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ABSTRACT 
 
Aims: The study was undertaken to reveal the diversity of bacteria in organophosphate 
(monocrotophos) pesticide-treated tea soil to provide new insights on monocrotophos degrading 
bacterial community.  
Study Design: A metagenomic study of monocrotophos treated and untreated soil to isolate and 
identify pesticide-degrading microflora. 
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Place and Duration of Study: Tea soil was collected from Borbhetta Tea Estate of Tocklai Tea 
Research Institute, Jorhat, Assam and the experiments were carried out from December 2015 to 
December 2017. 
Methodology: Tea soil was enriched up to 300 ppm of monocrotophos for four weeks (TREATED 
sample) and 16S rRNA V3 region gene amplicon metagenomic sequencing was carried out on 
untreated (CONTROL) and spiked (TREATED) soil. The treated soil was cultured in mineral salt 
medium up to 600 ppm of monocrotophos and bacterial growth, and degrading capacity was studied 
for three isolated bacterial species at three different pH and identified by sequencing the 16s rRNA 
region. The bacterial species in the metagenome were also compared and grouped with the 
bacterial species in NCBI database based on the presence and absence of organophosphate 
hydrolase (OPH) gene. 
Results: Metagenomic sequencing revealed the presence of 20 bacterial phyla distributed across 
119 families and 433 genera. 147559 sequences remained taxonomically unclassified suggesting 
the presence of unique undescribed bacteria. Pesticide-contaminated tea soil was mostly dominant 
with Acidobacteria, Actinobacteria, Firmicutes, Proteobacteria, Bacteroidetes, Nitrospirae and 
Verrucomicrobia phyla. The number of species observed in the control and treated soil was 1036 
and 910 respectively. Three species were isolated and characterised from the TREATED soil in 
mineral salt medium with pH 5 to 7 and their monocrotophos degradation was determined by UV-Vis 
microplate reader and HPLC at 2-time points.  
Conclusion: Organophosphate-degrading bacteria namely, Pseudomonas pseudoalcaligenes, 
Pseudomonas fluorescence, Pseudomonas putida, Serratia species, Cupriavidis metallidurans, 
Burkholderia species, Achromobacter xylosoxidans, Achromobacter species, Sphingomonas 
species, Ochrobactrum gallinifaecis, and Brucella species were present in increased numbers in the 
treated sample. 52.2% monocrotophos degradation was observed in Serratia fonticola in 48 hrs in 
acidic pH of 5. 

 
 
Keywords:  Tea soil; metagenomics; bacterial diversity; organophosphate hydrolase; monocrotophos 

degradation. 
 

1. INTRODUCTION  
 

Microbes, essential for tea ecosystem, play an 
active role in maintaining biogeochemical cycles 
[1], plant growth promotion [2] and inhibition of 
destructive tea pest and pathogens [3]. Tea 
production is facing challenges due to pest and 
pathogen attack. Wide ranges of pesticides are 
used in tea gardens to combat pest attack. Many 
published reports indicated that the tea industry 
has been facing problems of pesticide residues 
and organophosphate (OP) class is one of them 
[4]. This class of pesticide enters the tea 
ecosystem and presenece of residues is reported 
in tea leaves as well as soil leading to health 
concerns amongst the tea consumers. To reduce 
the pesticide load in tea soil, identification of the 
organophosphate pesticide-degrading bacterial 
species is important. Monocrotophos, one of the 
most toxic OP pesticide, is not recommended in 
tea cultivation as it is highly neurotoxic, but it is 
widely used by some tea growers for its low price 
and broad spectrum activity. In a recent study, 
monocrotophos was widely detected in tea 
samples [5]. Majority of the registered bacterial 
products for OP pesticide degradation are based 
on species of Bacillus and Pseudomonas, which 

