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ABSTRACT 
Organophosphate pesticides (OPP) are applied globally and are considered to be relatively safer 
alternatives to the first generation pesticides dominated by organochlorines. OPP are also more 
amenable to degradation. However, bioaccumulation of highly toxic organophosphates (Ops) has 
been observed which may be due to sorption of OPs to soil particles, making it unavailable for 
microbial metabolism. As a result several acute and chronic toxicity effects (Neurological 
effects) were reported in connection with OPP. The primary route of entry of these chemicals to 
food chain is through food crops grown in chemically overburdened agricultural soils. Hence it’s 
important to address this problem by constructing a bioremediation method for in-situ 
remediation of OPP in agricultural soils without causing any harm to plants. Our study focuses 
on remediation of OPP methyl parathion using rhizobacteria (namely RB1, RB2, RB3 and RB4) 
that also have properties of plant growth promotion. Primary screening was done to check the 
limits of tolerance in test isolates to a range of OPP (100 - 600ppm). Isolate RB1 showed best 
tolerance to OPP with a11% growth increment at 500ppm of OPP. In order to test the capability 
of these isolates to utilize OPP as principle carbon and/or nitrogen source, in vitro experiments 
were conducted by sequential exclusion of carbon and nitrogen salts in the medium and 
provision of OPP in their place. Amongst the four isolates studied, RB1 was found to be best 
utiliser of methyl parathion as both carbon and nitrogen source followed by RB4, whereas RB3 
showed best response towards utilization of methyl parathion as nitrogen source. Further enzyme 
assays were conducted to test the presence of enzymes responsible for OPP degradation i.e., 
estrase and OPhydrolase (OPH). Isolates RB1 and RB4 showed maximum enzyme activity even 
at a OPP concentration of 300ppm. Additionally biochemical tests were performed to identify 
such properties that would increase OPP bioavailability and thus promote degradation of OPP. 
These assays comprised of: emulsification assay, assay for biofilm formation and biosurfactant 
assay to which isolates RB1, RB2 and RB3 gave strong positive results. Subsequently, in vitro 
plant bioassay was performed to check ability of these isolates for promoting growth of Mung 
bean (Vigna radiata) when challenged with increasing concentrations of OPP (100 – 500ppm) in 
the medium. Upon inoculation with test isolates, positive growth increment was observed in 
radical length and an increase in percentage germination, leaf count, seed vigour and total 
biomass in seedlings. Thus from our study it is evident that rhizobacteria can be effectively used 
both for remediation of OPP and promote plant growth. 
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INTRODUCTION 
To minimise pest infestations and maximize crop 
production, chemical pesticides are extensively 
used worldwide. A pesticide is any substance or 
combinations of substances categorized as 

insecticide, herbicide, fungicide, and various 
other substances used to control pests1. Among 
the different categories of pesticide like 
organophosphate, organochlorine, carbamate, 
pyrethroids etc organophosphates are preferred 
over other class of pesticide as they are less toxic, 
relatively short half life and breakdown easily in *Author for correspondence 
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the environment1. Organophosphates are the 
second generation pesticides, esters of 
phosphoric acid, which leads to several 
undesirable effects when applied in an 
unregulated manner. Intensive application of 
organophosphates leads to its accumulation in 
soil and ground water and further incorporation 
in food chain leading to biomagnifications. Such 
bioaccumulation affects both the environment 
and the living beings causing serious health 
issues.2 Liver toxicity and birth defects are 
encountered as a result of exposure to OP. 3 Due 
to fat soluble nature of pesticide they are 
persistent in humans and reported primarily to 
cause neurotoxic effect, which is due to 
inhibition of acetylcholienesterase (AChE) 
enzyme and flooding of acetylcholine 
molecules.4 Moreover, excessive utilization of 
pesticide results in an unwarranted affect on non-
target organisms of which aquatic biota are the 
major sufferers poisoned by bioaccumulation and 
transformation of organophosphates.5 Thus it 
becomes important to keep a check on the 
concentration of these pesticides in the 
environment.  Hence, bioremediation of these 
chemicals becomes important. 
India is among the fourth largest producer of 
pesticide with over 165 registered pesticides. 
Studies report as much as 66MT of pesticide 
usage in Delhi NCR alone for agricultural 
practices.6 In case of pesticide methyl parathion 
reports suggest accumulation in food up to 2.8%. 
Pesticide residues were reported in 51% of food 
commodities and among these 20% commodities 
were reported with residue level above the 
maximum level in India. Higher accumulation of 
pesticide residue were found in both root 
vegetables (11.9%) and leafy vegetables 
(10.9%).7  Study by Gao et al.8 also described 
bioaccumulation of pesticides in different 
vegetables like carrot, cabbage, radish, lettuces, 
spinach, tomatoes and pumpkin. U.S. 
Environmental protection agency reported that 
the pesticides intermediate like p-nitro phenol 
(PNP) produced during degradation pathway of 
parathion and methyl parathion is a priority 
pollutant.9 All these reports caution the risks of 
pesticide residues migrating to vegetative parts of 
edible food products and call for research that 
can target remediation of these pesticide residues 
in agriculture soils. 

