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Abstract 

Agricultural residues represent a critical but underutilized resource in global agricultural systems, with 

over 500 million tonnes generated annually in India alone. This article examines decentralized value 

addition of agricultural residues as a strategic pathway toward rural sustainability. Drawing on 

emerging technologies, policy frameworks, and case studies from South Asia, it demonstrates that 

small-scale, community-level processing of crop residues, animal waste, and agro-industrial byproducts 

can simultaneously address environmental degradation, rural poverty, and energy insecurity. 

Integrating biorefinery approaches, circular economy principles, and agripreneurship models at the 

village level presents tangible opportunities for income generation, improved livelihoods, and climate 

resilience. Realizing this potential, however, requires bridging critical gaps in technology access, 

market infrastructure, policy coherence, and gender-inclusive participation. Synthesizing recent 

research and international best practices, the article argues that decentralized value addition is not 

merely an environmental intervention but a fundamental mechanism for rural transformation aligned 

with the UN Sustainable Development Goals. 

 
Keywords: Agricultural residues, Decentralized value addition, Circular bioeconomy, Rural 
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Introduction 

Introduction: The Paradox of Agricultural Waste and Rural Poverty 

Global agriculture produces an estimated 1.3 billion tonnes of food loss and waste annually, 

equivalent to one-third of food produced for human consumption [1]. Yet paradoxically, the 

rural communities that generate most of this waste remain among the world’s poorest and 

most environmentally vulnerable populations. India epitomizes this paradox: the nation 

generates over 500 million tonnes of agricultural residues each year, of which only about 

14.6% is currently used productively, while the remainder is burned, dumped, or left to 

decompose uncontrollably [2]. The conventional pattern treats residues as a disposal problem 

requiring costly management, a linear perspective that obscures a transformative reality: 

agricultural byproducts are a stockpile of renewable biomass rich in carbon, nutrients, and 

energy. Open burning of crop residues alone contributes 18–25% of particulate-matter 

pollution in northern Indian states, directly harming 1.5 billion people annually [3]. 

Processed decentrally, adjacent to production sites, these residues become feedstocks for 

multiple value chains: animal feed, organic fertilizers, bioenergy, biochemicals, and 

biomaterials. Decentralized processing offers a distinctly different economic and social 

model from centralized industrial biorefineries. It enables smallholder farmers, rural women, 

and youth to capture value locally, reduces transportation emissions, builds community 

resilience, and aligns with circular-economy and inclusive-development principles. The 

transition from waste to resource nonetheless remains incomplete, hindered by technological, 

economic, institutional, and social barriers. This article synthesizes recent research, policy 

analysis, and field evidence to establish decentralized value addition of agricultural residues 

as a missing yet critical link in achieving comprehensive rural sustainability. 
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 Scope and Scale of Agricultural Residues: A Global and 

Regional Perspective 

Global Agricultural Waste Generation 

Agricultural waste encompasses crop residues (straws, 

husks, stalks, leaves), agro-industrial byproducts (pomace, 

bagasse, oilseed cakes), and livestock waste (manure, urine). 

The FAO estimates that approximately 14% of global food 

production is lost post-harvest, with food waste concentrated 

in the supply chain from retail to consumption, particularly 

in high-income countries [4]. Globally, agricultural residues 

are generated at roughly 2–3 petagrams (Pg) annually, with 

significant variation by crop type and region [5]. The carbon 

footprint is substantial: food waste alone generates 3.3 

billion tonnes of CO₂-equivalent emissions each year, about 

7% of total global greenhouse-gas emissions, including both 

direct emissions from degradation and burning and the 

embodied emissions of the land, water, and fertilizers 

invested in producing food that is ultimately discarded [6]. 