are conducive to degradation in alkaline soils [6] 
and may not work in acidic soils of tea garden. 
There is a need for characterisation of 
organophosphate pesticide-degrading bacteria 
from acidic tea soil (pH-4.5- 5.5). Culture-
independent methods are required to probe the 
true diversity of OP degrading bacteria in the tea 
soil as only a small fraction of environmental 
bacteria can be isolated into pure cultures. 
Multiple species of microorganisms occupy one 
niche and there are scope to discover the 
dominant species that can adapt and degrade 
the OP pesticide. Metagenomics has aided to 
close the gaps and provide insights into the in 
situ microbial community including information on 
the identity and potential metabolic capabilities of 
community members [7]. Phylogenetic, genomic 
and biochemical characterisation of micro 
organisms from the environment is crucial to 
develop bioremediation strategies. The present 
study was conducted to reveal the diversity of 
soil bacterial community in the pesticide 
contaminated tea soil with the help of 
metagenomics and provide new insights into the 
monocrotophos degrading microbial community. 
Three species with monocrotophos degrading 
capacity were functionally characterised. 
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2. MATERIALS AND METHODS  
 

2.1 Soil Sampling and Enrichment 
Culture 

 
Tea soil was collected from Borbhetta Tea Estate 
of Tocklai Tea Research Institute, Jorhat, Assam, 
India. Soil within 0-15 cm layer was collected 
using sterile spatulas considered as CONTROL 
sample. Soil moisture content was 10.23% and 
temperature of 30°C. An amount of 50 g soil was 
further spiked with monocrotophos (Sigma) from 
10 ppm to final concentration of 300 ppm at 3 
days interval for four weeks at an incubation 
temperature of 30°C and was considered as 
TREATED sample.  
 

2.2 Screening and Identification of 
Monocrotophos Degrading Bacteria 

 
An amount of 5 g treated soil was used for 
isolation of monocrotophos degrading bacteria in 
Mineral Salt Medium [8] containing 100 to 600 
ppm of monocrotophos. Morphologically 6 
different bacteria were isolated and pure cultures 
were established after repeated subcultures in 
MSM medium at pH 5 to 7. The pH of the 
medium was adjusted with 1N HCl. Bacteria S1, 
S2 and S3 were isolated from 600 ppm of 
monocrotophos enriched MSM medium while S4, 
S5 and S6 were isolated from 300 ppm 
monocrotophos concentration. Pure stock 
cultures of the isolated strains were maintained 
in Nutrient Agar. Colony forming units (CFU) of 
the bacterial strains were observed in 10-7 
dilution and morphology of the bacterial colonies 
was studied by Gram staining and microscopic 
analysis. Based on the bacterial optical density 
(OD) at 600 nm and degrading capacity of the six 
strains in 3ml of MSM media with 300 ppm of 
monocrotophos at pH 7, three bacterial strains 
were selected for further degradation studies at 
pH 5 and molecular identification. DNA was 
extracted using the Bacterial DNA extraction kit 
(Himedia) and PCR amplified to identify the 
bacterial strains using 16S rRNA primers 
(Forward 5´TGGTAGTCCACGCCCTAAAC, 
Reverse 5´CTGGAAAGTTCCGTGGATGT). PCR 
reactions were carried out in 10 µl volume 
containing 50 ng of total DNA, 1X Taq Buffer B 
(Genei), 1.25 mM MgCl2, 0.5 mM dNTPs, 0.5 
mM primer and 0.1 U Taq DNA polymerase in a 
programmable Veriti (Applied Biosystems, USA) 
thermocycler. The amplification protocol included 
initial denaturation at 94°C for 5 min followed by 
35 successive cycles of denaturation at 94°C for 
30 sec. Then primer annealing was done at 60°C 

for 30 sec and extension at 72°C for 1 min. This 
was followed by a final extension at 72°C for 7 
min. The amplicons were then separated in 1% 
agarose gels, visualised in a Protein Simple 
AlphaImager MINI gel documentation system 
(Cell Biosciences Inc., USA).The PCR ampicon 
was purified using Gel extraction kit (Sigma). 
Forward and reverse DNA sequencing reaction 
was carried out using Big Dye® Terminator v3.1 
Cycle sequencing kit following manufacturer’s 
instructions on ABI 3130 Genetic Analyzer 
(Applied Biosystems, USA). 
 

