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Abstract

The increases in anaerobically digested organic wastes in the world created a greater attention to evaluate the impact of the
residue on soil properties. The purpose of this experiment was to evaluate anaerobically digested cattle manure on some soil
chemical and biological properties under maize and clover production. Biogas residue was applied as 20, 40 and 60 t ha*
(BGR20, BGR40 and BGR60) to the plots with a control (including only chemical fertilizers). Soil samples were taken from
0-15 and 15-30 cm depths at the end of growing season of maize and clover (October). Soil organic carbon (SOC) slightly
increased with biogas residue while the increase was greater in microbial biomass carbon (MBC). However, microbial
biomass nitrogen (MBN) was constant through the treatments and only significant difference occurred between the plants as
greater in clover plots. Dehydrogenase enzyme activity was similar in maize plots and slightly increased in clover BGR40
compared to control. B-glucosidase enzyme activity significantly increased with the amendment of biogas residue compared to
control, but there is no significant change between the rates of biogas residue. Alkaline phosphatase enzyme responded greatly
to the doses of biogas residue than the others. The ratio of MBC/SOC enhanced with biogas residue however, the contrasting
effect for dehydrogenase enzyme activity per microbial biomass was observed. These findings indicate that the response of
soil enzymes on biogas waste can vary depending on the processing of organic waste. The activities of soil enzymes are
sensitive to the characteristic of organic materials. © 2017 Friends Science Publishers
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humus complexes, which play a major significant role in the
depolymerisation of various polymeric macromolecules
(Burns et al., 2013).

Properties of organic residue may also impact
microbial community structure and activity (Reed and
Martiny, 2013). The availability of most limiting nutrients
can be enhanced by the activity of soil enzymes (Allison et
al., 2011). Some studies indicated that enzyme activity and
microbial biomass can vary high both seasonal and
interannual (Sardans et al., 2008). In semiarid regions,
enhancing microbial community is a challenge in dryland
cropping systems due to limited biomass production as a
result of low rain and high ambient temperatures (Liebig et
al., 2006). The drought effect on soil decreases enzyme
activities manly in summer and changes nutritional quality

Introduction

Anaerobically digestion of organic wastes recently
increased in the world due to use as an energy source and it
has significant potential to reduce global warming and
climate change (Clemens et al., 2006). Soil microbial
biomass and soil enzymes are known as an important factor
of soil quality and nutrient cycling processes (Rezaei et al.,
2015). Soil management practices can influence soil
properties and various soil enzymes, which can be used as
sensitive indicators of soil quality. Agricultural areas shows
large degree of spatial variability in soil physicochemical
properties (Vasseur et al., 2013). This may alter the activity
and composition of soil organisms (Schipanski and
Drinkwater, 2012).

Measurement of soil microbial biomass shows no
information about microbial activity. Soil enzymes are
important for sustaining nutrient availability and their
activities depend on soil microbial activity. Therefore, the
activities of soil enzymes are indicators of soil degradation
since this includes information about microbial status and
soil physicochemical conditions of both the present and the
past. Enzymatic activities of soil can be stabilized by clay-

of enzyme substrate (Sardans and Penuelas, 2010). The
reduction in soil enzyme activity can result in a decline on N
released from organic matter and thus a decrease in the plant
N uptake (Sardans and Penuelas, 2010).

The activity of soil enzyme will provide information
about soil productivity. B-glucosaminidase enzyme can
degrade chitin and has been correlated with N
mineralization in soils (Tabatabai et al., 2010). p-
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glucosaminidase is sensitive to cropping systems and
involves in the degradation of plant components such as
cellobiose, melobiose, and chitin (Sotomayor-Ramirez et
al., 2009). Phosphates enzyme transfers the phosphate
groups from nucleic acid and contributes to the P-cycle
(Acosta-Martinez et al., 2011). Soil phosphates activity
involves the mineralization and transformation of P in soil
and provides some information about plant productivity.
Dehydrogenase presents information about the electron
transport system to remove the oxidative substrate, and has
been correlated with the oxygen uptake and organic
substrate removal rates. The purpose of this study was to
determine the different rates of anaerobically digested cattle
manure (biogas residue) on some soil chemical (pH, EC,
and organic carbon) and biological properties (B-
glucosaminidase, dehydrogenase, and phosphates) under
maize and clover production in the semiarid ecosystem of
northern Turkey.

