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ABSTRACT 
 
Aims: Thiamethoxam (THIA) is a pesticide that has been widely used for its effectiveness in controlling and preventing 
insect pests. However, the use of THIA diffused in soil, surface and groundwater pose severe toxicity to the ecosystem. 
The hazardous pollution caused by the toxicity of THIA demands for remediation to ensure degradation of THIA into its 
safe constituent elements. Thus, the aim of this study is to isolate and identify potential THIA degraders for future 
bioremediation. 
Methodology and results: Bacteria were isolated from soil sample collected at a corn plantation which utilizes THIA as 
a source of pesticide. Overall, two bacterial isolates were isolated from the soil sample. The bacterial isolates were 
screened and identified for their ability to degrade pesticide by culturing in minimal salt media (MSM) supplemented with 
50 mg/L THIA. The growth of isolates was observed and analyzed through spectrophotometry analysis, standard plate 
count method and pH value of culture medium. As a result, isolate THIA 1 had been found to possess the ability to 
degrade pesticide as it showed a high rate in growth of bacteria compared to its controls. Meanwhile, isolate THIA 2 
showed no degrading activities while under treatment as it showed similar rate of growth towards its control. Isolate 
THIA 1 was identified as Acinetobacter sp. UMTFA THIA 1.  
Conclusion, significance and impact of study: The isolation and identification of the pesticide degrading bacteria will 
provide promising source of pesticide degrading enzyme that can be further developed for enzymatic pesticide 
biodegradation. This will pave the way forward in bioremediation where new effective degradation tools can be 
developed for pesticide residue which otherwise lead to serious ecological problem. 
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INTRODUCTION 
 
Pesticides are synthetic organic chemicals used to control 
various pests that feed on crops. It is undeniable that 
extensive use of pesticides has improved the agricultural 
productivity by many folds. The ever-increasing global 
demand for food and productive crops has escalated the 
demand of pesticides for various crops from damaging 
effects of insects, reducing losses from the weeds and 
diseases. However, excessive and continued use of these 
toxic and relatively non-biodegradable chemicals leads to 
a substantial health hazard resulting from active uptake 
and accumulation of these compounds in the food chain 
and drinking water (Alavanja et al., 2013; Rahman et al., 
2018). Pesticides plays a vital role in increasing economic 
potential in term of increased production of food (Aktar et 
al., 2009; Hussain et al., 2016). One of the examples of 
widely used pesticides is thiamethoxam (THIA), a 
pesticidal active substance in the neonicotinoid class of 

pesticides (Tosi and Nieh, 2017; Rana and Gupta, 2019). 
Neonicotinoid insecticides are amongst the most effective 
pesticides used worldwide in the prevention and control of 
insect pests such as aphids, whiteflies, leafhoppers and 
plant hoppers, thrips, some microlepidoptera and several 
coleopteran pests (Zhou et al., 2013; Oliveira et al., 
2014). This tremendous success is based on their unique 
chemical and biological properties, such as broad-
spectrum insecticidal activity, low application rates, 
excellent systemic characteristics, favorable safety profile 
and a new mode of action (Liqing et al., 2006; Rana and 
Gupta, 2019). Although the uses of THIA give beneficial 
outputs, it has contributed to the pollution of chemicals in 
soil, surface and groundwater (Monard et al., 2013). Once 
it was introduced to a field, THIA can leach into 
groundwater or collect in runoff, affecting local drinking 
water and wildlife (Aktar et al., 2009; Briceño et al., 2020). 
Other than killing insects or weeds, THIA can be toxic to a 
host of other organisms including birds, fish, beneficial 
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insects and non-target organisms. In this respect, it is 
crucial for THIA to degrade into its constituent elements 
which is less or non-toxic to prevent them from 
contaminating the environment (Gupta et al., 2008; Pang 
et al., 2020). 

