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ABSTRACT

Twenty six bacterial isolates were obtained from chlorpyriphos contaminated soil samples by
enrichment culture technique. Out of these, four isolates showed growth up to 30,000 ppm and four
up to 40,000 ppm chlorpyriphosamended in Mineral salt medium (MSM) containing glucose (0.2%).
Out of these eight isolates, four produced yellow coloured colonies on MSM agar plates containing
chlorpyriphos (50 ppm) and bromo thymol blue (BTB) indicator and also showed the reduction of
2,3,5-triphenyltetrazolium chloride (TTC) in MSM that confirmed their chlorpyriphos degrading
capability. These four isolateswere tested for different carbon and nitrogen source utilization pattern
on MSM agar plates (containing 100 ppm chlorpyriphos). With all the isolates, good growth was
observed in presence of five carbon and five nitrogen sources. Therefore, these carbon and nitrogen
sourceswere used for chlorpyriphos utilization in liquid medium. Bacterial count and protein content
was found to be more in the medium amended with 100 ppm chlorpyriphos containing glucose as
carbon source and ammonium chloride as nitrogen source as compared to medium containing other
carbon and nitrogen sources with all the four isolates at 7 days of growth. Maximum utilization of
chlorpyriphoswas observed with the isolate SB1 (80.1 %) followed by HIC2 (76.2 %), SGB2 (65.2%)
and HIIGA2 (58.1%) in liquid medium. Two isolates (SB1 and HIC2) which showed more utilization
of chlorpyriphos in liquid medium as compared to others, were characterized using morphological,
biochemical and physiological tests Isolate SB1 was identified as Pseudomonas and HIC2 as
Xanthomonas
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INTRODUCTION

Importance of organophosphorus
pesticides is increasing in pests control because
of their rapid decomposition and less likely
accumulation in environment. They are still of
great concern however, because of their high
solubility in water and excessive usage. The
presence of these pesticidesin soil and water can
directly affect the health of aquatic and terrestrial
organisms and may present a threat to humans
through contamination. These are acutely toxic
and act by inhibiting acetylcholinesterase, an
important enzyme in the nervous system (Kanekar
et al., 2004). On exposure to organophosphorus
pesticides, the enzyme is unable to function
causing accumulation of acetylcholine which
interferes with the transmission of nerve impulses
at the nerve endings.

Chlorpyriphos is the one out of about 100
organophosphorus pesticides in the market today. It
is a broad spectrum commercial pesticide used for
insect control since 1960. The target insects of
chlorpyriphos are white flies, plant louses, termites,
cockroaches, ants and mosquitoes (Fang et al.,
2006). It ismoderately persistent in soilsand its half-
life isusually between 60 and 120 daysbut can range
from 2 weeks to 1 year depending on the soil type,
climate and other conditions. Considerable residues
of chlorpyriphos have been reported in apples,
tomatoes, cotton seed and oil of oilseed crops like
ground nut, safflower and mustard (Aysal et al.,
1999; Gupta et al., 2001; Blossom et al., 2004,
Aleagha et al., 2011). Microbial degradation has
been considered to be the most important
degradation method because it is the main factor
impacting degradation of chlorpyriphos residues
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(Racke et al., 1996). It has been reported to be
resistant to enhanced degradation due to the
accumulation of its antimicrobial degradation
productsin the soil. Its microbial degradation results
in formation of two products namely chlorpyriphos
oxon and 3,5,6,trichloro-2-pyridinol (TCP)
(Robertson et al., 1998). It haslarge effect on public
health and environment resulting from its long
persistence period in soil and water (Mohan et al.,
2004). Therefore, itscontamination and degradation
have been paid close attention (Racke et al., 1988;
Yang et al., 2005). It has also been shown to be
degraded co-metabolically in liquid media by
bacteria (Mallick et al., 1999; Horne et al., 2002).
Several bacteria capable of co-metabolizing
chlorpyriphos as sole source of carbon and energy
(Qian et al., 2007; Anwar et al., 2009) are known.
The present study describes isolation and
characterization of chlorpyriphos degrading bacteria
from chlorpyriphos contaminated soils.

