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ABSTRACT

Pesticides are chemical substances that are used to prevent, kill or repell any pest. During application, if
not handled properly these pesticides accumulates in soil and water and causes lethal effects on living
beings of ecosystem. This problem can be overcome by elimination of pollutants from contaminated sites
by using microorganisms. This process of bioremediation is the cheaper alternative to chemical
technology. Therefore it is a need to isolate, identify and characterize such microorganisms that are
resistant to such pesticides. The present study aims to isolate pesticide tolerating microbes from wheat
rhizosphere soil of Waigaon ( Nipani) region of Wardha district, Maharashtra. In this study total 10
pesticide resistant bacterial isolates capable of tolerating two pesticides such as Mancozeb 75 % WP
(Indofil M-45) is a dithiocarbamate non-systemic agricultural bactericide as well as fungicide and
Carbendazim 50 % WP (Camry 767) is broad spectrum benzimidazole systemic fungicide and a
metabolite of benomyl were obtained by spot assay enrichment technique. Among them Pseudomonas
sp. and Arthrobacter sp. showed highest resistance and were used for further studies. In our study,
data revealed that Pseudomonas sp. showed the highest level of tolerance viz. 1900 ppm to pesticide
Mancozeb 75 % WP.  Highest level of tolerance exhibited by all the strains to Carbendazim 50 % WP
and were found to be 1800 ppm. Thus such findings may be useful in designing the multi resistant
bacterial consortium that can be used efficiently for bioremediation of pesticides.
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INTRODUCTION

The term pesticide is a composite term that includes all the chemicals that are used to kill
or control pests. In agriculture this includes herbcides, insecticides, fungicides,
nematocides and rodenticides (1). Millions of tons of pesticides are applied every year in
agricultural fields to increase crop production and pest control. Now a day’s use of
pesticides is increased. Excessive and indiscriminate use can lead to microbial imbalance,
environmental pollution and health hazards [2]. Pesticides can reach water through runoff
from treated plants and soil. The pesticides leach down to soil and contaminate the ground
water or if immobile, they would keep on the top soil where it could accumulate to toxic
level in the soil and become harmful to microorganisms (3). The ecosystem is polluted due
to widespread use of pesticides in controlling the agricultural pests and accumulation of
such pesticides adversely affects the environment [4]. The world health organization data
show that only 2-3 % of applied chemical pesticides are effectively used for preventing,
controlling and killing pests, while the rest remains in the soil [5]. Pesticides possess
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serious threat to ecosystem. Deaths and chronic diseases occurring due to pesticide
poisoning are about 1 million per year globally [6]. The microbial degradation of hazardous
waste offers promising strategy by which such chemicals may safely be detoxified. For that
reason there is need to isolate, identify and distinguish the microorganisms that interact in
contaminated environment and to isolate genetic determinants of resistance [7].
Bioremediation constitutes an attractive alternative to physico-chemical methods of
remediation, as it is less expensive and can selectively achieve complete destruction of
organic pollutants [8]. For bioremediation to be effective, the pollutant must be subject to
microbial attack, the metabolite product must be safe and the process must not cause
adverse ecological side effects. [9]. Therefore, these toxic compounds have been implicated
in various disorders and diseases including cancer, adverse reproductive outcomes,
peripheral neuropathies, neurobehavioral disorders, impaired immune functions and
allergic sensitization reactions, particularly of the skin, cumulative inhibition of
cholinesterase activity because of long-term low doses of exposure [10]. Bacteria have
several mechanisms that allow them to be tolerant or resistant to toxic compounds.
Bacteria may utilize efflux pumps, which remove toxic compounds from the cell (11).
Bacteria may alter surface receptor sites to block entry into the cell or alter the chemical by
mechanisms such as methylation. Bacteria may also produce degrading enzymes that
metabolize the compound (12).

The present study involves the use of two most widely used pesticides in Waigaon ( Nipani)
region of Wardha district, Maharashtra, namely Mancozeb and Carbendazim. Mancozeb
(Indofil M-45) is a dithiocarbamate non-systemic agricultural fungicide. Carbendazim
(Camry 767) is broad spectrum Benzimidazole systemic fungicide and a metabolite of
Benomyl. Both of these pesticides can persist in the environment and biomagnifies in the
food chain. To cope with elevated concentrations of toxic pesticides present in environment,
effective and ecofriendly bioremediation process is required for removing such pesticides
from environment. For this reason this investigation was undertaken to study pesticide
tolerance capacity of bacteria from wheat rhizospheric soil.

