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ABSTRACT

Mushroom cultivation presents considerable nutritional, ecological, and economic advantages,
especially in developing countries. However, poor management of agricultural waste raises significant
environmental concerns and threatens food security. This study aimed to explore the optimal substrate selection
for cultivating Pleurotus spp. The experimental design utilized a completely randomized design (CRD)
methodology, incorporating three replicates for each substrate and mushroom species combination. The data
collected underwent a thorough descriptive statistical analysis, emphasizing yield comparison and colonization
efficiency. The highest yield was observed with rice straw (760 g/kg) for P. ostreatus, followed by wheat straw
(780 g) for P. florida and soybean straw (600 g) for P. djamor. This species exhibited clear substrate
preferences, with soybean straw consistently identified as one of the most effective options, yielding high
outputs and biological efficiency (BE) across various studies. These findings underscore the critical role of

substrate selection in optimizing the cultivation of Pleurotus mushrooms.

Keywords: Pleurotus spp.; Mushroom biotechnology; Biological efficiency; Lignocellulosic substrates;
Agricultural residues.
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INTRODUCTION

Mushroom cultivation offers significant nutritional, ecological, and economic benefits, particularly in
developing countries. Mushrooms are rich in proteins, carbohydrates, vitamins, and minerals, making them an
excellent supplement to cereal-based diets. They also possess medicinal properties due to bioactive compounds
like polysaccharides and triterpenoids (Singh, 2023; Verma, 2024; Losoya-Sifuentes et al., 2025; Thakur and
Singh, 2013). Mushroom production can alleviate food insecurity, create job opportunities, and contribute to
economic growth (Thakur, 2020). The industry utilizes agroforestry waste, aligning with sustainable waste
management practices (Chiu et al., 2000). Despite its potential, the sector faces challenges such as inadequate
expertise and a lack of supportive policies in developing nations (Itubochi et al., 2025). Innovations in
cultivation techniques, processing equipment, and value-added products are enhancing the industry's efficiency
and marketability (Singhal et al., 2019). Conservation of mushroom biodiversity is crucial for genetic resources
and breeding programs to meet diverse consumer demands (Chiu et al., 2000).

Agricultural waste mismanagement poses significant environmental and food security challenges. Large
quantities of agro-waste are generated globally, with improper disposal leading to pollution and resource loss
(Sabiiti, 2011). However, these wastes can be valuable resources if properly managed. Strategies for sustainable
agro-waste management include reduction, reuse, and recycling (Koul et al., 2021). Urban agro-producers
employ various management practices such as waste reduction, utilization, segregation, and composting (Karani
et al., 2021). Agro-wastes can be used to enhance soil fertility, improve crop yields, and increase livestock
productivity, thereby contributing to food security (Sabiiti, 2011). Additionally, agro-industrial wastes can be
valorized into value-added products like biofuels, biofertilizers, and food ingredients. Proper management and
utilization of agro-wastes can help address food insecurity, reduce environmental pollution, and contribute to
sustainable agriculture and circular bioeconomy (Sabiiti, 2011; Koul et al., 2021; Mohanta et al., 2025).

Agricultural waste management in India presents both challenges and opportunities. Large amounts of
lignocellulosic waste from agriculture and food processing industries pose environmental concerns if disposed
of improperly (Ravindran and Jaiswal, 2015; Kumar et al., 2022). However, this waste can be effectively
utilized for mushroom cultivation, offering an eco-friendly solution to waste management while producing
nutritious food (Khan et al. 2021; Adegbeye et al. 2020). Various mushroom species, including Pleurotus, can
colonize and degrade a wide range of agricultural wastes such as rice husks, corn cobs, and cotton waste (Rakib
et al. 2020; Barshteyn & Krupodorova, 2016). Mushroom cultivation not only reduces waste but also produces
valuable enzymes and fruiting bodies (Kumla et al. 2020). Additionally, recent research explores the potential
of using agricultural waste and mycelium to develop sustainable construction materials, further expanding the
applications of waste utilization (Voutetaki and Mpalaskas, 2024). These approaches offer promising solutions

to India’s agricultural waste management challenges.
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MATERIALS AND METHODS

