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ABSTRACT

Soil is the largest terrestrial ecosystem supporting various biotic inhabitants. The correlation between the
biotic and abiotic constituents gives a proper structure to it. With respect to this, earthworms have a major
role in increasing the soil fertility factors by some of their physiological activities like nutrients cycling and
immobilization. But their growth is inhibited by the unrestricted and intensive use of agricultural chemicals
in crop field. In this study, Perionyx excavatus, an epigeic earthworm was exposed to experimental doses (0
ppm, 2 ppm, 5 ppm and 10 ppm) of pesticide cartap hydrochloride for 30 days to notice its impacts on some
of their physiological processes. In the study it has been observed that, survivability, growth, feeding rate
of the experimental groups decreased significantly with the increased dose of the pesticide, but an
enhancement in their rate of respiration with the same experimental conditions. Statistical tools like two
way ANOVA (p<0.001) and correlation were used to record significant differences as well as correlation
between the physiological parameters and the doses of the pesticide.
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Introduction

The interrelationship between ecosystem and
biodiversity determines the ecological survivability
of the nature. Since “Green Revolution” soil ecosys-
tem has been seriously adulterated by the abundant
and broad spectrum use of pesticides and fertilizers
which has been emerged as a rigid cause for the
deterioration of its biodiversity. In turn the presence
of contaminants in earthworm detriments other ver-
tebrate predators due to biomagnification. Unre-
stricted and excessive use of chemical pesticides
hampers the physical, chemical and biological pa-
rameters of soil ecosystem. Soil fauna act as the
mechanical blenders to fragment organic matter,
also enhance the decomposition of the matter and
perform water-nutrient and air infiltration, storage
and also contribute towards the humification pro-

cess. Various physiological activities of different soil
organisms, especially of earthworms are negatively
affected by the chemicals. Deformities in cellular,
sub-cellular and molecular level were observed in
various organisms. Mitochondrial deterioration,
enzymatic dysfunction, DNA damage, etc. caused
due to the chemical toxicants result in the reduction
in growth, survivability and sexual maturation rate.
Pesticides produce cancer, chronic kidney disor-
ders, endocrine disorders, chromosomal aberration
and reproductive abnormalities, immunological
deformities, neurological and behavioral
impairements in human, especially among children
(Lander et al., 2000). Prabhavathy et al. (2006), also
reported apoptosis and necrosis in human lympho-
cytes that are caused by pesticides. Copper causes
neurodegenerative diseases like Alzheimer’s dis-
ease, familial amyotropic lateral sclerosis and neu-



PANDA AND PATNAIK 275

ronal spongiform encephalopathy in humans
(Strausak et al., 2001). Also, Hamid (2013) noticed
histomorphological variations in the kidneys of rats
that cause glomerulonephritis, acute tubular necro-
sis and interstitial nephritis, when they are inocu-
lated with chlorpyrifos. De Silva et al. (2010) studied
survival, growth and reproduction rate of tropical
earthworm Perionyx excavates earthworm under the
impact of chlorpyrifos, carbofuran and mancozeb.
The function of enzymes; acetylene cholinesterase,
catalase, glutathione S-transferase and
carboxylesterase of Eisenia andrei and Lumbricus
rubellus was hampered by insecticides like
dimethoate, pirimiphos-methyl and pyrethroid
deltamethrin as was viewed by Velki and
Hackenberger (2013). Cartap hydrochloride has also
its adverse impact on different organisms. Vivek et
al. (2015), confirmed its poisonous effects on a fresh-
water fish, Labeo rohita that result in abnormal swim-
ming, hyper excitation, flaring of gills, hypersecre-
tion of mucus from gills, frequent surfacing and
convulsions. Wankhedkar and Bhavsar (2015) ob-
served biochemical responses of two synthetic mol-
luscicides like cartap hydrochloride and
imidacloprid on land snail C. moussonianus. There
was a significant decline in biomolecules like albu-
min, alkaline phosphatase, glucose and total protein
contents with increase in uric acid content in re-
sponse to the chemical. As a consequence popula-
tion growth rate of the animal was reduced. Again,
Sandeep et al. (2017) studied the impacts of pesti-
cides viz. cartap and phorate on Eisenia fetida. After
60 days of input of the respective pesticides, carbo-
hydrate, protein and lipid contents reduced at the
rate of 2.000%, 6.949% and 27.632% with cartap
treatment at a dose of 2.0 mg/kg soil, while cartap
combined with phorate (1.0 + 1.0 mg/kg) depleted
the biomolecule contents in the rate of 1.410%,
6.237% and 25.981% respectively of the treated
group. Cartap is highly toxic than phorate, when
used single or in combination with phorate. The re-
search work of Pawar and Shahezad (2015) revealed
a severe fall in growth rate and weight of Eisenia
foetida by chlorpyrifos, which is pesticide dose and
duration dependent.Yasmin and D’Souza (2010) re-
viewed and elaborated that there a remarkable de-
crease in survivability, growth and reproduction
rate (sexual maturation, cocoon and hatchling pro-
duction, viability) of the earthworms with gradual
increase in the concentration of different pesticides.
According to Correia and Moreira (2010), on ex-

