@ Nature Environment and Pollution Technology

An International Quarterly Scientific Journal

ISSN: 0972-6268

Vol. 13 No. 4 pp. 775-780 2014

Original Research Paper

Effect of Organophosphorus Pesticides on Enzyme Activities in Alluvial Soil

(Typic Ustochrepts)

Nisha Sahu*7, P. Raha*, Asha Sahu** and Udai B. Singh*

*Department of Soil Science and Agricultural Chemistry, Institute of Agricultural Sciences, Banaras Hindu University,

Varanasi-221 005, India

**Division of Soil Biology, Indian Institute of Soil Science, Nabibagh, Berasia Road, Bhopal-462 038, M. P., India
***National Bureau of Agriculturally Important Microorganisms, Kushmaur, Maunath Bhanjan-275 101, India
T Present Address: GIS Section, National Bureau of Soil Survey and Land Use Planning (NBSS&LUP), Amravati Road,

Nagpur- 440 033, Maharashtra, India
Corresponding Author: Nisha Sahu

ABSTRACT
Nat. Env. & Poll. Tech.
Website: www.neptjournal.com
Received: 17-4-2014
Accepted: 22-5-2014

Key Words:
Organophosphate pesticides

Enzyme activities
Alluvial soil

_/

INTRODUCTION

The agriculture sector dominates the economic scenario of
our country. The expanding global population and higher
demand of food leads to increasing the sustainability of food
production through intensive agriculture, attention of pub-
lic health and proper utilization of natural resources. It is
evident that land is a limiting factor in food production; there-
fore the improvement of agriculture with advanced tech-
niques to meet this demand and keeping soil in its produc-
tive quality plays a dominant role for much of the today’s
productivity (Anderson 1978). Soil is a dynamic living sys-
tem and consists of variety of micro and macro flora and
fauna including a wide range of microorganisms. In soil, the
sources of nutrients for the growth and development of plants
and to maintain fertility status are inorganic minerals and
organic matter (Das & Mukherjee 1994).

Microbes in soil are the most important agents that
decompose organic materials to enable their recycling in the
environment. Enzymes released through microbes and plants
in soil are undoubtedly responsible for the decomposition
and contribute to the total biological activity of the soil-plant
environment under different states (Dick 1994). Natural and
anthropogenic factors may affect directly or indirectly the

Acephate, dimethoate and phosphamidon are organophosphate pesticides with high toxicity and may
significantly affect soil microbial activities. However, the magnitude of this effect is unclear yet. The potential
harmful effect of these pesticides on soil enzyme activity was accessed in the soil collected under controlled
laboratory conditions. We examined the effect of recommended (RD) and double the recommended doses
(2RD) of these pesticides on the soil enzymatic activities. The incubation study was carried out at 60% of
maximum water holding capacity of the soil sample at 28+2°C for a period of 42 days. Our results indicated
that high acephate, dimethoate and phosphamidon doses significantly affect enzymatic activities in the soil.
Our results provide the first evidence that acephate, dimethoate and phosphamidon differentially affected
the soil microbial community through inhibiting fungal and bacterial populations.

activities of enzymes in soil. Among, anthropogenic factors,
pesticides are of primary importance due to their continuous
entry into soil environment (Topp 1997). Pesticides may
enter the soil either by direct applications (agricultural
practices) or indirect applications (accidental spillage, leaks
at pesticide dump sites and discharge of waste from
production facilities or urban pollution). Globally, about 3
x 10° kg of pesticides is applied annually. The amount of
applied pesticides reaching the target organism is about 0.1%
while the remaining bulk contaminate the soil environment
(Carriger et al. 2006). Concern of environmental
contamination in current context, pesticide use has assumed
great importance. The fate of the pesticides in the
environment in respect of pest control efficacy, non-target
organisms and offsite mobility has become a matter of
environmental concern (Hafez & Thiemann 2003) potentially
because of the adverse effects of pesticide on soil
microorganisms which in turn may affect soil fertility as well
as soil health. The organophosphorus group of pesticides is
now gradually occupying important position amongst all.
Organophosphorus pesticides exert their acute effects in
insects and mammals by inhibiting acetylcholinesterase in
the nervous system with subsequent accumulation of toxic
levels of acetylcholine, which is a neurotransmitter. This
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occupies the largest group of pesticides used in India (Dureja
& Gupta 2010).

