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EARTHWORMS AND SUSTAINABLE 
AGRICULTURE: A REVIEW 
 
Abstract 
 
 Utilizing natural resources without 
endangering the ability of future generations 
to meet their own needs is the idea of 
sustainability. Pesticides are known for their 
higher cost and adverse effects on 
agriculture. Chemical fertilizers should not 
be used excessively because they degrade 
soil. Organic fertilizers are cost effective and 
easily available. Sustainable agriculture or 
organic agriculture eliminates the harmful 
effects of synthetic fertilizers. In general, 
earthworm feeding and burrowing have many 
beneficial benefits on soil quality for crop 
yield. The activity of earthworms in their 
burrows increases the porosity of the soil, 
which increases the quantity of air and water 
that may enter the soil. One of the most 
significant animals in the soil, earthworms 
have the ability to maintain soil fertility. By 
producing aggregates, earthworms also 
strengthen the structure of the soil. 
Earthworms are essential to the initial 
breakdown, continued decomposition, and 
recycling of nutrients found in organic waste. 
Application of vermicompost increases the 
release of plant hormones, which results in 
beneficial adjustments to plant growth 
parameters. Casts from earthworms, which 
include nitrogen, phosphorous, potassium, 
and magnesium, improve soil fertility. 
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I. INTRODUCTION 
 
 Sustainable agriculture is defined by the Food and Agriculture Organization as 
"production that satisfies food security, environmental protection, social, and economic needs 
in rural areas." (FAO 2016). The development of agricultural output has already reduced the 
unsustainability of soils, according to Kopittke et al. (2019), who evaluated the significance 
of the ecosystem services given by soils and raised awareness. Agriculture is an important 
sector in economy as it accounts for one-seventh of GDP and provides subsistence to nearly 
two-third of our population (Ministry of Chemicals and Fertilizers, Department of Fertilizers, 
Gov. of India, 2016-2017).Focusing on historical data on fertilizer use and agricultural 
production, a rise in fertilizer use is demonstrating that imbalanced and excessive use of 
chemical fertilizers are ineffective for increasing agricultural yields(Tilman et al., 2002).The 
degradation of the soil is caused by the damage that chemical fertilizers do to the soil's micro 
and macroflora and fauna (Eliazer Nelson et al., 2019). 
 
 

 
 
 Historical trends of India's consumption of chemical fertilizers and the amount of 
food grain produced per unit of chemical fertilizer consumption (source: RBI 2021). 
Numerous research have shown that using inorganic fertilizers excessively results in both soil 
degradation (Singh, 2000; Eliazer Nelson et al., 2019) and the release of greenhouse gases 
that harm the ecosystem(Sutton etal., 2013).In the modern era, a new agricultural method 
known as organic agriculture, sustainable agriculture, or ecological agriculture has been 
introduced to reduce and eliminate the negative impacts of synthetic fertilizers on human 
health and the environment(Keeney et al., 1991).To boost crop output, it is important to use 
various organic resources, including cow dung, poultry droppings, and farmyard 
manure(Asadu and Unagwu, 2012).Therefore, fertilizers are required and applied to replenish 
the nutrients removed from the soil by crop harvest in order to boost crop output (Olatunji 
and Ayuba, 2012).Inorganic fertilizers are notorious for being expensive and having negative 
ecological effects when improperly used(Gupta Mahajan etal., 2008).However, compared to 
inorganic fertilizers, organic fertilizers are typically more affordable and readily available 
from local suppliers(Aksou U.,2001).The production of high-quality food using natural 
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systems, maintaining long-term soil fertility, boosting biological cycles within the farming 
system, advancing healthy use with proper care of water resources, and reducing pollution are 
all essential contributions made by organic farming(Willer et al.,2008). 
 
 Typically, three basic ecological categories stand out: epigeic which only conducts 
activities a few centimetres below the soil-litter interface and mostly feeds on litter at the soil 
surface; endogeics that construct temporary burrows without preference direction and mostly 
feed on soil organic materials; and anecics that dwell permanently underground in vertical 
burrows and primarily consume soil litter (Bouche, 1972;Lee,1985).However, the variation in 
earthworm burrowing activities is highly correlated with soil characteristics (such as soil 
texture, soil type, organic matter), soil temperature, and is particularly sensitive to soil 
moisture(Lee, 1985). Earthworm activity and the development of burrows improve aeration 
and water infiltration, hence reducing surface runoff(Lee, K.E., et al.,1995) 
 
 Three main ecological categories (guilds) are usually distinguished: epigeicsthat 
mainly feed on litter at the soil surface with activities limited to a few centimeters below the 
soil-litter inter-face; endogeics that mainly feed on SOM and form non-permanent burrows 
without preferential orientation; and anecics that mainly feed on litter at the soil surface and 
live in permanent vertical burrows (Bouche, 1972; Lee, 1985).  
 
