introduced since 1994 with 

clear environmental and animal welfare requirements. 

 

2 MATERIALS AND METHODS 

2.1 Representative farm survey for activity data 

The approach chosen to collect activity data for 2007 from a representative sample of farms was basically the same 

as described by Reidy et al. (2008). A twelve page questionnaire on livestock and manure management was 

distributed to a random sample of 6565 farms stratified according to three geographical regions (East, Central, 

West/South), three altitude zones (valley, hills, mountains) and five farm types. All in all, 3133 questionnaires (i.e. 

48% of the distributed questionnaires) could be included in the data analysis. The Federal Office for Statistics 

provided activity data on livestock numbers and farming surface for these farms in an anonymous form. For 2002 

the original data from Reidy et al. (2008) could be used. More information on the farm survey is given in Kupper et 

al. (2010a). 

2.2 Emission calculations 

Emission calculations for 2007 and 2002 were individually made for each farm included in the analysis using the 

model AGRAMMON (Kupper et al. 2010b). As the model DYNAMO used by Reidy et al. (2008), AGRAMMON 

is a nitrogen (N) flow model that calculates emissions for grazing, housing, manure storage and application for 24 

livestock categories. For each of the 32 classes of the survey (region x altitude x farm type) and for each livestock 

category an average emission factor per animal per year for grazing, housing, storage and application was 

calculated. These mean emission factors were used for upscaling emissions to the national level by multiplying them 

with animal numbers of the respective classes. Emissions could be assigned to the municipality level and mapped in 

a km
2
 grid resolution. For 1990 and 1995 a simplified calculation at the national scale was performed. Due to the 

difference in the applied methodology a full homogeneity of the emission time series cannot be assured. 

 

- 980 -



 Environmental and sanitary safety aspects of manure and organic residues utilization  

  

3 RESULTS AND DISCUSSION 

3.1 Emissions in 2007 

Total NH3 emissions in 2007 were 52.3 kt N with a 94% contribution from agriculture (49.0 kt N).Within 

agriculture livestock production and manure management contributed to 90% (43.9 kt N), the rest coming from 

mineral N fertilizers (2.3 kt N), organic fertilizers (0.3 kt N) and crop surfaces (2.4 kt N; including grassland). 

Cattle, pigs and poultry contributed to 79%, 15% and 3%, respectively, of the emissions from livestock production 

and manure management. The distribution between grazing, housing, manure storage and application was 3%, 34%, 

16% and 47%, respectively.  

3.2 Development of emissions between 1990 and 2007 

Total anthropogenic emissions declined by 13% between 1990 (59.3 kt N) and 2007, agricultural NH3 emissions by 

14% and emissions from livestock and manure management by 11% (Figure 1). The lowest level of agricultural 

emissions was reached in 2004 (47.5 kt N). 

 

1992 1996 2000 2004 2008

Year

0

10

20

30

40

50

A
m

m
o
n

ia
 E

m
is

s
io

n
 

[k
t 

N
]

Application solid manure

Application slurry

Storage solid manure

Storage slurry

Housing

Grazing

 

FIGURE 1 Development of NH3 from livestock production and manure management between 1990 and 

2007 divided to grazing, housing, manure storage and application 

 

 The strong increase in loose housing systems and exercise yards for cattle was due both to the new 

compulsory animal welfare regulation in the direct payment program and economic/labour considerations. A similar 

development was observed for pigs due to market driven label programs leading to over 60% of the fattening pigs 

now being kept in housing systems with multi-area pens with littered areas and outside exercise yard. According to 

Swiss measurements (Berry et al., 2005) these systems produce twice as much emissions as conventional housings 

with partly or fully slatted one-area pens. These developments for cattle and pigs led to an increase of housing 

emissions by 44% between 1990 and 2007 (Figure 1).  

 Consequently, the N flow per dairy cow into storage was reduced by about 6% in spite of the over 40% 

increase in milk yield. For fattening pigs the N flow into storage was reduced by 41% due to an approximately 30% 

reduction in excretion per animal place thanks to a combination of feeding measures, change in genetic potential and 

higher housing emissions. Due to the reduced N flow from livestock, the sum of storage and application losses were 
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reduced by approximately 30% between 1990 and 2007 with a clear shift towards higher emissions from liquid 

manure and a decrease from solid manure due to changing housing systems.  

 Emissions from crop production decreased by about 30% between 1990 and 2007 mainly thanks to a 

decrease of mineral fertilizer use as a consequence of the farm-related nutrient balance requirements. 

 

4 CONCLUSIONS  

The national ammonia emission target of a 13% reduction between 1990 and 2010 according to the Gothenburg 

Protocol can probably just be reached, provided that emissions do not further increase until 2010. This or even a 

certain reduction can be expected since voluntary programs for emission mitigation measures with financial 

assistance have recently been introduced in different Cantons.  

 The development of emissions was influenced in different ways by the new agricultural policy and the 

related direct payments program introduced in the mid nineties. On the one hand animal welfare requirements led to 

a strong increase of housing emissions. These were largely compensated by lower storage and application losses 

resulting from the reduction of the N flow due to increased grazing and higher housing emissions. On the other hand 

the farm-related nutrient balance regulation leads to a limitation of animal numbers, lower N excretions of pigs 

thanks to feeding measures, more careful use of manure to minimize losses and a reduction of mineral fertilizer use. 

The mechanisms of these interactions must still be analyzed in more detail. 

 With the increase in housing emissions, the share of the stationary and more or less constant emissions 

during the year from housings and storage have increased from 39% in 1990 to 50% in 2007. This shift, together 

with the relatively small overall decrease of calculated national emissions of 13% between 1990 and 2007 and some 

open questions with respect to the homogeneity of the emission time series might partially explain why the available 

time series of the annual averages of measured concentrations and wet depositions of reduced N compounds do not 

show a significant downward trend (NABEL 2009). From 2000 onward the monitoring network is substantially 

denser than in the previous decade and the temporal trends of the measured concentrations and wet depositions 

correspond well with the calculated emission trends (Thöni and Seitler 2009). 
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1 INTRODUCTION 

Animal by-products are protein-rich materials and therefore offer a high potential as nitrogen (N) fertilizers (Gaskell 

and Smith, 2007). Every year, millions of tons of animal by-products are produced worldwide and their application 

as soil amendments is promoted as a beneficial agricultural practice, especially in areas with low soil organic matter 

(Van-Camp et al., 2004). 

However, effective application of organic residues in agriculture should not only consider the appropriate 

supply of exogenous organic matter and nutritive elements, but also the minimization of negative environmental 

impacts. In particular, when high rates of N rich materials are applied to soil significant amounts of nitrous oxide 

(N2O) can be generated. The release of N2O is one of the major sources of greenhouse gases (GHG) emissions 

associated with agriculture and, in recent years, the interest in N2O research has focussed on the environmental 

implications regarding global warming. The N2O emission has grown by 50% since 1970 and 11% since 1990, 

mainly due to the increasing use of fertilisers in agricultural fields. N2O in soils is mainly produced by microbial 

processes, as a by-product of nitrification and an intermediate product of denitrification. Nevertheless, carbon 

dioxide (CO2) and particularly N2O emissions from soil amended with animal residues have been scarcely 

investigated. 

The aim of this work was to evaluate the effect of the properties of two animal by-products added to an 

agricultural soil on the amount and dynamics of CO2 and N2O emissions. In addition, we evaluated as different 

environmental conditions (temperatures and soil moisture content) influenced CO2 and N2O evolution. 

 

2 MATERIALS AND METHODS 

An olive orchard soil (52% sand, 21% silt, 27% clay, 8.0 pH, 41.5% CaCO3, 1.04% TOC, 0.1% TN, 119 µg g
-1 

microbial biomass C), from a semiarid area in South-East Spain, was utilized for the incubation experiments. 

Two different N-rich organic fertilizers were selected: blood meal (BM - pH 6.5, 49.3% C, 15.6% N, 3.2 

TOC/TN, 119 mg g
-1

 water extractable organic C (WEOC), 0.1 mg g
-1

 NH4
+
-N) and horn and hoof meal (HHM - pH 

7.5, 51.3% TOC, 17% N, 3 TOC/TN, 13.7 mg g
-1

 WEOC, 1.9 mg g
-1

 NH4
+
-N). The residues were ground and 

sieved (<0.5 mm) to homogenize their particle size before application. 

Soil samples (75 g oven dry basis) were adjusted to 20, 30 and 40% of water holding capacity (WHC) and 

pre-conditioned under aerobic conditions at the temperature of incubation for 7 d. Successively, soil samples were 

amended with the residues (0.5% w/w) in triplicate and incubated for 35 d at 10, 20 and 30 °C. Unamended soil 

samples were also included as a control.  

CO2 and N2O emissions from soil were measured every 4 h by means of an automatic chromatographic 

system for continuous gas sampling and analysis (Mondini et al., 2010). Total amount of CO2-C released from the 

residues (extra CO2-C) was calculated as the difference between the cumulative CO2-C emitted from the amended 

soils and the cumulative CO2-C released from the control. 

3 RESULTS AND DISCUSSION 

Soil respiration dynamics were greatly affected by the factors (residue properties, moisture and temperature) 

considered in this study. The different properties of the residues caused soil CO2 evolution patterns remarkably 

different (Fig. 1). Soil amended with BM showed sharp peaks of respiration rate within 1-2 days after amendment, 
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followed by a fast decrease towards values slightly higher than the control. Conversely, HHM amended soil showed 

lower and more broaden peaks with maximum CO2 efflux observed 5-10 d after residue application. Both organic 

residues contained similar TOC (about 50%) and TN concentrations  (15% BM and 17% HHM) and consequently 

the different respiration dynamics are likely due to the diverse chemical complexity of the protein structure of the 

residues. Blood meal is mainly composed of non-complex fibrous and globular proteins that are fast mineralised in 

the soil. On the contrary HHM, is predominantly composed by an insoluble protein (keratin) characterised by 

sulphur-containing aminoacids responsible for cross-linking that causes a low degradation rate of proteins in the 

soil. 

Figure 1 shows the effect of soil water content on CO2 emission from amended soil incubated at the same 

temperature (20 °C). Results indicated that higher soil water content caused an increase in the eight of the 

respiration peaks in the case of BM, while for HHM the main effect was the anticipation of the peaks of maximum 

CO2 emission rate. This is consistent with the fact that 40% WHC is indicated as on optimum soil water content for 

microbial activity. 
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FIGURE 1 Dynamics of CO2-C evolution from amended soil incubated at 20 °C and three different 

moisture contents (20, 30, 40% WHC). 

 

Figure 2 illustrates the effect of temperature on the respiration rate of amended soil incubated at an 

optimal water content of 40% WHC. 
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FIGURE 2 Dynamics of CO2-C evolution from soil amended with BM (a) and HHM (b) and incubated at 

40% WHC and three different incubation temperatures (10, 20, 30 °C). Note the different scale 

of the y-axis. 
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For both residues, the increase in temperature was always associated with an anticipation of the peaks of 

maximum respiration rate. At the same time, the rise in temperature caused a narrowing of the peaks, indicating a 

more intense, but shorter phase of active microbial growth. These results are in agreement with the well known 

evidence that temperature has a direct effect on microbial metabolism. It has been reported that in soils with a 

mesophilic microbial population an approximate increase of 10 ºC is normally associated with a doubling of activity 

(Davidson and Janssens, 2006).  

Total CO2 evolution caused by the addition of the residues (extra CO2-C) ranged from 6.3 and 17.3% of 

added C and was clearly affected by temperature and moisture (Tab.1). In particular, marked increases in respiration 

were recorded passing from 10 to 20 °C and from 30 to 40% WHC.  

 

TABLE 1 Balance of CO2 evolution of amended soil incubated at different temperature and soil moisture. 

 

Despite the very distinct pattern of soil respiration rate generated by the two residues, amounts of extra 

CO2-C for the two residues were not clearly different. 

Conversely to CO2-C evolution, N2O was not detected in amended soil incubated at 10 °C, but only in 

soil incubated at 20 and 30 °C. N2O emissions in BM amended soil mainly occurred within 1-2 d of incubation (data 

not shown) concurrently with the maximum CO2 efflux rate, while N2O emissions were recorded later in HHM 

amended soil (figure 3 a and b), but  with significantly higher values. 

Figure 3 shows the effect of temperature and soil moisture on N2O emission from soil amended with 

HHM. The increase of both temperature and moisture were directly associated to the increase in the rate of N2O 

emissions and in the anticipation of the peaks of maximum emission rate. 

 

FIGURE 3 N2O dynamics from soil amended with HHM and incubated at different temperature and soil 

moisture. 

 

Cumulative N2O-N emissions ranged from 0.04 to 1.5% of the N added with the residues, with total N2O 

emissions from HHM amended soil four to ten-fold higher than those of BM treated soil (Table 2). A 10 °C increase 
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in temperature caused on average a 1.5 fold increase in cumulative N2O-N emission (Tab. 2). Total N2O production 

expressed as percentage of added N was significantly correlated with soil water content. 

 

TABLE 2 Balance of N2O emission from amended soil incubated at different temperature and soil 

moisture. 

 

In our experiment, the different C mineralization rate caused by the diverse chemical complexity of the 

protein structure of the organic residues suggests that different processes were responsible for N2O production from 

amended soils. The fast mineralization of BM, as evidenced by CO2 respiration dynamics, could have released 

significant amounts of NH4
+
 creating conditions conducive to the release of N2O during the successive process of 

autothrophic nitrification. Conversely, in the case of HHM amended soils, the maximum rate of N2O production was 

delayed with respect to that of CO2, when most of the easily available C was depleted. This is consistent with N2O 

production through a nitrifier denitrification mechanism, a pathway of denitrification that is carried out exclusively 

by one group of autotrophic NH3 oxidizer microorganisms (Wrage et al., 2001). Another possible mechanism that 

could have contributed to N2O emission from HHM amended soil is denitrification under aerobic conditions, as 

reported by Muller et al. (2004). 

 

4 CONCLUSIONS 

This study clearly demonstrates that the characteristic of animal residues and the environmental conditions have a 

significant impact on the dynamics and amount of CO2 and N2O released from amended soil.  

In particular, the diverse chemical complexity of the residues is the main factor that controls the emission 

of N2O. As a consequence, animal residues should be carefully applied to soil in order to minimize negative 

environmental impacts. Care should be taken to avoid conditions conducive to a fast mineralization and to 

synchronize N release from residues with N requirements from plants, so that the content of NH4
+
 and NO3

-
, the 

precursors of the main processes leading to N2O formation, are kept to a minimum. 

Moreover, our results suggest that laboratory experiments are an effective tool to obtain in short time 

useful information for the optimization of field scale trials for reliable quantification and monitoring of the overall 

GHG balance of the soil. 
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1 INTRODUCTION 

The residual water from pig farming*, when applied to soil provides a form of re-use and recycling making nutrients 

available to plants, recuperating part of the organic matter and, therefore, minimizing the risk of negative aspects 

which runoff may cause in water (Cerreta et al., 2005b). Although this residual water from pig farming is a source of 

nutrients (Ceretta et al., 2005a), it is considered an unbalanced fertilizer, due to the difference between the plant 

requirements (quantitative and temporal) and the nutrients offered through soil, air and water (Berwanger et al., 

2008). 

Even if the unbalanced nature of the residual water could be minimized with the use of fertilizers or crop 

rotation, there may be excessive quantities of those elements necessary for high production, which in turn may cause 

diffuse pollution (Berwanger et al., 2008). The residual water from pig farming over successive years in the same 

areas, coupled with steep slopes (inclined land), or even precipitation on uncovered (unprotected) soil or with low 

permeability, can provoke superficial surface drainage capable of causing contamination of sub-surface water and 

rivers with nitrate and phosphorus (Ceretta et al., 2005b).  

The losses of nutrients due to water erosion are influenced by their concentration in water and sediments 

and by the total loss of water and sediments by erosion (Bertol et al., 2003). On the other hand, the concentration of 

nutrients in water and sediments in the soil varies, and is influenced by the use of composts (fertilizers) and by crop 

and soil management. For these reasons, significant quantities of nutrients contained in swine wastewater as is the 

case with nitrogen and phosphorus, can be lost through superficial surface drainage (Daniel et al., 1994). 

In this way Barros et al., 2005, show that continual effluent application can cause nutrient imbalance in 

the soil. The gravity of the problem depends on the application time, the composition and use of the applied manure, 

along with the type of soil and its capacity for plant extraction Studies carried out by Ceretta et al. (2005a) and 

Doblinski et al. (2010), demonstrate that the losses of nutrients through superficial surface drainage, especially 

nitrogen, phosphorus and potassium in soil submitted to direct (non industrial) plantation, increased the average of 

amount of times there was an increase in the applied dose.  

The objective of this work was to evaluate potential diffuse pollution, with reference to nitrogen and 

soluble phosphorus and potassium in superficial flow, when residual water from pig-farming (ARS) is applied to red 

soil (Rhodic Hapludox), when cultivated in the period between harvests and under simulated rainfall conditions. 

 

2 MATERIAL AND METHODS 

The experiment took place at the Laboratory of experimental agricultural engineering department of the Federal 

university of Western Paraná. The climate was humid subtropical (Cfa), with an average annual precipitation of 

1800 mm, average temperature of 20º C and relative air humidity of 75 %. The experimental area of soil is classified 

as typical red soil (Rhodic Hapludox) (EMBRAPA, 2006) with a slope of 13%.  

In the period between harvests in the year 2007, 18 gutters (drains*) were dug in the soil with a slope of 

13%, each gutter having an area of 0.7 m
2
, made of sheets of galvanized steel. At the outfall of the gutters a 

collecting device was installed to test superficial surface drainage which could be analyzed chemically in a 

laboratory.  

The treatments comprised three levels of ARS and the simulation of two precipitation intensities (Ip), 

with three replicates. They were: T1 (0 m
3
 ha

-1
 ARS and 40 mm h

-1
), T2 (100 m

3
 ha

-1
 ARS and 40 mm h-1), T3 (200 
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m

3
 ha

-1
 ARS and 40 mm h

-1
), T4 (0 m

3
 ha

-1
 ARS and 80 mm h

-1
), T5 (100 m

3
 ha

-1
 ARS and 80 mm h

-1
) and T6 (200 

m
3
 ha

-1
 ARS and 80 mm h

-1
). 

In 2008, after ‘black oat’ was used to cover the soil, ARS was then introduced in the levels 0.100 and 

00m3/ha. The form of application was manual and was carried out in three different parts of the day, corresponding 

to the three repetitions of each treatment. After the application of ARS, the experimental plots were covered by 1.08 

m
2
 area of polyethylene, in an effort to control the hydrology within this area. After seven days of ARS application, 

a simulation of two precipitation intensities took place (40 and 80 mm h
-1

). This simulation used a InfiAsper/UFMS 

(Nascimento, 2005) rain simulator operating at a pressure of 32.7 kPa, until reaching a stabilization rate of water 

infiltration in the soil. 

From the beginning of the simulation, the simulation time was recorded, taking note at the beginning of 

the drainage and the time of the collection of the drained sample. The drained samples were collected in volume 

intervals of 200 mL, stored and refrigerated immediately. After recording the data from each test sample, a graph of 

water infiltration in the soil was generated, and from this, five samples were defined from the drained sample to 

determine the total nitrogen, soluble phosphorus and potassium.  The nitrogen was determined following APHA, 

1998. To determine the soluble phosphorus and the potassium, the samples were filtered in a membrane of 0.45 µm 

and afterwards the soluble phosphorus was determined using APHA (1998) and the potassium in a flame 

photometry detector.  

 

3 RESULTS AND DISCUSSION 

Figures 1 to 3 present the losses of total nitrogen, soluble phosphorus and potassium in surface runoff. 
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FIGURE1 a) Behavior of total N export during superficial surface drainage, under 40mm.h
-1

 simulated 

rainfall;  b) Behavior of carriage of total N carried during superficial surface drainage, under 

80mm.h
-1

 simulated rainfall. 
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FIGURE2 a) Behavior of soluble P carried during superficial surface drainage, under 40mm.h-1 simulated 

rainfall; b) Behavior of carriage of soluble P carried during superficial surface drainage, under 

80mm.h-1 simulated rainfall. 
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FIGURE3 a) Behavior of carriage of K total carried during superficial surface drainage, under 40mm.h-1 

simulated rainfall; b) Behavior of carriage of K carried during superficial surface drainage, 

under 80mm.h-1 simulated rainfall. 

 

It can be seen in all of the nutrients studies, that the greatest run-off loss occurs at the beginning of the 

simulation, although different concentrations in the run-off samples are seen in the different treatments, which 

directly reflects the effect of the rates applied. We can observe that with an increase in the volume of the run-off, a 

gradual diminishing of nutrient concentration occurs, which demonstrates that they are easily dragged It is also clear 

that the precipitation intensity (Ip) of 80 mm h
-1

 tends to increase losses of nitrogen, soluble phosphorus and 

potassium, when compared to the precipitation of  40 mm h
-1

.  

 

4 CONCLUSIONS 

It can be seen that the nutrient run-off losses occur in greater proportions at the beginning of the run-off event and 

tend to stabilize; greater concentrations of nitrogen, soluble phosphorus and potassium occur in run-off under higher 

intensity precipitation, in this case, at 80 mm h
-1

. 
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1  INTRODUCTION 

The swine production has grown year by year in the domestic and international markets, and in Brazil, the 

contribution of the swine industry to the economy has affected the whole country as it is practiced with greater or 

lesser degree in all states (ABIPECS, 2008). However, as a consequence of this activity, there is a high amount of 

waste that ends up being used as organic fertilizer. Nevertheless, not all producers have sufficient farmland, so that 

these wastes are properly disposed without saturating the soil or expressing the adverse effects of this practice, such 

as nutrients and pathogens accumulation that can contaminate the soil and the water (Baretta et al., 2003, Zhu et al., 

2004).  

The addition of organic waste to the ground, according to Baretta et al.  (2003), is a factor that may 

influence the soil biota, especially by providing food and changes in temperature and soil surface. Among these 

organisms, the invertebrate macrofauna, especially the ants (order Hymenoptera), play an important role as it 

occupies different trophic levels in the soil food chain, affecting the primary production directly and indirectly, and 

the populations of microorganisms which are responsible for mineralization (Silva et al., 2006). In addition to that, 

the group operates in the fragmentation of plant material and redistribution of organic matter that favors the 

conditioning of the soil (Assad, 1997; Baretta et al., 2007).  Therefore, the management and use of soil are factors 

that are directly related to the macrofauna, so that the use of waste can have beneficial or harmful effects to the soil 

fauna, varying according to its type and composition.  

Based on the foregoing, this study aimed to evaluate the effect of swine wastewater combined with 

chemical fertilizer on the density and diversity of macrofauna in Oxisol cultivated with corn. 

 

2  MATERIALS AND METHODS 

The experiment was conducted in Cascavel, PR, Brazil (24 º 48 'S and 53 º 26' W), with an altitude of 760 meters. 

The climate is humid and subtropical (Cfa), with average annual rainfall of 1800 mm, hot summers, average 

temperature of 20ºC and relative humidity of 75% (IAPAR, 1998).  The soil, according to EMBRAPA (2006), is 

classified as a Hapludox Typical with loamy soil, which since 2006 has received input of nutrients from the 

application of swine wastewater and chemical fertilizer. 

The experimental design was a randomized block design in a 2x4 factorial scheme, in which two levels of 

chemical fertilizer were tested (0 and 100% of recommended for culture) and 4 doses swine wastewater (0, 100, 200 

and 300 m
3 

ha
-1

), making up 8 treatments with three replicates, totaling 24 experimental plots.  The swine 

wastewater came from an integrated biosystem composed by biodigester followed by sedimentation tank and 

stabilization pond, and the chemical made according to the methodology of APHA, AWWA & WEF (1998).  

The application of SW was performed in single step, 7 days before planting the corn, which was carried 

out on the remains of oat. Given the cultural needs of the culture, there was nitrogen fertilization on 80 kg ha
-1

 of 

nitrogen in the form of urea. 

The soil fauna was sampled by means of collecting using pitfall traps, a preservative solution containing 

4% formaldehyde, placed individually in each of the plots. Samples were collected in three different moments of the 

trial: 7 days after sowing (7 DAS), the stage of 15 leaves (41 DAS), and after the issuance of the spikelet (72 DAS) 

where in each one of the collections, traps remained in the field for 7 days, and the contents identified in the 

laboratory to the taxonomic level of order.  
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Data were subjected to analysis of variance and where necessary we used the transformation x

0, 5
 +0.5 to 

normalize the data using free software SISVAR, version 4.2 (Ferreira, 2003), adopting the test F to 5 %, followed by 

Scott-Knott 5%.  

 

3  RESULTS AND DISCUSSIONS 

Table 1 presents the test results mean comparison for the density of ants at the three periods of the study. 

 

TABLE 1  Medium density of ants - Hymenoptera order (organisms/trap/day), collected from the soil in 

the treatments applied at 7, 41 and 72 DAS. 

TREATMENTS 

Chemical fertilizer (%)  Swine waterwaste (m
3 
ha

-1
) 

0 100 0 100 200 300 

FIRST SAMPLING – 7 DAS 

3.54 A 4.13 A 4.16 A 3.21 A 5.26 A 2.97 A 

SECOND SAMPLING – 41 DAS 

3.86 A 3.19 A 2.54 A 2.80 A 6.14 B 2.61 A 

THIRD SAMPLING – 72 DAS 

3.22 A  2.26 A  1.69 A  2.57 A  4.35 B 2.35 A  

Capitalization in the same line do not differ according to the test of Scott-Knott in the 5% level of significance. DAS = days after sowing. 

 

It is noteworthy that the density of organisms in the order Hymenoptera was influenced by the use of 

wastewater, with higher dose of 200 m
3
 ha

-1
 at 41 and 72 DAS in relation to the other doses.  Ants are the 

dominant taxonomic group in most ecosystems.  According to Marino et al.  (2002) and Andersen et al. (2002) ants 

are regarded as good indicators of areas affected by anthropogenic soil management, industrial pollution and the 

successful rehabilitation of degraded areas, thank to a strong relationship with the state of vegetation, soil and 

decomposition.  Some characteristics of the group ensure them, in general, this status, such as high abundance, 

species richness, easiness of sampling, separation in morpho-species, and specialized taxon which are able to 

perceive the environmental changes. The results show that initially there were no differences between the rates of 

swine wastewater, probably due to high mobility group and similar quality of food among the areas examined have 

developed without vegetation, which the more complex, the greater the level of diversity of the group (Cordeiro et 

al., 2004). However, from the second collection the predilection of the group as to the dose of 200 m
3
 ha

-1
 was 

visible, with a gradual increase in the density of ants to the extent that the dose of SW was increased, up to 200 m3 

ha
-1

, followed by a sharp drop in higher dose, at levels close to those reported for the dose of 0 m
3
 ha

-1
. This shows 

that within certain limits, the use of wastewater with the characteristics of the study, promotes improvement in soil 

conditions for this group, but becomes a limiting factor in high doses.   

The response generated in this study is important because the structure of ant communities is essential in 

environmental impact assessment, once it maintains and restores soil quality and acts in the redistribution of 

particles, nutrients and organic matter, improving the infiltration of water in the soil through the increase of porosity 

and aeration (Lobry de Bruyn, 1999).  

As for the chemical fertilization factor, it was observed that at the 41 and 72 DAS, there was a tendency 

for greater distribution of ants in plots that were not subjected to chemical fertilizer. Alves (2008) attributed this 

result to the low quality and quantity of food in the soil, which ends up favoring the order because other groups, 

more sensitive, and less mobile, do not compete for the area, unlike the plots receiving fertilizer in which the 

vegetation is developed and greater amount of organic matter provide better conditions for the establishment of 

other edaphic groups. 

The results also showed that over time, after 41 DAS, there was a decrease in the density of these 

organisms. The above allows us to suggest that the systematic use of swine wastewater with these characteristics can 

lead to the depletion of the group, corroborating the view of Alves et al. (2008), which verified this behavior with 

doses of 50 m
3
 ha

-1
, where such results were more relevant to the dose of 200 m

3 
ha

-1
.  Another factor that may have 

contributed to this behavior, was the long drought (30 days) coinciding with the period measured at 72 DAS. 
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4  CONCLUSIONS  

Based on the foregoing, we may conclude that the application of swine wastewater produces significant positive 

effects on the order Hymenoptera with doses up to 200 m
3 
ha

-1
. 
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1 INTRODUCTION 

Recycling of wastewater from pig farming to the soil makes nutrients available to plants, recuperating part of the 

organic matter, therefore minimizing the potential negative effects of runoff to water (Cerreta et al., 2005b). 

Although this residual water from pig farming (ARS) is a source of nutrients (Ceretta et al., 2005a), it is considered 

an unbalanced fertilizer, due to the difference between the crop requirements (quantitative and temporal) and the 

nutrients offered through soil, air and water (Berwanger et al., 2008). 

Even if the unbalanced nature of the residual water could be minimized with the use of industrial 

fertilizers or crop rotation, diffuse pollution can occur from the excessive quantities of those elements necessary for 

high production. (Berwanger et al., 2008). The residual water from pig farming applied over successive years to the 

same areas, coupled with sloping land, or even precipitation on unprotected soil or soil with little permeability, can 

provoke superficial surface drainage capable of causing contamination of sub-surface water and rivers with nitrate 

and phosphorous. (Ceretta et al., 2005b).  

The loss of nutrients due to water erosion are influenced by the concentration in water and sediments and 

by the total loss of water and sediments by erosion (Bertol et al., 2003). On the other hand, the concentration of 

nutrients in water and sediments in the soil vary, and are influenced by the use of composts (fertilizers) and by the 

covering and management of the soil. For these reasons, significant quantities of nutrients contained in ARS, as is 

the case with nitrogen and phosphorous, can be lost through superficial surface drainage (Daniel et al., 1994). 

Barros et al., 2005 showed that continual applications can cause nutrient unbalance in the soil and the 

extent of the problem depends in the application time, the composition and the use of the applied manure along with 

the type of soil and its capacity for plant extraction. Studies carried out by Ceretta et al. (2005a) and Doblinski et al., 

(2010), demonstrated that the losses of nutrients through superficial surface drainage, especially nitrogen, 

phosphorous and potassium, in soil submitted to direct (non industrial) planting increased with increasing 

application rate. 

The objective of this study was to evaluate diffusion pollution, in reference to total nitrogen and soluble 

phosphorous and potassium in the superficial surface, following ARS application to a red soil (Rhodic Hapludox) in 

a period between harvests under simulated rainfall conditions. 

 

2 MATERIAL AND METHODS 

The experiment took place at the Laboratory of experimental agricultural engineering of the Federal university of 

Western Paraná. The climate was humid subtropical (Cfa), with an average annual precipitation of 1800 mm, 

average temperature of 20º C and relative air humidity of 75 %. The soil at the experimental area is classified as 

typical red soil (Rhodic Hapludox) (EMBRAPA, 2006) with a slope of 13%. 

In the period between harvests in the year 2007, 18 galvanized steel gutters were dug in the soil with a 

slope of 13%, each gutter having an area of 0.7 m
2
. Superficial surface drainage of applied ARS was collected at the 

bottom of the slope, which could be then analyzed chemically in a laboratory.  

The treatments consisted of three levels of ARS and two levels of simulated rainfall intensity, totaling six 

treatments with three replicates. They were: T1 (0 m
3
 ha

-1
 ARS and 40 mm h

-1
), T2 (100 m

3
 ha

-1
 ARS and 40 mm h

-

1
), T3 (200 m

3
 ha

-1
 ARS and 40 mm h

-1
), T4 (0 m

3
 ha

-1
 ARS and 40 mm h

-1
T5 (100 m

3
 ha

-1
 ARS and 40 mm h

-1
) and 

T6 (200 m
3
 ha

-1
 ARS and 40 mm h

-1
). Treatments were allocated to experimental units in a randomized block 

design. 
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In 2008, after ‘black oat’ was used to cover the soil, ARS was applied by hand at rates of 100 and 200 m
3
 

ha
-1

. Following application, the experimental units were protected by mini green houses of 1.08 m
2
, made of 

polyethylene (100 micron guage). Seven days after application, a simulation of two precipitation intensities took 

place (40 and 80 mm h
-1

). This simulation used an InfiAsper/UFMS (Nascimento, 2005) rain simulator operating at 

a pressure of 32.7 kPa, until reaching a stabilization rate of water infiltration in the soil.  

A sample was taken from the drainage for each unit for analysis for to establish the total nitrogen, soluble 

phosphorous and potassium content.  The nitrogen was determined following APHA (1998). To determine the 

soluble phosphorous and potassium, the samples were filtered through a membrane of 0.45 µm following which the 

soluble phosphorous was determined using APHA (1998) and the potassium using a flame photometry detector. 

 

3 RESULTS AND DISCUSSION 

There was an increase in total nitrogen, soluble phosphorous and potassium in the drained effluent as the application 

rate increased (Figs 1-3). Good exponential relationships were developed between nutrient run-off and application 

rate. 
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FIGURE1 Quantity of total N carried by superficial surface drainage in function of applied ARS 
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FIGURE3 Quantity of Potassium carried by superficial surface drainage in function of applied ARS 

 

This exponential behavior was also found by Doblinski et. al., (2010), who studied the application of 

residual water from pig farming at rates of 0, 50, 100, 150 and 200 m
3
 ha

-1
 applied to bean crops. They also verified 

that phosphorous has a pollution potential seven times greater than potassium and three times greater than nitrogen. 

The mobility in the profile of the soil is greater for potassium, followed by nitrogen and phosphorous.  

It was also verified that the precipitation rate of 80 mm h
-1

 was able to provoke a greater run-off of 

nutrients compared to the 40 mm h
-1

 rate.  This demonstrates that the application of residual water from pig farming 

to soil should take place in periods with low probabilities of intense rain. 

Soluble phosphorous is readily available in an aquatic environment and can be a limiting factor in the 

process of eutrophication. It should be noted that the concentrations transferred to the aquatic environment were 

greater than those established in the 357/2005 resolution of CONAMA (Brasil, 2005), which indicates a class 2 

body of water, where the maximum phosphorous concentration is 0.03 mg L
-1

  in still water environments, and of 

0.05 mg L
-1

  for freshwater environments. Run-off water coming from areas where ARS is applied therefore has the 

potential to diminish surface water quality through enhancing the eutrophication process. 

 

4 CONCLUSIONS 

The quantity of total nitrogen, soluble phosphorous and potassium in run-off increased exponentially with 

application rate following ARS application. Losses were greater at a precipitation intensity of 80 compared to 40 

mm h
-1

. 
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1 INTRODUCTION 

In case of epizootic viral disease outbreak e.g. avian influenza (AI), materials such as carcasses and litter from 

poultry farms can if not properly sanitised pose a health risk to both humans and animals and be a source of further 

spread of the pathogens. Thus, a safe sanitisation method adoptable to all sizes, from small to large scale, is 

preferable. Methods available for disposal of the materials include e.g. landfilling, on-site burial, composting, 

disinfection and incineration.  

In-vessel composting of carcasses and litter is together with e.g. incineration, out of a risk perspective, the 

preferable disposal options during an outbreak of AI (Pollard et al., 2008). During the thermophilic phase of aerobic 

composting temperatures high enough to inactivate most pathogens can be reached, including avian influenza virus 

(AIV) (Guan et al., 2009; Senne et al., 1994). In addition to this composting may also help to avoid further 

transmission of AIV since the sanitation can be performed on-site avoiding transport of the materials.  

In order to establish guidelines for sanitation treatments in case of an epizootic outbreak validation of 

treatment processes is required. Viral analysis can be both expensive and time consuming thus the use of 

bacteriophages as a model organism is a good alternative.  Bacteriophages have similar structure as viruses but they 

are both easier and less expensive to analyse. Various bacteriophages have been suggested as viral indicators 

(Havelaar et al., 1991) and can be used to monitor the treatment efficiency in terms of viral inactivation.   

The aim of the present study was to investigate the inactivation rate (as decimal reduction, D-value) of the 

highly pathogenic AIV strain H7N1 during thermal treatment in a compost mixture of poultry manure, straw and 

non-hatched eggs. The AIV strain used has been shown to be relatively heat stable in comparison to other AIV 

strains (unpublished data). Further the inactivation rate of AIV was compared to that of bacteriophage MS2 (ATCC 

15597-B1) during thermal treatment. The inactivation of bacteriophage MS2 during laboratory-scale composting in 

1.5 l Dewar flasks was also investigated.  

 

2 MATERIALS AND METHODS  

2.1 Compost material and microorganisms 

The compost mixture used consisted of poultry manure collected at Lövsta research station, SLU, straw and non-

hatched eggs (14 days old embryos) with a final moisture content of  67.1% and 68.2% in the material for thermal 

treatment at 45°C and laboratory-scale composting respectively. Sanitation was monitored by analysis of viable 

added microorganisms. The virus strain used were the highly pathogenic avian influenza virus (HPAIV) strain 

A/turkey/Italy/1387/00 (H7N1) and bacteriophage MS2 (ATCC 15597-B1). The AIV strain was cultivated in 11 

days embryonated SPF eggs (SVA production). Propagation of the bacteriophage was performed in nutrient broth 

(NB, Oxoid AB, Sweden) using the host strain Salmonella Typhimurium WG 49 (ATCC 700730).  

2.2 Experimental design 

2.2.1 Thermal treatment at 45°C 

The compost material was inoculated with microorganisms to an initial content of approximately 5.5 tissue culture 

infectious dose (TCID)50 g
-1

 and 7.5 log10 plaque forming units (PFU) g
-1

 of AIV and MS2 respectively and mixed 

manually. The material was weighed into eppendorf tubes and placed in water bath or block thermostats during 48 
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hours MS2 and during 24 hours for AIV. Samples were taken in triplicates and the sampling started when the 

material had reached a temperature 45°C for MS2, for AIV the 0-sample was taken before incubation started 

2.2.2 Composting in laboratory-scale reactors 

The compost material was inoculated with bacteriophage MS2 to an initial content of 7.5 log10 PFU g
-1

, mixed 

manually. The first samples (day 0) were taken and thereafter the compost mixture was filled into two compost 

reactors. Sampling was performed on day 1, 2, 4 and 7. At each sampling occasion three samples were taken from 

each reactor and the compost was thoroughly mixed for aeration of the material.  

2.3 Enumeration of microorganisms 

The AIV was analysed by an end-point titration method through cell culture cytopathic effect using 96-well plates, 

using MDCK cells and 8 replicates per dilution. Virus titres were calculated according to the Spearmann Kärber 

formula (Kärber, 1931).  The titres were expressed as tissue culture infectious dose (TCID)50 values per gram 

compost.  

Enumeration of the bacteriophage was performed according to the standard ISO10705-1 (1995) double-

layer agar method (Adams, 1959) using the host strain S. Typhimurium WG49 (ATCC 700730).  In short samples 

were serial diluted in saline solution (0.86-0.9% NaCl). Suitable dilutions were mixed with the host strain and soft 

agar and poured onto agar plates. The plates were incubated at 37°C thereafter plaques were counted with a 

detection limit of 10 plaque forming units (PFU) g
-1

 compost material. 

2.4 Statistical analysis 

Linear regression analysis and t-test was performed using Minitab (Minitab® 15.1.20.0., Minitab Inc.). Results 

obtained from the linear regression analysis were used to calculate D-values (the time required for a 1 log10 

reduction in the number of organisms) for the inoculated microorganisms during thermal treatment at 45°C.  

 

3 RESULTS 

The results obtained from thermal treatment of bacteriophage MS2 and AIV strain H7N1 at 45°C can be seen in 

Figure 1. Based on these data the D-value for bacteriophage MS2 was 56.5 h. As for inactivation of the AIV strain 

H7N1 no virus could be detected after 30 min of thermal treatment (Figure 1b), corresponding to approximately 3.6 

log10 reduction within half an hour’s time. The rapid inactivation of the AIV results in a D-value of less than 9 min. 

