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  Abstract 

 

Soil metabolism seems to be one of the major tools to study the effect of agrochemicals (pesticides and 

fertilizers) on soil health. It is an appropriate indicator for highlighting the impact of land use management, soil 

quality monitoring and pollution. Several experiments were conducted to find out the effect of pesticides on soil 

metabolism. However few studies were conducted on Imidacloprid (neonicotinoid) and Dimethoate 

(organophosphate) which showed no concrete conclusion. So an attempt was undertaken to find out the toxicity 

of Imidacloprid and Dimethoate which are being used mostly in the Indian crop fields today due to its less 

toxicity. The study found an increase of dehydrogenase activity by 15.36%  in recommended agricultural dose of 

imidacloprid treated soil and decreased by 36.25% in dimethoate treated soil after 15 days. The acid phosphatase 

activity was also increased by 24.37% in imidacloprid treated soil and decreased by 23.65% in dimethoate treated 

soil till 15 days. Similar trend was also found in alkaline phosphatase activity where there is an increase of 

22.87% in imidacloprid treated soil and decreased by 31.77% in dimethoate treated soil. But the urease activity 

was less in soil treated with recommended agricultural doses of imidacloprid and dimethoate as compared to 

control soil. The present study indicates greater toxicity of dimethoate in comparison to Imidacloprid. So it is 

suggested to avoid dimethoate even at the recommended doses.  
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Introduction 

Soil consists of several bacteria and other micro-

organism which decomposes living material (plants 

and animals) and converts them into nutrients which 

is called soil metabolism. During this biochemical 

process, bacteria and other micro-organisms release 

some enzymes (mostly urease, phosphates, 

dehydrogenases etc.) (Macfadyen, 1970). These 

enzymes are responsible for various decomposition 

and chemical transformations in the soil. They are of 

immense biological significance as they participate in 

the cycling of elements and can influence the 

availability of nutrients to plants. Their measurement 

can give the indications of the extent of the specific 

processes in soil and soil fertility (Mishra et al., 1979). 

 

Under normal agricultural practices, tremendous uses 

of agrochemicals are there in each year to boost crop 

production. These agrochemicals are applied either 

directly to the soil or transported from the treated 

crops (Hernadez-Soreano et al., 2007) but they are 

imposing a treat to the soil environment (Zafar and 

Hasan, 1994 : Meuhlenberg et al., 1995) killing the 

non-target beneficial microorganisms that are 

responsible for enhancement of soil fertility (Gundi et 

al., 2007). 

 

The effect of pesticides on soil microorganisms can be 

assessed following two ways-(a) directly by estimating 

the soil microbial population and biomass, and (b) 

indirectly by studying the soil metabolism through 

soil respiration and  soil enzyme activities. 

Measurement of carbon dioxide evolution, enzyme 

activity and essential nutrients like carbon, nitrogen 

etc of soil are common method for measurement of 

soil metabolism and are regarded as an index of 

microbial dynamics (Skujins, 1978).  

 

Microbial respiration and enzymatic activities were 

used as appropriate indicators for highlighting the 

impact of land use management, soil quality 

monitoring and pollution (Endo et al., 1982; Baath, 

1989; Anderson and Domsch, 1990; Dick, 1992, 1994; 

Brookes, 1995; Wardle and Ghani, 1995; Fernandes et 

al., 2005; Sebiomo et al., 2011). Some of the most 

studied enzymes in soil are urease, phosphates and 

dehydrogenases (Singh and Kumar, 2008). Urease is 

an important enzyme for N-economy of the soil 

(Tiwari et al., 1989; Vaughan and Ord, 1991), while 

the level of phosphates activity affects the 

phosphorous mineralization in soil (Pang and 

Kolenko, 1986 : Nakas et al., 1987). Finally 

dehydrogenases, a group of intracellular enzymes, 

have been widely used to measure catabolic activities 

in the soil and have shown to be correlated with 

microbial activity (Cochran et al., 1989; Garcia et al., 

1994).  

 

Several studies were conducted to find out the effects 

of pesticide on soil enzymes (Davies and Grreaves 

1981; Mishra and Pradhan 1987; Tu 1988, 1993; 

Rangaswamy et al., 1994; Panda and sahu, 2000; Min 

et al., 2001; Omar and abdel-Sater, 2001; Sannino 

and Gianfreda, 2001; Klose and Tabatabai, 2002; 

Burrows and Edwards, 2004; Klose and Ajwa, 2004; 

Gundi et al., 2005; Menon et al., 2005; Stromberger 

et al., 2005; Pampulha and Oliveria, 2006; Yu et al., 

2006; Bending et al., 2007; Qian et al., 2007; Wang 

et al., 2007; Yang et al., 2007).  Most of these studies 

conclude that pesticides at higher doses inhibit 

enzymatic activities.  

 

However few studies were conducted on Imidacloprid 

(neonicotinoid) (Yao et al., 2006) and Dimethoate 

(organophosphate) which showed no concrete 

conclusion. So an attempt was undertaken to find out 

the toxicity of Imidacloprid and Dimethoate which 

are being used mostly in the Indian crop fields today 

due to its less toxicity. 

 

Materials and methods 

Pesticide 

Imidacloprid, Victor 17.8% SL, Insecticide (India) 

Jammu and Roger 30% EC the trade name of 

dimethoate, (Rallis India Limited, Mumbai) and was 

used in the present work as the test chemicals.  The 

chemical composition of imidacloprid is 1 (1 (6 

chloro-2-pyridimyl) methyl-N-nitro-2-

imidazolidinimene.  The chemical composition of 
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dimethoate is 0, 0-dimethyl-S-(N methyl-

carbamoylmethyl) di-thiophosphate. 

