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Abstract
The spatial variability of cellulase, amylase, protease and pectinase activities were
evaluated from four zones of West Bengal, India. The enzyme production data was plotted
on the map of the study areas and spatial variability of cellulase, amylase, protease and
pectinase activity was obtained. Available nitrogen of the soil was the most variable
parameter with changing enzyme activity. It also varied with the available phosphorus but
the variation was least with organic carbon content of the soil. Amylase was correlated
with pectinase, available nitrogen and phosphorus. Cellulase was correlated with only
available nitrogen; protease was correlated with pectinase and Pectinase was correlated
with available nitrogen of the soil of the four sampling zone. Except protease activity, other
enzymes were significantly correlated with bacterial density of the soil. These findings
ultimately develop relationship among soil major nutrients and the map can be used for
future enzyme bioprospecting in West Bengal, India.
Keywords: Amylase, protease, soil nutrient, bioprospecting, sustainable development.

Introduction

Soil is a natural resource playing key roles in of soil enzymes include living and dead

organic matter decomposition, nutrient
cycling, and water retention and release. Soils
are subject to natural or environmental
degradation, often accompanied by erosion
and leaching. The soil quality depends on the
environmental stress, availability of soil flora
and microorganisms. Soil enzyme activity is a
potential indicator of soil quality. The sources

microbes, plant roots and residues, and soil
animals. Enzymes stabilized in the soil matrix
accumulate or form complexes with organic
matter (humus), clay, and humus-clay
complexes. The enzyme activity is the
cumulative effect of long term microbial
activity and activity of the viable population at
sampling (Tan et al., 2014). Enzyme activity
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generally increases with the rise of soil
organic matter content. Higher enzyme
activity indicates larger microbial
communities and greater stability of enzymes
adsorbed on humic materials (Marinari and
Antisari, 2010). The activities of extracellular
enzymes in soil vary significantly with
geographical locations (Paz-Ferreiro et al.,
2010), as well as soil depth (Wittmann et al.,
2004, Alarcén-Gutiérrez et al., 2009).
Together these findings indicate that soil
enzyme activities have broad-scale spatial
variability depending on the environmental
conditions of soil. The bacterial extracellular
enzymes diversity in the soil may have a
pivotal role in nutrient cycling and he
decomposition of organic matter (Zimmerman
et al., 2013). Cellulase, amylase, protease and
pectinase are considered as industrially
significant enzymes using at paper and pulp
bleaching, food processing unit, textile like
industries. Different bacterial enzymatic
studies have been carried out in West Bengal,
India collecting soil sample from East Calcutta
wetlands, Sundarban Biosphere Reserve and
Western dry soil (Ghosh et al.,, 2007; Biswas
and Paul, 2013; Thatoi et al.,, 2013; Mandal,
2015; Basak et al.,, 2015). However, no
correlative study between enzyme activity
and soil Physicochemical parameters were
undertaken.

Bioprospecting is defined as the exploration
of biodiversity for commercially valuable
biochemical and genetic resources for
achieving economic and conservation goals
(Firn, 2003). This holds substantial promise for
the development of novel compounds for
food production and processes, consumer
goods, public health, and environmental and
energy uses. To serve these purposes, existing
diversity of microorganisms can act as a
resource reservoir from which individual
species with special traits can be exploited

(Bull et al., 2000; Egorova and Antranikian,
2005). Due to the environmental related
issues and advances in biotechnology, many
chemical processes in different industries
such as textile, leather, pulp and paper, fruits
and vegetables processing and animal feed
are being replaced with biocatalysts i.e.,
enzymes. Microbial derived enzymes are
highly valued in many industrial applications.
Enzymes are usually required in small
amounts and can be easily obtained by
manipulation of the microbes. Enzymes are
often used in the processing of food and
beverage, paper and pulp, textile, animal
feed, detergent, cosmetic and chemical
synthesis processes (Headon and Walsh,
1994).

We hypothesized that the soil of different
agro-climatic part of West Bengal might be a
good source of potential bacteria producing
industrially significant enzyme for future
application. Therefore, this study was
designed to characterize the soil nutrients and
guantification of bacterial enzyme isolated
from soil. Here we aimed to develop
relationship among enzymes with bacterial
load and major soil nutrient and also to
develop a spatial enzyme map of West Bengal
for future use.