 
 

 

 

 

 

FIGURE 1  Inactivation of bacteriophage MS2 (a) and AIV strain H7N1 (b) at 45°C in compost material.  

 

 In the laboratory-scale compost reactors the temperature increased steadily during the first day to a 

temperature >45°C around day 1 (Figure 2 a.). The inactivation rate for bacteriophage MS2 was at its highest 

between days 2 and 4 as can be seen in Figure 2b. During the compost trial pH increased from 8.5 to 8.8-9 and some 

changes in moisture content occurred resulting in a MC of 68.3% and 54.4% in reactor 1 and 2 respectively at the 

end of the trial (day 7). 
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FIGURE 2  Temperature changes (a) and inactivation of bacteriophage MS2 during composting in 

laboratory-scale compost reactors. Reactor 1 (●, __) and reactor 2 (□,---). Grey marker 

represents a sampling occasions were the number of bacteriophages were found to be below the 

detection limit. Drops in temperature at day 1, 2 and 4 correspond to sampling occasions.   

 

4 DISCUSSION 

The D-value obtained for AIV at 45°C (>9 min) correlate well to data published showing D-values of <0.3-0.9h 

(Guan et al., 2009). Results from the present study show that the D-value for bacteriophage MS2 is significantly 

higher than that of AIV strain H7N1. The fact that the D-value for bacteriophage MS2 correspond to a time longer 

than the time of the performed study results in an uncertain determination of the inactivation rate. However the 

properties of being both cheaper and easier to analyse makes bacteriophages an attractive alternative to analysis of 

AIV. Although further studies for more precise determination of the D-value for bacteriophage MS2 is needed for 

establishing a correlation to the inactivation of AIV. A comparison between AIV and bacteriophage MS2 show that 

they both are ssRNA virus although AIV is enveloped. Since enveloped viruses are assumed to be more sensitive to 

heat (Wichuk and McCartney, 2007) the high inactivation rate of AIV in comparison to bacteriophage  MS2 is not 

surprising. As a result of the comparatively high D-value obtained for bacteriophage MS2 it can be argued that it is a 

too conservative indicator of AIV inactivation and could lead to an underestimation of the sanitation efficiency of 

the process. Although the use of an indicator with a higher D-value than AIV adds a high degree of security to the 

sanitation when setting treatment recommendations. Alternatively other bacteriophages could be used as indicators. 

However, there are few enveloped phages. Pilot trials with the enveloped segmented dsRNA phage Φ6 (Huiskonen 

et al., 2006) at our laboratory has shown that it is too unstable to use as an indicator (unpublished data). 

Compost management is of great importance to ensure that proper sanitation is achieved. In the 

laboratory-scale compost reactors temperatures above 45°C were reached within one day in both reactors. Following 

the temperature increase the inactivation rate was at its highest between day 2 and 4, and at the end of the trial the 

number of bacteriophages had been reduced to below the detection limit corresponding to approximately a 6.5 log10 

reduction within 7 days.  Compost material is often non-homogenous which can result in an uneven temperature 

distribution throughout the compost. In addition heat loss to the surrounding might occur due to pore insulation of 

the reactor. Due to part of the compost keeping a lower temperature than the core there is a risk for increased 

survival of pathogens during the treatment process.  Repeated turning of the compost makes it possible to treat 

larger parts of the material at high temperatures. Although in the case of composting of materials due to an epizootic 
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outbreak, special precautions can be necessary and turning of the compost may not be desirable since it can result in 

formation of airborne particulates spreading the pathogen. Therefore sufficient insulation of the reactor is a necessity 

to keep high temperatures throughout the whole material. Based on the fact that both of the laboratory-scale compost 

reactors kept a temperature of above 45°C during more than 55h it is reasonable to assume that a sufficient 

inactivation of AIV would have occurred, suggesting that composting can fulfil the sanitation requirements in case 

of an outbreak of AI. The suitability of composting for sanitation of materials from poultry farms in terms of AIV 

inactivation has previously been shown by Guan et al. (2009) and successful use of composting during AI outbreak 

has been reported (Spencer et al., 2004).  

Further research is needed to be able to establish treatment recommendations for composting of poultry 

litter in case of an epizootic outbreak. In addition to the present study trials will be carried out in laboratory-scale 

composting reactors with a compost mixture inoculated with avian influenza strain H7N1.   

 

5 CONCLUSION 

Temperatures that can be reached during aerobic composting of hatchery waste are sufficient to inactivate the highly 

pathogenic AIV strain H7N1. This is assuming that a temperature of at least 45°C is kept throughout the whole 

material. The bacteriophage MS2 used in the present study was shown to be a conservative indicator for AIV during 

sanitation through thermal treatment. Results in the present study suggest that a sufficient inactivation of AIV H7N1 

can be achieved within 1.7 h at 45C° (corresponding to a 12 log10 reduction).  
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1 INTRODUCTION 

Reducing heavy metal inputs to agricultural soils is a strategic aim of UK and EU soil protection policies (Defra 

2009; EC, 2002). The recently published Defra “Soil Strategy for England” outlines the English government’s 

approach to protecting soils in the long-term and acknowledges the need to reduce the levels of pollutants entering 

soils from materials spread to land. To underpin this aim, information on the significance and extent of heavy metal 

inputs from different sources is required to enable the effective targeting of policies to reduce metal loadings. A 

quantitative inventory of heavy metal (zinc - Zn, Copper - Cu, nickel - Ni, chromium - Cr, lead - Pb, cadmium - Cd, 

mercury - Hg and arsenic - As) inputs to agricultural soils can be used to determine the scale and relative importance 

of different sources of metals, either deposited from the atmosphere or applied to agricultural land. Information on 

heavy metal inputs is also useful for estimating accumulation rates in soils at national and catchment scales and at 

the field-level, and for estimating the temporal capacity of soils to accept heavy metal inputs. 

1.1  Metal concentration in livestock manure 

The heavy metal contents of livestock manures are largely a reflection of trace element inputs in livestock feed. The 

Defra “Agricultural Soil Heavy Metal Inventory” (year 2000) estimated that c.30% of annual heavy metal inputs to 

agricultural soils were from the application of livestock manures (in particular pig and poultry manures). However, 

as information in the “Agricultural Soil Heavy Metal Inventory” was derived using typical livestock manure metal 

concentrations measured in samples collected in the mid-1990s, it did not capture the effects of more recent 

reductions in maximum permitted levels of trace elements in certain livestock feeds (EC, 2003; Table 1). The 

objective of this research was to obtain up to date data on heavy metal concentrations in a range of livestock 

manures in England and Wales. 

 

TABLE 1 Previous and current maximum permitted levels of Zn and Cu in livestock feeds (mg/kg 

complete feed) 

Livestock category Zinc Copper 

  Previous
1
 Current

2
 Previous

1
 Current

2
 

Up to 16 weeks na na 175 na 

Up to 12 weeks na na na 170 

17 weeks – 6 months na na 100 25 

Other pigs na na 35 25 

Pigs 

All pigs 250 150 na na 

Layer 250 150 35 25 Poultry 

Broilers (grower & finisher) 250 150 35 25 

Pre-rumination na 200 na 15 

Dairy and beef cattle 250 150 35 35 

Ruminants 

Sheep 250 150 15 15 
1
SI (2000); 

2
EC (2003); na = not applicable 

 

2 METHODS 

The sampling programme was designed to provide robust data on the metal content of a range of livestock manure 

types, with a proportionately greater emphasis on pig and poultry manures, reflecting their greater contribution to Zn 

and Cu loadings to agricultural soils (Table 2). One hundred and ninety livestock manure samples were collected 

between 2007 and 2009 (mean date 2008). The manure samples were analysed to determine dry matter, total 

nitrogen, Zn, Cu, Ni, Cr, Pb, Cd, Hg and As concentrations. Metal concentrations (in dried samples) were measured 

- 1003 -



Environmental and sanitary safety aspects of manure and organic residues utilization  

______________________________________________________________________ 

 

  

following aqua-regia digestion and analysis using ICP-MS. To identify temporal trends livestock manure metal 

concentrations from the current survey were compared with those from the previous survey (Nicholson et al., 1999), 

using the Mann Whitney test. 

 

TABLE 2  Livestock manure type and sample number  

Manure type Sample number 

Dairy slurry 24 

Dairy farmyard manure (FYM) 18 

Beef slurry 11 

Beef FYM 15 

Pig slurry 49 

Pig FYM 26 

Layer manure 17 (10 free range) 

Broiler/turkey litter 19 

Sheep FYM 6 

Duck FYM 5 

Total 190 

 

3 RESULTS AND DISCUSSION 

3.1 Poultry 

Zinc concentrations in layer manures decreased from 459 in the ‘previous’ survey to 287 mg/kg dry matter - dm 

(P<0.01; Figure 1), reflecting the decrease in maximum permitted Zn levels in feeds from 250 to 150 mg/kg (Table 

1). Zinc concentrations in broiler litter (c.360 mg/kg dm) did not differ (P>0.05) between the two sampling dates. 

Duck FYM (only sampled in 2007-09) had a zinc concentration of 323 mg/kg dm, which was similar to broiler litter 

and layer manure concentrations. Interestingly, the ‘current’ sampling programme measured higher (P<0.05) Zn 

concentrations in layer manure from caged hens (349 mg/kg dm) than free-range hens (244 mg/kg dm).  

There were no changes in layer manure or broiler litter Cu concentrations between the ‘previous’ and 

‘current’ sampling dates. Duck FYM (only sampled in 2007-09) had a Cu concentration of 65 mg/kg dm which was 

broadly in line with layer manure concentrations. Ni concentrations measured in layer manure in the ‘current’ 

survey (3.6 mg/kg dm) were c.50% lower (P<0.001) than in the ‘previous’ survey. In the ‘current’ sampling 

programme, layer manure had higher Cd (0.7 mg/kg dm), Cr (4.9 mg/kg dm), Pb (19.9 mg/kg dm), Ni (3.6 mg/kg 

dm) and As (1.3 mg/kg dm) concentrations than broiler litter.  
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FIGURE 1  Comparison of ‘previous’ (Nicholson et al., 1999) and ‘current’ (2008) poultry manure Zn 

concentrations 
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3.2 Pigs 

Zinc concentrations in the ‘current’ survey in both pig FYM and slurry increased numerically (c.250 mg/kg dm) 

from the ‘previous’ survey, which was most probably due to the greater use of Zn on veterinary prescription (to 

control post-weaning scours) to compensate for the reduction in maximum permitted Cu levels in feeds. However, 

this increase was not statistically significant (P>0.05). Unfortunately, it was not possible to interrogate the data 

further to explain the variation between the different pig rearing units sampled.  

Pig FYM Cu concentrations decreased between the ‘previous’ and ‘current’ sampling dates (P=0.01) 

from 374 to 199 mg/kg dm. There was also a numerical decrease in pig slurry Cu concentrations (from 351 to 279 

mg/kg dm), although this was not statistically significant (P>0.05), Figure 2. These data indicate that the reduction 

in pig feed Cu concentrations (Table 1) was reflected in reduced concentrations in pig FYM and slurry. 
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FIGURE 2 Comparison of ‘previous’ (Nicholson et al., 1999) and ‘current’ (2008) pig manure Cu 

concentrations 

 

3.3 Cattle 

Zinc concentrations in dairy and beef FYM/slurry did not differ (P>0.05) between the two sampling dates. Also, 

there were no differences (P>0.05) in dairy FYM, beef FYM or beef slurry Cu concentrations between the 

‘previous’ and ‘current’ sampling dates (Figure 3). In contrast, dairy slurry Cu concentrations increased (P<0.05) 

from 62 mg/kg to 137 mg/kg. This may be linked to increased milk production per cow (since the 1990s), which has 

been (partly) achieved through an increase in the amount of compound feed fed to dairy cattle; as productivity 

increases, the importance of ensuring adequate Cu (and other essential trace elements) also increases. Also, there has 

been greater awareness of the need for Cu in cattle diets, including the effects of Cu deficiency on health and 

fertility, and the binding effects of other elements (particularly molybdenum and iron). In addition, there has been an 

increase in the number of herds where cows are fed complete diets (in contrast to the more traditional feeding of 

silage/forage and compound feed separately). Complete diets consist of mixtures of silage/forage and compound 

feed together, to which farmers add a mineral supplement.  

Beef FYM Cr (up by 16 mg/kg dm), Ni (up by 6 mg/kg dm) and Pb (up by 27 mg/kg dm) concentrations 

increased (P<0.05) between the ‘previous’ and ‘current’ sampling dates, although there were no corresponding 

increases in beef slurry metal concentrations. These data suggest that the increased metal concentrations in beef 

FYM may originate from a change in metal concentrations in the animal bedding material (for example, through the 

use of paper crumble in part/full substitution for straw) rather than a change in animal feed composition. However, it 

was not possible to interrogate the data further to assess potential differences in animal bedding materials between 

the two sampling dates. Zinc (179 mg/kg dm) and Cu (35 mg/kg dm) concentrations in sheep FYM (only sampled in 

2007-09) were similar to those measured for beef FYM.  
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FIGURE 3  Comparison of ‘previous’ (Nicholson et al., 1999) and ‘current’ (2008) cattle and sheep manure 

Cu concentrations 

 

4 CONCLUSIONS 

In this project, livestock manure heavy metal concentrations were measured (building upon a previous sampling 

exercise undertaken in the mid-1990s) to provide up-to-date estimates of metal inputs (particularly Zn and Cu) 

following reductions in the maximum permitted levels of trace element supplementation in livestock feeds (EC, 

2003).  

Data from the ‘current’ survey showed that Zn concentrations in layer manure had decreased from 459 in 

the ‘previous’ survey to 287 mg/kg dry matter (P<0.01), reflecting the decrease in maximum permitted levels in 

poultry feeds from 250 to 150 mg/kg. In contrast, Zn concentrations in both pig FYM and slurry increased 

numerically (c.250 mg/kg dm) from the ‘previous’ survey, which was most probably due to the greater use of Zn on 

veterinary prescription (to control post-weaning scours).  

For Cu, the data showed no changes (P>0.05) in layer manure, broiler litter, dairy FYM, beef FYM or 

beef slurry Cu concentrations between the ‘previous’ and ‘current’ sampling dates. Notably, pig FYM Cu 

concentrations decreased between the ‘previous’ and ‘current’ sampling dates (P=0.01) from 374 to 199 mg/kg dm, 

and there was also a numerical decrease in pig slurry Cu concentrations (from 351 to 279 mg/kg dm) reflecting 

reductions in pig feed Cu concentrations. In contrast, dairy slurry Cu concentrations increased (P<0.05) from 62 

mg/kg to 137 mg/kg, most probably as a result of an increase in the amount of compound feed fed to dairy cattle and 

increased use of compound diets to which farmers add a mineral supplement. 
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1 INTRODUCTION  

Anthropic activities are responsible for the contamination of the environment with a wide range of molecules which 

may cause harmful effects such as hormonal disorders on wildlife. Among the pollutants recognised as endocrine 

disruptors, steroid hormones are the most active on the human estrogen receptor (ERα). In fact, steroid hormones 

may induce endocrine disruption on some aquatic species at nanogram per liter levels (Filby et al., 2007). The 

second potential source of steroid hormones after domestic wastewaters is the breeding activities. Indeed, animals 

produce high quantities of natural hormones which are excreted in urines and faeces. Steroid hormones may be 

transfer to the soil through manure spreading on agricultural soils as source of nitrogen and phosphorus, and by 

leaching and runoff, they may contaminate ground and surface waters. Due to the intensive pig breeding, different 

countries are concerned by the yearly release of several tons of estrogens, androgens and progestagens contained in 

manure wastes. In the other hand, manure treatment facilities represent an interesting zone of action to reduce the 

hormone content of manure and, by this way, to limit the environmental impact of spreading practices. Nowadays, 

manure is generally stored in anaerobic tanks with any control and, less frequently, manure is treated by aerobic-

anoxic processes. However, these existing manure storage and treatment facilities have never been assessed for their 

capacities to eliminate hormones. Hence, the aim of this study was to evaluate the fate of steroid in the context of 

French swine manure treatment facilities using an integrative approach coupling chemical analysis and 

ecotoxicological measurements. 

 

2 MATERIALS AND METHODS  

2.1 Studied sites 

Three different types of swine waste treatment facilities using anaerobic or aerobic-anoxic processes were studied 

(FIGURE 1). The facility A consisted in an anaerobic storage tank which receives swine manure from pre-storage 

chambers situated under the pigboards. In these systems, manure is generally stored up to six months before 

spreading on land. Facilities B and C include aerobic-anoxic treatment steps for nitrogen removal. These facilities 

differ by the presence of a centrifugation step in facility B to separate the solid fraction of manure while facility A 

treats manure with high solid content.  
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FIGURE 1 Studied treatment facilities of swine manure. Stars indicate the sampling points. 

 

Manure samples were taken in the storage tank, after activated sludge treatment, in the lagoon receiving 

treated liquid effluents and in the sludge storage tank (FIGURE 1). Sampling was performed at three consecutive 

months (S1 to S3). Manure samples were centrifuged (9500 rpm, 20 min, twice) and filtrated (0.7µm). For chemical 

analysis and endocrine activity measurements, samples were extracted from the filtrate by solid-phase extractions 

(OASIS HLB cartridges) from 20 mL of raw (RM) and stored manure (SM), 50 mL of activated sludge and 70 mL 

of lagoon water. 

2.2 Chemical analysis  

The studied compounds in the liquid fraction of manure were estrone (E1), alpha and beta estradiol (αααα-, ββββ-E2), 

estriol (E3), testosterone (T) and progesterone (Pg) in both free and conjugated forms. Hormones concentrations 

were determined by gas chromatography coupled to mass spectrometry (GC/MS) (Muller et al., 2008). 

2.3 Endocrine activities 

The estrogenic activity (ER), pregnane-X- (PXR), dioxine-like (AhR), and peroxisome proliferator (PPAR gamma) 

endocrine activities were determined by in vitro bioassays using MELN, PALM, HG5LN- PR, -PXR, -PPAR 

gamma and HahLP cell lines (Balaguer et al., 2001).  

 

3 RESULTS AND DISCUSSION  

3.1 Hormone fate in swine wastes treatment facilities: chemical analysis 

The total concentrations of steroid hormones in the liquid fraction of the raw manure varied between 2 000 to 3 000 

ng/L during the three sampling periods (Figure 2-A). The main compounds detected were αE2, E3 and E1while βE2, 

T and Pg were present at much lower concentrations. Previous studies on hormone content in animal waste have 

neglected the analysis of αE2 because βE2 seems to be the main form of excretion in pigs and also due to the low 

estrogenic activity of αE2 compared to βE2. However, racemisation of αE2 into βE2 (and vice versa) may occur 

under anaerobic conditions (Czajka and Londry, 2006). Such conditions could prevail in the pre-storage chamber, 

where manure was stored for about 1 month; so αE2 may constitute an estrogenic pool. Indeed, for pesticides, it has 

been shown that the racemic compound is more recalcitrant to degradation than its homologue (Li et al., 2009) 

which could explain the αE2 prevalence in manure. Moreover, recent studies have detected αE2 in manure in higher 

quantities than βE2 which is in agreement with our observations (Bradford et al., 2008). In the storage tank, where 

manure was stored under strictly anaerobic conditions, steroid hormones concentrations reached 6 000 ng/L 

(FIGURE 2-B). E1, E3 and αE2 were the main compounds detected. In the third month of sampling, lower hormone 

concentrations were measured (3500 ng/L) which corresponded to the lower hormone levels measured in raw 

manure at the same period. Moreover, our data show higher hormone levels in stored manure than in raw manure.  
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FIGURE 2 Steroid hormones concentrations in the liquid fraction of pig manure on type A facility, for 

three months of sampling points s1, s2 and s3. (A): raw manure (in pre-storage channels); (B): 

stored manure (in anaerobic tank) and partition of compounds. 

 

This increase in hormone levels during the anaerobic storage of manure could result from changes on 

hormone partitioning between liquid and solid manure fractions, but here only the liquid fractions was analysed. 

Hence, our data do not allow concluding on hormone degradation under anaerobic conditions. Further studies on 

hormone concentration in the solid fraction of manure are still needed. Nevertheless, our data clearly show a 

transformation of estrogens during anaerobic storage.  

 

TABLE 1 Steroid hormones concentrations in the liquid fraction of manure in two aerobic facilities. 

 

 

 

 

 

 

The aerobic-anoxic treatment of manure used on facilities B and C (FIGURE 1) for nitrogen removal 

appeared to efficiently reduce steroid hormones concentrations in the liquid fraction of manure (Table 1). In these 

facilities hormone levels decrease for more than 98 % after aerobic-anoxic treatment while a removal of 99 % was 

observed after lagooning. Aerobic treatment generates high quantities of sludge notably due to the microbial growth. 

As steroid hormones are partially hydrophobic, it could be expected that a fraction of hormones would be associated 

with solids. Thus, for a better assessment of hormone fate in these systems, it would be interesting to analyse the 

solid fraction of manure.  

3.2 Manure treatment: ecotoxicological implications 

ER, AhR, PPAR and PXR activities were determined in the different swine treatment facilities. Neither PPAR nor 

PXR activities were detected in liquid manure samples, before or after treatment. In contrast, ER activity was 

systematically detected on raw and stored manure (FIGURE 4). The measured ER activity by the in vitro test was 

generally explained by the hormone concentrations determined by chemical analysis (theoretical activity) (Erro! A 

origem da referência não foi encontrada.). However, in certain cases the theoretical activity was lower than that 

measured by the MELN in vitro test. Probably, swine manure contained other estrogenic compounds like 

nonylphenol or polycyclic aromatic hydrocarbons (PAH) which might be responsible to the differences between the 

theoretical and in vitro estrogenic activity.  

Facility 
Stored 

Manure (ng/L) 

Activated 

Sludge (ng/L) 

Removal 

% 
Lagoon (ng/L) Total Removal% 

B 3418± 90 40± 11 98.8 24± 11 99.3 

C 4097± 230 42± 11 98.9 28± 5 99.3 
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FIGURE 3 AhR activity measured after 8h and 24h of incubation for raw and stored manure from facility 

A. Two replicates (a and b) and three dilutions were tested for each sample. The bold line 

corresponds to AhR activity threshold. 

 

In some samples, AhR activity was also detected in a range of 1 to 10 µg dioxin equivalent/L (data not 

shown). To discriminate the type of compounds responsible of AhR activity, we measured the percentage of AhR 

transactivation after 8h and 24h incubation. In such conditions, when AhR activity persists after 24h incubation, it is 

related to non labile compounds such as dioxin. In contrast, when AhR activity decreases after 24h incubation, AhR 

activity is related to labile compounds such as PAH. Our results showed that AhR transactivation disappeared after 

24h incubation (0). So, compounds responsible of the initial activity on the dioxin receptor are labile and quickly 

metabolised by cells. Thus, they are potentially polycylic aromatic hydrocarbons or other labile compounds that 

remain to be identified.  
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FIGURE 4 Theoretical and measured estrogenic activities (in ng of estradiol equivalents per litre) in the 

liquid fraction of manure (raw and stored manure, facility A) in three different periods of 

sampling (s1, s2 and s3). 

 

4 CONCLUSIONS  

In France, swine breeding produces yearly 21 Mtons of liquid manure. Thus, 63 kg of hormones are produced yearly 

which corresponds to an estrogenic activity of 8kg of estradiol equivalents. If swine manure were anaerobically 

treated, about 1260 kg of hormones and a dioxin-activity between 21 to 210 kg dioxin equivalents would be released 

in the environment. In contrast, the quantity of hormones released by the liquid fraction of manure treatment plant 

using aerobic-anoxic processes was negligible. So, aerobic-anoxic treatment appeared to remove efficiently steroid 

hormones, notably from the liquid phase of swine manure. Manure contains between 1 to 12 % of dry organic matter 

and hormones are partially hydrophobic compounds. Then, it would be expected that a fraction of hormones will be 

associated with the solid fraction of manure or with sludge. Hence, it seems necessary to consider the potential 

contamination via spreading of these solids and not only from the manure liquid phase. In addition, manure 

appeared to be a source of significant quantities of dioxin receptors activators (µg/L). Thus, further research is 

needed to identify the compounds responsible for this activity.  
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1 INTRODUCTION  

The treatment and disposal of sewage sludge generated by conventional biological wastewater treatment plants is 

receiving increasing attention. This is because sludge volumes are increasing as a consequence of more stringent 

criteria for wastewater treatment plant effluent (Council Directive 91/271/EEC, 1991). 

The announcement of standards for the use or disposal of sewage sludge (40 CFR Part 503, US EPA, 

1992) has provided a strong impetus for treating sludge to Class A quality in the United States of America. In 

addition to pathogen destruction, Class A biosolids must achieve a minimum level of vector attraction reduction (US 

EPA, 1999). In Europe, Council Directive 86/278/EEC (1986) considers that recycling for agricultural land is an 

important outlet for sewage sludge. However, the sludge must be controlled in order to obtain an agricultural benefit 

– whilst protecting human and animal health and the environment at large (Lang and Smith, 2008). 

Despite the fact that Council Directive 86/278/EEC was developed to protect the environment, and in 

particular the soil when sewage sludge is used in agriculture, the directive only regulates the maximum 

concentration of heavy metals in sewage sludge. It does not take into account the fact that biosolids originating from 

wastewater treatment plants by their nature contain a wide diversity of pathogens, some of which may be present in 

large numbers, including Salmonella spp., and represent a health hazard to the general public (Sidhu et al., 2001). In 

fact, the concentration of Salmonella spp. in dewatered anaerobically digested wastewater sludge can be more than 

10
5
 g

-1
 of dry weight (Russ and Yanko, 1981). To eliminate this omission in Directive 86/278/EEC, the Third Draft 

EU Working Document on Sludge (Environment DG, EU, 2000) has been available online since 2003. 

Temperature-phased anaerobic digestion (TPAD) treatment combining a thermophilic step with a short 

retention time and higher temperatures (55ºC) as well as mesophilic step with a longer retention time and lower 

temperatures (35ºC) is known to provide pathogen control and effective organic matter treatment (Huyard et al., 

2000). 

This study investigates how to achieve the best results from a TPAD system when handling a 

temperature-phased anaerobic digestion of sewage sludge in batch reactors and in continuously stirred tank reactors 

(CSTR) at discontinuous and semi-continuous fed conditions, respectively. To obtain a Class A sludge product in 

terms of pathogens destruction (Faecal coliforms and Salmonella spp.), the solid retention time (SRT) for each step 

has been optimized. To this end raw samples were subjected to dual-thermophilic–mesophilic-digestion processes at 

various thermophilic/mesophilic retention times (days): TPAD 2/15, TPAD 4/15 and TPAD 6/15 at discontinuous 

mode and TPAD 15/15, TPAD 5/15, TPAD 3/15 as well as TPAD 3/12 at semi-continuous mode.                                                                                                                        

 

2 MATERIALS AND METHODS  

2.1 Discontinuous assays 

 The equipment used was specifically designed to carry out discontinuous assays for the anaerobic digestion 

processes over a range of temperatures. The apparatus is composed of a bank of four stirred anaerobic reactors of 3 

L of the total volume and 2.5 L of the working volume, which are heated using a thermostatic bath. 

Four batch reactors (R1, R2, R3 and control) were operated. The inoculum/substrate ratio (ISR) tested 

was achieved by keeping a constant inoculum concentration (15 g VS L
-1

). Firstly, all digesters were filled with a 

mixture of thermophilic sludge (inoculum) and raw sludge (substrate). The TPAD system was subjected to three 

different time periods under thermophilic conditions. In addition, a fourth reactor was inoculated, as a process 
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control, without substrate. This control allows the inoculum activity to be confirmed. R1, R2 and R3 were operated 

at thermophilic conditions for 2, 4 and 6 days, respectively, in order to study the evolution of microbiological 

parameters at various times throughout the thermophilic stage process. Afterwards, all digesters were re-started up 

and inoculated with a digested mesophilic sludge, and the thermostatic bath temperature was altered to 35 ºC. The 

substrate in this case was the product of the thermophilic stage. The system remained under mesophilic conditions 

until the biodegradation process was completed, after 15 days. Therefore, the total time of the batch experiment was 

17, 19 and 21 days for R1, R2 and R3, respectively. The control reactor was operated during 6 days under 

thermophilic conditions and 15 days under mesophilic conditions. 

2.2 Semi-continuous study 

The experiments were carried out using two digesters operating as completely stirred tank reactors and connected. 

The lab-scale system consisted of a 5 L thermophilic reactor (4.5 L of working volume) followed by a 10 L 

mesophilic digester (9.0 L of working volume). Both experimental digesters shared similar characteristics. 

Initially, the organic loading rate (OLR) applied to the thermophilic reactor was 1.8 g VS L
-1

 d
-1

 with an 

SRT of 15 days, and these conditions were maintained constant until reaching steady-state conditions. The TPAD 

system mesophilic reactor was later fed with the effluent generated in the previous thermophilic digester. The 

attainment of the steady-state for all stages of the TPAD process was verified after a period equivalent to three times 

the SRT by checking whether constant effluent characteristic values. 

Four TPAD experiments were carried out. The first-stage thermophilic (55 ºC) digester was operated at 

15, 5, 3 and 3 days of retention time, respectively; and its effluent was used to provide feed for the second-stage 

mesophilic (35 ºC) digester. The second-stage digester was operated at SRTs of 15, 15, 15 and 12 days, respectively. 

Four SRT combinations were then assayed: 30 (TPAD 15/15), 20 (TPAD 5/15), 18 (TPAD 3/15) and 15 (TPAD 

3/12) days. A single-stage mesophilic digester (5 L), which was operated with a 15-day SRT, was used as the 

control system. These conditions were chosen taking into account the results obtained for batch conditions. 

2.3 Analytical methods 

Salmonella spp. and Faecal coliforms densities were determined in accordance with 9221C and 9260B standard 

methods (APHA, 1998), respectively. The appendix F and G of EPA/625/R-92/013 (1992) has also been taken into 

account for pathogens analyses. 

 

3 RESULTS AND DISCUSSION  

3.1 Discontinuous study. Pathogen destruction. 

The digested solids from TPAD meet the Class A biosolids requirements laid down in 40 CFR Part 503 regulations 

(USEPA, 1992). Influent and effluents quality data from the TPAD system show Faecal coliform (Fig. 1a) and 

Salmonella spp. (Fig. 1b) densities in R1, R2 and R3 batch systems and mesophilic and thermophilic controls 

anaerobic digester product sludge.  

Therefore, the Class A sludge pathogens density limit is represented. The R2 and R3 systems reduced the 

initial mixture faecal coliforms density from 1.3 x 10
5
 MPN/g TS to <10

3
 MPN/g TS (Class A sludge limit). Both 

systems achieved faecal coliforms density reductions greater than 99%, due to the high temperatures of the 

thermophilic stage, in comparison to the mesophilic control, which showed a reduction of 26%. Moreover, as can be 

seen in Fig. 1b, the R2 and R3 systems achieved Salmonella spp. density reductions below the Class A sludge limit 

(3 MPN/4 g TS) as well, showing density eliminations of 70% and 74%, respectively. Although Roberts et al. 

(1999) carried out TPAD experiments operating at SRT shorter than 1 day, for the pre-acidification stage of sewage 

sludge at thermophilic no pathogens data were reported. 

 Cheunbarn and Pagilla (2000) obtained Class A biosolids operating at 1 day under thermophilic 

conditions and 14 days at mesophilic temperature in a TPAD system. However, the results obtained in this study 

suggest that, if pathogen reduction is the main objective of the TPAD system, then at least 4 days of thermophilic 

stage is necessary in order to obtain a Class A biosolid from the sewage sludge, with the conditions studied. Four 

days was also the shortest thermophilic retention time used for Han et al. (1997), to produce a Class A biosolid. 
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FIGURE 1 (a) Faecal coliform densities, and (b) Salmonella spp. densities, at the beginning and end of 

assay, in R1, R2 and R3 and control mesophilic and thermophilic anaerobic digester product 

sludge. (lines indicate EPA limits). Discontinuous conditions. 

 

3.2 Semi-continuous study. Pathogen destruction. 

Faecal coliform densities in the TPAD system effluent sludge, at various SRTs, as well as mesophilic control 

anaerobic digester sludge and the Class A sludge faecal coliform density limit are shown in Fig. 2.  

Average faecal coliform density in the feed sludge was higher than 10
8
 MPN g

-1
 TS, although the initial 

density of faecal coliform obtained in the discontinuous study was lower: 10
6
 MPN g

-1
 TS. Similar concentrations 

were detected by Cheunbarn and Pagilla (2000).  

The thermophilic stage reduces faecal coliform density from 10
8
 MPN g

-1
 TS to <10

3
 MPN g

-1
 TS, being 

the limits specified by US EPA for classification as biosolids Class A (US EPA, 1999) at the four TPAD assayed, 

maintaining 15, 5, 3 and 3 days SRT at thermophilic conditions, respectively. However, in both TPAD 15/15 and 

TPAD 5/15, a recurrence of faecal coliforms was observed in the second stage (mesophilic reactor) which exceeded 

the Class A limit for faecal coliforms for land application. Iranpour and Huub (2006) stated that the recurrence of 

faecal coliforms may be related to the incomplete destruction of faecal coliform during thermophilic anaerobic 

digestion. But, in this case, this can be explained because the initial pathogen density was very high in the feed and 

the mesophilic sludge used as inoculum for the second stage of the TPAD – that is, 3.6 x 10
6
 MPN g

-1
 TS for faecal 

coliform and 4 MPN/4 g TS for Salmonella spp., as shown in Fig. 2. In the mesophilic stage, the VFA concentration 

is too low to kill pathogens and the mesophilic temperature (30–40 ºC) that is the optimum temperature for growth 

and survival of enteric organisms. Therefore, mesophilic temperatures do not exert a specific thermal stress on the 
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decay of faecal coliforms or Salmonella spp. Accordingly, an initial period to reduce the pathogen density by 

washing out the pathogen population from the mesophilic digester is necessary.  

Salmonella density in the feed sludge during these experiments was between 6 and 10 MPN/4 g TS, 

whereas in the all TPAD systems effluents densities were 62 MPN/4 g TS at all solid retention times (lower than 

Class A limit = 3 MPN/4 g TS). Single mesophilic digestion conditions did not produce Salmonella spp. densities 

lower than 4 MPN/4 g TS. A previous thermophilic stage enhanced the final results.  

These results suggest that, if pathogen reduction is the main objective of the dual-stage system, TPAD 

3/15 gives a better performance than other systems studied, but is also important to take into account that initially 

the pathogen concentration in the mesophilic reactor could be higher than in the thermophilic digester. Therefore, an 

initial acclimation period is necessary for the mesophilic stage to be classified as a Class A biosolid in a TPAD 

system. 
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FIGURE 2 (a) Faecal coliform, and (b) Salmonella spp. Variation in concentration in the raw sludge, after 

the first-stage thermophilic and at the end of the TPAD process (mesophilic). Lines indicate 

EPA limits to consider a biosolid as Class A. Semi-continuous conditions. 

4 CONCLUSIONS  

The sewage sludge anaerobic thermophilic pretreatment followed by mesophilic digestion can improve the process, 

in terms of pathogen defusing. In the discontinuous assays, the systems that were under thermophilic conditions for 

4 and 6 days achieved higher faecal coliforms and Salmonella spp. eliminations than the EPA limits. So, the 4 day 

thermophilic phase, followed by a mesophilic treatment, is enough to obtain a product sludge that can be catalogued 

as a Class A biosolid.  
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Semi-continuous temperature-phased anaerobic digestion systems showed better performance and process 

stability at total SRT of 15 days than single-stage mesophilic or thermophilic digestion at SRT 15 days. TPAD 3/15 

was found the best (this means that thermophilic digestion can be even shorter than obtained in batch experiments) 

with faecal coliform densities <10
3
 MPN/g TS and Salmonella spp. of 1 MPN/4 g TS (Class A biosolids that can be 

used in agriculture without any restriction). Initially the pathogen concentration in the mesophilic reactor could be 

higher than in the thermophilic digester. Therefore, an initial acclimation period is necessary in this stage. 
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1  INTRODUCTION 

Agricultural animal production is increasingly regarded a source of airborne pollutants, such as bioaerosols, dust and 

gases, which are both aggravating and ecologically harmful. The main aerial pollutants in animal houses are derived 

from animals, feed, litter, excrements and buildings structures.  

Although many classical diseases are controlled today, there remain a variety of environmental disorders 

which can cause considerable losses in performance and lives. Most of these problems occur in pig production and 

include disorders of the digestive and respiratory tracts, cardiovascular system as well as the skin and skeleton.  

Animal workers are exposed to a range of organic and inorganic dusts, endotoxins, fungi and bacteria 

which have been implicated in health outcomes, concluding respiratory illness, allergies and infections. The health 

impact of working in the animal industry may also extend beyond the exposed workers. For example, where 

antibiotics are used in animal farming, workers may be exposed to resistant strains of bacteria, such as gentamicin 

resistant E.coli in poultry housings, providing a mechanism for dissemination into the wider community (Banhazi et 

al., 2009). 

Repeated exposure of bacteria to antimicrobial agents and access of bacteria to increasingly large pools of 

antimicrobial resistance genes in mixed bacterial populations are the primary driving forces for emerging 

antimicrobial resistance (Schwartz and Chaslus-Dancla, 2001). Resistance of both commensal and pathogenic 

bacteria in livestock animals to antimicrobials of clinical importance is now commonplace and is related to their 

increased use for growth promotion and prophylaxis over the last 50 years (Maynard et al., 2003).  

The aim of the study was to investigate antibiotic resistance of  microorganisms present in bioaerosols on 

a pig farm.   

2 MATERIAL AND METHODS 

In the experiment, samples were collected by means of a sampler MAS-100 Eco. The MAS-100 Eco air monitoring 

system is a compact sampler intended for use with standard Petri dishes. Petri dishes with respective nutrient media 

(Meat-pepton agar, Endo agar, Sabouraud agar, MacConkey agar) are placed on top of the dish support of the 

sampler and after aspiration of a preset volume of air, they are incubated at appropriate temperatures (37˚C meat-

pepton agar, Endo agar for one day and 24°C Sabouraud agar for four days and room temperature). The plate counts 

were recalculated per 1 m
3
 of air. 

Susceptibility (MIC) was determined by colorimetric broth microdilution method according to CLSI 

guidelines using ampicillin, ampicillin and sulbactam, ceftiofur, ceftriaxon, ceftazidime, ceftazidime and clavulanic 

acid, gentamicin, streptomycin, neomycin, spectinomycin, nalidixic acid, enrofloxacin, ciprofloxacin, 

chloramphenicol, florfenicol, tetracycline and cotrimoxazol. Resistance mechanisms to beta-lactams e.g. 

penicillinase (TEM 1,2/SHV1)-high and  ESBL were determined by means of interpretative reading of the 

antibiogram profile and MIC profile. ESBL production was defined as a ≥8-fold reduction in the MIC of ceftazidime 

in the presence of clavulanic acid with comparison with ceftazidime alone. High level fluoroquinolone resistance 

(ENR ≥ 16 mg/L) was classified according to Lee et al (2005).  

3 RESULTS AND DISCUSSION 

Microorganisms present in the air in animal houses may affect negatively the health, growth and productivity of 

animals.  

Bacteria levels are influenced by the density of stocking, the age of the animals, the ventilation system, 

the microclimate in the animal houses and the amount of dust in the air and deposited on the surfaces. They also 
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depend on the housing technology (litterless or with litter), system of stocking (continual stocking or the all in –all 

out system) and feeding (dry or wet feed). 

