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Evaluate different agro wastes for the production of oyster mushroom Pleurotus ostreatus var. florida (Jacq. Fr.) Kummer
Abstract
Mushroom cultivation using agricultural waste substrates has gained popularity due to its economic and ecological benefits, offering an efficient way to utilize crop residues while producing nutritious food. This investigation aimed to evaluate the effectiveness and acceptability of different agricultural wastes as growing media for the oyster mushroom Pleurotus ostreatus var. florida. Among the various agro-waste combinations tested for the production of this mushroom species, the most effective treatment was T14, composed of wheat straw (60%), rice straw (34%), and gram flour (2% of the substrate), which yielded 451.69 g and 452.33 g in successive observations. The next best treatment was T11, consisting of rice straw (60%), wheat straw (34%), and maize flour (2% of the substrate), which also supported increased mushroom production. In addition to yield performance, several quality parameters showed significant improvement, including pileus size (cm), stipe length (cm), stipe thickness (cm), protein percentage, and sugar percentage. The most favorable values for these characteristics were noted in T14, followed by T11. The study highlights the potential of specific agricultural residue combinations to enhance both yield and quality in sustainable oyster mushroom cultivation.
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Introduction
Growing mushrooms is a sustainable agricultural practice that relies on substrates prepared from agricultural waste, supporting waste reduction while generating an additional source of income for farmers. One of the most widely cultivated and economically important species within this system is the oyster mushroom Pleurotus ostreatus var. florida, known for its rapid growth, adaptability to diverse substrates, and high nutritional value. According to Randive (2012), this species belongs to the family Pleurotaceae, order Agaricales, and phylum Basidiomycota, and is the second most cultivated mushroom after button mushroom. Oyster mushrooms flourish under a broad range of environmental conditions, particularly temperatures between 15–30°C and 60–75% relative humidity, and can also be cultivated under controlled environments during warmer months. Dubey et al. (2019) reported that the most favourable growing seasons in upper regions are from March/April to September/October and again from September/October to March/April.
This mushroom possesses several medicinal properties, including anti-inflammatory, immune-enhancing, and anti-cancer effects. Iqbal et al. (2016) documented that oyster mushrooms contain substantial levels of Ca (98 mg), P (476 mg), Fe (8.5 mg), Na (61 mg), protein (30.4%), fat (2.3%), carbohydrate (57.6%), fiber (8.7%), and ash (9.8%). They also contain important vitamins such as thiamin (4.8 mg), riboflavin (4.7 mg), and niacin (108.7 mg) (Bhatti et al., 2007). Their appealing flavor, texture, nutrient density, and high productivity per unit area make mushrooms valuable for improving food security in developing regions. Gunde and Činerman described mature oyster mushroom caps as reaching diameters of 5–25 cm. When grown on different agricultural wastes such as paddy straw, maize stalks, maize cobs, sugarcane bagasse, sawdust, and spent grain, the fruiting bodies exhibit considerable variation in stipe and pileus dimensions. Tsegaye and Tefera (2017) noted that substrate chemistry and biological composition strongly influence mushroom yield. The species and substrate characteristics also determine nutritional and mineral profiles, as highlighted by Hoa et al. (2015), who emphasized that oyster mushrooms can be cultivated on a wide range of residues including rice straw, wheat straw, banana leaves, cottonseed hulls, corncobs, sugarcane bagasse, sawdust, waste paper, and leaves. Neupane et al. (2018) further stated that different mushroom types vary in their nitrogen requirements, while oyster mushrooms prefer carbon-rich substrates. This study will examine the physical features of oyster mushrooms, their growth behavior on diverse agricultural waste substrates, spawn run characteristics, number of fruiting bodies, and yield variations across substrate types.
Methods and Materials 
Substrates and Methods
The different agricultural substrates are collected from different sources. Paddy straw was collected from the Department of Plant Pathology Laboratory, Faculty of Agriculture, RNTU, Raisen (M.P.).
Substrates preparation and bag filling 