 

Soil 

The soil was collected from an upland non-irrigated 

paddy field, which had no record of input of 

agrochemicals (fertilizers and pesticides).  The soil 

belongs to laterite type and of yellow colouration 

called latosols.  By texture, the soil is of sandy loam 

type.  The pH of the soil was 6.8.  The soil was found 

to contain 2.7 g% of the total organic carbon and 0.22 

g% nitrogen.  The C: N ratio of the soil was 12.27. The 

soil was air dried and sieved before use. 

 

Preparation of experimental sets 

To study the effect on soil metabolism, three sets of 

plastic culture pots each with thirty five replicates and 

2 kg of soil were kept for control and recommended 

doses of dimethoate and imidacloprid. The 

recommended agricultural dose (mg a.i./ kg) for 

dimethoate and imidacloprid (0.4  and 0.05 

respectively) was prepared in dilution of water and 

sprayed on to the soil surface.  After evaporation of 

the solvent, enough water was added and the treated 

soil was thoroughly mixed for even distribution of the 

pesticide. Only water was applied to prepare the 

controls. The experiment was maintained at 20±2g% 

soil moisture and 25±20C soil temperature. Out of 

thirty five replicates of each set, five replicates were 

taken at 15 days intervals up to 105 days to assess the 

soil metabolic activities.    

 

Enzyme activities  

Dehydrogenase 

Dehydrogenase activity was assayed by the reduction 

of 2, 3, 5 trinitro tetrazolium chloride (TTC) following 

the triphenyl formazan method of Casida et al. 

(1964).  Each soil sample (2g) was treated with 0.1 g 

of CaCO3 followed by 2 ml of 1% TTC (2 ml distilled 

water for control) and incubated for 24 hour at 370C.   

The triphenyl formazan formed was extracted from 

the reaction mixture with methanol and assayed at 

485nm in a spectrophotometer.  The dehydrogenase 

activity was expressed in mg formazan /g soil/h. 

 

Urease 

Urease activity was measured according to Kaplan 

(1965).  Soil sample (5g) was taken in a 50 ml 

volumetric flask mixed with 0.2 ml toluene.  To it 9 

ml of Tris-HCl buffer (pH9, 0.2 m) was added and the 

content was mixed thoroughly.  Then 1 ml of 0.2 M 

urea (substrate solution) was added to it.  A control 

was kept simultaneously with 1 ml of distilled water 

instead of substrate solution.  After a little swirling, 

flasks were incubated at 370C for a period of 2 hours.  

After 2 hours, KCl-AgSO4 solution was added up to 

the mark (50 ml).  A portion of the content was 

centrifuged and the supernatant was used for 

analysis.  To 1 ml of supernatant, 1 ml of phenate and 

1 ml of alkaline hypochloride solution was added.  

After 5 minutes, O.D. was measured at 625 nm.  

Ammonium chloride was used as standard.  The value 

was expressed in terms of mg NH4+/g dry soil/h. 

 

Phosphatase 

Soil phosphatase activity was assayed following the 

procedure of Tabatabai and Bremner (1969) using 

modified universal buffer (MUB) (Skujins et al., 

1962). Soil (1 g) sample was placed in a 10 ml capped 

test-tube.  After oxidizing with 0.2 ml toluene and 

swirling the tube in capped condition, the content was 

incubated for 4 hours with 4 ml modified universal 

buffer (pH 6.5 for acid phosphatase and pH 11.0 for 

alkaline phosphatase) and 1.0 ml of 0.115M p-

nitrophenyl – phosphatase disodium salt.  The 

control contained no substrate.  The reaction was 

stopped by adding 1.0 ml 0.5 M CaCl2 and 5 ml of 0.5 

M NaOH.  The mixture was centrifuged and 1.0 ml of 

supernatant was taken. Absorbance was measured at 

400 nm by spectrophometer using p-nitrophenal as 

standard.  Soil phosphatase activities were expressed 

in terms of mg p-nitrophenol produced per g of dry 

soil per hour. 

 

Statistical analyses of the data were made as per 

Snedecor and Cochran (1967). Statistical package 

SPSS (version 10) was also used to compute the data. 
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Result 

Dehydrogenase activity  

After 15 days, the dehydrogenase activity was 

increased by 15.36% in recommended agricultural 

dose of imidacloprid treated soil and decreased by 

36.25% in dimethoate treated soiled.  However, this 

increase and decrease in dehydrogenase activity was 

not consistent   throughout the experimental period 

(Table-1 and Figure-1). Two-way ANOVA showed that 

the dehydrogenase activity of the soil was 

significantly affected by the doses of pesticides as well 

as days interval (F1= 9.18, F2= 3.97 p≤0.05). 

Significant difference in the dehydrogenase activity of 

control and the experimental sets was noticed up to 

75 days (F≥5.92, p≤0.05) by one-way ANOVA.  LSD 

test, however, showed significant difference (p≤0.05) 

between the control and imidacloprid sets up to 30 

days, between the control and dimethoate treated 

soils up to 75 days and between the experimental sets 

up to 15 days. This test thus showed greater toxicity of 

dimethoate in comparison to imidacloprid (Table-1). 

 

Table 1. Dehydrogenase activity (mg formazon/g dry soil/h±SD) following application of recommended 

agricultural doses of pesticides to soil. 