Pesticides interact with soil organisms and their meta-
bolic activities may alter the physiological and biochemi-
cal behaviour of soil microbes (Singh & Walker 2006). The
impact of organophosphorus pesticides on soil enzyme ac-
tivities has been studied less intensively. In recent years
emphasis has been made on the application of pesticides
which are environmentally safe and have multi-pronged func-
tion. Hence, looking into the previous gaps in the research
related to effects of pesticides on soil health, in the present
study, the authors investigated the impact of three organo-
phosphorus pesticides viz., acephate, dimethoate and
phosphamidon on soil enzyme activities in the alluvial soil
(Inceptisol).

MATERIALS AND METHODS

Source of pesticides and reagents: The technical grade or-
ganophosphorus insecticides: Acephate (94%), Dimethoate
(91%) and Phosphamidon (96%) were obtained from United
Phosphorus Limited, India.

Experimental Soil: Experimental soil was collected from
Agricultural farm, Institute of Agricultural Sciences, Banaras
Hindu University (BHU), Varanasi, sieved (2mm pore size)
and air dried. Soil belongs to Typic Ustochrepts and is neu-
tral in reaction (pH 7.2) with fine loamy texture. The physico-
chemical properties of the experimental soil were analysed
(Table 1).

Experimental design: The experiment was conducted in a
Completely Randomized Design (CRD) with five replica-
tions. The treatments were: (A) For Acephate: T,- Control
(©), T,- Recommended dose (A ), T,- Double the recom-
mended dose (A)), (B) For Dimethoate: T,- Control (C), T,-
Recommended dose (D)), T,- Double the recommended dose
(D,), (C) For Phosphamidon: T - Control (C), T,- Recom-
mended dose (P)), T,- Double the recommended dose (P,).
The recommended dose of the three pesticides acephate,
dimethoate and phosphamidon were 584 g a.i. ha!, 600 g
a.i. ha' and 500 g a.i. ha'' (Sahu 2012). The experiment was
conducted in a laboratory incubation method. The pesticides
viz. acephate, dimethoate and phosphamidon were added (as
mentioned in the experimental design) to soils in the form
of water solution. Pesticide free soil served as control. The
soil was moistened and maintained at field capacity (60%
water holding capacity) by periodical addition of distilled
water and incubated at 28+2°C for 42 days.

Soil sampling and analysis: Soil samples were analysed
for determination of different soil enzymatic activities like
cellulase, B-glucosidase, protease, phosphatase, arylsul-
phatase and dehydrogenase at 7, 14, 21 and 42 days. Cellu-
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lase activity was determined by Pancholy & Rice (1973)
and Gianfreda et al. (1995), respectively. ?-glucosidase and
protease were determined as per methods of Eivazi &
Tabatabai (1988) and Rejsek et al. (2008), respectively.
Alkaline phosphatase activity was analysed by measuring
the p-nitrophenol (PNP) released by the method given by
Tabatabai & Bremner (1969). Arylsulphatase was deter-
mined by using p-nitrophenol sulphate as substrate
(Tabatabai & Bremner 1970 a). Dehydrogenase activity in
the soil samples was measured by the triphenyl tetrazolium
chloride method (Casida et al. 1964).

Statistical analysis: In laboratory experiments, the data were
analysed as a completely randomized design (CRD) and the
data subjected to analysis of variance (ANOVA) or Duncan’s
Multiple Range Test (DMRT) using statistical package for
Social Sciences Version 16.0 programme. Data were com-
pared with DMRT at p<0.05.

RESULTS

Effect of organophosphorus pesticides on the soil enzyme
activities: Results showed the changes in the enzymatic ac-
tivities after organophosphorus pesticides application. The
dehydrogenase activity in the soil samples treated with rec-
ommended and double the recommended dose of acephate,
dimethoate and phosphamidon was recorded at 7, 14, 21 and
42 days of incubation. Dehydrogenase activity was found to
decrease gradually up to three weeks and thereafter gradual
increase was recorded at 42 days as compared to 21 days of
incubation (Fig. 1a). Maximum decrease in the dehydroge-
nase activity was recorded in the soil samples treated with
the double the recommended dose of phosphamidon followed
by dimethoate and acephate (Fig. 1a).