2.3 Biodegradation Activity of 
Monocrotophos 

 
The bacterial growth and degradation kinetics of 
the best three strains were studied in 5 ml of 
MSM broth with 300 ppm of monocrotophos in 
three different pH (pH 5 to 7) in a UV-Vis 
Microplate Reader (SkanIt Software 4.1 for 
Microplate Readers RE, ver. 4.1.0.43, Thermo 
Scientific) after 24 hrs. After 48 hrs, only the 
culture with pH 5 were centrifuged, and 
supernatant filter sterilised and percent 
degradation of monocrotophos was quantified 
using high-performance liquid chromatography 
(Water’s HPLC equipped with Photodiode Array 
detector). This was separated on Sunfire column 
250 x 4.6 mm, 5 µm C18 using 100% methanol 
as mobile phase at a flow rate of 1 mL-min-1 and 
column temperature at 40°C. Quantification was 
performed against monocrotophos standard at a 
wavelength of 215 nm. Under this condition, the 
retention time of monocrotophos was 2.8 min, 
the limit of detection was 0.1 ppm and the 
average recovery was 92.0–94.0%. 
 

2.4 Metagenomic and Bioinformatics 
Analysis 

 
Total DNA was extracted from the CONTROL 
and TREATED samples using bacterial DNA 
extraction kit (Himedia) and metagenome was 
sequenced from the 16S V3 region paired-end 
library using Illumina MiSeq. Usually, a paired-
end sequence from V3 metagenomics contains 
some portion of the conserved region, spacer 
and V3 region. The spacer and conserved region 
from paired- end reads were removed. After 
trimming, a consensus V3 region sequence was 
constructed using Clustal O program. Multiple 
filters such as, conserved region filter, spacer 
filter and mismatch filter were performed to take 
only the high quality V3 region sequences for 
various downstream analyses. While making 
consensus V3 sequence, the passed reads 
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aligned to each other with 0 mismatches with an 
average contig length of ~130 to ~160 bp. The 
quality trimmed reads were converted to FASTQ 
and uploaded in NCBI Bioproject. FASTQ files 
were concatenated, the quality was filtered and 
uploaded to the MG-RAST server [9] for further 
analysis using annotation source M5NR. 
Determination of alpha diversity and 
rarefactionwere performed within MG-RAST by 
applying the ‘‘Best Hit Classification’’ option 
using the M5NR database as a reference with 
the following settings: a maximum e-value cutoff 
of 1*1025, the minimum identity of 80%. The 
distribution of taxonomic categories at different 
levels of the resolution was projected against the 
NCBI taxonomic tree and determined by the 
lowest common ancestor (LCA) with the same 
cutoff mentioned above using ribosomal RNA 
similarities to entries in the RefSeq protein 
database. The bacterial species identified from 
the metagenomic analysis were further grouped 
based on the presence of OPH gene in those 
bacterial species. For this grouping, the names of 
the bacterial species having OPH genes were 
retrieved from the NCBI database and compared 
with the name of the species identified in the 
metagenome data. 
 
3. RESULTS AND DISCUSSION 
 

3.1 Soil Metagenome Analysis 
 

The metagenomes of the monocrotophos 
untreated (CONTROL) and monocrotophos 
spiked (TREATED) tea soil was analysed using 
MG-RAST automated processing pipeline. The 
dataset CONTROL contained 680,994 

sequences totalling 74,404,814 base pairs                 
with an average length of 109± 13 bps. Post                 
QC sequence count of CONTROL was 60746 
with a mean GC content of 55±4% and base pair 
count of 5,176,681. The TREATED dataset 
contains 608,758 sequences with a total of 
66500632 base pairs, and 49,548 sequences 
passed QC with GC content of 56±4% with a 
total number of 5,176,681 base pairs. The 
bacterial diversity in the CONTROL and 
TREATED tea soil showed a species count of 
1036 (Supplementary Table 1) and 910 
(Supplementary Table 2), respectively. The 
principal component analysis showed both the 
CONTROL and TREATED samples as two 
different groups (Supplementary Fig. 1). 
Rarefaction curve (the total number of distinct 
species annotations as a function of the number 
of sequences sampled) showed that the 
CONTROL sample had the highest species 
richness and evenness (Fig. 1). The steep slope 
of the rarefaction curve on the left indicates that 
a large fraction of the tea soil species diversity 
remained to be discovered. The alpha diversity 
(calculated by MG-RAST server as an antilog of 
the Shannon index) was higher in CONTROL 
(14.75) than TREATED (12.16) sample. The rank 
abundance plot, where the data showed an 
abundance of bacterial phyla (Fig. 2), was 
normalised to 0 and 1 values and the calculated 
p values are given in Supplementary Table 3. 
The abundance of Bacteriodetes, 
Synergisetetes, Thermodesulfobacteria, 
Chloroflexi, Verrucomicrobia decreased when 
monocrotophos was treated (Fig. 2). Phylum 
Planctomycetes, Chlorobi, Aquificae was not 
observed in the TREATED sample (Fig. 2). 

