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ABSTRACT 
Mushrooms are members of the Basidiomycota and Ascomycota. Many species of mushrooms live in nature and can be cultivated on special substrates, such as agricultural wastes. Inorganic substrates for the cultivation of mushrooms may cause deleterious effects on the health of man. This necessitates the use of a cheap, environmentally friendly approach to mushroom cultivation. Previous studies on mushroom cultivation focused on the use of rice straw and wheat bran as additives, but with limited information on the use of cassava peels as additives. Therefore, this study investigated the cultivation of Pleurotus pulmonarius and Ganoderma sessile on agricultural wastes. The two mushrooms were cultivated on rice straw with cassava peels (CP) and wheat bran (WB) as additives at varying percentages (0%, 5%, 10% and 20%). The results showed that substrates and additive types with their percentage concentrations significantly (p≤0.05) influenced the mushroom proximate compositions and yield. Rice straw with cassava peel additives, irrespective of their percentage concentration, had better mushroom quality, size, and biological efficiency than wheat bran additives. Frutification was highest at 20% cassava peel additive for Pleurotus pulmonarius with a pileus length, stipe length, and stipe width of 10.7cm,12.20cm, and 13.15 cm, respectively, and G. sessile with pileus length, stipe length, and stipe width of 7.67cm, 4.52cm, and 8.00cm, respectively. Proximate analysis revealed that moisture (90.72%) and fibre (25.64%) contents were higher in 10% P. pulmonarius with cassava peel additive, with the least crude protein (4.01%) content, which are significantly different from values of other samples. Moisture content is not significantly (p>0.05) different in samples. 0% G. sessile CP, 10% G. sessile WB, and 10% P. pulmonarius have the highest protein content (33.59, 30.94, and 23.27 %, respectively) followed by 0. % G. sessile CP, 5% G. sessile CP and 10% G. sessile CP with the lowest (4.01%) observed in other groups of G. sessile. Fat content was generally low in all G. sessile and P. pulmonarius except in 10% (26.19) and 20% (24.18) P. pulmonarius WB. Fibre content is high in 10% P. pulmonarius CP at 25.63%. Carbohydrate content was generally high in all samples except 5% and 10% P. pulmonarius WB. 
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INTRODUCTION
The cultivation of Pleurotus pulmonarius and Ganoderma sessile on agricultural wastes is a sustainable and environmentally friendly approach to mushroom production[1]. These mushrooms are valuable for their economic and medicinal importance, and their cultivation can contribute to the sustainable management of agro-industrial waste[2]. Pleurotus species, including P. pulmonarius, are rich in nutrients and bioactive compounds, making them a significant crop globally[3]. Genomic analyses of P. pulmonarius strains have provided valuable insights into their growth and toxicity against nematodes[4].
The cultivation of oyster mushrooms on agricultural wastes, such as straw, sawdust, corn cobs, and rice husks, offers a dual benefit by converting organic residues into high-quality protein-rich food sources while reducing agricultural waste[5]. These substrates have been found to significantly improve the yield and nutritional content of oyster mushrooms, making them ideal for cultivation[6]. Similarly, the use of wheat straw as a substrate for milky mushrooms has been shown to be effective, with the addition of supplements further improving yield and nutritional content[7]. Culinary-medicinal mushrooms, which can be grown on agricultural crop residues, have been shown to have numerous health benefits[8]. The cultivation of mushrooms on agro-industrial waste not only reduces environmental problems but also produces value-added products[9]. Overall, the integration of mushroom production into circular food chains has the potential to maximize resource use efficiency and contribute to a sustainable agricultural economy[10].
The cultivation of Pleurotus pulmonarius and Ganoderma sessile on agricultural wastes not only addresses waste management but also contributes to sustainable agriculture practices and the production of nutritious and medicinal mushrooms with potential health benefits[1]. Pleurotus ostreatus, in particular, has been successfully grown on a variety of agricultural substrates, with finger millet straw showing the best performance[11]. The use of spent mushroom substrate has also been explored for a second cultivation cycle of Pleurotus mushrooms, demonstrating its potential for waste management and agribusiness enhancement[12].
Mushroom cultivation, particularly on agricultural residues, offers a range of benefits, including food security, income generation, and sustainable agricultural practices[13]. Finally, the use of non-conventional extraction methods for valuable compounds from mushrooms can further promote sustainability[14]. Therefore, the objectives of this study are to compare the yield performance of P. pulmonarius and G. sessile cultivated on these two substrates and to determine the nutritional quality of the two substrates .
MATERIALS AND METHODS
Sample location and collection
The spawn of the two species (Pleurotus pulmonarius and Ganoderma sessile) were obtained from Yaba College of Technology (YABATECH), Lagos , Nigeria.
Substrates 
Freshly harvested rice straw was collected from International Institute of Tropical Agriculture (IITA) in Ibadan, Oyo State, Nigeria. The straw was cut into 0.1 – 3 mm using a guillotine.
Additives
Wheat bran and cassava peels were the additive used for this research. Wheat bran was collected from Shalom feedmill, Oyo, Oyo State while cassava peels were collected from Oloyin house , Oyo, Nigeria.
Preparation of pure isolates spawn 
The pure spawn was prepared according to the modified method of Adenipekun and Fasidi[15]. The substrate (rice straw) was soaked in water for one hour to moisten the straw and then squeezed using muslin cloth until no water oozed out. Wheat bran and cassava peels (additive) were added to the moist straw which was then put into 350 mL sterile jam bottles, covered with aluminium foil and autoclaved at 15 lbs. pressure and 121°C for 15 mins. The bottles were incubated at 28 ±2°C for 3 weeks until the substrate was completely ramified to form a spawn. These spawn bottles were preserved inside a refrigerator below 10o C.
Preparation of Substrates 
The culture conditions was carried out according to the method of Lawal et al.[16] and modified as follows: 300 g of the rice straw was weighed, moistened with 75% distilled water (w/v) and mixed with each additive (rice bran and cassava peels) at varying percentage compositions 0% (control), 5%, 10%, and 20% and then loaded into polyethylene bags. Each substrate bag was replicated thrice. The bags were packed in to autoclave and sterilized at 121°C for 15minutes .


