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ARTICLE INFO                                       ABSTRACT 
 
 
 

Organophosphorus, neonicotinoid insecticides are widely used in India for protection of 
agricultural yields from more than 120 pests. However, these pesticides pose various threats to 
organisms, including humans, and hamper soil microbial activity; thus, they are a cause for 
serious concern. Among them, peanut stem necrosis disease and sucking pests are the major 
threats to the groundnut (Arachis hypogaea L.) crop in Anantapur district of Andhra Pradesh. In 
the present study, we used imidacloprid, which is a neonicotinoid and acephate an 
organophosphorus insecticide against these diseases to check the soil health and fertility by 
knowing the activities of enzymes epecially phosphatase, under laboratory conditions in two 
groundnut (Arachis  hypogaea L.) soils.  The activity of phosphatase was more pronounced at 5.0 
kg ha-1 in black and red sandy clay soils after incubation for 10 days. The enzyme activity was 
further enhanced up to 20 days of incubation, whereas, decreased the activity at 30 and 40 days 
of incubation. However higher concentrations of 7.5kg ha-1 and 10.0 kg ha-1 were toxic to 
phosphatase activity in both soils.  
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INTRODUCTION 
 
Since from several decades, xenobiotic substances have been 
widely used in agriculture, either simultaneously or in 
succession, as a part of pest - control strategies (Quian et al., 
2009). Better harvest requires intensive cultivation, irrigation, 
fertilizers and – what is more important – the use of 
agricultural chemicals to protect plants from pests and plant 
diseases. In India, 15 – 20% of all produce is destroyed by 
pests (Bhalerao and Puranik 2007). Organophosphorus, 
neonicotinoid insecticides are widely used in India for 
protection of agricultural yields from more than 120 pests. 
Chemical control of several major pests of groundnut, cotton 
and tomato by spraying organophosphates, synthetic 
pyrethroids, carbamates, triazole and organochlorine groups of 
pesticides either singly or in combination, has been a common 
practice (Romeh et al., 2009;  Srinivasulu  et al.,  2012). 
However intensive use of common pesticides can lead to 
toxicity to soils, may inhibit biochemical reactions in soil, 
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which are important for its health (Hussain et al., 2009; 
Ahemad and Khan 2011 a,b). The extensive application of 
pesticide interferes with the normal enzymatic activity of 
proliferating soil microorganisms, and disturbs the delicate 
balance of the soil residues at the given point of time and 
disturb ecological balance in longer-run (Swaminathan et al., 
2009; Defo et al., 2011).  As a result, the development of soil 
microbial testing programmes was developed for examination 
of the side effects of the pesticides (Swaminathan et al., 2009). 
The testing programmes include measurement of activities of 
soil enzymes and physico-chemical properties of soil. Soil 
enzymes are remarkable molecules that show extraordinary 
specificity in catalyzing biological reactions, important for 
both soil microorganisms and plants. Soil enzymes are 
considered as good indicators of soil biological fertility 
because of their participation in the decomposition of organic 
matter (Van Dyk and  Pletschke 2011).  Soil enzymes react to 
changes in the soil ecosystem more quickly than other 
variables and therefore, these soil enzymes are early indicators 
of various biological changes to the influence of pesticides 
(Masciandro 2004), essential components produced through 
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various important biochemical changes of soil plays an 
important role in indicating soil fertility (Quian et al., 2009). 
In spite of the maximum potential of soil enzymes in 
maintaining soil biodynamics, only limited studies were 
available (Pessagno Rosa et al., 2008; Ahemad and Khan 
2011a) on influence of soil enzymes with organochemicals. 
Soil enzyme activities have been used to assess the negative 
effects of pollutants such as pesticides, illict drugs, petroleum 
hydrocarbons and heavy metals (Pandey and Singh 2006). 
Some of the widely used microbial processes for assessing the 
effects of contaminants on soil health include phosphatase. 
Phosphatase has been selected because of their importance in 
phosphorus soil cycles. Imidacloprid  a  neonicotinoid  and  
acephate  an organophosphorus insecticide used against peanut 
stem necrosis disease and sucking pests in groundnut fields. 
Imidacloprid and acephate are widely used pesticides at 
recommended and higher dosages because of an important 
agent in controlling the plant pathogens. There was very little 
information is available on the phosphatase activity with these 
pesticides. Therefore in the present study it has become 
necessary to determine the effects of imidacloprid and 
acephate at recommended and higher doses in order to 
establish the significance, in terms of biogeochemical 
reactions and nutrient cycling.      