MATERIALS AND METHODS
Enrichment and isolation of chlorpyriphos
degrading bacteria: Soil samples contaminated
with chlorpyriphoswere collected from the cotton and
sugarcane fields of Haryana Agricultural University
Farm Hisar and cotton field of shahpur village, District
Hisar. These soil samples were partially air dried
overnight and then sieved through 2mm mesh seve
and kept in refrigerator until further use.

Chlorpyriphos (20EC, Dursban), Dow
Agrosciences India Pvt. Ltd. was purchased from
the local pesticide supplier. Above soil sampleswere
treated with 0.8 ml of chlorpyriphos three times at
intervalsof 10 daysto achieve the final concentration
of 0.025 ml g of dry soil to maximize the degrading
capability of the soil. These soils were then used for
several roundsof enrichment in mineral salt medium
(MSM) containing chlorpyriphos (0.025 ml g* soil)
in the absence or presence of glucose (0.2%). From
the final enriched samples, twenty six bacterial
isolates were obtained by serial dilution technique
on three types of media; Mineral salt medium (MSM)
containing 0.2% glucose, Nutrient agar medium (NA)
and Mineral salt medium supplemented with nitrogen
(MSMN) containing 0.2% glucose and chlorpyriphos
and purified by streaking on fresh medium plates.
After purification, isolateswere transferred to Nutrient
agar slants and after growth; slants were stored in
refrigerator until further use.
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Screening of bacterial isolates for chlorpyriphos
utilization: All the isolates were screened for
chlorpyriphos utilization on MSM agar platesin the
presence (0.2%) or absence of glucose. Actively
growing cultures were spotted on chlorpyriphos
amended MSM agar plateswith (0.2%) and without
glucose. Plates were incubated at 29+ 1°C ina BOD
incubator for 3-4 days. Eight isolates able to grow
in the presence of highest concentration (30,000 and
40,000 ppm) of chlorpyriphoswere referred as CPY*.
Actively growing CPY* bacterial isolateswere spotted
on chlorpyriphos amended MSM agar plates
containing BTB indicator (prepared by adding
0.5%BTB in 0.2N NaOH) and incubated for 3 days
at 29+ 1°C. The colour change produced by the
bacterial isolateson the medium wasobserved. Out
of eight, four bacterial isolates which showed
chlorpyriphos utilization ability on MSM agar plates
were checked for chlorpyriphos utilization in MSM
containing chlorpyriphos (100 ppm) as described
by Yu and Yu (2000). Bacterial isolates were
inoculated in MSM containing chlorpyriphos (100
ppm) and incubated at 30°C in a shaking incubator
for 5-6 days. Then 1ml of freshly prepared 2,3,5-
triphenyl tetrazolium chloride (TTC, 0.02%) was
added to each flask and flasks were incubated at
29+ 1°C in a BOD incubator. After 4 hr of
incubation, flasks were observed visually for the
appearance of red colour in the broth (due to the
formation of formazone). Appearance of red
colouration is the indicative of positive test.

Determination of carbon and nitrogen source
utilization pattern: Selected isolates which were
able to utilize chlorpyriphosin liquid medium in the
presence of 0.2% glucose were further tested for
chlorpyriphos utilization in presence of different
carbon and nitrogen sources on MSM agar plates.
For confirmation of chlorpyriphos utilization in the
presence of these carbon and nitrogen sources in
liquid medium, MSM supplemented with either of
these carbon and nitrogen source and chlorpyriphos
was prepared. For inoculum preparation, actively
growing cultures were transferred to Nutrient broth
and kept on a rotary shaker at 29+ 1°C for 18 hr.
Finally flaskswere inoculated with 3% fresh inoculum
of 1.0 O.D and incubated at 29+ 1°C for 7 days.
Viable count in culture broth was determined by
dilution plating on Nutrient agar plates and protein
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content was determined by Lowry s method (Lowry
etal., 1951).

