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Yield Response   of Oyster Mushroom (Pleurotus ostreatus) on 
Substrate Composed from Wheat Straw and Cotton Seed Waste  

Mushroom production has been gaining uppermost interests from sci-
entific point of view due their nutritional values and medicinal impor-
tance’s. In this report, the effect of substrates’ composed from different 
mix ratio of wheat straws and cotton seed waste on growth, yield and 
yield related parameters of oyster (Pleurotus ostreatus) mushroom 
were presented. The experiment was lied out in different mix ratio of 
wheat straws and cotton seed waste for ten treatments with two repli-
cations in randomized complete design. The quantitative data includ-
ing days taken for full colonization, days from colonization to primor-
dial formation and days after primordial emergences to first harvest 
were recorded. The measurements of growth and yield parameters 
viz. cap-diameters, stipe length, number of fruits, aborts, bunches, bi-
ological efficiencies and total biomass were also recorded. The short-
est days of primordial emergences 2.88days (T10) after mycelium fully 
colonize the substrates, days of first harvesting after primordial emer-
gences 3days (T7), longest cap-diameters 11.35cm (T3), stipe length 
4.39cm (T9), maximum number of bunches 5(T3,T5 and T8), maxi-
mum fresh weight 593.5g (T3) in 1st flush, were produced under differ-
ent mix ratio of wheat straws supplemented with cotton seed wastes. 
Treatments T2 and T6 of wheat straw and cotton seed waste substrate 
where gave higher total biomass and biological efficacy 1382g and 
183.65% respectively so that it could be recommended for pilot scale 
and large scale  production of oyster mushroom.
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Introduction  

A mushroom is the fleshy, spore-bearing 

fruiting body of the fungus, typically produced 

above ground on soil or on its food source. 

They consist of a stalk topped by a flat or cup-

shaped cap (Fergus and Fergus, 2003). There 

are over 1,500,000 species of fungi on the 

earth (Halpern, 2007). Among this, the number 

of mushroom species is estimated at 14,000 

(Wasser, 2002). The mushroom species which 

are edible are 3000, but only 30 have been 

domesticated and 12 are grown commercially in 

the world (Poppe, 2004). According to (Dike et 

al., 2011) button mushrooms (Agaricus 

bisporus), oyster mushrooms (Plerutus 

ostreatuse) and shiitake mushrooms (Lentinus 

edodes) make up about 70% of the world’s 

mushroom production. From those the Oyster 

mushroom (Pleurotus species) is the second 

widely cultivated mushroom in the worldwide 

following to the button mushroom (Agaricus 

bisporus) (Sanchez, 2010). Due to increase in 

population and consumption, the world demand 

for mushrooms is projected to grow 15% a year 

(Kamarudzaman et al., 2015). Since oyster 

mushroom is a multicultural group of 

mushrooms with high nutritional value and 

therapeutic properties, besides a wide array 

biotechnological and environmental 

applications it is more acceptable in world 

demands (Knop et al., 2015). According to 

Feeney and Beelman (2004) mushroom 

cultivation and consumption culture has been 

more developed in China, Japan, 

Korea,Thailand and America. But, in spite 

mushroom production is least known in 

Africans, countries like Nigeria, Egypt, Kenya, 

Zimbabwe and South Africa, relatively made 

good trial.  In Ethiopia mushroom production 

and consumption is very recent activity, almost 

no mushroom consumptions and cultivations 

techniques are known, except few trials in small 

scale on Agarics bisporus (button), Lentinula 

edodes (shiitake) and Pleurotus ostreatus 

(oyster) with few people under known substrate 

formulas (Dawit, 1998). 

In Ethiopia the first small scale commercial 

mushroom cultivation, started in 1997 by the 

cultivation of the Oyster (Pleurotus ostreatus) 

mushroom. Later, the Button (Agaricus 

bisporus) followed by Shiitake (Lentinula 

edodes) mushrooms were introduced to the 

local market (Dawit, 2008). Oyster mushrooms 

have multilateral enzyme system that helps to 

grow on a wider variety of agricultural wastes 

(Fogel and Rogers, 1997). Agricultural wastes 

which are suitable for production of oyster 

mushroom and other species as indicated by 

(Diego et al., 2011) are cereal crops straws, 

horticultural crops’ wastes, sugarcane bagasse, 

forest by products and cotton seed wastes etc. 

