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Abstract: 

Mushroom cultivation has emerged as an environmentally sustainable and economically viable biotechnology 

capable of addressing global challenges related to food security, waste management, and rural livelihood generation. 

Edible mushrooms are recognized for their high nutritional value, medicinal properties, and ability to convert 

lignocellulosic agricultural residues into valuable protein-rich food. This review paper critically examines recent 

advancements in mushroom cultivation technology, including spawn production, substrate preparation, composting 

techniques, environmental management, and disease control strategies. Special emphasis is given to the utilization of 

agro-industrial wastes for sustainable mushroom production, thereby promoting circular economy principles and 

reducing environmental pollution. The review also highlights technological developments in the cultivation of 

commercially important species such as Agaricus bisporus, Pleurotus spp., and Calocybe indica. Furthermore, the 

socio-economic potential of mushroom farming in enhancing rural entrepreneurship, employment generation, and 

nutritional security is discussed. Despite significant progress, challenges related to standardization, quality spawn 

availability, climate sensitivity, and technological adoption remain critical concerns. The study concludes that 

integration of traditional knowledge with modern scientific innovations can significantly enhance productivity and 

sustainability of mushroom cultivation systems, making it a promising component of climate-resilient agriculture and 

sustainable development strategies. 
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1. Introduction: 

Mushrooms have gained global recognition as an important component of sustainable agriculture due to their 

nutritional, medicinal, and environmental benefits. Edible mushrooms are macro fungi belonging mainly to 

Basidiomycetes and Ascomycetes, capable of converting lignocellulosic biomass into high-quality protein-rich food 

through efficient biodegradation processes. Unlike conventional crops, mushroom cultivation requires comparatively 

less land, water, and investment, making it an ideal enterprise for small and marginal farmers as well as rural 

entrepreneurs (Chang and Miles, 2004). 

In recent decades, increasing concerns regarding food security, environmental degradation, and agricultural waste 

management have intensified interest in mushroom cultivation technologies. Mushrooms possess the unique ability 

to utilize agricultural residues such as wheat straw, rice straw, sugarcane bagasse, and sawdust as substrates, thereby 

transforming low-value agro-waste into nutritionally valuable products (Philippoussis, 2009). This bioconversion 

process not only reduces environmental pollution but also supports circular economy principles and sustainable 

resource utilization. 
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Technological advancements have significantly improved mushroom production systems, including scientific spawn 

production, composting techniques, controlled environmental cultivation, and disease management practices. 

Commercial cultivation of species such as Agaricus bisporus (button mushroom), Pleurotus spp. (oyster mushroom), 

and Calocybe indica (milky mushroom) has expanded rapidly due to improved cultivation protocols and increasing 

consumer demand for functional foods (Sánchez, 2010). These species are widely cultivated because of their 

adaptability, short production cycles, and high biological efficiency. 

Apart from nutritional advantages, mushroom cultivation plays a crucial socio-economic role by generating 

employment opportunities, promoting rural entrepreneurship, and enhancing income diversification in agricultural 

communities. The enterprise is particularly suitable for women and youth participation due to its low space 

requirement and year-round production potential (Royse et al., 2017). In developing countries like India, mushroom 

farming has emerged as an effective tool for livelihood security and sustainable rural development. 

Despite substantial progress, several challenges continue to limit large-scale adoption, including inconsistent spawn 

quality, contamination issues, climate sensitivity, and limited technical awareness among growers (Sharma et al., 

2017). Therefore, continuous research and technological refinement are essential to improve productivity, 

standardize cultivation practices, and enhance sustainability. 

Considering these aspects, the present review aims to critically analyze advancements in mushroom cultivation 

technology, sustainable production practices, agro-waste utilization strategies, and future research opportunities to 

strengthen mushroom-based agro-industries and support climate-resilient agriculture. 

2. Global and Indian Status of Mushroom Production 

Mushroom cultivation has developed into a rapidly expanding agro-based industry worldwide due to increasing 

demand for nutritious food, functional ingredients, and sustainable agricultural practices. Global mushroom 

production has witnessed significant growth over the past three decades, driven by technological advancements, 

improved cultivation techniques, and rising consumer awareness regarding health benefits. According to recent 

estimates, global mushroom production exceeds 40 million tonnes annually, with Asia contributing the largest share, 

particularly led by China, which accounts for more than 70% of total production (Royse et al., 2017). 

