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Abstract

Aim: The aim of this study was to evaluate the variation in certain biochemical parameters of the earthworms, Drawida willsi (Sp1), Glyphidrilus
tuberosus (Sp2), Lampito mauritii (Sp3) and Perionyx excavates (Sp4) in response to seasonal soil moisture and temperature alterations.

Methodology: Soil moisture and temperatures were measured by digital moisture meter and thermometers, respectively. The sampling of earthworms
was done following quadrat method during dry and wet seasons from three agro-climatic zones (Balasore (Z1), Sambalpur (Z2) and Nayagarh (Z3) of
Qdisha, India. Tissue protein, LPX level, catalase, acetylcholinesterase and lactate dehydrogenase activities were estimated spectrophotometrically.

Results: Significant variation (P< 0.05) in soil
moisture and temperature were noticed between
dry and wet seasons in all the agro-climatic zones.
All the earthworm species indicated lower protein
level, acetylcholinesterase activity, higher lipid
peroxidation, LDH and catalase activity in dry
season relative to wet seasons. Soil moisture
indicated significant positive correlation (P< 0.05)
with tissue protein of Sp1 (r=0.59), Sp2 (r=0.64),
and Sp4 (r=0.55) of Z1, Sp2 (r=0.63) and Sp4
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Introduction

Among numerous macro-invertebrates in the soil,
earthworms account for the highest biomass of soil biota (Curry et
al., 2004). The horizontal and vertical stratification and
abundance of soil fauna contribute to soil profile and pedogenesis
(Arancon et al., 2003). Earthworm population significantly
contribute to soil formation, mineralization of organic matter,
nutrient cycling, and water infiltration in terrestrial ecosystems
(Katsvairo et al., 2007; Bartlett et al., 2010). The population and
diversity of earthworms too are influenced by availability of soil
nutrients (Biradar and Biradar, 2015). Earthworms have often
been used as model indicator organisms for ecosystem
disturbances (Nayak et al., 2018; Samal et al., 2019 a, b; Singh et
al.,2019).

Soil moisture and temperature are two key environmental
factors that are likely to influence earthworm population density
and physiology. It has been reported that 15°C-20°C temperature
range was ideal for rapid cocoon development and growth of the
earthworm Lumbricus terrestris (Daniels et al., 1996). If food
source is available and soil moisture is optimum, earthworms
significantly increase their biomass and activity (Edwards and
Bohlen, 1996). Below ground ecosystems are affected by soil
moisture which can influence nutrient availability ,decomposition
rates , growth and survival of soil animals (Swift et al., 1979;
Wever et al., 2001; Trofymow et al., 2002., Kulkarni et al., 2016).
Soil animal communities can be influenced by the precipitation
regimes which can affect their functional roles (Wall et al., 2008;
Blankinship et al., 2011; Eisenhauer et al., 2012). It has been
suggested that soil moisture availability may alter trophic patterns
within soil communities and subsequently alter ecosystem
functioning (Sylvain et al., 2014).

Information on the variation in earthworm biomass and
population density with soil temperature and moisture are
available (Lalthanzara, 2011; Teng et al., 2013; Kalu et al., 2015).
It is expected that the variation in soil temperature and moisture
observed during dry and wet seasons can influence metabolic
functions, more specifically the vital biomolecules such as protein
and enzyme activities in earthworms. Information on how these
animals respond biochemically to temperature and moisture
variations in natural habitats is meagre.

Therefore, this study was undertaken to evaluate the
effects of variable soil moisture and temperatures on tissue
protein, lipid peroxidation (LPX) level and activities of catalase,
lactate dehydrogenase (LDH) and acetylcholinesterase (AChE)
in four tropical earthworms, Drawida willsi (Sp1), Glyphidrilus
tuberosus (Sp2), Lampito mauritii (Sp3) and Perionyx excavates
(Sp4) found abundantly in the agricultural fields in the state of
Odisha, India.

