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INTRODUCTION 
 

The world's population is growing, with 
comparatively little expansion of resources. 

Decreased mortality rate and exponential nat

of growth curve demands increased
production and consumption for the ever 

growing population. Globally, there is a rising 
demand for food. The agriculture industry is 

burdened by the gap between food production
and food deficit. To meet the increasing food

demand, modern agricultural Industry employ 
use of  various chemical input  on crops 

application of weedicides; herbicides

;chemical fertilizer; the introduction of novel 
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ABSTRACT:  
Soil macro-fauna is an important contributor to soil 
health. Macrofauna supplements important nutrients to 

the soil and mixes the nutrients with the soil as wel

addition, the macrofauna’s biological activity brings 
about positive changes in the soil such as increased soil 

porosity. Earthworms are agriculturally very important 
among all the soil fauna in terms of their contribution to 

soil health. The life table attributes of earthworms, 
however, are posed with several challenges due to over

exposure to chemical pesticides and fertilizers. Several 
reports have now confirmed that the chemicals used in 

the soil cost the soil-resident earthworms in terms of 

their longevity and reproductive potential. The present 
review covers the harmful effect of chemical fertilizers 

with a special focus on macrofauna- i.e earthworms. 
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The world's population is growing, with 
comparatively little expansion of resources. 

rate and exponential nature 

of growth curve demands increased food 
for the ever 

population. Globally, there is a rising 
demand for food. The agriculture industry is 

burdened by the gap between food production 
To meet the increasing food-

modern agricultural Industry employ 
on crops such as 

icides; pesticides 

the introduction of novel 

high yielding varieties and 
versions to prevent crop damage. The 

improvements were widely adopted and known 

as the "Green Revolution," which was started by 
Dr. M.S. Swaminathan (2017). 

 
LIMITATIONS OF THE USE OF CHEMICALS 
IN AGRICULTURAL PRACTICES
 

The use of chemical fertilizers, herbicides, and 
pesticides in agriculture has its limitations. The 

chemical fertilizer changes the soil chemistry 
including pH and chemical composition. The 

soil pH is important for the nutrient availability 
and growth of the plants. Though, buffering 
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capacity of soil prevent sudden change in the 

soil pH. However, prolonged use of the 
chemicals makes the soil acidic. Further, the 

uncontrolled use of fertilizers ends up causing 

an imbalance in the soil nutrients. The harmful 
effects of the chemicals on the soil macroflora 

have also been reported (Bunemann et al., 2006).  
 

The chemical fertilizers in addition to the 
phosphates, nitrates, ammonium, and potassium 

salts, may also supplement non-radioactive 
(mercury, cadmium, arsenic, lead, etc.) as well 

as radioactive heavy metals such as 238U, 232Th, 

and 210Po (Sonmez I, et al., 2007; Aoun M, et al., 
2010; Savci, 2012a,b ). Accumulation of these 

heavy metals in the soil would be taken up by 
the crop plant itself or by the soil microflora and 

macrofauna and find their way into the food 
chain besides poisoning the soil itself. The 

endogenous levels of nitrosamines in cabbage, 
spinach, and broccoli were found to be lesser in 

the crops grown upon organic fertilizers 

(Coffacci et al., 2013; Ajmal et al., 2018). 
 

Excess chemicals in soil when run with water 
contaminate the water bodies. Urea in water 

bodies is known to be responsible for the algal 
bloom leading to the release of high toxins in the 

water bodies (Coombs, A. 2008). According to 
an estimate, up to 10% of chemical fertilizers 

used for the agriculture process contaminate the 

surface as well as the groundwater (Sonmez I, et 
al., 2007). The excess nitrogen of the fertilizers 

can also leach into the soil especially, in the arid 
and semi-arid regions. The nitrogen gets 

converted into nitrates by the action of the soil 
biota (Wang et al., 2009). . These nitrates being, 

water-soluble contaminate the groundwater 
easily. Other contaminating forms of nitrogen 

include nitrites and nitrogen oxides (Liang et al., 

2008).Nitrogen leaching is also reported in 
forests with compost amendments (Borken et al., 

2004). Nitrogen leaching is not the sole problem 
associated with the use of chemical fertilizers, 

phosphorous leaching in soil has also been 
reported (Corman et al., 2018; Liang et al., 2013). 

 
The use of chemicals is reported to be harmful to 

the user or employees in the manufacturing 

units (Tomkins and Bird, 2002). The crops 
grown on soil in which indiscriminate use of 

fertilizers was carried out, may have adverse 

effects on human as well as animal health (Jarup 
et al., 2003; Tomkins and Bird, 2002). The effects 

of chemical fertilizer-treated food have been 

reported to have effects on the nervous, 
respiratory, and digestive systems (Ajmal et al., 

2018; Talukdar N et al., 2003). The urea is toxic 
just not for humans but to the soil macrofauna 

as well. The toxic effects of urea on epigeic 
species of earthworms have already been 

reported (Long et al., 2017; Yasmin S and 
D’Souza, 2010). The toxicity, however, is 

concentration-dependent (Xiao et al., 2004).  