Chlorpyriphos extraction from liquid medium:
Chlorpyriphos was extracted from the liquid medium
by the method of Jain et al., 1974. For this, one ml of
the sample broth was transferred to eppendorf tubes
and centrifuged at 10,000 rpm for 10 minutes. The
supernatant was separated out and extracted with 2
ml of chloroform. The aqueous phase was removed
and the solvent phase containing chlorpyriphos was
transferred to a test tube and evaporated to dryness
followed by addition of 0.2 ml each of 2 percent 4- (p-
nitrobenzyl) pyridine solution and 2 percent
cyclohexylamine solution prepared in acetone. The
lower part of the tube was immersed in a oil bath
maintained at 175-180°C for 3 minutes and cooled
for a few secondsin a cold water bath. The absorbance
was read at 520 nm after diluting to 3 ml with ethyl
acetate within 10 minutes. The chlorpyriphos
concentration was estimated by referring to the
standard curve. Standard curve was prepared by using
gradient concentrations of chlorpyriphos (0.5, 1, 1.5,
2.0,25,3.0,3.5,4.0,4.5and 5.0 ppm) and developing
colour after adding the reagents and measuring the
absorbance at 520 nm.

Analysis of chloride released from chlorpyriphos
Chloride release by bacterial isolates in MSM
containing chlorpyriphos (100 ppm) was analysed
at 7 days of growth following the Argentometric
method (Greenberg et al., 1992). This is indirect
method of measuring chlorpyriphos degradation.

Identification of bacterial isolates: Bacterial
isolates were grown at 29+ 1°C for 24 hr on Nutrient
agar medium slants/plates. The bacterial cultures
were examined for various morphological,
biochemical and physiological characteristics as per
procedure described in Bergey> Manual of
Determinative Bacteriology (Holt et al. 1994). The
inter-relationship of the microorganisms in each
section of Bergey’s Manual is based on
characteristics such as morphology, staining
reactions, nutrition, cultural characteristics and
biochemical test results for specific metabolic end
products.

RESULTS AND DISCUSSION
Isolation of bacteria from enriched soil samples
Twenty six bacterial isolates were retrieved from
chlorpyriphos contaminated soil samples by
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enrichment culture technique (Table 1). Our results
were in accordance with Zhu et al. (2010) who
isolated a strain ZHU-1 capable of utilizing
chlorpyriphos asthe sole carbon and energy source
from chlorpyriphos contaminated soil by enrichment
culture technique and Awad et al. (2011) who
isolated five bacterial isolates capable of degrading
chlorpyriphos from pesticides contaminated soil in
Egypt using enrichment culture technique. Recently,
Kavikarunaya and Reetha (2012) isolated bacterial
isolates capable of degrading chlorpyriphosfrom the
soil sample collected from the paddy field of
Annamalai Nagar which was having a history of
repeated pesticide applications.

TABLE 1: Bacterial isolates retrieved from chlorpyriphos
(CPY) contaminated soil samples on different media.

Place of Mineral Nutrient Mineral salt

soil sample salt agar(NA) medium

collection medium(M medium supplemented
Sv)* with

nitrogen(MSMN)*

Shahpur 2 3 1

Shahpur** 1 2 2

HAU - 2 - 2

HAU —|** 2 1 -

HAU -l 1 1 2

HAU -l |** 2 - 2

Total 10 7 9

Total No. of isolates: 26; *: 0.2 % glucose amended in plating
medium; **: 0.2 % glucose amended in enrichment medium;
Shahpur: Soil collected from rhizosphere of cotton field; HAU-
I: Soil collected from rhizosphere of cotton field; HAU-II: Soil
collected from rhizosphere of sugarcane field

Screening of bacterial isolates for utilization of
chlorpyriphos on MSM agar plates: In the further
step, it was interesting to know the ability of the
bacterial isolates retrieved from chlorpyriphos
enriched soils to tolerate and grow on higher
concentration of chlorpyriphos. Such ability hasbeen
recently studied by Bhagobaty and Malik (2008).
They observed that cultures could tolerate upto 3200
ppm of chlorpyriphos amended in Minimal salt
medium plates. In our study, out of 26 bacterial
isolates, four isolates (SB3, SC, HIC2, HIIC1)
showed growth upto 30,000 ppm and four isolates
(SGB2, SB1, HIIGA1, HIIGA2) upto 40,000 ppm
of chlorpyriphos amended in MSM agar plates
containing 0.2% glucose (Table 2). Out of these eight
isolates, four isolates (SB1, HIC2, SGB2 and
HIIGA2) produced yellow coloured colonies (Fig 1)
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TABLE 2: Screening of bacterial isolates for chlorpyriphos utilization on MSM agar plates with and without glucose.

