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Graphical Abstract 

This study examined the toxic effects of pesticide exposure on four earthworm species, using biomass 

reduction, immunotoxicity, and enzyme biomarkers as indicators. The native species M. konkanensis 

appeared more sensitive to pesticide exposure than the exotic species. P. excavatus showed reduced 

biomass and avoidance behaviour at certain concentrations. Enzyme activity varied across species, 

reflecting responses to pesticide stress. The results indicate that P. excavatus, D. affinis, and M. 

houlleti may be suitable indicators for assessing pesticide contamination in soil ecosystems. 
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Abstract 

This study assessed the toxic effects of pesticide exposure on four 

earthworm species: Perionyx excavatus Perrier, 1872; Megascolex 

konkanensis Fedarb, 1898; Dichogaster affinis (Michaelsen, 1890); and 

Metaphire houlleti (Perrier, 1872). The organisms were exposed to 

pesticide-treated soil. Biomass reduction, immunotoxicity, and enzyme 

biomarkers were used as endpoints. Among the tested species, M. 

konkanensis, a native species, appeared more sensitive than the others. In 

biomass tests, chlorpyrifos showed no significant effect on final body 

mass (p > 0.05). P. excavatus showed a significant reduction in body mass 

between 0.001 and 0.02 ppm of the pesticide mixture (p < 0.05), and 

exhibited avoidance behaviour. M. konkanensis showed avoidance at 0.02 

ppm of the mixture but not at lower concentrations. Changes in AChE, 

LPO, GST, and CAT activities indicated pesticide-related stress. These 

results support the use of P. excavatus, D. affinis, and M. houlleti as 

indicators for soil contamination by pesticides. 

Keywords: Earthworms, Pesticides, Toxicity, Enzyme biomarkers, Mango 

plantations. 
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Introduction 

Changes in ecological factors and environmental health can be monitored by soil invertebrates living 

in direct contact with the environment [1]. These organisms are exposed to xenobiotics through 

burrowing, dermal contact, ingestion, and the food chain [2,3]. Most invertebrates are sensitive to soil 

xenobiotics and are used as biomarkers and bioindicators [4–7].  As sentinel species, earthworms are 

considered effective indicators for monitoring the health of the terrestrial ecosystem because of their 

vital roles in pedogenesis, soil fertility, soil structure, and the terrestrial food chain [8–12]. They are 

therefore widely used to assess environmental risk and chemical toxicity in both laboratory and field 

conditions [13,14].   

Monitoring gene or protein expression and enzyme or metabolite activity following exposure to a 

xenobiotic or stressor helps in understanding environmental stress. It also allows the evaluation of 

long-term exposure and inference of mechanisms of action [15]. The use of biomarkers in earthworms 

for ecological risk assessment has become well established over recent decades. A biomarker can be 

defined as a xenobiologically induced variation in molecular, cellular, or biochemical components, 

structures, or functions that is measurable in a biological system or sample [16,17].    

In India, several studies have been conducted to examine the pesticide concentration and genotoxicity 

of model earthworm species, including Eudrilus eugeniae and Eisenia fetida [18,19]. In Kerala, 

studies on the ecotoxicological impacts of pesticides on endemic earthworms at the landscape level 

remain scarce, though they would provide useful information for ecological risk assessment and 

management of contaminated regions. The Muthalamada mango orchard (MMO) in Kerala is well 

known as the largest mango-producing area in the state. Soil samples collected from MMO revealed 

the presence of organochlorine, organophosphate, carbamate, and synthetic pyrethroid pesticides (see 

appendix).  

This study aims to assess the ecotoxicological effects of pesticide exposure on earthworms collected 

from a contaminated site, using biochemical markers to evaluate toxicity. 

Materials and Methods 

Earthworm Collection and Identification 

Earthworm samples were collected from four locations within the Muthalamada mango orchard in 

Kerala, India. Sampling sites were selected based on the presence of surface castings and soil 

moisture. Earthworms were collected from each site using three replicate plots measuring 40 × 50 

cm. Sampling was conducted twice per year during July–September 2019 and July–September 2020. 
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Earthworms were extracted by hand-sorting using a 25 × 25 cm quadrat, to a soil depth of 30 cm 

[20,21]. Species identification was carried out using standard taxonomic references [22–25].   