Days Control imidacloprid dimethoate One-way 
ANOVA ( F) 

LSD (p<0.05) 
 

Two-way ANOVA 
 

0 41.70±3.1 41.76±3.1 40.56±3.1 _ _ _ 

15 58.53±4.35a 67.52±1.96b (15.36%) 37.31±1.8c (-36.25%) 111.12* 4.54 F1=9.18* 
F2=3.97* 

30 59.02±2.57a 66.1±2.83b   (11.99%) 41.01±2.22b (-30.52%) 102.77* 3.93 _ 

45 62.91±2.43a 65.18±1.8a    (3.61%) 46.68±3.82b (-25.80%) 51.55* 4.33 _ 

60 59.22±2.12a 60.98±0.52a (2.97%) 49.44±5.24b (-16.51%) 14.32* 5.06 _ 

75 56.23±1.36a 57.53±0.62a  (2.31%) 52.18±3.68b (-7.20%) 5.92* 3.54 _ 

90 43.71±1.19 43.91±0.72    (0.48%) 41.68±3.13    (-4.62%) 1.56 3.05 _ 

105 40.94±1.06 40.77±0.66   (-0.42%) 40.88±3.12   (-0.15%) 0.01 2.99 _ 

* p<0.05, F1=between pesticides, F2= between days  
Values in the same row with different alphabets are significantly different by LSD. 

Urease activity  

Urease activity of the soil in recommended 

agricultural doses of imidacloprid and dimethoate 

treated soil was less as compared to control soil 

throughout the experimental period. Maximum 

decrease of 25.52 and 52.86% was recorded after 15 

days in imidacloprid and dimethoate treated soil 

respectively (Table-2 and Figure-2). Two-way ANOVA 

showed significant difference in the urease activity of 

the soil with respect to doses of pesticides and days 

intervals (F1= 9.25, F2= 3.48 p≤0.05). Significant 

difference between control and experimental soils 

was observed up to 45 days (F≥5.01, p<0.05) by One-

way ANOVA test and insignificant thereafter. LSD 

test demonstrated significant difference between 

control and experimental soils as well as between 

imidacloprid and dimethoate treated soils up to 15 

days and between control and dimethoate treated 

soils up to 45 days (p<0.05) (Table-2).  

 
Table 2.Urease activity (mg NH4+/ g dry soil/ h±SD) following application of recommended agricultural doses 

of pesticides to soil. 

Days 
 

Control 
 

imidacloprid 
 

dimethate 
 

One-way ANOVA 
( F) 

LSD 
(p<0.05) 
 

Two-way 
ANOVA 
 

0 10.71±3.2 10.70±3.2 10.69±3.2 _ _ _ 

15 11.56±3.13a 8.61±2.13b      (-25.52%) 5.45±1.61c   (-52.85%) 15.14* 2.42 F1=9.25* 

30 12.24±2.06a 10.22±0.53a    (-16.50%) 6.92±2.4b   (-43.46%) 8.29* 2.87 F2=3.48* 

45 13.01±1.98a 12.14±0.61a    (-6.69%) 9.36±2.13b (-28.06%) 5.01* 2.63 _ 

60 12.76±1.72a 12.33±0.72a    (-3.37%) 10.81±2.4a  (-15.28%) 1.21 2.86 _ 

75 12.51±1.56 12.22±0.77      (-2.32%) 11.24±2.52   (-10.15%) 0.53 2.81 _ 

90 11.79±1.25 11.52±0.80      (-2.29%) 11.38±3.13    (-3.48%) 0.28 1.21 _ 

105 11.01±1.13 11.02±0.72      (0.09%) 10.75±1.79    (-2.36%) 0.06 1.99 _ 

* p<0.05, F1=between pesticides, F2= between days  
Values in the same row with different alphabets are significantly different by LSD. 
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Phosphatase activity 

Acid phosphatase activity 

Compared to control soil, after a period of 15 days the 

acid phosphatase activity was increased by 24.37% in 

imidacloprid treated soil and decreased by 23.65% in 

dimethoate treated soil (Table-3 and Figure-3). 

Significant difference was observed up to 45 days 

between control and the experimental sets as well as 

between the two experimental sets by LSD test 

(p<0.05). Significant difference (p<0.05) between 

control and dimethoate treated soil was further found 

up to 60 days indicating the greater toxicity of 

dimethoate. One-way ANOVA showed significant 

difference between control and experimental sets up 

to 60 days (F≥4.78, p<0.05) and insignificant 

thereafter. Two-way ANOVA showed that the acid 

phosphatase activity of the soil was affected by the 

doses only (F1=7.01, p<0.05) (Table-3).    

 

Table 3. Acid phosphatase activity (mg p-nitrophenyl phosphate/ g dry soil/ h±SD) following application of 

recommended agricultural doses of pesticides to soil. 

Days Control imidacloprid dimethate One-way 
ANOVA( F) 

LSD 
(p<0.05) 

Two-way 
ANOVA 
 

0 18.89±1.4 18.9±1.4 18.91±1.4 _ _ _ 

15 20.68±1.32a 25.72±0.92b (24.37%) 15.79±2.12c 
(-23.65%) 

42.88* 2.36 F1=7.01* 
F2=0.316 

30 21.42±1.22a 25.12±0.80b  (17.27%) 18.46±1.91c 
(-13.82%) 

25.95* 2.02 _ 

45 22.09±1.13a 24.14±0.72b (9.28%) 19.59±1.79c 
(-11.31%) 

12.47* 1.99 _ 

60 21.86±1.19a 22.36±0.60a (2.29%) 19.89±1.82b 
(-9.01%) 

4.78* 1.95 _ 

75 21.22±1.25a 21.42±0.53a (0.94%) 20.11±1.82a 
(-5.23%) 

1.17 2.01 _ 

90 20.73±1.32 20.83±0.41 (0.48%) 20.24±1.72 
(-2.36%) 

0.25 1.96 _ 

105 20.34±1.48 20.34±0.36  (0%) 20.33±1.82 
(-0.05%) 

0 0 _ 

* p<0.05, F1=between pesticides, F2= between days.  

