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Pesticides effect on soil microbial ecology and enzyme activity- An overview
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Abstract: In modern agriculture, chemical pesticides are frequently used in agricultural fields to increase crop
production. Besides combating insect pests, these insecticides also affect the activity and population of beneficial
soil microbial communities. Chemical pesticides upset the activities of soil microbes and thus may affect the
nutritional quality of soils. This results in serious ecological consequences. Soil microbes had different response to
different pesticides. Soil microbial biomass that plays an important role in the soil ecosystem where they have
crucial role in nutrient cycling. It has been reported that field application of glyphosate increased microbial biomass
carbon by 17% and microbial biomass nitrogen by 76% in nine soils at 14 days after treatment. The soil microbial
biomass C increased significantly upto 30 days in chlorpyrifos as well as cartap hydrochloride treated soil, but
thereafter decreased progressively with time. Soil nematodes, earthworms and protozoa are affected by field
application rates of the fungicide fenpropimorph and other herbicides. Thus, there is need to assess the effect of
indiscriminate use of pesticides on soil microorganisms, affecting microbial activity and soil fertility.
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INTRODUCTION ticides may accumulate appreciable quantities sfipe
_cides and their degradation products in the saibgs-

Pes_ticides are the important_agrochemicals used Bam (Kumaret al., 2012). Pesticides that disrupt the
agricultural system for prevention of crops fronsise activities of soil microbes may affect the nutnitéd

Pesticides are often applied several times durimg 0 uality of soils, resulting in serious ecologicainse-
crop season and a part always reaches the soil. T ences (Handet al., 1999)

yvide use of pesticiqles has create_d numerous pr_sblem-l-he application of pesticides starts from the
including the_ pollutlon of th(_e enwronr_nent._TheIunf pre-sowing stage of crop growth. The indiscriminate
encehof pesltlmﬁes on Ismlgng:_roc;]rgar_usrl‘ns |s(;j.¢p|smd. use of pesticides disturbs the soil environmentaby
on physical, chemical and blochemical conditioms, 1 ¢ inq flora and fauna including microflora of koi

addition to nature and concentration of the petgEi : : . .
; ) . v and also the physico-chemical properties of thé soi
(Aurelia, 2009; Sethet al., 2013). In many studies it o ni salinity, alkalinity leading to infertilit of soil

was d_emonstrated that microorganisms are Cap?‘k_"e tféarnaiket al., 2006). When pesticides are applied, the
%rowblnl_the predsznce (;f Sev eral con;n:_ermal pem'ﬁ possibilities exist that these chemicals may have
atabolism and detoxiiication metabolism occur w €Ncertain effects on non-target organisms, including

soil microorganism uses the pesticide as a carban a micro organisms. Pesticides in the soil affect ribe-
energy source. .MOSt _pe_sticides W(_)rk_ by pOisoningtarget and beneficial micro-organisms (Bhuyatral.,
pests. A systemic pesticide moves |n5|de a .plaht fo 1992) and their activities which are essentialrf@in-
lowing abs.orptlon by the plant. W't.h insecticidexla taining soil fertility (Schuster and Schroder, 1290
most fungicides, this movement IS usually upward The microbial biomass plays an important role ia th
(through >_<y|em). and outvyard (Shmd}b al., 2015). soil ecosystem where they fulfill a crucial rolenuatri-
Systemic insecticides, which poison pollen and arect ent cycling and decomposition (De-Loreneb al.

in the flower may kill bete.s anq other neede_d padlin 2001). Modern agriculture worldwide uses a var'na;ty
tors. Subclas'_sgs of pestmdgg include h(_arb|_C|_deep— pesticides including insecticides, nematicides,bher
ticides, fungicides, rodenticides, pediculicidesdan cides and fungicides to optimize crop production.
biocides (Stoytcheva, 2011). Pesticides would pellu Orowever, continuous application of pesticides may

a;:’ _50|I 3”3. water resources, bcc;ntamlnli\te the fo? esult in soil pollution threatening processes einiby
chain and disrupt ecosystem balance. For exampleyy; micro organisms and thereby, affecting saitiffe

