


GROWTH AND YIELD PERFORMANCE OF OYSTER MUSHROOM (PLEUROTUS OSTREATUS) CULTIVATED ON AGRICULTURAL RESIDUES 


Abstract 
The effectiveness of several agricultural substrates for the production of oyster mushrooms (Pleurotus ostreatus) was investigated. With five treatments and three replications on two distinct substrates— banana leaves and sawdust. The experiment was set up in a completely randomized manner. Lime and water were added to each of the farm substrates/treatments, which were combinations of various agricultural wastes. Furthermore, a single agricultural waste was combined with water and lime to create some farm substrates. With a higher total yield per 2 kg of dry substrate, of 1092.69 g, than the other substrates, Trt5 (75% banana leaves: 25% sawdust) was shown to be the most effective of the five treatments. Sawdust (Trt1) produced the lowest yield, 657 g, which may have been brought on by the presence of several phenolic compounds. Compared to other substrates, banana leaves required less time for mycelium colonization, fruiting, and harvesting, whereas sawdust required more time. Other substrates were followed by Trt2 (100% banana leaves), which generated a higher stipe girth of 7.85 cm and a larger cap diameter of 4.03 cm. Treatment Trt5, which used sawdust and banana leaves, had the maximum biological efficiency (127.35%), whereas Treatment Trt2, which used 100% sawdust, had the lowest biological efficiency (65.83%). In conclusion, the optimal substrate for P. ostreatus production was determined to be 75% banana leaves: 25% sawdust, which produced the maximum yield. Treatment Trt2, which employed 100% banana leaves, was next in line. 
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1. Introduction  
The negative impacts of climate change are endangering global food production. Sub-Saharan Africa must therefore increase agricultural output in order to sustainably feed its expanding population and ensure food security and safety (Mutetwa et al., 2019). Sub-Saharan African countries must use a scientific, technological, and economic strategy to address the issue of food security (Nyaera et al., 2019). Producing mushrooms is one strategy to improve the country's food security and nutrition. According to Adebayo et al. (2021), mushrooms are the fleshy, spore-bearing fruiting body of fungi; they lack chlorophyll and are unable to perform photosynthesis (Chang & Wasser, 2017). According to Semwal et al. (2014) and Chukwu et al. (2022), biological decomposition processes provide them with energy. The name "mushroom" refers to fungi with a stem (stipe), a cap (pileus), hymenium (lamellae), and spores on the underside of the cap (Masarirambi et al., 2011). Mushroom multiplication and survival are influenced by a lot of factors, some of which may work alone or in concert with one another. Chemical, physical, and biological factors associated with mushroom production include chemical composition, the ratio of carbon (C) to nitrogen (N), sources of N, surfactant, minerals, pH, water activity, moisture, particle size, and amount of inoculum, antimicrobial agents, and the presence of interactions between microorganisms (Eira & Facil Viçosa, 2003). 	Comment by hadeel kamil: bodies 	Comment by hadeel kamil: surfactants	Comment by hadeel kamil: delete
Luminosity, humidity, temperature, and the air composition of the surrounding substrate, including the proportion of carbon dioxide and oxygen, are important environmental factors that impact oyster mushroom yield and quality (AMGA, 2004). According to Alemu et al. (2015), oyster mushrooms (Pleurotus sp.) are the second most popular mushroom in the world because of its delicious flavor and ease of cultivation, which requires less money and resources. In addition to having minimal levels of fat and cholesterol, the mushrooms are high in protein, vitamins, and minerals. In 2016, Girmay et al. Because of their high protein minerals, vitamins, antioxidants, phytochemicals and low fat content  and carbohydrate content, they can be used as functional foods and add significantly to the nutritional value of meals when used as food addictive (Allam and Mohamed, 2023). 	Comment by hadeel kamil: their 	Comment by hadeel kamil: additives 
It may be cultivated on substrate that are high in hemicellulose, lignin, and cellulose, such as waste papers, leaves, wheat straw, rice straw, sawdust, sugarcane baggase, corncob, etc. One of the critical ways to transform inedible biowaste into a source of nutrients is to use biological wastes for mushroom production. Thus, growing mushrooms is regarded as one of the greatest ways to manage biowaste (Teferagi, 2017). Many of these ligno-cellulose wastes are burned or left to build up on the ground, which seriously contaminates ground water, the environment, and hygienic issues. Recycling organic waste using appropriate biotechnological techniques lessens the buildup of organic waste and contamination of the environment. 	Comment by hadeel kamil: substrates 	Comment by hadeel kamil: bagasse
In order to promote appropriate bio waste management techniques, this research concentrated on evaluating the yields and growth performances of oyster mushrooms (Pleurotus ostreatus) utilizing various biowastes (banana leaf and sawdust).  	Comment by hadeel kamil: bio-waste 	Comment by hadeel kamil: performance 
 
