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ABSTRACT 
 Environmental contamination due to solid waste mismanagement is a global issue. Open dumping and 
open burning are the main implemented waste treatment and final disposal systems, mainly visible in 
low-income countries. The environmental impacts are pervasive worldwide: marine litter, air, soil and 
water contamination, and the direct interaction of waste pickers with hazardous waste are the most 
important issues. This narrative literature review assessed global issues due to different waste fractions 
showing how several sources of pollution are affecting the environment, population health, and 
sustainable development. Urbanization and industrialization resulted in rapid increase in volume of 
solid waste; its management has become one of the biggest problems today. Solid wastes can be 
disposed of by methods like land filling, incineration, conversion into biogas, recycling, and 
composting, but its overproduction has led to in appropriate disposal practices such as their 
indiscriminate and in appropriately timed application to agricultural fields that ultimately leads to water 
and soil pollution. However, organic wastes can be used for vermicomposting; it is an effective 
recycling technology that improves the quality of the products that is disinfected, detoxified, and highly 
nutritive. Because of non-thermophilic, boioxidative process that involves earthworms and associated 
microbes. This biological organic waste decomposition process yields the biofertilizer namely the 
vermicompost. It enhances soil biodiversity by promoting the beneficial microbes that in turn enhances 
plant growth directly by production of plant growth-regulating hormones and enzymes and indirectly 
by controlling plant pathogens, nematodes and other pests, thereby enhancing plant health and 
minimizing the yield loss. It is a low cost, eco-biotechnological process in which earthworms are used 
to cooperate with microorganisms in order to convert biodegradable wastes into organic fertilizer. 

Vermicompost is beneficial for sustainable organic agriculture and maintaining balanced ecosystem. 
 

Keywords: Environmental Applicability, Organic waste, Vermicompost, Bacterial Communities, 
Earthworms, Plant Growth Promoters, Biocontrol, Microbial Diversity 

1. Introduction 
Solid waste (SW) mismanagement is a global issue in terms of environmental contamination, social 

inclusion, and economic sustainability Gupta, et al., (2015) Vitorino de Souza Melaré et al., (2017), 
which requires integrated assessments and holistic approaches for its solution Bing, et al., (2016). 
Attention should be paid in developing and transition countries, where the unsustainable management 
of SW is common The World Bank (2012). Differences should be highlighted between developing big 
cities and rural areas, where management issues are different, specifically regarding the amount of waste 
generated and the SW management (SWM) facilities available Ferronato, et al., (2019) Fig. (1). 
However, both suffer negative economic legislatives, political, technical and operational limitations 
Imam, et al., (2008). Uncontrolled disposal generates serious heavy metals pollution occurring in the 
water, soil, and plants Vongdala, et al., (2019),open burning is cause of CO, CO2, SO, NO, PM10 and 
other pollutant emissions that affect the atmosphere Wiedinmyer, et al., (2014) Fig. (2). Therefore, SW 
mismanagement is cause of sever and various environmental and social impacts, which do not allow 
improvements in sustainable development Fig. (3). 



Inter. J of Envi., 10(3): 109-172, 2021 
EISSN: 2706-7939    ISSN: 2077-4508                                               DOI: 10.36632/ije/2021.10.3.11 

110 

 
 
 

 
 
Fig. 1: Represents Open burning of solid wastes causing emissions of CO, CO2, SO, NO, PM10 and 
Other pollutant 
 

 
 

Fig. 2: Illustrates different handling of solid wastes in developed and developing countries 
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Fig. 3: Represents solid waste mismanagement is causing of sever and various environmental and social 
impacts generates serious heavy metals pollution occurring in the water, soil, and plants 

 
 Many studies reported possible solutions for improving the SWM in developing countries, such 

as organic waste buyback programs Fig. (4), as well as biogas projects Fig. (5). 
  

 
 
Fig. 4: Illustrates Buyback proposition can change the value of organic waste. After Hettiarachchi et 
al., (2018) 

 
Hettiarachchi et al., (2018) reported that from the economics standpoint, organic waste buyback 

changes the value proposition of waste by turning it from an economic bad to an economic good Fig. 
(4). Economic bad, which is the opposite concept of an economic good, refers to something with a 
negative value to people or a negative price in the market. Economic good, on the other hand, means 
something that has utility and provides positive value to people. Economic bads and goods are not 
absolute concepts but subjective ideas that may change according to perception. Organic waste itself is 
an economic bad because it creates problems when not managed properly. However, for proper 
management with treatment, someone, often a municipality, must pay a higher price. However, a 
buyback system modifies people’s recognition of organic waste by returning some financial incentives. 
With buyback systems, people will perceive organic waste as a good with a market price and will be 
eager to have it for their own benefit with compost or biogas production Hettiarachchi, et al., (2018), 
implementation of waste-to-energy plans and technologies Ouda, et al., (2016) Fig.(5). They also stated 
that Hettiarachchi et al., (2020), stated that many developing countries have inadequate Municipal Solid 
Waste (MSW) management systems due to lack of not only the awareness, technologies, finances, but 
also a proper governance that is able to enforce and monitor the regulations. Not all the solutions 
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practiced by and in developed countries fit to the developing country contexts. The local conditions and 
limitations must always be taken into account when proposing waste management options for 
developing countries. The excessively high organic waste fraction in MSW and relatively inexpensive 
labor markets available in developing countries are two of the strengths that have not yet been utilized 
fully. This manuscript is an attempt to point out the benefits we receive from the above two strengths if 
we establish organic waste buyback programs. This can only become successful if we find solutions to: 
(1) collect source-separated organic waste, and then (2) find stable markets for the products made from 
organic waste. Compost or biogas could be the best developing countries can consider as products. 
However, there must be some policy interventions to support buyback programs at the waste collection 
stage as well as at the product marketing stage. Implementation of such organic waste buyback centers 
that can offer some incentives can indirectly motivate residents to do source separation. This will in 
turn also help promote more recycling, as any waste bin that has no organics in it is much easier for 
anyone (e.g., waste pickers) to look for other recyclables. Developing country settings such as the Green 
Container composting program in Cajicá, Colombia, and buyback centers in South Africa that are 
presented later in the manuscript are thought to be the places where the concept can be implemented 
with little effort. The environment, economy, and society are considered to be the three dimensions (or 
pillars) of sustainability. Interestingly, the organic waste buyback centers solution has positive 
implications on all three aspects of sustainability. Thus, it also supports the 2030 Agenda of the United 
Nations (UN), by making specific contributions to the Sustainable Development Goals (SDGs) such as 
zero hunger (SDG 2), affordable and clean energy (SDG 7), climate action (SDG 13), clean water and 
sanitation (SDG 6), and sustainable cities and communities (SDG 11).Therefore, environmental 
contamination remains a big issue worldwide, while common solutions should be identified and 
implemented considering SWM patterns appropriate for each context. 

 

 
 
Fig. 5: Represents Yard waste composting activities in MARDI, Serdang, and Selangor, Malaysia. (a) 
Yard waste collected weekly in large plastic bags transported to the compost processing facility; (b) 
Mixture of yard waste with N sources (mostly livestock manure) at the beginning of composting; (c) 
Compost heap within 35 days; (d) Compost heap at the end of the process. After Abdul Rahman et al., 
(2020) 

 
Abdul Rahman et al., (2020) they stated that composting of yard waste is one of the waste 

management approaches in the Malaysian Agricultural Research and Development Institute (MARDI) 
in Serdang, Selangor, Malaysia. The yard waste inventory was developed in the headquarters’ area and 
a pilot-scale study was performed on the potential compost product. The total amount of yard waste 
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generated from June 2017 to December 2017 was 16.75 tonnes with an average generation of 0.60 
tonnes per week on the fresh weight (f.w.) basis. The collected yard waste consisted of three major 
characteristics, namely dry leaves, fresh green leaves, and grass cuttings, and a waste estimation 
technique was applied to determine the composition of these three elements. The acquired information 
was used to formulate the initial compost mixture. The wastes were then mixed with an appropriate 
amount of livestock manure and other wastes to obtain the optimum initial C/N ratio, which was then 
found in the analysis to range between 25:1 and 42:1. Meanwhile, the C/N ratios obtained from the 
matured compost product were from 10:1 and 15:1. Moreover, most of the compost yield ranged 
between 50% and 70% (w w-1 d.w. basis), while the percentage of the seed germination in the compost 
was over 95%. The viability of the project was indicated from the economic analysis, with benefit to 
cost ratio (BCR) values of more than 1. The results also suggested that the large scale composting of 
yard waste in MARDI was feasible and its applicability is continuous. This technique also fulfilled the 
objective of producing quality compost, which was suitable for agricultural use.  

Increasing world population resulted in higher consumption of goods and services that has driven 
a substantial increase of organic wastes originating from households, industry, and agriculture 
Hoornweg et al., (2013). Much of the organic wastes are highly infectious as they contain a variety of 
pathogenic microorganisms. Dumping of organic wastes in open areas generates serious environmental 
issues such as the accumulation of heavy metals in soil, pollution of ground and surface waters due to 
leaching and run-off of nutrients. These organic wastes when applied directly to agricultural fields cause 
soil environment-related problems including phytotoxicity Hsu and Lo (1999). These wastes represent 
a valuable organic resource, which could be recycled and transformed into nutrient rich fertilizer and/or 
soil conditioner Marshall, and Farahbakhsh (2013), Bernstad et al., (2016), Calabi-Floody et al., (2018). 
Moreover, growing awareness about adverse effects of agricultural chemicals on human health has 
increased interest in organic agriculture Sinha and Chan (2009).Organic agriculture promotes ecological 
conservation due to judicious use of natural resources Reganold et al., (1993), Mader et al., (2002). In 
demand for safe and sustainable strategies to treat organic wastes includes best-known practices of 
composting and vermicomposting for biological stabilization of solid organic wastes by transforming 
them into a safer and more stabilized material that used as a source of nutrients and soil conditioner in 
agricultural applications Lazcano et al., (2008), Dominguez and Edwards (2010) Fig. (6).  

Vermicomposting is one of the most efficient means to mitigate and manage environmental 
pollution problems Waleed (2016). Recently, many studies are being done to establish vermicompost 
as one of the preferred organic substitutes to chemical fertilizers Sinha et al., (2009), Adhikary (2012). 
Vermicompost is richer in NPK, micronutrients and beneficial soil microbes (nitrogen fixing and 
phosphate solubilizing bacteria and actinomycetes), an excellent growth promoter and protector for crop 
plants Sinha et al., (2011), Chauhan et al., (2015), than compost Maulini-Duran et al., (2014), Cerda et 
al., (2017). Earthworms excreta (vermicast) is a nutritive organic fertilizer rich in humus, NPK, 
micronutrients, beneficial soil microbes; nitrogen-fixing, phosphate solubilizing bacteria, actinomycets, 
and growth hormones auxins, gibberlins and cytokinins, is a suitable alternative to chemical fertilizers, 
being an excellent growth promoter and protector for crop plants. Thus, vermiculture not only results 
in management of soild waste but also produces excellent nutrient enriched vermicompost Fig. (7). 

Soil bacteria such as bacillus, pseudomonas and Streptomyces etc., are prolific producers of 
secondary metabolites that act against numerous co-existing phytopathogenic fungi and human 
pathogenic bacteria Pathma et al., (2011b). Earthworms are popularly known as the “farmer’s friend” 
or “nature’s plowman”. Earthworm influences microbial community, physical and chemical properties 
of soil. They breakdown large soil particles and leaf litter and thereby increase the availability of organic 
matter for microbial degradation and transforms organic wastes into valuable vermicompost by grinding 
and digesting them with the help of aerobic and anaerobic microbes Maboeta and Van Rensburg (2003). 
Earthworms’ activity is found to enhance the beneficial microflora and suppress harmful pathogenic 
microbes. Soil wormcasts are rich source of micro and macronutrients, and microbial enzymes Lavelle 
and Martin (1992) Fig. (8).  

