Effects of Chemical Treatments on Contaminant Fungi and Yield Performance of the Biotechnologically Important Culinary Species Pleurotus ostreatus (Oyster Mushroom)


Abstract
Mushroom mycelium is recognised as an important source of nutraceutical and pharmaceutical compounds because of its diverse bioactive constituents and therapeutic potential, while edible mushrooms are regarded as low-energy foods offering substantial nutritional and functional benefits due to their rich nutrient and bioactive composition. An experiment was conducted at the Mushroom Culture House and Plant Pathology Laboratory, Sher-e-Bangla Agricultural University, Dhaka, from April to October 2019 to evaluate the effects of different chemicals treated rice straw on the growth and yield of oyster mushroom (Pleurotus ostreatus) and to isolate associated contaminants. Five fungi—Sclerotium rolfsii, Trichoderma harzianum, Fusarium oxysporum, Penicillium sp., and Aspergillus niger—were identified. Treatments included hydrogen peroxide (10,000, 20,000, and 30,000 ppm), mancozeb (100 ppm), mancozeb+metalaxyl (100 ppm), bleaching powder (100 ppm), and wood ash (10,000 ppm). Among the treatments, 30,000 ppm hydrogen peroxide showed the highest inhibition of radial mycelial growth (72.41–93.46%), followed by mancozeb+metalaxyl (100 ppm). It significantly reduced days to mycelium running (16.80 days) and primordia initiation to first harvest (3.80 days), compared to the control (22.20 and 6.60 days, respectively). This treatment also produced the highest stipe length (5.17 cm), individual fruit weight (4.54 g), maximum yield (202.38 g), and biological efficiency (40.48%). Contamination increased from first to third flush, with maximum severity (68%) in control and 36% in ash-treated substrate at the third harvest. No contamination was observed in substrates treated with 30,000 ppm hydrogen peroxide and 100 ppm mancozeb+metalaxyl, indicating superior efficacy in managing competitor moulds and enhancing productivity.
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1. Introduction
Mushrooms are the macroscopic reproductive structures of edible fungi belonging to Basidiomycota that occur seasonally in diverse habitats worldwide (Chang & Miles, 1988) and  are widely valued as delicious, nutritious foods with significant medicinal importance (Rahman & Kakon, 2022). Of approximately 41,000 identified mushroom species (Manoharachary et al., 2005), only a proportion are edible, and among nearly 2,000 prime edible species, about 20 are cultivated commercially and 4–5 industrially under controlled, germ-free conditions (Chang and Miles, 1988). Mushrooms are recognized as functional foods (Liu et al., 2009) with medicinal properties, including reduction of diabetes, serum cholesterol, and hypertension (Gregori et al., 2007). Mushroom mycelium is recognized as an important source of nutraceutical and pharmaceutical compounds because of its diverse bioactive constituents and therapeutic potential (Rathore et al., 2019), while edible mushrooms are regarded as low-energy foods offering substantial nutritional and functional benefits due to their rich nutrient and bioactive composition (Kalač, 2013). Fresh mushrooms contain 85–90% moisture, 3% protein, vitamins, minerals, and bioactive compounds (Alam et al., 2007; Banik and Nandi, 2004) that exhibit antitumor activity and improve lipid profiles (Alam et al., 2007).
Mushroom production is increasing due to high demand in the domestic market and export potential. Bangladesh’s annual mushroom production rose to around 41,000 tonnes.  Mushroom cultivation in Bangladesh can be a sustainable solution to address food security, malnutrition, environmental pollution, and economic development (Dey et al., 2024). In Bangladesh, over 50 species of mushrooms have been reported from natural and cultivated sources. Oyster, Reishi, Milky, Button, Straw and Shiitake mushrooms are the most preferred species and cultivated by the farmers; but the maximum cultivation is confined to oyster mushroom (Pleurotus spp.), which are grown throughout the year (Ferdousi et al., 2020).
Among cultivated species, the oyster mushroom (Pleurotus ostreatus) is best suited to the agro-climatic conditions of Bangladesh. Its popularity is increasing due to ease of cultivation, high yield potential, and superior nutritional quality (Banik and Nandi, 2004). Oyster mushrooms grow on sawdust, rice and wheat straw, and other agro-wastes, with nutritional composition influenced by substrate (Sarker et al., 2007a); wheat enhances mycelial growth, while sterilized rice straw ensures maximum yield. However, production is constrained by competitor molds such as Trichoderma harzianum, Aspergillus sp., Penicillium sp., Monilia sitophila, Stemonitis sp., and Coprinus sp. (Castle et al., 1998; Mamoun et al., 2000), along with Aspergillus niger, A. flavus, Alternaria alternata, Fusarium moniliforme, Mucor sp., Rhizopus sp., Sclerotium rolfsii, and Trichoderma viride (Sharma et al., 2007). Several researchers have conducted studies on oyster mushroom cultivation and its associated factors (Biswas, 2015; Chhetri et al., 2018; Khan et al., 2018; Akter et al., 2019; Xu et al., 2023). However, only a limited number of studies have specifically focused on the microbial management of mushrooms.
In view of these challenges, an experiment was conducted to develop an effective chemical management strategy for controlling competitor molds in the substrate of Pleurotus ostreatus. Determining suitable chemicals at optimal concentrations is essential for controlling spawn contaminants and enhancing growth and yield. 
2. Materials and Methods
The experiment was conducted at the Mushroom Culture House and Plant Pathology Laboratory, Sher-e-Bangla Agricultural University, Dhaka, from April to October 2019. A single-factor CRD with eight treatments and three replications, including a control, was used, and spawn packets were incubated at 25 ± 2 °C. Contaminated spawn was sourced from the National Mushroom Development Institute (MDI), Savar, and stored at 4 °C. 
2.1 Preparation of Media, Isolation of Spawn-Contaminating Fungi
Potato dextrose agar (PDA) was prepared with 200 g sliced potatoes, 20 g dextrose, 20 g agar, and 1 L distilled water, then sterilized under aseptic conditions to prevent contamination. Fungi contaminating the collected spawn were isolated via serial dilution on PDA, purified through hyphal tip culture, and stored at 4°C. Pathogens were identified based on cultural and morphological features under light microscopy and confirmed using standard taxonomic keys, including CMI Descriptions of Fungi.
[bookmark: _Hlk221982811]2.2 Spawn Preparation and Cultivation of Pleurotus ostreatus
Chopped straw (2–3 cm) was sterilized in chemicals for 12 hours, drained, mixed with 1% CaO, and packed with 50 g mother spawn per bag. Spawn packets were incubated at 22–25 °C with 90% humidity until colonization. Bags were cut in a “D” shape, scraped, and placed on shelves with daily water spraying. Mature mushrooms were harvested by twisting, and subsequent flushes were harvested after soaking and moisture management.

