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Abstract
Aim — To study the comparative toxicity of chemical and organic fertilizers on earthworm, Eisenia
fetida.

Methodology-Eisenia fetida is an epigeic earthworm species widely used in laboratory eco-toxicological
studies. OECD (1984) recommendations no 207 (1984) were used to set up the laboratory experimental
conditions. Calculation of lethal concentration (LCso) of Urea and DAP was done through Finney’s Probit
analysis. The duration of the test for calculation of LCso was 14 days. LCso for urea was 876.56 mg/kg and
LCso for DAP was 2098.69 mg/kg of soil. Experiment was carried out in Control along with four treatment
groups Ti, Ty, T3, Ta4. In Treatment sets earthworms were exposed to T; (1/2 LCso Urea) and T2 (1/2 LCsp
DAP) sub lethal doses (mg/kg of artificial soil) of commercially available chemical fertilizers. In
Treatment sets Tz and T4 dosage (1000 mg/kg of artificial soil) of organic fertilizer and vermicompost
were added. The observations were taken on 1, 15, 30, 45, and 60th day on the predecided parameters.
The mean change in weight of worms and cocoon production rate throughout the experimental period
was assessed.

Result-Significant variation in weight of worms was observed in experimental sets (T; and T,) with
chemical fertilizers. Earthworm weight was more in T, than Ti. The lowest Cocoon production was
observed in Ti. The highest weight and Cocoon production count were observed in T, followed by Ts.
The result indicates the detrimental effect of chemical fertilizers on growth and reproductive
parameters of Eisenia fetida.

Conclusion

The present study findings indicate that usage of chemical fertilizers in agriculture raise serious concern
that fertilizers also cause toxicity to earthworm survival. one of the important soil fauna, are vulnerable
to two widely used nitrogenous fertilizers, urea and DAP. A sustainable agro-ecosystem will be achieved
in the future by encouraging earthworm activity in the soil through the use of sufficient amounts of
organic manure in crops rather than chemical fertilizers.
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Introduction

Earthworms are found in almost every soil type. These worms are called the ‘Intestine of earth’ (Darwin,
1881). They help to till the soil and create space for plant roots. Earthworms help to improve the soil
structure with soil aeration, better drainage and improved nutrient content .Earthworms represent a
major soil fauna and play significant roles in improving the yield capacity of land mass (Culy and
Berry,1995). Earthworms live in close vicinity of plants, they accidentally become prone to ill effect of
agrochemicals i.e., fertilizers, pesticides, herbicides etc. In soil-toxicological studies, earthworm is widely
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used as a model experimental animal for toxicity testing as recommended by European Economic
Community (EEC,1985).

Nowadays use of chemical fertilizers has become an indispensable aspect of agricultural practice.
Fertilizer (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. These are either
applied directly to soil or as a foliar application. Artificially synthesized substance especially pesticides or
fertilizers affects not only crop quality but also soil-fauna. Earthworm is a major soil macro fauna
therefore affected either directly or indirectly (Reinecke et al., 2004).

In literature, there are various instances to study the effect of pesticides on soil, but to feed the growing
population farm managers are continuously approaching to use hybrid seeds, herbicides and inorganic
fertilizers; thus, fertilizers have become an important input of agricultural practices. Bioaccumulation of
these agrochemicals disturb the soil ecosystem, in particular earthworms (Anderson, 1978; Edward and
Bohlen,1992). So, there is a need to study the effect of fertilizers on earthworms.

In literature, various studies have found a positive correlation between use of chemical fertilizers and
abundance of earthworm population as their food supply is concerned (Syers and springett,1984
;Estevez et al.,1996; Curry et al.,2008). Contrary to this few studies also emphasized the negative effect
of chemical fertilizers on earthworm population (Marhan and Scheu, 2005; Bunemann et al., 2006.,
Tinadaon et al., 2011 ;Bhattachacharya and sahu, 2014). However, A. Lofs-holmin (1983) in his study
inferred that use of mineral fertilizer on clay soils reports no significant effect on earthworm population.
Various other studies show that infusion of crop plots with nitrogen and phosphorus based fertilizers
causes a significant positive difference in earthworm population dynamics in an oxisoil (lordache and
Borza, 2010). Whalen et al .(1988) in his study on corn fields demonstrated that Inorganic fertilizers
increase the quantity of herbage residue returned to soil, thus increase food abundance for earthworm
population. However, long usage of chemical fertilizers particularly ammonia-based cause decrease of
earthworm abundance due to soil- acidosis. Various other researchers report manure amendment, crop
rotation and intercropping support higher earthworm biomass density. Nitrogen, phosphorous and
potassium are the major macronutrients for any plant growth. Farm managers use excessive quantities
of chemical fertilizers to boost productivity, which might have lethal and sub-lethal effects on soil biota.
Urea and DAP are widely used artificially synthesized fertilizers used almost in every crop on different
time. In view of the above, present study was undertaken with an objective to get a wide understanding
on toxicity induced by Chemical fertilizers (Urea and DAP) on Eisenia fetida.