The number of microorganisms in the air in animal houses varies. In most cases it is in the range between 

10
3
 and 10

6
 germs in one cubic metre of air (see Table 1). In farrowing, growing and finishing stage was observed 

the highest concentration total count of microorganisms as well as coliform and moulds. That relates with increasing 

temperature, relative humidity and insufficient ventilation. In gestation stage with straw bedded was found after 

exchange of bedding the concentration of microorganisms decreased mostly by 20 orders. Increasing of 

microorganisms in weaning due to problems with wit belt manure scraper conveyer. 

 Relative humidity is probably the most crucial factor controlling bacterial aerosol stability. Airborne 

bacteria survive better at relative humidity higher or lover than the 50-80% (Ondrašovič et al., 1997). Relative 

humidity on pig farm varied from 60.2% to 80.9% and temperature from 11.4ºC to 19.6ºC, but concentration of 

microorganisms was higher than 10
5
.  Some problems with belt manure scraper conveyor that occurred periodically 

on the farm could contribute to higher aerial microbial contamination.  

Efficient ventilation is one of the principal tenets of intensive animal production, that mean ensure an 

aerial environment in which can be maintained the animal health and can be sustained their productivity, the 

employment accomplish his tasks in comfort and without risk to his health and the building and its equipment are 

protected from corrosion or physical damage (Wathes and Charles, 1994).  

The recommended maximum acceptable concentration of microorganisms in the air in animal houses is 

250 000 in 1 m
3
. 

  

TABLE 1  Average values and standard deviations of concentrations of several groups of micro-organisms 

in service piggery stages within the observation period. 

 TCB TC Moulds n 

Farrowing stage 9.3·10
5
±1.6·10

5
 9·10

2
±4.5·10

2
 3.6·10

4
±1.3·10

4
 10 

Post-weaning stage 8·10
5
±3.8·10

5
 5.6·10

3
±3.6·10

3
 6.8·10

4
±3.9·10

4
 10 

Gestation stage 1.5·10
5
±8.1·10

4
 4.5·10

2
±2.8·10

2
 2.3·10

4
±1.4·10

4
 10 

Growing stage  9.6·10
4
±7.5·10

3
 5.6·10

3
±3.2·10

3
 4.9·10

4
±2.7·10

4
 10 

Finishing stage 9.8·10
4
±4.9·10

3
 2.3·10

3
±1.04·10

3
 1.4·10

4
±5.9·10

3
 10 

Vicinity of the farm 5.6·10
3
±4.8·10

3
 6·10±2.8·10 7.4·10

2
±7.1·10

2
 10 

 

In this study betalactam and quinolone resistance of Escherichia coli isolates was investigated. 

Phenotypic analysis of MIC concentrations in antibiotic resistant strain revealed the presence of ESBLs and high 

level of quinolone resistance (Figure 1). Close contact of flies with pigs or their products was associated with 

colonization of flies with resistant bacteria. Animal husbandry may cause a range of ecological and medical 

problems. Animal excrements and bioaerosols contain facultative pathogen bacteria of the family 

Enterobacteriaceae. 

The CTX-M-type β-lactamases are a rapidly emerging group with a typical extended-spectrum β-

lactamase (ESBL)-resistance phenotype. These enzymes, encoded by transferable plasmids, are capable of 

hydrolyzing broad-spectrum cephalosporins and are inhibited by clavulanic acid, sulbactam and tazobactam. They 

confer a high level of resistance to cefotaxime but have a low level of activity against ceftazidime. The emergence 

and dissemination of extended-spectrum cephalosporin-resistant Enterobacteriaceae is increasing and has caused 

considerable concern. 

ESBLs   were detected by intepretative reading of antibiotic minimal inhibitory concentrations. CTX-M 

(group 1, 2 and 9) was screened in phenotype positive  Escherichia coli strains  by PCR  CTX-M1 was confirmed 

with primers according to Carattoli et al. (2008) and by  DNA sequencing of PCR product.  

The greatest degree of permanent resistance has developed against tetracycline. Depending upon the 

species of animals, the resistance to various antibiotics differs under field conditions. Antibiotic treatment puts an 

antibiotic pressure on skin bacteria and changes the nature of the source of airborne microbes (Ondrašovič et al., 

1997). 

Resistant nonpathogenic E. coli and coliform bacteria isolates with specific genes were detected in 23% 

of  milk filters, STEC O157 was detected in 2% of the filters (Cizek et al. 2008).  
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Intestinal microflora, in the manure can contaminate food chain, water, vegetables, vegetable organic 

wastes, straw, sawdust, flies   and is a  potential source of  resistant coliform bacteria and  introduction of  antibiotic 

residues which might exert a selection pressure. 

 

 
 

FIGURE 1  Phenotypic analysis of MIC concentrations in antibiotic resistant strain revealed the presence of 

ESBL CTX-M type 

 

In a study on several swine farms in the United States, Jackson et al. (2004) determined that tylosin use 

for growth promotion resulted in erythromycin-resistance in 59% of enterococci isolates, compared to 28% at a farm 

where tylosin was used for treatment of disease only, and 2% at a farm that did not use tylosin.  

National surveillance of Salmonella in swine in the U.S. has revealed resistance to several important 

antimicrobials including tetracycline (50%), ampicillin (12%), sulfamethoxazole (23%), and streptomycin (23%) 

(NARMS, 1998). Hoyle et al., (2004) studied ampicillin-resistant E. coli in calves in the United Kingdom and 

determined that ampicillin resistance peaked over 80% within 4 months, steadily declining to less than 10% as the 

calves aged to 8 months.  

The latent period between the introduction of an antimicrobial and the emergence of resistance may vary, 

once the prevalence of resistance in a population reaches a certain level, reversal of the problem may be extremely 

difficult (Swartz, 2002).  

Although the use of antibiotics as growth promoters is being progressively restricted through EU 

regulations, they are still used in large quantities in animal rearing for both prophylactic and therapeutic purposes. 

Kmet et al. (2009) and Kmet and Kmetova (2010) found high levels of multiple resistance in calf and poultry 

commensal faecal Escherichia coli on farms in Slovakia.  

E. coli isolates from livestock showed resistance to the largest number of antimicrobials and multidrug 

resistance was most common in swine fecal samples. Resistance was demonstrated most frequently to tetracycline, 

cephalothin, sulfisoxazole, and streptomycin (Sayah et al., 2005). 

4 CONCLUSIONS 

Hygiene of the air and of building surfaces is often less than satisfactory and is potentially a serious limitation to 

high efficiency of production and good health in those intensive systems of animal husbandry which involve 

housing at the stage of production cycle. The air and surfaces of buildings may act as reservoirs of primary and 

opportunistic pathogens. Microorganisms may contribute to the aetiology of environmental diseases, such as calf 

pneumonia, by the continuous burden which they impose on non-specific host defense mechanisms. Poor air and 

surface hygiene in livestock buildings is nearly always associated with intensive systems of husbandry and is 

exacerbated by poor standard of management. Intensive systems usually involve high stocking densities and large 

flocks or herds, which produce large quantities of wastes on a farm scale. The common aerial pollutants found in 

livestock buildings are dusts, gases and commensal microorganisms and these are the inevitable by-products of 

animal existence. They arise from feed, bedding, excreta and animals themselves (Wathes and Charles, 1994).  

Resistant microorganisms that exist in bioaerosols in different environments pose hazard to animals and 

people, particularly through exposure to infective antibiotic resistant pathogens or commensals and related potential 

mortality and failure of therapy. 
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The movement of antimicrobial-resistant microorganisms from animal to animal or animal to animal care 

worker may be facilitated by the crowding of animals into confinements, often with suboptimal hygiene. The co-

colonization of animal gastrointestinal tracts by antimicrobial-resistant commensal bacteria and bacterial pathogens 

may lead to further development of antimicrobial-resistant bacterial zoonoses (Kruse et al., 1999). As much as 75-

80% of an antibiotic may pass undigested through an animal, thus its waste may not only harbor high concentrations 

of antimicrobial-resistant bacteria, but also their resistance genes and raw (undigested) antimicrobial compounds 

(Campagnolo and Rubin, 1998). This waste is often stored in open air lagoons and/or spread on fields where these 

compounds, resistant organisms, and antimicrobial-resistance gene reservoirs may move into the environment via 

aerosolization, infiltration into the groundwater, or runoff into surface water resources.  
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1  INTRODUCTION 

 

Exposure of personnel to bioaerosols from wastewater treatment is linked to a wide range of health effects, 

including infectious diseases, acute toxic effects, allergies and cancer. The contaminated air will often contain 

micro-organisms, such as viruses, bacteria, and fungi, some of which are also antibiotic resistant. Bioaerosols 

originating from potentially pathogenic sources may cause disease in humans and animals if viable organisms are 

transported by air currents. Bioaerosols have been linked to highly publicized problems, such as sick building 

syndrome, humidifier fever, farmers lung, tuberculosis, brucellosis, legionnaires disease, Organic Toxic Dust 

Syndrome and others (Michels, 2001). 

Antibiotic resistant microorganisms that exist in bioaerosols   produced in some environments pose a 

special hazard to animals and people, particularly through their exposure to infection and related illness carrying the 

risk of potential mortality and failure of therapy. Antimicrobial-resistant pathogens tend to be more virulent than 

their susceptible counterparts, causing more prolonged or severe illnesses (Travers and Barza, 2002). 

 

2 MATERIAL AND METHODS 

In the experiment, samples were collected by means of a sampler referred to as MAS-100 Eco. The MAS-100 Eco 

air monitoring system is a compact sampler intended for use with standard Petri dishes.  The dishes with respective 

nutrient media (Meat-pepton agar, Endoagar, Sabouraud agar, MacConkey agar) are placed on the dish support in 

the sampler and after aspiration of a preset volume of air, they are incubated at appropriate temperatures (37˚C 

Meat-pepton agar, Endo agar for one day and 24°C Sabouraud agar for four days and room temperature). The plate 

counts were recalculated per 1 m
3
 of air. 

Susceptibility (MIC - minimal inhibitory concentration) was determined by colorimetric broth 

microdilution method according to CLSI guidelines, using ampicillin, ampicillin and sulbactam, ceftiofur, 

ceftriaxon, ceftazidime, ceftazidime and clavulanic acid, apramycin, gentamicin, streptomycin, neomycin, 

spectinomycin, nalidixic acid, enrofloxacin, ciprofloxacin, chloramphenicol, florfenicol, tetracycline and 

cotrimoxazol.   

 

3 RESULTS AND DISCUSSION 

Samples of bioaerosol from the enclosed and non-enclosed treatment areas in municipal wastewater treatment plant 

were analyzed in all four seasons of the year (Table.1). Simultaneously we measured the relative humidity and the 

temperature of the air.  We detected seasonal variations in the concentrations of bacteria. In winter the total count of 

microorganisms, total coliform and moulds were lower.  This may be related to poorer condition for survival of 

microorganisms, namely lower temperature and humidity. The highest counts of microorganisms were observed in 

the aerosols from the pre-treatment and primary treatment stages, namely in coarse treatment on rakes and sieves 

and fine mechanical treatment by sand trap. In this section of pre-treatment, in the enclosed warm and humid 

environment, where bioaerosol accumulates in a confined space with limited exposure to sunlight (that could  

inactivate the micro-organisms): these  were evidently almost ideal conditions for their survival.  Air samples 
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collected in the influent location showed increased numbers of micro-organisms associated with the respective 

contamination of wastewater in this location.  

The numbers of aerial micro-organisms were lower in the vicinity of the aeration tanks and the tank for 

storage of treated liquid sludge (which is most likely related to the previous treatment of waste-water and sludge). 

Measurements in the outer environment can also be affected essentially by atmospherical conditions. In the building 

for dewatering of sewage sludge we recorded increased temperature and decreased relative humidity.  

Oplinger (2005) observed that, only fungi are present in significantly higher concentrations in the 

aerosols produced during the summer rather than in winter. In summer the mean level of fungi was approximately 

eight times greater than in winter. The mean concentration of total cultivable bacteria, cultivable Gram-negative 

bacteria and airborne endotoxins was not significantly influenced by climatic parameters. Climatic parameters seem 

to have a significant influence only on the mean airborne concentration of fungi. Upward flux of viable bacteria may 

also be related to temperature, exposure to solar radiation, protection from associated soil particles, and wind speed.  

 

TABLE 1  Concentration of bioaerosols in wastewater treatment plant 

PLACE OF AIR 

SAMPLING 
Influent 

Coarse 

treatment 

(out) 

Coarse 

treat. (in) 

Parshal 

measured 

channel  

Grit 

chamber 

Sediment. 

tank 

Dewatered 

sludge 

SPRING SAMPLING 

Temperature 11.5°C 11°C 14°C 13.8°C 11°C 11.6°C 14.6°C 

Relative humidity 54% 56.90% 47.70% 57.40% 61.70% 56.70% 49% 

TCB (CFU /m
3
) 2.15·10

3
 2.6·10

3
 5.15·10

3
 3.35·10

3
 3.95·10

3
 1.0·10

3
 0.85·10

3
 

TC (CFU /m
3
) 1.65·10

3
 0.2·10

3
 5.5·10

3
 1.0·10

3
 9.8·10

3
 0 0 

Moulds (CFU /m
3
) 0.6·10

3
 0.8·10

3
 1.8·10

3
 3.7·10

3
 2.9·10

3
 0.8·10

3
 0.7·10

3
 

SUMMER SAMPLING 

Temperature 26°C 26.5°C 25°C 26.5°C 24.4°C 27.2°C 25.6°C 

Relative humidity 40% 45% 43% 45% 45.90% 44.50% 45.60% 

TCB (CFU /m
3
) 5.35·10

3
 4·10

3
 13.7·10

3
 6·10

3
 87.5·10

3
 2.5·10

3
 8.5·10

3
 

TC (CFU /m
3
) 0.45·10

3
 0 0.8·10

3
 3.5·10

3
 17.83·10

3
 0 0.5·10

3
 

Moulds (CFU /m
3
) 34,5·10

3
 30.7·10

3
 17.8·10

3
 44·10

3
 52·10

3
 34.1·10

3
 50·10

3
 

AUTUMN SAMPLING 

Temperature 12.5°C 9.8°C 9.5°C 13.8°C 13.3°C 11.9°C 14.5°C 

Relative humidity 59% 61.50% 56.60% 63.40% 64.10% 57.10% 52% 

TCB (CFU /m
3
) 2.15·10

3
 2.6·10

3
 5.15·10

3
 3.35·10

3
 3.95·10

3
 1.0·10

3
 0.85·10

3
 

TC (CFU /m
3
) 1.65·10

3
 0.2·10

3
 5.5·10

3
 1.0·10

3
 9.8·10

3
 0 0 

Moulds (CFU /m
3
) 0.6·10

3
 0.8·10

3
 1.8·10

3
 3.7·10

3
 2.9·10

3
 0.8·10

3
 0.7·10

3
 

WINTER SAMPLING 

Temperature 0.9°C 0.3°C 3.5°C 1.0°C 0.3°C 1.6°C 3.5°C 

Relative humidity 68.20% 71.50% 73.70% 71.90% 80.50% 69.70% 76.90% 

TCB (CFU /m
3
) 0.72·10

3
 1.4·10

3
 7.7·10

3
 3.6·10

3
 12.3·10

3
 0.65·10

3
 1.2·10

3
 

TC (CFU /m
3
) 0.23·10

3
 0 2.3·10

3
 3.3·10

3
 7.1·10

3
 0.1·10

3
 0.1·10

3
 

Moulds (CFU /m
3
) 0.3·10

3
 0.1·10

3
 0 0.2·10

3
 0 0.2·10

3
 0.2·10

3
 

 

Runoff and wastewater discharges may also contribute both organic and inorganic nutrients that may 

encourage the growth and proliferation of indigenous or introduced pathogens (Grimes et al., 1986).  

Paez-Rubio et al. (2005) identified aerosolization as a potential mechanism for the dissemination of 

wastewater bacteria and other microorganisms at flood irrigation wastewater reuse sites.  

In the locations around the treatment plant with the highest concentration of microorganisms (coarse 

treatment, fine mechanical treatment) we detected also antibiotic resistant E.coli (Figure 1, 2). Antibiotic resistant 

Escherichia coli with CTX-M1 betalactamase were also detected. 
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FIGURE 1  Resistance mechanisms in E.coli 
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FIGURE 2  MIC levels and percentage of resistance in E. coli from waste water treatment plant. 

 

Schroeder et al. (2002) tested 752 E. coli isolates from humans and animals for resistance to several 

antimicrobials of clinical importance. Approximately half of the isolates displayed resistance to one or more 

antimicrobials including penicillins, sulfonamides, cephalosporins, tetracyclines, and Aminoglycosides, with the 

highest frequencies of antimicrobial resistance in humans and turkeys and the lowest in non-food animals.  

 

4 CONCLUSIONS 

The results showed that the concentration of organic airborne material was the highest near the pre-treatment and 

primary treatment stages where we also detected antibiotic resistant microorganisms. Some areas of wastewater 

treatment plants produce higher concentrations of bioaerosols than others. The proximity to an aeration source and 

its aeration rate has been linked to the level of bioaerosols produced. Bioaerosol can persist at various distances 

from wastewater treatment plants and present potential health hazard for surrounding public areas. Many cases of 

severe human disease caused by acquisition of antimicrobial-resistant zoonotic pathogens from animal agriculture 

have been documented (Rogers and Haines, 2005) 

Antimicrobial resistance in zoonotic pathogens is a serious threat to human health (Ghidán et al., 2000). 

Many of the drugs used in animal agriculture and human medicine are the same or very similar including, but not 

limited to, betalactams (penicillin, ampicillin, cloxacillin), tetracyclines, sulfonamides and potentiated sulfonamides, 

cephalosporins, and fluoroquinolones (McEwen and Fadorka-Cray, 2002). Exposure to zoonotic pathogens 

harbouring resistance to antimicrobials of clinical importance may lead to diseases with few or no treatment options 

in humans.  

Workers at wastewater treatment plants are exposed to pathogenic organisms through the air they breathe 

(Stampi et al., 2000) and who spent more time in areas where the potential for higher exposure existed, had higher 

rates of illness than those who did not (Khuder et al., 1998).  
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1  INTRODUCTION 

Animal husbandry, in relation to humans, is connected with whole range of ecological and medical problems. 

Animals are one of the most frequent sources of environmental contamination. Manure and other wastes from 

agriculture often contain high concentration not only of animal but also of human pathogens. Animal excrements 

frequently contain bacteria of the family Enterobacteriaceae, protozoa and eggs or larvae of enteronematodes most 

of which are of zoonotic character. The most frequent way of transmission of parasitic diseases is through the 

contact (free-living animals and domestic ones), or through environment contaminated with various developmental 

stages (oocysts, eggs, larvae).  

Utilisation and disposal of wastes generated on animal farms has been the subject of many investigations 

with regard to contamination of the environment with emissions, toxicity of treated wastes to plants but also 

potential survival and spreading of pathogenic agents. With regard to potential presence of pathogenic micro-

organisms in these substrates should be viewed as possible health hazard. One of the suitable methods for recycling 

organic wastes compatible with the environment is composting (Zhu, 2007; Ogunwande et al., 2008).  

The generally known high tenacity of endoparasitic propagative stages and their resistance to various 

environmental biotic and abiotic factors led us to study the problems of the survival of parasitic germs during the 

composting process. Only relatively few studies investigated the impact of composting conditions on the survival of 

parasite stages. The study described here evaluated the effect of aerobic composting of different organic wastes 

(especially changes in physical and chemical parameters – temperature, -pH, moisture, amount of NH4
+
, Nt , Pt ) on 

the survival of parasitic agents. A. suum eggs have been chosen as model eggs. A. suum eggs are amongst the 

helminth eggs most resistant to environmental factors. Their cellular wall is enveloped with an outer layer formed by 

acid polysaccharides and proteins, central layer consisting of proteins (25%) and lipids (75%, particularly alpha 

glycosides). Thus this resistant cell wall protects A. suum eggs against effects of chemicals and drying (Eckert, 

1992). Coccidia oocysts were chosen for comparison because they can also survive for a long time in the 

environment thanks to their double layered cell wall and are specific for particular species.  

 

2  MATERIALS AND METHODS 

Investigations were carried out under operating conditions in the pharmaceutical composting factory, brewery and in 

the poultry farm in the Slovak Republic to determine the effect of composting of different organic wastes on the 

survival of parasitic germs. The different waste types, potentially contaminated with parasitic and other pathogenic 

germs, were used for the recycling: poultry excrements, a by-product from Penicillin production (mycelium), sludge 

from waste water treatment plant, wastes from brewery, straw, sawdust and wood chips.  

The composting process proceeded for 28 days in the thermophilic temperature range (from 49°C to 

64°C) under operating conditions in the pharmaceutical composting factory. Throughout the experimental period, 

the ambient temperature ranged from 7.2°C to 8.7°C. A by-product from Penicillin production (mycelium), straw 

(which can be contaminated with parasite germs) and sawdust were composted in 2 compost channels (2 m wide and 

25 m long) which were periodically turned. At the beginning of composting (day 0) and after exposure of substrate 

to the environment in the channels, samples for parasitological and physical and chemical examination were 

collected (days 1, 2, 3, 4, 7, 8 and 28 of composting).  

The composting process proceeded either for 104 days (winter season) or for 62 days (summer season) in 

the thermophilic temperature range (from 41°C to 65°C during the winter and from 42.6°C to 71°C during the 

summer) under operating condition in the brewery. The ambient temperature ranged from -6°C to 12°C during the 

winter experiment and from 11°C to 31°C during summer experiment. The brewery sludge (sludge produced by 
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brewery wastewater treatment plant) and some bulky plant material (straw, wood chips and sawdust) were mixed in 

the ratio 50:10:20:20 and composted in piles. The piles were 50 m long, 1.5 m high and 2 m wide and were aerated 

mechanically (on days 26 and 98
 
of composting in winter and on days 26 and 50 in summer). Samples for 

parasitological and physical and chemical examination were collected from 3 places of the piles (the beginning, the 

middle and the end) after 0, 1, 4, 5, 6, 7, 36 and 104 days of composting during the winter and after 0, 3, 4, 5, 6, 7, 

10, 11 and 62 days during the summer. 

Chicken excrements and straw were used in the experiment. Chicken excrements were collected from 

a poultry farm near Košice. The animals were bred without bedding material. Excrements and straw were mixed and 

6 piles (H1-H6) were built (1.5 m high, 5 m long and 2 m wide). The surface of the piles was not covered with any 

material to imitate natural conditions. The composting process in the piles proceeded from 17 days to 33 days in the 

thermophilic temperature range (up to 70°C). Piles were periodically turned. The aim of the study was to monitor 

the effect of aerobic composting of poultry excrements and straw in piles on the survival and development of model 

nonembryonated A. suum eggs.  

We used the ‘‘artificial contamination of piles’’ approach to make sure that there is s sufficient number of 

positive samples in our observations.  

Attenuated lines of Eimeria acervulina, E. tenella and E. maxima were used in the form of trivalent 

vaccine LIVACOX
®
 T, which was prepared by Biopharm, Research Institute of Biopharmacy and Veterinary Drugs 

in the Czech Republic. 

A. suum eggs were isolated by dissection of a distal uterine part of female pig ascaris. The distal uterine 

ends were then transferred to a glass homogenizer and processed. The water suspension of eggs was stored in an 

Erlenmayer flask in a refrigerator at 4°C. 

Coccidia oocysts and model eggs were inoculated by a micropipette into polyurethane carriers prepared 

according to Plachý & Juriš (1995), at a dose of 1 ml vaccine (30 000 – 50 000 oocysts) or of 1000 eggs per one 

carrier. The eggs were re-isolated from the inoculated carriers as follows: the carriers were cut into small pieces and 

washed in a mortar with 3 x 5 ml portions of saline, thoroughly stirred and filtered through a sieve into test tubes. 

After centrifugation, sediments were transferred to Petri dishes. The viability of exposed nonembryonated A. suum 

eggs was determined by incubation up to the embryonated stage in a thermostat at 26°C for 21 days. Petri dishes 

with A. suum eggs were aerated daily with micropipette. The developmental ability of A. suum eggs was compared 

with that of the control eggs which were kept in distilled water under aerobic conditions. The controls with eggs and 

oocysts were incubated in distilled water. 

 

3  RESULTS AND DISCUSSION 

TABLE 1  Damage of A. suum eggs and Eimeria oocysts during aerobic composting in the pharmaceutical 

composting factory 

Damaged ( x %±SD) Exposure 

(days) A. suum eggs Eimeria oocysts 

0 (control) 16.02±2.61 9.11±0.75 

1 98.74±1.18*** 100*** 

2 100*** 100*** 

3 100*** 100*** 

4 100*** 100*** 

7 100*** 100*** 

8 100*** 100*** 

28 100*** 100*** 

***Significance at the level P<0.001 

 

In aerobic composting in the compost channels in thermophilic temperature range, high temperatures (up to 70ºC) 

and changes of physical and chemical parameters resulted in total devitalisation of protozoa germs as early as after 

24 hours and helminth germs after 48 hours (table 1). Total devitalisation of A. suum eggs in compost piles was 

observed within 7 days (Tables 2-3). The key factors for a viability of parasite eggs are temperature, humidity, 

changes in physical and chemical parameters of the substrate and a suitable carbon - nitrogen ratio (C:N - 15-30:1).  
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In contrast to our results Zhu (2007) detected that all roundworm eggs were destroyed after 63 days of composting. 

 

TABLE 2  Damage of A. suum eggs during aerobic composting in piles in winter and summer seasons 

under operating condition in the brewery 

Damaged A. suum eggs (x %±SD) Exposure 

(days) Winter season Summer season 

0 (control) 13.80±2.61 12.62±2.23 

1 64.13±3.46** ND 

3 ND 16.90±9.75 

4 88.30±5.47*** 45.33±18.71* 

5 92.50±6.52*** 84.36±18.32*** 

6 100*** 100*** 

7 100*** 100*** 

10 ND 100*** 

11 ND 100*** 

36 100*** ND 

62 ND 100*** 

104 100*** ND 

ND – not detected, *Significance at the level P<0.05, **Significance at the level P<0.01, ***Significance at the 

level P<0.001 

 

TABLE 3   Damage of A. suum eggs during aerobic composting of chicken excrements in piles  

Exposure (days) Damaged A. suum eggs (x %±SD) 

0 (control) 16.02 ± 2.61 

1 28.16 ± 1.18 

2 58.26 ± 4.63** 

3 69.11 ± 7.22*** 

4 98.50 ± 3.65*** 

7 100*** 

9 100*** 

14 100*** 

17 100*** 

24 100*** 

x - mean values, SD - standard deviation, **Significance at the level P<0.01, ***Significance at the level P<0.001 

 

4  CONCLUSIONS 

Based on the results it may be stated that aerobic theromophilic composting process can be used for the 

devitalisation of endoparasite agents of farm animals with zoonotic nature in their excrements as well as human 

parasitic stages which are potentially present in sludge from waste water treatment plants. From the hygienic and 

epidemiologic point of view, wastes treated by aerobic thermophilic composting are safe and suitable for further use 

as fertiliser for direct application on the soil causing no subsequent contamination of surrounding ecosystem with 

endoparasite agents.  
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1 INTRODUCTION  

Organic ligands have been extensively evaluated for their potential to control pollutant transport through soils and 

subsequent impact on groundwater quality (Harter and Naidu, 1995). Application of organic residues as 

amendments to improve soil quality or irrigation with wastewater constitutes a source of organic materials 

(Williams et al., 1980; Khan et al., 2008), where surfactants  represent a relevant fraction, due to the widespread use 

of detergents and care products, with varied physicochemical properties and functional groups (e.g. carboxylate, 

sulphate and hydroxyl), which may potentially affect the mobility and availability of heavy metals in soils 

(Hernandez-Soriano et al., 2006).  

Metal ecotoxicological risk constitutes one of the most important areas in chemical risk assessment since 

pollution of soils has become a major socio-economic problem. The fraction of metal in soil that can be mobilized is 

essential with regard to the protection of groundwater quality but cannot be reliably predicted on the basis of the 

total metal concentrations in soil, metal ion activity being the major determinant of bioavailability (Sparks, 1995). 

Therefore, an adequate risk assessment requires the characterization of the metal chemical forms (speciation) in soil 

solution (Nolan et al., 2003), as the uptake and toxicity of many metals show marked dependence on metal 

speciation. These responses often correlate best with the activity of free metal ions, but direct uptake of complexed 

metals has also been confirmed (Parker and Pedler, 1997). Hence, the introduction of organic ligands in the soil 

solution (e.g surfactants) may have a large potential to alter metal speciation and therefore mobility in soil.   

In this study, effect of irrigation with surfactant aqueous solutions in the speciation of metals included in 

REACH regulation (Cu, Pb and Zn) was evaluated for four soils with a wide range of physicochemical properties. 

Metal speciation was analyzed by WHAM VI (Windermere Humic-Aqueous Model), a model designed to calculate 

equilibrium chemical speciation in surface and ground waters, sediments and soils and especially suitable where the 

chemical speciation is dominated by organic matter (Tipping, 1994; Tipping et al., 2003). 

 

2 MATERIALS AND METHODS  

2.1 Soils 

Four soils were sampled from non contaminated arable lands and selected physicochemical properties and total 

metal concentrations determined (Table 1).  

 

TABLE 1 Soils physicochemical properties and total metal content.  

Location pH 
OC 

(%) 

CaCO3 

(%) 

Sand 

(%) 

Silt 

(%) 

Clay 

(%) 

CEC 

(cmolc/kg) 

Cu  Pb 

(mg/kg) 

Zn 

Rhydtalog, UK (R) 4.2 12.9 n.d.* 51 36 13 15.2 13.8 151.2 55.4 

Woburn, UK (W) 6.3 3.6 n.d.* 43 16 27 30.0 29.0 45.0 93.0 

Barcelona, Spain (B) 7.5 1.5 7.2 46 33 21 14.3 88.0 155.7 190.5 

Granada, Spain (G) 7.8 1.0 25 31 58 11 7.9 22.5 44.1 90.2 

*n.d.: non detectable 

 

2.2 Surfactants 

Two commercial surfactants were selected for this study: the anionic Aerosol 22 (A22) (Tetrasodium N-(1,2-

dicarboxyethyl)-N-octadecyl sulfosuccinamate) and the non-ionic Tween 80 (TW) (Polyoxyethylenesorbitan 

monooleate). A daily supply of solutions (4 mL) to mini columns of the different soils was performed during two 
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months to mimic field irrigation. Treatments were performed in triplicate and controls (C) were established by 

irrigation with MilliQ water.  

Surfactants concentrations in wastewater are typically < 1 mg/L but can reach 70 mg/L (Hernandez-

Soriano, 2009). However, surfactants can accumulate in soils due to continuous emissions. For instance, Schwuger 

(1996) indicated that an anionic surfactant concentration between 0.013 and 0.027 g/kg can be reached in soil after 3 

years of sewage sludge application. In this study, surfactant solutions were applied at concentrations normalized to 

their content in organic matter, i. e. 100 mg C/L, a concentration remarkably lower than those commonly found in 

the literature (Hernandez-Soriano, 2009). 

2.3 Determination of metal speciation in soil solutions 

Pore water extractions were performed and total metal and dissolved organic carbon (DOC) contents were 

determined in the solutions by ICP-OES (Perkin-Elmer, Optima 3300 DV) and TOC analyzer (Analytical Sciences 

Thermalox) respectively. The UV-absorbance was also measured with a UV-VIS spectrophotometer (Perkin-Elmer, 

Lambda 20, quartz cells). Measurement of the UV-absorbance allowed estimating the proportion of soil-derived 

DOC and surfactant-derived-DOC by calculations described elsewhere (Hernández-Soriano, 2009).  

Metal speciation in the solution was analyzed by WHAM VI, using the known solution composition. 

Assumptions regarding the interaction of metals with DOC and the input of Fe, Al and Mn were made according to 

the approaches of Van Laer et al. (2006).  

 

3 RESULTS AND DISCUSSION 

3.1 Metal mobilization 

Estimated free ion activities (Table 2) indicated that the amount of available metal is rather low compared with the 

total metal content for all soils (Table 1). Furthermore, availability of the metal largely depends in soil 

characteristics. For instance, soils W and G present a similar total Cu content, while their free ion activity differ two 

orders of magnitude.  

The effect of irrigation with the different surfactants in the total concentration of metal in the soil solution 

varied for each metal and soil and also for the surfactant assayed, and it was not possible to establish a general trend 

from the results obtained. However, marked effects were determined in the free ion activities, as shown in Table 2 

for Cu and Zn. In general, A22 decreased the free ion activity of Cu and Zn, except for soil W, while irrigation with 

TW increased Cu and Zn free ion activities for all soils. Irrigation with A22 decreased concentrations of Pb in 

solution below the detection limit compared to control treatment, while irrigation with TW slightly increased Pb free 

ion activities, except for soil B. 

 

TABLE 2 Estimation of ionic strength and Cu and Zn free ion activities in the pore water extractions by 

WHAM VI.  

    Free ion activity (µµµµM) 

  IS (mg/L)  Cu  Zn 

Soil  C A22 TW  C A22 TW  C A22 TW 

R  2.1 3.9 2.4  1.7E-10 1.2E-10 1.1E-09  1.5E-09 1.0E-09 1.1E-08 

W  4.2 6.9 4.9  2.7E-07 4.0E-07 3.1E-06  9.6E-03 2.4E-02 1.3E-01 

B  11.8 4.8 4.5  1.2E-05 8.3E-07 2.4E-05  3.1E-02 2.2E-03 1.8E-01 

G  7.1 8.2 7.1  6.9E-05 5.0E-05 6.2E-04  2.8E-02 2.3E-02 3.4E-01 

 

Estimation of surfactant – soil organic matter proportion in soil solutions indicated that surfactant added 

by irrigation may be mostly adsorbed onto soil. A large affinity of Cu and Zn for A22 has been already described 

(Hernandez-Soriano, 2009), and the decrease in metal ion activities can be therefore attributed to complexation of 

metals with the surfactant and subsequent adsorption on soil. Besides, irrigation with A22 induced a marked 

increase in ionic strength (IS), except for soil B, and a strong correlation (r=0.89) was determined between IS and 

variation of Zn free ion activity. For Cu and Pb, both of which are strongly bound by organic matter, variations in 

free ion activities are expected to be related to soil DOC concentrations (Tipping et al., 2003). 
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3.2 Metal speciation analysis 

Speciation analysis indicated that in control soils, the proportion of metal complexed with soil organic matter was 

>70% (Table 3). As previously described, complexed forms of metals can constitute a significant fraction of total 

metal in solution (Nolan et al., 2009).  

For all soils and treatments evaluated, almost 100% of Cu present in solution was estimated to be 

complexed with soil DOC. Table 3 summarizes the effect of irrigation with A22 and TW in the rates of Pb and Zn 

bound to soil organic matter and DOC concentrations in soil. In general, irrigation with A22 dramatically decreased 

the concentration of Pb in solution and therefore the rate of this metal bound to soil DOC, while increasing in all 

cases the percentage of Zn in solution bound to soil DOC. These results corroborate the previous hypothesis of A22 

sequestering free Pb
2+

 and Zn
2+ 

from the soil solution.  

Additionally, irrigation with the surfactants slightly increased concentration of soil DOC in solution 

(Table 3), with a larger effect determined for treatment with A22. Besides, a decrease of 20-40% in total 

concentration of Mn and Fe in solution was determined for soils W and G irrigated with A22 compared to control 

treatments, while addition of TW increased Mn and Fe in solution in those soils up to 2 times. Predicted fractions of 

metals in solution bound to Mn and Fe oxides corresponded well with those variations. It has been previously 

reported that the increase of organic matter alters metal distribution in Fe and Mn oxides fractions (Shuman, 1988) 

probably through redox mechanisms. Hence, the introduction in soil of fresh organic carbon (i.e. surfactants) may 

alter redox equilibrium in soil.  

 

TABLE 3 Calculated concentrations of soil DOC and proportion of Pb and Zn bound to soil organic 

matter in the pore water extractions estimated by WHAM VI. 

    Predicted fraction (%) of metal  bound to soil organic matter 

  DOCsoil (mg/L)  Pb  Zn 

Soil  C A22 TW  C A22 TW  C A22 TW 

R  697 798 793  99.3 10.0 99.9  100.0 100.0 96.3 

W  298 304 294  99.9 n.d. 99.7  97.1 95.7 68.2 

B  68 91 76  99.9 n.d. n.d.  69.6 90.5 86.3 

G  82 86 75  99.8 n.d. 99.3  69.7 71.9 100.0 

n.d. non detectable 

 

4 CONCLUSIONS  

Knowledge of trace metal speciation in soil solution is essential in addressing metal bioavailability and risk 

assessment. Moreover, potential metal risk may be more effectively correlated with the activity of free metal ion, 

which is a more reliable indicator of potentially available metals in soil.  

Results indicate that long term irrigation with wastewaters requires a permanent surveillance not only of 

the concentrations but also of the type of surfactant contained, since their effect in metals availability depends on 

soil characteristic but mostly on surfactant nature and may occur through alteration of the chemical equilibrium of 

specific sorbents of trace elements (soil DOC or Mn and Fe oxides). Irrigation with an anionic surfactant holding 

carboxylate groups decreased free ion activities and rate of metals bound to Fe and Mn oxides, increasing the 

fraction of metals bound to DOC, probably due to free metal complexation with the carboxylate groups of the 

surfactant. Therefore, the predominance of this type of surfactant in wastewaters may diminish the risk of metal 

leaching (Pb>Zn>Cu). In contrast, a larger presence of the non ionic surfactant in wastewaters appears to increase 

the rates of free ions in solution (Pb>Zn>Cu), and the rates of metal bound to oxides, but the mechanism involved in 

this effect needs to be further evaluated.  

Because effects on metal availability largely depend on surfactant nature, characterization of the 

surfactant content in wastewaters may improve metal risk assessment. 
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1 INTRODUCTION 

The increasing prices of fuel and fertilizers together with the increasing grain growing for food and biomass form an 

untenable equation, and thus, the pressure to re-use organic wastes as fertilizers or soil improvers is increasing. 

Sewage sludge is exquisite source of nutrients and organic material. Using sewage sludge as a fertilizer would turn 

waste into a valuable resource according to the principles of sustainable development. High amount of heavy metals, 

originating mostly from the industrial wastewaters, restricted earlier the agricultural use of sewage sludge. 

Nowadays heavy metals are not so widespread problem in sludge products, thanks to the strict control of sources 

and use of heavy metals, as well as, the obligation to pre-treat wastewaters in industrial plants (Vihersaari 2002, 

Rantanen et al. 2008). However, sewage sludge contains pathogens, which may pose hygienic risk to land users, and 

therefore the sludge should be treated responsibly before application. In addition to sewage sludge, food industry 

wastes, such as jam residues, whey and potato peel wastes, could also be treated and recycled in agricultural 

practices, and thereby diminish the loading of wastewater treatment plants in some areas (Mohaibes and Heinonen-

Tanski 2004,  Heinonen-Tanski et al. 2005). 

Thermophilic aeration has proven to be promising method in improving the hygienic quality of animal 

slurry together with food waste. The method has reported to have the capability of maintaining disinfection 

temperatures solely from the heat released from the biological oxidation of organic matter, thus requiring no 

supplemental heat (Svoboda and Evans 1987, Heinonen-Tanski et al. 2005). Thus the potential advantage of this 

method is the pathogen inactivation, which is not necessary reached using anaerobic digestion, quick liming or in-

vessel composting (Vuorinen 2003). In addition, the method is much easier and the capital costs are cheaper in 

aerobic treatment of slurry and food wastes than methanogenesis (Mohaibes & Heinonen-Tanski 2004). However, 

the suitability of thermophilic aeration for the hygienisation of sewage sludge with food wastes has not been studied 

widely. 