Medina-Sauza et al., (2019) stated that physiology, morphology and behaviour of earthworms is 
essential to understand their effect on soil functions Fig. 8, arrow 1). However, there is increasing 
evidence that the effect of earthworms on soil functions may be mediated through soil microbial 
communities Fig. 8, arrow 2). It is yet not clear how the different ecological groups may promote or 
select soil microorganisms and there are many contradictory results concerning the effect of earthworms 
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on soil microbial communities Byzov et al., (2015). However, the drilosphere is generally 
acknowledged as being a soil hotspot with a positive effect on ecosystem functions such as nutrient 
cycling and plant growth Brown et al., (1999); Scheu, (2003); Van Groenigen et al., (2014). Considering 
that the involvement of microorganisms in these functions is fundamental, it is therefore necessary to 
consider microbial communities and how they are influenced by earthworms in order to understand and 
predict the effect of earthworms on ecosystem functions. It is our hypothesis that “the effect of 
earthworms on nutrient cycling and plant growth is not only a direct effect but is mainly mediated 
indirectly, via modifications of the microbial community” Fig. (8). Thus, the objectives of this review 
are two. The first is to determine whether some patterns can be drawn from the existing literature 
regarding the effect of the different earthworm functional groups (epigeic, endogeic, and anecic) on the 
abundance, structure and diversity of soil microorganisms (bacteria, archae, and fungi) at the different 
sites (earthworm gut, casts, burrows, bulk soil, rhizosphere, others). The analytical methods used are 
also considered [Gram+/–, fingerprinting, phospholipid fatty acids (PLFA), sequencing]. The second is 
to establish the impact of earthworms on microbial processes involved in nutrient cycling, on the 
production of signal molecules and as a consequence, on plant growth promotion.  

 

 
 

 

 
Fig. 6: Illustrates a Project information of biogas plant in developing country (India) and developed at 
a chicken and cow farm in china (Bejing) 
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Fig. 7: Illustrates Earthworm used decomposable organic wastes as their food, from which the body 
cell of the earthworm and the rest of their food absorb about 5 to 10 percent of the consumed food is 
excreted in the form of pellets that is known as Vermi- compost. 

 
 
Fig. 8: Represents the hypothesis effect of earthworms on nutrient cycling and plant growth is not only 
a direct effect but also microorganisms mainly mediate it indirectly. The impact of earthworms is direct 
(1), or indirect, through the stimulation of microorganisms (2). By modifying microbial communities 
(2a), earthworms affect the way bacteria are influencing ecosystem functions (2b). This figure aims at 
illustrating the fact that indirect effects are as important as direct ones. After Medina-Sauza et al., (2019) 
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Medina-Sauza et al., (2019) The capacity of earthworms to decompose organic matter has been 
attributed to the microbial communities that inhabit their digestive track or the structures they build, 
which in turn contribute to make up the drilosphere, a hotspot for microbial activity. However, how 
earthworms modify the structure of soil microbial communities and how these changes affect soil 
microbial processes is still unclear. The effect of earthworms on nutrient cycling and plant growth is 
not only a direct effect but is mainly mediated indirectly, via modifications of the microbial community. 
Recent reports have shown that specific bacterial groups consistently increase in soils where 
earthworms are present, regardless of the earthworm functional group. The extent of this increase seems 
to be dependent upon the type of substrate under study. They also reveals that endogeic and anecic 
earthworms regularly induce an increase in soil nutrients, whilst this positive effect is not as evident in 
the presence of epigeic earthworms. The effect of earthworms on nutrient cycling has been further 
investigated with microbial functional genes, although existing reports largely focus on nitrogen 
cycling. Earthworms seem to enhance denitrification, most likely through the increase in organic 
compounds due to organic matter decomposition. By enhancing soil nutrient availability, earthworms 
indirectly promote plant growth, which has also been attributed to the induction of signal molecules. 
Finally, we propose a framework for earthworm-microbiota interactions and recommend further 
research. Vermicomposting is an efficient nutrient recycling process that involves harnessing 
earthworms as versatile natural bioreactors for organic matter decomposition. Due to richness in 
nutrient availability and microbial activity, vermicompost increase soil fertility, enhance plant growth 
and suppress the population of plant pathogens and pests. This review paper describes the bacterial 
biodiversity and nutrient status of vermicompost and their importance in agriculture and waste 
management.  

 
1- Vermicomposting- a preferred approach in organic farming 

Vermicomposting is a mesophilic process Edwards and Burrows (1988), that involves a joint action 
of earthworms (active at 10–32°C) and mesophilic microbes Benitez et al., (1999), for the conversion 
of organic wastes into a valuable product known as vermicompost. Whereas, composting involves the 
degradation of organic waste by microorganisms under controlled conditions, in which the organic 
material undergoes a characteristic thermophilic stage that allows sanitization of the waste by 
elimination of pathogenic microorganisms Lung et al., (2001). Composting is also used to treat 
manures, green wastes or municipal solid wastes Goyal et al., (2005). However, vermicomposting gives 
a higher-quality product than composting due to joint action of enzymatic and microbial activities that 
occur during the process Bajsa et al., (2003).This process is faster than traditional composting as the 
material passes through the earthworm gut, whereby the resulting earthworm castings are rich in 
microbial activity and plant growth regulators, and fortified with pest repellence attributes as well 
Vermi (2020), Crescent (2003) Fig. (9). Compared to traditional composting method, vermicomposting 
also results in mass reduction, shorter processing time, and high levels of humus with reduced 
phytotoxicity Atiyeh et al., (2001).Thus, vermicompost is considered an ideal manure for organic 
agriculture as it is nutrient rich and contains high quality humus, plant growth hormones, enzymes, and 
substances that are able to protect crops against pests and diseases Sinha et al., (2010), Sinha et al., 
(2010). 

 

 
 
 
Fig. 9: Illustrates the interaction between earthworm and microorganisms in earthworm's gut. 
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Moreover, vermicompost has high porosity, aeration, drainage, and water-holding capacity 
Edwards and Burrows (1988).In addition to increased N availability, C, P, K, Ca and Mg plant nutrient 
availability in the earthworm casts are also found Orozco et al., (1996). Plants growth hormones namely 
cytokinins and auxins are found in organic wastes processed by earthworms Orozco et al., (1996).They 
also release certain metabolites, such as vitamin B, vitamin D and similar substances into the compost 
Krishnamoorthy and Vajrabhiah (1986). Thus, earthworms accelerate the mineralization rate and 
convert the manures into casts with higher nutritional value and degree of humification than traditional 
method of composting Jeyabal et al., (2001) Fig. (10). 

 

 
 
Fig. 10: Illustrates the diagram of iron Fe+3 reduction and its interaction with denitrification in the gut 
of earthworm Pheretima guillelmi 

 

The composition of commonly available nutrients in vermicompost is as follows: Organic carbon 
9.5–17.98%, Nitrogen 0.5–1.50%, Phosphorous 0.1–0.30%, Potassium 0.15–0.56%, Sodium 0.06–
0.30%, Calcium and Magnesium 22.67–47.60 meq/100 g, Copper 2–9.50 mg/kg, Iron 2–9.30 mg/ kg, 
Zinc 5.70–11.50 mg/kg, Sulfur 128–548 mg/kg Kale (1995). Hence, vermicomposting enables 
biological transformation of wastes into a valuable organic fertilizer Bozym (2012), Kostecka 
(2000).Vermicompost is popularly called as black gold and has become one of the major components 
of organic farming system Crescent (2003). 

Earthworms are considered as ecosystem engineers that play an important role in shaping soil 
structure and cycling nutrients Blouin et al., (2013) Fig. (11). 

 

 
 

Fig. 11: Illustrates Earthworms stimulate the physical characteristics of the soil 
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Earthworms promote litter decomposition, nitrogen (N) mineralization and water infiltration, 
because of their feeding and burrowing habits Baker, (2007), and therefore deeply affect soil properties 
Hättenschwiler and Gasser, (2005). They also play a crucial role in the provision of soil ecosystem 
services Lavelle et al., (2016). The soil volume directly influenced by earthworms, known as the 
drilosphere Bouché, (1977); Lavelle, (2002), is an important functional region of the soil, made by the 
earthworm community and the structures it creates: middens, burrows, tunnels, and casts. Earthworms 
are thus builders of habitats for other organisms, which establishes them as physical or allogenic 
engineers Jones et al., (1994); Lavelle et al., (1997), (2016). Besides, these building activities constitute 
an input of organic matter to the soil and a pathway for the stabilization of soil organic carbon (C-org) 
through the formation of organomineral aggregates Deeb et al., (2017). This enrichment in organic 
matter mainly results from earthworm food choice Curry and Schmidt, (2007), its digestion and 
excretion of intestinal or cutaneous mucus that can be cementing Shipitalo and Le Bayon, (2004) or 
used as an energy source Lavelle et al., (1995). In addition to shaping soil structure, earthworms also 
have an important impact on soil organic matter dynamics and microorganisms in their gut, casts and 
drilosphere Andriuzzi et al., (2016) and are identified as biochemical Lavelle et al., (2016) or autogenic 
ecosystem engineers Lawton and Jones, (1995). Earthworms are divided into three main functional 
groups or ecological categories, which determines how they influence the soil compartment and its 
microbial communities Thakuria et al., (2010); Fig. (12)  

(a) Epigeic earthworms live on the soil surface and feed from the litter.  
(b) Endogeic earthworms live in the soil and produce horizontal tunnels, while feeding on mineral 

soil and partially decomposed material, being then geophagous.  
(c) Anecic earthworms produce permanent vertical burrows and feed on the Litter that they drag 

into their burrows to be pre-decomposed by microorganisms while depositing their casts at the burrow 
entrance Bouché, (1977); Lavelle, 1981)(; Lee, (1985). Earthworms are considered as key ecological 
mediators that have the capacity to affect soil functions and microbial activities Binet et al., (1998); 
Lavelle et al., (2016), by producing an energy-rich mucus that activates microorganisms through a 
priming effect Jenkinson, (1966) and signal molecules that have hormone-like effects and influence 
plant gene expression Puga- Freitas and Blouin, (2015). The mutualistic interaction existing between 
earthworms and the soil microbiota has been named the “Sleeping Beauty Paradox” Lavelle et al., 
(1995); Brown et al., (2000), where dormant soil microorganisms, awaiting suitable environmental 
conditions are activated by the kiss of the earthworm made of easily assimilable glycoproteins present 
in the drilosphere in the form of intestinal or cutaneous mucus as already mentioned. This triggers the 
acceleration of microbial processes for a short period of time (“hot moment”) . 

 

 
 
Fig. 12: Represents each functions of Earthworms in the ecosystem, Earthworms can be grouped into 
categories by their morphology, ecology and vertical position in (or above) the soil.  

  
Regina et al., (2019), they reported that positive effect of earthworms on soil processes and plant 

growth has been extensively documented. The capacity of earthworms to decompose organic matter 
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has been attributed to the microbial communities that inhabit their digestive track or the structures they 
build, which in turn contribute to make up the drilosphere, a hotspot for microbial activity. However, 
how earthworms modify the structure of soil microbial communities and how these changes affect soil 
microbial processes is still unclear. Do earthworms reduce microbial abundance and activity because 
they feed on microorganisms or do they select and stimulate specific microbial groups? We 
hypothesizes that “the effect of earthworms on nutrient cycling and plant growth is not only a direct 
effect but is mainly mediated indirectly, via modifications of the microbial community. They also 
reveals that endogeic and anecic earthworms regularly induce an increase in soil nutrients, whilst this 
positive effect is not as evident in the presence of epigeic earthworms. The effect of earthworms on 
nutrient cycling has been further investigated with microbial functional genes, although existing reports 
largely focus on nitrogen cycling. Earthworms seem to enhance denitrification, most likely through the 
increase in organic compounds due to organic matter decomposition. By enhancing soil nutrient 
availability, earthworms indirectly promote plant growth, which has also been attributed to the 
induction of signal molecules. However, no experiment to date has been able to prove a direct causal 
relationship between specific signal molecules, earthworms and plant growth promotion. Finally, we 
propose a framework for earthworm-microbiota interactions and recommend further research.  

These pores improve aeration, water absorption, drainage and easy root penetration. Soil 
aggregates formed by earthworms and associated microbes, in the casts and burrow walls play an 
indispensible role in soil air ecosystem. These aggregates are mineral granules bonded in a way to resist 
erosion and to avoid soil compaction both in wet and dry condition Fig. (13). 

  

 
 
Fig. 13: Earthworm activity in no-tillage (NT) agricultural soils: (a) roots growing in an earthworm 
burrow in a clayey latosol under long-term NT in Guaraciaba, Santa Catarina; (b) castings of a large 
Glossoscolex sp., within the profile of the same site; (c) surface castings of Pontoscolex corethrurus in 
2-year-old organic no-tillage on a clayey red latosol in S~ao Jerônimo da Serra, Paraná; (d) Urobenus 
brasiliensis, an epi-endogeic earthworm found in various NT fields in Santa Catarina After Bartz et al., 
(2011), (2014).  
 