 

 
 

Fig. 1. Rarefaction curve showing species richness in the CONTROL and TREATED samples 
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Fig.  2. Bar chart comparing normalized abundance of bacterial phyla in CONTROL (blue) and 

monocrotophos TREATED (green) 
 

The metagenome of CONTROL represented 
98.94% bacteria, 0.96% eukaryote and 0.10% 
other soil organisms, while the TREATED 
showed 99.34% bacteria, 0.5% eukaryotes and 
0.16% others soil organisms. Unclassified phyla 
derived from bacteria remained the largest group 
with 34.50%, while Firmicutes (29.37%), 
Acidobacteria (21.57%), Proteobacteria (5.98%) 
and Actinobacteria (4.72%) were the most 
abundant bacterial phyla in the control sample 
(Fig. 3a). The same phyla were also found to be 
dominant in the treated sample (Fig. 3b), but 
increase in abundances was observed in case of 
Acidobacteria (25.87%) and Proteobacteria 
(6.22%). Percent abundance of Firmicutes was 
lesser (28.47%) in the TREATED sample than 
the CONTROL. Culture-independent 16S-23S 
intergenic spacer regions were utilised to amplify 
the surface and subsurface soil bacteria of 
Brahmaputra Valley, Assam, North-east India 
and reported that the tea garden soil clustered 
tightly in its phylogeny with b-Proteobacterium 
[10]. Acidobacteria, Actinobacteria, 
Proteobacteria, Bacteroidetes and Firmicutes 
were reported as the five major dominant 
bacterial groups across a range of soil habitats 
with high and low pH [11]. Soil pH was identified 
as an important factor in shaping the bacterial 
community composition with lower diversity in 
acidic soil pH [12]. Tea grows best in the acidic 
pH with the range of 4.5-5.5. Results of 
Metastats runs comparing bacterial classes 

between CONTROL and TREATED population 
indicated that eleven taxonomic classes including 
unclassified groups are differentially abundant in 
the two samples. The most abundant classes 
were the unknown group followed by 
Acidobacteria (Fig. 3c). Soil pH strongly 
regulates the abundance of Acidobacteria in the 
soil [13]. As tea grows best in the acidic soil, a 
large portion of the bacterial community was 
represented by Acidobacteria. At the class level, 
Solibacters showed a significant increase 
(24.62%) with Candidatus solibacter representing 
24.62% at the genus level in the TREATED 
sample (Fig. 3d). Heat map comparison showed 
that Actinobacteria, Acidobacteria, 
Proteobacteria and Solibacters dominated 
irrespective of the presence or absence of 
pesticides (Fig. 4). Epsilon proteobacteria and 
Gamma proteobacteria showed positive 
response with increasing numbers on 
monocrotophos spiked soil. The normalized 
scale for heat map construction at the class level 
is given in the Supplementary Fig. 2. The order 
level was represented by Burkholderiales, 
Bacillales, Rhizobiales, Myxococcales, 
Legionales and Spingobacteriales (Figs. 3e and 
3f). Both CONTROl and TREATED samples 
were variable for the high abundance of some 
genera (Fig. 3g and 3h). The abundant genus in 
the TREATED sample includes Candidatus 
solibacter (24.62%), Alicyclobacillus (24.43%), 
Desulfotomaculum (2.12%), genus derived from 



 
 
 
 

Borchetia et al.; JAMB, 12(1): 1-14, 2018; Article no.JAMB.42465 
 
 