2. MATERIALS AND METHODS 
2.1 Collection and preparations of Substrates 	Comment by hadeel kamil: preparation 
P. ostreatus spawn was acquired from the Federal University of Technology (FUTO) Owerri, and Department of Biological Sciences Imo State, Nigeria. A farm in Owerri, provided banana leaves that were still hanging on the trees was utilized in the experiment, and sawdust was gathered from the Mbieri timber market. The Federal University of Technology (FUTO) Department of Microbiology Laboratory in Owerri, Imo State, Nigeria, was the site of the investigation. While the clean banana leaves were gathered two weeks to spawning, cut into uniform lengths, and allowed to air dry for two weeks, the sawdust was left to decompose for an additional week (Nwoko et al., 2024). 	Comment by hadeel kamil: which were 	Comment by hadeel kamil: before 
The treatments included three duplicates of each of the following substrates: 100% sawdust (Trt1), 100% banana leaf (Trt2), a mixture of 50% sawdust and 50% banana leaf (Trt3), 75% sawdust: 25% banana leaf (Trt4), and 25% sawdust: 75% banana leaf (Trt5) as shown in Table 1. These substrates were submerged in water for eight hours and the extra water was allowed to drain. 4% CaSO4 and 2% (w/w) CaCO3 were used to completely modify the substrates. According to the techniques of Okwulehie & Okwujiako (2008) and Besufekeda et al. (2020), each substrate was then individually pasteurized by steam using a metallic drum at 96°C for three to four hours before being allowed to cool down to normal temperature (or 20 to 25°C). 	Comment by hadeel kamil: replicates 	Comment by hadeel kamil: excess 
Table 1: The composition of the base substrates utilized as substrate material in this experiment. 
Treatments 	Composition by weights  
Trt1 	100% Sawdust  
Trt2 	100% Banana leaf  


Trt3 	50% Sawdust : 50% Banana leaf 
Trt4 	75% Sawdust : 25% Banana leaf 
Trt5 	25% Sawdust : 75% Banana leaf 

 
2.2 Harvesting and spawning  
A 70 g of P. ostreatus seeds were used to spawn the substrate treatments (2 kg) in the clear plastic bags. Ten holes were made in each plastic bag to provide adequate aeration, and the bags were knotted and incubated in the dark in a well-ventilated room. After spawning, the bags were spaced 20 cm apart in a cropping room with 450–500 lux of light, 25–32°C, and 70–85% humidity. Fruiting started soon after the mycelia growth fully occupied the substrate. In order to introduce oxygen, the opening of plastic bags was sliced open at the primordial stage. When the mushrooms were young, firm, and fleshy, they were removed from the residues, and the entire mushroom was weighed that same day. Three flushes were collected by carefully removing the mushrooms from the residues, a process that continued as long as the mycelia remained solid and white.  	Comment by hadeel kamil: delete	Comment by hadeel kamil: delete	Comment by hadeel kamil: the plastic
2.3. Data Gathering  
The number of days needed to finish primordial development, mycelial colonization, and first harvest were noted. A ruler was used to measure the stipe girth (SG) and cap diameter for each treatment in each harvest cycle. Additionally, the total yield of collected fresh mushrooms was calculated.  The ratio of the weight of freshly picked mushrooms in grams to the dry residual weight in grams multiplied by 100 was used to calculate biological efficiency (BE) (%). 
 