The dominant earthworm species collected from all sampling locations were Megascolex konkanensis 

Fedarb, 1898, Dichogaster affinis (Michaelsen, 1890), Metaphire houlleti (Perrier, 1872), and 

Perionyx excavatus Perrier, 1872. Among these, M. konkanensis is endemic, P. excavatus is a native 

peregrine species, and D. affinis and M. houlleti are exotic peregrine species [26]. Collected species 

were maintained under laboratory conditions at the School of Environmental Studies, CUSAT, 

Kerala. Samples were kept in a microcosm simulating natural conditions. Identification was 

performed using taxonomic keys and verified using standard procedures. To assess the impact of 

pesticides on non-target organisms, the four species were collected from selected stations within 

Muthalamada Panchayath (Figure 1). Sampling site coordinates and taxonomic details are provided 

in the appendix. 

Artificial soil preparation 

OECD artificial soil (10% organic matter, 20% kaolinite clay, and 0.5% calcium carbonate) [22] with 

decayed leaves of Cassia fistula as the organic matter source was used. Earthworms were maintained 

at 26 ± 3 °C in a substrate consisting of 30% cow dung and 70% coco, peat with a 12-hour photoperiod 

in the earthworm culture unit. Selected worms were transferred to an untreated test substrate 24 hours 

before the experiment for acclimatization. 

Preparation of Pesticide Standards 

Two pesticide standards, chlorpyrifos and a pesticide mixture, purchased from Merck, (India), were 

used in the toxicity study. Appropriate dilutions of chlorpyrifos and the mixture (lambda-cyhalothrin, 

imidacloprid, bifenthrin, quinalphos, diuron, malathion, chlorobenzilate, chlorpyrifos-methyl, and 

HCB) were prepared. Distilled water was used for the control treatment. The concentration of 

pesticides was calculated based on the total amount of test soil (1 kg of moist soil) in each container. 

Each concentration and control were tested in triplicate. Table 2 shows the list of pesticide standards. 

From 100 ml of chlorpyrifos and 100 ml of the pesticide mixture, concentrations of 2, 1, 0.02, 0.001, 

and 0.002 mg/kg of dry soil were prepared. The test solutions in acetone were added to 50 g of soil. 

This portion of soil was treated with acetone and left overnight to allow the solvent to evaporate. The 

remaining 950 g of soil for each treatment were then added and thoroughly mixed with the spiked 

soil. Control soil was treated with acetone using the same procedure. Both control and treated soils 

were moistened with distilled water. 
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Voiding of Earthworm Gut 

Two layers of filter paper were placed in a Petri dish and moistened with a small amount of distilled 

water. Small holes were pierced in the film using a needle. The Petri dishes were incubated in an 

artificial climate chamber at 25 ± 1 °C and 80–85% relative humidity for 12 h. During this process, 

the earthworms stopped feeding and voided their gut contents [27]. 

Exposure to Pesticides 

Earthworm toxicity tests were performed according to the methods provided by OECD guidelines 

[28]. Earthworms (n = 10) were introduced into test chambers (plastic containers measuring 15×20 

cm, in triplicate) filled with 800 g (moist weight) of test soil. The test chambers were closed with a 

moistened jute cloth with small perforations to allow air exchange. Before being introduced into the 

soil, the worms were rinsed with distilled water, blotted on Whatman No. 1 filter paper, and weighed 

to determine fresh body mass. The test chambers were maintained at room temperature under a 12-

hour light/dark cycle. 10 g (dry weight) of finely ground cow dung, moistened to 50% (w/w), was 

used as feed. Moisture loss was monitored weekly and adjusted as needed [28, 29]. 

