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Abstract 

 

Several studies were conducted on the acute toxicity of agrochemicals. However, very little information is 

available on the toxic effect of dimethoate which is one of the most popular organophosphorous insecticide widely 

used in India. Therefore the present experiment was conducted to find out the eco-toxicity of dimethoate on soil 

health. For this, earthworm (Drawida willsi, Michaelsen) and soil was collected from such agricultural field 

where there had no record of input of agrochemicals. Different concentrations of dimethoate were prepared in 

dilution with acetone and sprayed on the soil surface. Five replicates for each concentration of the pesticides were 

prepared and ten numbers of juvenile, immature and adult earthworms were added separately into all the 

replicates of different concentration of the pesticides. All the samples were kept in the laboratory for 96 hours and 

number of earthworm death with respect to doses and replicates were recorded.  The 96h LC50 values for juvenile, 

immature and adult earthworm were calculated by the Finney’s Probit Method (Finney, 1971). The juvenile, 

immature and adult worms did not die in soil containing up to 0.5, 1 and 1 mg/kg of dimethoate respectively. 

When earthworms were exposed to concentration as high as 13 mg/kg of  dimethoate, 100% of juveniles, 94% of 

immature and 81% of adults died. The 96 h LC50 values with their 95% confidence limits for juvenile, immature 

and adult worms were 5.5 (4.4-6.6), 6.7 (5.2-8.2) and 9.0 (7.3-10.7) mg/kg respectively. Although the 

recommended dose of dimethoate (0.4 mg a.i./ kg dry soil) was lower than the 96 h LC50 values of  D. willsi, but 

still due to bioaccumulation, it may hamper the soil biota and also the soil health by triggering the domino effect.  
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Introduction 

An excessive use of agrochemical (pesticides and 

fertilizers) in the agricultural field has caused an 

environmental concern since last few decades. When 

applied into the soil, they affect both the target as well 

as the non-target organisms like microorganisms, 

earthworm etc. and ultimately deteriorate the soil 

health. 

 

Among all the biological factors, earthworm plays one 

of the major roles in maintaining soil health. They 

constitute a major fraction of the soil invertebrate 

biomass (> 80%), and they have ability to improve 

soil structure by breaking organic matter and release 

of plant nutrient (Edwards and Bohlen, 1996). They 

also maintain soil status through their burrowing and 

casting activities (Panda and Sahu, 1997). Since 

earthworm has direct contact with the ground, they 

were also found to absorb agro-chemical (Edwards 

and Bohlen, 1996). So any change in the soil due to 

agrochemical must have an effect on earthworm as 

well as on soil health. Therefore, they have been used 

as indicator species for ecotoxicological evaluation, 

risk assessment and monitoring of environment 

quality (Curry et al, 2008; Mahajan et al., 2007; 

Muthukaruppan et al., 2005; Hund-Rinke et al., 

2003; Booth and O’Halloran, 2001; Hund-Rinke and 

Wiechering, 2001; Leland et al., 2001; Paoletti, 1999; 

Reinecke and Reinecke, 1998; Booth et al., 1998). 

 

In India, dimethoate is one of the most popular 

insecticides that has been using in the agricultural 

field for crop protection. It is a kind of 

organophosphates pesticide which is used extensively 

due to low toxicity and less persistence (Jemec et al., 

2007; Panda and Sahu, 2004). But its excessive use 

must have an effect on the non-target organisms like 

earthworm and soil microorganism and ultimately 

degrading the soil fertility.  

 

Several studies were conducted on the toxic impact of 

different pesticides on earthworm (Rallmbke et al., 

2007; Lagan and Shaw, 2006; Lydy and Linck, 2003; 

Kalka et al., 2002; Ribera et al., 2001; Morowati, 

2000). Majority of the works were carried out to 

assess the potential risk of organophosphorus 

pesticides like malathion, phorate, monocrotophos, 

fenitrothion in tropical agro-ecosystem using 

earthworm as test species (Panda and Sahu, 1999, 

2004; Patnaik and Dash, 1990). Few studies were also 

conducted on the toxic effect of imidacloprid, a 

common neonicotinoid insecticide, on earthworm 

(Capowiez et al., 2005, 2006), honey bee and 

predatory stinkbug (Torres and Ruberson, 2004; 

Suchail et al., 2001) in the tropical agro-ecosystem. 