2.3 Chemical Evaluation Against Pleurotus ostreatus Contaminants
The Poison Food Technique was used to evaluate the antifungal effect of chemicals by incorporating them into a nutrient medium, inoculating with fungal culture, and measuring radial growth. Seven chemical treatments were evaluated for managing spawn-infecting microorganisms.
Table 1. List of chemicals, their active ingredients, concentration and dose 
	Treatment
	Trade name with active ingredient (%)
	Concentrations (ppm)
	Dose

	T₁
	  Hydrogen Peroxide (30% H₂O₂)
	10,000
	10ml/ lt. water

	T₂
	
	20,000
	20ml/ lt. water

	T₃
	
	30,000
	30ml/ lt.water

	T₄
	Nemispore 80 WP  (Mancozeb (80%)
	100
	100 mg/lt. water

	T₅
	Nuben 72WP (Metalaxyl 8%+ Mancozeb 64% )
	100
	100 mg/lt. water

	T₆
	 Rok (Bleach)
	100
	1/2 teaspoon/ lt. water

	T7
	Wood ash
	10,000
	10g/lt. water

	Tₒ 
	Normal water
	-
	-
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2.4 Data Collection
Data collection included recording the number of days required for complete mycelial colonization, measured from inoculation of the spawn packets to full substrate coverage. The time required for primordia formation was noted from the completion of mycelial growth to pinhead initiation. The intervals from primordia formation to the first harvest and to the final harvest were also recorded. Data on yield was recorded in the following way:

