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Excessive use of organophosphate in modern farming to improve the crop productivity
has cause pollution in soil, water and air which lead environmental as well as human hazards.
Microbial fertility is adversely affected by the use of pesticides. Thus, the present study focused
on the isolation and screening of effective isolates with multi-traits PGPR activities and further
studied for chlorpyrifos pesticide degradation. The bacterial isolate DK5 was showing multiple
PGPR activity, identified as Bacillus tropicus by 16S rRNA sequencing. The chlorpyrifos
degradation by isolated Bacillus tropicuswas studied by using resting cell study. In HPLC
analysis revealed that Bacillus tropicus degrade 60% chlorpyrifos after 48 hrs. of incubation
followed by 99% after 72 hrs. of incubation. Generally, results of this study revealed that isolate
DK5 identified as Bacillus tropicus can be used for the successfully removal of chlorpyrifos
from contaminated soil and plant growth promotion.
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Farmers in India are using excessive
pesticides and chemical fertilisers to combat pests
and infections.! Pesticides such as Malathion,
carbofuran, Diazinon, Methyl parathion,
Endosulphan, Monostrophes and Chlorpyrifos are
commonly used in agriculture crop.? The widespread
application of pesticides contaminates the soil
ecosystem and raise the health issue.? Pesticides
alter soil microflora over long run, reducing soil
fertility and agricultural yield.* Degradation of such
pollutants is crucial in agricultural practise in order
to minimise the pesticide loads from the soil and
provide healthy food and a healthier environment
for future generations. A reliable method of
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degrading the pesticides is called bioremediation.
Phytohormone synthesis, mineral solubilization,
N_-fixation and other plant growth-promoting
activities are reported in pesticide degrading
microorganisms.’ Bioremediation is a technique
that provide a cost-effective and dependable way
of pesticide elimination form the soil. Plant Growth
Promoting Rhizobacteria (PGPR) have great
promise for boosting plant biomass and minimising
the phytotoxic effects of organic contaminants.®
PGPR having the ability to degrade the pesticides
provides, clean environment without any use of
chemical fertilizers.” The application of PGPR for
bioremediation of soil contaminated with heavy
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metals, crude oil and pesticides is very new area
of research.®*'*In this study we are reporting the
chlorpyrifos degrading bacterial stain with plant
growth promoting activity.

MATERIAL AND METHODS

Materials

Commercial-gradeChlorpyrifos was
purchased from the local market of Kurukshetra
and reference material was purchased from Sigma-
Aldrich. HPLC grade Hexane, Ethyl acetate,
Acetonitrile and HPLC water were purchased from
HI Media. The chemicals used were of analytical
grade.
Isolation of pesticide degrading bacteria

The enrichment process was used for the
screening and isolation of chlorpyrifos degrading
bacteria. The soil sample was taken from the rice
rhizosphere soil of village Kirmich, Kurukshetra,
Haryana. Soil sample was transferred to Basal Salt
Medium (BSM) containing 0.4mM chlorpyrifos
and kept on a rotary shaker at 80 rpm and 35°C
for 1 week. After one week of incubation, culture
supernatant was again transferred in to the BSM
medium with 0.45mM increasing concentration
of chlorpyrifos. The final round of enrichment
was carried out by using 0.50 mM increasing
concentration of chlorpyrifos. The enrichment
media was diluted and spread over nutrient agar
plates for the segregation of bacterial strains.
Bacterial colonies were purified by streaking-over
nutrient agar plates. All rhizospheric colonies were
screened for plant growth promoting activity.
Screening of isolated bacterial colonies for plant
growth promoting activity
Phosphate solubilization, Potassium
solubilization and zinc solubilization

The isolated bacterial colonies were
spot inoculated on Pikovskaya’s medium plates,
incubated at 28°C for 5-7 days to measure the
phosphate solubilization activity zone." To
observe the potassium solubilization zone, the
isolated bacterial cultures were spot-inoculated on
Aleksandrow Agar medium and incubated at 28°C
for 3 to 7 days."? To check the solubilization of zinc,
bacterial isolates were spot-inoculated on modified
agar plates containing 0.1% zinc carbonate and
incubated at 28°C for 7 days."

