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Effect of long term application of organic and inorganic fertilizers on
soil microbial activities in semi-arid and sub-humid rainfed
agricultural systems
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Abstract: A study was conducted to investigate the effect of chemical fertilizer, organic
manure and two cropping systems viz., pearlmillet - clusterbean - castor rotation and upland rice
- lentil sequence on microbial quotient (MQ), metabolic quotient, specific enzyme activity
(dehydrogenase, arylsulfatase and urease) and microbial biomass carbon (MBC) in long-term (1821 years) field experiments in Entisols of semi-arid region of Gujarat and Inceptisols of sub-humid
region of Varanasi. Higher MQ values were recorded in Entisols than Inceptisols. MQ ranged
from 4.00–5.08 and 1.00–1.85 % across soil layers in Entisols and Inceptisols, respectively.
Metabolic quotient values ranged from 0.11–0.23 and 0.04–0.07 across soil layers in Entisols and
Inceptisols respectively. The specific enzyme activity of dehydrogenase was maximum in Entisols,
whereas, arylsulfatase and urease activity was recorded more in Inceptisols. Higher specific
enzyme activity reflects greater microbial activity and microbial biomass turnover. Agroecosystem in sub-humid region resulted in 1.5 fold higher geometric mean of enzymes (GMea)
than in semi-arid region. The application of 50% RDNF (recommended dose of N-fertilizer) + 50%
RDN FYM (farm yard manure) in Entisols and 50% N (FYM) + 50% RDF in Inceptisols improved
microbiological activities (GMea) at both the sites. The concentration of soil organic carbon (SOC)
and MBC were significantly correlated with GMea in both agro-ecosystems. In conclusion,
integrated sources of nutrients with inclusion of FYM and 50 % reduction of fertilizers improved
the microbiological activities in both Inceptisols and Entisols.
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Introduction
Application of chemical fertilizers to soil is the
most common practice to increase crop yields.
*Corresponding

Author; e-mail: manjumbl@gmail.com

Indiscriminate use of fertilizers has led to changes in
soil physical, chemical and biological characteristics
(Rivera-Becerril et al. 2017). The problems they are
causing on soil and water has become one of the
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Table 1. Climatic and edaphic characteristics of two experimental sites.
Parameter
Location
Duration of experiment (years)
Climate
Cropping system
Soil order and type
Annual rainfall (mm)
Annual minimum temperature (o C)
Annual maximum temperature (o C)
Length of growing period (days)
Bulk density (g cc-1), soil texture
(sand, silt & clay % ), Soil organic
carbon (SOC-g kg–1) soil pH,
available N, P, K (kg ha–1)
Treatments
T1
T2

T3
T4

T5
T6
T7
Replications
Experimental Design

Site 1 (Dryland Research Station,
SK Nagar, Gujarat)
24°30ˊN, 72°13ˊE, 152.5 MASL
18 (1988–2005)

Site 2 (Varanasi, Uttar Pradesh)

Semi-arid
Pearlmillet-clusterbean-castor
rotation (each crop once in 3 years)
Entisol
550
18.7

Sub-humid
Rice (upland)-lentil sequence

30.2
60–90
1.42, 85.4, 4.0, 10.6, 2.0, 8.2, 114.2,
18.4, 94.1

34.4
150–180
1.49, 58.2, 14.0, 27.8, 1.4,
6.7, 160, 21.2 & 119

Control
(no
fertilizer,
no
amendments)
100 % RDNF (recommended dose
of N fertilizer, i.e., 80, 20 and 60 kg
N ha–1 was applied as urea to pearl
millet, cluster bean and castor
respectively)
50% RDN(F) (through fertilizer)
50% RDN(FYM) (recommended
dose of N through farmyard
manure)
50% RDN(F) + 50% RDN(FYM)
Farmers method (5 Mg of FYM ha–1
once in 3 years)
3
Randomized block design (RBD)

