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Abstract A laboratory study was conducted with four

pesticides, viz. a fungicide (carbendazim), two insecticides

(chlorpyrifos and cartap hydrochloride) and an herbicide

(pretilachlor) applied to a sandy clay loam soil at a field

rate to determine their effect on microbial biomass carbon

(MBC) and carbon mineralization (Cmin). The MBC con-

tent of soil increased with time up to 30 days in cartap

hydrochloride as well as chlorpyrifos treated soil. There-

after, it decreased and reached close to the initial level by

90th day. However, in carbendazim treated soil, the MBC

showed a decreasing trend up to 45 days and subsequently

increased up to 90 days. In pretilachlor treated soil, MBC

increased through the first 15 days, and thereafter

decreased to the initial level. Application of carbendazim,

chlorpyrifos and cartap hydrochloride decreased Cmin for

the first 30 days and then increased afterwards, while

pretilachlor treated soil showed an increasing trend.

Keywords Pesticide � Agricultural soil �
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The use of synthetic pesticides as crop protection chemi-

cals has become the most accepted weapon for assured

crop production. Continuous use of pesticides may accu-

mulate appreciable quantities of pesticides and their deg-

radation products in the soil ecosystem. Pesticides that

disrupt the activities of soil microorganisms may affect the

nutritional quality of soils, resulting in serious ecological

consequences (Handa et al. 1999). Hence, it is important to

avoid serious injury to the soil microflora, whose functions

are vital in maintaining the soil fertility. Microbial biomass

carbon (MBC) in soil is considered as an important attri-

bute of soil quality (Doran and Parkin 1994), and acts as a

strong predictor of the pesticide degradation capacity of a

particular soil (Voos and Groffman 1997). Carbon miner-

alization (Cmin) is an age-old reliable method for studying

microbial activities in soil. Changes in carbon mineraliza-

tion have also been used as criteria for pesticide toxicity

(Torstenssen and Stenstorm 1986).

Owing to the ever increasing use of pesticides in the

agricultural economy, this investigation was carried out to

study the effects of pesticide application on soil MBC and

Cmin. The compounds studied were two representative

insecticides (chlorpyrifos and cartap hydrochloride), a
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fungicide (carbendazim), and an herbicide (pretilachlor),

all of which are used extensively worldwide.

Materials and Methods

Soil samples were collected in polythene bags from the

surface layer (0–15 cm) from Central Rice Research

Institute, Cuttack, India (85�550E, 20�250N; elevation 24 m

above mean sea level). Mean annual maximum and mini-

mum temperatures of the area are 39.2 and 22.5�C,

respectively, and the mean annual temperature is 27.7�C.

The annual precipitation is about 1,500 mm year-1. The

difference between mean summer soil temperature and

mean winter soil temperature is more than 5�C, thus

qualifying for the hyperthermic temperature class. The soil

of the farm area has been developed from the deltaic sed-

iments of Mahanadi River in recent times. The experi-

mental soil is an Aeric Endoaquept with sandy clay loam

texture (25.9% clay, 21.6% silt and 52.5% sand), bulk

density 1.40 Mg m-3, cation-exchange capacity (CEC)

15.6 cmol(P?) kg-1, pH 6.7 (using 1:2.5, soil: water

suspension), organic carbon 6.8 g kg-1, total nitrogen

0.9 g kg-1, and electrical conductivity 0.5 dS m-1. The

soil sample was processed and sieved using a 2 mm sieve;

50 g of processed soil sample was taken in each Schott

bottles (500 mL), and a calculated quantity of water was

added to bring the soil samples to 60% of maximum water

holding capacity. They were then acclimatized at 25

(±1)�C in the dark for 1 week.

Calculated amounts of pesticides at the field rate, viz.

cartap hydrochloride @ 1 kg a.i./ha, chlorpyrifos @ 0.5 kg

a.i./ha, carbendazim @ 0.1% and pretilachlor @ 0.75 kg

a.i./ha were applied to 50 g soil in individual Schott bottles

in solution form. The conversion of the field application to

milligrams of pesticide per kilogram of soil was calculated

assuming an even distribution of pesticides in the 0–15 cm

layer and soil density of 1.4 Mg m-3. The flasks were

incubated at 28�C for periodic observation. Eight sets of

each pesticide treated soil, along with control were main-

tained under similar conditions and replicated thrice. Some

details of the pesticides used for the study are presented in

Table 1.

