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Abstract 
Agriculture is a vital sector in India's economy, but the escalating demand for food has caused significant 

environmental challenges, particularly due to the incineration of agricultural residues. Annually, India 

produces approximately 500-550 million tons of such waste, with around 85 million tons burned, contributing to 

air pollution and climate change. This paper explores how mushroom farming utilizing agricultural waste as a 

substrate could serve as a sustainable and effective solution. Mushrooms, rich in nutrients, can grow on various 

waste materials, offering farmers an additional income stream while simultaneously reducing waste and 

environmental impact. By repurposing agricultural residues, mushroom cultivation supports a circular economy 

and enhances food security by introducing nutritious options into diets. Future research should focus on 

optimizing growth techniques and investigating mushroom properties to improve yield and sustainability. 

Integrating mushroom farming into conventional agriculture could help combat food shortages and promote 

rural development, providing economic and environmental benefits. 
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I. Introduction 
Agriculture has long served as the foundation of India's economy. However, the rapid increase in 

population and consequent food demand have expanded agricultural activities, leading to large-scale generation 

of crop residues and environmental pollution. India annually produces roughly 500-550 million tons of crop 

residues, of which about 85 million tons are burned in the fields (Anon, 2009). This practice, often depicted in 

Figure 1, is a quick method used by farmers to prepare land for the next crop cycle, primarily to control weeds, 

pests, and diseases (Pathak et al., 2010). 

 

 
Fig 1: farmer burning stubble 

 

Burning residues significantly contributes to pollution, releasing particulate matter, greenhouse gases, 

and toxic pollutants into the atmosphere, which threaten environmental and human health globally (Sharma et 

al., 2010; Gurjaret al., 2016). Specifically, in northwest India, burning alone accounts for approximately 20% 
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of agricultural carbon emissions (Lohan et al., 2018). The practice causes loss of essential nutrients and organic 

carbon, exacerbates climate change, and worsens air quality, especially during peak burning seasons (Jitendraet 

al., 2017). 
 

II. Types Of Agricultural Waste 
Agricultural residues fall into two main categories: (1) crop residues left in the field, such as stems, 

stalks, leaves, and roots, and (2) agro-industrial residues generated during processing, including shells, husks, 

bran, and straw (Gowda et al., 2019). Data from 2018-19 report the production of over 683 million tonnes of 

crop residues, with surplus quantities amounting to approximately 178 Mt. Of these, around 87 Mt are burned 

annually, intensifying pollution issues (Dattaet al., 2020). 

 

Table 1: Chemical composition of various agriculture wastes: 
Waste Type Composition (%) 

Wheat straw Cellulose 32.9, Hemicellulose 24.0, Lignin 8.9, Ash 6.7, Total solids 95.6%, Moisture 7.0% 

Rice straw Cellulose 39.2, Hemicellulose 23.5, Lignin 36.1, Ash 12.4, Total solids 98.6%, Moisture 6.5% 

Sugarcane bagasse Cellulose 30.2, Hemicellulose 56.7, Lignin 13.4, Ash 1.9, Total solids 91.6%, Moisture 4.8% 

 

III. Environmental Impact Of Crop Residue Burning 
Residue burning significantly affects air quality by releasing pollutants like methane (CH4), carbon 

monoxide (CO), nitrogen oxides (NOx), sulfur dioxide (SO2), volatile organic compounds (VOCs), and soot 

particles (Sharma et al., 2010). In India, particularly in Delhi, particulate matter (PM) emissions from burning 

residues are 17 times higher than other pollution sources (Jitendraet al., 2017). This leads to climate 

repercussions as fine black and brown carbon particles alter light absorption, contributing to rapid climate 

change (Bhuvaneshwariet al., 2019). 

Burning one ton of straw results in the loss of significant nutrients, including organic carbon, nitrogen, 

phosphorus, potassium, and sulfur, thus degrading soil fertility and increasing atmospheric pollution (NPMCR, 

2014). 
 

IV. Sustainable Utilization Of Agricultural Waste 
Organic Fertilizers 

Recycling crop residues into organic fertilizers and compost enhances soil health, boosts productivity, 

and reduces pollution. Proper nutrient analysis ensures balanced fertilization, with phosphorus being a critical 

element (Deviantiet al., 2021). 

 

Biofuels 

Conversion of agro-residues, such as rice straw, sugarcane bagasse, and corn stalks, into biofuels 

through fermentation, gasification, or anaerobic digestion offers a renewable energy alternative. This process 

helps meet energy demands while limiting waste and environmental emissions (Duhanet al., 2013; Kumar et 

al., 2014, 2016). 