 
6 
 

Alpha proteobacteria (1.59%), Candidatus 
koribacter (1.24%) and Burkholderia (1.04%) 
(Fig. 3h). Thus, it can be concluded from the data 
that a distinct difference occurred in the numbers 
of bacterial species between the phyla types 
when monocrotophos was applied. The abundant 
species in the TREATED sample with above 
1000 reads were Acidobacterium capsulatum, 
Candidatus solibacter usitatus, Candidatus 
koribacter versatilis, Rhodococcus opacus, 
Thermomonaspora curvata, Alicyclobacillus 
hesperidum, Alicyclo bacillus tolerans, 
Staphylococcus pasteuri, Desulfotomaculum 
acetooxidans, Candidatus nitrospira defluvii, 
Bradyrhizobium elkanii, Burkholderia cepacia, 
Burkholderia Sp. Pseudomonas 
pseudoalcaligenes, uncultured gamma 
proteobacterium, uncultured bacteria, uncultured 
forest soil bacterium, uncultured 
Alphaproteobacterium, uncultured 
Epsilonproteobacterium and unidentified 
sulphate reducing bacterium (Supplementary 
Table 2). The DNA sequences from this 
metagenomic project were deposited in the 
Sequence Read Archive under the Bio Project 
ID: PRJNA339673, Accession SAMN05687777 
and SAMN05687776. Most of the metagenomic 
studies in tea sector were done only for the 
identification of bacterial communities present 
during the tea leaves fermentation stage [14]. 
Saccharopolyspora, Bacillus, Brevibacterium, 
Brachybacterium, Kocuria, Streptococcus and 
Staphylococcus were found to be the dominant 
genera. These genera were also observed in the 
bacterial community of monocrotophos treated 
and untreated tea soil exhibiting diverse 
interactions of the tea plant with soil-dwelling 
microbes. Bacteria like Enterobacter sp., 
Flavobacterium sp., Pseudomonas stutzeri, 
Pseudomonas putida, Micrococcus sp., 
Arthrobacter sp., Bacillus sp., Bacillus 
megaterium, Xanthomonas sp., Alcaligene sp., 
Agrobacterium sp., Geobacillus sp., Clavibacter 
michiganense and Burkholderia species, 
responsible for the detoxification of 
organophosphate [15] like Chloropyriphos, 
Parathion, Methyl parathion, Glyphosate, 
Coumaphos, Monocrotophos, Fenitrothion, 
Diazinon, were present in the monocrotophos 
treated tea soil and has the potentiality or may 
contribute for xenobiotic degradation in the plant 
or in the soil. Several bacterial strains like 
Bacillus and Pseudomonas identified in the 
current study were also reported in tea soils [16]. 
Potentiality of microbes, such as Bacillus subtilis, 
Pseudomonas corrugata, Rhizobium sp., and 
Streptomyces nojiriensis in enhanced growth of 

tea along with pest and disease suppression was 
reported [17]. Genera like Pseudomonas, 
Bacillus, Enterobacter, Rhizobium, 
Mesorhizobium, Burkholderia, Azotobacter, 
Serratia, Azospirillum and Erwinia identified in 
the metagenome were reported as phosphate 
solubilising bacteria [18]. Rhizosphere bacteria 
like Azotobacter, Serratia etc. also play an 
important role in biological nitrogen fixation [19]. 
 

3.2 Comparison of the Bacterial Species 
in Metagenome with OPH Degrading 
Bacteria in the NCBI Database 

 

From the NCBI database, 34 hits of bacterial 
species containing OPH gene were identified 
based on the presence of OPH gene. Out of 
these bacterial species, 16 species were 
observed in the CONTROL and 13 in the 
TREATED sample. Pseudomonas putida, 
Pseudomonas sp., Achromobacter sp, Brucella 
sp., Serratia sp., Serratia marcescens, 
Flavobacterium sp., Burkholderia cepacia, 
Burkholderia multivorans, Burkholderia sp., 
Arthobacter sp. Achromobacter sp., 
Sphingomonas sp., Ochrobactrum sp., 
Streptomyces sp. were observed in the treated 
sample (Supplementary Table 4). Research over 
the past decade provided considerable 
knowledge of different bacteria capable of 
degrading organophosphate pesticides [20-24]. 
The bacteria capable of degrading 
organophosphates possess OPH enzymes which 
are encoded by the OPD (organophosphate 
degradation) gene and members of 
amidohydrolase superfamily. These enzymes are 
reported to have evolved in the soil bacteria to 
counter the toxic effects of OP insecticide 
residues released into agricultural soils [25]. 
However, the adaptability of the microorganisms 
for the bioremediation is important for microbial 
action to be able to release certain enzymes to 
metabolise or degrade pesticides. The identified 
bacterial species with OPH gene from the tea soil 
metagenome may have the potential to degrade 
organophosphate pesticides.  
 