Control
(no
fertilizer,
no
amendments)
100% RDF (recommended dose of
NPK through mineral fertilizer
60:50:30 kg N:P2O5:K2O ha–1)

biggest environmental concerns (Singh et al. 2017).
Soil microorganisms are key players in terrestrial
agroecosystems, involved in soil organic matter
decomposition, nutrient cycling, bioremediation of
pollutants and sustaining soil productivity (Dong et
al. 2014; Luo et al. 2015). Agricultural practices have
significant influence on the soil microbial activities
and health of soils. Continuous application of
fertilizers has changed the composition and
functions of soil microorganisms (Dong et al. 2014).
Activity of soil enzymes is widely used as an indicator
of soil quality (Salazar et al. 2011). They play crucial
role in soil organic matter (SOM) decomposition and
nutrient cycling (Nannipieri & Paul 2009). Soil
microorganisms and plant roots are the major source

25°11ˊN, 82°51ˊE, 480 MASL
21 (1986–2007)

Inceptisol
1080
26.6

50% RDF
100% organic (FYM) (N equivalent)

50% RDF + 50% RDF (foliar)
50% organic (FYM) (N equivalent) +
50% RDF
Farmers’ practice (20 kg N ha–1 only)
3
Randomized block design (RBD)

of soil enzymes.
Dehydrogenase activity is a
generalized indicator of soil catabolic activity
reflective of carbon cycling and arylsulfatase and
urease are involved in sulfur (S) and nitrogen (N)
cycles respectively (Das & Varma 2011). Limiting
the use of chemical fertilizers is imperative for the
sustainability of cropping systems (Drinkwater &
Snapp 2007). Long term studies are essential to
understand the effect of different management
practices on soil and developing location specific
sustainable crop production systems. They are
probably the only means to directly quantify the
influences of diverse management practices on soil
properties. Tropical drylands, particularly in India,
are characterized by high evapotranspiration (ET),
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low soil organic carbon (SOC), high soil temperatures
and relatively infertile and erosion-prone soils
(Srinivasarao et al. 2014). Inceptisols of IndoGangetic plains are very deep, loamy to sandy or silty
in texture (Bhattacharyya et al. 2013). Entisols of
Gujarat are formed from basaltic, gneissic, granitic
and alluvial parent material. They are light grey to
dark grey, reddish brown to yellowish brown in
colour (Merry & Chamyal 1997). Very little
information is available on the influence of long term
fertilization and cropping pattern on soil microbial
indices of soil quality e.g., microbial biomass carbon,
dehydrogenase, soil enzyme activity in rain fed
ecosystems and how they relate to crop and nutrient
management practices. Therefore, the present
investigation was undertaken with the principal
objective of evaluating the effects of long-term
nutrient management practices on soil microbial
activities in two diverse cropping systems in two
major soil types in semi-arid and sub-humid tropical
India.

Material and methods
Details of experimental sites and treatments
Two field experiments were conducted in semiarid north Gujarat plain (Sardar Krushi Nagar,
Gujarat) and sub-humid Rohilkhand, Awadh and
south Bihar plain (Varanasi, Uttar Pradesh)
regions of India representing Entisol and Inceptisol
soils having pearlmillet-clusterbean-castor rotation
and upland rice-lentil sequence, respectively.
Information regarding locations, climate, soil
properties and treatment details are furnished in
Table 1. Common soil fertility management treatments across two experiments were control (no
fertilizer or organics), 100% recommended dose of
fertilizers (RDFs), 50% RDF+50% organics, and
100% organics. At Sardar Krushi Nagar, Gujarat, a
shallow ploughing (0.15–0.20 m deep) followed by
blade harrowing was done every year after the first
rainfall during the last week of June before planting
of the crop. At Varanasi, upland rice was grown
during the rainy season (June-September) followed
by lentil in the post-rainy (October-December)
season on residual fertility.

Soil sampling
Soil samples were taken from 3 depths (0–0.20
m, 0.20-0.40 m and 0.40–0.60 m) during May 2006
and April 2007 in SK Nagar and Varanasi,
respectively. Three random samples were taken in
each plot using a tube auger and composited depth-
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wise. The samples were hand-crushed, passed
through a 2-mm sieve and stored at 4 oC until
analysis.

Soil physical and chemical analysis
Bulk density, soil texture, Soil organic carbon
(SOC) soil pH, available N, P & K were analysed
(Page et al. 1982). All determinations were
performed in triplicate, and the results expressed
on oven-dry weight basis.