Our purpose was to study the suitability of thermophilic aeration for the treatment of liquid sewage sludge 

with and without food wastes. The aim was to improve the hygienic quality of the sludge without having negative 

effect on the nutrient quality of the mixture. 

 

2 MATERIALS AND METHODS 

The study was conducted in laboratory scale aeration reactors with aeration, mixing and heating. Sewage sludge (S) 

was composted with and without whey (W), jam residues (J) or potato peel waste (P) in thermophilic conditions (70 

°C) for five days followed by post-composting in mesophilic conditions (40 °C) for five days. Three different 

mixtures of raw materials (% by volume) were used: 1) 100 % sludge (100S), 2) 60 % sludge 30 % whey 10 % jam 

residues (60S30W10J) and 3) 70 % sludge 15 % whey 15 % potato peel waste (70S15W15P). The process was 

carried out semi-continuously by replacing daily 20 % of the treated mixture with fresh raw material to get the 

retention time of 5 days. 

Sewage sludge was picked up from Lehtoniemi wastewater treatment plant, which is located in the city of 

Kuopio. In Lehtoniemi wastewater treatment plant, the sludge is formed during the wastewater purification process 

(average flow was 18100 m
3
/d during 2009), where sand and solid waste are removed from the wastewater 

mechanically, organic matter and nitrogen biologically, and phosphorus chemically. Whey was picked up from local 

dairy (Osuuskunta Maitomaa, Suonenjoki), jam residues from manufacturer and developer of processed berry and 

fruit ingredients (Nordic jam Ltd., Suonenjoki) and potato peel waste from local farmer (N. Vartiainen, Vartiala). 

Properties of raw materials are presented in Table 1. 
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TABLE 1 Properties of sewage sludge, whey, jam residues and potato peel waste, which were used as raw 

materials in aerobic thermophilic treatment. 

Raw material Total 

solids, g/L 

Volatile solids, 

g/L 

pH Total nitrogen, 

g/L 

BOD, g/L 

Sewage sludge 30 21 6.7 1.3 11 

Whey 60 53 4.5 1.4 51 

Jam residues 185 184 3.1 0.2 179 

Potato peel waste 193 182 5.9 2.2 40 

 

The microbial hygiene of sludge mixture was determined before and after the thermophilic and 

mesophilic treatment. Fecal coliforms, enterococci and fecal clostridia (sulfite reducing clostridia) were determined 

by cultivating diluted samples with spread plate technique on Les-Endo agar (SFS 4088 1988), Slanetz-Bartley agar 

(SFS EN-ISO 7899-2 2000) and Clostridia agar (SFS-EN 26461-2 1993), respectively. Fecal clostridia were 

incubated in anaerobic jars (Heinonen-Tanski & Savolainen 2003). RNA coliphages (Escherichia coli ATCC 15597 

as a host) was determined by using double agar technique (SFS-EN ISO 10705-1 2002). 

Several physic-chemical parameters were analyzed during the treatment (temperature and pH), as well as 

before and after the thermophilic and mesophilic treatment (biological oxygen demand (BOD), total solids (TS), 

volatile solids (VS) and total nitrogen (N) content). BOD was determined by respirometric method with the OxiTop 

measurement system, which included addition of nitrification inhibitor (N-allyl thiourea) (WTW, Germany) 

(Roppola et al. 2007). TS and VS were determined by weighting the sample (V=50ml) before and after digestion for 

24±4 h in 105±3 °C and 2 h in 550 °C, respectively (SFS 3008 1990). Total nitrogen was determined by Kjeldahl 

method. 

Phytotoxicity and maturity of composted sludge mixture was evaluated by studying the effect of sludge, 

whey and potato peel waste mixture (70S15W15P) application on the emergence and early stages of growing of 

ryegrass (Lolium perenne), cress (Lepidium sativum) and radish (Raphanus sativus). The mixture of composted 

sludge and peat (sphagnum peat B2, Kekkilä, Finland) was prepared in three replicates by hand-mixing the 

components in ratio 1:4 (by volume). Growing was carried out under greenhouse lamps with an 18 h day at 20 °C 

and 6 h night at 18 °C. Emergence, and fresh and dry weights of each replicate were determined 14 days after 

sowing. 

 

3 RESULTS AND DISCUSSION 

The study showed that the addition of whey and jam residues or potato peel waste increased TS and more 

importantly the VS and BOD content of the sludge (Table 2). All food industry residues decreased the pH of sludge, 

but not too much for microbial degradation. In preliminary study, addition of 15 % whey and jam residues (% by 

volume) in 70S15W15J-treatment caused decrease of pH below 5 and had negative effect on microbial activity. 

Previously Heinonen-Tanski et al. (2005) reported that 35 % of jam residues addition to slurry causes the pH fall 

below 5 and thereby decreases the oxygen consumption rate. Thus, the results of this study suggest that municipal 

sewage sludge cannot resist pH change caused by jam residue addition as efficient as animal slurry. Therefore the 

additions of acidic wastes should be more sensible in sewage sludge treatments. Total nitrogen content of the 

mixture remained approximately the same as in pure sludge before treatment, although the potato peel waste 

increased the ammonium-N concentration of the mixture (data not shown). 

 

TABLE 2 Total solids (TS, g/L), volatile solids (VS, % of TS), total nitrogen content (N, g/L) and biological 

oxygen demand (BOD, g/L) in mixtures of sewage sludge (S), whey (W) and jam residues (J) or 

potato peel waste (P) (% by volume) before and average pH during aerobic thermophilic 

treatment. 

Treatment Treatment time (days) 

and temperature (°°°°C) 

TS, g/L VS, % of 

TS 

BOD, g/L pH N, g/L 

1. 100S 5d (70 °C) + 5d (40 °C) 29 72 11 6.7 1.4 

2. 60S30W10J 5d (70 °C) + 5d (40 °C) 42 82 28 6.3 1.2 

3. 70S15W15P 5d (70 °C) + 5d (40 °C) 56 85 25 5.6 1.5 
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VS and BOD content decreased during the process. Joined thermophilic (70 °C for 5 days) and 

mesophilic (40 °C for 5 days) treatment stabilized the sludge mixture most effective, and thus the addition of post-

composting in mesophilic temperature was found to be advantageous (Table 3). Also the color and odor of sludge 

mixture revealed that the material is stabilizing. 

Nitrogen content decreased 28–63 % during the process (Table 3). This was most probably due to the loss 

of vaporous ammonia and timely foaming, which caused some losses of solid material. The N-loss was high 

especially in 60S30W10J-treatment during the mesophilic post-composting period, when the pH was near 8.0. In 

full scale reactors, the loss of nitrogen should be prevented to sustain the nutritional value of the product as high as 

possible. For example peat filter on the top of the reactor absorbs easily ammonia that passes through the condenser 

(Skelhaugen, 1999, Juteau, 2006). 

 

TABLE 3 Percentage reduction of volatile solids (VS, red-%), total nitrogen (N, red-%) and biological 

oxygen demand (BOD, red-%) in mixtures of sewage sludge (S), whey (W) and jam residues (J) 

or potato peel waste (P) (% by volume) after 5 days at 70 °°°°C or 5 days at 70 °°°°C + 5 days at 40 °°°°C  

Treatment VS, red-% N, red-% BOD, red-% 

 5d (70°°°°C) +5d (40 °°°°C) 5d (70°°°°C) +5d (40 °°°°C) 5d (70°°°°C) +5d (40 °°°°C) 

1. 100S 6 40 9 28 66 88 

2. 60S30W10J 54 71 38 63 40 47 

3. 70S15W15P 13 54 10 38 40 67 

 

Process improved clearly the hygienic quality of sludge. Fecal coliforms, enterococci and RNA 

coliphages were reduced over 99.4 % and fecal clostridia were reduced over 96.0 % (Table 4). Semi-continuous and 

other batch processes have also previously shown to give better microbe reductions than continuous processes. In 

continuous processes, there is a risk for formation of dead zones etc. where pathogens can survive (Juteau, 2006). 

However, there is a little risk for recontamination in two-step semi-continuous process during the mesophilic post-

composting period, which was seen in 70S15W15P-treatment in this study. Therefore, the contamination of treated 

materials must be avoided during the process performance. According to Finnish Fertilizer Production Act 

529/2006, the maximum permissible amount of Escherichia coli (belonging to the fecal coliforms) in fertilizer 

products is 1000 cfu/g. This limiting value was clearly reached in 100S and 60S30W10J –treatments and probably 

also in 70S15W15P –treatment without recontamination. 

 

TABLE 4 Numbers of fecal coliforms, enterococci, fecal clostridia (cfu/ml) and RNA coliphages (pfu/ml)  

in mixtures of sewage sludge (S), whey (W) and jam residues (J) or potato peel waste (P) (% by 

volume) before 5 days aerobic thermophilic  treatment including 5 days mesophilic post-

composting treatment. 

Treatment Fecal coliforms Enterococci Fecal clostridia RNA coliphages 

 before after before after before after before after 

1. 100S 1.4*10^6 <5 1.0*10^4 64 6.2*10^4 2500 8.8*10^3 <1 

2. 60S30W10J 2.9*10^7 <5 4.7*10^5 <5 2.6*10^5 1656 1.4*10^4 <1 

3. 70S15W15P 1.8*10^7 8400 1.1*10^5 40 1.5*10^5 180 1.3*10^4 <1 

 

Seed germination and growth test indicated that the product from combined aerobic thermophilic and 

mesophilic treatment does not have major negative effect on plant growth. The germination was over 93 % in all 

treatments. Growth index (fresh weight, % of control) was 80, 99 and 114 % for cress, radish and ryegrass, 

respectively, and expressed as dry weights: 61, 80 and 111 % for cress, radish and ryegrass, respectively. Only the 

dry weight of cress was under the normal range (80 % of control) (Itävaara et al. 2006). 

 

4 CONCLUSIONS 

This study showed that thermophilic aeration together with mesophilic post-composting improves the hygienic 

quality and stabilization of sewage sludge with and without food industry wastes. After successful process the 

sludge can be re-used without hygienic risks and offensive odor emissions in agricultural applications. In addition, 

the treated sludge keeps its homogeneity and flow characteristics, which makes the application comfortable with 
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pumping and modern slurry spreaders.  Further research is needed to clarify the technical implementation of the 

process in large scale to avoid problems such as foaming and N-losses, and also verify the self-heating capacity of 

municipal sewage sludge to gain economically profitable treatment process. 
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1 INTRODUCTION 

Agroindustries involved in olive-oil and wine production are important activities around the world,   particularly in 

the Mediterranean basin, where these crops are of great social, economic and environmental importance. The 

current trend is to focus on developing agricultural practices that reduce human health and environmental risks and 

on producing inputs for these agrosystems. Mediterranean soils have low organic carbon content. The 

incorporation of agroindustrial waste could represent an appropriate management practice to improve soil quality, 

cut production costs and to control spread of agrochemical substances to hydric resources. However, these wastes, 

which contain their own toxic substances as well as microorganisms, cannot be applied directly to the soil. Our 

research group has succeeded in valorising these wastes through the use of vermicomposting processes (Nogales et 

al., 2005; Melgar et al., 2009). The vermicomposts obtained conform to legal standards governing organic 

fertilizers (BOE, 2005). 

Soil sorption controls the amount of pesticides that can be released and consequently degradation and 

lixiviation levels (Fernández Bayo et al., 2008). The pesticide sorption process has therefore been widely studied 

under different soil conditions in order to control its spread in the environment (Romero et al., 2001; Koskinen et 

al., 2002; Fernández-Bayo et al., 2009). However, the sorption of pesticide metabolites has received less attention 

(Locke et al., 2007; Albers et al., 2008). Although metabolites appear in soils at low ratios, they can have a high 

nontarget toxicity (Tixier et al., 2002). 

This study focuses on the possible role of vermicompost from agroindustrial waste used as organic soil 

amendment in controlling pesticide metabolites availability in the environment. The sorption study provided in this 

paper differs from the literature as the soil samples used were previously amended and incubated several times in 

order to simulate agricultural practices. Vermicompost obtained from alperujo (Va) and vine shoots (Vs) were 

selected, since these biowastes are generated in huge quantities in the olive-oil and wineries industries, and their 

disposal represents a major environmental problem (Inbar et al., 1992; Chapman et al 2001; Nogales and Benitez, 

2006). The N-demethyl diuron metabolites were applied as model herbicide residues, since a wide range of major 

commercial herbicides contain chlorinated anilines with similar structural components e.g. acylanilide, N-

Phenylurea and carbamyl derivatives (Lange et al., 1998). 

 

2  MATERIALS AND METHODS 

2.1  Chemicals 

Diuron (D) (N´-(3,4-dichlorophenyl)-N,N-dimethylurea)  and its N-demethyl metabolites, DCPMU, DCPU and 

DCA (Figure 1) with purity rates of over 97.5% were supplied by Dr. Ehrenstorfer (Augsburg. Germany). 
DiuroKey

®
 (80% p/p) from Industrial Química Key. S.A. was also assayed. Analytical grade sulphuric acid 96%  

from Panreac and HPLC-grade acetonitrile from Scharlau Chemie  (Barcelona, Spain)  were used. 

 

 

 

 

FIGURE 1  Chemical structures of diuron and their N-demethyl metabolites (DCPMU and DCPU) and 

3,4-dichloroaniline (DCA). 
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2.2  Pesticide sorbents 

Vermicompost was obtained with Eisenia andrei at pilot scale and characterized following established methods 

(Romero et al., 2006). Its main properties are shown in Table 1. 

Soil samples from the top 20 cm were air-dried and sieved through a <2 mm mesh. Unlike the sorption 

studies described in the literature, where the soil is simultaneously amended and treated with pesticides, the soil 

samples were previously 5%-amended (d.w.) with the two vermicompost types, incubated for 3 months and then 

air-dried. This procedure was carried out twice to simulate agronomic practices. After incubation, the unamened 

soil (SP) and vermicompost-amended soils (SP2Va and SP2Vs) were analysed in triplicate using validated 

methods (M.A.P.A. 1986). Their main properties are shown in Table 1. 

 

TABLE 1    Properties of the unamended soil (SP), alperujo (Va) and vine-shoot (Vs) vermicomposts and 

the soil amended twice with these vermicomposts. 

Sample Sand 

g kg
-1

 

Silt 

g kg
-1

 

Clay 

g kg
-1

 

pH TOC 

g kg
-1

 

N 

g kg
-1

 

TEC 

g kg
-1

 

AH 

g kg
-1

 

C/N 

 

HR 

% 

Soil (SP) 111 488 401 8.4 14 2.6 6.2 4.9 5.5 44 

Va    8.6 292 20 201 75 15 69 

Vs    7.3 295 26 247 146 11 84 

SP2Va    8.2 33 3.4 10.6 6.9 9.8 32 

SP2Vs    7.9 37 5.5 10.5 6.8 6.7  28 

TOC:total organic carbon, TEC:total extractable carbon, AH: acid humic, HR:humification rate = (TEC/TOC)x100 

 

2.3  Sorption-desorption studies  

Batch sorption-desorption experiments using the model herbicide diuron and its N-demethyl metabolites DCPMU, 

DCPU and 3,4-Dichloroaniline (DCA) were carried out on unamended (SP) and vermicompost-amended soil 

samples (SP2Va y SP2Vs). Unamended soil samples (SP) and samples amended with each vermicompost (SP2Vs 

and SP2Va), in duplicate, were placed in 50 mL glass tubes and supplemented with 20 mL of aqueous standard 

solutions of the chemicals at 1, 2, 3, 4 and 5 mg l
-1

. The tubes were agitated on a rotary shaker for 24 h at 20±1ºC 

to achieve equilibrium, centrifuged at 3000 rpm for 20 min and the supernatant filtered by 0.45 µm for HPLC 

analysis. The standard solution without added waste was run in parallel as a control. The amounts of pesticide 

adsorbed were calculated on the basis of the difference between the supernatant concentrations in each sample and 

the control. Blanks containing no pesticide were used in each case.  

 

3  CHEMICAL ANALYSIS 

A High Performance Liquid Chromatograph (Agilent Series 1100,Germany) equipped with diode array detector 

was used. A Zorbax Rx-C8 2.1 x 150mm analytical column packed with diisopropyl n-octyl (5µm) and a guard 

cartridge Eclipse XDB-C8 (2.1 x 12.5mm i.d.) packed with the same material were used. The operating conditions 

were as follows: flow rate 0.2 mL min
-1

; column temperature 40ºC; injection volume 10µL. The mobile phase was 

40:60 (v/v) acetonitrile/acidified water (pH 3) with 0.005M sulphuric acid. The detection wavelength selected was 

254nm. The retention times for diuron, DCPMU, DCPU and DCA, were 7.94, 6.23, 4.81 and 8.75 min, 

respectively. The detection limits were under 0.07 mg l
-1

 in all cases. 

 

4 RESULTS AND DISCUSSION 

The sorption-desorption isotherms of unamended and amended soil samples fit the Freundlich model in most cases 

(R
2
 > 0.92). In all cases, the Freundlich exponents (1/nads) were less than 1, indicating saturation of the sorption site 

by the concentration. In the diurokey
®
 sorption process of unamended and amended samples, the 1/nads values 

increased with the addition of the vermicomposts Va and Vs, indicating an adsorption mechanism through a 

partition process of diuron molecules in the vermicompost-amended soil samples. Nevertheless, in the soil samples 

treated with the metabolites DCPMU and DCPU, the increase in the exponent was only observed in the soil 

amended with the alperujo vermicompost. The exponent remained unchanged in soil samples treated with the 
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DCA metabolite. The desorption exponents (1/ndes) changed for diurokey
®
 and its metabolites, as described for 

1/nads, with the DCA metabolite showing the lowest values.   

TABLE 2   Sorption-desorption Freundlich parameters (1/n and Kf) and determination coefficients (R
2
) 

determined for unamended soil (SP) and soil amended twice with alperujo (SP2Va) and vine-

shoot  (SP2Vs) vermicomposts. 

  Sorption paramenters  Desorption parameters   

Chemicals Soils  kfads ±ES 1/nads±SE R
2

ads  kfdes ±SE 1/ndes±SE R
2

des  AHI 

 SP   7.40±0.44 0.75±0.09 0.896  10.29±0.06 0.39±0.01 0.992  0.52 

Diurokey
®
 SP2Va 13.09±0.43 0.90±0.04 0.983  14.34±0.25 0.45±0.05 0.915  0.50 

 SP2Vs 16.62±0.92 0.83±0.06 0.965  17.12±0.14 0.47±0.01 0.990  0.57 

 SP 11.68±0.16 0.66±0.01 0.996  13.95±0.01 0.19±0.01 0.970  0.29 

DCPMU SP2Va 18.77±0.37 0.70±0.02 0.996  17.98±0.19 0.15±0.01 0.935  0.21 

 SP2Vs 23.18±0.29 0.67±0.05 0.963  19.20±0.23 0.12±0.01 0.910  0.18 

 SP 12.21±0.18 0.65±0.01 0.996  13.81±0.14 0.24±0.01 0.961  0.37 

DCPU SP2Va 19.12±0.37 0.71±0.01 0.997  17.58±0.23 0.16±0.02 0.919  0.23 

 SP2Vs 22.54±1.41 0.69±0.06 0.956  17.94±0.28 0.09±0.15 0.792  0.13 

 SP 9.48±0.09 0.69±0.01 0.997  13.09±0.04 0.11±0.00 0.984  0.16 

DCA SP2Va 21.26±0.33 0.69±0.01 0.998  18.72±0.06 0.02±0.00 0.872  0.03 

 SP2Vs 23.07±0.96 0.69±0.04 0.979  19.11±0.11 0.04±0.04 0.911  0.06 

  

Sorption-desorption constants compared with the Kruskal-Wallis statistical test were significantly 

different at level of 90%. In the unamended soil samples SP, Freundlich sorption coefficients (kfads), indicating 

the soil sorption affinity of pesticide residues, reveal significantly higher soil retention of the metabolites than 

diuron, with the DCPMU and DCPU metabolites showing the highest Kfads values.  Although the Kfdes values for 

the metabolites were also significantly higher than those for diuron, no significant differences were found between 

metabolites (Table 2). In the amended soil, the Kfads for diuron and the DCPMU and DCPU metabolites increased 

almost doubled with the addition of the vine-shoot vermicompost Vs and to a lesser extent for Va. Nevertheless, 

for the DCA metabolite, the vermicomposts addition led to a more than 2-fold increase in Kfads. The Kfdes 

desorption coefficient values determined for all the metabolites were similar to that for diuron. The apparent 

hysteretic indices (AHI) for soil samples SP, SP2Va and SP2Vs revealed a more reversible process for the 

DCPMU and DCPU metabolites (<0.37) than for diuron (>0.50). The lowest AHI values were found for the most 

toxic metabolite DCA. 

The similar sorption-desorption parameters for DCPMU and DCPU metabolites can be explained by the 

similarity of their properties, with these molecules only showing a different structure in relation to the N-

methylurea group. The relatively higher sorption of DCA in unamended and vermicompost –amended soils could 

be due to its higher lipophilicity.  In relation to the contribution of soil properties to the amount of chemical 

sorbed, it is clear that the TOC values were significantly higher for the amended soils (Table 1). The differences 

observed between the vermicomposts must be due to the nature and origin of the wastes used. The higher 

increment in Kfads observed for diurokey and the methabolites in the winery vermicompost-amended soil (SPV) 

compared with soil SP2Va could be explained, as reported Romero et al. (2006), by the higher lignin content of Vs 

(255 g kg
-1

) compared with Va (200 g kg
-1

) and by the humification process of this waste in the soil (Table 1). 

Albers et al., (2008) found that DCA can be covalently bound to humic substances, while Still et al., 1986 indicate 

a preferential binding of DCA to lignin. 

The type of binding found between these metabolite molecules and the soil components must be 

stronger in relation to the DCA metabolite, since parallel extraction studies of unamended and vermicompost-

amended soil samples reveal significantly lower extraction efficiency for the DCA compared to DCPMU, DCPU 

and diuron, and even lower levels in the amended soils (Fernández Bayo et al., 2009). This could explain the 

lowest AHI values obtained for the DCA metabolite and indicates this metabolite´s much lower availability in the 

vermicompost- amended soils.  
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5 CONCLUSIONS 

The addition of alperujo and vine-shoot vermicompost as soil organic amendments could represent a sustainable 

waste management practice, helping to minimize the diffusion of pesticide residues in soils and the toxicological 

risks of their metabolites, avoid disposal problems and reduce input costs in these agricultural systems. The dose 

of vermicomposts assayed as soil organic amendments was 4 time with respect to the German regulation but it is 

an acceptable agronomic dose in Mediterranean soils with low organic carbon content, and taking into account, 

moreover, the non-phytotoxic effects of the vermicomposts applied. 
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0286 - HEAVY METAL DYNAMICS IN A CALCAREOUS SOIL AFTER THE ADDITION OF 

SEWAGE SLUDGE COMPOST 

Susana Peña, Milagros Navarro, Juana Isabel López-Fernández, Belén Alonso, Carlos Rad, 
Salvador González-Carcedo 
UBUCOMP. University of Burgos, Burgos. Castile, Spain 
 
Agronomic valorization is a common form of reusing the nutrients contained in organic wastes 
and a way of increasing the organic matter content in agricultural soils, normally depleted as a 
consequence of an intensive management of soils. But at the same time, organic wastes from 
urban origin, refuse of sewage sludge, could contain important amounts of organic or inorganic 
pollutants, mainly heavy metals that could be accumulated in soil and could constitute an 
important environmental risk. The control of the total amount that could be added to soil and the 
dose are important parameters that could be adapted to specific soil and crop characteristics. In 
this work, sewage sludge compost (SSC) was applied to a Calcaric cambisol, located in 
Villafruela (Burgos, Central Northern Spain), in which a traditional three years oleaginous-
cereal-legume rotation was in practice. In the experience, three different doses of SSC, 3.5, 7.5 
and 17.5 t/ha, and two controls, with and without inorganic fertilization, were applied to different 
10x24 m plots in a randomized block design with five replicates per treatment; the SSC was 
applied in two times in non consecutive years. Soil and plant samples were taken yearly after 
the harvest of the different cultures: sunflower, barley and vetch and their chemical properties 
and heavy metal content analysed using normalized test methods. Plots receiving fertilization 
with SSC displayed statistically significant increases in crop yields in comparison to the control 
without any fertilization and with a response proportional to the dose; however, only with the 
highest dose (17.5 t/ha) the crop yield is higher than the control with inorganic fertilization. 
Compost addition also affected soil properties with temporary increases in soil salinity, organic 
matter and total N contents but without any residual effect one year later. There was a net, 
statistically significant accumulation of P-Olsen and in the total content of several heavy metals 
such as Zn and Cu, also proportional to the dose of SSC that was applied. Non-significant 
increases of total Pb and Cr were also found. Heavy metals in plant samples had more plant-
specific response; cereal species, sunflower and barley, specifically accumulated several highly 
mobile metal ions such as Cu, Ni and Zn, even less mobile metals such as Cr or Pb, showed 
high values in roots. Heavy metal concentrations in grains were not increased in any of the 
treatments. 
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0293 - Field scale observations from slurry applications to grassland following a freeze 

thaw event of faecal indicator organisms in drainage water 

Chris Hodgson, Nick Bulmer, Dave Chadwick 
North Wyke Research, Okehampton, Devon, United Kingdom 
 

Background: Faecal indicator organisms (FIOs) are Escherichia coli and Intestinal enterococci 
(IE).  Their detection in recreational waters is as a surrogate for the presence of pathogens, 
therefore FIOs are a key instrument in public health protection. Diffuse pollution from agriculture 
is acknowledged as a significant source of FIO loads to recreational waters in the UK. The 
application of organic manures to agricultural land is seen as the main source of this diffuse 
pollution. 
Purpose: To enhance our understanding of the losses and pathways of FIOs from livestock 
manures to water. 
Methods: Dairy cattle slurry was applied to the Rowden drainage platform at North Wyke 
Research, Devon UK in the autumn of 2008.  Slurry was applied to 6 of 12 1 ha plots, 3 drained 
and 3 undrained, at a rate of 46 m

3
 ha

-1
. Drainage waters were collected from both the drained 

and undrained plots within a week of the slurry application and analysed following standard 
methods for FIOs.  On the 17 December 2008 the prevailing climatic conditions changed to a 
dry, cold, easterly air flow which resulted in the drainage waters freezing, until the thaw on 11 
January 2009.  Water samples were collected and analysed for FIOs to coincide with the thaw. 
Results and Discussion: FIO concentrations in the slurry were 6.5 log10 and 6.7 log10 CFU 100 
ml

-1
 for E.coli and intestinal enterococci, respectively.  Initial (prior to freezing) FIO 

concentrations from the plots to which slurry was applied were; 5.6log10 and 5.4 log10 CFU 100 
ml

-1
 for drained plots (n=3) and 4.9 log10 4.0 log10 for undrained plots (n=3) for E.coli and IE, 

respectively.  FIO concentrations in both the drained and surface collected waters declined 
steadily over time.  By the 15 December 2008 detected FIOs were at background 
concentrations; 1.3 log10 for E.coli and less than 1 log10 CFU 100ml

-1
 for IE.  FIO concentrations 

detected in the thaw water on the 12 January 2009 were 3.5 log10 CFU 100 ml
-1

 E.coli and 2.2 
CFU 100 ml

-1
 IE in drainage water and 3.4 log10 and 2.0 log10 CFU 100 ml

-1
 respectively, for the 

surface waters.  
The majority of research into the survival of FIOs is undertaken within laboratory settings with 
reported survival rates of a few days.  Here we have observed an expected decline in viable 
FIOs to background concentrations over a number of weeks, but an unexpected significant 
increase in FIO concentrations in drainage waters following a freeze thaw event 100 days after 
a slurry application. 
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1 INTRODUCTION  

The development of integrated methods for optimising the recycling of organic residues at local scales and in 

contrasted peri-urban contexts of Northern and Southern countries is the general purpose of an international 

programme supported by the French National Research Agency (ANR). This ISARD programme involves 12 teams 

of different research organisms and universities with a multidisciplinary approach, and focuses on 4 areas in France 

(“Plaine de Versailles”, 40 km from Paris, and La Réunion, Indian Ocean), in Madagascar, and in Senegal. We 

present here the methodology and preliminary results to build up a structured set of tools to characterize the 

feedstock of organic residues and potential receiving crop-soil systems. They should serve for evaluating different 

practical scenarios of transformation and agricultural recycling of organic residues at the chosen scale. Positive and 

negative impacts related to organic residue recycling in agriculture are concerned, with focuses on soil organic 

matter, soil physicochemical properties, major plant nutrients, trace elements and human pathogens.  

 

2 GENERAL APPROACH, MATERIALS AND METHODS  

2.1 Elaboration of an extensive list of preparation and analytical methods for soils, organic 

residues and plants  

First, following our experiences in sampling and analysing soils, organic residues and plants, a list of characteristic 

variables had to be completed, including qualitative and quantitative variables, like description of a cultivated soil or 

total N content of compost. Preparation and analytical methods related to these variables had to be compared 

between participants’ laboratories and with ISO or national standard methods.  

 Referring again to the experience of involved laboratories and to updated literature, a few usual methods 

had to be improved or replaced by alternative ones, equally relevant and more efficient with respect to the aims of 

the programme ISARD. These methods should be tested upon selected samples of different types, the definition of 

such types and the choice of reference materials being another task of the programme, and the results compared with 

those obtained with standard methods. As examples, the following techniques are presented:  

− measurements of CO2 emitted during mineralization kinetic studies of organic amendments using the 

OxiTop® system (WTW, Weilheim, Germany),  

− NIR spectroscopy for the determination of organic residues properties.  

2.2 Selection of models and other predicting tools  

Any law or model, mechanistic or empirical, leading to characterise or predict the effect of organic residue 

application on cultivated soils, had to be considered and brought together with the characterisation methods, in order 

to build up a consistent and useable set of tools for the management of these organic residues and the assessment of 

these practices. We present here the preliminary steps for selecting models predicting the fate of C and N in soil and 

in the plant-soil-exogenous organic matter (EOM) systems. These models should present some adequacy between 
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the needed input values and the information available on at least several systems of the 4 regional contexts of the 

programme. First, compartment models describing C and N fluxes in soil receiving EOM were considered to 

improve our understanding and prediction of C and N mineralisation. In a further step, soil-plant models will be also 

considered to assess environmental risks such as nitrate leaching. The simulations will use data sets issued from a 

long-term field experiment and then from a current survey of arable fields of the “Plaine de Versailles”.  

 

3 RESULTS AND DISCUSSION 

3.1 List of characterisation tools 

About 40 determinations applicable to organic residues, soils and cultivated plants have been listed and methods 

were selected for each one. Table 1 summarises the list applicable to organic residues. Each method or technique is 

well managed by one or more participants of ISARD. All of them are considered useful but obviously are not 

applied systematically.  

 

TABLE 1 List of analytical tools for characterising organic residues  

Designation ( principle) ISO or other reference*  

Preparation for physicochemical analyses ISO 11464 

Dry matter (weight loss at 105°C) ISO 11465 

Mineral N (KCl extraction and NO3 NH4 analyses) ISO 14256-2 

OM content estimation (weight loss at ≤550°C) NF EN 13039 

Total organic C (total C corrected for carbonate) ISO 10694, ISO 14235 

Total carbonate (volume of out gassed CO2) ISO 10693 

Total N (“Kjeldhal” or C-N analyser) ISO 11261 and NF EN 13654-1 

Total element analyses (after strong acid or alkaline attack) ISO 11466, ISO 14869-1, ISO 14869-2 

Available P2O5 (moderate alkaline extraction) ISO 11263 

Available or exchangeable trace elements (extracted by EDTA or CaCl2)  ISO 31120, ISO 10390 

Total or extractible polyphenol  Cirad, Montpellier 

pH (in standard aqueous suspension) ISO 10390 

Electric conductivity (of standard water extract) NF EN 13038 

Near IR, Mid-IR and visible spectrometric characterisation  

Van Soest fractionation (biochemical extractions) XP U 44-162 

C & N mineralization potential (controlled incubation and measuring emitted 

CO2 and/or extractable mineral N) 

ISO 14238, XPU 44-163 

Microbial biomass (CHCl3 fumigation and measuring soluble C or amine N) ISO 14240-2 

Chemical demand of oxygen ISO 15705 NF T 90-101 

Presence or quantification of pathogens X33-017, X33-018, ISO 9308-3 and 7899-1 

(*) all “NF” or “X” standard methods are described in AFNOR (1999)  

 

3.2 Optimisation or replacement of some methods  

Two examples are presented: i) the determination of potential mineralization of organic C of an organic residue, ii) 

the use of NIR spectroscopy to predict organic residue characteristics.  

Use of OxiTop®, a device for monitoring CO2 during incubation of organic matter  

The usual technique for measuring C mineralization potential of EOM consists in analyzing C-CO2 trapped in 

NaOH solution during standardized incubations. This procedure is tedious and most often only three repetitions are 

conducted despite the dispersion of data. In this study, we applied this technique to 7 day incubations, with the 

NaOH solution changed and analyzed after 1, 3 and 7 days. The “Oxitop” technique enabled a continuous follow-up 

of C mineralization by measuring a difference of pressure related to CO2 emission and trapping in NaOH. We 

compared the routine and the “Oxitop” techniques on the C mineralization of EOM in a Luvisol. We also compared 

the difference of pressure observed when Oxitop jars are opened after 1, 3 and 7 days or closed during the 7 days.  

 C-CO2 values obtained with the Oxitop are reproductive and similar to the standard values for each date 

measured (Figure 1). We observed a close relation between the curves obtained with the Oxitop jars opened and 

closed, except for a translation originated during the two first hours of incubations. This gap should be mainly due to 
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the difference of T°C between the laboratory and the incubation room. Thus the Oxitop technique appeared quite 

promising for following C mineralization, enabling more replicates and avoiding flask opening and CO2 analyses.  
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FIGURE 1 EOM C mineralization (% total organic C) calculated from NaOH trap analyses in the standard 

(flask) method and Oxitop jars opened after 1, 3 and 7 days, and from difference of pressure 

measurements with Oxitop opened after 1, 3 and 7 days or closed during 7 days.  

Now we are going to pay attention to the beginning of the incubations and to pursue with different types 

of soil and EOM in order to know if this technique is suitable for all kinds of substrates.  

NIR spectroscopy to determine exogenous organic matter properties  

NIR spectroscopy (NIRS) is an emerging tool, relatively fast, cheap, and non destructive, which can 

complete or replace classical methods for laboratory characterizations of EOMs (Thuriès et al., 2005; Galvez-Sola et 

al., 2010). The potential of NIR spectroscopy to determine the indicator of potential residual organic C in soil (IROC, 

Lashermes et al., 2009) has been assed using an heterogeneous set of 300 EOMs gathering fresh and transformed 

organic residues (Peltre et al., 2009). The IROC corresponds to the proportion of EOM remaining in soil over the long 

term after application; it is calculated from the proportion of C mineralized after 3 days of incubation and from 

biochemical fractionation results (Van Soest method). The IROC could be predicted from NIR spectra with a fairly 

good accuracy with R² = 0.86 in cross-validation and R² = 0.83 on an independent validation sample-set and with 

coefficients of variation < 10% between measured and predicted values (Figure 2).  
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FIGURE 2 Relationship between values of the indicator of residual organic C in soil (IROC expressed as % of 

EOM total organic C) calculated from laboratory characterisations and predicted from NIR 

spectra. Calibration set during cross-validation (black circles, continuous regression lines) and 

predictions on the independent validation set (white circles, dashed regression lines) 
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3.3 Example of predictive tools: simulation model of C and N in the soil-plant-water system 

Model of C and N dynamics in soils receiving organic matter amendments  

In a first step, models such as Cantis (Garnier et al., 2001; Parnaudeau, 2005), and TAO (Thuriès et al., 

2002) were selected, in order to simulate organic residue mineralisation in soil under laboratory conditions. Their 

parameterisation was based on the EOM biochemical fractionation and incubation results. In the second modelling 

step, the soil-plant-atmosphere model STICS (Brisson et al, 2002) will be adapted to simulate N fluxes resulting 

from the EOM land spreading in the different scenarios selected in the ISARD programme. 

The model will be first tested on an experimental field, devoted to measure the long-term agronomic and 

environmental effects of recycling urban waste composts in arable crop systems, and where all needed variables are 

followed. Then to fulfil the objectives of the programme, a survey of arable fields in the “Plaine de Versailles”, 

including major types of soils and different management practices, is currently collecting quantitative information 

upon soil organic C, total and mineral N, texture and other major soil properties. Simultaneously, information on use 

of organic amendments is looked for and all available organic residues are sampled and characterized. Together with 

agricultural statistics, these data should be sufficient to take up the challenge of estimating the effects of different 

scenarios of recycling organic matter resources in local cropping systems upon their C and N compartments.  

4 CONCLUSIONS  

The examples chosen of characterisation methods and predicting tools concerned at first the organic residues and the 

fate of C and N. They illustrate promising steps toward the assessment of different scenarios of recycling organic 

residues in agriculture at a pertinent scale. Comparable efforts are conducted on cultivated soils and crops, and the 

fate of other elements or substances like trace metals and pathogens is also approached. The last challenge of the 

ISARD programme will be to integrate all addressed predictions or assessments of the effects of recycling organic 

residues in crop systems of small peri-urban regions.  

ACKNOWLEDGEMENTS 

The support of ANR (French National Research Agency) to the ISARD programme and the contribution of 

VEOLIA Environment to the long-term field experiment and Oxitop measurements are gratefully acknowledged.  

REFERENCES  

AFNOR 2004. Recueil de normes: Matières fertilisantes et supports de culture. AFNOR (ed.). Paris, France  

Brisson N, Mary B, Ripoche D, Jeuffroy M H, Ruget F, Nicoullaud B, Gate P, Devienne-Barret F, Antonioletti R, 

Durr C, Richard G 2002. STICS a generic model for the simulation of crops and their water and nitrogen 

balances. 1. Theory and parameterization applied to wheat and corn. Agronomy 18, 311-346. 

Galvez-Sola L, Morala R, Perez-Murciaa M D 2010. The potential of near infrared reflectance spectroscopy for the 

estimation of agroindustrial compost quality. Science of the Total Environment 408, 1414-1421  

Garnier P, Neel C, Mary B, Lafolie F 2001. Evaluation of a nitrogen transport and transformation model in a bare 

soil. European Journal of Soil Science 52, 253-268  

Lashermes G, Nicolardot B, Parnaudeau V, Thuries L, Chaussod R, Guillotin M L, Lineres M, Mary B, Metzger L, 

Morvan T, Tricaud A, Villette C, Houot S 2009. Indicator of potential residual carbon in soils after 

exogenous organic matter application. European Journal of Soil Science 60, 297-310  

Parnaudeau V 2005. Caractéristiques biochimiques de produits organiques résiduaires, prédiction et modélisation de 

leur minéralisation dans les sols. PhD, Rennes, France  

Peltre C, Houot S, Barthès B, Brunet D, Thuriès L 2009. Use of NIRS to predict organic matter characteristics and 

RothC model pools of exogenous organic matter. NJF seminar: Agricultural applications of NIRS and NIT. 