The experimental cultivation of Pleurotus ostreatus, Pleurotus florida, and Pleurotus djamor was carried out
under controlled laboratory conditions at the Department of Botany, Dr. Babasaheb Ambedkar Marathwada
University in Chhatrapati Sambhajinagar, India. Throughout the study, a dedicated dark incubation room was
maintained, with humidity levels regulated between 70-90% and temperatures kept at 24-28°C, ensuring
precise monitoring through the use of a thermo-hygrometer.

Substrate Selection and Preparation: Six commonly available agricultural waste materials, viz rice straw,
wheat straw, soybean straw, cotton plant waste, pigeon pea straw, and maize stalks, were selected based on their
regional availability and lignocellulosic composition. The substrates were chopped into lengths of 3 to 5 cm
and thoroughly washed in clean water to eliminate any dirt and impurities. They then underwent chemical
sterilization using a combination of 0.5% formaldehyde and 0.1% fungicide (Bavistin) to prevent microbial
contamination. After soaking for 12 hours, the substrates were drained to remove excess water, ensuring an
optimal moisture content of approximately 65%, as confirmed by the tactile compression method (Sonneveld
& Voogt, 2009).

Spawn Preparation and Inoculation: Pure spawn cultures of P. ostreatus, P. florida, and P. djamor were
obtained from certified laboratories. Each sterilized substrate was inoculated with 5% (w/w) grain spawn under
aseptic conditions. The inoculated substrates were then placed into perforated polypropylene bags (30 x 45 cm)
to ensure adequate aeration and gas exchange. Each bag was securely sealed and incubated in a dark chamber
(Thakur and Rathod, 2021).

Incubation and Mycelial Monitoring: The incubation period lasted for 12 days, during which the growth of
the mycelium was monitored at intervals of the 3rd, 6th, 9th, and 12th days. The progress of growth was
documented based on surface colonization, where "++++" signified full colonization. Mycelial colonization
was assessed visually and scored using a system calibrated according to previous studies.

Fruiting and Harvesting: After complete mycelial colonization, the bags were moved to fruiting conditions,
which included 8 to 10 hours of light exposure each day and maintaining a relative humidity of 85 to 90% using
hand water sprayers. Daily monitoring of temperature and moisture levels was conducted. Fruiting bodies were
harvested once they matured, indicated by cap flattening and the onset of spore release, and the total yield was
recorded in grams per kilogram of dry substrate using a calibrated digital weighing scale (Thuy and Suzuki,
2019).

Experimental Design and Replication: The experimental design employed a completely randomized design
(CRD) methodology, incorporating three replicates for each combination of substrate and mushroom species.
The data obtained were subjected to a comprehensive descriptive statistical analysis, focusing on yield

comparison and colonization efficiency.
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RESULTS AND DISCUSSION

The colonization of mycelium was visually discernible by the twelfth day of incubation. The substrate-

