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The indiscriminate use of chemical pesticides disturbs
the soil environment, thereby affecting flora and
fauna including soil microflora, and also the physico-
chemical properties of the soil, viz. pH, salinity, alka-
linity, leading to poor soil fertility. With the application
of pesticides, possibilities exist that these chemicals may
exert certain effects on non-target soil microorgan-
isms. The soil microbial biomass plays an important
role in the soil ecosystem, where they fulfill a crucial
role in nutrient cycling and decomposition. A series of
field experiments were conducted at farmer’s field at
Sitapur, UP with different modules of integrated pest
management (IPM) including use of safe formulations.
The impact of application of these pesticides on the
soil properties including soil microbial populations,
microbial biomass carbon and enzymatic activity was
assessed. It was observed that soil microbial biomass
C content and dehydrogenase activity was influenced
by IPM interventions.

Keywords: Dehydrogenase, fungal population, micro-
bial biomass C, pesticides, soil bacteria.

APPROXIMATELY 80,000 tonnes of pesticides are used
annually in Indian agriculture', mostly in the production
of cotton (45% of total pesticide use)?, rice (23% of total
pesticide use), fruits and vegetables (about 8% of total
pesticide use), and cereals, pulses, oilseeds and millets
(about 6—7% of total pesticide use). The Indian states
such as Haryana, Punjab and Uttar Pradesh have the largest
pesticide consumption, using 45,000 tonnes of (technical
grade) pesticides in 2000—01. This enhanced consumption
has led to the depletion of soil fertility and a reduction in
sustainable crop production®. With the increase in aware-
ness of the adverse impacts of extensive pesticide use on
the environment as well as ecology, and Integrated Pest
Management (IPM) practices, the consumption of chemical
pesticides has decreased by 27.69%, from 66,360 tonnes
during 1994-95 to 43,590 tonnes during 2001-02 (ref. 4).
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Pesticides reaching the soil might disturb native
metabolism or enzymatic activities’. Dehydrogenases
occur intracellularly in all the living microbial cells and
these enzymes are linked with microbial respiratory
processes. Dehydrogenase activity in the soil system is an
indicator of overall microbial activity of the soils’.

The soil microbial biomass is the labile pool of organic
matter and acts as both source and sink of plant nutrients.
It plays a crucial role in nutrient cycling and is important
in maintaining soil fertility and nutrient concentration
like microbial C, N and P which are nutrients that are
liberated after the death of micro-organisms. Changes in
the microbial population in response to variation in soil
conditions have serious implications for nutrient cycling
with micro-organisms. Estimations of biologically active
fractions of soil organic matter, like microbial biomass
carbon might replicate changes in soil quality and therefore
the productivity, that can in turn alter nutrient dynamics
under different land uses’. Enzyme activity like phospha-
tase, dehydrogenase enzyme activity in the soil environ-
ment is considered to be a major contributor to overall soil
microbial activity® and, more recently, to soil quality”'”.

Soil microbial biomass is the early indicator of chang-
ing soil process and acts as a sturdy predictor of the
chemical pesticide degradation capability of soil''. The
microbial biomass consists primarily of bacteria and fun-
gi that decompose crop residues and organic matter in the
soil. This process releases nutrients, like nitrogen (N),
into the soil for plant uptake. About half the microbial
biomass is found 10 cm within the surface of a soil profile
and most of the nutrient release also occurs here. Gener-
ally, up to 5% of the total organic carbon and N in soil is
contained in the microbial biomass at any one time. The
value of the microbial biomass content of soil, the activi-
ty of the biomass and selected microbial nutrient process
act as indicators of soil health. Soil microorganisms play
a vital role in maintaining soil health, ecosystem func-
tions and crop productivity. A complex matrix of organic
and inorganic constituents of soil, particularly rhizo-
sphere, creates a unique and dynamic environment for the
microorganisms which affects plants and other associa-
tive microorganisms. Certain group of pesticides and the
overdose of some pesticides have deleterious effect on
soil biota.

In paddy, farmers in the area use different combina-
tions of pesticides, that too in more than the recommend-
ed doses. Continuous use of pesticides could accumulate
considerable amounts of pesticides and their degradation
products in the soil ecosystem'?. Pesticides that disrupt
the activities of soil microorganisms could affect the nu-
tritional quality of soils, leading to serious ecological
consequences'”. Therefore, the present study was con-
ducted in the paddy growing belt of Sitapur district (Uttar
Pradesh) to ascertain the effect of pesticide use in paddy
on soil microflora, soil microbial biomass C and enzy-
matic activities.
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Figure 1.

