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Abstract: Soil is a complex and dynamic ecosystem supporting diverse fauna which constitute an integral
component of ecosystem processes. Arthropod population in soil is dynamically involved in global nutrient cycling.
This sensitive ecosystem and its components are affected by various chemical stressors added to it. Agrochemicals
pose a serious threat to the faunal component of soil system. In this study impact of an insecticide, Deltamethrin, on
the pre-adult moulting interval and fecundity of a terrestrial isopod, Philoscia muscorum was analyzed. Using
standard procedures, bioassay studies were done in laboratory to find out the impact of the agrochemical. Four
replicates were used for conducting fecundity studies. When control group was compared with the experimental
group treated with deltamethrin, significant difference in fecundity was obtained. Pre-adult moulting interval
showed significant difference between control group and experimental group. Ecologically feasible agro practices
are to be promoted for sustainability of soil ecosystem.
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Introduction

Soil fauna, characterized by numerous species,

large number, small movement range and
sensitivity to environmental changes (Copley,
2000) constitute an integral part of soil ecosystem
by filtering and purifying the soil environment.

Soil litter layer constitutes a crucial habitat for

many soil organisms. Most of the soil fauna, macro
as well as micro-fauna, influence the dynamic
nature of soil ecosystem by modifying the habitat
through litter decomposition. The process of litter
decomposition is quite significant as about 90% of
the total biomass in terrestrial systems returns to
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the soil through litter (Wardle and Bardgett,
2004). Litter layer soil arthropods belong to the
group of ecosystem engineers and they facilitate
litter decomposition by fragmenting leaf litter
(Pinto et al, 2005), thus constituting distinctive
components of brown food web (Bardgett et al,
2005). Yang and Chen (2009) have reported that
soil fauna influence nutrient release through litter
decomposition directly and indirectly thus altering
the nutrient levels and community composition of
soil. The soil
important functional groups, maintain the stability
of ecosystem as a whole (Kunakh et al., 2020) and
human interferences adversely affect the structure
and function of these systems. Soil isopods are
saprophagous invertebrates, with cosmopolitan
distribution,

macrofauna community are

often  constituting  dominant
community in soil (David and Handa, 2010).
Terrestrial isopods are sensitive to impacts of
anthropogenic  activities and hence are
recommended as bioindicators (Mazzei et al,

2013; Agodi et al,, 2015).

Anthropogenic activities in various
dimensions including the alteration of physio-
graphical structure and addition of chemicals into
soil in the form of fertilizers and pesticides have
become detrimental to soil fauna. Chemical
additions to the soil disturb the equilibrium of the
system as it cause quantitative and qualitative
alterations to soil faunal component (Meena et al.,
2020). It has been reported by Drobne (1997) that
terrestrial isopods are appropriate to test the
relative toxicity of various chemical additives
present in the soil, indicative of their role as

ecological indicators.

Considering the load of agrochemical stressors
added to ecosystem and their perilous impacts,
presently ecotoxicological studies are of much
relevance. The present study aims to evaluate the
impact of Deltamethrin on the fecundity and
duration of moulting in the terrestrial isopod,
Philoscia muscorum.
spectrum pyrethroid insecticide (Tomlin, 2006),
widely used for controlling pests in agriculture
lands and public health programs (Bhattacharjee

Deltamethrin is a broad-

and Das, 2011). The present study takes into
consideration the fecundity and pre-adult
moulting pattern as it may indicate changes in
population dynamics of the organism.

Materials and Methods

The impact of the agrochemical, Deltamethrin on
fecundity and pre-adult moulting interval of
Philoscia muscorum was studied using bioassay.
For the experimental study, organisms were
collected from the field and acclimatized under
laboratory conditions. 150 adult organisms
grouped as control group and experimental group
were kept in culture bottles and fed with decaying
jackfruit tree leaves. Deltamethrin was prepared
in concentrations, 0.5,1, 1.5, 2, 2.5 and 3 ppm, by
dissolving  appropriate  quantity = of the
Deltamethrin in 1000 ml distilled water (APHA,
2012). Sublethal

concentration were

concentration and safe
calculated using Probit
analysis (Finney, 1971). Five adult males and
females each were Kkept in separate culture
chambers-control group and experimental group.
The experimental group was fed with jackfruit
tree leaves soaked in sublethal concentration of
Deltamethrin. Eggs in each oviposition was
counted for both the groups. The number of days
taken for hatching of eggs and the preadult
moulting intervals were observed. The difference
in fecundity of the control and experimental group
was found out using one way ANOVA. Student's t-
test was done to find out the difference in
fecundity between broods as well as the difference
in fecundity of the organisms treated with

