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Different levels of two herbicides Pendimethalin and Pretilachlor based on their recommended 
agricultural doses (RAD) were administered into the testboxes with a micropipette (Lofs
1983) with five numbers age synchronized specimens of 
acute toxicity tests showed that Pendimethalin with an LC
than Pretilachlor, LC
epigeic earthworm 
(mango), 
(Eucalyptus), leaves to determine their food preference. In the feeding preference experiment the 
earthworms showed maximum preference for 
of the digestive enzyme α
by exposing the earthworms to sub
value, determined earlier. The activity of the enzyme, in Pendimethalin, grew significantly higher 
than the control value on the 1
enzyme activity is decreased in both the sub
significantly lower than the control value. Pendimethalin was found more toxic tha
was less harmful to chronic exposure to the earthworms.
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INTRODUCTION 
 

Modern agricultural practice depends on agro
enhancing productivity. There are 60,000 
chemicals in use with several thousand being added annually 
(Maugh, 1978). Besides seeds, nutrients, water etc, use of 
insecticides including herbicides is indispensable. Alarming 
population growth throughout the globe necessitates more food 
and cash crops production results rapid growth of pesticide 
market (Ecobichon, 2001). Inspite of their benefits, increasing 
trend of herbicide application has deleterious effect on human 
environment and agro-ecosystem. These chemicals persist 
sometime in the environment (Primel et al., 2005
chemicals used as herbicides dates back to 1896 (
In India herbicides were used to control weeds as early as 1937 
(Joshi, 1974). In the developed countries herbicides account 
for more than 70% of the total pesticides available in the 
market (Muthukaruppan, 2005). In India use of herbicides has 
gradually increased (Muthukaruppan, 2005). 
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ABSTRACT 

Different levels of two herbicides Pendimethalin and Pretilachlor based on their recommended 
agricultural doses (RAD) were administered into the testboxes with a micropipette (Lofs

) with five numbers age synchronized specimens of Perionyx excavatus
acute toxicity tests showed that Pendimethalin with an LC50 value of 0.022mg/kg soil was more toxic 
than Pretilachlor, LC50 value 0.094 mg/kg soil. Open choice experiment was done on indigenous 
epigeic earthworm Perionyx excavatus with Anacardium occidentale 
(mango), Shorea robusta (shal), Acacia auriculiformis (Acacia) and 

lyptus), leaves to determine their food preference. In the feeding preference experiment the 
earthworms showed maximum preference for Anacardium occidentale
of the digestive enzyme α-amylase was determined under laboratory con
by exposing the earthworms to sub-lethal doses of the two herbicides i.e., 25% and 50% of LC
value, determined earlier. The activity of the enzyme, in Pendimethalin, grew significantly higher 
than the control value on the 15th day of the experiment In case on the 30
enzyme activity is decreased in both the sub-lethal doses i.e. 25% of LC
significantly lower than the control value. Pendimethalin was found more toxic tha
was less harmful to chronic exposure to the earthworms. 

is an open access article distributed under the Creative Commons Attribution License, which 
distribution, and reproduction in any medium, provided the original work is properly cited. 
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enhancing productivity. There are 60,000 varieties of 
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India now ranks 10th in the world in insecticide consumption 
(Hundel et al., 2006). However, pattern of pesticide 
consumption in India differ from rest of the world. The 
domestic demand of herbicides for 10% of total insecticides 
used in the country against 30% of global demand (
1999).   Soil organisms are important for their contribution to 
soil fertility and nutrient cycling (
herbicides adversely affect these beneficial (
Vande Bund, 1980; Mola et al
1994; Sabatini et al., 1998; Hafez and Theimann, 2003
Herbicides application in long term can alter rates of organic 
matter decomposition and lead to nutrient loss (
Parmelee, 1985). Herbicides which retain in soil in long run 
results soil quality degradation, because soil micro organisms 
play major role in maintaining soil quality (
Vardanis, 1974; Strenersen et al
alter community dynamics (Pereira 
food chain as well as complete destruction of soil fauna 
(Hartley and West, 1969). Many herbicides also have lethal 
effect on birds, mammals etc. when comes in contact with 
these animals (Cookson and Nottingham, 1969; Ehrlic and 
Ehrlic, 1977). 
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Herbicides also affect different non-target organisms like 
earthworms (Yahia et al., 2003; Panda and Sahu, 2004; 
Yanhua et al., 2012).  In the present study, experiments are 
carried out to evaluate the toxic effects of the sub-lethal doses 
of two herbicides on the α-amylase enzyme activity, total 
tissue carbohydrate content and cellulose content of the epigeic 
earthworm Perionyx excavatus. The herbicides used in the 
study are Pendimethalin and Pretilachlor. 
 