Bacterial -G G G (0.2%)
isolates + CPY (0.2%) + different concentrations of chlorpyriphos (ppm)
(1-50ppm)
100- 3000 5000 10,000 20,000 30,000 40,000
1000
SA1 - + ++ ++ ++ ++ - - -
SA2 - + ++ ++ + + - - -
SB1 - + ++ ++ ++ ++ ++ ++ ++
SB2 - + + + ++ ++ + - - -
SB3 - + + + ++ ++ ++ ++ ++ -
SC - + + + + + ++ ++ ++ ++ -
SGA - + ++ + + ++ + - - -
SGB1 - + + + ++ - - - - -
SGB2 - + ++ ++ + + + + -
SGC1 - + + + ++ + + - - -
SGC2 - + + + ++ + - - - -
HIA1 - + ++ ++ - - - - -
HIA2 - + ++ ++ - - - - -
HIC1 - + ++ ++ + - - - -
HIC2 - + ++ ++ ++ ++ ++ + -
HIGA1 - + + + + + + + - -
HIGA2 - + + + + - - - - -
HIGB - + ++ ++ + - - - -
HIIA - + ++ ++ - - - - -
HIIB - + + + + + + - -
HIIC1 - + ++ ++ + + + + +
HIIC2 - + + + + + - - - -
HIIGA1 - + ++ ++ ++ + + + +
HIIGA2 - + ++ ++ ++ ++ ++ ++ ++
HIIGC1 - + + + ++ + ; ) ) )
HIIGC2 - + + + + - - - - -
- No growth; + medium growth; + + heavy growth

Isolates details:

SA: Isolated from Shahpur cotton field soil and plated on MSM (+ 0.2%(glucose)

SB: Isolated from Shahpur cotton field soil and plated on NA

SC: Isolated from Shahpur cotton field soil and plated on MSMN (+ 0.2%glucose)

SGA: Isolated from shahpur cotton field soil amended with 0.2% glucose and plated on MSM (+ 0.2%glucose)
SGB: Isolated from shahpur cotton field soil amended with 0.2% glucose and plated on NA

SGC: Isolated from shahpur cotton field soil amended with 0.2% glucose and plated on MSMN (+ 0.2%glucose)
HIA: Isolated from HAU cotton field soil and plated on MSM (+ 0.2%glucose)

HIC: Isolated from HAU cotton field soil and plated on MSMN (+ 0.2%(glucose)

HIGA: Isolated from HAU cotton field soil amended with 0.2%glucose and plated on MSM (+ 0.2%glucose)
HIGB: Isolated from HAU cotton field soil amended with 0.2%glucose and plated on NA

HIIA: Isolated from HAU sugarcane field soil and plated on MSM (+ 0.2%glucose)

HIIB: Isolated from HAU sugarcane field soil and plated on NA

HIIC: Isolated from HAU sugarcane field soil and plated on MSMN (+ 0.2%glucose)

HIIGA: Isolated from HAU sugarcane field soil amended with 0.2% glucose and plated on MSM (+ 0.2%glucose)
HIIGC: Isolated from HAU sugarcane field soil amended with 0.2% glucose and plated on MSMN (+ 0.2%glucose)

on MSM agar plates containing chlorpyriphos (50 media have been used for the rapid screening of
ppm) and BTB (5ml/l). Cells utilize chlorpyriphos bacteria capable of degrading diethyl formamide
and chloride produced by them decreasesthe pH (Veeranagowda et al., 2002), chlorpyriphos
which is indicated by the change in colour of the (Anuja, 2005) and pentachlorophenol (Nandish,
indicator dye from green to yellow. Such indicator 2005).
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FIG 1:Growth of different bacterial isolates on MSM agar
plates containing chlorpyriphos (50 ppm) and BTB.
- White coloured colony

