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Abstract: Pesticides are broadly utilized in preventing and controlling the illnesses and pests of crop, but at the same time 

pesticide residues have brought genuine harm to human health and the environment. It is an important and mandatory subject to 

consider microbial degradation of pesticides in soil environments within the field of globally natural restoration science and 

innovative technology. The microbial species within the environment, the study of herbicide and pesticides degrading microbes 

their mechanism and application of pesticide microbial degrading microbes or bacteria. Microorganisms play an important part 

within the bioconversion and total breakdown of pesticides and other xenobiotics within the environment. Microbial-assisted 

degradation of xenobiotic compounds is considered to be the most effective and beneficial approach. Microorganisms have 

prominent catabolic potential, enzymes, with genes and degradation pathways implicated in the process of biodegradation. 

 

Index Terms: Mechanisms of pesticide, soil microbes and pesticides degradation, fate of pesticide in environment, genomic 

and metagenomic. 

I. INTRODUCTION: 

The pesticides belongs to a category of chemicals utilized around the world as herbicides, pesticides, insecticides, 

fungicides, rodenticides, molluscicides, nematicides and plant development controllers in order to control weeds, insects and 

diseases in crops. The positive angle of application of pesticides renders upgraded crop/food efficiency and exceptional reduction 

of vector-borne diseases (Shukla kp, Singh NK, et al., 2010). Agriculture, food industry, aquaculture, processing, forestry, 

transportation and storage of wood and other biological products are sectors where various pests like insects, weeds,  rodents, 

birds, fungi, moulds, etc can significantly affect the quantity and quality of products. Certain species of pests can also damage 

buildings, installations, furniture, cloths, etc Spread infectious diseases or cause other diseases (Cooper J, Dobson Η, et al., 2007). 

Pest control is implemented by chemical, physical and biological methods and the choice of the particular method depends on 

various conditions (type of industry, species, amount and distribution of pests, environmental conditions, etc). The most effective 

methods of pest control are based on the use of chemicals named ‘pesticides’ (Sean Rickard, et al., 2010). 

An incredible range of tonnes of xenobiotics square measure created annually with an amazing quantity discovered 

damaging the environment. Xenobiotic for instance diesel, could be a complicated mixture of hydrocarbons, is very important in 

our daily life because the primary principle of energy resources for travel, energy and electricity. The use of diesel is 

overwhelming in our lives conjointly features a crucial disadvantage; diesel is additionally a waste product found within 

the environmental (Baryshnikov LM, Zanoletti A, et al., 2018). Detergents square measure one amongst the most water pollutants 

globally. Aquatic life square measure most full of detergents (Liwarska-Bizukojc E , et al., 2005). 

            Microbial choice on xenobiotic compounds that are unit poorly soluble in water and/or hepato toxic to 

growing microorganism cells typically needs very long acclimatization periods (several months) (Plough H.H,  Benveniste R, 

Davies J,  et al., 1973) . This becomes, in itself, a limiting step within the degradation method. Therefore, there's a requirement to 

enhance the choice of method. Medium engineering (Florey H.W, et al.,1946) deification and/or improvement of a micro-

environment by introducing additives (e.g.,organic solvents) will improve the choice method with these 

compounds. once a hepatotoxic substrate with low binary compound solubility is mixed with associate binary compound medium, 

the cells suspended within the binary compound section area unit in grips with low concentrations of dissolved 

substrate, whereas the cells adhering to insoluble droplets area unit in grips with higher concentrations of the insoluble substrate. 