high concentraﬂons ofI pesticideshin Sc(j)il r2nay ie_ﬁ_ue ity (Lopezet al., 2002; Cycoret al., 2006).
s_rocegsesf ZL.JC. as p?n'g gI’OV\ét and the activity angyit, increased pesticides use, questions on patenti
iversity of biotic populations. Continuous usepes- effects regarding public health and the environment
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has developed. Many of the studies only examinedices and pollution (Powlson, 1994). Soil microbial
initial effects of pesticides in laboratory micreoos, biomass is an important attribute of soil qualisyveell
rather than in integrated system over long peramts  as crop ecology (Doran and Parkin, 1994; Beelen and
at larger scales. Soil is not only a medium fori@g¥ Doelman, 1997). Microbial biomass is a standardized
tural production, but is often viewed as a filtaxda component of ecotoxicity assessment in OECD guide-
processor for xenobiotics; and how a soil is madage lines for pesticides registration.

can determine its ability to function in this caippc  Glyphosate use with in North and South America has
(Locke and Zablotowicz, 2004). increased dramatically with use of transgenic luédki
Much of the research on herbicides effects on soil-resistant crops, thus effects on soil ecologicalcp
biota has been done overseas. It was reported thasses are of concern. Hargtyal. (2000) observed no
increase in reliance on herbicides in zero-tillteyss  effect of glyphosate on soil microbial biomass ¥ysla
in Australia has no doubt had impacts on soil biota after application. However, Haney al. (2002), dem-
The application of chlorosulfurone increased rootonstrated that field application rates of the isepr
disease byrhizoctonia solani but had no effect on take pylamine glyphosate salt increased microbial bianas
-all levels (Rovira and McDonald, 1986). Glyphosate carbon (17%) and microbial biomass nitrogen (76%0) i
and chlorosulfurone have each been associated withine soils at 14 days after treatment. Hart andbBee
increased levels of Pythium root rot in barley $iegd (1996) showed that glyphosate increased microbial
(Blowes, 1987), and take-all fungus (Mekwatanakarnbiomass carbon (16%) 56 days after an autumn field
and Sivasithamparam, 1987). If a fungicide improvesapplication. In field trials, normal and tenfoldelfi
crop growth though eliminating foliar or soil borne application rates of rimsulfuron had no effect do-b
diseases, than increased organic matter in thersyst mass carbon. However, under laboratory conditions,
will generally boost microbial activity. Fungicidesay =~ doses 10 and 100X field application rates elicited
however have direct effects on the non target erganduced soil biomass (Perucci and Scarponi, 1996).
isms particularly these saprobic and symbiotic-soil Soil microbial biomass measurements has been re-
borne fungi. Benomyl for instance is particulamxit ported to give an early indication of long-term ebas

to mycorrizal fungi (Smithet al., 2000) which could in soil organic matter content, long before such
have implications for the nutritions of the plarisliar changes could be measured by conventional techsique
— applied sprays that miss the target, leaves prays (Hart and Brookes, 1996). Microorganisms form a
drift could also cause undesired/unintentional iotpa vital part of the soil food web, therefore micrdidigo-

on soil biota. Glyphosate has stimulated populatioihh  mass is considered to be a measure of potentiabmic
fungi and actinomycetes with general increase ierov biological and ecosystem functioning (Rath al.,

all microbial activity even though bacterial pogtidas 1998). However for proper understanding of ecosys-
were reduced (Araujet al., 2003). Cypermethrin and tem functioning and determining soil disturbances b
monocrotophos had adverse effects on soil bacteri@ause of various agricultural management practices,
while fenvalerate had very low effect on the soit m microbial activites must also be determined
crobes (Rangaswamy and Venkateswarlu, 1992; AjagNannipieriet al., 2003) along with microbial activity

et al., 2005). in soil has been reported as a criteria for evailgat
The toxicity level of a pesticide depends on thadde pesticide toxicity (Jones and Ananyeva, 2001).