[image: ] 
2.4 Data analysis  
The data was analyzed using SPSS Version 25.0. Significant variations between treatments were examined using ANOVA (analysis of variance), and the averages of growth phases and yield qualities were compared using Duncan's multiple range test (DMRT) at P value ≤ 0.05, Cl = 95%. 	Comment by hadeel kamil: were 
 


3.0 Results and discussion 
3.1. The impact of agricultural residues on mycelial colonization, primordial development, and the initial harvest of P. ostreatus  
Table 2 shows that there is a significant difference (ρ < 0.05) in the morphological features of the mushrooms grown on the residues. Following incubation, the initial harvest, primordial development, and mycelial colonization were completed between 18 and 31, 22 and 33, and 28 and 38 days. The morphological features clearly changed when Trt2 and Trt5 were utilized. P. ostreatus growing on Trt2 and Trt5 treatments experienced primordial development, mycelial colonization, and the first fruiting body harvest faster than the other treatments.  The mushroom grown solely on Trt1 exhibited a significant (ρ<0.05) delay in its morphological characteristics. 
3.2. 	The impact of agricultural wastes on P. ostreatus fruiting bodies. 

Table 2. The effects of the different substrates on the mycelia colonization duration, Primodial formation, and first harvesting duration, Stipe girth and Cap diameter of Pleurotus mushroom 


	Treatment 
	1st flush 
	2nd flush 
	3rd flush 
	Total 	yield (g/bag) 
	Biological efficiency (%) 
	biggest stipe girth (4.03 cm), 

	Trt1 
Trt2 
Trt3 
Trt4 
Trt5 
	349.52c±0.40 
463.25a±0.05 
349.25c±0.05 
331.50d±0.05 
430.39b±0.01 
	203.90e±0.05 
302.08d±0.01 
311.01c±0.01 
318.18b±0.01 
390.80a±0.05 
	104.24e±0.01 
121.41d±0.10 
203.90c±0.05 
134.49b±0.01 
271.50a±0.05 
	657.22e±0.06 
886.82b±0.15 
864.16c±0.011 784.18d±0.06 
1092.69a±0.11 
	65.83e±0.01 
110.80b±0.02 
96.58c±0.02 
81.45d±0.01 
127.35a±0.02 
	which varied from 3.11 to 	4.03 cm. 









The biggest cap diameter was 7.85 cm for Treatment Trt2, followed by 5.8 cm for Treatment Trt1 and 5.21 cm for Treatment Trt4. According to Table 2, there was no statistically significant difference (p < 0.05) in stipe girth between the substrate treatments that were being studied. The mean circumference for all treatments under examination was 3.40 cm, with only Treatment Trt2 having . 



Table 3: Yields and Biological efficiency (%) of Pleurotus ostreatus as affected by different agricultural residues 
 
Morphological traits (day)
 
 
 

	Treatment  
	Mycelial colonization  
	Primordial formation  
	First harvest  
	Cap diameter (cm)  
	Stipe Girth (cm)  

	Trt1  
	31.00a±1.00  
	33.67a±0.58  
	38.33a±0.58  
	5.80a±1.55  
	3.44a±0.24  

	Trt2  
	18.67d±0.58  
	22.33d±0.58  
	25.33d±0.58  
	7.85a± 2.85  
	4.03b± 0.49  

	Trt3  
	25.33b±0.58  
	28.33b±0.58  
	31.00b±1.00  
	5.30a±0.87  
	3.11a± 0.17  

	Trt4  
	21.33c±0.58  
	26.33c±0.58  
	29.33bc±0.58  
	5.21a±0.54  
	3.17a±0.21  

	Trt5  
	20.33c±0.58  
	25.00c±1.73  
	28.67c±2.08  
	5.41a±1.20  
	3.24a±0.25  


The values are means ± standard deviation of duplicate determinations. The “a,b,c,…” means with the different superscripts along the same columns are significantly different (p<0.05) 
 