Analysis of microbial parameters
Soil microbial biomass carbon (MBC) was
determined by the fumigation–extraction method
(Vance et al. 1987). Dehydrogenase (DHA) was
spectrophotometrically measured using 2, 3, 5triphenyl tetrazolium chloride (TTC) as electron
acceptor (Casida et al. 1964), Arylsulfatase (AS)
activity was measured with p-nitro phenyl sulphate
as substrate (Tabatabai & Bremner 1970), urease
activity was assayed by incubating the soil with
urea (Tabatabai & Bremner 1972). All
determinations were performed in triplicate and
results were expressed on oven dry basis. The
profile mean enzyme activity was calculated by
averaging the values for all three soil depths (0–0.2,
0.2–0.4, 0.4–0.6 m).

Microbial quotient and metabolic quotient
Microbial quotient was calculated as a ratio of
microbial biomass carbon and soil organic carbon.
Since soil respiration was not directly measured,
dehydrogenase activity was taken as a surrogate
and metabolic quotient was thus calculated as a
ratio of dehydrogenase activity over microbial
biomass carbon.

Specific enzyme activity
Specific soil enzyme activity of soils was
calculated by dividing enzyme activities over soil
organic carbon content (Trasar-Cepeda et al. 2008).

Geometric mean of enzymatic activities (GMea)
The GMea is a soil quality index which
integrates the information from all enzymes and
their specific range of variation (Paz-Ferreiro et al.
2012). This general index was calculated for each
treatment and soil depth (0–0.2, 0.2–0.4 and 0.4–0.6
m) using Equation:
GMea = (DHA x ASA x UA)1/3
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Fig. 1. Effects of long term nutrient management practices on (a) Microbial quotient-MBC/SOC (b) Metabolic
quotient (DHA/MBC) in semi arid region Entisols of S.K. Nagar. MBC-Microbial biomass carbon, SOC-Soil
organic carbon, DHA-dehydrogenase.

Statistical analyses
Statistical analyses of the data were done using
Statistical Packages for Social Sciences (2001) to
find out variance and to determine the statistical
significance of the treatment effects. Duncan’s
multiple range test (DMRT) was used to compare
the treatment means. Simple correlation
coefficients and regression equations were also
computed (SPSS 2001), to evaluate the
relationships among the response variables and the
enzyme activity at 95% probability level.

Results
Effect of long-term cropping and nutrient
management on soil microbial parameters
Microbial quotient and Metabolic quotient
(DHA/MBC)
Recommended dose of nitrogen fertilizer
and farmers’ practice (5 Mg FYM ha–1 once in 3
years) recorded the highest microbial quotient
across soil depths analyzed under Entisols with
pearl millet-cluster bean-castor rotation. Lowest
value was observed in T1 (Control - no fertilizer, no
amendments) (Fig. 1a). Under Inceptisols with
upland rice-lentil sequence, maximum microbial
quotient value was observed in T6 (50% organic
(FYM) - N equivalent) + 50% RDF) and T2 (100%
RDF). Lowest value was recorded in T1 (Fig. 2a).
Organic fertilizer (FYM) and reduced dose of
chemical fertilizer resulted in improving the
metabolic quotient under Entisols with pearl milletcluster bean-castor rotation as compared to the use

of sole mineral fertilization. Maximum value (i.e,
mean of 3 layers) was recorded in 50% RDNF
treatment and lowest value was observed in control
(no fertilizer and no amendments) (Fig. 1b). Under
Inceptisols with upland rice-lentil sequence,
highest value was recorded in T7 (Farmers’ practice
(20 kg N ha-1 only) and lowest value was observed
in T5 (50 % RDF + 50 % RDF – foliar) (Fig. 2b).

