
Vermitechnology: Stewardship towards sustainable Community development
ABSTRACT
Developing sustainable cities and communities is the 11th sustainable development goal of the United Nations Environment Programme (UNEP). Its aim is to make self-resilient, self-reliable, eco-friendly cities in the world. People have been moving from villages to cities as a result of India's rapid industrialization and population growth, placing an excessive burden on urban public services like municipal solid waste management, sewage waste management, and providing chemical-free organic food due to inadequate resources and the shortcomings of the current systems. In the 21st century, earthworms are considered to play the most important role in terms of biodegradation of sewage wastewater, urban organic municipal waste, agro-industrial waste, and agricultural waste. In view of this, the present study aims to identify sustainable approaches, i.e., vermitechnology, in order to establish sustainable cities and communities that utilize earthworms under several categories like vermicomposting (to manage organic waste), vermifiltration (treatment of industrial and municipal wastewater), vermin-remediation (to recover contaminated soil), vermin-agroproduction (to produce chemical-free organic food), and vermin-industrial production (producing useful raw materials from earthworms) that could provide an eco-friendly and healthy environment to the people. However, there are certain factors that pose a serious threat to earthworm populations, like agricultural practices, climate change, contamination of soil, loss of habitat, and introduction of exotic species of earthworms into the Indian ecosystem. Hence, the Government of India could find suitable solutions to address these issues in order to develop sustainable communities. 
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1. INTRODUCTION
A sustainable community makes use of its resources to suit present demands while making sure that there are enough resources left over for future generations. It aims to improve everyone's quality of life while preserving nature’s capacity to function over time by reducing waste, avoiding pollution, encouraging efficiency, and developing regional resources to boost the local economy (Roseland et al., 2005). According to the United Nations, there is an anticipated rise in global population of two billion people over the next thirty years, from the present 8 billion to over 10 billion by 2050 https://www.un.org/en/desa/world-population-reach-8-billion-15-november-2022). Hence, an increase in population will increase the demand for resources to feed, clothe and house themselves, which can lead to accumulation of Municipal Solid Waste, Sewage waste, decreasing soil health, and use of chemical fertilizers and pesticides to enhance the crop production. To overcome these problems, several concepts must be implemented by practicing sustainable technologies to create sustainable communities by 2050. One such technology that can address multiple issues plaguing the development of sustainable communities is vermicomposting technology. This technology includes various categories like vermicomposting, vermifiltration, vermi-agroproduction, vermi-remediation and vermi-industrial production, which utilize earthworms for degrading organic waste suspended or dissolved in water and also solid organic waste material, as shown in Figure 1.
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Fig. 1. Role of earthworms in developing sustainable communities
Challenge 1: Municipal Solid Waste Management 
The Government of India's Annual Report 2020–21 on the "Implementation of Solid Waste Management Rules, 2016" states that out of the 160038.9 Tonnes Per Day (TPD) of solid trash created in the nation, 152749.5 TPD is collected with a 95.4% collection efficiency. On the other hand, the amount of garbage generated per person in cities with populations between 1.0 lakh and 50 lakh varies from 0.2 kg to 0.6 kg daily, and by 2025, it is predicted to increase up to 0.7 kg daily (Gour & Singh, 2023), and this needs to be tackled on a priority. In India, the percentage of biodegradable or organic waste (food and kitchen trash, green garbage, vegetables, flowers, leaves, fruits, animal waste, etc.) in municipal solid waste is over 40%. Other waste compositions include 27% paper, 15% inert, 6% textiles, 5% glass & ceramics, 4% plastic/rubber, and 3% metal (Choudhary, 2019). Lack of infrastructure for the processing of this solid waste has forced the Government to send most of it to landfills, which intensifies problems such as pollution and leachate generation. Hence, this problem has to be rectified as a priority by redoubling the efforts for the management and recycling of the solid organic waste, thereby reducing the pressure on natural resources
Urban solid waste management can be classified using the following six functional elements, starting at the place of production and ending with final dissemination:
· waste production, 
· waste cache, 
· waste collection, 
· waste transportation, 
· waste separation process
· trash dissemination 
The minimal amount of biodegradable organic waste generated in cities can be effectively managed by turning it into vermicompost using earthworms. This process can increase agricultural productivity without the need for synthetic fertilizers, minimize water irrigation, improve pest resistance, and inhibit the growth of weeds. Vermicomposting also increases the biodiversity of microorganisms in the soil. This technology elaborates on the significance of economic stability and environmental sustainability (Omran & Gavrilescu, 2008; Soni et al., 2022). 
Solution: Vermicomposting
It is possible to manage this trash effectively only by using earthworms which convert biodegradable organic waste produced in cities into vermicompost,. This method can reduce water irrigation, boost pest resistance, stop weed growth, and boost agricultural yield without the use of synthetic fertilizers. Additionally, vermicomposting boosts the diversity of soil microorganisms like bacteria, fungi, and actinomycetes. This technology goes into further detail on the importance of environmental sustainability as well as economic stability. (Saha et al., 2022; Sharma & Garg 2019; Soobhany et al., 2017; Atiyeh et al. 2002). There are around 4,400 known species of earthworms worldwide, which are considered bio-degraders, bio-accumulators and bio-transformers, but only three species have been successfully used in India for vermicomposting. These includes: 
FIG 2: Perionyx excavatus (A native Species: Asian worms)  
       [image: https://cdnintech.com/media/chapter/80406/1512345123/media/F5.png]               

