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Abstract: The soil on Earth’s surface is characterized by the organic and mineral content in them. The
activity of enzymes and microbial biomass present in it has significant impact on nutrient cycling which is
directly related to fertility and crop yield in that area. In our study, samples of top soil were studied from four
different locations in Nothern part of India, namely, Solan (Himachal Pradesh), Jagatpura (Punjab), Allahabad
(Uttar Pradesh) and Satna (Madhya Pradesh), with respect to four pre-dominant soil enzymes viz. Dehydrogenase,
Polyphenol oxidase, Urease and Catalase. The studies regarding spatial variation of activity of these four soil
enzyme along with the microbial biomass content along the latitudinal gradient in North-central India are
unclear in context with the national status. The present study facilitates the above mentioned assessment with
respect to the effect of climatic variations, enzyme activity and biomass on nutrient cycling (organic carbon,
available nitrogen and phosphorous) in respective agro-ecosystems. Along the increasing latitude, it was
observed that organic carbon decreases whereas available phosphorous and available nitrogen increases
(P<0.05). Further, it was seen that the amount of microbial biomass carbon (MBC) declined and microbial
biomass nitrogen (MBN) increased (P<0.05). Polyphenol activity and urease activity was found to decrease
and dehydrogenase activity showed an increasing trend. In addition, catalase activity showed no significant
relation with latitude (P<0.05). In accordance with the present study, it can be inferred that the distribution of
enzyme activities and microbial biomass may be the consequence of alterations in temperature and moisture of
soil because of which soil properties like organic carbon, nitrogen, phosphorous change along the latitudinal
transect.
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Introduction
The conjugated effects of climatic alteration,

biological invaders and straight-forward human
moderations in the atmosphere have resulted in a
drastic transformation with respect to routine dis-
turbances. Such modifications have significant in-
fluence on soil micro-flora 39. Since the release

of soil enzymes is directly dependent on the con-
dition of the soil microorganisms, the above men-
tioned disturbances will affect soil health and qual-
ity. This leads to reduced crop yield and produc-
tivity 23. Soil biodiversity and linked services are
significantly affected by global climatic changes.
These effects can be related directly or indirectly
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to the changes in atmospheric parameters i.e. tem-
perature and moisture.

Soil organic matter (SOM) is primarily composed
of amides, stable material called humus, soil mi-
crobes and other organic molecules. The micro-
organisms present in the soil indicate the soil mi-
crobial activity. These microbes are the source of
soil enzymes that have significant part in deposi-
tion of organic matter present in soil and nutrient
cycling 32. Soil is an active pool of carbon, nitro-
gen, phosphorus and other minerals and a vari-
able but significant pattern to this pool is contrib-
uted by microbial biomass C and N 28.

The enzymes released by soil organisms play
as biological catalysts to various reactions and
metabolic processes in order to splinter organic
pollutants which leads to production of essential
compounds both for microbes and plants 9. As
compared to the animals and plants, the soil en-
zyme activities are considered to be the most sen-
sitive bio-indicator for the disturbances caused
naturally and anthropogenetically 12. Furthermore,
the assays to estimate soil enzyme activities are
cost-effective and simple. Hence, they can be
employed to measure the level of pollution in soil
and to understand the characteristic structure of
microbial community 5.

Soil enzyme activity has been seen to be influ-
enced by soil temperature and moisture which are
regulated by climatic changes. These climate
changes, which have a dominant impact on en-
zyme activity in the soil, occur as one move away
from the equator. This shift can be attributed to
latitude gradient. Numerous ecological factors like
plant community structure, SOM, soil moisture and
temperature affect microbial biomass and acti-
vities 33, 20.

Parkinson and Coleman 26, Steinberger et al. 30

and Li and Sarah 21, 22 have elucidated that in arid

and semi-arid atmospheres, nutrient cycles of ter-
restrial eco-system are affected dominantly by
climate changes. Similarly, in a study carried out
by Frey et al. 11, temperature and moisture are
found to affect the enzyme activities indirectly by
fomenting microbes and leading to the availability
of substrates. If we consider the influence of at-
mospheric alterations on soil nutrient cycle, it is
necessary to check the spatial variation of soil
microbial biomass and enzyme activities, along
with the understanding of association between soil
enzymes, biotic and abiotic parameters 21. As such,
in national scenario, the area of this study is un-
clear, so it is necessary to understand soil activi-
ties with respect to a pronounced relationship be-
tween the biological and chemical properties with
the latitude transect.