MATERIALS AND METHODS 
 

Soils used in the present study 
 

Agricultural soil samples such as black clay and red sandy 
clay soils were collected from groundnut cultivated fields of 
Anantapur District, a semi-arid zone of Andhra Pradesh, India. 
Samples were collected from the  depth of 12 cm, air dried and 
sieved through a 2mm sieve and stored at 4°c prior to analysis. 
Mineral matter of soil samples was done by following the 
method (Jhonson and Ulrich 1960). Soil pH was determined 
by using 1:1.25 soils to water ratio in systronic digital pH 
meter. Organic matter in soil samples was estimated by 
walkley-black oxidation. Total nitrogen content in soil 
samples was determined by Micro-Kjeldhal method (Jackson 
1971). Electrical conductivity was measured by conductivity 
bridge and contents of nitrite – nitrogen (Barnes and Folkard 
1951). Contents of nitrate – nitrogen by Brucine method 
(Ranney and Bartlett 1972). The important Physico-chemical 
properties of the two soils are presented in Table 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Insecticides used in the present study    
 

To determine the influence of selected insecticides on soil 
enzyme activities, imidacloprid a neonicotinoid (17.8% 

soluble liquid) and acephate an organophosphate (75% soluble 
powder) were obtained from Saraswati Agrochemicals pvt.ltd 
and from A.B.Chem. Jammu, India. The used commercial-
grade insecticides were dissolved in distilled water.    
 
Phosphatase activity (E.C. 3.1.3.1.) 
 
The activity of phosphatases under the influence of the 
insecticides, at different concentrations was determined in 
black and red sandy clay soils. Two gram portions of soil 
samples, transferred into  test  tubes (12 x 125 mm ), was 
treated with  two insecticides to provide final concentrations of 
10, 25, 50, 75 and 100 g g-1 soil (equivalent to 1, 2.5, 5.0, 7.5 
and 10.0 kg  ha-1 field application rates). The soil samples 
without insecticide’s treatment served as control. All the 
treatments, including controls were maintained at 60% water- 
holding capacity (WHC) and the tubes were incubated in the 
laboratory at 28  4°C. After ten days of incubation, triplicate 
soil samples were withdrawn for the assay of Phosphatase 
(Tabatabai and Bremner, 1969; srinivasulu et al., 2012).  
Similarly, the influence of two insecticides at stimulatory 
concentration  (5.0 kg ha-1) on the rate of phosphatase activity 
in two different soils was also determined in triplicate soil 
samples at  10, 20, 30 and 40 - days of incubation. 
 
Assay of phosphatase 
 
Each soil sample was treated with 6 ml of 0.1 M Maleate 
buffer (pH 6.5) and 2 ml of 0.03 M p-nitro phenyl phosphate. 
After incubation for 30 minutes at 37°C, the tubes were placed 
on ice before the soil extracts were passed through Whatman 
No. 1 filter paper. To suitable aliquots of the extract, 1 ml of 5 
M CaCl2 and 4 ml of 0.05 M NaOH was added, and the yellow 
color developed was read at 405 nm in a Spectronic 20 D 
Spectrophotometer (Milton Roy Company). 
 