Alkaline phosphatase activity 

Alkaline phosphatase activity of the soil treated with 

both the pesticides (imidacloprid and dimethoate) 

followed the same trend as that of acid phosphatase 

activity of soil. After 15 days, alkaline phosphatase 

activity was increased by 22.87% in imidacloprid 

treated soil and decreased by 31.77% in dimethoate 

treated soil (Table-4 and Figure-4). Significant 

difference between control and experimental sets was 

observed up to 45 days (F≥5.69, p<0.05) by one-way 

ANOVA test and up to 30 days by LSD test (p<0.05,) 

Two-way ANOVA showed that the alkaline 

phosphatase activity of the soil was affected by the 

doses of pesticides only (F1=7.02, p<0.05) (Table-4).

 

Table 4. Alkaline phosphatase activity (mg p-nitrophenyl phosphate/ g dry soil/ h±SD) following application of 

recommended agricultural doses of pesticides to soil. 

Days Control imidacloprid dimethoate One-way 
ANOVA  
( F) 

LSD 
(p<0.05) 
 

Two-way 
ANOVA 
 

0 14.21±2.1 14.22±2.1 14.2±2.1 _ _ _ 

15 15.74±1.91a 19.34±0.43b (22.87%) 10.74±2.05c (-31.77%) 27.95* 2.52 F1=7.02* 
F2=0.269 

30 16.36±1.8a 19.16±0.44b (17.11%) 13.11±1.91c   (-19.87%) 15.56* 2.37 _ 

45 16.74±1.72 17.94±0.61a (7.17%) 14.52±1.8a    (-13.26%) 5.69* 2.26 _ 

60 16.26±1.56 16.76±0.71   (3.08%) 14.74±1.67    (-9.34%) 2.3 2.13 _ 

75 15.94±1.48 16.14±0.80  (1.25%) 14.98±1.51    (-6.02%) 1.02 1.89 _ 

90 15.92±1.36 15.67±0.94  (-1.57%) 15.01±1.48    (-5.72%) 0.54 1.98 _ 

105 15.11±1.25 15.11±1.09 
(0%) 

15.12±1.32     (0.07%) 0 0 _ 

* p<0.05, F1=between pesticides, F2= between days  

Values in the same row with different alphabets are significantly different by LSD. 
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Discussion 

Several studies were conducted on the impact of 

pesticides belonging to the group of organocholine, 

organophosphate, carbamate, neonicotinoid etc. on 

soil enzymatic activities. Naumann (1970, 1972) 

reported a stimulation of dehydrogense activity with 

methyl parathion, an organophosphate at 15 kg/ha, 

whereas at higher doses (150 – 300 kg/ha) complete 

inhibition was observed.  Chendrayan and 

Sethunathan (1980) in a laboratory incubation study 

showed that benomyl (fungicide), B.H.C. 

(organocholine) and carbaryl (carbamate) are most 

effective in inhibiting dehydrogenase activities. But 

Tu (1980) found no inhibitory effect on 

dehydrogenase activity with five pyrethroid 

insecticides in a sandy loam soil. Yao et al. (2006) 

reported that acetamiprid, a neonicotinoid, at normal 

field dose could not impose any serious threat to soil 

enzymes. In our experiment, dehydrogenase activity 

was initially enhanced by 15.36% following 

application of recommended dose of imidacloprid and 

lessened by 36.25% following application of 

recommended dose of dimethoate to soil and the 

activity stabilized after 75 days in both the doses of 

pesticides. This is in agreement with the findings of 

Panda and Sahu (2000) and Singh and Singh (2005). 

Panda and Sahu (2000) reported that at single 

agricultural dose of malathion, (organophosphate) 

dehydrogenase activity was accelerated and inhibited 

at double agricultural dose. Singh and Singh (2005) 

reported that in imidacloprid seed treated field, 

dehydrogenase activity was increased between 15 and 

60 days after showing. Our experiment further 

indicated that the dimethoate is more toxic compared 

to imidacloprid. 

Fig. 1. Dehydrogenase activity following application 

of recommended agricultural doses of pesticides to 

soil. 

Fig. 2. Urease activity following application of 

recommended agricultural doses of pesticides to soil. 

 

Urease is responsible for nitrogen mineralization 

(Kandeler and Eder, 1993; Kandeler et al., 1999; Tu, 

1981). Effect of pesticides on urease activity has been 

reported by many workers. Some reports are available 

on the effect of organochlorine pesticides, herbicides, 

fungicides on the soil urease activity. Tsirkov (1970) 

reported inhibition of urease activity in meadow soils 

by organocholine pesticide heptachlor, while lindane 

and dieldrin increased it. While studying the 

herbicides, Zubets (1973) reported that urease is the 

only enzyme affected by simazine and atrazine. Voets 

et al. (1974) showed that urease activity was reduced 

by 50% or more when atrazine had been applied at 

normal field dose. Marsh (1980) in his study showed 

that the lowest concentration of asulam (herbicides) 

at normal field application is unlikely to have effects 

on agronomic practice. Karanth et al. (1975) found 

that urease was stimulated at 20 ppm of dexon, a 

fungicide, but this enzyme was inhibited at 100-200 

ppm concentration. Lethbridge and Burns (1976) 

reported that inhibition of urease enzyme occurs by 

organophosphorus pesticide at higher concentration. 