FIG  3 : Eisenia fetida (exotic species: Tiger worm)
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FIG 4:Eudrilus eugeniae (exotic species: African earthworm)
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The process of biodegradation and decomposition of solid organic waste will be enhanced by the use of earthworms by 60-80%. A ton of organic waste can be converted into vermicompost every month by 5 kg of earthworms at an ideal temperature of 20º–30º C and moisture content of 60–70% (Datar et al., 1997). Table 1 shows different types of organic substrate utilized to form vermicompost using the above species of earthworm.





Table 1. Different species of earthworm utilized for vermicomposting of organic substrates and industrial wastes
	Earthworms species used                       Organic substrate used                                                          References

	Perionyx excavates                                    Press mud                                                                                 Parthasarathi, 2007
                                                                  Java citronella and cow dung                                                   Deka et al., 2011
                                                                  Cashew leaf litter and various animal dungs                          Parthasarathi et al., 2016

	Eisenia fetida                                           Leaf litter and cow dung                                                           Karmegam & Daniel, 2000a          
                                                                 Dried sewage sludge, cow manure and oat straw                   Contreras-Ramos et al., 2005  
                                                                                                        Vegetable waste + tree leaves                                                   Kalamdhad et al., 2009 
                                                                                                                                                                                                                Food industry waste                                                                    Yadav & Garg, 2009    
                                                                                                                                                                                                                 Municipal sewage sludge + sugarcane trash                           Suthar, 2009
                                                                  
                                                                 Sugarcane straw, tree leaves, kitchen waste and                    Jawaher & Dohaish, 2020
[bookmark: _GoBack]                                                                 cow manure
                                                                 Municipal sludge and fresh cow dung                                      Vavouraki et al., 2023     

	Eudrilus eugeniae                                 Soyabean husk                                                                            Lim et al., 2011
                                                   Coirpith and cowdung                                                                 Nattudurai et al., 2014
                                                                    Sugar factory waste                                                                      Vasanthi et al,. 2014
                                                                Leaf litter + cow dung                                                                Daniel & Karmegam, 1999 
                                                                Green gram pods + cow dung                                                    Karmegam et al., 1999 
                                                                Weeds + cow dung                                                                     Karmegam & Daniel, 2000b 
                                                                Press mud                                                                                   Lakshmi & Vijayalakshmi, 2000
                                                                Organic waste and cow dung                                                     Pradnya et al., 2023  