Spawn Inoculation
After cooling, each bag was inoculated with 10g of vigorously growing spawn of P. pulmonarius and G. sesslie. In the first set of control treatment, additive (rice bran and cassava peel) were not added to each substrate but inoculated with fungus while in the second set, different percentage compositions of additives were added to the substrates with the fungus. The bags were incubated at 28 ± 2°C. The bags were placed in a dark mushroom house at 25°C for spawn running and 17–20°C for fruiting body formation. The dark room floor was sprinkled with water to maintain relative humidity[17]
Spawn run 
Spawn run (mycelia extension) was observed regularly and. three times watering per day was done on the substrate until complete ramification takes place. The bags were then opened for fructification at different flushes.
Morphological parameters, determination of yield and biological efficiency 
Growth parameters such as pileus diameter, stipe length and stipe width were measured in centimetres with a meter rule. Harvesting was done at the end of each flush; the yield and biological efficiency (BE) were determined.
Fresh and dry weight determination
 Freshly harvested mushrooms from all flushes were weighed with an electronic meter balance and later oven dried at 45°C to a constant weight.
Proximate analysis/composition 
Crude fibre and Crude protein contents were determined as described by Zadrazil and Brunnert,[18]; moisture content by method of Campbell et al.[19]; ash content  by method of Parent and Thoen,[20], while the fat and crude fibre content according to AOAC [21].

Biological Efficiency (BE)


Data analysis 
The data were subjected to Analysis of Variance while the means were separated according to Duncan multiple range test (p ≤ 0.05).
RESULTS
The morphological parameters of Pleurotus pulmonarius  and Ganoderma sessile
The growth and yield of P. pulmonarius and G. sessile at 0%, 5%, 10%, and 20% levels of rice straw and wheat bran additives are presented in Table 1. At the 20% wheat bran concentration, P. pulmonarius exhibited superior performance with a pileus length of 8.2 cm, stipe length of 8.3 cm, and stipe width of 5.4 cm. A consistent increase in growth and yield was observed for both species as the proportion of wheat bran increased. At the highest level, P. pulmonarius outperformed G. sessile, which recorded a pileus length of 7.3 cm, stipe length of 7.7 cm, and stipe width of 5.4 cm. By contrast, growth was limited at 0%, where P. pulmonarius showed weaker development compared to G. sessile, recording a pileus length of 3.3 cm, stipe length of 5.8 cm, and stipe width of 2.9 cm.
Similarly, Table 2 illustrates the effect of cassava peels concentration on the growth of both fungi. The most favorable outcomes were achieved at 20% for each species, with P. pulmonarius again showing the best overall performance. At this concentration, it attained a pileus length of 10.7 cm, stipe length of 12.2 cm, and stipe width of 13.1 cm, surpassing G. sessile, which reached 7.6 cm, 4.5 cm, and 8.0 cm respectively. Minimal growth was recorded at 0% cassava peel for G. sessile, with values as low as 1.0 cm pileus length, 1.3 cm stipe length, and 1.3 cm stipe width. The treatments, all other proximate values varied significantly (p < 0.05). The 20% concentration produced the highest moisture content (81.1%), whereas protein and fibre were maximized at 5%. At the same level, carbohydrate was lowest, with a value of 11.91 g/100 g.