By contrast, studies pertaining to dimethoate are 

scare (Patil et al., 1987). Hence, the present work was 

aimed to find out the lethal effect of dimethoate and 

its toxicity level at the recommended dose on 

earthworm which possesses a major role in 

maintaining soil health. 

 

Materials and methods 

Agrochemicals 

Rogor 30% EC, the trade name for dimethoate, was 

used for carrying out the present work. The chemical 

composition of dimethoate is 0, 0-dimethyl-S-(N-

methyl-carbamoylmethyl) di-thiophosphate. 

 

Soil and earthworm 

For conducting the toxicity test, soil and earthworms 

(Drawida willsi, Michaelsen) were collected from an 

upland non-irrigated paddy field which had no record 

of input of agrochemicals (fertilizers and pesticides). 

The soil had the following characteristics: laterite 

type, sandy loam texture, pH 6.8, organic matter (g%) 

4.7, nitrogen (g%) 0.22 and a C/N ratio of 12.27.  

 

Preparation of the experimental set 

After collection, the soil was air dried and sieved. 

Simultaneously, the earthworms were cultured for 

one month at their native soil at moisture 20±2g% 

and temperature 25±2ºC (Senapati and Dash, 1984) 

with a diet of 10% organic matter (cow dung + leaf 

litter).  

 

At the time of toxicological study, earthworms were 

removed from culture pots and separated into three 

age-class on the basis of size (juveniles of <2cm, 
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immature of ≥2 to <4cm and adults of ≥4cm) and 

presence or absence of genital papilla and clitellium.  

 

Various concentrations of dimethoate (mg a.i./ dry kg 

of soil equivalent) were first prepared in dilution of 

acetone (Table : 1-3) .  After evaporation of the 

solvent, these were added to the soil surface 

maintaining moisture at 20±2g% and soil 

temperature 25±2°C and then mixed thoroughly to 

ensure a homogeneous mixture.  Then 10 numbers of 

juvenile, immature and adult earthworms were 

released separately with respect to different dose.  

Five replicates were made for each dose and kept in 

the laboratory for 96 hours. Number of earthworm 

death in each sample with respect to different doses 

was recorded to find out the toxicity of dimethoate. 

The Finney’s Probit Method (Finney, 1971) was also 

followed to calculate 96h LC50 values for juvenile, 

immature and adult earthworms. 

 

Result 

There was wide variation of toxicity of dimethoate on 

juvenile, immature and adult earthworms. Details of 

the toxicity with respect to different dose and 

replicates are given below. 

 

Effect of dimethoate on juvenile earthworm 

Mortality was not recorded when the worms were 

exposed to a concentration of 0.5 mg/kg of 

dimethoate in soil. But it resulted death of 12% 

earthworms at the exposure of 1 mg/kg of dimethoate 

in soil. However, 100% mortality was observed at the 

dose of 13 mg/ kg of dimethoate in soil.  

 

Fig. 1. Toxic impact of different concentrations of 

dimethoate on juvenile D. willsi. 

 

 

There was variation of mortality with respect to 

different doses (Table-1). About 12% of  juvenile died 

(average 1.2; range 1-2) at the exposure of 1 mg/kg of 

dimethoate in soil which gradually increased to 30% 

(average 3) at 3 mg/kg, 50% (average 5) at 5 mg/kg, 

66% (average 6.6; range 6-7) at 7 mg/kg, 76% 

(average 7.6; range 7-8) at 9 mg/kg, 84% (average 

8.4; range 8-9) at 11 mg/kg and no earthworm was 

alive at 13 mg/kg.  