Statistical Analysis 
 
The concentration of the phosphatase enzyme was calculated 
on a soil weight (oven dried) basis. The insecticide treatments 
were contrasted with untreated controls and the significant 
level P ≤0.05 between values of each sampling, and each 
insecticide was performed using SYSTAT statistical software 
package to find the results of Duncan’s Multiple Range 
(DMR) test (Megharaj et al., 1999; Gooty Jaffer Mohiddin                  
et al., 2011). 
 

RESULTS AND DISCUSSION 
 
Phosphatase activity 
 
Phosphatases, a group of enzymes that catalyse the hydrolysis 
of both esters and anhydrides of phosphoric acid. The 
mineralization of organic phosphorus by the activity of 
phosphatase in soils makes one of the essential elements, 
phosphorus in soil for plant growth. Hence, phosphatase 
activity was measured under the influence of imidacloprid and 
acephate at different concentrations of 1.0, 2.5, 5.0, 7.5 and 
10.0 kg ha-1, on the soil phophatase activity has been 
determined in two soils. The data obtained from these 
experiments are presented in the Table 2.  Hydrolysis of an 
exogenously added substrate, p-nitrophenyl disodium 
orthophosphate, by phosphatases was greater in both soils 
amended with two insecticides than in the control at 1.0, 2.5 
and 5.0 kg ha-1 levels incubated for 10 days. About 22 – 55%  
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Table 1. Physicochemical characteristics of the soils 
 

Properties Black clay 
soil 

Red sandy 
clay soil 

Sand (%) 
Silt (%) 

Clay (%) 
pHa  

Water holding capacity (ml g-1 soil) 
Electrical conductivity (m.mhos) 

Organic matter b (%) 
Total nitrogen c (%) 

NH4
+   - N (µg g-1  soil) d 

NO2
 -   - N (µg g-1  soil) e 

NO3
 -   - N (µg g-1  soil) f 

65.8 
25.2 
09.0 
8.6 

0.47 
 

260 
 

1.33 
0.082 
7.93 
0.54 
0.86 

55.3 
27.2 
17.5 
8.2 

0.27 
 

244 
 

0.72 
0.046 
7.02 
0.43 
0.62 

      Where a = 1:1.25 = Soil: Water slurry; b = Walkley-Black Method [16]; 
      c = Micro-Kjeldhal Method [16]; d = Nesslerization method [16]; 
      e =Diazotization Method [17]; f = Brucine Method [18] 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
and 33-39 % enhancement in phosphatase activity over control 
was noticed in the black clay soil for 10 days of incubation. In 
respect of the red sandy clay soil, the corresponding figures of 
percent enhancement by two insecticides at two levels were              
3-33% and 34-67% during the same period (Figure 1a,b). 
Comparatively, imidacloprid at 5.0 kg ha-1 produced 
maximum stimulation in phosphatase activity in black clay 
soil than red sandy clay soil.  
 

 
 

Figure 1a 
 

 
 

Figure 1b 

Figure 1. Effect of selected insecticides at 5.0 kg ha-1 on 
phosphatase* activity in (a) black clay soil and (b) red sandy clay 
soil. *µg p-nitrophenol (PNP) g-1 soil formed after 24 hours 
incubation with p- nitrophenyl   phosphate (PNPP).  After 10, 20, 30, 
and 40 days. The values are the means ± S.E, for each incubation 
period, followed by the different letter which are significantly 
different (P≤ 0.05) from each other according to DMR test. Bars in 
the Figures represent means of three replicates. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

In general, the organic matter content is high in black soil than 
red soil (Srinivasulu et al., 2012).  Therefore, the biological 
activity was also pronounced more in black clay soil than in 
red sandy clay soil under the influence of insecticides. 
Phosphatase activity was significantly inhibited at higher 
concentrations of 7.5 kg ha-1 and 10.0 kg ha-1 in both 
insecticidal treatments.  Approximating  the  present  results,  
two  organophosphorus  insecticides,  chlorpyrifos, increased  
activities of acid phosphatase in the groundnut field (Pandey 
and Singh 2006).  Acetamiprid exhibits an inhibitory effect on 
phosphatase activity over the incubation time (Yao et al., 
2006). Quinalphos, monocrotophos and quinalphos and               
two pyrethroids, cypermethrin and fenvalerate all at the 
concentrations of 1 to 5 kg ha-1, significantly increased the 
phosphatase  activity  but  above  this  concentration, i.e.                
7.5 kg ha-1, these insecticides were inhibitory to the activity 
(Rangaswamy and Venkateswarlu 1996). Similar inhibition in 
phosphatase activity was also reported by Tu, (1995) and 
Ismail et al., (1996) with imidacloprid, and cyfluthrin.  
 