Materials and Methods
Experimental Site and Design

The study was conducted in 2014 at the experimental station
of Gaziosmanpasa University, Tokat district (40°18’ N and
36°34’ E), Turkey. The average annual precipitation and
temperature of the study area are around 430 mm and
11.9°C respectively, and most of the precipitation occurs in
winter and spring seasons. The experiment was conducted
on Kanal series which is classified as clay loam (Typic
Ustorthent). Four treatments including a control (three
replicates each) and two plants maize (Zea mays indentata)
and clover (Medicago sativa) — were established in split plot
design with total 24 plots (5 x 3 m).

Experimental Treatments

Anaerobically digested cattle manure (biogas residue) were
applied to the rates of 20, 40, and 60 t ha® (BGR20,
BGR40, and BGRE60, respectively) and the control plots had
only chemical fertilizers based on the requirements of
plants. The chemical properties of biogas residue were
presented in Table 1. Biogas residue was applied to the
surface of plots and mixed to 10 cm of soil. Maize and
clover were planted on March 15. Soil samples were taken
from 0-15 and 15-30 cm depths using a hand probe (2.5 cm
diameter) at the end of growing season (October). Soil
samples sieved using 2 mm-sieve and stored at 4°C until
analysis. Some soil physical, chemical, and biological
properties were determined in the samples.

Soil Chemical and Biological Analysis
Soil pH and electric conductivity were measured in the air-

dried soil using a glass electrode (soil:water ratio, 1:2.5).
Soil organic carbon (SOC) content was determined using
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Table 1: Chemical properties of biogas residue

Characteristics Values

pH 73202
Organic C (g kg?) 276.7£6.8
Organic matter (g kg™) 2453 +53
Total N (g kg™h) 175+0.8
Available P (g kg?) 232+02
C:N 14.7+0.7

The mean value + standard error (n = 3)

the modified Walkley-Black wet oxidation method (Nelson
and Sommer, 1982). Microbial biomass C (MBC) was
estimated by the fumigation-incubation method (Horwath
and Paul, 1994). A alkaline solution (NaOH) was used for
trapping CO, during incubation period. The solution was
titrated with 0.5 M HCI after precipitation of the carbonates
using BaCl, solution. Microbial biomass N (MBN) was
determined by extracting 2 M KCI solution at the end of
incubation (Keeney and Nelson, 1982).

Enzyme activities in soil were determined by the
procedure described by Tabatabai (1994). Dehydrogenase
enzyme activity was measured using the reduction of 2,3,5-
triphenyltetrazolium chloride (TTC) to triphenylformazon
(TPF). Alkaline (pH 11) phosphatase activity was described
by determination of the phenol release during 1 h at 37°C
incubation period. pB-glucosidase enzyme activity was
assayed by determination of p-nitrophenol released by [-
glucosidase after 1 h of incubation of soil samples at 37°C
with pnitrophenyl-p-D-glucopyranoside (PNG) in modified
universal buffer (pH 6.0) as the substrate.

Statistical Analysis

The analysis of variance (ANOVA) was performed for all
measurements. All the values were the mean of three
replications and standard errors were also determined for the
comparison of soil properties. Significant statistical
differences for the doses and depths were established by
Duncan’s test at o, = 0.05.