All substrates are broken down into little parts (1-3 cm long) and soaked in clean tap water three to four times for thorough cleaning before being dried for 24 hours in the shade. Substrates are immersed in a solution the following day that contains 90 liters of water, 150 ml of formalin (40%), and 8 g of Bavistin. The following day, substrates are placed on a sizeable sieve to drain the surplus water for 6 to 8 hours, and then they are set in a shaded area to achieve the ideal moisture content. When the ideal moisture level is reached, the bag can be filled. Takes between 16 and 24 inches were taken, and one side of them was tied with a rope for spawn inoculation. It was constructed in such a way that, after being filled with substrates, it assumes a circular shape. Substrates were placed in the bags to create three layers, each weighing 1.2 kg, for a total weight of 4 kg.
Spawning 
Grain spawn was used for the spawning, which was done aseptically. The spawn was distributed across all of the layers of straw and slightly compressed to make the bag compact. The last layers were covered with a thin coating of substrate and then covered with spawn. The bag's mouth was then carefully stitched shut with thread after being injected with spawn. On the top and lateral edges of the bag, there are tiny holes for aeration.
Incubation 
After spawning, the bag was kept in a well-ventilated, dark area until the mycelium had not penetrated the substrate’s bottom. To prevent direct insect and pest attacks, the bags are arranged on racks at various heights. Spawn run was seen after 11–20 days, and the entire bag was coated in white mycelium. The plastic bag's outer layer was then gently removed and sliced, and the bags were placed on iron racks spaced 60 cm away from one another. Three times every day, in the morning, noon, and evening, regular watering was used to maintain the moisture level. Within a week of cutting the plastic, the first signs of mushroom development were visible. The staging chamber was exposed to diffused light throughout. Given the hot heat, the humidifier was utilized to keep the mushroom house humidity level stable.
Harvesting  
When the cap diameter reached its peak, harvesting was complete. To remove the fruit without leaving any stalks behind or disturbing the neighboring fruiting bodies, picking was done by delicately twisting the fruit. Using a sharp knife, the base of the stipe that was buried deep inside the straw was cut out. The size and shape of the fruit body were used to determine when it was time to pick. Weighing mushrooms was done after each harvest. Three harvests were completed on average.
Results and Discussion
The various substrate yields and contributing factors were measured and evaluated.
Mushroom Yield
The sixteen agro-waste treatment combinations evaluated for oyster mushroom production during the years 2021 and 2022 are presented in Table-1. Among all treatments, the highest yield was recorded in T14, comprising Wheat Straw (60%) + Rice Straw (34%) + Gram Flour (2% of the substrate), which produced 451.69 g and 452.33 g in the two respective years. This treatment also registered moisture content of 88% and 87.11% and biological efficiencies of 45.16% and 45.23%, making it significantly superior to all other combinations. The next best performance was observed in T11, consisting of Rice Straw (60%) + Wheat Straw (34%) + Maize Flour (2% of the substrate), yielding 428.66 g and 429.66 g.
The yield recorded under T9—Rice Straw (60%) + Wheat Straw (34%) + Wheat Bran (2% of the substrate)—was 414.35 g and 415.33 g, which remained statistically at par with T15, comprising Wheat Straw (60%) + Rice Straw (34%) + Maize Flour (2% of the substrate), producing 412.00 g. Treatment T15 also remained comparable with T12—Rice Straw (60%) + Wheat Straw (34%) + Soybean Flour (2% of the substrate)—which produced 406.66 g and 406.00 g. These were followed by T7 (Wheat Straw 94% + Maize Flour 2%) showing 392.34 g and 391.00 g; T13 (Rice Straw 60% + Wheat Straw 34% + Wheat Flour 2%) yielding 386.00 g and 388.00 g; T4 (Rice Straw 94% + Soybean Flour 2%) yielding 385.67 g and 383.00 g; T16 (Wheat Straw 60% + Rice Straw 34% + Soybean Flour 2%) producing 384.00 g and 384.67 g; T3 (Rice Straw 94% + Maize Flour 2%) recording 369.00 g and 370.66 g; T8 (Wheat Straw 94% + Soybean Flour 2%) producing 360.33 g and 360.66 g; T6 (Wheat Straw 94% + Gram Flour 2%) yielding 344.00 g and 345.00 g; T5 (Wheat Straw 94% + Wheat Flour 2%) showing 334.00 g and 338.33 g; T2 (Rice Straw 94% + Gram Flour 2%) producing 330.67 g and 332.33 g; and T1 (Rice Straw 94% + Wheat Bran 2%) yielding 328.34 g and 331.00 g. All these treatments recorded significantly higher yields than the control, which produced only 205.00 g and 210.68 g during the two years.
Paudel and Dhakal (2020) reported similar findings, noting that rice straw (956.14 g/bag) and finger millet husk (1024.57 g/bag) recorded the highest total yields with biological efficiencies of 178.19% and 166.29%, respectively, which were markedly superior to other substrate treatments.
Table – 1 Different agro wastes for the production of oyster mushroom
	Treatments
	Moisture content
	Mushroom Yield (g)
	Biological Efficiency (%)