posed to glyphosate and 2, 4-D, coiling of body, de-
terioration in growth followed by reduced number
of cocoons and juveniles indicating low reproduc-
tion rate was observed in earthworms. The rate of
toxicity increases with the concentration and dura-
tion of the chemical exposure. To lower the hazard-
ous activities of the agrochemicals on earthworms
and other soil fauna, it is required to understand the
chemical nature of the chemicals, their mechanism
of action and degradation. Moreover, as epigeic
earthworms remain on the top soil, so also are more
exposed to pesticides. Therefore, this study has been
conducted to assess the impact of pesticide on the
earthworm i.e. with study to epigeic earthworm.
The purpose of this study is to deal with the effects
of cartap hydrochloride on survivability, growth,
feeding and respiration of earthworm, Perionyx
excavatus.

Studies on the toxic effects of various pesticides
have been restricted to the behavior and morphol-
ogy of earthworms. But, very few studies indicating
correlation between pesticide and physiological pa-
rameter of the animal have been done. Also, there
are a few studies on the comparative effects of pes-
ticides on earthworm. Cartap hydrochloride is a
pesticide commonly used in the Indian crop field,
Therefore, in the present investigation some micro-
cosm experiments have been attempted to assess the
sublethal impacts of the agrochemical on earth-
worm that may provide some information to the
Government to make some policies on the use of the
pesticide.

Materials and Method

Cartap hydrochloride is a thio-carbamate group of
insecticide acts as a nereistoxin and has its effects on
the nervous system of the insects. Its chemical name
is S,S’-[2-(dimethylamino)trimethylene] bis
(thiocarbamate)hydrochloride having chemical for-
mula C7H16ClN3O2S2 and molecular weight 273.81
g/mol (Fig. 1).

Fig. 1. Chemical structure of Cartap hydrochloride

It is effective in crops like rice, cabbage, potato,
soybeans, peanuts, sunflower, maize, sugar beet,
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sugarcane, wheat, barley, pome fruit, citrus, tea and
cotton to kill weevil, caterpillar, leaf folder and stem
borer. In rice field, cartap hydrochloride 50% SP is
used in a standard dose of 500 g/ha land. Some ini-
tial studies with the survivability test affirmed that
earthworms could not survive beyond 10 ppm of
cartap hydrochloride. Therefore, sub lethal doses of
cartap hydrochloride were taken as 2 ppm, 5 ppm
and 10 ppm for the study.