Results

The effects of biogas residue on some soil properties were
presented in Table 2. The effect of biogas residue on soil
reaction was not significant (p > 0.05). Soil pH ranged from
8.1 to 8.5 at the end of plant growth. However, soil pH
significantly increased in clover plots compared to maize
plots (p<0.05). Electric conductivity (EC) under different
rates of biogas residue was similar up to 30 cm depth. The
only significant difference occurred between maize and
clover plots as being greater in clover (p<0.05). The greater
EC in clover plots could be the result of lower leaching and
translocation of ions from deeper depth to the surface by
evaporation. The application of biogas residue increased
inorganic N content compared to control, but the highest
inorganic N content was measured as 510 mg kg™ N at 15 to
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Table 2: The effect of biogas residue on soil pH, electric conductivity (EC), and inorganic N contents under maize and

clover growth

pH EC Inorganic N
Treatment depth maize clover maize clover maize clover
cm mS cm! mgkg! N
Control 0-15 8.2+0.1a 8.5+0.1a 0.289+0.08a 0.314+0.06a 110+17a 100+16a
15-30 8.2+0.1a 8.4+0.1a 0.289+0.06a 0.318+0.03a 260+12b 310+24c
BGR20 0-15 8.2+0.2a 8.5+0.1a 0.306x0.11a 0.312+0.07a 380+22c 460+27d
15-30 8.1+0.0a 8.5+0.2a 0.298+0.07a 0.321+0.05a 460+25d 510+38d
BGR40 0-15 8.1+0.1a 8.5+0.1a 0.288+0.09a 0.328+0.02a 270+13b 360+31c
15-30 8.1+0.2a 8.5+0.2a 0.315+0.07a 0.302+0.05a 340+24c 310+29¢c
BGR60 0-15 8.2+0.1a 8.5+0.1a 0.288+0.01a 0.323+0.03a 260+19b 460+37d
15-30 8.1+0.1a 8.5+0.0a 0.295+0.00a 0.302+0.01a 140+21a 240+26b
Treatment ns ns *
Plant ok * ns
Depth ns ns ns
Treatment x plant ns ns ns
Plant x depth ns ns ns

Treatment x plant x depth ns

ns ns

BGR20 — application of biogas residue 20 t ha'; BGR40 — application of biogas residue 40 t ha!; BGR60 — application of biogas residue 60 t hal. Mean
standard error. *, **, *** _ significant at the 0.05, 0.01 and 0.001 probability levels, respectively. ns — not significant. Different letter in each column

indicates significant difference (p < 0.05)

Table 3: The effect of biogas residue on soil organic carbon (SOC), microbial biomass carbon (MBC), and microbial

biomass N (MBN) under maize and clover growth

SOC MBC MBN
Treatment depth maize clover maize clover maize clover
cm % mg kg C mg kg* N
Control 0-15 0.98+0.02a 0.66+0.07ab 94+16a 87+11a 18+5a 36+4a
15-30 0.81+0.01bc 0.58+0.05a 65+21a 79+9a 11+3a 34+3a
BGR20 0-15 1.03+0.04a 0.93+0.04d 160+19c 214+21c 12+4a 45+6a
15-30 0.84+0.03b 0.71+0.07b 147+25hc 124+16b 10+3a 37+5a
BGR40 0-15 0.88+0.06b 0.96+0.02d 198+31c 309+31e 19+5a 47+4a
15-30 0.79+0.03c 0.59+0.04a 123+14b 284+24de 15+3a 45+4a
BGR60 0-15 0.87+0.05b 0.81+0.02c 346+35e 332+33e 22+6a 46+3a
15-30 1.08+0.08a 1.01+0.04d 267+29d 256x17cd 18+3a 37+3a
Treatment * * ns
Plant ns ns **
Depth ns * ns
Treatment x plant ns ns ns
Plant x depth ns ns ns

Treatment x plant x depth ns

ns ns

BGR20 — application of biogas residue 20 t ha; BGR40 — application of biogas residue 40 t ha*; BGR60 — application of biogas residue 60 t ha™. Mean *
standard error. *, **, *** _ significant at the 0.05, 0.01 and 0.001 probability levels, respectively. ns — not significant. Different letter in each column

indicates significant difference (p < 0.05)