MATERIALS AND METHODS

Soil sample collection

The rhizosphere soil samples from wheat (Triticum aestivum) plant were collected from
agricultural field of Waigaon (Nipani) region of Wardha district, Maharashtra. These fields
had been already sprayed with the pesticides for the past few years. The soil sample was
collected from the 2-5 mm deep from surface in sterile sample bag and transported to the
laboratory aseptically and processed. The remainder of each sample was preserved at 4 ©C
for further analysis.

Isolation of pesticide tolerant bacteria from wheat rhizosphere

Nutrient broth supplemented with 10 mg, 20 mg, 30 mg and 40 mg/L of Mancozeb75 % WP
and Carbendazim 50% WP, used for enrichment of microbial populations. The respective
flasks were inoculated with 1% (w/v) rhizospheric soil samples collected from wheat
(Triticum aestivum) and incubated at 28+2°C on an orbital rotary shaker (Remi CIS-24 Plus)
at 150 rpm. A series of 10-fold dilutions were prepared down to 109 100 pl from each
dilution was plated on Congo red yeast extract mannitol agar plate (CRYEMA). CRYEMA
Medium: Yeast extract (1.0 gm/lit), Mannitol (10.0 gm/lit), Dipotassium Phosphate (0.50
gm/lit,) Magnesium Sulphate (0.20 gm/lit), Sodium Chloride (0.10 gm/lit), Congo Red
(0.025 gm/lit), Agar (20 gm/lit), pH 6.8 — 7, Distilled water (1L) and autoclaved at 121°C for
20 min. After incubation, plates were observed for different isolates based on morphological
traits. Morphologically variable colonies picked up. Pure cultures of the soil isolates were
made and preserved on the nutrient agar slants (10).

In vitro analysis of isolates against pesticide tolerance

Nutrient agar medium was used for screening of rhizobacterial isolates for pesticide
tolerances. The one litre medium contained beef extract (3.0 gm), peptone (5.0 gm), agar
(20.0 gm) pH 7.0 = 0.2. For screening against Mancozeb 75% WP and Carbendazim 50%
WP, the nutrient agar medium was supplemented with variable concentrations of 10, 20,
40, 60, 80 and 100 ppm of both the pesticides and poured in petri plates. Inoculums of
Rhizobacterial culture isolates was spotted on the medium plate and incubated for at 37°C
for 24 to 48 hrs. (13).

IAAST Vol 9 [4] December 2018 63|Page ©2018 Society of Education, India



Waghmare et al

Identification of efficient pesticide tolerant bacterial isolates.

Isolates showing efficiency to tolerate pesticides were identified firstly on the basis of
macroscopic (colony morphology, pigmentation, etc.) and microscopic (Grams reaction,
motility, cell shape, etc.) observations. This identification was followed by several
biochemical and enzymatic tests. The various biochemical tests performed are, production
of enzyme oxidase, catalase, urease, indole, voges-proskaur test, methyl red test, citrate
utilization test, HoS producton test, nitrate reduction test, fermentation of glucose, lactose,
mannitol and sucrose (8).

RESULTS AND DISCUSSION

Isolation of pesticide resistant Rhizobacteria

These isolates were initially screened for tolerance to Mancozeeb 75 % WP and
Carbendazim 50 % WP with 10 to 40 ppm concentration. In the present study total ten
isolates, IS1, IS2 IS3, 1S4, IS5, I1S6, I1S7, IS8, 1S9 and IS10 were obtained from rhizospheric
soil sample. These isolates were further examined for their efficiency of pesticide tolerance
(Tablel).