Slagelse (Denmark), 27-28 april 2009, oral communication, abstract  

Thuriès L, Pansu M, Larre-Larrouy M C, Feller C 2002. Biochemical composition and mineralization kinetics of 

organic inputs in a sandy soil. Soil Biology & Biochemistry 34, 239-250  

Thuriès L, Bastianelli D, Davrieux F, Bonnal L, Oliver R, Pansue M  2005. Prediction by near infrared spectroscopy 

of the composition of plant raw materials from the organic fertiliser industry and of crop residues from 

tropical agrosystems. Journal of Near Infrared Spectroscopy 13, 187-199  

- 1046 -



Environmental and sanitary safety aspects of manure and organic residues utilization  

_____________________________________________________________________________ 

 

VERMICOMPOSTS FROM AGROINDUSTRIAL WASTES 

AND PESTICIDES EFFECTS ON SOIL MICROBIAL 

ACTITITY 
 

Castillo J. M., Nogales R., Romero E. 
Department of Enviromental Protection, Estación Experimental del Zaidín (CSIC), C/ Profesor Albareda 

1, 18008-Granada (Spain).Tel: 34958181600 ext 221. eromero@eez.csic.es 

 

1 INTRODUCTION 

Agricultural soils with low organic carbon (OC) content are common in southern Europe, where 74% of farm land is 

characterized by top soils with less than 2% OC content (Zdruli et al., 1999). Organic matter is added to fertile 

Mediterranean areas in order to improve soil quality. Pesticides are also frequently used to increase crop yield. Both 

practices affect soil microbial populations and alter soil-enzyme activities. Enzyme activities have been identified as 

a biochemical indicator of the impact of agricultural practices on the soil’s biological functions. Dehydrogenase 

activity has been particularly useful in this regard, as it is associated with the metabolic state of microbial 

populations and is an effective indicator of soil microbial activity (Garcia et al., 1997). 

There are abundant quantities of vine-shoot and wet olive cake or alperujo wastes in Mediterranean 

countries, whose disposal raises environmental and health concerns. Vermicomposting is regarded as a sustainable 

technology capable of transforming these residues into fertilizers. (Nogales et al., 2005; Melgar et al., 2009). 

However, the addition of vermicompost to soils also affects microbial communities and the impact of pesticide on 

this media. 

 In soil with low OC content, the addition of organic amendments can stimulate microbial activity due to 

the availability of organic molecules such as sugar and amino acids that enhance degradation and increase the 

retention of nutrients and contaminants (Sánchez et al., 2004). Vermicompost can influence the ecology of soil 

microorganisms and consequently the origin of soil enzymes. Bacteria and actinomycetes, which are primary agents 

in the degradation of pesticides (Boivin et al., 2005), develop much more in vermicompost-amended than in 

unamended soils. However, pesticide inhibits the growth of microorganisms and alters soil enzyme activities. On the 

other hand, it is important that the pesticide residues remaining in the ploughed layer be released in a controlled way 

in order to favour their microbial degradation. Vine-shoot and alperujo vermicomposts can sorb diuron and 

imidacloprid (Romero et al., 2006), its addition to the top layer can increase its persistence in the soil. 

Imidacloprid (I) is a systemic insecticide widely and frequently applied in greenhouse and field crop 

systems. It is persistent in alkaline sandy loam soil with low organic matter content (Lopez-Capel et al., 2000). 

Diuron (D) is a herbicide used to control a wide variety of annual and perennial broadleaf and grassy weeds in 

agricultural and urban areas. Microbial degradation has been reported to be the main factor responsible for diuron 

dissipation in soils (Giacomazzi and Cochet, 2004). 

This work studies how the application of vermicompost from vine-shoot and alperujo influences the 

dehydrogenase (Dhase) activity enzyme as a measure of soil microbial activity. The effect of this practice on the 

attenuation of the negative effect of D and I, pesticides frequently used in this area, was also evaluated. 

 

2  MATERIALS AND METHODS 

2.1.  Chemicals 

Diuron [N´-(3,4-dichlorophenyl)-N,N-dimethylurea] and Imidacloprid [1-(6-chloro-3-pyridylmethyl)-N-

nitroimidazolidin-2-ylideneamine] of  97.5% and 99.5 % purity, respectively, were supplied by Dr. Ehrenstorfer 

(GmbH, Germany) ). D and I have water solubility of 42 mg l
-1

 and 510 mg l
−1

, respectively. Analytical grade 

sulphuric acid 96% from Panreac and HPLC-grade acetonitrile from Scharlau Chemie (Barcelona, Spain)  were 

used. 
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2.2.  Experimental design 

Vermicomposts from alperujo (Va) and vine-shoot (Vs) were obtained with Eisenia andrei at pilot-scale and 

characterized following establish methods as reported Romero et al. (2006). Their main properties are shown in 

Table 1.  

Samples from the top (20 cm) of a calcaric Cambisol soil were air dried and sieved through a <2 mm 

mesh. Unlike the  sorption studies described in the literature, where the soil is simultaneously organically amended 

and treated with pesticides, the soil samples were previously 5% amended with the two assayed vermicomposts, Va 

and Vs, incubated for 3 months and then air-dried. This procedure was carried out twice to simulate agronomic 

practices. After incubation, the unamened soil (S) and vermicompost-amended soils (SVa and SVs) were analysed 

in triplicate using validated methods (M.A.P.A. 1986). Their main properties are shown in Table 1. 

 

TABLE 1  Some properties of vermicomposts, unamended soil and soils doubly 

amended with vermicompost.  

 Sand/Silt /Clay 

g kg
-1

 

pH TOC 

g kg
-1

 

TEC 

g kg
-1

 

AH 

g kg
-1

 

C/N 

 

HR 

% 

Dhase 

µgINTF g
-1

h
-1

 

Va  8.6 292 201 75 15 69 49 

Vs  7.3 295 247 146 11 84 19 

S 111 / 489 /401 8.4 14 6.2 4.9 5.5 44 1,75 

SVa  8.2 33 10.6 6.9 9.8 32 3,61 

SVs  7.9 37 10.5 6.8 6.7  28 2,40 

    HR : humification rate = (TEC/TOC)x100 

 

Unamended (S) and doubly amended soil samples (SVa and SVs) were treated with the same dosage of 

diuron (D) and imidacloprid (I) (3µg g
-1

) and moistured at 80% of field capacity. After 24 h equilibration, the soil 

samples were incubated at 20ºC in a thermostatic chamber for 90 days. Following a drying period (30 days), a 

second pesticide treatment (3µg g
-
1) and incubation procedure (an additional 90 days) were carried out under similar 

conditions. . Triplicate soil samples were collected at different times (5, 10, 30, 60 and 90 days) during each 

incubation period, and soil dehydrogenase (DHase) activity was analyzed. 1 g of wet soil sample was incubated for 

20 h at 25ºC with 0.2 mL of 0.4% 2-p-iodophenyl-3-p-nitrophenyl-5-tetrazolium chloride (INT). The 

iodonitrotetrazolium formazan (INTF), produced in the reduction of INT, was extracted with 

acetone:tetrachloroethylene (1.5:1) and measured in a spectrophotometer at 490nm (Garcia et al., 1993). Assays in 

soils without INT were simultaneously carried out as controls.  

 

3 RESULT AND DISCUSSION 

The effects of imidacloprid (I) on dehydrogenase activity in the unamended soil and soil amended twice with 

alperujo (Va) and vine shoot (Vs) vermicompost are shown in Figure 1. The application of imidacloprid to soil S+I 

increased Dhase activity during the first 30 days of the incubation period compared with the untreated soil (S). 

Thereafter, Dhase activity values were similar for both treatments. The second imidacloprid addition did not affect 

Dhase activity, whose values were generally lower (0.74-1.48 µg INTF g
-1

h
-1

) than those recorded at the end of the 

first incubation period.  

In the soil amended twice and incubated previously with vermicompost from alperujo, the application of 

imidacloprid (SVa+I) significantly increased soil Dhase activity, which peaked after 30 days of incubation (4.43 

µgINTF g
-1

h
-1

). Later, Dhase activity decreased abruptly, and after 90 days, levels were similar to those recorded in 

S and S+I. The reapplication of imidacloprid stimulated soil Dhase activity, which increased throughout the second  

incubation period, reaching a maximum value of 6.34 µgINTF g
-1

h
-1

 at the end of this period, which was 4 times 

greater than that recorded in the unamended soil (S+I) and S2VaI . 

In the soil amended twice and incubated previously with vermicompost from vine-shoots, application of 

imidacloprid (SVs+I) also increased Dhase activity in relation to the unamended soil (S). However, the increases 

were less marked than those observed when the insecticide was applied to the unamended soil (S+I) or when 

amended with vermicompost from alperujo (SVa+I). As observed in SVa+I, the second application of Imidacloprid 
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enhanced soil Dhase activity, which, however, after 210 days, was significantly lower (4.23 µgINTF g
-1

h
-1

)  than the 

level observed in the soil amended with alperujo vermicompost. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1  Effect of Imidacloprid on dehydrogenase activity in unamended soil (S+I) and soil amended 

twice with vermicomposts from alperujo (Sva+I) and from vine-shoots (SVs+I). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 2  Effect of Diuron on dehydrogenase activity in unamended soil (S+I) and soil amended twice with 

vermicomposts from alperujo (Sva+I) and from vine-shoots (SVs+I) 

 

The diuron (D) effects on dehydrogenase activity in the unamended soil and soil amended twice with the 

vermicomposts from alperujo (Va) and from vine-shoots (Vs) are shown in Figure 2. In general, soil Dhase activity 

during both incubation periods followed a similar pattern to that recorded for the Imidacloprid both in the unameded 

soil (S+D) and the soils amended with vermicompost from alperujo (SVa+D) and vine-shoots (SVs+D). In 

comparative terms, Dhase activity values for all soil treatments were slightly higher when treated with Diuron, being 

this effect more apparent in the soil amended with alperujo-vermicompost (SVa+D).   

These results reveal that the application of Imidaclorpid and Diuron over a short time period (first 

incubation period) led to important changes in dehydrogenase activity and, consequently, in soil microbial activity. 

It is widely known that although pesticides can destroy some microbial populations, resulting in lower Dhase 

activity, they can also enhance the growth of other populations and their capacity to degrade pesticides. In our study, 

both pesticides assayed initially stimulated soil dehydrogenase activity. However, this activity later decreased and 

tended to reach levels similar to those for the unamended and untreated soil (S). Similar increases during the first 14 

days of incubation were observed when the soil was treated with diuron and/or amended with spent grape marc 

vermicompost (Romero et al., 2010).  In comparative terms, the effect of both types of pesticide was similar, 

meaning that their different chemical characteristics scarcely affected soil Dhase activity.  

The larger increases recorded in the soil doubly amended with alperujo vermicompost (SVa) could be 

explained by the capacity of this organic amendment and the vine–shoot vermicompost (to a lesser extent for the 

latter), to provide microorganisms, enzymes and nutrients for soil microbiota and to change the soil’s innate 

dehydrogenase activity. In addition, these changes could also be due to the less stable nature of the alperujo- 

vermicompost (higher C/N and HR) and its higher dehydrogenase activity (Table 1).  
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Further additions of Imidacloprid and Diuron during the second incubation period increased soil Dhase 

activity in the organically amended soils, though not in the unamended soils, where Dhase activity was scarcely 

affected or reduced. Thus, the vermicompost-amended soils have created or increased a pool of stabilized organic 

matter, as well as a tolerant microbial community resistant to the further addition of the pesticides. These tolerant or 

adapted microorganisms, while degrading these pesticides, may also use them as a nutritional source, thus increasing 

their number and activity, as reflected in the growth of soil dehydrogenase activity.  

 

4 CONCLUSIONS 

Unlike the unamended soils, successive applications of Imidacloprid and Diuron to the soils doubly amended with 

alperujo and vine shoot vermicompost do not inhibit soil microbial activity, as measured in terms of dehydrogenase 

activity. The addition of soil organic amendments such as alperujo and vine-shoot vermicompost could therefore 

represent a sustainable waste management procedure, which could help to minimize the negative side effects of 

pesticide on microbial communities and to maintain soil quality. Under field conditions, improvements in the 

attenuation effects induced by these vermicomposts could depend on the frequency and dosage of pesticide 

applications as well as the humification rate and microbiological activity of the vermicomposts.   
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0308 - INDUCTION OF SOIL SUPRESSIVINESS AGAINST GLOBODERA BY THE 

ADDITION OF DEWATERED PIG SLURRY 

Yolanda Arribas, Carlos Rad, Domingo Javier López-Robles, Salvador González-Carcedo 
UBUCOMP, University of Burgos, Burgos, Castile, Spain 

Globodera rostochiensis and G. pallida are cyst-nematodes causing important economic damages in 
potato crops (Solanum tuberosum L.). This is a common disease affecting important irrigated areas of the 
region of Castilla y León (Central Northern Spain) in which severe quarantine measures are imposed to 
the infested fields. To avoid this extreme measures, chemical nematicides, like metam-Na or dazomet, are 
commonly used; although, the suppression of soil-borne pathogens could be difficult and expensive. 
Alternatively, the application of organic amendments has been proposed as a strategy for the 
management of diseases caused by soil-borne pathogens, in which Globodera is included. However, 
pathogen suppression is dependent of several factors such as culture, soil properties or the chemical 
properties of the organic residue and a lack of knowledge in the mechanisms of action of disease 
suppressiveness still exists. In this work, dewatered pig slurry is applied at a rate of 4 t/ha to an infested 
potato field soil to control G. rostochiensis populations and monitoring soil chemical and biochemical 
properties, using a control without pig slurry and with six replicated plots randomly distributed. The 
treatment significantly decreased the population of cyst nematodes from 3.35% of the initial population in 
control plots to 32.77% in treated plots which had a consequent increase in yield and quality of the crop. 
Changes in soil properties such as pH, salinity and soluble nitrate and the increase in soil microbial 
activity, measured directly as soil microbial biomass or indirectly through enzymatic activities, could be the 
main properties responsible of the development of soil suppressiveness 
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1 INTRODUCTION  

The new technology for olive-oil extraction is a continuous centrifuge two-phase process that generates a liquid 

phase (olive oil) and organic slurry (two-phase olive mill waste, TPOMW). In Spain alone this new system 

generates more than 4 000 000 Mg of TPOMW year
-1 

(López-Piñeiro et al., 2008a). Therefore, with the continued 

generation of TPOMW, the need for proper disposal or utilization strategies is imperative. TPOMW has very high 

organic matter contents (92%), therefore its recycling as amendment to agricultural soils has been proposed as a 

solution for its disposal which will enrich soils that are poor in organic matter at the same time (López-Piñeiro et al., 

2008b).The low organic matter content of most intensive-crop soils, together with their degradation problems, make 

it particularly interesting to enrich them, and improve their physical and chemical characteristics. The aim of this 

work was to determine the influence of the TPOMW, when it was added to soils as organic amendment, on the 

sorption-desorption, leaching, and degradation of MCPA and s-metolachlor, two herbicides widely used in intensive 

crop production. 

2 MATERIALS AND METHODS  

2.1 Herbicides 

MCPA ((4-chloro-2-methylphenoxy)-acetic acid), (purity = 99%), and s-metolachlor (2-chloro-N-(2-ethyl-6-

methylphenyl)-N-[(1S)-2-methoxy-1-methylethyl]acetamide), (purity = 99%), both purchased from Dr. Ehrenstorfer 

GmbH (Augsburg,Germnay),  were used to prepare the herbicide solutions in the laboratory test.  

2.2 Soil and the organic amendment 

A representative soil dedicated to intensive cropping was selected from fertile lowlands of the Guadiana river 

(Vegas del Guadiana). The TPOMW was obtained from the Olidal oil industry. Unamended soil (ALB0) was 

amended in the laboratory at a rate of 2.5% (ALB1) and 5% (ALB2) by weight of fresh TPOMW. Characteristics of 

the TPOMW, unamended and amended soils are given in Table 1. 

 

TABLE 1       Selected characteristics of the soils and the organic amendment 

Properties ALB0 ALB1 ALB2 TPOMW 

Total organic carbon (g kg
-1

) 13.4 29.0 41.5 920.4 

Water-soluble organic carbon (g kg
-1

) 0.195 1.87 2.83 42.6 

pH (H2O) 8.15 7.40 6.90 5.7 

Sand (g kg
-1

) 433.1 - 

Silt (g kg
-1

) 144.4 - 

Clay (g kg
-1

) 422.5 - 

2.3 Herbicides analysis 

MCPA and s-metolachlor were analyzed by HPLC using a Waters 2695 Separations Module coupled to a Waters 

2696 diode-array detector. The following conditions were used: Nova –Pack C18 column (150 mm length x 3.9 mm 
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i.d.); flow rate 1 mL min
-1

; eluent system for MCPA 60:40 methanol/water with orthophosphoric acid 1N and UV 

detection at 228nm, and for s-metolachlor 50:50 water/acetonitrile mixture and detection at 202nm.  

Total organic carbon content (TOC) was determined by dichromate oxidation. Water-soluble organic 

carbon (WSOC) was extracted with de-ionized water at a 3:1 (water to soil) and 100:1 (water to TPOMW) ratio. pH 

was measured in a 1:1 (w/v) soil/water and 1:5 (w/v) TPOMW water mixture using a combination electrode. 

2.4 Adsorption–desorption experiment 

The isotherms were determined using a batch equilibration method. Triplicate soil samples (5 g) were equilibrated 

with 10 mL of initial MCPA and S-metolachlor solutions (5–50 µM in 0.01 M CaCl2) by shaking mechanically at 20 

± 2 ºC for 24 h. Equilibrium concentrations in the supernatants were determined by high performance liquid 

chromatography (HPLC). The herbicide sorption and desorption experiments were fitted to the empirical Freundlich 

equation, Cs = Kf x Ce 
1/nf

, where Cs is the amount of herbicide sorbed at equilibrium concentration Ce, and Kf and 

and nf are the Freundlich constants. The Kd values were calculated from the fit of the experimental sorption 

isotherms (Cs= Kd x Ce). Desorption was measured immediately after sorption by successive dilution from the 5, 20, 

and 50 µM initial concentration points. This desorption procedure was repeated three times. Hysteresis coefficients, 

for the sorption–desorption isotherms were calculated, H = na/nd, where na and nd are the Freundlich n constants 

obtained from the sorption and desorption isotherms, respectively. 

2.5 Degradation studies 

The soil samples (500 g) were spiked with 8 mL of an ethanol solution of MCPA and S-metolachlor to give a 

concentration of 1.5 mg MCPA kg 
-1

 and 1.5 mg s-metolachlor kg 
-1

 respectively, of dry soil. The moisture content 

was adjusted to 40% field capacity, and then the samples were thoroughly mixed, passing them several times 

through a 2 mm-sieve. Herbicide-treated soil samples were transferred to 1 L glass jars where they were incubated at 

20 ± 2 ºC for 100 days for both herbicides. The soils were sampled periodically, and finally frozen until assay. For 

the assay, 5 g of soil samples in duplicate were extracted with 10 mL of 60:40 methanol/water with orthophosphoric 

acid 1N (MCPA) and methanol (s-metolachlor) for 24 h, and the herbicide concentration in the extracts was 

determined by HPLC. Herbicides dissipation curves in soils were fitted to first-order kinetics and the half-lives (t1/2) 

were calculated.  

2.6 Column leaching test 

Leaching was studied in 30 cm length  x 5 cm internal diameter PVC columns made up of six sections of 5 cm-long 

sealed with silicon. The soil columns were saturated with 0.01 M CaCl2, allowed to drain for 24 h, and then the 

amount of both herbicides corresponding to an application rate of 1.5 kg ha
-1

 dissolved in methanol was applied to 

the top of the columns. The columns were leached with 0.01 M CaCl2 at a rate of 50 mL per day, until no herbicide 

was detected in the leachates. At the end of the leaching experiment, soil samples (20 g) from the different rings 

were extracted once with 40 mL of 60:40 methanol/water witch orthophosphoric acid 1N (MCPA) and methanol (s-

metolachlor) by shaking mechanically at 20 ± 2 ºC for 24 h. The suspensions were centrifuged, filtered, and assayed 

by HPLC in order to determine the residual amount of herbicide at the different depths of the soil column. 

3 RESULTS AND DISCUSSION  

3.1 Soil characteristics 

The TPOMW application significantly increased the total organic carbon content in the soil. The increase over the 

unamended soil was by a factor of 2.2 and 3.1 for ALB1 and ALB2, respectively. Similarly, the soluble organic 

carbon values were also raised by the TPOMW amendments. However, the pH values decreased after TPOMW 

amendments (Table 1). 

3.2 Sorption-desorption studies 

The sorption of MCPA in amended soils was slightly higher than in unamended soil (Table 2). However, the 

addition of TPOMW increased s-metolachlor sorption by factors of 1.5 and 2.2 for ALB1 and ABL2, respectively 

(Table 2). This can be attributed in part to the higher affinity of s-metolachlor for organic matter.  

For both herbicides, lower hysteresis coefficients (higher reversibility) were observed in the amended 

than in the unamended soil, which is not coherent with the amended soils’s higher sorption capacity (Table 2). 

According to previous reports, high soluble organic carbon content of some organic materials used as amendment 

would give rise to higher herbicide reversibility (Albarrán et al., 2003; Cabrera et al., 2007), and this could promote 
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herbicide desorption and enhance its apparent water solubility through stable interactions in solution between 

herbicide and soluble organic matter (Graber et al., 2001; Navarro et al., 2003). 

 

TABLE 2 Effects of the two-phase olive mill waste addition on Freundlich sorption coefficients for MCPA 

and s-metolachlor 

 MCPA s-metolachlor 

Soil nf Kd-10 µµµµM R
2
 sorption H (%) nf Kd-10 µµµµM R

2
 sorption H (%) 

ALB0 0.55  0.29  0.972 4.7  0.88  2.83  0.939 6.9 

ALB1 0.78  0.29  0.999 2.8 1.00  4.27  0.884 3.2  

ALB2 0.89  0.32  0.992 3.0  1.06  6.06  0.913 3.0  

3.3 Degradation studies 

The TPOMW addition significantly increased the half-life of MCPA from 5.7 to 16.2 days for ALB0 and ALB2, 

respectively. Similarly, the s-metolachlor half-life was also increased from 27.0 to 46.8 days for ALB0 and ALB2, 

respectively (Fig 1). This finding can be attributed to the higher sorption capacity of amended soils or to a toxic 

effect of the organic amendment on the soil microbial population (Albarrán et al., 2004). 
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FIGURE 1  Effects of the two-phase olive mill waste addition on MCPA and s-metolachlor dissipation. 

Error bars represent one standard error of the mean.  

3.4 Leaching studies 

The addition of TPOMW increased the downward movement of MCPA in the columns. Thus, recovery of MCPA in 

leachate ranged from 79.4% for the unamended soil to 90% for amended soils (Fig. 2a). The observed increase in 

MCPA concentrations in leachates is consistent with the higher adsorption reversibility also observed in amended 

soils (Table 2). Therefore, greater percentage of water soluble organic carbon in TPOMW-amended soils could 

facilitate transport and accelerate the leaching of the herbicide. Contrarily, the addition of TPOMW reduced the 

downward movement of s-metolachlor in the columns (Fig. 2b). Thus, the amounts of s-metolachlor recovered in 

the leachates ranged from 54.8% to 48.4 and 38.8% for ALB0, ALB1 and ALB2, respectively (Fig 2b). The 

decreased movement of s-metolachlor observed in the TPOMW-amended columns suggested that s-metolachlor was 

mainly bound to the solid phase organic matter. 

MCPA and s-metolachlor leached down to 20 cm depth in both the unamended and the TPOMW-amended 

soil columns. However, the total amount of s-metolachlor recovered was much higher than MCPA in the unamended 

and amended soil columns (Table 4), which agrees with the results observed previously in the sorption and 

degradation experiments of this study. 

 

TABLE  3     Effects of the two-phase olive mill waste addition on percentage extracted from the soil columns 

for MCPA and S-metolachlor 

Soil  Extracted MCPA (%) Extracted s-metolachlor (%)  

ALB0 7.48 32.6 

ALB1 8.65 37.4 

ALB2 8.40 44.4 

 

- 1054 -



Environmental and sanitary safety aspects of manure and organic residues utilization  

_________________________________________________________________________________________________________  

 

(a)

Water added (pore volumes)

0 2 4 6 8 10

M
C

P
A

 l
ea

ch
e
d

 (
%

)

0

20

40

60

80

100

ALB0

ALB1

ALB2

     

(b)

Water added (pore volumes)

0 2 4 6 8 10 12 14

S
-m

e
to

la
c
h

lo
r 

le
ac

h
e
d

 (
%

)

0

20

40

60

80

100

ALB0

ALB1

ALB2

 
FIGURE 2  Cumulative breakthrough curves of MCPA (a) and s-metolachlor (b) in unamended and two 

phase olive mill waste amended soils. Error bars represent one standard error of the mean. 

 

4 CONCLUSIONS  

The application of two-phase olive mill waste to soil influenced the sorption capacity of soil for MCPA and 

specially s-metolachlor, and subsequently their dissipation and leaching. The TPOMW amendment effectively 

reduced s-metolachlor leaching losses. However, TPOMW amendment increased the MCPA mobility and leaching 

losses in soils, also increasing the risk of groundwater contamination, even at the lower TPOMW dose.  The greater 

leaching of MCPA might be due to its lower adsorption and higher solubility to s-metolachlor. Due to non-

equilibrium physical transport effects and other equilibrium sorption effects, herbicides transport in field trials 

should be studied. 
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1  INTRODUCTION 

Solid-liquid separation is a convenient pre-treatment that allows obtaining a manageable solid fraction rich in 

nutrients and a liquid fraction more easily treatable by anaerobic digestion. Powers et al (1995) found that in dairy 

manure 60% of DM, 86% of TKN and 94% of Total Phosphorous (TP) were contained in particles that passed 

through a 0.5 mm mesh sieve. Knowing the evolution with time of the organic matter and nutrients distribution 

regarding particle size would allow selecting the moment in time and the technology to employ for the separation of 

liquid and solid fractions. 

The objective of the present work was to determine the evolution with storage time of the distribution of 

components in the solid and liquid separated fractions by physical-chemical processes. 

 

2  MATERIALS: STORAGE OF MANURES 

Raw manure (RM) was taken at the end of January in the cow house of a 500 cow dairy farm in Loredo (Cantabria). 

Four similar samples of 20 kg of RM were introduced in four 25 litre vessels. Storage period comprehended from 

the 30
th

 of January, the day that samples were taken, to the middle of June when the sample 4.5M was separated. 

During storage, samples were exposed to temperature changes, with minimum and maximum values of 5ºC and 

25ºC during this period of time. The days 0, 45, 90 and 135 samples in vessels 0M, 1.5M, 3M and 4.5M were 

separated into liquid and solid fractions. The first separation operation consisted in a static horizontal laboratory 0.8 

mm mesh sieve which permitted obtain a screened solid fraction (SSF) and a screened liquid fraction (SLF).  SLF 

was subsequently separated by means of a coagulation-flocculation process, employing a dose of 2% TS of solutions 

of FeCl3 (50 g/l) and Fennopol K504 (1 g/l). Chemicals were mixed with the dairy cattle manure using two 1000 ml 

beakers, by the pouring method. When the optimal flocculation was achieved, by means of centrifugation liquid 

(CFSLF) and solid (CFSSF) flocculated fractions were separated. For each of the storage times TS, VS, TKN, TP 

and volatile fatty acids (VFA) were determined and their distributions in the separated fractions. 

 

3 METHODS 

3.1  Analytical methods  

Volatile fatty acids (VFA) were determined using a HP 6890 GC equipment fitted with a 2m x 1/8 in. glass column, 

liquid phase 10% AT 1000, packed with the solid support Chromosorb W-AW 80/100 mesh.  Gas composition was 

assayed on a 2m Poropak T column in a HP 6890 GC System with helium as carrier gas and TCD detector. All other 

analyses were performed following the Standard Methods for the Analysis of Waters and Wastewaters.  

3.2  Calculations 

To determine the percentage of mass or components in SSF from RM screening, the calculation was done from RM 

content. For the fractions obtained by flocculation-centrifugation and the global, the calculations were done taking 

as reference the mass and composition of the obtained fractions. 
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4  RESULTS AND DISCUSSION 

4.1  Chemical composition of raw manure, solid and  liquid fractions, evolution with age.   

Since storage tanks were lab scale, the vessels were easily homogenised and samples presented almost constant 

composition, except from sample 4.5M whose VS and VFA concentration had diminished indicating the starting up 

of the methanization. 

 

TABLE 1  Mass distribution and composition of RM and separated fractions 

 
ASSAY 

Mass 

(g) 

DM 

(g/kg) 

VS 

(g/kg) 

N-TKN 

(g/kg) 

Pt 

(g/kg) 

CODVFA 

(mg/kg) 

0 M 1000 118.4 96.51 4.770 1.094 4590 

1.5 M 1000 116.3 91.12 4.881 1.073 9112 

3 M 1000 118.5 95.37 4.817 1.094 10301 
RM  

4.5 M 1000 107.4 79.36 5.080 0.907 7780 

0 M 354 154.7 115.04 5.286 1.332   

1.5 M 302 186.6 160.8 6.005 1.662   

3 M 343 175.9 162.8 4.928 1.506   
SSF  

4.5 M 353 160.3 129.8 5.524 1.060   

0 M 646 98.37 59.97 4.727 0.906 7105 

1.5 M 698 84.56 61.97 4.438 0.728 13047 

3 M 652 89.82 62.42 4.721 0.857 15677 
SLF 

4.5 M 647 77.76 54.31 4.730 0.678 12019 

0 M 334 132.1 77.14 5.340 1.450  

1.5 M 454 96.62 73.70 4.153 0.887  

3 M 392 111.8 78.71 4.463 0.947  
CFSSF 

4.5 M 400 96.94 72.19 4.800 1.060  

0 M 1302 14.93 9.969 0.976 0.062 2472 

1.5 M 1448 10.51 6.660 0.987 0.037 6547 

3 M 1311 11.26 6.550 0.947 0.014 7858 
CFSLF  

4.5 M 1171 10.84 6.706 1.175 0.004 6641 

 

Table 1 shows the results of the separation process, mass distribution and concentration of DM, VS, TKN 

and TP of each of the samples obtained from 1 kg of raw manure for the four assays carried out.  

It must be taken into account that in the first fraction DM content passed from 10-12% in RM to values 

between 15-19% for SSF, which means that it still had an important moisture content and may buckle the results of 

particle size distribution in Table 2. The same can be said for the CFSSF with a DM between 9.5-11.5%. 

In Table 1 it can be observed that from 1000 g of RM the mass percentage of SLF obtained ranged 

between 64-70%. Screening operation resulted in an increase of DM content of SSF respect RM between 1.3 and 1.6 

and between 1.4 and 1.7 in VS. This bigger increment in the ratio of VS respect DM indicates that SSF retains a 

higher percentage of VS than fixed solids and then the SLF will be more mineralized. The increases in DM 

concentration for SSF were lower than the values referred by Møller et al. (2002) for RM with 55 g DM/kg. Similar 

increase values to which  Møller et al. (2002) were obtained when the separation was done with an industrial screw-

press separator with raw manure taken from the dung pit of the farm. 

The objective of the coagulation-flocculation process is to remove the smaller size solids that can not 

been separated nor by screening neither by centrifugation. In flocculation followed by centrifugation the ratio of the 

concentration of DM of CFSSF with respect to SLF, the starting fraction was comprehended between 1.1 and 1.3, 

whereas VS content ranged between 1.2 and 1.4. This result corroborates the mineralization of CFSLF respect the 

original SLF in flocculation process. From Table 1 it can be deducted the percentage of VS in DM of RM and the 
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rest of fractions. The solid fraction increased the percentage of VS respect RM whereas that value decreased in the 

separated liquid fraction. The percentage of VS ranged from 58% in CFSLF 3M to 93% SSF 3M. In this sample the 

VFA content was the highest of the four samples which means that in that sample the losses of volatile matter during 

DM and VS determination by drying was the highest (Derikx et al., 1994). The percentage of VS resulted in the 

diminishing following order SSF, RM, CFSSF, SLF y CFSLF.   

After screening operation TKN concentration of SSF respect to RM was comprehended between 1.0-1.2 

and between 0.91-1.0 for the liquid fraction. These results indicate that TKN is distributed almost equally between 

particles bigger and smaller than 0.8 mm, being in accordance with the results reported by Møller et al. (2002). In 

the fraction CFSSF, the concentration of TKN respect SLF was comprehended between 0.91-1.1 and for CFSLF that 

ratio was 0.20-0.25. Coagulation-flocculation followed by centrifugation allowed to obtain a CFSSF whose TKN 

was four times higher than that of the CFSLF. Møller et al. (2002) reported a mean value of 2.4, which indicates that 

coagulation-flocculation transfers to the solid fraction a part of the nitrogen in colloidal form that could not be 

separated only by centrifugation. It can be stated that anaerobic digestion of CFSLF will have less ammonia 

inhibition problems since its concentration is 4.4 times lower than that in RM.    

Regarding the distribution of TP after screening, the concentration in SSF was 1.3-1.6 higher than that in 

RM, whereas in the SLF this ratio ranged between 0.72-0.83. The separation of the SLF by coagulation-flocculation 

and subsequent centrifugation gave a CFSSF with a TP concentration 1.4-1.7 times higher than that of the SLF. For 

the CFSLF this ratio varied from 0.005 to 0.07, diminishing as storage time increased. The TP concentration ratio in 

CFSSF/CFSLF was 24 for the sample 0M and 300 for the sample 4.5M. Møller et al. (2002) also reported this 

increase with storage time obtaining the following values: 13 and 25 for 2 and 16 weeks in storage channels 

respectively. The higher transference of TP to the CFSSF is due to the addition as coagulant of FeCl3 that 

precipitates dissolved phosphates as FePO4. 

 

TABLE 2  Distribution of VFA in CFSLF  

(mg/L) 0M 1.5M 3M 4.5M 

AcH 1564 3511 3775 3236 

PrH 295 841 1017 830 

IBuH 0 149 195 189 

BuH 172 546 843 661 

IVaH 12 80 111 119 

VaH 11 66 92 74 

DQOAGV 2472 6574 7858 6641 

 

 Table 2 shows the composition of the VFA of the CFSLF for each sample. VFA concentrations increased 

from sample 0M to 3M, decreasing in the sample 4.5M. The majority VFA were in this order acetic, propionic and 

butyric. The highest increase in VFA concentrations occurred when passing from sample 0M to sample 1.5M, 2,66 

times higher.  

VFA concentrations were not too high may be due to two factors. The first, because manure was stored in 

open tanks at ambient temperature, allowing the oxidation of the VFA located in the upper part of the vessels.

There again, the maximum and minimum temperatures during storage period comprehended between the 

30
th

 of January when samples were taken and the middle of June when sample 4.5M was separated were 12-5ºC; 19-

6ºC and 25-7ºC for samples 1.5M, 3M, 4.5M,  respectively. VFA concentration increased until sample 3M. The 

sample 4.5M had started the methanization stage, reaching a pH of 7.2, decreasing VFA concentration.    

4.2  Components transference efficiency on solid-liquid separation processes. Evolution with 

storage time 

In Table 1 the mass of each of the obtained fractions after the separation processes are represented. Starting from 

1000 g of RM, the mass of the SLF varied between 65-70% of the initial mass in RM. In coagulation-flocculation 

centrifugation, the mass of the CFSLF ranged between 75-80% of the total mass involved in the process 

(CFSSF+CFSLF). The mass of the FSF varied between 34-39%. 
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TABLE 3 Distribution of components in the different separated fractions 

 
SAMPLE 

DM 

(%) 

VS 

(%) 

TKN 

(%) 

TP 

(%) 

0 M 46.3 49.4 38.0 45.5 

1.5 M 48.8 52.8 36.9 49.0 

3 M 50.7 58.6 36.1 48.3 

SSF 

ø > 0.8mm 

4.5 M 52.3 55.5 37.1 53.0 

0 M 37.3 37.0 36.2 46.7 

1.5 M 38.0 36.6 37.2 45.0 

3 M 36.9 32.4 37.4 50.0 

CFSSF 

0.8mm > ø > 25µm 

4.5 M 35.9 35.0 36.6 46.5 

0 M 16.4 13.6 25.8 7.8 

1.5 M 13.2 10.6 26.0 6.1 

3 M 12.4 9.0 26.5 1.7 

CFSLF 

ø < 25µm 

4.5 M 11.8 9.5 26.2 0.5 

 

In Table 3 the percentages of components retained in three fractions regarding particle size are 

represented. The percentage of DM separated by screening increased with storage time from 46.3% in sample 0M to 

52.7% for sample 4.5M. For fractions CFSSF and CFSLF the DM content also increased with storage time from 

69.4 to 75.3 %. From results in Table 3 it can be deducted that the percentage of intermediate size particles 

diminished softly with time. That means that the flow of particles that enter into the size 0.8mm > ø > 25µm is 

compensated with those that pass to a lower size (ø < 25µm). The DM content of the smallest particles decreased 

clearly with storage time. The DM content of the final solid fraction (FSF=SSF+CFSSF) was 83.6% in sample 0M 

and increased with time up to 88.2% for sample 4.5M. With regard to the percentage of VS transferred to the solid 

fractions, their values were similar to those found for DM. The retained percentage in the FSF was 86.4% for sample 

0M and increased with storage time, reaching the 91% for sample 4.5M. 

The percentage of TKN in the SSF ranged between 35.1-39.2%, which indicates that TKN is for the most 

part in particles smaller than 0.8 mm. By coagulation-flocculation and centrifugation, the CFSLF contained a 

percentage of TKN between 41.1-41.7% of that present in CFSSF and CFSLF. Now TKN is in a major proportion in 

the fraction CFSSF, in particles with a size 0.8mm > ø > 25µm. In the SSF the percentage of TKN retained ranged 

from 73.5-74.2%. Since CFSLF only contains 25.8-26.5% of the original TKN present in manure, then after an 

anaerobic digestion process it would only be necessary a surface four times smaller than raw manure to be applied to 

the land according to the normative (170 Kg TKN/ha/year; Board(Directive) 91/676/CEE, RD 261/1996).  
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FIGURE 1  % of DM, VS, TKN and TP in the FSF 

 

Regarding TP, after screening the SSF retained 44.4-53.2% of the TP present in RM. This vale increased 

with storage time. In the CFSSF obtained by the physical-chemical process the percentage of TP transferred to the 

solid fraction increased with storage time and supposed a value between 85.8 and 99.0 of the TP present y both 

separated fractions. As mentioned before, Fe
3+

 has an important role in the efficiency of TP separated. In the FSF, 

the percentage of TP separated increased from 92.2% in sample 0M to 99.5% in sample 4.5M.  
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In Figure 1 are shown  the evolution of percentages of DM, VS, TKN and TP which were transferred 

to the FSF for all samples. 

 

5  CONCLUSIONS 

Separation of dairy manure in solid and liquid fractions by means of mechanical and physicochemical 

procedures allows obtaining a FSF to which it has been transferred up to 88, 90, 74 and 99 % of DM, VS, TKN 

and TP, respectively of the content of the pre-treated manure. With increasing manure storage time, the content 

of all the components transferred to the FSF increased. 
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1 INTRODUCTION 

The process of olive oil extracted generates a residue whit high concentration of organic carbon. In Spain, there are 

264 million olive trees. The new technology for olive-oil extraction is a continuous centrifuge two-phase process 

that generates olive oil and organic waste (OMW).  In Spain alone this new system generates approximately 4 000 

000 Mg year
-1

 of this waste. After drying the OMW, the remaining oil still present in this waste is usually extracted 

with hexane, leaving a solid residue - de-oiled two-phase olive mill waste (DOMW). De-oiled two-phase olive mill 

waste contains large amount of organic matter (>90%), and is free of heavy metals and pathogenic  microorganisms, 

therefore it might be used as amendment to agricultural soils  (Lopez-Piñeiro et al., 2008). 