In the year 2015/16, wheat straw production in 

Ethiopia was estimated to 5.46 million tones 

which indicate the potential availability of this 

substrate for mushroom cultivation. The other 

sources used for mushroom production are 

forestry and industrial by products such as: 

sugarcane, bagasse saw dusts and waste 

paper.   

In this regards the production of oyster 

mushroom from wheat straws and cotton seed 

wastes was not properly studied and 

addressed. So, the present studies was under 

taken in order to assess the usability of wheat 

straw with the supplement of different 

proportion of cotton seed waste for the 

production of oyster mushroom. Therefore, this 

study was addressed on recycling of different 

mix compositions of wheat straw and cotton 

seed wastes to produce: nutritionally rich, high 

yield and environmental friendly mushroom fruit 

bodies in short time on small area of land. 

Materials and Methods  

Description of the Study Area 

The study was conducted in Oromia regional 

state, West Shoa at Ambo town in Ambo 

University. Ambo is located 110Km to West of 

the capital Addis Ababa, on the road to 

Nekemt. The Latitude and Longitude of Ambo 

University is 8.90 and 37.80 respectively. 
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Organism and culture conditions  

The fungal strain, Pleurotus ostreatus (Oyster 

mushroom) was obtained from the Mycology 

Laboratory, Department of Biology Addis Ababa 

University, Ethiopia. The pure culture of 

Pleurotus ostreatus was transferred to Potato 

Dextrose Agar (PDA) prepared in the 

laboratory, Department of Biology using fresh 

potato 250g, glucose (Dextrose) 20g, agar 20g 

and chloramphenicol 0.2g in 1000 ml of water. 

The medium was poured into the Petri-dishes 

and allowed to cool under aseptic condition in a 

laminar flow chamber. The cooled and solidified 

medium was inoculated with 1cm x 1cm agar 

block of the fungal strain and incubated at 

280C. The growth of the culture and presence 

of contamination were visually inspected at 

three day intervals (Dawit, 1998). 

Grain Spawn productions 

In this study, the spawn (mushroom seed) of 

Pleurotus ostreatus was produced on yellow 

colored sorghum grain (Sorghum bicolor L), 

wheat bran and calcium sulfate (gypsum) in the 

ratio of 88:10:2 respectively (Dawit, 1998). The 

required amount of sorghum grain was weighed 

and soaked overnight in a sufficient amount of 

water. The grains were washed and drained to 

remove the dead and floating seeds with water. 

After removing the excess water from the grain, 

the required amount of wheat bran and gypsum 

(CaSO4.2H20) were added and transferred to 

1000 ml glass bottles (75% level) leaving a 

head space over the grain and autoclaved at 

1210C temperature for 45 minutes. After 

cooling, each bottle was inoculated with 20 

agar blocks (1 cm x 1 cm) of a 15day old 

mushroom culture from the Petri dish and 

incubated for 21 days at 280Cuntil the substrate 

were fully colonized and the mycelia invasion 

and contamination were inspected at five day 

intervals and after 15 days the grain spawn was 

ready to use (Dawit, 2008) 

Substrate collection and preparation 

Wheat straw and cotton seed wastes were 

collected from and around Ambo town rural 

kebeles and from Addis Ababa, respectively. 

Lime stone and wheat bran were obtained from 

Laboratory of Biology department, Ambo 

University. The wheat straws were cut into 

small pieces approximately (3-5 cm) weighed 

and soaked in a sufficient amount of water over 

night in order that it absorb sufficient amount of 

water. Cotton seed wastes were weighed and 

soaked in sufficient amount of water over night 

(Asefa and Geda, 2014). After excess water in 

the substrates was drained, the substrates 

were mixed with 10% wheat bran, one percent 

calcium carbonate, and then filled in yellow 

colored polyethylene bags (75cm length and 

65cm width) in order to sterilize the substrates. 

The substrate prepared were 

autoclaved at15Psi pressure and at 1210C 

temperatures for 1h (Dawit, 2008). 