 Three main ecological categories (guilds) are usually distinguished: epigeicsthat 
mainly feed on litter at the soil surface with activities limited to a few centimeters below the 
soil-litter inter-face; endogeics that mainly feed on SOM and form non-permanent burrows 
without preferential orientation; and anecics that mainly feed on litter at the soil surface and 
live in permanent vertical burrows (Bouche, 1972; Lee, 198 
 

 
 
 
 



 
 The months of March–April and September
reproduction, respectively. The earthworms descend from the surface on dry, hot days. The 
night crawler (Lumbricus Terrestris
 
1. Benefits of earthworms to soil health

because they significantly affect the physical, chemical, and biological characteristics of 
soil(Pelosi et al., 2014).Earthworms aid in the decomposition of organic materi
transformation of major and minor mineral nutrients(

 
 In soil fertility: One of the most significant soil creatures is the earthworm, which 

has the ability to maintain soil fertility and hence play a key part in the sustain
of agriculture(Brown et al.,2004
because they can retrieve the physical, chemical, and biological properties of the 
soil[3,5,14]through borrowing activity. However, the variability in earthwor
burrowing activities is highly correlated with soil characteristics, soil temperature, and 
is particularly sensitive to soil moisture
the soil and soil layers are combined by earthworms.  Earthworms boost the am
of plant nutrients that are readily available while also enhancing soil structure, 
assimilation, and tilling. The activity of earthworms also enhances water potential and 
soil drainage. Through the formation of aggregates, earthworms also enhance soil
structure. The soil structure is not permanently improved by human agricultural 
activities like cultivation, but the earthworm has considerably longer
benefits in preserving soil tilth.
the soil's surface than all other soil organisms combined.  Earthworms enhance 
physical structure of soil and encourage the growth of deep root system by creating 
channels through which roots of plant easily penetrate(
alter the soil's chemistry, biology, and structure by eating, altering, and combining 
organic wastes(Lavelle P, et al.,2004
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April and September–October saw the most burrowing and 
reproduction, respectively. The earthworms descend from the surface on dry, hot days. The 

Lumbricus Terrestris) can migrate up to 20 m (Brown GG, et al., 2003

Benefits of earthworms to soil health: Earthworms are known as "ecosystem engineers" 
because they significantly affect the physical, chemical, and biological characteristics of 

.Earthworms aid in the decomposition of organic materi
transformation of major and minor mineral nutrients(Edward CA et al.,19). 

One of the most significant soil creatures is the earthworm, which 
has the ability to maintain soil fertility and hence play a key part in the sustain

Brown et al.,2004).Earthworms are essential for increasing soil fertility 
because they can retrieve the physical, chemical, and biological properties of the 
soil[3,5,14]through borrowing activity. However, the variability in earthwor
burrowing activities is highly correlated with soil characteristics, soil temperature, and 
is particularly sensitive to soil moisture(Lee K E., 1985).Organic matter is added to 
the soil and soil layers are combined by earthworms.  Earthworms boost the am
of plant nutrients that are readily available while also enhancing soil structure, 
assimilation, and tilling. The activity of earthworms also enhances water potential and 
soil drainage. Through the formation of aggregates, earthworms also enhance soil
structure. The soil structure is not permanently improved by human agricultural 
activities like cultivation, but the earthworm has considerably longer-term beneficial 
benefits in preserving soil tilth. Earthworms may devour more organic material from 

soil's surface than all other soil organisms combined.  Earthworms enhance 
physical structure of soil and encourage the growth of deep root system by creating 
channels through which roots of plant easily penetrate(Ramsay JA, 1978

's chemistry, biology, and structure by eating, altering, and combining 
Lavelle P, et al.,2004). 
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October saw the most burrowing and 
reproduction, respectively. The earthworms descend from the surface on dry, hot days. The 

Brown GG, et al., 2003). 

Earthworms are known as "ecosystem engineers" 
because they significantly affect the physical, chemical, and biological characteristics of 

.Earthworms aid in the decomposition of organic materials and the 

One of the most significant soil creatures is the earthworm, which 
has the ability to maintain soil fertility and hence play a key part in the sustainability 

).Earthworms are essential for increasing soil fertility 
because they can retrieve the physical, chemical, and biological properties of the 
soil[3,5,14]through borrowing activity. However, the variability in earthworm 
burrowing activities is highly correlated with soil characteristics, soil temperature, and 

Organic matter is added to 
the soil and soil layers are combined by earthworms.  Earthworms boost the amount 
of plant nutrients that are readily available while also enhancing soil structure, 
assimilation, and tilling. The activity of earthworms also enhances water potential and 
soil drainage. Through the formation of aggregates, earthworms also enhance soil 
structure. The soil structure is not permanently improved by human agricultural 

term beneficial 
Earthworms may devour more organic material from 

soil's surface than all other soil organisms combined.  Earthworms enhance 
physical structure of soil and encourage the growth of deep root system by creating 