 
The residual chemicals in soil are a cause of 

concern. The residual chemicals can contaminate 
the water bodies and be taken up by the aquatic 

animals via mouth or gills, or by soil 
macrofauna such as earthworms and may enter 

the food chain and bioaccumulate (Maurya and 
Malik, 2016, Esaivani et al., 2017; Antoniadis et 

al., 2019; Lehmann et al., 2020; Khan et al., 2021). 

Earthworms are known to bio-accumulate 
organic pollutants (Jager et al., 2005), heavy 

metals (Nahmani et al., 2007), and nanoparticles  
(Canesi and Prochazkova, 2014). 

 
The bioaccumulation in aquatic conditions is 

different from that of the bioaccumulation of the 
terrestrial type (Kelly et al., 2007). In terrestrial 

organisms, the chemical uptake is a factor of the 

soil carbon content that too varies with several 
factors (Johnson et al., 2009). The 

bioaccumulation, as well as biomagnification of 
chemicals in food chains, is more severe in the 

case of the terrestrial setup (Kelly et al., 2007; 
Gertje Czub and Michael S McLachlan, 2004; 

Nico van den Brink et al., 2016). The 
bioaccumulation in a terrestrial setup is well 

understood in the macrofauna of the soil 

including earthworms due to the simplicity of 
their biology (Nico van den Brink et al., 2016). 

The pesticides have been reported to accumulate 
in Eisenia sp. (Jager et al., 2005). Earthworms 

may absorb the pesticides and fertilizers in the 
soil directly through the skin or simply ingest 

them. The tolerance of earthworms to different 
chemical fertilizers varies from fertilizer to 

fertilizer (Edwards and Lofty, 1982).The effect of 

chemical fertilizers on earthworms is also 
reported to vary from species to species 



Mamta Passi, Vineeta Shukla, Pinky Deswal 

 314                      Bulletin of Pure and Applied Sciences- Zoology / Vol.41A, No.2 /July-December 2022 

(Yahyaabadi et al., 2018). These worms being 

suitable and easy food for the birds can easily 
result in the incorporation of pesticides into the 

food web (Katagi and Ose, 2015).  
 
ANNELIDS 
 

The earthworms belong to subclass Oligochaeta; 
class Clitellata of the phylum Annelida. The 

subclass Oligochaeta has nearly 10,000 species, 
with wide habitats including freshwater, marine 

water, and terrestrial. Among the terrestrial 

species, fifty percent are earthworms (Reynolds 
and Wetzel, 2004). India is very diverse in 

earthworms with nearly 11% percent of the 
world’s earthworm diversity. In India, we have 

nearly 67 genera of earthworms (Kathireswari, 
2016).  

 
The earthworms are chiefly responsible for 

enriching the soil with nutrients by 

decomposing the dead and decaying material 
into vermicast (Kaushal et al., 1995), which is 

called black gold (Lim et al., 2015; Patangray, 
2014). The earthworms positively influence the 

hydraulic conductivity, porosity, bulk density, 
infiltrability, aggregate stability, etc. (Devkota et 

al., 2014). The worms enhance the activity of 
microorganisms (Bhaduria and Saxena 2010). 

The earthworm castings are rich in calcium 

carbonates and thereby, also maintain the pH of 
the soil (Ashiya et al., 2015; Tiwari, 1993).  

 
The earthworms can be classified into three 

groups based upon their ecological niche 
(Bottinelli et al., 2020). The three groups are (i) 

epigeic, (ii) endogeic, and (iii) anecic worms. 
The epigeic earthworms include Lumbricus 

rubellus, L. castaneus, Dendrobaena octaedra, etc. 

These earthworms thrive in the upper soil layer 
and decaying organic matter. The endogeic 

earthworms include Aporrectodea caliginosa, 
Allolobophora chlorotica etc. The endogeic 

earthworms feed upon organic matter mixed 
with minerals in the soil. The anecic earthworms 

include Lumbricus terrestris, Aporrectodea longa, 
etc. The anecic earthworms feed on surface litter 

during night time and live in long sub-vertical 

burrows. Recently Bottinelli (2020) and his 
coworkers reviewed this classification and 

elaborated too. 

Charles Darwin pointed out the importance of 

earthworms in maintaining the soil. The 
earthworm casting alone can contribute to 20% 

of the topsoil (Darwin, 1881). Earthworms act as 
soil quality indicators (Iordache and Borza, 2010; 

Van Groenigene et al., 2014). The presence of 
earthworms is indicative of healthy soil 

(Ashworth et al., 2017).Agricultural practice 
involving the Synthetic chemicals input disturb 

the composition of earthworm communities by 

impacting their ecological groups (Smith  et al., 
2008; Spurgeon et al., 2016; Kahneh  et  al., 2022). 