 Several studies have reported that application of various wastes, either raw or after composting, can affect 

behaviour of pesticides (e.g. Albarran et al., 2003; Delgado-Moreno and Peña, 2008; López-Piñeiro et al., 2010).  

Few studies, however, have investigated the beneficial effects of fresh olive mill wastes in restoring crop 

productivity in degraded soils (López-Piñeio et al., 2008) and  even fewer has yet investigated  the pesticide´s 

behaviour in DOMW-amended soils.  The aim of this study was to evaluate the impact of DOMW amendment on 

the sorption-desorption, degradation and leaching of the herbicide s-metolachlor applied to intensive crop soils 

which are poor in organic matter. 

 

2 MATERIAL AND METHODS 

Two representative soils (LB and PB) dedicated to intensive cropping were selected from fertile lowlands of the 

Guadiana river (Vegas del Guadiana). The DOMW was obtained from the UCASUL oil industry located in Beja 

(Portugal), which employs chemical and heat treatment to obtain a second-extraction olive-oil. The amendment 

using the DOMW was performed by thoroughly mixing the original soils with air-dried DOMW at 2.5 and 5% 

levels. The samples of the unamended and amended soils so obtained were labelled as LB0, LB1 and LB2 (control, 

2.5 and 5% of DOMW applied in the soil LB), and PB0, PB1 and PB2 (control, 2.5 and 5% of DOMW applied in 

the soil PB). Soil samples were collected from the surface (0–30 cm) horizon. Selected characteristics of the soils 

and the de-oiled two-phase olive mill waste are given in Table 1.  

 

TABLE 1      Selected characteristics of the soils and the organic amendment. 

Properties LB0 LB1 LB2  PB0 PB1 PB2  DOMW 

     Total organic carbon (g kg
-1

) 6.69 19.41 31.31  9.7 21.09 32.88  890 

     Water soluble organic carbon (g kg
-1

) 0.1 2.64 4.43  0.13 2.13 3.97  74.3 

     pH (H2O) 5.7 5.43 5.17  6.8 6.44 6.05  5.3 

    % Sand  53.2    43.7    

    % Silt  32.4    32.4    

    % Clay  14.4    23.9    
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Total organic carbon (TOC) was determined by dichromate oxidation (Nelson and Sommers, 1996). pH 

was measured in a 1:1 (w/v) soil/de-ionized water and 1:5 (w/v) DOMW water suspension using a combination 

electrode. Water-soluble organic carbon (WSOC) was extracted with de-ionized water at a 3:1 (water to soil) and at 

a 5:1 (water to DOMW) ratio, and determined by wet oxidation with K2Cr2O7. 

The s-metolachlor sorption isotherms were determined in triplicate using the batch equilibration 

procedure. Sorption isotherms were fitted to the logarithmic form of the Freundlich equation: log Cs = log Kf + nf 

log Ce,  where Cs (µmol kg
-1

) is the amount of herbicide  sorbed at the equilibrium concentration  Ce  (µmol L
-1

), 

and Kf and nf are the empirical Freundlich constants. The Kd values have been calculated from the fit of the 

experimental sorption isotherms (Cs=Kd x Ce). Desorption was measured immediately after sorption by successive 

dilution from the 5, 20, and 50 µM initial concentration points. 

For the degradation studies, the soil samples (500 g) were spiked with 8 mL of an ethanol solution of s-

metolachlor to give a concentration of 1.5 mg s-metolachlor kg 
-1

 respectively, of dry soil. The moisture content was 

adjusted to 40% field capacity. Herbicide-treated soil samples were transferred to 1 L glass jars where they were 

incubated at 20 ± 2 ºC for 100 d. The moisture content was maintained at a constant level throughout the experiment 

by adding distilled water as necessary followed by vigorous shaking. The soils were sampled periodically, and 

finally frozen until assay. For the assay, soil samples in duplicate were extracted with methanol for 24 h, and the 

herbicide concentration in the extracts was determined. Herbicides dissipation curves in soils were fitted to first-

order kinetics and the half-lives (t1/2) were calculated.  

 Leaching was studied in methacrylate columns made up of six 5 cm-long sections sealed with silicon. 

The soil columns were saturated with 0.01 M CaCl2, allowed to drain for 24 h, and then the amount of s-metolachlor 

corresponding to an application rate of 1.5 kg ha
-1

 was applied to the top of the columns. The columns were leached 

with 0.01 M CaCl2 until no herbicide was detected in the leachates. At the end of the leaching experiment, soil 

samples from the different rings were extracted once with methanol by shaking mechanically for 24 h. The 

suspensions were centrifuged, filtered, and analyzed in order to determine the residual amount of s-metolachlor at 

the different depths of the soil column. The leaching experiment was also conducted in triplicate.  

S-metolachlor assays were performed by HPLC using a Waters 2695 chromatograph coupled to a Waters 

2996 diode-array detector. 

 

3 RESULTS AND DISCUSSION 

3.1 Sorption studies 

The adition of DOMW amendment increased TOC by a factors of 4.7 and 3.4 for LB2 and PB2, respectively (Table 

1). Similarly, s-metholachlor sorption increased by factors of 3.0 and 2.2 for LB2 and PB2, respectively (Table 2). 

These results together with the fact that the variability of the Kd values was greatly reduced after normalization to 

the organic carbon content (Kd-oc values in Table 2) clearly indicate that the amount of organic matter played a 

fundamental role in the s-metolachlor retention by these amended soils  (Albarrán et al., 2004; Sanda et al. 2005). 

 

TABLE 2  S-metolachlor sorption-desorption coefficients and half-live (t1/2) in dissipation studies. 

  K
d-10µµµµM

 n
f
 ±(error) R

2

 K
d-OC

 H (%)     t
1/2

 (error) 

LB0 1.25 ± 0.32 0.873 ± 0.053 0.989 186.37 4.38 48.0 ± 0.5 

LB1 2.35 ± 0.18 0.984 ± 0.021 0.999 120.87 2.59 78.2 ± 1.3 

LB2 3.83 ± 0.48 1.036 ± 0.044 0.995 122.42 2.06 94.8 ± 3.6 

PB0 1.85 ± 0.42 0.788 ± 0.040 0.992 190.75 3.26 42.5 ± 1.8 

PB1 2.68 ± 0.16 0.957 ± 0.014 0.999 127.15 2.98 76.1 ± 6.0 

PB2 4.03 ± 0.30 0.998 ± 0.028 0.998 122.42 2.06 102.9 ± 9.7 

 

 

The lower hysteresis coefficients (higher reversibility) (Table 2) were observed in the amended  than in 

the unamended soils. This can be attributed to the higher WSOC content observed in the amended soils (Table 2). 

This is consistent with previous reports indicating that pesticides were able to form stable complexes with WSOC 

from organic amendment and, therefore, the great affinity of s-metholachlor for the high amount of WSOC present 

in the amended soils would give rise to a higher reversibility on s-metolachlor sorption in amended soils. 
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3.2  Degradation studies 

Only slight and non-significant differences were observed between unamended (LB0 vs PB0) and amended (LB1 vs 

PB1 and LB2 vs PB2, respectively) soils. However, the DOMW addition significantly increased the half-life (t1/2) of 

s-metolachlor from 48.0 to 94.8 d for LB0 and LB2, and from 42.5 to 103 d for PB0 and PB2, respectively (Table 

2). This finding can be attributed to the amended soils´s higher sorption capacity o or to a toxic effect of the organic 

amendment on the soil microbial population (Albarrán et al., 2004). There was little difference observed in the 

herbicide extracted between the unamended and the DOMW-amended soils at short incubation time (Fig. 1). 

However, a longer incubation times a pronounced decrease in s-metolachlor extractability was observed in the 

unamended soil, while little change was observed in the amended soils (Fig. 1). 
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FIGURE 1  Effects of the DOMW addition on s-metolachlor dissipation. Error bars represent one standard            

                       error of the mean. 

 

3.3 Leaching studies 

In unamended soils s-metolachlor breakthrough occurred after passing 2.7 (LB0) and 2.3 (PB0) pore volumes of 

water, whereas in amended soils breakthrough was delayed, occurring after passing 4.6 and 6.5 volumes of water for 

LB1 and LB2, and 5.0 and 5.6 volumes of water for PB1 and PB2, respectively (Fig. 2).  
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FIGURE 2  Cumulative breakthrough curves of s-metolachlor in unamended and DOMW-amended soils.   

                       Error bars represent one standard error of the mean. 

 

A significant decrease of s-metolachlor concentrations in the leachates was observed following DOMW 

addition in PB soil, especially at the greater DOMW rate. However, only slight and non-significant differences were 

observed in the total amount of s-metolachlor recovered from leachates in unamended and DOMW-amended LB 

soils. 

The amounts of s-metolachlor extracted from the soil columns are given in Table 3. S-metolachor leached 

down to 20 cm depth in all unamended and DOMW-amended soil columns. However, the total amount of s-

metolaclor recovered in the unamended soil columns was less than that recovered in the amended soil columns 
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(Table 3), which can be attributed to the higher persistence and higher sorption of s-metolaclor in DOMW-amended 

soils, especially at the greater DOMW rate. 

 

TABLE  3     Percentage of  s-metolachlor extracted from the soil columns after the leaching study. 

Depth columns (cm) LB0 LB1 LB2 PB0 PB1 PB2 

           0-5 5.3 7.1 12.2 3.7 4.7 8.8 

          5-10 3.5 6.2 4.9 3.9 4.7 6.1 

         10-15 4.8 4.5 4.4 5.5 5.8 6.5 

         15-20 3.5 5.5 4.9 8.5 6.5 5.7 

         Total 17.1 23.3 26.4 21.6 21.7 27.1 

 

4 CONCLUSIONS  

The incorporation of organic matter to intensive crop soils by de-oiled two-phase olive mill waste addition 

influenced s-metolachlor sorption capacity, dissipation and leaching behaviour in soils. The DOMW amendment 

greatly increased sorption and persistence of the herbicide s-metolachlor in DOMW-amended soils. However, the 

addition of this amendment to soil does not always ensure decreased leaching of the herbicide, especially in the case 

of DOMW-amended sandy soils. 
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1 INTRODUCTION 

Nitrogen (N) is the nutrient most likely to be limiting for plant and animal production. Also, increasing world 

population, is giving rise to the need for more food production, in quantity and quality enough to supply man’s 

needs. It is therefore necessary to supply more and more nutrients to the soil in order to achieve the production 

levels required to reduce world hunger. Intensive and somewhat indiscriminate use of commercial fertilizers is not 

environmentally sustainable, and excessive application of N, as mineral fertilizers, may lead to many environmental 

problems such as nitrate pollution of water resources, amongst others. 

 Simultaneously, intensification of agriculture, as well as the development of industry, has been leading to 

the increasing production of organic residues such as manure, municipal solid waste, crop and forest waste, food 

industry waste, among others (Sims, 1995). Their application to agricultural land is a good solution for recycling, 

can increase soil organic matter content, and to provide plant nutrients such as N, as a good alternative to 

commercial fertilizers (Cordovil, 2004).  

 The application of organic residues to agricultural soils as a source of N needs a better understanding of 

the processes involving the mineralization of organic N compounds. A good prediction of the amounts of N 

mineralized from the residues is an interesting issue, and also a valuable tool for the sustainable and rational use of 

these sources of nutrients for plant growth, while reducing the environmental impact. More than 90% of the N in 

soils is in organic forms. Available N is considered to be a fraction of easily mineralizable organic N that can be 

estimated based on the mineral N released during incubation of soil at an appropriate temperature. However, 

incubation procedures are time consuming, and several chemical methods have been developed as substitutes for 

incubations by several authors. Thus, the development of a rapid, accurate and cost-effective method for the 

prediction of N supply both from soil organic matter and the application of organic waste materials is of great 

interest. 

 

2 RESEARCH OBJECTIVES 

Nitrogen mineralization is not yet fully understood. Having in mind that N is one of the most important elements for 

crops, it becomes of major importance to study its behaviour. 

The objective of the present work was therefore to increase our understanding of mineralization, and find if it’s 

possible to predict by the use of a quick and easy method, its availability from organic residues applied to soil. 

2.1 Organic Residues 

The organic residues chosen for this experiment were: 

− Secondary pulp mill sludge (S) – This material is mostly water, biosolids and fibres. Presenting a high 

content in organic matter, they are rich in N, P and Mg (Cordovil, 2003; Costa, 1993). They have almost 

all of the nutrient elements. Potentially toxic metals are present in these materials in quantities so small 

that problems are not to be expected as long as the applications are not excessive (Costa, 1993). 

− Poultry manure (PM) – this material is considered one of the best organic fertilizers. It contains large 

amounts of N, P, and K as well as secondary and trace elements combined with little moisture (Moore et 

al., 1998). In addition, it builds soil organic matter reserves. The organic matter benefits crop production 

as it increases soil water-holding capacity, water infiltration rates, cation exchange capacity, structural 

stability, and improves soil tilth (Moore et al. 1998). 
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3 METHODOLOGY 

A quick and easy-to-perform waterlogged incubation experiment was developed by Kokkonen et al. (2006) to 

investigate the evolution of mineralization of N compounds in several different soils. This methodology was used in 

soils with and without application of two different organic residues (PM and S). The soils tested differed in texture, 

organic matter content as well as in pH. A mild solubilising agent (H2O) was used to extract easily mineralizable N. 

In addition, a quick chemical method, using a 2M KCl solution in a 4 hour digestion at 100ºC was correlated to the 

incubation results, to try to predict N mineralization in a laboratory routine. 

3.1 Soil and Residues  

Twenty different soils and two different residues were used in this experiment. Both soils and residues are 

representative of Portuguese soils and Mediterranean climates, and of the animal and industrial activities related to 

the agricultural practices in such region. Soils were collected in regions between the latitudes 37º05’N and 40º71’ N 

and respective longitudes 8º06’ W and 7º89’ W. Soil samples from 20 different locations in Portugal were dried and 

ground to pass through a 2 mm mesh, and then analysed to determine sand, loam and clay fractions (Póvoas and 

Barral, 1992).  

 The organic residues studied were also analysed, for some chemical characteristics (Table 1). 

 

TABLE 1  Characteristics of the residues used in the experiment. 

 Poultry Manure Secondary Pulp Mill Sludge 

pH (H2O)     8.35     6.75 

Dry Matter (g kg
-1

) 856.50 893.20 

Organic Matter (g kg
-1

) 765.80 874.80 

Total organic C (g kg
-1

) 444.20 507.40 

N Kjeldahl (g kg
-1

)  40.13  33.59 

NH4-N (g kg
-1

)  10.48    1.03 

NO3-N (g kg
-1

)   0.36    0.41 

C:N ratio  12.51  12.65 

 

3.2 Development of incubation method 

Samples of each dry soil weighing 5 g were placed into 36 bottles. 12 contained only soil, 12 were mixed with PM 

and the other 12 were mixed with S. The amounts of organic residues added to each one of the soils, corresponded 

to applications of 200 kg N ha
-1

. To each one of the bottles, an amount of 50 mL of distilled water was then added 

and the air inside removed. All the bottles were placed in a shaker for 1 hour, and immediately after the shaking, 

each suspension was incubated at 37 ºC. After, the extraction suspensions were further incubated at 37ºC for 10 days 

and sampled over this period, for mineral N content. 

3.3 Determination of mineral nitrogen 

Mineral N (NH4-N and NO3-N) was determined in all the soils tested. Both soils and soil/residue mixtures were 

analysed. After 0 (T0), 2 (T1), 5 (T2) and 10 (T3) days, 3 bottles from each soil preparation were analyzed, by 

adding 3.72 g of KCl(s) to each one and taking them to shake for 1 hour. After shaking, the suspension was 

centrifuged for 10 minutes at a speed of 3500 rpm, and the supernatant was taken to N determination by segmented 

flow spectrophotometry.   

3.4 Statistical procedure  

A kinetic model was applied to the data obtained in the anaerobic incubations in order to predict the amounts of N 

mineralized. This was made using the first order equation proposed by Stanford and Smith (1972): 

Nm = N0 (1-e
-kt

) 

In this equation, Nm represents cumulative N mineralization over time t, k it’s the mineralisation constant 

and N0 represents potentially mineralizable N.  
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3.5 Development of chemical method 

Samples of soil alone and soils mixed with each residue weighing 3 g were placed in glass tubes adaptable to a 

Skalar 5620/40 digestor, and 20 mL of 2M KCl solution were added to each one. The suspensions were digested for 

4 hours at a temperature of 100ºC. After cooling at room temperature, the suspensions were centrifuged for 10 

minutes at a speed of 3500 rpm, and the supernatant was taken to analysis. 

The Nmin amounts determined by this method were then correlated to the N amounts calculated by the 

application of the equation described above. 

 

4 RESULTS AND DISCUSSION 

The greatest mineralization percentages were observed in soils with the greatest organic matter contents, showing 

the presence of significant amounts of easily mineralizable compounds. Soils that were poorer in organic matter, had 

a low mineralization potential during the time of the experiment, as expected, due to the more recalcitrant nature of 

the organic matter itself. The amounts of N mineralized from soil organic matter, were better related to organic 

matter content of soils than to the texture itself. Sand and clay contents were poorly correlated to the N 

mineralization potential in all the soils tested. The addition of organic residues to the soil enhanced the N 

mineralization potential as expected. 

The model was better fitted to soils with lighter textures when the soils were incubated without residues. 

The application of PM to the 20 soils tested, showed that the mineralization pattern was maintained regardless of the 

soil characteristics. However, N mineralization prediction was less reliable than with the S application. In fact, less 

favorable results were obtained for soil with PM, and this effect was particularly visible in soils with less sand. On 

the contrary, when S was added to the soils, almost all r-squared values were good leading to the finding that, not 

only soil, but also the interaction of soil with the organic residue, drives mineralization. 

Correlation between the values of the anaerobic incubations and the values predicted by the model was 

better when the soil/S mixture was tested. The r values obtained by the correlation in soil/LS mixture averaged 

between 0.82 and 0.94 and were higher for soils with sandy textures. The soil/poultry manure mixture revealed 

poorer r values, which ranged between 0.40 and 0.70, but once again the greatest values were obtained in soils with 

large amounts of sand. 

The correlation between the mineral N values extracted with the chemical method performed and the ones 

estimated by the fitting of the Stanford and Smith (1972) model were quite good for some soils and poor for others 

(Table 2). Once again, the best correlations were once again obtained for soils with large amounts of sand. 

 

TABLE 2 Average N obtained trough chemical method and r
2
 values between the values obtained through 

the Stanford and Smith model and through the chemical method. 

Nmin (mg/kg) 

Soils 
Soil 

r
2 

 

Soil + 

poultry 

manure 

r
2 

 

Soil + 

Secondary 

Pulp mill 

sludge 

r
2 

 

1 Pegões 276,7 0,848 166,1 0,982 79,7 0,050 

2 Viseu 67,9 0,283 130,3 0,467 65,6 0,266 

3 Vila Viçosa 25,5 0,581 94,9 0,848 37,7 0,001 

4 Cacém 72,9 0,156 199,4 0,074 97,1 0,880 

5 Mira Sintra 182,9 0,0003 272,9 0,827 183,9 0,989 

6 Sobral Monte Agraço 60,6 0,218 156,2 0,069 79,6 0,950 

7 Bencatel 9,0 0,997 117,6 0,012 22,5 0,656 

8 Évora 25,2 1,000 105,5 0,411 35,0 0,423 

9 Escoural 1 29,8 0,950 160,9 0,603 46,5 0,994 

10 Escoural 2 19,6 0,649 118,8 0,931 39,2 0,739 

11 Albufeira 9,1 0,683 42,6 0,390 9,6 0,102 

12 Alcácer 83,8 0,985 128,7 0,859 54,3 0,310 

13 Comporta 15,9 0,275 102,4 0,999 20,2 0,191 
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Nmin (mg/kg) 

Soils 
Soil 

r
2 

 

Soil + 

poultry 

manure 

r
2 

 

Soil + 

Secondary 

Pulp mill 

sludge 

r
2 

 

14 Portalegre 70,8 0,385 183,9 0,015 92,9 0,995 

15 Pegões 2 90,7 0,011 138,9 0,170 94,1 0,070 

16 Montemor 1 69,9 0,044 126,3 0,549 59,9 0,354 

17 Reguengo 73,8 0,009 207,1 0,881 87,6 0,999 

18 Montemor 2 108,8 0,340 151,3 0,957 71,1 0,287 

19 Montemor 3 49,9 0,983 163,8 0,692 31,9 0,032 

20 Montemor 4 27,3 0,874 117,6 0,040 45,4 0,003 

 

 

5 CONCLUSIONS 

Nitrogen mineralization of the soils and mixtures fitted well to polynomial equations and was better fitted for soil 

and the S mixture. The initial N content of soils was also correlated to the N mineralization pattern. This simple 

incubation procedure was effective in stimulating the release of the easily mineralizable organic N, both from soil 

and residues. However, a greater potential for N mineralization exists from both residues tested.  
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1 INTRODUCTION 

The Mediterranean is one of the most vulnerable regions to climatic changes. One of the impacts of these changes is 

a substantial increase in the meteorological risk of fire. The forest fire regime instantaneously responds to climatic 

changes and may become the dominant factor of alteration in forest communities (Santos & Miranda, 2006). 

Therefore, understanding the impact of fire on natural ecosystems may be important in the recovery of post-fire 

ecosystems, hence allowing a better forest restoration.  

A fire impacted soil can recover, namely through soil organic matter (OM) correction by the application 

of organic residues. Applying agricultural (e.g. pig slurry) and municipal solid wastes as organic matter sources to 

soil may represent a good way to recycle these wastes.  

  Fire leads to important changes in the physical, chemical and biological properties of soils, which are 

relevant for the future productivity and sustainability of ecosystems (Neary et al., 2005). The extent and duration of 

these effects on soil properties depend on the intensity and residence time, ergo fire severity (Certini, 2005).  

 Soil microorganisms perform an important and essential role in soil biological processes. Biological 

properties however, are extremely sensitive to soil warming, where lethal temperature thresholds for most organisms 

are below 100 
o
C. Biological diversity represents a sensitive means to determine soil quality. This is related to 

functional diversity, which comprises the ability of organisms to use a vast range of carbon substrates and be able to 

perform several biochemical reactions. Soil health and quality can be assessed by microbial community level 

physiological profiles (CLPP), using different carbon substrates. MicroResp
TM

 can be applied to a vast range of soils 

and has good sensibility to detect changes in microbial communities, offering a rapid and sensitive method to 

determine CLPP (Chapman et al., 2007). 

 Soil (Litosol) was collected in Sintra Mountain (Portugal), on a Pinus Pinaster forest, 11 days after a 

forest fire. The impact on recovery of burned soil by organic residue application and its influence on soil 

microorganisms was studied using the MicroResp
TM 

method, concerning fire effects on soil microorganisms and the 

need to recycle wastes. 

 

2 MATERIAL AND METHODS 

2.1 Soil and treatments 

Soil (Litosol) was collected in Sintra – Cascais Natural Park (W-Portugal), after a forest fire on March 2008 in the 

south hillside of Sintra Mountain (Latitude 38
o
 45’ 35.37’’ N, Longitude 9

o
 25’ 51.36’’ W). The Sintra Mountain 

has a Mediterranean Pluviseasonal – Oceanic, low Mesomediterranean, low humid climate, with average annual 

temperature of 13.2 
o
C and average annual precipitation of 1104 mm. Pre-fire vegetation was dense and green 

brushwood, with sparse Pinus pinaster A. trees, altogether providing 100% soil cover. The brushwood was 

composed by Ulex europaeus L., Erica australis L., Quercus coccifera L., Arbutus unedo L. and Davallia 

canariensis (L.) Sm. The most representative species were U. europaeus, E. australis and Q. coccifera, which vary 

from moderate to high inflammability. Unburned soil (fresh soil) was collected from a nearby site. This area had leaf 

deposition and was surrounded by Acacia sp. and P. pinaster trees. The brushwood was less dense and the 

prevailing species were U. europaeus and D. canariensis. 

 Representative soil samples were collected 11 days after the forest fire, to a depth of 5 cm. Dry leaves and 

twigs were removed from the surface layer before collection. Several sub-samples were collected from both burned 

and unburned sites of approximately 40 kg and 120 kg of burned soil and fresh soil respectively. The sub-samples 

collected in each site were mixed to form representative samples of the burned and unburned areas. Soil samples 

were air dried for two days and sieved (< 2.0 mm). Part of the fresh soil was heated for 12 hours in a muffle furnace 
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at temperatures of 65 
o
C, 105 

o
C and 250 

o
C. The treatments studied were burned soil, fresh soil, soil treated at 65 

o
C, 105 

o
C and 250 

o
C. 

 All treatments were analyzed for pH in a 1:2.5 (w/v) aqueous solution (Póvoas and Barral, 1992), for N-

NH4
+ 

and
 
N-NO3

- 
by spectrophotometry with a Skalar segmented flow autoanaliser, after extraction with 30 ml of 2 

M KCl (1:10 soil/solution ratio) (Mulvaney, 1996), and for total organic matter by burning in a muffle furnace, at 

450 
o
C for 7-8 hours (NFU 44160, 1985). 

2.2.  MicroResp
TM

 physiological profiles  

Composted municipal solid waste (MSW), digested pig slurry (PS) and a mixture of both organic residues were 

mixed manually with batches of 300 g of each soil, in amounts corresponding to an application of 170 kg N ha
-1 

(ED, 1991), and replicated three times. Mixtures of soils and residues, as well as a control soil without residues, 

were aerobically incubated at 25 
o
C in plastic bags, at 60% of their maximum water-holding capacity. Soil samples 

were collected after two months of incubation. 

Physiological profiles were determined by MicroResp
TM

 method (Campbell et al., 2003), which can distinguish 

differencies in CLPP between soil samples submitted to different temperatures, substrates and residues, using a 

colorimetric detection system (cresol red) that allows the measurement of soil respiration. The detection plate 

contained a gel-based bicarbonate buffer with indicator dye that turns from red-violet to yellow due to changes in 

pH (acidification) caused by CO2 absorption in the alkali (Campbell et al., 2008;  Chapman et al., 2007).  

 Microtiter deep-well plates were prepared, three per residue (control, MSW, PS, mixture), each plate with 

two replicates per treatment (burned soil, fresh soil, soil treated at 65 
o
C, 105 

o
C and 250 

o
C) with a total of 6 

replicates per sample. 4 – amino - butyric acid (5 g/50 ml/substrate) was prepared to determine substrate induced 

respiration (SIR) (200 µL per well). Basal respiration (BR) was determined by using two hundred µL of water as 

substrate. Each detection plate contained purified agar at 1% (150 µL per well), with cresol red indicator dye (12.5 

µg ml
-1

), potassium chloride (150 mM) and sodium bicarbonate (2.5 mM). Detection plates were read at 600 nm, 

immediately before and after a 6 hours incubation period at 25 
o
C, in a microplate reader. Data were normalized for 

time zero, to eliminate colour differences between wells due to eventual differences in gel density. 

 Data were interpreted using analysis of variance (2-way ANOVA) performed with Statistica® (Neter et 

al., 1990). Fishers LSD tests were conducted to show the significant differences, at a significance level of 0.05 (Zar, 

1996). 

 

3 RESULTS  

3.1 Soil properties 

Table 1 shows that burned soil had the highest pH, followed by soil treated at 250 
o
C. However, at 105 

o
C pH 

decreased. Soils from other treatments had similar pH values. Burned soil had the highest OM content. Burned soil 

and soil treated at 250 
o
C had greater N-NH4

+ 
contents than soils from other thermal treatments. Although 

significant, other N-NH4
+ 

contents were at similar range. Nitrate content was higher in burned soil, followed by fresh 

soil. The treatment that led to lower nitrate content was soil treated at 250 
o
C. 

 

TABLE 1       Selected physical and chemical properties of unamended soils before incubation  

NH4
+
 NO3

-
 Parameter 

 

Treatment 

pH 
(H2O) 

OM 
(%) 

 
(mg kg-1) 

Burned soil 

Fresh soil 

Soil treated at 65 
o
C 

Soil treated at 105 
o
C 

Soil treated at 250 
o
C 

6.41 a 

5.41 c 

5.42 c 

5.14 d 

5.54 b 

15.62 a 

5.25 c 

6.86 b 

6.03 bc 

3.41 d 

60.85 b 

14.37 d 

16.86 c 

16.01 cd 

78.57 a 

7.46 a 

6.48 b 

4.62 d 

5.63 c 

0.71 e 
Values followed by the same letter are not significantly different at p<0.05 

3.2 Respiration rate after 6 hours 

Average BR ranged from 0.089 to 1.188 µg CO2 – C g
-1

 h
-1

 in the control soil; from 0.096 to 0.765 µg CO2 – C g
-1

 h
-

1
 for treatments with MSW; from 0.053 to 1.732 µg CO2 – C g

-1
 h

-1 
for treatments with PS and from 0.052 to 0.971 
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µg CO2 – C g
-1

 h
-1

 for treatments with mixture of residues (Figure 1a). Only PS improved BR in burned soil. In the 

control soil treatment, burned soil had the highest BR. PS and mixture application also led to a higher BR in burned 

soil than in the other thermal treatments. When MSW was added to the soils, burned soil and soils treated at 65 
o
C 

and 105 
o
C had greater BR than fresh soil and 250 

o
C.  

The average SIR using 4 – amino – butyric acid as substrate, ranged from 0.128 to 1.730 µg CO2 – C g
-1

 

h
-1

 in the control; from 0.184 to 1.304 µg CO2 – C g
-1

 h
-1

 for treatments with MSW; from 0.161 to 1.578 µg CO2 – C 

g
-1

 h
-1 

for treatments with PS and from 0.135 to 1.802 µg CO2 – C g
-1

 h
-1

 for treatments with mixture (Figure 1b). 

Regarding the effect of residue amendments on thermal treatments, only MSW enhanced SIR in soil treated at 105 
o
C. Burned soil had greater SIR than other thermal treatments in the control soil and with PS and mixture 

amendments. In the control soil, fresh soil and treated at 65 
o
C had significantly higher respiration than soil burned 

250 
o
C. MSW amendment promoted significantly higher respiration in burned soil and soils treated at 65 

o
C and 105 

o
C, when compared to fresh and 250 

o
C soils. With PS, 65 

o
C and 105 

o
C soils were significantly higher from soil 

treated at 250 
o
C. With mixture amendment, 65 

o
C and 105 

o
C soils had greater SIR than fresh soil and soil treated at 

250 
o
C. Fresh soil was also greater than 250 

o
C soil. 

 

 

 
 

FIGURE 1    Respirometric evolution of carbon dioxide (µg CO2-C/g/h) after 6 hours, for each treatment. 

Error bars indicate the standard error.  

 

 Different small letters show significant differences between amendments for each thermal treatment 

(burned soil, fresh soil, soil treated at 65, 105 and 250 
o
C; read equal bars). Capital letters show significant 

differences between thermal treatments for each amendment (control, MSW, PS and mixture; read bars grouped by 

residue). 

 

4 DISCUSSION 

Burned soil had greater OM and N-NH4
+ 

contents
 
than other thermal treatments (except for N-NH4

+ 
content, higher 

in 250 
o
C soil) (Table 1), in part due to deposition of ash and small pieces of partially burned materials. In the burn 

treatments carried out in the laboratory, ash deposition didn’t occur in the same way, since the dry leaves and twigs 

were removed from the surface layer before sample collection. Nutrient availability normally increases due to OM 

oxidation during combustion, and in fact soil burned at 250 
o
C had less OM and N-NO3

-
 and more N-NH4

+
 than 

fresh soil or soil burned at 65 and 105 
o
C. At 250 

o
C, the destructive distillation of OM is already known to occur 

(DeBano, 1998). 

 The differences in OM content between fresh soil and soils treated at 65
 o

C and 105
 o

C can be explained 

by an enrichment in microorganisms in these soils during the time between the burn treatments and the chemical 

analysis, due to higher nutrient availability caused by the higher temperatures achieved in the burn treatments and 

also by the release of soluble sugars and N-NH4
+
 from dead microorganisms (Choromanska and DeLuca, 2001). 
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 Burned soil had the greatest pH, due to the alkaline ions released in the ash (Hernandéz et al., 1997; 

Wüthrich et al., 2002). The pH also increased in soil treated at 250 
o
C. However, at 105 

o
C pH decreased.  

Burned soil showed greater respiration values than other thermal treatments, suggesting that the ability of 

soil microorganisms to use carbon substrates was not reduced in the burned soil, indicating that the fire was most 

likely of low intensity. This can in part be explained by its higher OM content. Wϋthrich et al. (2002) obtained 

higher respiration values in burned soil in his study, and suggested that the soil respiration was strongly enhanced 

only a few hours after the burning, and that decomposition of dead cells above- and below-ground (decomposing 

plant roots) started immediately after the fire.  

In this study, microbial activity in burned soil may also have been stimulated due to ash deposition and 

therefore enhanced nutrient availability after the fire, and by a rise in soil pH. Enhanced nutrient availability after 

the fire and organic carbon solubilization from dead or damaged vegetable and microbial cells, may have 

contributed to a significant increase in soil respiration were carbon was easily mineralized and respired.  

From the organic amendments made to soils, PS seemed to be more effective improving microbial 

activity in the burned soil, while in soils treated at 65 
o
C and 105 

o
C MSW was more successful.  PS application 

must have greater advantage when microbial communities are already present, since it has components more readily 

available for microbial uptake, assuming that microorganisms had time to recover before soil collection, 11 days 

after the fire. Burned soil is likely to have been rapidly re-inoculated from deeper layers and from microorganisms 

present in air, remaining debris and unburned soil and may have easily recovered during the incubation period due 

to increased nutrient availability. Also the high OM content and pH value of the burned soil may have favoured 

microbial activity. MSW has more recalcitrant components than PS but seems to be a source of microorganisms, 

thus being more important in the inoculation or primary colonization of soils treated at 65 
o
C and 105 

o
C. 

Differences found between fresh soil and the 65
 o

C and 105 
o
C treated soils suggest a change in microbial 

communities after treatment, eventually with destruction of less tolerant microorganisms.  

 The fire probably was of low intensity. Thin branches remained on trees and shrubs, corroborating this 

assumption (Moreno et al., 1989). The well aired brushwood allowed rapid passage of the fire and the small 

residence time would not have caused lethal temperatures in sufficient depth to kill all the microorganisms.  

 

5 CONCLUSIONS 

Results suggest that organic amendments should be applied when attempting to restore burned soils, to promote the 

re-activation of soil microorganisms. The use of organic residues in regeneration programs may be a useful way to 

promote the recycling of these organic wastes converting them into valuable resources.   
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1 INTRODUCTION 

Soil microbial community structure is increasingly being marketed as ecologically-relevant endpoint and it can 

realistically be incorporated for assessing the potential risks associated with anthropogenic disturbances and soil 

amendment strategies on sustainability of soil ecosystems. In Portugal, additional research is needed if technologies 

based on the combined action of plants and the microbial communities they support within the rhizosphere are to be 

adopted in large-scale remediation actions (Nabais et al., 2008). The information about this fact in mine soils is 

scarce and had focused on soil biochemical properties, producing no clear results. Furthermore, the effects of 

phytoremediation as soil remediation technique and metal contamination on microbial community structural would 

be achieved by PLFA studies. By phospholipid fatty acid analysis it is possible to examine broad scale patterns in 

microbial community structure (Bååth et al. 2005) and generally, after the application of multivariate statistical 

analyses, whole community fatty acids profiles indicate which communities are similar or different. Determination 

both microbial community composition and biomass size by this direct method gives results that very closely 

represent the in situ soil conditions and is currently used for soil monitoring purposes (Nielsen and Winding, 2002).  

The present investigation studies the medium-term response in the soil microbial community structure 

after the application of different remediation technologies including several organic and inorganic treatments.  

 

2 MATERIALS AND METHODS 

A pot trial was conducted with a contaminated (Pb, Zn, Cu, As) sandy soil (Table 1) from the São Domingos mine 

(South of Portugal). Three replicates for each treatment (24 pots) were filled with 2 kg of the soil and four 

treatments were performed: inorganic fertilizer (I, 0.1 g N, 0.1 g P, 0.21 g K and 0.03 g Mg kg
-1

 soil); inorganic 

fertilizer and polyacrylate polymers, polímero with K
+ 

as counter ion and (P, 0.1% of polyacrylate polymer with 210 

mg K
+
 g

-1
 and 0.1% of polyacrylate polymer with  98 mg N-NH4

+
 g

-1
  as counter ions, 0.1 g P and 0.03 g Mg kg

-1
 

soil); inorganic fertilizer municipal solid waste compost  (MSWC) as organic amendment (O, 0.1 g N, 0.1 g P, 0.21 

g K, 0.03 g Mg kg
-1

 and 30 g MSWC kg
−1

 soil); inorganic fertilizer, polymer and organic amendment (PO, 0.2% of 

polyacrylate polymer as before, 0.1 g P and 0.03 g Mg and 30 g MSWC kg
−1

 soil). All the pots were sown with 

perennial ryegrass. The measurements of PLFA pattern were made on soil samples collected at two different times 

(1 and 4 months) after plant cultivation and application of the treatments.  

The microbial community structure was determined by phospholipid fatty acid (PLFA) analysis 

(Frostegard et al., 1993). Fatty acids (PLFA) are designated in terms of the total number of carbon atoms: number of 

double bounds, followed by the position of the double bound from the methyl end of the molecule. Cis and trans 

configurations are indicated by c and t, respectively. The prefixes a and i indicate anteiso- and iso-branching; br 

indicates unknown methyl branching position, 10Me indicates a methyl group on the tenth carbon atom from the 

carboxyl end of the molecule; and cy refers to cyclopropane fatty acids. The total microbial biomass (TotPLFAs) 

was estimated as the sum of all the extracted PLFAs. The sum of the PLFAs considered to be predominantly of 

bacterial origin was used as an index of the bacterial biomass (BactPLFAs), the quantity of the PLFA 18:2ω6,9 was 

used as an indicator of the fungal biomass (FungPLFA), the PLFAs i14:0, a15:0, i16:0 and 10Me18:0 as indicators 
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of gram-positive (G
+
) bacteria, and the PLFAs cy17:0, cy19:0, 16:1ω7c and 18:1ω7 as indicators of gram-negative 

(G
-
) bacteria (Díaz-Raviña et al., 2006). Concentration of all the individual PLFAs data, expressed as mole 

percentage and logarithmically transformed, was subjected to principal component analysis (PCA) to elucidate the 

main differences in the PLFA patterns. To compare treatments, data were tested by ANOVA and Tukey´s minimum 

significant difference test was used to differentiate the means. 

 

TABLE 1  Some physico-chemical characteristics of initial soil samples 

 

 

 

Texture 

pH 

H2O 

MO  

(%) 

Cu 

mg kg
-1

 

Pb 

mg kg
-1

 

Zn 

mg kg
-1

 

As 

mg kg
-1

 

Initial 

soil 

 

Sandy  

 

5.0 

 

1.0 

 

583 

 

7570 

 

1230 

 

2360 

 

3 RESULTS AND DISCUSSION 

Fig. 1 showed that the O and PO treatments showed higher microbial biomass values (total PLFA, fungal PLFA, 

bacterial PLFA, Gram
+ 

bacteria, Gram
-
bacteria) than I and P treatments. The total microbial biomass and the 

biomass of specific groups were significantly higher in the treatments with MSWC than in the other treatments. No 

clear differences between samples collected at different sampling times were observed.  