Specific enzyme activities
Dehydrogenase (DHA/SOC), Arylsulfatase
(AS/SOC) and Urease (Urease/SOC)
Sole organic (FYM) source of nutrients and
50% reduction in chemical nitrogenous fertilizer
recorded maximum specific enzyme activity i.e.,
dehydrogenase in Entisols. Highest value was
recorded in farmers practice (5 Mg of FYM ha–1 once
in 3 years) and lowest value was observed in T5
(50% RDNF + 50% RDN-FYM) (Fig. 3a). Under
Inceptisols, recommended dose of chemical
fertilizer recorded highest specific dehydrogenase
activity and lowest value was observed in 50%
RDNF (Fig. 4a).
Under Entisols with pearl millet-cluster beancastor rotation, highest specific enzyme activity i.e.,
arylsulfatase was recorded in farmers practice (5
Mg of FYM ha–1 once in 3 years) and lowest value
was observed in control (Fig. 3b). In Inceptisols with
rice-lentil cropping sequence, highest value was
recorded in farmers’ practice (20 kg N ha–1 only) and
lowest value was observed in T5 (50% RDF + 50%
RDF - foliar) (Fig. 4b).
Reduced dose of mineral fertilizer recorded
maximum specific enzyme activity i.e., urease under
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Fig. 2. Effects of long term nutrient management practices on (a) Microbial quotient-MBC/SOC (b) Metabolic
quotient (DHA/MBC) in Inceptisols of sub humid region of Varanasi. MBC-Microbial biomass carbon, SOC-Soil
organic carbon, DHA-dehydrogenase.

Entisols with pearl millet-cluster bean-castor
rotation. Highest value was recorded in 50% RDNF
treatment and lowest value was observed in 100%
RDNF treatment (Fig. 3c). Under Inceptisols with
rice-lentil cropping sequence, highest value was
recorded in 100% RDNF treatment and lowest value
was observed in 100 % FYM treatment (Fig. 4c).

Geometric mean
Under Entisols with pearlmillet-cluster beancastor rotation, the treatment with 50% RDNF +
50% RDN-FYM recorded highest value and control
(no fertilizers, no amendments) recorded lowest
value (Table 2). In Inceptisol with rice-lentil cropping
system, 50% organic-FYMN equivalent + 50% RDF
recorded highest value and control recorded lowest
value. The highest GMea was observed with
integration both organic and inorganic nutrient
sources at both the sites (Table 3).

Response of soil enzymes to SOC and MBC
Concentrations of SOC and MBC significantly
influenced the GMea at both sites (Fig. 5). A
positive correlation was observed between absolute
enzyme activity, soil organic carbon and microbial
biomass carbon in both semiarid region Entisol and
sub humid region Inceptisol (Table 4). A reduction
in the proportion of MBC to OC due to certain
nutrient management practice indicates decrease
in microbial biomass in microbial transformation
processes (Rao 2013).

Discussion
Soil quality pertains to physical, chemical and
biological characteristics of soil and they facilitate
diverse functions (Cheg et al. 2014; Fang et al.
2014). It is the biological parameters that react
most rapidly to altered soil conditions than the
physical and chemical characteristics (Paz-Ferreiro
et al. 2012). Soil enzymes are primarily produced by
microorganisms and are key drivers of organic
matter decomposition and nutrient cycling (Burns
et al. 2013). They are good indicators of soil
productivity as they clearly display the effects of
fertilization and other crop management practices
(Paz-Ferreiro et al. 2012).
Regional variations involving climate, soil type
and hydrothermal conditions of two experimental
locations at Gujarat and Varanasi significantly
impacted the soil enzymatic activity. MQ denotes
the role of microbial biomass in improving the SOC
content (Sparling 1992; Yang et al. 2010). It is used
as an indicator of organic matter with respect to
changes in soil properties (Sparling 1992). In the
present study, the ratio values ranged from 4.00–
5.08 and 1.00–1.85% across soil layers in Entisols
and Inceptisols respectively. Lower MQ values in
Inceptisols was due to less availability of nutrients
for microbial growth, and also reduced conversion of
organic carbon to microbial biomass (Novak et al.
2017). Higher MBC in Entisols over Inceptisols has
resulted in higher MQ values in the present
investigation. Soil particles such as clay influences
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Table 2. Geometric mean of the enzymes as influenced by nutrient management practices in Entisols under
semi-arid conditions.
Treatments
T1
T2
T3
T4
T5
T6
Mean

Geometric mean
0.2–0.4 m
0.4–0.6 m
3.5±0.2Eb
2.9±0.1Ec
5.7±0.3Bb
4.4±0.3Cc
5.4±0.3Cb
4.0±0.2Dc
4.3±0.2Dc
5.1±0.3Ab
8.0±0.4Ab
4.9±0.3ABc
5.9±0.3Bb
4.8±0.2Bc
5.5
4.4