	Polycultures of earthworms (E.              Perishable market and slaughter house wastes                       Giraddi et al., 2008
eugeniae, P. excavatus and                    and municipal wastes                                                       
 E. fetida) 
                                                                 Vegetable wastes and cow dung                                               Chuahan et al., 2010                                                   


  
Studies on Vermicomposting 
Nagar and his colleagues (2017) studied the use of leaf litter in vermicomposting while Sharma and Garg (2019) used the earthworm Eisenia fetida to compare the quality of vermicompost made from rice straw and paper trash. Another study conducted by Das et al. (2009) reported increased mushroom production by vermicompost. Further, using 1000 worms (E. fetida), Valani (2009) found that complete degradation and vermicompost formation from food wastes takes just 15 days, while garden wastes take 60 days. In contrast, in a conventional aerobic composting system, only 35% of the food and garden wastes decompose without the use of worms, even after 90 days. Vermicompost improves soil aggregation, soil structure, water-holding capacity, and microbial biomass in addition to increasing the bioavailability of plant nutrients. It also improves the physical, biological, and chemical aspects of soil. It also offers a greater chance for reducing salinity and alkalinity (Brown, 1995; Blouin et al., 2005; Edwards & Browm, 1988; Nancarrow & Taylor, 1998). Tharmaraj et al. (2011) studied that physicochemical properties and nutrient content in vermicompost-treated soil have been significantly improved in rice crop as compared to the control soil. Further, Manivannan and colleagues (2009) also reported the increased soil fertility and productivity in beans after the use of vermicompost. Various studies have confirmed that vermicompost promotes the growth and development of many plant species such as sweet corn, tomato, strawberry, cereal crops rice, wheat, sorghum, fruit crops papaya and pineapple (Thamaraj et al., 2011; Bhattacharjee et al., 2001; Arancon et al., 2004; Acevedo & Pire, 2004; Mahmud et al., 2018). However, there are a few scholarly publications that investigated the effect of vermicompost on plant diseases. Arancon and coworkers studied that parasitic nematode communities were suppressed in soil treated with vermicompost ranging from 2 to 8 Kg per hectare (Arancon et al., 2002). Hence, the vermicomposting process is a crucial part of sustainable food production, since it can protect the environment, produce revenue for farmers, and ensure public health and safety through food production.
Challenge 2: Disposal of domestic sewage wastewater
Increasing frequency and intensity of extreme events like storms, droughts and floods due to climate change will worsen the situation of availability of fresh water in developing countries To reduce the scarcity of fresh water over the world concerned authorities should think about the techniques that are used to treat sewage wastewater which are easily affordable, cost effective, environment-friendly, consumes less energy and man power. In 2021, the Central Pollution and Control Board (CPCB) released a study stating that the total amount of sewage generated throughout all Indian states and union territories was 72,368 million litres per day (MLD), of which only 31,841 MLD were treated in sewage treatment plants (http://pib.gov.in). Hence, the vermifiltration technique for treating sewage wastewater may be adopted to protect our mother earth through natural, sustainable, eco-friendly, and low-cost technology.
Solution: Vermifilteration
Nature’s most powerful recommended solution for municipal and industrial wastewater treatment is vermifiltration, which is socially acceptable, economically viable and environment friendly. According to the studies carried out by the researchers, it has been concluded that this technique is found to be quite efficient in terms of energy, cost, application and maintenance (Sinha et al., 2010; Arora  & Saraswat, 2021). In this process, the earthworm’s body acts as a ‘filter’, causing breakdown of solids trapped in the filter and excreting a pool of microbes that form a biofilm on the attached growth surface. When earthworms burrow, channels are formed that provide passive aeration, thereby making the system naturally aerobic. As the water dribbles through the layers of the vermin filter, it gets filtered and biologically treated in a natural ecosystem. This treated sewage wastewater can be used in agriculture and industries, while the earthworms' excreta can be used as a biofertiliser (Bajsa et al., 2004). Besides this no foul smell and sewage sludge is generated during this process (Sinha et al., 2008a).  Earthworm species like Eisenia fetida, P. excavatus, Eudrilus eugeniae, and L. rubellus are considered as good candidates for vermifiltration.