Generally, pesticides can be degraded by either 
chemical or microbiological processes (Huang et al., 
2018; Barba et al., 2019). However, the use of microbes 
with degradative ability (microbiological process) is 
considered the most efficient and cost-effective option to 
clean pesticide-contaminated sites (Massiha et al., 2011). 
This process makes use of various microorganisms in soil 
to break up the pesticide and use as nutrient source. The 
genetic adaptation in microorganisms induces 
mechanisms of degradation due to extensive use of these 
compounds in agricultural soils. The extensive use of 
THIA often led to the use of THIA by these 
microorganisms as the source of carbon, nitrogen, 
sulphur or phosphorus thus, facilitates the elimination of 
the compound’s toxicity (Wang et al., 2013; Rana et al., 
2019; Briceño et al., 2020) as illustrated in Figure 1. 

Biodegradation of THIA by microbial species is a 
biological way to reduce the contaminant as it offers eco-
friendly and cost-effective remediation approach. This 
study focuses on the isolation and characterization of 
bacterial strains of the THIA degrading microbes from 
fortified soil cultures from a corn plantation in Tanjung 
Karang, Selangor. These isolates will enable future 
bioremediation strategy to dissipate THIA commonly used 
in agriculture. 
 
MATERIALS AND METHODS 
 
Collection of soil sample 
 
Soil sample was collected at a corn plantation that is 
located at Jalan Masjid Baruh, Kg. Sungai Tengi Kanan, 

45500, Tanjung Karang, Selangor (N3°25'49" 
E101°11'6"). This site was chosen based on their 
prolonged use of pesticide THIA in controlling aphid 
insects from infecting corn plants, seed and fruit. 
Approximately 100 g of the total weight of soil sample was 
taken from a surface layer of soil at depth 10 cm, from 
five different areas within the corn plantation. Soil 
samples were collected in sterile condition before it was 
transported back to the laboratory for further analysis. 
 
Enrichment and isolation of soil bacteria 
 
Serial dilution and plating techniques were carried out to 
enrich and isolate the THIA degrading bacteria from the 
soil as previously described (Hedge et al., 2017). 
Individual colonies of bacteria which varied in 
macroscopic characteristics such as shape and color was 
picked and purified by streaking on nutrient agar (NA) 
plate. As for the stock culture preparation, the bacteria 
isolate of each pure colony was cultured on NA slant and 
incubated at 37 °C for 24 h. It was then stored at 4 °C. 
 
Morphological and biochemical characterization 
 
The morphology of THIA degrading bacterial isolates was 
observed under microscope for basic cellular forms and 
aggregation of cell. Gram staining was performed to 
identify the Gram profile of bacteria: crystal violet for 
Gram-positive and safranin for Gram negative. Bacterial 
isolates were also observed and identified based on their 
reaction towards certain chemicals or selective medium. 
Motility of the bacteria was examined using Sulfide Indole 
Motility (SIM) medium (BBL, Thomas Scientific, USA) 
where the isolates are inoculated by stabbing through 
center of media and incubated at 37 °C, 24 h. Indole test 
was done by using Kovacs reagent into the bacterial 
isolates grown in motility medium (Hemraj et al., 2013). 

 

 
 

 
Figure 1: Scheme shows that excessive and continued use of THIA pesticides leads to a substantial environmental 
hazard from accumulation of these compounds in the food chain and drinking water. The use of microbes with THIA 
degradative ability will enable bioremediation to dissipate THIA commonly used in agriculture. 
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Any change of colour was recorded within seconds after 
added. Oxidase test was carried out using moistened 
FLUKA oxidase strip (FLUKA 70439, Thomas Scientific, 
USA). Change of colour was observed within 2 min and 
the result was analyzed and recorded. 
 