Changes of phosphatase activities caused by different
doses of acephate, dimethoate and phosphamidon are shown
in Fig. 1b. Significant differences (P > 0.05) were observed
for the activities applied at the recommended and double the
recommended doses as compared with the control. In the
first 14 days, the activity was found to increase gradually.
Thereafter remarkable reduction was recorded on 21 and 42
days. Maximum reduction in the enzymatic activity was re-
corded in the soil sample treated with double the recom-
mended dose of phosphamidon followed by dimethoate and
acephate as compared to soil treated with the recommended
dose of selected and control (Fig. 1b).

During the whole experiment, the cellulase activity in
all the samples, including the control, fluctuated sharply, in
a different manner (Fig. 1c). A tri-phasic reaction was re-
corded. In the initial 14 days, the enzyme activity of the sam-
ples decreased sharply and thereafter increased gradually up
to 21 days. Again slight reduction in the enzymatic activity
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Table 1: Physicochemical characteristics of initial experimental soil.
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S.N. Soil properties Values  S.N. Soil Properties Values  S.N. Soil Properties Values

1. Soil separates® (%) 9. CEC* [cmol (P*) kg™'] 17.  Available macronutrients (kg ha™)

(i)  Coarse sand (0.2-2.0 mm) 13.38 1) Ca? 9.8 1) N 208.91

(ii))  Fine sand (0.02-0.2 mm) 16.12 (i) Mg 2.8 i) P 21.70

(iii) ~ Silt (0.002-0.02mm) 46.5 (iii) Na* 0.6 (iii) K 151.79

(iv) Clay (< 0.002 mm) 24.00 (iv) K* 0.51 i) S 7.59

2. Textural class Siltloam 10.  Total CEC [cmol (P*) kg!'] 13.71 18.  Available micronutrients (mg kg™)

3. pH° 7.2 11.  CaCoO, (%) 6.23 1) Fe 12.31

4. EC(dSm?) 0.12 12.  Soil taxonomy Typic (i) Mn 2.23
Ustocrepts

5. OC (gkgh 4.6 13.  Water holding capacity (%) 46 (iii)) Cu 0.86

6. OM (gkgh 7.93 14.  ESP (%) 4.37 (iv) Zn 0.62

7. Bulk density (Mg m) 1.23 15.  SAR 0.24 vy B 0.15

8.  Particle density (Mg m™) 2.51 16. ESR 0.045 (iv) Mo 0.04

a-Hydrometer methods, b-Water:soil =2.5:1, c-Method: 1M NH , acetate extractable cations with prewash, d-DTPA extractable, EC - Electrical conduc-
tivity, OC - organic carbon, OM - organic matter, CEC - cationexchange capacity
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was recorded at 42 days of incubation (Fig. 1c). In case of -
glucosidase activity, results showed similar pattern as re-
corded in case of phosphatase activity. There were no appar-
ent differences in the enzyme activities between treated soil
samples and the control. After that, however, the enzyme
activities in samples treated with selected pesticides de-
creased by different degrees and the variation of activities
was similar to the control sample (Fig. 1d). The highest re-
duction of B-glucosidase was recorded at 42 days of incuba-
tion as observed in case of phosphatase.

A unique bi-phasic pattern was recorded in case of pro-
tease activity across the treatment. In the first 21 days,
gradual decrease in enzymatic activity was recorded in the
soil sample treated with acephate. After 21 days a sudden
increase was recorded in untreated soil (control) as com-
pared to treated soil (Fig. le). More or less similar pattern
was recorded in the soil treated with dimethoate (Fig. le).
However, slightly different pattern was recorded in the soil
treated with phosphamidon. On first 14 days, slight increase
in the activity was recorded. Thereafter, it decreases sharply
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up to 21 days and sudden increase in the activity was ob-
served as recorded in the case of acephate and dimethoate
(Fig. Le).