Studies on Vermifilteration
Taylor and his co-workers assessed the efficiency of small-scale vermicompost filter beds by using the Biolytic Filter (Biolytrix, Brisbane) on exposure to solid organic waste and raw domestic wastewater (Taylor et al., 2003), while Mungruaiklang and Boonthailwai used vermiwash to increase the efficiency of small-scale vermifiltration for swine farm wastewater, which could be the best eco-solution to minimize pollution, recover nutrients and recycle water resources (Mungruaiklang & Boonthailwai, 2021). Further, Eisenia fetida earthworms were used by Manyuchi and colleagues to vermifilter sewage wastewater, which produced neutralized pH, reduced Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD), Total Dissolved Solids (TDS), and turbidity (Manyuchi et al., 2013). According to Sinha et al. (2007), high BOD5 (five-day biochemical oxygen demand) wastewaters from milk and breweries (6780 mg/L and 682 mg/L, respectively) and Total Suspended Solids (TSS) loadings (139,200 and 36,000 mg/L, respectively) from the dairy industry were subjected to vermifiltration. In both cases it has been observed that removal efficiency of high BOD5 (five-day biochemical oxygen demand) and TSS loads in presence of earthworms has been increased over 98-99% while the vermifilter removal efficiency for COD, BOD, and Suspended Solids (SS) may reach up to 47.3-64.7%, 54.7-66%, and 57-77.9%, respectively, according to Xing et al. (2010)'s study. Moreover, Soto & Toha (2008) reported that BOD was eliminated by 99%, VSS (Volatile Suspended Solids) by 96%, TSS by 95%, nitrogen by 89%, and phosphorus by 70% after 1000 residents' wastewater was vermifiltered in a municipal wastewater plant.
Challenge 3: To provide chemical free organic food
Previous research indicates that chemical fertilizer use has exceeded 150 kg/ha in countries like Asia and Europe (Morris et al., 2007; Jama et al., 2013), with little to no attention paid to food safety (Boland et al., 2004). The risk element associated with the use of chemical fertilizers in the cultivation of food crops is a cause for concern (Boland et al., 2004; Wiesler et al., 2003). Therefore, agricultural policies that prioritize educating local farmers on the proper use and application of chemical fertilizers and, eventually, promoting a greater use of organic fertilizers are desperately needed. To provide chemical-free organic food to the consumers, vermi-agroproduction technology is another eco-friendly approach that helps the farmer to restore and improve soil fertility with the use of earthworms, thereby providing chemical-free organic food for society both in quantity and quality at significantly low capital input as compared to the expensive chemical fertilizers.  
Solution: Vermi-agroproduction technology
As we are all aware of the fact that soil health is constantly degraded by the use of agro-chemicals. Vermi-agroproduction technology, also known as the "Second Green Revolution," is an environmentally friendly method that aids farmers in restoring and enhancing soil structure by eliminating harmful agrochemicals and increasing crop production through the use of earthworms. This results in healthier, chemical-free organic food for consumers that is higher in quantity and quality and requires significantly less capital than costly chemical fertilizers. Additionally, it can safeguard people's food safety and the environment for farmers (Hussaini, 2013). Furthermore, by creating a biological resistance through pesticide action, vermicompost can shield plants from a variety of pests and diseases (Suhane, 2007). Based on numerous global research studies, it is estimated that on an acre of land with 3 million earthworms, every year, 8–10 tons of topsoil in the form of vermicast are brought to the surface. (Syers & Springett, 1984; Bhat & Khambata, 1994; Brown, 1995; Tomati & Galli, 1995; Ghabbour, 1996). The vermicompost obtained is rich in nitrogen, phosphorus and potassium (NPK), various soil microbes like mycorrhizal fungi, Nitrogen-fixing bacteria and also acts as an efficient growth promoter (Buckerfield et al., 1999; NIIR, 2004; Joshi et al., 2014).  According to several studies, vermicompost contains humic compounds that help plants absorb nutrients from the soil, deal with stress, and promote and intensify root growth (Li, 1998; Canellas et al., 2002; Senesi et al., 2007). Vermicompost, according to Sinha and his fellow workers, expedites crop maturity and reduces harvesting time (Sinha et al., 2010).