MATERIALS AND METHODS 
 

Collection and Culture of test specimens 
 

Specimens of Perionyx excavatus were collected from the 
natural grassland soil that has never been used for any 
agricultural purpose and pest control. The specimens were 
brought to the laboratory and were cultured in large earthen 
pots. Finely grinded soil (collected from the same grasslands) 
and farmyard manure mixed in the ratio of 1:1 was used as the 
culture medium (Ismail, 1997). The culture pots were covered 
with fine meshed iron nets and kept inside BOD incubators at 
28 ± 0.5ºC. An approximate level of 50% moisture was 
maintained by adding distilled water into the medium. 
Farmyard manure was added as feed every week during the 
entire period of culture (OECD 1984, 2004). 

 
Table 1. Recommended Agricultural Doses of the two selected 

herbicides 
 
 

Chemical Name Trade Name RAD*(mg/Kg)  

Pendimethalin 
Pretilachlor 

Dhanutop 
Racer 

0.008 
0.002 

*RAD- Recommended Agricultural Dose 

 
Studies were performed with age synchronized specimens 
(250–300 mg). Experiments were conducted in small inert 
polythene boxes (16 X 12 X 1 cm; total area, 192 cm2) 
containing soil, collected from grasslands, as the test medium. 
Soil samples were dried, grinded and sieved to get a particle 
size of 0.25 mm before filling in the experimental boxes. The 
moisture content of the soil was measured by Infrared Torsion 
balance moisture meter [Adair Dutt, Kolkata] (Joy and 
Chakravorty, 1991). Finally the experimental boxes were kept 
in an Environmental Chamber at a constant temperature of 28 
± 0.5°C and 60-65% relative humidity. The physiochemical 
parameters of both the soil media, viz, pH and Organic carbon 
Content were measured and the temperature and moisture 
content were kept constant (Table 2). 
 

Table 2. Physical parameters of the test media 
 

Natural Soil Parameters  Values  

pH  7.17 
Organic Carbon Content  0.86% 
Moisture Content 
 

 61.2% 

 

Experimental Procedures 
 

Acute Toxicity Test 
 

Different levels of the selected herbicides based on its 
recommended agricultural doses (RAD) (viz RAD, 1/2X-RAD, 
2X-RAD and 3X-RAD) were administered into the test boxes 
with a micropipette (Lofs-Holmin, 1983).  

The amount of an herbicides required was determined from the 
total area of the experimental box and was converted intomg 
per kg soil taking into consideration the total amount of soil 
(200 g) contained in one box. The experiment was setup with 
three replicates for each level of the herbicide and control. The 
boxes were then left undisturbed for about 30 min for uniform 
spreading of the chemical in the soil medium. Ten numbers of 
age synchronized specimens of Perionyx excavatus were then 
transferred into the boxes. Observations were made every 24 h. 
Those individuals, who showed no apparent sign of life, even 
when poked with a needle, were considered dead and were 
removed. The total mortality obtained after 96 h of exposure 
were subjected to probit analysis by EPA probit analysis 
program, version 1.5(US EPA 2006) to determine LC50 value 
(Table 3) and 95% confidence limit of each insecticide. The 
entire experiment was repeated three times (Dasgupta et al., 
2010). 

 
Determination of Feeding Preference of test organisms 

 
Open choice experiment was done on epigeic earthworm 
Perionyx excavatus with five common tree species leaf litters 
viz., Anacardium occidentale (cashew), Mangifera indica 
(mango), Shorea robusta (shal), Acacia auriculiformis 
(Acacia) and Eucalyptus citridora (Eucalyptus), to study their 
food preference. The experiment was conducted in plastic trays 
containing five different randomly distributed leaf litter in pits 
in petri dishes inserted into a uniform layer sand bed (Maity 
and Joy, 1999a; 1999b). Twenty adult specimens of same size 
and age group were released in the centre of the plastic tray 
and they were to migrate among the litter types. Known 
amount of litter cuttings were used. Optimum moisture and 
temperature were maintained throughout the experimental 
period. The rate of migration and colonization of specimens 
were recorded by counting their number in each litter type at 
15 days interval up to 90 days. Thus, cashew was selected as 
the source of food to be provided to the earthworms during the 
entire period of digestive enzyme estimation. 
 

