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ABSTRACT 

 

 The mycelial growth rate of three oyster mush-

room strains namely Pleurotus erengii, P. ostreatus 

and P. florida was examined on six different agar 

media (malt extract, Potato dextrose, rose bengal, 

corn meal, czapek’s dox and waksman’s glucose 

agar media) to select the most suitable one. Effect 

of pH was also examined at different values (5.0, 

5.5, 6.0, 6.5 and 7.0) on the selected medium. Re-

sults indicated that Malt extract agar medium was 

the most suitable one for mycelium growth of all 

the tested mushroom strains, being the highest (9 

cm ) for P. erengii and P. ostreatus at pH 7 and 9 

cm at pH 6 -6.5 for P. florida after 6 days of incuba-

tion. The mycelia growth of the tested oyster mush-

room strains was also examined at different tem-

peratures (15, 20, 25, 30 and 35ºC) and different 

levels of relative humidity (50, 65, 75, 85, 95 and 

100 %) on malt extract agar medium. The highest 

mycelial growth rate was obtained at 25°C and 

relative humidity of 65% after 6 days of incubation 

for the three tested oyster mushrooms. 

 

INTRODUCTION 

 

 Mushroom is one of the man’s earliest food 

which have come to be recognized as highly nutri-

tive food, low in calories, rich in protein and certain 

vitamins. A distinctive feature of mushroom protein 

is that it comprises of all the essential amino acids 

and has highly digestible value. Its nutritional value 

can be compared to those of eggs, milk, and meat 

(Oei, 2003). The vitamins of mushrooms are not 

destroyed by cooking, drying and freezing. Mush-

room has been used as a food and in medicine by 

different civilizations since immemorial time, due to 

its delicious taste and dietetic qualities. Mushroom 

has also beneficial qualities, like lowering the blood 

cholesterol level, warding against cancer and in-

vigorating hair growth. Morais et al (2000) and 

Sánchez (2004) reported that the fresh mushroom 

contains about 85-90% moisture, 3% protein, 4% 

carbohydrates, 0.3-0.4% fats and 1% minerals and 

vitamins. The total energetic value of mushroom 

caps is between 250 and 350 cal/kg of fresh mush-

rooms weight (Oliver and Delmas, 1987; La-

borde, 1995). The production of mushrooms is 

regarded as the second most important Commer-

cial microbial technology next to yeast (Pathak et 

al 2009). Oyster mushroom (Pleurotus spp.) culti-

vation has increased tremendously throughout the 

world during the last few decades (Royse, 2002). 

These mushrooms accounted for 14.2% of the 

total world production of edible mushrooms in 1997 

(Chang, 1999). Although commonly grown on pas-

teurized straw of wheat or rice, they could be also 

cultivated on a wide variety of substrates that con-

tain lignin and cellulose. Oyster mushrooms culti-

vation can play an important role in managing or-

ganic wastes which have become problematic for 

disposal. Oyster mushrooms can grow at moderate 

temperatures ranging from 20 to 30°C and humidi-

ty ranging from 55 to 80% for a period of 6 to 8 

months in a year. It could also be cultivated in 

summer season, by providing the extra humidity for 

its growth. Hilly areas (above 900 m) are also suit-
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able for its growth. Three primary factors can affect 

the yield of oyster mushrooms, i.e. temperature, 

compost component and humidity. The process of 

cultivating oyster mushrooms has 3 main steps: 

isolating mushroom from fruiting bodies, preparing 

primary and secondary spawn and cultivating 

mushrooms from these spawns to harvest fruiting 

bodies (Dung, 2003). 

 The objectives of this study are to determine 

the best nutritive medium, the optimal pH value, 

relative humidity and temperature for the in vitro 

cultivation of each of the three tested mushroom 

strains. 

 

MATERIALS AND METHODS 

 

Tested strains  

 

 The pure cultures of P. erengii , P. ostreatus 

and P. florida are a part of Mushroom Laboratory 

Culture Collection (MLCC), allocated at Mushroom 

Production and Research Unit,Central Laboratory 

for Agricultural Climate, Agricultural Research Cen-

ter  (ARC). Their numbers in this collection are 

555, 21, and 14 in respective order. These cultures 

were kindly provided from Germany, Somycel- 

France and STCPL–Hong Kong respectively. 

 

Media used 

 

 The following media were tested to find out the 

best one, giving the highest linear growth rate of 

the examined mushroom strains. Their compo-

nents are expressed as (g/l):  

 

Waksman,s glucose agar (WGA) medium 

(Waksman, 1922) 

 

 Glucose 10.0, peptone5.0, beef extract 5.0, 

distilled water up to 1000 ml, agar12.5 and. pH 7.0. 