Studies on Vermi-agroproduction
In comparison to artificial fertilizers, vermicompost containing earthworms increases the development of potted corn plants (Zea mays) from 5 cm (87 to 92 cm) to 15 cm (90 to 105 cm) in just 7 weeks, according to Sinha et al. (2009b). In addition to this, maize plants utilizing worms and vermicompost reach maturity (the emergence of the male and female reproductive organs) much faster and require less water for irrigation than plants treated with chemical fertilizers. According to numerous studies (Atiyeh et al., 2000a; Sallaku et al., 2009; Ferreras et al., 2006), vermicompost also promotes plant emergence due to the availability of key nutrients and other necessary minerals like potassium and phosphorus. Vermicomposting the soil improved its ability to hold water and also boosted the concentrations of nutrients and minor elements, according to research done by Atiyeh et al. in 2002. This, in turn, led to improved plant development. Furthermore, some plants, such as Lilium longiflorum, Pisum sativum, Zea mays and C. undulaefolia, exhibit improved growth and development due to the hormone-like activity of vermicompost (Mirakalaei et al., 2013; Khan & Ishaq, 2011; Gutierrez-Miceli et al., 2008 and Gajalakshmi & Abbasi, 2002).
Challenge 4: Chemically Contaminated soils
The regular use of agrochemicals, mining, oil and gas drilling, and other human activities all contribute to the degradation of soil health. Trash disposal is another such cause. Massive amounts of organic chemicals are being produced by industries such as sugar mills, textile, pulp and paper, food processing, oil palm, distilleries, dairies, etc. These chemicals are typically disposed of or discharged into water bodies or on land without sufficiently treating them. According to Central Pollution Control Board, India around 240 contaminated sites have been identified in 21 States Heavy metals like cadmium (Cd), lead (Pb), mercury (Hg), and zinc (Zn), hydrocarbons like benzene and vinyl chloride, pesticides, organic compounds like dioxins and polychlorinated biphenyls (PCBs), and other substances are mostly found in the contaminated areas. They can enter our body, bioaccumulate and transform their, causing diseases including cancer, effects on reproduction, immune or nervous systems, and show biomagnification reaching up higher levels in the food chain and thus cause various health hazards. Traditionally, chemically polluted soil remediation has always involved off-site management by excavation and burial in controlled landfills. But this approach is highly expensive, because it just moves the contamination issue elsewhere. Furthermore, there is a significant potential for environmental harm due to the chemicals in contaminated soils seeping into nearby lands and water bodies. Vermicomposting technology is now the most economical, environmentally sound, and socially acceptable way to address this issue. It has been shown to improve soil structure, plant fertility, and pest management (BIOWISE 2000; Schaffner, 2004).
Solution: Vermiremediation
The word "vermi-remediation" comes from the Latin "vermis," which means "worm," and "remedialum," which means "to repair or remove." ‘Vermiremediation’ is an eco-technology that collects, extracts, transforms, and degrades soil toxins using earthworms. It is becoming a popular low-cost method of cleaning up contaminated soils when large amounts of organic chemicals from food processing, sugar mills, textile, pulp and paper, tanneries, oil palm, distilleries, dairies, etc., are typically disposed of or discharged into water bodies or on land without proper treatment. Using specific species of earthworms, such as Aporrectodea tuberculata, A. giardi, Eisenia fetida, Lumbricus rubellus, D. rubida, Eiseniella tetraedra, Dendrobaena veneta, and A. chlorotica, Lumbricus terrestris, a variety of pollutants from soil can be eliminated (Satchell, 1983; Schaefer et al., 2005; Alekseeva et al., 2006). These are some of the terminologies that can be used to illustrate the vermiremediation processes, which are: Vermitransformation, Drilodegradation, and Vermiaccumulation or Vermiextraction, as shown in Figure 5 (Javed & Hashmi, 2021).

