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Abstract

Earthworms are important soil invertebrates and play an important role in improving soil quality. Indiscrete use of chemical
fertilizers poses a threat to soil quality. Alteration in the soil chemistry is known to negatively impact the macrofauna of soil,
especially, epigeic earthworms. The study aimed to understand the effect of chemical and biological fertilizers on the life table
attributes of earthworm, Eisenia fetida. Laboratory adapted E. fetida were reared on artificial soil supplemented with chemical
fertilizers, Urea and DAP, and biofertilizers, vermicompost and Rutoz®.It was observed that the presence of urea in soil proved
to be detrimental to the biomass accumulation, life span, as well as reproductive potential of the earthworms. Application of
urea to the soil harbouring earthworms reduced the weight of individual earthworms from 286+14.24 mg in the control group to
242+12.047 mg as soon as 15 days of the application, while the DAP diminished the earthworm weight to 272+13.54 mg. The
effect was more pronounced on the total biomass of the culture owing to the high toxicity of urea. The total mass diminished to
one-third,i.e., 1.02+0.05 g on Day 60 as compared to the corresponding control (3.46+0.172 g). The urea and DAP treatment
decreased the percent survival of the earthworms by 70% and 40%, respectively.On the other hand, the bio-fertilizers had a
positive effect on the earthworms and the biology is comparable to that of the control group. To the best of our knowledge, tis

is the first attempt to understand the effect of chemical fertilizers on the survival and reproductive fitness of the worms.

Keywords: Bio-fertilizers, Biomass, Cocoon, Chemical fertilizers, Earthworm, Eisenia fetida

INTRODUCTION

Earthworms, ‘the intestine of earth’ are found in cool
moist soil. Earthworms till the soil and help to improve
the soil structure with soil aeration, better drainage and
improved nutrient content (Sizmur et al., 2011a,b;
Jusselme et al.,2013) with an increasing population of
useful microbes. Earthworms represent a major soil
fauna and play significant roles in improving the yield
capacity of the land mass they live in (Matlok,2020). As
they live in close vicinity of plants, they accidentally
become prone to ill effects of agrochemicals, i.e., ferti-
lizers, pesticides, herbicides etc. (Byambas et al,
2019). In soil-toxicological studies, the earthworm is
widely used as a model experimental animal for toxicity
testing as recommended by European Economic Com-
munity (European Economic Community, 1985, Ali and
Kashem, 2018, Raza et al.,2021).

Nowadays, the use of chemical fertilizers has become
an indispensable aspect of agricultural practice. Ferti-
lizer (chemical /organic) input has become a decisive
step in crop yield and economic returns too. Fertilizer
application helps to replenish the nutrient consumed by
the previous crop. The impact of each artificially syn-
thesized substance, especially pesticides or fertilizers,
was assessed on crop quality and soil-fauna (Singh
and Gupta,2018). Earthworms are the most important
as well as the dominant fauna of all the soil macro-
fauna. Therefore, each change in the soil composition
affects the earthworms either directly or indirectly.

The chemical fertilizers are not always negative to the
soil inhabitants,i.e., earthworms. Few studies also
show an increase in food supply to earthworms due to
the increased production and thus more foliage on the
ground (Whalen et al.,1998). Other studies concluded
the neutral effect of the fertilizers on earthworms (Lofs-
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holmin, 1983). Though, the reports of the negative im-
pact of fertilizer and pesticide application are plenty
(Miglani and Bisht, 2019).

Several studies have already been conducted to
demonstrate the harmful effects of pesticides and ferti-
lizers on the soil. The growing food demand has left no
choice but to use fertilizers and pesticides to meet the
growing global food demands (Laucka et al., 2020).
These chemicals alter the soil chemistry that adversely
affect the soil fauna, thereby disturbing the soil ecosys-
tem (Liang et al., 2007).The residual pesticides are tox-
ic to the soil macrofauna, including earthworms
(Saxena et al., 2014). The effect of the fertiliser applica-
tion on soil macrofauna, especially the earthworm,is a
need of the hour.Therefore, the present study was de-
signed to access the effect of use of chemical and or-
ganic fertilizers on the life table attributes of Eisenia
fetida.

