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ABSTRACT 
 

This study was carried out to investigate the effect of several agro-industrial wastes and mixed 

substrates with rice straw (w/w) on production of ( Pleurotus ostreatus ). Mixed substrates with rice straw at 

rate 1:1 by weight showed higher effect on the first stage, second and third stages. Data indicated that the time 

for production ranged from 12 - 25.5, from 22 - 52.25 and from 25 - 55 days respectively. When mixed 

substrates with rice straw the results were found within the period ranged from 11.75 - 18.5, from 22.5 -28.5 

and from 26.5 - 32 days respectively. Mixed substrates with rice straw reduce the first stage time of oyster 

compare with the control substrates. Therefore, reduce pinheads and fruiting bodies formation period. The 

mixed substrates rice straw with waste paper (RS+WP) gave the maximum of oyster mushroom produced per 

1 kg dry ~ 578.50 g and gave the maximum biological efficiency 57.85 %. Finally, mixed substrates with rice 

straw increase in biological efficiency of P. ostreatus over control substrates.  

Keywords: Agro-industrial wastes, Mixed substrates, Pleurotus ostreatus.  
 

INTRODUCTION 
 

The principal cultivated mushroom worldwide is 

Agaricus bisporus followed by Pleurotus spp., and other 

mushrooms that have already an important grade. 

(Sánchez, 2004, Rühl et al., 2008, Barny, 2009 & Afify et 

al., 2022). 

Since cultivated mushrooms can grow on different 

wastes they constitute a source for obtaining food protein 

from such wastes and thus they can be marshaled to aid in 

solving many problems of global importance including 

protein shortages, resources recovery and environmental 

management (Zadrazil, 1980). 

In this respect, oyster mushroom is a important 

source of valuable food protein, and an organism with the 

ability to utilize various substrats. The utilization of waste 

paper for the production of cultured mushroom, this will 

provide an economical gain and protect the environment 

from pollution. (Brenneman and Guttman 1994, Soto et al,. 

1999, Wang et al,. 2001). 

The optimal substrate to cultivate P. ostreatus 

appeared with mixed substrates (Thongklang, and 

Luangharn 2016). Also, Abd El-Razk et al., (2020) 

reported that P.ostreatus cultivation is an effective 

bioconversion process that is transfer agro-wastes into 

potentially valuable source of natural use in functional food 

products. 

The aim of this study was to investigate 

experimentally the effect of mixed substrates with rice 

straw (w/w) on cultivation of P. ostreatus on various 

wastes in order to give food protein with bid rid of 

environmental pollution.  

 

MATERIALS AND METHODS 
 

Pleurotus ostreatus :  

In this study, from Unit of mushroom, NRC, 

Douki, Cairo, Egypt, cultivar of mushroom (P. ostreatus)  

as sorghum (Sorghum bicolor L.) spawns were obtained. 

Culture and maintenance medium : 

The Pleurotus ostreatus was grown on malt agar 

medium (25% malt extract and 1.5% agar (Oxoid) at   28 
oC). The fungal culture on malt agar medium were 

maintained at 5 oC and subcultured monthly  

(Atlas, 1995), until used. 

Substrate preparation and cultivation condition: 

All substrates were obtained from Mansoura city, 

Dakhlia, Egypt.Four supplements were prepared for this 

experiment as rice straw (Oryza sativa), sawdust, waste 

paper and industrial cardboard were used as a substrate. 

Small pieces of 2 – 5 cm these substrates were chopped 

and prepared before use according to Espindola et al., 

(2007). Rice straw (RS), Sawdust (SD), Waste paper (WP), 

Cardborad industries (CI) are mixed with rice straw at rate 

1:1 by weight {(RS + SD), (RS + WP), and (RS + CI)}.  

In plastic bag, substrates were spawned at a ratio 

4% of sorghum spawn (w/w) and closed with a plastic 

neck. In semi dark room, the bags were then incubated at 

25 – 30 oC and 60 – 65% relative humidity for 2 – 3 weeks 

until spawn run was completed (El-Sawah, 2000).  

Cropping: 
After 2 weeks in case with WS + CI, 3 weeks for 

RS and 4 weeks for SD when a complete first stage, the 

bags were opened.  
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The second day of opening the bags the compact 

mass of the substrate and mycelium was watered daily with 

distilled sterilized water. Second stage (4 – 5 cm in 

diameter) after 3 – 8 days of opening, Young mushrooms 

attained the normal size in about 3 – 5 days when the first 

crop was collected from each bag. Mature fruiting bodies 

were harvested, the fresh weight and spawn running (first 

stage) recorded after the harvest. Biological efficiency 

(BE) was calculated as percentage yield of fruiting bodies 

in relation to dry weight of the substrate.   

Statistical analysis: 

The obtained data was subjected to the analysis of 

LSD test to compare between mean values of all treatments 

(SPSS, 1999).  
   

RESULTS AND DISCUSSION 
 

The growth of Pleurotus ostreatus) on substrates: 

Table (1) show, the growth of mushroom on tested 

various wastes as abbrevaitions : RS;  SD; WP and  CI.  