2.4.1 Biological yield (g)
Biological yield per 500 g packet was determined by weighing the entire fruiting body cluster, including the lower hard and dirty portion.
2.4.2 Economic yield (g)
Economic yield per 500 g packet was measured by weighing only the clean fruiting bodies, excluding the lower hard and dirty portion.
2.4.3 Dry yield (g)
The mushroom was oven dried at 72ºC temperature for 24 hours and weighed again. The dry yield was calculated by using this formula (Sarker, 2004)
Dry yield (g/500g packet) = Economic yield ×   Oven dry weight of sample (g)
                                                                              Fresh weight of sample (g)
2.4.4 Biological efficiency
Biological efficiency was determined by the following formula: 

Biological efficiency = ×100

2.5 Statistical Analysis 
Data for each parameter were statistically analyzed using Statistix 10, with treatment means calculated and variance analyzed through ANOVA using the F-test.
Percent inhibition of fungal growth was calculated following Vincent (1947).
                        C-T
I = ----------------- x 100
                C
Where;
I = Percent inhibition (%)
C = Fungal growth in control plate (mm)
T = Fungal growth in treatments (mm)
[bookmark: _Hlk221975335]The percentage of contamination in both test and control beds was calculated using the prescribed formula.

×100

3. Results
3.1 Morphological Characterization of Fungal Contaminants 
Based on morphological characteristics, five fungal pathogens were identified from contaminated oyster mushroom substrates. Trichoderma harzianum formed fast-growing whitish to bright green colonies with branched conidiophores at 90° and terminal phialides. Fusarium oxysporum produced white to pink colonies with fusiform macroconidia and smaller pyriform or ovoid microconidia. Sclerotium rolfsii showed abundant white mycelium with aerial hyphae and spherical sclerotia maturing from white to tan or brown. Aspergillus niger developed rapidly blackening colonies with hyaline septate hyphae and globose conidia, while Penicillium sp. formed white powdery colonies turning blue-green with penicillate branched conidiophores bearing single-celled conidia.                        
3.2 In Vitro Assessment of Chemical Treatments on Radial Growth and Inhibition of Mushroom-Contaminating Fungi
3.2.1 Effect on Trichoderma harzianum 
In control (T₀), Trichoderma harzianum grew 73.67 mm at 3 days and fully covered the plate by day 5 (90 mm). Chemical treatments suppressed growth, with T₁ and T₆ showing highest growth (25–88 mm) and minimal inhibition (1.78%–3.33%), while T₃ caused the greatest inhibition (72.41%) (Table 2, Figure 1).

Table 2. Radial mycelial growth (mm) against different chemicals under invitro condition
	Treatments
	Mycelial growth (mm)

	
	Trichoderma harzianum
	Fusarium oxysporum
	Sclerotium rolfsii
	Aspergillus niger
	Penicillium sp.

	
	3 days
	5 days
	3 days
	5 days
	3 days
	5 days
	3 days
	5 days
	3 days
	5 days

	T₁
	25.90b
	88.40a
	17.17b
	21.17b
	39.33b
	53.33b
	14.33c
	43.33d
	11.67b
	38.33b

	T₂
	17.50c
	61.90c
	14.50c
	16.56d
	24.50d
	43.50d
	13.00d
	34.67e
	10.50c
	22.33c

	T₃
	10.63e
	24.83e
	5.50e
	5.57f
	5.17f
	5.83f
	7.67f
	8.33g
	6.23f
	6.33g

	T₄
	15.43d
	68.67b
	16.70b
	19.83c
	10.50e
	42.77d
	21.67b
	61.33c
	7.17ef
	14.50f

	T₅
	14.83d
	42.23d
	13.17d
	14.00e
	5.93f
	6.87e
	11.67e
	13.00f
	7.83de
	17.50e

	T₆
	24.43b
	87.00a
	6.33e
	6.66f
	25.50c
	46.80c
	21.33b
	68.00b
	8.67d
	18.50d

	T₀
	73.67a
	90.00a
	22.50a
	56.50a
	77.67a
	90.00a
	49.67a
	90.00a
	73.00a
	90.00a

