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Study on the activity and diversity of
bacteria in a New Gangetic alluvial
soil (Eutrocrept) under rice-wheatjute cropping system
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Aim : Soil microorganisms play an important role in sustaining soil health and long term productivity by
performing major soil functions like decomposition of organic matter, nutrient cycling and formation of soil
aggregate etc. The main objective of the present investigation was to study the long term (42 years) effect of
different management practices on the activity and diversity of bacteria isolated from a New Gangetic
alluvial soil with rice-wheat-jute cropping system.
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Methodology : Soil samples were
collected from five different
management practices viz., fallow,
control, 100% recommended dose of
NPK, 150% of recommended dose of
NPK and 100% recommended dose of
NPK plus farmyard manure under 42
years old long term fertilizer experiment
with rice-wheat-jute cropping system at
Central Research Institute for Jute and
Allied Fibres, Barrackpore, West
Bengal. Soil samples were analysed for
microbial populations using various
media, microbial biomass carbon,
dehydrogenase, FDA hydrolase, acid
and alkaline phosphatase activity of
soil. Bacterial diversity was analysed by
PCR-RFLP of genomic DNA of isolates
using Hae III restriction enzyme.
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Study on activity and diversity of soil
microorganisms

Collection of soil samples under differents
management practices and analysis of soils

Microbial diversity

Microbial activity
Microbial population
Microbial biomass carbon
FDA hydrolase activity
Dehydrogenase activity
Acid phosphatase activity
Alk. phosphatase activity

Isolation of bacteria from soils
Genomic DNA extraction
PCR-RFLP using Hae lll enzyme
Dendogram

Results : Enumeration of soil microbes
Effect of management practices on activity and diversity
was done by standard method of serial
of soil microorganisms
dilution and spread plate technique
using different media. Highest bacterial
population was found with 100%
Overall effect on soil health
NPK+FYM treatment on nutrient agar
media. Microbial biomass carbon
-1
content under different management practices varied from 221 to 447 mg kg soil and highest was found
with 100% NPK+FYM treatment. For all the four enzyme activities, highest value was found with integrated
treatment and lowest was with control treatment. Dendrogram derived from the distance matrix by UPGMA,
a total of 35 clusters were recorded for 59 bacterial isolates.
Interpretation : Integrated management practices with balanced use of mineral fertilizers and organic
manures sustain the microbial activity and diversity and maintain soil health.
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Materials and Methods
Site description and treatment details : All India Coordinated
Research Project on Long Term Fertilizer Experiment with ricewheat-jute cropping sequence was initiated in 1971 at the
experimental farm of CRIJAF, Barrackpore, India. The
experiment included three crops per year rice (AugustNovember), wheat (Nov-Mar) and jute (April-July) with 10
treatment combinations. The treatments were distributed in a
randomized block design with four replications. For this study five
different treatments were selected from this experiment and the
treatments were: Fallow (T1), Control (T2), 100% recommended
dose of NPK (T3), 150% of recommended dose of NPK (T4), 100 %
recommended dose of NPK plus farmyard manure (T5). The
100% recommended dose of NPK for rice and wheat was 120 kg
N: 26 kg P: 50 kg K and for jute was 60 kg N: 13 kg P: 50 kg K per
hectare. The 150% NPK treatment comprised one and half times
of the above doses of N, P and K, respectively. The N, P and K
were applied to each crop in the sequence every year through
urea, single super phosphate and muriate of potash, respectively.
FYM @ of 10 t ha-1 was applied each year before the sowing of jute
only once in a cropping cycle.
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The activity and diversity of soil bacteria, an indicator of
soil health is mostly affected by different management practices
followed in the crop fields. The factors like cropping system,
fertilizer and manure application etc., affects the soil microbial
growth, activity and diversity. Microbial biomass carbon and
enzyme activity increases with continuous application of fertilizer
or organic manure (Zhao et al., 2016). Enzymes are important soil
components involved in dynamics of soil nutrient transformations
and enzyme activity is considered to be a major contributor of
overall soil microbial activity (Frankenberger and Dick, 1983).
Among the different enzymes, dehydrogenase activity reflects the
oxidative activity of total soil microflora and may be a good
indicator of microbial activity (Biswas et al., 2017). Phosphatase
enzyme plays an important role in transforming organic
phosphorus into inorganic forms, suitable for plants.