 

Malt extract agar(MEA) medium (Gutz and Doe, 

1973) 

 

 Malt extract 30.0, peptone5.0, distilled water up 

to 1000 ml, agar 15.0 and pH 5.4. 

 

Corn meal agar (CMA) medium, quarter –

strength (ATCC-2221) (Hazen and Reed, 1955) 

 

 Corn meal infusion 250.0 ml, distilled deionized 

water up to 1000 ml, agar15.0 and pH 5.6 

 

Potato dextrose agar(PDA) medium (Ahmed, 

2001) 

 

 Potato extract 200.0 ml, dextrose 20.0, distilled 

water up to 1000 ml, agar 15.0 and pH 5.6 

 

Rose bengal agar (RBA) medium (Smith and 

Dawson, 1944) 

 

 Peptone 5.0, dextrose 10.0, KH2 PO4 1.0, 

MgSO4.7H2O 0.50, Rose bengal  0.05, Chloram-

phenicol. 0.10, distilled water up to 1000 ml, agar 

15.0 and pH 7.2. 

 

Czapek's dox agar(CDA) medium (Prauser and 

Folta, 1968) 

 

 Sucrose 20.0, NaNo3 2.0, KH2 PO4 1.0, 

MgSO4.7H2O 0.50, KCL 0.50, Fe2SO4 0.01, dis-

tilled water up to 1000 ml, agar 15.0 and pH 7.0. 

 

Effect of different nutrient media on the growth 

of the tested mushroom strains 

 

 The aforementioned media were tested to se-

lect the most suitable one, giving the highest my-

celial growth rate of the tested mushroom strains. 

The media were adjusted to their sutible pH before 

autoclaving. Media were sterilized by autoclaving 

at 121
o
C, for 20 minutes, 15~20 ml of each medi-

um was aseptically poured into plates. A 0.5 cm 

diameter plug of an inoculum was picked up with 

sterilized cork borer from 7days old culture, grown 

on potato dextrose agar medium and placed in the 

center of each plate of the tested six media and 

incubated for 6 days at 25 °C. The mycelia radial 

growth was measured after 2,4 and 6 days of in-

cubation. 

 

Effect of different pH levels on the growth of 

the tested mushroom strains  

 

 A 0.5 cm diameter plug of an inoculum was 

picked up with sterilized cork borer from 7 days old 

culture, grown on the selected medium and placed 

in the center of each plate The medium was ad-

justed to different levels of pH (5, 5.5, 6, 6.5 and 7) 

with the addition of 1NNaOH or 1NHCl before au-

toclaving at 121
o
C for 20 minutes. Three replicates 

of each treatment were prepared. Plates were in-

cubated for 6 days at 25 °C. The mycelial radial 

growth was measured after 2,4 and 6 days of in-

cubation. 

 

http://cshprotocols.cshlp.org/content/2016/3/pdb.rec091454.full#ref-1
http://cshprotocols.cshlp.org/content/2016/3/pdb.rec091454.full#ref-1
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Effect of different temperatures on the growth 

of the tested mushroom strains 

 

 The effect of different temperatures, i.e. 15, 20, 

25, 30 and 35
o
C on the mycelium linear growth 

(cm) of the tested strains were determined on the 

selected medium. For each treatment, three repli-

cates were inoculated with 0.5 cm agar discs taken 

from actively growing cultures with sterilized cork 

borer .The mycelial radial growth was measured 

after 6 days of incubation. 

 

Evaluation of different relative humidity(RH) 

levels on radial growth of tested Pleurotus 

strains  

 

 After optimization of temperature, Pleurotus 

species were optimized for their RH. Therefore, 

different levels of RH (50, 65, 75, 85, 95 and 100 

%) of the selected medium were adjusted accord-

ing to Solomon (1951) by taking accurate weight 

of either NaCl or KOH, and then dissolved in 100 

ml deionized distilled water to obtain the required 

levels of RH . Petri-dishes (9 cm –diameter) con-

taining 15~20 ml of the selected medium were 

inoculated with agar discs (0.5 cm), taken from 

actively growing cultures with sterilized cork borer, 

then the plates were converted. Ten ml of each 

prepared solution were placed in the cover of each 

Petri dish, then sealed with para film and incubated 

at 25°C for 6 days. The diameter of the mycelium 

extension was measured every 2 days with the 

help of a ruler until completion of growth in any 

plate. Diameter of mycelial growth was measured 

as described by Imtiaj et al (2009). 