Perionyx excavates (Perrier, 1872) is an epigeic spe-
cies, live in 0-15 cm soil surface layer. In tropical and
subtropical regions, this species are utilized for
vermicomposting. These favors temperature of
about 20 ºC-28 ºC and pH ranging between 6.4-7.4
(Bhattacharjee and Chaudhuri, 2002). This earth-
worm is dorso-ventrally flattened with deep purple
to reddish brown color commonly known as blue
worm, red worms and also Indian blues with length
80-90 mm and width 5-5.5 mm. Clitellum consists of
13-17 segments of the body. Its live body weight
ranges from 600-1500 mg (Julka and Senapati, 1987).

Standardized methods were followed to assess
and analyse different physiological functions of the
earthworms for 30 days at 0 ppm (control), 2 ppm,
5 ppm, 10 ppm cartap hydrochloride suspension.

Survivability

The method suggested by OECD (Organisation for
Economic Co-operation and Development, 1984)
was undertaken for survivability experiment. For
each solution, ten flat bottomed glass vials of length
10 cm with diameter 5 cm, internally lined with fil-
ter paper were taken. To each replicate 3 ml of the
respective experimental solution was pipetted out
and was dried up by evaporation under low blow of
air, whereas in control replicates 3 ml of distilled
water was taken. Four earthworms were taken into
each vial after keeping them on moist filter paper
for about three hours (OECD, 1984). All of the vials
were covered by aluminium foil containing holes.
They were kept as such for 240 hours at about tem-
perature 20 ± 2 ºC. Analysis of variance (ANOVA)
was taken into account to calculate percentage of
survivability (Snedecor and Cochrane, 1967; Gupta,
1980).

Respiratoy metabolism

Soil respiration is quantified by mg of CO2 evolved,
g-1 live worm tissue, hr-1, kg-1 soil. In this study, res-
piratory metabolism was measured by Alkali ab-
sorption method (Witkamp, 1966). The experiment

began with 500 g of air dried 2 mm sieved soil mix-
ture (300 g soil and 200 g cow dung) that was taken
in a polythene packet with a PVC pipe kept inside it
which was again put inside another polythene
packet. The whole system was kept as such inside
an airtight glass jar closed by a lid. The moisture
content of control sets and experimental sets was
maintained at 20 ± 2 g% by distilled water and re-
spective concentrations of the pesticide. After leav-
ing the sets for five days 1.5 g of earthworm was
inserted to the ten replicates of each set. The mois-
ture level was maintained for 30 days. On each
tenth day, the respiratory metabolism was mea-
sured and was statistically observed (Snedecor and
Cochrane, 1967; Gupta, 1980).

Growth

At prior to the conduction of the experiment 500 g
(300 g soil and 200 g cowdung) 2 mm sieved, air
dried soil was kept in some polythene packets pro-
vided with moisture level of 20 ± 2 g% for control
and other concentrations of the solution. Ten repli-
cates of each set were prepared. After five days,
earthworms of about 1.5 g weight were inoculated
into each labelled soil packets. At 10th, 20th and 30th

day the earthworms were removed out from the
substrate. They were cleaned of mucus and soil par-
ticles to measure their weight. Thenceforth, changes
in their weight over the initial weight were recorded
and the percentage changes in their biomass over 0th

day were calculated.

Feeding

Conservation and retention of moisture and nutri-
ents in soil were contributed by stable aggregates.
Formation of stable aggregates is directly propor-
tional to feeding. So estimation of the stable aggre-
gate formed also indicates feeding rate by the earth-
worms.

     Sieved, air dried soil packets amounting to 500
g (300 g soil and 200 g cow dung) was made ready
and was left for 5 days at 20 ± 2 g% moisture for ac-
tivation of microbial growth. The moisture level was
maintained by adding distilled water in control sets
and respective dose of the pesticide in experimental
sets. Ten replicates of each set containing 500 g of
sieved air dried soil were prepared. Into each packet
earthworm up to 1.5 g was taken. At an interval of
10 days for 30 days, stable aggregates of the earth-
worm were collected. From the aggregates carbon
content was estimated by Walkley and Black titra-
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tion method (1934) and for carbon energy conver-
sion, Remmert (1980) principle was adopted.