The response of arylsulphatase to selected pesticides was
noteworthy (Fig. 1f). The enzyme activity in the soil treated
with these pesticides followed the similar pattern as recorded
in case of phosphatase and was close to that of their control
on experimental day (Fig. 1f).

DISCUSSION

Microbial activities are the prime factor affecting the degra-
dation and persistance of the organophosphorus insecticides
in agricultural soil (Adhya et al. 1981, Singh et al. 2013).
The possibility that these insecticides may have a negative
effect on soil microflora and their biological activities could
be of considerable importance. In this context, our results
show that acephate, dimethoate and phosphamidon signifi-
cantly affect enzyme activities in the soil. Apparently cer-
tain group of soil microbes can tolerate high amounts of the
organophosphorus insecticides without significant modifi-
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Fig. 1: Effect of organophosphorus pesticides, acephate, dimethoate and
phosphamidon on soil enzymatic activities under controlled laboratory
condition. (1a) dehydrogenase activity, (1b) phosphatase activity, (1c) cel-
lulase activity, (1d) B-glucosidase activity, (le) protease activity, (1f)
arylsulphatase activity. C represents control (untreated), A1 represents rec-
ommended dose of acephate, A2 represents double the recommended dose
of acephate, D1 represents recommended dose of dimethoate, D2 repre-
sents double the recommended dose of dimethoate, P1 represents recom-
mended dose of phosphamidon, P2 represents double the recommended
dose of phosphamidon. Data are mean (n = 5) and vertical bar lines repre-
sents standard error of mean.

cation to their biological activities. Similar results have been
reported for other organophosphorus insecticides (Martinez-
Toledo et al. 1992, Dick 1997, Singh et al. 2013, Sannino &
Gianfreda 2001).

Our results of enzymatic activities further showed that
various components of the soil microbial community differ-
entially responded to these selected pesticides. The dehy-
drogenase activity was highest at the initial phase and de-
creased drastically up to their lowest levels on the 21 day
as compared to control and thereafter gradual increase was
recorded at 42 days as compared to 21 days of incubation in
inceptisol (Fig. 1a). The reduction of the activities showed
maximum in the soils at 14 days of incubation (19.75-
82.16%). Probably at this stage, organophosphorus pesti-
cides are generally degraded. Thus, the cumulative effects
of the parent compound as well as transformed products of
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pesticides suppressed the activities of the dehydrogenase
system. After degradation of pesticides, microbial activities
again recover and dehydrogenase activity increase gradually
(Fig. 1a). Aerobic soil metabolism is the main degradation
process for acephate (United State Environmental Protec-
tion Agency Report 2001). It was observed that half-lives
are less than 2 days under expected use conditions, produc-
ing the intermediate degradate methamidophos which is me-
tabolized by soil microorganisms to carbon dioxide and mi-
crobial biomass (half-lives<10 days). Whereas
phosphamidon is stable in neutral and acid media but is hy-
drolysed by alkali; half-life at 23°C is 13.8 days at pH 7 and
2.2 days at pH 10 (FAO & WHO report 1969). However,
dimethoate is highly mobile, relatively non-persistent orga-
nophosphate insecticide. The primary route of dissipation is
microbially-mediated hydrolytic and oxidative degradation
in aerobic soil, particularly under moist conditions, with a
half-life of 2.2 days. It hydrolyses very slowly in sterile buff-
ered solutions at pH 5 and 7 (156 and 68 days, respectively),
but hydrolyses rapidly to desmethyl dimethoate and
dimethylthiophosphoric acid with a half-life of 4.4 days at
pH 9. The anaerobic half-life was found to be approximately
22 days, with the major non-volatile degradate being
desmethyl dimethoate (United State Environmental Protec-
tion Agency Report 2006).