3.3 Screening of Monocrotophos 
Degrading Bacteria 

 

In this study, the isolation of bacterial colonies 
from 300ppm monocrotophos spiked soil (Fig. 
5a-b) and the screening in liquid mineral salts 
media reduced the number of bacterial colonies 
from 47 to 4 colonies per plate with an increase 
in sole carbon source, monocrotophos 
concentration from 100 to 600 ppm (Fig. 5d). The 
same bacterial species were observed in pH 5, 6 
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and 7. High CFU/ml was observed in 300 ppm of 
monocrotophos culture than 600 ppm at pH 5 
(Supplementary Table 5). Six morphologically 
different bacterial colonies were isolated from the 
media containing 300 ppm (Fig. 5b) and 600  
ppm (Fig. 5c) monocrotophos. The colony 

characteristics of the six selected bacterial 
strains are given in Supplementary Table 6. They 
were found to form round, opaque colonies and 
most colonies were formed by Gram-negative 
strains. In most of the metagenomic studies, a 
disparity was observed between the number of

 

 
 

Fig. 3. Pie chart of the relative abundance of MG-RAST taxonomic hits at the phylum level in 
(a) control and (b) treated sample; Class level in (c) control and (d) treated sample; Order level 

in (e) control and (f) treated sample; genus level in (g) control and (h)treated sample 

(b) 

(c) (d) 

(e) (f) 

(g) (h) 

(a) 



 

Fig. 4. Heat map for the comparison 
 
bacterial species present in the metagenome and 
the culturable bacterial species (about 1%) [26]. 
Failure of the bacterial colonies to grow is a 
complex ecological response which depends on 
the cell’s environment [27]. However, changing 
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map for the comparison of bacteria at class level 

bacterial species present in the metagenome and 
the culturable bacterial species (about 1%) [26]. 
Failure of the bacterial colonies to grow is a 
complex ecological response which depends on 
the cell’s environment [27]. However, changing 

the environment of the culture media using high 
or low nutrient, different pH or culturing in a soil 
environment can increase the percentage of 
culturable bacterial species. In order to screen 
the best bacterium for monocrotophos 
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the best bacterium for monocrotophos 
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degradation studies at pH 5, the present study 
first determined the optical density of culturable 
bacteria in 3 ml of MSM media with 300ppm 
monocrotophos at pH 7 (Fig. 5d) and selected 
three strains. The efficacy of a bacterial strain to 
effectively degrade monocrotophos can be 
determined from the growth of the bacterial 
culture in a medium supplemented with the 
pesticide. S2, S3 and S6 strains were found to 
show a noticeable increase in growth within 48 
hours (Fig. 5d). The strain S3 showed the 
highest growth at pH 7 with OD 1.807 and 2.776 
after 24 and 48 hrs respectively (Supplementary 
Table 7).  
 

3.4 Monocrotophos Pesticide Degrada-
tion of the Best Three Bacterial 
Strains 

 

The bacterial growth and monocrotophos 
degradation kinetics of the best three strains S3, 
S6 and S2 were studied in three different pH (pH 
5, 6 and 7) and data recorded in a UV-Vis 
Microplate Reader after 24 hrs (Table 1, Fig. 6). 
Degradation by the three strains was found to be 
modulated when the pH of the medium was 
changed. It was observed that pH 6 showed the 
maximum degradation by the three strains after 
24 hrs. There are reports which show an 
increase of bacterial degradation activity with 
increasing pH [28]. The effect of soil pH on the 
bacterial degradation capability in bioremediation 
studies revealed that low soil pH (about 5) may 
lead to low microbial activity but it does not lead 
to total inhibition of activity [29], although 
bacterial growth and degradation prefers neutral 
pH. At pH 5, the highest optical density at 600 
nm was shown by the strain S3 (0.681) followed 
by S6 (0.640) and S2 (0.542) (Supplementary 
Table 8). Strain S3 showed the highest 
degradation of 21.6%, followed by 18.6% (S6) 