 

Antibiotics from Agricultural Waste 

Certain microbes produce antibiotics that can be extracted from agricultural by-products like corn cobs, 

rice husks, and peanut shells. These materials, rich in bioactive compounds, are suitable for low-cost antibiotic 

production via solid-state fermentation under appropriate conditions (Tripathi, 2008; Kashifet al., 2022). 

 

Mushroom Cultivation 

Mushrooms, a valuable nutritional resource, can be cultivated on lignocellulosic waste materials. These 

fungi efficiently decompose organic matter, demonstrating their sustainability and versatility. 

 

V. Why Focus On Mushroom Cultivation? 
India faces the risk of future food shortages due to its vast population of over 1.4 billion, heightening 

the importance of alternative protein sources. Mushrooms provide a high-yield, nutrient-dense food option with 

low space requirements (Kamalakannanet al., 2020). 

They contain a variety of sugars, amino acids, vitamins, minerals, and bioactive compounds like 

phenolics and beta-glucans, which contribute to their health benefits, including antioxidant, anti-inflammatory, 

immunomodulatory, and anticancer effects (Das & Prakash,2022; Zhang et al., 2021). Mushrooms are low in 

calories and fat yet rich in dietary fiber and essential nutrients, making them an excellent addition to a healthy 

diet. 
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VI. Agricultural Waste As An Ideal Substrate For Mushroom Cultivation 
Using agricultural waste as a substrate for mushroom cultivation offers numerous advantages: 

 Cost-Effectiveness: Reduces the need for expensive commercial substrates, making cultivation accessible for 

small farmers. 

 Environmental Benefits: Recycling waste mitigates landfill accumulation and pollution. 

 High Yield Potential: Nutrient-rich waste enhances growth and productivity. 

 Nutritional Value: Mushrooms add healthy, nutrient-dense food options to the diet. 

 Income Generation: Provides additional income streams, notably from high-demand varieties such as oyster 

and button mushrooms. 

 Soil Fertility: Post-harvest spent substrate can improve soil quality and promote sustainable farming 

practices. 

 Animal Feed: Spent mushroom substrate (SMS) is rich in protein and nutrients, suitable as livestock feed, 

promoting sustainable animal husbandry. 

 Waste Reduction: Incorporating waste into mushroom cultivation creates a circular resource cycle. 

 

Compatible Agricultural Wastes 

Various crop residues, such as wheat straw, rice straw, maize stalks, sugarcane bagasse, cotton stalks, 

and banana leaves, have been successfully used as substrates for different mushroom species, including 

Pleurotus, Agaricus, and Volvariella(Gowda et al., 2019). 

 

Chemical Composition of suitable wastes 

 Wheat straw: Cellulose 32.9%, Hemicellulose 24%, Lignin 8.9% 

 Rice straw: Cellulose 39.2%, Hemicellulose 23.5%, Lignin 36.1% 

 Sugarcane bagasse: Cellulose 30.2%, Hemicellulose 56.7%, Lignin 13.4% 

 

VII. Benefits Of Using Agricultural Waste In Mushroom Cultivation 
Economical 

Reduces reliance on costly artificial substrates, making mushroom farming feasible for small-scale 

operations. 

 

Environmentally Friendly 

Helps in diverting organic waste from landfills, reducing greenhouse gas emissions, and promoting 

sustainability. 

 

Enhanced Yield 

Diverse wastes provide essential nutrients and support optimal growth, leading to higher productivity. 

 

Nutritional Value 

Mushrooms improve diets with their rich vitamin, mineral, and antioxidant content. 

 

Income Opportunities 

Farming mushrooms offers farmers additional revenue, especially for popular varieties. 

 

Soil Enrichment 

Residual substrate enhances soil organic content, promoting better crop growth. 

 

Livestock Feed 

Spent substrate can be used as a high-protein animal feed, reducing costs and supporting sustainable 

farming. 

 

Waste Management 

Supports a circular economy by reusing waste materials efficiently. 

 

VIII. Conclusion 
India’s expanding population and increasing food requirements demand innovative and sustainable 

solutions. Mushroom cultivation using agricultural waste presents a promising strategy to address food security, 
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reduce environmental pollution, and promote rural livelihoods. Optimizing cultivation methods and exploring 

the health benefits of different mushroom varieties can maximize these advantages. 

Incorporating mushroom farming into traditional agriculture not only helps manage waste but also 

offers nutritional, economic, and environmental benefits. Further research should focus on establishing effective 

guidelines and integration strategies to embed mushroom cultivation into India's broader agricultural 

framework, contributing to a resilient and sustainable food system. 

 

Reference 
[1] Anon, (2009). M.N.R.E (Ministry Of New And Renewable Energy Resources), Govt. Of India, New Delhi. Www.Mnre.Gov.In/ 

Biomassrsources. 

[2] Bhuvaneshwari, S., Hettiarachchi, H., Meegoda, J.N., (2019) Crop Residue Burning In India: Policy Challenges And Potential 
Solutions. International Journal Of Environmental Research And Public Health,; 16(5):832. 