In vitro analysis of isolates against pesticide tolerance

Among ten isolates IS1, IS2, IS3, and IS8 were able to tolerate Mancozeb 75 % WP and
Carbendazim 50 % WP with 100 ppm concentration. ISS shows tolerance only up to 40
ppm for Mancozeb 75 % WP and 60 ppm for Carbendazim 50 % WP as well as IS6 was
able to tolerate Carbendazim 50 % WP up to 60 ppm. IS4, IS7, IS9 and IS10 strains
demonstrated poor tolerance toward both the pesticides. Therefore only efficient pesticide
tolerant isolates (IS1, IS2, IS3 & IS8) were subjected for further study (Table 1). All the four
efficient isolates were further tested for tolerance towards Mancozeb75 % WP and
Carbendazim 50 % WP at higher concentrations from 200 to 2000 ppm . All the four
isolates showed tolerance up to 1800 ppm for Carbendazim 50 % WP, while for for
Mancozeb75 % WP IS1, 1S2, IS3 and IS8 showed tolerance up to 2000 ppm, 1500 ppm,
1500 ppm and 900 ppm respectively (Table 3 and 4).

Table 1: Screening of isolates for pesticide tolerance.

Pesticides Concentration Bacterial isolates
(in ppm)
IS1 | IS2 | IS3 | IS4 | IS5 | IS6 | IS7 | IS8 | IS9 | IS10
10 + + + + + + + + + +
Mancozeb
75 % WP 20 + + + - + - - + - -
40 + + + - + - - + - -
60 + + + - - - - + - -
80 + + + - - - - + - -
100 + + + - - - - + - _
Carbendazim 10 + + + + + + - + + +
50 % WP
20 + + + - + + - + - -
40 + + + - + + - + - -
60 + + + - + + - + - -
80 + + + - - - - + - -
100 + + + - - - - + - -

[+ Positive reaction, - Negative reaction]|
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Biochemical characterization and identification of Rhizobacteria

These isolates were characterized morphologically and biochemically on the basis of
cultural, morphological and biochemical characteristics. The isolates IS1, IS2 & IS3 were
Gram negative, motile bacilli, forms yellowish creamy colonies on nutrient agar while IS8 is
Gram Possitive, non motile also forms forms yellowish creamy colonies on nutrient agar. All
four isolates use citrate as a source of carbon ,produce the enzymes catalase, urease and
oxidase, produce hydrogen sulphide and able to reduce nitrate. The isolates IS1, IS2 & IS3
demonstrated fluroscence when exposed to UV (Table 2). As described in Bergey's Manual of
Determinative Bacteriology. The isolates IS1, IS2 & IS3 were identified as Pseudomonas sp.
and isolate IS8 as Arthrobacter sp.

Table 2: Mancozeb tolerance efficiency of four bacterial isolates.

Isolates Mancozeb 75 % WP concentration (ppm)

B R R R R R R e =N

NI iA ORI RN® o k(M w|e|la|a|I]|e]|w|S
gl18|8|8|8|8|8|8|o|eo|ec|c|o|lcs|lcs|leo|S|e]|e
c|oco|oco|o ||| ||| |

IS1 + + + + + + + + + + + + + + + + + + +
1S2 + + + + + + + + + + + + + + - - - - -
1S3 + + + + + + + + + + + + + + - -
IS8 + + + + + + + + - - - - - - - - - - -

Table 3: Carbendazim tolerance efficiency of bacterial isolates.

Isolate Carbendazim 50 % WP concentration (ppm)
s
- ) - - - - - - = = N
g8 /8/8|8|g|8lg/8|c|S8|8l8/g 2|3|8/8|8
/||| °o|©°  g|6o|6|6|6|6|6|6|6|o6]|0o
IS1 + | + N - -
I1S2 + | + I e e e e e e o o T T s - -
IS3 + | + + |+ |+ |+ |+ |+ |+ ]+ ]+ - -
IS8 + | + S S S S A S A A N e S A S S (N B S - -

Table 4: Cultural and Biochemical characteristics of pesticide tolerant bacterial

