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1. Objectives 
Separating cattle slurry into a solid and liquid fraction is gaining more interest by dairy farmers due 
to the strict phosphate fertilizer restrictions. After separation, the solid fraction (SF) contains more 
phosphorus, what limits the application in nutrient-rich soils such as in Flanders. Furthermore, to 
export the SF, sanitation is important. We evaluated if composting or ensiling the SF, whether or 
not mixed with byproducts, could (i) optimize the quality of the processed SF as fertilizer and soil 
improver, and (ii) reduce nutrient losses during storage.  

2. Methodology 
Storage experiments were conducted in an open-air composting facility with a concrete floor be-
tween April-June 2014. Five SF treatments with a volume of 24 m³ were compared:  

• Composting SF (SF_C) 
• Composting SF (16 m³) with straw (4 m³) and grass (4 m³) (SF+S+G_C)  
• Ensiling SF (16 m³) with straw (4 m³) and grass (4 m³) (SF+S+G_E) 
• Composting SF (12 m³) with cattle farmyard manure (CFM) (12 m³) (SF+CFM_C) 
• Composting SF with clinoptilolite, a zeolite with a cation-binding capacity (2% on dry 

weight) (SF+Clin_C) 
 
The compost piles were covered with a TopTex cover which allows gas exchanges, while the 
silage was covered with a plastic to ensure anaerobic conditions. 
Temperature, CO2 levels and moisture content were monitored 3-4 times per week on four differ-
ent points per pile. The piles were aerated when temperatures reached 65°C or CO2 levels ex-
ceeded 16%, using a compost turner (TG 301, Gujer Innotec AG, Switzerland). To analyze the 
product quality, samples (n = 4) were taken at the start and at the end of the experiment (after 61 
days). Samples were analyzed for physico-chemical compost quality parameters (Table 1). During 
the experiment gaseous emissions (NH3, N2O, CO2 and CH4) were quantified once a week with a 
photoacoustic gas monitor (INNOVA 1312A, LumaSense Technologies, Denmark), after removing 
the pile covers. A N mineralization experiment was run for soil amended with the end products 
(products were added based on an equal N input of 170 kg N ha-1). Soil mineral N was measured 
according to ISO 14256-2. A pot experiment was set up based on a pot trial with English rye grass 
(products were added based on an equal N input of 100 kg N ha-1 and P2O5 was added to adjust 
for an equal P input). Control treatments were included; each treatment consisted of thee repli-
cates. 

Table 1: Overview of the analyzed parameters of the feedstock (solid fraction of cattle slurry, grass and straw) and the end 
products after 61 days of composting or ensiling. 

Parameter Unit Guideline 
Dry matter content   % FM-1 EN 13040 

Organic matter content  % DM-1 EN 13039 
NO3

--N and NH4
+-N kg Mg-1 DM BAM 4/05 (manure) 

pH-H2O - EN 13037 
Electrical conductivity µS cm-1 EN 13038 

Total N kg Mg-1 DM Dumas EN 13654-2 
Total P, K, Mg, Ca, Na kg Mg-1 DM CMA 2/IV/19 - ICP-OES 

(Hemi-)cellulose and lignin content % DM-1 Van Soest et al. (1991) 
Germinal seeds - CMA /2/IV/10 
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FM-fresh matter; DM-dry matter 

3. Results and discussion 
3.1 Temperature and CO2 evolution in the piles 
The temperature of the compost piles increased directly after the start of the experiment. Adding 
straw and grass or CFM resulted in higher temperatures during the first 20 days compared to 
composting of pure SF (Figure 1). We assume that adding more structure lead to more O2 and 
microbial activity in the pile. Moreover, the feedstock mixture at the start was dryer when straw 
and grass were added (see 3.3), which facilitated O2 transport and lead to the maintenance of 
higher temperatures (Brito et al., 2012). On the other hand, addition of straw and grass or CFM, 
lead to lower CO2 levels. Only by adding straw and grass or CFM, temperatures rose above 55°C 
for 15 days, indicating the destruction of pathogens (Lung et al., 2001) and weed seeds (Eghball & 
Lessing, 2000). Ensiling resulted in lower temperatures (maximum 45°C), but higher CO2 levels 
when removing the plastic cover from the silage, compared to composting. 

 
Figure 1:  Temperature profile during the composting/ensiling process. SF_C = composting solid fraction of cattle slurry 

(SF); SF+S+G_C = composting SF with straw and grass; SF+CFM_C = composting SF with cattle farmyard ma-
nure; SF+Clin_C = composting SF with clinoptilolite; SF+S+G_E = ensiling SF with straw and grass. Red sym-
bols indicate when the piles were turned. 