 

Regional Context: South Asia and India 

India presents both the greatest challenge and the greatest 

opportunity in South Asia. With 1.4 billion people 

dependent on agriculture for subsistence or livelihood and 

agro-climatic diversity spanning tropical to semi-arid zones, 

it generates diverse and abundant residue streams. As shown 

in Figure 1, nearly 80% of surplus crop residue is accounted 

for by rice straw, sugarcane bagasse, cotton stalk, and wheat 

straw. Despite this abundance, utilization remains 

inefficient: approximately 85% of rice straw is burned in the 

field, generating acute air-pollution episodes during the 

October–November harvest season in North India [7]. This 

burning releases greenhouse gases and pollutants while 

destroying the soil organic matter and microbial biomass 

critical for long-term soil health. 

 

 
 

Fig 1: Typical proportions of various surplus crop residues in India [8] 

 

Valorization Technologies: From Linear Waste 

Management to Circular Resource Production 

Valorization technologies transform the linear “take–make–

dispose” pathway into circular resource flows, converting 

organic and industrial wastes into bioenergy, biochemicals, 

soil amendments, and construction materials, thereby 

closing material loops and reducing environmental burdens. 

Combining biological (anaerobic digestion, composting), 

thermochemical (pyrolysis to biochar), and biorefinery 

approaches enables recovery of energy and high-value 

compounds while lowering emissions and landfill 

dependence [9]. A range of decentralized, biorefinery-based 

options supports this transition. Integrated decentralized 

biorefineries convert biomass through combined 

biochemical and thermochemical pathways at village scale 

(5–50 tonnes/day) to yield energy, chemicals, materials, and 

food ingredients, maximizing resource extraction, cutting 

logistics costs by 30–50%, and enabling cooperative 

ownership and rural employment [10,11]. Among biological 

processes, anaerobic digestion decomposes wet organic 

waste in oxygen-free conditions to produce biogas (CH₄ + 

CO₂) and nutrient-rich digestate, supplying cooking fuel 

(100–150 m³/tonne), delivering 40–60% more bioavailable 

nitrogen and phosphorus, and avoiding roughly 5.9 tonnes 

CO₂ per unit annually [12]. Solid-state and submerged 

fermentation using microbial species such as Lactobacillus 

processes fruit, vegetable, and crop residues into enzymes 

(amylase, lipase), organic acids, single-cell proteins, and 

enhanced livestock feed, raising crude protein by 15–20% 
[13]. Thermochemical routes include pyrolysis, which 

decomposes dry feedstock above 400°C without oxygen into 

biochar (~30–50%), bio-oil (~20–30%), and syngas—

biochar improving soil water retention and microbial 

biomass and serving in water treatment and activated carbon 
[13] and hydrothermal carbonization, which processes wet 

biomass directly in water at 180–260°C and 35–55 bar to 

yield hydrochar (50–70% carbon) with high functional-

group density for superior wastewater adsorption [14]. 

Finally, integrated cascading value chains sequentially 

extract bioactives, then protein and fiber, then energy, and 

recycle nutrients, generating human-grade protein, bio-

packaging, flavor compounds, and bio-fertilizers at over 

80% conversion while creating multiple income streams and 

reducing per-unit costs [15]. 

 

Decentralized Models: From Farm to Community Value 

Chains 

Decentralized models transform rural economies by moving 

the “factory” to the farm, allowing communities to process 

agricultural waste where it is generated. Shifting from 
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 disposal toward integrated biorefineries and cascading value 

chains lets villages convert surplus residues that are often 

burned into high-value products such as biogas, biochar, and 

organic fertilizers. Field evidence spans village-scale energy 

systems, cooperative governance, and women-led enterprise. 

In Karnataka, successful adoption of a biochar social-

ecological system depends on managing trade-offs with 

livestock fodder by using non-palatable cotton and pigeon-

pea stalks [16]. A bio-energy model in Uttar Pradesh 

demonstrates co-digestion generating 400,000 m³ of biogas 

annually, displacing 440,000 kg of dung cake and 13,000 kg 

of LPG [17], while leaf-waste biochar carbonized at 400°C 

reduces H₂S by 84.2% to upgrade gas quality [18]. 