Fig. 5. Different Process of Vermiremediation
	
· Vermiaccumulation: It is the process through which pollutants are ingested by earthworms and retained in their bodies (e.g., by nutritional uptake or epidermal uptake). When Eisenia fetida feeds on polluted soil, it goes through several stages of digestion and grinding, which absorb the toxins from the soil through the intestinal tract and transfer them to the tissues of the earthworms. 
· Vermitransformation: Earthworms and bacteria use this mechanism to swiftly turn waste that breaks down slowly into fertilizer that is useful (Shi et al., 2019a). According to Katagi & Ose (2015), it is thought to be an important stage in the vermicomposting process because several enzymes secreted by earthworms, such as cytochrome P450 (CYP), glutathione-S-transferases, and carboxylesterases, break down pollutants. 
· Vermidegradation: It is the process by which contaminants like synthetic dye methylene, diesel, and Polychlorinated biphenyls (PCBs) are broken down by earthworms using various enzymes, such as peroxidase, and microbes found in their stomach (Shi et al., 2019a). 
· Drilodegradation: Earthworm secretions and castings have an impact on the drilosphere, a 2 mm-thick layer of soil. The mineralization of a metabolite of several herbicides (U-14C)2, 4-Dichlorophenol, is higher in soil containing Aporrectodea caliginosa present in burrow walls, casts, and soil from columns, according to a 2014 study by Dallinger and Horn (Dallinger & Horn 2014).

Studies on Vermiremediation

Earthworms may bioaccumulate significant amounts of heavy metals, such as Cd, Cu, Pb, Hg, Mn, Zn, Ca and Fe up to 100 mg/kg dry weight (dw), in their tissues without experiencing any physiological effects, according to Hartenstein et al. (1980). This is especially true when the metals are primarily non-bioavailable. High molecular weight polyacrylic aromatic hydrocarbons (PAHs) are hazardous to the environment and human health because they are difficult to remove from the body. Datta et al. (2023) studied that vermiremediation improves the pH, electrical conductivity, porosity, metal concentration and aeration of soil. Another study conducted by Sinha et al. (2008) converted the wasteland into a wonderland by removing PAHs and heavy metals like Cd, Pb, Cu, Hg etc from contaminated soil by low-cost nature’s vermiremediation process.  Similarly, by using vermiremediation, Thakur et al. (2023) were able to detoxify the soil that had been contaminated with PAHs and recover its health. This study discovered that earthworms' unique gut microbiome and enzymes aid in the degradation of PAHs and their metabolites in soil.  Further, according to Schaefer's (2005) research, after 56 days of treatment, enhanced microbial catabolic activity in the presence of E. fetida resulted in the removal of 91% of the crude oil from the soil. According to Rajadurai et al. (2022), using earthworms like Drawida modesta and Lampito mauritii can be a potential method for vermiremediating soil contaminated with engine oil that contains polyacrylic aromatic hydrocarbons (PAHs) and total petroleum hydrocarbons (TPHs). In addition, several investigations revealed that PAHs and organochlorine pesticides biodegraded and accumulated in the intestine of earthworms (Ireland, 1983; Usmani et al., 2020). Another study conducted by Njoku et al. (2018) employed earthworms Eudrilus euginea and Lumbricus terrestris to bioremediate dichlorvos pesticide and found that E. euginea has a greater ability to remediate 2,2-dichlorovinyl dimethyl phosphate (DDVP) than L. terrestris.

