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Variations in morpho-cultural characteristic among five species of oyster mushroom (Pleurotus spp.)




ABSTRACT 

	In the present investigation, the effect of different nutrient  media (PDA, MEA, YEA, CDA and CEA), temperature (15°C, 20°C, 25°C and 30°C) and pH (5.0, 6.0, 7.0 and 8.0) on the mycelial growth of Pleurotus spp. viz., P. sajor-caju, P. ostreatus, P. citrinopileatus, P. florida and P. djamor were studied. The maximum mycelial growth, among all the culture media tested was observed on Malt Extract Agar followed by Potato Dextrose Agar and Carrot Extract Agar where on the other minimum growth was noticed in Czapek’s Dox Agar. The effect of different pH for the mycelial growth was tested and it was noted that different Pleurotus species exhibited maximum mycelial growth at pH 7.0 followed by pH 6.0. Thus, temperature also played a significant role in the growth of mycelium. The effect of different temperature was evaluated for the growth of Pleurotus spp. where mycelial growth of all strains on 20°C was recorded to be optimum followed by 25°C, respectively and the growth of mycelium was much slower on 15°C.
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1. INTRODUCTION 

Oyster mushrooms are one among the edible fungi cultivated all over the world especially in South East Asia, India, Europe and Africa (Mandeel et al., 2005). They are rich in proteins, dietary fibers and vitamins such as vitamin B, vitamin D and minerals (potassium and magnesium) (Sanmee et al., 2003; Chang and Miles, 2004). By adding oyster mushrooms to your meals can provide a flavorful and nutrient-full option to enhance overall health and well-being (Neeraj et al., 2023). Mushrooms possess a wide variety of medicinal properties and are effective against certain life-threatening diseases. The major medicinal properties of mushrooms include anticancer, antibiotic, antiviral activities, immunity and blood lipid lowering effects (Nayana et al., 2000; Manpreet et al., 2004).The cultivation of mushroom is highly influenced by various factors such as spawn, growing media, pH, temperature, moisture content and light intensity (Sardar et al., 2015). The mycelium of mushroom is used for medicinal and therapeutic purposes; mycelial biomass powder can be used to formulate various types of health tablets and capsules. The identification of suitable agar media is essential to obtain maximum yield and quality of mushroom spawn (Mahadevan and Shanmugasundaram, 2018).

The identification of suitable culture media, temperature, pH and substrates is necessary to obtain high yield and good quality mushroom. (Sardar et al., 2015). The major problem for the cultivation of mushroom in tropical regions has been the high temperatures (27°C and 35°C). Hence, selection of cultivable mushroom species which are tolerance to high temperatures is necessary for optimum yield and quality. The Pleurotus species were cultured aseptically on PDA at different temperature ranges (15°C, 20°C, 25°C and 30°C) and found that it grows best at 25°C. It was recorded that at pH 6.0 different Pleurotus species exhibited maximum mycelium growth, however minimum growth was noted at pH 4.0 (Sardar et al., 2015). 

They require high humidity 80-90% and high temperature i.e. 25-30% for vegetative growth (spawn run) and low temperature (18-25°C) for fruiting. The study of mycelial nature is an important factor in determining the cultivation aspects of medicinally important mushrooms. Mushroom production has been limited throughout the world due to incompetence, incapability and lack of technical knowledge to cultivate edible mushrooms. Several results have been reported by researchers on the effects of different culture media and substrates on the mycelial growth, nature of growth and quality of mushroom mycelium. Hence, the present experiment was carried out for investigating the mycelial growth and nature of different oyster mushroom species on different media, pH and temperature.