Bioremediation is a microorganism mediated 
transformation or degradation of contaminants 
into non-hazardous or less-hazardous substances. 
The process of bioremediation mainly depends 
on microorganisms which enzymatically attack 
the pollutants and convert them to less toxic 
products.10 Development of a bioremediation 
strategy which not only proves beneficial in 
reducing organophosphates accumulation but 
also enhance plant growth. Thus the issue of 
bioremediation is addressed by Plant Growth 
Promoting Rhizobacteria (PGPR). Plant Growth-
Promoting Rhizhobacteria (PGPR) is the bacteria 
that colonises the root of the plants and help in 
promoting plant growth. 11 PGPR may exert their 
effects directly or indirectly by several 
metabolites, singly or in combination with 
several other factors. Generally, PGPR function 
in three different ways12 synthesizing particular 
compounds for the plants, inhabiting certain 
nutrient uptake from the environment and 
protecting the plants from diseases. Thus it 
becomes more beneficial to apply such a strategy 
which remediate the pollutants as well enhance 
plant growth. 
In our study we have focused on potential of 
PGPR to remediate the residual organophosphate 
pesticide. Remediation of organophosphate 
pesticide methyl parathion was the focus of our 
study, involving remediation by isolates RB1, 
RB2, RB3 and RB4 isolated from native 
agricultural soils. Initially we studied the levels 
of tolerance in our isolates for methyl parathion 
(100-600ppm range). Further the ability of these 
organisms to utilize pesticide as a growth 
substrate i.e., as carbon and/or nitrogen sources 
has been investigated. In order to compare the 
potential of isolates for pesticide degradation, 
assays for Organophosphate Hydrolase (OPH) 
and esterase were performed. In addition to 
these, biochemical tests were conducted where 
biofilm formation, emulsification and 
biosurfactant production were assessed to give 
supportive evidence for the degradative 
capability of the test isolates. A plant bioassay 
assay was also done under the same pesticide 
range as mentioned above, to observe whether 
the PGPR isolates can offer any protection to 
plant under pesticide induced stress. The study 
design integrates aspects right from identifying 
PGPR’s efficiency to breakdown pollutants to 
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confirming the ability of these isolates to offer 
growth support to host plants challenged with 
toxic concentration of pesticides completing a 
first of its kind study where growth parameters at 
both organism level and the host level are 
evaluated.  

MATERIAL AND  METHODS 
Isolation and maintenance of bacterial isolates 
Rhizhospheric soil sample were collected at a 
depth of 25cm from agricultural fields near 
Narora, District, Bulandshahar Panthnagar. Two 
host plants from different agricultural lands were 
Pigeon pea or Arhar (Canjanus canjan) and 
sugar cane or ganna (Sacchrum officinarum). 
Samples were collected from three location, 
pooled and mixed thoroughly and air dried 
representative of soil sample regenerating 
bacteria. 1cm of root samples taken from Arhar 
and Sugarcance were aseptically sectioned using 
scalpel and soil attached to them was removed by 
three rounds of alternative washing with sterile 
distilled water and 100% ethanol for 60s. 20ml 
Congo Red Broth (CR) and 20ml King’s B broth 
of pH 7.0 was prepared and 10ml of this broth 
were dispensed separately into test tubes and 
autoclaved. Surface sterilized root sections were 
crushed and inoculated into these test tubes 
maintaining aseptic condition and incubated on 
shaker incubator at 300C, 180rpm. A total of 
twelve bacterial strains were isolated, among 
them the best four bacterial isolates (RB1-RB4) 
were selected for bioremediation studies. RB1 
and RB2 maintained on King’s B media and 
RB3 and RB4 on CRA media based on 
preference of media by the organisms for their 
better growth.  
Pesticide 
Commercial pesticide sample for agricultural 
application, methyl parathion (Paradol Dust, 2%) 
Anu Production Limited, Faridabad, Delhi, India 
was tested for bioremediation studies. Based on 
the % purity of methyl parathion a stock solution 
of  10,000 ppm was prepared and further 
working solutions were prepared (ranging 100 - 
600 ppm).  
Pesticide tolerance test 
All four bacterial isolate were tested for their 
ability to tolerate methyl parathion. The isolates 
were grown overnight on KB and CRA media. 
Tolerance studies were conducted at pesticide 