	
	2021
	2022
	2021
	2022
	2021
	2022

	T1 - Rice Straw (94%) + Wheat bran (2% of the substrate)
	87.4
	86.00
	328.34
	331
	32.83
	33.1

	T2 - Rice Straw (94%) + Gram Flour (2% of the substrate) 
	85.6
	84.2
	330.67
	332.33
	33.06
	33.23

	T3 - Rice Straw (94%) + Maize Flour (2% of the substrate)
	86.5
	87.6
	369
	370.66
	36.9
	37.06

	T4 - Rice Straw (94%) + Soybean Flour (2% of the substrate) 
	88
	86
	385.67
	383
	38.56
	38.3

	T5 - Wheat Straw (94%) + Wheat Flour (2% of the substrate) 
	85.7
	86.5
	334
	338.33
	33.4
	33.83

	T6 - Wheat Straw (94%) + Gram Flour (2% of the substrate) 
	90.1
	91.21
	344
	345
	34.4
	34.5

	T7 - Wheat Straw (94%) + Maize Flour (2% of the substrate) 
	88
	87.26
	392.34
	391
	39.23
	39.1

	T8 - Wheat Straw (94%) + Soybean Flour (2% of the substrate)
	88
	89.23
	360.33
	360.66
	36.03
	36.06

	T9 – Rice Straw (60%),+ Wheat straw (34 %) + Wheat bran (2% of the substrate) 
	87.6
	86.12
	414.35
	415.33
	41.43
	41.53

	T10 – Rice Straw (60%), + Wheat Straw (34 %) + Gram Flour (2% of the substrate) 
	90.1
	91.22
	404.68
	405.34
	40.46
	40.5

	T11 – Rice Straw (60%), + Wheat Straw (34 %) + Maize Flour (2% of the substrate)
	88
	86.23
	428.66
	429.66
	42.86
	42.96

	T12 – Rice Straw (60%), + Wheat Straw (34 %) + Soybean Flour (2% of the substrate) 
	85.7
	56.21
	406.66
	406
	40.66
	40.6

	T13- Rice Straw (60%), + Wheat Straw (34 %) + Wheat Flour (2% of the substrate) 
	90.1
	89.26
	386
	388
	38.6
	38.8

	T14- Wheat Straw (60%), + Rice Straw (34 %) + Gram Flour (2% of the substrate)
	88
	87.11
	451.69
	452.33
	45.16
	45.23

	T15 - Wheat Straw (60%), + Rice Straw (34 %) + Maize Flour (2% of the substrate) 
	87.4
	88.29
	412
	413.33
	41.2
	41.33

	T16 - Wheat Straw (60%), + Rice Straw (34 %) + Soybean Flour (2% of the substrate)
	85.6
	86.14
	384
	384.67
	38.4
	38.46

	T17 – Control.
	90.26
	91.25
	205
	210.68
	20.5
	21.06

	CD at 5%
	
	
	7.53
	8.37
	
	

	Sem
	
	
	2.6
	2.89
	
	




