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ABSTRACT 
The application of organic soil amendments is a 
common practice for increasing soil fertility and 
soil organic carbon (SOC) content. In recent 
years, a new product from biogas production, 
biogas slurry is increasingly applied to agricul- 
tural soils, although little is known about its ef- 
fects on soil properties. In this study, the influ- 
ence of this new product in comparison with 
liquid manure and sewage sludge on the organic 
carbon dynamics and enzyme activities were 
investigated in two different agricultural soils in 
short-term incubation studies. As a control, 
biologically inert sand was also amended with 
these organic wastes. In sand, biogas slurry 
degraded to 10.4% within 14 days, while no dif- 
ferences were found between the degradability 
of liquid manure and sewage sludge with 6.6% 
and 5.4%, respectively. However, although the 
degradability of biogas slurry was highest among 
the organic amendments, liquid manure appli- 
cation resulted in the highest respiration rates in 
the soil samples. This was likely due to the or- 
ganic waste borne easily decomposable sub- 
strates which were most dominant in liquid 
manure. Organic waste applications were found 
to generally increase the activity of numerous 
enzymes but did not change the soil enzyme 
patterns. Thus, in general it was shown that the 
microbial population of the organic wastes will 
not become prominent when introduced with the 
manures to soils. Thus, an inoculation with or- 
ganic waste borne microorganisms could likely 
be neglected when discussing the extent of or- 
ganic carbon dynamics after organic waste ap- 
plication to agricultural soils. 

Keywords: Biogas Slurry; Organic Wastes; Organic 
Carbon Dynamics; Enzyme Activity; Priming Effects 

1. INTRODUCTION 

The application of organic soil amendments has 
gained importance worldwide since it increases soil fer- 
tility [1-3] and at the same time can contribute to C se-
questration and the reduction of greenhouse gas emis- 
sions [4,5].  

With the advent of renewable energy production, ag- 
ricultural biogas plants have become increasingly more 
attractive [6]. The biogas slurry remaining after fermen- 
tation is commonly used as organic fertilizer in agricul- 
tural practice [7]. Yet, biogas slurry was found to be dif- 
ferent from conventional organic fertilizers such as liquid 
manure or sewage sludge, since the 4  content as 
well as the pH increase during fermentation, while the 
organic matter content decreases [6]. However, little in-
formation is available regarding effects of biogas slurry 
application to agricultural soils on soil organic carbon 
dynamics or on soil microbial processes. Reference [7] 
discussed that elevated 4  concentration in di-
gested effluents indicates its potential suitability as a 
readily available N source but it may also enhance the 
carbon mineralization in amended soils and thus possibly 
trigger greenhouse gas emissions. On the other hand, [4] 
reported that the organic carbon in biogas slurry is more 
stable compared to other composts and wastes.  

NH

NH -N

Although organic fertilizer amendments will increase 
the soil organic carbon content, it is known that the addi- 
tion of organic residues to soils can also induce priming 
effects resulting in an increased SOC mineralization [8, 
9]. As reported by [10], the highest emission of CO2 from 
soils generally occurs immediately after slurry applica-  
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tion. Moreover, the incorporation of organic substances 
into soils may not only accelerate SOC mineralization 
but also retard it [9,11]. These positive or negative 
“priming effects” could affect different SOC pools. How- 
ever, [12] suggested that only the labile SOC pool is af- 
fected and not the stable one. Since the organic matter of 
organic wastes is less stable than soil organic matter, 
priming effects may disarrange the ratio between stable 
and less stable organic carbon in agricultural soils which 
would contribute to the depletion of the stable organic C 
pool over long-term. Reference [13] observed an en- 
hanced basal soil respiration in organic waste (OW) 
amended agricultural soils which they discussed to be 
due to a preferred decomposition of the OW derived or- 
ganic matter. Altogether, it is likely that priming effects 
through OW amendments will occur in agricultural soils. 
Still up to date, it is not possible to predict how a specific 
organic fertilizer will act in a certain soil. Especially the 
role of biogas slurry in the context of priming effects in 
soil remains unknown.  