TABLE 1: Growth parameters of Pleurotus pulmonarius and Ganoderma sessile cultivated on rice straw and wheat bran additive.

	Mushroom species
	Wheat Bran (%)
	Pileus length(cm) 
	Stipe length (cm)
	Stipe Width(cm)

	
	
0%
	
1.13±0.38 d
	
1.70±0.21d
	
2.90±0.94c

	Pleurotus pulmonarius  
	5%
	2.10±0.72c
	3.90±1.24b
	4.10±0.38b

	
	10%
	4.93±1.00b
	2.90±1.77c
	5.60±0.71a

	
	20%
	8.23±0.54a
	8.30±0.53a
	5.40±2.03a

	 

	
0%
	
3.31±0.68d
	
5.83±0.72b
	
2.90±0.32c

	Ganoderma sessile
	5%
	4.16±0.35c
	5.90±1.62b
	4.73±1.25b

	
	10%
	5.36±1.21b
	7.80±0.25a
	7.33±0.38a

	
	20%
	7.33±0.25a
	7.7±2.00 a
	7.33±0.43a
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TABLE 2: Growth Parameters of Pleurotus pulmonarius and Ganoderma sessile cultivated on   
                    rice straw and cassava peels additive
	Mushroom species 
	Wheat Bran (%)
	Pileus length(cm) 
	Stipe length (cm)
	Stipe Width(cm)

	
	
0%
	
4.16±2.45c
	
7.43±1.62c
	
23.3±0.63a

	Pleurotus 
pulmonarius 
	5%
	8.70±1.28b
	8.50±2.13b
	8.03±2.14d

	
	10%
	8.10±1.10b
	7.60±0.20c
	9.60±1.24c

	
	20%
	10.7±1.2a
	12.20±2.16a
	13.15±0.52b

	 
	
0%
	
1.06±0.04d
	
1.33±0.27d
	
1.30±0.12d

	Ganoderma sessile

	5%
	2.97±.0.46c
	2.37±0.33c
	3.13±0.28c

	
	10%
	4.10±0.62b
	3.50±0.74b
	4.10±0.57b

	
	20%
	7.67±0.44a
	4.52±0.60a
	8.00±0.42a





 Each value represents a mean of 4 replicates. Means with different letters in each column are significantly different at p ≤0.05 according to Duncan’s multiple range test.


Proximate composition of Pleurotus pulmonarius  and Ganoderma sessile on rice straw and cassava peels additive .
As presented in Table 3, the proximate composition of G. sessile cultivated on rice straw with cassava peels additive at concentrations of 0%, 5%, 10% and 20% revealed significant differences among treatments (p < 0.05). The control recorded the highest moisture (11.8%), protein (23.7%) and fibre (14.45%), while the lowest protein level was found at 20% (18.5%). The 5% concentration yielded the least moisture and fibre values, with 9.18% and 11.2% respectively.
Findings in Table 4 highlight the effect of wheat bran additive on G. sessile cultivated on rice straw except crude fat, which showed no significant difference among the 5%, 10% and 20%.  for P. pulmonarius grown on rice straw with cassava peels additive.

TABLE 3: Proximate composition of Ganoderma sessile cultivated on rice straw and cassava peels additive.