Earthworms speed up soil reclamation and make them productive by restoring beneficial microflora 
Nakamura (1996). Thus, degraded unproductive soils and land degraded by mining could be engineered 
physically, chemically and biologically and made productive by earthworms. Hence, earthworms are 
termed as ecosystem engineers Brown et al., (2000), Munnoli et al., (2010) Fig. (14).  

Gerrit Angst et al., (2019), reported that impact of earthworm particularly Epic-endogeic are 
important in no- tillage (NT) systems because they incorporate organic materials into the topsoil, 
accelerating carbon turnover and nutrient cycling, as well as increasing availability of various plant 
nutrients, such as calcium (Ca), nitrogen (N) and phosphorus (P) Bartz et al., (2010), which can 
positively affect plant growth Brown et al., (1999); van Groenigen et al., (2014). Earthworm castings 
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are also known as hotspots of high microbial activity and even phytohormones production Puga-Freitas 
and Blouin, (2015); Medina- Sauza et al., (2019), The burrowing and casting activities of both endogeic 
and epic-endogeic species also enhance water storage, infiltration and oxygen diffusion in the soil 
Peixoto and Marochi, (1996), which may be particularly important in regions with high precipitation 
Brazil Alvares, et al., (2014). Additionally, plant roots to access deeper layers Fig. (15), mainly in 
clayey and compacted soils Ehlers, (1975), Springett and Gray, (1997) can use these burrows. The 
activity of epic-endogeic could help to improve organic matter incorporation into the topsoil, facilitating 
soil aggregation (biogenic structures) and carbon stabilization/sequestration Fig.(15) Bossuyt, et al., 
(2005); Lavelle et al., (1997).  

Earthworm bioturbation, particularly cast production, has rarely been measured under NT 
Bescansa, et al., (2010); Botticelli, et al.,, (2019); Kaneda, et al., 2014), and although surface casting 
rates may achieve up to 3 Mg of soil ha−1 yr−1 in temperate NT fields in Japan Miura et al., (2008) and 
68–112 g m−2 d−1 (2.5–4.1Mg ha−1 yr−1) in Nigerian NT fields Lal and Akinremi, (1983). Surface casts 
represent a variable proportion of earthworm casting, depending on the species present and soil 
conditions, particularly moisture, temperature, food supply and bulk density Barley, (1952); Joschko, 
et al., (1989); Scullion and Ramshaw, (1988); Whalen, et al., (2004). Total bioturbation rates may be 
much greater than those measured with surface casting, as most endogeic species deposit only a small 
fraction (<10%) of the total casting on the soil surface James, (1991), whereas epiendogeics and anecics 
may deposit much more, ranging from 30 up to 90% of total ingestion Curry and Baker, (1998); Evans, 
(1948); Whalen et al., (2004). The long-term use of NT in many temperate regions with deep-burrowing 
anecic earthworms (e.g., L. terrestris) can also have important effects on organic matter incorporation, 
gas exchanges, water infiltration and nutrient movement in the soil profile Ehlers, (1975); Nieminen, et 
al., (2015); Shipitalo and Le Bayon, (2004); Shuster, et al., (2000); Subler and Kirsch, (1998). 

 
2- Role of earthworm in vermicomposting  
2-1- Their Biological effects  

Over the last few, decades’ numerous human activities have led to an increased accumulation of 
waste materials. Therefore, waste management has become an important topic worldwide Demirbas 
(2011).The objective of SW management is to deal with waste in an environmentally and economically 
sustainable way Sabbas et al., (2003) Fig.(16).According to the literature, about 2.01 billion metric tons 
of solid waste are produced annually, and it is estimated that this number will increase to 3.40 billion 
metric tons by 2050, Hoornweg et al., (2012).SW includes organic and inorganic materials produced 
by different sources. 

Lucia et al., (2019) reported that the circular economy aims to reduce the volume of waste 
generated in the world, transforming it into resources Fig. (16). The concept of indicator of circular 
economy was introduced to evaluate the improvement obtained regarding efficiency in terms of 
reduction, reuse and recycling of waste generated on the campus of the University of Lome (Togo). 
These indicators showed that 59.5% of the waste generated on the campus in 2018 could be introduced 
into the circular economy paradigm through composting, and 27.0% of the energy consumed could be 
replaced by clean energy obtained from biogas. The entire plastic fraction can be introduced into the 
circular economy paradigm by reusing plastic bottles and selling the rest in the port of the city. Thus, 
the income obtained could range from €15.5/day in 2018 to €34.5/day in 2027. Concerning old tires, 
1.5% of the rubber needed to pave the entire roadway of the campus could be replaced by the waste 
generated by the tires currently existing there. Consequently, waste management on the campus could 
be controlled thanks to these indicators, and this could serve as a model for the rest of the country. 
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Fig. 14: Represents role of earthworms in some soil processes in no-tillage systems. After Lavelle et 
al., (2006), Wilian et al., (2020)  
 

 
 
 
Fig. 15: Conceptual diagram depicting how earthworms as biochemical reactors affect the molecular composition 
of differently sized aggregates and soil fractions within. In soil devoid of earthworms, macro- and microaggregates 
are built up from occluded particulate organic matter surrounded by mineral soil particles. These particles are 
glued together by microbial material (cell walls and extracellular polymeric substances; EPS). When earthworms 
rework these soils through burrowing, casting and consumption of organic matter, they change the molecular 
composition of macro- and micro-aggregates through their stimulating effect on microorganisms: first, earthworm 
activity increases the microbial glue (i.e., microbial cell walls and EPS) with which mineral particles and micro-
aggregates cohere in macro- aggregates and second, their activity creates nuclei enriched in microbial cell walls 
for the formation of new micro-aggregates. These processes are accompanied by an enhanced decomposition of 
plant-derived organic matter, particularly in the less stable soil fractions (non-protected plant fragments that freely 
reside in the soil and macro- aggregate occluded particulate organic matter). Ultimately, the presence of 
earthworms leads to larger amounts of microbial necromass in stable fractions from macro- and microaggregates 
by which the resilience to disturbances of that C is enhanced. After Gerrit- et al.  (2019). 

 
There are numerous classifications of SW that are also complex, but research on domestic waste 

Suthar and Singh (2008), municipal solid waste Kaviraj and Sharma (2003),sewage waste Dumontet et 
al., (1999), ashes Usmani et al., (2019), manures Arancon, et al., (2008),and many others in the 
literature can be found. Global waste, mostly industrial, can also be classified into hazardous and 
nonhazardous waste Bhat et al., (2018).Since the highest percentage is nonhazardous waste, there has 
been an increasing interest to find an eco-friendly, rapid and financially favorable technique for efficient 
waste management that is an entry point to sustainable development Samal et al., (2019), Ahmad et al., 
(2021). Vermicomposting is a non-thermophilic biological oxidation process in which organic material 
are converted into vermicompost which is a peat like material, exhibiting high porosity, aeration, 
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drainage, water holding capacity and rich microbial activities Edwards (1998); Atiyeh et al., (2000b); 
Arancon et al., (2004a), through the interactions between earthworms and associated microbes. 
Vermiculture is a cost-effective tool for environmentally sound waste management Banu et al., (2001), 
Asha et al., (2008). 

 
 
Fig. 16: Illustrates the transition from linear to circular economy model. After Lucia et al., (2019) 

 
Earthworms are the crucial drivers of the process, as they aerate condition and fragment the 

substrate and thereby drastically alter the microbial activity and their biodegradation potential Fracchia 
et al., (2006), Lazcano et al., (2008). Vermicomposting is a biotechnological process of composting 
wide ranges of organic waste Elvira (1996), Suthar (2007), which includes specific earthworms’ species 
that enhance the waste conversion into a very useful high-quality end product known as vermicompost 
Chattopadhyay (2012) Bhat et al., (2018). Vermicomposting involves bio-oxidative processes and the 
stabilization of organic material just as in composting; except in vermicomposting, this includes 
interactions between earthworms and microorganisms. The role of microorganisms is the production of 
enzymes that cause the biochemical decomposition of organic matter, while earthworms contribute to 
a larger microbial population through fragmentation and ingestion of fresh organic material. Besides 
the above, earthworms also interact with other organisms in the soil and can affect various microflora 
and micro fauna communities Lores, et al., (2006). Although vermicomposting and composting have 
some similarities, there are many significant differences between them, which are highlighted in 
numerous reviews Mahboub et al., (2019), Barthod, et al., (2018). These differences include the lack 
of the thermophilic phase in vermicomposting during which pathogens are reduced Dumontet et al., 
(1999), different requirements of moisture content that are higher for vermicomposting and differences 
of end-product quality where vermicomposting shows more positive effects on the physicochemical 
properties of the soil and on plant growth Tognetti et al., (2005), Guo et al., (2015). The conversion of 
industrial waste into vermicompost is important for pollution monitoring and controlling, since 
vermicompost has potential application in remediation and can be used for the reduction of the waste 
Shi, et al., (2019). Additionally, vermicompost has many beneficial effects on plants including 
induction of plant growth and yield. Therefore, it is also important for agriculture and horticulture 
purposes because it is used as fertilizing material Bhat et al., (2015), but also in terms of sustainable 
development. 

Several enzymes, intestinal mucus and antibiotics in earthworm’s intestinal tract play an important 
role in the breakdown of organic macromolecules Fig. (17). 

Mucus located throughout the gut contains the same biological components, mucus properties vary 
with regional differences in function along the gastrointestinal tract Ermund et al., (2013), Fig. (17). 
The majority of nutrient uptake from digested food occurs in the small intestine and therefore there is a 
single, discontinuous and more penetrable mucus layer in this region Johansson et al., (2011). 
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Fig. 17: Illustrates the structure of the mucus layer varies with regional locations within the GI tract. 
(A) The small intestine contains a single layer of mucus, which is loosely attached to the epithelium 
and easily penetrable. Bacteria within the small intestine are primarily repelled from the epithelium by 
antibacterial modulators. (B) The distal colon contains two mucus layers; a stratified adherent inner 
mucus layer and loosely adhesive outer mucus layer. The inner mucus layer of the colon is essentially 
sterile and the outer mucus layer harbors the intestinal microbiota. After Herath et al., (2017) 

 
The discontinuity of the small intestinal mucus layer is important not only for the absorptive 

function of this region but also for the release of digestive enzymes localized in the brush border 
membrane of epithelial cells. These large mucus pores ensure efficient nutrient absorption by the host 
epithelium. A cocktail of antibacterial mediators such as defensins, lysozymes, and other peptides 
released by Paneth cells Peterson et al., (2007) also regulates the bacterial content of the mucosal barrier 
in the small intestine. Together, these mediators repel bacteria by generating an antibacterial gradient 
toward the lumen Johansson and Hansson, (2011); Vaishnava et al., (2011). Overall, antibacterial 
peptides kill bacteria via a range of mechanisms including by the formation of aggregates, recognition, 
and binding to bacterial cell wall peptidoglycans, and permeabilization of bacterial cell membranes 
Chairatana and Nolan, (2017). This serves to neutralize invasion by foreign particles and maintain 
epithelial crypts. This antimicrobial defense mechanism is critical in the small intestine due to the 
discontinuous and penetrable nature of the mucus in this region and is reflected by a higher density of 
Paneth cells and corresponding peptides (Ouellette, (2010).  

Biodegradable organic wastes such as crop residues, municipal, hospital and industrial wastes pose 
major problems in disposal and treatment. Release of unprocessed animal manures into agricultural 
fields contaminates ground water causing public health risk. Vermicomposting is the best alternative to 
conventional composting and differs from it in several ways Gandhi et al., (1997). Vermicomposting 
hastens the decomposition process by 2–5 times, thereby quickens the conversion of wastes into 
valuable biofertilizer and produces much more homogenous materials compared to thermophilic 
composting (Bhatnagar and Palta (1996); Atiyeh et al., (2000a). Distinct differences exist between the 
microbial communities found in vermicompost and composts and hence the nature of the microbial 
processes is quite different in vermicomposting and composting Subler et al., (1998). The active phase 
of composting is the thermophilic stage characterized by thermophilic bacterial community where 
intensive decomposition takes place followed by a mesophilic maturation phase Lazcano et al., (2008); 
Vivas et al., (2009) Fig.(18). 
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Fig. 18: Illustrates different stages during composting as function of time, appearance and succession 
of compost biota, temperature and further processes. After Masrat Maqbool and Rehman (2015). 