Materials and Methods
Collection of earthworms
Eisenia fetida were procured from Godhan unit, Bahadurgarh (Haryana). It is a private firm engaged in
production of vermi fertilizer. Identification of collected earthworms was done with an online taxonomic
key and digital library (Thakur and Yadav, 2018).

Culture of earthworms

Earthworms were kept in big culture pots for 5-6 months to make them acclimatized in laboratory
conditions. Rearing of worms was done in earthen pots to mimic the natural soil conditions.
Experimental set-up was maintained as per the recommendations of OECD guidelines no 207 (1984) and
222 I1SO (1993, 1998) for testing of chemicals “Earthworm, Acute toxicity tests”. To start well mature,
healthy (gut cleared) earthworms of approximately the same body weight and length were used in the
experimental model. Tropical Artificial Soil was prepared. Cow dung (35-40 day old) was used to
supplement the nutritive medium up Neuhauser et al., (1990). Humidity was maintained by watering on
alternate days. Temperature of the medium was tried to maintain at 27 + 2°C. Acclimatization of worms
in laboratory set was done for 24 hours.
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Test Chemicals

Urea (N-46%)-White, granular Urea was used as a test chemical. Upon application urea is converted to
ammonia; it further reacts with H,O to form ammonium ions and then into nitrite.

Diammonium phosphate-(DAP-P,0s-46%, 18%N)-It is granular, inorganic fertilizer. It is usually applied
as a basal dose after sowing.

Organic fertilizer- Researcher visited the nearby farmlands to know the widely used bio-fertilizer and
local market too. Rutoz® (Coromandel) were procured from the local market.

Vermicompost- Vermicompost is a rich source of organic nitrogen, phosphorous, potassium and other
micronutrients. Vermicompost was procured from Godhan unit, Bahadurgarh (Haryana) along with the
worms.

Procedure

Test was conducted in four replicates for each treatment and control, as the main objective was to
compare the effect of chemical and organic fertilizers on experimental animal i.e. Eisenia fetida. Ten
adult worms were inoculated along with test chemicals in each pot of artificial soil. In Treatment sets,
earthworms were exposed to T; (1/2 LCso Urea) and T, (1/2 LCso DAP) sub lethal doses (mg/kg of artificial
soil) of commercially available chemical fertilizers. In Treatment set T; (1000 mg/kg of artificial soil) of
organic fertilizer and T4, dose (1000 mg/kg of artificial soil) vermicompost were added. Provision of food
(cow dung-finely grounded) was also done on weekly basis. Earthen pots were covered with thin muslin
cloth to maintain proper aeration and moisture level and also to prevent them from coming outside. At
initial stages, pots were monitored on daily basis to observe any unusual behaviour. Moisture level was
maintained by sprinkling water on alternate days. The observations were taken on 1, 15, 30,45, and 60
day on the decided parameters.

Statistical analysis

The data collected was analyzed with one way ANOVA.

Result and Discussion
Growth performance of Eisenia fetida
According to Meharaj and Manivannan (2015), Growth rate is an acceptable and excellent parameter to
compare growth of worms in different feeding materials. In the present study, on pre-decided time slot
Eisenia fetida, worms were handpicked from each treatment-set, washed carefully with distilled water
and weighed. Any remarkable change in their morphology was also noticed.
In the present experiment, remarkably differential pattern of weight gain of Eisenia fetida in treatment
sets (T1, T, T3, Ta) was observed. On day 1, Ten adult fully grown mature worms of almost equal weight
were added in all the four experimental sets. At the end of 60™" day, Ts and T4 treatment sets were found
with ten healthy alive worms i.e an appreciable trend of weight gain was also seen in both experimental
sets. On the contrary, experimental sets (T1 and T,) with chemical fertilizers were seen with distinct
variation in weight gain pattern. In the treatment set T, (P-46%, N-18%) the weight of worms was
decreasing initially but after the 15th day there was a significant plunge; the reason behind this may be
swelling/inflammation of body tissues as a stress response. However, In T; a continuous weight loss
pattern was observed. Weight loss is a considerable indicator of physiological stress in relation to the
exposure time and response by earthworm (Zhou et al., 2008; Van et al., 1994). The observation of the
study resonated with Rai et a/.,2014; lodrache and Borza, 2010.
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Figure 1- Weight of Eisenia fetida exposed to the Chemical (T1 and T2) and Organic Fertilizer (T3 and T4)
in experimental set up during 60 days.