The treated soils in Schott bottles were incubated at 60%

water holding capacity (WHC) and 28�C temperature. The

bottles contained 0.1 N NaOH in a vial to trap evolved

CO2. The vials were removed at 0 (2 h after application), 1,

7, 15, 30, 45, 60 and 90 days of incubation for estimation

of Cmin. Three sets of soil samples, 10 g each, were taken

from the Schott bottle for estimation of MBC. One set of

soil was fumigated using ethanol-free chloroform (25 mL)

placed in a vacuum desiccator (Joergensen 1996). The

chloroform was allowed to boil under reduced pressure for

2 min followed by incubation at 25�C for 24 h. The second

set of soil was kept under similar conditions in the desic-

cator without chloroform (unfumigated). The third set of

soil was kept in an oven for estimation of the moisture

content. The fumigated and unfumigated soils were

extracted separately with 40 mL of 0.5 (M) K2SO4 for

30 min in an oscillating shaker at 200 rpm. An aliquot

of the filtered extract (8 mL) was refluxed with 0.4

(N) K2Cr2O7 (2 mL) for 30 min, and the residual dichro-

mate was measured by back titration with 0.04 (N) ferrous

ammonium sulfate using ferroin indicator (Vance et al.

1987) to estimate the extracted carbon. MBC was calcu-

lated by subtracting the extracted carbon in unfumigated

samples from that measured in fumigated samples, and

dividing it by a Kc value (extraction efficiency of microbial

biomass carbon) of 0.45 (Vance et al. 1987). The CO2–C

evolved from soil was measured by back titrating the

Table 1 Particulars of pesticides used

Technical Trade

name

Chemical name and formulae AI Mode of action LD50a

(mg kg-1)

(mammals)

Source

Carbendazim Bavistin Methyl benzimidazol-2-yl carbamate

C9H9N3O2

50

WP

Systematic

fungicide

15,000

(Sudhakar

et al. 2000)

Saraswati Agrochemical

(India) Pvt. Ltd, Jammu

(J&K)

Chlorpyrifos Robon O,O-Diethyl O-3,5,6-trichloropyridin-

2-yl phosphorothioate

C9H11Cl3NO3PS

1.5%

DP

Non-systemic

contact

insecticide

94 (Berteau

and Deen

1978)

Shri Ramcides Chemicals

Pvt Ltd, Chennai

Cartap

hydrochloride

Pratap N, N-dimethyl-propylene amine

C7H15N3O2S

4%

GR

Systemic

insecticide

390 (Gosselin

et al. 1984)

Vantech Chemicals Ltd,

Dist-Medak (A.P.)

Pretilachlor Craze 2-chloro-20,60-diethyl-N

(2-propoxyethyl) acetanilide

C17H26ClNO2

50%

EC

Selective

Herbicide

6,099 (Fabro

and Varca

2011)

Dhanuka Agrotech Ltd,

Gurgaon, Haryana

AI active ingredient, WP wettable powder, EC emulsifiable concentrate, DP dust powder, GR granular
a Lethal dose of active ingredient causing death to 50% of population after exposure during a single dose application(Tomlin 1997)
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unspent alkali in the vial with standard HCl for estimating

potential carbon mineralization (Zibilski 1994). Periodic

observations were taken for Cmin and MBC on 0 (2 h after

application), 1, 7, 15, 30, 45, 60 and 90 days of incubation.

The data were subjected to analysis of variance

(ANOVA) using SAS 9.2 software, followed by Duncan’s

Multiple Range Test for comparison of means for all

possible pairs.

Results and Discussion

Microbial biomass is the part of organic matter in soil that

constitutes living microorganisms smaller than 5–10 cubic

micrometers, and it is the fraction of soil organic matter

that is sensitive to management practices and pollution

(Powlson 1994). Microbial biomass is an important attri-

bute of soil quality (Doran and Parkin 1994) as well as crop

ecology (Beelen and Doelman 1997). The effects of the

studied pesticides on soil MBC are presented in Table 2.

The MBC increased significantly up to 30 days in chlor-

pyrifos as well as cartap hydrochloride treated soils; but

thereafter decreased progressively with time. In both

chlorpyrifos and cartap hydrochloride treated soil, the

MBC was statistically higher compared to the control and

carbendazim treated soil throughout the incubation period.

Application of carbendazim showed a decreasing trend of

soil MBC with time; however, the decrease was not sig-

nificant up to 7th day of incubation. In comparison to the

control, the soil MBC was significantly lower from day 7

onwards during the period of incubation. In pretilachlor

treated soil, the soil MBC remained steady throughout the

incubation period except for the first 24 h wherein it

showed a significant increase. Pretilachlor treated soil

showed significantly higher soil MBC over control up to

7th day of incubation.