Fig.1 Yield of Mushroom in different agro wastes 
Quality parameters support the production of oyster mushroom
	The quality parameters were presented for the production of mushrooms in (table-2). The maximum pileus size (cm) of oyster mushroom was recorded in T14- Wheat Straw (60%), + Rice Straw (34 %) + Gram Flour (2% of the substrate) (8.4cm) followed by T11 – Rice Straw (60%), + Wheat Straw (34 %) + Maize Flour (2% of the substrate) (7.5cm) respectively which was significantly superior as compared to rest of the treatment. The pileus size (cm)  of oyster mushroom in T9 – Rice Straw (60%) + Wheat straw (34 %) + Wheat bran (2% of the substrate) (7.00cm)  was at par T15 - Wheat Straw (60%) + Rice Straw (34 %) + Maize Flour (2% of the substrate) (6.7cm), T12 – Rice Straw (60%), + Wheat Straw (34 %) + Soybean Flour (2% of the substrate) (6.6cm), T7 - Wheat Straw (94%) + Maize Flour (2% of the substrate) (6.59cm), T13- Rice Straw (60%), + Wheat Straw (34 %) + Wheat Flour (2% of the substrate) (6.4cm), T4 - Rice Straw (94%) + Soybean Flour (2% of the substrate) (6.4cm), T16 - Wheat Straw (60%) + Rice Straw (34 %) + Soybean Flour (2% of the substrate) (6.3cm), T3 - Rice Straw (94%) + Maize Flour (2% of the substrate) (6.3cm), T8 - Wheat Straw (94%) + Soybean Flour (2% of the substrate) (6.0cm), T6 - Wheat Straw (94%) + Gram Flour (2% of the substrate) (6.0cm), T5 - Wheat Straw (94%) + Wheat Flour (2% of the substrate) (6.0cm), T2 - Rice Straw (94%) + Gram Flour (2% of the substrate) (5.23cm), T1 - Rice Straw (94%) + Wheat bran (2% of the substrate) (5.04cm) which were significantly higher as compared to control (4.5cm).
	The maximum stipe length  (cm) of oyster mushroom was recorded in T14- Wheat Straw (60%), + Rice Straw (34 %) + Gram Flour (2% of the substrate) and  T11 – Rice Straw (60%), + Wheat Straw (34 %) + Maize Flour (2% of the substrate) (4.5cm) followed by T9 – Rice Straw (60%) + Wheat straw (34 %) + Wheat bran (2% of the substrate), T15 - Wheat Straw (60%) + Rice Straw (34 %) + Maize Flour (2% of the substrate) and T12 – Rice Straw (60%), + Wheat Straw (34 %) + Soybean Flour (2% of the substrate) (4.3cm)  which was significantly superior as compared to rest of the treatment. The stipe length  (cm)  of oyster mushroom in T16 - wheat straw (60%) + rice straw (34 %) + Soybean Flour (2% of the substrate) (4.2cm) was at par T7 - Wheat Straw (94%) + Maize Flour (2% of the substrate), T10 – Rice Straw (60%), + Wheat Straw (34 %) + Gram Flour (2% of the substrate), T13- Rice Straw (60%), + Wheat Straw (34 %) + Wheat Flour (2% of the substrate), T4 - Rice Straw (94%) + Soybean Flour (2% of the substrate) , T3 - Rice Straw (94%) + Maize Flour (2% of the substrate) (4.0cm), T6 - Wheat Straw (94%) + Gram Flour (2% of the substrate) (3.8cm), T5 - Wheat Straw (94%) + Wheat Flour (2% of the substrate) (3.4cm),T8 - Wheat Straw (94%) + Soybean Flour (2% of the substrate) (3.26cm), T2 - Rice Straw (94%) + Gram Flour (2% of the substrate) and T1 - Rice Straw (94%) + Wheat bran (2% of the substrate) (3.1cm) which were significantly higher as compared to control (2.5cm). The data are in consonance with Singh et al. (2007) and Das et al. (2000) current years, Many workers have informed the Cultivation of Pleurotus sp. on conventional substrates (Kumar et al., 2004); Chandra et al., 1998; Jain and Vyas, 2005). The mushroom cultivation in various combinations was chronicled by Baysal and Packer in 2001, whereas Mane et al. (2007) grew Pleurotus sajor-caju on waste tea leaves, pea stalks, and peanut stalks.