Artificial Soil Test 

The artificial soil test was conducted according to OECD (1984) [28] to evaluate the median lethal 

concentration (LC50—the concentration of the test substance that results in 50% mortality within the 

test period). The concentration was expressed in mg/kg (dry weight). Toxicity tests included both 

individual and combined exposure to the selected toxicants. Chlorpyrifos concentrations of 2, 1, 0.02, 

0.001, 0.002, and 0.00 mg/kg were used, both individually and in pesticide mixtures. After 96 hours, 

earthworms that did not respond to gentle stimulation of a segment were recorded as dead. The 

number of deaths and cumulative mortality were determined by hand-sorting.  

Biomass Test 

The biomass test was performed according to Reinecke and Reinecke [30] in triplicate test chambers, 

each containing 10 ml of chlorpyrifos, applied both individually and as part of a pesticide mixture at 

concentrations of 2, 1, 0.02, 0.001, and 0.002 mg/kg, with 10 individuals per treatment. The 

containers were closed with moistened jute cloth to maintain appropriate humidity and temperature. 

Before the test, earthworms were washed, individually weighed, and placed in the chambers. They 

were fed with 5 g of ground cattle dung once a week during the 14 days experimental period. On the 

final day, worms were removed, sorted, rinsed with tap water, and blotted on Whatman No. 1 filter 

paper. Earthworms were then weighed using an electronic balance and returned to the soil. Only live 
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animals were washed and weighed. The change in body mass between initial and final measurement 

was recorded. 

Avoidance Test 

Avoidance tests were conducted according to the OECD [28,29]. Chlorpyrifos and the pesticide 

mixture were tested at various concentrations, with each treatment performed in triplicate. The test 

apparatus was a rectangular box (23.3 cm long, 16.7 cm wide, and 7.7 cm high) (see Appendix), 

divided into three equal elongated compartments (C1, C2, and C3) using plastic dividers (D1, D2, 

and D3) with 2 cm holes. Compartments C1 and C2 were filled with 950 g of soil mixed with 

chlorpyrifos and pesticide mixture. The third compartment (C3) served as a control. After introducing 

10 earthworms per compartment, the dividers were removed within 10 minutes. The test chambers 

were covered with a moistened jute sack and placed under light to discourage the worms from 

escaping. After 48 hours, the plastic divider was reinserted and the number of earthworms in each 

compartment (treated or control) was recorded. Worms located along the divider zone (D1-D3), 

between the compartments (C1-C3), were counted separately using the equation number (1). 

𝑁𝑅 = [
𝐶−𝑇

𝑁
] × 100  (1) 

Where,  

NR =the avoidance rate 

 C = the number of worms in control soils 

 T =the number of worms in the treated soils  

N =the total number of earthworms introduced 

An NR value of 0 is used as the threshold to assess avoidance behaviour. 

A positive NR (>80 percent) indicates a strong avoidance reaction. 

A negative NR indicates no avoidance behaviour. 

 

Growth Inhibition Test 

The growth inhibition test was conducted according to Shi et al. [31]. Earthworms were washed, dried 

on filter paper to remove faeces, weighed, and placed in a plastic container (10.5 × 9.6 × 7 cm), 

covered with a moistened jute sack to allow air circulation. The earthworms were fed with 5 gm of 

ground cattle dung and moist soil. Feeding was carried out daily throughout the test period. Body 

mass and mortality were monitored weekly. Before weighing, earthworms were washed, blotted with 
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filter paper, and weighed using an electronic balance, then returned to the soil. The final body weight 

of earthworms in each pesticide-treated container, recorded after 2 weeks of exposure, was used to 

calculate growth inhibition using the equation number (2). 

 

𝐺𝐼𝑛 =
𝑊𝑜−𝑊𝑡

𝑊0
× 100%  (2) 

Where GIn is the growth inhibition for concentration n; W0 is the weight on the day (day 0), and Wt 

is the weight after t days of exposure. 

Biochemical Analysis 

The preparation of the extraction medium was performed according to Diogene [32]. After 14 days 

of exposure to the pesticides in the test chambers, coelomocytes were harvested from the earthworms 

using a modified, non-invasive extrusion technique [27,33].  

Catalase Test 

Catalase activity was determined following the method of Saint-Denis et al. [34]. The enzyme activity 

was measured using a Biotek microplate reader. Catalase activity was expressed in millimoles (mM) 

of H2O2 per minute per milligramme of protein. 