Materials and methods
Site description

North-central latitude in India was considered
to perform the study. The regions taken under the
latitude include Solan (Himachal Pradesh) in north,
Jagatpura (Punjab), Allahabad (Uttar Pradesh)
and Satna (Madhya Pradesh) towards central
region, located between 24°- 31°N and 76°- 81°E.
The sites cover north and north-central region
of India. These areas come under the major maize
producing states which is thought to be one of the
main marketable grains in India. The season of
maize growth (Zea mays L.) is Kharif i.e. from
July to October each year using conventional
tillage. Sites were located by the means of Glo-
bal Positioning System (GPS). The mean tem-
perature ranged from 28° to 31°C and soil mois-
ture content from 46 % to 50 % (Table 1).

Soil sampling
Soil samples were collected from maize fields

Table 1. Climatic parameters of selected four locations
along the latitude gradient in north-central India

Location Latitude N Longitude E Temperature (°C) Moisture (%)

Solan 31.008274 77.080309 28.6 48.27
Jagatpura 30.682275 76.761620 30.2 46.23
Allahabad 25.6744478 81.630580 30.77 49.30
Satna 24.698960 81.013537 31.4 47.93
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in respective sites just before the harvesting pe-
riod i.e. September 2014. Top rhizospheric soils
(0-20cm) were taken from each location. The
samples were collected by taking the presump-
tion that this time would permit us to know better
spatial variation of enzyme activities and micro-
bial biomass as the degradable crop residues are
on the verge of complete degradation and there
were lesser chances of extreme conditions. The
different agricultural management practices were
reduced to lowest level.

From every site, three places were randomly
selected and soil samples were collected using
coring techniques. Hence, there were three
samples (three replicates) from each site. The Mi-
croprocessor Moisture Meter was taken along so
as to rapidly monitor the temperature and mois-
ture of the respective samples. The soils were
immediately kept in polythene bags just after sam-
pling. To measure different enzyme activities and
soil microbial biomass, the soils were air-dried and
sieved through < 2mm sieves and analysed within
two weeks.

Isolation and purification of microorganisms
Total culturable bacterial population density was

determined on the basis of serial dilution method
by spread plate technique in triplicates (1 g soil)
using appropriate dilutions 15. The isolates were
purified by streaking the loop-full of culture onto
the nutrient agar plates 35.

Morphological and Biochemical Character-
ization

Various biochemical and morphological tests
were performed. They included Gram staining,
endospore staining, capsule staining, gelatinase
test, IMViC, starch hydrolysis, oxidase test and
catalase test. All the above listed assays were
performed as mentioned by Kreig and Holf 17.

Enzyme activity, microbial biomass and soil
chemical properties

The activity of dehydrogenase was estimated
based on the procedure mentioned by Lenhard
19. Polyphenol oxidase and Catalase activity were
determined according to the method of Zhou 35,
whereas urease activity was calculated using the

method listed by McGarity and Myers 24. These
activities were estimated in duplicates for each
sample with control taken for each which was
expressed in terms of dry weight of soil.

Soil microbial biomass carbon (MBC) and mi-
crobial biomass nitrogen (MBN) estimations were
performed using chloroform fumigation and ex-
traction method as described by Ladd and Amato
18. Similarly, soil organic carbon was estimated
using partial oxidation method 36 available nitro-
gen was measured by alkaline potassium-perman-
ganate method 37 and available phosphorous was
estimated using Bray method 38.

Statistical analysis
Analysis of soil biological and chemical proper-
ties was done using single factor-ANOVA. Cor-
relation was established for enzyme activity and
microbial biomass along the latitudinal gradient.
Linear regression was carried out in which en-
zyme activity and microbial biomass was consid-
ered as the dependent variables and latitude as
independent variable. Moreover, Pearson’s cor-
relation between biological and physico-chemical
parameters of soil was calculated using OPSTAT
software (Haryana Agricultural University, Hisar-
India).

Results
Soil chemical properties along latitude gradi-
ent

The site effects upon the chemical properties
of soil were found to be significant. Soil organic
carbon (SOC) ranged from 0.098 % to 1.011 %.
SOC was highest in central region i.e. Satna and
lowest in northern region i.e. Solan (Table 2). In
contrast, available nitrogen seems to be high with
lowest value of 166.20 kg/ ha in central region
i.e. Satna and highest value of 292.69 kg/ ha in
north i.e. Solan (Table 2). Available phosphorous
increased around 7 times from Satna (central site)
to Solan (north site) (Table 2). This difference in
available P from north to south had sounding ef-
fect.