Spawning and spawn running  

After sterilization, the substrates were 

transferred to transparent polyethylene 

cultivation bags (65cm length and 45cm width) 

for easy supervision of the growth of the 

mycelia and presence of contamination. After 

cooling under normal temperature, each 

substrate (500g) with 70% moisture was mixed 

with 10% spawn (dry weight/wet weight basis) 

under laminar flow hood and the inoculated 

polythene bags were then tightly tied with string 

made from cotton cloth. Pin holes were made 

by sterilized needle through bags (1/100 cm2) 

or (10-14) per bag for drainages and aerations 

(Dawit, 2008). Then the inoculated bags were 

kept in a spawn running room at room 

temperature (23-250C) in the dark until 

primordial were formed. 

Fruiting and watering 

After primordial formation, the bags were 

transferred to mushroom production house and 

large holes were made, through the polythene 

bags to allow normal development of fruiting 

bodies. The bags were arranged in simple 

randomization in zigzag forms at 15 to 20cm 

apart from each other (Dawit, 2008). In the 

mushroom house, the bags were kept under 

normal environmental conditions and relative 
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humidity of the room was maintained at 85–

90% by keeping water in open containers at 

different corners of the room (Dawit, 2008). The 

bags were irrigated using tap water every 

morning and evening until all flushes of 

Pleurotus ostreatus fruiting bodies were 

harvested. Adequate ventilation was provided 

to prevent increased CO2 concentration in the 

room by opening the door and windows of the 

room for half an hour in the morning and in the 

evening and also in the mid-day when 

temperature of cropping house was increased 

(Dawit, 2008). 

Harvesting 

 The fruiting bodies were harvested manually 

by twisting to clock wise or anti-clock wise 

direction by hand without lifting stubs on the 

substrates at one time for uniform harvesting to 

the next flush. 

Experimental design  

The experiment was set up in a Completely 

Randomized Design (CRD) with two 

replications and 10 levels of wheat straw and 

cotton seed wastes were used. The control 

treatment was wheat straw 100% (Shruti et al., 

2016).The mixing levels proportions for the 

substrates of wheat straws supplemented with 

cotton seed wastes are presented in table: 1. 

 

Table 1: The different mix ratio of wheat straws and cotton seed waste  

TMS WS  g WS  %  CW g  CSW% TS  g Remark 

T (1) 500 100% _ _ 500 Control 

T (2) 450 90% 50 10% 500  

T (3) 400 80% 100 20% 500  

T (4) 350 70% 150 30% 500  

T (5) 300 60% 200 40% 500  

T(6) 250 50% 250 50% 500  

T (7) 50 10% 450 90% 500  

T(8) 100 20% 400 80% 500  

T(9) 150 30% 350 70% 500  

T (10) 200 40% 300 60% 500   

TMS= treatments, WS in g =wheat straws in gram, CSW in g = cotton seed waste, TS in g = total 

substrates in gram. 

 

Data collection and Analysis  

The numbers of days for full colonization of the 

substrates, day taken for primordial formation 

after colonization; time taken from Primordial 

emergence, to mature fruit body formation, 

were recorded. Cap diameter of mature, stipe 

length, number of fruits, number of aborts, 

number of bunches were recorded for each 

treatments in each cycle of harvest collected 

and recorded. Fresh weight of mushroom in 

each cycle of harvest and total biomass and 

biological efficiency were recorded.  .   

Biological Efficiency 

Total weight of the fruiting bodies harvested 

from the substrates within first to fourth flush 

was measured as total yield of the mushroom. 

The biological efficiency (yield of mushroom per 

kg substrate on dry weight basis) was 

calculated as the formula proposed by Chang 

et al. (1993). 

 

%Biological Efficiences = Fresh weight of mushroom X100 

                                          Dry weight of substrates  
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Data Analysis 

The collected data on proximal compositions 

were subjected to Analysis of Variance 

(ANOVA) Gomez (1984) with two replications 

using Statistical Analysis System (SAS Institute 

and Cary NC) Version 9.0. Means were 

compared for significant difference using 

Fisher’s LSD (FLSD) at P<0.05. 