Cooperative approaches in Haryana and Punjab aggregate 

residue to address 140 million tonnes of surplus and curb 

burning (29% in Haryana) through pellets and biogas [19]; 

biochar-based soil restoration in North India raises crop 

emergence by 15% and cuts chemical-fertilizer dependence 

by 20–40% [20]; FPO-managed mini-biorefineries process 

rice straw and bagasse into sugar and energy via green 

pretreatments [21]; and a crop-residue-management 

bioeconomy in north-west India tackles 116 million tonnes 

of residue while reducing 176.1 Tg of CO₂ and 1,400 Gg of 

particulate matter [22]. Women-led self-help groups illustrate 

the social dimension: a Ladakh vermicompost startup saw 

14 women produce 3,600 kg in four months for Rs 2,52,000 

annual revenue at a benefit–cost ratio of 1:2.60 [23]; West 

Bengal entrepreneurs leverage jute and mango for green 

finance, drawing on Max Weber’s Social Action Theory to 

overcome barriers [24]; a Gujarat skill-based enterprise 

produced 4,350 kg of vermicompost (net Rs 21,740) and 

200 L of bio-pesticides (net Rs 9,000) [25]; and Kerala’s 

large-scale Kudumbashree movement advances 

multidimensional empowerment grounded in “freedom of 

choice” [26]. 

 

Rural Sustainability Linkages: Economic, 

Environmental, and Social Dimensions 

Economic Resilience and Income Diversification 

Rural India faces persistent economic stress from 

fragmented landholdings, single-crop dependence, seasonal 

unemployment, and limited non-farm livelihood options. 

Inadequate market linkages, weak technical knowledge, and 

thin institutional support further restrict farmers and rural 

youth from value-added activities, leaving incomes 

vulnerable to climate shocks and price swings while large 

volumes of biomass remain underutilized or mismanaged. 

The evidence shows that decentralized agri-waste 

valorization can meaningfully strengthen rural incomes and 

employment. A national assessment estimates that waste-to-

energy implementation could contribute 0.3–0.4% to India’s 

GDP and create 5–10 million rural livelihoods [27]. At the 

enterprise level, a PAU–KVK-supported farmer, Jagdeep 

Singh of Bathinda, Punjab, converted two acres into a 

vermicomposting venture of 208 beds producing 3,120 

quintals per year and earning ₹22.27 lakh annually [28]. Case 

studies replicated across agro-climatic zones in Jammu & 

Kashmir, Telangana, Ladakh, and Uttar Pradesh similarly 

report income generation, rural employment, and circular-

bioeconomy gains [29]. Together these cases demonstrate that 

economic resilience can be achieved through scalable, low-

cost rural innovations. 

 

Environmental Stewardship: Closing Nutrient and 

Carbon Cycles 

Crop-residue burning, fossil-fuel dependence, and land-use 

degradation remain major sources of air pollution and 

greenhouse-gas emissions in India. Despite regulatory bans, 

burning persists for lack of affordable alternatives, 

producing severe health and economic losses, while 

fragmented mitigation strategies often miss co-benefits such 

as energy security, carbon sequestration, and ecosystem 

services. Decentralized interventions deliver measurable 

environmental and economic value. Residue burning is 

estimated to cause 44,000–98,000 premature deaths 

annually, with 67–90% concentrated in Punjab, Haryana, 

and Uttar Pradesh [3]. On the Trans-Gangetic Plain, Happy 

Seeder technology yields a total economic valuation of 

₹35,110 ha⁻¹—its highest value from regulating services at 

₹13,670 ha⁻¹—and reduces per-hectare diesel use by about 

68.7% in wheat–rice systems [30]. A village-scale anaerobic-

digestion system for 400 buffaloes in Delhi NCR generates 

58,692 kWh per year at a negative net present cost over its 

lifetime [31], while India’s biomethane potential of roughly 

125 billion m³ could supply 47% of electricity or 91% of 

transport fuel and avoid 284–461 Mt CO₂-eq [32]. 