0.0–0.2 m
4.9±0.3Da
7.2±0.4Ba
6.4±0.3Ca
7.4±0.4Ba
8.6±0.4Aa
6.5±0.4Ca
6.8

Profile Mean
3.8±0.2D
5.7±0.3B
5.3±0.3C
5.6±0.3B
7.2±0.4A
5.7±0.3B
5.5

Different capital letters within columns and small letters within rows are significantly different at P=0.05 according to
Duncan Multiple Range Test (DMRT) for separation of means.

Table 3. Geometric mean of the enzymes as influenced by nutrient management practices in Inceptisols under
sub-humid conditions.

T1
T2
T3
T4
T5
T6
T7
Mean

0.0–0.2 m
7.2±1.1Da
13.3±2.6Ba
10.2±1.8Ca
12.5±2.4Ba
9.8±1.6Ca
16.5±3.1Aa
10.3±1.8Ca
11.4

Geometric mean
0.2–0.4 m
6.1±0.8Cb
9.0±1.4Ab
7.3±1.0Bb
8.5±1.3Ab
7.1±1.0Bb
9.1±1.3Ab
7.1±1.0Bb
7.7

0.4–0.6 m
4.2±0.4Cc
5.4±0.6Bc
5.1±0.5Bc
7.0±1.0Ab
5.6±0.7Bc
6.7±0.8Ac
5.1±0.5Bc
5.6

Profile Mean
5.8±0.8D
9.2±1.5B
7.5±1.1C
9.4±1.6B
7.5±1.1C
10.8±1.8A
7.5±1.1C
8.23

Different capital letters within columns and small letters within rows are significantly different at P=0.05 according to
Duncan Multiple Range Test (DMRT) for separation of means.

Table 4. Correlation coefficient (r) between SOC,
MBC and specific enzyme activities across soil layers
in sub humid and semi arid regions.
Variable
DHA
AS
Urease

Sub humid region
SOC
MBC
0.903
0.503
0.663
0.651
0.067
0.183

Semi arid region
SOC
MBC
0.304
0.408
0.542
0.614
0.786
0.764

microbial biomass, due to its larger surface area
and adhesion to organic substances, helps in the
formation of soil aggregates (Xiaojun et al. 2013).
The microbes which get into earlier stages of
aggregate formation would die due to unfavourable
conditions, which lead to reduction in soil MBC
(Schlesinger 1995). Accordingly, the soil MBC was
lower in Inceptisols due to higher clay content
(27.8%) than Entisols (10.6%). This has resulted in
lower MBC/SOC ratios in Inceptisols over Entisols
(Fig. 1a; 2a). In our study, organic, integrated and
recommended dose of fertilizer recorded higher

values of MQ, metabolic quotient and geometric
mean of enzymes both at Entisols and Inceptisols.
In this study, the proportion of MBC in SOC was
affected by soil type, cropping pattern and weather
conditions.
Metabolic quotient is used to estimate the
ecophysiological condition of soil microorganisms
(Spohn 2015). In our study, it ranged from 0.11–0.23
and 0.04–0.07 across soil layers in Entisols and
Inceptisols, respectively. Lower metabolic quotient
in Inceptisol than in Entisol observed in this study
could be the result of relatively compact soil, poor
aeration and low SOC concentration hampered the
microbial proliferation in the sub-soil of the
Inceptisol (Fig. 1b, 2b).
Specific enzyme activity is a good measure of
soil quality than absolute enzyme activity, as it
takes into account of SOC content (Trasar-Cepeda
et al. 2008). In the present study, higher specific
dehydrogenase activity was observed in Entisols
than Inceptisols (Fig. 3, 4). In Entisol the treatments
which included organic sources (FYM) recorded
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Fig. 3. Effects of long term nutrient management practices on specific enzyme activities (a) DehydrogenaseDHA/SOC (b) Arylsulfatase (AS/SOC) (c) Urease (urease/SOC) in semi arid region Entisols of S.K. Nagar. DHAdehydrogenase, AS-Arylsulfatase, SOC-Soil organic carbon.