Identification of thiamethoxam degraders 
 
The identification of THIA degraders were carried out by 
performing the 16S rRNA sequencing. Direct sequencing 
of 16S rRNA gene sequence was done by PCR-amplified 
16S rDNA. The bacterial 16S rDNA, full-length of 1.5 kb 
was amplified using universal primers 27F (5′-
AGAGTTTGATCCTGGCTCAG-3′) and 1492R (5′-
TACGGYTACCTTGTTACGACTT-3′). The PCR was 
performed as follow: 1 cycle (94 °C for 2 min) for initial 
denaturation; 25 cycles (98 °C for 10 sec; 53 °C for 30 
sec; 68 °C for 1 min) for annealing and extension of the 
amplified DNA. The PCR products were purified by 
standard method and directly sequenced with primers 
785F and 907R using BigDye® Terminator v3.1 Cycle 
Sequencing Kit (Applied Biosystems) according to the 
manufacturer’s protocol. Phylogenetic tree was 
constructed using the Neighbor-Joining method (Saitou 
and Nei, 1987). The evolutionary distances were 
computed using the Maximum Composite Likelihood 
method (Tamura et al., 2004) and are in the units of the 
number of base substitutions per site. Evolutionary 
analyses were conducted in MEGA X (Kumar et al., 
2018b). 
 
Screening of bacteria degrading thiamethoxam  
 
The mineral salts medium (MSM) containing THIA as a 
sole nutrient source was used to screen pesticide 
degrading bacteria. MSM was prepared in conical flask 
consisting of as follows: 0.5 g (NH4)2SO4, 0.2 g 
MgSO4·7H2O, 0.05 g CaCl2, 2.44 g Na2HPO4 and 1.52 g 
KH2PO4 dissolved in 1 L of distilled water, pH at 6.8. It 
was then sterilized at 121 °C for 15-20 min. THIA 
(Actara® 25WG, Syngenta Corporation Sdn. Bhd., USA) 
was used at concentration of 50 mg/L based on previous 
research carried out (Hedge et al., 2017). Pure bacterial 
isolate was inoculated in nutrient broth and incubated at 
room temperature for 24 h at 120 rpm. The screening 
process was conducted in three replicates and control for 
each of the sample was MSM medium with bacteria but 
without THIA. All the treatments were incubated at 27 °C 
for 30 days at 120 rpm. The growth of the bacteria was 
determined based on three quantitative measurements, 
which were spectrophotometry analysis and standard 
plate count method. The pH value of each treatment was 
also determined (Akbar and Sultan, 2016). 
 
Spectrophotometry analysis 
 
The growth of bacteria was determined based on the 
optical density (OD) value of the MSM enriched with 
THIA. An amount of 3 mL of each sample was transferred 
into a glass cuvette and scanned at the wavelength of 

600 nm by using UV spectrophotometer (Shimadzu UV 
spectrophotometer UK-1800, Japan). The blank control 
used was MSM medium and the analysis was done from 
day 0 to day 30 at 3 days interval and the data was 
recorded (Rahman et al., 2018). 
 
Standard plate count method 
 
The growth of bacteria was also measured based on the 
number of colony forming unit per mL of bacteria 
(CFU/mL). Using aseptic technique, 0.1 mL of bacteria in 
culture solution was taken from flasks and spread into NA 
plate by using glass spreader. It was incubated at 37 °C 
for 24 h before counted using a Stuart Scientific Colony 
Counter, UK. The enumeration of bacteria was performed 
at 3 days interval starting from day 0 to day 30. 
 
Determination of pH value  
 
The pH of MSM media enriched with THIA was measured 
for detection of the growth of bacteria. It was conducted 
by transferring 10 mL of enrichment media from each 
flask into a centrifuge tube and measured using pH meter. 
It was measured from day 0 to day 30 at 3 days interval. 
The pH value was recorded (Chaussonnerie et al., 2016). 
 