 

Average mycelial growth was calculated as 

follows: 

 

1
st
  Petri dish (AB1+CD1+EF1) /3 = R1 

2
nd

  Petri dish (AB2+CD2+EF2) /3 = R2 

3
rd

  Petri dish (AB3+CD3+EF3) /3 = R3 

Note: AB, CD and EF referrers to different three 

measures (cm) for each plate (three replicates, R1, 

R2 & R3 for each treatment). 

Average mycelial growth of each strain is (R1+ 

R2+ R3) /3 

 

Statistical analysis 

 

 The obtained results were statistically analyzed 

by using Statistical Analysis System (SAS, 2006). 

Least Significant Difference (LSD) test was used to 

test significance between means according to 

Snedecor and Cochran (1991). 

 

RESULTS AND DISCUSSION 

 

 Oyster mushroom requires different nutrients 

and certain environmental conditions in order to 

grow and reproduce (Ravimannan et al 2014). 

Effect of different media on mycelial growth of the 

tested mushroom strains (P.erengii, P. ostreatus 

and P. florida) are presented in Table (1). There 

are significant differences between radial growth in 

all tested media during the incubation period. The 

maximum linear growth rates for P. ostreatus, 

P.erengii and P. florida were recorded on malt ex-

tract agar medium being 8.1,7.39and7.39cmin re-

spective order after 6 days of incubation followed 

in general by PDA and RBA (7.5 cm). The CDA 

medium had the lowest radial growth rate as com-

pared to the other tested media after 6 days of 

incubation. Radial growth of P.erengii and P. flori-

da recorded 5 cm in CDA medium. In general, 

CDA medium gave lower values of radial growth 

for tested mushroom strains after 6 days of incuba-

tion (Shim et al 2003). Such differences in myceli-

al growth detected on the tested agar media may 

be due to the availability of different carbon 

sources and other required nutrients. Mycelium 

growth was marginally better on a medium contain-

ing glucose and sucrose than other carbon 

sources (Santiago, 1983). These results are in 

agreement with the findings of Hoa and Wang 

(2015), who reported that Pleurotus spp. showed 

faster growth of mycelium on malt extract and po-

tato dextrose agar media, compared to the other 

tested media. 

 Results presented in Table (2). showed the 

effect of different pH levels on radial growth of P. 

erengii, P. ostreatus and P. florida growing on malt 

extract agar medium. The maximum linear growth 

rate (9 cm) was found at pH 7 for P. erengii and P. 

ostreatus after 6 days of incubation, and pH 6-6.5 

(9cm) for P. florida. Low radial growth was ob-

served at pH 6 (6.83 and 6.90 cm) for P. erengii 

and P. ostreatus respectively and the lowest radial 

growth of P. florida (7.5cm) was recorded at pH 5. 

 pH is considered one of the prime factor that 

affects the growth of fungi. Karacanci (1997) and 

Sardar et al (2015) noticed that maximum mycelial 

growth of P. ostreatus was recorded at pH 6.5. 

These results are in accordance with the findings 

of Suharban and Nair (1994), who reported that 

Pleurotus spp. grow faster on slightly acidic medi-

um than basic one. 
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Table 1. Effect of different nutrient media on liner growth rate of mushroom 

strains P. erengii, P. ostreatus and P. florida at 25
o
C 

  

Tested agar media Interval (days) 

Linear growth rate (cm) 

Tested mushroom strains 

P. erengii P. ostreatus P. florida 

PDA 

2 1.81 3.20 1.71 

4 3.10 5.40 2.90 

6 7.50 7.30 5.50 

MEA 

2 2.53 2.75 2.90 

4 6.66 6.50 6.40 

6 7.93 8.10 7.93 

CDA 

2 1.13 2.00 1.10 

4 3.30 2.80 3.30 

6 5.00 5.60 5.00 

CMA 

2 1.60 2.30 1.70 

4 4.75 5.60 4.75 

6 6.30 6.80 6.30 

WGA 

2 1.58 2.30 1.60 

4 4.81 5.40 4.81 

6 6.30 6.80 6.30 

RBA 

2 2.68 3.00 2.50 

4 5.80 5.90 5.80 

6 6.90 7.20 7.50 

LSD 0.53 0.75 0.50 

PDA = Potato dextrose agar medium, MEA = Malt extract agar medium, CDA = Czapek
,
 

sdox agar medium, CMA = Corn meal agar medium, WGA = Waks man glucose agar medi-

um, RBA = Rose bengal agar medium 

 