Biochemical and diversity analysis
The results of Gram staining enunciate that bac-

terial diversity mainly incorporates Gram nega-
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Table 2. Chemical properties of soil in four locations
along the latitude gradient in north-central India

Location Total Organic Available Available
Carbon (%) Nitrogen (kg/ha) Phosphorous (kg/ha)

Solan 0.0983 292.69 51.45
Jagatpura 0.7706 220.56 26.05
Allahabad 0.727 191.29 19.62
Satna 1.011 166.2 6.89

Available Available
Organic C % nitrogen (Kg/ha) phosphorous (Kg/ha)

Low < 0.4 % Low < 22.5 Low < 22.5
Medium = 0.4 % Medium = 22.5-56.0 Medium = 22.5-56.0
High > 0.75 % High > 56.0 High > 56.0

tive bacterial isolates (71 %) as compared to Gram
positive isolates (29 %) (Fig. 1). Solan and Satna
i.e. the sites within the latitude transect showed
abundance of Gram negative bacterial isolates
whereas Allahabad and Jagatpura showed pre-
dominantly Gram positive bacteria. The recogni-
tion of bacteria entails the understanding of their
biochemical, morphological and physiological
characterisation. The details of identifying the iso-
lates biochemically are listed in Table 3.

Soil enzyme activities along the latitude gra-
dient

The spatial variation of soil enzymes in regions
along the latitudinal transect showed varying na-
ture with the kind of enzyme being studied (Fig.
2). In general, dehydrogenase (DHA) activities

reduced from north (Solan) to central (Satna) re-
gion along the latitude transect. It had shown sig-
nificant correlation with latitude gradient (P<0.05).
There was around two-fold variation in dehydro-
genase activity between north and central region
(Fig. 2c). The overall average of the DHA activ-
ity was 0.4104 mg.g-1 soil.24h-1. Urease activity
increased from north to central region with the
latitude, averaging about 2.614 mg.g-1 soil.24h-1.
Also, it was found to be significantly correlated
with the latitude gradient (P<0.05) (Fig. 2d). Simi-
larly, polyphenol oxidase (PPO) activity enhanced
from north to central site along the latitude gradi-
ent, averaging about 0.3704 mg.g-1 soil.24h-1.
Again, it was also significantly correlated with
latitude transect (P<0.05) (Fig. 2b). The variation
of urease and PPO activity between north and

Fig. 1. Percentage of Gram positive and Gram negative bacteria over the latitude

Diversity
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Table 3. Biochemical characterization of various
isolates in the sites of interest within the latitude

Sites Isolates Catalase Oxidase Indole MR VP Citrate Amylase Gelatinase

Solan SLN1 + + - + - + - -
SLN2 + - - + - + - -
SLN3 + - - + - + - -
SLN4 + + + + - - + +
SLN5 + - - + - - + +
SLN6 - + + + - + - -

Jagatpura JGP1 + + - - + - + -
JGP2 + - + + - - + -
JGP3 + + - + - + + -
JGP4 + - - - + + + -
JGP5 - - - - + - + -

Allahabad ALD1 - - - + - - + -
ALD2 + - - - + + + -
ALD3 - - - + - + + -
ALD4 + - - + - + - -
ALD5 + - - - + + + -
ALD6 + - - + - + + -
ALD7 + - - + - - - -

Satna STN1 + + - + - + - -
STN2 + + - + - + - -
STN3 + + - + - + - -
STN4 + + - + - + - -
STN5 + - - + - - + -
STN6 + - - + - + - -

central region were not so pronounced as that of
DHA activity (i.e. two-fold increase).

However, catalase activity showed no depen-
dency on latitude gradient, averaging about 0.1918
mg.g-1 soil.24h-1. The catalase activity was con-
templated to be highest at Allahabad (near cen-
tral sampling site) and lowest at Jagatpura and
Solan (towards north site) (Fig. 2a).