Reference [14] reported that changes in the SOC pool 
through OW amendments are due to stimulated soil mi- 
crobial processes by providing easily available substrates 
and nutrients that enhance decomposition of the stable 
soil organic matter. Previous studies [15-17] found an 
enhanced basal respiration, different activity of the soil 
microbial biomass, stimulated enzyme activities as well 
as different responses to substrate induced respiration in 
organic waste amended soils. However, it is unclear how 
organic amendments act as microbial inoculum to the 
soil. It is also uncertain whether OW-borne microflora 
leaves a long-term imprint on the soil microbial commu- 
nities. Thus, a characterization of the microbial activity 
in organic wastes as well as in organic waste amended 
soils is necessary to obtain a definite understanding of 
organic carbon dynamics through organic waste amend-  

ments.  
Consequently, the objective of this study was to assess 

the influence of the different organic inputs liquid ma- 
nure, sewage sludge and especially biogas slurry on the 
mineralization of organic carbon as well as on its dy- 
namics in two different agricultural soils. In laboratory 
experiments, we determined the short-term organic car- 
bon degradability and mineralization, priming effects, 
basal respiration rates, substrate-induced respiration as 
well as enzyme activities resulting from the addition of 
different organic wastes. Furthermore, pure sand as a 
mineral carrier was amended with theses organic wastes 
and used as a control for the studied processes. 

2. MATERIALS AND METHODS 

2.1. Soil Samples/Substrate and Organic  
Wastes 

Topsoil samples (0 - 30 cm) were collected from two 
agricultural fields, air-dried and sieved (<2 mm). The 
soils were selected for their textural differences. Physical 
and chemical characteristics for soil and organic waste 
samples are given in Table 1. The sandy soil (H) origin- 
nates from an avocado orchard in Hamapil (Israel). Sam- 
ples were collected from four replicate plots and mixed. 
The loamy soil samples (L) originate from a loess agri- 
cultural field in Bochum (Germany). Both agricultural 
soils have been fertilized with NPK. Additionally, washed 
and calcined quartz sand (Sigma-Aldrich, Seelze) was 
used as a carrier for experiments with pure organic 
wastes (OW).  

Biogas slurry (bs) and cattle liquid manure (lm) were 
collected from a biogas plant and from a dairy farm in 
Bottrop (Germany), respectively. Municipal activated 
sewage sludge (ss) was sampled from a sewage treatment 
plant in Bochum (Germany). Immediately after collec- 
tion, all organic waste samples were air-dried, sieved and  

 
Table 1. Physical and chemical properties of soil samples and different organic wastes. 

abbrevitation pHa OCb DOCc OC degradabilityd Ne +

4N-NH total Nf  C/N sandg clayg

 
 [CaCl2] [%] [mg·g−1] [mg CO2 g·OC−1] [%]   [%] 

soil amples           

Lottental L 7.6 1.5 0.2 0.04 0.29 0.004 5.2 7.3 15.9

Hamapil H 7.3 1.7 0.1 0.05 0.20 0.003 8.6 81.6 9.6 

organic wastes           

biogas slurry bs 9.4 23.2 25.6 0.42 3.11 0.129 7.5 nd nd 

liquid manure lm 7.8 37.1 34.0 0.27 4.09 0.063 9.1 nd nd 

sewadge sludge ss 7.9 23.9 9.1 0.28 3.40 0.030 7.0 nd nd 

apotentiometrically in 0.01 M CaCl2 at a solution ratio of 1:2.5 (DIN 19684); b,etotal caron and nitrogen were measured with a ON analyzer EA 3000 (Hekatech, 
Wegberg, Gamany); cDOC extraction with a solid to water ratio of 1:10, DOC analysis with the Dimatec, Eseen Germany); ddescribed in the method section; 
fextraction with a solid to water ratio of 1:10, DOC analysis with the Dinatoc 2000 (Dimatec, Eseen Germany); ggieving and sedimentation after Kn (DINI SO 
11277 (1994) nach DIN 19683, sheet 1 and 2 (1973)). 
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ground to 2 mm. The characteristics of the organic 
wastes are also listed in Table 1. 