MATERIALS AND METHODS

Biological material

E. fetida were procured from Godhan unit, Bahadurgarh
(Haryana), a private firm engaged in the production of
vermi-fertilizer. Worms were brought to the laboratory at
Maharshi Dayanand University, Rohtak, Haryana and
were identified using the online available taxonomic key
and digital library (Thakur and Yadav, 2018). The
worms were thus, identified and confirmed as E. fetida.

Culture of earthworms

The laboratory-adapted earthworms were kept 27 %
20°Cin big culture pots for 5-6 months to be acclima-
tized in the laboratory conditions. The acclimatized
earthworms were reared in earthen pots (Volume 10
Lts.) to mimic the natural soil conditions. The experi-
mental setup was maintained as per the recommenda-
tions of OECD guidelines number 207 (1984) and 222
ISO (1993, 1998) for testing of chemicals (Organization
for Economic Co-operation and Development, 2004).
The earthworms were fed with 1.5% agarose gel to re-
place the organic matter in the gut. A group of mature,
healthy agarose fed, earthworms of approximately the
same body weight and length (approx 270-300 mg)
were used in the experimental model (Lodrache and
Borza, 2010).

Preparation of tropical artificial soil

Tropical artificial soil was prepared in the laboratory.
For this purpose, Cocopeat (10%) and crushed Egg-
shells as a source of calcium carbonate were mixed
thoroughly in Industrial sand (70%), and clay (15%).
The pH of the final mixture was adjusted to 6.0+0.5
units with the addition of lime. The mixture, thus,
formed was referred as tropical artificial soil.35-40day-
old air-dried cow dung powder was used to supplement

the nutritive medium (Neuhauser and Callahan,
1990).The soil was watered on alternate days to avoid
drying. Before the onset of experiments, the worms
were acclimatized in the setup for 24 hours.

Test chemicals

The chemical fertilizers, N-46% Urea and Diammonium
phosphate (DAP-P,05-46%,18%N) manufactured by
Indian Farmers Fertilizer Cooperative Limited (IFFCO)
and biofertilizer-Rutoz® (Coromandel) were procured
from the local market. Similarly, vermicompost was also
procured from Godhan unit, Bahadurgarh (Haryana),
along with the vermiculture.

Methodology

Laboratory-adapted E.fetida were evaluated for the
effect of urea, DAP, Rutoz® biofertilizer and vermi-
compost on the biomass accumulation, reproduction
and life span of the earthworms.Test was conducted in
replicates of four for each treatment set in artificial soil.
The earthworms without any treatment were also main-
tained alongside to control the environment-induced
confounding growth factors and labelled as To. LCs of
the chemical fertilizers was determined by plotting per-
cent mortality of the worms against the concentrations
of the chemical fertilizers, urea or DAP. The results
were used to determine the concentrations of the ferti-
lizers to be used. The urea LCs, was 876.56 mg/kg,
while the DAP LCs, was 2098.69 mg/kg of soil. Ten
adult E.fetida worms were inoculated with test chemi-
cals, i.e., Urea and DAP, in each pot of artificial soil
neatly labelled as control or treatment sets with a num-
ber of days of harvesting. In the treatment sets, earth-
worms were exposed to T1 (438.28 mg/Kg Urea) and
T2 (1049.345 mg/Kg DAP) sub-lethal doses (mg/kg of
artificial soil) of commercially available chemical fertiliz-
ers. In the treatment set T3, 1000 mg of Rutoz® biofer-
tilizer per kg of artificial soil was added, and for the
treatment set, T4,1000 mg of vermicompost per kg of
artificial soil was added. Finely grounded air-dried cow
dung as food for the earthworms was supplemented
per week. Earthen pots were covered with a thin muslin
cloth to maintain proper aeration and moisture level
and to prevent the earthworms from escaping the pots.
Initially, pots were monitored daily to observe any unu-
sual behaviour for up to 7 days. The earthworms were
harvested on 1,15, 30,45, and 60 days for the determi-
nation of the biomass and reproductive potential in
terms of the number of cocoons formed and the juve-
niles produced. The worms were visually inspected
carefully to record any change in their morphology and
the observation was neatly recorded.