RESULTES AND DISCUSSION 

Days taken for mycelia colonization, 

primordial formation and first harvest  

The day taken for mycelia colonization by 

oyster mushrooms’ grown on different mix ratio 

of wheat straws and cotton seed wastes were 

exhibited significant (P < 0.05) differences 

within treatments (Table: 2). The shortest days 

taken to fully colonize the substrates was 

observed on T5 was 20 days and the longest 

days taken was observed on T4, was 28 days. 

The results recorded in this study on the days 

of mycelium fully colonize the substrates was in 

line with the days reported by Nasir et al.(2017) 

for 100% accomplishment of  mycelium growth 

for Oyster mushroom, treatments took number 

of days (18.5 to 32.5) for substrates (date palm 

leaves + wheat straw + cotton waste)  

The days taken from fully colonized substrates 

to first primordial formation of the oyster 

mushroom grown on different substrate mixed 

ratio showed significant (p < 0.05) effects 

(Table:2 ). The shortest days taken after fully 

colonization to first primordial formation was 

recorded on T10, was 2days, while the longest 

days taken for T1 and T8, 4days. 

 However, the length of days taken for 

primordial initiation of this study was related to 

the length of days reported by Jawar et al. 

(2013) for first primordial emergences of oyster 

mushroom grown on wheat straws and cotton 

hulls was taken 2.80 to 4.20days. 

 

Table 2. Effects of substrate composed from different mix ratio of wheat straw and cotton 

seed waste on days from spawning to first flush harvesting of oyster mushroom 

Treatments 
Mean days taken for growth parameter 

DMFCS DPEAMFCS DMAPE 

T1 26.5ab               4.0a 4.5ab 

T2 23.5bcd 3.0abc  4.5ab 

T3 23.0cde 3.5ab 3.0c 

T4        28.5a 3.5ab  4.0abc 

T5        20.0e 2.5bc  3.5bc 

T6        22.0de 3.5ab 5.0a 

T7 25.5abc 3.5ab 3.0c 

T8 22.5cde 4.0a 3.5bc 

T9 23.5bcd   3.0abc  4.5ab 

T10 21.5de 2.0c  3.5bc 

Mean 23.65 3.25 3.90 

CV 6.34  14.68  12.67 

LSD (5%) 3.39 1.07 1.11 

Sign. * * * 

Mean values with in a column sharing the same superscript letter(s) are not significantly different by using LSD test at P≤0.05 M = Mean, DMFCS = 

days of mycelia fully colonizes substrates, DPEAMFC =days of primordial formation after mycelia fully colonized substrates, D MAPE=days of 

maturation after primordial formation.  
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The days of first harvesting from primordial 

initiation of oyster mushroom grown on wheat 

straws supplemented with cotton seed waste 

had significant (p < 0.05) differences (Table: 2). 

The shortest day (3) from primordial formation 

to first harvest was observed form treatments 

T7, while the longest days (5) was observed 

form treatment T6 and T3. For the remaining 

treatments’ the first harvesting date was 

intermediate between shortest and the longest 

harvesting dates. The results of this 

experiments was related to the days of first 

harvest from primordial initiation (2.5 to  6.5) 

was reported by Beje et al. (2013) on growth 

substrates of sawdust, coffee bean husks and 

corncobs with supplementations on wheat 

brans. The days taken in this study was also 

agree with the days reported by Shasho et al. 

(2013) for the substrate of pure barley straws, 

wheat straws and teff straws after primordial 

formation to first harvest was took 3.25day to 6 

days. 

Cap diameter and stipe length  

The effects of the substrate composed from 

different mix ratio of wheat straws and cotton 

seed waste on cap-diameters and stipe length 

of oyster mushroom showed significant (p < 

0.05) differences within the treatments 

(Figure:1). The larger and smaller cap-diameter 

of oyster mushroom produced on wheat straw 

supplemented with cotton seed waste was 

11.35cm and 5.01cm, respectively which were 

measured from T3 and T9. However the 

longest and shortest stipe lengths of oyster 

mushroom were measured from treatments of 

T9, 4.395cm and treatment of T10, 2cm. The 

result of the remaining treatments of both cap-

diameters and stipe length of oyster mushroom 

grown on different substrates were intermediate 

between these two. The result of this study was 

in line with the cap-diameter (8cm-14cm) and 

stipe length (3.5-4cm) reported by Asefa and 

Geda (2014) from waste paper and wheat bran 

substrates and also Oseni et al. (2012) as they 

reported in their study the stipe length of oyster 

mushroom from fermented sawdust 

supplemented with wheat bran was ranging 

3.94cm to 5.95cm.  

