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Intensive agriculture has been successful owing to its input viz. fertilizers and 

pesticides along with high yielding varieties. But due to xenobiotic characteristics of 

pesticides in soil, it may adversely affect the growth of beneficial microorganisms and 

transformations associated with them. Pesticide contamination is a major concern in 

current scenario of agriculture. Microorganisms influence important biochemical 

reactions such as mineralization of organic matter, nitrification, ammonification etc. 

The impact of pesticides on microbial diversity and enzymatic activities are of 

significance as bio-transformations play key role in biochemical reactions and 

degradation of pesticides in soil to maintain soil health. Degradation of pesticides 

depends on many factors viz. pesticide structure and concentration, temperature, pH 

and soil moisture etc. Pesticides inhibit or kill certain group of microorganisms by 

reducing the competition of certain groups; it reduces microbial diversity but increases 

functional diversity of microbial communities. Inactivation of nitrogen fixing and 

phosphorus solubilizing microorganisms is observed in pesticide contaminated soils. 

However, few reports have highlighted some positive effects of pesticides on soil 

microbial diversity as some microbes are capable of utilizing applied pesticides as a 

source of energy and nutrients for their growth. Biopesticides are also gaining 

importance as they can be an alternative to chemical pesticides in sustaining natural 

environment. Trichoderma has been observed to increase microbial flora and fauna by 

improving soil aggregation. However, certain bio-pesticides may stimulate shifting of 

specific microbial population thus changing the microbial community. Negative 

impact of a microbial biopesticide, paenimyxin produced by Paenibacillus sp. strain 

B2 was observed on the bacterial population. It is difficult to understand the role of 

pesticides in disconcerting soil environment due to conflicting research findings 

available in the literature. Therefore, application of biopesticides along with natural 

soil amendments (compost, manure, vermicompost etc.) can be an alternative to 

chemical pesticides without deteriorating the environment but complete removal of 

chemical pesticides may not be advisable as biopesticides are slow in action. 
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Introduction 
 

World is facing population crisis, in order to 

cope up with the expanding population, higher 

food production is necessary to meet the food 

demand of the growing population. As 3/4
th

 

part of the earth is covered by water, land is 

very much limited for expanding crop 

cultivation. So, in vision of increasing the 

production of crops, increasing crop 

productivity in the limited land available is the 

only option which can be achieved only 

through intensive agriculture. Judicious use of 

inorganic fertilizers and pesticides may not 

jeopardize the natural environment, but the 

increased pressure on these chemicals has 

caused indiscriminate use of these chemicals 

hopeful to increase productivity at a higher 

and faster rate which will bring consequences 

in the later future. Indiscriminate use of these 

chemicals has reportedly been found to be 

deteriorating soil health as well the 

environment as a whole (Ejaz et al., 2004). 

Among these chemicals, pesticides, which are 

used to control pest in the soil and plant may 

also have some adverse effect on soil health 

besides providing security to the crop from 

pest.  

 

Alterations due to disturbance aroused after 

application of excessive application of 

agrochemicals such as inorganic fertilizers and 

a range of pesticides (Wilson, 2000). 

Pesticides may affect soil microbial 

communities which are associated with many 

key functions in the soil to maintain soil health 

(Mahía et al., 2008). Enzymatic activities are 

also among the most important key component 

in environment which triggers any chemical 

reactions occurring in the nature. As enzymes 

are associated with microbial population in the 

soil, enzymatic activities and biological 

processes may suffer some adverse impact 

from pesticides application (Antonious, 2003). 

So, pesticide contamination is one of the 

important aspects nowadays as they are 

polluting the environment as well. In order to 

minimize the effect of chemical pesticides on 

environment, use of bio-pesticides is gaining 

importance. It is believed that such natural 

pesticides are safer and less damaging to the 

ecosystem however; these may also affect the 

ecosystem adversely (Gopal et al., 2013). The 

numbers of fungi and nitrifiers are reported to 

be reduced significantly after application of 

azadirachtin at recommended doses while 

higher doses have high biocidal effects of soil 

microorganisms and its activities (Gopal et al., 

2007). This may be due to their antagonistic 

properties to each other. Therefore, study on 

impacts of chemical as well as bio-pesticides 

on soil microbial diversity and enzymes is 

crucial as ultimately soil is the sink of these 

substances. 