Finally, a significant difference between the pa-
rameters and the concentration of the pesticide was
concluded by Two Way ANOVA (Snedecor and
Cochrane, 1967; Gupta, 1980) at 0.001 level of sig-
nificance.

Results and Discussion

Survivability

Result (Fig. 2) showed the percentage of survivabil-
ity of Perionyx excavatus on exposure to cartap hy-
drochloride solution. Mortality rate of the earth-
worms became 100% at 132 hours, 108 hours, 72
hours at 2 ppm, 5 ppm and 10 ppm concentration of

the pesticide solution, respectively as shown in Fig.
2. At 120 hours survivability rate is 5% for 2 ppm,
7.5% of total earthworms survived at 96 hours on
treated to 5 ppm and at 60 hours, 17.5% of the total
earthworms input lived under treatment with 10
ppm. Correlation between the concentration of
Cartap hydrochloride and survivability of Perionyx
excavates has been observed in Table 1 and a nega-
tive correlation has been confirmed between the sur-
vivability and concentration stated pesticide.

Respiration

Respiratory metabolic rate is measured by the
amount of carbon dioxide evolved by the organism.
It increases in relation to the concentration of the
pesticide as well marked by Fig. 3. Its rate increased
day by day and after 30 days it increased to about

Table 1. Correlation between the concentration of Cartap hydrochloride and survivability of Perionyx excavatus

Correlations
Concentration Survivability

Concentration Pearson Correlation 1 -0.960*

Sig. (2-tailed) - 0.040
N 4 4

Survivability Pearson Correlation -0.960* 1
Sig. (2-tailed) .040
N 4 4

*. Correlation is significant at the 0.05 level (2-tailed).

Table 2. Correlation between the concentration of Cartap hydrochloride and respiration of Perionyx excavatus

Correlations
Concentration Respiration

Concentration Pearson Correlation 1 0.922
Sig. (2-tailed) - 0.078
N 4 4

Respiration Pearson Correlation 0.922 1
Sig. (2-tailed) 0.078 -
N 4 4

Fig. 2. Survivability rate of Perionyx excavatus under the
treatment of Cartap hydrochloride in laboratory
culture

Fig. 3. Respiratory rate of Perionyx excavatus earthworm
under the treatment of Cartap hydrochloride in
laboratory culture



278 Eco. Env. & Cons. 27 (1) : 2021

17.22%, 49.44% and 55.52% at 2 ppm, 5 ppm, 10
ppm with respect to 0 ppm, respectively.

There was a positive correlation between the con-
centration of the pesticide and respiratory metabolic
rate of the perionyx. Release of CO2 gas was in-
creased with the concentration of the chemical as
noted by the data given in the Table 2. Hence, the
respiration rate increased with respect to the ex-
posed pesticide concentration as well as duration
and a remarkable difference was found in the meta-
bolic rates at 0.001 level of significance.

Growth

Fig. 4 represents the variation in the biomass of the
earthworm over the observed period. Body weight
of the earthworm rose to 28.57% at 0 ppm cartap
hydrochloride on 30th day over 0th day. But on the
same day, the percentage in the body weight de-
graded by 41.06%, 51.66% and 55.26% over initial
weight at 2 ppm, 5 ppm and 10 ppm, respectively.
At 0.001 significance level, significant changes in the
weight of the earthworms were noticed.

gregate formed was marked (Fig. 5). Two way
ANOVA (0.001 level of significance) indicated a
negative correlation between the concentration of
the chemical and the stable aggregates. Percentage
of stable aggregates decreased to 54.85%, 63.48%
and 69.12% on 30th day as figured in Fig. 5. Also the
energy content of the stable aggregate formed at 0
ppm was calculated as 641.72 kJ kg-1 soil, g-1 live tis-
sue, but gradually decreased to 251.22, 201.71,
160.98 (kJ, kg-1 soil, g-1 live tissue) at 2 ppm, 5 ppm,
10 ppm, respectively and the values varied signifi-
cantly.