2.2. Experimental Design of the Incubation  
Studies 

Since [10] reported that the highest CO2 emission from 
soils generally occurs immediately after slurry applica- 
tion, short-term incubation experiments (14 d) were per- 
formed. To assess short-term effects of organic waste 
amendments, we mixed the three different organic wastes 
with both agricultural soils and used these mixtures for 
all further incubation studies. Non-amended soil samples 
were used as controls. As a control for the C dynamics in 
pure organic wastes, the organic wastes were mixed with 
quartz sand. The dosage of the applied organic wastes 
was selected with respect to the N content, as it is com- 
mon in agricultural practice [6]. Thus, soil/sand samples 
were mixed with a conventionally applied equivalent of 
about 100 t N·ha−1 (dosage 1) as well as with a 10-times 
higher equivalent of about 1000 t N·ha−1 (dosage 10). 

2.2.1. Short-Term Organic Carbon Mineralization 
To measure the effects of organic waste amendments 

on the SOC degradability and SOC dynamics, soil and 
sand samples were mixed with the organic wastes, re- 
wetted to 60% water holding capacity and then incubated 
for two weeks at 20˚C in a multi-channel respirometer 
(Respicond-apparatus, Nordgren Innovations). As a con- 
trol, unamended soil samples were also rewetted and 
incubated. The treatments were carried out in triplicates. 
The organic carbon mineralization was calculated by 
measuring the evolved CO2 which was trapped in 10 ml 
of 0.1 M KOH solution placed inside the incubation ves- 
sels in the respirometer. The total amount of CO2 release 
was recorded hourly by detecting the changes in electri- 
cal conductivity of the KOH solution. More details are 
described in [18]. 

In soils with high pH the formation of carbonates can 
interfere with CO2 release. However, all samples showed 
pH between 7.3 and 7.6 even after addition of the alka-
line biogas slurry so that no relevant carbonate precipita-
tion had to be expected [19].   

2.2.2. Priming Effects 
After two weeks of incubation, priming effects were 

determined to characterize the stability of the remaining 
more recalcitrant OC. To achieve this, solutions with 
uniformly 14C-labelled glucose (Amersham Pharmacia 
Biotech, England) were prepared and added to the incu- 
bated samples. According to [20], all samples received 
13.3 µg substrate C·g−1 sample C with an activity of 
8000 Bq. As controls, another set of samples received 
deion- ised water only. Over the following two weeks, 

the CO2 production was recorded hourly, while every 
second day the amount of 14CO2 trapped in the KOH 
solution was quantified using liquid scintillation count-
ing (Beckmann LK 6000 TA). The amount of substrate 
derived CO2-C was calculated from the amount of 
14CO2-C. The amount of SOC mineralized in the glucose 
amended samples was obtained by subtracting the 
amount of glucose derived CO2-C from the total amount 
of evolved CO2-C produced during the time interval of 
two weeks as described detailed in [19,20].   

2.3. Extracellular Enzyme Activity Assays 

Since soil microorganisms degrade SOC by excreting 
enzymes, the extracellular enzyme activity of all samples 
was analysed. To analyze the basal enzyme activities, 
samples were taken directly after the first two weeks of 
incubation. These samples were analyzed with regard to 
the activity of six enzymes involved in the degradation of 
organic nitrogen (L-leucine, tyrosine, and arginine amino- 
peptidase), organic phosphorus (acid phosphatase) and 
cellulose (-glucosidase, -cellobiohydrolase). 

4-Mehylumbelliferone (MUB)-linked substrates were 
used to quantify the activities of acid phosphatase (pho), 
-glucosidase (gluco) and -cellobiohydrolase (cello). 
The aminopeptidase activating substrates were linked 
with 7-amino-4-methyl coumarin (AMC) as fluorescence 
dye, following the method of [21].  