Handa et al. (1999) showed that an increase in soil

microbial biomass during incubation might be due to

increased availability of energy and / or nutrient source

required for cell proliferation with the progressive miner-

alization of insecticides. The higher MBC in the control

soil and soils treated with cartap and chlorpyrifos during

the first 30 days might be due to a proliferation of fungal

populations (Pandey and Singh 2004). Sivasithamparam

(1969, 1970) reported similar increases in soil actinomy-

cetes and other bacterial populations with the application of

chlorpyrifos. In general, actinomycetes and saprophytic

fungi appear to be more resistant to the action of pesticides,

and for many pesticides, an increase in their numbers was

observed (Sylvestre and Fournier 1979). The decrease in

soil MBC during the initial period of incubation in carb-

endazim treated soil might be due to the inhibitory effect of

carbendazim on soil mycoflora. The fungi-toxic effect of

carbendazim decreased with increased time, and resulted in

the reappearance of certain fungi after a particular time. A

reduction in various species of soil fungi was more

extensive in the first 20 days than in the latter half of the

experimental period with the fungicide, carbendazim

(Aggarwal et al. 2005).

Carbon mineralization is an important parameter for

assessing the side effects of pesticides (Sommerville 1987;

Alef 1995). Cmin depends not only on the intensity of the

stress but also on the period of exposure of the microbes to

the stress. The Cmin values recorded under the present

experimentation are shown in Table 3. In cartap and

carbendazim treated soil, CO2 evolution decreased up to

15 days, remained steady between 15 and 30 days, fol-

lowed by an increasing trend up to 90 days. At this time,

Table 2 Microbial biomass carbon in soil following application of pesticide

Treatment Microbial biomass carbon (mg kg-1) in soil at different days of incubation

0 1 7 15 30 45 60 90

Control 375.60

Bbc

367.77

Cc

378.21

Cbc

383.43

Cab

391.26

Ca

386.04

Bab

378.21

Cbc

375.60

Cbc

Cartap hydrochloride 396.48

Ae

412.14

Acd

425.19

Abc

433.02

Aac

440.85

Aa

414.76

Acd

404.32

Ade

401.71

Ade

Chlorpyrifos 391.26

Ac

396.48

Bc

409.53

Bab

409.53

Bab

412.14

Ba

399.09

Bbc

396.48

ABc

396.48

ABc

Carbendazim 367.77

Ba

362.55

Cab

354.72

Dbc

349.50

Dc

346.89

Dc

346.89

Cc

349.50

Dc

354.72

Dbc

Pretilachlor 391.26

Ab

404.31

ABa

399.09

Bab

396.48

BCab

393.87

Cab

393.87

Bab

391.26

Bb

391.26

Bb

Means with the same upper case letter are not significantly different in a column in same day; means with the same lower case letter are not

significantly different in a row in same treatment
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they had regained CO2 evolution to be on par with the

initial period of incubation. However, in chlorpyrifos

treated soil, the evolution decreased up to 30 days, and

thereafter showed an increasing trend. A similar trend was

also observed in control. In cartap hydrochloride treated

soil Cmin was significantly lower compared to control

throughout the incubation period except at 90 days. There

were no significant differences in Cmin among control,

chlorpyrifos and carbendazim on most of the observation

days during the incubation period. This indicates that the

applied doses of pesticides, i.e. chlorpyrifos and carben-

dazim, are not high enough to suppress soil microbial

activities. In contrast to the above results, an increasing

trend of CO2 evolution was observed in pretilachlor treated

soils, which was significant up to the 15th day. It remained

stable thereafter, indicating that the pretilachlor treatment

stimulated soil microbial activity.

The decline in carbon mineralization for up to 30 days

in insecticide treated soils might be due to the utilization of

the available substrates by the soil microorganisms for cell

proliferation, or the development of a competitive envi-

ronment because of the increased biomass with limited O2

(Sengupta et al. 2009). Zelles et al. (1985) reported a minor

effect of atrazine, lindane and captan on Cmin, but the

chloracetamide group of herbicides induced measurable

changes in the behavior of the microorganisms. Several of

these herbicides at various concentrations stimulated the

production of CO2. Tu (1992) through laboratory tests

indicated that Cmin increased significantly after 96 h of

incubation with atrazine. He also opined that the herbici-

dial treatments at the recommended dose/concentrations

are not drastic enough to be considered deleterious to soil

microbial activities involved in maintaining soil fertility.

Further, Haney and Senseman (2000) observed that

herbicide treatment significantly stimulated soil microbial

activity as measured by C and N mineralization, but did not

affect soil microbial biomass.

Therefore, it can be concluded from our study that

chlorpyrifos and carbendazim at recommended field doses

have only marginal effects on soil microbial activities, viz,

MBC and Cmin; and that microorganisms are capable of

recovering rapidly. In cartap treated soil, the suppressing

effect of the treatment remained for a period of 2 months,

and thereafter regained its original level. The application of

pretilachlor stimulated microbial activity. However, labo-

ratory results and field results may differ considerably, as

in the field many factors could mask or reduce the potential

toxicity of pesticides. Therefore, before arriving at a gen-

eral conclusion for the effect of these pesticides on

microbial biomass and carbon mineralization activities of

soil microbial populations, further detailed studies under

field conditions would be useful.
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