+ Yellow coloured colony;

Screening of bacterial isolates for utilization of
chlorpyriphosin liquid medium: Bacterial isolates
which showed chlorpyriphos degrading ability on
MSM agar plates were checked for chlorpyriphos
utilization in MSM containing chlorpyriphos (100
ppm) and 2,3,5-triphenyl tetrazolium chloride(TTC,
0.02%) as described by Yu and Yu (2000) and later
on used by Bhagobaty and Malik (2008). All the four
selected isolates showed the reduction of TTC in the
presence of chlorpyriphos which was observed
visually with the appearance of red colour (Fig 2) in
the broth. Actually, TTC can be used as colorimetric
indicator of biochemical oxidation of organic
substrates. Bacterial oxidation of a substrate
generatesreduced NAD; if the e- isdonated to an e-
transported system such as TTC which acts as
artificial e- acceptor and reducesto highly coloured
product formazone which can be observed visually
(Yu and Yu., 2000). These tests confirmed the
biodegradation ability of these four bacterial isolates.

FIG 2: Reduction of 2,3,5-triphenyl tetrazolium chloride(TTC) by the bacterial isolates
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Carbon and nitrogen source utilization pattern
on MSM agar plates: Selected bacterial isolates
were tested for chlorpyriphos utilization in the
presence of different carbon and nitrogen sources
on MSM agar plates. Out of 8 carbon sourcestested,
good growth was observed with 5 carbon sources
(glucose, mannitol, sucrose, mannose and
arabinose) in all the four isolates (Table 3). While
out of 8 nitrogen sources tested, good growth was
observed with five nitrogen sources such as urea,
ammonium chloride, glycine, tryptophan and sodium
nitrate (Table 4). Our results are in accordance with
Bhagobaty and Malik (2008) who studied the
chlorpyriphos utilization by the four bacterial isolates
in the presence of different carbon (glucose, mannitol,
sucrose, mannose, fructose, raffinose adonitol,
dulcitol, adonitol, maltose and arabinose) and
nitrogen (arginine, glycine, histidine, threonine,
methionine and tyrosine) sources on MSM agar
plates containing 100 ppm chlorpyriphos and
supplemented with 1g/l of either of carbon and
nitrogen source. All the isolates showed similar
properties in utilizing glucose and sucrose. Different
isolates showed different utilization pattern of
different nitrogen sources. Recently, Kavikarunaya
and Reetha (2012) studied the growth of the three
chlorpyrifos degrading isolates viz., Pseudomonas
fluorescens, Bacillus subtilis and Klebsiella sp. in
minimal salt broth containing 50 ppm of chlorpyrifos
and different carbon (dextrose, fructose, lactose,
galactose and mannose) and nitrogen (malt extract,
peptone, yeast extract, casein and beef extract)
sources. The growth of bacterial isolates was
maximum in the presence of dextrose followed by
fructose, galactose and mannose and malt extract
followed by peptone, yeast extract and casein.

TABLE 3: Chlorpyriphos utilization by bacterial isolates on
MSM agar plates with different carbon sources.

Carbon source(0.2%)

Bacterial isolates

SB1 SGB2 HIC2 HIIGA2
Glucose +++ ++ ++ +++
Mannitol ++ +++ ++ +++
Fructose + + + +
Lactose + + + +
Sucrose + + + + + + +
Mannose + + + + + +
Arabinose ++ ++ + ++
Maltose ++ ++ + +

+ small growth ; + + medium growth ; + + + heavy growth; *
negligible growth
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TABLE 4: Chlorpyriphos utilization by bacterial isolates on
MSM (0.2%glucose) agar plates amended with different
nitrogen sources.