Materials and Methods

The State of West Bengal is situated in the
eastern part of India between 21°20' and
27°32’ latitude and 85°50' and 89°52' E
longitude. The total area of the state is 88,752
sq km which is 2.7% of the total area in the
country. The state has two distinct natural
divisions the Northern Himalayan region and
the Southern Alluvial plains. Three main
rivers, namely, Teesta, Torsa and Jaldhaka and
other two important rivers Ganga and
Hooghly are passing through the state. The
state has many shallow marshy depressions
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which are the relatively unfilled parts of
ancient topographic formations. These are
subjected to annual inundation during the
monsoon months, having in many instances
permanent wetlands in their shallowest parts.
In addition to all these, there are many types
of landforms flanking the northern Himalayan
Mountain as also the western Deccan plateau
within West Bengal which had developed
originally by the sediments brought by rivers
On a
physiographic basis the state can be divided

in the ancient geological periods.
into four physiographic divisions, namely, the

Himalayan Region, Eastern fringe of
Chotanagpur Plateau, the Deltaic Zone and
the Alluvial Plains Remaining areas of the
State. The state has international borders
with Bangladesh, Nepal and Bhutan while it
shares national state boundaries with Sikkim,
Assam, Bihar, Jharkhand and Orissa. In its
south lies the Bay of Bengal (Bhattacharya and
Banerjee, 1979).

West Bengal has 23 districts. On the basis of
the

state is

and soil,
the

harnessed from 5 distinct agro-climatic zones,

distribution of climate

agricultural feasibility of
and they are the (a) Hill region: covering the
districts of Darjeeling district , Coochbehar

and Jalpaiguri (b) OId Alluvial Zone

comprising of North Dinajpore, South
Dinajpore and Malda (c) Alluvial Zone :
covering Murshidabad, Nadia, 24 North

Parganas, Hooghly and Burdawan (d) Red and

Laterite zone: covering the districts of

Birbhum, Bankura, Purulia, West Medinipur
(e) Saline Coastal

region: covering East

Mediinipur, Hooghly, 24 South Parganas,
Kolkata (West Bengal Action Plan on Climate

Change, 2010).

Collection of soil sample and isolation of
bacteria

Representative soil sample has been
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collected from five different agro climatic
zones of West Bengal such as, Hill region of
Darjeeling, Dooars region/Himalayan foot
hills, Arid region, Gangetic plain and Coastal
region West Bengal, India.

All the

aseptically using sterile polythene bags and

soil samples were collected
transported to the laboratory. About one
gram of soil sample was diluted in 100 ml of
sterile distilled water blank and further
serially diluted 10°, 10%, 10°, 10°, 107
dilution using 9 ml sterile distilled water.
Nutrient agar was used for isolation of
bacteria. After incubation, morphologically
different colonies were selected for further

studies.

Analysis of physical and chemical parameters
of collected soil

pH,
conductivity

Moisture content and electrical

were measured following
standard procedures. Organic carbon content
(Walkely and Black, 1934), Available Nitrogen
(Subbiah 1956), and Total

Phosphorus (Bray and Kurtz, 1945) were

and Asija

measured in the laboratory after drying the
sample. All experiments were performed

thrice in duplicate sets.

Screening of microorganisms for enzyme
activity and enzyme assay

Isolated colonies from five areas were again
tested for enzymatic study. The cellulase,
amylase, protease and pectinase producing
bacterial strain were isolated using carboxy
methyl cellulose agar, starch agar, Gelatin-
Agar and pectin agar medium respectively
(Mondol et al., 2010). Observation was taken
after 48 hours incubation and colonies were
distinguished and selected based on their
morphology. 3,5-dinitrosalicylic acid (DNS)
was used to measure the cellulase and
amylase enzyme activity of the all isolated
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strains (Bailey, 1988). Caesin was used as the
substrate for the protease activity according
to Rajamani and Hilda (1986) and Pectinase
was determined by modified Sigma-Aldrich
standard protocol (Khairnar et al., 2009).The
activity was calculated in IU/ml.

Statistical analysis and application of GIS4
Soil quality data, density of soil bacteria and
enzyme activity of bacteria were statistically
analyzed using SPSS software (version 16.0).
Spearman's Correlations test was performed
for correlation studies. “ArcGIS (version 10,
ESRI) was applied for determine the spatial
distribution of the bacterial enzymes among
the agro-ecological zone of the study area
(Hossain and Bhuiyan, 2016).