2. material and methods 

2.1 Experimental area
The experiment was conducted in Plant Pathology Laboratory, RIMT University, Punjab during 2020-2021 where a total of three experiments were carried out. The experiment was to observe the morphological characteristics and evaluate the effect of different solid media, temperatures and pH levels on the mycelial growth of Pleurotus spp.
2.2 Experimental design	
The total three experiments were laid out in a completely randomized design (CRD) with replicates of three in each treatment and the data presented are the mean values obtained from these experiments.
 2.3 Procurement and maintenance of pure culture
The mushroom culture was procured from Directorate of Mushroom Research, Chambaghat, Solan (H.P). The different Pleurotus spp. viz., P. sajor-caju, P. ostreatus, P. citrinopileatus, P. florida and P. djamor was maintained under 2 – 5°C where Potato Dextrose Agar (PDA) was used as the culture medium for maintaining the pure mycelial culture.
2.4 Morphological characteristics of Pleurotus species
Out of five Pleurotus spp. the  spore print of three species viz., Pleurotus sajor- caju, Pleurotus ostreatus and Pleurotus florida  was taken by transferring the medium-aged pileus on a sterilized black paper sheets as per the method described by Deepa (2016). After six hours, the bell jar and pileus were removed and the spore print thus obtained on paper was observed and recorded. Additionally, the observations such as color of pileus and stipe, diameter of stipe and pileus were also recorded.
2.5 Cultural and physiological studies 
2.5.1 Effect of different solid media for the mycelial growth of Pleurotus species
In solid media studies, 20 ml of sterilized media were poured under aseptic conditions in 90 mm Petri plates. After solidification, mycelial bits of 5 mm diameter of test culture were inoculated and incubated at 24±1°C for 14 days. The culture media viz., Potato Dextrose Agar (PDA), Malt Extract Agar (MEA), Yeast Extract Agar (YEA), Czapek’s Dox Agar (CDA) and Carrot Extract Agar (CEA) were used to find out the best suitable medium for the mycelial growth of Pleurotus species. The observations such as nature of mycelial growth and average colony diameter, after completion of growth in any one of the treatment were recorded. For each treatment, three replications were maintained and statistical analysis was carried out using Completely Randomized Design (CRD).
2.5.2 Effect of liquid media on the mycelial growth of oyster mushroom
To determine the significant suitable liquid media for the mycelial growth of P. sajor-caju, P. ostreatus, P. citrinopileatus, P. florida and P. djamor, six different liquid media viz., Potato Dextrose Broth (PDB), Malt Extract Broth (MEB), Yeast Extract Broth (YEB), Czapek’s Dox Broth (CDB), Carrot Extract Broth (CEB) and Wheat Extract Broth (WEB) were evaluated. For the evaluation of fresh and dry mycelial weight, 20ml of above mentioned liquid culture (broth) were prepared and autoclaved at 121 degree celsius at 15 psi pressure for 30 minutes, and poured into 100 ml conical flask under aseptic condition after cooling. The flasks were inoculated with a 5 mm diameter culture disc from 7 days old culture using an inoculating needle. The inoculated flasks were then incubated at 24 ± 1oC for 14-21 days. Thereafter, fresh and dry mycelial weight was determined when any of the treatment was completely covered with the mycelial mat. The broth was filtered through Whatman filter paper No.1 and fresh mycelial mat were collected and weighed. For evaluating dry weight, the mycelium mat was continuously dried in an oven at 60o C till the constant weight was achieved. The fresh and dry mycelial weight of each treatment was observed and recorded. Three replicates for each treatment were maintained and statistical analysis was carried out using Completely Randomized Design (CRD).
2.5.3 Effect of different temperature for the mycelial growth of Pleurotus species
Inoculated Petri plates (90 mm) containing PDA medium along with mycelium of Pleurotus spp. were incubated at various temperature viz., 15°C, 20°C, 25°C and 30°C in different incubators. In case of different temperatures, the growth was recorded at 14 DAI. Each treatment was replicated thrice and data was analyzed statistically using Completely Randomized Design (CRD).
2.5.4 Effect of different pH for the mycelial growth of Pleurotus species
The Pleurotus species was tested for their pH requirement. Therefore, different level of pH (5.0, 6.0, 7.0 and 8.0) was maintained on PDA media. The plates were incubated at temperature at 24±1°C for 14 days. The data were analyzed statistically using CRD. In case of different pH level, the mycelial growth was recorded at fourteen day.
2.6 Statistical analysis
All the treatments were replicated thrice in CRD (Completely Randomized Design) and the experimental data was statistically analyzed using the analysis of variance (ANOVA) procedure by OPSTAT software.
3. results and discussion