Table 3. Correlation between the concentration of Cartap hydrochloride and growth (weight) of Perionyx excavatus

Correlations

Concentration Growth

Concentration Pearson Correlation 1 -0.745
Sig. (2-tailed) - 0.255
N 4 4

Growth Pearson Correlation -0.745 1
Sig. (2-tailed) 0.255 -
N 4 4

As per Table 3, growth rate of the earthworm
was negatively correlated with the concentration of
the pesticide.

Feeding

A significant reduction in the weight of stable ag-

Fig. 4. Weight of Perionyx excavatus under the treatmentt
of Cartap hydrochloride in laboratory culture

Fig. 5. Formation of stable aggregates by Perionyx
excavatus under the treatment of Cartap hydro-
chloride in laboratory culture

Feeding rate was negatively correlated with the
concentration of cartap. Hence, the amount of stable
aggregates formed was decreased with the increase
of the doses of the pesticide (Table 4).

Table 5 depicts the result of tow way ANOVA,
which shows, all the parameters varied significantly
with respect to various concentrations of the cartap
hydrochloride as well as time durations.

Impairment in physiological health of different
organisms may occur due to the accumulation of
various agricultural chemicals that they intake.
Monocrotophos enhances the mortality rate of
earthworm Lampito mauritii, shown by Kulkarni
and Wakale (2012). They also observed population
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density, biomass and other overall activities of
earthworm were remarkably hampered.

Nasr et al. (2015) noticed a remarkable reduction
in the growth rate and the action of enzymes, acetyl-
cholinesterase, polyphenol oxidase and glutathione
S-transferase of earthworm, Aporrectodea caliginosa
due to some insect growth regulators like
flufenoxuron and pyriproxyfen. Ultimately, the sur-
vivability rate became minimized. Furthermore, as
per Tiwari et al. (2019) chlorpyrifos, cypermethrin
and their mixture causes body coiling, clitellar in-
flammation, excessive mucus secretion and body
fragmentation in earthworm Eudrilus eugeniae. Also,
with the effect of these pesticides abnormalities in
the enzymic activities of acetylcholinesterase, super-
oxide dismutase, catalase, glutathione S-transferase,
lipid peroxidation and glutathione reduced its sur-
vivability.

Study of Gowri and Thangaraj (2019) better ex-
plained the death of epigeic Eudrilus eugeniae and
Perionyx barotensis and survivability became a ques-
tion mark by subsequent toxic effects such as pro-
duction of anomalous sperms (asthenospermia, ne-
crospermia and oligospermia) and abnormal co-
coons, destruction of chloragogenous tissue, fused

and extra-villous growth and necrotic cell damage
when they were exposed to 450 ppm, 500 ppm and
650 ppm concentration of monocrotophos for 45
days. The finding of the survival test of the present
study was quite equivalent to all the studies.

Pesticides like acetochlor, dichlorovos and
chlorpyrifos could make variation in the growth
rate and weight of earthworms which depend upon
the dose and time (Pawar and Shahezad, 2015). This
is quite equivalent to the studies that resulted a
negative correlation between the biomass of aquatic
nektonic invertebrates and the concentration of
neonicotinoid (Cavallaro et al., 2019; Schepker et al.,
2020).