 
Masrat Maqbool and Rehman (2015), they stated that composting often described as nature’s way 

of recycling, is the biological process of breaking up of organic waste such as food waste, manure, 
leaves, grass trimmings, paper, worms, and coffee grounds, etc., into an extremely useful humus-like 
substance by various microorganisms including bacteria, fungi and actinomycetes in the presence of 
oxygen. According to Smith and Collins (2007) Composting is the biological decomposition and 
stabilization of organic matter derived from plants, animals or humans through the action of diverse 
microorganisms under aerobic conditions. The final product of this biological process is a humus-like 
stable substrate, being free of pathogens and plant seeds that can be beneficially applied to land as an 
agent for soil amelioration or as an organic fertilizer. Although historical traditions such as those of 
Ancient Egyptians or Pre-Columbian Indians of Amazonia suggest that composting is an ancient 
method for soil amelioration, fundamental scientific studies of this biological process were published 
only in the past four decades. Process engineering and the knowledge about the dependence and 
interaction of numerous competing forces and factors within a composting matrix have been just 
recently established Haug (1993). Multiple composting methods and systems have been developed, 
varying from small, homemade reactors used by individual households, over medium-sized, on-site 
reactors operated by farmers, to large, high-tech reactors used by professional compost producers. In 
spite of different process techniques, the fundamental biological, chemical and physical aspects of 
composting remain always the same. This concerns for example the suitability of different input 
materials and amendments as well as their appropriate composition, substrate degradability, moisture 
control, porosity, free air space, energy balance as well as decomposition and stabilization Haug (1993), 
Bidlingmaier et al., (2000). All proper composting processes go through four stages: (1) mesophilic, 
(2) thermophilic, (3) cooling, finally ending with (4) compost maturation Fig. (18). The duration of each 
stage depends on the initial composition of the mixture, its water content, aeration and quantity and 
composition of microbial populations Neklyudov et al., (2006), Smith and Collins (2007)  

Vermicomposting is a mesophilic process characterized by mesophilic bacteria and fungi Benitez 
et al., (1999). Vermicomposting comprises of an active stage during which earthworms and associated 
microbes jointly process the substrate and the maturation phase that involves the action of associated 
microbes and occurs once the worm’s moves to the fresher layers of undigested waste or when the 
product is removed from the vermireacter. The duration of the active phase depends on the species and 
density of the earthworms involved Ndegwa et al., (2000); Lazcano et al., (2008), Aira et al., (2011). 
A wide range of organic wastes viz., horticultural residues from processed potatoes Edwards (1988); 
mushroom wastes Edwards (1988); Tajbakhsh et al.(2008); horse wastes Hartenstein et al., (1979); 
Edwards et al., (1998); pig wastes Chan and Griffiths (1988); Reeh (1992); brewery wastes Butt (1993); 
sericulture wastes Gunathilagraj and Ravignanam 1996); municipal sewage sludge Mitchell et al., 
(1980); Dominguez et al., (2000); agricultural residues Bansal and Kapoor (2000); weeds Gajalakshmi 
et al., (2001); cattle dung Gunadi et al., (2002); industrial refuse such as paper wastes Butt (1993); 
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Elvira et al., (1995); Gajalakshmi et al., (2002); sludge from paper mills and dairy plants Elvira et al., 
(1997); Banu et al., (2001); domestic kitchen wastes Sinha et al., (2002); urban residues and animal 
wastes Edwards et al., (1985); Edwards (1988) can be vermicomposted Sharma et al.(2005). 

  
3-2 Effects of vermicomposting on chemical properties of wastes. 

Earthworm activity reduced pH and C: N ratio in manure Gandhi et al., (1997); Atiyeh et al., 
(2000b). Chemical analysis showed vermicompost had a lower pH, EC, organic carbon (OC) Nardi et 
al., (1983); Albanell et al., (1988); Mitchell (1997), C:N ratio Riffaldi and Levi-Minzi (1983); Albanell 
et al., (1988), nitrogen and potassium and higher amounts of total phosphorous and micronutrients 
compared to the parent material, Hashemimajd et al., (2004). Slightly decreased pH values of 
vermicompost compared to traditional compost might be attributed due to mineralization of N and P, 
microbial decomposition of organic materials into intermediate organic acids, fulvic acids, humic acids 
Lazcano et al., (2008), Albanell et al., (1988); Chan and Griffiths (1988), Subler et al., (1998) and 
concomitant production of CO2 Elvira et al., (1998); Garg et al., (2006) Fig. (19). 

 
 
Fig. 19: Illustrates Schematic diagram of compost mineralization after application to soil EC: Electrical 
conductivity, CEC: Cation exchange capacity. 

 
Vermicomposting of paper mill and dairy sludge resulted in 1.2–1.7 fold loss of organic carbon as 

CO2 Elvira et al., (1998). In contrast to the parent material used, vermicompost contain higher humic 
acid substances Albanell et al., (1988). Humic acid substances occur naturally in mature animal manure, 
sewage sludge or paper-mill sludge, but vermicomposting drastically increases the rate of production 
and their amount from 40–60 percent compared to traditional composting. The enhancement in 
humification processes is by fragmentation and size reduction of organic matter, increased microbial 
activity within earthworm intestine and soil aeration by earthworm feeding and movement Dominguez 
and Edwards, (2004). Electrical conductivity indicates the salinity of the organic amendment. Minor 
production of soluble metabolites such as ammonium and precipitation of dissolved salts during 
vermicomposting lead to lower EC values. Compared to the parent material used, vermicompost contain 
less soluble salts and greater cation exchange capacity Holtzclaw and Sposito (1979), Albanell et al., 
(1988). C: N ratio is an indicator of the degree of decomposition. During the process of bio oxidation, 
CO2 and N is lost and loss of N takes place at a comparatively lower rate. Comparison of compost and 
vermicompost showed that vermicompost had significantly less C: N ratios as they underwent intense 
decomposition Lazcano et al., (2008). Vermicomposting of cow manure using earthworm species E. 
andrei Atiyeh et al., (2000b) and E. foetida Hand et al., (1988) favored nitrification, resulting in the 
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rapid conversion of ammonium-nitrogen to nitrate-nitrogen. Vermicomposting increased the 
concentration of nitrate-nitrogen to 28 fold after 17 weeks, while in conventional compost there was 
only 3-fold increase Subler et al., (1998); Atiyeh et al., (2000a). Increase in ash concentration during 
vermicomposting suggests that vermicomposting accelerates the rate of mineralization Albanell et al., 
(1988). Mineralization is the process in which the chemical compounds in the organic matter 
decompose or oxidise into forms that could be easily assimilated by the plants. Increase in ash content 
increases the rate of mineralization. Ash is an alkaline substance that hinders the formation of H2S as 
well as improves the availability of O2 and thereby renders composts odorless. Thus, vermicomposting 
increases the ash content and accelerates the rate of mineralization that is essential to make nutrients 
available to plants. Zhang et al., (2000); Garg et al., (2006), they reported that increasing of total 
phosphorous (TP) in vermicompost is probably due to mineralization and mobilization of phosphorus 
resulting from the enhanced phosphatase activity by microorganisms in the gut epithelium of the 
earthworms Vermicompost showed a significant increase in exchangeable Ca2+, Mg2+ and K+ compared 
to fresh sludge indicating the conversion of nutrients to plant-available forms during passage through 
the earthworm gut Garg et al.(2006); Yasir et al., (2009a). Vermicompost contain higher nutrient 
concentrations, but less likely to produce salinity, than composts. Additionally, vermicompost possess 
outstanding biological properties and have microbial populations significantly larger and more diverse 
compared to conventional composts Edwards (1998) Fig. (20).  

 

 
 

Fig. 20: Vermicompost enhanced soil health that improve physical, chemical, and biological Condition, 
having the Capability to sustain the growth and development of land plants. 

 
Soil supplemented with vermicompost showed better plant growth compared to soil treated with 

inorganic fertilizers or cattle manure Kalembasa (1996); Subler et al., (1998) Fig. (21). Intensive crop 
production including vegetables by using inorganic fertilizers has led to increased yield at the expense 
of product quality and environmental degradation. Rational use of N fertilizers in vegetable production 
systems to maintain sustainable yield and to minimize the health risk associated with excessive 
accumulation of nitrate is of critical importance. The use of organic farming with organic amendments 
to soil as nutrient inputs is increasing and it is an alternative agricultural practice for sustaining 
economically viable crop production with minimal environmental pollution Padel, et al., (2009). 
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Fig. 21: Represents the major benefits of vermicompost 
  
Vermicomposts are products of a non thermophilic biodegradation of organic materials through 

interactions between earthworms and microorganisms Atiyeh, et al., (2002) They are materials 
characterized by high porosity, aeration, drainage, water holding capacity and microbial activity Atiyeh, 
et al., (1999). The application of vermicompost to soil is considered as a good management practice in 
any agricultural production system because of the stimulation of soil microbial growth and activity, 
subsequent mineralization of plant nutrients, and increased soil fertility and quality Arancon et al., 
(2006), Ferreras et al., (2006). Plants fertilized with vermicompost have shown greater ability to 
assimilate essential macro and micronutrients, and resulted in improved root development Atiyeh et al., 
(2002) Arancon et al., (2006), Zaller (2007), Ali, et al., (2007).The presence of plant growth influencing 
substances, such as plant growth hormones and humic acids has also been suggested as a possible factor 
contributing to increased plant growth and yields, Muscolo, et al., (1999) Arancon, et al., (2004a), 
Lettuce, a vegetable of great consumption in Greece can be produced under different temperature 
ranges, which allows it to be marketed throughout the year. Accumulation of nitrate in lettuce has been 
affected by the soil texture and the source of N fertilizer McCall and Willumsen (1998), the timing of 
fertilizer-N release Tesi and Lenzi (1998), the light intensity and duration Behr and Wiebe (1992), crop 
season Gianquinto et al., (1992),and lettuce type and cultivar Siomos, (2000), Escobar-Gutierrez et al., 
(2002).  

Fokion et al., (2012) reported that effects of earthworm-processed cattle-manure (vermicompost) 
on the growth, productivity and quality characteristics of five lettuce (Lactuca sativa L.) cultivars were 
investigated in greenhouse experiments during two successive crop seasons (winter and spring season). 
Four treatments were applied, vermicompost combined with soil in proportions of 10 and 20% (w/w), 
inorganic fertilization and control soil. Vermicompost treatments, in both concentrations, affected leaf 
biomass in all cultivars with leaf fresh weight to be significantly greater as compared with the untreated 
soil, than fertilization treatments during the winter crop season, application of vermicompost was 
greater and close to the inorganic fertilization treatments particularly during the spring cultivation. Leaf 
number and leaf dry weight were significantly affected with vermicompost addition as compared with 
the control and inorganic fertilization treatments during the winter cultivation whereas root biomass 
was significantly increased in the vermicompost treatments with the differences to be greater during the 
spring crop season. Photosynthetic rate did not differ significantly with the addition of vermicompost 
as compared with the inorganic fertilization but was greater than in the control mainly in the spring 
experiment. Total chlorophyll concentration was also increased in the two-vermicompost treatments 
compared with the control in both cultivations. The addition of 20% vermicompost in the soil resulted 
in significantly higher chlorophyll levels than the inorganic fertilization but only during the winter crop 
season. Ascorbic acid concentration was affected by genotype but no significant differences with the 
addition of vermicompost. Highest nitrate concentration for all lettuce cultivars particularly during the 
winter crop with significantly greater levels (460-583 mg kg-1 FW) in the inorganic fertilization 
treatment in both crop seasons. 

In field studies of pineapple (Ananas comosus var. MD2), Mawiyah et al., (2018) reported that 
Vermicompost is essential plant nutrients, and has the ability to enhance the condition and increase the 
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quality of the soil, soil pH was increased after a second supplementation of vermicompost and contained 
significantly higher total N (0.15%) in the soils as compared to the control (0.07%). No significant 
difference between pineapple (Ananas comosus var. MD2), supplied with chemical fertilizer and 
vermicompost in terms of plant height, number of leaves, or the length and width of D-leaves. However, 
different fertilization treatments were found to affect the yield and physical characteristics of pineapple 
(Ananas comosus var. MD2) fruits. Plants supplied with chemical fertilizer produced the highest fruit 
yield (136.97 t ha−1) with the largest fruit size, followed by vermicompost (121.39 t ha−1) and the control 
(94.93 t ha−1). However, fruits supplied with vermicompost were observed to have the smallest crowns. 
Taken together, these results indicated that the use of vermicompost produced pineapple plants with 
excellent growth performance, comparable to that obtained when chemical fertilizer was used. In 
addition, based on the cost analysis conducted, it was shown that the total cost (fertilizer and labor) for 
plants grown with vermicompost was lower than plants grown with chemical fertilizer. However, the 
usage of vermicompost as the single source of nutrients is not suggested for this type of soil and field 
conditions, but can be used as a supplement to maintain the soil quality and ensure agricultural 
sustainability. 