In each cases the cells exhibit low metabolic activity owing to low binary compound substrate concentration or owing to toxicity 

at the liquid-liquid interface. In distinction, if the substrate is dissolved in associate organic solvent, its concentration 

decreases within the reactor and will drop below hepatotoxic concentrations, leading to bigger cellular activity (Kole RK,   Bagchi 

MM, et al.,1995). Within the biphasic aqueous-organic system, the substrate diffuses from the organic section to the binary 

compound section, that contains mineral salts. Microorganisms perform substrate conversion within 

http://www.ijcrt.org/


www.ijcspub.org                                                 © 2022 IJCSPUB | Volume 12, Issue 2 June 2022 | ISSN: 2250-1770 

IJCSP22B1276 International Journal of Current Science (IJCSPUB) www.ijcspub.org 473 
 

the surface space and/or binary compound section, whereas the metabolites that have low binary compound solubility will 

be extracted by the organic section (Shukor MY, et al., 2015). Thus, during this system it's attainable to avoid substrate or product 

inhibition. The biphasic aqueous-organic system is extensively used for microorganism and protein bioconversions of poorly 

water soluble substrates in a very single-step reaction (Shukor MY, et al.,2015). However, it's been incontestable that this 

technique will be used for advanced reactions and complete mineralization of substrates that area unit solely meagerly soluble 

in binary compound environments (Aislabie J , Abraham,  et al., 2007). Many water-miscible, water-immiscible, and hydrophobic 

solvents will be used because the organic section (Brevik EC, et al., 2015). However, it's additional appropriate to use 

hydrophobic solvents as a result of their low polarity results in higher activity and stability of microorganism (Prokop,  et al., 

2010). Studies have been done on n-hexadecane degradation of a water-dewaxed heating oil system, and Wodzinski and Larocca 

(Liwarska-Bizukojc E, et al., 2005). water-heptamethylnonane system had used for degradation 

of hydrocarbon, whereas Efroymeon and Alexander have used constant system for learning hydrocarbon and n-hexadecane 

degradation  Penaud, victimization the water-silicone oil system, has studied dis-solver degradation (Kafilzadeh F , et al., 2015). 

The contradiction between agricultural items with high yield or steady generation and natural contamination, we can start 

from taking two viewpoints. On the one hand, pesticides with low toxicity quality, high effectiveness and low pesticide residue 

ought to be found and developed, on the other hand, ways of degrading pesticide residue also should be on a very basic level 

commendable of consideration. Studies on microbial degradation of pesticide residue originated in the 1940s, as individuals pay 

more consideration to the environment, the research on the degradation process and degradation component of organic pollutants 

has been profoundly considered. Bacteria in nature might degrade the pesticide residue, with low cost and environmentally 

friendly and it would not cause auxiliary contamination. But the efficiency was generally moderate and the characteristic 

environment was complex and changeable, which may influence the possibility and efficiency of microbial degradation of 

pesticides (Femmer k, cononica S, et al., 2013). 

II. MECHANISM OF MICROBIAL DEGRADATION OF PESTICIDES: 

Pesticides in the soil could be degraded in different ways; the traditional methods included physical degradation, chemical 

degradation and physical-chemical degradation, which basically caused secondary pollution. In recent years, microbial 

degradation was used more frequently because pesticides were used as mainly microbial nutrients, and ultimately decomposed 

into some small molecules, such as CO2 and H2O. The compound got into microorganisms body through a certain way firstly, and 

then through a series of physiological and biochemical reactions under the action of various enzymes, finally pesticides are either 

completely degraded or decomposed into non-toxic or less toxic, smaller molecular compounds. The overall degradation 

mechanism was divided into three parts. Firstly, adsorption of target took place on the surface of the cell membrane and was a 

dynamic equilibrium process that was also critical. Secondly, the target got into the cell through the surface to the cell membrane, 

and the penetrated rate and efficiency were related to the molecular structure of the target isomerism. Thirdly, xenobiotic targets 

conducted a rapid enzymatic reaction in the membrane (Yex, Dong F, et al., 2018). 