Fig. 4. Effects of long term nutrient management practices on specific enzyme activities (a) Dehydrogenase-DHA/SOC
(b) Arylsulfatase (AS/SOC) (c) Urease (urease/SOC) in sub humid region Inceptisols of Varanasi. DHA-dehydrogenase,
AS-Arylsulfatase, SOC-Soil organic carbon.

maximum values. Ge et al. (2009) reported that, in
semi-arid Entisols, application of mineral fertilizers
along with FYM supplies organic substrate and
nutrients in readily available form that triggers
microbial population and dehydrogenase activity.
However, no difference in dehydrogeanse activity
due to mineral or organic sources of nutrients was
observed in Inceptisol. Specific enzyme activity of
arylsulfatase and urease was more at Inceptisols
when compared to Entisols (Fig. 3, 4). The higher
specific enzyme activity indicates the presence of
more enzymes per unit of carbon and loss of organic
matter at a faster rate than enzyme activity
(Trasar-Cepeda et al. 2008). The higher enzyme
activity in Inceptisols may be due to presence of
most labile organic matter (Raiesi & Beheshti
2014). Availability of sulfur in semi-arid Entisols of
Gujarat had a negative non significant correlation
with arylsulfatase. On the other hand, available
sulfur was positively and significantly correlated
with arylsulfatase in Inceptisols of sub-humid

region of Varanasi, indicating loss of organic matter
and lower organic carbon content in Inceptisols.
The soil organic matter acts as an insulator of heat
that protects the extracellular arylsulfatase from
denaturation by high soil temperatures and large
diurnal fluctuations in semi-arid tropics. Such a
protective mechanism is lacking in treatments
receiving only the chemical fertilizers. Release of
several acids from FYM during the process of
decomposition can reduce soil pH and invariably
promote arylsulfatase activity. The present investigation recorded high sensitivity of urease to types
and amount of amendments than to climaticedaphic factors. In both experimental sites, long
term application of FYM alone significantly reduced
urease compared to the use of INM or 100% mineral
fertilizers.
Geometric mean of enzymes (GMea) is an early
soil quality indicator and a good index as its value
is related to other soil properties (Paz-Ferreiro et al.
2012). Inceptisols of sub-humid region of Varanasi
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Fig. 5. Relationship of GMea with SOC and MBC in two long-term experiments: a-b: response in pearlmillet
based system; c-d: response in rice based system.

with comparatively higher water availability, clay
content and less fluctuations in diurnal temperature
showed higher GMea than Entisols of semi-arid
region of Gujarat. Inclusion of FYM with 50%
reduction of mineral fertilizers significantly
increased enzyme activities and GMea at both
experimental sites regardless of soil type and
climate.
Tillage, crop rotation, organic and inorganic
fertilizers influences the level of SOC (Purakayastha
et al. 2008). In the present study, concentration of
SOC was significantly and positively correlated with
enzyme activities. Soil enzymes and SOC are related
to soil organic matter content, which is linked to soil
health (de Medeiros et al. 2017).

Conclusions
Our results suggest that, use of chemical
fertilizers alone lead to loss of SOC. Application of
FYM and reduced dose of chemical fertilizers i.e.,
the application of 50% recommended dose of N
through chemical fertilizer + 50% recommended

dose of N through farm yard manure (N-FYM) in
Entisols and 50% N-FYM + 50% RDF in Inceptisols
resulted in enhancement of soil microbial activity.
Long-term use of FYM in combination with mineral
nutrient sources help in maintaining microbial
biomass and soil organic matter, this in turn lead to
sustainable soil health in both semi arid and sub
humid regions of India.

Acknowledgement
The authors are thankful to the Indian Council
of Agricultural Research, New Delhi for funding the
project. We also thank Dr. DLN Rao, ICAREmeritus Scientist, ICAR-Indian Institute of Soil
Science, Bhopal, for critical reading of the
manuscript and providing very useful suggestions.

