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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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