Biomass accumulation
For Biomass accumulation, the earthworms were hand-
picked from each treatment set upon completion of the
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time interval decided for the experiment. The worms
were washed carefully with distilled water to remove
the mud attached to their bodies. The worms were
dried and weighed (Senpati and Dash 1984).

Reproductive potential

The reproductive potential of the worms was estimated
by counting the numbers of the cocoon in the cultures.
For this purpose, ten earthworms were kept in each
earthen pot containing artificial soil and powdered cow
dung and neatly labelled as control and treatment pots
as described above. The earthworms were allowed to
mate and reproduce. Fifteen days onwards, the co-
coons in each pot were counted and recorded at an
interval of 15 days each up to 60 days of setup. Similar-
ly, the juveniles were counted in the pots from 30 days
onwards at a regular interval of 15 days up to 60 days
of the setup.

Statistical analysis

Each experiment was repeated thrice with four repli-
cates each time. The arithmetic mean and standard
deviation were calculated as a measure of the central
tendency and dispersion around the mean. The Skew-
ness and Kurtosis of the data was estimated to check
the normalcy of the distribution. A two-way analysis of
variance was employed to understand the significance
of the differences among the treatment data as well as
the day-wise data. The longevity data was analysed as
described by Sharma et al. (2013). Log-Rank Test was
employed to understand the significance of differences
in longevity between the groups. Further, Kaplan Meier
Survival Analysis was employed to generate a plot de-
picting the Survival Function of the earthworms reared
on soil treated with different nitrogen sources at 95%
confidence Interval.

RESULTS AND DISCUSSION

Biomass of E. fetida reared on different nitrogenous
compounds

The present study showed no effect of the chemical or
organic fertilizer on day 1 among the weight of the
earthworms of each treatment with chemical and or-
ganic fertilizer. However, the difference became evident
with time (Fig. 1). On the Day-15 and Day-30, a de-
crease in weight was noticed in the weight of individual
earthworms grown on soil treated with urea and DAP.
The weight of the earthworms reared on Urea supple-
mented soil was 340.00+17 mg and those of reared on
the DAP treated soil was 340.00 £ 27 mg; reared on
the Rutoz® treated soil was 364.45 + 18 mg, and those
on vermicompost treated soil was 388.00+ 19 mg on
the 60™ day against 384.45 + 19 mg in the respective
control group.

The growth of the E. fetida was evident in all the treat-
ments, with significant changes in the worm weights at
an interval of every 15 days. Two-way anaysis of vari-
ance (ANOVA) carried out to test the significance of
the differences among the days of development as well
as among the treatment groups revealed that the differ-
ences were highly significant with a F value of 16.904,
degree of freedom 4 and p value < 0.0001 among the
days of growth. Similarly, the ANOVA test for treat-
ments gives a F value of 3.342 with df 4 and a signifi-
cant p value of > 0.05.

The mean value of weight per earthworm was found to
increase with time in all the treatments. However, con-
sidering the mortality occurring in the earthworms
changed the complete scenario. The longevity of the
earthworms grown on various nitrogen supplements is
shown in Figs. 2a,b. The differences in the longevity of
the earthworms grown on differentially treated soils
were tested using Kaplan Meier Survival Analysis. The
Kaplan Meier analysis generated a plot depicting the
Survival Function of the earthworms reared on soil
treated with different nitrogen sources at 95% confi-
dence Interval. Log-Rank Test on survival revealed a
chi statistic value of 25.579 and a highly significant p
value of less than 0.0001, confirming the significance
of the differences between the life span of the earth-
worm reared on differentially treated soils with different
nitrogenous sources.