30 cm depth of BGR20. This result also indicated a greater
N uptake by maize than clover, which resulted generally
higher inorganic N content at all doses. Inorganic N content
generally increased from surface to the deeper depth except
the treatment of BGR60. The increasing rate of biogas
residue enhanced N leaching from surface to 15-30 cm
depth. However, the lower N content at 15 to 30 cm depth
of BGR60 can be attributed to greater dissolved organic C
which may stimulate denitrification below the surface soil.
Soil organic carbon (SOC) content significantly
increased with the application of biogas residue (p<0.05)
(Table 3). The highest SOC was obtained at 15-30 cm depth
of maize plot (%21.08). These findings indicated a smaller
change in SOC content in a short period of time. In addition,
SOC content was similar in maize and clover plots. Soil
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microbial biomass C (MBC) was significantly affected by
biogas residue (Table 3). The enhancing rate of biogas
residue significantly increased MBC (p<0.05). Generally,
the increasing rate of biogas residue stimulated MBC with
the highest value of 346 mg C kg in BGR60. MBC was
similar in the both plant type (p>0.05), but significantly
decreased below the surface soil (p<0.05). Microbial
biomass N (MBN) was generally greater in clover planted
plots compared to maize (p<0.05) and the highest MBN was
47 mg N kg measured at 0-15 cm depth of BGR40 (Table
3). On the other hand, the response of MBN on the different
rates of biogas residue was not significant in this study
(p>0.05). The high MBN in clover plots might be the effect
of higher inorganic N content stimulates N immobilization
by soil microorganisms. The ratio of MBC:SOC constantly
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increased from control to the highest dose of biogas residue
except for 15 to 30 cm depth (Fig. 1). The lowest
MBC/SOC was 0.96 in control and the highest one was 4.81
at in BGR40.

Activity of the studied enzymes was significantly
affected with the application of biogas residue (p<0.05)
(Fig. 2). The plots exposed to biogas residue had generally
greater enzyme activity than control. However,
dehydrogenase activity only increased in clover plots with
amendment of biogas residue while dehydrogenase enzyme
activity was similar in maize plots. p-glucosidase activity
significantly increased with the addition of biogas residue in
both maize and clover plots compared to control (p<0.05)
(Fig. 2). However, the differences between the doses of
biogas residue was not significant on B-glucosidase activity
in this study (p>0.05). The highest B-glucosidase activity
was 51.1 mg PNP kg* h? in clover plot. Overall, the greater
activities were measured at surface soil and B-glucosidase
activity significantly decreased with depth (p<0.05).
Alkaline phosphatase enzyme is influenced by biogas
residue compared to control (p<0.05) (Fig. 2). The greater
phosphates enzyme (503 mg PNP kg?! soil h?) was
measured at the surface of BGR40. However, there is no
clear difference between the doses of biogas residue and the
higher alkaline phosphatase activities were measured at
BGR40 and BGR60. Phosphates enzyme activity decreased
at 15-30 cm depth, which is similar to the previous soil
enzymes.

Dehydrogenase activity per microbial biomass C was
used as to estimate microbial metabolic activity.
Dehydrogenase activity per microbial biomass C in the
treatments (BGR20, BGR40, and BGRG60) decreased
compared to control (p<0.05) (Fig. 3). The lower
dehydrogenase per microbial biomass C can be attributed to
limited response of dehydrogenase enzyme activity on
biogas residue as compared to MBC. Also, the lower
increases of SOC in the first year of organic amendment and
the changes in microbial community due to anaerobically
digested residue are the most apparent reasons of the lower
dehydrogenase activity per microbial biomass carbon.