Nitrogen source(0.07M) Bacterial isolates

SB1 SGB2 HIC2 HIIGA2
Glycine ++ ++ ++ ++
Tryptophan  + + + +
Tyrosine ++ +
Potassium + + +
nitrate
Sodium + + + + + + +
nitrate
Ammonium
sulphate
Ammonium + + + + + + + + +
chloride
Urea + + + + +

+ small growth ; + + medium growth ; + + + heavy growth;
+ negligible growth

Carbon and nitrogen source utilization pattern
in liquid medium: For confirmation of
chlorpyriphos utilization in the presence of five
selected carbon sources in liquid medium, isolates
were grown in MSM supplemented with either of
the carbon source (0.2 %) along with 100 ppm
chlorpyriphos(Table 5). Bacterial count and protein
content wasfound to be more in medium amended
with chlorpyriphos and carbon source as compared
to the medium containing only carbon source and
highest bacterial count i.e. 1760.0 x 107cfu mI* and
protein content 364.4 pug mlt were observed in
medium amended with chlorpyriphosalong with 0.2
% glucose with the isolate SB1. Similar results were
observed with other bacterial isolates i.e. bacterial
count and protein content were found to be morein
medium amended with chlorpyriphos and carbon
source and highest bacterial counts i.e. 1696.0 x
107, 234.0 x 107 and 50.0 x 107 cfu ml** and protein
contentsi.e. 468.5, 312.2 and 214.4 pug ml* were
observed in medium amended with chlorpyriphos
along with 0.2 % glucose with bacterial isolates
HIIGA 2, SGB 2 and HIC 2 ascompared to medium
amended with other carbon sources. As with no
other carbon source, better growth than glucose was
observed, therefore glucose at the concentration of
0.2 % wasused asthe carbon source in the medium
for further experiments.

For confirmation of chlorpyriphos utilization
(200 ppm) in the presence of five selected nitrogen
sources in liquid medium, isolates were grown in
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TABLE 5: Growth of bacterial isolates in MSM with different carbon sources.
Bacterial Isolates
SB1 SGB2 HIC2 HIIGA2
Bacterial Protein Bacterial Protein Bacterial Protein Bacterial Protein
Treatments count (ug mIh) count (Mg mi™h count (g mi™) count (Mg mi™h
(cfux 107 (cfux 107 (cfux 107 (cfux 107
ml-%) miL) miL) mit)
Glucose 1130.0 276.1 187.0 259.9 29.0 152.8 1392.0 413.9
Glucose + CPY 1760.0 364.4 234.0 312.2 50.0 2144 1696.0 468.5
Mannose 11.0 32.0 2.0 36.7 10.0 108.3 120.0 148.4
Mannose + CPY 17.0 40.7 1.0 46.1 15.0 128.9 126.0 187.8
Mannitol 168.0 112.7 107.0 155.6 12.0 98.3 62.0 83.9
Mannitol + CPY 188.0 137.0 118.0 172.8 14.0 113.8 71.0 91.6
Arabinose 32.0 46. 8 72.0 115.0 4.0 72.2 166.0 245.6
Arabinos + CPY 48.0 5.4 84.0 168.9 10.0 98.6 174.0 268.2
Sucrose 173.0 141.1 140.0 198.3 26.0 1394 123.0 172.7
Sucrose + CPY 194.0 146.2 166.0 221.1 37.0 144.6 134.0 201.1
CD at 5% 30.01 885 5.75 5.17 281 5.23 6.47 3.12
SE(m) + 7.62 2.98 1.96 1.74 0.95 1.76 217 1.05

CPY: Chlorpyriphos (100 ppm); carbon sources (0.2%)

MSM supplemented with either of the nitrogen source
(0.07 M). All the four isolates showed more bacterial
count and protein content in the presence of
ammonium chloride indicating more utilization of
chlorpyriphosin the presence of thisnitrogen source
(Table 6). In the isolate SB1, maximum bacterial
count (288.2 x 107 cfu ml?t) and protein content
(207.6 pg mlt) was observed with ammonium
chloride. The similar trend was observed with the
isolates SGB 2, HIIGA 2 and HIC 2 that showed
maximum bacterial count (226.6 x 107 , 224.3 x
107, 186.0 x 107 cfu ml) and protein content (294.0,
323.0, 394.2 pg mlt) with ammonium chloride.
Therefore, ammonium chloride was selected as
nitrogen source in the medium for degradation
studies. Utilization of chlorpyriphosin the MSM was
enhanced when the medium was supplemented with
glucose and ammonium chloride. Our results are in
agreement with Ivashina (1986) who studied
chlorpyriphos degradation by several microbial
culturesmaintained in liquid medium containing 10
ppm chlorpyriphos. Dissipation was more rapid in
a sucrose-supplemented medium containing
Trichoderma sp. and glucose supplemented media
containing Bacillus sp. than in control medium
containing no microorganism. Anwar et al. (2009)
examined the effect of nutrients and/or alternate
carbon sources such as glucose, nutrient broth and
yeast extract in minimal salt medium on the
chlorpyriphos utilizing capability of the Bacillus