	LSD(0.05)
	1.48
	3.17
	1.00
	1.31
	0.88
	0.91
	0.99
	2.22
	1.01
	0.81

	CV (%)
	3.25
	2.74
	4.20
	3.76
	1.86
	1.26
	2.85
	2.80
	3.25
	1.56



Note. The same letter(s) within a column are not significantly different at p ≤ .05; different letter(s) differ significantly. T₁ = hydrogen peroxide (10,000 ppm); T₂ = hydrogen peroxide (20,000 ppm); T₃ = hydrogen peroxide (30,000 ppm); T₄ = mancozeb (100 ppm); T₅ = metalaxyl + mancozeb (100 ppm); T₆ = bleaching powder (100 ppm); T₀ = control
3.2.2 Effect on Fusarium oxysporum 
 All chemicals inhibited fungal growth to varying degrees, with control (T₀) showing 22.50 mm and 56.50 mm at 3 and 5 days. Maximum growth occurred in T₁ and T₄, while T₃ and T₆ showed the lowest growth (5–6 mm) and the highest inhibition (90.15% and 88.19%) (Table 2, Figure 2).
3.2.3 Effect on Sclerotium rolfsii 
Radial mycelial growth under control (T₀) was 77.67 mm and 90 mm at 3 and 5 days. Maximum growth occurred in T₁ and T₆, while T₃ and T₅ showed the lowest growth (5–7 mm). All fungicides suppressed growth, with the highest inhibition in T₃ (93.47%) and T₅ (92.33%) and the lowest in T₁ (40.73%) and T₆ (47.93%) (Table 2, Figure 3).
3.2.4 Effect on Aspergillus niger 
Fungal suppression varied significantly among treatments. Control (T₀) showed 49.67 mm and 90.00 mm growth at 3 and 5 days. T₆ and T₄ had the highest growth among treatments, while T₃ recorded the lowest (7.67–8.33 mm). Maximum inhibition occurred in T₃ (90.74%), followed by T₅ (85.55%), with T₆ (24.44%) and T₄ (31.85%) being the least effective (Table 2, Figure 4).
3.2.5 Effect on Penicillium sp. 
[bookmark: _Hlk222167911]Under control (T₀), Penicillium sp. completely covered the Petri dish, with radial growth of 73.00 mm at 3 days and 90 mm at 5 days. Amendment of PDA with chemicals significantly suppressed mycelial growth. Maximum growth was recorded under T₁ (11.67 mm at 3 days; 38.33 mm at 5 days) (Table 2). The highest inhibition was observed in T₃ (92.96%), followed by T₄ (83.88%), whereas the lowest inhibition occurred under T₁ (57.41%) (Figure 5).
 	 
	



 















3.3 Effect of Chemical Treatments on Contamination Severity in Spawn Packets
Fungal contamination was observed only in the control (T₀) at the first harvest, with a severity of 16%. At the second harvest, contamination occurred in T₁, T7, and T₀, with severities of 4%, 12%, and 28%, respectively. During the third harvest, contamination severity was 8%, 4%, 4%, 8%, 36%, and 68% in T₁, T₂, T₄, T₆, T₆, and T₀, respectively. In treatments T₃ (hydrogen peroxide, 30,000 ppm) and T₅ (mancozeb + metalaxyl), spawn packets remained free from contamination (Table 3).
Table 3. Percentage Contamination Severity in Spawn Packets
	Contamination severity (%)