3.1 Morphological characteristics of Pleurotus species
The macroscopic characteristics of different Pleurotus species viz., Pleurotus sajor- caju, Pleurotus ostreatus and Pleurotus florida, such as nature of sporocarp, color of fruiting bodies, nature and size of pileus, stipe, gills and spore print color were observed and discussed below in detailed.

3.1.1. Morphological characteristics of Pleurotus ostreatus

(a) Sporocarp: The sporocarp of Pleurotus ostreatus grow in clusters, medium to large in size.
(b) Pileus: Convex with 5-15 cm, dark blue color during pinhead and became creamy white on maturity with slightly enrolled margin, becoming almost flat with a slightly sunken centre.
(c) Stipe: Stipe is 2-5 cm long with solid, smooth, eccentric or lateral, creamy white colored.

(d) Gills: Gills are attached to the stem and not running down, white, entire or smooth.

(e) Spore print: White (Fig 1).

3.1.2. Morphological characteristics of Pleurotus sajor-caju

(a) Sporocarp: P. sajor-caju bears Pleurotoid, single or in clusters, reniform when young and become infundibuliform deeply lobed and folded on maturity.
(b) Pileus: Pileus are irregular, 5-14 cm diameter with dull brown to vinaceous buff, smooth sometimes tomentose, reflexed and incurved with maturity.
(c) Stipe: Stipe are 2.0-5.5 cm long, white, eccentric and solid

(d) Gills: Gills are white, decurrent, edges entire, become pallid white when dried.

(e) Spore print: Creamy white (Fig.2).

3.1.3. Morphological characteristics of Pleurotus florida

(a) Sporocarp: Sporocarp is formed singly, rarely in clusters, milky white to creamy white in color, initially umbrella shaped and later become fan shaped.
(b) Pileus: Pileus are 5-10 cm, fleshy and depressed at the point of attachment of the stalk, on maturity margin splits and becomes lobed.
(c) Stipe: Stipe are 0.5–1.5 cm long, short, attenuated, eccentric sometime central and solid.

(d) Gills: White brown and decurrent.

             (e) Spore print: Creamy buff (Fig.3)
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                                              Fig 1. Morphological characteristics of Pleurotus ostreatus
                                           [image: ]
                                                         Fig. 2  Morphological characteristics of Pleurotus florida
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                                                         Fig. 3  Morphological characteristics of Pleurotus florida
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3.2  Mycelial growth of Pleurotus spp. on different culture media

The data presented in Table 1 showed that Pleurotus species exhibited maximum mycelial growth in MEA followed by PDA and minimum mycelial growth was seen in CDA. The average colony diameter of P. sajor-caju, P. ostreatus, P. citrinopileatus, P. florida and P. djamor was recorded between 32.33 mm to 90.00 mm, 31.67 mm to 90.00 mm, 38.00 to 90.00 mm, 56.33 mm to 90.00 mm and 33.00 mm to 90.00 mm, respectively (Fig. 4). The maximum mycelial growth of P. sajor-caju , P. ostreatus and P. florida and P. djamor was recorded on MEA (90.00 mm), and minimum on CDA (32.33, 31.67, 56.33 and 33.00 mm) except P. citrinopileatus showed highest colony diameter on PDA (90.00 mm) and lowest on CDA (38.00 mm). 