Deltamethrin.
Results and Discussion
Fecundity studies in Philoscia muscorum

Fecundity of Philoscia muscorum was recorded for
the control as well as the experimental groups. Of
the four replicates in the study, the second
replicate gave the highest mean value of eggs (18)
and lowest was recorded for the fourth replicate
(13+1.41). Mean fecundity was 18. There was no
significant difference in the number of eggs

between the broods (P= 0.63761, P> 0.1).
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Regarding the control group treated with
sublethal concentration of Deltamethrin, the
lowest mean value was for the fourth replicate
(12). Here also there was no significant difference
in the number of eggs between the broods (P=
0.213, P>0.1). But there was significant difference
in fecundity between the control group and
experimental group (P= 0.006, P < 0.05). Many
investigators have reported depletion in isopod
population due to application of agrochemicals
(Allison, 2010; Adams, 2011; Anderson et al,
2012), which substantiates observations of this
study.

Pre-adult moulting interval in Philoscia muscorum

Moulting pattern of Philoscia muscorum was
studied under laboratory conditions. The first
moulting occurred at 24.1+0.15 day, second moult
at 34.9+0.09 day, third moult at 46.75+0.1 day and
at 54.55+0.2 day fourth moulting took place. Pre-
adult moulting intervals of Philoscia muscorum
after treatment with sublethal concentration of
Deltamethrin showed difference from the
normal moulting pattern of the organism. The
experimental group were treated with sublethal
concentration of Deltamethrin (1.926 ppm). The
eggs hatched after a period of 10.2 days. There
was delay in hatching compared to the control
group (7.8 days). Moulting intervals also showed
increase, the first moulting happened after 14
days, i.e., approximately on the 24t day, second
moulting on approximately 35th day, i.e. after 10
days, third moulting occurred on 47t day, i.e,
after 13 days and the fourth moult after 14 days,
i.e. on the 60t day. Replicates 2, 3, 6, 8 and 10 did
not lay eggs while the other groups laid eggs. All
the replicates in group laid eggs.
Deltamethrin treated group showed variation in
moulting interval at different stages. One way
ANOVA indicated that there is no variation in the
number of days of each replicates with respect to
different stages of moulting (F=0.000347, P>0.05).

control

Philoscia muscorum, a litter dwelling isopod is
a non-target organism with respect to the
insecticide, Deltamethrin. In the present study, it
can be seen that exposure to deltamethin can

negatively affect the fecundity of the isopod.
Agricultural activities- physical such as ploughing
or chemical- may affect the soil faunal population
adversely. Pereira et al. (2009) have indicated that
pesticides reaching the soil affect non-target
organisms. Chemical stressors adversely affect
biodiversity and ecosystem functioning across
well as

terrestrial as aquatic

(Beaumelle et al, 2020). This is an indication of

ecosystems

extensive negative impacts of agro pesticides on
soil ecosystems. In the present study it is seen that
there is significant difference in fecundity between
the control and experimental groups of Philoscia
muscorum, though the number of eggs deposited
in the broods showed no significant difference in
both these groups.