Sample suspensions were prepared by solving 1 g of 
soil/sand-organic waste samples in 100 ml sterile deion-
izer water and sonicated for 120 s at 50 joule. Afterwards, 
the suspensions were continuously stirred using a mag- 
netic stir plate while 200 µl aliquots were dispensed into 
each of a 96-well microplate. Since the fluorescence in- 
tensity of MUB and AMC is highly dependent on pH, all 
enzyme assays were carried out under buffered condi- 
tions. Thus, depending on the final substrate concentra- 
tion in the wells, the appropriate amount of sterile buffer 
was also added into each well. Finally, 50 µl of 200 µl 
MUB- or AMC-substrate solutions were added to each 
microplate well. Each microplate also included three 
replicates of a quench standard (sample + buffer + MUB/ 
AMC standard) and a substrate control (sterile water + 
buffer + MUB/AMC). The plates were covered and in- 
cubated in the dark at 30˚C for 3 h. Fluorescence was 
measured after 30, 60, 120, 180 min using a microplate 
reader (infinite 200, Tecan, Germany) with 365 nm exci- 
tation wavelength and emission at 450 nm. After cor- 
recting for negative controls and quenching, activities 
were expressed in nmol·h−1·g−1.   

2.4. Statistical Analysis 

A t-test for unpaired groups was used to compare 
means of soil respiration, priming effects and enzyme 
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activities between the control and organic waste treated 
soils. If more than two data sets were tested for signifi- 
cant differences with more than one factor univariate 
ANOVA was executed. Additionally, correlation analyses 
were performed to determine relationships between sam- 
ple parameters and enzyme activities. Statistical analyses 
were carried out using SPSS 18.0 (SPSS Inc., Chicago, 
IL). 

3. RESULTS AND DISCUSSION 

3.1. Organic Carbon Dynamics of the Easily  
Available SOC 

Before glucose addition, organic waste (OW) applica- 
tion at dosage 1 showed mostly no significant effects on 
respiration rates (Table 2). As an exception, an increase 
in the CO2 release from the Hamapil soil samples oc- 

curred after liquid manure as well as sewage sludge ap- 
plication. However, the effects of the organic amend- 
ments were more pronounced at the tenfold application 
rate, the presentation and discussion of results will focus 
on this. 

In general, before glucose addition all organic wastes 
in the sand matrix showed high respiration rates of 5.6 to 
11.3 mg CO2 g

−1 14 d−1 (Table 2) and high mineralize- 
tion rates of 5.4 to 10.2% (data not shown) during the 
2-week incubation, in accordance with earlier findings 
[4,22,23]. While no differences were found between res- 
piration and mineralization rates of liquid manure and 
sewage sludge, biogas slurry showed the highest rates by 
far (Table 2). Thus, the biogas slurry was most degrade- 
able. Reference [4] also investigated biogas slurry min- 
eralization rates in laboratory experiments. They also 
found high mineralization rates for the biogas slurry of 

 
Table 2. Respiration from SOM and OW in sand, Lottental and Hamapil soil samples before and after glucose addition. Also shown 
is 14C-glucose mineralization.  

   before glucose additon after glucose additon 

substrate/soil matrix organic waste dosage 
respiration 

[mg·CO2·g
−1 14 d−1] 

respiration 
[mg·CO2·g

−1 14 d−1] 

14C-glucose mineralization 
[% 14 d−1] 

sand control  0.3 0.3 0.8 

 biogas slurry 1.2 ns 0.5 ns 43.7*** 

 liquid manure 1.0 ns 0.8 ns 30.5*** 

 sewage sludge 

dosage 1 

0.8 ns 0.7 ns 34.2*** 

 biogas slurry 11.3*** 4.7*** 47.9*** 

 liquid manure 5.6*** 3.3*** 48.1*** 

 liquid manure 

dosage 10 

8.5*** 2.6*** 44.8*** 

Lottental control  11.0 3.2 40.5 

 biogas slurry 12.5 ns 3.8ns 39.3* 

 liquid manure 13.1 ns 3.4* 39.9 ns 

 sewage sludge 

dosage 1 

13.2 ns 3.9ns 39.8 ns 

 biogas slurry 26.4*** 5.5*** 40.2 ns 

 liquid manure 31.4*** 5.9*** 41.6 ns 

 sewage sludge 

dosage 10 

26.4*** 5.4*** 40.4 ns 

Hamapil control  16.2 3.4 41.5 

 biogas slurry 17.5 ns 3.1ns 41.2 ns 

 liquid manure 19.2* 4.0ns 41.7 ns 

 sewage sludge 

dosage 1 

19.4* 3.9ns 41.5 ns 

 biogas slurry 27.6** 5.3* 45.5*** 

 liquid manure 33.6*** 6.0** 40.9ns 

 sewage sludge 

dosage 10 

31.1*** 4.5* 44.5** 

***p ≤ 0.001; **p ≤ 0.01; *p ≤ 0.05, t-test between control and amended samples, ns indicated no significant differences. 
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up to 15% in 39 days. 