Agroforestry on about 25.3 Mha offers carbon-sequestration 

potentials of 0.25–76.55 Mg C ha⁻¹ yr⁻¹ for trees, 0.01–0.60 

for crops, and 0.003–3.98 for soils [33]; industrial-waste 

compost achieved 47.5 Mg ha⁻¹ CO₂ sequestration with 50% 

higher yield, 42% more energy output, and a 28% lower 

carbon footprint than conventional methods [34]. At the 

global scale, tropical systems sequester more than 1,000 Mt 

CO₂ per year, critical to offsetting the 50% CO₂ rise since 

the 1950s [35], and combined water harvesting with organic 

amendments lifted soil carbon from 0.154 to 0.601 in 29 

months, with Manilkara longifolia sequestering roughly 

250,533 kg of biomass carbon [36]. 

 

Soil Health and Nutrient Cycling 

Conventional systems rely heavily on synthetic fertilizers, 

driving soil degradation, nutrient imbalance, rising input 

costs, and declining soil organic carbon. Large volumes of 

biodegradable agricultural and market waste remain 

underused even as fertility loss threatens the long-term 

productivity of Indian agriculture. Compost and biochar 

derived from agri-waste consistently restore soil organic 

carbon, improve nutrient availability, raise yields, and 

reduce fertilizer dependency. Centralized and decentralized 

composting improves fertility and reduces waste across 

urban and rural India [37]; at Telangana’s Bowenpally 

market, 1,400 t of vegetable waste generated 32,000 

electricity units and 7,000 kL of bio-manure while avoiding 

about 6,290 kg CO₂ per year [38]. Azolla-fortified 

composting with microbial consortia accelerated 

decomposition (30–45 versus 60 days), achieved an ideal 

20:1 C:N ratio, and raised soil organic carbon by 13–25% 

over two cycles [39]. Using 156 Mt of surplus residue for 

biochar could mitigate roughly 405 Tg of greenhouse gases 

and sequester about 7.5 Tg of soil carbon annually [40]. 

Coconut-waste biochar combined with organic fertilizer or 

potassium humate significantly improved crop productivity 

(p < 0.0) in plantation systems [41]; geranium-waste biochar 

(~65% carbon) improved soil fertility and rosemary growth 

at low energy input (~9 kWh/batch) and low cost [42], 

https://www.agriculturaljournals.com/


 

~ 308 ~ 

International Journal of Agriculture and Food Science https://www.agriculturaljournals.com 

 
 
 and coconut-leaf biochar at 1.0 t ha⁻¹ with a full fertilizer 

dose maximized fodder-maize yield and soil nutrient 

availability in Gujarat [43]. A global meta-analysis confirms 

compost increases yield by 15% and reduces synthetic-

fertilizer use by 40% [44]. 

 

Water Quality and Quantity 

Water scarcity, nutrient runoff, wastewater pollution, and 

declining soil-water retention increasingly threaten 

agricultural sustainability in India, as excessive fertilizer use 

and poor waste management drive groundwater 

contamination and inefficient water use under climate stress 

and urbanization. 

Agri-waste-based interventions address both quality and 

quantity. On sloping croplands, straw return with balanced 

fertilization reduces runoff depth by about 55% and nitrogen 

and phosphorus losses by 61–72% [45]. Quality-controlled 

wastewater irrigation within safe limits (pH < 7.5, EC ≤ 

0.25 dS m⁻¹) enhances fertility and carbon sequestration [46], 

while agri-waste compost reduced soil water tension (48 

versus 83 centibars) and boosted fodder-maize biomass by 

roughly 38% under deficit irrigation in semiarid conditions 
[47]. Engineered wetlands treat about 2.2 MLD of sewage to 

support irrigation of around 132 ha with minimal energy [15], 

and biochar adsorbents enable removal of heavy metals and 

persistent organic pollutants for rural water purification. 