lines of the chemical, the dose, the length of expe, = Chemical pesticides had made a great contribution t
and the route of entry or absorption by the bodythe fight against pests and diseases. Howeverr thei
(Kumar, 2015). Pesticide degradation in soil geneti widespread and long-term use resulted in inseeticid
cally results in a reduction in toxicity, howevermnse resistance and biomagnifications of insecticiddsiciv
pesticides have breakdown products (metabolites) th in turn resulted in restrictions on their exportolf*

are more toxic than the parent compound. Pesticidegems, like soil and water contamination and dranati
are classified according to their potential toxicib increase of the harmful residues in many primany an
humans and and other animals and organisms, as relerived agricultural products arose, which endaedjer
stricted use and general use (NRCS, 1998; Damalaboth the general environment and human health. Mi-
and Eleftherohorinos, 2011). crobial and biochemical parameters of soil are ahoi
Pesticides effects on soil microbial biomass: Meas-  indicators of soil quality evaluations (Windirey al.,
urement of total soil microbial biomass (typically 2005) because of their early responses to sdilirdis
measured as carbon or nitrogen in biomass) is an exances than those of the physical and chemical pa-
tremely useful tool for interpreting soil biologlagual- rameters. The study was therefore initiated touatal

ity. Specific soil microflora constituents can becer-  the effect of pesticides and biopesticides onmigro-
tained based on abundance of specific cellular camp bial biomass carbon in soil at controlled laborator
nents. Microbial biomass is a part of organic nratte  conditions. Piotrowska-Segettal. (2008) performed a
soil that constitutes living microorganisms smattean laboratory study to assess the impact of applyugg s
5-10 cubic micrometers and it is the fraction ofl so cessive doses of oxytetracycline (bactericide) ap-C
organic matter that is sensitive to management-practan (fungicide) on microbial biomass and activity.
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They reported that both oxytetracycline and Captantered morphology that enhances nutrient and waterup

significantly decreased the numbers of culturalae-b
teria, although total bacterial biomass was natciéd.

take. Fumigants used as nematicides and fungicides
can profoundly influence mycorrhizal establishment.

The study indicated that oxytetracycline or CaptanMycorrhizal fungi can be relatively susceptiblectr-

application may negatively affect non-target soit m
croorganisms and their activities. The soil micebbi

tain fungicides — particularly when the fungicide i
applied to the seed or into the soil; while othandi-

biomass C increased significantly upto 30 days incides can stimulate mycorrhizal growth. Most foliar

chlorpyrifos as well as cartap hydrochloride treate
soil, but thereafter decreased progressively witiet
(Kumar et al., 2012). Comparing the pesticides
(Cypermethrin, Malathion, Victor, Monocil and Taf-
gor) and biopesticides Sethi and Gupta (2013) tedor
in Victor treated soil, a drastic decrease in nhgb

fungicide sprays (except those that are systena@-—
bayleton, benomyl, captan, etc), when applied pitgpe
and at recommended rates generally do not affect My
corrhiza - as the Mycorrhiza in soil do not come in
contact with the fungicide. For example, in potatoe
no effect has been observed on Mycorrhiza in pro-

biomass C was observed as compared to others. Howgrams that have included fungicides Maxim & Amis-

ever, MBC content increased with time in biopedgci
treated soil.
Pesticides effects on soil fauna: Soil fauna (e.g. earth-

tar, Metham Sodium (100L/acre on loamy soil, 300L/
acre on sand). Bravo and Mancozeb (Manebe) — has
shown variable results - usually compatible asliarfo

worms, nematodes, microarthropods, protozoans) are but poor as a seed treatment. Insecticides - Kema

important in organic matter (OM) transformationslan
soil structure formation, and are useful bio-intlica
to study Xenobiotic ecotoxicity in soil. Effects lohg-
term benomyl application in a tall grass prairierave
assessed on nematode populations (Sehigh, 2000).
Benomyl had no significant effect on herbivoresut b
significantly reduced certain fungal

has no effect on Mycorrhiza, chlorpyrifos has rieef

at low rate, but tends to suppress at high ratereds
Phenylpyrazole inhibits Mycorrhiza (Aymae al.,
1996; Storer, 2012).

