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ABSTRACT

The use of pesticides and insecticides has increased globally since the last few decades, which directly or
indirectly influence soil structure and vegetation. Heavy metals like Nickel, Cadmium, Zinc and Lead
released from industries, automobiles and other sources also acts as the major contributors of soil pollution.
Crops cultivated in such soil are harmful for consumption and can result in severe health issues. So, it is
necessary to have knowledge about the levels of toxicity present in the soil where farming has to be done.
Earthworms are directly exposed to these toxicants. They show a wide range of changes in their behavioral,
physiological and biochemical parameters in response to contaminated soil. This makes them a promising
bioindicator for determining soil toxicity.
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Introduction

Earthworms, often called ‘Nature’s Ploughman’, are
major inhabitants of the soil. They are present on al-
most all types of soil but they mostly prefer loose
loamy soil which is rich in nitrogen and other or-
ganic matter. They are cosmopolitan in distribution
but mostly found in the garden, grassland, field,
dump yard and muddy banks of the water bodies.
They are considered as a good representative of the
soil fauna (Connor 1998). Earthworms are classified
into three types on the basis of their niche: Epigeic-
which dwell on the surface of the soil; Endogeic-
which live on the topsoil layer and Anecic-which are
subsoil dwellers and generally make deep burrows.
They play a crucial role in agricultural practices by

modifying the structure and quality of the soil, pro-
moting proper cycling of nutrients, maintaining the
porosity, pH, aeration and water holding capacity of
the soil (Kiyasudeen et al., 2016; Boulin et al., 2013).
Hence, they are also referred to as ‘ecosystem’s en-
gineers’. Since the last few decades there is a consid-
erable increase in the use of insecticide, pesticide
and chemical fertilizers in order to gain healthy and
pest-free crop yield. Moreover, heavy metals like
Cadmium (Cd), Nickel (Ni), Zinc (Zn) and Lead (Pb)
released from industries and automobile emission
also get accumulated in the nearby field and vegeta-
tion areas.  These factors have negatively contrib-
uted to the increase in the soil toxicity by many folds
which has endangered the life of floral, faunal and
microscopic communities (Carolene et al., 2001).
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These polluted soils are not suitable for agriculture.
These highly toxic chemicals enter into our food
chain and finally reach the higher trophic level
which creates immense problems of environmental
quality as well as human health (Otitoloju et al.,
2009). These factors have led to an increase in
awareness about sustainable agricultural practices
(Eyhorn et al., 2019; Reganold and Wachter, 2016).
To maintain these practices, it is crucial to under-
stand the negative effects of toxic chemicals on the
soil and determine the level of toxicity of that soil
where cultivation has to be done (Datta et al., 2016).

Many chemical analyses are performed on the
soil to determine its toxicity. But the best indicators
are those organisms which are themselves exposed
to these toxicants (Svendsen et al., 2004).

One such bioindicator is earthworm. They absorb
the soil moisture through their skin pores. So, their
skin becomes an important route for the accumula-
tion of toxic materials in their body. They also ingest
the organic matter present in the soil and therefore
their gut and alimentary surface are also exposed to
contamination (Sanchez-Hernandez, 2006). They
show various responses to soil contamination and
therefore are used as tools for bioindicators of soil
health (Carolene et al., 2001). The proper study of
their responses (behavioural, morphological and
physiological etc.) against the soil contaminants
would provide an insight about the conditions of its
habitat soil. This would help to determine whether
the soil is fit for cultivation or not.

Types of Soil Pollutants

PAH: It stands for Polycyclic aromatic hydrocarbon.
It contains only carbon and hydrogen atoms. The
major source of accumulation of PAH comes from
the coke processing industries and due to the extrac-
tion of shade oil (Pope et al., 2000; Zhang et al., 2006;
Xiao et al., 2014; Li et al., 2020). They can cause car-
diovascular diseases and several forms of cancer in
humans.
Industrial wastes : Common industrial wastes
which cause soil pollution include dioxins, polychlo-
rinated biphenyls etc. Benzene and methylbenzene,
which are a form of petroleum hydrocarbon, also act
as major soil pollutants. They are carcinogenic in na-
ture (Zhang et al., 2020).
 Pesticides: They include herbicides like triazines,
carbamates etc. which are used to kill herbs and
unwanted weeds (Qisse et al., 2020), insecticides like