RESULTS AND DISCUSSION 
 
Identification of thiamethoxam degraders 
 
A total of two strains of isolated bacteria with THIA 
degrading ability were obtained based on serial dilution 
and plating techniques for further study. Initial studies 
based on the morphological characteristics and the 
biochemical analysis are summarized in Table 1. Based 
on the initial test carried out, it has been deduced that the 
isolate THIA 1 is a Gram-positive coccus which shows 
negative for indole, motility and oxidase test. As for the 
isolate THIA 2, it is a Gram-negative rod. However, in 
Table 2, based on the identification of the THIA-degraders 
carried out using molecular analysis of 16S rDNA, the 
16S rDNA sequence of strain THIA 1 exhibited 99.9% 
similarity to Acinetobacter sp. Meanwhile, the isolate 
THIA 2 exhibited 99.8% similarity to Enteroccocus sp. 
The phylogenetic tree comparison of these strains within 
their genus were shown in Figure 2 (isolate THIA 1) and 
Figure 3 (isolate THIA 2). Therefore, isolate THIA 1 was 
denoted as Acinetobacter sp. USMFA THIA 1 and isolate 
THIA 2 was denoted as Enteroccocus sp. THIA 2. 
Generally, microbial population in an ecosystem is 
influenced by the adaptation to utilize the most abundant 
material in the surroundings environment (Kumar et al., 
2018a). Previous studies have shown Acinetobacter 
radioresistens, Pseudomonas frederiksbergensis, Bacillus 
sp. (Sundaram et al., 2013), Serratia liquefaciens, 
Serratia marcescens, Burkholderia gladioli (Iqbal and 
Bartakke, 2014; Hussain et al., 2016), Achromobacter 
spp. and Diaphorobacter sp. (Ahn et al., 2018; Rahman et 
al., 2018) are commonly isolated bacterial strains from 
pesticide-applied farmland soil. 
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Table 1: Morphological and biochemical characteristics 
THIA degrading bacteria isolates. 
 

Characteristics THIA 1 THIA 2 

A. Morphology   

 Gram staining + - 

 Shape Cocci Rod 

B. Biochemical Test   

 Motility test - - 

 Indole test - - 

 Oxidase test - - 

(+) positive response; (-) negative response. 

Table 2: Similarity of genus identification of THIA-
degrader. 
 

Strains a Genus b Similarity index b 

THIA 1 Acinetobacter sp. 99.9% 

THIA 2 Enteroccocus sp. 99.8% 
aStrains isolated from the soil sample collected at a corn 
plantation which utilizes THIA.  
b Identification based on the 16S rDNA.  

 

 

 

 
 
Figure 2: Phylogenetic tree of Acinetobacter sp. USMFA THIA 1 and related bacterial strains based on the 16S rRNA 
comparisons with accession numbers. 
 

 

 
 
Figure 3: Phylogenetic tree of Enterococcus sp. THIA 2 and related bacterial strains based on the 16S rRNA 
comparisons with accession numbers. 
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Screening for THIA degrading bacteria 
 
The Figure 4 (a) shows the graph of absorbance at the 
wavelength of 600 nm against days of treatment for 
isolate THIA 1, THIA 2 and control. Based on the trend, 
isolate THIA 1 had a high increase in the absorbance 
from 0.02 (day 0) to 0.09 (day 30). This increase in 
absorbance indicates the growth of bacterial isolate in the 
culture media and a log phase in the growth curve. 
Degradation of pesticide is often related to the stimulation 
of microbial growth which leads to typical sigmoidal 
curves with significant delay, exponential increase and 
saturation phase (Wirsching et al., 2020). However, it was 
observed that growth curves of isolate THIA 2 were 
almost similar to the control. This suggested that THIA 2 
was unable to degrade THIA as their source of nutrient. 

Figure 4 (b) shows the colony forming unit per millilitre 
(CFU/mL) of bacterial isolate against days of treatment. 
The result indicated that the growth of bacteria increased 
by 83.3% from day 3 to day 15 for THIA 1. This indicated 
that THIA supported the growth of bacterial isolate as the 
growth was higher than the control (Mehta et al., 2021). 
Based on Figure 4 (c), the pH value of the enrichment 
media showed a gradual decline from 6.8 to 6.5 for isolate 
THIA 1 from day 0 to day 30. This decline could probably 
be attributed to the accumulation of waste product over 
time, causing an increase inhibition to the growth of 
bacterial isolate as time passes (days of treatment). 
Based on the Figure 4 (c), the pH of media with isolate 
THIA 2 showed there was only a small decline in the pH 
reading from 6.8 to 6.7, suggesting that the rate of waste 
accumulation that led to the inhibition of the growth of 
bacterial isolate was the same. 