Glutathione S-transferase (GST)  

GST activity was determined following the method of Habig et al. [35]. Enzymatic activity was 

expressed as nanomoles of 1-chloro-2,4-dinitrobenzene conjugate formed per minute per milligram 

of protein. 

Lipid Peroxidation (LPO)  

Lipid peroxidation was measured using thiobarbituric acid reactive substances, following the methods 

of Ohkawa et al. [36]. Activity was expressed as malondialdehyde (MDA) equivalents in nanomoles 

per minute per milligramme of protein. 

 

AChE Estimation 

AChE activity in earthworms was assessed according to Ellman et al. [37]. Activity was expressed 

as micromoles of acetic acid released per minute per milligramme of protein. Enzyme activity was 

calculated by the equation number (3): 
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𝐸𝑛𝑧𝑦𝑚𝑒 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦  =
𝑁𝑎𝑛𝑜 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑎𝑐𝑖𝑑 𝑙𝑖𝑏𝑒𝑟𝑎𝑡𝑒𝑑 𝑖𝑛 7.5 𝑚𝑙 𝑜𝑓 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛 𝑚𝑖𝑥𝑡𝑢𝑟𝑒

𝑇𝑖𝑚𝑒 𝑖𝑛 𝑚𝑖𝑛𝑠×𝑃𝑟𝑜𝑡𝑒𝑖𝑛 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛×𝐸𝑛𝑧𝑦𝑚𝑒 𝑉𝑜𝑙.𝑢𝑠𝑒𝑑 
 (3)  

Statistical Analyses 

LC50 (the concentration lethal to 50% of the population) and 95% confidence intervals were 

calculated. NOEC refers to the highest concentration of a toxicant that, under defined conditions of 

exposure, causes no observable change in the functional capacity, morphology, growth, development, 

or life span of the test organism [38]. Mortality and final biomass of earthworms were compared 

using analysis of variance (ANOVA), followed by Dunnett’s post hoc test. Statistical analyses were 

performed using R software [39–41] and Microsoft Excel. 

 

Results  

The study identified five earthworm species from Muthalamada mango plantation (MMP), belonging 

to two families: Benhaminidae and Megascolecidae, over the course of the study. Figures 2 to 9 show 

the effects of chlorpyrifos and pesticide mixtures on Dichogaster affinis, Megascolex konkanensis, 

Perionyx excavatus, and Metaphire houlleti. 

 

Effect of Chlorpyrifos and Pesticide Mixtures on the Mortality of Earthworms 

Cumulative mortality at each exposure interval was analysed to determine the No Observed Effect 

Concentration (NOEC) for earthworm mortality. Megascolex konkanensis and Metaphire houlleti 

showed higher sensitivity (NOEC: 0.001 milligrammes per kilogram) to chlorpyrifos exposure at 96 

h. Perionyx excavatus showed the least sensitive response (NOEC: 1 milligramme per kilogramme 

for 96 hours), with significant mortality (p < 0.001) observed at 2 mg/kg of chlorpyrifos compared to 

the control.  

A similar study using pesticide mixture treatments showed significantly high mortality in all species 

after 96 hours of exposure (p < 0.05). The NOEC value for all the species was below 0.001 mg/kg. 

Cumulative mortality was analysed to determine the effects on earthworm survival. Figures 2 to 9 

show the effects of chlorpyrifos and pesticide mixtures on Dichogaster affinis, Megascolex 

konkanensis, Perionyx excavatus, and Metaphire houlleti. From the analysis, M. konkanensis, D. 

affinis, and M. houlleti showed greater mortality variation to chlorpyrifos at 0.001 mg/kg after 48 and 

72 hours (Figs 2-4).   
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Perionyx excavatus showed lower mortality after 96 hours at 2 mg/kg of chlorpyrifos compared to 

the control (Figure 5). In contrast, in the mortality test using the pesticide mixture, Dichogaster affinis 

showed the highest mortality across all concentrations after 96 hours compared to the control (Figure 

6). Megascolex konkanensis, Metaphire houlleti, and P. excavatus showed reduced mortality at 0.001 

mg/kg and 2 mg/kg of the pesticide mixture during both 48- and 96-hour intervals (Figs 7-9).   