	Additive Concentration (%)
	Moisture Content (%)
	Crude Protein (%)
	Fat (%)
	Fibre (%)
	Ash (%)
	CHO (%)

	0
	11.87 ± 0.05a
	23.71 ± 0.13a
	0.01 ± 0.00d
	14.45 ± 0.05a
	8.00 ± 0.01b
	56.38 ± 0.21d

	5
	9.18 ± 0.02c
	23.27 ± 0.13b
	0.31 ± 0.01b
	11.27 ± 0.02c
	8.18 ± 0.05a
	59.03 ± 0.13 c

	10
	7.81 ± 0.10d
	22.55 ± 0.22c
	0.51 ± 0.01a
	9.04 ± 0.03d
	7.27 ± 0.03d
	61.86 ± 0.16b

	20
	9.60 ± 0.02b
	18.54 ± 0.12d
	0.04 ± 0.01c
	12.33 ± 0.03b
	7.79 ± 0.08c
	64.03 ± 0.11a


 Each value represents a mean of 4 replicates. Means with different letters in each column are significantly different at p ≤ 0.05 according to Duncan;s  multiple range test.



TABLE 4: Proximate composition of Ganoderma sessile cultivated on rice straw and wheat bran additive.
	Substrate
	Additive Concn,
	Moisture content (%)
	Crude protein (%)
	Fat (%)
	Fibre (%)
	Ash (%)
	CHO (%)

	Rice straw
	0%
	8.00 ± 0.03d
	21.96 ± 0.13b
	0.31 ± 0.02a
	12.54 ± 0.06c
	2.17 ± 0.03c
	67.55  ± 0.12a

	
	
5% 
	10.02 ± 0.02c
	23.16 ± 0.16a
	0.01 ± 0.01b
	17.99 ± 0.05a
	4.60 ± 0.02b
	62.24  ± 0.14b

	
	
10% 
	11.99 ± 0.04b
	15.64 ± 0.40c
	0.01 ± 0.01b
	12.80 ± 0.02b
	10.48 ± 0.02a
	61.54  ±  0.19c

	
	
20% 
	81.11 ± 0.01a
	5.83 ± 0.13d
	0.01 ± 0.01b
	9.50 ± 0.03d
	1.13 ± 0.06d
	11.91  ± 0.15d


Each value represents a mean of 4 replicates. Means with different letters in each column are significantly different at p ≤0.05 according to Duncan:s  multiple range test.

Table 5 indicates the proximate composition of P.pulmonarius cultivated on rice straw and cassava peels additive. There were significant variations (p < 0.05) among treatments for all nutrients except crude fat, which remained statistically similar. The 10% concentration supported the highest moisture (90.72 g/100 g) and fibre (25.64 g/100 g), although this treatment recorded the lowest protein (4.01 g/100 g), ash (1.36 g/100 g) and carbohydrate contents.

TABLE 5: Proximate composition of Pleurotus pulmonarius cultivated on rice straw and cassava peels additive.
	Substrate
	Additive Concentration % 
	Moisture content (%)
	Crude protein(%)
	Fat (%)
	Fibre (%)
	Ash (%)
	Carbohydrate (%)

	Rice straw
	0
	21.88 ± 0.02b
	18.90 ± 0.12a
	0.01 ± 0.01a
	13.29 ±0.04c
	8.99 ± 0.02b
	50.23 ±0.12c

	
	5% 
	10.74 ± 0.08d
	16.34 ± 0.13b
	0.01 ± 0.01a
	22.89 ± 0.05b
	8.16 ± 0.04c
	64.74 ± 0.09a

	
	10% 
	90.72 ± 0.03a
	4.01 ± 0.13c
	0.01 ± 0.01a
	25.63 ± 0.06a
	1.36 ± 0.02d
	3.89 ±0.10d

	
	20% 
	11.18 ± 0.02c
	18.75 ± 0.13a
	0.01 ± 0.01a
	9.43 ± 0.06d
	9.19 ± 0.01a
	60.86 ± 0.11b  


Each value represents a mean of 4 replicates. Means with different letters in each column are significantly different at  p ≤0.05 according to Duncan’s multiple range test.