References
Bhattacharyya, T., D. K. Pal, C. Mandal, P. Chandran, S.
K. Ray, D. Sarkar, K. Velmourougane, et al. 2013.
Soils of India: historical perspective, classification

SRINIVASARAO et al.

and recent advances. Current Science 104: 1308–
1323.
Burns, R. G., J. L. DeForest, J. Marxsen, R. L.
Sinsabaugh, M. E. Stromberger, M. D. Wallenstein,
M. N. Weintraub & A. Zoppini. 2013. Soil enzymes in
a changing environment: Current knowledge and
future directions. Soil Biology and Biochemistry 58:
216–234.
Casida, Jr. L. E., D. A. Klein & T. Santoro. 1964. Soil
dehydrogenase activity. Soil Science 93: 371–376.
Cheng, X., H. Han, F. Kang, K. Liu, Y. Song, B. Zhou & Y.
Li. 2014. Short-term effects of thinning on soil
respiration in a pine (Pinus tabulaeformis) plantation.
Biology and Fertility of Soils 50: 357–367.
Das, S. K. & A. Varma. 2011. Role of enzymes in
maintaining soil health. pp. 25–42. In: Shukla, G. &
A. Varma (eds.) Soil Enzymology, Soil Biol SpringerVerlag Berlin Heidelberg.
de Medeiros, E. V., G. P. Duda, L. A. Rodrigues dos
Santos, J. R. de Sousa Lima, J. S. Almeida-Cortêz, C.
Hammecker, L. Lardy, L. 2017. Soil organic carbon,
microbial biomass and enzyme activities responses to
natural regeneration in a tropical dry region in
Northeast Brazil. Catena 151: 137–146.
Dong, W., X. Y. Zhang, X. Q. Dai, X. L. Fu, F. T. Yang, X.
Y. Liu, X. M. Sun, X. F. Wen & S. Schaeffer. 2014.
Changes in soil microbial Community composition in
response to fertilization of paddy soils in subtropical
China. Applied Soil Ecology 84: 140–147.
Drinkwater, L. E. & S. Snapp. 2007. Understanding and
managing the rhizosphere in agroecosystems. pp.
127–153. In: Cardon, Z. G., J. L. Whitbeck (eds.) The
rhizosphere: an ecological perspective.
Elsevier
Academic Press, London, UK.
Fang, X., Q. Wang, W. Zhou, W. Zhao, Y. Wei, L. Niu & L.
Dai. 2014. Land use effects on soil organic carbon,
microbial biomass and microbial activity in Changbai
Mountains of Northeast China. Chinese Geographical
Science 24: 297–306.
Ge, G. F., Z. J. Li, J. Zhang, L. G. Wang, M. G. Xu, J. B.
Zhang, J. K. Wang, X. L. Xie & Y. C. Liang. 2009.
Geographical and climatic differences in long-term
effect of organic and inorganic amendments on soil
enzymatic activities and respiration in field
experimental stations of China. Ecological Complexity
6: 421–431.
Luo, P., X. Han, Y. Wang, M. Han, H. Shi, N. Liu & 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. Annals of Microbiology 65:
533.
Merry S. S. & L. S. Chamyal. 1997. The quaternary
geology of Gujarat alluvial plains. Proceedings of