Based on the results (Figure 4), it could be concluded 
that there was no degrading activity of THIA occurred in 
the culture treatment of isolate THIA 2, as the bacteria 
could have only used MSM as the source of nitrogen 
supplied for growth. Hence, it can be deduced that isolate 
THIA 2 was not capable of degrading THIA. Basically, 
microbes with appropriate degradative enzymes catalyzes 
the degradation of THIA (Conde-Avila et al., 2020). In the 
present study, the purified bacterial isolates were 
screened for their efficiency to degrade THIA based on 
the bacterial log phase in the growth curve. The longer 
growth phase indicates the degradative ability of the 
isolated strains in the present study (Dangi et al., 2019). 

Acinetobacter sp. USMFA THIA 1 showed evidence 
utilization of THIA for the bacterial growth which was 
observed in the MSM supplemented with THIA as the 
sole nutrient source. This can be attributed to the 
adaptation of the microbes to the pesticide whereby the 
growth rate of the pesticide degrading bacteria increased 
(Wang et al., 2011). The ability of this strain to utilize 
THIA for growth was determined by the prolonged log 
phase when cultured in MSM with THIA as compared to 
MSM without supplemented with any other carbon 
source. An increase in turbidity of culture medium was 
also recorded and this further supports the theory of 
isolate Acinetobacter sp. USM FA THIA 1 being able to 
degrade and utilize THIA. 

 
 
Figure 4: Growth profile of isolate THIA 1 and THIA 2. (a) 
absorbance, (b) plate count measurement (CFU/mL) and 
(c) pH of isolate THIA 1 and THIA 2 during 30 days of 
treatment. 
 

In the present study, the utilization of MSM 
supplemented with THIA as the sole nutrient sources, 
enable the identification of bacteria that are able to 
degrade THIA and distinguish from the non-degraders of 
THIA. Hence, those bacteria that could grow in the 
enrichment medium in 30 days in this study are those 
strains that can degrade THIA (Hedge et al., 2017). 
These days, pesticides have become an integral part in 
the modern agriculture hence, widely distributed 
throughout the environment (Stamm et al., 2013; Rana et 
al., 2019). Therefore, rapid and robust remediation is 
essential. Over the past years, physical, chemical and 
biological degradation have been used for soil 
remediation. However, the accumulation of toxic 
intermediates further exhilarated environmental pollution 
(Kong et al., 2018; Sidhu et al., 2019). Thus, microbe- 
sustainable alternative approach to bioremediate the
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contaminated soils with no or minimal toxic intermediates 
(Choussonnerie et al., 2016; Ortiz-Hernández et al., 
2018). 

The growth of bacterial isolates in a culture medium 
supplemented with THIA was directly compared with the 
control. The result showed that the bacterial isolated had 
higher increase in the reading of absorbance and plate 
count in the treatment than the control. It can be deduced 
that the isolate used THIA as its source of nutrient. Thus, 
the growth of bacterial isolate is promoted (Conde-Avila et 
al., 2020). 
 