Materials and Methods

Study area: The study was conducted in dry (March-April) and
wet (July-August) seasons of the year 2017 in three agroclimatic
zones, Balasore (Z1) , Sambalpur (Z2) and Nayagarh (Z3)
located in the state of Odisha, India. Balasore lies in the eastern
coastal region of the state , experience hot and humid climate with
average annual mean temperature ranging from 22 °C to 32 °C,
annual average rainfall of 1583 mm. Sambalpur in western
Odisha experiences an extreme climate with hot and dry summer
followed by humid rainy season and cold winter. The average
annual temperature varies from 19.9 °C to 34.8 °C with annual
precipitation of 938mm. Nayagarh is in the central part of the state
with hot and humid climate and average annual temperature
ranging from 23 °C to 37 °C and rainfall of 1020mm.

Earthworm sampling and identification: Four dominant
earthworms Drawida willsi (Sp1), Glyphidrilus tuberosus (Sp2),
Lampito mauritii (Sp3) and Perionyx excavates (Sp4) were
sampled from conventional agricultural fields of the agro-climatic
zones. Asampling grid of 20 mx20m was demarcated in each field
and then divided into 16 subunits of 5mx5m each. Earthworms
were randomly sampled from each subunit from a quadrat of
1mx1mx30 cm using conventional digging and hand sorting
method. All the species were collected in the morning between
9a.m. to 11a.m., transferred to poly bags with field soil and then
brought to the laboratory alive for biochemical analysis.

Measurement of soil moisture and temperature: Soil
temperature and moisture were measured in-situ with the help of
digital thermometer (Spectrum Tech-6300,USA) and moisture
meter (Lutron, PMS-714, Taiwan), respectively.

Biochemical analyses: Two clitellated earthworm of each
species were kept for 30 min in glass petridishes with distilled
water to clear the gut contents. The worms were then thoroughly
rinsed with distilled water, separately homogenized in 0.05 M
potassium phosphate buffer (1:4 ratios, pH 7.4) in chilled
condition. Each homogenate was centrifuged for 15 min at 10,
000 rpm in a refrigerated centrifuge. Supernatant was collected
and keptin a deep freezer (-20°C) till further biochemical analysis.
All the biochemical parameters were measured with the help of
UV-Vis spectrophotometer (Systronics). Total tissue protein of
earthworms was measured by Folin-Ciocalteau method as per
Lowry et al. (1951). The reaction mixture of solution A (0.1 M
NaoH and 2 % Na,Co,), solution B (0.5% CuSo,), solution C (1 %
KNaC,H,0,-4H,0) were mixed in sample in 100A:2B:2C ratio
followed by addition of Folin—Ciocalteau phenol. The samples
were read on a UV-VIS spectrophotometer at 700 nm taking
bovine serum albumin as standard. The amount of protein was
expressed in mg g tissue. LPX level was measured in terms of
malondialdehyde (MDA) by adding reaction mixture of sodium
dodecyl sulphate (SDS), acetic acid, thiobarbituric acid (TBA) and
butylted hydroxyl toluene (BHT) to samples as per Ohkawa et al.
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(1979) and expressed in mol mg” protein. Catalase activity was
estimated by taking hydrogen peroxide as substrate and
expressed in U per mg protein (Cohen et al., 1970). The activity of
LDH was measured at 340 nmin a medium containing phosphate
buffer (pH 7.4), 7.5 mM NADH taking 30 mM sodium pyruvate as
substrate and expressed in U mg" protein (Cabaud et al., 1958).
AChE activity was measured at 412 nm and expressed in U mg”
protein. The reaction mixture contained 2 mM DTNB and 1 mM
acetylcholine iodide (Ellman et al., 1961).

Statistical analysis of data for t- test and correlation were
done to determine the significance of variation due to changes in
temperature and moisture during different seasons at 0.05
probability level using SPSS-20 software.

Results and Discussion

The mean soil temperature ranged between
22.83+1.17°C to 30.03 £2.54 °C in Z 1, 23£2.42 °C to 32.96
£1.97 °C in Z2 and 22.66 £2.63 °C to 31.96 +3.64 °C in Z3,
irrespective of seasons (Table 1). The mean soil temperature was
noticeably higher in dry season with respect to wet season in all
the sampling zones. Student's t-test indicated significant
difference (P<0.05) in the soil temperatures between dry and wet
seasons irrespective of agro-climatic zones. The highest mean
soil temperature was found in Z2 (32.96x1.97 °C) during dry
season and the lowest in Z3 (22.66+2.63 °C) during wet season.