Collectively these approaches improve water-use efficiency 

while protecting water quality and supporting climate-

resilient agriculture. 

 

Social Equity: Inclusive Participation and Gender 

Empowerment 

Sustainable rural development demands the inclusion of 

historically marginalized groups. Decentralized value 

addition creates specific opportunities for women and youth 

in economic empowerment and agri-entrepreneurship, 

embedding ownership and decision-making within the 

community rather than in distant centralized facilities. 

 

 
 

Fig 2: Conceptual representation of Social Equity: Inclusive Participation (image created with AI assistance) Barriers to Implementation and 

Suggested Feasible Solutions 

 

Technology and Infrastructure Barriers 

Barrier 1: Limited access to appropriate technology 

Rural areas often struggle to access engineered biogas and 

sophisticated composting systems. Cost is the key 

constraint: community biogas systems may require ₹2–5 

lakh and larger biomass gasifiers ₹50–100 lakh, placing 

them beyond the reach of an individual farmer or small self-

help group (SHG). 

 

Solutions  

 Subsidies: leverage government schemes such as 

GOBAR-DHAN or PM-KUSUM to provide 50–70% 

subsidies. 
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  Leasing: help cooperatives pool resources to buy 

equipment for shared use. 

 Low-cost alternatives: adopt simpler modular systems 

such as plastic digesters or TLUD biochar units priced 

at ₹30,000–60,000. 

 Step-by-step scaling: use building-block approaches so 

communities start small and build capacity over time. 

 

Barrier 2: Lack of technical knowledge 

Even where equipment is available, limited know-how to 

operate it efficiently, maintain quality, and run it as a viable 

enterprise raises entry risks and threatens sustainability. 

 

Solutions 

 Extension support: partner with Krishi Vigyan 

Kendras (KVKs) for practical technical guidance. 

 Peer learning: develop demonstration farms for 

farmer-to-farmer training. 

 Digital learning: use friendly video apps and modules 

in local languages. 

 Quality badges: develop certification schemes so 

processors can verify compost or biochar quality. 

 

Economic and Market Barriers 

Barrier 3: Low and uncertain product prices 

Markets for biochar and compost remain nascent. Without 

established quality standards, consumers are risk-averse 

about product quality, depressing prices and creating income 

uncertainty for producers. 

 

Solutions 

 Standardization: work with the Bureau of Indian 

Standards (BIS) to establish official quality marks. 

 Branding: help Farmer Producer Organizations (FPOs) 

build their own brands and organic certifications. 

 Government buy-back: create policies for government 

departments such as forestry or parks to purchase 

locally produced compost. 

 Demonstration plots: use field demonstrations to 

establish the profit superiority of these technologies. 

 Social proof: share success stories from other areas to 

build confidence. 

 Safety nets: offer insurance schemes or additional 

subsidies to reduce risk for early adopters. 

 Incremental adoption: encourage simpler technologies 

such as basic composting before progressing to more 

complex biogas systems. 

 

Conclusion: Toward Inclusive, Circular Rural 

Economies 

Decentralized value addition of agricultural residues offers a 

viable route to rural sustainability by integrating waste 

management, livelihoods, and resource conservation. This 

review shows that residues can be processed into valuable 

products such as biogas, compost, biochar, and animal feed, 

reducing residue burning, lowering production costs, and 

improving rural livelihoods. The Indian and South Asian 

experience confirms that community-level processing 

systems are technically viable and socially relevant, 

especially in smallholder farming areas. Such systems 

sustain rural economies by keeping economic value local, 

reducing dependence on external inputs, and ensuring 

circular use of biomass. They also support inclusive 

participation, with women’s self-help groups, farmer 

producer organizations, and rural youth playing critical roles 

in enterprise management and value-chain development. 

