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Abstract   
Agricultural application of solid waste, as fertilizer or organic amendment, is a cost-effective solution 
of municipal solid waste or agricultural waste management, viewpoint economical or environmental, 
because of its advantages over traditional methods such as land filling and incineration. To sustain the 
recycling of Organic Waste Products (OWP) in agriculture, it is necessary to evaluate both positive 
and negative effects on soil microorganisms and their activities.  
This study, based at the experimental site of Qualiagro in Feucherolles, aims to assess the impact of 
repeated applications of OWP: co-compost of green waste and sewage sludge (GWS), biowaste 
compost (BIO), residual household waste compost (MSW) and manure (FUM) on microorganisms 
involved in nitrogen cycle and their activities. Analyses have been performed with time in soil 
sampled in the field 1 month (“short-term”), 7 months (“mid-term”) and 23 months (“long-term”) after 
OWP amendment. Microbial populations were measured using classical (fumigation extraction) or 
molecular approaches (qPCR of DNAr 16S and 18S, amoA of Ammonia Oxydizing-Archea (AOA) or  
-Bacteria (AOB) and nirS). Incubations of soil with or not compost were conducted in laboratory 
conditions to estimate potential nitrification and nitrogen mineralization. Results showed an effect of 
OWP but also an effect of type of OWP on soil microorganisms and their activities. Organic 
amendments rich in nitrogen such as GWS increased microorganisms involved in nitrification while 
MSW stimulated heterotrophic microorganisms. The length of effect depends on OWP characteristics. 
Conclusion of this study is that OWP applications on agricultural soils impact different ecosystem 
services such as soil fertility, air and water quality. Further results are needed to be able to assess the 
environmental balance of the practice.  
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Introduction  
Organic waste products (OWP) from agricultural (manure), industrial and urban (sludges, municipal 
wastes, green wastes) origins may be applied on cultivated soils to enhance soil fertility [1], [2] or 
improve soil structure [3]. OWP are composed of organic and mineral nitrogen and so when applied to 
soil, organic N may be mineralized by soil microorganisms [4], [5]. Mineral N (NH4

+) directly added 
with OWP or issued from OWP mineralisation may adsorb on soil particles, be volatilised under the 
ammoniac form, be consumed by plants or nitrified by soil microorganisms. The nitrates, results of 
nitrification, are a potential source of water pollution but if environmental conditions are favourable, 
may also be denitrified, leading to GHG emissions if denitrification is incomplete. The aim of this 
study was to estimate the impact of OWP applications to soil on microbial actors of N cycle, some 
steps of N cycle and discuss on potential consequences on associated ecosystem services. 
 
Material and Methods  
The Qualiagro field experiment located in Ile de France (Veolia Environment and INRA 
collaboration), has been started in 1998 to study the effect of 3 urban composts (a municipal solid 
waste compost (MSW), a biowaste compost (BIO) and a co-compost of sewage sludge and green 
waste (GWS)) and a farm yard manure (FUM) as reference amendment on soil compared to control 
treatments (T) (without organic waste application) and control treatments with added nitrogen (TN). 
The field is cultivated with a maize-wheat succession. The organic amendments are applied every 2 
years, in September, at doses equivalent to 4 t C/ha.  



Soil was sampled at 3 dates: one month before (September 2011), one month after (October 2011) and 
seven months after the 8th amendment in 2011 (April 2012). 
We analysed the total microbial biomass (fumigation extraction), bacteria (16S DNAr), fungi (DNAr 
18S), nitrifying (amoA of AOA and AOB) and denitrifying (nirS) microorganisms in soil sampled in 
the different plots and at different times. We also measured the potential N mineralization and 
nitrification in laboratory conditions (pF 2.5, 28°C). 
 
Results-Discussion 
Effects on total microbial biomass, fungi and bacteria.  
Addition of OWP stimulated total microorganisms (that can be involved in OWP mineralization) just 
after the amendment application to soil (short term effect) but varied with type of OWP with a 
maximal effect observed for the MSW compost that is composed of a high concentration of easily 
degradable organic C (Fig 1). This effect persisted with time (long term effect). The increase in 
microbial biomass in the MSW plot one month after application was mainly due to fungi (Fig 2 and 3).  