Results
Physical and chemical parameters of
collected soil

Soil moisture content of the Sukna was
highest followed by soil of Panchla (Howrah),
Darjeeling Sonada, Darjeeling Mahakal hill,
Sonamukhi (Bankura), Digha (Medinipur East)
and Gosaba (24 Parganas South) whereas the
electrical conductivity data shows highest
values at Gosaba (24 Parganas South) and
lowest at Mahakal Hill (Derjeeling District).
Regarding the organic carbon content, Sukna
forest shows 7.13% followed by Sonada forest
(Darjeeling District), Mahakal Hill (Derjeeling
District), (24
Parganas South), Digha (Medinipur East) and

Panchla (Howrah), Gosaba

Sonamukhi  (Bankura).Available  Nitrogen
content of the soil collected from Panchla
(Howrah) and Digha (Medinipur East) are
100 mg/kg
phosphorus 19 content of all soil varies from

27.35 to 53.09 mg/kg (Tablel).

above whereas available

Bacterial density
The highest number of cellulase producing
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bacteria was found at Digha followed by
Darjeeling (Sonada), Darjeeling (Mahakal),
Sukna (Dooar), Sonamukhi (Bankura) and
Panchla (Howrah) of the West Bengal. Load of
amylase producing bacteria were highest at
Darjeeling (Mahakal) and lowest were Sukna
(Dooar) areas. In Sukna (Dooar) the protease
least but the

saline zone showed highest concentration of

producing bacterial load was
protease followed by Panchla(Howrah),
Sonamukhi (Bankura) and Digha (Medinipur
East) whereas pectinase producing bacterial
load was highest at Sukna forest area of West
Bengal (Table 2).

Bacterial enzyme activity

The cellulase levels were highest at Digha
followed by Darjeeling Sonada Forest, Gosaba,
Darjeeling Mahakal, Sonamukhi, Panchla and
Sukna, whereas pectinase level were highest
at Sukna and lowest were found at soil of
Digha. Amylase level was almost same at
Panchla and Darjeeling Mahakal hill. It ranged
from 1.413 + 0.5 to 14.76 * 3.1 IU/ml. The
protease level was varied from 24.85 = 5.2 to
31.75 + 7.5 IU/ml (Table 2).

Development of enzyme map of study area
The mean concentration value of the
bacterial enzyme was interpolated using GIS
and visualized on the map of the West Bengal,
India (Fig. 1A-D). Fig 1A and 1B showed the
reverse spatial distribution of amylase and
cellulase of the study area whereas Fig. 1C
and D
distribution of

almost similar
pectinase

production. The northern part of the study

showed spatial

and protease

area showed higher organic carbon content of
the soil (ranging from 2.65 to 7.13 %) than the
southern part (ranging from 0.8 to 2.23%) and
middle part (ranging from 0.54 to 2.08 %) of
the West Bengal (Table 1).
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Table 1. Characterization of Soil chemical parameters.

Available
Electrical Nitrogen Available

Moisture conductivity Organic carbon content Phosphorus
Soil parameter content (%)  (uS/cm) content (%) (mg/kg) content (mg/kg)
Derjeeling Mahakal 2542.5 0.13+0.2 2.65+0.36 49.1+4.6 47.354+23.23
Derjeeling Sonada 28+3.5 0.15+0.2 3.05+0.47 47.1+8 47.35%22
Sukna (Dooar) 253.9+22.5 3.539+1.8 7.13742.15 81.2+10.45 37.35+18.52
Panchla (Howrah) 67.65+12.5 0.26+0.05 2.08+0.25 1174113 44.2+16.9
Sonamukhi (Bankura) 8.43+1.5 98.5+5.8 0.54+0.12 84+12.64 53.09+18.25
Digha (Medinipur East) 18.32+3.5 240+24.5 0.8+0.14 112412.25 56.32+10.25
Gosaba (24 Parganas South) 4.69+1.2 600+30.5 2.2375%1 75%10.25 27.35+8.48

Table 2. Enzyme activity (IU/ml) and bacterial density (CFU/gm soil) of collected soil.

Sampling site Cellulase Density Amylase Density Protease Density Pectinase Density
of of of of
Cellulase Amylase Protease Pectinase
producing producing producing producing
bacteria bacteria bacteria bacteria
- 1.09+0.36 66 14.27+4.14 54 nd nd 8.91+2.4 10
Derjeeling (Mahakal)
- 1.86+0.29 96 3.47+2.4 26 nd nd 9.815.4 25
Derjeeling (Sonada)
0.2440.08 39 1.41340.5 23 28.5443.1 4 200+19.5 142
Sukna (Dooar)
0.40210.2 34 14.7643.1 35 31.75¢7.5 24 155+33.5 87
Panchla (Howrah)
. 0.404+0.27 36 6.3611.9 24 28.54+7.9 56 130+31.84 29
Sonamukhi (Bankura)
. » 3.43+1.1 98 9.7813.0 26 31.5449.1 58 1.462+0.5 16
Digha (Medinipur East)
1.2240.8 75 6.32+2.8 25 24.85+5.2 42 62.89+20.5 71