isolates
Tests Pesticide tolerant bacterial isolates
1S1 I1S2 1S3 1S4
Grams Reaction Gram Negative | Gram Negative | Gram Negative | Gram Possitive
bacilli bacilli bacilli bacilli
Motility Motile Motile Motile Non motile
Colony on Nutrient agar Circular Circular Circular Circular
Color Yellowish Cream Cream Yellowish
Glucose - + + +
Sucrose - - - -
Lactose - + + +
Maltose + - - -
Mannitol - - - -
H2S Production + + + +
Nitrate reductase + + + +
Indole test - - - -
Methyl Red test - - - -
Vogues- Proskauer test - - - -
Citrate utilization test + + + +
Urease + + + +
Oxidase + + + +
Catalase + + + +
Fluorescence + + + -
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In the present study we have isolated four isolates that could tolerate pesticide
concentration as high as 1800 ppm of Carbendazim 50% WP and tolerate 900 to 2000 ppm
of Mancozeb 75 % WP. The isolates demonstrated varied efficiency for two different types of
pesticides. Tolerant bacterial isolates showed some degree of diversity with regards to their
nutrient utilization, biochemical phenotypes and tolerance toward both pesticides, despite
somewhat similar colony and cell morphologies. This gives support to the hypothesis that
diverse indigenous microbial communities will increase the likelihood that these pesticides
are metabolized (14). Several other studies showed that bacterial isolates have the ability to
use specific pesticides as a sole source of carbon, nitrogen or phosphorus. These results
strongly suggested that genes responsible for the ability to metabolize various pesticides
might be plasmid mediated (2). Data revealed that bacteria closely associated with roots of
wheat (Triticum aestivum) plants and the immediate surrounding soil significantly tolerates
two commonly used pesticides in wardha region viz. Carbendazim 50 % WP and Mancozeb
75 % WP. Growth of Pseudomonas was confirmed on King’s B medium on which all the
strains showed fluorescence under UV light.

In one of the study of Singh et al. [15] total eight isolates belonging to Bacillus sp., S.
aureaus and Aspergillus sp. isolated from various soil samples found to degrade pesticide
Dimethonate. In another study conducted by Naphade et al [8] five soil isolates namely
Pseudomonas psychrophila, Devoshia yakushimensis, Paracoccus chinensis, Planococcus
rifietoensis, Pseudomonas aeruginosa were found to tolerate two pesticides (Endosulfan,
Cypermethrin and Chlorpyrifos) efficiently. These isolates could tolerate endosulfan up to
19000 ppm, cypermethrin up to 15000 ppm and chlorpyrifos up to 15000 ppm .

Hussaini et al. [16] during his study isolated six bacterial strains which were found to
show significant ability to carry out the degradation of selected pesticides (Chlorpyrifons
and malathion), these cultures were identified as Acinetobacter radioresistens,
Pseudomonas frederiksbergensis, Bacillus pumilis, Serratia liquefaciens, Serratia
marcescens, Burkholderia gladioli. Pesticide resistant cyanobacterial cultures were also
isolated from selected soil samples from Baramati region of Maharashtra by Pawar et al.
[17].These cyanobacterial cultures were found to effectively tolerate Monocrotophos (900
mg/L) and Endosulfan (500 mg/L).Tyagi et al. [18] demonstratd that ,Serratia nematodifila,
a cypermethrin degrading bacteria isolated from rhizospheric soil of cauliflower found to
use cypermethrin as sole source of carbon and degraded 97.5% of the pesticide added at an
initial concentration of 100 ppm in FTW minimal salt medium in 7 days.

In the present study of tolerance to pesticides by Rhizobacteria, showed that Pseudomonas
sp. and Arthrobacter sp. could be a promising candidate for bioremediation of pesticides in
regions with high levels of pesticide, Mancozeb 75 % WP and Carbendazim 50 % WP.

Fig.1: Tolerance efficiency of isoalates to Manconezeb 75 % WP & Carbendazim 50 % WP.
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Fig 2: IS1, IS2, IS3 & IS8 tolerate Fig 3: IS1, IS2 & IS3 tolerate
900 ppm with Mancozeb 75 % WP. 1500 ppm with Mancozeb 75% WP.

Fig 4:IS1 tolerate 2000 ppm with Fig 5:IS1, IS2, IS3 & IS8 tolerate 1800 ppm
Mancozeb 75% WP. with Carbendazim 50 %WP.

Fig 6: Colonies of Pseudomonas sp. on Fig 7: Colonies of Arthrobacter sp. on
King’s B plates observed under UV. on nutrient agar.
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Fig 8: Mancozeb 75% WP S Fg 9 Carbendazim 50% WP.

CONCLUSION

The results of the present study are quite encouraging and shows that the bacteria isolated
from wheat rhizosphere are able to tolerate Mancozeb 75 % WP and Carbendazim 50 % WP
pesticides efficiently and may therefore be wused for bioremediation of pesticide
contaminated soil. These isolates could be used as a microbial consortium for efficient
removal of pesticides from environment.
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