 
 

Figure 1. Total microbial biomass by date of sampling 01/09/11, 14/10/11 and 05/04/2012 
 

 
Potential N mineralisation and impact on soil fertility 
Seven applications of organic amendments increased total nitrogen concentrations in soil: 1 t N/ha in 
the MSW plot, 2.2 t N/ha in the GWS plot, 2 t N/ha in the BIO plot and 1.5 t N/ha in the FUM plot 
that represent respectively 47.3%, 72.9%, 89.7% and 63.8% of the total nitrogen added by organic 
amendments in the ploughed layer (data not shown). In soil sampled just after organic amendment 
application (14/10/11) the N mineralization raged between 60 and 120 mg of N per kg of soil (4.5 to 

Figure 2. Abundance of bacteria (number copy 16S DNAr 
per g of soil) by date sampling 01/09/2011 (in black) and 
14/10/2011 (in grey) 

Figure 3. Abundance of fungi (number copy 18S 
DNAr per g of soil) by date sampling 01/09/2011 
(in black) and 14/10/2011 (in grey) 



8% of the initial organic N) after 175 days of incubation (Fig 4). Some of the organic amendments 
such as the GWS compost may also bring important quantities of mineral nitrogen (Fig 5) with 
potential risks of nitrates leaching (if rainy conditions and absence of culture at this period) or 
volatilization of NH3 (that may be limited with burying of OWP). 

 

 

 

 
The total mineral N potentially available for plants has been estimated taking into account residual 
mineral nitrogen from the 7 amendments, mineral nitrogen added by the 8th amendment and mineral 
nitrogen resulting from mineralization of nitrogen in the soil after 7 amendments and after the 8th 
amendment. Results showed that 8 amendments may potentially provide 50, 133, 263 and 278 kg of 
mineral N/ha in the FUM, MSW, BIO and GWS plots, respectively (Table 1). Nevertheless this stock 
of mineral N for plants is certainly overestimated because of competition between different processes 
such as nitrification, volatilization… 
 
Table 1. Evaluation of the OWP application on the availability of N for crops (kg N / ha) 
    MSW   GWS   BIO   FUM 
Organic N overflow available from the repeated   
amendments (long-term)  

58  93  106  80 

Mineral nitrogen provided by the last application, 
additional with nitrogen rapidly mineralized after 
amendment (short-term)  

3  180  31  30 

Organic N available resulting from the last application 
of OWP (short-term)    

72   5   126   -60 

Total (kg/ha)   133   278   263   50 

 
Effects on nitrifying microorganisms and nitrification.  
Organic amendments increased nitrifying microorganisms, bacteria (Fig 6) and nitrifying Creanarchae 
(data not shown) just after their application and at longer term. AOA populations (nitrifying 
Creanarchae) were more abundant than AOB populations (nitrifying bacteria). Nitrifying 
microorganisms were strongly stimulated in the plot amended with GWS that presents the highest 
concentrations in nitrogen (25.7 g N/Kg DM) and particularly in ammonium (20%).  
Addition of OWP significantly increased nitrification in laboratory conditions just after their 
application (Fig 7) and still several months later (data not shown). The most stimulating OWP were 
GWS and FUM (Fig 7). 

Figure 4. Potential mineralization of organic nitrogen 
in soils sampled 1 month after addition of organic 
amendment (14/10/2011) 

Figure 5. Mineral nitrogen stocks in soil 
immediately before organic amendment 
application (in dark) 1 month after addition of 
organic amendment (in grey)  and 7 months after 
application of OWP (in white) 



 
 
 
 
 
Effect on denitrifying microorganisms 
Repeated application of organic amendments tended to increase the denitrifying populations with 
highest contents in the MSW treatment. No short term increase was observed after amendment 
application in September (Fig 8). Additional results on the monitoring of GHG emission (N2O) will be 
necessary to evaluate impact of organic amendment applications on climate regulation. 

 
Figure 8. Abundance of denitrifying bacteria carrying nirS gene by date of sampling 01/09/2011 (dark) 
and 14/10/2011 (grey) 
 
Conclusion and perspectives  
The OWP application stimulated microorganisms involved in N cycle and soil functioning. The effects 
persisted more or less with time depending on the intrinsic characteristics of OWP. This agricultural 
practice may also impact ecosystem services such as soil fertility, air and water quality. Additional 
results on the monitoring of GHG emission and the potential volatilization of NH3 will be assessed 
during incubation in laboratory conditions to provide data on other fluxes of the biogeochemical 
cycles of N in order to assess the environmental balance of the practice.  
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Figure 6. Abundance of nitrifying bacteria (AOB) 
carrying amoA gene by date of sampling 01/09/2011 
(dark) and 14/10/2011 (grey)  
 

Figure 7. Short term effect of OWP 
application on potential nitrification  
 