TAA, Ammonium production, HCN production
and antibiotic susceptibility test

Isolated bacterial colonies were added
to nutrient broth infused with 0.1% tryptophan
followed by incubation at 28°C for 48 hr. Nutrient
broth was centrifuged after incubation and culture
supernatant was mixed with equal amount of
Salawaski’s reagent which was incubated for
30 min at room temperature to observe the
color change from yellow to pink or red. The
quantitative production of IAA by bacterial isolate
was measured at 530 nm.'* Spot inoculated plate
was incubated for 4 days at 30°C with a Whatman
filter paper placed inside the plate’s lid after
being soaked with 0.5% picric acid solution.
HCN synthesis was indicated by change in the
light brown to dark brown color production.'
The isolated bacterial colonies were cultivated
overnight in 10 mLof peptone broth kept at 35°C.
Post incubation 0.5 nessler’s reagent was added
to peptone broth, change of color from yellow to
dark brown indicate the ammonia production.'®
The antibiotic susceptibility was checked against
different antibiotic by using disc diffusion method
using on Nutrient agar plates.!’
Chlorpyrifos degradation by bacterial isolate
DKS

Bacterial isolate was tested for their ability
to degrade chlorpyrifos by resting cell studies.
The isolate was grown in 300 mL nutrient broth
supplemented with 0.5 mM chlorpyrifos in shaking
condition at 30°C up to mid log phase. Isolate
harvested at 4°C, cells were washed twice with
MM. These cells were resuspended in 50 mL BSM
supplemented with 0.5 mM chlorpyrifos. Aliquots
of 10 mLwere taken at different time interval of
0, 12, 24 and 48 hr. Chlorpyrifos was extracted
from cell free supernatant by extraction with equal
amount of Hexane and Ethyl acetate. Excess of
organic solvent was evaporated by using rotavapor
before the estimation of chlorpyrifos degradation
using HPLC."* HPLC for detection of chlorpyrifosa
mobile phase of Acetonitrile—ultrapure water
(50:50 v/v) at a flow rate of 1.2 mL/min, 20 uL of
the sample was injected at 30°Cand detected at 254
nm. The degradation percentages were calculated
with respect to area (mAU.s).

R% =22 « 100
T
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Where, R% is percentage of pesticide, A
is area under extract and A is area under control
peak of chlorpyriphos.

RESULTS

Screening and Identification of PGPR

Five morphologically different bacterial
strains were isolated by using enrichment method
technique. Isolated bacterial isolates were coded
as DK1 to DKS5 and screened for the plant growth
promoting activity. The potassium solubilisation
was shown by bacterial isolate DK5 on Aleksandrow
agar. The bacterial isolate DK5 was showing HCN,
IAA and ammonium production with phosphate,
Potassium, zinc solubilisation ability. Bacterial
isolate DK5 was also showing good antibiotic
susceptibility as compared to other isolates as
shown in Tablel.

The zone of potassium solubilisation
efficiency shown by bacterial isolates DKS5
was measured as 17 mm. DKS indicates its
substantial capacity to release potassium from
insoluble sources, for use as a biofertilizer or
bioinoculant in sustainable agriculture.'”'® On
the basis of plant growth promoting activity
and growth in MSM medium containing the
0.5mM chlorpyrifosbacterial isolate DK selected
for further study. Bacterial isolate DK5 was
characterized by 16S rRNA sequencing from
NCIM, Pune, India. The DK5 16S RNA sequence
was subjected to nBLAST analysis, which
showed 99.72% similarity with Bacillus tropicus.
Phylogenetic was constructed by using neighbour
joining method for estimating the distance between
evolutionary species as shown in Figurel.
Quantitative analysis of chlorpyrifos degradation

To elucidate bacterial isolate DKS5
degrades chlorpyrifos, resting cell study was

Table 1. Plant growth promoting activity of isolated bacteria strains from contaminated soil

Isolates Phosphate Potassium Zinc TIAA Ammonium HCN Antibiotic
solubilization solubilization solubilization Production production Production susceptibility

DK1 - - - + + + -

DK2 - - - + - - -

DK3 - - - + - - -

DK4 - - - + - - -

DK5 + + + + + + +

_ % Bacillus mycoides strain DSM 11821 168 ribosomal RNA, partial sequence
5 Bacillus mycoides strain NBRC 101238 165 ribosomal RN A, partial sequence
¢ Bacillus proteolyticus strain MCCC 1A00365 165 ribosomal RN A, partial sequence
Y,.Bacillus wiedmannii strain FSL W8-0169 168 ribosomal RINA, partial sequence