The maximum stipe thickness (cm) of oyster mushroom was recorded in T14- Wheat Straw (60%), + Rice Straw (34 %) + Gram Flour (2% of the substrate) and  T11 – Rice Straw (60%), + Wheat Straw (34 %) + Maize Flour (2% of the substrate) (2.4cm) followed by T9 – Rice Straw (60%) + Wheat straw (34 %) + Wheat bran (2% of the substrate), T15 - Wheat Straw (60%) + Rice Straw (34 %) + Maize Flour (2% of the substrate) (2.2cm) which was significantly superior as compared to rest of the treatment. The stipe thickness (cm)  of oyster mushroom in T12 – Rice Straw (60%), + Wheat Straw (34 %) + Soybean Flour (2% of the substrate) was at par T10 – Rice Straw (60%), + Wheat Straw (34 %) + Gram Flour (2% of the substrate),  T16 - Wheat Straw (60%) + Rice Straw (34 %) + Soybean Flour (2% of the substrate), T7 - Wheat Straw (94%) + Maize Flour (2% of the substrate), T13- Rice Straw (60%), + Wheat Straw (34 %) + Wheat Flour (2% of the substrate), T4 - Rice Straw (94%) + Soybean Flour (2% of the substrate) , T3 - Rice Straw (94%) + Maize Flour (2% of the substrate) (1.2cm), T8 - Wheat Straw (94%) + Soybean Flour (2% of the substrate) (1.1cm), T6 - Wheat Straw (94%) + Gram Flour (2% of the substrate), T5 - Wheat Straw (94%) + Wheat Flour (2% of the substrate), T2 - Rice Straw (94%) + Gram Flour (2% of the substrate) (1.00cm), T1 - Rice Straw (94%) + Wheat bran (2% of the substrate) (0.9cm) which were significantly higher as compared to control (0.59cm).
	The maximum protein percent of oyster mushroom was recorded in T14- Wheat Straw (60%), + Rice Straw (34 %) + Gram Flour (2% of the substrate) (30.25%) followed by T11 – Rice Straw (60%), + Wheat Straw (34 %) + Maize Flour (2% of the substrate) (29.26%) respectively which was significantly superior as compared to rest of the treatment. The protein percent of oyster mushroom in T9 – Rice Straw (60%) + Wheat straw (34 %) + Wheat bran (2% of the substrate) (28.75%)  was at par T15 - Wheat Straw (60%) + Rice Straw (34 %) + Maize Flour (2% of the substrate) (28.43%) whereas, protein percent in T12 – Rice Straw (60%), + Wheat Straw (34 %) + Soybean Flour (2% of the substrate) (27.60%), T7 - Wheat Straw (94%) + Maize Flour (2% of the substrate) (27.26%), T13- Rice Straw (60%), + Wheat Straw (34 %) + Wheat Flour (2% of the substrate) (26.54%), T16 - Wheat Straw (60%) + Rice Straw (34 %) + Soybean Flour (2% of the substrate) (25.82),T4 - Rice Straw (94%) + Soybean Flour (2% of the substrate) (25.63%), T3 - Rice Straw (94%) + Maize Flour (2% of the substrate) (25.16%), T8 - Wheat Straw (94%) + Soybean Flour (2% of the substrate) (25.10%) followed by T6 - Wheat Straw (94%) + Gram Flour (2% of the substrate) (24.73%), T5 - Wheat Straw (94%) + Wheat Flour (2% of the substrate) (24.52%), T2 - Rice Straw (94%) + Gram Flour (2% of the substrate) (24.18%), T1 - Rice Straw (94%) + Wheat bran (2% of the substrate) (24.13) which were significantly higher as compared to control (23.42%)
	The maximum sugar percent of oyster mushroom was recorded in T14- Wheat Straw (60%), + Rice Straw (34 %) + Gram Flour (2% of the substrate) (19.26%) followed by T11 – Rice Straw (60%), + Wheat Straw (34 %) + Maize Flour (2% of the substrate) (18.26%) which was significantly superior as compared to rest of the treatment. The sugar percent of oyster mushroom in T9 – Rice Straw (60%) + Wheat straw (34 %) + Wheat bran (2% of the substrate) (18.23%)  was at par T15 - Wheat Straw (60%) + Rice Straw (34 %) + Maize Flour (2% of the substrate) (18.16%) followed by T12 – Rice Straw (60%), + Wheat Straw (34 %) + Soybean Flour (2% of the substrate) (17.53%), T7 - Wheat Straw (94%) + Maize Flour (2% of the substrate) (17.26%), T13- Rice Straw (60%), + Wheat Straw (34 %) + Wheat Flour (2% of the substrate) (17.08%), T16 - Wheat Straw (60%) + Rice Straw (34 %) + Soybean Flour (2% of the substrate) (16.93 %),T4 - Rice Straw (94%) + Soybean Flour (2% of the substrate) (16.44%), T3 - Rice Straw (94%) + Maize Flour (2% of the substrate) (16.24%), T8 - Wheat Straw (94%) + Soybean Flour (2% of the substrate) (16.24%), T6 - Wheat Straw (94%) + Gram Flour (2% of the substrate) (15.50%), T5 - Wheat Straw (94%) + Wheat Flour (2% of the substrate) (15.35%), T2 - Rice Straw (94%) + Gram Flour (2% of the substrate) (15.23%), T1 - Rice Straw (94%) + Wheat bran (2% of the substrate) (14.94%) which were significantly higher as compared to control (11.02%). 
Table-2 Quality parameters
	Treatments
	Pileus size (cm)
	Stipe length (cm)
	Stipe thickness (cm)
	Protein %
	Sugar%