From the mortality analysis using the pesticide mixture, Megascolex konkanensis showed higher 

mortality than the other tested earthworm species. But, comparison of the survival rate with Perionyx 

excavatus showed no significant differences among replicates. In the case of Dichogaster affinis, a 

significant variation in survival was observed across the tested concentrations. D. affinis and P. 

excavatus showed tolerance to both pesticide mixtures and chlorpyrifos at 2 mg/kg. At concentration 

below 1 mg/mL, chlorpyrifos showed no toxic effect on earthworms during the mortality test. 

Effect of Chlorpyrifos and Pesticide Mixtures on the Biomass of Earthworms 

In the biomass test using chlorpyrifos treatments, none of the tested species showed a statistically 

significant reduction in fresh weight compared to the control (appendix). As with mortality, the 

pesticide mixture caused a greater reduction in biomass than chlorpyrifos alone (p < 0.05). All species 

showed NOEC below 0.001 mg/kg for the pesticide mixture, But the NOEC for chlorpyrifos was 

greater than 2 mg/kg. Although the effect of chlorpyrifos on Megascolex konkanensis was marginally 

significant (p = 0.0467), further analysis did not yield a statistically significant NOEC value.  

 

Effect of Chlorpyrifos and Pesticide Mixtures on Growth Inhibition (GI) 

The appendix shows the results of growth inhibition for the tested pesticides. Negative growth 

inhibition was observed at all chlorpyrifos concentrations. Perionyx excavatus (0.88±0.2 to 

1.51±0.07) showed negative GI values. In contrast, Megascolex konkanensis exposed to 1 mg/kg and 

0.1 mg/kg showed the highest growth inhibition during 0-28 days of exposure (0.77±0.06 to 

0.70±0.06). In all treatments, the individual average weight of earthworms increased, indicating that 

2 mg/kg of pesticide (both chlorpyrifos and mixture) was less toxic to P. excavatus (1.81±0.34 to 

2.15±0.03) and Metaphire houlleti (0.27±0.03 to 0.36±0.02) at 2 to 0.002 mg/kg. But 2 mg/kg of the 

pesticide mixture resulted in lower growth inhibition in M. houlleti. Average growth responses across 

all concentrations were observed in M. konkanensis exposed to both chlorpyrifos and pesticide 

mixtures. The appendix contains graphs of growth inhibition.  
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Avoidance Test 

The chlorpyrifos and pesticide mixture were tested to understand the toxicity behaviour of 

earthworms. During the avoidance test, P. excavatus and D. affinis showed positive avoidance to 

chlorpyrifos, which means they cannot sustain a low level of chlorpyrifos (Figure 10), whereas D. 

affinis and M. houlleti can sustain a high concentration of chlorpyrifos. In the avoidance test using a 

pesticide mixture, all the test species showed negative avoidance (Figure 11). Similar avoidance was 

observed in the field condition, where the endemic species migrates from pesticide-contaminated 

areas to safer zones.  

 

Earthworm Enzyme Biomarkers 

The earthworms in the control chamber were healthy and normal, and no mortality was observed 

during experimentation. After 28 days of exposure, statistically significant differences in AChE 

activity were observed between control and pesticide-treated earthworms. AChE activity was higher 

in M. houlleti, Megascolex konkanensis, and Dichogaster affinis at a concentration of 2 mg/kg of 

chlorpyrifos; in contrast, activity was lower in P. excavatus (Figures 12–15). Similar results were 

observed for AChE activity following exposure to the pesticide mixture (Figs 16–19). D. affinis, M. 

houlleti, P. excavatus, and M. konkanensis showed higher catalase (CAT) activity after exposure to 

1 to 2 milligrammes per kilogramme of both chlorpyrifos and pesticide mixtures.   