Similar to dehydrogenase, other soil enzymes viz. cellu-
lase and protease appear in bi and triphasic condition (Fig.
1). This may occur due to changes in the soil microbial
metabolisms and organic content in the soil. It was depicted
from our result that enzyme activities again recover after 14
and 21 days of treatment. These findings coincided with
United State Environmental Protection Agency Report (US
EPA 2001, 2006) and FAO/WHO Report (1969). The
acephate, dimethoate and phosphamidon inhibited the phos-
phatase, B-glucosidase and arylsulphatase activities in the
soils in a different manner at both the recommended and
double the recommended doses of pesticides (Fig. 1). This
may occur due to the various reactions going on inside the
soil system. Initially the activities of these enzymes increased
at 14 days of treatment and decreased sharply at 21 and 42
days. The possibility that intermediate compounds may act
as substrate for enzymes and/or less toxic in the early stage
to soil microflora and their biological activities (Sahu 2012).
The transformation product of acephate and dimethoate are
N-methamidophos and transisomer of dimethoate, which are
more toxic than parent compounds; whereas phosphamidon
persists for long period in acidic to neutral soil. Thus, toxic
effect of the transformation products of acephate, dimethoate
and persisted phosphamidon reduced the enzymes activity
even up to 42 days (US EPA 2001, 2006). Dehydrogenase
and other enzymatic activities are present only in viable cells
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and they are the useful indicator of overall microbial activ-
ity in soil (Trevors 1984, Sahu 2012). The increase in soil
enzymatic activities possibly indicated active metabolism
of the compound by microbes either for use as nutrient source
or for the detoxification of this compound (Burns 1982).
Pesticide hydrolysis by microbial enzymes can serve as a
detoxification mechanism that can govern pesticide resistance
and in turn determine the rate of pesticide biodegradation in
the environment (Kalyani et al. 2010). The influence of
pesticide in soil is generally a long term process and is closely
related to soil characteristics. Hence, for obtaining a more
realistic picture long-term field study is required (Sahu 2012,
Singh et al. 2013).

CONCLUSION

The study describes the multifarious effects of organophos-
phorus pesticides, especially acephate, dimethoate and
phosphamidon on soil enzyme activity. These pesticides
significantly decreased enzyme activities and various other
attributes in soil as well. Further, it was noted that
phosphamidon was found to be more potential in reducing
enzymatic activities in the soil even at RD and 2RD as com-
pared to acephate and dimethoate. Results suggest that ap-
plication of these pesticides in higher doses not only decrease
enzymatic activities but also decrease microbial activities
and suppress the physicochemical and biological properties
of soil. Thus, it proves to be an excellent cause as well as
toxic agents for overall deterioration of soil and environment.

ACKNOWLEDGEMENT

The authors are thankful to Professor Surender Singh, De-
partment of Soil Science and Agricultural Chemistry, Insti-
tute of Agricultural Sciences, Banaras Hindu University,
Varanasi for providing instrumentation facility for research.
We would also like to thank University Grant Commission
and Department of Science and Technology, New Delhi
(DST-INSPIRE) for their financial support to conduct the
research work.

REFERENCES

Adhya, T.K., Barik, S. and Sethunathan, N. 1981. Hydrolysis of selected
organophosphorus insecticides by two bacteria isolated from flooded
soil. J. Appl. Bacteriol., 50: 167-172.

Anderson, J.R. 1978. Pesticide effects on non-target soil microorganisms.
In: Hill, LR. and Wright, S.J.L. (eds.), Pesticide and Microbiology.
Academic Press, London, pp. 313-353.

Burns, R.G. 1982. Enzyme activity in soil: Location and a possible role in
microbial ecology. Soil Biol. Biochem., 14: 423-427.

Carriger, J.F., Rand, G.M., Gardinali, P.R., Perry, W.B., Tompkins, M.S. and
Fernandez, A.M. 2006. Pesticides of potential ecological concern in sedi-
ment from South Florida Canals: An ecological risk prioritization for
aquatic arthropods. Soil Sed. Contam., 15: 21-45.

Nisha Sahu et al.

Casida, L.E., Klein, D.L. and Santaro, T. 1964. Soil dehyrogenase activity.
Soil Sci., 96: 371-376.

Das, A.C. and Mukherjee, D. 1994. Effect of insecticides on the availability
of nutrients, nitrogen fixation and phosphate solubility in the rhizosphere
soil of rice. Biol. Fertil. Soils, 18: 37-41.

Dick, R.P. 1997. Soil enzyme activities as integrative indicators of soil health.
In: Pankhurst, C., Doube, B. M. and Gupta, V.V.S.R. (eds). Biological
indicators of soil health. CABIL, UK. pp. 121-156.