 

 

Figure 1: Effects of substrates composed from different mix ratio of wheat straws 

supplemented with cotton seed waste on cap-diameter and stipe length of oyster 

mushroom 
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Number of fruits, aborts and bunches  

The effects of wheat straw supplemented with 

cotton seed waste on numbers of fruits, aborts 

and bunches had significant (p<0.05) 

differences within the treatments (Figure: 2).  

The maximum number of fruits (39.72) were 

recorded from treatment T2, the maximum 

number of aborts (16.50) were recorded from 

the treatment T4, and maximum number of 

bunches (5) were observed on T8, while 

minimum number were recorded, fruit body in 

T8, 16.94, abort T1, 8, and bunches T1, 1.25, 

while all the remaining treatments showed 

intermediate between the maximum and 

minimum for this parameters. The result of this 

study was in line with the results reported by 

Shruti et al. (2017) from wheat straws and 

apple pomace number of fruits 14-43.25 and 

numbers of aborts 5-41.12, but the results of 

bunch numbers in this study was disagree the 

results reported by this author, as he reported 

the bunch numbers studied under wheat straws 

and apple pomace was 6-9 per bags, but when 

compared with the results of this study, it was 

greater, the reason may be the amounts of 

substrates per bags and nutritional contents of 

substrates. In other causes the result of this 

study was relate to the number of fruiting, 

aborting and bunching of oyster mushroom 

reported by Beje et al. (2013) who reported that 

substrates that gave higher yield also contained 

higher number of propagating fruit bodies per 

bunch and highest variability among different 

treatments on the mean number of mature fruit 

bodies and aborts on some local available 

substrates. 

In other hand Asefa and Geda (2014) reported 

in their study on waste paper supplemented 

with cotton seed waste the minimum and 

maximum numbers of aborts, fruiting and 

bunching of oyster mushrooms were 16-110, 

22-72 and 3-5, respectively. 

 

 

Figure: 2. Effects of substrates composed from different mix ratio of wheat straws and 

cotton seed waste on number of fruiting, aborting and bunching of oyster 

mushrooms NF = Number of fruiting, NA= Number of aborts, NB = Number of 

bunch 

 

Fresh weight of the mushroom  

The mean fresh weight of oyster mushroom 

produced on wheat straws supplemented with 

cotton seed waste under 2nd,  3rd and 4th 

flushes had significant (p < 0.05) effects within 

the treatments(Figure:4 ). But, the 1stflush fresh 
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weight of oyster mushroom had not-significant 

(p > 0.05) differences within the treatments 

(Figure: 3). The maximum and minimum fresh 

weight of oyster mushroom in the 1st flush was 

593.5g and 321.5g, respectively which was 

grown on T3 and T7. While, for the 2nd flush 

fresh weight of oyster mushroom harvested in 

maximum was 447g, which was grown on T2 

and the minimum harvested fresh weight, were 

202.5g and 209g, which were grown on T10 

and T1 respectively. 

The 3rd flush maximum fresh weight of oyster 

mushroom was 270.5g and 265g, which were 

harvested from T9 and T8 respectively, but the 

minimum fresh weight of oyster mushroom 

picked during this step of harvesting was 126g 

and 127g which were from the bags of T3 and 

T6. The fourth flush fresh weight of oyster 

mushroom in the maximum was 177.5g which 

was collected from the bags of T3, but the 

minimum fresh weight was 53g and 59g which 

were harvested from T6 and T10. The result of 

this study was related the finding of Ha et al. 

(2015) fresh weight range from 753g/500g to 

45g/500g (1506g/1kg to 90g/1kg) from 

substrates composed wheat straws, rice straws 

and sawdust in 1st to 4th steps of harvesting.   