Reference [6] argued that these high biogas slurry 
mineralization rates occurred due to the high amount of 
easily decomposable substrates within the biogas slurry. 
However, since the dissolved organic carbon (DOC) 
contents within the OW used is highest for liquid manure 
(Table 1), the amount of easily soluble compounds 
seems not directly correlated with the OW mineralization. 
Similar to [24], biogas slurry differed from the other 
wastes since it had the highest pH and the highest NH4+ 
content (Table 1). As stated by [25] this can also enhance 
microbial activity  

In the unamended control soil samples, the respiration 
rates were significantly lower for the Lottental sample 
(Table 2). This can be attributed to the higher silt and 
clay content of this soil (Table 1) which contribute to the 
stabilization of soil organic matter (SOM) [26-29]. 

Organic waste application to both soil samples at dos- 
age 10 resulted in distinct increases in soil respiration 
rates compared to the unamended control soils (Table 2), 
which is in agreement with previous studies [30,31]. 
With regard to the high mineralization rates of the pure 
organic waste materials in sand, this was most probably 
due to a preferred decomposition of the less stable or- 
ganic-waste derived organic matter. Similarly, [31] re- 
ported an increased microbial decomposition of organic 
matter in compost amended soils. They attributed this 
increase to an enhanced amount of easily degradable 
compounds such as amino sugars, carbohydrates etc. 

introduced through compost organic matter. Similarly, 
[32] demonstrated that especially a high percentage of 
soluble organic carbon in different organic wastes leads 
to an increase of CO2 production immediately after their 
addition to soil. This was confirmed through our experi- 
ments since the highest increase in soil respiration oc- 
curred immediately after organic waste application and 
especially through the application of liquid manure 
which had the highest DOC content (Table 1) among the 
organic wastes added.  

To focus on the SOC loss through OW amendments, 
Figure 1 shows the percentage of CO2 evolved from the 
OW amendment from both soil samples, in comparison 
to the percentage of the CO2 evolved from the control 
soil and OW amended sand. Differences between the 
total CO2 evolution and the sum of CO2 produced by the 
control soils and the organic wastes in sand were de- 
scribed as unaccounted part of the CO2 evolution. 

Figure 1 clearly shows that the total SOC loss in the 
OW amended soil samples cannot be explained by the 
high respiration rates from OW borne OC (Table 1), 
since the total CO2 evolution greatly surpassed the sum 
of CO2 produced by the control soil and by the corre- 
sponding OW in the sand matrix. 

This so called unaccounted part of CO2 produced was 
most pronounced in the liquid manure amended soil 
samples with 35% to 47% of the total respiration. Since 
these differences are more or less consistent in both soils, 
this additional SOC loss is controlled by the soil proper- 

 

 

Figure 1. Relative contributions of soil organic matter and OW mineralisation to the overall 
CO2-release from the OW amended agricultural soils. Stacked bars represent CO2 release from 
the control soil samples (dark grey bars) and CO2 release from organic waste/sand samples 
(light grey bars). The unaccounted part of the released CO2 (white bars) is given percent of the 
total CO2-release.     
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ties but by OW type. It can be assumed that either OW 
borne microorganisms or the OW substrate quality con- 
trols the SOC mineralization in the OW amended soils. 
To focus on these aspects, the enzyme activities as well 
as time dependent SOC mineralization were analyzed. 