107

Indian National Science Academy 1: 1–98.
Nannipieri, P. & E. Paul. 2009. The chemical and
functional characterization of soil N and its biotic
components. Soil Biology and Biochemistry 41:
2357–2369.
Novak, E., L. A. Carvalho, E. F. Santiago & I. I. R. Irzo
Isaac Rosa Portilho. 2017. Chemical and
microbiological attributes under different soil cover.
CERNE 23: 19–30.
Page, A. L. 1982. Chemical and Microbiological
properties, 2nd Edition, Madison, Wisconsin, USA.
Paz-Ferreiro, J., G. Gasco, B. Gutierrez & A. Mendez.
2012. Soil biochemical activities and the geometric
mean of enzyme activities after application of sewage
sludge and sewage sludge biochar to soil. Biology and
Fertility of Soils 48: 511–517.
Purakayastha, T. J., L. Rudrappa, D. Singh, A. Swarup &
S. Bhadraray. 2008. Long-term impact of fertilizers
on soil organic carbon pools and sequestration rates
in maize-wheat-cowpea cropping system. Geoderma
144: 370–378.
Salazar, S., L. E. Sánchez, J. Alvarez, A. Valverde, P.
Galindo, J. M. Igual, A. Peix & I. Santa-Regina. 2011.
Correlation among soil enzyme activities under
different forest system management practices.
Ecological Engineering 37: 1123–1131.
Raiesi, F. & A. Beheshti. 2014. Soil specific enzyme
activity shows more clearly soil responses to paddy
rice cultivation than absolute enzyme activity in
primary forests of northwest Iran. Applied Soil
Ecology 75: 63–70.
Rao, D. L. N. 2013. Soil Biological Health and its
Management. pp. 55–83. In: H. L. S. Tandon, (ed.) Soil
Health Management: Productivity-SustainabilityResource Management. FDCO, New Delhi.
Rivera-Becerril, F., D. V. Tuinen, O. Chatagnier, N.
Rouard, J. Béguet, C. Catherine Kuszala, G. Soulas,
V. Gianinazzi-Pearson & F. Martin-Laurent. 2017.
Impact of a pesticide cocktail (fenhexamid, folpel,
deltamethrin) on the abundance of Glomeromycota in
two agricultural soils. Science of the Total Environment 577: 84–93.
Schlesinger, W. H. 1995. Soil respiration and changes in
soil carbon stocks. pp 159–168. In: Woodwell, G. M.
& F. T. Mackenzie (eds.) Feedback in the Global
Climatic System: Will the Warming Feed the
Warming? Oxford University Press, New York.
Singh, D., R. P. Sharma, N. K. Sankhyan & S. C. Meena.
2017. Influence of long-term application of chemical
fertilizers and soil amendments on physico-chemical
soil quality indicators and crop yield under maize
wheat cropping system in an acid alfisol. Journal of
Pharmacognosy Phytochemistry 6: 198–204.
Sparling, G. P. 1992. Ratio of microbial biomass to soil

108

SOIL MICROBIAL ACTIVITIES UNDER RAINFED AGRICULTURE

organic carbon as a sensitive indicator of changes in
soil organic matter. Australian Journal of Soil
Research 30: 195–207.
SPSS. 2001. Statistical Package. Version 11.0 for
Windows. SPSS Inc. Chicago, IL.
Spohn, M. 2015. Microbial respiration per unit microbial
biomass depends on litter layer carbon-to-nitrogen
ratio. Biogeosciences 12: 817–823.
Srinivasarao, Ch., Lal, R., Kundu, S., M. B. B. Prasad
Babu, B. Venkateswarlu & A. K. Singh. (2014). Soil
carbon sequestration in rainfed production systems
in the semiarid tropics of India. Science of the Total
Environment 487: 587–603.
Tabatabai, M. A. & J. M. Bremner. 1970. Aryl sulfatase
activity of soils. Soil Science Society of America
Journal 34: 225–229.
Tabatabai, M. A. & J. M. Bremner. 1972. Assay of urease
activity in soils. Soil Biology and Biochemistry 4:
479–487.
Trasar-Cepeda, C., M. C. Leiros & F. Gil-Sotres. 2008.

Hydrolytic enzyme activities in agricultural and
forest soils. Some implications for their use as
indicators of soil quality. Soil Biology and
Biochemistry 40: 2146–2155.
Vance, E. D., P. C. Brookes & D. S. Jenkinson. 1987. An
extraction method for measuring soil microbial biomass. Soil Science and Plant Nutrition 19: 703–707.
Walkley, A. & I. A. Black. 1934. An examination of
degtjareff method for determining soil organic matter
and a proposed modification of the chromic acid
titration method. Soil Science 37: 29–37.
Xiaojun, N., Z. Jianhui & S. Zhengan. 2013. Dynamics of
Soil Organic Carbon and Microbial Biomass Carbon
in Relation to Water Erosion and Tillage Erosion.
PLoS ONE 8: e64059.
Yang, K., J. J. Zhu, M. Zhang, Q. Yan & O. J. Sun. 2010. Soil
microbial biomass carbon and nitrogen in forest
ecosystems of Northeast China: A comparison between
natural secondary forest and larch plantation. Journal
of Plant Ecology 3: 175–182.

(Received on 31.10.2017 and accepted after revisions, on 04.04.2018)