arsenic containing compounds, used for controlling
insect pests and fungicides like mercury containing
compounds used for killing fungi (Pérez-Mayán et
al., 2020; Sudoma et al., 2021). They cause disorders
of the central nervous system.
Heavy metals: They include copper, cadmium, zinc,
arsenic etc. They are highly toxic to the environment
and can cause severe health related issues.
Microplastics: Microplastics have a diameter of five
millimetres (0.2 inch) or less. They are frequently
discharged when water bottles, shopping bags, or
other plastic objects break down. Plastic trash can
enter terrestrial soils through a variety of routes,
according to recent research. Hurley and Nizzetto
distinguished three types of sources in this context:
(I) fragmentation of existing plastic trash in the en-
vironment, (II) deposition and runoff from the sur-
roundings, and (III) inputs from agricultural opera-
tions. Piehl et al. (2018) discovered 206 macroplastic
pieces per hectare and 0.34 0.36 microplastic par-
ticles per kilogramme dry weight of soil in their
study. Polyethylene is the most common polymer,
followed by polystyrene and polypropylene in that
order.

Earthworms’ Responses Against Soil Con-
taminants

Morphological changes

Earthworms which are exposed to heavy metals
show symptoms like oozing out of coelomic fluid,
swelling of posterior segments, curling, excessive
secretion of mucus and clitellar bulging
(Annapoorani, 2020).

Survivability

Abundance and survivability of earthworms can
give crucial information about the soil and its fertil-
ity (Fründ et al., 2010; Paoletti 1999; Pérès et al.,
2011). It has been noted that when concentration of
copper exceeds 500 mg/gm and the organic matter
remains less than 3.5% then the cocoon production
and viability decreases (Avila et al., 2009).

Behavioral Responses

Earthworms tend to move away from that part of
the soil which is more toxic to that part of the soil
which is comparatively less toxic. This behavioral
response of earthworms could be studied by con-
ducting an ‘Avoidance Test’. It is evaluated on the
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basis of abundance of earthworm on both the test
and reference soil. If the ratio exceeds or is equal to
20%:80% in the test and reference soil respectively,
then it indicates toxicity of the soil. This test is used
for determining the toxicity of floodplain soil and
can be performed on such fields where there is
abundance of endergonic earthworm and where the
main contaminant is copper (Fründ et al., 2004).

Earthworms show changes in their burrowing
activity, feeding and egestion behaviour if they are
exposed to toxic soil. These behavioural responses
could be studied by a test called 2D Terraria Test,
also called Evan’s boxes test. This test is performed
in soil filled cuvettes (Evans, 1947). They allow us to
visualise the activity of earthworms easily. So, they
are used to study changes in burrowing patterns,
feeding and egestion of earthworm (Evans, 1947;
Schrader and Joschko, 1991; Schrader, 1993). Burrow
length of Aporrectodea nocturna and Aporrectodea
icterica decreases with increase in sublethal insecti-
cide concentrations (Capwiz, 2003).

Cytological Response

Earthworm’s lysosomes are sensitive to different
organochlorines;’lysosomal stability assessment test’
is performed and the staining of cell lysosomes with
the neutral red dye is seen and NRRT (Neutral red
retention time) is calculated. It is used to determine
copper (Cu) contamination (Maboeta et al., 2003).

Genetic Response

Earthworms, namely Lumbricus terrestris and Eisenia
fetida showed strand breakage and DNA adducts re-
spectively on being exposed to dioxin and its deriva-
tive soil contaminated with organic pollutants and X
rays (Saint-Denis et al., 2000; Zhang et al., 2000).

Enzymatic Responses

HSP (Heat Shock Protein) gets inducted on earth-
worms on being exposed to contaminants. In Lum-
bricus rubellus HSP-60,70 and 90 get inducted in
those earthworms which live in metalliferous soils
(Mario et al., 1999). In Lumbricus terrestris, HSP-70
gets inducted on being exposed to pentachlorophe-
nol and heavy metals (Nadeau et al., 2001). Transfer
of earthworms from clean to metalliferous soil re-
sults in overexpression of HSP (Mario et al., 1999).
Activities of antioxidants like SOD (Superoxide
Dismutase), CAT(Catalase) and GR (Glutathione
reductase) can be used to evaluate the influence of
contaminants on the antioxidants of earthworms. In

Eisenia fetida, exposure to Lead and Uranium can
inhibit the activity of Catalase but they do not have
any effect on SOD (Labrot, 1996). Levels of GST
(Glutathione-S-Transferase) increases after being
exposed to organic chlorides such as Aldrin, En-
dosulfan etc. (Hans et al., 1993).