Chlorpyrifos, terbufos and fonofos increased activities of acid 
phosphatase in loam soil sites in the field (Sikora et al., 1990).  
In a similar way, phorate and fenvalerate had a stimulatory 
effect towards phosphorus mobilization in soils under 
laboratory and field conditions (Das and Mukherjee 1994; Das 
and Mukherjee 1998a, b). On the contrary, tefluthrin, 
DOWCO 429X and DPX 43898, when applied at 10 mg kg-1, 
induced a reduction of phosphatase activity in an organic soil, 
but stimulation in a sandy soil was reported by Tu (1990).  
Likewise, in an organic soil, parathion, triazophos, permethrin 
and fonofos at 5 mg kg-1 reduced the phosphatase activity by 
2-fold (Tu 1981b). But malathion and parathion at the same 
level stimulated the activity in a clay soil (Tu 1989). On the 
other hand, the phosphatase activity was not affected by the 
application of pesticides to some other soils.  In a clay loam 
soil, diazinon, chlorpyrifos, thionazin and trichloronate at 1 or 
10 kg ha-1 were innocuous to phosphate mobilization  (Tu 
1981a). Tu (1970) reported that the addition of Bay-37289, 
diazinon, dursban and zinophos at 10 and 100 µg g-1 did not 
result in significant difference in phosphorus  mineralisation.  
In the field study, fenamiphos at 18.6 kg ha-1 had no effect on 
phosphatase activity (Ross et al., 1984). In a similar study 
under laboratory conditions, fenamiphos at 37 and 930 mg kg-1 
had no deleterious effect on the activity of phosphatase  (Ross 
and Speir 1985).  Srinivasulu et al., (2012) showed that the 

Table 2. Activity of phosphatase* under the impact of different concentrations of selected insecticides in soils  
(both black clay and red sandy clay soil) after 10 days. 

 

Concentration of 
Inseticides (Kg ha-1) 

Black clay soil Red sandy clay soil 
Imidacloprid Acephate Imidacloprid Acephate 

0.0 360 ± 4.618d 

(100) 
360 ± 1.732d 

(100) 
300 ± 0.577e 

(100) 
300 ± 0.577f 

(100) 
1.0 410 ± 1.154c 

(114) 
400 ± 5.773c 

(111) 
350 ± 1.154c 

(117) 
360 ± 4.618e 

(120) 
2.5 440 ± 2.886b 

(122) 
480 ± 5.773b 

(133) 
370 ± 2.886b 

(123) 
403 ± 1.732c 

(134) 
5.0 560 ± 2.886a 

(155) 
500 ± 5.773a 

(139) 
400 ± 3.464a 

(133) 
502 ± 1.154a 

(167) 
7.5 325 ± 1.452e 

(90) 
410 ± 1.154c 

(114) 
330 ± 5.773d 

(110) 
450 ± 0.577b 

(150) 
10.0 250 ± 1.154f 

(69) 
360 ± 1.732d 

(100) 
240 ± 2.886f 

(80) 
380 ± 0.577d 

(127) 
   *µg p-nitrophenol (PNP) g-1 soil formed after 24 hours incubation with p- nitrophenyl   phosphate (PNPP). 
   Figures, in parentheses, indicate relative production percentages. 