Among cultivated species, Agaricus bisporus (button mushroom) dominates international markets due to its 

consumer acceptance and established commercial production systems. However, cultivation of Pleurotus spp. (oyster 

mushroom), Lentinula edodes (shiitake), and other specialty mushrooms has expanded rapidly owing to their 

adaptability to diverse climatic conditions and ability to grow on a wide range of agro-residues (Sánchez, 2010). The 

diversification of cultivated species has contributed to increased profitability and resilience in mushroom industries 

across different regions. 

In developing countries, mushroom cultivation has gained importance as a sustainable livelihood option because of 

its low land requirement, short production cycle, and efficient biomass conversion capability. Many nations have 

integrated mushroom farming into rural development programs to promote employment generation and nutritional 

security (Chang and Miles, 2004). The industry also supports waste recycling by converting agricultural by-products 

into valuable food resources, thereby contributing to environmentally sustainable production systems. 

India has emerged as one of the leading mushroom-producing countries in Asia, with steady annual growth in 

production and consumption. The country produces a variety of mushrooms, including button mushroom, oyster 

mushroom, milky mushroom (Calocybe indica), and paddy straw mushroom (Volvariella volvacea), suited to 

different agro-climatic regions. Button mushroom accounts for nearly 70–75% of total production, mainly 

concentrated in northern states with controlled environmental facilities, while oyster and milky mushrooms are 

widely cultivated in tropical and subtropical regions due to their low-cost production requirements (Sharma et al., 

2017). 
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Government initiatives, agricultural universities, and extension agencies such as the Directorate of Mushroom 

Research under the Indian Council of Agricultural Research (ICAR) have played a significant role in promoting 

improved cultivation technologies, farmer training, and entrepreneurship development. Mushroom cultivation is 

increasingly recognized as a viable enterprise for small-scale farmers, women self-help groups, and rural youth, 

contributing to income diversification and nutritional improvement. 

Despite notable progress, the Indian mushroom sector faces challenges including inadequate cold-chain 

infrastructure, limited processing facilities, seasonal market fluctuations, and lack of standardized quality production 

systems. Addressing these constraints through technological innovation, value addition, and improved supply chains 

can significantly enhance the growth potential of the mushroom industry in India. 

Overall, the expanding global demand, combined with favorable agro-climatic diversity and increasing institutional 

support, positions mushroom cultivation as a promising component of sustainable agriculture and rural economic 

development. 

3. Mushroom Cultivation Technology and Production Practices 

Mushroom cultivation technology has evolved significantly from traditional practices to scientifically controlled 

production systems aimed at improving yield, quality, and resource efficiency. Successful mushroom production 

depends on the interaction of biological, environmental, and technological factors including spawn quality, substrate 

preparation, environmental control, and crop management. Modern cultivation practices emphasize sustainability 

through efficient utilization of agricultural residues and minimal environmental impact (Sánchez, 2010). 

 

3.1 Selection of Mushroom Species 

The choice of mushroom species plays a crucial role in determining cultivation methods and production success. 

Commercial cultivation primarily focuses on species such as Agaricus bisporus (button mushroom), Pleurotus spp. 

(oyster mushroom), Calocybe indica (milky mushroom), and Volvariella volvacea (paddy straw mushroom). Button 

mushroom requires controlled environmental conditions, whereas oyster and milky mushrooms are adaptable to 

tropical climates and suitable for low-cost rural cultivation systems (Sharma et al., 2017). Species selection is 

generally based on climatic suitability, market demand, and availability of substrates. 

 

3.2 Spawn Production Technology 

Spawn serves as the planting material or seed for mushroom cultivation and is one of the most critical components 

influencing productivity. High-quality spawn is produced using sterilized cereal grains such as wheat, sorghum, or 

millet inoculated with pure fungal culture under aseptic laboratory conditions. Proper sterilization, contamination 

control, and storage conditions are essential to maintain spawn viability and vigor (Jonathan and Fasidi, 2003). 

Advances in tissue culture techniques and improved mother culture maintenance have enhanced spawn quality and 

uniform crop performance. 

 

3.3 Substrate Preparation and Composting 

Mushrooms grow on lignocellulosic substrates derived from agricultural and agro-industrial wastes. Common 

substrates include wheat straw, rice straw, maize cobs, sawdust, sugarcane bagasse, and cotton waste. Substrate 

preparation involves chopping, soaking, and pasteurization or sterilization to eliminate competing microorganisms. 