 

Fig. 2. Toxic impact of different concentrations of 

dimethoate on immature D. willsi. 

 

Fig. 3. Toxic impact of different concentrations of 

dimethoate on adult D. willsi. 

 

The Finney’s Probit analysis indicates the 96 h LC50 

values of 5.5 (95% confidence limit) for juvenile 

earthworm with a range of 4.4 to 6.64 (Fig-1, Table-

4).  

 

Effect of dimethoate on immature earthworm 

On exposure to 1 mg/kg of dimethoate in soil, the 

entire earthworm survived. When immature 

earthworms were exposed to 3 mg/kg of dimethoate 

in the soil, mortality initiated and 100% mortality was 

recorded at the exposure of 16 mg/kg.  

 

The degree of toxicity was different with respect to 

different doses (Table-2). About 18% of  immature 

died (average 1.8; range 1-2) at the exposure of 3 

mg/kg of dimethoate in soil which gradually 
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increased to 36% (average 3.6; range 2-5) at 5 mg/kg, 

52% (average 5.2; range 5-6) at 7 mg/kg, 68% 

(average 6.8; range 6-7) at 9 mg/kg, 76% (average 

7.6; range 7-8) at 11 mg/kg, 94% (average 9.4; range 

9-10) at 13 mg/kg and all the immature died at 16 

mg/kg.  

 

 

Table 1. Lethal effect at different concentration of dimethoate on juvenile Drawida willsi. 

SL 
No. 

Dose 
(mg/ kg 

soil) 

No. of EW 
used in each 

replicate 

Mortality in different replicates Mortality 
(%) 

Remark 

01 02 03 04 05 Average 

01 0.5 mg 10 0 0 0 0 0 0 0 No lethal effect 

02 1 mg 10 1 1 1 1 2 1.2 (6) 12%  

03 3 mg 10 3 3 3 3 3 3 (15) 30%  

04 5 mg 10 5 5 5 5 5 5 (25) 50%  

05 7 mg 10 6 6 7 7 7 6.6 (33) 66%  

06 9 mg 10 7 7 8 8 8 7.6 (38) 76%  

07 11 mg 10 8 8 8 9 9 8.4 (42) 84%  

08 13 mg 10 10 10 10 10 10 10.0 (50) 100% 100% mortality 

 

Table 2. Lethal effect at different concentration of dimethoate on immature Drawida willsi 

SL 
No. 

Dose 
(mg/ kg 

soil) 

No. of EW 
used in each 

replicate 

Mortality in different replicates Mortality 
(%) 

Remark 

01 02 03 04 05 Average 

01 1 mg 10 0 0 0 0 0 0 0 No lethal effect 
02 3 mg 10 1 2 2 2 2 1.8 (9) 18%  

03 5 mg 10 2 3 4 4 5 3.6 (18) 36%  
04 7 mg 10 5 5 5 5 6 5.2 (26) 52%  

05 9 mg 10 6 7 7 7 7 6.8(34) 68%  
06 11 mg 10 7 7 8 8 8 7.6 (38) 76%  
07 13 mg 10 9 9 9 10 10 9.4 (47) 94%  

08 15 mg 10 9 10 10 10 10 9.8(49) 98%  
09 16 mg 10 10 10 10 10 10 10 (50) 100% 100% mortality 

 

Table 3. Lethal effect at different concentration of dimethoate on adult Drawida willsi 

SL 
No. 