specific colonization dynamics for Pleurotus ostreatus, P. florida, and P. djamor are summarized in Table 1.
For Pleurotus ostreatus, the highest yield was recorded with rice straw (760 g/kg), followed by moderate yields
from wheat (700 g), soybeans (660 g), and pigeon peas (540 g). In contrast, the lowest yield was observed with
maize straw (340 g/kg). This species demonstrated a clear preference for rice straw, likely attributable to its
optimal porosity and favorable cellulose-to-lignin ratio, which enhances enzymatic degradation. Numerous
studies have explored the growth and yield of Pleurotus ostreatus on various lignocellulosic substrates, with
rice straw consistently emerging as one of the most effective options, yielding high outputs and biological
efficiency (BE) across multiple investigations (Nasreen et al., 2016; Obodai et al., 2003; Biswas et al., 2023).
Wheat straw also performed well, generally ranking second in yield. Additionally, soybean straw exhibited
potential in one study, surpassing wheat straw (Patil, 2024).
In the case of Pleurotus florida, the highest yield was recorded with wheat straw (780 g/kg), with moderate
yields from soybean (620 g), cotton (560 g), and rice straw (580 g). The lowest yield came from maize straw
(320 g/kg). Here, P. florida thrived on wheat straw, a substrate known for facilitating higher protein-bound
polysaccharides. Maize was the least efficient substrate, likely due to its high lignin content and dense cell walls.
Similar studies have shown that wheat straw consistently emerged as an excellent substrate, yielding high
mushroom production and biological efficiency for P. florida. Notably, paddy straw and cowpea pod residues
also demonstrated high yields for P. florida (Igbal et al., 2016; Hiwale, 2021; Sufyan et al., 2021).

For Pleurotus djamor, the highest yield was achieved with soybean straw (600 g/kg), followed by
moderate yields from cotton (520 g) and maize (500 g). The lowest yield was recorded for rice and pigeon pea
straw (200 g/kg each). This species displayed distinct substrate preferences, with soybean straw proving to be
the most effective, possibly due to its rich nitrogen content and soft fiber composition. The low yield on rice
straw, despite complete colonization, suggests potential issues related to substrate texture or nutritional
imbalances. Recent studies have consistently shown that soybean straw is an excellent substrate for cultivating
various Pleurotus species. For P. djamor, soybean straw yielded the highest biological efficiency (BE) of
109.4% (Deshmukh & Deshmukh, 2016). Rice straw combined with cocopeat and rice bran (7:3:1 ratio) proved
effective for P. djamor, producing the highest yield (256.6 g) and BE (31.10%) (Zurbano et al., 2017). These

findings highlight the importance of substrate selection in optimizing Pleurotus mushroom cultivation.
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Table 1: Mycelial Growth and Yield Analysis of Pleurotus spp. on Different Agro-Wastes

sr Mycelial Yield of Yield of Yield of
Nol Substrate Colonization P. ostreatus P. florida P. djamor
' (12 Days) (9/kg) (9/kg) (9/kg)
1 Rice Straw ++++ 760 £ 20 580 £ 18 200 £ 15
2 Wheat Straw ++++ 700 £ 25 780 + 22 340+ 16
3 Soybean Straw ++++ 660 £ 22 620 £ 19 600 £ 21
4 | CottonPlant —— 500 + 15 560 + 17 520 + 20
Waste
5 Pigeon Pea Straw ++++ 540+ 14 420 £ 13 200+ 12
6 Maize Straw ++++ 340+ 12 320+ 11 500 £ 18

“++++” = 100% colonization; = = Standard deviation (triplicate values averaged).

Spawning & Bagging

Fig 1 Experimental setup for cultivation of P. ostreatus, P. florida, and P. djamor

CONCLUSION

Pinning & Incubation

Fruiting Body

This study highlights the significant effect of substrate selection on the yield performance of Pleurotus

spp. during controlled incubation. Rice straw achieved the highest yield for P. ostreatus, while wheat and

soybean straw were optimal for P. florida and P. djamor, respectively. Despite uniform mycelial colonization,

yield variability emphasizes the importance of substrate-specific biochemical composition and structural

characteristics. These findings align with previous research on lignocellulosic decomposition efficiency and
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advocate for strategic substrate use in scalable, sustainable mushroom cultivation within agro-waste valorization

frameworks.

ACKNOWLEDGEMENT

The authors express their heartfelt gratitude to Dr. Ashok M. Chavan, Department of Botany, Dr.
Babasaheb Ambedkar Marathwada University, for his invaluable guidance and mentorship throughout this
research. Special thanks to Dr. Mane for providing technical support and to Dr. A. Dhabe, Head of the
Department of Botany, for his encouragement and infrastructural assistance, which were vital for the study's

SUCCESS.