Soil samples were collected from the rhizosphere of
paddy from 20 locations in Sitapur district (UP) where
the farmers use different types of pesticides in crops
(Figure 1). Part of soil samples were kept fresh in a
refrigerator for microbial and biochemical analysis and
the other part was dried under shade and then ground in a
mortar pestle and sieved through 2 mm sieve for physico-
chemical and nutrient analysis. Soil samples were ana-
lysed for pH, EC, OC, av. N, total N, carbonate, bicarbo-
nate, chloride, exchangeable ions like Ca, Mg, Na and
K as per standard methods. Soil microbial biomass C was
estimated using fumigation-extraction method and
dehydrogenase enzyme activity was assayed using 3% of
2,3,5-triphenyl tetrazolium chloride (TTC) solution as per
standard procedure'*".

Fresh soil samples were serially diluted in sterile nor-
mal saline and 0.1 ml of aliquot from 107 to 10* dilu-
tions and were spread onto nutrient agar medium using
sterilized glass L-rod. Plating was done in duplicates and
all the plates were incubated at 28°C for 5 days. After in-
cubation, morphologically different bacterial colonies
were selected and streaked on nutrient agar plants and
incubated at 28°C for 48 h. The number of viable bacteri-
al cells per unit volume of the sample using agar plate
media was enumerated. The inoculum sample was spread
across the plate and the colonies that were formed after
incubation were counted. The colonies are referred to as
colony forming units (CFU). After the CFUs were
counted on the plate, they were divided by the volume
plated to determine the concentration of cells in the sam-
ple. Based on the difference in cultural morphology such
as colour, texture, consistency and size, limited number
of representative isolates were selected from the entire
sample for further study. The selected isolates were sub-
cultured in nutrient agar slants and were preserved at 4°C
in a refrigerator. Phenotypic characters, like Grams’ reac-
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Study area.

tion, motility, catalase, oxidase activity and other bio-
chemical tests of the selected isolates were performed fol-
lowing standard procedures. Identification of isolated
bacterial strain was done by 16S ribosomal RNA gene
sequencing. Genomic DNA of bacterial isolate was
amplified with universal primer 27F1 (5-AGAGTTTGAT
CMTGGCTCAG-3) and 1494Rc (5-TACGGCTACCTT
GTTACGAC-3).

The purified amplified PCR product of 1.5 kb was sent
to Xcelris Genomics Labs Ltd for sequencing. For screen-
ing of soil bacteria for salt (NaCl) tolerance, isolates were
inoculated onto nutrient agar medium supplemented with
different salt concentrations (2.5%, 5%, 10% and 15% of
NaCl). All the plates were incubated at 28°C for 5 days in
BOD incubator and bacterial growth was observed every
24 h. Correlation was worked out among different soil
properties and soil-biochemical parameters.

An incubation experiment was conducted in the labora-
tory for 90 days to monitor the effect of different pesti-
cides on soil microbial activity and mineralization of
carbon in paddy soils. For this C mineralization in soil as
influenced by 1 ppm, four commonly used pesticides, viz.
chlorpyriphos, 2,4-D, carbendazim and carbofuron were
applied in the paddy soil of Sitapur and equilibrated. The
experiment was laid in completely randomized block
design with three replications. The C mineralization in
terms of carbon dioxide evolution from the soil was stu-
died by following the method proposed by Pramer and
Schmidt'®. The treated soils in flasks were incubated at
60% water holding capacity (WHC) and 28 +1°C
temperature. The flasks contained 0.1 N NaOH in a vial,
to trap evolved CO,. The vials were removed at 0, 1, 3, 5,
7,15, 30, 45, 60 and 90 days of incubation for estimation
of mineralized C. Three sets of soil samples, 10 g each,
were taken from the flask for estimation of microbial
biomass carbon (MBC). One set of soil was fumigated
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Figure 2. Soil bacteria and fungi population.

Bacterial and fungal isolation from paddy soil.

Figure 3.