 

Microbial communities in soil ecosystems 

provide various important functions like 

decomposition of organic material, recycling 

of nutrients, nitrogen and carbon cycle, 

storage and release of nutrients, plant growth 

promotion and by providing a major food 

source at the base of food webs. Microbes are 

also capable of degrading soil-associated 

organic pollutants and can thus contribute to 

remediation of contaminated ecosystems 

which reduces the effect of pollution. Thus, 

many microbial functions are critical to crop 

production, soil sustainability, and 

environmental quality and the impact of 

pesticides on the diversity of soil microbial 

communities and enzymatic activities become 

vital (Gupta et al., 2013). Non target organism 

exposure and offsite mobility of the applied 

pesticides have become a major concern in 

respect to keep the environment contaminants 

free (Hafez and Theimann, 2003). The adverse 

effect of pesticides may also include soil 

fertility (Schuster and Schroder, 1990). An 

ideal pesticide should be biodegradable and 

toxic to only the target organism (Chowdhury 

et al., 2008). When pesticides are applied in 

the environment, they undergo transformation 
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processes, these transformations are carried 

out by various mechanisms like physical, 

chemical and biological agents where 

microorganisms play a key role. The 

transformation mechanism includes oxidation 

hydrolysis reduction conjugation etc, 

catalyzed by various types of enzymes. The 

chemical and physical properties of pesticide 

are an important factor in degradation process 

(Beigel et al., 1999). The degradation process 

is associated with abiotic as well as biotic 

components; the latter has received much 

attention (Hafez and Theimann, 2003). 

Therefore, microbial community in soil is 

important in degrading the pesticides as well 

as maintaining soil health by carrying out 

various functions. 

 

Factors affecting degradation/ 

transformation of pesticides 

 

Pesticide structure 

 

The inherent biodegradability of a pesticide is 

determined by its structure due to its physical 

and chemical properties. Introduction of polar 

groups on phenyl ring viz. OH, COOH and 

NH2 makes the compound subject to microbial 

attack which enhances degradation process 

(Chowdhury et al., 2008). The presence of 

halogen or alkyl substituent have a tendency 

to make the molecule more resistant more 

resistant to biodegradation (Cork and Krueger, 

1991). Chlorinated hydrocarbons such as DDT 

are insoluble in water so are relatively lesser 

biodegradable (Fig. 1). 

 

Pesticide concentration 

 

Pesticide concentration plays an important 

role in determining the rate of biodegradation 

process. The rate of degradation process 

decreases proportionally with the increased 

pesticide concentration as most of the 

pesticides follow first order reactions (Topp et 

al., 1997). 

Soil moisture 

 

Water dissolves the pesticides and help in its 

movement, diffusion and microbial activities. 

Therefore pesticide degradation is slow in dry 

soils. The rate of pesticide transformation is 

also increased with water content. 

 

Temperature 

 

Adsorption and hydrolysis of pesticides in soil 

is highly affected by temperature as it affects 

the solubility of the substance (Racke et al., 

1997).  

 

Microbial activity is encouraged by increase in 

temperature. The maximum growth and 

activity of microorganisms in soil occur at 25 

– 35
0
C (Alexander, 1997) and degradation of 

pesticide is optimum at 25 - 40
0
C (Topp et al., 

1997). 

 

Soil pH 

 

Pesticide adsorption, abiotic and biotic 

degradation processes are affected by soil pH 

(Burns, 1975). Transformation, mobility and 

bioavailability of pesticides are influenced by 

change in pH. Topp et al., 1997 reported 

higher sorption of prometryn to clay 

montmorillonite at pH 3 than at pH 7. 

 

Impact on soil microbial diversity 

 

The effects of pesticides on the soil microflora 

are of importance because various microbial 

functions are critical to crop production, soil 

sustainability, and environmental quality 

(Imfeld and Vuilleumier, 2012). Biological 

decomposition of pesticides is the most 

important and effective way to remove these 

compounds from the environment. 

Microorganisms have the ability to interact, 

both chemically and physically, with 

substances leading to structural changes or 

complete degradation of the target molecule. 
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Among the microbial communities, bacteria, 

fungi, and actinomycetes are the main 

transformers and pesticide degraders (Diez, 

2010). Microbial biomass is an important 

indicator of microbial activities and provides 

direct assessment of the linkage between 

microbial activities and the nutrient 

transformations and other ecological processes 

(Schultz and Urban, 2008). Pesticides in soil 

undergo a variety of degradative, transport, 

and adsorption/desorption processes 

depending on the chemical nature of the 

pesticide and soil properties (Laabs et al., 

2007). Pesticide reduces microbial diversity 

but increases functional diversity of microbial 

communities (Wang et al., 2006). Pesticides 

also inhibit or kill certain group of 

microorganisms and outnumber other groups 

by releasing them from the competition (Chen 

and Edwards, 2001). 

 

On positive aspects, pesticides may act as a 

source of energy and nutrients to multiply for 

some groups of microorganisms (Johnsen et 

al., 2001). When applied in recommended 

doses, some pesticides have been reported to 

be increasing the microbial population, 

beyond that, there is adverse effect on 

microbial population (Nasreen et al., 2015). 