Agricultural residue processing therefore serves not only as 

an environmental solution but as a means of social and 

economic empowerment. Adoption nonetheless remains 

limited by gaps in technological access, human capacity, 

market development, and policy coordination. These can be 

overcome through affordable modular technologies, 

capacity building, standardized product quality, stronger 

market linkages, and better coordination of existing 

government programs, supported by appropriate institutional 

and technological backing to improve efficiency and 

scalability. In conclusion, decentralized value addition of 

agricultural residues must be mainstreamed into rural 

development and sustainability planning. Its potential to 

address climate change, soil conservation, livelihood 

diversification, and social inclusion contributes directly to 

achieving multiple Sustainable Development Goals. 

 

References 

1. Food and Agriculture Organization of the United 

Nations. The state of food and agriculture 2019: moving 

forward on food loss and waste reduction [Internet]. 

Rome: FAO; 2019 [cited 2026 Jun 21]. Available from: 

https://www.fao.org/interactive/state-of-food-

agriculture/2019/en/  

2. Ministry of New and Renewable Energy. Annual report 

2023–24 [Internet]. New Delhi: Government of India; 

2024 [cited 2026 Jun 21]. Available from: 

https://mnre.gov.in/en/annual-report-2023-24/  

3. Lan R, Eastham SD, Liu T, Norford LK, Barrett SRH. 

Air quality impacts of crop residue burning in India and 

mitigation alternatives. Nat Commun. 2022;13(1):6537.  

4. Food and Agriculture Organization of the United 

Nations. The state of food and agriculture 2019: moving 

forward on food loss and waste reduction [Internet]. 

Rome: FAO; 2019 [cited 2026 Jun 21]. Available from: 

https://www.fao.org/interactive/state-of-food-

agriculture/2019/en/  

5. Kumar M, Patle GT, Lal M, Kumar A, Rani K, Kumar 

S, Kumar S. An overview of crop residue management 

challenges, opportunities, and the way forward for 

sustainable food-energy security in India. Ecol Environ 

Conserv. 2024;30.  

6. United Nations Framework Convention on Climate 

Change. Food loss and waste account for 8–10% of 

annual global greenhouse gas emissions; cost USD 1 

trillion annually [Internet]. Bonn: UNFCCC; 2024 

[cited 2026 Jun 21]. Available from: 

https://unfccc.int/news/food-loss-and-waste-account-

for-8-10-of-annual-global-greenhouse-gas-emissions-

cost-usd-1-trillion  

7. Reddy AS, Kasa VP, Samal B, Dubey BK, Yadav V, 

Pandey DS. Sustainable agricultural waste management 

in India: innovations, challenges, and future 

perspectives. Biomass Bioenergy. 2025;202:108261.  

8. Roy P, Mohanty AK, Dick P, Misra M. A review on the 

challenges and choices for food waste valorization: 

environmental and economic impacts. ACS Environ 

Au. 2023;3(2):58-75.  

9. Ng DK, Ng KS, Ng RT. Integrated biorefineries. In: 

Abraham MA, editor. Encyclopedia of sustainable 

technologies. Amsterdam: Elsevier; 2017. p. 299-314.  

https://www.agriculturaljournals.com/


 

~ 310 ~ 

International Journal of Agriculture and Food Science https://www.agriculturaljournals.com 

 
 
 10. Figà Talamanca C, Sofía Duarte González C, Sanchez 

WJ. Agricultural residue-based bioenergy: regional 

potential and scale-up strategies. Abu Dhabi: 

International Renewable Energy Agency; 2023.  

11. Department of Drinking Water and Sanitation, Ministry 

of Jal Shakti. GOBARdhan Unified Registration Portal 

[Internet]. New Delhi: Government of India [cited 2026 

Jun 21]. Available from: https://gobardhan.sbm.gov.in/  

12. Shah AM, Zhang H, Shahid M, Ghazal H, Shah AR, 

Niaz M, Naz T, Ghimire K, Goswami N, Shi W, Xia D. 

The vital roles of agricultural crop residues and agro-

industrial by-products to support sustainable livestock 

productivity in subtropical regions. Animals. 

2025;15(8):1184.  