	Treatments
	1st harvest
	2nd harvest
	3rd harvest

	T₁
	0.0
	4.0
	8.0

	T₂
	0.0
	0.0
	4.0

	T₃
	0.0
	0.0
	0.0

	T₄
	0.0
	0.0
	4.0

	T₅
	0.0
	0.0
	0.0

	T₆
	0.0
	0.0
	8.0

	T₇
	0.0
	12.0
	36.0

	T₀
	16.0
	28.0
	68.0


3.4 Effect of substrate sterilization with chemicals on growth and yield parameter of oyster mushroom
3.4.1 Days required for mycelium running
The duration of mycelial colonisation varied significantly among different substrate sterilisation chemicals (Table 4). The longest mycelial running time was recorded in T₀ (22.20 days), which was statistically comparable to T₇ (21.20 days), followed by T₁ (20.60 days). In contrast, the shortest duration was observed in T₃ (16.80 days), statistically similar to T₂ (17.00 days)
3.4.2	Days required for primordia formation
Significant variation was observed in the number of days required for primordia formation (Table 4). The longest duration was recorded in T₀ (7.60 days), which was comparable to T₇ (7.20 days) and closely followed by T₆ (6.60 days). In contrast, the shortest duration was observed in T₃ (5.20 days), statistically similar to T₄ (5.60 days) and T₂ and T₅ (6.00 days).
3.4.3	Days required from primordia initiation to 1st harvest
Substrate sterilisation chemicals significantly influenced the duration from primordia initiation to first harvest (Table 4). The longest period occurred in T₀ (6.60 days), comparable to T₇ (6.40 days) and T₆ (5.80 days), while the shortest was observed in T₃ (3.80 days), statistically similar to T₂ (4.20 days) and T₁ (4.60 days).
3.4.4 Days required for final harvest
Substrate sterilisation chemicals significantly affected the time to final harvest. The longest duration was observed in T₃ (88.00 days), followed by T₂ (85.40 days), while the shortest harvest time occurred in T₀ (52.00 days).
Table 4. Effect of Chemical Substrate Sterilisation on Growth and Harvest Timelines
	Treatment 
	Days

	
	mycelium running
	Primordia formation
	1st harvest
	final harvest

	T0
	22.20 a
	7.60 a
	6.60 a
	52.00 f

	T1
	20.60 bc
	6.20 cd
	4.60 c-e
	67.20 c

	T2
	17.00 ef
	6.00 c-e
	4.20 de
	85.40 b

	T3
	16.80 f
	5.20 e
	3.80 e
	88.00 a

	T4
	18.60 d
	5.60 de
	4.80 cd
	64.40 d

	T5
	18.40 de
	6.00 c-e
	5.40 bc
	68.60 c

	T6
	19.20 cd
	6.60 bc
	5.80 ab
	68.20 c

	T7
	21.40 ab
	7.20 ab
	6.40 a
	55.40 e

	LSD(0.01)
	1.410
	0.866
	0.866
	2.569

	Level of significance
	0.01
	0.01
	0.01
	0.01

	CV (%)
	4.22
	7.94
	9.62
	2.16


[bookmark: _Hlk222080967]
3.4.5 Length of stipe
The longest stipe was recorded in T3 (5.17 cm), while the shortest was observed in T0 (4.20 cm), showing significant variation among treatments table (5).
3.4.6 Diameter of stipe
Stipe diameter varied significantly with chemical treatments, with T3 producing the thickest stipe (1.17 cm) and T0 the thinnest (0.92 cm).
3.4.7 Diameter of pileus
Pileus diameter was significantly affected by substrate sterilisation, with T3 yielding the largest (6.52 cm) and T0 the smallest (3.74 cm).
3.4.8 Thickness of pileus
The thickness of the pileus differed significantly across treatments, with T3 showing the highest value (0.84 cm) and T0 the lowest (0.64 cm).

Table 5. Effect of substrate sterilisation with chemicals on dimension of the fruiting body 

	Chemicals
	Stipe length (cm)
	Diameter of stipe (cm)
	Pileus diameter (cm)
	Thickness of pileus (cm)