concentration of 100 - 600 ppm with treatments, 
100 ppm, 200 ppm, 400 ppm and 600 ppm. 13 To 
2ml of media respective concentration of 
pesticide was added and inoculated with 100µl of 
overnight grown culture. The samples were 
incubated overnight at 300C with shaking 
120rpm. After incubation absorbance was read at 
595nm. The experiment was carried out in 
replicates for four different concentration of 
pesticide. 
Carbon and nitrogen source exclusion studies 
The bacterial isolates were grown on 30ml LB 
broth till O.D above 0.5 was achieved. Bacterial 
cells were washed with saline solution twice and 
recovered by centrifugation at 6,000 rpm for 10 
min at room temperature. 1ml of the bacterial 
biomass was inoculated in to test tube containing 
9ml of minimal media prepared as per the 
procedure given with methyl parathion as sole 
carbon. Test tube with 1% glucose as carbon 
source served as one control (C1) and another 
test tube without glucose and without pesticide, 
taken as second control (C2). Test tubes were 
then incubated on an incubator shaker at 30 0C, 
150rpm. Bacterial growth with methyl parathion 
as sole carbon source was evaluated by taking 
culture absorbance at 595nm with time intervals 
of 0h, 48h, 72h and 120h respectively. Similar 
protocol was followed for nitrogen utilization on 
minimal media.14 For the nitrogen exclusion 
experiment, treatment with pesticide was carried 
out at concentration of 100 – 500 ppm for all the 
isolates RB1-RB4, test tube with 1% ammonium 
sulphate as nitrogen source served as a control 
(C1) and another test tube without pesticide and 
without ammonium sulphate served as second 
control (C2). Absorbance was taken at 0h, 48h, 
72h and 120h.   
Enzyme assay 
Organophosphate Hydrolase assay  
All the bacterial isolates were grown on 30ml 
media over night separately, cells were harvested 
at 0.5 O.D by washing with citrate phosphate 
buffer pH 8. 15 Samples were centrifuged at 
5000rpm for 15 min at 40C. Bacterial cells were 
sonicated for 10min and centrifuged again at 
6000rpm for 20min at 40C. Supernatant thus 
collected was tested for OPH activity. Assay 
mixture contains 2.92 ml buffer with pesticide 
(300 ppm) was pre-incubated at 250C and 1ml of 
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supernatant was added. Change in absorbance 
was recorded at 410nm against control (assay 
mixture without supernatant).  
Esterases assay  
Bacterial isolates were grown over night on 30ml 
media separately. Cell free extract of  the isolates 
(0.5 O.D) was prepared by washing with 50mM 
Phosphate buffer (pH 7.0) 16 and sonicated for 
10min. Sonicated samples were centrifuged at 
10,000×g for 20min at 40C and supernatant was 
tested for esterases activity. 1ml supernatant was 
added to different concentration of pesticide (100 
– 500 ppm with an interval of 100 ppm) and 
decrease in absorbance was measured 
spectrophotometrically at 233nm against control. 
Biochemical tests 
Biochemical assays were conducted to identify 
the presence of biomolecules that would help in 
process of bioremediation. 
 Emulsification assay 
Emulsifying ability of bacterial isolates was 
tested. 4ml of overnight grown culture (O.D 
above 0.5) was added to 6ml kerosene oil and 
incubated on incubator shaker at 300C,      
120rpm. 17 Un-inoculated media with kerosene 
served as control. Emulsification potential of the 
isolates was calculated using the formulae as 
given below. Experiment was performed in 
replicates. 
Emulsification Index (%)  
=୫୳୪ୱ୧ϐ୧ୡୟ୲୧୭୬ ୪ୟ୷ୣ୰ (୫୫)