CONCLUSION 
 
There were two strains of bacteria that had been isolated, 
which are Gram-positive Acinetobacter sp. USM FA THIA 
1 and Gram-negative Enteroccocus sp. THIA 2. They 
were distinguished primarily based on their macroscopic 
characteristics before identified to molecular level. 
However, the results of this study indicated that 
Acinetobacter sp. USMFA THIA 1 is capable in degrading 
THIA. On the other hand, Enteroccocus sp. THIA 2 was 
not capable in degrading THIA as it did not show a 
significant increase in growth as compared to the control 
during the log phase with the MSM supplemented THIA. 
Thus, the present study indicates that the bacterial strain 
Acinetobacter sp. USMFA THIA 1 isolated from fortified 
soil cultures from a corn plantation in Tanjung Karang, 
Selangor can degrade THIA. Hence, this study signifies 
that this strain can be further improved to focus on the 
characterization of the THIA degradative-enzyme which 
will pave the way for the microbe-mediated 
bioremediation to be of great importance to treat THIA 
contaminated agricultural soil. 
 
REFERENCES 
 
Ahn, J. H., Lee, S. A., Kim, S. J., You, J., Han, B. H., 

Weon, H. Y. and Lee, S. W. (2018). Biodegradation of 
organophosphorus insecticides with P–S bonds by 
two Sphingobium sp. strains. International 
Biodeterioration and Biodegradation 132, 59-65. 

Akbar, S. and Sultan, S. (2016). Soil bacteria showing a 
potential of chlorpyrifos degradation and plant growth 
enhancement. Brazilian Journal of Microbiology 47(3), 
563-570. 

Aktar, M. W., Sengupta, D. and Chowdhury, A. (2009). 
Impact of pesticide use in agriculture: Their benefits 
and hazards. Interdisciplinary Toxicology 2(1), 1-12. 

Alavanja, M. C. R., Ross, M. K. and Bonner, M. R. 
(2013). Increased cancer burden among pesticide 
applicators and others due to pesticide exposure. 
Cancer Journal for Clinicians 63(2), 120-142.  

Barba, S., Villaseñor, J., Cañizares, P. and Rodrigo, M. 
A. (2019). Strategies for the electrobioremediation of 
oxyfluorfen polluted soils. Electrochimica Acta 297, 
137-144.  

Briceño, G., Lamilla, C., Leiva, B., Levio, M., Donoso-
Piñol, P., Schalchli, H., Gallardo, F. and Diez, M. C. 
(2020). Pesticide-tolerant bacteria isolated from a 

biopurification system to remove commonly used 
pesticides to protect water resources. PLoS ONE 
15(6), e0234865.  

Chaussonnerie, S., Saaidi, P., Ugarte, E., Barbance, 
A., Fossey, A., Barbe, V., Gyapay, G., Brüls, T., 
Chevallier, M., Couturat, L., Fouteau, S., Muselet, 
D., Pateau, E., Cohen, G. N., Fonknechten, N., 
Weissenbach, J. and Le Paslier, D. (2016). Microbial 
degradation of a recalcitrant pesticide: Chlordecone. 
Frontiers in Microbiology 7, 2025.  

Conde-Avila, V., Ortega-Martínez, L. D., Loera, O., 
Kassis, E. G. E., Dávila, J. G., Valenzuela, C. M. 
and Armendáriz, B. P. (2020). Pesticides 
degradation by immobilised microorganisms. 
International Journal of Environmental Analytical 
Chemistry doi: 10.1080/03067319.2020.1715375.  

Dangi, A. K., Sharma, B., Hill, R. T. and Shukla, P. 
(2019). Bioremediation through microbes: Systems 
biology and metabolic engineering approach. Critical 
Reviews in Biotechnology 39, 79-98. 

Gupta, S., Gajbhiye, V. T. and Gupta, R. K. (2008). Soil 
dissipation and leaching behavior of a neonicotinoid 
insecticide thiamethoxam. Bulletin of Environmental 
Contamination and Toxicology 80(5), 431-437. 

Hedge, D. R., Manoharan, T. and Sridar, R. (2017). 
Identification and characterization of bacterial isolates 
and their role in the degradation of neonicotinoid 
insecticide thiamethoxam. Journal of Pure and Applied 
Microbiology 11(1), 393-400.  

Hemraj, V., Diksha, S. and Avneet, G. (2013). A review 
on commonly used biochemical test for bacteria. 
Innovare Journal of Life Science 1(1), 1-7. 