But, the result of this study was disagree with 

the results investigated by Asefa and Geda, 

(2016) from cotton, maize leaves and sheaths 

which ranges from 355g/500g to 85g/500 dry 

weight biases in the steps of first to fourth 

harvesting, the reason may be the nutritional 

contents of substrates on which used for the 

growth of mushrooms may differs. According to 

Fergus and Fergus (2003) reported in his study 

the productivity of oyster mushroom was mainly 

depends the nutritional contents of the 

substrates. 

 

 

 Figure: 3. Effects of different mixing amount of wheat straws supplemented with cotton 

seed waste on fresh weight of oyster mushroom. 

 

Biological and total biomass of oyster 

mushroom 

The means of biological efficiencies and total 

biomass of oyster mushroom grown on wheat 

straws supplemented with cotton seed waste 

were shown in (Table:7).  

The mean biological efficiencies and total 

biomass of oyster mushroom produced on 

wheat straws supplemented with cotton seed 
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waste showed highly significant (p < 0.05) 

differences (Table 3).  

The maximum mean of biological efficiencies of 

oyster mushroom grown on different mix ratio of 

wheat straw supplemented with cotton seed 

wastes were 183.65% which was grown on T6 

and the minimum biological efficiencies were 

170.37% and 170.89%, respectively which 

were grown on T3 and T4 respectively. 

However, the maximum and minimum mean 

total biomasses of oyster mushroom grown on 

these substrates were 1382g and 827.5g, 

respectively which were harvested from the 

bags of T2 and T1. The results of this study 

were far from the results investigated by Asafa 

and Geda (2016) concerning biological 

efficiencies136%-114% from the substrates of 

cotton seed wastes, maize leaves and maize 

sheaths and the total biomass ranges from 

680g to 570g while, the results of both 

parameters were related to the results 

investigated by Bhattacharjya et al. (2014) the 

BE and TY of oyster mushroom cultivated on 

saw dust, wood plants and substrates of rice 

and wheat straws 187% to 213% and 

2845g/1kg to 1439g/1kg. 

 

Table 3. Effects of different mixing amount of wheat straws supplemented with cotton seed 

waste on yield parameters of oyster mushroom (Biological efficiencies and Total 

biomass) 

Treatments 
Yield parameters 

BE TBM 

T1    176.50abc   827.5d 

T2                 182.19ab    1382.0a 

T3                 170.37c      1222.5ab 

T4   170.89c     1115.0bc 

T5                  163.15d    952.5cd 

T6  183.65a     876.0cd 

T7  172.48c    924.0dc 

T8    181.61ab       1010.5bcd 

T9   172.75c      979.5bcd 

T10    176.29bc       1022.5bcd 

Mean                   233.79 1031.20 

CV%                    13.63     10.81 

LSD (5%)                    2.58    152.34 

Sign.                      * * 

Mean values with in a column sharing the same superscript letter(s) are not significantly different 

by using LSD test at P≤0.05, FW =fresh weight, BE = biological efficiencies, TBM = total biomass, 

CV= coefficient variances, least significant differences,  

 

Conclusions  

Testing the usability of wheat straw  alone or 

together with waste paper with the supplement 

of cotton seed waste  in different mix ratio were 

not yet tried for mushroom production in 

Ethiopia. So, based on the results of this study 

the following conclusions were made: The 

different treatments resulted in significant 

variation on growth, yield, and yield related 

parameters, biological efficiency and nutritional 

content of oyster mushroom. From all the 

treatments, T2 of wheat straw supplemented 

with cotton seed waste  and  T4 and T3 of 

wheat straw, waste paper supplement with 

cotton seed waste were highest yielding with all 

the parameters tested. While, the rest of the 

treatments were less than these comparable 

yields and biological efficiencies. When 
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compared P.ostreatus grown on wheat straw 

and cotton seed waste alone with P.ostreatus 

grown on wheat straw, waste paper and cotton 

seed waste the higher yields were obtained 

from the wheat straws and cotton seed wastes 

while, the numerical biological efficiencies were 

obtained from wheat straws, waste papers and 

cotton seed wastes. Over all, the results of this 

study showed that the possibility of mixing 

wheat straw and cotton seed waste alone and 

wheat straw ,waste paper and cotton seed 

waste  in different proportion which results  in 

highest yield, biological efficiency, nutritional 

content  and good quality mushroom fruiting 

bodies.  
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