Wainwright (1978) stated that the pesticides with 

exception of fumigants have little deleterious 

influence on soil processes when applied at field rate. 

Tu (1981, 1995) reported inhibition of urease activity 

after terbufos (organophosphate), amitraz, 

(formamidine insecticides) tebupirimphos and aztec 

(organophosphate and pyrethroid) application. 

Martikainen et al. (1998) had reported that 

dimethoate and bemomyl (carbamate) had affected 

soil microorganism but their influence on nutrient 
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dynamics was negligible. Nasreen et al. (2012) found 

that there was a decrease in urease activity after 24h 

of incubation which continued up to 20 days 

following application of profenophos, an 

organophosphate. Ingram et al. (2005) in their study 

have found that there is no significant positive or 

negative effect of Imidacloprid on urease activity at 

the field concentration. In the present investigation, 

urease activity of the soil was decreased to maximum 

after 15 days of application of recommended 

agricultural doses imidacloprid (25.52%) and 

dimethoate (52.86%)  to soil and this inhibition  was 

significantly continued  up to 45 days (F≥5.01, 

p<0.05)  for  both the pesticides (Lethbridge and 

Burns, 1976).  

 

Fig. 3. Acid phophatase activity following application 

of recommended agricultural doses of pesticides to 

soil. 

 

Fig. 4. Alkaline phosphatase activity following 

application of recommended agricultural doses of 

pesticides to soil. 

 

Phosphatase is either inhibited or stimulated or has 

no effect on pesticide application. Positive significant 

correlation between phosphatase activity and 

microbial populations have been reported (Aliev and 

Gadzhiev, 1973; Tarafdar et al., 1989) and yet some 

earlier reports (Ramirez-Martinez and Mc Laren, 

1966; Roizin and Egarov, 1972; Beck, 1974) reveals 

insignificant correlation. Domsch (1970) commented 

on the sensitivity of phosphatase activity to different 

pesticides, especially organophosphorus insecticides. 

Inhibitory effect of different pesticides on soil 

phosphatase activity has been reported by Anderson 

and Drew (1976). Abdel’Yussif et al. (1976) got both 

positive and negative effect of diazinon and 

carbathion, organophosphorus insecticides, on soil 

phosphatase activity. Tu (1995) found that 

imidacloprid and other insecticides are affecting 

phosphatase for one week only.  In the present study, 

acid and alkaline phosphatase activities were 

increased following application of imidacloprid at the 

recommended agricultural dose to the soil, whereas 

both the phosphatase activities were decreased 

following application of recommended dose of 

dimethoate to soil. Acid phosphatase activity was 

significantly affected up to 60 days following 

application of recommended agricultural dose of both 

the pesticides to soil and alkaline phosphatase activity 

was significantly affected up to 30 days following 

application of recommended agricultural dose of both 

the pesticides to soil. 

 

The dehydrogenase and phosphatase activity was 

increased in imidacloprid treated soil and decreased 

in dimethoate treated soil at recommended 

agricultural dose.  Urease activity was reduced in case 

of both the pesticide.  The present study indicates that 

dimethoate is more toxic than imidacloprid. If 

enzyme activities are reduced then beneficial 

microorganisms would get decreased imparting the 

soil fertility.  At recommended doses imidacloprid is 

increasing the dehydrogenase and phosphatase 

activities but at higher doses, it may decrease it as 

studied by other authors. So it would be better to 

avoid dimethoate even at the recommended doses.  

 

Acknowledgement 

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

New Delhi for providing infrastructural machines 

through FIST Grant.  Anindita Bhattacharya is 

thankful to Sambalpur University for a fellowship. 

 



 

179 Bhattacharya and Sahu 

 

Int. J. Biosci. 2013 

Reference 

Abdel’Yussif RM, Zinchenko V, Gruzdev CS. 

1976. The effect of nematicides on the biological 

activity of soil. Izvestiya Timiryazevskoi Sel' 

skokhozyaistvennoi Akademii 1, 206-214. 

 

Aliev SA, Gadzhiev DA. 1973. Correlerated 

changes of enzyme activity in soils of vertical zones. 

Biblioteka Nauki 5, 121-126.   

 

Anderson JR, Drew EA. 1976. Effects of pure 

paraquat dichloride, “Gramoxone W” and formulation 

additive on soil microbiological activities. II. Effects 

on respiration, organic matter mineralization and 

nitrification in laboratory-treated soil. Izvestiya 

Timiryazevskoi Sel' skokhozyaistvennoi Akademii   II 

131, 136-47. 

 

Anderson TH, Domsch KH. 1990. Application of 

ecophysiological quotient (qCO2 and qD) on soil 

microbial biomasses from soils of different cropping 

histories. Soil Biology and Biochemistry 22, 251-255. 

 

Baath E. 1989. Effects of heavy metals in soil on 

microbial process and population: a review.  Water, 

Air and Soil Pollution 47, 335-379. 

 

Beck Th. 1974. Effects of extended monoculture and 

crop rotation systems on microbial activities in soil. 

Landurirtachatliche Forschung 31, 268-276.  