long term effect of different management practices on activity and
diversity of bacteria in a New Gangetic alluvial soil (Eutrocrept)
under rice-wheat-jute cropping system.
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Introduction
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Microorganisms and their mediated processes can give
an integrated measure of soil health. The immense phenotypic
and genetic diversity found in soil bacterial and fungal
communities makes it one of the most difficult communities to
study (Saxena et al., 2016). It has been suggested that at least
99% of bacteria observed under a microscope are not cultured by
common laboratory techniques (Kirk et al., 2004). To overcome
problems associated with non-culturable microbes, various
methods have been developed to identify and study these
microorganisms including numerous DNA and RNA-based
methods including metagenomics, Phospholipids fatty acid
analysis (PLFA), denaturing gel electrophoresis (DGGE) etc.

PCR targeting the 16S rDNA has extensively been used
to study prokaryote diversity and allows identification of
prokaryotes as well as the prediction of phylogenetic
relationships (Kirk et al., 2004). In these methods, DNA is
extracted from the environmental sample and purified. Restriction
fragment length polymorphism (RFLP also known as amplified
ribosomal DNA restriction analysis (ARDRA) is one of the tool
used to study microbial diversity which relies on DNA
polymorphisms. In a study by Liu et al. (1997) PCR amplified
rDNA is digested with a 4-base pair cutting restriction enzyme.
Different fragment lengths were detected using agarose or nondenaturing polyacrylamide gel electrophoresis in the case of
community analysis (Tiedje et al., 1999). RFLP banding patterns
can also be used to screen clones or used to measure bacterial
community structure (Singh et al., 2015; Kim et al. 2016).
Under tropical condition very few studies have been
conducted on long term effect of fertilizer and manure application
on biological properties of soil. The studies on effect of long term
soil management practices on microbial activity and diversity are
needed for assessment of soil health. The Gangetic plains of India
are one of the most intensively cultivated plains of the world.
Therefore, objective of the present investigation was to study the

Soil sampling and soil enzymes analysis : To observe the long
term effects of different management practices on soil
microorganisms, soil samples were collected from each
replicated plot of five treatments randomly from 3 spots after the
harvest of wheat crop in the year 2012. Immediately after
collection, the soil samples were preserved at 4°C till further
studies on microbial population, enzyme activity and diversity
analysis of bacteria completed. The enumeration of microbial
population was done by standard method of serial dilution and
spread plate technique. The plates were incubated at 30°C and
counts were taken after 2 days of incubation. The results are
reported as colony forming unit (CFU) per g of dry sample. MBC
was determined by chloroform fumigation and extraction method
by Vance et al. (1987). Dehydrogenase activity and FDA
hydrolase activity were determined using the method of Dick et al.
(1996). Acid and alkali phosphatase enzyme activities were
determined by the method of Tabatabai and Bremner (1969).
Isolation of bacteria from soils : The soil suspension of 10-2,
10-4, 10-5 dilution prepared from soils of five treatments (fallow,
control, 100% recommended dose of NPK, 150% of
recommended dose of NPK fertilizer, 100% recommended dose
of NPK plus farmyard manure) was spread plated on nine
different media viz., solid nutrient agar media, Jensen agar
media, King's B media, soil extract agar media, trypticase soy
agar media, halophilic media and incubated for 2 days at 30°C
(Verma et al., 2016). Oligotrophic microbes were isolated on
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PCR amplification of 16S rRNA gene and amplified rDNA
restriction analysis : Bacterial cultures were grown in nutrient
broth for 24 hr and genomic DNA was extracted by hexadecyltrimethyl ammonium bromide method described by Ivanova et al.
(2000).

Co

The quantity and quality of genomic DNA was checked on
0.8% agarose gel electrophoresis. Nearly full length 16S rDNA
was amplified using thermocycler (Biorad PTCO220 cycler) with
a 25 μl reaction mixture containing 50 ng of genomic DNA, 0.2 mM
of each dNTP, 1 μM of each primer, 2.5 mM of MgCl2 and 1 U of
Taq DNA polymerase (Bangalore Genei, India) and buffer
supplied with the enzyme. Universal primer 16Sf-5'A G A G T T T G AT C C T G G C T C A G - 3 ' a n d 1 6 S r - 5 '
AAGGAGGTGATCCAGCCGCA-3' were used for amplification
using PCR conditions; initial denaturation at 95ºC for 1 min, 35
cycles consisting of 95ºC for 1 min (denaturation) 52ºC for 1 min
(annealing) 72ºC for 1 min (primer extension) and final extension
72ºC for 1 min. PCR products were separated by agarose gel
electrophoresis on 1.5% agarose gel stained with ethidium
bromide and documented in Alpha Imager TM1200 analysis
system.