and 16.7% (S2) (Table 1, Fig. 6). Again, 
hydrolysis of monocrotophos is pH dependent 
and quicker hydrolysis occurs at higher pH and 
the half-lives of monocrotophos in pH 3 and 9 at 
25°C are 131 and 26 d respectively Bhadbhade 
et al. [30]. So, very high rates of monocrotophos 
degradation were not observed in 24 hrs as it is 
dependent on its hydrolysis capacity as well as 
other factors like pH, bacteria, temperature, etc. 
HPLC analysis against monocrotophos standard 
with spiking level 300 µg/mL (Fig. 7a) revealed 
that the S3 strain was able to degrade 52.2% of 
300ppm monocrotophos within 48 hours (Fig. 7b) 
while S2 and S6 showed a moderate degradation 
of 32.5% (Fig. 7c) and 39.1% (Fig. 7d), 
respectively at pH 5. The short time required by 
these three strains at pH 5 to degrade 
monocrotophos was first reported from tea soil 
and a promising source for bioremediation of 
monocrotophos contaminated soil. Several 
microorganisms were isolated from soil sources 
capable of degrading monocrotophos and 
thereby minimising the toxic effect of this 
compound Singh and Singh [31], Bhadbhade et 
al. [32]. Studies revealed that many 
microorganisms have the higher degradation 
potential in bioremediation of organophosphate 
pesticides in alkaline soil [33]. Environmental 
factors such as temperature, pH and inoculum 
size play an important role in the microbial 
biodegradation of xenobiotics. Bacterial strains 
capable of degrading pesticides like 
cypermethrin in a variable range of pH 5-10 was 
reported [34]. As tea grows best in acidic soil, it 
is very important to identify the microbial 
community associated with tea to develop 
measures for bioremediation of tea soil at this 
particular pH. The findings indicated that                    
the three strains capable of degrading 
monocrotophos was able to grow in a pH range 
of 5 to 7.  

 
Table 1. Bacterial growth and monocrotophos degradation shown by S3, S6 and S2 in different 

pH in UV-Vis microplate reader 
 

Name Composition of culture 
(Controls) 

Absorbance at 
600 nm  
(Initial reading) 

Absorbance at 
215 nm  
(Initial reading) 

Monocrotophos 
degradation % 
(Initial reading) 

Blank1 B08 MSM  0.033 0.484 0 

Std0011 B09 MSM + Monocrotophos 300 
ppm  

0.040 3.003 0 

Std0012 B10 MSM + Monocrotophos 300 
ppm +S3 , 1 hr 

0.044 3.013 0 

Std0013 B11 MSM + Monocrotophos 300 
ppm +S6 , 1 hr 

0.041 3.052 0 

Std0014 B12 MSM + Monocrotophos 300 
ppm +S2 , 1 hr 

0.043 3.062 0 
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Name Composition of culture  
(Test samples) 

Absorbance at 
600 nm  
(After 24 hrs) 

Absorbance at 
215nm  
(After 24 hrs) 

Monocrotophos 
degradation % 
(After 24 hrs) 

Un0009 C08 MSM + Monocrotophos 300 
ppm + S3, pH 5 

0.681 2.361 21.6 

Un0010 C09 MSM + Monocrotophos 300 
ppm + S3, pH 6 

0.746 2.242 25.5 

Un0011 C10 MSM + Monocrotophos 300 
ppm + S3, pH 7 

0.722 2.536 15.8 

Un0012 C11 MSM + Monocrotophos 300 
ppm + S6, pH 5 

0.640 2.483 18.6 

Un0013 C12 MSM + Monocrotophos 300 
ppm + S6, pH 6 

0.538 2.416 20.8 

Un0014 D01 MSM + Monocrotophos 300 
ppm + S6, pH 7 

0.556 2.566 15.9 

Un0015 D02 MSM + Monocrotophos 300 
ppm + S2, pH 5 

0.542 2.549 16.7 

Un0016 D03 MSM + Monocrotophos 300 
ppm + S2, pH 6 

0.501 1.607 47.5 

Un0017 D04 MSM + Monocrotophos 300 
ppm + S2, pH 7 

0.843 2.272 25.8 

 