Pesticides effects on soil fertility: Some pesticides
developed to boost crop yields could affect thd soi

feeders fetility. In soil, the native and applied nutrienése

(Tylenchidae) by 13% and predatory nematodestransformed or mineralized for plant availabilityedi
(Dorylamidae) by 33%. Soil nematodes, earthwormsated through soil microbes. Common pesticides block

and protozoa are affected by field applicationgaié
the fungicide fenpropimorph and other herbicideg: A
plication of fungicide, carbendazim resulted inued
tion of various species of soil fungi extensivatyfirst
20 days (Aggarwatt al., 2005). It was reported that
Prosulfuron, an herbicide inhibited,® and NO pro-
duction by the bacteria (Kinney al. 2005). They also

the chemical signals that allow nitrogen-fixing tea@

to function. Over time, soils surrounding treatdaings

can become low in nitrogen compounds, so more fer-
tilizer is needed to produce the same vyield (Eoal.,
2007).

Sustainable agricultural practices often use caip-r
tion: growing a different crop in the same soil leac

reported that Mancozeb and chlorothalonil inhibited year. Alternating crops, such as beans or clovéh w
N,O and NO production. Gupta (1994) reported reduc-crops like wheat, that don't fix nitrogen, enab#ssls

tions of soil protozoa due to recommended rates4bf

D, simazine, diuron, monuron, cotoron. However, in-

crease in protozoa attributed to stimulation oftbaa

to enhance nitrogen levels routinely. Leguminous
plants contain root nodules that use soil bacterifix
nitrogen, a process that converts atmosphericgetro

and fungal populations as herbicide is decomposedinto useful compounds like ammonia (Kumar, 2015).
Diazinon decreased protozoan populations (InghanSeveral common pesticides were tested on leguminous
and Coleman, 1984). Dodd and Jeffries (1989) re-alfalfa plants, relying on the plants’ nitrogenifig

ported decrease in mycorrhizal fungi when the appli

bacteria to provide the nutrients. The insecticides

tion of herbicides was done. Earthworms were alsomethyl parathion (not used in the UK, but widelgds

affected in gerenal by application of herbicidesl®/
and Carter (1999) however reported no effect othear
worms in top 10 cm soil layer. Fraser al. (1994)

throughout the world, and registered in at least 38
countries) and DDT (which was banned by the World
Health Organization for almost 30 years, beforadei

found that earthworms were extremely sensitive toreinstated in 2006 as an effective interventioniresia
organophosphate and carbamates and less sensitive malaria) showed a decrease in crop yield of ab@ut 2

organochlorines. Copper oxychloride used as fudgici
in orchards is found to be very toxic for earthwerm

per cent. Treatment with pentachlorophenol, shoaved
decrease in crop yield of over 80 per cent (Epbal.,

(Lee, 1985). Pandey and Singh (2004) reported thaR007).

application of chlorpyrifos reduced bacterial papul

The insecticides DDT, methyl parathion, and espe-

tion while there was significant increase in fungal cially pentachlorophenol have been shown to interfe

population.

Pesticides effects on Mycorrhiza: Symbiosis of my-
corrhizal fungi with plants is another mutualigti@nt-
microbial association. Mycorrhizal roots have an al-

with legume-rhizobium chemical signaling. Reduction

of this symbiotic chemical signaling results in uedd
nitrogen fixation and thus reduces crop Yyields
(Rockets, 2007). Root nodule formation in thesafgla
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Table 1. Effect of pesticides on enzyme activity in soil.

Enzyme activity  Effect Refer ences

Nitrogenase It is observed that the decrease in total nitrogersativity Singh and Wright (1999)
(measured from pots sown with Pisum sativum planit$)
the application of herbicides.
Repeated applications of pesticides significantiysiated  Kanungoet al. (1995) Patnailet al.
rhizosphere-associated nitrogenase activity. (1995, 1996).

Dehydrogenase It is reported that the effect of organophosphasedticide = Mayanglambanet al. (2005)
(quinalphos) on dehydrogenase activity (DHA) in soid
observed 30% (p<0.05) inhibition in DHA after 15/da

Urease Increase or decrease in urease activity followiagous Antonious (2003); Ched al. (2001);
pesticide applications. Ingramet al. (2005); Nowalet al. (2004)

saves the world economy $10 billion in synthetitaai  al., 1995, 1996).