	T1
	4.78 a-c
	1.01 c
	5.07 cd
	0.70 d

	T2
	5.08 ab
	1.14 a
	5.36 bc
	0.79 b

	T3
	5.17 a
	1.17 a
	6.52 a
	0.84 a

	T4
	4.52 cd
	1.00 c
	4.58 de
	0.75 bc

	T5
	4.84 a-c
	1.09 b
	5.70 b
	0.72 cd

	T6
	4.76 a-c
	1.08 b
	4.68 de
	0.69 d

	T7
	4.58 b-d
	0.98 c
	4.30 ef
	0.68 d

	T0
	4.20 d
	0.92 d
	3.74 f
	0.64 e

	LSD(0.01)
	0.478
	0.041
	0.564
	0.041

	Level of significance
	0.01
	0.01
	0.01
	0.01

	CV (%)
	5.82
	3.19
	6.52
	3.93



3.4.9 Number of primordia/packet
The highest number of primordia per packet was observed in T₃ (76.00), while the lowest
occurred in T₀ (59.20) (Table 6), showing significant differences among treatments.
3.4.10 Number of fruiting body/packet
T₃ produced the maximum number of fruiting bodies per packet (61.00), whereas T₀ had the minimum (43.80) (Table 6), indicating that chemical treatments influenced fruiting body formation.
3.4.11 Number of effective fruiting body/packet
The greatest number of effective fruiting bodies per packet was recorded in T₃ (44.60), while T₀ had the lowest (31.90)), reflecting significant variation due to substrate sterilisation. The highest number of effective fruiting bodies (40) was recorded in the sawdust substrate (Das et al., 2013).
3.4.12 Weight of individual fruiting body
Individual fruiting body weight differed significantly among treatments, with T₃ showing the highest weight (4.54 g) and T₀ the lowest (2.36 g) (Table 6).
Table 6. Effect of Chemical Sterilization of Substrate on Primordia Initiation and Fruiting Body Development 
	    Treatment
	Number
	Weight of individual fruiting body (g)

	
	primordia/ packet
	fruiting body/packet
	effective fruiting body
	

	T1
	70.60 c
	49.00 c
	38.40 bc
	2.96 d

	T2
	76.00 b
	51.60 bc
	39.60 bc
	4.06 b

	T3
	82.20 a
	61.00 a
	44.60 a
	4.54 a

	T4
	73.40 bc
	50.40 c
	37.80 c
	3.02 d

	T5
	75.60 b
	56.00 b
	40.80 b
	3.46 c

	T6
	71.20 c
	47.60 cd
	38.80 bc
	3.24 cd

	T7
	61.20 d
	44.00 d
	32.20 d
	2.90 d

	T0
	59.20 d
	43.80 d
	31.90 d
	2.36 e

	LSD(0.01)
	3.834
	4.525
	2.391
	0.338

	Level of significance
	0.01
	0.01
	0.01
	0.01

	CV (%)
	3.11
	5.18
	3.63
	5.84




3.4.13 Biological yield (g)	
The highest biological yield (202.38 g) was recorded in T₃, followed by T₂ (160.38 g), whereas the lowest yield (75.12 g) was observed in T₀. All other treatments differed significantly compared to the control (Table 5).
3.4.14 Economical yield (g)
Economical yield varied significantly with the use of different substrate sterilisation chemicals (Table 5). The highest yield was recorded in T₃ (191.32 g), followed by T₂ (139.38 g), whereas the lowest yield was observed in T₀ (64.34 g).
3.4.15 Dry yield (g)
The maximum dry yield (41.24 g) was recorded in T₃, followed by T₂ (32.30 g), whereas the lowest dry yield (15.10 g) was observed in T₀. All other treatments differed significantly compared to the control.
3.4.16 Biological efficiency
The highest of biological efficiency (40.48%) was observed from T3 which was followed by T2 (32.11%), while the lowest (15.02%) biological efficiency was recorded in T0. So, it was noted that the most effective chemicals were T₃ and T2 followed by T5.
Table 7. Effect of substrate sterilization with chemicals on the yield of oyster mushroom
	Treatment 
	Biological yield (g)
	Economical yield (g)
	Dry yield (g)
	Biological efficiency (%)