Table 2. Effect of different pH levels on liner growth rate of mushroom strains on 

MEA medium at 25
o
C  

 

Tested mushroom  

Strains 

Interval   

(days) 

Linear growth rate / cm on MEA medium 

pH levels 

5 5.5 6 6.5 7 

P. erengii 

2 2.00 2.53 2.70 3.20 3.00 

4 6.00 6.66 5.78 7.00 6.66 

6 7.20 7.93 6.83 8.16 9.00 

P. ostreatus 

2 2.50 2.75 3.51 3.28 4.35 

4 6.80 6.50 7.00 5.90 6.80 

6 8.00 8.10 6.90 8.30 9.00 

P. florida 

2 2.80 2.90 3.11 2.50 2.90 

4 6.00 6.40 7.80 7.00 6.50 

6 7.50 7.90 9.00 9.00 8.10 

LSD  0.56 0.64 0.90 0.55 0.40 
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 Accordingly, in the light of the aforementioned 

results it could be concluded that most of Pleurotus 

spp. showed superior growth at pH 6 to 7. This 

might be attributed to genetic differences found in 

different species of genus Pleurotus (Sardar et al 

2015).  

 The growth of oyster mushroom (Pleurotus 

spp.) was decreased at pH 5. Such decrease in 

growth may be due to reduction of its enzymatic 

activities. Likewise observation has also been pre-

viously reported by Zadrazil (1978), who men-

tioned that P. ostreatus and P. erengii showed 

significant decreases in their mycelial growth at pH 

4.0, which is too acidic. However, some Pleurotus 

spp. are characterized by wider growth adaptability 

scale for pH i.e. 5-8 as reported by Yadav (2001). 

The mycelial growth of P. ostreatus was better at 

pH 7.0 as reported by Bugarski et al (2000). 

 Temperature is an important aspect in the se-

lection of mushroom. The tropics, areas where 

high temperature remains most of the time, are not 

recommended for mushroom production. Tested 

oyster mushroom species exerted their highest 

growth rate at 25
o
C, as shown in Fig. (1). Optimum 

temperature was reported within this range by 

Zharare et al (2010), who observed maximum 

growth of Pleurotus strains. Thus, it appears that 

20-25ºC was universal temperature range for the 

mycelial growth of mushrooms. In addition, fungus 

also exhibited maximum enzymatic activity within 

this range and growth inhibition at elevated tem-

perature was reported (Sardar et al 2015). Favor-

able temperature for growth was recorded at 25
o
C 

and the lowest growth has shown at 15 and 35
o
C 

Fig. (1). Shim et al (2003) reported that the myce-

lial growth of Paecilomyces fumosoroseus had 

been expedited gradually in proportion to the rise 

of temperature and the most suitable temperature 

was 25
o
C. Similar results were obtained by Wei et 

al (2002), who reported a temperature range of 20-

31ºC for the hyphal growth of P. flabellatus and 

concluded that a temperature of 25ºC is the opti-

mum. Similarly, Zharare et al (2010) found that P. 

sajor-caju can tolerate high temperature up to 

35ºC. Temperature and pH affected the growth of 

Pleurotus spp. through suppressing their enzymat-

ic activities in the cell (Sopit, 2006). 
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Fig. 1. Effect of different temperature on mycelial growth of P. erengii, P. ostreatus and P. florida. 

 
 

 The effect of relative humidity on radial growth 

of tested Pleurotus strains was studied under in 

vitro condition .Results are presented in Fig-

ure(2).There were significant differences in radial 

growth of Pleurotus strains at different levels of 

relative humidity. Maximum radial growth (8 cm) of 

the three tested Pleurotus strains was noticed at 

65 % relative humidity followed by 75 % (6.9 cm) 

while, it was significantly low at 95 and 100 % . 

Shukla (2003) observed maximum mycelial growth 

(90 mm) of Calocybe indica at 75 and 100 %  

relative humidity while it was significantly low at 25 

% (80 mm) followed by 50 % relative humidity 

(83.25 mm). 

 Accordingly, it could be concluded that, P. 

erengii, P. ostreatus and P. florida showed best 

growth when grown at temperature of 25°C and 

65% relative humidity. As for among the different 

growing media, MEA medium proved to be the 

best one for the growth of Pleurotus spp. pH level 

must be maintained at 6-7 for best growth of oyster 

mushroom strains. 
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Fig. 2. Effect of different relative humidity (RH) levels on mycelial growth of P. erengii , P. ostreatus and P. 

florida. 
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