 
PROBLEMS FACED BY EARTHWORMS IN 
SOIL 
 

 A number of chemical pesticides are shown to 
be harmful to non-target species. Agrochemicals 

interfere with the biology of earthworms. The 
effect of pesticides on earthworms is reviewed 

in detail by Miglani and Bisht (2019).Fertilizers, 
Insecticides and Pesticides alter the physiology 

of the not only the aquatic animals, as well to 

other terrestrial animals also. Therefore have 
implications on the longevity and other life table 

attributes of the worms (Sabra and Mehana 
2015; Passi et al., 2021). The concentration of 

pesticides above 25mg/Kg is especially 
detrimental to earthworms. However, the 

variations exist from one species to another 

(Roriguez-Campos et al., 2014). Besides, 
longevity, pesticides are detrimental to the 

overall growth and reproductive potential of 
earthworms as well (Yasmin & D’Souza, 2010). 

 
EFFECT OF UREA FERTILIZER ON 
EARTHWORMS 
 

The effect of urea on the soil biota is always of 
interest to scientists. The effect of urea on 

various soil macrofauna has been reported by a 
number of workers (Roberts and Dorough, 

1984). However, the studies focused on the 

effects of urea on earthworms are limited. 
Edward and Lofty (1982) reported a positive 

effect of urea on the earthworm population in 
maize fields. The increase in the earthworm 

population with the application of urea was 
attributed to the increase in the fallen residues of 

the crop on the ground ensuring high 
availability of food to the earthworms. Though 

long-term exposure of the earthworm to the 



Adverse Effects of Chemical Fertilizers on the Biology of Macrofauna with a Special Reference to Earthworms: A 
Review 

 

Bulletin of Pure and Applied Sciences- Zoology / Vol.41A, No.2 /July-December 2022                       315 

urea has negative effects (Iordache and Borza, 

2010).The direct contact of the urea to the 
earthworm is toxic even in small concentrations 

(Abbirammy and Ross, 2013). However, other 

studies propose that urea in higher 
concentrations is highly lethal (Rai et al., 2014; 

Rani, 2016). It may be worth mentioning over 
here that the actual use of urea in agriculture is 

far greater than the recommended dose of 120 
kg/hectare in agricultural fields.  

 
Das and Mohapatra (2018) studied the toxic 

effects of urea in a laboratory by carrying out a 

paper toxicity assay. The lethal concentration of 
urea against earthworms was estimated to be 28 

µg/cm2. 1 mg/ml was reported to be safe for 
earthworms however, 2 mg/ml was found to be 

lethal to the earthworms. The toxicity brought 
morphologically visible changes such as lesions, 

inflammations, and disjointing of the posterior 
body parts. All these changes may lead to the 

death of the earthworm (Das and Mohapatra, 

2018). 
 

Long et al. (2017) studied the toxicity of urea 
under natural conditions. The authors used a 

series of urea concentrations ranging from 50 to 
250 mg/kg soil. The authors observed a 

concentration-dependent increase in mortality. 
At high concentrations of urea, the worms were 

either dead or sluggish, or weakened (Long et 

al., 2017).In addition, the urea also affected the 
weight of the worms negatively. Similar was the 

observation concerning the number of juveniles. 
Moreover, the growth of the juveniles was also 

compromised upon exposure to urea 
(Bhattacharya and Sahu, 2014; Long et al., 2017). 

 
A study carried out by Passi et al., (2021) entails 

the effect of different concentrations of two 

chemical fertilizers and two organic fertilizers 
on the growth and other life-table attributes of 

earthworm, Eisenia fetida. The study estimated 
an LC50 value 876.56 mg/kg for urea and 

2098.69 mg/kg of soil for DAP against E. fetida. 
Further, the earthworms were allowed to rear on 

urea and DAP concentrations half their LC50 
concentrations. The results revealed a significant 

decrease in the biomass of earthworm culture 

upon exposure to the chemical fertilizers while 
the organic nitrogen supplements led to an 

increase in the biomass. The negative influence 

of the chemical fertilizers on the biomass was 
attributed to a decrease in the bodyweight of the 

earthworms as well as reduced longevity. The 

authors recommended organic manure to 
support the earthworm culture in the 

agriculture fields. 
 
CONCLUSION 
 

The review highlights the ill effects of chemical 
fertilizers on earthworms which are an 

important alternative to natural fertilizers. 
Various studies are coming up that demonstrate 

how chemicals used in agriculture are adversely 

affecting not only the macrofauna of the soil but 
also taking a toll on their ecology. Policymakers 

must ensure controlled use of pesticides and 
fertilizers in agricultural soil and discourage 

their usage altogether, wherever, possible. 
Several alternatives to chemical fertilizers are 

now available. The use of these nature-friendly 
alternatives must be encouraged for sustainable 

development.  
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