gen fertilizer every year (Foet al., 2007; Kumar, Dehydrogenases occur intracellularly in all living-
2015). crobial cells and it is linked with microbial resgiory
Effect of pesticides on soil enzyme: Soil contains free  processes (Boltost al., 1985). Dehydrogenase activ-
enzymes, immobilized extracellular enzymes, and enity in soil is an indicator of overall microbial gty
zymes within microbial cells (Mayanglambaeh al., of soils. Mayanglambarat al. (2005) studied the ef-
2005). They are indicator of biological equilibrium fect of organophosphate insecticide (quinalphos) on
(Frankenberger and Tabatabai, 1991), fertility dehydrogenase activity (DHA) in soil and observed
(Schuster and Schroeder, 1990; Nannipieri, 1994; An 30% (p<0.05) inhibition in DHA after 15 days. DHA
tonious, 2003), quality (Dick, 1994; Bucket and Ric was recovered after 90 days of treatment which beay
1998), and changes in the biological status ofdod  due to adaptation of soil microbes to counter fifece

to pollution (Nannipieriet al., 1990; Nannipieri and of chemical stress in hostile conditions.

Bollag, 1991; Schaffer, 1993; Trasar-Cepesiaal., Hydrolases are of particular importance on accadint
2000). their role in the soil nitrogen, phosphorus, carbamd
The role of soil enzymes and their activities aee d sulfur cycles (Megharagt al., 1999). Urease is an en-
fined by their relationships with soil and othewiean- zyme that catalyzes the hydrolysis of urea into, CO
mental factors (e.g., acid rain, heavy metals,igidss, and NH and is a key component in the nitrogen cycle
and other industrial chemicals) that affect theitiva in soils. Urease activity is found in a large numbé

ties (Burns, 1982). Pesticides reaching the soif ma soil bacteria and fungi (Sarathchanditaal., 1984).
disturb local metabolism or enzymatic activitie®gp Phosphatase is an exocellular enzyme produced by
et al., 1997; Engeleret al., 1998; Liuet al., 2008). many soil microorganisms and is responsible for the
Negative impact of pesticides on soil enzymes like hydrolysis of organic P compounds to inorganic P
hydrolases, oxidoreductases and dehydrogenasé- actiyMonkiedje et al., 2002). Several researchers have
ties has been widely reported in the literature(ba shown either unchanged, increase or decreaseaseire
and Scarponi, 1994; Ismai al., 1998; Monkiedje and activity following various pesticide applications
Spiteller, 2002; Menoret al., 2005). The impact of (Antonious, 2003; Chemt al., 2001; Ingramet al.,
pesticide (insecticide, herbicide and fungicide)laa- 2005; Nowalet al., 2004).

tion on the health of paddy field soil showed a de-Effect of pesticides on carbon and nitrogen miner-
crease in soil dehydrogenase activity with incrdase alization: Carbon mineralization is an important
pesticide concentrations and toxicity increasedhm  parameter for assessing side effects of pesticides
order insecticide > fungicide > herbicide (Subhani (Sommerville, 1987; Alef, 1995). Haney and Sense-
al., 2002). man (2000) observed that herbicide treatementfsigni
Nitrogenase is the enzyme used by organisms to fixcantly stimulated C and N mineralization in soihed
atmospheric nitrogen gas {N Application of pesti- et al. (2001) compared the efect of benomyl, captan
cides affects the efficiency and activity of nitegse  and chlorothalonil on soil nitrogen dynamics indab
enzyme. Singh and Wright (1999) observed a decreaseory incubations with or without additions of onja

in total nitrogenase activity (measured from patars materials. Both nitrogen mineralization and nitafi
with Pisum sativum plants) with the application of tion rates were influenced by all fungicides, witp-
herbicides (Table 1). Adverse effects of pesticidestan eliciting the greatest influence on mineriliaat
have also been reported on nitrogenase activifibs-0  rates. Captan increased soil NN, whereas benomyl
fixing bacteria, purple nonsulfur bacteria, methsde or chlorothalonil had little impact. Martinez-Toleet
phic bacteria, and cyanobacteria (Chaktral., 1997;  al. (1998) showed that captan (2-10 kg/ha) inhibited
Martinez Toledcet al., 1998; Hammouda, 1999; Dur- nitrifying bacteria in four soils (50-90%) during 39
ska, 2004). In contrary, repeated applicationsesitip ~ day study. Applying bensulfuron at normal fieldest
cides significantly stimulated rhizosphere-assedat had no effect on nitrification, whereas cinosulfuro
nitrogenase activity (Kanunget al., 1995; Patnailet transiently inhibited nitrification after 1 weekuthad
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soil microorganisms. Analele Universit din Oradea,
FasciculaProtecsia Mediului Vol. XIV: 763-765.