Vermicompost can significantly influence the growth and productivity of plants Kale et al., (1992); 
Kalembasa (1996); Edwards (1988); Sinha et al., (2009) due to their micro and macro elements, 
vitamins, enzymes and hormones Makulec (2002). Vermicomposts contain nutrients such as nitrates, 
exchangeable phosphorus, soluble potassium, calcium, and magnesium in plant available forms Orozco 
et al., (1996); Edwards (1998) and have large particular surface area that provides many microsites for 
microbial activity and for the strong retention of nutrients Shi-wei and Fu-zhen (1991). Uptake of 
nitrogen (N), phosphorus (P), potassium (K) and magnesium (Mg) by rice (Oryza sativa) plant was 
highest when fertilizer was applied in combination with vermicompost Jadhav et al., (1997). N uptake 
by ridge gourd (Luffa acutangula) was higher when the fertilizer mix contained 50% vermicompost 
Sreenivas et al., (2000). Apart from providing mineralogical nutrients, vermicomposts also contribute 
to the biological fertility by adding beneficial microbes to soil. Mucus, excreted through the 
earthworm`s digestive canal, stimulates antagonism and competition between diverse microbial 
populations resulting in the production of some antibiotics and hormone-like biochemical, boosting 
plant growth Edwards and Bohlen (1996). In addition, mucus accelerates and enhances decomposition 
of organic matter composing stabilized humic substances that embody water-soluble Phytohormonal 
elements Edwards and Arancon (2004) and plant-available nutrients at high levels Atiyeh et al., 
(2000c). Adding vermicasts to soil improves soil structure, fertility, plant growth and suppresses 
diseases caused by soil-borne plant pathogens, increasing crop yield Chaoui et al., (2002); Scheuerell 
et al., (2005); Singh et al., (2008). Kale (1995) reported the nutrient status of vermicomposts with 
organic carbon 9.15-17.98%, total nitrogen 0.5-1.5%, available phosphorus 0.1-0.3%, available 
potassium 0.15%, calcium and magnesium 22.70-70 mg/100 g, copper 2–9.3 ppm, zinc 5.7-11.5 ppm 
and available sulphur 128–548 ppm. Effects of a variety of vermicomposts on a wide array of field 
crops Chan and Griffiths (1988); Arancon et al., (2004b), vegetable plants Edwards and Burrows 
(1988); Wilson and Carlile (1989);Subler et al., (1998); Atiyeh et al.(2000b), ornamental and flowering 
plants Edwards and Burrows (1988); Atiyeh et al., (2000c) under greenhouse and field conditions have 
been documented. Vermicomposts are used as alternative potting media due to their low-cost, excellent 
nutrient status and physiochemical characters. Considerable improvements in plant growth recorded 
after amending soils with vermicomposts have been attributed to the physico-chemical and biological 
properties of vermicomposts. Vermicompost addition favorably affects soil pH, microbial population 
and soil enzyme activities Maheswarappa et al., (1999) and reduces the proportion of water-soluble 
chemical, which cause possible environmental contamination Mitchell and Edwards (1997). 
Vermicompost addition increases the macrospore space ranging from 50–500 μm, resulting in improved 
air-water relationship in the soil, favourably affecting plant growth Marinari et al., (2000). Evaluation 
of various organic and inorganic amendments on growth of raspberry proves that vermicompost has 
beneficial buffering capability and ameliorate the damage caused by excess of nutrients that may 
otherwise cause phytotoxicity Subler et al., (1998). Thus, vermicompost acts a soil conditioner Albanell 
et al., (1988) and a slow-release fertilizer Atiyeh et al., (2000a). During vermicomposting the heavy 
metals forms complex, aggregates with humic acids and other polymerized organic fractions resulting 
in lower availability of heavy metals to the plant, which are otherwise phytotoxic Dominguez and 
Edwards (2004). Soil amended with vermicompost produced better quality fruits and vegetables with 
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less content of heavy metals or nitrate, than soil fertilized with mineral fertilizers Kolodziej and 
Kostecka (1994) Fig. (22). 

 

 
 
Fig. 22: Principal research needs for microorganism–HS interactions that can support the development 
of Nature-like technologies. After Kulikova N.A. and Perminova I.V. (2021) 

 
Kulikova N.A. and Perminova I.V. (2021). Reported that data on interactions between 

microorganisms and HSs and properties of HSs are discussed in terms of microbial utilization, 
degradation, and transformation. Bacteria of the phylum Proteobacteria and fungi of the phyla 
Basidiomycetes and Ascomycota were found to be the main HS degraders, while Proteobacteria, 
Actinobacteria, Bacteroidetes, and Firmicutes were found to be the predominant phyla in humic-
reducing microorganisms (HRMs). Some promising aspects of interactions between microorganisms 
and HSs are discussed as a feasible basis for nature-like biotechnologies, including the production of 
enzymes capable of catalyzing the oxidative binding of organic pollutants to HSs, while electron 
shuttling through the utilization of HSs by HRMs as electron shuttles may be used for the enhancement 
of organic pollutant biodegradation or lowering bioavailability of some metals. Utilization of HSs by 
HRMs as terminal electron acceptors may suppress electron transfer to CO2, reducing the formation of 
CH4 in temporarily anoxic systems. To facilitate the development of HS-based technologies, complex 
studies addressing these factors are in demand. 

 
3-3 Effect of Vermicompost on Plant Growth and Yield 

Fertilizers have been used since ancient times to increase the height and quality of the crop yield. 
In recent decades, the improper use of mineral fertilizers has resulted in pollution of soil, water and air 
and, therefore, raised important questions regarding food quality and environmental safety Savci, 
(2012). Accordingly, one of the best solution is to use organic fertilizers, especially vermicompost. 
Discouraging the use of inorganic fertilizers and their replacement by vermicompost makes 
vermicompost a significant factor in sustainable agriculture and its future. The characteristics that make 
vermicompost an effective fertilizer is homogeneity, high porosity, high water-holding capacity, 
stability, low C:N ratio and the fact that it is an ecofriendly, nutrient-rich material Lonˇcari et al., (2005), 
Joshi et al., (2015). Vermicompost is known to have a wide range of effects on plants, and most of them 
are beneficial. In general, it can be said that vermicompost improves growth, yield and quality of plants. 
All beneficial effects of vermicompost include stimulation of root and shoot development, increasing 
seed germination, leaf area, root branching, fruit yield, nutritional quality, stimulation of plant 
flowering, affecting the biomass, photosynthetic pigments, photosynthesis and respiration rates 
Usmani, et al., (2019). Except for positive effects of vermicompost on plants, it is important to mention 
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vermicompost water extracts also called vermicompost ‘teas’, which have become increasingly current 
in recent years and show similar effects as vermicompost Mahboub et al., (2019), Arancon et al., (2020), 
Ayastuy et al., (2020). When generally speaking about improved plant growth and development, in 
substrate enriched with vermicompost, it is primarily due to the presence of humic acids (HAs) Arancon 
et al., (2003),Hernandez, et al., (2015) and different micro and macronutrients Ramnarain et al., (2017), 
which are converted during vermicomposting into more plant-available forms. Macronutrients such as 
nitrogen and phosphorus are more available to plants due to N2 fixers and phosphate solubilizing 
bacteria Chitrapriya, et al., (2013). Considering that phosphorus is often one of the prime limiting 
factors for plant growth and the least mobile and therefore mostly unavailable to plants compared to 
other nutrients, phosphate-solubilizing bacteria play an important role in supplying phosphate to plants. 
Khan et al., (2007) reported the utilization of these bacteria for direct application in agriculture as a 
promising strategy with great potential for use in sustainable agriculture. Suthar and Singh (2009) found 
that the content of nutrients such as N, P, K, Ca, Cu, Mg, Fe and Zn is much higher in vermicompost 
than in farmyard manure, and it resulted in increased growth and yield of garlic (Allium sativum) Fig. 
(23).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 23: Illustrates the key microbially mediated nutrient transformation/acquisition pathways 
associated with biofertilizers. Full arrows represent microbial transformations whereas dashed arrows 
represent mobilization/movement of nutrients. Created with Bio Render. After Mitter et al., (2021) 

 
Manivannan, et al., (2009) showed that the application of vermicompost from sugar mill wastes 

caused a decrease in pH value both in clay loam and sandy loam soils due to the acidifying effects of 
organic acids. Decreased pH to values between 6 and 7 can promote the availability of nutrients to the 
plants and uptake by plants, which results in the better growth of beans (Phaseolus vulgaris). Some of 
the parameters that indicate plant growth and development are closely related to change in 
photosynthetic parameters. The effect of vermicompost on photosynthetic pigments, photosynthesis and 
respiration rates is well documented. Usmani et al., (2019).reported an increase in chlorophyll a, 
chlorophyll b and carotenoids with an increase in the concentration of vermicompost (3, 6, 9, 12, and 
15%) in two plant species, Lycopersicon esculentum and Solanum melongena. According to that, 
increased plant pigments resulted in a high photosynthetic activity, which can also enhance growth and 
yield, which is evident through the increase in the weight and length of shoots, the number of leaves, 
flowers and fruits. In regards to the nutrients, it is known that nutrient uptake can be affected by Has 
through the synthesis and functionality of membrane proteins, especially proton pumps that increase 
the electrochemical proton gradient across the plasma membrane (PM) Morsomme, and Boutry 
(2000).Vermicompost enriched with HAs plays an important role in stimulating plant growth and 
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development. Namely, Gholami et al., (2019),determined the effects of HA at 0, 0.3, 0.6 and 0.9 kg ha-

1 and vermicompost at 0, 5, 7.5 and 10 t ha-1 on mineral elements N, P, K, Fe, Zn, Mn and Cu uptake 
and photosynthetic pigment concentrations of chicory Fig. (24).  
 

 
 
Fig. 24: Illustrates both organic and inorganic fertilisers provide plants with the nutrients needed to 
grow healthy and strong. Each contains different ingredients and supplies these nutrients in different 
ways. Organic fertilizers work over time to create a healthy growing environment, while inorganic 
fertilizers provide rapid nutrition.  

 
Due to the presence of HAs, the activity of microorganisms in the soil was improved that finally 

increased N, P and K content in plants Fig. (25). This is an example of ‘indirect action’ of HAs on 
plants, while there is another ‘direct action’ that includes plant hormones Arancon et al., (2003). As 
plant growth hormones are found in an aqueous solution of vermicompost, Arancon et al., (2003), 
hypothesized that hormones such as auxins (indole-3-acetic acid-IAA), which are water soluble, may 
adsorb on to humates and become more persistent in soil and thus extend the period of action on the 
plants. When it comes to plant hormones, some bacterial species can synthesize them too. Gómez-
Brandón et al., (2019), observed an increase in specific genes related to salicylic acid synthesis in grape 
marc vermicompost, while Domínguez et al., (2019), and found a general increase in metabolism genes 
also connected to salicylic acid synthesis in Scotch broom vermicompost. Salicylic acid affects multiple 
aspects of plant growth and development, but it is also an essential regulator of plant–microbe 
interactions Maruri-López et al., (2019). 