 

Brookes PC. 1995. The use of microbial parameters 

in monitoring soil pollution by heavy metals. Biology 

and Fertility of Soils 19, 269-279.  

http://dx.doi.org/10.1007/BF00336094  

 

Casida LE Jr, Klein DA, Santro T. 1964. Soil 

dehydrogenase activity. Soil Science 98, 371-376. 

http://dx.doi.org/10.1097/00010694-196412000-

00004  

 

Chendrayan K, Sethunathan N. 1980. Effect of 

HCH, carbaryl, benomyl and atrazine on the 

dehydrogenase activity in a flooded soil. Bulletin of 

Environmental Contamination and Toxicology 24(1), 

379-382 doi: 10.1007/BF01608126 

 

Cochran VL, Elliot LF, Lewis CE. 1989. Soil 

microbial and enzyme activity in sudarctic 

agricultural and forest soils. Biology and Fertility of 

Soils 7, 283-288.  

http://dx.doi.org/10.1007/BF00257821  

 

Crum SHJ, Polman AMM, Leistra M. 1999. 

Sorption of nine pesticides to three aquatic 

macrophytes. Archives of Environmental 

Contamination and Toxicology 37, 310-316.  

http://dx.doi.org/10.1007/s002449900519  

 

Dick RP. 1992. A Review: Long-term effects of 

agricultural systems on soil biochemical and 

microbial parameters. Agriculture, Ecosystems & 

Environment 40, 25-36.  

http://dx.doi.org/10.1016/0167-8809(92)90081-L  

 

Dick RP. 1994. Soil enzyme activities as indicators of 

soil quality. In: Defining Soil Quality for a Sustainable 

Environment. Doran JW, Colemam DC, Bezdicek DF, 

Stewart BA. (Eds.), Soil Science Society of America. 

Madison, 107-124. 

 

Domsch KH. 1970. Effect of fungicides on microbial 

population in soil. u: Pesticides in soil Ecology 

degradation and movement. International 

Symposium in Pesticides Soil. 25-27, East Lansing, 

MI: Michigan State University, 42-46. 

 

Dyk Susan Van J, Pletschke B. 2011. Review on 

the use of enzymes for the detection of 

organochlorine,organophosphate and carbamate 

pesticides in the environment. Chemosphere 82, 291-

307.   

http://dx.doi.org/10.1016/j.chemosphere.2010.10.03

3  

 

Endo T, Taiki K, Nobutsura T, Michihiko S. 

1982. Effect of insecticide cartap hydrochloride on 

soil enzyme activities, respiration and on nitrification. 

Journal of Pesticide Science 7, 101-110.  

http://dx.doi.org/10.1007/BF00336094
http://dx.doi.org/10.1097/00010694-196412000-00004
http://dx.doi.org/10.1097/00010694-196412000-00004
http://dx.doi.org/10.1007/BF00257821
http://dx.doi.org/10.1007/s002449900519
http://dx.doi.org/10.1016/0167-8809(92)90081-L
http://dx.doi.org/10.1016/j.chemosphere.2010.10.033
http://dx.doi.org/10.1016/j.chemosphere.2010.10.033


 

180 Bhattacharya and Sahu 

 

Int. J. Biosci. 2013 

http://dx.doi.org/10.1584/jpestics.7.101  

 

Fernandes SAP, Betttiol W, Cerri CC. 2005. 

Effect of sewage sludge on microbial biomass, basal 

respiration, metabolic quotient and soil enzyme 

activity. Applied Soil Ecology 30 (1), 65-77.  

http://dx.doi.org/10.1016/j.apsoil.2004.03.008  

 

Garcia C, Hernandez T, Costa F. 1994. Microbial 

activity in soils under Mediterranean environmental 

conditions. Soil Biology and Biochemistry 26, 1185-

1191.  

http://dx.doi.org/10.1016/0038-0717(94)90142-2  

 

Ingram CW, Coyne MS, Wiliams DW. 2005. 

Effects of commercial diazinon and Imidacloprid on 

microbial urease activity in soil and sod. Journal of 

Environment Quality 34, 1573-1580.  

http://dx.doi.org/10.2134/jeq2004.0433  

 

Kandeler E, Eder G. 1993. Effect of cattle slurry in 

grassland on microbial biomass and on activities of 

various enzymes. Biology and Fertility of Soils 16, 

249-254.  

http://dx.doi.org/10.1007/BF00369300  

 

Kandeler E, Stemmer M, Klimanik EM. 1999. 

Responses of soil microbial biomass,urease and 

xylanase within particle size fractions to long-term 

soil management. Soil Biology and Biochemistry 

31(2), 261-273.  

http://dx.doi.org/10.1016/S0038-0717(98)00115-1  

 

Kaplan A. 1965. The determination of urea, 

ammonia and urease. In: Methods of Biochemical 

Analysis, D. Glick, (ed). New York : John Wiley and 

Sons, 311-321. 

 

Karanth NGK, Chitra C, Vasantharajan VN. 

1975. Effect of fungicide, dexon on the activities of 

some soil enzymes. Indian Journal of Experimental 

Biology, 13, 52-54. 

 

Ladd JN, Paul EA. 1973. Changes in enzymatic 

activity and distribution of acid-soluble amino acid 

nitrogen in soil during nitrogen immobilization and 

mineralization. Soil Biology and Biochemistry 5, 825-

840. 

 

Lethbridge G, Burns RG. 1976.  Inhibition of 

urease by organophosphorus insecticides.  Soil 

Biology and Biochemistry 8(2), 99-102.  

http://dx.doi.org/10.1016/0038-0717(76)90072-9  

 

Macfadyen A. 1970.  Soil metabolism in relation to 

ecosystem, energy flow and to primary and secondary 

production. In : Methods of study in soil ecology, J. 