୭୲ୟ୪ ୪୧୯୳୧ୢ ୪ୟ୷ୣ୰ (୫୫)
  100 ݔ

Biofilm formation assay 
Biofilm formation ability of bacterial isolates 
was assayed on 10 ml of trypticase soya broth 
(TSBglu).18 The broth was inoculated with 
loopful overnight grown culture and incubated at 
30°C, uninoculated tube served as control. Post 
incubation, contents were decanted and washed 
with phosphate buffer saline (pH 7.3) and dried. 
Dried tubes were stained with crystal violet 
(0.1%). Excess stain was removed by washing 
with deionized water. Tubes were than dried in 
inverted position and observed for biofilm 
formation. The test was performed in replicates. 
Biosurfactant assay  
Production of biosurfactant rhamnolipid was 
tested on SW (Siegmund and Wagner) agar plate 
supplemented with 0.2g CTAB and 0.005g 

methylene blue. Overnight grown cultures were 
inoculated to SW agar plate in replicates, 
uninoculated plate served as control                  
and incubated overnight at 300C. Dark blue zone  
formation around the bacterial colonies was 
observed after 24h.   
In vitro plant bioassay 
Bacterial isolates were tested for their ability to 
protect plant from pesticide stress by germination 
studies using Green gram (Vigna radiata). 
Isolates were inoculated in 10ml of media and 
incubated overnight at 300C. 50 ml solution of 
varied concentrations of methyl parathion 
(ranging from 100ppm to 500ppm with an 
interval of 100ppm) was prepared with sterile 
distilled water. Green gram seeds were soaked in 
sterile water (300C) for 15 minutes. Seeds were 
sterilized by repeated washing with sterile 
distilled water and 70% ethanol. Sterile 
petriplates with cotton spreads were soaked with 
50ml of pesticide solutions. 20 grains of the 
sterile Green gram seeds were placed in 
petriplates. Petriplates were covered with brown 
paper and were kept at room temperature for 
germination. After 3 days of germination, 
parameters such as percentage germination, 
number of leaves and biomass were recorded to 
assess the effect of the bacterial inoculation. 
Percentage germination was calculated by the 
formula. 19 
Percentage(%) 
germination =  ୗୣୣୢୱ ୣ୰୫୧୬ୟ୲ୣୢ

୭୲ୟ୪ ୬୳୫ୠୣ୰ ୭ ୱୣୣୢୱ 
 100ݔ

RESULTS AND DISCUSSION 
Methyl parathion is an extensively applied 
organophosphate pesticide to control 
infection by Heliothis virescens, 

20 convergent lady beetle, boll weevils and 
most of the biting or sucking insect pests   in 
many economically important agriculture 
crops like cotton, grains and some fruits. MP 
is known to have short half life of 1 hour on 
cotton, showing solubility of 55-60mg/l at 
200C in water21 and residue percent of 2.8% 
is found in food. Due to its adverse affects 
on biotic life and environment, researchers 
concentrated on understanding remediation 
mechanism of the microorganism. Pesticide 
concentration range included in the study 
was made in accordance with residual levels 
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found in agriculture soils. We have also 
studied the effect of pesticide at a 
concentration much higher (10 times to the 
residual concentration) than residual levels 
as at the time of crop application. Hence 
during the initial days of pesticide 
application, the concentration of MP in soils 
will be much higher and our isolates being 
proposed to function as bioinoculants, 
should be able to tolerate higher 
concentrations and be metabolically active to 
offer sustained benefits to host plants. 
Response of four bacterial isolates RB1, 
RB2, RB3 and RB4 were studied and their 
levels of tolerance evaluated (Fig.1). Isolates 
RB1 and RB2 are more tolerant to methyl 
parathion amongst the 4 isolates, registering 
90.2% and 89.4% survivability even at a 
concentration of 600 ppm while RB4 showed 
a moderate response with 74.45% 

survivability at 600ppm (Fig. 1), RB3 was 
found to be the most sensitive isolate. 
Interestingly, even the most sensitive isolate 
of our study, i.e., RB3 could still retain 
71.7% survivability at a range of 600 ppm, a 
concentration that is 6 times more than the 
residual level of methyl parathion in 
agricultural soils. Survivability percentage of 
90% at 100ppm is reported in the study by 
Shaheen et al. Thus we say that all the 4 
isolates could sustain high concentration of 
pesticides and can circumvent the first 
hurdle of pesticide toxicity for their survival 
and proliferation. Under such condition if 
our organism has to sustain its functionalities 
as a bioinnoculent, it should be able to with 
stand high concentration of pesticide. This 
makes our isolate a very interesting 
preposition to explore for remediation 
practices.  