Estimation of Digestive Enzyme 
 
A very important aspect of the laboratory study was the 
quantitative estimation of the digestive enzyme α-amylase 
(Sadasivam and Manickam, 2010) determined under laboratory 
conditions in natural garden soil (pH-7.17, organic carbon-
0.86% moisture content-61.2%) by exposing the earthworms to 
sub-lethal doses of the heriicides, Pendimethalin and 
Pretilachlor, i.e., 25% and 50% of LC50 value. The specimen 
earthworms were kept inside inert polyethylene boxes of 192 
cm2 area each containing 200g of sieved garden soil along with 
10 worms. Distilled water was added to maintain 60-70% 
moisture.  
 

The earthworms were provided with finely cut cashew leaf 
litter as food during the entire experimental period on small a 
petri-dish inside each box into a uniform layer of soil. The 
experiment was set following the procedure of open choice 
experiment as described by Maity and Joy, 1999a; 1999b. The 
food was contaminated with fungicide in the treatment boxes. 
The whole set up was kept inside an Environmental chamber 
and the temperature (28±0.5°C) and humidity (67%) was 
maintained.  
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The determination of α-amylase activity was performed on 3rd, 
7th, 15th and 30th day from the setting of the experiment. The 
test specimens were kept in starvation before setting of the 
experiment. 
 

RESULTS 
 
The 96 hrs acute toxicity tests showed that Pendimethalin with 
an LC50 value of 0.016 mg/kg soil was more toxic than 
Pretilachlor, LC50 value 0.052 mg/kg soil.  
 

Table 3. 
 

      Pesticide Group    Technical Name          LC50 
value(mg/Kg) 

 

    
Herbicides Pendimethalin                             

0.016 
 

 Pretilachlor                             
0.052 

 

 
In the feeding preference experiment the earthworms showed 
maximum preference for Anacardium occidentale (cashew) 
leaves. In case of Pendimethalin, the α amylase activity of the 
test specimens was higher in both the sublethal doses, 25% o 
LC50 and 50% of LC50, viz, 0.080±0.001 mg of 
maltose/min/mg starch and 0.062±0.003 mg of 
maltose/min/mg starch respectively and 0.081±0.001 mg of 
maltose/min/mg starch and 0.080±0.001 mg of 
maltose/min/mg starch than that of the control values, viz, 
0.041±0.004 mg of maltose/min/mg starch and 0.041±0.004 
mg of maltose/min/mg starch on the 3rd and 7th day 
respectively after setting of the experiment.  
 

 
 

Fig1 α-amylase activity of P. excavatus exposed to Pendimethalin, 
T1(Control), T2 (25% of LC50) and T3 (50% of LC50) 

 
The activity of the enzyme grew significantly higher than the 
control value (0.040±0.001 mg of maltose/min/mg starch) on 
the 15th day of the experiment, viz., 0.150±0.005mg of 
maltose/min/mg starch and 0.120±0.004 mg of 
maltose/min/mg starch in both the sub-lethal doses i.e., 25% o 
LC50 and 50% of LC50 respectively. But on the 30th day of the 
experiment the activity of the enzyme decreased to 
0.100±0.003 mg of maltose/min/mg starch and 0.070±0.001 
mg of maltose/min/mg starch in both the sub-lethal doses i.e., 
25% of LC50 and 50% of LC50 respectively, but the activity of 
the enzyme was still significantly higher than the control value 
i.e., 0.050±0.001 mg of maltose/min/mg starch (Fig A.1). 