Dose 
(mg/ kg 

soil) 

No. of EW 
used in each 

replicate 

Mortality in different replicates Mortality 
(%) 

Remark 

01 02 03 04 05 Average 

01 1 mg 10 0 0 0 0 0 0 0 No lethal effect 

02 2 mg         No lethal effect 
03 3 mg 10 1 1 1 0 0 0.6  (3) 06%  

04 5 mg 10 2 2 2 2 2 2.0 (10) 20%  

05 7 mg 10 3 4 4 4 4 3.8 (19) 38%  

06 9 mg 10 5 5 5 6 6 5.4 (27) 54%  
07 11 mg 10 7 7 7 7 7 7.0 (35) 70%  
08 13 mg 10 8 8 8 8 9 8.2(41) 82%  

09 15 mg 10 9 9 9 9 10 9.2(46) 92%  
10 17 mg 10 10 10 10 10 10 10 (50) 100% 100% mortality 

 

The Finney’s Probit analysis indicates the 96 h LC50 

values of 6.7 (95% confidence limit) for immature 

earthworm with a range of 5.2 to 8.2 (Fig-2, Table-4). 

 

Effect of dimethoate on adult earthworm 

There was no mortality of adult earthworm when 

exposed to dimethoate up to the dose of 2 mg/kg soil. 

But mortality started at the exposure of 3 mg/ kg of 

soil. The mortality gradually increased with the 

increase of doses and 100% mortality was observed at 

the dose of 17 mg/ kg soil.  

 

A distinct variation of adult earthworm mortality was 

also recorded with respect to different doses of 
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dimethoate conducted in five replicates (Table-3). 

There was 6% mortality (average 0.6; range 0-1) of 

adult earthworm with exposure of  3 mg/kg of 

dimethoate which gradually increased to 20% 

(average 2.0) at 5 mg/kg of the pesticide, 38% 

(average 3.8; range 3-4) at 7 mg/kg, 54% (average 

5.4; range 5-6) at 9 mg/kg, 70% (average 7.0) at 11 

mg/kg, 82% (average 8.2; range 8-9) at 13 mg/kg, 

92% (average 9.2; range 9-10) at 15 mg/kg and 100% 

mortality was recorded at 17 mg/kg.  

 

 

Table 4. 96 h toxicity test for D. willsi exposed to different concentrations of dimethoate. 
 
Concentration Mortality Emperical Expected 96 h LC50 with 95% 
(mg a.i./kg dry soil) probit probit confidence limit  
 
JUVENILE 

13   100  8.09  7.00  
11     84  5.99  6.48 

   9     76  5.71  5.95  5.5 (range : 4.4-6.6) 
   7     66  5.41  5.41   
   5     50  5.00  4.87 
   3     30  4.48  4.35 
   1     12  3.82  3.82   

0.5      --    --    -- 

 
IMMATURE 

15   98  7.05  7.05 
13   94  6.55  6.55 
11   76  5.74  6.05  6.7 (range : 5.2-8.2) 

   9   68  5.47  5.55   
   7   52  5.03  5.05 
   5   36  4.64  4.57 
   3   18  4.08  4.08 
   1    --   ----   ----  

 
ADULT 

15   92  6.41  6.83 
13   82  5.88  6.05 
11   70  5.52  5.52  9.0 (range : 7.3-10.7) 

   9   54  5.13  5.00   
   7   38  4.69  4.50 
   5   20  4.16  4.00 
   3   06  3.45  3.45 
   1              --  ----    --- 

 

The Finney’s Probit analysis indicates the 96 h LC50 

values of 9.0 (95% confidence limit) for adult 

earthworm with a range of 7.3 to 10.7 (Fig-3, Table-

4). 

 

Discussion 

Acute toxicity of earthworm is an efficient tool in 

assessing ecological risks of contaminated soils 

(Lukkari et al., 2005; Hemibach, 1985) and the end 

point is mortality (Karnak and Hamelink, 1982; 

Dean-Ross, 1983; Ellis et al., 2007). In this present 

experiment, dimethoate showed no mortality at the 

recommended agricultural dose (0.4 mg a.i./kg dry 

soil). Our results also showed that the 96 h LC50 value 

for all the age groups of D. willsi ranged from 5.5 to 

9.0 mg a.i. dimethoate/kg dry soil. This is found to be 

much higher than the recommended agricultural 

dose. Similar trend is also reported in other 

organophosphosphates pesticide by a number of 

previous workers. Bharthi and Subha Rao (1984) 

reported 96-h LC50 of phosphamidon, monocrotophos 

and dichlorvos as 10.35 ppm, 4.87 ppm and 0.22 ppm 

respectively for Lampito mauritii in artificial soil. 