AChE, GST, and LPO activities showed no variation at a concentration of 2 mg/kg of the pesticide 

mixture or chlorpyrifos. In the case of Metaphire houlleti, CAT activity was higher after exposure to 

both pesticide mixture and chlorpyrifos. For M. konkanensis, LPO, AChE, and GST activities were 

elevated at 2 mg/kg of chlorpyrifos. For P. excavatus, CAT activity was also higher following 

chlorpyrifos exposure. Exposure to the pesticide mixture led to lower AChE, GST, and LPO activity 

in the same species. A similar trend was noted for the pesticide overall: CAT content was higher, 

whereas the other enzymes showed no significant variation at the lower concentrations (0.02 and 

0.002 mg/kg). CAT and GST activities may be directly or indirectly involved in the biotransformation 

process. It was observed that, in all concentrations except the control, both chlorpyrifos and the 

pesticide mixture significantly inhibited CAT enzyme activity. 

Discussion 

Assessment of toxic effects on chlorpyrifos and selected widely used pesticides in Muthalamada 

Mango Orchards (MMOs) was conducted using OECD test methods. The results of this study reveal 

that native peregrine species such as Perionyx excavatus and exotic Dichogaster affinis showed no 



   Kuttappan et al.                                                                    Natural Built Social Environment Health 1(3) 2025: 21-41 

31 
 

significant mortality at lower concentrations of chlorpyrifos and the pesticide mixture. Earthworms 

exposed to lethal doses exhibited curling, bleeding, fragmentation, and mucus secretion. Previous 

studies have reported 50% mortality with chlorpyrifos in Eisenia fetida, with lower mortality 

observed in Eudrilus eugeniae [42]. The present results are consistent with those of Tiwari et al. [43], 

especially regarding morphological stress caused by pesticide exposure.   

The effects of diazinon and chlorpyrifos on A. caliginosa were studied at three pesticide dosages 

(0.165, 0.066, and 0.020 μg/cm2). It was found that the lowest concentration of chlorpyrifos causing 

adverse effects on growth and fecundity in adult earthworms was 28 mg/kg [44]. This confirms that 

chlorpyrifos can inhibit the development of earthworms. Gomez-Eyles et al. [45] reported effects in 

E. fetida and established an LC50 value of 2.36 mg/kg for synthetic pyrethroid pesticides. Other 

studies have shown 50% mortality in tropical earthworms such as P. excavatus, M. peguana, and E. 

fetida after 28 days of exposure to chlorpyrifos, indicating their relative tolerance to this compound 

[46].  

These findings are consistent with the present study, showing that both Perionyx excavatus and 

Dichogaster affinis were more tolerant to chlorpyrifos than to the pesticide mixture. The lower NOEC 

values observed across all species in the pesticide mixture, compared to chlorpyrifos, suggest a 

synergistic effect. Such interactions, particularly in mixtures containing more than two active 

ingredients, often affect bioavailability outside the organism. Organophosphate and carbamate 

pesticides act synergistically because they share the same mode of action. 

The impact of pesticides on earthworms under field conditions, however, depends on multiple factors, 

including the properties and persistence of the compound, application frequency, and site-specific 

characteristics such as organic carbon content, pH, soil texture, nutrient levels, and the composition 

of the soil fauna [47,48]. Because of the complexity of potential interactions between these factors, 

pesticide toxicity under laboratory conditions can vary widely. In this study, chlorpyrifos and 

pesticide mixtures did not cause mortality, even at the highest tested concentration (2 parts per 

million). This does not imply an absence of lethal effects on soil fauna; chlorpyrifos is known to 

affect non-target organisms such as oligochaetes and arthropods [49–52]. 

In general, microcosm studies have shown that pesticide exposure causes biomass loss in earthworms, 

indicating adverse effects [53–56]. There was a progressive weight loss from the beginning to the end 

of the trials, although high variability reduced the statistical significance of the results [57–59]. A 

similar trend was observed in the present study. The biomass of worms at the three highest 

concentrations was lower after the first chlorpyrifos application, and again lower after the second, 

suggesting that repeated pesticide exposure in close succession may amplify negative effects [60,61]. 



