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he accumulation of agricultural waste constitutes a significant global challenge, %afo
exacerbated by rising food production demands and inadequate residue management I
infrastructure. Vast quantities of crop by-products — including rice straw, wheat husks, ?}E@
maize stalks, and sugarcane bagasse — are routinely burned or discarded in the open field, a3
resulting in severe environmental contamination and the irreversible loss of potentially Ery
valuable biomass. Mushroom cultivation presents a promising biotechnological solution to i
this problem by converting lignocellulosic agricultural residues into edible, protein-rich food %t
products. This bio-conversion process aligns with circular economy principles, contributes to 2080
the enhancement of rural livelihoods, and mitigates environmental degradation. The present 9,0
study examines the role of mushroom cultivation in agro-waste recycling, with particular C?,O@
emphasis on its operational objectives, economic feasibility, environmental contributions, and 9%
the key challenges that limit its widespread adoption. %{;@
Introduction oS
Agricultural systems worldwide generate millions of tons of organic waste annually. In many 51
developing nations, improper waste disposal practices — particularly open-field burning — Qe
contribute substantially to air pollution and the emission of greenhouse gases. Despite their 035%‘@
environmental burden, these residues are chemically rich in cellulose, hemicellulose, and i
lignin, rendering them suitable substrates for fungal cultivation. Mushroom cultivation a0
exploits agricultural residues as growth media through the activity of saprophytic fungi, %

which decompose complex organic matter into simpler compounds via enzymatic processes. Og@
This biological transformation converts low- =

value waste materials into high-value food
products that are rich in protein, vitamins,
and essential minerals. Emerging research
increasingly identifies mushroom production
as a key component of the circular

&
Q

()

W52 C@L@%
L~ pt)) o
%

bioeconomy — a model in which waste is o
continuously repurposed as a resource rather @%j«?@
than discarded. This positions mushroom &%
farming as both an environmentally @%ﬁ
responsible and economically viable agro- &
industrial enterprise. Cgifo
Objectives of Agro-Waste Recycling through Mushroom Production: Jf@
The principal objectives associated with deploying mushroom production for agro-waste @2;@
recycling are as follows: @E
e Waste Valorization: Converting crop residues into productive mushroom cultivation &??@
substrates L

e Pollution Reduction: Eliminating open burning of agricultural residues to reduce air  « o
pollution o
25¢,

o %
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e Food Production Enhancement: Producing nutrient-dense edible mushrooms to
enhance food security

e Income Generation: Creating rural employment and entrepreneurial opportunities
through agribusiness

e Soil Fertility Improvement: Applying spent mushroom substrate (SMS) as organic
fertilizer to restore soil productivity

e Circular Economy Development: Encouraging the continuous reuse of biological waste
streams within circular economic frameworks

Through this framework, agricultural waste is reframed from an unwanted disposal burden

into a valuable input for food production systems, demonstrating the transformative potential

of bio-technological innovation in sustainable agriculture.

Process of Recycling Agro waste through Mushroom Production:

Production Process

Mushroom cultivation using agro-waste involves a series of structured sequential steps:

e Collection of Agro-Waste: Agro-waste materials such as rice straw, wheat straw,
sawdust, and corn husks are sourced and gathered.

e Pre-treatment: The collected substrate is chopped, soaked, and pasteurized to eliminate
pathogenic microorganisms.

e Spawning: Mushroom spawn — a fungal inoculum — is introduced into the prepared
substrate under sterile conditions.

e Incubation: The inoculated substrate is maintained under controlled temperature and
humidity to allow mycelial colonization.

e Fruiting Stage: Once fully colonized, the substrate is transferred to fruiting conditions,
enabling mushroom formation and growth.

e Harvesting: Mature fruiting bodies are harvested at the appropriate developmental stage
for consumption or further processing.

e Spent Substrate Utilization: Residual substrate following harvest is repurposed as
compost or animal feed, completing the waste-use cycle.

Economics of Agro-Waste-Based Mushroom Farming:

Mushroom production offers a highly cost-effective agricultural enterprise, primarily due to
its reliance on freely available or low-cost agro-waste materials as substrates. The economic
structure of mushroom farming comprises several key components:

Cost Structure

» Raw materials (agro-waste): minimal or zero cost

« Spawn procurement: moderate investment

 Infrastructure: low-cost sheds or simple indoor cultivation units

» Labour: a small, skilled workforce is sufficient for small-scale operations

Income Sources

« Sale of fresh mushrooms in local and regional markets

» Export of dried or processed mushroom products

« Commercial spawn production enterprises

« Marketing of spent mushroom substrate as compost

Profitability

Mushroom farming can yield financial returns within 30 to 60 days of substrate inoculation,
depending on the species cultivated. Oyster mushrooms (Pleurotus spp.) and milky
mushrooms (Calocybe indica) are particularly well-suited to agro-waste recycling systems
owing to their exceptional efficiency in degrading lignocellulosic materials. Research
demonstrates that waste-based substrates significantly reduce overall production costs while
enhancing profitability, establishing mushroom farming as a robust and scalable rural
agribusiness model.
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Environmental Benefits

Recycling agro-waste through mushroom cultivation confers several significant
environmental advantages:

Reduction of Air Pollution

Waste-to-Resource Conversion

Soil Health Improvement

Reduced Chemical Fertilizer Dependency

e Carbon Footprint Reduction

Collectively, these environmental benefits align mushroom farming strongly with the United
Nations Sustainable Development Goals (SDGs), particularly SDG 12 (Responsible
Consumption and Production) and SDG 13 (Climate Action).