The percent moisture ranged between 28.33+3.5% to
72+6.08% in Z1, 21.66+3.05% to 71.33£3.51 % in Z2 and
25.3343.05%1067.33+£2.08 % in Z3 (Table1). The mean percent
soil moisture was significantly lower (P<0.05) during dry season
in comparison to wet season.

Tissue protein level in Sp1 was highest (210.73+9.35 mg
g" tissue) during wet season and lowest (145.35+1.14 mg "
tissue) during dry season in Z1. In Sp2, the highest protein
content (289.19+14 mg g” tissue) was observed during wet
season and the lowest (129.83+3.8 mg g tissue) during dry
seasonin Z2. In Sp3, the maximum protein content (271.84+1.84
mg g” tissue) was recorded in wet season of Z3 and minimum
(139.57+2.29 mg g tissue) in dry season of Z2. In Sp 4, the
highest protein (252.96+5.18 mg g tissue) was noticed in wet
season of Z2 and the lowest (130.89+5.33 mg g” tissue) in dry
season of Z1. Thus, it is evident that irrespective of sampling
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zones and earthworm species, the tissue protein was higher in
wet season relative to the dry season. Statistical analysis through
t-test indicated significant difference (P<0.05) in the protein
contentof Sp1and Sp2inZ 1, Sp2, Sp3, Sp4inZ2 and all species
inZ3 (Fig. 1).

Soil moisture indicated significant positive correlation (P<
0.05) with tissue protein of Sp1 (r=0.59), Sp2 (r=0.64) and Sp4
(r=0.55) of Z1, Sp2 (r=0.63) and Sp4 (r=0.67) of Z2 and Sp2
(r=0.58) and Sp3 (r=0.65) of Z3. Soil temperature showed
significant negative correlation (P< 0.05) with tissue protein of
Sp3 (r=-0.51) of Z1, Sp2(r=-0.56) and Sp4(r= -0.69) of Z2 and
Sp1(r=-0.54) of Z3.

Tripathy et al. (2011) studied the protein content in three
earthworms, Metaphire posthuma, Perionyx sansibaricus and
Lampito mauritii exposed to variable temperatures and found that
the protein level increased from 14°C to 28°C. Subsequently, with
the increase in the temperature from 28 to 42°C, the protein level
showed a significant decrease. Mishra ef al. (2018) studied the
effects of variable temperature exposures on the tissue protein of
Eudrilus eugeniae in laboratory conditions and reported
significantly lower protein levels at 40 °C and 4 °C relative to an
optimal temperature of 35 °C. In this study, the maximum protein
content in all the species was recorded in wet season with high
moisture % and low temperature and lower levels in dry seasons
indicating that low moisture and high temperature in soil could
increase the physiological stress and that protein synthesizing
activity was hampered in the earthworms with consequent
reduction in tissue protein level.

LPX level in Sp1 indicated the maximum value (0.212 +
0.03 nmol mg” protein) in dry season at Z3 and minimum (0.043 +
0.001 nmol mg" protein) in wet season at Z2. Sp2 had the highest
LPXlevel (0.113 +0.04 nmol mg” protein) in dry season at Z2 and
the lowest (0.02 + 0.006 nmol mg " protein) in wet season at Z1. In
Sp3, the highest LPX level (0.190 % 0.02 nmol mg” protein) was
recorded in dry season at Z2 and the lowest (0.04 + 0.006 nmol
mg” protein) in wet season at Z3. LPX level in Sp4 was maximum
(0.189 +0.02 nmol mg protein) in dry season at Z1 and minimum
(0.03 £0.009 nmol mg” protein) in wet season at Z2. It is evident
that the level of LPX was invariably higherin dry season relative to
the wet season irrespective of earthworm species. Student's t-
test indicated statistically significant (P < 0 .05) variation in LPX

Table 1 : Soil moisture (%) and temperature (°C) of different agro-climatic zones in dry and wet seasons in Balasore (Z1), Sambalpur (Z2) and

Nayagarh(Z3)

Agroclimatic zone Moisture (%)

Temperature (°C)

Dry season Wetseason Dry season Wetseason
Z1 28.33+3.5 7246.08 30.03+2.54 22.83+1.17
72 21.66+3.05 71.33+3.51 32.96+1.97 23+2.42
Z3 25.33%3.05 67.33£2.08 31.96+3.64 22.66+2.63

Values are Mean%S.D.
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Fig. 1 : Variation in the mean tissue protein of earthworms during dry and
wet seasons in Balasore (Z1), Sambalpur (Z2) and Nayagarh (Z3).

level between dry and wet seasons in Sp1 and Sp2 at Z1, all
species atZ2 and Sp3, Sp4 at Z3 (Fig. 2).