Phytohormones are one of the factors that can affect the ability of plants to differentiate cells and 
tissues into plant organs such as roots and shoots. In support of this, Arancon et al., (2003) evaluated 
different concentrations (1, 2, 5 and 10%) of water extracts from vermicompost on rooting 
characteristics of stem cuttings. As they found a combination of auxins, cytokinins, GA and HAs in 
water extracts, they connected it with increased rooting in stem cuttings. Furthermore, Olaetxea et al., 
(2018),showed that both the root plasma membrane H+-ATPase activity and root abscisic acid (ABA) 
play a crucial role in the root growth-promoting action of SHA (humic acids with a sedimentary origin 
and extracted from leonardite) in cucumber. Increased H+-ATPase activity, except increasing ABA 
concentration in roots, mediates an increase in cytokinin concentration and action in shoots. ABA is not 
the only signal involved in SHA-mediated root growth. This signal pathway is just a part of a much 
more complex signal network that also includes auxin, NO and ethylene Mora, et al., (2014), Olaetxea 
et al., (2018). Olaetxea et al., (2018), assumed that in all possible signaling pathways connected with 
root growth that is caused by the presence of Has and reactive oxygen species (ROS) might have an 
important role. Furthermore, bioactivity levels of HAs are not only a result of phytohormones-related 
effects but also a presence of other plant growth regulatory substances, such as alkamides present in 
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HA. Zandonadi et al., (2018) described the effects of N-isopropyldecanamide, the unbound fraction of 
HA isolated from cattle manure vermicompost, on the PM H+-ATPase activity in maize seedling roots. 
PM H+-ATPase activity increased due to higher concentrations of N-isopropyldecanamide which 
resulted in enhanced root development which was evident from an increase in root dry mass, total length 
and superficial area. 

 
 
Fig. 25: Hypothetical model representing the mechanism by which earthworms may influence 
rhizosphere microbes in sugarcane. The collective findings in the present study demonstrate that 
earthworm activity alters microbial functions in the soil (bulk soil and rhizosphere). We propose that 
the cause for that is the increase in the availability of nutrients and the elevated abundance of N2O, both 
known to be originated during the process of soil digestion inside worm guts, and therefore they may 
escape from the alimentary canal and be available to the soil microbial communities. Although the 
complete mechanism might be more complex than here represented, our dataset suggests that these 
factors may play an important role in enhancing microbial biosynthesis, cell proliferation and plant-
microbe symbiosis in the rhizosphere under the influence of earthworms. Lucas et al., (2016) 

 
With the various indirect effects of vermicompost on plants, the suppression of plant diseases is one of 
the most significant. This is primarily related to earthworms that release coelomic fluids that kill the 
parasites present in the waste. Plavšin et al., (2017) showed antifungal activity of earthworm coelomic 
fluidextract in in vitro testing. Furthermore, Dominguez et al., Amooaghaie, and Golmohammadi 
(2017) observed an increase in salicylic acid and streptomycin synthesis after vermicomposting. 
Salicylic acid can induce plant pathogen resistance mechanisms, and antibiotic streptomycin has been 
shown to control bacterial diseases of fruits, vegetables and crops McManus et al., (2002). Except for 
the suppression of bacterial diseases, vermicompost can also suppress fungal diseases. Regarding the 
suppression of fungal diseases, they include the effect of vermicompost on reduced sporulation, reduced 
growth of pathogenic fungi and, generally, reduced infection Szczech (1999), Amooaghaie et al., (2017) 
reported that vermicompost is an effective biocontrol agent against Fusarium oxysporum and 
Phytophthora infestans. According to most of the known literature, different types of vermicompost 
induce higher germination rate, plant growth and yield in many plant species such as tomato Atiyeh et 
al., (2002) lettuce Lonˇcari et al., (2005), cucumber Sallaku, et al., (2009), petunia Arancon et al., 
(2008), pine trees Lazcano et al., (2010) thyme Amooaghaie, and Golmohammadi (2017) begonia, 
sugarcane and mint Arancon et al., (2003). However, according to some data, one cannot generalize 
and speak exclusively about the positive effects of vermicompost Amooaghaie, and Golmohammadi 
(2017), Sallaku, et al., (2009). Amoogaghaie and Golmohammadi (2017) investigated the effect of 
various cow manure vermicompost (25, 50, and 75%) on the germination, growth and development of 
thyme. Their results showed that only 25% vermicompost substitution promoted seedling emergence, 
while other substitutions did not have a beneficial effect. Moreover, in 50% vermicompost substitution 
the maximum length, fresh and dry weight and photosynthetic efficiency were observed. Similar results 
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observed Atiyeh et al., (2002) who showed that vermicompost increased seed germination and growth 
only to a certain amount of vermicompost substitution, while higher amounts (100%) had negative 
effects, which were evident in shorter seedlings, fewer leaves and decreased germination. Ievinsh, 
Amooaghaie, and Golmohammadi (2017), reported that cow manure vermicompost substitution 
inhibited seed germination or did not have any effect that depended on the concentration of 
vermicompost (10–100%) and the plant species he used. All negative effects of higher vermicompost 
concentrations could be due to the induced stress by the high-soluble salt concentration or phenolic 
compounds from vermicompost Amooaghaie, and Golmohammadi (2017). 

 
3-4 Plant Growth Promoters of Vermicompost 

Vermicompost was found to increase the growth of various vegetable, fruit, flower, and food crops 
not only by their macro- and microelement composition of the vermicast but also by their plant growth-
promoting substances like growth hormones and enzymes. Microbes residing in the earthworm are the 
major contributors of such known and other unknown growth-promoting elements. Rhizobium, one of 
the PGP bacterium in soil that fixes nitrogen, was reported to disperse in soil by the earthworm A. 
trapezoids Bernard et al., 1994). Nielson (1965), report on the identification of plant growth-promoting 
substances in earthworms. He identified indole-like substances in the tissue extracts of A. caliginosa, 
L. rubellus, and E. foetida and observed enhanced growth rate of garden pea Fig. (26). 

 

 
 
Fig. 26: Represents major mechanisms of plant growth-promoting rhizobacteria (PGPR) in improving 
potentially toxic elements (PTEs) phytoremediation in arid and semiarid soils. IAA: indole-3-acetic 
acid; ACC: 1-aminocyclopropane-1-carboxylic acid; ROS: reactive oxygen species. After 
Khodaverdiloo et al., (2020) 

 
Various researchers reported substantial quantities of plant growth promoters such as auxins, 

gibberellins, cytokinins of microbial origin Grappelli et al., (1985), (1987); Krishnamoorthy and 
Vajranabhaiah (1986); Tomati et al., (1988); Muscolo et al., (1999), and humic acids Masciandaro et 
al., (1997); Atiyeh et al., (2002) in vermicomposts. Vermiwash (leachate), the aqueous extracts of 
vermicompost, is a collection of excretory compounds of earthworms and the associated microbes Fig. 
(27). 
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Fig. 27: Section and diagrammatic design of vermicomposting ecosystem within the toilet tank showing 
function of reactor producing compost tea  

 
It serves as a fertilizer and a biocide due to the presence of macro- and micronutrients and antibiosis 

compounds. Hence, the use of Vermiwash also registered increased plant growth on a par with the use 
of hormones such as auxins, gibberellins, and cytokinins on plants such as Petunia, Begonia, and Coleus 
Grappelli et al., (1987); Tomati et al., (1987), (1988). Nagavallemma et al., (2004) showed a marked 
difference in the plumule length of maize seedlings dipped in vermiwash than normal water. 
Comparative studies on the impact of vermiwash and urea solution on seed germination and on root and 
shoot length in cluster bean, Cyamopsis tertagonoloba, demonstrated the enhanced growth in 
vermiwash solution that might be due to hormone-like substances Suthar (2010). HPLC and GC–MS 
analyses of the vermiwash of cattle waste-derived vermicompost showed the presence of significant 
amounts of indole acetic acid (IAA), gibberellins, and cytokinins Edwards et al., (2004). Therefore, 
both vermicompost and vermiwash are much rich sources of plant growth –promoting substances Fig. 
(28 a&b). 

 

 
Fig. 28a: Effect of PGP actinomycetes (a) S. caviscabies and (b) S. globisporus sub sp. caucasicus on 
root development of rice over (c) uninoculated control. After Gopalakrishnan et al., (2014) 
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Fig. 28 b: Overview of vermicompost and its associated microbes on plant growth. After Vijayabharathi 
et al., (2015)  

 
3- Biocontrol Properties of Vermicompost 
4-1 controlling heavy metals  

Vermicompost has positive effects on soil, plant growth and development, but some other 
potentially positive effects of vermicomposting and vermicompost such as remediation. It is well known 
that environmental contaminations are mainly caused direct or indirect effects by either industrialization 
or urbanization. Among the many pollutants, the most prominent ones are those caused by heavy metals 
(HMs) and organic ones that represent a serious problem worldwide Bhat, et al., (2018). Although there 
are various physical, biological and chemical methods by which these pollutants are removed from 
water or soil, there has been a need for less aggressive and environmentally friendly methods. As some 
studies have shown, vermicomposting shows some potential to become such an alternative for an 
environmentally friendly remediation method Shi, et al., (2019). When it comes to HMs, they are non-
biodegradable and tend to enter into food chains and bio accumulate, that can represent an escalating 
problem for all living organisms. Many previous studies reported a reduction of HMs after 
vermicomposting Goswami et al., (2014), Wang et al., (2017) Fig. (29). 

 

 
 
Fig. 29: Illustrates the role of earthworms and microflora during vermicomposting of various municipal 
and industrial wastes. After Ankita Swati and Subrata Hait (2017)  

 
During vermicomposting, it is initially important to mention earthworms and bacteria that can 

influence HMs availability and bioaccumulation. Earthworms can accumulate HMs into their bodies, 
which is accompanied by the synthesis of metallothionein that can bind several metals such as Zn2+, 
Cu2+ and Mn2+ Maity et al., (2009), Lv et al., (2016) Fig. (30).  
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Fig. 30: Fate and bioavailability of heavy metals during vermicomposting of various organic Wastes. 
After Ankita Swati and Subrata Hait (2017)  

 
Liu et al., (2012) reported that concentrations of Cu, Ni, Cd, Pb and Zn in vermicompost decreased 

comparing to initial sewage sludge, while in Eisenia fetida tissues, their concentrations increased due 
to their adsorption. Wang et al., (2013) also observed that vermicomposting by Eisenia fetida decreased 
the total amount of Cu (8.3–17.2%), Zn (5.0–8.7%), Pb (4.9–9.8%), Cd (7.1–15.4%) and As (1.1–9.0%) 
in the substrate of all treatments, as the total amount of each metal in earthworms increased. On the 
other hand, bacteria can also contribute to immobilization and reduce the bioaccumulation of HMs. 
Heavy metals have different adsorption affinities on bacteria due to electronegativity of metal ions with 
the affinity being higher with greater electronegativity Merdy, et al., (2009). Bacteria also have the 
ability to precipitate and alter oxidation states of HMs. For example, some previous studies showed that 
bacteria present in the soil such as Bacillus sp., Microbacterium sp., Serratia sp. and Arthrobacter sp. 
can reduce Cr (VI) to Cr (III) by accepting the electron via bacterial enzymatic processes. Chromium 
can be removed owing to different Cr (III) forms such as calcium chromium oxides Sedlak, and Chan 
(1997), Qu et al., (2018). In addition, earthworms and bacteria can directly effects on HMs during 
vermicomposting; they may also indirectly affect it since the ultimate characteristics of vermicompost 
are largely influenced by their activity. Mature vermicompost always rich in soluble salts and humic 
substances that can interaction with heavy metals throughout different functional groups such as -NH, 
-OH, -COOH, -CO, etc. to form organometallic complexes, furthermore García, et al., (2013), can 
effectively remove HMs due to carboxylic and phenolic groups as coordination sites with metal ions 
Chen et al., (2015). However, other functional groups also have the ability to bind metal ions. Chen et 
al., Chen et al., (2015), have observed that during the copper-binding process to dissolved organic 
matter, the carboxyl and polysaccharide groups gave the fastest responses to copper binding followed 
by phenolic, aryl carboxylic and small amounts of amide and aliphatic groups. Zhang et al., (2019), 
investigated the immobilization effect of vermicomposted sewage sludge for Pb, Cd and Cr in the 
sediment under simulated in situ conditions, and they concluded that different humic substances formed 
organometallic complexes with all three HMs. According to their results, vermicompost can be used as 
an in situ sorbent for the remediation of sediments that are polluted with HMs. Even though there are 
many data about creating the complexes between humic substances and HMs, it is not completely clear, 
and there is no uniform model for that, especially due to the heterogeneous characters of the organic 
composition of vermicompost. By contrast, to all that was mentioned, there are some data about 
increasing HMs concentration after vermicomposting Lv et al., (2016), Bakar et al., (2011), Rorat et 
al., (2016). Studies that observed an increase in HMs after vermicomposting assumed that it is a result 
of decreased weight and volume after the breakdown of organic matter or it might be related to the 
excretion of worm castes coupled with HMS Bakar et al., (2011). Furthermore, Wang et al., Wang et 
al., (2013) concluded that some results could be explained if one considers the duration of the 
experiment/vermicomposting process and the time when the earthworms begin to secrete HMs into the 
raw material. What is not questionable is that earthworms and bacteria that are part of the 
vermicomposting process and changes on physicochemical properties in substrates affect the mobility 
and availability of HMS Lv et al., (2016).  
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4-2 Controlling nematode  
It has been well documented that addition of organic amendments decreases the populations of 

plant parasitic nematodes Addabdo (1995); Sipes et al., (1999); Akhtar and Malik (2000) Fig. (31). 
Vermicompost amendments appreciably suppress plant parasitic nematodes under field conditions 
Arancon et al., (2003b) Fig. (32).  