 
 

Fig. 5 a) Spiking of soil with increasing concentrations of pesticide Monocrotophos to a final 
concentration of 300 ppm. b) Bacterial colonies in MSM media with 300 of Monocrotophos. c) 
Bacterial colonies in MSM media with 600 ppm of Monocrotophos. d) Six bacterial cultures for 
pesticide degradation study in 300 ppm of Monocrotophos at pH 7. e)Genomic DNA extraction 

from the 6 colonies. f) 16SrRNA PCR amplification of bacterial colonies. g) Gram staining of 
strain S2. h) Gram staining of strain S3. i) Gram staining of strain S6 
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Fig. 6. Bacterial growth and monocrotophos degradation shown by S3, S6 and S2 strains in pH 
5 to 7 in UV-VIS microplate reader (Labels are defined in Table 1) 

 

 

 
 

Fig. 7. HPLC peaks for monocrotophos at 215 nm for standard and three bacterial samples 
spiked with monocrotophos (a) Monocrotophos standard (b) (S3) Paraburkholderia kururiensis 

(c) (S2) Serratia fonticola (d) (S6) Pseudomonas putida 
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3.5 Molecular Identification of the 
Bacterial Strains Capable of 
Degrading Monocrotophos 

 
Three species (GenBank: KX197245.1, 
GenBank: KX197246.1 and GenBank: 
KP637150.1) of tea OP pesticide 
(monocrotophos) degrading bacteria were 
identified from the tea soil. Strain S2 is identified 
as Paraburkholderia kururiensis of proteobacteria 
family. The genus Paraburkholderia is an 
ecologically diverse group of Gram-negative 
bacteria and inhabits a wide range of ecological 
niches, ranging from soil, plant, animals to the 
human respiratory tract [35-37]. They are 
reported to degrade a wide range of recalcitrant 
xenobiotics [38]. Strain S3 is identified as 
Serratia fonticola, a Gram-negative, facultatively 
anaerobic, endospore-forming, rod-shaped 
bacteria of Enterobacteriaceae family. The strain 
could utilise monocrotophos as the sole source 
of carbon for its growth and exhibited positive 
chemotactic response towards it. Serratia 
species are capable of degrading 
organophosphates, tetrachlorovinphos [39] and 
is an ideal species for waste degradation as well 
as bioremediation of soil and water [40]. Strain 
S6 is identified as Pseudomonas putida. This 
species has shown high potentiality in degrading 
OP pesticide residues [41]. The enzyme systems 
involved in biodegradation of OP compounds 
were extensively studied [15]. The 
organophosphorus hydrolase (OPH) are 
members of amidohydrolase superfamily and it is 
encoded by the highly conserved opd gene 
capable of hydrolysing organophosphorus 
compounds with P-O, P-F and P-S bonds. 
Monocrotophos belongs to the vinyl phosphate 
group and its hydrolytic cleavage occurs at the 
vinyl phosphate bond. Thirteen OP degrading 
bacteria were also found in this metagenomic 
study with the help of bioinformatics in the 
TREATED sample.  
 
4. CONCLUSION 
 
This study characterised three bacterial strains 
capable of degrading monocrotophos pesticide in 
an acidic environment. The study also confirmed 
the presence of taxa previously found to inhabit 
the tea soil and identified many bacterial species 
not yet reported along with the metagenomic 
survey of the bacterial community. The identified 
strains from the metagenome were reported to 
have plant growth promoting characteristics as 
well as the capability to survive in the presence 
of monocrotophos. The 13 bacterial species 

found in the monocrotophos treated tea soil 
metagenome are reported with OPH gene in the 
NCBI database may be important for 
organophosphate pesticide bioremediation in tea. 
The unknown microbial resources of tea soil 
deserve immediate attention in terms of 
documentation and bioprospection. Knowledge 
on microbial populations, their relationship and 
function are required to develop bioremediation 
strategy which has still not been attempted in tea 
soil. This study will aid to design a pesticide 
degrading bacterial formulation which can be 
useful in organophosphate contaminated tea soil 
to build soil health for tea replantations or in 
conversions to organic tea plantations. 
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