agar, trypticase soy agar and halophilic media. Variation in
bacterial population was observed in all media and treatments
(Table 1). Among the nine growth media used for isolation, the
maximum population was observed in nutrient agar medium (4.10
× 107 to 6.95 x 107) followed by tryptic are soy agar (4.30 × 107 to
5.96 × 107) and the least population in halophilic medium (2.10 ×
103 to 4.50 × 103) (Table 1). More population in nutrient agar and
trypticase soy agar may be due to the presence of rich complex
nutrients, whereas halophilic medium containing 15% NaCl
showed bacterial population that are having the inherent potential
to grow at high salt level. The average no. of bacteria per g of soil
obtained from nutrient agar media was highest with 100%
NPK+FYM treatment. The number of oligotrophs obtained from
ten and fifty times dilution of nutrient agar media was highest
under 100% NPK+FYM treatment. The highest population of
bacteria (1.60 × 105) was found in Jensen's N free agar media
from fallow treatment. The population from King's B media varied
from 0.85 × 105 to 1.98 × 105. The population of Bacillus varied
from 2.50 × 105 to 4.80 × 105 and the highest number was in 100%
NPK+FYM treatment. The highest population of bacteria was
obtained from trypticase soy agar media under 100% NPK+FYM
treatment.
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nutrient agar medium diluted by 10 and 50 times. Bacillus and
Bacillus derived genera were isolated using heat treatment at
80°C for 15 min and by spread plate method (Yadav et al., 2015).
Based on morphology, distinct bacterial colonies were picked up
and purified on respective growth medium. Colonies that
appeared were purified by repeated streaking to obtain isolated
colonies using respective medium plates. The pure cultures were
maintained at 4°C as slant and as glycerol stock (20%) at -80°C
for further use.
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Microbial biomass carbon content under different
treatments varied from 221 to 447 mg kg-1 soil (Table 2). Distinct
difference of microbial biomass carbon was observed among
different treatments. Management practices like addition of
manures, synthetic fertilizers and incorporation of crop residues
strongly affected the microbial biomass corbon content of the soil
(Basak et al., 2016). Among the treatments, low microbial
biomass corbon content was observed under control and it
increased significantly with fertilizer and manure application.
Increase in microbial biomass corbon with addition of fertilizers
and organic manure may be attributed to better crop growth,
increased root biomass and root exudates (Shahid et al., 2013).
Soil enzymes are the biological catalysts of innumerable
reactions in soils. Some are interactive indices of biological
activity in soil, and thus can be a good indicator of soil health. The
enzyme activities viz., dehydrogenase, FDA hydrolase, acid and
alkali phosphatase activities were studied and large variation
were found under different treatments. Dehydrogenase activity
varied from 2.8 to 7.4 g TPF g-1 soil 24 hr-1 and the highest value
was associated with integrated treatment and lowest was with
control. Optimum and balanced application of nutrients led to
significant increase in dehydrogenase activity, while there was a
slight reduction under the super optimal fertilized treatment
(150% NPK) (Table 2). This suggests that dehydrogenase activity
is sensitive to the inhibitory effects associated with large amount
of nitrogenous fertilizer additions (Masto et al., 2006). Continuous
application of inorganic fertilizer integrated with FYM improved
the organic matter status of soils, which in turn enhanced the
enzymatic activity. NPK+FYM treatment recorded significantly
higher dehydrogenase activity over all other treatments which
might be due to a strong relationship between soil organic matter

Approximately, 1 μg of PCR-amplified 16S rDNA
fragments were restricted with endonuclease Hae III (Bangalore
Genei, India) incubated at 37 ºC for overnight and resolved on 2.5
% agarose gels for 3 hrs. Banding pattern obtained were
visualized by ethidium bromide staining and documented in Alpha
Imager TM 1200 analysis system. Different phylotypes or
operational taxonomic documentation units were obtained by
similarity and clustering analysis using NTSYSpc-2.02e software.
Similarity among the isolates was calculated by Jaccard's
coefficient (Jacquard, 1912) and dendogram was constructed
using UPGMAmethod (Nei and Li, 1979).
Statistical analysis : All the data generated was subjected to
analysis of variance (ANOVA) and means were separated by
Duncan's multiple range test at P < 0.05 significance level using
software, SPSS for Windows, Version 17.0. Chicago, SPSS Inc.