Gosaba (24 Parganas South)

Nd: not detected, DCB: Density of Cellulase producing bacteria, DAB: Density of Amylase producing bacteria, DPB: Density
of Protease producing bacteria and DPcB: Density of Pectinase producing bacteria

Table 3. Spearman'’s rank correlation matrix

Organic  Available

Available Density of

Amylase Cellulase Protease Pectinase Moisture Carbon Nitrogen Phosphorus bacteria
Amylase
Cellulase 0.019
Protease 0.090 0.045
Pectinase -0.290° -0.134  0.241
Moisture 0.115 0.073 -0.402 0.093
Organic Carbon  -0.048 -0.016 -0.013 0.087 0.521
Available -0.710° -0.642" -0.025 0426 0270  0.115
Nitrogen
Available -0.212°  0.102 -0.216  0.132 0.213 -0.041 0.033
Phosphorus
Density of0.893° 0758 0012 0841 0484 0451 0.583 0.653"
bacteria

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed).

12
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Fig. 1 (A-D). Spatial Distribution of Mean bacterial enzyme production of soil of West Bengal, India.
(A) Amylase Activity (B) protease Activity (C) Cellulase Activity (D) Pectinase Activity.
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The organic carbon did not show significant
correlation with the four enzymes (Table 2)
whereas Spearman's rank correlation matrix
showed significant correlations (P< 0.01)
between the available nitrogen with amylase
(R*=-0.310) and cellulase (-0.384), where
increasing available nitrogen load of the soil
decreased the concentration of both two
bacterial enzyme production.

On the contrary the other bacterial enzyme
(R* = 0.426)
correlated with the available nitrogen of the

pectinase was positively
soil. Amylase production of bacteria also
showed negative correlation (R* = -0.212 at
P<0.05) with the soil available phosphorus
(Table 3).

showed positive correlation with all enzyme

The density of isolated bacteria

production and other abiotic factors (Table 3).

Discussion

In this paper the study area was classified
into four agro-climatic zones and our aim was
significant

to quantify four industrially

bacterial enzymes isolated from the soil.
Usually West Bengal has been classified into
five distinct agro ecological zones (West
Bengal Action Plan on Climate Change, 2010.).
Here we took soil samples from the four
zones and overlapped old alluvial zone i.e.,
Dinajpur and Coochbehar with the Terai zone
The

distribution of soil bacterial enzymes (Fig. 1A-

of Northern part of West Bengal.

D) was correlated with some soil available
nutrient (Table 3). It has been established that
soil nutrient level is depend on the parent
rock and drifted materials from where soil has
been formed. In the current study, as we
collected soil at the depth of 0 to 20 cm, the
physicochemical characteristics of that soil
mostly controlled by the local factors like
decomposition of plants biomass, dead bodies
and excreta of animals etc (Berg, 2000). In this
study we had determined the four enzymes
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namely cellulase, amylase, protease and
pectinase of the soil. We observed highest
cellulase level at the coastal area (Fig 1A)
Digha and lowest at Sukhna (Fig. 1A). The
correlation data (Table 3) revealed that
cellulase activity was inversely varied with the
soil nitrogen. Some previous study reported
that availability of the nitrogen in the soil
affected on the carbon mineralization and
enzyme activities during decomposition of the
substrate like wheat straw and dry leaves
(Dick, 1992; Henriksen and Breland, 1999).
Moreover soil organic carbon  may
considerably influence the activities of soil
(Gianfreda 1996).

lyyemperumal and Shi (2008) reported that

enzymes and Bollag,
the activities of soil enzymes involved in the
cycling of a given nutrient are often negatively
associated with the availability of that
nutrient in the soil. Some another hypothesis
that the
production is depend on the soil temperature

suggested cellulase  enzyme
and pH; as the temperature increases the
activity would also enhance (Nicolardot et al.,
1994; Kautz et al., 2004).

temperature of south Bengal is more than the

The average

northern part of the West Bengal (West
Bengal Action Plan on Climate Change, 2010)
and previous works suggested that the
maximum cellulase production was observed
at 50°C or above in laboratory condition
(Gomes et al.,, 1993; 18 Deswal et al., 2011;
Budihal et al.,, 2016). Some more previous
study also reported that cellulase activity of
Clostridium thermocellum was displayed at
70°C (Johnson et al., 1982). The other factors
like organic carbon were least at Digha and
highest was Sukna area of northern part of
study site (Fig 1). Here we could not find any
relationship among organic carbon with
cellulase and amylase (Table 3). Both these
enzymes produced glucose from cellulose and
carbohydrate compound respectively. It has
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that
biodegradation is not only depend on the

been reported polysaccharide
cellulase or amylase, lots of other enzymes

structural limitations of substrate
the
lignocellulosic polysaccharides (Mansfield et
al., 1999).