Phillipson (Ed.), IBP/UNESCO, Paris, 167-172. 

 

Marsh JAP. 1980.  Effects of asulam on some 

microbial activities of three soils.  Bulletin of 

Environmental Contamination and Toxicology 25(1), 

15-22.  

http://dx.doi.org/10.1007/BF01985479  

 

Martikainen E, Haimi J, Ahtiainen J. 1998. 

Effects of dimethoate and benomyl on soil organisms 

and soil processes –a microcosm study. Applied Soil 

Ecology 9(102), 381 – 387.  

http://dx.doi.org/10.1016/S0929-1393(98)00093-6  

 

McDonald L, Jebellie S, Madramootoo C, 

Dodds T. 1999. Pesticide mobility on hillside soil in 

St.Lucia. Agriculture, Ecosystems & Environment 72, 

181-188.  

http://dx.doi.org/10.1016/S0167-8809(98)00178-9  

 

Menon P, Gopal M, Prasad R. 2005.  Effects of 

chlorpyrifos and quinalphos on dehydrogenase 

activities and reduction of Fe3+ in the soils of two 

semi-arid fields of tropical India. Agriculture, 

Ecosystems & Environment 108(1), 73-83. 

http://dx.doi.org/10.1016/j.agee.2004.12.008  

 

Meulenberg EP, Mulder WH, Stocks PG. 1995. 

Immunoassay for pesticides. Environmental Science 

& Technology 29, 553-561.  

http://dx.doi.org/10.1021/es00003a001  

 

http://dx.doi.org/10.1584/jpestics.7.101
http://dx.doi.org/10.1016/j.apsoil.2004.03.008
http://dx.doi.org/10.1016/0038-0717(94)90142-2
http://dx.doi.org/10.2134/jeq2004.0433
http://dx.doi.org/10.1007/BF00369300
http://dx.doi.org/10.1016/S0038-0717(98)00115-1
http://dx.doi.org/10.1016/0038-0717(76)90072-9
http://dx.doi.org/10.1007/BF01985479
http://dx.doi.org/10.1016/S0929-1393(98)00093-6
http://dx.doi.org/10.1016/S0167-8809(98)00178-9
http://dx.doi.org/10.1016/j.agee.2004.12.008
http://dx.doi.org/10.1021/es00003a001


 

181 Bhattacharya and Sahu 

 

Int. J. Biosci. 2013 

Nakas PJ, Gould WD, Klein DA. 1987. Origin and 

expression of phosphatase activity in semi-arid 

grassland soil. Soil Biology and Biochemistry 19, 13-

18.  

http://dx.doi.org/10.1016/0038-0717(87)90118-0  

 

Nauman K. 1970. Dynamics of soil microflora 

following application of insecticides. IV. 

Investigations on the effect of parathion-methyl on 

soil respiration and dehydrogenase activity. 

Zentralblatt fur Bakteriologie, Parasitenkunde, 

Infektionskrankheiten und Hygiene 125, 119-133.  

 

Nauman K. 1972. Die wirkung einier 

unweltfaktoven auf die Reaktion der Bodenmikroflora 

gegenuber Pflanzenschutz. Zentralblatt fur 

Bakteriologie, Parasitenkunde, Infektionskrankheiten 

und Hygiene 127, 379-396.  

 

Panda S, Sahu SK. 2000. Respiration and enzyme 

activities of soil following application of an 

organophosphorous insecticides.  International 

Journal of Ecology and Environmental Sciences 26, 

75-82. 

 

Pandey S, Singh DK. 2006.  Soil dehydrogenase, 

phosphomonoesterase and arginine deaminase 

activities in an insecticide treated groundnut 

(Arachishypogaea L.) field. Chemosphere 63(5), 

869-880.  

http://dx.doi.org/10.1016/j.chemosphere.2005.07.05

3  

 

Pang PCK, Kolenko H. 1986. 

Phosphomonoesterase activity in forest soils. Soil 

Biology and Biochemistry 18, 35-40. 

http://dx.doi.org/10.1016/0038-0717(86)90100-8  

 

Ramirez-Martinez JR, McLaren AD. 1966. Some 

factors influencing the determination of phosphatase 

activity in a native soil and in soils sterilized by 

irradiation. Enzymologia 31, 23-38. 

 

Rangaswamy V, Reddy BR, Venkateswarlu K. 

1994.  Activities of dehydrogenase and protease in soil 

as influenced by monocrotophos, quinalphos, 

cypermethrin and fenvalerate. Agriculture, 

Ecosystems & Environment 47(4), 319-326.  

http://dx.doi.org/10.1016/0167-8809(94)90098-1  

 

Roizin MB, Egorov VI. 1972. Biological activity of 

podzolic soils of the kola peninsula. Pochvovedenie 3, 

106-114. 

 

Schaefer R. 1963. Dehydrogenase activity as an 

index for total biological activity in soils. Annales de 

l'Institut Pasteur, Paris, 105, 326-331.  

 

Sebiomo A, Ogundero VW, Bankole SA. 2011. 

Effect of four herbicides on microbial population, soil 

organic matter and dehydrogenase activity. African 

Journal of Biotechnology 10(5), 770-778.  

 

Singh J, Singh DK. 2005. Dehydrogenase and 

phosphomonoesterase activities in groundnut 

(Arachishypogaea L.) field after diazinon, 

Imidacloprid and lindane treatement. Chemosphere 

60(1), 32-42.  

http://dx.doi.org/10.1016/j.chemosphere.2004.11.09

6  

 

Skujins JJ, Braal L, McLaren AD. 1962. 