Results and Discussion
A total of 59 isolates were isolated from the soil under five
different management practices using nine different growth
media viz., nutrient agar, King's B, Jensen's N-free, soil extract
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Table 1 : Long-term effect of manure and fertilization on bacterial population using various media in New Gangetic alluvial soil (Eutrocrept) under ricewheat-jute cropping sequence
-1

Treatments
NA
T1
T2
T3
T4
T5

NA 10
7

NA 50
6

4.65 × 10
7
4.10 × 10
7
5.58 × 10
7
5.20 × 10
6.95× 107

Bacterial population (CFU g soil)
SEA
KB
JA

2.15 × 10
6
2.08 × 10
6
2.75 × 10
6
2.17 × 10
6
2.80 × 10

6

2.05 × 10
6
2.15 × 10
6
2.12 × 10
6
1.90 × 10
6
2.17 × 10

5

2.47 × 10
5
2.11 × 10
5
2.85 × 10
5
2.95 × 10
5
3.93 × 10

5

0.85 × 10
5
1.04 × 10
5
0.98 × 10
5
0.95 × 10
5
1.98 × 10

TSA
5

1.60 × 10
5
0.40 × 10
5
0.44 × 10
5
0.28 × 10
5
1.15 × 10

Bacilli

HM
7

4.50 × 10
7
4.30 × 10
7
5.55 × 10
7
5.14 × 10
7
5.96 × 10

3

5

3.50 × 10
3
2.10 × 10
3
3.10 × 10
3
4.00 × 10
3
4.50 × 10

3.20 × 10
5
2.50 × 10
5\
3.40 × 10
5
3.90 × 10
5
4.80 × 10

py

NA- Nutrient agar; NA 10- Nutrient agar with 10 times dilution; NA 50- Nutrient agar with 50 times dilution; SEA- Soil Extract Agar; KB-King's B; JAJensen's Agar media, TSA-Tripticase Soy Agar; HM-Halophilic media; T1- Fallow; T2- Control; T3-100% recommended dose of NPK; T4-150% of
recommended dose of NPK; T5-100 % recommended dose of NPK plus farmyard manure

Table 2 : Long-term effect of manure and fertilization on microbial biomass carbon (MBC) and enzymatic activities in New Gangetic alluvial soil
(Eutrocrept) under rice-wheat-jute cropping sequence
MBC
(mg kg-1)

T1
T2
T3
T4
T5

227
c
221
b
328
b
331
a
447

c

Dehydrogenase
(μg TPF g-124 hr-1)
c

3.4
c
2.8
b
6.0
b
5.7
a
7.4

FDA hydrolase
(μg fluorescein g-1hr-1)

Co

Treatments

d

11.5
d
10.9
c
13.9
b
16.1
a
19.5

Acid phosphatase
(μg PNPg-1 hr-1)
d

141
d
139
c
170
b
186
a
281

Alkaline
phosphatase
(μgPNPg-1 hr-1)
d

484
d
479
c
579
b
603
a
624

On
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T1- Fallow; T2- Control; T3-100% recommended dose of NPK; T4-150% of recommended dose of NPK; T5-100 % recommended dose of NPK plus
farmyard manure. Values followed by a same letter within a column are not signiﬁcantly, different at P < 0.05, according to Duncan's multiple range tests

content and enzyme activities (Mandal et al., 2007). FDA
hydrolase activity varied from 10.9 to 19.5 μg fluorescein g-1 soil h1
and highest with NPK+FYM treatment (Table 2). Hydrolysis of
fluorescein esters has been used to measure microbial activity in
environmental samples because it reflects protease, lipase and
esterase activities (Tripathi et al., 2007). Similar to other
enzymatic activities, continuous application of NPK+FYM
resulted in significantly higher FDA over all the treatments. A large
increase of FDA hydrolysis due to combined use of FYM and
fertilizers could be attributed to increased microbial biomass
resulting from continuous organic matter enrichment in soil. Acid
and alkaline phosphatase activities in soil varied from 139 to 281
and 479 to 624 μg p-nitrophenol g-1 soil hr-1, respectively (Table 2).
The highest value was with integrated treatment (NPK+FYM) and
lowest was with control treatment. The acid phosphatase activity
was much lower than alkaline phosphatase activity under all the
treatments (Table 2), which might be due to the alkaline reaction
of the soil (pH).
For the analysis of 16S rDNA-RFLP data, the character
state '1' was given for a band, which could be clearly and
reproducibly detected in the gel and '0' was assigned if it was
absent or it was not possible to determine. Gel electrophoresis of
undigested PCR products revealed that isolates produced a
single band of about 1540 bp (Fig. 1). The data matrix thus