In case of Pretilachlor, α amylase activity of the test 
specimenson the 3rd day, in 25% of LC50 (0.100±0.002 mg of 
maltose/min/mg starch) is equal to that of the control value. 
But the enzyme activity in 50% of LC50 (0.084±0.003 mg of 
maltose/min/mg starch) is slightly less than that of the control 
value. On the 7th day of the experiment, the enzyme activity in 
the sub-lethal doses i.e. in 25% of LC50 the value is 
0.113±0.004 mg of maltose/min/mg starch and in 50% of LC50 
the value is 0.090±0.003 mg of maltose/min/mg starch, are 
significantly less than the control value i.e. 0.143±0.005 mg of 
maltose/min/mg starch. On the 15th day of the experiment, the 
value of enzyme activity in 25% of LC50 (0.120±0.003 mg of 
maltose/min/mg starch) is slightly less than that of the control 
value but the value of enzyme activity in 50% of LC50 
(0.090±0.003 mg of maltose/min/mg starch) is much lower 
than that of the control value. Finally, on the 30th day of the 
experiment, the enzyme activity is decreased in both the sub-
lethal doses i.e. 25% of LC50 and 50% of LC50 are 0.060±0.001 
mg of maltose/min/mg starch and 0.043±0.002 mg of 
maltose/min/mg starch, which are significantly lower than the 
control value, 0.125±0.003 mg of maltose/min/mg starch (Fig 
A.2) 
 

 
 
Fig. 2 α-amylase activity of P. excavatus exposed to Pretilachlor, 

T1(Control), T2 (25% of LC50) and T3 (50% of LC50) 
 

DISCUSSION 
 
In case of Pendimethalin, on the 3rd day and the 7th day of the 
experiment α amylase activity of the earthworms significantly 
increased in both the sub-lethal doses compared to the control. 
This is probably because the test specimens were unable to 
sense the herbicide contamination in the food and consumed it, 
as a result of keeping them in starvation before setting of the 
experiment. But on the 15th day of the experiment following 
the similar trend, the amylase activity significantly increased 
further. This is due to the fact that the earthworms are not 
affected by the toxicity of the herbicide and as a result the 
palatability of the food increased. On the 30th day, the enzyme 
activity decreased in the sub-lethal doses compared to the 
15thday of the experiment but not below the control value. This 
is probably because the herbicide is still persisting in the food 
but the toxicity is not affecting the earthworms so they are not 
avoiding the food. In contrast, in case of the herbicide 
Pretilachlor on the 7th, 15th and the 30th day of the experiment a 
significant decrease in the activity of the enzyme was 
observed. From the 7th day the test specimens could sense the 
contamination of the herbicide and avoiding the food 
decreasing α amylase activity in their gut.  
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Since, the activity of the enzyme is remaining significantly less 
than the control value up to the 30th day it can be concluded 
that the herbicide is persisting in the food and the earthworms 
are being prevented from consuming the food. The effect of 
48h and 96h exposure to sub-lethal concentrations of CdCl2, 
HgCl2 and K2Cr2O7 on the digestive enzyme activity 
of Daphnia magna was assessed. Both inhibition (CdCl2 and 
HgCl2) and increase (K2Cr2O7) of the enzyme activities were 
noted after short-term (48h) exposure. No inhibition, however, 
was observed after prolonged exposure (96h) to HgCl2 and 
K2Cr2O7 and even an increase in activity was noted for CdCl2 
(De Coen and Janssen, 1997). Methanolic extract of Artemisia 
annua L., a weed collected around paddy fields in north of 
Iran, was investigated for its toxic effects on: feeding, growth, 
fecundity, fertility including the biochemical characteristics of 
elm leaf beetle Xanthogaleruca luteola, Mull. Twenty-four 
hours after treating 3rd instar larva with the extract the level 
ofα-amylasesignificantly changed.However, at 48 h the extract 
lost its potency (Shekari et al., 2008). Different other 
studieshave been done on the effects of pesticides on α-
amylase activity on different groups of animals but studies on 
the effect of herbicides on the amylase activity of earthworms 
has not been reported so far. 
 
Conclusion 
 
From the above study it can be concluded that though 
Pendimethalin shows more toxicity upon the earthworms on 
short term exposure, it does not have harmful effect when long 
term exposure is done. So, Pendimethalin can be regarded as 
an ecologically safe herbicide. Whereas, Pretilachlor despite 
having low acute toxicity, compared to Pendimethalin, on the 
earthworms, has a hindering effect on the food uptake of the 
earthworms decreasing their gut α amylase activity. Thus, it 
can be concluded that Pretilachlor has toxic effects in the soil 
ecosystem and is harmful. Finally, it can be concluded that the 
enzyme α amylase can be used as a potential bio marker to 
detect pesticide pollution in agro ecosystems. 
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