Dick, R.P. 1994. Soil enzyme activities as indicators of soil quality. Defining
soil quality for sustainable environment. Special Pub., 35. Soil Science
Society of America, Madison, pp. 107-124.

Dureja, P. and Gupta, R.L. 2010. Status of pesticides in India. Pesticide Res.
J.,21:202-210.

Eivazi, F. and Tabatabai, M.A. 1988. Phosphatases in soils. Soil Biol.
Biochem., 9: 167-172.

FAO/WHO 1969. Evaluations of Some Pesticide Residues in Food. World
Health Organization, Geneva.

Gianfreda, L., Sannino, F. and Violante, A. 1995. Pesticide effects on the
activity of free, immobilized and soil invertase. Soil Biol. Biochem., 27:
1201-1208.

Hafez, H.F.H. and Thiemann, W.H.P. 2003. Persistence and biodegradation
of diazinone and imidacloprid in soil. Proc. XIII Symp. Pest. Chem.,
Congress Centre Universita Cattolica, Via Emilia Parmense 84: 35-42.

Kalyani, S.S., Sharma, J., Dureja, P. and Singh, S. 2010. Influence of
endosulfan on microbial biomass and soil enzymatic activities of a tropi-
cal alfisol. Bull. Environ. Contam. Toxicol., 84: 351-356.

Martinez-Toledo, M. V., Salmeron, V. and Gonzalez-Lopez, J. 1992. Effect
of organophosphorus insecticide, profenofos on agricultural soil
microflora. Chemosphere, 24: 71-80.

Pancholy, S.K. and Rice, E.L. 1973. Soil enzymes in relation to old field
succession: amylase, cellulase, invertase, dehydrogenase and urease. Soil
Sci. Soc. Am. Proc., 37: 47-50.

Rejsek, K., Formanek, P. and Pavelka, M. 2008. Estimation of protease ac-
tivity in soils at low temperatures by casein amendment and with substi-
tution of buffer by demineralised water. Amino Acids, 35:411-417.

Sahu, N. 2012. Effect of Organophosphorus Pesticides on Organic Matter
Decomposition and Enzyme Activities in Soils. Ph.D. Thesis, Banaras
Hindu University, Varanasi.

Sannino, F. and Gianfreda, L. 2001. Pesticide influence on soil enzymatic
activities. Chemosphere, 45: 417-425.

Singh, B.K. and Walker, A. 2006. Microbial degradation of organophospho-
rus compounds. FEMS Microbiol. Rev., 30: 428-471.

Singh, U.B., Sahu, A., Sahu, N., Singh, B. P., Singh, R.K., Renu, Singh, D.
P., Jaiswal, R.K., Sarma, B.K., Singh, H.B., Manna, M.C., Rao, A.S. and
Prasad, S.R. 2013. Can endophytic Arthrobotrys oligospora modulate
accumulation of defence related biomolecules and induced systemic re-
sistance in tomato (Lycopersicon esculentum Mill.) against root knot
disease caused by Meloidogyne incognita. Appl. Soil. Ecol., 63: 45-56.

Tabatabai, M.A. and Bremner, J.M. 1969. Use of p-nitrophenyl phosphate
for assay of soil phosphatase activity. Soil Biol. Biochem., 1: 301-307.

Tabatabai, M.A. and Bremner, J.M. 1970a. Factors affecting soil arylsulfatase
activity. Soil Sci. Soc. Am. Proc. 34: 427-429.

Topp, E. 1997. Pesticides: Microbial degradation and effects on microor-
ganisms. In: Soil Microbiology. Marcel Dekken Inc., New York. pp.
547-573.

Trevors, J.T. 1984. Dehydrogenase activity in soil, a comparison between
INT and TTC assay. Soil Biol. Biochem., 16: 673-674.

US-EPA. 2001. Prevention, Pesticides and Toxic Substances. Washington,
D.C.

US-EPA. 2006. US Environmental Protection Agency Office of Pesticide
Programs: Reregistration Eligibility Decision for Acephate. Washing-
ton, D.C.

Vol. 13, No. 4, 2014 e Nature Environment and Pollution Technology