REFERENCES

Adegbeye, M. J., Salem, A. Z. M., Reddy, P. R. K., Elghandour, M. M. M., & Oyebamiji, K. J. (2020). Waste
recycling for the eco-friendly input use efficiency in agriculture and livestock feeding. In Springer
eBooks (pp. 1-45). https://doi.org/10.1007/978-981-15-6953-1 1

Barshteyn, V., & Krupodorova, T. (2016). Utilization of agro-industrial waste by higher mushrooms: modern
view and trends. Journal of Microbiology, Biotechnology & Food Sciences, 5(6):19-29

Biswas, P. R., Boro, H., Doley, S. N., Dutta, A. K., & Tayung, K. (2023). Evaluation of different lignocellulosic
wastes and their combinations on growth and yield of Oyster mushroom (Pleurotus ostreatus). Studies
in Fungi, 8(1), 0. https://doi.org/10.48130/sif-2023-0007

Chang, S. T., & Wasser, S. P. (2016). The cultivation and environmental impact of mushrooms. Oxford

Research Encyclopedia of Environmental Science.
https://doi.org/10.1093/acrefore/9780199389414.013.231

Chiu, S., Law, S., Ching, M., Cheung, K., & Chen, M. (2000). Themes for mushroom exploitation in the 21st
century: Sustainability, waste management, and conservation. The Journal of General and Applied
Microbiology, 46(6), 269-282. https://doi.org/10.2323/jgam.46.269

Chiu, S., Law, S., Ching, M., Cheung, K., & Chen, M. (2000). Themes for mushroom exploitation in the 21st
century: Sustainability, waste management, and conservation. The Journal of General and Applied
Microbiology, 46(6), 269-282. https://doi.org/10.2323/jgam.46.269

Hiwale, V. (2021). Different Agricultural Wastes as Substrates for Growth and Production of Pleurotus florida.

International Journal for Research in Applied Science and Engineering Technology, 9(10), 835-841.
https://doi.org/10.22214/ijraset.2021.38521

Igbal, B., Khan, H., Saifullah, Khan, 1., Shah, B., Naeem, A., Ullah, W., Khan, N., Adnan, M., Shah, S. R. A,,
Junaid, K., Ahmed, N., & Igbal, M. (2016). Substrates evaluation for the quality, production and growth

of oyster mushroom (Pleurotus florida Cetto). Journal of Entomology and Zoology Studies, 4(3), 98—

107.
[JCRT2507200 ‘ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ‘ b805



http://www.ijcrt.org/
https://doi.org/10.48130/sif-2023-0007
https://doi.org/10.2323/jgam.46.269
https://doi.org/10.2323/jgam.46.269
https://doi.org/10.22214/ijraset.2021.38521

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 7 July 2025 | ISSN: 2320-2882

Itubochi, C. O., Ugwuanyi, J. O., & Ezea, I. B. (2025). Advancing sustainable mushroom production in
developing countries: a pathway to nutritional security and economic growth. EAS Journal of Nutrition
and Food Sciences, 7(01), 48-66. https://doi.org/10.36349/eas|nfs.2025.v07i01.006

Karani, C., Gido, E., & Bett, H. (2021). Management and safety practices in the utilization of agro-food waste

among urban agro-producer households. DOAJ (DOAJ: Directory of Open Access Journals).
https://doi.org/10.22034/ijhcum.2021.04.04

Khan, F. A., Tomar, A., Agarwal, Y. K., & Shukla, H. O. (2021). Agricultural Solid Waste Management: An
approach to protect the environment and increase agricultural productivity. In Springer eBooks (pp. 1-
27). https://doi.org/10.1007/978-981-15-7525-9_28-1

Koul, B., Yakoob, M., & Shah, M. P. (2021). Agricultural waste management strategies for environmental
sustainability. Environmental Research, 206, 112285. https://doi.org/10.1016/j.envres.2021.112285