Patnaik and Dash (1990) exposed earthworms to 

different concentrations of pesticides for two hours, 

recorded 48-h LC50 of monocrotophos for Drawida 

calebi and Octochactona surensis to be 14.79 ppm 

and 14.13 ppm and fenitrothion to be 15.67 ppm and 
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15.14 ppm respectively. Reddy and Rao (2008) 

observed 24 and 48h LC50 for profenofos, an 

organophosphate to be 4.56 and 3.55 µg/cm2 

respectively for Eisenia foetida. Gupta et al. (2010) 

found that cypermethrin was more toxic to Perionyx 

excavates (LC50-0.008 mg/kg) followed by 

endosulfan (LC 50-0.03 mg/kg), carbaryl (LC50-6.07 

mg/kg), chlorpyrifos (LC50-7.3 mg/kg), aldicarb 

(LC50-10.63 mg/kg) and monocrotophos (LC50-13.04 

mg/kg).  

 

Though no mortality of earthworm was observed at 

the recommended agricultural dose, still dimethoate 

must have sub-lethal effects.  Study found some sub-

lethal effects on growth, reproduction and 

metabolism of earthworm even at the recommended 

dose (Dalby et al., 1995; Neuhauser and Callahan, 

1990).  There is always chance of having potential risk 

of dimethoate on soil health. So it is proposed that the 

application of dimethoate should be restricted to 

recommended doses only for protecting the soil biota 

and safeguarding the soil health.  

 

Acknowledgement    

The authors are thankful to the DST, Govt. of India, 

New Delhi for providing infrastructural facilities 

through FIST Grant. Anindita Bhattacharya is 

thankful to Sambalpur University for a fellowship. 

 

References  

Bharati C, Subba Rao BVSSR. 1984. Toxicity of 

phosphamidon to the common South Indian 

earthworm Lampito mauritii. Bulltein of  

Environmental Contamination and  Toxicology 

32(1), 295-300.  

http://dx.doi.org/10.1007/BF01607501 

 

Booth LH, O’ Halloran K. 2001. A comparison of 

biomarker responses in the earthworm Aporrectodea 

caliginosa to the organophosphorus insecticides 

diazinon and chlropyrifos. Environmental Toxicology 

and Chemistry 20(11), 2494-2502.  

http://dx.doi.org/10.1002/etc.5620201115 

 

Booth LH, Heppelthwaite VJ, Eason CT. 

(1998). Choline esterase and glutathione s-transfer 

in the earthworm Aporrectodea caliginosa as 

biomarkers of organophosphate exposure. 

Proceedings of the 51st New Zealand Plant Protection 

Conference,  138-142. 

 

Capowiez Y, Bastardie F, Costagliolia G. 2006. 

Sublethal effects of Imidacloprid on burrowing 

behaviour of two earthworm species L: Modification 

of the 3D burrow systems in artificial cores and 

consequences on gas diffusion in soil. Soil Biology 

and Biochemistry 38(2), 285-293.  

http://dx.doi.org/10.1016/j.soilbio.2005.05.014  

 

Capowiez Y, Rault M, Costagliolia G, Mazzia C. 

2005. Lethal and sublethal effects of imidacloprid on 

two earthworm species (Aporrectodea nocturna and 

Allolobophera icterica). Biology and Fertility of Soils 

41(3), 135-143.  

http://dx.doi.org/10.1007/s00374-004-0829-0  

 

Curry JP, Doherty P, Purvis G, Schmidt O. 

2008. Relationship between earthworm populations 

and management intensity in cattle-grazed pastures 

in Ireland. Applied Soil Ecology, 39(1), 58-64.  

http://dx.doi.org/10.1016/j.apsoil.2007.11.005  

 

Dalby PR, Barker GH, Smith SE. 1995. 