The weight of individual earthworms increased with
age (Fig.1). However, the comparison of net biomass
of the entire culture was significantly decreased when
the soil was treated with chemical fertilizers, Urea and
DAP, possibly due to high mortality (Figs 2a,b). The
mortality adjusted weight of a replicate culture with ini-
tial 10 numbers of earthworms is depicted in Fig. 3.
The nitrogenous source, especially the chemicals,
were found to have a significant negative impact on the
biomass of the earthworm cultures. However, the im-
pact was confounded by the toxicity of the chemical
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Fig. 1. Mean weight per earthworm on 15 days interval
each till 60 days, when reared on the soil treated with dif-
ferent nitrogen sources.[TO = Control; T1 = Urea; T2=
DAP; T3 = Rutoz®; T4 = Vermi-compost]
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nitrogen supplements as surmised by a steep decline in
the weight of the urea-treated culture to 1.020 + 0.051
g at 60 days and that of the DAP-treated culture to 2.04
+ 0.98 g against 3.46+ 0.169 g of the control culture.
The cultures that were reared on the bio-fertilizers and
vermicompost were quite healthy compared to that of
the control. Two-way ANOVA revealed an F statistic
value of 5.097 at df=4, resulting in a significant p val-
ue<0.01 in the case of differences among the treat-
ments. However, the differences among the time peri-
ods were insignificant.

Growth is a direct indicator of health conditions and the
food they are exposed to (Meharaj and Manivannan,
2015). Our results revealed that in the presence of
urea, the body-weight of the worms was negatively af-
fected. One may associate the reduced biomass of the
earthworms to the physiological stress (weakened with
less body weight) they are facing as a result of the al-
tered microenvironment, as was observed due to the
pesticide applications (Zhou et al.,2008). Similar results
were reported by other workers as well in earthworms,
e.g. Eisenia fetida grown on chemical fertilizers
(Lodrache and Borza, 2010; Rai et al.,2014).

The results of the present study revealed that the toxici-
ty of the chemical fertilizers, Urea and DAP was detri-
mental to the culture of E. fetida.lt has been demon-
strated earlier that the use of application of urea in the
soil changes the soil chemistry, as evidenced by in-
creased soil pH and ammonia levels. These changes
have been reported to be detrimental to the soil micro-
flora (Geisseler and Scow, 2014; Staley et al., 2018).
The toxicity of the urea may also be attributed to urea
induced alterations in the soil chemistry. Toxicity of
DAP to earthworm (Eudrilus eugeniae) cultures has
also been reported previously (Chaudhari, 2016).

The use of chemical fertilizer need not necessarily be
negative. The tolerance of a chemical fertilizer has
been reported to vary in different fertilizers (Edwards
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Fig. 2. (a). Percent survival of earthworms per 15 days
when reared on the soil treated with different nitrogen
sources [TO = Control; T1 = Urea; T2= DAP; T3 = Rutoz®;
T4 = Vermi-compost]

and Lofty, 1982). The effect of the fertilizers on the
macrofauna,including earthworms, is also reported to
vary from species to species, probably attributed to dif-
ferences in their physiology and biology (Yahyaabad et
al., 2018). The epigeic species such as E. fetida that
feed on the surface matter are more prone to the chem-
ical changes in the surface soil as compared with differ-
ent anecic species,e.g. L. terrestris that dig subsurface
vertical burrows (Yahyaabadi et al., 2018).

Reproductive fitness of the earthworms grown on
different nitrogenous supplements

The present study showed (Fig.4a) that a sum of 34.00
+ 0.49 cocoons per culture was formed on day 60 in the
control group, while only 11.00 + 0.50 cocoons per cul-
ture were formed when reared on urea-treated soil, and
16.00 £ 0.498 cocoons /culture were formed when
reared on the DAP-treated soil. The reproductive ca-
pacity of the earthworms (Fig. 4a,b) reared on natural
nitrogen supplements like Rutoz® and Vermicompost
were comparable to that of the respective control on
Day 60 with 36.00 + 0.697 and 44.00 + 0.846 cocoons
per culture, respectively. Two-way analysis of variance
confirmed the significance of the differences obtained in
the cocoon formed per culture among the treatment
groups with F value = 4.36; df = 4 and a p-value of<
0.05. Similarly, the differences in the days were also
found significant with F value = 10.75; df = 3 and a p
value of < 0.005.