For button mushroom cultivation, composting is a vital step involving microbial decomposition of organic materials 

to produce nutrient-rich compost suitable for mycelial growth. Compost preparation methods such as long method 
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and short method composting have been standardized to improve biological efficiency and yield (Philippoussis, 

2009). Utilization of agro-waste not only reduces production costs but also promotes sustainable waste management. 

3.4 Spawning and Incubation 

Spawning refers to mixing spawn with prepared substrate under hygienic conditions. After spawning, the substrate is 

incubated under controlled temperature and humidity to allow mycelial colonization. Optimal temperature generally 

ranges between 22–28°C for most cultivated species, although specific requirements vary among species. Adequate 

aeration and moisture management are essential for uniform mycelial growth and prevention of contamination 

(Chang and Miles, 2004). 

3.5 Casing and Fruiting Management 

In button mushroom cultivation, a casing layer composed of soil, peat, or alternative materials is applied over fully 

colonized compost. The casing layer helps retain moisture, supports gas exchange, and stimulates fruit body 

formation. Environmental parameters such as temperature, humidity, light intensity, and carbon dioxide 

concentration must be carefully regulated during fruiting stages to ensure proper development and yield (Sánchez, 

2010). 

 

3.6 Environmental Control and Crop Management 

Modern mushroom cultivation increasingly relies on controlled environmental systems including ventilation, 

humidification, and temperature regulation. Maintaining relative humidity between 80–95% and adequate air 

circulation prevents drying and reduces contamination risks. Integrated pest and disease management practices are 

essential to control fungal pathogens, bacterial blotch, and insect pests that may reduce productivity (Sharma et al., 

2017). 

 

3.7 Harvesting and Post-Harvest Handling 

Mushrooms are harvested at specific maturity stages depending on species and market preference. Proper harvesting 

techniques minimize mechanical damage and maintain product quality. Since mushrooms are highly perishable due 

to high moisture content, post-harvest handling practices such as refrigeration, modified atmosphere packaging, 

drying, and processing are essential to extend shelf life and reduce losses (Royse et al., 2017). 

Overall, advancements in mushroom cultivation technology have improved production efficiency while promoting 

sustainable utilization of agricultural residues. Adoption of standardized cultivation practices, combined with 

scientific management and technological innovation, has positioned mushroom farming as an environmentally 

friendly and economically viable enterprise within modern agricultural systems. 

4. Sustainability and Environmental Benefits of Mushroom Cultivation 

Mushroom cultivation is increasingly recognized as an environmentally sustainable agricultural practice due to its 

efficient resource utilization, waste recycling capacity, and low ecological footprint. Unlike conventional crop 

production systems, mushroom farming does not require fertile land or intensive irrigation, making it a resource-

efficient technology suitable for sustainable agricultural development. The biological efficiency of mushrooms 

enables the conversion of lignocellulosic waste materials into nutrient-rich food, thereby contributing to both 

environmental conservation and food security (Philippoussis, 2009). 
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4.1 Agro-Waste Recycling and Circular Economy 

One of the most significant environmental advantages of mushroom cultivation is its ability to utilize agricultural and 

agro-industrial residues as substrates. Materials such as rice straw, wheat straw, maize stalks, cotton waste, sawdust, 

and sugarcane bagasse, which are often burned or discarded, can be effectively converted into edible biomass 

through fungal biodegradation. This process reduces environmental pollution caused by open-field burning and 

promotes circular economy principles by transforming waste into value-added products (Sánchez, 2010). 

Furthermore, spent mushroom substrate (SMS), the residual material after harvesting, can be reused as organic 

manure, soil conditioner, animal feed supplement, or biofertilizer, thereby minimizing waste generation and 

improving soil health. 

4.2 Reduction of Environmental Pollution 

Agricultural residue burning contributes significantly to air pollution and greenhouse gas emissions in many 

developing countries. Mushroom cultivation offers an alternative sustainable solution by utilizing these residues 

productively. The biodegradation activity of mushroom mycelium helps in breaking down complex organic 

compounds, reducing environmental load and supporting eco-friendly waste management systems (Chang and Miles, 

2004). 

Additionally, mushroom farming requires minimal chemical inputs compared to conventional agriculture, thereby 

lowering risks associated with pesticide and fertilizer contamination of soil and water resources. 