III. MICROBES INVOLVED IN THE BIODEGRADATION PESTICIDE: 

There are different sources of microorganisms with the capacity to degrade pesticides. Since pesticides are primarily 

connected to agricultural crops, soil is the medium that for the most part gets these chemicals, other than pesticide industry's 

emanating, sewage slime, actuated slime, wastewater, natural waters, dregs, sediments, areas surrounding the manufacture of 

pesticides, and indeed some living organisms. In common, microorganisms that have been recognized as pesticide degraders have 

been isolated from a wide assortment of sites contaminated with some kind of pesticide. At present, in several research facilities 

around the world there are collections of microorganisms characterized by their identification, growth development 

and degradation of pesticides. Microbial pesticides consist of a microorganism like Micrococcus, Flavobacterium, Rhodococcus, 

Streptomyces, Penicillium etc as the active ingredient. Microbial pesticides can control many different types of pests, but each 

individual active ingredient is relatively specific to its target pest. For example, there are fungi that control certain weeds and 

other fungi that kill certain insects. 

  Microbial processes that eliminate organic environmental stress are important. Advances in biodegradation 

biotechnology are based on the underlying science of environmental microbiology and analytical geochemistry. Recent important  

findings that advance the knowledge of biodegradation (general) and biodegradation (especially) of aromatic hydrocarbons are 

based on the properties of microorganisms: pure culture isolates, laboratories and contaminated sites. Enrichment culture. New 

analytical and molecular tools (from biodegradable microbial DNA sequencing) to active actor mechanisms (methods), 

developments (what), and identities (who) influence the biodegradation of organic environmental pollutants (Chevillard A, 

Coussy HA, et al., 2012). 

IV. PESTICIDES-DEGRADING ORGANISM 

Many scientists have enriched, isolated, refined and screened loads of microorganism floras, like fungi, 

actinomycetes, alga and alternative microorganism strains from the natural waste matter or soil to degrade pesticides 

(Ebrahimnezhad M, et al., 2015). separated microorganism from sediments and water samples from high agricultural activity 

areas for the detection of endosulfan degradation. 

 It was found that the 5 genus Enterics, Acinetobacter, Alcaligenes, Flavobacterium, and Bacilli may degrade endosulfan 

effectively (Jayabarath J, et al., 2010). Selected 319 actinomycetes from saline soils of Sangli District (Maharashtra) for 

carbofuran tolerance test, whereas solely the seven strains of Actinomycete alanosinicus, Streptoverticillium album, Nocardia  

farcinia, Actinomycete atratus, Nocardia vaccine,  Nocardia amarae, and Micromonospora chalcea will grow and degrade 

pesticides fine (Elgueta S, et al., 2016). white-rot fungi was used to review the degradation of weed killer and located that the 

half-life of weed killer weakened to 6 days (Kabra A.N, et al., 2014). Studied have been conducted on 

flexibility of inexperienced microalga protoctist genus mexicana to degrade weed killer and located that 

http://www.ijcrt.org/


www.ijcspub.org                                                 © 2022 IJCSPUB | Volume 12, Issue 2 June 2022 | ISSN: 2250-1770 

IJCSP22B1276 International Journal of Current Science (IJCSPUB) www.ijcspub.org 474 
 

microalgae may effectively degrade weed killer by accumulating weed killer in cells for degrading it, reaching a degradation rate 

of 14–36%. Among them, the isolated microorganism were chiefly genus Pseudomonas, Enterics pneumoniae, Bacillus globigii, 

etc. Fungi enclosed eubacterium, genus Aspergillus, white rot fungi,and alga enclosed marine alga, etc. 

V. SOIL MICROBES AND PESTICIDES DEGRADATION: 

Biologically catalytic curtailment of complex, noxious organic molecules such as pesticides or agrochemicals to its 

simpler, smaller and non-toxic forms coined as biodegradation. Soil microbes have several unique mechanisms for carrying out 

the biodegradation process. Bacteria display different physiological metabolism of degrading numerous assortments of natural 

and synthetic organic compounds, including pesticides in soils. Reports propose that consortia soil organisms can more 

effectively degrade pesticides than single non-indigenous strains. Even if the degrading metabolic processes are longer, it’s been a 