Challenge 5: To provide biodegradable raw material for industries 

Some biodegradable biological compounds from earthworms, like stearic acid and lauric acid, are finding industrial applications for sustainable development. The advantage of using these biodegradable compounds is that they are environmentally friendly and sustainable. Moreover, earthworms, being a valuable source of protein (65%), minerals, vitamins, and roughage, could be used as feed for poultry, dairy, and fishery industries. Besides this, it can also be used as a dietary supplement for human consumption. Hence, to produce more nutrient-dense food for society and "bioactive compounds" used as raw materials for biochemical and pharmaceutical industries, vermi-agroproduction technology should be integrated into the circular economy as a whole to preserve the environment, keep the ecological balance, and utilize resources to their full potential (Sinha et al., 2010).

Solution: Vermi-industrial production technology

It involves using earthworms to produce industrial biodegradable raw materials, such as stearic acid, which is widely used as a lubricant and in the production of soaps, cosmetics, and food packaging, and lauric acid, which is used in many industries as a rubber accelerator and softener as well as in the production of detergents and insecticides (Li, 1998; Lopez & Alis, 2005).  Guerrero (2006) reported that fish fed a diet consisting of 10% fish meal and 15% meal grew significantly faster than fish fed only 25% fish meal. Meanwhile, Musyoka et al. (2019) suggested red earthworms (E. fetida) as a good substitute source of proteins for fish instead of other species of earthworms. Nalunga et al. (2021) suggested that earthworm meal from E. eugeniae may act as a good source of protein for broiler chickens' growth and meat quality. Earthworms are also utilized as an important ingredient in many traditional medicines to cure diseases like fever, asthma, dilating blood vessels, thrombus, aphasia, and hypertension (Wang et al., 2003; Kangmin, 1998).

2. Threat to Earthworms

Jones and his co-workers considered Earthworms as ‘ecological engineers’ (Jones et al. 1994) as these play an important role in agricultural practices and maintenance of the soil ecosystem. Conversion of forests into agricultural land or urban areas and excessive use of chemical fertilizers and pesticides alter the soil ecosystem, which causes a negative impact on earthworm populations by disturbing their habitat and reducing food supply, such as leaf litter (Kumar and Ali, 2025; Azhar et al., 2024). Moreover, global warming and climate change, which lead to droughts and floods, hinder the activity, abundance, and biomass of earthworm communities by changing the physicochemical characteristics of soil, which in turn significantly impact their performance in future ecosystems (Singh et al., 2019; Bhagat et al., 2025). Further, due to climate change and human activities, the introduction of exotic species of earthworms in the Indian ecosystem may lead to competition for food and resources with native species of earthworms and modification in the structure and composition of soil (Frelich & Reich, 2009).

3. CONCLUSION
According to University of New South Wales, Sydney (UNSW), ROU Annual Report 2002; National Institute of Industrial Research (NIIR) 2004, earthworms are thought to be the most important species in the twenty-first century for "biodegradation of agricultural wastes, urban organic waste, sewage sludge and agro-industrial waste, promoting crop productivity and production of valuable biological compounds." These days, earthworms are discovering new uses and applications in the creation of environmentally friendly products that are advantageous for consumer use.The degraded by-products of their excrement discover a workable way to offer developing nations like India a sustainable solution that can aid in the creation of sustainable towns and communities. Furthermore, by utilizing vermitechnology for sustainable development, we may address a wide range of social, economic, and environmental problems. According to Sir Charles Darwin's 1881 book, "The formation of vegetable mould through the action of worms with observation on their habits" earthworms are considered as "friends of farmers" and "Living Ploughs." He emphasized in his book the value of earthworms in preserving soil fertility and their function as growth regulators for plants (Fellar C et al., 2003).

But in country like India, in addition to climate change, intensive agricultural practices, excessive use of chemical fertilizers and pesticides, contamination of soil by heavy metals poses a serious threat to earthworm populations thereby reducing reproductive capacity and health of earthworms. Hence, Government of India should take effective measures to protect and conserve earthworm populations by promoting policies and providing subsidies to the farmers that could encourage them to adopt organic farming on a large scale. 
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