Soil microbial biomass along the latitude gra-
dient

There was significant reduction in soil micro-
bial biomass nitrogen (MBN) from north i.e. sam-
pling sites in Solan to central region i.e. sampling
sites towards Satna and was found to be signifi-
cantly correlated with latitude gradient (P<0.05)

(Fig. 3b). Soil microbial biomass carbon (MBC),
in general, increased from northern sampling re-
gions to central sampling sites. MBC ranged from
37.33 to 423.67 kg/ha; and there was around 11-
fold difference between the largest and smallest
MBC (Fig. 3a). It had also shown significant cor-
relation with latitude gradient (P<0.05). Similarly,
MBC/MBN ratio was also significantly correlated
with latitude transect (P<0.05). The smallest ra-
tio was at Satna in central region and largest at
Solan in north region (Fig. 3c).

Correlation between soil microbiological and
chemical properties

Enzyme activity and microbial biomass in soil
have vivid correlations with soil’s chemical prop-
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Fig. 2 (a, b, c, d). Soil enzyme activities of four sampling sites along latitude transect in north-
central India. Error bars represent the standard deviation. (SLN- Solan; JGP-Jagatpura; ALD-
Allahabad; STN- Satna)

erties. Soil catalase activity was positively corre-
lated with organic carbon and negatively corre-
lated with available N and available P (P<0.05)
(Table 4). Soil dehydrogenase activity was nega-
tively correlated with organic carbon and posi-
tively correlated with available N and available P
(P<0.05). Polyphenol activity and urease activity
were perfectly negatively correlated with avail-
able N and available P and positively correlated
with organic carbon (P<0.05).

Soil microbial biomass carbon (MBC) and ratio
MBC/MBN were positively correlated with or-
ganic carbon and negatively correlated with avail-
able nitrogen and available phosphorous (P<0.05).

However, soil microbial N was positively corre-
lated with available N and available P and nega-
tively correlated with organic carbon (P<0.05).
MBC and MBN also show significant inter-cor-
relation (P<0.05). Furthermore, significant posi-
tive and negative correlations were noticed be-
tween soil enzyme activities and microbial biom-
ass, for example, negative correlation of catalase,
urease and PPO activity with MBN; positive cor-
relation with MBC (P<0.05).

Discussion
The principle objective of our study was to check
the climate changes on nutrient cycle of soils in
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Fig. 3. Microbial biomass carbon, nitrogen and their ratio in four sampling sites along latitude
transect in north-central India. Error bars represent the standard deviation. (SLN- Solan; JGP-Jagatpura;
ALD- Allahabad; STN- Satna)

Table 4. Correlation coefficients between soil microbial and chemical properties

Catalase DHA PPO Urease MBC MBN MBC/MBN

Organic C 0.485* -0.910 0.936 0.961 0.907 -0.829 0.788
Available N -0.691 0.987 -0.991 -0.969 -0.879 0.937 -0.808
Available P -0.624 0.973 -0.974 -0.956 -0.919 0.927 -0.847
MBC 0.359* -0.849 0.809 0.779 1 -0.852 0.966
MBN -0.788 0.976 -0.925 -0.831 -0.852 1 -0.873

* Non-significant value, and rest of the coefficients give significant correlation at P<0.05 level of probability
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the north-central India. It was evident from the
results that when latitude is increased, the
edaphological parameters viz. temperature, mois-
ture, nutrient availability varied magnanimously.
As a result, there were huge differences among
soil microbial biomass and enzyme activity along
the latitude transect, which may further lead to
break down of organic matter and affects nutri-
ent cycle in soil.

In our study, the obvious changes in soil tem-
perature and moisture were observed along the
latitudinal gradient (Table 1). We noticed that the
chemical attributes of soil varied greatly along the
latitudinal gradient i.e. soil organic carbon (SOC)
increased from north to central region, whereas
available nitrogen available phosphorous declined
from north to central site. The reason may be at-
tributed to the fact that there are changes in cli-
mate from north to central regions as well as also
changes in site reclamation takes place which can
be correlated to temperature. Since, temperature
is more in central site so the duration for recla-
mation is prevailing there than in north site 27,34.
We also know that higher temperature facilitates
more degradation rate of soil organic matter i.e.
organic carbon.