Glyphosate, 2,4-DB and dimethoate: effects on 

earthworm survival and growth. Soil Biology and 

Biochemistry 27(12), 1661-1662.  

http://dx.doi.org/10.1016/0038-0717(95)00091-R 

 

Dean-Ross D. 1983. Methods for assessment of the 

toxicity of environmental chemicals to earthworms. 

Regulatory Toxicology and Pharmacology 3(1), 48-59 

 http://dx.doi.org/10.1016/0273-2300(83)90049-1  

 

Edwards CA, Bohlen PJ. 1996. Biology and 

ecology of earthworms. Chapman and Hall, New 

York. 

 

Ellis SR, Hodson ME, Wege,P. 2007. The 

influence of different artificial soil types on the acute 

http://dx.doi.org/10.1007/BF01607501
http://dx.doi.org/10.1002/etc.5620201115
http://dx.doi.org/10.1016/j.soilbio.2005.05.014
http://dx.doi.org/10.1007/s00374-004-0829-0
http://dx.doi.org/10.1016/j.apsoil.2007.11.005
http://dx.doi.org/10.1016/0038-0717(95)00091-R
http://dx.doi.org/10.1016/0273-2300(83)90049-1


 

104 Bhattacharya and Sahu 

 

Int. J. Biosci. 2013 

toxicity of carbendazin to the earthworm Eisenia 

fetida in laboratory toxicity tests. European Journal 

of Soil Biology 43(1), S239-S245. 

 http://dx.doi.org/10.1016/j.ejsobi.2007.08.023  

 

Finney  DJ. 1971. Probit analysis, Cambridge Uni. 

Press, Cambridge. 

 

Gupta RD, Chakravorty PP, Kaviraj A. 2010. 

Studies on relative toxicities of six insecticides on 

epigeic earthworm, Perionyx excavates. Bulletin of 

Environmental Contamination and Toxicology 85 

(1), 83-86.  

http://dx.doi.org/10.1007/s00128-010-0038-5  

 

Hemibach F. 1985. Comparison of laboratory 

methods using Eisenia fetida and Lumbricus 

terrestris for the assessment of hazard of chemicals to 

earthworms. Zeitschrift fur Pflanzenkransheiten and 

Pflazenschutz 92(2), 186-193. 

 

Hund-Rinke K, Wiechering H. 2001. Earthworm  

avoidance test for soil assessments : An alternative for 

acute and reproduction tests. Journal of Soils and 

Sediments 1, 15-20.  

http://dx.doi.org/10.1007/BF02986464 

 

Hund-Rinke K, Achazi R, Rombke J, 

Warnecke D. 2003. Avoidance test with Eisenia 

fetida as indicators for the habitat function of soils: 

Results of a laboratory comparison test. Journal of 

Soils and Sediments 3(1), 7-12.  

http://dx.doi.org/10.1007/BF02989462  

 

Jemec A, Tisler T, Drobne D, Sepcic K, 

Fournier D, Trebse P. (2007). Comparative 

toxicity of imidacloprid, its commercial liquid 

formulation and of diazinon to non-target arthropod, 

the microcrustacean Daphnia magna. Chemosphere 

68(8), 1408-1418.  

http://dx.doi.org/10.1016/j.chemosphere.2007.04.01

5  

 

Kalka J, Miksch K, Grabinska-Sota E, Zbrog A. 

2002. The effects of pyrethroid insecticides on 

earthworm Eisenia fetida. Fresenius Environmental 

Bulletin 11(2), 114-117. 

 

Karnak RE, Hamelink JL. 1982. A standardized 

method for determining the acute toxicity of 

chemicals to earthworms. Ecotoxicology and 

Environmental Safety 6(2), 216-222. 

http://dx.doi.org/10.1016/0147-6513(82)90012-4  

 

Langan AM, Shaw EM. 2006. Response s of the 

earthworm Lumbricus terrestris (L.) to iron 

phosphate and metaldehyde slug peelet formulations. 