Koul, B., Yakoob, M., & Shah, M. P. (2021). Agricultural waste management strategies for environmental
sustainability. Environmental Research, 206, 112285. https://doi.org/10.1016/j.envres.2021.112285

Kumar, V., Sharma, N., Umesh, M., Selvaraj, M., Al-Shehri, B. M., Chakraborty, P., Duhan, L., Sharma, S.,
Pasrija, R., Awasthi, M. K., Lakkaboyana, S. R., Andler, R., Bhatnagar, A., & Maitra, S. S. (2022).
Emerging challenges for the agro-industrial food waste utilization: A review on food waste biorefinery.
Bioresource Technology, 362, 127790. https://doi.org/10.1016/j.biortech.2022.127790

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.
https://doi.org/10.3390/molecules2512281

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.
https://doi.org/10.3390/molecules25122811

Losoya-Sifuentes, C., Cruz, M., Del Refugio Rocha-Pizafia, M., Loredo-Trevifio, A., & Belmares, R. (2025).

Edible Mushrooms: A Nutrient-Rich Ingredient for Healthier Food Products — A Review. Current
Nutrition Reports, 14(1). https://doi.org/10.1007/s13668-024-00605-0
Mohanta, Y. K., Mishra, A. K., Lakshmayya, N. S. V., Panda, J., Thatoi, H., Sarma, H., Rustagi, S., Baek, K.,

& Mishra, B. (2025). Agro-Waste-Derived Bioplastics: Sustainable innovations for a circular economy.
Waste and Biomass Valorization. https://doi.org/10.1007/s12649-025-03070-0

Nasreen, Z., Ali, S., Usman, S., Nazir, S., & Yasmeen, A. (2016). Comparative Study on the Growth and Yield
of Pleurotus Ostreatus Mushroom on Lignocellulosic by- Products. International Journal of Advanced
Research in Botany, 2(1):11-19

[JCRT2507200 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b806


http://www.ijcrt.org/
https://doi.org/10.36349/easjnfs.2025.v07i01.006
https://doi.org/10.22034/ijhcum.2021.04.04
https://doi.org/10.1016/j.envres.2021.112285
https://doi.org/10.1016/j.envres.2021.112285
https://doi.org/10.1016/j.biortech.2022.127790
https://doi.org/10.3390/molecules2512281
https://doi.org/10.3390/molecules25122811
https://doi.org/10.1007/s13668-024-00605-0
https://doi.org/10.1007/s12649-025-03070-0

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 7 July 2025 | ISSN: 2320-2882

Obodai, M., Cleland-Okine, J., & Vowotor, K. A. (2003). Comparative study on the growth and yield of
Pleurotus ostreatus mushroom on different lignocellulosic by-products. Journal of Industrial
Microbiology & Biotechnology, 30(3), 146-149.

Patil, N. S. S. (2024). Substrate evaluation for the growth of Pleurotus ostreatus mushroom. International
Journal of Science and Research Archive, 13(1), 2394-2397.
https://doi.org/10.30574/ijsra.2024.13.1.1907

Rakib, M. R. M., Lee, A. M. L., & Tan, S. Y. (2020). Corn husk as lignocellulosic agricultural waste for the
cultivation  of  Pleurotus  florida  mushroom.  BioResources,  15(4),  7980-7991.
https://doi.org/10.15376/biores.15.4.7980-7991

Ravindran, R., & Jaiswal, A. K. (2015). A comprehensive review on pre-treatment strategy for lignocellulosic

food industry waste: Challenges and opportunities. Bioresource Technology, 199, 92-102.
https://doi.org/10.1016/j.biortech.2015.07.106

Sabiiti, E. (2011). Utilising agricultural waste to enhance food security and conserve the environment. African

Journal of Food Agriculture Nutrition and Development, 11(6), 1-9.
https://doi.org/10.18697/ajfand.47.sc007

Singh, M. (2023). Mushrooms for nutrition and entrepreneurship. In Vegetables for Nutrition and

Entrepreneurship (pp. 361-387). Singapore: Springer Nature Singapore.