   Kuttappan et al.                                                                    Natural Built Social Environment Health 1(3) 2025: 21-41 

32 
 

The observed increase in growth inhibition over time suggests that prolonged exposure weakens the 

self-repair mechanisms and stress resistance of P. excavatus, M. houlleti, M. konkanensis, and D. 

affinis, especially at 1 and 2 milligrammes per kilogramme of chlorpyrifos and pesticide mixtures.  

The growth inhibition was negative in the control group, indicating that the earthworms gained 

weight. A similar observation was reported for Eisenia fetida by Yan et al. [62]. Li et al. [63] showed 

that earthworms exposed to tolclofos-methyl exhibited significant growth inhibition compared with 

the control, and that weight declined with increasing exposure time. 

In line with those findings, the present study recorded weight loss in Metaphire houlleti. Previous 

research has also shown that earthworm responses to toxicants typically include growth inhibition 

and weight loss [64]. This loss may reflect the depletion of glycogen, proteins, and lipids triggered 

by chemical stress [65]. Detoxification plays a key role in eliminating exogenous compounds from 

the body. The avoidance test is a relatively recent method used to evaluate behavioural responses and 

provide rapid ecotoxicological screening for terrestrial species [66,67].  

The avoidance behaviour of Eisenia andrei in pesticide-treated soils (carbofuran, chlorpyrifos, and 

metamidophos) was found to be similar under both laboratory and field conditions [68]. Comparable 

findings were also reported with pesticide mixtures containing imidacloprid, fipronil, thiamethoxam, 

captan, carboxim, and tiram [69]. According to Oi [70] and Capowiez and Bérard [71], the toxicity 

of pesticides to Aporrectodea nocturna and Allolobophora icterica was evident, although these 

substances were not considered irritants. 

Chlorpyrifos may not be an irritant for Perionyx excavatus, or the concentrations tested may have 

been too low to trigger avoidance. Similar results were recorded in E. andrei by Torkhani et al. [72]. 

There is still no clear explanation for the apparent preference for organochlorine-treated soils 

observed in some species. The absence of avoidance could be linked to the inability of 

chemoreceptors to detect toxicants. 

In the present study, M. konkanensis appeared to prefer lower concentrations of pesticide mixtures, 

which may suggest a hormetic response – a beneficial effect at low doses of a stressor that would be 

harmful at higher levels. The rate of AChE activity increased with rising concentrations of 

organochlorine pesticides [73,74]. Similar trends were seen in E. fetida exposed to phenanthrene and 

pyrene [75]. The CAT enzyme plays a protective role against oxidative stress, supported by 

antioxidant systems [76]. 

In this study, exposure to chlorpyrifos and the pesticide mixture increased CAT activity, possibly 

because of reduced production of reactive oxygen species (ROS). Throughout the exposure period, 

all four earthworm species may have maintained stable ROS levels through enzymatic removal of 
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excess peroxide [77]. Organophosphates are known to inhibit AChE, leading to excessive 

accumulation of acetylcholine, which can result in muscular tetanus and mortality.  

Conclusion 

The exotic species of earthworms, such as Perionyx excavatus, Metaphire houlleti, and Dichogaster 

affinis, were dominating in the Muthalamada Mango Plantation (MMP).  By contrast, the population 

of native species, such as Megascolex konkanensis, was declining. Based on the results, native 

peregrine P. excavatus and exotic species D. affinis and M. houlleti can serve as biomarkers for 

monitoring organophosphate and organochlorine pesticide contamination in agro-ecosystems. The 

irreversible inhibition of AChE by pesticide exposure causes an excess of acetylcholine, leading to 

hyperactivity in neuronal and muscular systems. Pesticide exposure altered the activity of AChE, 

LPO, GST, and CAT enzymes, and also caused morphological changes. This suggests a high level of 

toxicity in the exposed organisms. The effects were both dose-dependent and specific to the coelomic 

fluid. In contaminated environments, such changes may reduce the survival of non-target, 

ecologically beneficial organisms. In practice, agricultural land often contains a mixture of 

agrochemicals, including pesticides, resulting in complex interactions that may affect soil flora and 

fauna in unpredictable ways.  
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