Applied Soil Ecology 34 (2-3), 184-189. 

http://dx.doi.org/10.1016/j.apsoil.2006.02.003  

 

Leland JE, Mullis DE, Berry DF. 2001. 

Evaluating environmental hazards of land applying 

composted diazinon using earthworm bioassay. 

Journal of Environmental Science and Health 36(6), 

821-834.  

http://dx.doi.org/10.1081/PFC-100107415    

 

Lukkari T, Aatsinki M, Vaisanen A, Haimi J. 

2005. Toxicity of copper and zinc assessed with three 

different earthworm tests. Applied Soil Ecology 

30(2), 133-146. 

http://dx.doi.org/10.1016/j.apsoil.2005.02.001  

 

Lydy MJ, Linck SL. 2003. Assessing the impact of 

triazine herbicide on organophosphate insecticide 

toxicity to the earthworm Eisenia fetida. Archives of 

Environmental Contamination and Toxicology 45(3), 

343-349.  

http://dx.doi.org/10.1007/s00244-002-0218-y  

 

Mahajan S, Kanwar SS, Sharma SP. 2007. Long-

term effect of mineral fertilizers and amendements on 

microbial dynamics in an alfisol of western 

Himalayas. Indian Journal of Microbiology 47(1), 

86-89.  

http://dx.doi.org/10.1007/s12088-007-0016-8   

 

Morowati M. 2000.  Histochemical and 

histopathological study of the intestine of the 

earthworm (Pheretima elongate) exposed to a field 

http://dx.doi.org/10.1016/j.ejsobi.2007.08.023
http://dx.doi.org/10.1007/s00128-010-0038-5
http://dx.doi.org/10.1007/BF02986464
http://dx.doi.org/10.1007/BF02989462
http://dx.doi.org/10.1016/j.chemosphere.2007.04.015
http://dx.doi.org/10.1016/j.chemosphere.2007.04.015
http://dx.doi.org/10.1016/0147-6513(82)90012-4
http://dx.doi.org/10.1016/j.apsoil.2006.02.003
http://dx.doi.org/10.1081/PFC-100107415
http://dx.doi.org/10.1016/j.apsoil.2005.02.001
http://dx.doi.org/10.1007/s00244-002-0218-y
http://dx.doi.org/10.1007/s12088-007-0016-8


 

105 Bhattacharya and Sahu 

 

Int. J. Biosci. 2013 

dose of the herbicide glyphosate. The 

Environmentalist 20(2), 105-111.  

http://dx.doi.org/10.1023/A:1006704009184  

 

Muthukaruppan G, Janardhanan S, 

Vijayalakshmi G. 2005. Sublethal toxicity of the 

herbicide butachlor on the earthworm Perionyx 

sansibaricus and its histogical changes (5pp). Journal 

of Soils and Sediments 5(2), 82-86. 

http://dx.doi.org/10.1065/jss2004.09.111  

 

Neuhauser EF, Callahan CA. 1990. Growth and 

reproduction of the earthworm Eisenia fetida 

exposed to sub-lethal concentrations of organic 

chemicals. Soil Biology and  Biochemistry 22(2), 175-

179.  

http://dx.doi.org/10.1016/0038-0717(90)90083-C  

 

Panda S, Sahu SK. 1997. Recovery of respiratory 

and excretory activity of Drawida willsi (Oligochaeta) 

following application of malathion in soil. Journal of 

Ecobiology 9(2), 97-102. 

 

Panda S, Sahu SK. 1999. Effects of malathion on 

the growth and reproduction of Drawida willsi 

(Oligochaeta) under laboratory conditions. Soil 

Biology Biochemistry 31, 363-366. 

http://dx.doi.org/10.1016/S0038-0717(98)00135-7  

 

Panda S, Sahu SK.  (2004). Recovery of 

acetylcholine esterase activity of Drawida willsi 

(Oligochaeta) following application of three pesticides 

to soil. Chemosphere 55(2), 283-290. 

http://dx.doi.org/10.1016/j.chemosphere.2003.10.05

2  

 

Paoletti MG. 1999. The role of earthworms for 

assessment of sustainability and as bioindicators. 