LPXlevel in animals generally increases with increase in
stress with consequent production of reactive oxygen species
(ROS). Kamel et al. (2014) while studying the biomarker
responses in the rope mussel Mytillus galloprovincialis found
significant increase in LPX level within the tissue in summer with
higher water temperature relative to spring. Mishra et al. (2018)
have reported higher LPX level at extreme temperatures of 4 °C
and 40 °C in Eudrilus eugeniae. In the present study, LPX level in
most of the species was found to be higher in dry season when
soil temperature was comparatively higher and moisture content
was lower, indicating that temperature and moisture stress could
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Fig. 2: Variation in the mean lipid peroxidation (LPX) level of earthworms
during dry and wet seasons in Balasore (Z1), Sambalpur (Z2) and
Nayagarh (Z3).

accelerate oxidative damage resulting in higher LPX level in
these earthworms.

Catalase activities in earthworms were invariably higher
in dry season and lower in wet season at all the agro-climatic
zones, with Sp1 as an exception. The maximum enzyme activity
(0.775+0.97 U mg" protein) was observed in the dry season at Z1
and minimum (0.143+0.01 U mg” protein) in wet season at Z2.
Sp2 showed the highest catalase activity (0.201+0.01U mg’
protein) in dry season at Z2 and lowest (0.072+0.006 U mg"
protein) in wet season at Z1. Similarly in Sp3, the maximum
(0.309+0.01 U mg" protein) and minimum (0.073+0.01 U mg”
protein) enzyme activities were recorded in dry and wet seasons
at Z2 and Z3, respectively. High catalase activity (0.346+0.01 U
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Fig. 3 : Variation in the mean catalase activity of earthworms during dry
and wet seasons in Balasore (Z1), Sambalpur (Z2) and Nayagarh (Z3).

mg" protein) was observed in dry season at Z3 and low
(0.149+0.008 U mg” protein) in wet season at Z2. Student's t-test
indicated that the difference in catalase activity of earthworms
between dry and wet seasons was significant (P<0.05) in Sp2,
SpdatZ1,Sp2atZ2and Sp1, Sp2, Sp3 atZ3 (Fig. 3).

Geracitano et al. (2004) studied the seasonal variation in
catalase activity in the polychaete Laeonereis acuta and reported
that the enzyme activity is higher in autumn and lower in winter. In
the laboratory study, high water temperature induced catalase
activity in the mussel Mytillus galloprovincialis (Khessiba et al.,
2005). In natural habitat too significantly high catalase activity
was recorded in this mussel in warmer water of summer in
comparison to cooler conditions of Spring (Kamel et al., 2014).
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Fig. 4 : Variation in the mean LDH activity of earthworms during dry and
wet seasonsin Balasore (Z1), Sambalpur (Z2) and Nayagarh (Z3).

Significantly higher catalase activity has been reported in the
earthworm E. eugeniae at temperature extremes of 4 °C and 40
°C (Mishra et al., 2018). In the present study, the catalase activity
was found to be minimum in wet season in comparison to dry
season irrespective of earthworm species and sampling zones.
Since catalase activity is closely linked to oxidative damage due
to lipid peroxidation, an enhanced LPX level during dry season
was likely to stimulate this enzyme activity.

LDH is an important metabolic enzyme which catalyses.
The interconversion of pyruvate to lactate in anaerobic glycolysis
(Samal et al., 2017). It is a cytoplasmic enzyme involved in
anaerobic energy production. Irrespective of earthworm species,
the highest (0.193 + 0.023 U mg” protein) and lowest (0.027
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Fig. 5 : Variation in the mean AChE activity of earthworms during dry and
wet seasons in Balasore (Z1), Sambalpur (Z2) and Nayagarh (Z3).