Ayman M.O. Mirghani and Elsiddig A.E. Elsheikh (89
Interaction of VA mycorrhizal fungi and root-knot

no effect after 4 weeks. Nitrogen mineralizatioo@
esses, such as ammonification and nitrificatiore ar
also affected by the application of pesticideshvtite
former b.eing.inhibite_d less because it is carriat iy nematode on tomato plants: Effects of nemacur, phos
a vast diversity of microflora. Odokuma and OS“"?‘Q.W“ phorus and infection timéElbuhuth Scientific J., 5 88-
(2004) have shown that the organochlorine pestcide 757

Lindane and dieldrin were more toxic than the oogan pgeelen, P.v. and Doelman, P. (1997). Significance an
phosphate pesticides pirimphos methyl and malathion  application of microbial toxicity tests in assessin

to Nitrosomonas, Nitrobacter andThiobacillus.
Pesticide degrading microbial populations: It is well

ecotoxicological risks of contaminants in soil and
sedimentChemosphere, 34: 455-499.

documented that with certain pesticides, repeaped a Bhuyan, S., Sahu, S.K., Adhya, T.K. and Sethunathan,

plications can promote microbial populations capabl

of selectively degrading that pesticide. The caligbi
of a soil for accelerated degradation might lirhi use
of that pesticide or related pesticides to conarglar-
ticular pest. Bacterial isolates can degrade variou
ganophosphorus pesticides (Kanelar al., 2004).

Pseudomonas spp.A1113 uses dimethoate and para-

(1992). Accelerated aerobic degradation of
hexachlorocyclohexane in suspensions of flooded and
non-flooded soils pretreated with hexachlorocyclehe
ane.Biol. Fertil. Soils,12: 279-284.

Blowes, W.M. (1987). Effect of ryegrass root resglue

knock-down herbicides, and fungicides on the emer-
gence of barley in sandy soildwstralian Journal of
Experimental Agriculture, 27: 785-790.

thion as sole source of carbon and hence growbken t Bolton, H., Elliot, L.F., Papendick, R.l. and Bezdic&kF.

minimal medium and can be used for decontamination

of pesticide polluted areas (Shingteal., 2015).

Conclusion

Chemical pesticides had made a great contribution t

the fight against pests and diseases. Soil contgiom

(1985). Soil microbial biomass and selected sail
enzymes activities: Effect of fertilization and pping
practicesSoil Biol. Biochem., 17: 297-302.

Bucket, J.Z. and Dick, R.P. (1998). Microbial andl soi

parameters in relation to N mineralization in saifs
diverse genesis under differing management systems.
Biol. Fertil. Soils, 27: 430—-438.

and dramatic increase of the harmful residues inyma Burns, R.G. (1982). Enzyme activity in soil: Locatiand a

primary and derived agricultural products aroseictvh

possible role in microbial ecologgoil Biol. Biochem.,

endangered both the general environment and human 14: 423-427.

health. Microbial and biochemical parameters of soi

are choice indicators of soil quality evaluatioresf®

cides in the soil affect the non-target and beradfic

Chalam, A.V., Sasikala, C., Ramana, C.V., Uma, N.R., and

Rao, P. R. (1997). Effect of pesticides on the diazo
phic growth and nitrogenase activity of purple ndhs
bacteriaBull. Environ. Contam. Toxicol., 58: 463—468.

micro-organisms and their activities which are 8sse€ cnhen s.K. Edwards. C.A. and Subler. S. (2001).cEf6é

tial for maintaining soil fertility. Soil bacterigungi

and almost all flora and fauna populations were re-

ported to reduce and also soil microbial activitig-

fungicides benomyl, captan and chlorothalonil ol so
microbial activity and nitrogen dynamics in labangt
incubationsSoil Biol. Biochem., 33: 1971-1980.

mass C and N mineralization got affected due toafise Cycon, M., Piotrowska-Seget, Z., Kaczynska, A. oddro

chemical pesticides. Judicious use of chemicals and
use of bio-pesticides needs to be promoted to saie

health vis-a-vis human health.
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