Table 1. Properties of soil
Soil properties Range Mean
Soil pH (1:2) 6.35-8.64 7.82
EC (dSm™) 0.04-1.11 0.46
Organic C (g kg ™) 2.1-5.4 3.42
Available N (kg ha™") 81.9-179.8 128.6
Available P (kg ha™') 5.9-19.9 12.5
Available K (kg ha™") 154.3-232.2 180.7

Textural class Loamy sand to silty clay loam

using ethanol-free chloroform placed in a vacuum desic-
cators'’. The CO,—C that evolved from the soil was
measured by back titrating the unspent alkali in the vial
with standard H,SO, for estimating potential carbon
mineralization'®. Periodic observations were recorded for
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mineralized C and MBC on 0, 1, 3, 5, 7, 15, 30, 45, 60
and 90 days of incubation.

The surface soils of the 20 paddy fields of Sitapur were
analysed for various physico-chemical properties. The
soil pH ranged from 6.35 to 8.64 and electrical conduc-
tivity (EC) ranged from 0.04 to 1.11 dS m™'. Soil organic
carbon content varied from 2.1 to 5.4 g kg ' and the soils
were loamy sand to silty clay loam in texture (Table 1).
Available N, P and K content ranged from 81.9 to 179.8,
5.9 to 19.9 and 154.3 to 232.2 kg ha ' respectively.

The population (cfug') of bacteria ranged from
196 x 10* to 56 x 10°. Bacterial population in paddy soil
of Shuklapur was maximum followed by Padariya II and
Tiwaripur 1. Least bacterial load was observed in paddy
rhizosphere soil of Sarwahanpur I from Sitapur (Figure
2). A total of 137 bacterial isolates were isolated from
soils. Most of the isolated bacteria were Gram-positive
and were rod shaped. There was great variation in their
colony characteristics (Figure 3). Gram’s staining showed
103 were cocci while 34 were bacilli. Similarly, fungi
isolated on potato dextrose agar was found to be maxi-
mum in soil of Dafra II followed by Ohripur and Ghuri-
pur. In paddy soil of Dafra and Sarwahanpur, fungal
population was minimum. The dominant fungal isolates
were Aspergillus, Cladosporium, Rhizopus, Trichoderma
and Penicillium.

Soil bacterial populations drastically reduced from
6.2 x 10° cfu g to 1.8 x 10* cfu g ' on nutrient agar after
24 h of growth in soil from farmers’ practice of using
pesticides. Similarly, where safer pesticides were used,
bacterial load in soil enhanced from 5.4 x 10 cfu g to
4.1 x 10° cfu g'. Soil microbial activity has been repor-
ted as a criteria for evaluating pesticide toxicity'’. Pandey
and Singh® reported that application of chlorpyriphos

645



RESEARCH COMMUNICATIONS

400
350 —
__ 300 — —
Z
2 250 — —
()]
£ 200 — — —
9]
Q50 +l-—N-H0—B-BB — —-R—aB
=
S 100 -B—H—H-B-BBBBBBBRB- —a—B8—BBB
0]
NiISEEEEEEEEE W"_“I__-___
0
L LS CLE RSP LT EESE S
PRGN CO SRR RN R A AR A A AN AN
.‘\.\*.\o‘@.bg«\(bqooos P . & » & &L S
EC S SIS M VIS NN ) \QQ R L .Q\) X L . QQ RN &
T o o& 3 PP S &S A &S
AR LR & & AT WEE O °
g’b c,’b
Figure 4. Soil MBC content in rhizosphere of paddy.
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Figure 5. Screening of bacterial isolates for salt tolerance in media.
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Figure 6. Soil dehydrogenase activity.

Table 2. Screening of bacterial isolates for
tolerance to pH of media

pH 24h 48 h
5 125 126
7 134 134
9 132 132
11 134 129
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(Figure 4).

In field conditions, soil MBC content after harvest of
paddy showed variations from 60 mg kg™’ to 182 mg kg™’
where safer pesticides were used, whereas in modules
where farmers used overdoses of pesticides, SMBC
content ranged between 24 and 118 mg kg '. Mehta and
Arora®? also reported variability in SMBC content under
different land uses in coastal saline soils. Positive effect
of organic manures on soil microbial biomass content
under paddy was also reported®.

Out of the total bacterial isolates, 132 isolates tolerated
5% NaCl concentration while 47 isolates were able to
tolerate 10% and only 5 could tolerate 15% NaCl concen-
tration in the media (Figure 5). All the bacterial isolates
were tolerant to alkaline pH up to 11 in the media main-
tained by 1IN NaOH (Table 2). It was observed that at
48 h there was some effect and only 132 and 129 isolates
out of 134 survived upto pH 9 and 11 respectively.