that
Deltamethrin has negative impact on pre-adult

The present study also indicates
moulting of Philoscia muscorum (Table 1; Fig. 1).
Moulting interval was increased at various stages
and fecundity was reduced. It is reported that
application of pyrethroid chemicals to agricultural
areas can lead to exposure of non-target
organisms including soil decomposers to sublethal
concentrations of the chemical, which cause
alterations in the development pattern, growth
and reproduction of these organisms (Palmquist et
al, 2012), which substantiates the result of the
study. Impact of deltamethrin can be through the
substrate in addition to the dietary route (Karen et
al, 1995). In addition to this, Akien-Alli and Otali
(2021) reported that deltamethrin application
reduced soil pH, soil organic matter content; soil
nitrogen and phosphorus content was also
reduced. Baskaralingam et al. (2019) has reported
negative effects of deltamethrin on the
physicochemical properties of the soil. It has been
reported that agricultural practices decrease the
number of species of soil organisms due to
ploughing, effect of which last for months or
weeks while the influence of persistent chemicals
can alter the soil flora and fauna for months or

years (Busari et al., 2015).

Soil litter dwelling isopods are found at
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Table 1: Pre-adult moulting intervals of Philoscia muscorum after treatment with sublethal concentration of

Deltamethrin
Stage | Sample | Sample | Sample | Sample | Sample | Sample | Sample | Sample | Sample | Sample Group
1 2 3 4 5 6 7 8 9 10 mean

(Days) | (Days) | (Days) | (Days) | (Days) | (Days) | (Days) | (Days) | (Days) | (DaysSE)
Rest 10 10.5 10.5 10 10 10.5 10.5 10 10 10 10.2+0.07
stage
1st 24 23.5 24 25 25 24 24 24 235 24 24.1+0.15
moult
2nd 35 35 35 35.5 34.5 35 34.5 34.5 35 35 34.9+0.09
moult
3rd 47 47 47 46.5 47 47 46 47 46.5 46.5 46.75+0.1
moult
4th 59 60 59 59.5 59 60 60 60 59.5 59.5 59.55+0.13
moult
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Fig. 1: Graph showing pre-adult moulting intervals of Philoscia muscorum- control group and experimental

group (+Deltamethrin treated group).

various depths of litter layer and the experimental
organism in the present study, Philoscia muscorum
is an upper layer dweller in the litter. Yang and Li
(2020) reported that soil isopods in general and
especially those living in 0-1 cm soil layer
significantly improve the nutrient content and
quality of soil during decomposition of soil litter.
Applied agrochemicals come in direct contact with
the upper layers of the litter or soil, which may
prove detrimental to the organism considered in
the present study. Their sensitivity to stressors in
the soil ecosystem make them preferable to be
used as ecological indicators, reflecting the
changes in their habitat. Many isopods are
considered as ecological which
highlight the impact of intensive agricultural

indicators

practices and other anthropogenic activities
(Paoletti, 1999). Isopods are reported to have
roles as bioindicators in bioremediation strategies,
indicating the presence of heavy metals (Udovic et
al, 2009) as well as in restoration programs
(Snyder and Hendrix, 2008). Results of the present
study shows that Philoscia muscorum can be an
indicator for chemical stressors in soil.
Sustainablity of global ecological systems is
crucial with respect to food security and
maintenance of habitable spaces in the biosphere.
Regarding ecosytems,
maintenance of a healthy population of these soil
isopods is of utmost importance with respect to
their key ecological role as litter decomposers

thus forming a salient component of global carbon
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budget (Berg and Mcclaugherty, 2014). This
scenario necessitates the popularisation of soil-
faunal friendly approaches in agro-ecosystems.
Conclusion

Synthetic agrochemicals have invaded all kinds of
biosystems. Soil systems are of special emphasis
regarding the effect of chemical stressors as the
impact stands for a longer duration in the soil than
any other type of ecosystem. The rejuvenation
time of soil ecosystems is much higher compared
to other systems, aggravating the negative effects.
Production and application of synthetic
agrochemicals have long lasting and far-reaching
consequences in the biosphere. In this study it is
found that the application of the pesticide,
Deltamethrin adversely affects fecundity as well as
pre-adult moulting interval of the soil isopod,
Philoscia muscorum. This may affect population
dynamics of this organism in the soil and the
ecological services done by organism. Such
changes may have global impacts, especially on
biogeochemical cycles. Though there is no total
protection against the deleterious effects of these
chemical stressors, agricultural
practices with lesser chemical additions are to be
formulated and practiced for long term survival of

the soil ecosystem.

sustainable
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