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Abstract: Earthworms are renowned for their ability to regenerate lost parts. The groups of
earthworm, Eisenia fetida were kept in different temperatures like 20°C, 25°C, 30°C and 35°C and
their regenerating efficiency was examined. After 30 days, authors found 44.44%, 66.66%, 66.00%
and 50.00% regenerating efficiency respectively with the control group as 70.00%. The earthworms
exposed to low (20°C) and high (35°C) temperatures, showed decreased rate of caudal regeneration as

compared to other experimental and control groups.
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INTRODUCTION

Earthworms are eucoelomate, vermiform,
metamerically segmented animal belong to
phylum Annelida (Verma and Prakash, 2020).
Earthworms are significant biotic resources
having antioxidant activity and play a significant
role in agro ecosystems (Deswal et al., 2020). A
balanced ecosystem is needed for the survival of
entire biotic components including humans
(Verma, 2017; 2018). The earthworms can live in
cold temperature by hibernating or burrowing
deeper into soil, often lose weight or enter
diapause when soils are too dry (Booth et al.,
2000; Holmstrup, 2001).

Earthworms are the friends of farmers as they
increase the soil fertility. Vermicompost obtained
with the help of them has many benefits to soil,
plants and the environment. Increasing global
temperatures will change the composition and

functioning of ecosystems (Harte and Shaw,
1995; Melillo et al., 2002; Lambrecht et al., 2007,
Prakash and Srivastava, 2019). Earthworms are
known to constitute more than 80% of the soil
invertebrate biomass in subtropical and tropical,
as well as in temperate zones (Kale, 1997;
Nainawat and Nagendra, 2001). Earthworms
have the ability to improve soil physical
structure, contribute to the breakdown of organic
matter and release plant nutrients (Edwards and
Bohlen, 1996).

The activity, metabolism, growth, respiration,
reproduction and regeneration of earthworms are
greatly influenced by temperature and they can
be killed by temperatures outside their survival
limits. The earthworm population in soils is
declined due to high surface temperature,
absence of ground cover, and dry soils. These are
much more limiting to them than low
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temperatures and waterlogged soils (Edwards
and Bohlen, 1996).

Discovered centuries ago, regeneration is a
biological phenomenon that attract even the
common people and it is a fascinating field in
novel biology that aim to solve the impossible lost
structure to regain again. Such type of
regenerative ability is naturally vested in
earthworm. Fragmentation in Annelida follows
several different approaches; one of the well-
known ways is spontaneous fragmentation or
autotomy that occurs in an ordinary situation for
the earthworm in the soil (Tian et al., 2000). In
induced fragmentation, when decapitation and
electric shock are done, autotomy starts after 24
hours (Tian et al., 2000; Inomata et al., 2000). In
autotomy (induced or spontaneous) in the fission
zone, the circular body wall muscles contract and
as a result the worm divides into two halves
(Yoshida-Noro et al., 2000). To avoid autotomy in
the samples, the cuts were performed between 20
and 21 segments from the head and 20 segments
from the tail. In this fragmentation, the
importance of seven segments from the head,
which is considered as a head part of the body
with the reproductive organs for regeneration,
were taken in to consideration, even more the
existence of growth zone and pygidium in the
posterior region was considered in order to
evaluate the external factors in renewing a lost
part. A little comprehensive work has been
carried out on the regeneration in the earthworm,
Eisenia fetida. In the present exploration, authors
studied the effect of temperature in the process of
tolerance and regeneration.

MATERIALS AND METHOD

The experiment was conducted to examine the
effect of temperature on regeneration and
regenerating efficiency of earthworms, Eisenia
fetida. Initially experimental group was
maintained in beakers and 200 g wet garden soil
was filled in the beaker for group (1) 20°C, (2) 25°C
(3) 30°C and (4) 35°C temperatures and group (5)
was served as control. Acclimatized 10
earthworms looking healthy and having
approximately equal size and weight were
selected. Usually 10 caudal segments amputated

of each earthworm using fine sterilized scissor
under dissecting microscope and inserted in
beakers the day of the experiment. For
amputation, the earthworms used were not
anaesthetized. Same procedure followed as per
survivability experiment. All the experimental
beakers were kept in B.O.D. incubator at
respective temperatures and provide various
temperature conditions. The moisture level was
maintained throughout the study period by
periodic sprinkling of adequate quantity of tap
water. The experiment was carried out till 30
days, after that the effect of cold and hot
temperature on regeneration and regenerating
efficiency, development of new segments and
physiology of earthworms, Eisenia fetida were
examined. The counting of regenerated segments
is easy due to their vascularized state,
transparency and dimensions. Such counting,
however, is possible up to a period of 30 days,
after which new segments assume normal
dimensions and colour. For calculating the
number of segments regenerated, the earthworms
were lightly anaesthetized (because of their
extreme agility) in 0.5% ethanol (V/V) in tap
water and were held on paraffin tray. Dissecting
microscope and hand lens were used to confirm
body structures that could not easily be seen with
naked eye during the identification process.

The percentage of regenerating efficiency was
calculated using the formula given:

% of Regenerating efficiency = x 100

B

Where, A= Number of worms regenerating more than
50% caudal segments and B= Number of regenerants.