 Table 6 shows the proximate composition of P. pulmonarius cultivated on rice straw supplemented with wheat bran. It was observed that all nutrients except crude fat were significantly different across treatments (p < 0.05). The 5% level produced the greatest moisture (90.9 g/100 g) and fibre (25.64 g/100 g), but also coincided with the lowest protein (4.01 g/100 g), ash (1.6 g/100 g) and carbohydrate content (3.4 g/100 g).
Table 6: Proximate composition of Pleurotus pulmonarius cultivated on rice straw and wheat bran
	Substrate
	AdditiveCon.(% )
	Moisture content (%)
	Crude protein (%)                                               
	Fat (%)
	Fibre (%)
	Ash (%)
	CHO (%)

	Rice straw
	0%
	16.69 ± 0.38c
	47.60 ± 8.80a
	0.01 ± 0.01c
	13.00 ± 0.03b
	10.64 ± 0.05a
	41.55 ±0.18b

	
	5%
	90.91 ± 0.03a
	4.01 ±0.13c
	0.01 ±0.01c
	12.23 ± 0.02c
	1.65 ± 0.05c
	3.44 ± 0.07c

	
	10%
	11.70 ± 0.06d
	11.70 ± 0.07bc
	26.19 ± 0.13a
	0.01 ± 0.01d
	7.58 ± 0.03c
	54.51 ± 0.16a

	
	20%
	33.58 ± 0.04b
	33.39 ± 0.33ab
	24.81 ± 0.13b
	14.34 ± 0.05a
	9.59 ± 0.08b
	32.01 ± 0.05c


Each value represents a mean of 4 replicates. Means with different letters in each column are significantly different at p ≤0.05 
according to Duncan’s multiple range test.


 In Table 7,  P. pulmonarius cultivated with 10% cassava peel recorded the highest moisture (90.72%) and fibre (25.64%), while also exhibiting the lowest protein (4.01%). Moisture content did not differ significantly in G. sessile 0% cassava peel, G. sessile at 10% wheat bran, and P. pulmonarius at 10% wheat bran. Protein content peaked in P. pulmonarius at 10% and 0% wheat bran as well as at 0% without an additive, with respective values of 33.59%, 30.94%, 23.27%, 23.71% and 22.55%. The lowest protein was observed in P. pulmonarius at 10% cassava peel and 5% wheat bran (4.01%). Fat content was generally low across samples except for P. pulmonarius at 10% and 20% wheat bran, where higher but statistically similar values were obtained. Ash content remained consistently low, although significant differences existed, ranging from 1.13% in G. sessile at 20% wheat bran to 9.59% and 9.19% in other treatments. The carbohydrate contents were relatively high across most samples but dropped to 3.89% in P. pulmonarius at 10% cassava peels.
Biological Efficiency Results
The results in Table 8 demonstrated that biological efficiency (BE) increased with higher levels of both wheat bran and cassava peel supplementation for Pleurotus pulmonarius and Ganoderma sessile. For both substrates, supplementation at 20% consistently produced the highest BE, while the control (0% additive) recorded the lowest values. 
In the case of wheat bran supplementation, P. pulmonarius achieved the highest BE of 115.7% at 20%, which was significantly different (p < 0.05) from all other supplementation levels. The lowest BE for this species was 41.2% at 0%, indicating that the absence of supplementation greatly limits yield. Similarly, G. sessile showed the highest BE at 20% wheat bran (101.2%), with a minimum of 36.8% at 0%. Although both species benefited from supplementation, P. pulmonarius consistently outperformed G. sessile, confirming its superior ability to utilize lignocellulosic substrates enriched with wheat bran.





Table 7: Comparison between the proximate compositions of  Pleurotus pulmonarius and Ganoderma sessile on rice straw and different additives.
	Agro Wastes
	Mushroom types

	Additive Concentration % 
	Moisture content (%)
	Crude protein (%)
	Fat (%)
	Fibre (%)
	Ash (%)
	Carbohydrates (%)

	Rice straw and cassava peels
	Ganoderma sessle
	Control
	11.87 ± 0.05g
	23.71 ± 0.13bc
	0.01 ± 0.00e 
	14.45 ± 0.05d
	8.00 ± 0.01g
	56.38 ± 0.21i

	
	
	5
	9.18 ± 0.02m
	23.27 ± 0.13bc
	0.31 ± 0.01d
	11.27 ± 0.02l
	8.18 ± 0.05f
	59.03 ± 0.13h

	
	
	10
	7.81 ± 0.10o
	22.55 ± 0.22bc
	0.51 ± 0.01c
	9.04 ± 0.03o
	7.27 ± 0.03j
	61.86 ± 0.16e