Agriculture Ecosystems and Environment 74(1-3), 

137-155.  

http://dx.doi.org/10.1016/S0167-8809(99)00034-1  

 

Patil SG, Deshpande PB, Awasthi MD. 1987. 

Persistence of dimethoate in saline environment. 

Indian Journal of Agricultural Chemistry 20, 223-

229. 

 

Patnaik HK, Dash MC. 1990. Toxicity of 

monocrotophos and fenitrothion to four common 

Indian earthworm species. Pollution Residue 9, 95-

99. 

 

Rallmbke J, Jaonsch S, Junker T, Pohl B, 

Scheffezyk A, Schallnaay HJ. 2007.  The effect of 

tributyltin-oxide on earthworm, springtails and plants 

in artificial and natural soils. Achieves Environmental 

Contamination and Toxicology, 52(4), 525-534. 

http://dx.doi.org/10.1007/s00244-006-0099-y  

 

Reddy NC, Rao JV. 2008.  Biological responses of 

earthworm Eisenia foetida (savigny) to an 

organophosphorous pesticide, profenofos. 

Ecotoxicology and Environmental  Safety 71(2), 574-

582.  

http://dx.doi.org/10.1016/j.ecoenv.2008.01.003  

 

Reinecke AJ, Reinecke SA. 1998. The use of 

earthworms in ecotoxicological evaluation and risk 

assessments: new approaches. In: Earthworm 

Ecology, C.A. Edwards (Ed.) CRC press, Florida, 273-

293. 

 

Ribera D, Narbonne JF, Arnaud C, Saint-

Denis M. 2001. Biochemical responses of the 

earthworm Eisenia fetida andrei exposed to 

contaminated artificial soil, effect of carbaryl. Soil 

Biology and Biochemistry 33(7-8), 1123-1130. 

http://dx.doi.org/10.1016/S0038-0717(01)00035-9  

 

Senapati BK, Dash MC. 1984. Functional role of 

earthworms in decomposer subsystem. Tropical 

Ecology 25(2), 54-73. 

 

Suchail S, Guez D, Belzunces LP. 2001. 

Discrepancy between acute and chronic toxicity 

induced by Imidacloprid and its metabolites in Apis 

melifera. Environmental Toxicology and Chemistry 

20(11), 2482-2486.  

http://dx.doi.org/10.1002/etc.5620201113  

http://dx.doi.org/10.1023/A:1006704009184
http://dx.doi.org/10.1065/jss2004.09.111
http://dx.doi.org/10.1016/0038-0717(90)90083-C
http://dx.doi.org/10.1016/S0038-0717(98)00135-7
http://dx.doi.org/10.1016/j.chemosphere.2003.10.052
http://dx.doi.org/10.1016/j.chemosphere.2003.10.052
http://dx.doi.org/10.1016/S0167-8809(99)00034-1
http://dx.doi.org/10.1007/s00244-006-0099-y
http://dx.doi.org/10.1016/j.ecoenv.2008.01.003
http://dx.doi.org/10.1016/S0038-0717(01)00035-9
http://dx.doi.org/10.1002/etc.5620201113


 

106 Bhattacharya and Sahu 

 

Int. J. Biosci. 2013 

Torres JB, Ruberson JR. 2004. Toxicity of 

thiamethoxam and Imidacloprid to Podisus 

nigrispinus (Dallas) (Heteroptera: Pentatomidae) 

nymphs associated to aphid and whitefly control in 

cotton. Neotropical Entomology 33(1), 99-106. 

http://dx.doi.org/10.1590/S1519-

566X2004000100017  

 

 

http://dx.doi.org/10.1590/S1519-566X2004000100017
http://dx.doi.org/10.1590/S1519-566X2004000100017