Characterization of phosphatase in a terrestrial soil 

sterilized with an electron beam. Enzymologia 25, 

125-133. 

 

 Spirodonov YY, Spirodonova GS. 1973. Effects 

of long term use of sym-triazins on the biological 

activity of soil. Soviet Soil Science 5, 162-71. 

 

Stefabnic G, Boerju I, Dumitru L. 1971. The 

effect of fertilizing and rates of liming on the total 

microflora and enzyme activity in a clay-

illuvialpodzolia soil. Stiint Solului 9, 45-54. 

 

Tabatabai MA, Bremner JM. 1969. Use of p-

nitrophenyl phosphate for assay of soil phosphatase 

activity. Soil Biology and Biochemistry 1, 301-307. 

http://dx.doi.org/10.1016/0038-0717(69)90012-1  

 

http://dx.doi.org/10.1016/0038-0717(87)90118-0
http://dx.doi.org/10.1016/j.chemosphere.2005.07.053
http://dx.doi.org/10.1016/j.chemosphere.2005.07.053
http://dx.doi.org/10.1016/0038-0717(86)90100-8
http://dx.doi.org/10.1016/0167-8809(94)90098-1
http://dx.doi.org/10.1016/j.chemosphere.2004.11.096
http://dx.doi.org/10.1016/j.chemosphere.2004.11.096
http://dx.doi.org/10.1016/0038-0717(69)90012-1


 

182 Bhattacharya and Sahu 

 

Int. J. Biosci. 2013 

Tarafdar JC, Bala K, Rao AV. 1989. Phosphatase 

activity and distribution of phosphorus in arid soil 

profiles under different land use patterns. Journal of 

Arid Environments 16, 29-34. 

 

Tindaon F, Benckiser G, Ottow JCG. 2011. Side 

effects of nitrification on non-target microbial 

processes in soils. Journal of Tropical Soils 16(1), 7-

16. 

 

Tiwari MB, Tiwari BK, Mishra RR. 1989.  

Enzyme activity and carbon dioxide evolution from 

upland and wetland rice soils under three agricultural 

practices in hilly regions.  Biology and Fertility of 

Soils 7(4), 359-364.  

http://dx.doi.org/10.1007/BF00257833  

 

Tsirkov YI. 1970. Effect of organic chlorine 

insecticides hexachlorane heptachlor, lindane and 

dieldrin on activity of some soil enzymes. 

Pouchozh.Agrokhim 4, 85-88. 

 

Tu CM. 1980. Influence of 5 pyrethroid insecticides 

on microbial population and activities in soil. 

Microbial Ecology 5, 321-327. 

 

Tu CM. 1981. Effects of pesticides on activities of 

enzymes and microorganism in a clay soil. Journal of 

Environmental Science and Health, B. 16, 179-191. 

http://dx.doi.org/10.1080/03601238109372250  

 

Tu CM. 1995. Effect of five insecticides on microbial 

and enzymatic activities in sandy soil. Journal of 

Environmental Science and Health, B., 30(3), 289-

306. 

 http://dx.doi.org/10.1080/03601239509372940   

 

Vaughan D, Ord BG. 1991.  Influence of natural 

and synthetic humic substances on the activity of 

urease.  Journal of Soil Science 423, 17-23. 

http://dx.doi.org/10.1111/j.1365 2389.1991.tb00087.x  

 

Voets JP, Meerschnon P, Vevstrae W. 1974. Soil 

microbiological and biochemical effects of long term 

atrazine applications. Soil Biology and Biochemistry 

6, 149-52.  

http://dx.doi.org/10.1016/0038-0717(74)90019-4  

 

Wainwright M. 1978.A review of the effect of 

pesticides on microbial activity in soil. Journal of Soil 

Science 29, 287-298.  

http://dx.doi.org/10.1111/j.13652389.1978.tb00776.x  

 

Wardle DA, Ghani A. 1995. A critique of the 

microbial quotient (qCO2) as a bioindicator of 

disturbance and ecosystem development. Soil Biology 

and Biochemistry 27, 1601-1610.  

http://dx.doi.org/10.1016/0038-0717(95)00093-T  

 

Yao X-h, Min H, Lü Z-h, Yuan H-p. 2006. 

Influence of acetamiprid on soil enzymatic activities 

and respiration. European Journal of Soil Biology 

42(2), 120-126. 

http://dx.doi.org/10.1016/j.ejsobi.2005.12.001  

 

Zafar MS, Hasan N. 1994. Ecotoxicological 

Workshop. 27-31 March 1994, PARC, Islamabad. 

 

Zubets TP. 1973. Residual action of simazine and 

atrazine on the microflora and enzyme activity in sod-

podzolic soil: Nauchnnye Trudy - Severo - Zapadnyi 

Nauchno-Issledovatel'skii. Institut Sel'skogo 

Khozaistua 24, 103-109. 

 

 

http://dx.doi.org/10.1007/BF00257833
http://link.springer.com/journal/248
http://dx.doi.org/10.1080/03601238109372250
http://dx.doi.org/10.1080/03601239509372940
http://dx.doi.org/10.1111/j.1365%202389.1991.tb00087.x
http://dx.doi.org/10.1016/0038-0717(74)90019-4
http://dx.doi.org/10.1111/j.13652389.1978.tb00776.x
http://dx.doi.org/10.1016/0038-0717(95)00093-T
http://dx.doi.org/10.1016/j.ejsobi.2005.12.001