more practical and appropriate alternative for disposing of the xenobiotic compounds from soil (Finley, et al., 2010). The 

continued exposure of contaminated environment makes the soil microbes to evolve and develop a modified genetic system 

against different toxicants  (Parsek, et al., 1995). Bacterial degradation of pesticides is fundamentally higher on the surface than 

subsurface soils which have been affected by the spatial variability and heterogeneity of soil (Linn, et al.,1993). In the 

rhizosphere, the effective degradation of these xenobiotic compounds comes about from co metabolic activity  which is further 

augmented by roots exudates produced due to net microbial activity  (Fang, et al., 2001). Pesticides have reduced bioavailability 

due to the efficient absorption of pesticides into soil organic matter. As a result, pesticide uptake affects the structure and 

metabolism of soil microbial communities, especially the growth of bacteria  (Johnsen, et al., 2001).Pesticides have reduced 

bioavailability due to the efficient absorption of pesticides into soil organic matter. As a result, pesticide uptake affects the 

structure and metabolism of soil microbial communities, especially the growth and growth of bacteria  (Johnsen, et al., 2001). In-

situ removal and detoxification of pesticides from soil ecosystems by soil microorganisms, or more precisely bacteria, is very 

important  (Wangetal, et al., 2005). Bacillus sp,  Pseudomonas sp,  Ralstonia sp. A Large pool of soil bacterial isolates containing 

(Formerly Pseudomonas), Rhodococcus,  Acetbacta, Alkalinegenes, Flavobacterium, Berkholderia, Elsina, Stenotrohomonas. 

Weeksella virosa  (Padmanabhan,  et al.,  2003) from a variety of soil environments was discovered with the ability to decompose 

pesticides (Akbar, Sultan S, et al., 2016). 

VI. MICROORGANISMS EFFECTS DETOXIFICATION OF XENOBIOTIC: 

Years of analysis of research on foreign body microbial degradation shows that bacteria are the pioneers of foreign body 

detoxification, followed by fungi, and yeast and protozoa are rarely mentioned in this context. Among bacteria, Pseudomonas are 

reputed as the most excellent degraders of xenobiotics. It is additionally essential that in the event that Bacilli are responsible for 

pesticide hydrolysis, at that point Pseudomonas can bring approximately hydrolysis as effectively as they do dehalogenation, 

hydroxylation, aromatic ring cleavage and nitro group reduction (Anderson J.P, E.Lichtenstein,  et al., 1972). 

VII. CHEMICAL DECONTAMINATION: 

Organochlorine pesticides were terribly stable within the surroundings, and were simply enriched within the organisms and 

human’s body through the food, thus China had taboo manufacturing and victimization them from 

1983 forrader, like hexachlorocyclohexane(666),1,1,1-trichloro-2,2-bis(p-chlorophenyl) methane series (DDT) 

and different organochlorine pesticides, within which like methamidophos in organic phosphorus were bit by bit phased out 

(Ridwan, Fox, James G, et al., 2015). 

     Chemical reagents that promote the hydrolysis of pesticides and CWA as a decontamination route are the most widely used to 

date and include hydrolysis, oxidation, and reduction mechanisms. Decontaminating agents such as DS2 and bleach are not 

considered safe as they are corrosive in nature and generate hazardous waste. This leads to a dire need for non-toxic, non-

corrosive and environmentally compatible decontamination strategies. The use of microbes and purified enzymes for 

decontamination has been an area that is being extensively researched and has met with success in terms of degradation of 

compounds in commercial applications (Bigley, A.N,  et al., 2015). 

Xenobiotic organic contaminants (XOCs) with molecular intrinsic resistance to activity and chemical transformation are 

often extremely mobile in soil surroundings, they will enter deep layer soil and groundwater through downward 

immigration underneath the result of natural action (Nakada et al., 2008). Also, non-polar hydrophobic organic matter 

with comparatively high octane-water distribution constant, diagrammatic by PAHs, tends to accumulate into soil particles or 

sediment instead of being transported by water flow (Gocha, et al., 2009). each 2 conditions on top of area 

unit typical hypoxia surroundings, which might be a crucial reservoir for XOCs.  