3.2 Gaseous emissions 
Adding straw and grass or clinoptilolite reduced the NH3 emissions. The added carbon source 
(straw and grass) could be used by the thermophilic microorganisms, inducing the microbial im-
mobilization of NH4

+-N (Li et al., 2013), while the zeolite clinoptilolite has a cation-binding capacity 
(Inglezakis et al., 2004), through which NH3 emissions decreased. When removing the plastic 
cover from the silage, higher CO2 and CH4 emissions were measured compared to the composted 
SF with straw and grass. Adding CFM to the SF resulted in more NH3 emissions during the first 
month, what can be explained by the higher pile temperatures. 

3.3 Product quality 
Adding straw and grass to the SF resulted in a lower NH4

+-N concentration (by adding structure 
and O2) and higher total N content (due to the N-rich grass); thus lowering the C/N ratio of the 
feedstock. Moreover, the DM content, NO3

--N concentration and C/P ratio of the feedstock in-
creased (Table 2). Adding CFM to the SF resulted in a higher OM and DM content, a lower total N 
content, and a higher C/N and C/P ratio (Table 2).  
Generally, composting decreased the OM content due to decomposition of the feedstock, while 
the DM content increased due to the high temperatures and the evaporation of water, resulting in 
a decrease of the C/N and C/P ratios (Table 2 and 3). The decomposition of OM resulted in a 
stabilization of the composts, confirmed by a decreased potential biodegradability. Composting SF 
with straw and grass or CFM resulted in a higher DM content and lower NO3

--N concentration and 
NO3

--N/NH4
+-N ratio of the end products compared to composting SF without amendments (Table 

3). Moreover, composting SF with CFM resulted in a product with a lower P content and higher 
C/P ratio compared to composting SF. In contrast to the composting process, ensiling SF with 
straw and grass resulted in only limited OM decomposition (Table 2 and 3). There was a small 
decrease in the potential biodegradability, indicating a limited degradation. Ensiling resulted in a 
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higher OM content and a lower DM content compared to the compost of SF with straw and grass. 
Moreover, the silage had a lower NO3

--N and higher NH4
+-N concentration, and thus a lower NO3

--
N/NH4

+-N ratio; a lower P content and a higher C/N and C/P ratio. With ensiling, relatively more 
(hemi-)cellulose and less lignin were observed (Table 3). The limited degradation process indi-
cates that OM decay was delayed due to ensilage and will continue after the ensilage product is 
applied to the soil. 
A positive net N mineralization for all products was measured (data not shown). The net minerali-
zation was higher for the silage (42 mg kg-1 DM) compared to the compost with SF and straw and 
grass (17 mg kg-1 DM) after 100 days. Adding clinoptilolite resulted in a slower N mineralization 
and less N was mineralized (46 mg kg-1 DM) compared to the compost with only SF (51 mg kg-1 
DM) after 100 days.  
The higher net N mineralization of the ensilaged SF in the incubation experiment was also ob-
served in the pot experiment where a higher DM crop yield was observed for the silage treatment 
(2938 ± 153 compared to 1937 ± 58 kg ha-1 for the compost treatment). There were no differences 
in crop yields between the other treatments after 60 days (data not shown).   

Table 2: Chemical characterization of the feedstock at the start of the experiment (n=4) 

  SF_C and SF+Clino_C SF+CFM_C SF+S+G_C and SF+S+G_E  
Organic matter content (% DM-1) 78.9 ± 2.1a 80.3 ± 0.5b 84.7 ± 1.5a 
Dry matter content (% FM-1) 24 ± 0.3a 27.3 ± 0.1b 25.6 ± 0.3c 
NO3

--N (kg Mg-1 DM) 0.014 ± 0.006a 0.006 ± 0.001a 0.020 ± 0.010b 
NH4

+-N (kg Mg-1 DM) 2.17 ± 0.25b 0.57 ± 0.04b 1.74 ± 0.40a 
N (kg Mg-1 DM) 21.8 ± 0.8b 19.6 ± 0.2a 25.8 ± 1.2c 
P (kg Mg-1 DM) 7.1 ± 0.5b 5.3 ± 0.2a 5.3 ± 0.3a 
C/N (-) 20.1 ± 0.8b 22.8 ± 0.1a 18.3 ± 0.6c 
C/P (-) 62 ± 6a 84 ± 3b 88 ± 6b 
Hemicellulose 18.9 ± 2.3a 18.7 ± 1.1a 20.5 ± 3.3b 
Cellulose 30.2 ± 1.5b 31.7 ± 1.0b 26.7 ± 2.5a 
Lignin 13.2 ± 0.2c 11.7 ± 0.6b 8.1 ± 1.1a 
Potential biodegradability 3.7 ± 0.2a 4.3 ± 0.3a 5.8 ± 0.9b 
FM-fresh matter; DM-dry matter 