 
Fig. 1 : PGPR tolerance towards different concentration of methyl parathion 

For the purpose of bioremediation the most ideal 
organism would be the one which has the 
capabilities to utilize the pollutants itself as a 
source of its nutrition that is either as a carbon 
source and nitrogen source. Methyl parathion is 
chemically O, O-dimethyl O-4-nitrophenyl 
phosphorothioate  that have a carbon ring 
structure with -NO2 group. So an organism that 
can use this compound either as its carbon or 
nitrogen source would be a preferable isolate for 
bioremediation. To understand whether our 
isolate have this capabilities, we have designed 
the experiment where the said pesticide is 

provided to each of the isolate at an increasing 
concentration of 100 to 500 ppm with an interval 
of 100 ppm. From the result obtained we observe 
that RB1 and RB2 isolates have preferably 
proved to have higher tolerance (Fig. 3) to 
methyl parathion and also proved to be using it 
as a nitrogen source primarily as compared 
carbon source (Fig. 2). From Fig. 3, it is evident 
that while all the isolates are capable of using 
Methyl parathion as nitrogen source RB1 prove 
to be the best isolate as it would achieve much 
higher growth as compared to the control which 
contain  complete media (minimal media) and 
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nitrogen supplemented as ammonium sulphate. 
Growth efficiency of RB1 at 48 h was found to 
be 720% utilizing MP as nitrogen source (Fig. 
3). The ability of RB1 to use methyl parathion as 
nitrogen source was prominent at all 

concentration tested, in fact at high concentration 
of methyl parathion (500 ppm) the growth on 
medium plus pesticide minus nitrogen was 
higher as compared to growth on complete 
media. 

 
(a) 

 
(b) 

Fig. 2 :  Utilization of Methyl parathion as sole carbon source by PGPR isolates (a) RB1 and (b) 
RB4. Treatment T1 to T5 is the concentration of methyl parathion (100 - 500 ppm) reading taken 

at 48hr, 72hr and 120hr 
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(b) 

 
(c) 

 
(d) 

 Fig. 3 :  Utilization of Methyl parathion as sole nitrogen source by PGPR isolates (a) RB1,(b) 
RB2, (c) RB3 and (d) RB4. Treatment T1-T5 is the concentration of methyl parathion (100 - 500 

ppm) reading taken at 48hr, 72hr and 120hr 
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The order of efficiency of isolate tested for 
methyl parathion as a nitrogen source are RB1 
> RB3 > RB2 > RB4. This experiment was 
conducted till 120h of incubation and found 
that after 48h of incubation there was not much 
growth increment except in case of RB1 and 
RB2 which showed increasing growth even 
after 120hrs at pesticide concentration 100 
ppm, 200 ppm and 300 ppm respectively. Thus 
above results are in accordance to the 
hypothesis that use of pesticide encourages 
acclimatisation of microbes having ability to 
degrade / utilize it as a nutrient source (as 
carbon or nitrogen source),21 since bacterial 
strains in this study was isolated from 
agricultural field with major application of 
organophosphates, making them efficient to 
utilize OP as nutrient source.   

From the OPH study, it was evident that all the 
bacterial isolates can efficiently hydrolyse 
methyl parathion a derivative of parathion and 
significant change in absorbance was seen  
(Fig. 4). From the OPH assay, it was observed 
that 300ppm of methyl parathion was 
hydrolysed by 0.238mg/ml, 0.269mg/ml, 
0.236mg/ml and 0.253mg/ml of protein of 
isolates RB1, RB2, RB3 and RB4 respectively 
at 250C. OPH activity was monitored for 40 
minutes and all the isolates responded 
significantly till 30minutes, where as isolates 
RB1 and RB2 showed activity even after 
30minutes. Zhang et al. reported that 
genetically modified bacterial cell with OPH 
activity and since GMOs have issue with 
application our native isolates showed 
significant activity that can be applied to 
agricultural field.22 