Biomass reduction consequently causes decre-
ment in population density, which correlates with
each other. Decrease and retardation in growth rate
might be due to enhancement in respiration which
causes channelization of most of the energy towards
respiration (Senapati et al., 1992). Biomass reduction
correlates with the decrease in feeding habits of the
earthworms when affected by pesticides (Khalil,
2013). Weight loss of affected worms might be due
to the channelization of energy for detoxification
and repairement of the body to avoid toxicity and

Table 4. Correlation between the concentration of Cartap hydrochloride and feeding parameter of Perionyx excavatus

Correlations

Concentration Aggregate

Concentration Pearson Correlation 1 -0.775
Sig. (2-tailed) - 0.225
N 4 4

Aggregate Pearson Correlation -0.775 1
Sig. (2-tailed) 0.225 -
N 4 4

Table 5. Two way ANOVA for physiological parameters (survivability, respiration, growth and feeding) of Perionyx
excavatus under the treatment of Cartap hydrochloride in laboratory culture

S.I. Parameters analysed Source of variation F-cal Level of F-crit Significance
No. Significance

01 Survivability Between treatments 7356.95 0.001 5.48 Significant
Between durations 1017.56 0.001 2.31 Significant

02 Respiratory metabolism Between treatments 395.95 0.001 5.72 Significant
Between durations 1180.68 0.001 5.72 Significant

03 Growth Between treatments 1139.04 0.001 5.72 Significant
Between durations 626.15 0.001 5.72 Significant

04 Feeding (Weight of Between treatments 4010.73 0.001 5.82 Significant
Stable aggregate) Between durations 3384.39 0.001 7.37 Significant

05 Feeding (Energy content Between treatments 3797811 0.001 5.82 Significant
of stable aggregate) Between durations 2116234 0.001 7.37 Significant
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also  for their survivability (Farrukh and Ali, 2011).
Earthworms enhance carbon incorporation into

the soil macro-aggregate by cast formation. And
stable aggregates help in seed, soil contact and soil
hydraulic conductivity. Dittbrenner et al. (2010) ob-
served that cast formation was decreased by earth-
worms, A. caliginosa and L. terrestris by 96.9% and
95.7% when they were subjected to 0.66 mg kg-1 dry
soil imidacloprid application for 7 days. This result
coincided with the result of the present investiga-
tion. Feeding rate of contaminated Eisenia fetida is
reduced due to decrease in its cellulase activity
which resulted loss in body weight (Luo et al., 1999).
The study of Capowiez et al. (2010) explains that rise
in Cr concentration decreases the cast production
rate, which is quite similar to the present investiga-
tion.

Again the result of the study coincides with the
result extracted by the experiment of Stenerson et al.
(1973), who also revealed that the increase in respi-
ratory metabolism might be possible due to higher
muscular activities and energy utilization which
was also to overcome oxidative impairment as no-
ticed by Marigoudar et al. (2009) in fish, Labeo rohita
under the impact of cypermethrin insecticide.

Dasgupta et al. (2012) also suggested that release
of respiratory gas CO2 was enhanced by P. excavatus
with the presence of pesticides carbaryl,
chlorpyrifos and endosulfan which was supposed
to be because of metabolic stress on the organism.
To get rid of the stress, its energy is attributed to-
wards its burrowing activity and feeding upon soil
organic carbon, which in turn influence the emission
of CO2 gas (Blagodatsky and Smith, 2012; Lubbers et
al., 2015).

Even though the respiratory metabolic rate had
positive correlation with the concentration of the
pesticide, other physiological parameters were
negatively correlated with the concentration of the
pesticides.

Conclusion

Loss of biodiversity has become a major problem for
the existence of human being. It is due to the huge
input of the agrochemicals, which should be re-
stricted to some extent. This is possible only by the
use of biopesticides and biofertilizers along with the
implementation of bioremediation. This study also
confirms earthworms can act as and also can be uti-
lized as bioindicators to dictate environmental pol-

lution due to its response towards chemicals. Earth-
worm, E. fetida again recover from the toxic impact
of pesticides and show their growth and reproduc-
tion rate between 4 and 8 weeks when they are re-
moved from pesticide treated soil adulterated by
carbendazim, glyphosate and dimethoate (Yasmin
and D’Souza, 2007). Above study have successfully
implemented correlation concept and two way
ANOVA to obtain a significant result in study of
Ecotoxicity of Cartap Hydrochloride on “Perionyx
excavatus”
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