pumilus strain C2A1 and observed increased
pesticide utilization in the presence of these nutrients.
Enhancement in chlorpyriphosutilization in presence
of these nutrients may be probably due to more
growth which in turn increased degradation.
Recently, Hindumathy and Gayathri (2013) also
studied the chlorpyriphos utilization (100 ppm) by
the bacterial isolate in the liquid medium with
additional glucose (1000 mg/l). The authors
concluded from the results that the presence of
glucose supports more biomass, which in turn brings
about higher degradation and dissipation of the
pesticide. Maximum dissipation of 84.5% was
observed with bacterial isolate in presence of glucose
as compared to 73.3% dissipation in absence of
glucose. Farhan et al. (2013) also observed increased
chlorpyriphos utilization in the presence of glucose
by the Klebsiella sp.

Residual chlorpyriphos in MSM at 7 days of
growth: To study the utilization of chlorpyriphos by
the above isolates in MSM, medium was amended
with 100 ppm chlorpyriphos and bacterial isolates
were grown in thismedium. After 7 days of bacterial
growth, residual chlorpyriphoslevel was determined.
The residual chlorpyriphos level was 13.2 ppm with
the isolate SB1, 15.8 ppm with the isolate HIC2,
23.0 ppm with the isolate SGB2 and 27.8 ppm with
the isolate HIIGA2 respectively. Percent utilization
of chlorpyriphoswas maximum with the isolate SB1
(80.1 %) followed by HIC2 (76.2 %), SGB2 (65.2%)
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TABLE 6: Growth of bacterial isolates in MSM with different nitrogen sources
Bacterial Isolates
SB1 SGB2 HIC2 HIIGA2

Treatments Baderial Protein Bacterial Protein Bacterial Protein Bacterial Protein

count (g mlY) count (ug mIY) count (Mg mIY) count (g mi)

(cfux 107 (cfux 107 (cfux (cfux 107

ml-t) mit) 107 mlY) mit)
Glycine 225.4 166.3 174.6 215.3 98.0 291.0 128.0 188.2
Glycine + CPY 246.3 179.4 183.0 264.5 115.3 3174 164.0 2352
Tryptophan 43.0 49.2 36.0 945 46.0 206.0 73.0 96.3
Tryptophan + 60.2 67.0 42.3 120.3 63.6 233.9 94.2 1133
CPY
Sodium nitrate 906 106.7 102.0 175.4 78.0 264.8 101.0 128.0
Sodium nitrate + 114.3 124.7 124.4 186.8 90.0 285.2 148.3 213.0
CPY
Ammonium 234.0 183.2 178.2 236.4 136.0 345.6 183.2 2723
chloride
Ammonium 288.2 207.6 226.6 294.0 186.0 394.0 224.0 323.0
chloride + CPY
Urea 205.2 143.8 112.0 183.3 88.0 273.2 923 107.7
Urea+ CPY 226.4 156.6 146.0 186.2 97.0 295.4 113.4 137.8
CD at 5% 5.26 5.25 6.85 572 6.39 4.35 3.25 4.56
SE(m) + 1.79 176 2.23 172 2.01 1.32 1.09 1.53

CPY: Chlorpyriphos (100 ppm); nitrogen source (0.07M)

and HIIGA2 (58.1%) respectively (Table 7). Our
results are similar to Anuja (2005) who reported
degradation of chlorpyriphos (50 ppm) by the nine
bacterial isolatesin Mineral salt medium in presence
of glucose (1 g/l) after 7 days of growth. Isolate JA-
15 showed 100 % degradation while JA-8 showed
96.91% and the least degradation i.e 66.2 % was
shown by the isolate JA -12.