To visualize enzyme patterns in the different samples 
star plots were used (Figure 2). The enzyme patterns of 
the OW types differ from each other resulting in a dis- 
tinct fingerprint. For example, in biogas slurry the en- 
zyme activities follow the order phosphatase > argenine 
> tyrosine > leucine > -glucosidase > cellohydrolase, 
while with liquid manure, the enzyme activities are in the 
order leucine > argenine > tyrosine > phosphatase > 
-glucosidase > cellohydrolase. The enzyme patterns in 
the control Hamapil and Lottental soil samples were 
quite similar but significantly different to the OW pat- 
terns. The OW amendments to both soil samples resulted 
in increased enzyme activities but did not shift the soil 
enzyme patterns. Thus, the OW borne microorganisms 
do not become prominent when introduced with OW to 
soil samples, most likely due to competition from the 
endemic population. Therefore, the high degradability of 
biogas slurry (Table 2), is not necessary related to a spe- 
cific highly active microbial community, but rather to a 
high content of easily degradable compounds. 

This is illustrated for the Hamapil soil in Figure 3, 
showing the time dependent SOC normalized soil respi- 
ration after organic waste addition. Within a few hours 
after OW application to the soil, initial respiration peaks 
occurred. However, liquid manure application resulted in 
the highest initial peak by far, indicating that it contains 
the highest amount of easily degradable substrates [8]. 
This shows that not the OW borne microorganisms but 
different organic substrate quality applied with the OW 
amendments is responsible for the increase in SOC min- 
eralization. Similar to previous studies [6,33], the labile 
OC pool seems to be smaller in the biogas slurry and in 
the sewage sludge than in liquid manure. In contrast to 
liquid manure, biogas slurry as well as sewage sludge 
were treated via digestion which depletes easily available 
substances [6]. Since priming effects are often explained 
through a co-metabolic SOC mineralization by stimu- 
lated microbial activity from easily available substrates 
[8], it can be concluded that the high amount of easily 
degradable substances in liquid manure caused positive 
SOC priming. This may explain why the highest unac- 
counted amount of the total OC loss in organic waste 
amended soils was found after the application of liquid 
manure. However, after an initial short but high respira- 
tion peak in all organic waste amended soil samples, a 
following long lasting CO2 peak was observed only in 
the samples mixed with liquid manure. Similar to [22], a 
second maximum in the C mineralization rate occurs 
most likely from the degradation of more resistant com-  
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Figure 2. Spider web plots of the extracellular enzyme activity 
in n mol·g−1 FB·h−1 in the organic wastes (above) as well as in 
the control and organic waste amended Lottental (middle) and 
Hamapil (below) soil samples. 
 
pounds. Since a second respiration peak in the biogas 
slurry and sewage sludge amended soils was absent, a 
second OC pool does not seem to exist or is not available 

uring the incubation time in both wastes. d  
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Figure 3. Soil respiration in the Hamapil soil mixed with biogas slurry (bs), liquid 
manure (lm), sewage sludge (ss) during the first five days of incubation. 

 
3.2. Organic Carbon Dynamics of the More  

Recalcitrant SOC  

Since the basal respiration was reached within two 
weeks of incubation in all samples (data not shown), it 
appears as if the available soil or organic waste borne OC 
was more or less depleted. To characterize and to com- 
pare the stability of the remaining more recalcitrant OC 
in the organic wastes, glucose as easily available sub- 
strate was added to all incubated samples in the control 
soils as well as in the organic waste amended soils. The 
results were described by respiration rates (Table 2), 
14C-glucose mineralization as well as by calculated pri- 
ming effects (Figure 4). 

After glucose addition to the OW-sand mixture, the 
CO2 respiration was significantly lower than the res- 
piration rate after OW application during the first two 
weeks of incubation, with values varying between 2.6 to 
4.7 mg·g−1 14 d−1 (Table 2), . However biogas slurry still 
showed the highest respiration with 4.7 mg CO2 g

−1 14 
d−1. These findings are also reflected in the OC miner- 
alization rates (data not shown).  

Thus, after two incubation weeks remaining biogas 
slurry was still more degradable than liquid manure and 
sewage sludge. 