Huang, Y., Xiao, L., Li, F., Xiao, M., Lin, D., Long, X. 
and Wu, Z. (2018). Microbial degradation of pesticide 
residues and an emphasis on the degradation of 
cypermethrin and 3-phenoxy benzoic acid: A review. 
Molecules 23, 2313.  

Hussain, S., Hartley, C. J., Shettigar, M. and Pandey, 
G. (2016). Bacterial biodegradation of neonicotinoid 
pesticides in soil and water systems. FEMS 
Microbiology Letters 363(23), fnw252.  

Iqbal, M. A. and Bartakke, K. V. (2014). Isolation of 
pesticide degrading microorganisms from soil.  
Advanced in Bioresearch 5(4), 164-168.       

Kong, L., Zhang, Y., Zhu, L., Wang, J., Wang, J., Du, Z. 
and Zhang, C. (2018). Influence of isolated bacterial 
strains on the in situ biodegradation of endosulfan and 
the reduction of endosulfan-contaminated soil toxicity. 
Ecotoxicology and Environmental Safety 160, 75-83.  

Kumar, S., Kaushik, G., Dar, M. A., Nimesh, S., López-
Chuken, U. J. and Villarreal-Chiu, J. F. (2018a). 
Microbial degradation of organophosphate pesticides: 
A review. Pedosphere 28(2), 190-208.  

Kumar, S., Stecher, G., Li, M., Knyaz, C. and Tamura, 
K. (2018b). MEGA X: Molecular evolutionary genetics 
analysis across computing platforms. Molecular 
Biology and Evolution 35(6), 1547-1549. 

Liqing, Z., Guozuang, L., Dezhi, S. and Kun, Y. (2006). 
Hydrolysis of thiamethoxam. Bulletin of Environmental 
Contamination and Toxicology 76, 942-949.  



Malays. J. Microbiol. Vol 17(6) 2021, pp. 661-667 
DOI: http://dx.doi.org/10.21161/mjm.211186 

                                                                                            667                      ISSN (print): 1823-8262, ISSN (online): 2231-7538 
 

  

Massiha, A., Pahlaviani, M. R. M. K. and Issazadeh, K. 
(2011). Microbial degradation of pesticides in surface 
soil using native strain in Iran. International 
Conference on Biotechnology and Environment 
Management, Singapore. pp. 76-81.  

Mehta, A., Bhardwaj, K. K., Shaiza, M. and Gupta, R. 
(2021). Isolation, characterization and identification of 
pesticide degrading bacteria from contaminated soil 
for bioremediation. Biologia Futura 72, 317-323.   

Monard, C., Martin-Laurent, F., Lima, O., Devers-
Lamrani, M. and Binet, F. (2013). Estimating the 
biodegradation of pesticide in soils by monitoring 
pesticide-degrading gene expression. Biodegradation 
24(2), 203-213.  

Oliveira, R. A., Roat, T. C., Carvalho S. M. and 
Malaspina, O. (2014). Side-effects of thiamethoxam 
on the brain and midgut of the africanized honeybee 
Apis mellifera (Hymenopptera: Apidae). Environmental 
Toxicology 29(10), 1122-1133.  

Ortiz-Hernández, M. L., Castrejón-Godínez, M. L., 
Popoca-Ursino, E. C., Cervantes-Dacasa, F. R. and 
Fernández-López, M. (2018). Strategies for 
biodegradation and bioremediation of pesticides in the 
environment. In: Strategies for Bioremediation of 
Organic and Inorganic Pollutants. Fuentes, M. S., 
Colin, V. L. and Saez, J. M. (eds). CRC Press, Boca 
Raton. pp. 95-115. 

Pang, S., Lin, Z., Zhang, W., Mishra, S., Bhatt, P. and 
Chen, S. (2020). Insights into the microbial 
degradation and biochemical mechanisms of 
neonicotinoids. Frontiers in Microbiology 11, 868. 