0.001 U mg" protein) LDH activity was recorded in the dry and wet
season in Z2. In Sp1, the maximum (0.193 + 0.023 U mg” protein)
and minimum (0.027 + 0.001 U mg" protein) LDH activities were
observed in the dry and wet seasons, respectively, in Z2. Sp2 had
the highest LDH level (0.147 + 0.04 U mg” protein) in the dry
season at Z2 and the lowest (0.051 + 0.006 U mg” protein) in the
wet season atZ1. In Sp3, the highest LDH level (0.155+ 0.02 U mg
" protein) was recorded in the dry season at Z2 and the lowest
(0.086 + 0.006 U mg” protein) in the wet season at Z1. LDH level in
Sp4 was maximum (0.158 + 0.02 U mg" protein) in the dry season
atZ2 and minimum (0.049 +0.009 U mg” protein) in the wet season
at Z1. Student's t-test indicated statistically significant (P < 0 .05)
variation in LDH activity between dry and wet seasons in Sp2, Sp3
and Sp4 atZ1, Sp1and Sp2 atZ2 and Sp3, Sp4 at Z3 (Fig.4).

Augenfeld (1966) had observed alteration in LDH activity
in some soil invertebrates (Arthropods and annelids) in response
to environmental variations. Tripathy et al. (2011) reported that
LDH activity in Metaphire posthuma was inversely proportional to
an increase in the environmental temperature. Mishra et al.
(2018) reported high LDH activity at 35°C and lower activity at
30°C in the earthworm Eudrilus eugeniae. In the present study,
the LDH activity in the earthworms was invariably higherin the dry
season. In a water-deficient environment, the cutaneous
respiration of the earthworms could be inhibited resulting in an
anoxic physiological state. Oxygen deficiency in animals is
generally compensated by energy production through anaerobic
metabolic processes such as glycolysis with enhanced LDH
activity.

AChE activity was higher during wet season relative to dry
season. The maximum AChE activity (0.183+0.67 U mg" protein)
was observed in the wet season at Z3 and minimum (0.029+0.01
U mg" protein) in the dry season at Z1. Sp1 showed the highest
AChE activity (0.175+0.03 U mg” protein) in wet season at Z3 and
lowest (0.029+0.003 U mg™ protein) in dry season at Z1. Similarly
in Sp2, the maximum (0.1240.03 U mg” protein) and minimum
(0.070+0.01 U mg” protein) enzyme activities were recorded in
wet and dry seasons at Z3 and Z2 respectively. In Sp3, highest
AChE activity (0.157+0.06 U mg" protein) was observed in wet
season at Z2 and lowest (0.041+0.003 U mg” protein) in dry
season at Z1. AChE activity of Sp4 was highest (0.183+0.09 U
mg” protein) in wet season at Z3 and lowest (0.065+0.016 U mg
protein) in dry season at Z1 (Fig. 5). Student's t-test indicated that
the difference in AChE activity of earthworms between dry and wet
seasons was not significant.

AChE is the primary cholinesterase in animals. In the
present study, AChE activity in earthworms was invariably lower
in dry season relative to the wet season. Singh et al. (2013)
reported significantly lower AChE activity in the silkworm
Philosamia ricini exposed to cold stress. The observations of
Mishra et al. (2018) on E eugeniae indicated significantly lower
AChE activity at 35°C and higher activity at 30°C in a laboratory
experiment. Identical results were reported in the sea urchin,
Paracentrotus lividus, where AChE activity had been shown to be
dependent on temperature and was found to be low under cold
stress conditions (Angelini et al., 2003). It can be hypothesized
that invertebrates being poikilotherms are likely to be influenced
by variations in environmental factors such as heat or cold stress
leading to physiological alterations. The possible reason behind
low AChE activity of earthworms in dry seasons in the present
study may be due to the fact that in a desiccated environment and
higher soil temperature of summer, inhibitory compounds are
likely to be produced in these animals affecting AChE activity.
Inhibition of AChE may accumulate neurotransmitter,
acetylcholine, at the synaptic junctions. Consequently, this is
likely to block the transmission of impulse in the neuromuscular
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junctions, adversely impacting muscle contraction during
locomotion of the earthworms.

The present study indicated that moisture deficiency in
the dry season with higher soil temperature could adversely
impact vital biochemical processes in all the species of
earthworms. Altered tissue protein level and activity of vital
enzymes could consequently impair the growth and physiology of
these animals with an adverse impact on their functional role. The
results of the study also explain to a certain extent the
physiological consequence of soil desiccation during climate
change on soil fauna.
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