Table 1. Effect of different solid media for the mycelial growth of Pleurotus species
	Sl. No.
	Media
	Mycelial growth (mm)

	
	
	P. sajor-caju 
	P. ostreatus
	P. citrinopileatus
	P. florida
	P. djamor

	1
	PDA
	88.67
	88.33
	87.67
	90.00
	87.33

	2
	MEA
	90.00
	90.00
	90.00
	88.00
	90.00

	3
	YEA
	63.00
	62.67
	72.00
	75.33
	80.67

	4
	CDA
	32.33
	31.67
	38.00
	56.33
	33.00

	5
	CEA
	85.00
	82.33
	75.00
	87.67
	85.00

	C.D0.05
	Treatment
	0.93

	
	Species
	0.93

	
	T x S
	2.08



                PDA	
    MEA	
     YEA	
    CDA	
     CEA	

                                                                      Pleurotus sajor-caju    PDA	
    MEA 
     YEA	
    CDA	
     CEA	

                                                  
                                                                      Pleurotus ostreatus
                PDA	
    MEA 
     YEA	
    CDA	
     CEA	

       	                                               Pleurotus citrinopileatus     PDA	
    MEA	
     YEA	
    CDA	
     CEA	

      

                                                                          Pleurotus florida
                                                                                                                                                Pleurotus djamor     PDA	
    MEA 
     YEA	
    CDA	
     CEA	


Fig. 4: Cultural characteristics of Pleurotus spp. on different solid media of Potato Dextrose Agar (PDA), Malt Extract Agar (MEA), Yeast Extract Agar (YEA), Czapek’s Dox Agar (CDA) and Carrot Extract Agar(CEA)

3.3 Mycelial growth of Pleurotus spp. on different liquid culture media

In liquid media studies, six different liquid media viz., Potato Dextrose Broth (PDB), Malt Extract Broth (MEB), Yeast Extract Broth (YEB), Czapek’s Dox Broth (CDB), Carrot Extract Broth (CEB) and Wheat Extract Broth (WEB) were evaluated for the mycelial growth of test fungus. The maximum fresh and dry mycelial weight of Pleurotus sajor-caju was recorded in PDB (12.53 g fresh and 5.30g and dry weight) followed by CEB (12.23 g and 5.00g). No significant mycelial growth was observed in MEB, YEB, CDB and WEB medium (Table 2).
Thus, from the above experimental result, it is clear that the present findings are in agreement with the results of Sumi et al. (2016) and Sutha et al. (2016) who reported malt extract agar (MEA) and potato dextrose agar (PDA) as the most suitable medium for the mycelial growth of different Pleurotus species. Kushwaha et al. (2011) observed maximum mycelial growth of oyster mushroom supported by malt extract agar (MEA) and wheat extract agar (WEA) followed by potato dextrose agar (PDA) media. According to the experimental findings concluded by Jatav (2012), malt extract medium was considered as the best suitable liquid medium for the mycelial growth of different Pleurotus species.


Table 2. Effect of different liquid media on the average wet and dry mycelial weight of Pleurotus species

	
Sl. No.
	
Media
	Average wet mycelial weight (g)
	Average dry mycelial weight (g)

	
	
	P. sc
	P. o
	P. c
	P. f
	P. d
	Mean
	P. sc
	P. o
	P. c
	P. f
	P. d
	Mean

	1
	PDB
	12.53
(3.67)
	10.30
(3.36)
	14.47
(3.93)
	10.37
(3.37)
	11.77
(3.57)
	11.87
(3.58)
	5.30
(2.51)
	5.03
(2.45)
	6.47
(2.73)
	5.10
(2.47)
	5.33
(2.51)
	5.44
(2.53)

	2
	MEB
	0.00
(1.00)
	9.43
(3.23)
	12.40
(3.66)
	4.50
(2.34)
	10.50
(3.39)
	7.37
(2.72)
	0.00
(1.00)
	3.50
(2.12)
	5.17
(2.48)
	1.40
(1.54)
	4.10
(2.25)
	2.83
(1.88)