The values are means ± standard deviation of duplicate determinations. The “a,b,c,…” means with the different superscripts along the same columns are significantly different (p<0.05) 
3.3 Effect of agricultural residues on yield of P. ostreatus  
One of the primary goals of mushroom growers is the yield. The yield of mushrooms produced by P. ostreatus cultivated on various locally accessible agricultural leftovers varied significantly (p < 0.05) (Table 3). There were three flushes on the mushroom. The first flush produced the noticeably greatest average mushroom production (384.78 g/bag), followed by the second flush (305.19 g/bag), and the tendency progressively declined at the third flush (167.13 g/bag). The overall yield of mushrooms varied from 657.22 g to 1092.69 g/bag, as Table 3 further demonstrates. Trt5 produced the highest total output (1092.69 g/bag), followed by Trt2 (886.82 g/bag), Trt3 (864.16 g/bag), Trt4 (784.18 g/bag), and Trt1 (657.22 g/bag). In practically every flush, Trt5 produced the most mushrooms. As a result, their overall yield exceeded that of the mushrooms cultivated on the other substrates. Treatment Trt5 (127.35%) had the best substrate utilization, followed by treatment Trt2 (110.80%), and treatment Trt1 (65.83%) had the lowest. This pattern was also shown in the biological efficiency, which varied significantly. 	Comment by hadeel kamil: delete	Comment by hadeel kamil: of
 
4.0 Discussion 
Due to their rich nutritional content and therapeutic qualities, mushrooms are increasingly becoming an important part of our diets all over the world. In this study, the performance of five distinct substrates created from two base substrates—banana leaves and sawdust—in the cultivation of oyster mushrooms (Pleurotus ostreatus) for spawn development, harvesting, and yield was compared. Depending on the various physiochemical compositions of the growing substrate, mushroom output and fruiting body morphological characteristics varied substantially (p < 0.05). Enhancing the growth, development, and yield of oyster mushrooms depends on the substrate selection.  	Comment by hadeel kamil: physicochemical 
The results demonstrated that the type of agricultural waste—single or a mixture of two separate agricultural wastes—used to prepare the farm substrates had an impact on the variations in pileus diameter/width and stipe girth of oyster mushrooms produced in various farm substrates. The farm substrates for mushrooms of different sizes were prepared using different agricultural wastes, however mushrooms of similar sizes were produced using the same type of agricultural wastes. The mushroom cultivated in the substrate made of 25% sawdust and 75% banana leaves (Trt5) had the maximum fresh weight, followed by 100% banana leaves (Trt2). When compared to sawdust, banana leaves have a greater capacity to hold water, which could be the cause of these results. 
When compared to other farm substrates, the treatment Trt2 (100% banana leaf) performs best in Mycelia colonization, Primordial development, First harvest, Pileus width, and stipe girth. According to Mondal et al. (2010), they discovered similar results: higher mycelium running rates in banana leaves and sawdust are caused by the proper amounts of alpha-cellulose, hemicellulose, and lignin; higher mycelial growth in banana leaves and sawdust may be caused by the appropriate C:N ratio, which in turn results in higher yield. Reduced sawdust production is exacerbated by a reduced mycelium running rate, which may be caused by the presence of different polyphenolic compounds, low cellulose content, and poor moisture-holding capacity. 
The lowest mycelium running rate may be caused by several types of polyphenolic compounds in sawdust (Chang & Quimio, 1982). Mamiro and Mamiro (2011) discovered a similar outcome, suggesting that the high water-holding capacity of banana leaves may be the cause of the higher yield from banana leaves as opposed to rice straw. Depending on whether the farm substrates were prepared using a single agricultural waste or a combination of two distinct agricultural wastes, the stipe length, pileus breadth, and overall yield of the mushrooms generated in the different farm substrates may differ. Chukwurah (2013) observed a similar finding. Stalk height, stalk diameter, and cap size in mushrooms are also influenced by important ecological elements such temperature, humidity, fresh air, and compact material (AMGA, 2004). 	Comment by hadeel kamil: as temperature
 
5. Conclusion and Recommendations 
According to our research, banana leaves with 25% sawdust (Trt5) are more effective than other treatments at producing Pleurotus ostreatus mushrooms during the summer, followed by 100% banana leaves (Trt2). The optimizations of compositional characteristics, such as enhanced substrate structure, the water-holding capacity, porosity that enhances gaseous exchange and water penetration, and an ideal C:N ratio that boosts substrate efficiencies, may be aided by substrate mixing. As a result, it is crucial to ascertain the N content of each raw agroindustrial by-product used in the substrate mix for the development of mushrooms before deciding on appropriate combinations and amounts. These findings may help in the sustainable management of banana trash by banana growers. The impact of combining substrates other than those employed in this experiment and changing the quantities can be the subject of recommendations for additional research. 	Comment by hadeel kamil: optimization 	Comment by hadeel kamil: delete	Comment by hadeel kamil: efficiency
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