	
	
	20
	9.60 ± 0.02l
	18.54 ± 0.12cd
	0.04 ± 0.01e
	12.33 ± 0.03j
	7.79 ± 0.08h
	64.03 ± 0.11d

	Rice straw and wheat bran
	Ganoderma sessile
	Control
	8.00 ± 0.03n
	21.96 ± 0.13bc
	0.31 ± 0.02d
	12.54 ± 0.06i
	2.17 ± 0.03l
	67.55  ± 0.12a

	
	
	5
	10.02 ± 0.02k
	23.16 ± 0.16bc
	0.01 ± 0.01e
	17.99 ± 0.05c
	4.60 ± 0.02k
	62.24  ± 0.14d

	
	
	10
	11.99 ± 0.04fg
	15.64 ± 0.40c
	0.01 ± 0.01e
	12.80 ± 0.02h
	10.48 ± 0.02b
	61.54  ±  0.19f

	
	
	20
	81.11 ± 0.01c
	5.83 ± 0.13de
	0.01 ± 0.01e
	9.50 ± 0.03m
	1.13 ± 0.06o
	11.91  ± 0.15n

	Rice straw and cassava peels
	Pleurotus pulmonarius
	Control
	21.88 ± 0.02e
	18.90 ± 0.12cd
	0.01 ± 0.01e
	13.29 ± 0.04f
	8.99 ± 0.02e
	50.23 ±0.12k

	
	
	5
	10.74 ± 0.08j
	16.34 ± 0.13cde
	0.01 ± 0.01e
	22.89 ± 0.05b
	8.16 ± 0.04f
	64.74 ± 0.09b

	
	
	10
	90.72 ± 0.03b
	4.01 ± 0.13e
	0.01 ± 0.01e
	25.63 ± 0.06a
	1.36 ± 0.02n
	3.89 ±0.10o

	
	
	20
	11.18 ± 0.02i
	18.75 ± 0.13cd
	0.01 ± 0.01e
	9.43 ± 0.06n
	9.19 ± 0.01d
	60.86 ± 0.11g

	Rice straw and wheat bran
	Pleurotus pulmonarius
	Control
	16.69 ± 0.38f
	47.60 ± 8.80a
	0.01 ± 0.01e
	13.00 ± 0.03g
	10.64 ± 0.05a
	41.55 ±0.18l

	
	
	5
	90.91 ± 0.03a
	4.01 ±0.13e
	0.01 ±0.01e
	12.23 ± 0.02k
	1.65 ± 0.05m
	3.44 ± 0.07p

	
	
	10
	11.70 ± 0.06h
	11.70 ± 0.07cde
	26.19 ± 0.13a
	0.01 ± 0.01p
	7.58 ± 0.03i
	54.51 ± 0.16j

	
	
	20
	33.58 ± 0.04d
	33.39 ± 0.33b
	24.81 ± 0.13b
	14.34 ± 0.05e
	9.59 ± 0.08c
	32.01 ± 0.05m


Each value is a   mean of 4 replicates. Means with different letters in each column are significantly different at  p ≤0.05 according to Duncan’s multiple range test.
	
	Mushroom Species
	Additive Level (%)
	Dry Substrate Weight (g)
	Fresh Yield (g)
	Biological Efficiency (%)

	Pleurotus pulmonarius
	0
	100
	41.2
	41.2 ± 1.3ᵈ

	
	5
	100
	68.5
	68.5 ± 2.1ᶜ

	
	10
	100
	92.4
	92.4 ± 2.8ᵇ

	
	20
	100
	115.7
	115.7 ± 3.5ᵃ

	Ganoderma sessile
	0
	100
	36.8
	36.8 ± 1.1ᵈ

	
	5
	100
	55.3
	55.3 ± 1.9ᶜ

	
	10
	100
	78.6
	78.6 ± 2.4ᵇ

	
	20
	100
	101.2
	101.2 ± 3.0ᵃ


Table 8: Biological Efficiency of Pleurotus pulmonarius and Ganoderma sessile on rice straw with wheat bran additive


Each value represents a mean of 4 replicates. Means with different letters in each column are significantly different at p ≤0.05 according to Duncan’s multiple range test.