      Means ± S.E. in each column, followed by the same letter are not significantly different (P ≤ 0.05) from each other according to DMR test. 
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phosphatase activity was enhanced up to 5.0 kg ha-1 treated 
with monocrotophos, chlorpyrifos alone and in combination 
monocrotophos + mancozeb, chlorpyrifos + carbendazim. 
Similarly, mancozeb N10 {10 times the normal application    
(60 kg/ha)} brought about a 41% stimulation in activity after 
14 days of incubation compared to control, but after 28 days of 
incubation a 30% decrease in enzyme activity was recorded 
(Rasool and Zafar Reshi 2010). In the pot study alakaline 
phosphatase activity was inhibited by swing at high doses and 
stimulated by unix (Jastrzebska and Kucharski 2007). Gopal    
et al., (2007) showed that 10% of azadirachtin granules at all 
doses exerted a suppressive effect on phosphatase activity.  
 
Interestingly, Qian et al., (2007) reported that the validamycin 
stimulated its activity higher than that of control, only highest 
dose stimulated acid phosphatase activity by 29.7%. The Cd 
reduced the activity of phosphatase at early incubation time  
(1-7 days), while the reduction almost disappeared at the end 
of the incubation (Wang et al., 2007). When Cd (10 mg kg-1) 
was combined with butachlor (50 and 100 mg kg-1), the 
activity of phosphatase became lower than without 
combination at early incubation time, which indicated that the 
toxicity of Cd significantly increased (P <0.05 or < 0.01). 
However, when Cd (10 mg kg-1) was combined with butachlor 
(10 mg kg-1), the activity of phosphatase became higher than 
those without combination at the end of the incubation, which 
indicated that the toxicity of Cd decreased. Piotrowska-Seget 
et al., (2008) noticed that the acid and alkaline phosphatase 
activities were significantly reduced by soil treatment with 
captan.  Obviously, phosphatase activity is instability in the 
beginning of 2 to four week incubation along with 
decomposing of mixed pesticide of deltramethrin and probineb 
in soil, and decline to last part of 12-week incubation 
(Rahmansyah et al., 2009). Wang et al., (2009) showed that 
the phosphatase activity in copper concentrations of orchard 
soils significantly increased with increasing orchard ages 
ranging from 21.8 to 141 mg kg-1, and the CaCl2 extractable 
soil Cu concentrations varied from 0.00 to 4.26 mg kg-1.  
 
The soil mean Cmic values varied from 43.6 to 116 mg kg-1 in 
the orchard soils, and were lower than the value of the 
reference soil (144 mg kg-1). The ratio of soil Cmic to total 
organic C (Corg) increased from 8.10 to 18.3 mg Cmic g-1 
Corg with decreasing orchard ages, and was 26.1 mg Cmic g-1 
Corg for the reference soil. A significant correlation was 
observed between total or CaCl2 extractable soil Cu and soil C 
mic or Cmic /Corg, suggesting that the soil Cu was responsible 
for the significant reductions in Cmic and Cmic /Corg. On the 
otherhand Cycoń et al., (2010) reported that the acid and 
alkaline phosphatase was more sensitive to mancozeb + 
dimethomorph at 1500 mgkg-1 and its activity declined in both 
loamy soils and sandy loam soils. However, mancozeb, 
endosulfan and chloripyifos at 100 mg/kg inhibited 50% 
activity of phosphatase (2010). Similarly, Suryakalyani et al., 
(2010) observed that acid phosphatase activity 1.8 times, 
respectively by the 14 th day of incubation with 1 ppm 
endosulfan. 
 

Conclusions 
 

Results from this study indicated that soil phosphatase was 
affected by the application of imidacloprid and acephate at 
higher concentrations. Overall, imidacloprid and acephate at a 
normal field dose would not pose a threat to the phosphatase 
activity whenever the two pesticides concentration was 

increased, however, the threat to phosphatase increased. Based 
on the above results, it is concluded that the biological 
(phosphatase) activitiies were not affected, by the insecticides 
applied at recommended levels in the agricultural system to 
control insect pests.  
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