 

 
 
Fig. 31: Aboveground and belowground symptoms from different plant species in response to nematode 
infections. (A) Soybean plants infected with soybean cyst nematodes (Heterodera glycines), (B) 
Infected and uninfected wheat plants with cereal cyst nematode H. avenae. (C–E) Roots of sponge 
gourd, carrots, and okra infected with root-knot nematode Meloidogyne incognita, respectively. (F) 
Arabidopsis roots showing development of cysts induced by beet cyst nematode H. schachtii. After 
Muhammad et al., (2017). 
 

 
 
Fig. 32: Effects of earthworms on the growth of bean roots. After Jair Alves Dionísio etal. (2018) 

 
Vermicomposts also suppressed the attack of Meloidogyne incognita on tobacco, pepper, 

strawberry and tomato Swathi et al., (1998); Edwards et al., (2007); Arancon et al., (2002); Morra et 
al., (1998) and decreased the numbers of galls and egg masses of Meloidogyne javanica Ribeiro et al., 
(1998). Mechanisms that mediate nematode control. There are several feasible mechanisms that 
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attribute to the suppression of plant parasitic nematodes by vermicompost application and it involves 
both biotic and abiotic factors. Organic matter addition to the soil stimulates the population of bacterial 
and fungal antagonists of nematodes (e.g., Pasteuria penetrans, Pseudomonas spp. and chitinolytic 
bacteria, Trichoderma spp.), and other typical nematode predators including nematophagous mites viz., 
Hypoaspis calcuttaensis Bilgrami (1996), Collembola and other arthropods which selectively feeds on 
plant parasitic nematodes. Thoden et al., (2011). 

Vermicompost amendment promoted fungi capable of trapping nematode and destroying nematode 
cysts Kerry (1988) and increased the population of plant growth-promoting rhizobacteria that produce 
enzymes toxic to plant parasitic nematodes Siddiqui and Mahmood (1999), Fig. (33). 

 

 
 
Fig. 33: A model for trap formation by nematodes and bacteria. When grazed by nematodes, bacteria 
increase the production and release of urea by upregulating the expression of arginase. Secreted urea is 
then taken up by the mycelia of nematode-trapping fungi nearby via a urea transporter, and eventually 
catabolized to ammonia by urease within the fungi. Ammonia in turn initiates the lifestyle switch to 
form trap structures. Meanwhile, ascarosides released by nematodes are transported into the mycelia of 
nematode-trapping fungi by unknown proteins, and induce trap formation directly. The bacteria/urea- 
and the nematode/ascarosidemediated signalling pathways exhibit significant synergistic effects on trap 
formation, resulting in the eventual capture and death of the nematodes. After Wang et al., (2014) 

 
Vermicompost addition to soils planted with tomatoes, peppers, strawberry, grapes showed a 

significant reduction of plant parasitic nematodes and increased the population of fungivorous, and 
bacterivorous nematodes compared to inorganic fertilizer treated plots Arancon et al., (2002). In 
addition, few abiotic factors viz., nematicidal compounds such as hydrogen sulphide, ammonia, nitrates, 
and organic acids released during vermicomposting, as well as low C/N ratios of the compost cause 
direct adverse effects while changes in soil physiochemical characterizes viz., bulk density, porosity, 
water holding capacity, pH, EC, CEC and nutrition posses indirect adverse effects on plant parasitic 
nematodes Rodriguez-Kabana (1986); Thoden et al., (2011). 
 
4-3 Controlling pest and diseases  

The rapid growth of the world’s population requires much higher agricultural production to meet 
basic human needs. On the other hand, world agriculture is facing many problems in crop production, 
among which are plant diseases and pests Fried et al., (2017). The application of chemicals such as 
pesticides gives positive results concerning the control of pests, but they also cause several negative 
side effects such as environmental pollution, disruption of the soil’s natural fertility and the destruction 
of beneficial organisms Fernandes et al., (2016), Aktar et al., (2009). To overcome problems of harmful 
organisms and diseases, in recent years, vermicompost has been mentioned as a key alternative in the 
fight against plant diseases, pests and pathogens, Yatoo, et al., (2021) Fig. (34), (35). 
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Fig. 34: Different mechanisms of disease suppression by vermicompost and vermicompost tea 
Vermicompost products enhance the microbial number and diversity around the root zone of the plants, 
and these microbes via different mechanisms protect the plants, either by stimulating resistance in plants 
against phytopathogens, by increasing competition for nutrients, releasing antibiotic substances against 
pathogens or by directly parasitizing the phytopathogens. After Ali et al., (2021) 

With the various indirect beneficial effects of vermicompost on plants, the suppression of plant 
diseases and pests is one of the most significant. Microbial population in vermicompost acts as powerful 
biocontrol agents due to the production of antibiotics and secretion of extracellular enzymes such as 
chitinase and lipase that cause the lysis of fungal and bacterial phytopathogens. 

 

 
Fig. 35: Functional features (in callouts) of the three ecological groups of earthworms (epigeic, 
endogeic and anecic), and their potential use in pesticide ecotoxicology. After Lavelle et al., (1998). 

 
Vermicompost is a valuable source of antagonistic bacteria and/or actinomycetes; several research 

reports are available to augment the biocontrol properties of vermicompost against phytopathogens such 
as Botrytis cineria (Singh et al., 2008), Fusarium spp. Yeates (1981); Moody et al., (1996), 
Gaeumannomyces spp. Clapperton et al., (2001), Rhizoctonia spp. Doube et al., (1994a); Hoitink et al., 
(1997); Stephens et al., (1994); Stephens and Davoren (1997), Phytophthora Ersahin et al., (2009), 
Plasmodiophora brassicae Nakamura (1996), and P. infestans Kostecka et al., (1996). Control of 
powdery mildew in barley Weltzien (1989), balsam, and pea by vermicompost application has been 
demonstrated under field conditions Singh et al., (2003). Pathogen control has been demonstrated in 
other crops like clover, cabbage, cucumber, grapes, tomatoes, radish, and strawberry Jack (2011). 
Besides the biocontrol properties of vermicompost, vermiwash was also found to have biocontrol traits 
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against B. cineria, Sclerotinia sclerotiorum, Corticium rolfsii, R. solani, F. oxysporum Nakasone et al., 
(1999), Erysiphe cichoracearum, and E. pisi Singh et al., (2003). 

Systemic plant resistance, microbial competition, antibiosis, enzyme activity, and hyperactive 
parasitism are the suspected reasons for pathogenic control Hoitink and Grebus (1997). Yasir et al., 
(2009) documented the presence of chitinolytic bacteria Nocardioides oleivorans, Streptomyces spp., 
and Staphylococcus epidermidis from vermicompost with inhibitory activity against phytopathogens 
such as R. solani, Colletotrichum coccodes, Pythium ultimum, P. capsici, and F. moniliforme. Similarly, 
antibiotic heliomycin-producing S. olivocinereus has been isolated from E. foetida’s gut Polyanskaya 
et al., (1996). The dispersed actinomycetes from earthworms act as potential biocontrol agents against 
plant pathogenic fungi Doube et al., (1994a, b); Stephens et al., (1994) due to their production capacity 
for a wide range of secondary metabolites and antibiosis compounds. Besides pathogen control, insects 
or pests such as jassids, aphids, spider mites, mealy bugs, sucking pests, caterpillars, and beetles have 
also been controlled by vermicompost application Edwards et al., (2007); Biradar et al., (1998); Rao et 
al., (2001); Rao (2002), (2003) under greenhouse and field conditions. 

It is important to emphasize that vermicomposting contributes not only to the reduction of plant 
but also human and animal pathogens. Namely, organic wastes, such as animal byproducts that can be 
vermicomposted and used as fertilizers, may contain pathogenic microorganisms Roubalová et al., 
(2020), Pachepsky et al., (2006).Roubalová et al., (2020).observed the reduction of pathogens such as 
Escherichia coli, Enterococcus spp., and thermo tolerant coliform bacteria in grape marc during 
vermicomposting. There are several possible ways by which earthworms contribute to the reduction of 
pathogens including bacteria, fungi and many others. They include a reduced-oxygen environment 
inside the gut and the presence of intestinal enzymes and coelomic fluids, which kill the parasites, 
present in the waste Plavšin, et al., (2017), Roubalová et al., (2020). Monroy et al., Monroy, et al., 
(2008), reported a decrease in the number of nematodes in a pig slurry after the passage through the 
earthworm’s gut. The decrease occurred due to the digestion of nematodes by the proteolytic activity 
of enzymes present in the earthworms’ gut. When it comes to coelomic fluids, it is well known that they 
possess antimicrobial, proteolytic, hemolytic and antifungal effects Plavšin, et al., (2017), Dales et al., 
(1992). Plavšin, et al., (2017), showed that coelomic fluid extracts of two earthworm species, 
Dendrobaena veneta and Eisenia fetida, negatively affected phytopathogenic fungi Fusarium 
oxysporum in vitro conditions. They concluded that earthworms might negatively affect fungal growth 
by ingestion and by contact as well. Although some plant pathogens are removed during earthworm 
digestion, vermicompost, as a final product of vermicomposting, is a true modulator not only of plant 
growth but also of disease and pest suppression Sarma et al., (2010). The application of vermicompost 
for the suppression of different soil-borne phytopathogens has grown significantly in recent years 
Jangra, et al., (2019), Basco, et al., (2017). Because bacterial communities change greatly during 
vermicomposting, vermicompost has a significantly different bacterial structure than the initial material. 
Vermicompost contains beneficial microorganisms such as bacteria, fungi and actinomycetes, which 
can improve overall plant growth, but antagonistic microorganisms, which mediate the control of 
diseases and pests Liu et al. (2021), Simsek et al., (2009), Liu et al., (2021) isolated 374 bacterial strains 
from vermicompost made from fresh cow dung of which 28 strains showed antagonistic activity against 
Fusarium oxysporum f. sp. cucumerinum (FOC). FOC is a fungal pathogen that causes enormous 
damage to cucumbers worldwide Liu et al., (2021). Similarly, suppressions of Fusarium oxysporum 
and Phytophthora infestans have also been reported by vermicompost treatment Domínguez, et al., 
(2019) Fig. (36). 



Inter. J of Envi., 10(3): 109-172, 2021 
EISSN: 2706-7939    ISSN: 2077-4508                                               DOI: 10.36632/ije/2021.10.3.11 

141 

 
 
Fig. 36: Illustrates Vermicompost improves growth and reduces disease in crops. The right side pot 
shows higher growth and no disease symptoms in the tomato plant that was due to the addition of 
vermicompost, while the left side pot containing soil only (no vermicompost) shows reduced growth 
and disease symptom 

 
 It is important to emphasize that the influence of vermicompost on pathogens depends a lot on the 

type of initial substrate Szczech and Smolinska (2001).Szczech and Smolinska (2001), showed that 
vermicompost from animal manure reduced the infection of tomato seedlings by Phytophthora 
nicotianae, while vermicompost from sewage sludge did not protect seedlings from infection. The 
influence of vermicompost on various pathogens also depends on the type of earthworms, i.e., it depends 
on the morphological and physiological characteristics of the digestive system of earthworms. Bhat et 
al., (2018). Regarding the suppression of fungal diseases, they include the effect of vermicompost on 
reduced sporulation, reduced growth of pathogenic fungi and, generally, reduced infection Lores, et al., 
(2006), Except for the suppression of fungal diseases; vermicompost can also suppress bacterial 
diseases and pests. Chattopadhyay et al., (2012), observed an increase in salicylic acid and streptomycin 
synthesis after vermicomposting. Salicylic acid can induce plant pathogen resistance mechanisms and 
antibiotic streptomycin has been shown to control bacterial diseases of fruits, vegetables and crops, 
Bhat et al., (2018) Fig. (37). Furthermore, vermicompost can manage pests such as mites (Tetranychus 
urticae), mealy bugs (Pneumococcus sp.), aphids (Myzus persicae) Arancon et al., (2007), corn 
earworm (Helicoverpa zea). Cardoza et al., (2012), nematode (Meloidogyne incognita) Xiao et al., 
(2010), chili pest Polyphagotarsonemus latus Jangra, et al., (2019), etc. Arancon et al., (2007) tested 
the capacity of food waste vermicompost on reduction of three arthropod pests’ populations and damage 
to cucumbers, tomatoes, bush beans, eggplants and cabbage plants. 