	T1 - Rice Straw (94%) + Wheat bran (2% of the substrate)
	5.04
	3.1
	0.9
	24.13
	14.94

	T2 - Rice Straw (94%) + Gram Flour (2% of the substrate)
	5.23
	3.1
	1
	24.18
	15.23

	T3 - Rice Straw (94%) + Maize Flour (2% of the substrate)
	6.30
	4
	1.2
	25.16
	16.24

	T4 - Rice Straw (94%) + Soybean Flour (2% of the substrate)
	6.4
	4
	1.2
	
25.63
	16.44

	T5 - Wheat Straw (94%) + Wheat Flour (2% of the substrate)
	6.0
	3.4
	1
	24.52
	15.35

	T6 - Wheat Straw (94%) + Gram Flour (2% of the substrate)
	6.0
	3.8
	1
	24.73
	15.50

	T7 - Wheat Straw (94%) + Maize Flour (2% of the substrate)
	6.59
	4
	1.2
	27.26
	17.26

	T8 - Wheat Straw (94%) + Soybean Flour (2% of the substrate)
	6.0
	3.26
	1.1
	25.1
	16.24

	T9 – Rice Straw (60%) + Wheat straw (34 %) + Wheat bran (2% of the substrate)
	7.0
	4.3
	2.2
	28.75
	18.23

	T10 – Rice Straw (60%), + Wheat Straw (34 %) + Gram Flour (2% of the substrate)
	6.6
	4
	1.37
	27.35
	17.29

	T11 – Rice Straw (60%), + Wheat Straw (34 %) + Maize Flour (2% of the substrate)
	7.5
	4.5
	2.4
	29.26
	18.26

	T12 – Rice Straw (60%), + Wheat Straw (34 %) + Soybean Flour (2% of the substrate)
	6.6
	4.3
	1.5
	27.60
	17.53

	T13- Rice Straw (60%), + Wheat Straw (34 %) + Wheat Flour (2% of the substrate)
	6.4
	4
	1.2
	26.54
	17.08

	T14- Wheat Straw (60%), + Rice Straw (34 %) + Gram Flour (2% of the substrate)
	8.4
	4.5
	2.4
	30.25
	19.26

	T15 - Wheat Straw (60%), + Rice Straw (34 %) + Maize Flour (2% of the substrate)
	6.7
	4.3
	2.2
	
28.43
	18.16

	T16 - Wheat Straw (60%), + Rice Straw (34 %) + Soybean Flour (2% of the substrate)
	6.3
	4.2
	1.2
	25.82
	16.93

	T17 – Control.
	4.5
	2.5
	0.59
	23.42
	11.02

	CD at 5%
	2.68
	1.08
	0.99
	2.09
	1.63

	SE(m)
	0.89
	0.36
	0.33
	0.69
	0.54





Fig.2 Different Quality Parameters Mushroom

Conclusion
· The best agro waste treatment combination was observed T14- Wheat Straw (60%), + Rice Straw (34 %) + Gram Flour (2% of the substrate) (451.69g) and (452.33g) followed by T11 – Rice Straw (60%), + Wheat Straw (34 %) + Maize Flour (2% of the substrate) which increased the production of oyster mushroom.
· Different quality parameters also showed significant production of oyster mushrooms viz. pileus size (cm), stipe length (cm), stipe thickness (cm), protein percent, and sugar percent. The best parameters were observed in T14- wheat straw (60%), + rice Straw (34 %) + Gram flour (2% of the substrate) (451.69g) and (452.33g) followed by T11 – Rice Straw (60%), + Wheat Straw (34 %) + Maize Flour (2% of the substrate).
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