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ABSTRACT

Laboratory experiments were conducted to study the toxic effects of Organophosphorus insecticides
on soil bacterial population. The cropland soil from 5-15 cm depth were treated with four different
Organophosphates (Endosulphan, Chlorpyrifos, Polytrin and Phorate) at four different
concentrations (100, 1000, 2000 and 10,000 ppm) and their effect on the total number of bacterial
population was investigated. Results obtained revealed that Chlorpyrifos caused significant reduction
in the bacterial colonies. Polytrin treated soil on the other hand showed slight increase in the
bacterial colony number, maximum at 100 ppm concentration (8.9X10°), over the control (5.2X10°)
after 10 days of incubation in laboratory. Endosulphan with increase in concentration had negative
impact on bacterial population. Phorate also acted as an inhibitor but had comparatively less
impact on bacterial colony count than Endosulphan. A 2 way ANOVA was carried out and the
data so obtained showed that both the concentrations of the pesticides as well as the duration of
treatment brought about significant change in bacterial number {[Endosulphan F=8.700417;
df4,4; p<0.01; (concentration); F=43.76176; df4,4; p<0.01; (duration of treatment)];
[Chlorpyrifos :- F=12.04944; df4,4; p<0.01; (concentration); F=36.18957; df4,4; p<0.01;
(duration of treatment)]; [Phorate :- F=4.284723; df4,4; p<0.01; (concentration); F=7.799454;
df4,4; p<0.01; (duration of treatment)} except for Polytrin, {F=2.816548; df4,4; p>0.01;
(concentration); F=9.546841; df4,4; p<0.01; (duration of treatment)}; where the change in
concentration did not brought significant reduction in bacterial count.
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INTRODUCTION

Pesticides are frequently used in the field to increase crop yield and has become an integral and economically
essential part of modern agriculture. Besides combating insect pests, these also affect the population and
activity of beneficial microbial communities in soil (Pandey and Singh, 2004).

Since the Organochlorine insecticides cannot be attacked by micro-organisms, they have been gradually
replaced by Organophosphates and Carbamates (Francisco et al., 1979). A variety of treatments during
agricultural practices introduce pesticides into soil (Audus, 1964).

The wide use of organophosphorus pesticides has created numerous problems including the pollution of the
environment. Organophosphorus pesticides are regarded as non-persistent (Racke and Coats, 1988). The
influence of these pesticides on soil bacteria is dependent on physical, chemical and biochemical conditions,
in addition to the nature and concentration of the pesticides (Aurelia, 2009). Low concentrations of Lannate
stimulated the growth of soil microbial communities and did not represent much danger (Bakalivanov, 1990;
Cernakova, 1993). Similarly Cypermethrin at different time durations had no adverse effects on soil microbes
(Binner et al., 1999), whereas all doses of Carbofuran has been found to have stimulatory effect under
laboratory conditions (Dordevic et al., 1998; Das and Mukherjee, 1998).

The reduced persistence of organophosphate insecticides attributed to soil microorganisms has been described
(Chapman and Harris, 1982; Gorder et al., 1982; Sharmila ef al., 1989). These pesticides generally get
accumulated in top soil to a depth of approximately 10-15 cm, which is the zone of maximum activity of soil
microflora and fauna. There they may exert effect on saprophytic soil microbes and their activities (Suneja
et al., 2008). The biodegradation of organophosphorus insecticides by microorganisms in soil has been
widely reported (Digrak and Elazig, 1994; Digrak ef al., 1995; Lal and saxena, 1982; Motosugi and Soda,
1983), however the effects of Organophosphorus insecticide on soil bacteria have received less attention.
Therefore there is an urgent need for further studies on the effect of these organophosphorus insecticides on
non target soil bacteria from environmental stability, bioaccumulation and toxicity to non target species
view point. The present paper deals with impact assesement of four commonly used organophosphates
(Phorate (10% CG), Chlorpyrifos(20% EC), Polytrin (C44 EC) and Endosulphan (35 %EC) of Jharkhand on
soil bacterial population dynamics.

MATERIALS AND METHODS

The response of bacterial populations in soil after the application of four organophosphorus insecticides at
different concentrations was examined.