[3] Das, S., Prakash, B., (2022), Edible Mushrooms: Nutritional Composition And Medicinal Benefits For Improvement In Quality 

Life, Research And Technological Advances In Food Science,Academic Pres: 269-300 
[4] Datta, A., Emmanuel, M.A., Ram, N.K., Dhingra, S., (2020) Crop Residue Management: Solution To Achieve Better Air Quality: 

Discussion Paper. The Energy And Resources Institute (TERI). New Delhi. 

[5] Devianti, D., Yusmanizar, Y., Syakur, S., Munawar, A.A. And Yunus, Y., (2021). Organic Fertilizer From Agricultural Waste: 
Determination Of Phosphorus Content Using Near Infrared Reflectance, IOP Conf. Ser.: Earth Environ. Sci. 644 012002, DOI 

10.1088/1755-1315/644/1/012002 

[6] Duhan, J.S., Kumar, A., Tanwar, S.K., (2013) Bioethanol Production From Starchy Part Of Tuberous Plant (Potato) Using 
Saccharomyces Cerevisiae MTCC-170. Afr J Microbiol Res 7:5253–5260. 

[7] Gowda, N.A.N., Manvi, D., (2019) Agro-Residues Disinfection Methods For Mushroom Cultivation. Agricultural Reviews.; 
40(2):93-103. 

[8] Gurjar, B. R., Ravindra, K., &Nagpure, A. S. (2016). Air Pollution Trends Over Indian Megacities And Their Local-To-Global 

Implications. Atmospheric Environment, 142, 475-495. 
[9] Jitendra, S. V., Kukreti, I., Pandey, K., Niyogi, D. G., &Mukerjee, P. (2017). India’s Burning Issue Of Crop Burning Takes A New 

Turn. Down To Earth, 2. 

[10] Kamalakannan, A., Syamala, M., Sankar P.M., Shreedevasena, S. And Ajay, B. (2020) Mushrooms – A Hidden Treasure, JPS 
Scientific Publications India : 1-129. 

[11] Kashif, A., Shahid, M.K., (2022). Agricultural Wastes As An Alternative Source For The Production Of Antibiotics: Recent 

Developments And Future Perspectives. In: Nayak, S.K., Baliyarsingh, B., Mannazzu, I., Singh, A., Mishra, B.B. (Eds) Advances 
In Agricultural And Industrial Microbiology. Springer, Singapore. Https://Doi.Org/10.1007/978-981-16-8918-5_7 

[12] Kumar, A., Duhan, J. S., Gahlawat, S., &Gahlawat, S. K. (2014). Production Of Ethanol From Tuberous Plant (Sweet Potato) Using 

Saccharomyces Cerevisiae MTCC-170. African Journal Of Biotechnology, 13(28). 
[13] Kumar, A., Sadh, P. K., &Surekha, D. J. (2016). Bio-Ethanol Production From Sweet Potato Using Co-Culture Of 

SaccharolyticMolds (AspergillusSpp.) And Saccharomyces Cerevisiae MTCC170. J AdvBiotechnol, 6(1), 822-827. 

[14] Lohan, S.K, Jat HS, Yadav AK, Sidhu HS, Jat ML, Choudhary M Et Al. Burning Issues Of Paddy Residue Management In North-
West States Of India. Renewable And Sustainable Energy Reviews. 2018; 1(81):693-706. 

[15] NPMCR. National Policy For Management Of Crop Residues. Ministry Of Agriculture. Department Of Agriculture &Cooperation 

(Natural Resource Management Division), (2014). KrishiBhawan, New Delhi. Available Online:  

Http://Agricoop.Nic.In/Sites/Default/ Files/NPMCR_1.Pdf. 

[16] Pathak, H., Bhatia, A., Jain, N., &Aggarwal, P. K. (2010). Greenhouse Gas Emission And Mitigation In Indian Agriculture–A 

Review. ING Bulletins On Regional Assessment Of Reactive Nitrogen, Bulletin, 19, 1-34. 
[17] Sharma, A. R., Kharol, S. K., &Singh, D. (2010, February). Impact Of Agriculture Crop Residue Burning On Atmospheric Aerosol 

Loading–A Study Over Punjab State, India. In AnnalesGeophysicae (Vol. 28, No. 2, Pp. 367-379). Copernicus Gmbh. 

[18] Zhang,Y., Wang, D., Chen, Y., Liu, T., Zhang, S., Fan, H.,  Liu, H. And  Li, Y. (2021). Healthy Function And High Valued 
Utilization Of Edible Fungi. Food Science And Human Wellness, 10(4): 408-420. 

 

https://doi.org/10.1007/978-981-16-8918-5_7