Rahman, M. A., Arefin, A. S., Saha, O. and Rahaman, 
M. M. (2018). Isolation and identification of pesticides 
degrading bacteria from farmland soil. Bangladesh 
Journal of Microbiology 35(2), 90-94. 

Rana, S. and Gupta, V. K. (2019). Microbial degradation 
of second-generation neonicotinoid: Thiamethoxam in 
clay loam soils. Journal of Pharmacognosy and 
Phytochemistry 8, 294-298.  

Rana, S., Mardarveran, P., Gupta, R., Singh, L. and 
Wahid, Z. (2019). Role of microbes in degradation of 
chemical pesticides. In: Microbes and Enzymes in Soil 
Health and Bioremediation. Kumar, A. and Sharma, S. 
(eds). Springer, Singapore. pp. 255-257. 

Saitou, N. and Nei, M. (1987). The neighbor-joining 
method: A new method for reconstructing 
phylogenetic trees. Molecular Biology and Evolution 
4(4), 406-425. 

Sidhu, G. K., Singh, S., Kumar, V., Dhanjal, D. S., 
Datta, S. and Singh, J. (2019). Toxicity, monitoring 
and biodegradation of organophosphate pesticides: A 
review. Critical Reviews in Environmental Science and 
Technology 49(13), 1135-1187. 

Stamm, M. D., Heng-Moss, T. M., Baxendale, F. P., 
Siegfried, B. D., Gaussoin, R. E., Snow, D. D. and 
Cassada, D. A. (2013). Effect of distribution and 
concentration of topically applied neonicotinoid 
insecticides in buffalograss, Buchloe dactyloides, leaf 
tissues on the differential mortality of Blissus occidu 

under field conditions. Pest Management Science 
69(2), 285-291.  

Sundaram, S., Das, M. T. and Thakur, I. S. (2013). 
Biodegradation of cypermethrin by Bacillus sp. in soil 
microcosm and in-vitro toxicity evaluation on human 
cell line. International Biodeterioration and 
Biodegradation 77, 39-44.  

Tamura, K., Nei, M. and Kumar, S. (2004). Prospects for 
inferring very large phylogenies by using the neighbor-
joining method. Proceedings of the National Academy 
of Sciences of the United States of America 101(30), 
11030-11035. 

Tosi, S. and Nieh, J. C. (2017). A common neonicotinoid 
pesticide, thiamethoxam, alters honeybee activity, 
motor functions, and movement to light. Scientific 
Reports 7, 15132. 

Wang, M., Yang, G., Wang, X., Yao, Y., Min, H. and Lu, 
Z. (2011). Nicotine degradation by two novel bacterial 
isolates of Acinetobecter sp. TW and Sphingomonas 
sp. TY and their responses in the presence of 
neonicotinoid insecticides. World Journal of 
Microbiology and Biotechnology 27, 1633-1640.  

Wang, X., Xiang, Z., Yan, X., Sun, H., Li, Y. and Pan, C. 
(2013). Dissipation rate and residual fate of 
thiamethoxam in tobacco leaves and soil exposed to 
field treatments. Bulletin of Environmental 
Contamination and Toxicology 91(2), 246-250.  

Wirsching, J., Pagel, H., Ditterich, F., Uksa, M., 
Werneburg, M., Zwiener, C., Berner, D., Kandeler, 
E. and Poll, C. (2020). Biodegradation of pesticides at 
the limit: Kinetics and microbial substrate use at low 
concentrations.  Frontiers in Microbiology 11, 2107.      

Zhou, G. C., Wang, Y., Zhai, S., Ge, F., Liu, Z. H., Dai, 
Y. J., Yuan, S. and Hou, J. Y. (2013). Biodegradation 
of the neonicotinoid insecticide thiamethoxam by the 
nitrogen-fixing and plant-growth-promoting 
rhizobacterium Ensifer adhaerens strain TMX-23. 
Applied Microbiology and Biotechnology 97(9), 4065-
4074.  