After glucose addition, both control soil samples 
showed similar respiration rates of 3.2 to 3.4 mg·g−1 14 
d−1 and of 0.29 to 0.27% 14 d−1, respectively (Table 2). 
However, in the OW amended soils, glucose additions  
resulted in significantly higher respiration rates than in 
the control varying between 5.3 to 6.0 mg·g−1 14 d−1. Still, 
SOC respiration in the control and OW amended soil 
samples was up to five times lower than directly after 
OW application during the first two weeks of incubation. 

Although the biogas slurry derived OC was also most 

degradable after two weeks of incubation (Table 2), soil 
samples amended with biogas slurry did not show the 
highest respiration rate. As observed during the first two 
weeks of incubation after OW application, liquid manure 
amendments to both soil samples resulted in the signifi- 
cantly highest respiration activities compared to biogas 
slurry and sewage sludge applications.  

Since the 14C-glucose mineralization rates were quite 
similar in all samples (Table 2), this indicates that mi- 
crobial activity in the samples was not limited by easily 
available substrates [19]. Again, this shows that OW ap- 
plication increased the labile organic matter in the sam- 
ples. 

To characterize effects of organic waste amendments 
on the stability of the more recalcitrant OC in the soil 
samples, we calculated the priming effects induced by 
the addition of glucose. The amount of OC which was 
released from OW samples and which was additionally 
released in the OW amended soil samples after substrate 
addition compared to the unamended control is shown in 
Figure 3. The addition of glucose accelerated the de- 
composition of OC in all samples as reflected in the 
positive priming effects of 39% to 158% (Figure 3). 
Within the OW-sand samples the priming effect was 
highest with biogas slurry. Priming effects in the liquid 
manure and sewage sludge samples reached 79% and 
68%, respectively, and were not significantly different.  

In the soil samples, priming effects were generally 
lower in the Hamapil samples compared to the Lottental 
samples, while mostly no significant differences between 
the control soil and the OW amended samples were 
found. Biogas slurry amended Lottental soil sample was 
an exception in this context where the priming effect was 
lower than in the control soil. Previous studies [9,11] 
reported that the extent of pri ing depends on substrate  m  
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Figure 4. Priming effects (PE) through glucose addition to pure organic wastes (in 
sand) and to organic waste amended Lottental soil sample as well as to the Hamapil 
soil sample. (Error bars are representing the standard deviation, *p ≤ 0.05, t-test, ns 
indicated not significant differences of PE between treated and control soils). 

 
type and substrate concentration. In organic waste amen- 
ded soil samples glucose addition did not enhance the 
positive priming effects compared to the unamended 
control samples. This result indicates that these soils 
were already enriched with organic waste borne easily 
degradable compounds. Consequently, priming effects 
very likely occurred after addition of the amendments, 
thus explaining the unaccounted amounts of additional 
C-mineralization (Table 2).  

4. ENVIRONMENTAL IMPLICATION 

Short-term organic carbon dynamics in organic waste 
amended soils will most likely be influenced by the qual- 
ity of the OC added with organic wastes. The inoculation 
with organic waste borne microorganisms only will con- 
tribute little to the C-dynamics in the soils.  

Moreover, our results clearly show that although bio- 
gas slurry is different from other wastes with regard to 
pH, 4 /total N content and organic matter stability, 
these properties did not influence the short-term organic 
carbon dynamics after mixing into soil samples Instead, 
soil organic carbon loss was highest after liquid manure 
addition, likely due to the high manure borne labile or- 
ganic carbon content.  

NH

Since we performed short-term incubation studies, the 
amounts of total carbon loss cannot be transferred to 
field conditions. However, we showed that biogas slurry 
application has no greater impact on the soil organic 
carbon dynamics than other organic wastes such as liquid 
manure and sewage sludge. We applied organic wastes in 
two concentrations. While for the lower concentration 
the effects on carbon dynamics or on enzyme activity 
were not detectable, waste application at 10-times higher 

concentration resulted in significant effects. Although, it 
is likely that effects were overestimated, they obviously 
exist and were useful to identify differences in the effects 
of different organic wastes on SOC dynamics.  

However, for an overall agronomic evaluation, it 
would be necessary to perform field trials to validate the 
results from this experimental study. Due to the increas- 
ing use of biogas slurry in agricultural practice during the 
last decade, this would be urgently needed. 
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