Chloride release by bacterial isolates in MSM
with chlorpyriphos (100 ppm) at 7 days of

growth : The ability of the bacterial isolates to
degrade chlorpyriphos was also assessed indirectly
in terms of chloride released by bacterial isolatesin
MSM containing chlorpyriphos (100 ppm) (Fig 3).
The chloride release was maximum with the isolate
SB1 (7.1 ppm) followed by HIC 2 (6.9 ppm), SGB2
(6.7 ppm) and HIIGA2 (6.4 ppm) respectively.
Biologically mediated dehalogenation has been
reported in the degradation of several chlorine-

8
TABLE 7: Effect of different isolates on residual ; L 67 69

chlorpyriphos in MSM at 7 days after growth . ] ] 54
Bacterial Residual Utilization of é °
Isolate chlorpyriphos chlorpyriphos (%) § 51

(PPM) LI

Control 58.2 12.2 3 3
(uninoculated) s )
SB1 13.2 80.1 o
SGB2 23.0 65.2 1 %
HIC2 15.8 76.2 0 I:l
HIIGA2 27.8 58.1 oontro sBI SGB2 HC2 HGA2
CD at 5% 3.76 Treatments
SE(m) 1.18

Initial level of chlorpyriphos: 100 ppm
Initial detectable chlorpyriphos: 66.3 ppm

FIG. 3: Chloride release by bacterial isolates in MSM with
chloropyriphos (100 ppm) at 7DAG.
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containing pesticides (Feng et al., 1997; Struthers et
al., 1998).

Identification of bacterial isolates: Out of four
bacterial isolates, two isolates namely SB1 and HIC2
which showed more utilization of chlorpyriphos in
liguid medium as compared to others were
characterized using morphological, biochemical and
physiological tests as described in Bergey s Manual of
Determinative Bacteriology (Holt et al. 1994). Isolate
SB1 was identified as Pseudomonas and HIC2 as

TABLE 8:

389

Xanthomonas (Table 8). It is well known that
Pseudomonas is a highly versatile organism with an
ability to metabolize even the most complex polymers.
Our resultswere in agreement with the findings of other
scientistswho isolated Pseudomonas spp. which were
able to degrade chlorpyriphos (Lakshmirani and
Lalithakumari, 1994; Fenget al., 1997; Karpouzasand
Walker, 2000; Korade and Fulekar, 2009; Farhan et
al., 2012; Kavikarunaya and Reetha, 2012). Besides
that Xanthomonas sp. hasalso been found to degrade
organophosphorus pesticides (Tchelet et al., 1993).

Identification of bacterial isolates.

Morphological & biochemical characters
SB 1

Bacterial isolates
HIC 2

Colony morphology

Configuration

Margin

Elevation

Surface

Opacity

Pigment

Gram reaction

Endospore formation

Bacterial morphology

Bacterial arrangement

Growth on MacConkey agar

Indole production -

Methyl red -

Voges-proskauer reaction -

H,S production -

Citrate utilization +

Oxidase +

Catalase +
+
+

Circular
Entire
Convex
Smooth

-ve
-ve

Single

Casein Hydrolysis
Gelatin Hydrolysis
Starch hydrolysis -
Cellulose hydrolysis -
Acid production from

Glucose +
Fructose -
Maltose -
Sucrose -
Galactose -
Physiological characters
Growth at pH

pH 5.0

pH 6.0

pH 8.0

pH 9.0

Growth on NaCl (%)
2.0

4.0

6.0

8.0 -
12.0 -
Probable Genus

+ + + .

+ + +

Opaque
Bluish-green

Short rods

Pseudomonas

Circular
Entire
Convex
Smooth
Opaque
Yellow
-ve
-ve
Short rods
Single or Pairs
+

+ + + .

+ + + +

+ + + .

+ +

Xanthomonas
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