Ramsay JA, 1978).Earthworms 
's chemistry, biology, and structure by eating, altering, and combining 
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 In Nutrient Availability to Soil: Through the tissues in their bodies and their activity 
as borrowers, earthworms have an impact on the supply of nutrients(Lal. R and 
Hawksworth D.L, 1999).Depending on the time and space scales taken into account, 
earthworms have varying effects on the dynamics of organic matter(Mora P et 
al.,2005).Earthworms are essential to the initial breakdown, continued decomposition, 
and recycling of nutrients found in organic waste. They dispose of this material as 
cast, which is rich in nutrients. Earthworms improve the mineralization of organic 
matter and raise the soil's nitrogen content. The earthworm's gut contains nitrogen-
fixing microorganisms that boost nitrogenase enzyme activity(Edward CA, etal., 
1996).The second most important ingredient for plant growth is phosphorus, 
following nitrogen(Vance CP et al., 2000). The increase in phosphatase activity also 
increases the amount of phosphorus in earthworm cast (Kuczak CN et al., 2006).This 
allows plants to easily absorb the substantial amounts of nitrogen, phosphorus, and 
other nutrients found in the cast of earthworms, such as P, Ca, and K. 
 

 Vermicomposting for Recycling Wastes:  
 

 
 

 Vermicompost is a type of organic fertilizer that is created when 
biodegradable waste is digested by earthworms. It is regarded as a safe method of 
waste management as well as an environmentally friendly method of agricultural 
production (Przemieniecki, SW, etal.,2021).Direct application of organic wastes to 
agricultural fields may result in soil environmental issues, such as phytotoxicity(Hsu 
JH, et al.,1999).The organic and mineral components of the food that earthworms 
consume are amplified, resulting in castings that are more nutrient-dense than the soil 
surrounding them. This process is accompanied by an enrichment in unstable 
chemicals and a subsequent rise in microbial activity (Coq et al., 2007; Abail et 
al.,2017). 
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 Vermicomposting is a non-thermophilic (mesophilic) technique that uses the 
digestive system of earthworms to turn organic waste into a humus-like product that 
serves as a high-value nutrient fertilizer and soil amendment[28,31,44]. 
 
 Composting is a method for handling manures, green garbage, and municipal 
solid waste(GoyalS, et al., 2005).Despite this, vermi composting produces a superior 
final product than composting because of the interaction between enzymatic and 
microbiological activities that take place during the process(Bajsa O, et 
al.,2003).Vermicompost-treated soil was found to have significantly improved 
physicochemical characteristics including pH, moisture content, water holding 
capacity, and chemical characteristics such as nitrogen, phosphorous, potassium, 
calcium, and magnesium, whereas the corresponding physicochemical values in 
control soil were insignificant in rice crop(Tharmaraj K, et al.,2011). Application of 
vermicompost can enhance the biological characteristics of soil. According to recent 
studies, adding vermicompost to soil significantly improves its biological features, 
including soil organic carbon, soil microbial biomass, enzymatic activity, population 
of various beneficial microorganisms, hormones, etc(Manivannan S, et al., 2009). 
Hence, vermicompost increases soil fertility by enhancing the physical, chemical, and 
biological characteristics of the soil. 

 
 Role of earthworm in plant growth: Earthworms alter the structure of the soil to 

affect plant growth. By creating burrows and organomineral casts at various locations 
throughout the soil profile, they help to increase soil porosity and the strength of 
organomineral aggregates(Lavelle P, et al.,2006 and Kretzschmar., 2004).This 
outcome is intended to promote plant development in a variety of circumstances 
(Brown GG, et al., 2004). 
 
 Application of vermicompost boosts plant hormone release, which results in 
beneficial adjustments to plant growth parameters (Adhikary S.,2012). Auxins and 
cytokinins, which are released by earthworms and are beneficial to plant growth 
(Krishnamoorthy and Vajranabhaiah, 1986).The presence of gibberellic acid (GA) in 
vermicompost regulates the intake of calcium and potassium and improves the growth of 
shoot elongation(Moghadam, A.R.L et al.,2012).The ground is magnificently prepared for 
plant growth by earthworms. (Darwin, 1881). 
 
 Some studies showed that the application of vermicompost boosted the overall 
concentrations of carbs, fibres, and vitamin C in cabbage heads as well as the amount 
of essential oils in the leaves of mint plants (Thymus vulgaris)(Verma R. et al., 
2014).Vermicomposting improves fruit quality characteristics as hardness, colour, and 
the number of marketable fruits produced(Arancon, N.Q. et al.,2003). 
 
 Ancient wisdom regarding the contribution of earthworms to improving soil 
fertility has now been greatly clarified by scientific findings from many studies. This 
is a crucial area of research where the findings are closely related to social 
welfare(Kale RD, 2007 and EdwardsCA et al.,2009). 
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