Soil urease and polyphenol oxidase activities
were seem to be significantly correlated with lati-
tude transect i.e. as we increase latitude, urease
and PPO activity decreases. This outcome dem-
onstrated that hydrolytic enzymes of urease and
PPO were more actively participating in hydroly-
sis in central region than north region. Such re-
sults indicated faster turnover rate of nitrogen
cycle, carbon cycle and more biomass and nutri-
ents in soil by hydrolyzing lignin. The reason might
be because of spatial variation of organic matter
in soil along the latitude transect. Urease activity
was more in central region. It may be due to the
reason that Satna has more land holding capacity
which has been supplied with urea fertilisers which
was degraded by urease to give away NH3 and
CO2 as N and C sources 2,8, whereas, Solan (north-
ern sampling site) has lesser land-holding capac-
ity indicating the lesser use of urea fertiliser. Ure-
ase enzyme also results in rapid nitrogen loss to
the environment via ammonia volatilisation 29,
which can also be seen from the results that avail-
able nitrogen is less at high urease activity region.

Also, the study is in coordination with Tabatabai
31 that urease activity increases with increase in
temperature. Similarly PPO activity was also
more in central region which indicates more lig-
nin hydrolysis in this region as compared to north
site.

Dehydrogenase (DHA) activity in soil was found
to be more in northern regions as compared to
central and was significantly correlated with the
latitude transect. Such results can be attributed to
the colony forming units which showed similar
pattern distribution to DHA activity along the lati-
tude gradient. It happened because DHA activity
only reflects the activity of viable cells and not
the stabilised soil complexes 7. DHA activity was
also found to be correlated with temperature and
moisture (P<0.05) because moisture and tempera-
ture of soil indirectly influences its activity by af-
fecting soil redox reactions 6. It also inferred that,
in northern sampling site (Solan), low dosage of
pesticide was given (high DHA activity) as com-
pared to central site (low DHA activity) 4.

However, catalase activity in soil was found to
be independent of the latitude gradient. It was
highest in Allahabad (towards centre region) and
lowest in north site. High catalase activity gives
indication of more contamination of that soil. The
lacuna in correlation between catalase activity and
latitude may be affected by the soil properties.

Soil temperature and moisture, in general, were
increasing from north to central region and sig-
nificantly correlated with latitude because with
changing latitude, the climatic parameters changes
which further lead to changes in soil properties
23. Also, the enzyme activities like that of urease
and DHA correlates and have the similar trend
with temperature and moisture i.e. urease activ-
ity increases with increasing temperature and
DHA activity get influenced with changing tem-
perature and moisture.

Microbial biomass is supposed to be the liable
store of soil’s organic content. Hence, it is con-
templated to be the source of available nutrition
for plants and microbes 16,25. Our observation
states that MBC and MBC/MBN ratio were posi-
tively correlated with latitude whereas MBN was,
in general, negatively correlated with latitude.

Such outcomes pinpointed that there were high
immobilized levels of labile carbon and low level
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of immobilized nitrogen in microbial biomass in
central site than in northern site. This can be ex-
plained by their intimate relationship with organic
carbon and nitrogen levels. Soil microbes get sub-
strates from SOC to act upon; hence, giving
speedier turnover rate of soil microbial biomass.
The ratio of MBC/MBN can be utilized to give
an indication of the relative proportion of fungus
to bacterium 1. According to the findings of Balota
et al.3, higher MBC/MBN ratio will give more
proportion of fungal biomass in comparison to
bacterial biomass through soil management prac-
tices. Hence, we hypothesised that spatial distri-
bution of MBC/MBN showed more fungi in cen-
tral regions and bacteria in north region along the
latitude gradient. The combined results of all pa-
rameters highlights that effects of climatic changes
i.e. temperature and moisture on soil chemical and
organic matter in north-central India is compli-
cated, and it is further influenced by union of soil
atmosphere and different anthropological prac-
tices.

Conclusion
The spatial variation of soil microbe biomass

and hydrolytic activities interwined into soil’s car-
bon, nitrogen and phosphorous cycle was assessed
in north-central India along the latitudinal transect.
The activities of PPO, urease, MBC and MBC/
MBN ratio were significantly correlated (P<0.05)
with the latitude i.e. decreased with increasing
latitude. The established distribution among the
results was dependent upon the properties of soil
which includes soil organic content along the gra-
dient. The more level of biomass and enzyme
activities of urease and dehydrogenase towards
northern region than central region indicated to-
wards fast turnover rate of nutrient cycles taking
place in soil. The present study will go a long way
in helping incorporating methodologies by which
the crop production and yield can be enhanced
keeping in mind the aforementioned results that
favor the faster break-down of soil organic mat-
ter and involvement of soil enzyme activities.
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