The soil samples of known record were taken with the help of sterilized equipment from a depth of 5-10 cm
from the agricultural field of Horticulture and Agroforestry Research Program (HARP), ICAR Research
Complex for Eastern Region, Palandu, Ranchi, (Jharkhand). All the soil samples were collected in plastic
bags, taken to the laboratory and stored at 4°C until used for the study.

In the laboratory, the plant material and soil microfauna were removed manually and the soil samples were
sieved (<2mm).The experiments were set up in sterilized test pots and each pot contains 1 kg of soil
sample.

The pesticides (Mfd: Agritech Ltd and Syngenta India Ltd.) were obtained from market. Soil sample in each
pot were treated with four different organophosphorus insecticides viz: Phorate, Polytrin, Chlorpyrifos and
Endosulphan at four different concentrations (100, 1000, 2000 and 10,000 ppm) and incubated. Control
containing only soil were included in all tests. The temperature of incubation for both mixed and control
sample was set at 30°C. Samples for analysis were taken at intervals of 05 days upto 20 days. For each
treatment, samples were examined in triplicate. Enumeration of soil bacterial population was done by pour
plate method on nutrient agar medium. (Johnson and Curl, 1972). On different days (0, 5, 10, 15 and 20)
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during the incubation period 1 g of the test sample were taken from the treated and control pots and each
were suspended in 9 mL of autoclaved distilled water. Dilutions of 107 were prepared and plated on nutrient
agar medium. Petriplates were incubated at 37°C for 48 hr for bacterial growth. The colonies were counted
on colony counter and the results were evaluated as number of bacterial colonies in 1 g of oven dried soil.

RESULTS AND DISCUSSION
Edaphic characteristics of the experimental soil:
pH 5.16
% Organic matter 0.49134
% Organic carbon 0.285
Phosphorus (kg/ha) 4.9056
Potassium (kg/ha) 103.936

Bacterial counts in insecticide treated petriplates in the laboratory are given in Fig. 1, 2, 3 and 4 for four
different pesticides.

From Fig. 1, it is clear that bacterial population at different concentrations of Endosulphan has significant
difference from control. Number of total bacteria at 10,000 ppm concentration of Endosulphan (1.8X10%g!)
was significantly different from that of control (6.1X10°g?) on 20" day of incubation. Similar results for
Endosulphan are present in the findings of Digrak and Ozcelik(1998) and Nasim et al. (2005).In the control
soil, decrease in the number of total bacteria occurred during the first ten days of incubation period, which
recovered later on. Bacterial population has been significantly affected by both, the concentration (F=8.700417;
df4, 4; p<0.01) of Endosulphan and the duration of treatment (F=43.76176; df 4, 4; p<0.01), as given by
ANOVA, shown in Table 1.
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Figure 1: Effect of different concentration of endosulphan at different period of incubation

Table 1: Analysis of variance (2-way) for Endosulphan

Source of variation SS df MS F p-value F critical
Concentration of Endosulphan 14.608 4 3.652 8.700417 0.000627 3.0069173
Duration of treatment 73.476 4 18.369 43.76176 2.02E-08 3.0069173
Error 6.716 16 0.41975

Treatment of soil with Chlorpyrifos brought about a reduction in bacterial population at almost all
concentrations (Fig. 2). Minimum bacterial count was observed in plate with 10,000 ppm concentration of
Chlorpyrifos (0.3X10° g') which was significantly very less from control (5.1X10°¢ g!) on 5* day of incubation.
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Short term inhibitory effect on the total bacterial population was observed, which is in accordance with the
findings of Ahmed and Ahmed (2006); Tawfic et al. (1998) and Hashem ef al. (1999). 2-way ANOVA (Table
2) in case of Chlorpyrifos revealed that change in concentration of this pesticide as well as different
duration of treatment, both proved to be significant in bacterial population dynamics (F=12.04944; df 4, 4;

p<0.01; F=36.18957; df 4, 4; p<0.01).
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Figure 2: Effect of different concentrations of Chlorpyrifos at different period of incubation

Table 2:Analysis of variance (2-way) for chlorpyrifos

Source of variation SS df MS F p-value F critical
Concentration of Chlorpyrifos 31.7816 4 7.9454 12.04944 0.000104 3.006917
Duration of treatment 95.4536 4 23.8634 36.18957 7.9E-08 3.006917
Error 10.5504 16 0.6594