13. Petrović J, Ercegović M, Simić M, Koprivica M, 

Dimitrijević J, Jovanović A, Janković Pantić J. 

Hydrothermal carbonization of waste biomass: a review 

of hydrochar preparation and environmental 

application. Processes. 2024;12(1):207.  

14. Circular Bio-based Europe Joint Undertaking. Rural 

BioReFarmeries [Internet]. Brussels: CBE JU; 2024 

[cited 2026 Jun 21]. Available from: 

https://www.cbe.europa.eu/projects/rural-biorefarmeries  

15. Müller S, Backhaus N, Nagabovanalli P, Abiven S. A 

social-ecological system evaluation to implement 

sustainably a biochar system in South India. Agron 

Sustain Dev. 2019;39(4):43.  

16. Chaudhary VP, Chandra R, Denis DM, D'Silva TC, 

Isha A. Agri-biomass-based bio-energy supply model: 

an inclusive sustainable and circular economy approach 

for a self-resilient rural India. Biofuels Bioprod 

Biorefin. 2022;16(5):1284-96.  

17. Sahota S, Vijay VK, Subbarao PM, Chandra R, Ghosh 

P, Shah G, Kapoor R, Vijay V, Koutu V, Thakur IS. 

Characterization of leaf waste based biochar for cost 

effective hydrogen sulphide removal from biogas. 

Bioresour Technol. 2018;250:635-41.  

18. Sokhansanj S, Yadav YK, Lau A, Yadvika ME, Verma 

K. Identification of techno-economic viable crop 

residue utilization in India. J Sustain Bioenergy Syst. 

2021;11:94-104.  

19. Kumar P, Bisht D. From waste to wealth: biochar as a 

sustainable soil conditioner for resilient agriculture in 

India. Int J Agric Environ Res. 2025;11(5):1673-84.  

20. Yadav A, Yadav K. Circular biorefineries for rural 

India: turning rice straw and bagasse into biofuels. 

Academia Green Energy. 2025;2(4).  

21. Venkatramanan V, Shah S, Rai AK, Prasad R. Nexus 

between crop residue burning, bioeconomy and 

sustainable development goals over North-Western 

India. Front Energy Res. 2021;8:614212.  

22. Yangchani J. Vermicomposting transformed farm 

women livelihood: a case study from the cold desert 

(Ladakh). Int J Curr Microbiol Appl Sci. 

2025;14(5):132-138.  

23. De S, Chatterjee S. Sustainability-study on 

environment-friendly women entrepreneurship in 

Murshidabad district. Interdiscip Int J Adv Soc Sci Arts 

Humanit. 2024;1(1):43-49.  

24. Soni S, Patel RA. Vermicompost: a profitable 

entrepreneurship. 2020.  

25. Kumar A, Rakhin J. Kudumbashree: promoting the self-

help group model of empowerment through women 

entrepreneurship in Kerala—a study. SSRN Electron J. 

2016.  

26. NITI Aayog. Agriculture technology [Internet]. New 

Delhi: NITI Aayog [cited 2026 Jun 21]. Available from: 

https://www.niti.gov.in/verticals/agriculture-technology  

27. Buttar TS, Singh V, Singh G. Turning waste into 

wealth: success story of a vermicomposting venture.  

28. Nagwanshi A, Khan S, Pathan S, Shahare S, Dhurvey 

SB, Sharma A. Turning waste into wealth: stories of 

success and innovation—a mini review. Int J Res Anal 

Rev. 2025;12(3).  

29. Gorain S, Mondal B, Arti, Roy BC. Assessing 

ecosystem services and environmental benefits of 

happy seeder technology: evidence from the trans-

gangetic plain of India. Discov Agric. 2025;3(1):183.  

30. Atri A, Khosla A, Gupta M. Biogas generation from 

animal waste: a case study of Village Wazirpur. In: 

International Conference on Artificial Intelligence on 

Textile and Apparel; 2023 Aug 11. Singapore: Springer 

Nature Singapore; 2023. p. 43-52.  