 
Fig. 4 : OPH activity of RB4 at different time interval  
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RB3, T5 > RB2, T4 > RB2, T4 > RB1 T2. 
Hence our study become important as all our 
isolates can show esterase activity against 
methyl parathion at a far more concentration 
than that found to accumulate in agricultural 
soil. 
Several biochemical tests were done to 
evaluate the remediation abilities of isolates       
(Table 1). Emulsification abilities of the 
isolates was observed using kerosene. Among 
the isolates studied, isolate RB3 showed higher 
emulsification index of 14% followed by RB4 
with 13.2%, RB2 with 11.6% and RB1 with 
10%. Hence the isolates are found to emulsify 
kerosene. As mentioned in literature23 that 
microbes with bioemulsification ability can 

enhance the solubility of the non-degradable 
substrate by increasing the substrate mobility 
from soil particles. Thus our isolates hold the 
potential to be applied for remediation studies.  
Biofilm formation was detected for all the 
four isolates (Fig. 5). Isolates RB1 has 
shown best biofilm forming ability, followed 
by RB2, RB3 and RB4. Our results are in 
accordance with the study by Mathur et al. 
clinical isolates of Staphylococcus reported 
high to low biofilm formation around the 
tubes by the isolates. Since biofilm 
formation posses and impact on the 
bioremediation studies.24 From the above, 
literature isolates under study become potent 
strains for bioremediation. 

Table 1: Biochemical test 

S/N Isolates Biosurfactant 
production 

Emulsification Index 
(%) Biofilm fomation 

1 RB1 Strong positive 10 Strong positive 
2 RB2 Positive 11.6 Positive 
3 RB3 Weak positive 14 Positive 
4 RB4 Positive 13.2 Weak positive 

 

 
Fig. 5 : Biofilm formation of PGPR- Control, a) RB4, b) RB3, c) RB2 and d) RB1  

Biosurfactant (rhamnolipid) producing ability 
of bacterial isolates was detected by formation 
of dark blue halo around the culture on SW 
agar (Fig. 6). Our study reveals that, RB1 was 
the best isolate followed by RB2, RB4 and 
RB3 and was indicated by the dark blue zone 
formation after 5 days of incubation at 250C, 
whereas all the isolates responded positively 

which was indicated by formation of dark blue 
zone has been initiated from 24h of incubation. 
As bisurfactants are the surface active agents 
increasing the solubility of substrate thereby 
increasing its bioavailability thus from the 
above hypothesis25 we confer that isolates in 
study help in bioremediation by holding 
significant biosurfactant production ability.26-28 
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(a)                                                        (b) 

Fig. 6 : Biosurfactant production (a) RB1 isolate showing positive response (b) RB3 isolate 
showing weak  positive response 

Plant growth promoting ability of all the 
isolates was tested further by plant bioassay. 
Isolate RB3 and RB4 showed significant 
germination at wide concentration range of 
100 ppm to 500 ppm. RB1 and RB2 stood 
out among the best isolates in this assay, 
where RB1 giving 87.7% to 83.6% 
germination and RB2 86.6% to 50% 
germination on increasing concentration of 
pesticide (Fig. 7). RB3 showed moderate 
germination rate of 48.3% to 33.3% with 
increasing pesticide concentration.29-31 

Unlike others RB4 was found to show 
germination only till 300ppm. Similar study 
reported by Adesemoye et al. comparative 

data for B. subtilis  and P. aeruginosa was 
given on three different vegetable tomato, 
okra and spinach. It was reported by the 
author in the above study that  B. subtilis 
showed  90% ,90%  and 70% seed 
emergence while P. aeruginosa 90%, 80% 
and 70%  seed emergence for tomato, okra 
and spinach respectively. Since the study 
conducted by Adesemoye et al. was on field 
soil without any pesticide stress where as our 
study has resulted higher germination 
percentage with methyl parathion stress from 
100 – 500 ppm. Thus these organisms were 
potential PGPM which could be taken 
further for field study experiments. 

 
Fig. 7 : Germination % of  PGPR with different concentration of methyl parathion  
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CONCLUSION 
Four best performing PGPR isolates RB1, 
RB2, RB3 and RB4 were studied for 
degradation of organophosphates pesticide 
Methyl parathion. All isolates showed 
tolerance for the pesticide at concentration 
much higher than found in residual soil. 
Isolates convincingly grow on minimal media 
with methyl parathion as nitrogen source but 
only RB1 grow on MNM with methyl 
parathion as both nitrogen and carbon source. 
It was observed that RB1 and RB2 showed 
OPHydrolase activity beyond 30mins, whereas 
RB1 showed higher esterase activity. 
Biochemical characteristics supporting 
degradation potential were found to be better 
in isolates RB1 with respect to biofilm and 
biosurfactant, whereas RB4 showed better 
emulsification ability among the PGPR 
isolates. Best PGPR ability was indicated by 
RB1 and RB2 as higher % germination was 
recorded. Thus the study reveals that these 
PGPR isolates can be successfully used for the 
bioremediation of methyl parathion.  
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