TotPLFA (A)

a a

b

bc

a

a

c bc

0

5
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I P O PO

nmol g
-1
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FungPLFA (B)

c

b

a
a

c
c
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bc
c

a

ab

bc

ab
abc

a
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FIGURE 1 Phospolipid fatty acid concentrations (mean values of three pot replicates) of mine soil with 

different reclamation treatments. A, total PLFA (TotPLFA); B, fungal PLFA (FungPLFA); D, gram 

positive
 
bacteria PLFA (G+ bactPLFA); E, gram negative bacteria PLFA (G- bactPLFA); F, fungal 

PLFA to bacteria PLFA ratio (FungPLFA/BactPLFA) and G, gram-negative to gram-positive 
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BactPLFA ratio (G
-
/G

+
). Treatments: I, inorganic fertilizer; P, polymer; O, MSCW; PO; polymer and 

MSCW; LI, liming plus inorganic fertilizer. Different letters indicate significant differences at the 

P<0.05 level. 

 

 

The PCA obtained (Fig. 2) showed that the PC1 explained 34% of the total variance, thus, MSWC 

organic amendment had a more marked effect than inorganic and/or polymer, increasing 10Me16:0 and 

monounsaturated PLFAs 18:1w9, 16:1ω9, 16:1ω5, 17:1ω8, 19:1, was detected as consequence of organic 

fertilization. 
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FIGURE 2 Score and loading plots from PCA performed on the PLFAs of the mine soil. Treatment: I, 

inorganic fertilizer; P, polymer; O, MSWC; PO, polymer and MSWC; LI, liming plus inorganic 

fertilizer; LP, liming plus polymer; LO, liming plus MSWC; LPO, liming plus polymer and 

MSWC.  

 

4 CONCLUSIONS 

The results clearly indicated that microbial community structure data, measured by PLFA analysis, allow us 

discriminate the different organic and inorganic treatments, the effect of organic treatments being more marked than 

those of inorganic and polymer treatments. No clear differences between samples collected at different samples 

times were observed. Our data showed the usefulness of phospholipid fatty acid analyses to detect the medium term 

impact of remediation technologies for restoration of mine contaminated soils. 
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1 INTRODUCTION  

The residents of El Morado are mostly agro-livestock smallholders of native coya descent.. Almost all their products 

are for family use, offering only small amounts for sale. Hundreds of years of exploitation has significantly affected 

the fertility of their fields. The great variability in physical and chemical composition of the soils (Duchaufour, 

1975) makes crop production difficult. Earthworms provide a powerful tool for the recovery of the agricultural 

potential of these soils through the use of their organic waste transformed into vermicompost  

1.1      Antecedents 

These farmers showed an effective creativity to solve or overcome the limitations that arise with the use of this new 

technique in the production system through the ingenious use of available resources in each of the different 

locations. 

1.2      Objetives  

− Recovery of agricultural land by means of fertilization using organic and natural products.  

− Improving the economic viability of the community of very high poverty level. 

 

2 MATERIALS AND METHODS  

El Morado is located 8 km from the town of Humahuaca, at the side of National Road Nº 9 in Jujuy, Argentina. 

Temperatures range from 28⁰C in summer to below freezing in winter. Although rainfall is scarce, villagers 

traditionally practise agriculture as the only economic support of the family. The aboriginal people show a rich 

heritage in farming, but due to the "progress of civilization" they have lost their traditional customs such as taking 

care of their land with natural fertilizers 

The beneficiaries of the project have been actively involved from the very beginning, since the same 

members of the organized aboriginal community from El Morado, through their representatives, have requested our 

collaboration and advice to this project. 

 Each farming family offered their own land for the construction of a humus production bed. In total, 11 

vermiculture units were installed, one in each field.  We used 50 cubic meters of goat manure, bought and 

transported by truck and distributed among the 11 families who participated in the project. 

 In each case, the humus production beds were made by digging a hole of variable size (depending on 

space availability). We used this technique to prevent moisture loss in the beds because the region is of dry climate. 

Each producer received personalized instruction on the basics of vermiculture. After instruction, each one produced 

his own model, using the manure that was delivered. Once conditioned and stabilized through composting, samples 

were extracted for laboratory analysis. When manure beds were ready, breeding nuclei of red worms were sown. 

Each core contained 2000 red worms. 

 Once the beds were ready and the worms planted, regular monitoring was conducted to ensure proper 

control and management of the techniques taught. The transformation process from animal manure into humus took 

approximately 4 months.  The humus of the first bed was harvested and bagged immediately to maintain its natural 

potential. Producers learned the technique of "food management" to extract the red worms from the compost, which 
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were then used in a new bed of manure placed parallel to the first. Thus, the worms were attracted by the food and 

moved to the new bed.  

 The humus was used in the nursery or mixed with soil and leaf litter. They prepared a mixture of 

consisting 70% earth and 30% worm-humus. 

 Humus is also used for field application, using the technique of localized fertilization, using worm 

compost (40 to 90 Grams) to each plant during transplantation or together with the seed during plantation. Samples 

were sent for laboratory analysis. 

Materials required included Goat manure (50 m
3
), mesh plastic (55 m2 coverage), pushcart, shovel and irrigator. 

 

3 RESULTS AND DISCUSSION  

The bio fertilization techniques enable a first quality product to be obtained. At the same time it induces in those 

who practice it, the idea of preserving the nutrient cycle, so important to original inhabitants of the Quebrada de 

Humahuaca and their arid fields. The technique of red worm breeding was quickly interpreted by farmers who 

developed their own particular form of production beds, using each one his own resources. This allowed the 

exchange of experience between themselves and facilitated the incorporation of the technique in most cases. The use 

of compost significantly improved the development of seedlings and crops where properly used. 

 

 

a)       b)  

FIGURE1 a) Preparing the bed , b) Placing manure                                           

 

TABLE 1  Methodology 

ACTIVITIES Month 

1 

Month 

2 

Month 

3 

Month 

4 

Month 

5 

Month 

6 

Month 

7 

1. Preparing the physical place        

2. Manure aquisition          

3. Building the beds         

4. Seeding worms         

5. Monitoring process        

6. Technical supervision         

7. Laboratory analysis        
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a)     b)  

FIGURE2 a) Vermicompost extraction  b) Seedbeds with vermicompost                               

 

4 CONCLUSIONS 

The use of organic waste in agriculture is a global trend, as fertilizers, for nutrient extraction and recycling and to 

reduce environmental pollution (Barroilhet, 2003). Regional agriculture and vegetable production increasingly 

require inputs that are not only safe and harmless to the environment, but also contribute to the preservation of soil 

fertility and beneficial microorganisms. These improved chemical and biological properties of soil, causing the soil 

to retain more water reduces reliance on chemical fertilizers (Laos and Mazarino, 1996). Vermicompost is one of the 

most efficient products used until now, not only as an organic fertilizer but also as a conditioner for depleted soils. 

The red worm can be considered as one of the best educational tools for these projects. 
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1 INTRODUCTION 

Heavy metal pollution is nowadays one of the most important environmental concerns. Anthropogenic activities like 

metalliferous mining and smelting, agriculture, waste disposal or industry discharge a variety of metals such as Ag, 

As, Au, Cd, Co, Cr, Cu, Hg, Ni, Pb, Pd, Pt, Rd, Sn, Th, U and Zn, which can produce harmful effects on human 

health when they are taken up in amounts that cannot be processed by the organism. Damage may cause adverse 

reactions in different organs and biological functions, including reproduction and birth defects (Malik, 2004). Fauna 

and flora are also affected by these detrimental effects. 

Physical and chemical methods have been proposed for the removal of these pollutants. Nevertheless, 

they have some disadvantages, among them cost-effectiveness limitations, generation of hazardous by-products or 

inefficiency when concentration of polluted materials is below 100 mg l
-1

 (Gavrilescu, 2004; Wang and Chen, 

2009). Biological methods solve these drawbacks since they are easy to operate, do not produce secondary pollution 

and show higher efficiency at low metal concentrations (Chen et al., 2005; De et al., 2008). Microorganisms and 

plants are usually used for the removal of heavy metals. Mechanisms by which microorganisms act on heavy metals 

include biosorption (metal sorption to cell surface by physiochemical mechanisms), bioleaching (heavy metal 

mobilization through the excretion of organic acids or methylation reactions), biomineralization (heavy metal 

immobilization through the formation of insoluble sulfides or polymeric complexes) intracellular accumulation, and 

enzyme-catalyzed transformation (redox reactions) (Lloyd, 2002). On the basis of energetic requirements, 

biosorption seems to be the most common mechanisms (Haferburg and Knothe, 2007). Furthermore, this is the only 

option when dead cells are applied as bioremediation agent. Nevertheless, systems with living cells allow more 

effective bioremediation processes as they can self-replenish and remove metals via different mechanisms (Malik et 

al., 2004). On the other hand, living cells show higher sensitivity to environmental conditions and demand 

nutritional and energetic sources. 

The isolation of heavy metal resistant microorganisms and the understanding of the mechanisms they use 

in order to remove this kind of pollutants may contribute to the development of improved detoxification processes. 

The aim of this work is to study the ability of five different compost isolates to remove heavy metals from a multi-

polluted solution and to compare efficiency of both living and dead cells. 

 

2 MATERIALS AND METHODS 

2.1 Microbial isolates and maintenance 

Five multi-resistant fungi (LE48T1, RVT3, RVE48T3, LE48T4 and LT5) were isolated from composting processes 

made with different starting materials (sewage sludge (L), agricultural waste (RV) and municipal solid waste) at 

different sampling times according to thermal evolution. Nutrient Broth amended with 50 ppm Cd (II), Cr (VI), Ni 

(II), Pb (II) and Zn (II) was used as enrichment medium. Resistant strains were isolated after three consecutive 

cultures at 30 ºC during 48 h using heavy metal enriched Nutrient Agar. 

2.2 Living cells study 

Heavy metal removal was investigated in Erlenmeyer flasks (250 ml) containing 50 ml of Nutrient Broth 

supplemented with heavy metal as described above, and inoculated with a 1 cm
2
 piece from agar plates in which 

fungi were grown for 72 h. After incubation (30 ºC for 120 h at 100 rpm), cells were harvested by centrifugation. 

Both supernatant and biomass (three times washed with NaOH 1N) were digested with HNO3 67% and H2O2 (30% 

v/v), and metal concentration was determined by atomic absorption spectrometry (ThermoElectron Corporation S 

Series AASpectrometer, Massachussets, United States). 
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2.3 Dead cells study 

Biomass from five isolates grown in Nutrient Broth with heavy metals were harvested by centrifugation and washed 

with distilled water three times. The pellet was dried and milled to a final particle size of 1 mm. Aliquots of 0.025 g 

of dried biomass were added to Erlenmeyer flasks containing 25 ml of heavy metal solution (50 ppm of each Cd
2+

, 

Cr
6+

, Ni
2+

, Pb
2+

 and Zn
2+

). Erlenmeyers were shaken (120 rpm) for 90 min at 30 ºC and then suspensions were 

centrifuged and filtered for biomass removal. Heavy metal concentration in the digested supernatant was measured 

as previously described. 

 

3 RESULTS AND DISCUSSION 

3.1 Living cells study 

Heavy metals were efficiently removed by the growing cells of all the tested isolates, with nickel the most 

recalcitrant pollutant and lead the most affected by the microbial action. Other authors have described nickel as one 

of the more resistant heavy metal to bioremediation (Filipović-Kovačević et al., 2000; Malik, 2004; Moore el al., 

2008), both regarding biosorption and intracellular accumulations. Steric hindrances caused by the characteristics of 

the cation have been postulated as one of the reasons for explaining this low biosorptive capacity (Wong et al., 

2000), while bioaccumulation might be hampered by the lack of some carrier proteins (Pervez et al., 2009). On the 

contrary, efficiency levels close to 100% have been reported for lead detoxification (Kim et al., 2007). These results 

are mostly associated to multi-metal studies, like this one, in which the presence of other inorganic pollutants seems 

to decrease the toxicity of Pb
2+

 to fungi (Pan et al., 2009) and increase the removal capacity of fungi in comparison 

to single studies. This effect was also described by Yan and Viraraghavan (2003) when they analyzed the 

biosorption capacity of Mucor rouxii for different heavy metals in binary and ternary solutions. 

Cd
2+

, Cr
6+

 and Zn
2+

 removal activity ranged between 85% and 60%, with intracellular accumulation as 

predominant mechanisms in most of the cases. Pan et al. (2009) observed similar results using Penicillium and 

Fusarium as bioremediation agents, as well as Ting and Choong (2009) in their comparison between the ability of a 

Trichoderma isolate to bioaccumulate and biosorb. According to Zucconi et al. (2003) and Chojnacka (2007), 

bioaccumulation involves a first biosorption step which rapidly reaches equilibrium and gives way to intracellular 

uptake. Thus, bioaccumulation tends to be more important as contact time between heavy metals and growing cells 

increases. 

 

FIGURE 1 Heavy metal removal by living cells of microbial isolates 
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3.2 Dead cells study 

Dead cells were less efficient at biosorbing heavy metals than living cells (Fig. 2). The removal capacity ranged 

between 6% and 34%, with the exception of Pb
2+

. This element, as occurs when living cells were used, was 

biosorbed in higher percentages that those observed for the rest of isolates, above 65% in most cases. This result is 

in contrast to that reported by Chatterjee et al. (2010), who found Pb
2+

 was the heavy metal removed in lower 

proportion by Geobacillus thermodenitrificans in a multi-polluted solution, but it is similar to that described by 

Amini and Younesi (2009) and Chen and Wang (2010). According to these authors, Pb
2+

 removal efficiency was 

higher than that obtained for the other metals presented in samples. 

Other authors have described this higher efficiency by living fungi cells. Al-Garni et al. (2009) report a 

decrease between 15% and 44% when they compared the results obtained by living and dead cells of Aspergillus 

fumigatus and Penicillium chrysogenum. Zucconi et al., (2003) found that living cells of Paecilomyces lilacinus 

showed a higher capacity than dead cells (30% vs. 23%). On the contrary, other authors describe opposite results 

(Gabr et al., 2008; Kaushik et al., 2008), probably as a consequence of the method used to prepare the dead biomass, 

which affects the efficiency of the biosorbent (Bishnoi and Garima, 2005). 

 

FIGURE 2 Heavy metal removal by dead cells of microbial isolates 

4 CONCLUSIONS  

Fungi isolated from compost have proven to be efficient as detoxification agents in multi-polluted heavy metals 

aqueous solutions, especially LE48T1 and RVE48T3. In all the cases, living cells showed higher activity than non-

living cells and intracellular accumulation seems to be the main mechanism for removing. Although further studies 

are needed, these results are very promising as a starting point for a potential application of these microorganisms in 

bioremediation, including those scenarios affecting agricultural soils, which can be polluted with heavy metals as a 

consequence of the incorporation of amendments such as sewage sludge or municipal solid wastes. 
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1 INTRODUCTION 

The application of immobilizing agents to contaminated soils is a remediation technique that reduces both mobility 

and bioavailability of trace elements (Vangronsveld et al., 1998). Stabilization can be achieved by adding 

amendments (lime, apatite, zeolites, materials with high organic matter content, manganese - Mn and iron - Fe 

oxides) that are able to absorb, complex or (co)precipitate trace elements (Bolan et al., 2003). Incorporation of low-

cost, widely available materials, into soil for contaminant immobilization offers various potential advantages over 

other methods such as cost, simple methodology and low environmental impact. In addition, amendments may 

enhance soil fertility and microbial activity.  

On the other hand, vegetation plays a crucial role in the restoration of such degraded areas, because it 

stabilizes pollutants in the root system, reducing water pollution, and prevents wind-blow of contaminated particles 

(Tordoff et al., 2000). The revegetation of trace element polluted areas is a difficult task because of the influence of 

many-limiting factors. Ecotoxic effects of soil pollution can be an important factor; in addition, other factors such as 

high irradiance, nutrient deficiencies and poor substrate structure can be also detrimental for plants (Tordoff et al., 

2000). Moreover, the accumulation of high concentrations of trace elements in aerial plant biomass should be 

avoided because that would facilitate their entry into the food chain and increase their concentration on the soil 

surface upon litter fall (Pérez de Mora et al., 2006a). Thus, a study of soil properties and vegetation development is 

necessary to evaluate the effectiveness of remediation measures on ecosystem ecology and risk posed by the trace 

element content of a soil 

In this study we evaluated the mid–term effects of an inorganic and an organic amendment, and the 

establishment of rosemary (Rosmarinus officinalis) on chemical and biochemical properties in a trace element 

contaminated soil (Cabrera et al., 1999).  

2 MATERIALS AND METHODS 

The experiment was carried out in 16 containers placed outdoors. The containers were filled with the upper 20 cm of 

a soil affected by the Aznalcóllar mine spill (see general characteristic Table 1).  

 

TABLE 1 General characteristics of the soil and amendments. Mean values are shown 

 pH EC TOC N P K As Cd Cu Mn Pb Zn 

Soil 3.32 - 5.40 0.90 0.42 2.30 120 2.43 78.3 645 201 226 

OA 6.93 2.91 195 13.1 12.4 9.30 5.63 0.73 121 257 137 258 

IA 9.04 0.93 67.0 9.80 5.10 5.30 1.63 0.43 51.0 297 39.2 138 

OA: biosolid compost; IA: sugar beet lime; TOC: Total Organic Carbon; EC: Electrical conductivity 

 

Containers were arranged according to a complete randomized block design with four treatments (one 

organic amendment, one inorganic amendment and two untreated controls) and four replicates per treatment. The 

organic treatment was a biosolid compost (OAR) constituted from wastewater sludge from a water treatment plant 

and green waste from parks and gardens (EGMASA, Sevilla, Southern Spain). The inorganic treatment was a sugar 

beet lime (IAR), a residual material from the sugar manufacturing process with 70-80% of calcium carbonate - 

CaCO3 (dry basis) (AZUCARERA EBRO, Southern Spain). Amendments were applied and mixed within the top 

soil (10 cm) in the containers to simulate potential field application. Each amendment was applied twice: initially 

(February 2002) (70 Mg ha
-1

 dw for biosolid compost and 50 Mg ha
-1

 dw for sugar beet lime) and after 12 months 
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(35 Mg ha
-1

 dw for biosolid composts and 25 Mg ha
-1

 dw for sugar beet lime). Two control treatments without 

amendments were also established: control with plant (NAR) and control without plant (NA). The characteristics of 

the amendments are shown in Table 1. 

Rosemary saplings (one year old) were grown in a local nursery until transplant. This specie was used for 

phytostabilization of trace elements in contaminated soils of Aznalcóllar. In October 2006 (3 years after the last 

amendment addition), two rosemary saplings were transplanted into every container, except in the NA containers. 

Rosemary leaves were sampled in 2006 and 2007. Four rosemary saplings were also planted in a non polluted soil to 

be used as control plants. Each rosemary plant was monthly measured for shoot height. 

Soil samples were taken in October 2007 (0-20 cm depth), air-dried, crushed and sieved (2 mm) prior to 

preparation for chemical analysis. Soil pH was measured in a 1:2.5 (w/v) sample/1 M KCl. Total organic carbon 

(TOC) was analyzed by dichromate oxidation and titration with ferrous ammonium sulphate. Water-soluble carbon 

(WSC) was obtained from an aqueous solution (1:10, (w/v) soil/water) and analyzing the extract in a TOC-VE 

Shimazu analyzer. Soil 0.01M CaCl2 soluble trace element concentrations (Ure et al., 1993) were determined in 1/10 

(w/v) soil (<2 mm)/0.01M CaCl2 extract by ICP-OES. Total trace element concentrations in soil (<60 µm) were 

determined by ICP-OES following aqua regia digestion in a microwave oven. The accuracy of the analytical 

method was assessed by carrying out analyses of the BCR (Community Bureau of Reference) reference samples: 

BCR 320R (Channel sediment). 

Plant samples were washed with a 0.1 N HCl solution and with demonized water, and then dried at 70º C 

and ground. Trace elements were extracted by wet oxidation with concentrate HNO3 under pressure in a microwave 

digester, and the extracts analyzed by ICP-OES. The accuracy of the analytical method was assessed by carrying out 

analyses of the BCR reference sample DC 73350 (Populus leaves). 

Soil subsamples for microbial analysis were taken and stored at 4 °C at their field moisture content. 

Microbial biomass carbon (MBC) content was determined by the chloroform fumigation–extraction method 

modified by Gregorich et al. (1990). Concentration of C in the extract was measured by a TOC-VE Shimazu 

analyser. Two hydrolases closely related to nutrient (S and N) cycling were assessed: arylsulphatase and protease. 

Arylsulphatase activity was determined after soil incubation with p-nitrophenyl sulphate, and measurement of p-

nitrophenol (PNF) absorbance at 400 nm (Tabatabai and Bremme, 1970). Protease activity was measured after 

incubation of soil with casein, and the measurement of the absorbance of the extracted tyrosine at 700 nm (Ladd and 

Butler, 1972).  

One way ANOVAs were used for the comparison of the treatments on soil properties and trace element in 

soils and plants. When significant differences were found, a multiple comparison of mean values was determined by 

the Tukey test at P < 0.05. Data normality was tested prior to analysis, and when necessary, variables were 

transformed logarithmically. If after transformation, the data did not fit a normal distribution, we used the non-

parametric Kruskal-Wallis analysis of ranks. 

3 RESULTS AND DISCUSSION 

Values of pH were significantly higher in amended (OAR and specially IAR) than in non amended soils (NA and 

NAR) (Table 2), showing the positive effects of amendment application increasing the pH of the acid and trace 

element polluted soil (Madejón et al., 2006). The highest values of TOC and WSC were found in OAR soil where 

the organic amendment was applied. Values of TOC in IAR were higher than those of the non amended soils. 

  

TABLE 2  Mean values of pH, TOC, and Water Soluble C (WSC) and CaCl2-extractable trace elements 

concentrations at NA, NAR, OAR and IAR soils in 2007. For each parameter, values followed 

by the same letter do not differ significantly.  

Treatment pH TOC (%) WSC (mg kg-1) Cd (mg kg-1) Cu (mg kg-1) Zn (mg kg-1) 

NA 5.05 a 0.76 a 78.3 a 0.026 c 0.089 a 1.67 b 

NAR 5.48 a 0.97 b 113 ab 0.033 bc 0.101 a 3.69 b 

OAR 6.63 b 1.29 c 181 c 0.009 b 0.187 b 0.23  b 

IAR 7.39 c  1.04 b 150 bc 0.003 a 0.106 b 0.10 a 

  

 Table 3 shows total contents of As, Cd, Cu, Pb and Zn in soils. For all treatments these contents were 

higher than background values in the area (Cabrera et al., 1999) and no significant differences among treatments 
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were found. However, as trace elements occur in different species with different solubility, values of total trace 

element contents of soils cannot be used to estimate their mobility and availability for ecological processes. 

According to Kabata-Pendias (2004) extraction with 0.01M CaCl2 is an adequate method to extract bioavailable 

trace elements. Amended soils (OAR and IAR) showed CaCl2-extractable Cd and Zn contents lower than non 

amended soils (Table 2). Concentrations of CaCl2-extractable As and Pb were always below detection limits (0.1mgL
-1
). 

The lower availability of Cd and Zn in the amended soils could be mainly related to the alkalinisation of 

these soils due to amendment addition, and for organic amendments to the stabilization of trace elements by 

sorption, chelation and sequestration by the solid and soluble fractions of organic matter. In contrast, values of 

CaCl2-extractable Cu were significantly higher in amended than in non amended soils likely due to the input of this 

metal through the amendments. Moreover, Cu could form soluble complexes with organic matter that increase its 

solubility. 

 

TABLE 3   Total concentration (mg kg
-1

) of trace elements at NA, NAR, OAR and IAR soils in 2007. For 

each parameter values followed by the same letter do not differ significantly (P<0.05).  

Treatment As Cd Cu Mn Pb Zn 

NA  124 a 2.30 a 84.1 a 360 a 219 a 167 a 

NAR  115 a 2.18 a 79.9 a 339 a 222 a 150 a 

OAR  109 a 2.12 a 88.3 a 487 a 213 a 208 a 

IAR  107 a 2.68 a 87.7 a 607 a 210 a 247  a 

Background values* 18.3 0.33 30.9 678 38.2 109 

*According to Cabrera et al., 1999 

Microbial biomass carbon (MBC) has been widely used as an option to evaluate soil quality (Gil-Sotres et 

al., 2005). The effects of amendments and to a lesser extent rhizosphere have a positive effect on improving this 

parameter in soils. The greatest values of (MBC) were found in amended soils (OAR and IAR) with significant 

differences compared to NA and NAR (Figure 1). Enzyme activities have been tested as indices of soil fertility, soil 

quality, soil productivity, pollution effect and nutrient cycling potential (Dick, 1994). Differences in enzymatic 

activities among treatments depended on the activity studied (Figure 1), but the highest activity values were found in 

amended soils. In the case of aryl-sulphatase activity mean values in soils with rosemary (NAR, OAR, IAR) were 

greater than in NA soils, however differences were only significant in amended soils (OAR and IAR). 
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FIGURE 1  Mean values and standard deviation (SD) of microbial biomass carbon and enzymatic activities. 

For each treatment bars with the same letter differ significantly.  

 

Protease activity also reached the highest value in IAR treatment although significant differences were not 

found. This activity is involved in the cycle of N. For this activity the presence of rosemary in the containers (NAR, 

OAR and IAR) is positive. The presence of a root system could have contributed to the increase MBC and hydrolase 

activities. Plants excrete 10-20 % of their photosynthetates as root exudates, which can serve as substrates for the 

microbial community, thus increasing the number of microorganisms in the soil (Salt et al., 1998). 

Rosemary survival was 100% in all treatments, and showed similar height than plants growing in not 

polluted soils. Trace elements contents in rosemary leaves are shown in Figure 2. Trace elements concentrations 

were always within the normal range for plants of all studied treatments. In general, concentrations of As, Cd, Cu 

and Zn in plants growing in polluted soils were very similar in all treatments and significantly greater than in control 

plants (CR). Trace element contents in plants were never above maximum levels tolerated by livestock. 
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FIGURE 2  Trace element concentrations (mean values and standard deviation, SD) in rosemary leaves 

growing under different treatments and in CR control soils. Bars with different letters are 

significantly different. Normal ranges in plants growing in uncontaminated soil according to 

Chaney (1989). 

4 CONCLUSIONS 

The use of amendments improved quality in trace element contaminated soils by the increase of pH and organic 

matter content and enhanced biochemical properties. Rosemary helped the effectiveness of the amendment in the 

soil quality improvement. Despite of the contamination by trace elements in soils negative effects were not found in 

plant performance and these elements were within the normal levels in plants. 
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Oxyfluorfen is an herbicide used in olive cultivation as an alternative to other herbicides (diuron and 
terbuthylazine) recently banned in this crop. To prevent potential water contamination by this herbicide, it 
is important to study its behaviour in soils. For that reason, dissipation, photodegradation and leaching 
experiments of oxyfluorfen were carried out in two soils with different organic matter content (O.M.), SJ 
(O.M.= 1.84%) and P2 (O.M.= 0.63%), and amended with organic waste from olive oil production 
(alperujo) in the South of Spain. Dissipation study was carried out in these soils amended at two different 
contents of alperujo (5% and 10%) and under two differents soil moisture contents, 20% and 40% of field 
capacity (F.C.). Constant temperature of 25º C was maintained during the 84 days of the experiment. 
Higher dissipation of oxyfluorfen was found at 40% F.C. soil moisture than at 20% F.C. soil moisture in 
both amended soils. No significant differences in oxyfluorfen dissipation were observed between the two 
types of amended soils at 20% F.C. soil moisture. However, at 40% F.C. soil moisture, dissipation was 
higher in P2 soil amended with 10% of alperujo (63%) than with 5% of alperujo (54%). In the case of SJ 
soil, dissipation was lower in the case of 10% of alperujo (43%) than in the 5% of alperujo (54%). 
Photodegradation study of this herbicide was recorded under xenon irradiation in P2 and SJ soil samples 
amended with 10% of alperujo during 96 h. In general, low oxyfluorfen photodegradation was observed in 
both P2 and SJ amended soils, recovering 71% and 89% of initially added oxyfluorfen, respectively, being 
this photodegradation more noticeable in P2 soil than in SJ soil. Leaching study was carried out at different 
temperatures (5º C and 30º C) in handpacked soil columns. No oxyfluorfen residues were found in 
leachates. An increase in alperujo content has a different effect depending on the type of soil, specially in 
the case of O.M. soil content. Also, moisture and temperature, and UV irradiation were found as important 
factors in the degradation of oxyfluorfen. In the present work, O.M. plays a protective action in the 
degradation of the chemical, increasing the persistence of oxyflourfen and the risk of leaching. 
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EFFECT OF SOIL AMENDMENT WITH AN ORGANIC 

RESIDUE ON S-METOLACHLOR FATE 

 
Cañero A.I., Cox L., Hermosín M.C., Cornejo J. 

Instituto de Recursos Naturales y Agrobiología de Sevilla, CSIC, P.O. Box 1052,41080 Sevilla, España. 

Tel:+34 95 462 4711. cornejo@irnase.csic.es  
 

1 INTRODUCTION 

From the middle of the last century, the worldwide use of pesticides has greatly increased the quantity and improved 

the quality of food for the growing world population (Arias-Estévez et al., 2008). Once a pesticide is introduced into 

the environment, whether by application, disposal, or a spill, it can be influenced by many processes and it can 

become a source of potential adverse environmental impacts (nonpoint and point pollution). Soils, due to their 

capacity for absorption and breakdown of organic compounds can reduce the risk of agrochemicals entering ground 

waters or the air] But inappropriate or excess pesticide applications reduces may exceed the soils capacity for 

absorption or breakdown (Cornejo, 2005). It is therefore necessary to know and understand the processes which can 

affect the behavior of a pesticide in the soil.  

 Organics amendments (OAs) may be used to reduce the diffusion of pesticides from one compartment to 

other in soils by increasing pesticide sorption.  In addition, OAs increase the organic matter content in soils, which 

can stimulate soil microbial activity, accelerating pesticide degradation (Moorman et al., 2001; Cox et al., 2007).The 

aim of this research was to study the different processes affecting the behavior in soil of the herbicide S-metolachlor, 

and how these processes are influenced by soil amendment with an organic residue from olive oil production.  

 

2 MATERIALS AND METHODS 

2.1      Herbicide, soil and amendments 

The herbicide S-metolachlor (S-2-chloro-N-(2-ethyl-6-methylphenyl)-N-(2-methoxy-1-methylethyl) acetamide) is 

widely used -to control weeds in maize, cotton, and soybean crops between others (Cao, 2008). It is a colored liquid 

with melting point 61.1ºC, vapor pressure 3.7 mPa (25ºC), solubility in water 480 mg/l (25ºC). The analytical 

standard of 96% S-metolachlor purity provided by Dr Ehrenstorfer GmbH was used in this study.  

 All the experiments were performed with a loamy soil from Seville, Tocina (T) (pH 7.96, 1.096% OM, 

48.22% clay, 32.97% sand). This soil was amended in the laboratory at 10% (w/w) with an organic residue from 

olive oil production industry: AJ (pH 6.6, 81% OM)  

2.2      Sorption-desorption, leaching, bioassays and degradation studies  

Sorption studies were performed using the batch equilibration procedure. Triplicate samples (5g) of unamended and 

amended soil were treated with 10 mL of S-metolachlor solutions (initial concentrations, Ci, ranged from 5 to 50µM 

in 0.01 M CaCl2). Previosly it was determined that equilibrium was reached in <24 h and that no measurable 

degradation occurred during this period. Equilibrium concentrations (Ce) in the supernatants after 24 h of 

equilibrations time were determined by HPLC under the following conditions: Nova-Pac column, 150 mm length x 

3.9 mm i.d.; column packing, C18; flow rate, 1mL min
-1

; eluent system for S-metolachlor 55:45 acetnonitrile/water 

mixture and detection at 204 nm. Sorption isotherms were fitted to the Freundlich equation, Cs= KfCe
 1/nf

 and 

sorption coefficients Kf and 1/nf calculated. Successive washings (three times) with 0.01µM CaCl2 of the soil were 

made to determine the desorption capacity of the soil. Desorption isotherms were fitted to the Freundlich equation, 

and the hysteresis coefficient was calculated: H= ((1/nfdes)/(1/nfsor))x100. 

  For leaching studies triplicate columns were hand-packed with amended and unamended soils to a height 

of 140g. The dose application was 2 kg/ Ha and the columns were leached by applying 10 mL of water daily. 

Leachates were analyzed by HPLC. The amounts of herbicide remaining in different depths of the columns were 

extracted with methanol.  

 The degradation study was performed with triplicate unamended and amended soil (500g) treated with an 

ethanol solution of s-metolachlor to give a final concentration of 2 mg kg
-1

 of dry soil. Portions of soil were sampled 

periodically and extracted later for herbicide analysis by HPLC analysis.  
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Bioassays with Ray grass seeds were performed with triplicate plots of each treatment: background plots, plots 

with S-metolachlor, plots amended at 10% with AJ (without herbicide) and plots with herbicide and amended soil. 

The herbicide dose was 2mg kg
-1

. 

 

3 RESULTS AND DISCUSSION  

3.1 Sorption studies.  

The S-metolachlor sorption-desorption isotherms are shown in Figure 1 and sorption coefficients are represented in 

Table 1. Sorption experiments revealed higher values in amended soil than unamended soil due to the increased 

organic C. This result suggests that S-metolachlor sorption is highly associated with organic matter content (Shaner, 

2006). The Kfads in amended soil was increased 2.4-fold in T+AJ when compared with unamended soil.   

 In both amended and unamended soils nfads values were higher than nfdes values (Table 1), which is 

indicative of hysteresis phenomenon (Seybold and Merseil, 1996), which is slightly higher in the amended soil than 

in the original soil. This means that the sorption is more reversibility in T+AJ than in unanmended soil, although the 

organic content and sorption were increased when T soil was amended. These results do not agree with Cox et al, 

(1997) and Koskinen et al, (2006), who found lower H% in highly sorptive systems.  

FIGURE 1  Sorption-desorption isotherms in unamended (a) and amended soil (b). 

 

TABLE 1  Sorption-desorption coefficients of S-metolachlor in unamended (T) and amended soil (T+AJ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 2  Cumulative leaching of S-metolachor in unamended (T) and amended soil (T+AJ) 
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3.2 Leaching studies 

S-metolachlor leaching was decreased when soil was amended with the organic residue, as it clearly seen in Figure 

2.It was also observed that the beginning of the leaching was strongly delayed in the case of T+AJ (50 days) 

compared to the original soil (10 days approximately). This can be attributed to the increase in organic matter upon 

amendment The percent of applied, extracted and total recovered herbicide from the hand-packed columns are 

presented in  Table 2. In the unamended soil, where more of the herbicide was leached, and less was recovered. The 

total recovered in the T soil was 49.6 % and in T+AJ, 34.7 %. The high sorption irreversibility and degradation 

processes should both account for the low recoveries in both soils.  

 

TABLE 2  Percentage of applied, extracted and total recovered of S-metolachlor in unamended (T) and 

amended soil (T+AJ). 

 

 

 

 

 

 

 

 

3.3 Degradation studies 

S-metolachlor dissipation curves are shown in Figure 3. S-metolachlor half-life in the unamended soil was 21 days, 

which is in accordance with studies from O´Connell et al. (1998). In the case of amended soil it was not possible to 

calculate a half-life value because data did not fit well a first order kinetic. The addition of the organic residue 

greatly increased persistence of the herbicide in the soil. The increase in organic matter content in the amended soil 

leads to an increase in sorption and, consequently the herbicide is less available for degradation or other dissipation 

processes. This was also observed with other herbicides in soils amended with this organic residue (Cabrera, 2007).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 3  Dissipation of S-metolachlor  in unamended (T) and amended soil (T+AJ). 

 

3.4 Bioassays  

It was confirmed the efficiency of s-metolachlor against the Ray grass in the plots treated only with the herbicide, 

because the seeds did not germinate. It was also detected no phytotoxic effect of the organic residue in the amended 

plots. In the case of the application of the herbicide in the amended soil, it was found no decreased in the herbicide 

effectiveness despite the high sorption found in the sorption-desorption experiments. 

 

4   CONCLUSIONS  

The addition of an organic waste from olive oil production to soils modify the sorption capacity of soil for S-

metolachlor, affected other processes such as the dissipation and leaching. However, the efficiency of s-metolachlor 

against Ray grass is not affected. The reduction in leaching and the greater persistence of the herbicide in the 
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amended soils can be beneficial in order to reduce the risk of ground water contamination and in order to reduce the 

number of herbicide applications.  
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1 INTRODUCTION 

Hydrophilic polymers swell to form gels that contain many times their dry weight in water. They are marketed as 

‘superabsorbent polymers’, with different trade names, for incorporation into soils and substrates. YunKai et al. 

(2002) reviewed the effects of these polymers on agricultural soils and crops. Another use of hydrophilic polymers 

is in disposable diapers and similar products. A layer of polyacrylate polymer is located between cellulose fibres, 

and the whole contained by a plastic cover.  

Effects of metals on ecosystems and biological resources are increasingly recognised (Izquierdo et al., 

2005; Pérez-de-Mora et al., 2006). It is too expensive to remove metals from severely contaminated soils, and the 

restoration of these sites does not imply a decrease in the total contents of toxic metals, but rather a change in their 

availability. Factors that influence the flow of metals from solid phases towards soil solution govern their 

bioavailability. In this manuscript, the emphasis is set on the effect of polyacrylate polymers on plant growth and 

quality of metal-contaminated soils, deriving from their effect on metal availability. 

 

2            MATERIALS AND METHODS 

Several experiments with metal-contaminated soils were carried out. The Cu-contaminated soil came from a 

vineyard that received copper sulphate as fungicide over several years; the Cd-contaminated soil became enriched 

with the metal because it was used for Cd-related studies for more than a year; the remaining soils came from a 

sulphide mine in the Iberian Pyrite Belt. 

In all studies, parameters were measured in unamended soil and in polymer-amended soil. The level of 

polymer applied varied between 0.2 and 0.3% (m/m). Plant growth was evaluated based on dry weight of 

aboveground tissues. Soil enzymatic activities were measured as described elsewhere (Qu et al., 2010b).  

 

3             BIOAVAILABILITY OF TOXIC METALS 

Exposure of polyacrylates to metals such as Cu, Ni, Cd and Zn leads to an irreversible collapse of the polymer 

particles as these metals form ionic cross-links and coordination bonds with carboxylic groups present that prevent 

re-expansion of the polymer.  

 The sorption of cations in free solution is a fast process taking place within a few minutes. This process is 

much slower when polymers are applied to soils, as the amount of the metal in solution is small, and the movement 

of metals is hindered by the solid phase. In consequence, the time taken for the polymers to collapse is extended 

over a large period of time, but the process can still be followed, as the maximum water-holding capacity of the 

amended soil slowly declines, so that at each irrigation operation the weight of the wet soil becomes smaller. In 

contrast, the maximum water-holding capacity of unamended soil remains constant (Figure 1). 
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FIGURE 1  Changes in the water content of a mine soil without (black line) or with 0.4% polyacrylates (grey 

line) 

 

The extractable level of toxic metals in soils decreases following polymer application (Table 1). 

Depending on the extracting solution, metal and soil type a decrease between 11 and 64% of the content of the 

unamended soil was observed.  

 

TABLE 1  Extractable levels of metals in contaminated soils 

Metal Extracting solution  Level of metal (% of control) Reference 

Cu Water 11 de Varennes and Torres, 1999 

Pb 0.01 M CaCl2 63 Guiwei et al., 2008 

Pb, Cu and Zn Water 64, 50 and 50 de Varennes et al., 2009 

Cd 0.01 M CaCl2 57 Qu et al., 2010c 

 

4            QUALITY OF RESTORED SOILS 

The activity of several soil enzymes increases in polymer-amended soils (Table 2).  