Almost all the isolates could tolerate pH up to 9 while
only 121 out of 132 could tolerate pH up to 11 in the me-
dia (Table 3). Most of the isolated bacteria were Gram-
positive and rod shaped. There was a wide variation in
their colony characteristics. Gram’s staining showed that
103 were cocci, while 34 were bacilli. Eleven isolates
were yellow pigmented and 46 were creamy or off white.
The dominant bacterial isolates were gene sequenced for
molecular identification and the results are presented in
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Table 3. Biochemical characterization of selected bacterial isolates

Isolate HCN Ammonia Citrate
no. MR VP  Motility production Oxidase  Catalase  Indole N, reduction production utilization
CS1 + - NM + + _ + + +
CS2 + - NM + + - + - -
CS3 + - M + + - - - _
Ccs4 - + NM - + - - + + +
CS5 + + NM + - + - + - +
CS6 + — M + + — + — —
CS7 + - M - - + _ _ + +
CS8 + — NM + + — - - +
CS9 + - NM + + _ _ _ +
CS10 + — NM + + - + + -

NM, Non-motile; M, motile.

Table 4. Genetic identification of dominant isolated
soil bacteria
Isolate no. Molecular identification
CS1 Enterobacter sp.
CS2 Bacillus sp.
CS3 Bacillus pumilus
CS4 Aneurinibacillus migulanus
CSS5 Bacillus subtilis
CS6 Bacillus megaterium
CS7 Bacillus flexus
CS8 Pseudomonas indica
CS9 Achromobacter denitrificans
CS10 Paenibacillus sp.
2 MBC vs DHA
25 V=0.0763x-3.0338 78
20 RZ=-0:9205 *
T 15
10
5
0 T T T 1
0 100 200 300 400
MBC
Figure 7. Relationship between soil MBC and dehydrogenase
activity.

Table 4. The dominant fungal isolates were identified
based on classical taxonomy through microscopic exami-
nation and were found to belong to fungal groups Asper-
gillus, Cladosporium, Rhizopus, Trichoderma and
Penicillium.

The selected isolates were biochemically characterized
as per the standard procedures and it was observed that
out of the selected 10 salt tolerant bacterial isolates, 6
were able to reduce nitrate and only four produced
ammonia. Six isolates were positive for citrate utilization
and only two were negative for HCN production. None of
the isolate produced indole. Oxidase and catalase enzyme
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activity was found to be positive in 8 and 2 bacterial
isolates respectively. Only three bacterial isolates were
observed to be motile (Table 3).

Dehrydrogenase activity was a maximum of 26.4 ug
TPF/g/h in soil from the paddy field of Dafra (F7) fol-
lowed by 22.8 pg TPF/g/h in soil of F13 (Tiwaripur)
(Figure 6). Minimum activity of dehydrogenase enzyme
(3.82 pg TPF/g/h) was observed in paddy soil from Tiwa-
ripur II (F15). Variability in soil dehydrogenase activity
under different land uses in saline soils has been reported
earlier’.

Pronounced positive relationship exists between colony
forming units of microbes (bacterial counts) from soils
and dehydrogenase activity of soils. The MBC was posi-
tively correlated with DHA (» = 0.920; Figure 7). Positive
relationship between these soil bio-chemical properties
has also been reported in coastal saline soils of Sundar-

In the laboratory incubation experiment, it was obser-
ved that soils applied with 2,4-D showed drastic reduc-
tion in dehydrogenase activity compared to control. It
was observed that there was reduction of dehydrogenase
activity in soil by 42.97%, 58.24%, 28.68% and 43.96%
when applied with chlorpyriphos, 2,4-D, carbofuron and
carbendazim respectively, compared to control soil (Fig-
ure 8). The negative impact of chemical pesticides on soil
enzymes like hydrolases and dehydrogenase activities has
been widely reported by several studies™ .

To assess the effect of pesticides on soil C mineraliza-
tion, a laboratory incubation study was conducted with
paddy soil of Sitapur. It was observed that soils applied
with 2,4-D showed reduction in soil organic C content as
well as total C content compared to control (Figure 9).
There was reduction in soil organic C content from
4.4 gkg' in control to 42 gkg ' in soils applied with
chlorpyriphos or carbofuron, while the reduction was
4 g kg in soil having residue of 2,4-D and carbendazim.
Total C content in soil was found to decrease by 17.3%,
15.4% and 3.8% when soil was applied with 2,4-D,
carbofuron and carbendazim respectively, compared to
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Figure 9. Effect of pesticide on soil organic and total C content.

control soil. Changes in soil C pool was observed earlier
when organic manures were added to soil under cultiva-
tion with paddy®®

It was observed that 2,4-D application resulted in max-
imum decline of soil DHA compared to chlorpyriphos,
carbofuron and carbendazim. There was not much varia-
tion on soil organic C when pesticides were applied.
However, maximum decrease in soil total organic C
occurred in soils having residues of 2,4-D (Figure 9).