The bacterial number determination as in Fig. 3 indicates that Polytrin had slight negative effect on the
total number of bacteria, which is confirmed by the results of Rangaswamy and Venkateshwarlu (1992).
However the bacterial number increased in many combinations being maximum at concentration of 100 ppm
(8.9X10° g!) on 10" day of incubation. The increase in the total number of bacteria after Polytrin application
can be explained by assuming that soil microorganism can synergistically metabolize this pesticide as
Gunner and Zukerman (1968) demonstrated for Diazinon. The number of bacteria decreased in control with
the advancement of days. The bacterial count at 100 ppm (7.6X10° g) is significantly different from control
(2.3X10°% g!) on 20™ day of incubation. High concentrations of pesticide however caused reduction in the
number of bacteria but very negligible. This is similar to the results of Binner et al., 1999, who reported
that Polytrin (Cypermethrin) had no adverse effect on soil microbes. The bacterial population at 100 ppm of
Polytrin (4.1X10g) was statistically at par with control (4.2X10g) on 15" day of incubation. Some of the
insecticides are found non toxic to soil microbes (Martinez-toldo ef al., 1993; Gonzalez-lopez et al., 1993;
Mandic et al., 1997; Digrak and Kazanici, 2001). ANOVA for Polytrin (Table 3) showed that different
concentrations of the pesticide did not brought significant change in bacterial population whereas duration of
treatment was significant (F=2.816548; df 4, 4; p>0.01; F=9.546841; df 4,4; p<0.01).(Fig.3).

Table 3: Analysis of variance (2-way) for Polytrin

Source of variation SS df MS F p-value F critical
Concentration of Polytrin 14.1064 4 3.5266 2.816548 0.060533 3.0069173
Duration of treatment 47.8144 4 11.9536 9.546841 0.000384 3.0069173
Error 20.0336 16 1.2521
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Figure 3: Effect of different concentrations of Polytrin at different period of incubation

It is found that Phorate had slight inhibitory effect on bacterial count as the number of bacteria only slightly
varied with that of control (Fig. 4). However the bacterial population is decreased with the advancement of
days, being lowest at the concentration of 2000 ppm (1.2X10° g!) as compared to that of control (4.8X10°¢ g
1) on 20™ day of incubation. This is supported by the similar results obtained by Digrak and Kazanici (2001).
According to ANOVA for Phorate, bacterial population was significantly affected by both the concentration
of Phorate and the duration of treatment (F=4.284723; df 4, 4; p<0.01; F=7.799454; df 4, 4; p<0.01)
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Figure 4: Effect of different concentrations of Phorate at different period of incubation

Table 4: Analysis of variance (2-way) for Phorate

Source of variation SS df MS F p-value F critical
Concentration of Phorate 11.6056 4 2.9014 4.284723 0.015171 3.0069173
Duration of treatment 21.1256 4 5.2814 7.799454 0.001097 3.0069173
Error 10.8344 16 0.67715
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Among the four organophosphorus insecticides used, Chlorpyrifos proved to be the most destructive on soil
bacteria. Short term inhibitory effect on total bacterial population was observed after Chlorpyrifos treatment
(Ahmed and Ahmed, 2006). On the other hand, Polytrin proved as stimulator for bacterial count except for
some values (3.4X10% g at 100 ppm and 3.6X10°¢ g at 2000 ppm). Endosulphan brought reduction in
bacterial population with the advancement of days of incubation as well as with the increase in concentration.
Reduction in total bacterial population in comparision to control was recorded in the Phorate treated soil
also after 10-15 days of organophosphate application. Similar impact of pesticide application on microbes
has also been reported by Das ef al. (1995), Saxena and Rai (1999) and Ekundayo (2003).

CONCLUSION

The results so obtained indicated that organophosphorus insecticide used had least adverse effect on bacterial
population. It is therefore concluded that all tested insecticides can be safely used as soil treatments when
intended to control termites. These effects are not drastic but minor in nature. After overall impact assesement,
the four organophosphates are arranged as follows in the descending order of their destructiveness: Chlorpyrifos
> Endosulphan > Phorate > Polytrin.
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