They have reported increasing microbial 

population with the increase in insecticides 

namely endosulfan and profenofos of bacteria, 

fungi and actinomycetes up to recommended 

doses. Newman et al., 2016 have also reported 

increase in abundance of Proteobacteria but 

decrease in relative abundance of 

acidobacteria in corn rhizosphere samples. 

 

A decrease in the diversity of soil algal 

population was observed and native 

cyanobacteria are replaced by more resistant 

green algae in soils contaminated by the 

insecticide DDT (Mallavarapu, 2002). 

Protozoa have great impact on population of 

microbes as they are the microbial predator 

maintaining the population pressure in the 

ecosystem. They are quite sensitive to 

pesticide application. Negative impact of 

pesticide application on the colonization of 

soil protozoa have been reported (Ekelund et 

al., 1994). Similar results of decreasing 

protozoa population after application of 

Thiodan and Karate at high concentrations 

have been reported by Adebavo et al., (2007). 

 

Effect of pesticides on soil enzymatic 

activities 

 

The effect of pesticides on soil enzymes 

particularly extracellular enzymes are dense 

due to their different behavior in complex soil 

medium. Negative impact of pesticides on soil 

enzymes like hydrolases, oxidoreductases, and 

dehydrogenase activities has been widely 

reported (Monkiedje and Spiteller, 2002). Soil 

enzymatic activities and ATP contents are 

increased by some pesticides (Megharaj et al., 

1999). Yang et al., 2007 observed variable 

effect of pesticides and mercury on urease 

enzyme, with the concentration of furadon, 

urease activity increased meadow burozem 

soils whereas urease activity increased at the 

low concentration, then decreased with an 

increase in the concentration of furadan in 

phaeozem soil. The joint effect of Hg + 

chlorimuron-ethyl and Hg + furadon could 

significantly reduce the activity of soil urease, 

and the inhibition effect was enhanced with 

increasing concentrations  

 

Impact of bio-pesticides on soil microbial 

diversity and enzymes 

 

Antagonist alters the microbial community 

structure when they are applied to small 

habitats and this might affect plant growth and 

soil microbial process (Pfender et al., 1996). 

Being an active compost activator, use of 

Trichoderma has helped in improving the 

water holding capacity thus improving 

physical condition of soils by promoting soil 

aggregation. 
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Fig.1 Factors affecting degradation/transformation of pesticides 

 

 
 

Trichoderma is imperative to conserving soil 

microbial fauna and flora (Singh and Sharma 

2012). 

 

A negative effect of Paenimyxin on the bacterial 

colony forming unit (CFU) was observed after 2 

and 4 days of application while the effect on 

bacteria after 7 days of treatment was 

negligible. Moreover, Paenimyxin did not affect 

the denitrifying bacterial community (Sameh et 

al., 2007). In another study, Azadirachtin 

granules (alcoholic extract of neem seed kernel 

mixed with China clay) at recommended dose 

suppressed the bacterial population in the initial 

15 days, and later had an enhancing effect by 

the 90th day, whereas higher doses had a 

negative impact compared to the normal dose, 

which was however, on par with control. The 

actinomycetes and azotobacter population also 

responded similarly. Azadirachtin granules did 

not have significant effect on dehydrogenase 

activity though the same dose had significantly 

increased bacterial, actinomycetes and 

azotobacter population (Gopal et al., 2007). 

 

Different chemicals have different effects on 

different microorganisms and enzymatic 

activity. Further studies on variety of chemicals 

are vital as they have different effect on 

different soil. Comparison study of chemical 

and biopesticide on the same soil can give clear 

perspective to the recommendation for future 

application. Understanding the mechanisms 

underlying molecular responses in microbes in 

response to pesticides application could be 

helpful in studying the impact of pesticides in 

soil. Studying the impact of biopesticides on 

plants directly is indispensable to conclude if 

biopesticides are safe to use in the future 

 

It is difficult to grasp the role of pesticides in 

disturbing soil environment due to divergent 

research findings reported earlier. Some 

pesticides residues could be used by specific 

microorganisms as carbon or energy source and 

are degraded and assimilated by them, but 

several reports reveal their deleterious effects 

on soil microorganisms as well. Generally, 

long-term application of pesticides can disturb 

biochemical equilibrium which can reduce soil 

fertility and productivity. On the other hand, 

application of biopesticides has improved the 

soil health indirectly by maintaining natural 

balance with some exceptions, so thorough 

study of the impact of biopesticides on soil 

ecosystem must be accomplished before 

application. Consequently, application of 

biopesticides along with natural soil 

amendments (compost, manure, vermicompost 

etc.) can be used as an alternative to chemical 

pesticides without deteriorating the environment 

but complete removal of chemical pesticides 

may not be advisable as biopesticides are slow 

in action. 
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