	3
	YEB
	0.00
(1.00)
	7.67
(2.94)
	0.00
(1.00)
	0.00
(1.00)
	7.33
(2.87)
	3.00
(1.76)
	0.00
(1.00)
	2.47
(1.86)
	0.00
(1.00)
	0.00
(1.00)
	3.90
(2.21)
	1.27
(1.41)

	4
	CDB
	0.00
(1.00)
	0.00
(1.00)
	0.00
(1.00)
	0.00
(1.00)
	0.00
(1.00)
	0.00
(1.00)
	0.00
(1.00)
	0.00
(1.00)
	0.00
(1.00)
	0.00
(1.00)
	0.00
(1.00)
	0.00
(1.00)

	5
	CEB
	12.23
(3.63)
	0.00
(1.00)
	0.00
(1.00)
	5.80
(2.60)
	0.00
(1.00)
	3.60
(1.84)
	5.00
(2.44)
	0.00
(1.00)
	0.00
(1.00)
	2.67
(1.91)
	0.00
(1.00)
	1.53
(1.47)

	6
	WEB
	0.00
(1.00)
	5.43
(2.53)
	3.57
(2.13)
	6.83
(2.79)
	0.00
(1.00)
	3.16
(1.89)
	0.00
(1.00)
	1.53
(1.59)
	0.33
(1.15)
	3.47
(2.11)
	0.00
(1.00)
	1.07
(1.37)

	Mean
	4.12
(1.88)
	5.47
(2.34)
	5.07
(2.12)
	4.58
(2.18)
	4.93
(2.14)
	
	1.71
(1.49)
	2.08
(1.67)
	1.99
(1.56)
	2.10
(1.67)
	2.22
(1.66)
	

	

SE(m)
	Treatment (T)
	0.04
	0.44

	
	Species (S)
	0.05
	0.04

	
	T × S
	0.10
	0.98

	
C.D 5 %
	Treatment (T)
	0.13
	0.12

	
	Species (S)
	0.12
	0.11

	
	T × S
	0.30
	0.27

	C.V
	3.87
	8.37


Figures in parentheses are square root + 0.5 transformed values
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3.4 Mycelial growth of Pleurotus spp. at different temperature
	
The isolates of Pleurotus spp.  was incubated at five different temperature regimes ranging between 15°C to 30°C. The data presented in Table 3 indicates that maximum mycelial growth of Pleurotus species was observed at 20°C and minimum mycelial growth at 30⁰C. The maximum mycelial growth was showed by P. sajor-caju, Pleurotus ostreatus, P. citrinopileatus and P. djamor at 20°C (90.00 mm) and minimum at 15°C. At 25°C, Pleurotus florida recorded maximum mycelial colony diameter (90.00 mm) followed by 88.67 mm at 20°C. 

Table 3. Effect of different temperature for the mycelial growth of Pleurotus species
	Sl. No.
	Temperature
	                                    Mycelial growth (mm)

	
	
	P. sajor-caju 
	P. ostreatus
	P. citrinopileatus
	P. florida
	P. djamor

	1
	15oC
	57.00
	82.33
	53.00
	63.00
	87.00

	2
	20oC
	87.67
	90.00
	90.00
	88.67
	90.00

	3
	25oC
	90.00
	77.33
	76.67
	90.00
	88.67

	4
	30oC
	76.33
	65.00
	59.00
	48.33
	72.00

	C.D0.05
	Treatment
	0.97

	
	Species
	1.09

	
	T x S
	2.18




3.5 Mycelial growth of Pleurotus spp. on different pH levels

The PDA media was adjusted at different pH levels of 5.0, 6.0, 7.0 and 8.0 and incubated at 24±1⁰C and the growth was recorded on 14 day. The result presented in Table 4 revealed that the maximum mycelial growth was seen in pH 7.0 followed by pH 6.0 while the minimum growth was recorded in pH 8.0.