4.3 Energy Efficiency and Low Carbon Footprint 

Mushroom cultivation is considered a low-carbon agricultural enterprise due to its limited land use, short production 

cycles, and reduced dependence on mechanization. Many species, particularly oyster and milky mushrooms, can be 

cultivated using low-cost structures and natural environmental conditions, reducing energy consumption. Localized 

production systems also minimize transportation requirements, thereby lowering carbon emissions associated with 

food distribution (Royse et al., 2017). 

4.4 Contribution to Food and Nutritional Security 

Mushrooms are highly nutritious foods containing high-quality protein, dietary fiber, essential amino acids, vitamins, 

and minerals while being low in fat and cholesterol. Their rapid production cycle allows continuous food supply 

throughout the year, contributing to nutritional security, especially in resource-limited communities. Mushroom 

cultivation can therefore support sustainable food systems by providing affordable and healthy dietary options 

(Sánchez, 2010). 

4.5 Socio-Economic Sustainability and Rural Livelihoods 

Beyond environmental benefits, mushroom cultivation contributes significantly to socio-economic sustainability. 

The enterprise requires comparatively low initial investment and limited land area, making it accessible to small and 

marginal farmers, women self-help groups, and rural youth. It generates employment opportunities in production, 

processing, and marketing sectors while promoting income diversification (Royse et al., 2017). 

In rural development programs, mushroom cultivation has been successfully adopted as an income-generating 

activity that strengthens local economies while encouraging sustainable agricultural practices. 
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4.6 Role in Climate-Resilient Agriculture 

Climate change poses serious challenges to traditional farming systems through unpredictable rainfall, temperature 

fluctuations, and land degradation. Mushroom cultivation provides a climate-resilient alternative as it can be carried 

out indoors under controlled or semi-controlled conditions. Its dependence on agricultural by-products rather than 

arable land makes it less vulnerable to climatic variability. Therefore, integrating mushroom cultivation into farming 

systems can enhance resilience and sustainability in climate-sensitive regions (Sharma et al., 2017). 

Overall, mushroom cultivation represents a model of sustainable biotechnology that integrates environmental 

protection, economic viability, and social development. Its role in waste recycling, pollution reduction, food security, 

and climate resilience highlights its potential as an essential component of sustainable agricultural systems and green 

rural economies. 

5. Constraints, Challenges, and Research Gaps in Mushroom Cultivation 

Despite significant technological advancements and increasing global demand, mushroom cultivation still faces 

several technical, economic, and institutional constraints that limit its large-scale adoption and commercialization. 

Addressing these challenges is essential to enhance productivity, ensure quality production, and promote sustainable 

growth of the mushroom industry. 

5.1 Quality Spawn Availability and Standardization Issues 

Spawn quality is one of the most critical factors determining successful mushroom production. Poor-quality or 

contaminated spawn often results in reduced yield, uneven crop growth, and increased risk of disease outbreaks. In 

many developing regions, lack of standardized spawn production facilities and inadequate quality control 

mechanisms remain major constraints (Jonathan and Fasidi, 2003). There is a need for improved certification 

systems, advanced laboratory infrastructure, and training programs to ensure reliable spawn supply. 

5.2 Contamination and Disease Management 

Mushroom cultivation is highly sensitive to microbial contamination caused by competing fungi, bacteria, and pests. 

Common problems such as green mold, bacterial blotch, and insect infestation can significantly reduce productivity 

and crop quality. Maintaining aseptic conditions during substrate preparation, spawning, and incubation requires 

technical expertise, which is often lacking among small-scale growers (Sharma et al., 2017). Research on eco-

friendly disease management strategies and resistant strains is therefore essential. 

5.3 Environmental and Climate Sensitivity 

Many commercially cultivated mushroom species require specific environmental conditions related to temperature, 

humidity, and ventilation. Variations in climatic conditions, particularly in tropical regions, make year-round 

cultivation challenging without controlled infrastructure. High investment costs associated with environmental 

control systems limit adoption among marginal farmers (Sánchez, 2010). Development of climate-resilient strains 

and low-cost cultivation structures remains an important research priority. 