RESULTS AND DISCUSSION

In the present work effects of temperature on
earthworm, FEisenia fetida were studied.
Differences between control and experimental
groups of earthworms were compared and
conclusion is drawn. During the experimental
period, earthworms showed progressive signs and
symptoms as mentioned.

The groups of earthworm, Eisenia fetida were kept
in different temperatures like 20°C, 25°C, 30°C and
35°C and the result of regenerating efficiency was
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44.44%, 66.66%, 66.00% and 50.00%
respectively. Further reduced regeneration rate at
20°C and 35°C indicates that the low and high
temperature inhibit temperature tolerance and
leads to physiological changes. The control group
regenerating efficiency was 70.00% after 30 days
(Table 1 and Graph 1). The earthworms showed
more survival and regenerating efficiency at 25°C
and 30°C temperature. However, the control group
showed highest regenerating efficiency. The
optimum temperatures were 25°C to 30°C for
earthworms, Eisenia fetida for their natural habit
and habitat. The difference in the regeneration
characteristics of earthworms, FEisenia fetida at

different temperature confirms that the worms
need an optimum temperature to survival,
regenerating efficiency and their physiological
activities.

The present study therefore finds that the
temperature at a range from 25°C to 30°C is an
ideal temperature to activate regeneration activity
and lead to maximum regenerating efficiency.
Authors noticed an influence of temperature on
biological characteristics like survival,
regenerating efficiency and their physiological
activities in earthworm.

Table 1: Effect of temperature on the caudal regeneration in earthworm, Eisenia fetida.

Temperature in °C
20°C 25°C 30°C 35°C Control
Groups 1 2 3 4 5
Number of worms used 10 10 10 10 10
Number of worms survival 10 10 10 09 10
after 30 days
Number of worms displaying 09 09 10 08 10
regeneration
Number of worms displaying non 01 01 00 01 00
vascular pygidium
Number of worms displaying 00 00 00 00 00
vascular pygidium
Number of worms
regeneration segments. 1 01 00 00 00 00
2 01 00 01 01 00
3 01 02 02 02 01
10 Segments amputated 4 02 01 01 01 02
from each worm. 5 01 02 01 02 02
6 01 02 01 01 02
7 01 01 02 01 01
8 01 01 02 00 01
9 00 00 00 00 01
10 00 00 00 00 00
Regenerating Efficiency 44.44% 66.66% 60.00% 50.00% 70.00%




Ajit Wakale and Suresh Kulkarni, IJBI 3 (2): 2021 289

100
90

80

70
60
50
40
30
20
10
20 25 30 35

Control

Regenerating Efficiency (%)

Temperature in °C

Graph 1: To show the effect of temperature on the
caudal regeneration of Eisenia fetida.

Earthworms have the power to regenerate the lost
segments. As most of the important organs are
concentrated at the anterior region, regeneration
takes place at the posterior end more easily in
comparison to anterior end. A worm is cut into
two, the anterior half will generate a tail, but the
posterior half usually cannot form the heart part.
The animal is cut lengthwise; it dies, as
regeneration does not take place in this case.

An earthworm is cut by a spade or bitten off by a
bird, centipede or mole, it does not necessarily
die, but can regenerate, the lost parts of the body
in due course of time. The formation of albumen-
filled cocoons for fertilization and development
of eggs are obviously the adaptation for
reproduction under adverse environments. After
that, the experiment was conducted to examine
the effect on caudal regeneration and the selected
range were 20°C to 35°C. The data presented in
table 1 showed that the caudal regeneration is
affected by lower and higher temperatures i.e.
20°C and 35°C. The temperature lower than 20°C
and higher than 35°C retarded the caudal
regeneration. Jamshidi et al. (2014) reported the
regeneration in Aporrectodea caliginosa is
regulated by both internal and external
environmental factors. It is significant that
earthworms possess the temperature-dependent
capacity to regenerate their grossly depleted

coelomocyte community after experimental
extrusion, with amoebocyte numbers recovering
within a few weeks whilst eleocyte numbers were
fully recovered much later, depending on the
ambient temperature (Homa, et al., 2008; Klimek,
etal., 2012). Nagavallemma et al. (2006) reported
that earthworms can tolerate temperatures
ranging from 0 to 40°C but the regeneration
capacity is more at 25 to 30°C. Some workers like
Rao and Saroja (1963) reported that the amount of
neurosecretory materials was not depleted
during low temperature exposure. The
temperature appears to play an important role in
the neurosecretory activity of Fisenia fetida,
which was affected by both cold and warm
temperatures. This indirectly affects the caudal
regeneration, as neurosecretory material
intensities lowered due to temperature
variations. The present experiment confirms that
soil temperature and moisture strongly influence
earthworm survival and regeneration activities.

In conclusion, authors noticed that the
neurosecretory material of earthworms and the
coelomocytes act in concern to regulate
fundamentally important functions such as
tissue regeneration. The temperature mainly acts
on neurosecretory cells, regeneration prompting
hormone (RPH) and neurotransmitter inhibitors.
Predictable signs and symptoms such as sluggish
movement's and bloody lesions are due to the
changes of temperature that affects earthworms.
Fluctuations in environmental temperature
impair the activity of the earthworms concerned.
In general, the earthworm, Eisenia fetida prefers
optimum and favourable conditions for normal
functioning.
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