When spare gas is offered, aerobic biodegradation happens as a primary method for natural 

attenuation, wherever gas would function activated agent and terminal electron acceptor (TEA) for the breakdown of 

substrate similarly as energy production. In hypoxia condition, varied inorganic/organic 

matter omnipresent in surroundings may substitute the role of gas and performance as non-O2 TEAs, e.g. nitrate, sulphate, Fe(III) 

and Mn(IV) (hydr)oxides, permitting the occurrences of XOCs biodegradation in anaerobic pattern (Schmidt, et al., 2017). For 

instance, underneath restricted gas condition, on the market gas are often used just for aromatic ring activation to catechol 

by oxidoreductase reaction, then the depletion of gas makes catechol an inactive product, resulting in the termination of aerobic 

biodegradation. however the presence of non-O2 TEAs permits its sequence anaerobic biotransformation via O2 

and oxidoreductase freelance pathway, during which catechol is carboxylated, dehydoxylated, and ligated with coenzyme to 

make benzoyl-CoA, the central intermediate of anaerobic hydrocarbon biodegradation. Then benzoy-CoA is cleaved to short-

chain hydrocarbons followed by step-wise mineralization to carbon dioxide (Fuchs, Zheng,  et al., 2019). 

There are immeasurable researches illustrating aerobic XOCs biodegradation, however XOCs anaerobic degradation 

studies stay restricted, despite that several hypoxia niches like flooding soil, groundwater, aquatic sediment, area 
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unit necessary ecosystems job for higher exploration. it's accepted that, in general, aerobic and suboxic metabolism support a lot 

of energy conservation and biomass assimilation, leading to a lot of speedy degradation than strict anaerobic metabolism  (Philipp 

and Schink, Schaper, et al., 2018). However, in recent decades, increasing reports have indicated that XOCs biodegradation are 

often redox-dependent (Fang et al., 2020), i.e. sure XOCs area unit less recalcitrant and they are prone 

to degradation underneath hypoxia condition (Boopathy, Rathour, et al., 2001). 

VIII. FATE SOIL PESTICIDE IN ENVIRONMENT: 

The predetermination of pesticides inside the environment is emphatically related to the soil sorption process ( removal 

of compound from solution by solid phase constituents) that controls not only their exchange but also their bioavailability. 

Contamination of soil from pesticides as a result of their bulk handling at the farmyard or taking after application inside the field 

or accidental release may lead once in a while to contamination of surface and groundwater. The conduct of pesticides in soils, the 

capability, perseverance and potential as natural contaminants, depend on their upkeep and degradation on soil constituents. In 

soils, a few parameters affect the rate of biodegradation forms: natural components such as dampness, temperature, 

physicochemical properties of the soil and closeness of other nitrogen sources or carbon, etc. can completely alter the microbial 

masses and so the microbial movement  (Aislabie J,  Cloyd Jones G, et al., 1995). 

IX. XENOBIOTICS IN THE ENVIRONMENTS 

Within the surroundings Some xenobiotics substances square measure immune to degradation. 

Xenobiotics like polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs), associate 

degreed TCE accumulate within the surroundings because of their recalcitrant properties and became an environmental 

concern because of their toxicity and accumulation. This happens significantly within the submarine surroundings and water 

sources, similarly as in biological systems, having the potential to impact human health. A number of the most sources of 

pollution and therefore the introduction of xenobiotics into the surroundings return from giant industries like prescribed drugs, 

fossil fuels, pulp and paper bleaching and agriculture. as an example, they will be artificial organochlorides like plastics and 

pesticides, or present organic chemicals like polyaromatic hydrocarbons (PAHs) and a few fractions of petroleum and coal. 