Discussion

Biogas residue significantly increases MBC in soil, but
decreases specific microbial growth rate, and results a
change in microbial community to slower-growing
microorganisms, because of limited availability of C related
with the low labile C and more lignin in biogas residues
(Chen et al., 2012). Similarly, the four year field trial of
biogas residue enhanced MBC and metabolically active
microorganisms, compared to control (Odlare et al., 2008).
The increases in MBC/SOC ratio indicates a greater
dynamic of soil organic C with the application of biogas
residue, and is a clear indication of soil quality. The larger
variation in MBC/SOC was observed at 15-30 cm depth
compared to surface soil, which may relate to the movement
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Fig. 1: Effects of biogas residue on microbial biomass C
per soil organic carbon (MBC/SOC) at 0-15 (A) and 15-30
(B) cm depths under maize and clover production. Control
— no biogas residue, BGR20 — biogas residue 20 t ha®,
BGR40 — biogas residue 40 t ha*, BGR60 — biogas residue
60 t ha’. Vertical bars are standard error; not followed by
the same letter indicate significant difference (p < 0.05)

Fig. 2: Effects of biogas residue on dehydrogenase, -
glucosidase, and alkaline phosphatase activities at 0-15 (A)
and 15-30 (B) cm depths under maize and clover
production. Control — no biogas residue, BGR20 — biogas
residue 20 t hal, BGR40 — biogas residue 40 t ha'*, BGR60
— biogas residue 60 t ha*. Vertical bars are standard error;
not followed by the same letter indicate significant
difference (p < 0.05)

of soluble organic C and nutrients from surface to the
deeper depth.

The extensive rate of biogas residue was not created a
linear increase in dehydrogenase activity. The highest
dehydrogenase enzyme activity was measured at BGR40 in
maize plots. Dehydrogenase enzyme activity slightly
decreased at 15-30 cm depth compared to surface soil.
Dehydrogenase is considered as a sensitive indicator of soil
quality (Madejon et al., 2007) and redox potential, and
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Fig. 3: Effects of biogas residue on dehydrogenase activity
per microbial biomass at 0-15 (A) and 15-30 (B) cm depths
under maize and clover production. Control — no biogas
residue, BGR20 — biogas residue 20 t ha', BGR40 —
biogas residue 40 t ha™*, BGR60 — biogas residue 60 t ha™.
Vertical bars are standard error; not followed by the same
letter indicate significant difference (p < 0.05)

participates in microbial respiration (Paz-Ferreiro et al.,
2012). Dehydrogenase activity usually increases with the
amendment of labile soil organic matter such as sewage
sludge and biogas residue (Serra-Wittling et al., 1996),
however, contradict result similar to our findings have been
indicated (Paz-Ferreiro et al., 2012). High level of toxic
elements such as Cu, As, Pb, Cd, Zn and Hg can
significantly reduce many soil enzymes (Angelovicova et
al., 2015). The inhibitory compounds are organic in nature,
possibly constitutive organic pollutants in anaerobic residue
(Leven et al., 2006). Several other researchers also indicated
an increase in dehydrogenase activity under mineral N
fertilizer (Chu et al., 2007). Paz-Ferreiro et al. (2012)
reported a significant decrease in B-glucosidase activity with
the addition of sewage sludge compared to control. In this
study, B-glucosidase slightly increased compared to control,
but there is not an extensive increase in [B-glucosidase
activity with the addition of biogas residue. In a semiarid
Mediterranean ecosystem through a year the greatest
variation in soil B-glucosidase activity was observed and
there was a great correlation with soil moisture content
(Sardans and Penuelas, 2010). This indicates many
environmental factors have significant impact on [-
glucosidase enzyme activity.

The high enzyme activity in soil reflects the larger
availability of nutrients. The application of biogas residue
significantly increases the amount of phosphobacteria,
silicate bacteria, ammonifiying bacteria, N-fixation bacteria
and actinomycetes, but the amount of fungi was significantly
inhibited (Hao et al., 2011). Therefore, phosphates enzyme
significantly increased with the amendment of biogas residue
compared to the other enzymes (p<0.05). Similarly, mineral
fertilization with pig manure significantly increases
microbial biomass C and dehydrogenase activity per
microbial biomass C (Luo et al., 2015).