In the control group of earthworm culture, 34.00 + 1.485
juveniles per culture were hatched on day 60; while in
the urea-treated soil,only 6.00 + 0.365 juveniles per
culture were hatched; and in the DAP-treated soil 16.00
+ 0.498 juveniles/culture were hatched (Fig. 4a,b). As
was observed in the case of the cocoons formed, the
juveniles hatched per earthworm culture reared on Ru-
toz® and Vermicompost were comparable to that of the
respective control on Day 60 with 33.00 + 1.44 and

Survival Function () - with confidence interval

-1

3 04— —n

-0
@0 -4

& ]
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Das

(b) Kalpan-Meier Plot depicting the Survival Function of
the earthworms reared on soil treated with different nitro-
gen sources at 95% confidence Interval.[TO = Control; T1
= Urea; T2= DAP; T3 = Rutoz®; T4 = Vermi-compost]
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42.00 + 1.539 juveniles per culture, respectively. Two-
way analysis of variance confirmed the significance of
the differences obtained in the juveniles hatched per
culture among the treatment groups with a F value =
19.795; df = 4 and a p value of < 0.01. Similarly, the
differences in the days were also found significant with
a F value = 10.61; df = 1 and a p value of < 0.05.

The reproduction of the members of culture is crucial
for the continuation of its race. The formation of cocoon
and hatching of juveniles in the earthworms reared on
soil supplemented with urea was found to be nearly
reduced to one-third of the control, and in the worms
reared on the DAP treated soil it was reduced to nearly
half. The results are alarming. However, the sample
size is too small to infer the situation at the field level.
In addition, under natural conditions, a number of con-
founding factors control the life table attributes of an
organism.

To the best of our knowledge, this is the first report de-
tailing the effect of chemical-based fertilizers on the
reproductive fitness of the worms. However, literature is
available on the effect of chemical pesticides on the
reproduction of earthworms. The use of chemical pesti-
cides has been shown to be detrimental to the repro-
ductive potential of the worms. The earthworms thriving
on pesticide-contaminating soil were found to have
compromised cocoon formation and hatching, esp., at
higher concentrations (Yasmin and D’Souza, 2010).
The effect of the chemicals varied with a number of
factors such as the species of the earthworms, type
and quantity of the pesticide chemical, soil characteris-
tics, and so on (Roriguez- Campos et al., 2014).

The use of chemical fertilizers, along with the use of
pesticides, better irrigation methods and the use of ge-
netically superior quality seeds, had revolutionized the
agriculture sector. However, indiscrete use of the
chemicals in the fields has posed a number of prob-
lems with time such as soil pollution, adverse effects on
farmer’s health, incorporation of the chemicals in the
food chain and resulting bio-amplification. The negative
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Fig. 3. Weight per earthworm culture on 15 days interval
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effect of these residual chemicals on the macrofauna is
another concern. The present study has clearly pointed
towards the decline biomass, longevity and reproduc-
tive fitness of the culture of laboratory acclimatized
earthworms, E.fetida. One may correlate the decline in
biomass and reproductive fitness with the chemical-
based fertilizer induced toxicity. However, the present
study is carried out in laboratory conditions. The au-
thors are fully aware that a number of factors confound
the life table attributes of a population under natural
conditions. Nevertheless, the ability to control most of
the confounding factors in the laboratory has its own
advantages. The exposure of earthworms to toxic
chemical fertilizer has its own consequences. The net
outcome of the effect of these chemicals is a result of
the fine balance between the worm biology and the
toxic microenvironment.

Conclusion
Earthworm, E. fetida reared on soil treated with Urea,

DAP, Rutoz® and Vermicompost. Treatment with
chemical fertilizers, viz., urea and DAP were found
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Fig. 4. Reproductive fitness of earthworms. (a) Number of cocoons formed when reared on the soil treated with different
nitrogen sources after 15 to 60 days of the setup (b) Number of juveniles formed when reared on the soiltreated with

different nitrogen sources after 45 and 60 days of the setup.
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detrimental to the life-table table attributes of the earth-
worms. Between the two chemical fertilizers used, the
use of urea as a soil supplement was more harmful to
the earthworms. Since agriculture is largely dependent
on chemical fertilizers their prolonged and indiscreet
use has posed many ecological problems. The labora-
tory study needs to be replicated to understand the
fertilizer-worm interrelation and ecological damage to
macrofauna under field conditions. The outcome may
not be the same under field conditions; however, the
stress imposed by the chemical fertilizers cannot be
neglected.
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