Bacillus sanguinis strain BML-BC004 165 ribosomal RMNA, partial sequence
~2 Bacillus fungorum strain 17-SMS-01 16S ribosomal RNA, partial sequence
_ i Bacillus paranthracis strain MCCC 1A00395 168 ribosomal RNA, partial sequence
[ " Bacillus pacificus strain MCCC 1A06182 168 ribosomal RNA, partial sequence
— Bacillus mobilis strain MCCC 1A05942 16S ribosomal RNA, partial sequence
r“’— ' Bacillus thuringiensis strain NBRC 101235 16S ribosomal RNA, partial sequence
I: Bacillus thuringiensis strain ATCC 10792 168S ribosomal RNA, partial sequence
' Bacillus toyonensis strain BCT-7112 168 ribosomal RNA, partial sequence
":Bacillus thuringiensis strain IAM 12077 16S ribosomal RNA. partial sequence
Bacillus cereus ATCC 14579 16S ribosomal RNA, partial sequence
T Bacillus cereus strain CCM 2010 168 ribosomal RNA, partial sequence
| 'Bacillus cereus strain JCM 2152 168 ribosomal RNA, partial sequence
!_';Bacil]us cereus strain NBRC 15305 168 ribosomal RINA, partial sequence
ii"Baciuus cereus strain LJAM 12605 16S ribosomal RNA, partial sequence
Bacillus cereus ATCC 14579 16S ribosomal RNA (rmmA), partial sequence

’ Bacillus tropicus strain MCCC 1A01406 16S ribosomal RNA, partial sequence
¢ Bacillus albus strain MCCC 1A02146 16S ribosomal RNA, partial sequence
1

*Bacillus pseudomycoides strain NBRC 101232 165 ribosomal RNA, partial sequence

] 0.002 I

S Bacillus luti strain MCCC 1A00359 16S ribosomal RNA, partial sequence
* Bacillus nitratireducens strain MCCC 1A00732 168 ribosomal RNA, partial sequence
| @ lel|Query_51641

< Bacillus paramycoides strain MCCC 1A04098 16S ribosomal RINA, partial sequence

Fig. 1. Phylogenetic tree of bacterial isolate DK5 constructed using neighbour joining method
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Fig. 2. HPLC chromatograph of chlorpyrifos pesticide degradation (a) zero degradation(b) 40% degradation rate
after 24 hr (c) 60% degradation at 48 hr(d) at 72 hr the chlorpyrifos is completely degrade.

performed. After HPLC analysis, 40% degradation
at 24 hrs., 60% degradation at 48 hrs. and 100%
degradation at 72 hrs. were found as compare to
the initial concentration of chlorpyrifos as shown
in Figure 2.

DISCUSSION

The present study isolated and identified
a potential PGPR coded as DKS5, that was able
to solubilize potassium and produce HCN, TAA,
and ammonium, as well as solubilize phosphate,
potassium, and zinc. The ability to solubilize
potassium is crucial for enhancing nutrient
availability to plants, as potassium is an essential
macronutrient that plays a vital role in various
physiological processes within plants. The
production of HCN and TAA further supports its
role as a plant growth-promoting bacterium, as
these compounds have been linked to increased
plant growth, root development, and disease
resistance."”” The observation of good antibiotic
susceptibility in DK5 is encouraging, as it implies
that this strain may be safer and more viable for
potential agricultural applications, given concerns
regarding antibiotic resistance and its impact on
environmental and human health.?! In this study,

DKS5 was able to grow in MSM medium containing
0.5 mM chlorpyrifos, indicating its potential as a
chlorpyrifos-degrading PGPR.

Resting cell studies were performed to
elucidate DK5 ability to degrade chlorpyrifos,
and it was found that DK5 was able to completely
degrade pesticide after at 72 hours of incubation
as compared to the initial concentration of
chlorpyrifos. However, in case of heat killed
resting cells no depletion of chlorpyrifos was
observed at any time point. Several bacteria
including Pseudomonas, Arthrobacter, Bacillus,
Klebsiella, Ochrobactrum Flavobacterium and
Agrobacterium have been isolated and found
that are capable of degrading pesticides but do
not necessarily support plant growth and can be
pathogenic.? Bacterial isolate Bacillus cereus
CT3 isolated from cotton growing soil showed
88% degradation of chlorpyrifos in 8 days.” In a
similar study organophosphate pesticide degrading
bacteria identified as Arthrobacter sp. HMO01 was
able to degrade chlorpyrifos and aided in plant
growth promotion activity.* These findings open
up possibilities for using this bacterial strain in
bioremediation efforts to address chlorpyrifos
contamination, leading to potential advancements
in environmental sustainability.
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CONCLUSION

The bacterial isolate DKS5, identified
as Bacillus tropicus, exhibited the capability to
efficiently degrade chlorpyrifos within a 72-hour
timeframe, as confirmed by High-Performance
Liquid Chromatography (HPLC) analysis. Bacillus
tropicus DKS was able to use chlorpyrifos as
carbon source for plant growth promotion activity.
The findings of this research offer promising
prospects for the development of a new bio-
inoculant in agriculture. By combining the ability
to mitigate pesticide toxicity with plant growth
promotion, DKS5 holds the potential to enhance
crop yield and contribute to sustainable agricultural
practices. Further field trials can be performed to
commercialize this as bio-fertilizer.
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