Conclusion

The application of biogas residue contributed limited change
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on soil organic carbon (SOC). However, the greater
response was observed in microbial biomass carbon (MBC)
with the increasing rate of biogas residue. Dehydrogenase
enzyme activity was almost similar in the all treatments.
The impact of biogas residue on B-glucosidase enzyme
activity was greater than dehydrogenase enzyme activity;
however, there was not a clear difference between the rates
of biogas residue except for control. Clover plots had
potentially higher enzyme activity than maize plots. The
greatest response to biogas residue was observed in alkaline
phosphate enzyme. Dehydrogenase enzyme activity per
microbial biomass decreased with the increasing rate of
biogas residue. The response of soil enzymes to biogas
residue was limited in this study and soil enzymes showed a
different tendency from each other. It can conclude that
biogas residue display a lower mineralization rate than other
organic fertilizers due larger amount of resistant organic
materials to microbial decomposition.

References

Acosta-Martinez, V., R. Lascano, F. Calderon, J.D. Booker, T.M. Zobeck
and D.R. Upchurch, 2011. Dryland cropping systems influence the
microbial biomass and enzyme activities in a semiarid sandy soil.
Biol. Fert. Soils, 47: 655-667

Allison, S.D., M.N. Weintraub, T.B. Gartner and M.P. Waldrop, 2011.
Evolutionary economic principles as regulators of soil enzyme
production and ecosystem function. In: Soil Enzymology, pp: 229—
243.G. Shukla, A.VVarma (eds.). Springer Publication, Berlin, Germany

Angelovicova, L., L. Bobuska and D. Fazekasova, 2015. Toxicity of heavy

metals to soil biological and chemical properties in conditions of

environmentally polluted area middle Spis (Slovakia). Carpat. J.

Earth Environ. Sci., 10: 193-201

R.G., JL. DeForest, J. Marxsen, R.L. Sinsabaugh, M.E.

Stromberger, M.D. Wallenstein, M.N. Weintraub and A. Zoppini,

2013. Soil enzymes in a changing environment: current knowledge

and future directions. Soil Biol. Biochem., 58: 216-234

Chen, R., E. Blagodatskaya, M. Senbayram, S. Blagodatsky, O. Myachina,
K. Dittert and Y. Kuzyakov, 2012. Decomposition of biogas residues
in soil and their effects on microbial growth kinetics and enzyme
activities. Biomass Bioenergy, 45: 221-229

Chu, H., X. Lin, T. Fujii, S. Morimoto, K. Yagi, J. Hu and J. Zhang, 2007.
Soil microbial biomass, dehydrogenase activity, bacterial community
structure in response to long-term fertilizer management. Soil Biol.
Biochem., 39: 2971-2976

Clemens, J., M. Trimborn, P. Weiland and B. Amon, 2006. Mitigation of
greenhouse gas emissions by anaerobic digestion of cattle slurry.
Agric. Ecosys. Env., 112: 171-177

Hao, X., J. Hong and Z. Qiao, 2011. Effect of biogas slurry on biological
properties of cabbage continuous cropping soil. Chin. J. Appl. Env.
Biol., 17: 384-387

Horwath, W.R. and E.A. Paul, 1994. Microbial biomass. In: Methods of Soil
Analysis, Part 2: Microbiological and Biochemical Properties, pp:
753-773. Weaver, RW., S. Angle, P. Bottomley, D. Bezdicek, S.
Smith, A. Tabatabai and A. Wollum (eds.). Soil Science Society of
America, Madison, USA

Keeney, D.R. and D.W. Nelson, 1982. Nitrogen in organic forms. In:
Methods of Soil Analysis, Part 2, pp: 643-698. Page, A.L. (ed.).
Agronomy No. 9, American Society of Agronomy, Madison, USA

Leven, L., K. Nyberg, L. Korkea-aho and A. Schnurer, 2006. Phenols in
anaerobic digestion processes and inhibition of ammonia oxidizing
bacteria (AOB) in soil. Sci. Total Environ., 364: 229-238