The available nitrogen of the soil was higher

and

influence complete hydrolysis  of

in both alluvial plain and coastal area of the
West Bengal. This data could have been
correlated with the both cellulase (R’= -0.64,
P<0.01) and amylase (R’= -0.71, P<0.01)
production. Similarly the available phosphorus
also plays a significant role for both cellulase
(R’= 0.41, P<0.05) and amylase (R’= -0.31,
P<0.05). Literature reported that soil cellulase
activities in deciduous forest depend on the
nitrogen available in that ecosystem (Carreiro
et al., 2000). Elevated nitrogen level resulted
in changes in soil carbon and resulted from
the divergent regulatory control of microbial

extracellular enzymes by soil nitrogen
availability (Waldrop et al.,, 2004).The
phosphorus availability of the soil also

depends on the enzyme activities and
rates of organic biomass
1994),

cellulase activity increased with the presence

decomposition
(Sinsabaugh and Moorhead, here
of available phosphorus, whereas amylase
activity decreased with available phosphorus.
(2013)
enzymes

Weintraub et al. evaluated six
hydrolytic

liberating carbon, nitrogen and phosphorus.

soil responsible for

Here also phosphorus was negatively
correlated with the organic carbon utilization.
The protease level was varied from 24.85 to
31.75 L.U. Here we also found higher protease
level at central and Southern coastal West
Bengal (Fig 1D). The protease level were
directly correlated with available nitrogen
(R2= -0.134, P<0.01) and phosphorus level
(R’= -0.216, P<0.01). The organic carbon was

inversely correlated with protease production
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of the soil. A previous study revealed that out
of twenty four soil samples of superficial
layer, proteolytic enzyme varied very less with
the soil organic carbon (von Steiger et al
1996). The other study also suggested that
organic matter degrading oxidative enzymes
increase mobilization of soil available nitrogen
and dynamics of rhizosphere (Kieloaho et al.,
2016).

The pectinase activity level varied widely
within the study area. The pectinase level was
higher at Sukna forest and lowest at Digha
coastal area (Table 3) of West Bengal.
Pectinase is 18 only directly correlated with
organic carbon (R’= - 0.187, P<0.01) and
available nitrogen (R?=0.426 P<0.01) of the
soil. The phosphorus level had very small
influence on pectinase production. Pectinase
is the heterogeneous enzyme that acts on
pectin substances. It is present in higher
plants & microorganisms. The pectinolytic
enzymes have great industrial importance and
are required for food processing industries,
especially for extraction and clarification of
Soil
pectinase had role in leaf litter degradation

fruit juices, extraction of oils etc.
and production of this extracellular enzyme is

influenced by various factors including
nitrogen limitation, elevated temperature and
microbial interactions (Schneider et al., 2010).

The density of cellulase producing bacteria
were highest at Dighaand we also found
highest cellulase activity at the same place
(R>= 0.758, P<0.05). Snajdr et al., (2008)
that

Quercuspetraea forest soil

reported extracellular enzymes of

and microbial
biomass content were correlated. Our work is
consistent with the report indicating that
other enzymes with the 30 exception of
protease, amylase and pectinase was
positively correlated with the bacterial density
of soil (Table 3). It is likely that enzyme
fluctuated with  the

activities along
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microorganism population in the rhizospheric
soil of maize plants at different plant growth
stages (Li et al., 2002; Pathan et al.,, 2015).
Microbial loads and soil enzymes profiles
were also significant reduction in protease
activity also altered with the proteolytic
bacterial load of their study area. The present
study also showed significant positive
correlation between bacterial population load
and amylase, cellulase and pectinase activity

of the soil (Table 3).

Conclusion
the
relationship between four targeted enzymes

From current research study a

and (cellulase, amylase, protease and
pectinase) and soil nutrients (carbon, nitrogen
and phosphorus) and bacterial density could
be established. The results of the present
research provide important data on the
spatial distribution of bacterial enzyme and it
is expected to offer expanded capabilities for
basic and applied scientific research. It is also
indicative of the potential for further
bioprospecting. The bacterial enzymes maps
can be of great advantage for more extensive
exploration in the soil of different agro-
climatic landscape in the State of West

Bengal, India.
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