generated was calculated by Jaccard's similarity coefficient for
pair wise comparison. Dendrogram was constructed from the
similarity matrix by the unweighted pair group method with
arithmetic mean (UPGMA). The RFLP analysis revealed large
variations among the isolates. Dendrogram was derived from the
distance matrix by the UPGMA. A total of 35 clusters were
grouped for 59 bacterial isolates (Fig. 2). Dendrogram was
derived from all isolates and different treatments separately. It
showed that a total of 35 clusters were grouped for 59 isolates
(Fig. 2), 9 clusters out of 11 isolates (A) from 100% NPK+FYM
treatment, and 6 clusters out of 14 isolates (B) from control soil.
The three treatments viz. 100% NPK, 150% NPK and fallow
showed each of 7 clusters out of 9 isolates (C), 13 isolates (D) and
12 isolates (E), respectively. It was observed that soil with 100%
NPK+FYM treatment harboured the highest microbial diversity in
the experimental field. While comparing the bacterial diversity
under different treatments, it revealed that cultivation of land
without fertilizer and manure caused a reduction in bacterial
diversity from nine clusters to six clusters in control soil. The same
number of clusters in three treatments viz., 100% NPK, 150%
NPK and fallow soil was due to the effect of soil type. In addition to
crop type (Smalla et al., 2001), soil type or physical properties of
soil can influence microbial diversity, in general, soil texture, in
particular, have a greater effect on microbial community (Classen
et al., 2015). The soil type of the present experimental site was
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E13

E15

1000 bp
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Fig. 1 : Restriction patterns of the amplified 16S rRNA gene of bacterial isolates generated using one restriction endonucleases Hae III
Journal of Environmental Biology, May 2018

E16

S. Biswas et al.

On
line

Co

py

384

0.94

0.96

0.97
Coefficient

0.99

A1
A6
A3
A2
B1
D10
A7
A9
E7
A11
A14
B5
E11
A15
A16
A17
B1
E1
E2
E17
E3
B4
D12
E9
D15
D17
D11
D13
B6
B7
B11
B8
B10
B15
E13
B14
E6
E8
C8
D14
E5
B18
C11
D2
D3
E15
B13
B17
C12
C6
D5
C15
C16
D6
D9
C7
D7
C4
1.00

Fig. 2 : Dendrogram of bacterial isolates selected from all five treatments based on cluster analysis of RFLP products with restriction endonuclease Hae III
using UPGMAalgorithm and Jaccard coefficient
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Thus, long-term application of manures and fertilizers
had describable impacts on extracellular enzyme activity,
microbial diversity of soil. Soil with integrated treatment (100%
NPK+FYM) showed highest microbial biomass carbon and
extracellular enzyme activities and microbial diversity. The
present study showed that maximum number of cluster of
bacterial isolates was found in the soil with integrated treatment.
Therefore, balanced fertilization with mineral fertilizers and
organic manures harbour diverse group of bacteria in soil which
may be favourable to sustain soil productivity and maintain soil
health.
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sandy loam which probably nullified the effect of fertilization on
bacterial diversity. This is supported by the findings of Johnson et
al. (2003) who observed that bacterial fingerprints from similar
soil types collected from places within 2 km, but with different land
use, are also similar. Lower diversity in control soil is due to
minimal stress in control soil. Moreover, fertilization promoted the
growth of variety of microbes directly by providing nutrients or
indirectly by stimulating plant growth and enhancing root carbon
flow. This corroborates the findings of O'Donnell et al. (2001) who
established that fertilizers as the driver of change in microbial
diversity. When compared with mineral fertilization or unfertilized
control, organic manure showed more superiority for enriching
the richness and diversity of soil bacteria (He et al., 2008), which
might be due to the enhanced soil microbial biomass and
activities in organic treated soils (Islam et al., 2011).
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