Liebig, M., L. Carpenter-Boggs, J.M.F. Johnson, S. Wright and N. Barbour,
2006. Cropping system effects on the soil biological characteristics
in the Great Plains. Renew. Agric. Food Sys., 21: 36-48

Burns,



Kocyigit et al. / Int. J. Agric. Biol., Vol. 19, No. 3, 2017

Luo, P., X. Han, Y. Wang, M. Han, H. Shi, N. Liu and H. Bai, 2015.
Influence of long-term fertilization on soil microbial biomass,
dehydrogenase activity and bacterial and fungal community structure
in a Brown soil of northeast China. Ann. Microbiol., 65: 533-542

Madejon, E., F. Moreno, J. Murillo and F. Pelegrin, 2007. Soil biochemical
response to long-term conservation tillage under semi-arid
Mediterranean conditions. Soil Till. Res., 94: 346-352

Nelson, D.W. and L.E. Sommer, 1982. Total carbon, organic carbon, and
organic matter. In: Methods of Soil Analysis, pp: 539-579. Page,
A.L. (ed.). ASA Monograph 9 (2). American Society of Agronomy,
Madison, Wisconsin, USA

Odlare, M., M. Pell and K. Svensson, 2008. Changes in soil chemical and
microbiological properties during 4 years of application of various
organic residues. Waste Manage., 28: 1246-1253

Paz-Ferreiro, J., G. Gasco, B. Gutierrez and A. Mendez, 2012. Soil
biochemical activities and the geometric mean of enzyme activities
after application of sewage sludge and sewage sludge biochar to soil.
Biol. Fert. Soils, 48: 511-517

Reed, H.E. and J.B.H. Martiny, 2013. Microbial composition affects the
functioning of estuarine sediments. ISME J., 7: 868-879

Rezaei, H., A. Jafarzadeh, N. Aliasgharzad and L. Alipoor, 2015. Soil quality
investigation based on biological and micromorphological traits under
different land uses. Carpath. J. Earth Environ., 10: 249-262

Sardans, J., J. Penuelas and R. Ogaya, 2008. Drought consequences in the C
and N accumulation in a Quercus ilex Mediterranean forest. Forest
Sci., 54: 513-522

464

Sardans, J. and J. Penuelas, 2010. Soil enzyme activities in a Mediterranean
forest after six years of drought. Soil Sci. Soc. Amer. J., 74: 838-851

Serra-Wittling, C., S. Houot and E. Barriuso, 1996. Modification of soil
water retention and biological properties by municipal solid waste
compost. Compost Sci. Util., 4: 44-52

Schipanski, M.E. and L.E. Drinkwater, 2012. Nitrogen fixation in annual
and perennial legume-grass mixtures across a fertility gradient. Plant
Soil, 357: 147-159

Sotomayor-Ramirez, D., Y. Espinoza and V. Acosta-Martinez, 2009. Land
use effects on microbial biomass C, B-glucosidase and -
glucosaminidase activities, and availability, storage, and age of
organic C in soil. Biol. Fert. Soils, 45: 487-497

Tabatabai, M.A., 1994. Soil enzymes. In: Methods of Soil Analysis, Part 2:
Microbiological and Biochemical Properties, pp: 775-833. Weaver,
R.W., S. Angle, P. Bottomley, D. Bezdicek, S. Smith, A. Tabatabai,
A. Wollum (eds.). Soil Science Society of America, Madison,
Wisconsin, USA

Tabatabai, M.A., M. Ekenler and Z.N. Senwo, 2010. Significance of
enzyme activities in soil nitrogen mineralization. Commun. Soil Sci.
Plant Anal., 41: 595-605

Vasseur, C., A. Joannon, S. Aviron, F. Burel, .M. Meynard and J. Baudry,
2013. The cropping systems mosaic: how does the hidden
heterogeneity of agricultural landscapes drive arthropod populations?
Agric. Ecosys. Environ., 166: 3-14

(Received 11 August 2016; Accepted 22 February 2017)