Singhal, S., Rasane, P., Kaur, S., Garba, U., Singh, J., Raj, N., & Gupta, N. (2018). Mushroom Cultivation,
Processing and Value-added Products: A patent based review. Recent Patents on Food Nutrition &
Agriculture, 10(1), 3-19.

Sinha, A. K., Rakesh, S., Mitra, B., Roy, N., Sahoo, S., Saha, B. N., Dutta, S., & Bhattacharya, P. M. (2021).
Agricultural Waste Management Policies and Programme for Environment and Nutritional Security. In
Agricultural Waste Management Policies and Programme for Environment and Nutritional Security
(pp. 627-664). https://doi.org/10.1007/978-981-16-5199-1 21

Sonneveld, C., & Voogt, W. (2009). Substrates: chemical characteristics and preparation. In Springer eBooks
(pp. 227-256). https://doi.org/10.1007/978-90-481-2532-6 11

Sufyan, A., Ahmad, N., Shahzad, F., Embaby, M. G., AbuGhazaleh, A., & Khan, N. A. (2021). Improving the

nutritional value and digestibility of wheat straw, rice straw, and corn cob through solid state

fermentation using different Pleurotus species. Journal of the Science of Food and Agriculture, 102(6),
2445-2453. https://doi.org/10.1002/jsfa.11584
Thakur, G. M., & Rathod, M. G. (2021). Spawn preparation techniques in mushroom cultivation. Research

insights of life science students, 3, 712-714.
Thakur, M. P. (2020). Advances in mushroom production: key to food, nutritional and employment security: A
review. Indian Phytopathology, 73(3), 377-395. https://doi.org/10.1007/s42360-020-00244-9

[JCRT2507200 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b807


http://www.ijcrt.org/
https://doi.org/10.30574/ijsra.2024.13.1.1907
https://doi.org/10.1016/j.biortech.2015.07.106
https://doi.org/10.18697/ajfand.47.sc007
https://doi.org/10.1007/978-90-481-2532-6_11
https://doi.org/10.1002/jsfa.11584
https://doi.org/10.1007/s42360-020-00244-9

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 7 July 2025 | ISSN: 2320-2882

Thakur, M., & Singh, H. K. (2013). Mushrooms, their bioactive compounds and medicinal uses: A review.
Medicinal Plants - International Journal of Phytomedicines and Related Industries, 5(1), 1.
https://doi.org/10.5958/].0975-6892.5.1.004

Thuy, Q. H. B., & Suzuki, A. (2019). Technology of mushroom cultivation. Vietham Journal of Science and
Technology, 57(3), 265-286.

Verma, K. (2024). Dynamic jobs of ladies in the development of consumable and restorative mushrooms of

Focal India as a pay age movement. Indian Journal of Food Engineering, 3(3), 6-14.
https://doi.org/10.54105/ijfe.c1014.03030624

Voutetaki, M. E., & Mpalaskas, A. C. (2024). Natural Fiber-Reinforced mycelium composite for innovative and
sustainable construction materials. Fibers, 12(7), 57. https://doi.org/10.3390/fib12070057

Yogi, H., Mittal, Y. K., & Shrivastav, S. (2024). Preliminary development of mycelium based sustainable

construction material out of agricultural waste. IOP Conference Series Earth and Environmental
Science, 1326(1), 012072. https://doi.org/10.1088/1755-1315/1326/1/012072

[JCRT2507200 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b808


http://www.ijcrt.org/
https://doi.org/10.5958/j.0975-6892.5.1.004
https://doi.org/10.54105/ijfe.c1014.03030624
https://doi.org/10.3390/fib12070057
https://doi.org/10.1088/1755-1315/1326/1/012072