	T1
	113.52 e
	99.24 e
	28.24 cd
	22.70 e

	T2
	160.54 b
	139.38 b
	32.30 b
	32.11 b

	T3
	202.38 a
	191.32 a
	41.24 a
	40.48 a

	T4
	114.10 e
	97.24 e
	27.34 d
	22.82 e

	T5
	140.90 c
	125.38 c
	30.18 bc
	28.18 c

	T6
	125.50 d
	111.44 d
	21.24 e
	25.10 d

	T7
	93.22 f
	71.32 f
	18.26 f
	18.64 f

	T0
	75.12 g
	64.34 g
	15.10 g
	15.02 g

	LSD(0.01)
	8.455
	6.156
	2.634
	1.691

	Level of significance
	0.01
	0.01
	0.01
	0.01

	CV (%)
	3.81
	3.20
	5.69
	3.81



3.5 Functional relationship of economic yield with the number of primordia, individual fruiting body weight, and biological efficiency
The economic yield of oyster mushroom was positively correlated with the number of fruiting bodies, individual fruiting body weight, and biological efficiency. The correlation with the number of fruiting bodies was linear (R² = 0.8593) and expressed by the regression equation: y = 6.0009x − 191.39 (Figure 6A). The relationship between individual fruiting body weight and economic yield is shown in Figure 9B. This relationship was also linear; as the weight of fruiting bodies increased, the economic yield increased correspondingly, expressed by y = 52.84x − 64.108 (R² = 0.9404). A strong linear correlation (R² = 0.9921) was observed between economic yield and biological efficiency, expressed by y = 4.7185x − 9.7323, indicating that biological efficiency increased at a rate of 4.718% (Figure 6C).
        A
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Figure 6.  A. Relationship between economic yield and number of fruiting body
                 B. Relationship between economic yield and number of individual fruiting body
                 C. Relationship between economic yield and biological efficiency


4. Discussions
The present study evaluated the effects of various chemicals on contaminants in oyster mushroom (Pleurotus ostreatus) cultivation. Five fungi—Sclerotium rolfsii, Trichoderma harzianum, Fusarium oxysporum, Penicillium sp., and Aspergillus niger—were isolated from contaminated substrates, consistent with previous reports. Biswas (2014) identified T. harzianum, Penicillium notatum, S. rolfsii, and Coprinus spp. as major contaminants, while Pervez et al. (2010) reported Aspergillus spp., Penicillium spp., Rhizopus stolonifer, and T. harzianum. Choi et al. (2010) documented Trichoderma, Pleuroticola, Penicillium crustosum, Mucor racemosus, and Aspergillus tubingensis in mushroom substrates. Morphological and cultural traits confirmed the isolate as T. harzianum, matching descriptions by Samuels et al. (2002) and Choi et al. (2003). Green mold, primarily caused by Trichoderma, Penicillium, and Aspergillus, is a major destructive disease in mushroom cultivation (Sharma et al., 2007). T. harzianum produces whitish mycelia resembling mushrooms, making early detection challenging (Won, 2000), and its infections in edible basidiomycetes are well recognised (Komon-Zelazowska et al., 2007).
In vitro assays demonstrated that hydrogen peroxide (20,000–30,000 ppm) and mancozeb+metalaxyl effectively controlled contaminants without inhibiting P. ostreatus growth. Hydrogen peroxide’s broad-spectrum antimicrobial activity and environmental safety are well documented (Block, 2001; Linley et al., 2012). However, results differed from Mamza et al. (2008) and Singh et al. (2014), who reported that higher chemical concentrations were required for Fusarium and Aspergillus inhibition. Thapa et al., (1979) observed minimal efficacy of carbendazim but maximum inhibition by mancozeb on P. ostreatus mycelium.
[bookmark: _GoBack]In vivo tests showed that chemical sterilization reduced spawn contamination, accelerated mycelium running, primordia formation, and first harvest, while enhancing yield and harvest duration. Substrate type influenced contamination; paddy grain spawn showed lower contamination than wheat grain (Bitner, 1972). Findings align with Sarker (2004) and Pervez et al. (2010),), who observed reduced days for mycelium running, primordia initiation, and harvesting with hydrogen peroxide treatment, alongside improved biological and economic yield. Comparable results were reported with chemical pasteurization of rice straw (Mahjabin et al., 2011), and 3% H₂O₂-treated spawn yielding maximum fruiting bodies, pileus diameter, and total yield (Pervez et al., 2012). 
5. Conclusion
The study identified Sclerotium rolfsii, Trichoderma harzianum, Fusarium oxysporum, Penicillium sp., and Aspergillus niger as major oyster mushroom contaminants. In vitro and in vivo evaluations showed that 30,000 ppm hydrogen peroxide most effectively inhibited these fungi—T. harzianum (72.41%), F. oxysporum (90.15%), S. rolfsii (93.46%), A. niger (90.74%), and Penicillium sp. (92.96%)—reduced spawn contamination, accelerated mycelium running and primordia initiation, and maximized yield (202.38 g). This highlights 30,000 ppm hydrogen peroxide as a safe, efficient strategy for controlling molds and enhancing oyster mushroom productivity. 
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