Challenges in Agro-waste Recycling through Mushroom Production:

Despite its considerable advantages, several constraints continue to impede the widespread

adoption of agro-waste-based mushroom cultivation:

e Substrate Quality Variation: The heterogeneous composition of different agricultural
residues leads to variability in substrate quality, which in turn affects yield consistency
and predictability.

e Lack of Technical Knowledge: Many smallholder farmers lack the specialized
knowledge required for effective substrate sterilization, spawn handling, and
contamination control.

e Contamination Issues: Inadequate hygiene practices during cultivation can result in
fungal or bacterial contamination, significantly reducing yields and causing economic
losses.

e Short Shelf Life: Fresh mushrooms are highly perishable and deteriorate rapidly without
access to refrigerated storage or cold-chain logistics infrastructure.

e Market Access Limitations: Small-scale producers frequently encounter difficulties in
accessing fair pricing mechanisms and established distribution networks.

e Infrastructure Gaps: Rural production sites often lack adequate processing, packaging,
and storage facilities, constraining the commercial scalability of operations.

Addressing these challenges necessitates coordinated intervention through
government policy support, targeted training programs for farmers, investment in rural
infrastructure, and the development of efficient supply chain systems. The recycling of
agricultural waste through mushroom production represents a highly effective and sustainable
approach to waste management in the agricultural sector. This bio-conversion model converts
low-value crop residues into nutritious food commaodities, reduces environmental pollution,
and supports rural economic development. The integration of mushroom farming into
existing agricultural systems promotes circular economy principles by ensuring the
continuous productive reuse of organic waste streams.

References

1. Kumla, J., Suwannarach, N., Sujarit, K., Penkhrue, W., Kakumyan, P., Jatuwong, K.,
Vadthanarat, S., & Lumyong, S. (2020). Cultivation of mushrooms and their
lignocellulolytic enzyme production through the utilization of agro-industrial waste.
Molecules, 25(12), 2811.

2. Grimm, D., & Wosten, H. A. B. (2018). Mushroom cultivation in the circular economy.
Applied Microbiology and Biotechnology, 102(18), 7795-7803.

3. Parihar, N. S., Sharma, A., & Singh, R. (2026). The role of spent mushroom substrate in
sustainable agriculture, environmental management and circular economy development.
Discover Sustainability, 7, 112.

4. Kulshreshtha, S., Mathur, N., & Bhatnagar, P. (2014). Mushroom as a product and their
role in mycoremediation. AMB Express, 4(1), 29.

AGRIMACGAZINE ISSN: 3048-8656 Page 451




Ezhilarasi and Vignesh (2026) Agri Magazine, 03(05): 449-452 (MAY, 2026)

5. Ashrafi, R., Mian, M. H., Rahman, M. M., & Jahiruddin, M. (2014). Recycling of organic
waste through mushroom cultivation for sustainable agriculture. International Journal of
Recycling of Organic Waste in Agriculture, 3(1), 1-7.

6. Philippoussis, A. (2009). Production of mushrooms using agro-industrial residues as
substrates. In P. Singh Nee’ Nigam & A. Pandey (Eds.), Biotechnology for Agro-
Industrial Residues Utilisation (pp. 163-196). Springer.

7. Vignesh, K., Rajamohan, K., Balabaskar, P., & Anandan, R. (2021). In vitro efficacy of
PGPR Pseudomonas fluorescens against Fusarium wilt of tomato caused by Fusarium
oxysporum f. sp. lycopersici. Plant Archives, 21(1), 430-436.
https://doi.org/10.51470/PLANTARCHIVES.2021.v21.n01.060

8. Sanchez, C. (2010). Cultivation of Pleurotus ostreatus and other edible mushrooms.
Applied Microbiology and Biotechnology, 85(5), 1321-1337.

9. Hoa, H.T., Wang, C. L., & Wang, C. H. (2015). The effects of different substrates on the
growth, yield, and nutritional composition of two oyster mushrooms (Pleurotus ostreatus
and Pleurotus cystidiosus). Mycobiology, 43(4), 423-434.

10. Tesfaw, A., & Tadesse, A. (2015). Optimization of oyster mushroom (Pleurotus
ostreatus) cultivation using locally available substrates and materials in Ethiopia. Journal
of Applied Biology & Biotechnology, 3(1), 15-20.

11.Chang, S. T., & Miles, P. G. (2004). Mushrooms: Cultivation, nutritional value,
medicinal effect, and environmental impact (2nd ed.). Boca Raton, FL: CRC Press.

AGRIMACGAZINE ISSN: 3048-8656