Role of Earthworms in Bioremediation of Toxic
Soil

The earthworms not only act as bioindicator for soil
pollution but its interaction with the soil microor-
ganisms also aids in the bioremediation of the toxic
soil.Bioremediation is defined as an approach to re-
cover the land which is degraded or contaminated
by pollutants (Marillo and Villaverde, 2017). The
earthworms are known to effectively interact with
the soil microorganisms like bacteria, fungi and ac-
tinomycetes (Brown and Doobie, 2004). This interac-
tion is generally through their burrowing activity,
casting and ingestion of soil along with the microor-
ganisms. This behaviour aids in the improvement of
soil structure and soil fertility (Edwards and Bohlen,
1996; Butt et al., 1999; Haimi, 2000; Lowe and Butt,
2003; Butt et al., 2004). The earthworms’ movement
through the soil enhances the distribution and trans-
port of bacteria and also in the dispersal of soil in-
oculants (Daane et al., 1997; Doobie et al., 1994;
Hampson and Coombes 1989; Hutchinson and
Kannel 1956; Singer et al., 1999; Stephens et al., 1994;
Thorpe et al., 2003). They also secrete mucilaginous
secretions which prime the soil and increase the nu-
trient availability (Wolters, 2000). Through these ac-
tivities earthworm aids in bioremediation of the
degraded soil and increases its fertility.

Nematodes are a major microorganism of the soil.
Some of these nematodes are parasitic to the plant.
They form gall like structures on the root nodes of
the plant and retard their growth. Earthworms acci-
dentally or selectively ingest these nematodes along
with organic matter and thus contribute to their
biocontrol (Hyvöen et al., 1994).

Discussion

Earthworms belong to soil macrofauna. They per-
form various functions which aids in the improve-
ment of the soil quality and fertility. They can in-
crease the fertility of the soil by forming a layer of
organic matter in the topsoil (Georgescu et al., 2004).
They incorporate and break down the organic resi-
dues in the soil by their burrowing activity. So, they
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are considered as a very important soil organism.
In recent years, there is an increase in the use of

pesticides and insecticides which has led to soil con-
tamination. The ‘German National Academy of
Sciences’ released a paper in 2018 called ‘The silent
spring’on the need for sustainable plant protection
in which it was concluded that “the methods and
strategies implemented at present in order to curb
the adverse effects of insecticides and pesticides are
not effective enough” (Schäfer et al., 2018).

Earthworm, being a very sensitive bioindicator
can help to determine the level of toxicity in the soil.
They show different changes on being exposed to
different types of contaminants. This can help in
determining the type of the contaminant.

Earthworms also interact effectively with other
soil microorganisms. They help in transport and dis-
tribution of bacteria from one part of the soil to other
through their movement. They ingest the soil nema-
todes along with the soil and act as their biocontrol
agents. Earthworms have also been shown to posi-
tively influence the rate of growth of certain plants
by increasing the soil aeration and fertility. Achiev-
ing proper knowledge about earthworms, its habits
and its response to soil pollution would provide bet-
ter opportunities for sustainable agriculture.

soil into their body. This makes them an effective
model organism to study the quality of the soil.

Moreover, some species of earthworm are also
said to act as a good bio-control of soil parasites.
Parasitic nematodes, which form gall like structure
in the root nodes of plants can cause a great damage
to their proper growth and render huge loss of crops
and other vegetation. Several chemical control meth-
ods are implemented which provide results but they
are too costly to meet the financial ability of the
farmers and they also cause soil toxicity.

 Earthworms ingest nematodes along with the
organic matter present in soil and act as an efficient
bio-control agent for these nematodes. Using them
would be a cost effective and eco-friendly method to
mitigate the harmful effects of these plant parasites.
Further, proper study of different species would
also help to establish the best species for controlling
them. Such earthworms could be introduced into
the fields before irrigation which would help in their
control efficiently and in a cost-effective way.
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