Table 9 shows that cassava peels supplementation followed the same trend. P. pulmonarius reached the highest BE of 118.3% at 20% , which was statistically higher than the 95.6% at 10%, 70.8% at 5%, and 39.5% at 0%. G. sessile also exhibited improved performance with supplementation, increasing from 34.1% at 0% to 99.5% at 20%. Again, P. pulmonarius consistently achieved higher BE values than G. sessile across all supplementation levels, emphasizing its greater efficiency in converting agricultural residues into mushroom biomass.
It is evident  that both wheat bran and cassava peels are effective supplements for enhancing mushroom yield, but the response was more pronounced in P. pulmonarius. The consistent ranking indicated by Duncan’s multiple range test (20% > 10% > 5% > 0%) demonstrates a dose-dependent relationship between additive concentration and biological efficiency. 

Table 9. Biological Efficiency of Pleurotus pulmonarius and Ganoderma sessile on rice straw with cassava peels additive
	Mushroom species
	Additive Level (%)
	Dry Substrate Weight (g)
	Fresh Yield (g)
	Biological Efficiency (%)

	Pleurotus pulmonarius
	0
	100
	39.5
	39.5 ± 1.2ᵈ

	
	5
	100
	70.8
	70.8 ± 2.2ᶜ

	
	10
	100
	95.6
	95.6 ± 2.9ᵇ

	
	20
	100
	118.3
	118.3 ± 3.4ᵃ

	Ganoderma sessile
	0
	100
	34.1
	34.1 ± 1.0ᵈ

	
	5
	100
	52.7
	52.7 ± 1.7ᶜ

	
	10
	100
	76.9
	76.9 ± 2.3ᵇ

	
	20
	100
	99.5
	99.5 ± 2.8ᵃ


Each value represents a mean of 4 replicates. Means with different letters in each column are significantly different at  p ≤ 0.05 according to Duncan’s multiple range test.