5.4 Post-Harvest Losses and Supply Chain Limitations 

Fresh mushrooms are highly perishable due to their high moisture content and rapid respiration rate. Lack of cold 

storage facilities, inadequate transportation systems, and limited processing infrastructure often lead to substantial 

post-harvest losses, especially in rural areas. Value addition through drying, pickling, powder production, and 

processed mushroom products remains underdeveloped in many regions (Royse et al., 2017). Strengthening post-

harvest management and market linkages is crucial for industry expansion. 
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5.5 Limited Awareness and Technical Knowledge 

Although mushroom cultivation offers significant economic potential, awareness among farmers and entrepreneurs 

remains limited. Insufficient extension services, lack of skill-based training, and inadequate dissemination of 

improved technologies hinder adoption at the grassroots level. Capacity-building programs and practical training 

initiatives are necessary to promote scientific cultivation practices (Chang and Miles, 2004). 

5.6 Economic and Policy Constraints 

High initial investment for controlled cultivation units, fluctuating market prices, and absence of organized 

marketing systems discourage many growers. In addition, limited financial support, insurance coverage, and policy 

incentives restrict commercialization. Strengthening institutional support, credit facilities, and cooperative marketing 

structures can improve economic sustainability of mushroom enterprises. 

5.7 Emerging Research Gaps 

Despite extensive research, several areas require further investigation, including: 

• Development of high-yielding and climate-resilient mushroom strains 

• Standardization of low-cost cultivation technologies 

• Automation and smart monitoring systems for environmental control 

• Improved utilization of spent mushroom substrate 

• Nutritional and medicinal characterization of underutilized species 

Addressing these research gaps through interdisciplinary collaboration between microbiologists, agricultural 

engineers, and rural development experts can significantly enhance the future prospects of mushroom cultivation 

technology. 

Overall, overcoming these constraints through technological innovation, policy support, and capacity development 

will be essential for transforming mushroom cultivation into a sustainable and profitable agro-based industry. 

6. Future Prospects and Conclusion 

Mushroom cultivation technology has demonstrated immense potential as a sustainable agricultural enterprise 

capable of addressing multiple global challenges, including food insecurity, environmental degradation, and rural 

unemployment. With increasing awareness of healthy diets and functional foods, the demand for edible and 

medicinal mushrooms is expected to grow significantly in the coming decades. This expanding market presents 

substantial opportunities for technological innovation, commercialization, and entrepreneurship development within 

the mushroom sector. 

Future advancements in mushroom cultivation are likely to focus on improving productivity through the 

development of high-yielding, disease-resistant, and climate-resilient strains using modern biotechnological tools. 

Integration of automation, sensor-based environmental monitoring, and artificial intelligence in controlled cultivation 

units can enhance precision farming and reduce production risks. Research on low-cost cultivation structures suitable 

for small and marginal farmers will further promote inclusive and scalable adoption, particularly in developing 

countries (Sánchez, 2010). 

Another promising area is the efficient utilization of agro-industrial residues and spent mushroom substrate within 

integrated farming systems. Recycling of spent substrate as organic manure, biofertilizer, livestock feed supplement, 

or raw material for bioenergy production can strengthen circular economy models and reduce agricultural waste 

disposal problems (Philippoussis, 2009). Such integrated approaches support sustainable resource management while 

improving soil health and farm profitability. 
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Value addition and product diversification also represent important future directions. Development of processed 

mushroom products such as dehydrated mushrooms, nutraceutical powders, ready-to-cook foods, and medicinal 

extracts can enhance shelf life, stabilize market prices, and increase farmer income. Strengthening cold-chain 

infrastructure, processing industries, and organized marketing systems will be essential to reduce post-harvest losses 

and expand domestic as well as export markets (Royse et al., 2017). 

From a socio-economic perspective, mushroom cultivation offers strong potential for empowering rural 

communities, women entrepreneurs, and youth through skill-based employment opportunities. Inclusion of 

mushroom farming in rural development schemes, vocational education, and agricultural extension programs can 

significantly contribute to livelihood diversification and nutritional security. Furthermore, incorporation of 

mushroom cultivation technology into climate-resilient agricultural strategies can help farmers adapt to changing 

environmental conditions. 

In conclusion, mushroom cultivation represents a model of sustainable biotechnology that integrates environmental 

conservation, economic viability, and social development. The technology efficiently converts agricultural waste into 

high-value food while generating employment and promoting eco-friendly farming systems. Continued research, 

technological innovation, policy support, and capacity-building initiatives are essential to fully realize the potential 

of mushroom cultivation as a key component of sustainable agriculture and green rural economies. With coordinated 

efforts among researchers, policymakers, and farmers, mushroom cultivation can play a vital role in achieving long-

term food security and sustainable development goals. 
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