The enhanced and indiscriminate use of chemical
pesticides has led to the depletion of soil fertility, micro-
bial populations and reduction in crop production. The
impact of commonly used pesticides in paddy was
assessed on the soil properties including soil microbial
populations, MBC and enzymatic activity. Soil bacterial
populations were drastically reduced in soil from far-
mers’ practice of using pesticides. In the soils applied
with 2,4-D, reduction in soil organic C content and total
C content was observed. This also resulted in maximum
decline of soil dehydrogenase activity (DHA) compared
to chlorpyriphos, carbofuron and carbendazim. In the study
it was found that carbofuron, chlorpyriphos and carbenda-
zim application has less adverse effect on soil biological
health compared to 2,4-D application.
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Enhancing the anti-tyrosinase activity
of a hypersaline Kitasatospora sp.
SBSK430 by optimizing the medium
components
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Tyrosinase inhibitors from natural resources have
been gaining importance in pharmaceutical and horti-
cultural applications. A full factorial central compo-
site design was used to study the interactive effect of
three variables, i.e. D-mannitol, yeast extract and
sodium chloride of the fermentation medium for max-
imizing anti-tyrosinase activity (75.5%) of a hypersaline
actinobacteria, Kitasatospora sp. SBSK430. A quadrat-
ic model was found to fit the anti-tyrosinase activity
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(R* = 0.948). Response surface analysis revealed that
the optimum values of the medium components were
15 g/l D-mannitol, 5.6 g/l yeast extract and 1.2 g/l
sodium chloride. Tyrosinase inhibition activity was
enhanced 1.1-fold, using this approach.

Keywords: Actinobacteria, anti-tyrosinase, fermenta-
tion medium, hypersaline, Kitasatospora sp.

ENZYMES are vital proteins involved in regulating various
biochemical cycles in a biological system. They are also
responsible for various reactions, and associated with
several human disorders. Apart from enzymes, enzyme
inhibitors have been extensively examined; not only to
study the structure of the enzyme and its mechanism, but
also for its application in other sectors such as agricul-
ture'?, cosmetics™ and pharmaceuticals>*. The enzyme
tyrosinase (EC 1.14.18.1) has been gaining importance
due to its widespread applications. It is a key enzyme
responsible for the production of melanin, causing hyper-
pigmentation in the skin and undesirable browning
of fruits and vegetables’. Thus, the search for a novel
tyrosinase inhibitor is important.

Marine microorganisms are metabolically and physio-
logically different from terrestrial ones, owing to extreme
environments such as high temperature and salinity, and
low organic matter; thereby providing a potential source
for novel and diverse compounds’. Among bacteria, acti-
nobacteria are a renowned source of bioactive natural
compounds with applications in medicine, agriculture and
industry. They produce diverse secondary metabolites
such as enzymes7‘8, antibiotics™'?, probioticsg, biosurfac-
tants’ and enzyme inhibitors'"'?; Streptomyces being the
major candidate'*"’. Imada'? reported different types of
enzyme inhibitors from marine actinobacteria, viz.
glucosidase, N-acetyl-beta-D-glucosaminidase, pyroglut-
amyl peptidase and amylase inhibitors. Tyrosinase inhibi-
tors have been reported from various natural and synthetic
sources, highlighting their industrial relevance™'®'®,
Researchers are turning towards metabolites from natural
sources for various applications. Fernandes and Kerkar'’
have reviewed tyrosinase inhibitors produced by micro-
organisms; with major inhibitors reported from fungi and
Streptomyces species'”.

The genus Kitasatospora, classified under Actinobacte-
ria, has been reported as a producer of many bioactive
compounds®® . There are several reports of Kitasatospo-
ra producing novel bioactive compounds showing differ-
ent activities™. The genus is reported to exhibit various
activities which include antimicrobial activity?'*>?¢, pro-
teosome inhibitor”?’ and proteinase inhibitor”™*’. There-
fore, this genus could be the source of a new compound
of biological importance.

Growth improvement of the organism is possible by
manipulating its culturing conditions, in terms of nutri-
tional and physical parameters. Various regulatory
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