Earthworm weight was more in T, than T;. Weight loss in T; may be considered as toxicity sign to
fertilizer. Similarly, Hendrix et al. (1992) in their study observed that use of nitrogenous fertilizers causes
a decrease in the number of worms. Rai et al. (2014) reported a similar pattern of continuous weight
loss earthworms in their study. However, Edwards and Lofty, 1982 reported a positive outcome of using
nitrogenous fertilizers on earthworms in soil. They also stated impact depends on the fertilizer
(Organic/Chemical) type used and species involved. Yahyaabadi et al. (2018) found that from epigeic
group Drawida hortensis species had better chance of survival in nitrogenous fertilizers. The tolerance
capacity or responsive behaviour of species towards nitrogenous fertilizers may be attributed to
difference in their physiology and biology. Yahyaabadi et al. (2018) further stated anecic species
Lumbricus terrestris show more tolerance towards chemical fertilizers in comparison to Aporrectodea
longa species. These attributes may be characterized to niche specificity at different depth levels. As
epigeic species (Perionyx excavatus, Eudrilus eugeniae, Eisenia fetida) feed on upper surface matter;
thereby affected quickly and badly. Long term usage of nitrogenous fertilizer changes the acidity or
toxicity of soil through ammonium radical.

In the present experiment Treatment T; showed a higher mortality rate with continuous decrease in
weight as compared to T.. It is apprehended that effect of various inorganic fertilizers on earthworm
species apparently vary from site-to-site i.e. pH and soil type.

In the present investigation, the Null hypothesis i.e. there is no significant difference in chemical
fertilizers groups (p<0.05) on Eisenia fetida stands stands rejected. The degree of toxicity of T, (Urea) is
much higher than T, (DAP). Toxicity invoked by a particular fertilizer also depends upon the degree of
bioaccumulation. Gerard et al. (1979) stated that superphosphate fertilizer causes decrease in the
number of earthworms. Chaudhari (2016) reported that Diammonium phosphate (DAP) was highly more
toxic (650mg/kg) to earthworms and caused 100% mortality. Bhattacharya and Sahu (2014) also
supported a similar pattern on Drawida willsi. Phosphorous is present in soil of both soluble and
insoluble type. However, the effect of phosphatic fertilizers on earthworms have been reported
paradoxically in literature and also vary with soil types and species involved also.
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Figure 2-Cocoon production of Eisenia fetida exposed to the Chemical (T1 and T,) and Organic Fertilizer
(Ts and T,4) in experimental setup during 60 days.

Reproductive performance in Eisenia fetida

Riepert et al. (2009) stated that reproduction rate of earthworm in any test media is considerable
aspect. Each treatment pot was emptied thoroughly for cocoon collection. Cocoons laid were picked
with a soft brush, counted and put into a new pot on 45t"and 60" day.

Figure 2 describes there was a significant decline in the cocoon production in both T3 and T4. The
number of cocoons was highest in control and treatment set T4 and least in T;. The variation in the
number of cocoons in all treatments may be due to the predominant type of element in the culture
medium (Coulibaly et al., 2019; Degefe et al., 2017). Earthworms exposed to sublethal dose Urea and
DAP, cocoon production was significantly low throughout the test period (p<0.05).There were also
variations in number of cocoons laid throughout the test period for T; < T, under exposure of sublethal
dose. However, In treatment T; after 45" day no cocoon was laid.

In the T; and T, average cocoon production for worms were higher upon completion of study. The
lowest cocoon production among all the treatment was in T1 with an average of 0.29+0.06 and in T,
cocoon production was 0.840.06.Thus, it is clear that treatment sets exposed to chemical fertilizers had
a significant lower rate of cocoon production in comparison to worms treated with organic fertilizers.
The number of juveniles was also found to be higher in T, (Vermicompost) and then Ts; (organic
fertilizer),whereas the number of juveniles was found least in Ti.It was also observed emergence of
juveniles from cocoons was delayed in T1 and T, along with maturation; this could be a direct result
physiological stress on exposure of chemical fertilizers.

Conclusion

Earthworms, E. fetida raised on soil treated with chemical fertilizers were found to be negatively
impacted by treatment specifically urea and DAP. The use of urea as a soil supplement was more
detrimental to the earthworms than the other of the two chemical fertilizers. The maximum increase in
mean weight of E. fetida was recorded in treatment T, followed by T3.The weight of earthworms was
found to increase throughout the experimental period in T3 and T4. Variation in the mean weight of
earthworm in chemical (T: & T,) and organic fertilizer (T3 & T4) was statistically significant (p<0.05).
Results of the present study clearly indicate possible deleterious effects of chemical fertilizers on Eisenia
fetida whereas organic fertilizers are found to have a positive overall effect. Chemical fertilizers have
sublethal effect on their reproduction and survival potential. To comprehend the relationship between
fertilizer and worms laboratory study must be repeated under field conditions. Farmers must follow the
recommended doses of fertilizers for application. Some inorganic fertilizers may be below the critical
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level for earthworm and found to be safe for them. It is advised to shift towards organic inputs or use
chemical fertilizer within ecological safe limits.
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