31. Dey A, Thomson RC. India's biomethane generation 

potential from wastes and the corresponding 

greenhouse gas emissions abatement possibilities under 

three end use scenarios: electricity generation, cooking, 

and road transport applications. Sustain Energy Fuels. 

2023;7(1):209-41.  

32. Dhyani SK, Ram A, Dev I. Potential of agroforestry 

systems in carbon sequestration in India. Indian J 

Agrofor. 2016;18(2):1103-12.  

33. Pradhan G, Meena RS. Utilizing waste compost to 

improve the atmospheric CO₂ capturing in the rice-

wheat cropping system and energy-cum carbon credit 

auditing for a circular economy. Sci Total Environ. 

2023;892:164572.  

34. Murphy DJ. Carbon sequestration by tropical trees and 

crops: a case study of oil palm. Agriculture. 

2024;14(7):1133.  

35. Kothai S, Geetha S. Carbon sequestration through 

Miyawaki plantation. Agric Sci Digest. 2025;45.  

36. Taneja T, Kumar M, Sharma I, Kumar R, Sharma A, 

Singh R. Composting of agro-phyto wastes: an 

overview on process, factors and applications for 

sustainability of environment and agriculture. Curr 

World Environ. 2024;19(1):35.  

37. Anusha VV, Padma SR. Agriculture waste 

management: a case study on Bowenpally Mandi. 

Madras Agric J. 2022;109(Special):1.  

38. Shinde SJ, Dixit AD, Shanbag RJ, Kulkarni Y, Borde 

MY, Lokhande VH. A case study on role of microbial 

consortia assisted decomposition of agro-waste for 

improvement of soil organic carbon—a step towards 

sustainable development. Int J Plant Environ. 

2023;9(4):312-22.  

39. Datta A, Dutta S, Sharma S, Rahman MH. Spatial 

variation of biochar production potential from surplus 

crop residues in India. Curr Res Environ Sustain. 

2025;9:100279.  

40. Dittakit P, Singkham J, Viriyasuthee W, Sangmanee K. 

Properties of biochar from coconut waste and 

application in agriculture. ASEAN J Sci Technol Rep. 

2023;26(1):52-58.  

41. Danteswari C, Sarma PV, Rao A, Chennamsetty DK, 

Nowduru R, Podile AR, Vadali VS. Upcycling of waste 

https://www.agriculturaljournals.com/


 

~ 311 ~ 

International Journal of Agriculture and Food Science https://www.agriculturaljournals.com 

 
 
 geranium leaves into biochar for soil amendment. 

Biomass Bioenergy. 2026;205:108556.  

42. Jadav R, Dholariya HP, Thesiya NM, Kumar N. 

Characterization of biochar prepared from different 

plant wastes and evaluation of biochar with fertilizer on 

fodder maize. Plant Arch. 2025;25:1215-1221.  

43. Biederman LA, Harpole WS. Biochar and its effects on 

plant productivity and nutrient cycling: a meta-analysis. 

GCB Bioenergy. 2013;5(2):202-214.  

44. Feng M, Xu Q, Li T, He B. Combined chemical 

fertilizers and straw return reduce runoff and N and P 

losses in sloping croplands: evidence from a 3-year 

field trial under natural rainfall events. Agric Ecosyst 

Environ. 2025;392:109768.  

45. Sinha AK, Minz A, Kumar B, Deep KP, Barla S, 

Kumari N. A review on effect of wastewater reuse in 

agriculture. Int J Curr Microbiol Appl Sci. 

2018;7:2953-2958.  

46. Zgallai H, Zoghlami RI, Annabi M, Zarrouk O, Jellali 

S, Hamdi H. Mitigating soil water deficit using organic 

waste compost and commercial water retainer: a 

comparative study under semiarid conditions. Euro-

Mediterr J Environ Integr. 2024;9(1):377-391. 

https://www.agriculturaljournals.com/