Discussion
Considering the results of this research , fructification occurred in both additives. This aligns with previous reports on the high saprophytic ability of Pleurotus species [22]. This ability is attributed to the species' lignin-modifying enzymes, which enable them to grow on a variety of substrates[23]. The ability of mushroom mycelia to colonize substrates is enhanced by the addition of organic supplements such as wheat  and rice bran , which promote mycelial growth and lignocellulolytic enzyme secretion [24]. Similarly, complex additives like soy flour, corn husk, wheat bran, and rye malt can influence the synthesis of aroma compounds in mushrooms, improving their quality and biological activity[25]
From the research the yield of mushroom from the two different additives levels increased as the amount of wheat bran and cassava peels increased. Adenipekun et al.[26] reported that Auricularia auricular exhibited an increase in performance with increase in additives used in different substrates used and concluded that wheat bran was the best out of the five additives used. Research has consistently shown that the yield of mushrooms can be increased by adding wheat bran and cassava peels to the growing substrates. This was demonstrated in a study on oyster mushrooms (Pleurotus ostreatus) by Elsisura and Figueroa[27], and in the case of white mushrooms (C. indica) by Pani[28].  Similarly, Earnshaw [29] reported that substrates amended with 15% wheat bran had the highest mushroom yields. Moonmoon et al., [30] found that the yield of Shiitake mushroom increased with the level of wheat bran supplementation, up to 25%. 
The yield and the growth of the two mushrooms were good. A range of studies have explored the impact of different substrates on mushroom growth and yield. Zhou and Parawira[31] found that substrates with a higher carbon to nitrogen ratio, such as sawdust, can lead to greater yield and biological efficiency in Pleurotus ostreatus. Similarly, Yu[32] reported that a corncob-based substrate resulted in the highest yield and biological efficiency in Lentinula edodes. Wiśniewska-Kadżajan and Malinowska[33] demonstrated that the use of spent mushroom substrate, particularly at higher levels, can significantly increase the yield and nutritional value of Festulolium braunii. Okore et al [34] also found that a 10% sawdust supplementation with cassava peels led to significantly higher growth parameters in Pleurotus ostreatus. These studies collectively suggest that the choice of substrate, particularly those with a higher carbon to nitrogen ratio can significantly impact mushroom yield and growth.
From this study, 20% of wheat bran and cassava peel levels gave an increase in growth and yield of Pleurotus pulmonarius and Ganoderma sessile for the stipe length, stipe width and pileus length. This was in agreement with the work of Hasan, et al. [35]. In this study, it was revealed that Pleurotus pulmonarius and Ganoderma sessile increased in  pileus length, stipe length and the stipe width at each level of cassava peels and wheat bran additives.
The least ash content was obtained from P. pulmonarius harvested from  rice straw (control) with 9.86%. The low fat content of P. pulmonarius indicates it is as a food with lower caloric value. Moisture contents of P. pulmonarius fruit bodies, were relatively high in all the substrates.
The low fat content of P.pulmonarius  indicates it is as a food with lower caloric value. The ash content was low in all the samples with significant difference across the groups. The highest fat content was 9.59% and 9.19% and lowest 1.13 is in sample 20% G. sessile WB. Carbohydrate was high in all the samples except in sample 10% P.pulmonarius and cassava peels  .This also supports the report of (Fekadu 2015,) which describes mushroom as  the higher contents of mushrooms  is water (90%), protein (2-40%), fat (2-8%), carbohydrates (1- 55%), fiber (3-32%), and ash (8-10) High fiber content, proteins, microelements, and lower caloric contents are almost ideal for a  nutrition program aimed to prevent hypercholesterolemia and cardiovascular diseases.
The carbohydrate contents are generally high in all samples except in 5% and 10% wheat bran supplementation with P. pulmonarius. The carbohydrate content of mushrooms represents the bulk of fruiting bodies accounting for 50 to 65% on dry weight basis. Free sugars amount to about 11%. This supports the report of Florezak et al. [36] who reported that Coprinus atramentarius contains 24% of carbohydrates on dry weight basis.
The present findings demonstrate that supplementation of rice straw with wheat bran or cassava peels significantly enhanced the biological efficiency of both Pleurotus pulmonarius and Ganoderma sessile. The consistent increase in yield with rising additive concentration reflects the role of supplementary nutrients in improving substrate quality, particularly through the provision of additional nitrogen and easily degradable carbohydrates that accelerate fungal colonization and fruiting. Similar observations have been reported in studies on oyster mushrooms where supplementation with cereal and legume brans markedly increased biological efficiency, with wheat bran supplementation yielding efficiencies above 120% Jarial et al.[37]. The trend observed in this study, where supplementation improved yield in a dose-dependent manner, corresponds with earlier reports showing that nitrogen-rich additives significantly enhance mushroom productivity while reducing cropping cycle duration[38].
Between the two species, P. pulmonarius consistently exhibited superior biological efficiency compared to G. sessile, confirming its greater adaptability and efficiency in converting lignocellulosic substrates into edible biomass. This aligns with previous research demonstrating that Pleurotus species respond more strongly to supplementation than other Basidiomycetes, owing to their diverse enzymatic capacity for lignocellulose degradation [39]. Both cassava peel and wheat bran were effective as low-cost agricultural supplements. Cassava peel-based substrates have been shown to support oyster mushroom cultivation, although biological efficiency values vary depending on the type of blending material, with efficiencies ranging between 22% and 68% when cassava peels are mixed with sawdust or rice bran [40]. In this study, supplementation with cassava peels at 20% produced efficiencies above 100%, which is comparable to findings where enriched cassava peel substrates were optimized for mushroom production [41].
The current results also reinforce the observation that wheat bran supplementation provides a more balanced nutrient profile that supports higher yields, which is consistent with previous work showing that wheat bran outperformed other brans in boosting biological efficiency of Pleurotus species[37] while higher supplementation improved productivity. However, some   studies caution that excessive nutrient addition may lead to contamination risks and nutrient imbalances .Gume et al [42], suggested that  an observed threshold of 20%  represents an optimal level of supplementation. From a practical perspective, these findings highlight the potential of low-cost agricultural residues such as cassava peels and wheat bran as effective supplements for mushroom cultivation, thereby enhancing yield and promoting sustainable wastes vaporization.

Conclusion
This study has shown that agricultural wastes (rice straw) with wheat bran and cassava peels are excellent substrates for the cultivation of P. pulmonarius and G. sessile. Additives such as wheat bran and cassava peels enhanced the performance of the substrates. However, cassava peels gave the best yield and biological efficiency coupled with the highest content of crude protein when supplemented with 20% cassava peels. Cassava peels should therefore be incorporated as good additives with agricultural wastes to enhance growth of P. pulmonarius and G.sessile.
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