Microorganisms is also a viable resolution to the present issue of environmental pollution by the degradation of the xenobiotics; 

a method referred to as bioremediation (Ridwan, Fox, et al., 2015). Microorganisms square measure able to adapt to xenobiotics 

introduced into the surroundings through horizontal factor transfer, so as to create use of such compounds as energy sources. 

This method is any altered to control the metabolic pathways of microorganisms so as to degrade harmful 

xenobiotics beneath specific environmental conditions at a lot of fascinating rate (James G, et al., 2015).  Mechanisms of 

bioremediation embody each genetically engineering microorganisms and uninflected the present xenobiotic degrading microbes 

(Bigley, A. N., et al., 2015). Analysis has been conducted to spot the genes liable for the power of microorganisms 

to metabolize sure xenobiotics and it's been prompt that this analysis is utilized in order to engineer microorganisms specifically 

for this purpose (Raushel, F.M, et al., 2015). Not solely will current pathways be designed to be expressed 

in alternative organisms, however the creation of novel pathways may be a doable approach (Bigley, A. N., Mabanglo, et at., 

2015). 

  Xenobiotics is also restricted within the surroundings and tough to access in areas like the submarine surroundings. 

Degradative organisms is designed to extend quality so as to access these compounds, together with increased taxis  (Harvey, S. 

P., et al., 2015). One limitation of the bioremediation method is that optimum conditions square measure needed for 

correct metabolic functioning of sure microorganisms, which can be tough to satisfy in associate degree environmental setting. In 

some cases one organism might not be capable of activity all metabolic processes needed for degradation of a xenobiotic 

compound then "syntrophic microorganism consortia" is also utilized (Bigley, et al., 2015). during this case, a 

gaggle of bacterium add conjunction, leading to dead finish product from one organism being any degraded by another organism. 

In alternative cases, the product of one microorganisms might inhibit the activity another, and so a balance should be maintained. 

Many xenobiotics manufacture a spread of biological effects, that is employed once they square 

measure characterized mistreatment bio assay. Before they will be registered available in most countries, xenobiotic 

pesticides should bear intensive analysis for risk factors, like toxicity to humans, ecotoxicity, or persistence within 

the surroundings. as an example, throughout the registration method, the weedkiller, cloransulam-methyl was found to 

degrade comparatively quickly in soil (Bigley, A. N., et al., 2015). 

X. GENOMICS AND METAGENOMICS: 

Genomics and metagenomics are powerful tools for analyzing microbial communities at genomic level from a variety of 

contaminated environments. This technique provides environmental microbiologists a new way to understand the non-culturable 

microbiota with genetic diversity in microbial communities  (Devarapalli and Kumavnath, Zhu, Awasthi et al., 2020). Since the 

entire genomic sequence from the environmental sample is directly involved, there are details about the possibility of specific 

degradation of the microbial community. Metagenomic studies unleash traditional pathways of uncultured microorganisms and 

explore their genetic benefits in the bioremediation process  (Rahimi , Nascimento, et al., 2020). Complete genomic sequence 

data for several important microbial strains including Pseudomonas aeruginosa KT2440, Shewanella oneidensis MR-1, 

Deinococcus indicus R1, and Dehalococcoides mccartyi WBC-2, have already been presented and are associated with successful 

bioremediation  (Brown, G.R,  et al., 2015). 
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figure 1.  

 

XI. CONCLUSION:  

The studies of microbial degradation of pesticides have been greatly developed and majority of the pesticide degrading 

microbial strains have also been identified. Mineralization and co-metabolism are the main mechanisms for degradation of 

pesticides and their intermediate products, while the groups and molecular structure of pesticide determined its degradation 

behaviour in the microbial environment, chemical structures determines its solubility in which molecular orientation, chemical 

functional groups, inter-molecular attraction and repulsion characteristics affecting the ingestion of pesticides by microorganism. 

Microbial communities have great potential to mediate the successful biodegradation process of xenobiotic contaminated soil in 

the environments. 
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