 Besides noticing the reduction in arthropod populations, pest damage and reproduction, they also 
noticed that vermicompost made the plants less attractive to the pests. Jangra, et al., (2019) also 
recorded a reduction in population, and a number of chili pest eggs after the vermicompost was applied 
in a rate of 5 t.ha-1. They hypothesized that a possible reason for the suppression of pests was due to 
soluble micro- and macro-nutrients in vermicompost. It is correlated with the conclusion of Arancon et 
al., (2007) Possible mechanisms can also include the production of phenolic compounds by the plants 
after applications of vermicomposts, making the tissues unpalatable or even the presence of chitinase 
enzyme in vermicompost that helps in controlling arthropods Xiao et al., (2010), Bavaresco et al., 
(2007). 
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Fig. 37: Representation of possible plant–microbe interactions favouring plant growth and/or biocontrol 
of phytopathogens by streptomycetes as rhizosphere competent microorganisms and/or endophytes. 
After Vardharajula et al., (2017), Sai Shiva Krishna et al., (2018)  

 
4- Microbial Diversity of Vermicomposts 

Microbial communities including bacteria, actinomycetes, filamentous fungi, and yeast have been 
reported in earthworms such as L. terrestris, Allolobophora caliginosa, and A. terrestris Parle (1963 a, 
b), and most of them are mesophilic bacteria, fungi, and actinomycetes Benitez et al., (1999); Sen and 
Chandra (2009); Vivas et al., (2009). It is noticed that, earthworm’s age has not showed any influence 
on microbial community Ferna´ndezGomez et al., (2012), but the microbial counts between the 
earthworm species may vary due to their different ability to digest and assimilate microbial biomass, 
their ecological group, food, and environmental conditions in which earthworms live Brown and Doube 
(2004). These factors make the vermicompost a hotspot of microbes. Unique indigenous gut-associated 
microflora has been documented in E. foetida Toyota and Kimura (2000), Fig. (38). 

 

 
 
Fig. 38: Hypothetical model illustrating which factors stimulate the production of N2O by bacteria 
ingested into the gut of the earthworm. The relative concentrations of compounds are indicated by the 
font sizes, and the relative effect of each compound on the production of N2O in the gut is indicated by 
the thickness of the arrow. After Marcus et al., (2003) 

 
In contrary, microbes living in traditional compost undergo a selection process during the heating 

phase, where specially adapted thermophilic bacteria Dees decompose the organic material and Ghiorse 
(2001). The microbial community that resides in the finished traditional compost are the facultative 
thermophiles, which form spores during the hot phase and recolonize during the mesophilic stage. 
Microbial count in the ingested material of earthworms can be increased up to 1,000-fold while passing 
through their gut Edwards and Fletcher (1988). Devi et al., (2009) have given a distinction on the 
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microbial count of vermicomposts and of normal composts of fruit and vegetable waste, cow dung, and 
groundnut husk for bacteria, fungi, and actinomycetes. Many research, Pedersen and Hendriksen 
(1993), Devliegher and Verstraete (1995) have given a similar trend of supporting evidence. Microbial 
biomass and activity were also significantly increased in vermicasts over composts Brown and Doube 
(2004), Aira et al., (2006), Monroy et al., (2009). Earthworms’ interaction with physical, chemical, and 
biological components affects the structural features of the microflora and micro fauna in vermicompost 
Domı´nguez et al., (2003); Lores et al., (2006), Monroy et al., (2009) Fig. (39). 

  

 
 
Fig. 39: Conceptual Framework Showing the Pathways of Earthworm Contributions to Ecosystem 
Multifunctionality, Among the pathways, (A) indicates the direct effect of earthworms and (B)–(D) are 
the indirect effects of earthworms mediated by soil abiotic properties through burrowing and casting 
activities or biological communities through grinding and filtering processes. All of these effects occur 
simultaneously during earthworm activities. 

 
A recent study by Huang et al., (2013) on the bacterial communities of the earthworm E. foetida 

showed different phyla including Bacteroidetes, Firmicutes, Actinomycetes, Chlorobi, Planctomycetes, 
and Proteobacteria in vegetable waste compost, in which Bacteroidetes were predominant. Enrichment 
of Bacteroidetes (anaerobic group of microorganisms) in the vermicompost is probably due to the 
anaerobic conditions in the earthworm’s gut Karsten and Drake (1995). In contrast, Pathma and 
Sakthivel (2013) noticed Bacillus as the dominating genus followed by Pseudomonas and 
Microbacterium in goat manure compost. Bacterial diversity analysis of commercial composts (poultry 
litter, sewage sludge, and municipal solid waste) and homemade composts (vermicompost from food 
wastes) has been registered with the groups such as Firmicutes: Bacillus benzoevorans, B. cereus, B. 
licheniformis, B. megaterium, B. pumilus, B. subtilis, and B. macroides; Actinobacteria: 
Cellulosimicrobium cellulans, Microbacterium spp., and M. oxydans; Proteobacteria: Pseudomonas 
spp. and P. libaniensis; ungrouped genotypes: Sphingomonas spp. and Kocuria palustris; and yeasts: 
Geotrichum spp. and Williopsis californica Vaz-Moreira et al., (2008). Fischer et al., (1995) observed 
variations in the bacterial community of vermicasts and guts (including foregut, midgut, and hindgut) 
of earthworms in which the bacterial count of α, β, and γ subgroups of proteobacteria increased 
significantly toward the end of the gut and remained high in the cast. Among the subgroups, α-
proteobacteria was higher in the hindgut and casts, and β- and γ- proteobacteria were predominant in 
the for eand hindgut. Similar studies conducted by Nechitaylo et al., (2010) revealed the presence of 
Bacteroidetes, Alphaproteobacteria, Betaproteobacteria, and representatives of classes Flavobacteria, 
Sphingobacteria (Bacteroidetes), Pseudomonas spp., and unclassified Sphingomonadaceae 
(Alphaproteobacteria) and Alcaligenes spp. (Betaproteobacteria) in earthworm (L. terrestris and A. 
caliginosa), casts, and soil. In addition to bacteria, several studies have also been reported for fungal 
diversity in vermicompost and earthworms. The phyla of Saccharomycetes, Lecanoromycetes, and 
Tremellomycetes dominated in the initial substrate of vermicompost Bonito et al., (2010). The compost 
without earthworm was reported to have less fungal diversity, whereas during earthworm treatment, the 



Inter. J of Envi., 10(3): 109-172, 2021 
EISSN: 2706-7939    ISSN: 2077-4508                                               DOI: 10.36632/ije/2021.10.3.11 

144 

fungal diversity has increased with Sordariomycetes, followed by Agaricomycetes, Pezizomycetes, 
Eurotiomycetes, Saccharomycetes, and Orbiliomycetes Bonito et al., (2010); Huang et al., (2013). 
Besides this, other beneficial fungi in the vermicompost have also been noticed and some of the 
identified populations include Paecilomyces spp. and Dactylaria biseptata Siddiqui and Mahmood 
(1996), Cephaliophora tropica Morikawa et al., (1993), and Trichoderma spp. Harman (2006). A study 
by Anastasi et al., (2005) also revealed the differentiation of fungal diversity in compost and 
vermicompost. Among the 194 fungal species isolated, 66 were common to both the compost and 
vermicompost, whereas 118 were obtained from compost and 142 from vermicompost. This concludes 
that fungal diversity is found more in vermicompost than in compost. Next to bacteria, actinomycetes 
are the major gut flora of earthworm and have been reported widely in the literature Parle (1963a, b); 
Ravasz et al., (1987); Ravasz and Toth (1990); Jayasinghe and Parkinson (2009). It is noticed that 
vermicompost has higher actinomycetes than fungus in the final product, which might be due to the 
antagonistic activity of the former group against the latter group Jayasinghe and Parkinson (2009). For 
instance, Yasir et al., (2009) and Huang et al., (2013) detected Streptomyces and Rhodococcus, the 
genera that have the ability to kill plant pathogens from vermicompost and fresh sludge. The 
actinomycetes present in the form of cell aggregates or individual cells and most of them belong to 
Streptomyces spp., the well-known antibiotic producers Krisˇtu¨fek et al., (1993), (1994), (1995). Other 
actinomycetes such as Micromonospora spp. were also recorded Krisˇtu¨fek et al., (1990); Polyanskaya 
et al., (1996). Earthworms have food preference for substances colonized by certain fungal Tiwari and 
Mishra (1993); Moody et al., (1995); Marfenina and Ishchenko (1997) and bacterial species (Wright 
(1972). Polyanskaya et al., (1996) have demonstrated their food preference for actinomycetes on E. 
foetida, which actively consumed the spores of S. caeruleus than other actinomycete spores. Even 
though a substantial quantity of actinomycetes is digested in the foregut of the earthworms, the 
undigested remaining actinomycetes are able to develop rapidly in the earthworms mid- and hindgut. 
Hence, the chances of survival for actinomycetes were found to be higher in earthworm’s hindgut 
Krisˇtu¨fek et al., (1992); Polyanskaya et al., (1996); Zenova et al., (1996). These ingested 
actinomycetes inhibit the growth of other microorganisms’ particularly litter-decomposing and 
pathogenic fungi and Gram-positive bacteria in the earthworm’s gut. This leads to the predominance of 
other actinomycetes and other antibiotic-resistant microorganisms and hence the biocontrol properties 
against various phytopathogens Doube et al., (1994a, b), Stephens et al., (1994). Though the microbial 
community of bacteria-fungi-actinomycetes varies with the earthworm species/vermicompost, it also 
depends on the initial substrate of vermicompost. 

 
5- Conclusions 

Earthworm and vermicompost are used for various purposes, such as soil improvement, waste 
recycling and wastewater treatment, the vermicompost composition has limitations depending on the 
time required for maturity and nature of feedstock materials; hence. An interesting fact of pathogen 
reduction during vermicomposting and on the application in the crop field requires further insights to 
get more benefit from Vermi technology. Also, the following aspects related to earthworms and 
vermicompost should be investigated, (a) the composition of vermicompost whether or not it contains 
toxic substrates; (b) earthworm activities from soil that generate GHG emission; and (c) and for the 
recovery of soil health, some other biofertilizer could be mixed as an amendment. 

There is a great challenge in understanding and clarifying the mechanisms involved in the 
vermicomposting process. The relation between composition of bacterial communities, amount of 
vermicompost, effect on heavy metal content, plant pathogens, diseases, and organic waste selection. 
Namely, the possible application of vermicompost products certainly depends on many factors, and 
with their optimization, it would be possible to influence the characteristics of the final product and 
consequently better exploit vermicomposting process. Vermicomposting has a great potential to process 
a wide range of wastes produced in agriculture, food processing, sewage treatment, etc., and generate 
high-quality products that can have multiple uses. Vermicomposting involves the “cooperation” 
between earthworms and microorganisms during a very complex biological process. Vermicomposting 
is a cost-effective and eco-friendly waste management technology that takes the previlige of both 
earthworms and the associated microbes and has many advantages over traditional thermophilic 
composting. Vermicomposts are excellent sources of biofertilizers and their addition improves the 
physiochemical and biological properties of agricultural soil. Vermicomposting amplifies the diversity 
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and population of beneficial microbial communities. In addition, there is a possibility of vermicompost 
application in pollution reduction, which is for sure a topic that should be immediately addressed. 
Considering that, there are still many unknowns that need to be investigated and optimized in order to 
use vermicompost products in the context of sustainable agriculture. Vermicomposts with excellent 
physio-chemical properties and buffering ability, fortified with all nutrients in plant available forms, 
antagonistic and plant growth-promoting bacteria are fantabulous organic amendments that act as a 
panacea for soil reclamation, enhancement of soil fertility, plant growth, and control of pathogens, pests 
and nematodes for sustainable agriculture. 
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