Table 3: Chemical characterization of the end products after 61 days of composting/ensiling (n=4) 

  SF_C SF+Clino_C SF+CFM_C SF+S+G_C SF+S+G_E 
Organic matter 
content (% DM-1) 62.8 ± 1ab 60.8 ± 1a 64.1 ± 1.2b 62.3 ± 1ab 83.7 ± 1.9c 

Dry matter content (% 
FM-1) 26.1 ± 0.3b 25.5 ± 1b 47.1 ± 1.2d 35.4 ± 3.8c 20.4 ± 1.2a 

NO3
--N (kg Mg-1 DM) 1.023 ± 0.097d 1.259 ± 0.307d 0.056 ± 0.015b 0.254 ± 0.066c 0.005 ± 0.002a 

NH4
+-N (kg Mg-1 DM) 1.23 ± 0.12a 0.92 ± 0.37a 0.56 ± 0.04a 1.14 ± 0.27a 5.59 ± 0.79b 

NO3
--N / NH4

+-N (-) 0.835 ± 0.112c 1.660 ± 1.002c 0.100 ± 0. 031ab 0.238 ± 0.099b 0.001 ± 0.000a 
N (kg Mg-1 DM) 30.8 ± 1.4a 28.7 ± 2.4a 32.5 ± 0.8a 33.2 ± 1.8a 30.0 ± 3.6a 
P (kg Mg-1 DM) 11.6 ± 0.3c 10.7 ± 0.5b 9.8 ± 0.2b 11.7 ± 0.2c 5.1 ± 0.5a 
C:N (-) 11.3 ± 0.3a 11.8 ± 1a 11 ± 0.8a 10.5 ± 0.8a 15.7 ± 1.6b 
C:P (-) 30 ± 0.9c 32 ± 2c 36 ± 3b 30 ± 1c 92 ± 11a 
Hemicellulose 7.3 ± 4.3a 9.3 ± 2.0a 7.6 ± 1.8a 9.2 ± 3.0a 21.0 ± 0.8b 
Cellulose 13.2 ± 3.1a 12.5 ± 2.4a 8.6 ± 1.8a 8.1 ± 2.4a 28.3 ± 2.0b 
Lignin 27.4 ± 1.3b 26.7 ± 1.9b 24.0 ± 1.7b 24.9 ± 0.8b 13.5 ± 2.0a 
Potential 
biodegradability 0.7 ± 0.2a 0.8 ± 0.1a 0.7 ± 0.1a 0.7 ± 0.2a 3.8 ± 0.5a 
FM-fresh matter; DM-dry matter 
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4. Conclusion and outlook 
Table 4 summarizes the effects of the different treatments of SF on the composting or ensiling 
process and the quality of the end products. Composting SF in open air was not convenient due to 
the lack of O2 and the risk of serious gaseous losses. Mixing SF with structure-rich feedstock or 
clinoptilolite could reduce this risk to a certain extent. In contrast to composting, only a limited 
degradation was noticed when ensiling SF. Ensiling can thus be seen as a controlled storage 
method. Soil amendment with ensilaged SF resulted in a higher N mineralization and crop growth 
compared to the application of composted SF. Future research could focus on a more detailed 
monitoring of the gaseous emissions during storage and on nutrient losses (through emission or 
leaching) after application of the products to the soil. Furthermore, sanitization of the end products 
should be validated, e.g. with continuous temperature measurements over the whole length of the 
piles. 
 
Table 4: Effect of different SF treatments on process and product quality. SF_C = composting solid fraction of cattle slurry 

(SF); SF+S+G_C = composting SF with straw and grass; SF+Clin_C = composting SF with clinoptilolite; 
SF+S+G_E = ensiling SF with straw and grass. Score: LLL (very low) - LL (low) - L (rather low) - 0 (no effect) - H 
(rather high) - HH (high) - HHH (very high). The risk for ammonia losses for SF+S+G_E was measured after re-
moving the plastic cover at the end of the experiment. 

    SF_C SF+S+G_C SF+CFM_C SF+Clino_C SF+S+G_E 

Process 

Physical  
parameters 

Temperature -  
sanitization H HH HH H L 

Aerobic  
circumstances L H H L LL 

Moisture  
content L LL LLL L H 

OM degradation   H H H H L 

Product Quality 

Stability 
Potential  

biodegradability LLL LLL LLL LLL L 

NO3
--N / NH4

+-N L LL LL L LLL 

Nutrient content 
C/N H H H H HH 

C/P H H H H HH 

N mineralization  
 

L LL / LLL H 

Crop growth   H HH  / H HHH 
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