 

TABLE 2  Enzymatic activity of polymer-amended metal-contaminated soils 

 

Metal 

Soil enzyme Enzyme activity  

(×activity in unamended soil 

Reference 

Cu Acid phosphatase 1.7  

Cu β-glucosidase 1.8 de Varennes and Queda, 2005 

Pb Dehydrogenase 3.3  

Pb Protease 11  

Pb Acid phosphatase 1.9         Guiwei et al., 2008 

Pb β-glucosidase 3.3  

Pb Cellulase 11  

Pb, Cu and Zn Dehydrogenase 1.6 de Varennes et al., 2009 

Pb, Cu and Zn β-glucosidase 1.5  

Cd  Protease 1.5  

Cd Acid phosphatase 1.1 Qu et al., 2010c 

Cd β-glucosidase 1.4  

Cd Cellulase 2.9  

 

Heavy metals interact with hydroxyl and sulfydryl groups and with nitrogen-containing ligands of 

enzymes, inhibiting their activity (Huang and Shindo, 2000; Gil-Sotres et al., 2005). The decrease in the levels of 

metals in soil solution may thus be responsible for the stimulation of the activity of soil enzymes.  Re-vegetation of 

metal-contaminated soils also leads to enhanced activity of several soil enzymes (Izquierdo et al., 2005; Pérez-de-
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Mora et al., 2006). This may result from indirect effects on enzymatic activity due to the stimulation of microbial 

activity by greater plant growth and consequent increases in the amount of root exudates and plant residues reaching 

the soil.  

Enhanced growth of several plant species has been shown in metal-contaminated soils following 

application of polyacrylate polymers, including cultivated species such as perennial ryegrass (Lollium perenne L.), 

annual medic (Medicago polymorpha L.) and orchardgrass (Dactylis glomerata L.) or native species present in mine 

soils such as Chaetopogon fasciculatus (Link) Hayek, Spergularia purpurea (Persoon) G. Don fil. and Andryala 

integrifolia L. (Table 3). Depending on soil and plant species, the increase in plant growth varied between 4 and 

3000 times that of plants grown in unamended soil.   

 

TABLE 3  Relative growth of several species grown in soils contaminated with metals 

 

Metal 

 

Plant species 

Growth 

(× growth in unamended soil) 

 

Reference 

Cu Perennial ryegrass 11 de Varennes and Torres, 1999

Cu Annual medic 4 de Varennes and Queda, 2005 

Pb Orchardgrass 3000 Guiwei et al., 2008 

Pb, Cu and Zn Perennial ryegrass 21 de Varennes et al., 2009 

Cd Orchardgrass 6 Qu et al., 2010c 

Pb Native species 2 Qu et al., 2010b 

 

At present, polyacrylates in disposable diapers contain Na
+
 as counter ion. This represents a limitation for 

the use of these products as soil amendments. Either natrophylic plants have to be chosen or enough precipitation 

has to occur to wash the soil profile before sowing takes place. Nevertheless, in a recent experiment (Qu et al., 

2010a) it was shown that S. purpurea (an halophyte) greatly responded to application of polymers to a sulfide mine 

soil, and even shredded diapers containing polyacrylate could promote the growth of this native species (Figure 2). 

 

 
FIGURE 2  Growth of Spergularia purpurea in a soil derived from a sulfide mine. Mine soil received 0.3 

shredded diapers per kg of soil (left) or was left unamended (right). 

 

5            CONCLUSIONS 

In conclusion, the application of insoluble hydrophilic polymers promotes plant growth due to increased water-

holding capacity of the soil and decreased bioavailability of toxic metals. The establishment of a plant cover in 

metal-contaminated soils is faster in amended soils and provides full soil coverage that stabilizes the soil and 

enhance its quality. 
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1 INTRODUCTION 

The São Domingos mining area is located in the Iberian Pyrite Belt, SE Portugal, and represents a serious 

environmental hazard (Matos and Martins, 2006). Exploitation dated back to pre-roman and roman times with 

extraction of Ag, Au and Cu exploitation, mainly in the gossan (resulting from the ore weathering). The intense 

exploitation started in the middle of 19
th

 century, both in the gossan and sulfide ore-containing Cu, Zn, As and Pb, 

and lasted until 1960, with the exhaustion of the ore (Quental et al., 2002). Different types of waste materials were 

left: gossan, host rocks (volcanic with shales, and shales), roman and modern slags, smelting ashes and brittle and 

blocks of pyrite (Matos, 2004; Álvarez-Valero et al., 2008). All sulfide mine wastes are typically heterogeneous and 

contain high amounts of trace elements, acidic pH and small contents of organic matter and nutrients. The large 

dumps containing pyrite and other metal sulfides generate, by oxidation, acidic mine drainage (AMD) which 

increases the availability of trace elements for microorganisms and plants in the surrounding soils. All of these 

characteristics contribute towards a system that is barely capable of supporting the establishment or survival of 

plants.  

The use of amendments and spontaneous colonization (vegetation) from mining areas (phytostabilization) 

are cost-effective and environmentally sustainable methods to rehabilitate these contaminated and degraded areas 

even in arid and semi-arid conditions (Tordoff et al., 2000; Mendez and Maier, 2008). Thus, the preparation of 

Technosols from mixtures of organic and inorganic wastes can be an attractive option to rehabilitate mining areas 

because they can improve physical, chemical and biological properties contributing, at the same time, towards a 

strategy of wastes valorisation (Macías, 2004). The use of mixtures composed of residues with different C:N ratios 

can be used to manipulate the rate of mineralization. Nevertheless, the amendments used should also promote other 

soil functions (Arbestain et al., 2008). The objective of this study was to evaluate the influence of cost-effective 

organic and inorganic amendments, available in the region, in the rehabilitation of sulfide materials from the São 

Domingos mine area. 

 

2 MATERIALS AND METHODS 

2.1 Materials  

Composite samples of mine wastes (MW), containing mainly crushed pyrite and smelting ash, were collected in 

2009 at the São Domingos mine area. The large volumes present in the mine, the absence of vegetation and the 

potential risk as a source of contamination were the reasons for choosing this mining waste. The amendments 

applied were mixtures, at 30 Mg/ha and 75 Mg/ha, containing distinct wastes from: AGR - agriculture (plant 

remains+strawberry substrate at 40:60 m:m), MED – residue from the distillation of Arbutus unedo L. fruit, ALF – 

residue from distillation of Ceratonia siliqua L. fruit and RW - rockwool (used for the strawberry crop). Limestone 
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rock wastes (LR) were also added at 55 Mg/ha. These organic and inorganic wastes were used due to their 

characteristics and their presence in large quantities and at “zero cost” in the vicinity of the mine. 

2.2 Methods  

Assays were performed in pots with five treatments (four replicates each): a) control with MW only (6 kg); b) 

MW+LR+Amendment at 30 Mg/ha composed of AGR+MED+RW; c) MW+LR+Amendment at 75 Mg/ha 

composed of AGR+MED+RW; d) MW+LR+Amendment at 30 Mg/ha composed of AGR+ALF+RW; e) 

MW+LR+Amendment at 75 Mg/ha composed by AGR+ALF+RW. The tailings were mixed manually with these 

amendments, potted and then maintained at 70% of water-holding capacity in a greenhouse. After one and four 

months of incubation, samples were collected from each pot (0-5 cm of depth). 

Multi-elemental analysis of the initial mining wastes (total) and organic/inorganic wastes were 

undertaken by atomic emission spectrometry with induced plasma (ICP-EAS) and instrumental neutron activation 

analysis (INAA) after acid digestion with HClO4+HNO3+HCl+HF (Activation Laboratories, 2006).  

Samples taken after incubation (fraction <2 mm) were characterized for total organic carbon, extractable 

P and K and total N (Póvoas and Barral, 1992). All organic and inorganic wastes and initial mine waste materials 

(<2 mm) were also chemically characterized for the same parameters using the same methodologies. Electric 

conductivity (Ec) and pH were analysed in a water suspension 1:10 (DIN method, 1984) which is representative of 

the leachate. The dehydrogenase enzyme activity was analyzed according to Tabatai (1994). 

 

3 RESULTS AND DISCUSSION 

São Domingos mining wastes are characterised by pH~2, a large Ec (7.35 to 7.49 mS/cm) and low fertility (Table 

1). These properties, together with the large total concentrations of hazardous elements (As: 1.1 g/kg; Al: 58.1 g/kg; 

Cr: 76.7 mg/kg; Cu: 2.1 g/kg; Hg: 75 mg/kg; Pb: 11.7 g/kg; S: 65.3 g/kg; Zn: 1.1 g/kg) explain the absence of 

vegetation and natural colonization. These properties and chemical composition are associated with the character of 

the wastes where sulfide materials and potential AMD are present. All the organic and inorganic wastes used as 

amendments had chemical characteristics considered beneficial and safe for land application and rehabilitation of 

mining wastes: pH >4.91, small Ec and large concentrations of organic matter and nutrients (Table 1). The 

concentrations of trace elements were small (data not shown). 

 

TABLE 1 Chemical characterization of organic and inorganic wastes used as amendments and mining 

wastes from São Domingos mine area 

Wastes pH 
Ec 

(mS/cm) 

Extractable 

P (mg/kg) 

Extractable 

K (mg/kg) 

Total N 

(g/kg) 

Organic 

matter 

(g/kg) 

AGR 

(Plant remains) 
7.18 3.47 3145.30 6557 19.18 593 

AGR 

(Strawberry 

substrate) 

6.62 0.91 342.35 166 10.94 653 

RW 7.08 3.50 7922.12 730.4 12.90 146 

MED 4.91 1.74 175.53 3569 9.26 146 

ALF 6.10 0.24 117.28 9130 13.39 945 

MW 2.11-2.31 7.35-7.49 < Ld 16.6-58.1 1.96-1.98 113-138 

AGR: agriculture (plant remains+strawberry); RW: rockwool; MED: residue from the distillation  Arbutus unedo L. fruit; ALF: residue 

from the distillation Ceratonia siliqua L. fruit; MW: mining wastes; Ld: Limit of detection 

 

After one month of incubation, the pH increased with amendments from ~2 (control and initial value in 

MW), to values between 3.78 and 5.06. The treatments at 75 Mg/ha resulted in greater pH than those at 30 Mg/ha, 

independently of the organic wastes included in the amendment (MED or ALF). After four months of incubation, 

the pH decreased back to values similar to those measured at the beginning of the experiment. Limestone rock 

wastes were the main cause for the pH increase in the first month of incubation however the continued acidification, 

due to sulfides oxidation, promoted the rapid solubilization of carbonates. All the treatments had smaller Ec values 
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(1.90-2.88 mS/cm and ~4 mS/cm after one and four months of incubation, respectively) than initial mining wastes 

(7.35-7.49 mS/cm). 

The concentrations of extractable P increased in amended treatments from one to four months of 

incubation, especially with the application of AGR+MED+RW at 75 Mg/ha (102.45 mg/kg, Figure 1). The 

increased concentration of extractable P in control compared to the initial mine material, can be attributed to the 

generation of AMD and consequently the increased solubilization of solid phases containing P. Extractable K 

increased from one to four months in the control, but the amendments had little effect on this nutrient (Figure 1). 

Potassium leaching to deeper layers or its unavailability due to amendments application can be reasons for the 

decrease of this element in the soil surface layer (compared to initial values of MW). Total N was similar in all 

treatments and sampling periods (1.96-2.64 g/kg). 
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FIGURE 1 Concentrations of extractable P and K and total N of different treatments after one and four 

months of incubation (media±SD, n=4) 
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The dehydrogenase activity was very small in all amended treatments and in both sampling periods (0.25-

0.61 µg triphenylformazan (TPF). g dry weight 16 h
-1

) but the values in second sampling date were twice those of 

first date, except  with application of amendment at 30 Mg/ha composed by AGR+ALF+RW. After the first month 

of incubation, the control had the greatest dehydrogenase activity (1.19 µg TPF g dry weight 16 h
-1

), but after four 

months it was below the detection limit of the methodology. The application of amendment with residue from 

distillation of Ceratonia siliqua fruit (ALF), principally at 75 Mg/ha after four months of incubation, presented the 

higher dehydrogenase activity (0.61 µg dry weight 16 h
-1

) than other amended treatments.  

 

4 CONCLUSIONS 

Mine wastes, composed predominantly of sulfide containing materials, present a serious environmental risk due to 

the large concentrations of trace elements and continued generation of acid mine drainage. The amendments tested 

were, in general, similar in their effect and did not increase, adequately, the fertility of this waste. The application 

rate of amendments should be greater than 75 Mg/ha and combined with other wastes capable of increasing pH but 

with a small dissolution rate and, therefore, more persistent. The amendments had only a small effect on microbial 

activity (measured by dehydrogenase) and the activity of the native microbial community was very small, as would 

be expected in such extreme conditions. It is clear from the results that amendment application per se will be 

insufficient to allow the establishment of a permanent vegetation cover. Some barrier to prevent impact of 

underlying layers will be needed, to prevent the impact (namely of acidic salts) on the amended surface layer, 

however more investigation is needed. 
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1 INTRODUTION 

In Portugal, as in other Mediterranean countries, fire events are common primarily due to climate and progressive 

rural abandon, and contribute largely to desertification. Top layers of soil are constituted mostly by organic residues 

and decomposed organic matter, and are the most sensitive layers to fire damages. Soil organic matter is an 

important factor on physical, chemical and biological properties of soil. Quantity and  duration of heat transfer and 

soil thermal conductivity, which varies according to soil conditions (humidity, organic matter, texture, etc), are the 

main responsible factors for the more or less physical, chemical and biological changes in soil after fire (Neary et 

al,1999). A soil temperature of only forty degrees is enough to initiate biological changes that may begin with plant 

and roots death caused by dehydration, and protein degradation. Microbial populations have different thermal 

resistances and most are killed between 50 and 120 ºC. Organic matter (OM) losses may occur at low temperatures, 

through the volatilization of volatile compounds which may occur between 100º and 180 ºC or OM distillation at 

200 to 315 ºC (DeBanno et al, 1998). Under 200 ºC, decomposition of resistant compounds as hemicelullose and 

lignin starts (Chandler et al, 1983, cit by González-Pérez et al, 2004). At 300 ºC, decarboxylation and loss of 

Oxigen-containing functional groups (as phenols) occur in the Humic (HA) and Fulvic acids (FA) (Knoepp, 2005). 

Humin content increases, due to formation of aromatic compounds, because the more soluble fraction, the FA 

fraction, is transformed into insoluble acids like HA, and this last ones suffer dehydratation and decarboxylation, 

becoming insoluble – Black Carbon – resembling the Humin fraction (González-Pérez et al, 2004, Tinoco et al, 

2006, Hatten  and Zabowski, 2009). Above 450 ºC, all OM is loss.  

The main purpose of this work was to evaluate the effect of soil heating in forest soils, using a natural 

burned (B) and an unburned (U) soils  and thermally treated soils at different temperatures (65, 105 and 250ºC). 

Further, we examined the  benefic effects of application of organic residues to soils that had been exposed to fire, we 

added digested pig slurry, municipal solid waste compost and a mixture of both, and evaluated organic matter 

composition after 2 months of incubation. 

 

2 MATERIAL AND METHODS 

Burned soil was collected from the A horizon (0-5cm) of a granite Litosoil in Serra de Sintra (38º 45’ 35.37’’ N, 9º 

25’ 51.36’’ W), with a sub-humid, and mesothermal climate, 10 days after a natural fire in March 2008. Burned soil 

was collected after removing the ash, dead leaves and branches at the surface of the soil, and collecting a number of 

samples representative of the hill. Soil was sampled to perform a composite sample, collected in randomized design. 

In a contiguous area, samples of soil were taken from an unburned location, after removing vegetation and routs 

cover.  Each soil was sieved with a 2 mm mesh and mixed to obtain homogenized samples. Part of the unburned soil 

was treated thermally. Unburned soil was placed in trays at 5cm depth, and treated at three different temperatures 

(65, 105 and 250 ºC for 12 h) in a furnace, to simulate soil heating. Batches of 300 g of each one of the different 

soils, burned (B), unburned (U) and treated at three different temperatures (65, 150, 250), were placed in plastic 

containers. Organic residues were mixed with soils, and aerobically incubated for approximately 60 days in the dark, 

under controlled room temperature (24 ± 2ºC) and at 60% of the maximum water holding capacity of the soils. 

Water holding capacity was determined prior to starting the incubation studies. The organic residues used were 

digested pig slurry, municipal solid waste compost (further referred as compost) and a mixture of both (8mL pig 

slurry/1g compost) (further referred as mixture). The application rate of each one, was equivalent to 170 kg N/ha 

(ED 91/676/CEE). A control treatment of each soil without organic amendments was also included, and will be 

referred to as simple soil treatment.  

A modified method of weight loss on ignition (LOI) (Ratnayake et al., 2007) and a proximate carbon 

fractions (PCF) (Ryan et al., 1990) determination were performed. In the former method, soil litter (LT), fulvic (FA) 
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and humic (HA) fractions were determined sequentially, by weight loss after burning in a muffle furnace at 200, 300 

and 500 ºC, during 4 h, where weigh loss after each burning corresponded to the fractions referred above, 

respectively. In the latter, fats, oils and waxes (Lipids) determination was performed after a non-polar extraction 

with methylene chloride and ultra-sound, a polar extraction with water for sugars and water-soluble polyphenols 

(Sugars) and an acid extraction with H2SO4 for primarily cellulose. Lignin was determined by ashing. The lost on 

ignition method was performed to all soil/residue combination in the beginning and end of the incubation period, 

and Proximate Carbon fraction was performed in soils and residues separately, in the beginning, and to soil/residues 

combinations, in the end of the experiment.  

Data was analyzed statistically by a two-way ANOVA, using LSD test. 

 

3 RESULTS AND DISCUSSION 

When no residues were applied, in the naturally burned soil (B) the organic matter content was higher than in the 

other soils, and this was related to the content in the litter (LT), fulvic acids (FA) and humic acids (HA) fractions. 

This may have occurred due to the incorporation of organic residues, as dead plants and decomposed burned litter, 

after fire (Chandler et al, 1983, cit by González-Pérez et al, 2004). The FA fraction was the one that increased most 

due to burning, in average FA in burned soils was 5% higher than in unburned soils. LT fraction in B soil was 1.7 % 

greater and Ha fraction only 1.3 % (data not shown). In the 250 soil, a decrease in LT and FA fractions was 

observed both at the beginning and at the end of the incubation, comparing to the original soil (U) while the HA 

fraction did not reveal significant differences. After this, we could say that the maximum temperature applied at 

laboratory heating (250 ºC) was sufficient to decrease the most thermolabile fractions (Litter and Fulvic Acids), but 

not enough to decrease the HA, which is more heat resistant. 

For B soil, the effect of the application of residues varied according to the OM fraction in question. In the 

litter fraction, the application of organic residues had positive effects, increasing this fraction content, more 

significantly in the digested pig slurry treatment at the beginning and at the end of the incubation period, and in the 

compost only at the beginning. The FA fraction was significantly higher when compost was added to the soils rather 

than after addition of other residues, at the end of the incubation period, although it wasn’t significantly different 

from the simple soil without amendments. The HA fraction was clearly lower in treatments with mixture than with 

compost at the beginning, and simple soil at the end of the incubation. 

Litter fraction significantly increased with mixture application compared to simple soil treated at 105ºC at 

day 0. For FA fraction after 60 days, there was a significant increase with compost use, when compared to plain, in 

the 105ºC soil. In the other soils, no differences were observed, in all fractions. In soils where no residues were 

added, the following results were found after Proximate Carbon Fraction. For B soil, at the beginning of the 

incubation, the content of lipid and sugar fractions were low (< 1.3 %) compared to other fractions, primary 

cellulose and lignin (> 8 %)  

Except for B and 105 soils, there was a significant increase in lipid fraction after 2 months of incubation. 

In the beginning of the incubation, lipids content increased slightly with temperature to which the soil had been 

subjected, except for higher temperature (250 ºC), which was not significantly different from the U soil. After 60 

days, the initial temperature treatment promoted an increased of the level of lipids in the 65 ºC treated soil, similar 

to B soil. The sugar fractions content of B and 250 soils were similar, revealing an increase of sugar fraction in soil 

burned at 250 ºC, in the beginning of the incubation. After 60 days, significant differences were seen in 250 and 65 

treated soils sugar fractions, which decreased significantly. 250 soil cellulose value was significantly lower than the 

others, showing thermal decomposition of cellulose, due to temperature treatment before incubation, and related also 

with sugar increase in the same soil. Cellulose values in the beginning and end of the incubation were similar for all 

soils, except for B soil, which decreased after 60 days. Incubation period had no significant differences in the lignin 

fraction, although values of B soil where higher than others.  

At the end of the incubation, there were no significant differences between soil with and without organic 

amendments in the B soil. In the B soil addition of pig slurry increased the cellulose content in absolute values 

(Figure 1). In the U soil, the compost produced a decrease in the lipids content, and compost and mixture treatments 

also increased sugar fraction, while pig slurry increased slightly the cellulose content. In the 65 soil, organic 

residues application produced significant decreases in lipids fractions and significant increases in sugar fraction 

content (Figure 1). Content of lipids in unburned soil, and 105 soil with compost and mixture amendments, were not 

significantly different amongst them, although the compost promoted a significantly higher lipids content than pig 
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slurry applications. Sugar and cellulose content were similar, while lignin values in 105 simple soil, compost and 

pig slurry application were identical between them, mixture being the lower value (Figure 1).  

 

 

 

 

 

FIGURE 1 Proximate Carbon Fraction of different soil with and without organic residues application (S – 

without residues, C – municipal solid waste compost, P – digested pig slurry, M – mixture) 
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Application of mixture to the 250 soil, produced decreases in lipid fraction content compared to other 

residues applications and to control. For the sugar fraction, all residues application had positive effects comparing to 

plain soil, mostly mixture. Cellulose content did not suffer alteration when residues were applied, and lignin 

increased with pig slurry application, and was reduced beneath control level with compost application. This was 

opposite to the fact that compost has a higher content of recalcitrant compounds. 

 

4 CONCLUSION 

Natural burned soil had higher contents of all the organic matter pools, probably due to the incorporation of dead 

biomass during fire. Increased burning temperature was only enough to alter the more thermolabile fractions (Litter 

and FA). The pig slurry application seemed to increase the litter fraction of burned soil, while compost increased a 

more resistant fraction, the FA fraction, in 105 soil. There were no significant differences in other combinations 

soil-residue.  

Laboratory burning of the natural soil increased lipid and sugar fractions and decreased the cellulose 

fraction, while lignin remained stable. In B and U soil pig slurry increased the cellulose content, while compost 

increase lipid and sugar fraction, in the U soil. 

 

 

REFERENCES  

DeBano LF, Neary DG, Folliott PF 1998. Fire Effects on Ecosystems. Jonh Wiley & Sons, New York.  

González-Pérez JA, González-Vila FJ, Almendros G, Knicker H 2004. The effect of fire on soil organic matter – a 

review. Environment International 30, 855-870. 

Hatten JA, Zabowski D 2009. Changes in Soil Organic Matter Pools and Carbon Mineralization as Influences by 

Fire Severity. Soil Sci. Soc. Am. J. 73, 262-273.  

Knoepp JD, DeBano LF, Neary DG 2005. Wildfire in Ecossystems – Effects of Fire on Soil and Water – Cap 3, Soil 

Chemistry, USDA Forest Service Service General Technical Report RMRS-GTR-42- volume 4.  

Neary DG, Klopatek, CC, DeBano LF, Ffolliot PF 1999. Fire effects on belowground sustainability: a review and 

synthesis. Forest Ecology and Management 122, 51-71.  

Ratnayake RR, Seneviratne G, Kulasooriya SA 2007. A modified method of weight loss on ignition to evaluate soil 

organic matter fractions. International Journal of Soil Science 2 (1), 69-73.  

Ryan MG, Melillo JM, Ricca A 1990. A comparison of methods for determining proximate carbon fractions of 

forest litter. Can. J. For. Res. 20, 166-171.  

Tinoco P, Almendros G, Sanz J, González-Vásquez R, González-Vila FJ 2006. Molecular descriptors of the effect 

of fire on soil under pine forest in two continental Mediterranean soils. Organic Geochemistry 37, 1995-

2018. 

- 1104 -



 Use of manures and organic residues for the recovery of degraded and contaminated soils  

  

  

 

MICROBIAL CHARACTERIZATION OF A MINE SOIL 

SUBJECTED TO DIFFERENT REMEDIATION 

TECHNOLOGIES COMBINING ORGANIC AND 

INORGANIC TREATMENTS AND PLANT CULTIVATION  
 

Basanta R.
1
, de Varennes A.

1
,
 
Bååth E.

2
, Díaz-Raviña M.

3 

Instituto Superior de Agronomia, TULisbon, Tapada da Ajuda, 1349-017 Lisboa, Portugal,  

Tel: +351 21 3653424, fax: +351 21 3653180. rosariobasan@isa.utl.pt 
2 
Department of Microbial Ecology, Ecology Building, Lund University, SE-22362 Lund, Sweden. 

3 
Departamento de Bioquímica del Suelo, Instituto de Investigaciones Agrobiológicas de Galicia (CSIC) 

Apartado 122, Avda Vigo s/n, 15780 Santiago de Compostela, Spain.  
 

1 INTRODUCTION 

In Portugal, additional research is needed if technologies based on the combined action of plants and the microbial 

communities they support within the rhizosphere are to be adopted in large-scale remediation actions (Nabais et al., 

2008). Plants growing in abandoned mines are useful to indicate the mineral composition of the soil and they are 

able to accumulate or exclude toxic metals (Pratas et al., 2005). Taking into account that the mine degraded soils 

have low concentrations of plant nutrients, it is necessary to apply amendments to ensure plant cover when 

remediation technologies are present. But soil amendments and the development of a root system might induce 

shifts in the microbial community structure among the different treatments (Pérez-de-Mora et al., 2006). Moreover, 

data about the toxic effects of heavy metals on soil microorganisms indicated that heavy metal-sensitive bacteria are 

probably responsible for the decrease in bacterial activity and the competitive advantage of more tolerant ones 

resulted in a change in community composition (Díaz-Raviña and Bååth, 1996). Hence, relationships between the 

soil composition, plant species occurring above-ground and the soil microbial communities have been revealed in 

many research (Kourtev et al., 2003) providing an important link between above and below-ground processes in 

terrestrial ecosystems. Soil microbial community structure is increasingly being marketed as ecologically-relevant 

endpoint and it can realistically be incorporated for assessing the potential risks associated with soil amendment 

strategies on sustainability of soil ecosystems. 

Studies of different remediation technologies with mine soils in Portugal, including amendment materials 

from farming and industrial sources and the use of native plant species (Guiwei et al., 2008; de Varennes et al., 

2009) revealed differential effects of treatments on soil enzymes and microbial respiration, suggesting a change in 

microbial communities. The information about this fact is scarce and had focused on soil biochemical properties, 

producing no clear results. Phospholipid fatty acid (PLFA) patterns are sensitive indicators of changes in microbial 

community structure. This technique has been used to elucidate different strategies employed by microorganism to 

adapt to changed environmental conditions under wide ranges of soil types, management practices, climatic origins 

and different perturbations (Zelles, 1999). The present study is the first attempt to characterize, by means of the 

analysis of PLFA patterns, soil microbial population from a Pb-contaminated mine soil subjected to different 

remediation technologies including revegetation with native herbaceous species. 

 

2 MATERIALS AND METHODS 

The study was performed with a soil from the São Domingos mine  in the South of Portugal (Table 1) without plants 

or with native herbaceous plants (Briza maxima L., Chaetopogon fasciculatus (Link) Hayek and Spergularia 

purpurea (Persoon) G. Don fil.) combined with the following treatments: control (C); inorganic fertilizer (I, 200 mg 

N, 125 mg P, 420 mg K and 25 mg Mg kg
−1

 soil.); polyacrylate polymers, half with K
+ 

as counter ion and half NH4
+
,  

(P, 0.4% of polyacrylate polymer, 125 mg P,  25 mg Mg kg
−1

 soil); inorganic fertilizer plus organic amendment (O, 

200 mg N, 125 mg P, 420 mg K, 25 mg Mg and 15 g of municipal solid waste compost (MSWC) kg
−1

 soil); polymer 

plus organic amendment (PO, 0.4% of polyacrylate polymer, 125 mg P, 25 mg Mg and 15 g of MSWC  kg
−1

 soil). 

The measurements of PLFA patterns were made on soil samples collected 5 months after the application of 

treatments.  

- 1105 -



 Use of manures and organic residues for the recovery of degraded and contaminated soils  

  

  

 

The microbial community structure was determined by phospholipid fatty acid (PLFA) analysis 

(Frostegard et al., 1993). Fatty acids (PLFA) are designated in terms of the total number of carbon atoms: number of 

double bounds, followed by the position of the double bound from the methyl end of the molecule. Cis and trans 

configurations are indicated by c and t, respectively. The prefixes a and i indicate anteiso- and iso-branching; br 

indicates unknown methyl branching position, 10Me indicates a methyl group on the tenth carbon atom from the 

carboxyl end of the molecule; and cy refers to cyclopropane fatty acids. The total microbial biomass (TotPLFAs) 

was estimated as the sum of all the extracted PLFAs. The sum of the PLFAs considered to be predominantly of 

bacterial origin was used as an index of the bacterial biomass (BactPLFAs), the quantity of the PLFA 18:2ω6,9 was 

used as an indicator of the fungal biomass (FungPLFA), the PLFAs i14:0, a15:0, i16:0 and 10Me18:0 as indicators 

of gram-positive (G
+
) bacteria, and the PLFAs cy17:0, cy19:0, 16:1ω7c and 18:1ω7 as indicators of gram-negative 

(G
-
) bacteria (Díaz-Raviña et al., 2006). Concentration of all the individual PLFAs data, expressed as mole 

percentage and logarithmically transformed, was subjected to principal component analysis (PCA) to elucidate the 

main differences in the PLFA patterns. To compare treatments, data were tested by ANOVA and Tukey´s minimum 

significant difference test was used to differentiate the means.  

 

TABLE 1  Physico-chemical characteristics of initial soil samples 

 

 

 

Texture 

pH 

H2O 

C  

% 

N 

% 

 

C/N 

Cu 

mg kg
-1

 

Zn 

mg kg
-1

 

Pb 

mg kg
-1

 

As 

mg kg
-1

 

Initial 

soil 

Sandy 

loam 

 

4.1 

 

0.19 

 

0.03 

 

6.33 

 

91 

 

47 

 

6160 

 

2730 

 

3 RESULTS AND DISCUSSION 

The total microbial biomass and the biomass of specific groups (Fig. 1) were significantly greater in soils with 

plants than in the corresponding bare soils, but the Fungal PLFA/Bacterial PLFA and Gram-negative/Gram-positive 

bacteria ratios decreased in soils with plants.  
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FIGURE 1 PLFA concentrations (mean values of four pot replicates) for the different reclamation 

treatments: A, total PLFA (TotPLFA); B, fungal PLFA (FungPLFA); D, gram-positive bacteria 

PLFA (G+
  
bactPLFA); E, gram-negative

 
bacteria PLFA (G- bactPLFA); F, fungal PLFA to bacteria 

PLFA ratio (FungPLFA/BactPLFA) and G, gram-negative to gram-positive BactPLFA ratio (G-/G+). 

Treatments: C, control; I, inorganic fertilizer; P, polymer; O, MSCW; PO; polymer and MSCW. 

Different letters indicate significant differences at the P<0.05 level. 

 

The PCA (Fig. 2) showed that plant cover rather than organic and inorganic treatments plays a dominant 

role in determining the composition of microbial community. An increase of the branched saturated PLFAs i15:0, 

i16:0, a15:0 and monounsaturated PLFAs 16:1ω9, 16:1ω5 and 17:1ω8 was detected as consequence of plant 

cultivation. An effect of different reclamation techniques was also observed; the effect of MSWC was more 

pronounced than that of the remaining treatments.  
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FIGURE 2 Score and loading plots from PCA performed on the PLFAs of the bare soil and soil with plants 

(V). Treatments: C, control; I, inorganic fertilizer; P, polymer; O, MSCW; PO, polymer and 

MSCW. Score (±SE) and loading plots for the whole data set (four replicates). 

 

4 CONCLUSIONS 

The results clearly indicated that a plant cover rather than organic and inorganic treatments played the dominant role 

in determining the composition of the microbial community, and hence in soil quality of this degraded soil. The 

sustainability of remediation technologies combining organic treatments and plant cultivation in this degraded mine 

soil was proved.  
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1 INTRODUCTION 

Mine contaminated soils are very unfavourable environments with limiting factors, in particular residual high levels 

of heavy metals, soil acidity, lack of organic matter and poor substrate structure. Toxic effects of HM on soil 

microorganisms have been extensively studied (Frostegård et al., 1993; Bååth et al., 1998) and the measurements of 

community structure indicated that the HM had an effect resulting in a change in community composition (Ellis et 

al., 2003; Rajapaksha et al, 2004). Nowadays molecular biology techniques, such as the analysis of phospholipid 

fatty acid (PLFA) patterns, make it possible to study the microbial community structure of soil microorganisms.  

The PLFA technique has been used to elucidate different strategies employed by microorganism to adapt to changed 

environmental conditions under wide ranges of soil types, management practices, climatic origins and different 

perturbations (Zelles, 1999). By phospholipid fatty acid analysis it is possible to examine broad scale patterns in 

microbial community structure (Bååth et al. 2005) and generally, after the application of multivariate statistical 

analyses, whole community fatty acids profiles indicate which communities are similar or different. Determination 

both microbial community composition and biomass size by this direct method gives results that very closely 

represent the in situ soil conditions and is currently used for soil monitoring purposes (Nielsen and Winding, 2002).  

This study aimed to evaluate the effect of different remediation technologies in a mine contaminated soil 

including several organic and inorganic treatments combined with liming by the soil microbial community structure 

analysis. 

 

2 MATERIALS AND METHODS 

The study was performed with a sandy loam soil with 3.7 pH value and contaminated with As, Pb and Cu (Table 1) 

from São Domingos mine (South of Portugal). Three replicated (48 pots) with 2 kg of sieved soil were used. Liming 

was performed in a half of the samples to rise pH and to compare with un-limed ones. Both of them were combined 

with the following treatments: inorganic fertilizer (I, 0.1 g N, 0.1 g P, 0.21 g K and 0.03 g Mg kg
-1

 soil); 

polyacrylate polymers and inorganic fertilizer (P, 0.1% of polyacrylate polymer with 210 mg K
+
 g

-1
 as counter and 

0.1% of a polyacrylate polymer with 98 mg NH4
+
 g

-1
 polymer, 0.1 g P and 0.03 g Mg kg

-1
 soil); inorganic fertilizer 

plus an organic amendment with municipal solid waste compost (MSWC) (O, 0.1 g N, 0.1 g P, 0.21 g K, 0.03 g Mg 

kg
-1

 and 30 g MSWC kg
−1

 soil); inorganic fertilizer, polymer and organic amendment (PO, 0.2% of polyacrylate 

polymer as before, 0.1 g P and 0.03 g Mg and 30 g MSWC kg
−1 

soil). All the pots were sown with perennial 

ryegrass and irrigated periodically with de-ionized water. The measurements of PLFA pattern were made on soil 

samples collected at two different times (1 and 4 months) after plant cultivation and application of the treatments. 

The microbial community structure was determined by phospholipid fatty acid (PLFA) analysis 

(Frostegard et al., 1993). Fatty acids (PLFA) are designated in terms of the total number of carbon atoms: number of 

double bounds, followed by the position of the double bound from the methyl end of the molecule. Cis and trans 

configurations are indicated by c and t, respectively. The prefixes a and i indicate anteiso- and iso-branching; br 

indicates unknown methyl branching position, 10Me indicates a methyl group on the tenth carbon atom from the 
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carboxyl end of the molecule; and cy refers to cyclopropane fatty acids. The total microbial biomass (TotPLFAs) 

was estimated as the sum of all the extracted PLFAs. The sum of the PLFAs considered to be predominantly of 

bacterial origin was used as an index of the bacterial biomass (BactPLFAs), the quantity of the PLFA 18:2ω6,9 was 

used as an indicator of the fungal biomass (FungPLFA), the PLFAs i14:0, a15:0, i16:0 and 10Me18:0 as indicators 

of gram-positive (G
+
) bacteria, and the PLFAs cy17:0, cy19:0, 16:1ω7c and 18:1ω7 as indicators of gram-negative 

(G
-
) bacteria (Díaz-Raviña et al., 2006). Concentration of all the individual PLFAs data, expressed as mole 

percentage and logarithmically transformed, was subjected to principal component analysis (PCA) to elucidate the 

main differences in the PLFA patterns. To compare treatments, data were tested by ANOVA and Tukey´s minimum 

significant difference test was used to differentiate the means.  

 

TABLE 1 Some physico-chemical characteristics of initial soil samples 

 

 

 

Texture 

pH 

H2O 

MO 

(%) 

Cu 

mg kg
-1

 

Pb 

mg kg
-1

 

As 

mg kg
-1

 

Initial 

soil 
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loam 

 

3.7 

 

0.6 

 

288 

 

33500 

 

8250 

 

3 RESULTS AND DISCUSSION 

Fig. 1 shows that in both unlimed and limed soils, independently of sampling time considered, the total microbial 

biomass and the biomass of specific groups were significantly (p <0.05) higher in the treatments with MSWC than 

in the other treatments. Furthermore, no differences were observed between limed treated samples and the 

corresponding unlimed controls. 
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FIGURE 1 Phospolipid fatty acid concentrations (mean values of three pot replicates) of mine soil with 

different reclamation treatments. A, total PLFA (TotPLFA); B, fungal PLFA (FungPLFA); C, 

bacteria PLFA (bactPLFA); D, gram positive
 
bacteria PLFA (G+ bactPLFA); E, gram negative 

bacteria PLFA (G- bactPLFA); F, fungal PLFA to bacteria PLFA ratio (FungPLFA/BactPLFA) and 

G, gram-negative to gram-positive BactPLFA ratio (G
-
/G

+
). Treatments: I, inorganic fertilizer; P, 

polymer; O, MSCW; PO; polymer and MSCW; LI, liming plus inorganic fertilizer; LP, liming plus 

polymer; LO, liming plus MSCW; LPO; liming plus polymer and MSCW. Different letters indicate 

significant differences at the P<0.05 level. 

 

The PCA obtained (Fig. 2) showed that the first principal component (PC1) explained 43% of the total variance, 

thus, MSWC organic amendment had a more marked effect than inorganic and/or polymer, increasing the branched 

saturated PLFAs i16:0; a15:0; 16:0; 15:0; 20:0; 17:0; 10Me16:0 and monounsaturated PLFAs 16:1ω9, 16:1ω5, 19:1 
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FIGURE 2 Score and loading plots from PCA performed on the PLFAs of the mine soil. Treatment: I, 

inorganic fertilizer; P, polymer; O, MSWC; PO, polymer and MSWC; LI, liming plus inorganic 

fertilizer; LP, liming plus polymer; LO, liming plus MSWC; LPO, liming plus polymer and 

MSWC.  

 

4 CONCLUSIONS 

The results clearly indicated that PLFA data allow us discriminate the different organic and inorganic treatments, the 

effect of MSWC organic treatments being more marked than those of inorganic treatments y/or polymer. Moreover, 

liming to increase pH showed no differences with the corresponding un-limed controls on basis of microbial 

community structure. 
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