Table 4. Effect of different pH for the mycelial growth of Pleurotus species
	Sl. No.
	pH
	                                          Mycelial growth (mm)

	
	
	P. sajor-caju 
	P. ostreatus
	P. citrinopileatus
	P. florida
	P. djamor

	1
	5
	88.00
	77.00
	63.67
	43.00
	66.67

	2
	6
	64.67
	64.33
	90.00
	90.00
	82.00

	3
	7
	90.00
	90.00
	88.33
	75.00
	90.00

	4
	8
	54.67
	56.00
	54.00
	84.00
	73.00

	C.D0.05
	Treatment
	1.23

	
	Species
	1.38

	
	T x S
	2.77




The maximum and minimum colony diameter of P. sajor-caju, Pleurotus ostreatus and P. djamor was recorded at pH 7.0 (90.00 mm) and pH 8.0 (54.67, 56.00 and 84.00 mm). However, the average colony diameter of P. citrinopileatus and Pleurotus florida was found maximum at pH 6.0 (90.00 mm) while least growth was recorded in pH 8.0 (54.00 and 43.00 mm). Therefore, it is evident from the experimental data that the maximum colony diameter of Pleurotus sajor-caju, Pleurotus ostreatus and Pleurotus djamor was noted at pH 7.0 while in case of Pleurotus citrinopileatus and Pleurotus florida maximum colony was noticed in pH 6.0. The Pleurotus species was tested for its suitability at different pH range between 5.0 - 8.0 and it was observed that pH 7.0 have maximum mycelial growth followed by pH 6.0.

The above experimental data are in accordance with Jatav et al., (2012) who observed malt extract as the most suitable medium for the growth of Pleurotus species. Sardar et al., (2015) noted that PDA was the suitable media for the mycelial growth of Pleurotus species. Nasium et al., (2001) reported that Pleurotus spp. showed maximum growth on MEA. Various solid media were evaluated on the effect of different media viz., CMA, MEA, PDA and OMA. Among them, MEA has maximum mycelial growth while minimum in CDA. The mycelium of P. sajor-caju (Baral et al., 2018) was grown maximum in MEA medium. Kumar and Kushwaha (2014) showed PDA as the best media for different Pleurotus species.

Earlier, optimum temperature within this range was reported by Zharare et al., (2010) recording the maximum mycelial growth of Pleurotus strains at 20-25°C. Pleurotus spp. showed maximum mycelial growth at 25oC as reported by Nayak et al. (2015). Rout et al. (2015) examined on the mycelial growth of oyster species and observed mycelial growth of oyster mushroom better at 25oC. Sardar et al., (2015) reported growth of Pleurotus spp. at 25°C. Similarly, Gorai and Sharma (2018) recorded 25°C as the optimum temperature for most of the Pleurotus species.

According to Yadav and Chandra (2014) investigations, the mycelial growth of Pleurotus spp. performed well at pH 7.0. Sardar et al., 2015 found that Pleurotus species exhibited maximum mycelial growth at pH 6.0. Gorai and Sharma (2018) observed maximum growth of mycelium at pH 6.5 - 7.5. The maximum mycelial growth of Pleurotus species was obtained at pH 7.0 (Kushwaha et al., 2011; Sutha and Eswaran, 2016). Tolentino et al., (2016) observed that the best mycelial growth for P. sajor-caju was evident at pH 7.


4. Conclusion
	
Malt Extract Agar (MEA) was found to be the best suitable media for the mycelial growth of different Pleurotus species followed by potato dextrose agar (PDA) media. The maximum mycelial growth of Pleurotus species was recorded at 20°C followed by 25°C and minimum growth was noticed at 30°C which was statistically at par with 15°C. The pH 7.0 was found to be the best for the mycelial growth of Pleurotus species tested followed by pH 6.0.
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