Spawn running (first stage) :  

The mycelium totally colonized the tested wastes 

within 12.00 to 25.50 days. The shortest first stage period 

was determined as average being 12.00 days on WP, CI 

and the longest was 25.50 days on SD (Afify et al., 2012) 

as shown in Table 1. 

The first, second and final are three important 

stages in the production of oyster. Temperature 25 oC for 

first stage and 25-30 oC for fructification showed hieghst 

results (Afify et al., 2012). 

Pinheads formation (second stage):  
These is second stage, small pinheads like 

structures were observed, (Shah et al., 2004). As seen in 

Table 1 the second stage appearing 3.50 – 39.75 days, RS 

expended the shortest time to pinned in 22.00 days, 

sawdust and waste paper pinned in 31.00 and 48.25 days 

respectively.  While a longer time to pinned 52.25 days 

with cardboard. 

Fruiting bodies formation (third or final stage):  

The final stage, of P. ostreatus appeared 2.75 – 

4.50 days and took 25.00 – 55.00 days later after spawning. 

RS and CI took a lower time to fruiting bodies formatted in 

2.75 days after second stage. SD took a longer time to 

fruiting bodies formatted in 4.50 days after second stage, 

CI took a longer time to fruiting bodies formatted in 55.00 

days later after spawning (Table 1).   Mandeel et al., (2005) 

and Kulshreshtha et al., (2010) reported that in their 

cultivation of oyster mushroom on various wastes and 

bioremediation of industrial waste. 
 

Table 1. The three phases in cultivation of oyster at 25 – 

30 oC with a    various treatments (days).   

Treatments First stage Second stage Final stage 

RS 18.50 22.00 25.00 

SD 25.50 31.00 35.50 

WP 12.00 48.25 52.00 

CI 12.50 52.25 55.00 
 

The growth of P. ostreatus on mixed substrates with 

rice straw (w/w):  

Mixed substrates with rice straw at rate 1:1 by 

weight had valuable effect on the three stages the growth 

of oyster. The obtained results are presented in Table 2.   

In the first stage, P. ostreatus was determined as 

average 11.75 – 18.50 days. The lowest period was 

determined as average 11.75 days on RS + WP (Afify et 

al., 2012) and the highest was 18.50 days on RS + SD. 

The second stage started appearing 4.00 – 16.75 

days. While,the lowest period was determined as 22.50 

days on RS + SD and the highest period was 28.50 days on 

RS + WP. The third stage appeared 2.50 – 4.00 days and 

took 26.50 – 32.00 days later after spawning. But the 

lowest period 26.50 days on RS + SD and the highest 

period was 32.00 days on RS + WP as shown in Table 2 

Mixed substrates with rice straw reduce the first 

stage of P. ostreatus over control substrates (Fig. 1). 

Therefore, reduce pinheads and fruiting bodies formation 

period.  

These results are in assurance with those obtained 

by Akyuz and Yildiz (2008) and Kulshreshtha et al., 

(2010) in their evaluation of wastes for the production of 

Pleurotus eryngii (DC. ex Fr.) Quel and bioremediation of 

industrial waste through mushroom cultivation. 

At the same time Thongklang and Luangharn 

(2016) the first fruiting bodies of P. ostreatus appeared on 

day 30 after inoculation. 
 

Table 2. Effect of mixed substrates with rice straw on 

growth days of P.  ostreatus at 25 – 30 oC.  

Treatments (w/w) First stage Second stage Third stage 

RS+SD 18.50 22.50 26.50 

RS+WP 11.75 28.50 32.00 

RS+CI 12.50 27.50 30.00 
 

 
Fig. 1. Effect of mixed substrates with rice straw on 

growth of oyster mushroom 
RS ; Rice straw.  SD; Sawdust.   WP; Waste paper. CI; Cardboard 

industrial. RS + SD ; Rice straw + Sawdust.     RS + WP ; Rice straw + 

Waste paper .   RS + CI ; Rice straw + Cardboard industrial .  
 

Biological efficiency(BE) and yield : 

These BE was calculated because some substrates 

were denser than others (Akyuz and Yildiz, 2008 & Afify 

et al.,2012). 

The analysis of variance different substrate effects 

on yield of mushroom revealed significant differences 

(P<0.05) between used substrates.  

The data are presented in Table (3) showed that the 

highest total weight of mushroom producted per 1 kg dry 

substrate of rice straw was 652.38 g , followed by sawdust ~ 

251.20 g , but the lowest yield was reported on WP and CI. 

The maximum BE was recorded with RS (65.24 

%), followed by SD (25.12%).   
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Table 3. Effect of various substrates on Yields and 

Biological efficiency of oyster. 

Treatments 
Total fresh weight of fungus g/kg 

substrate dry weight 
(BE% ) 

RS 652.38 65.24 

SD 251.20 25.12 

WP 112.14 11.21 

CI 117.93 11.83 

LSD at 5 % 6.558 0.655 
 

Effect of mixed substrates with rice straw (w/w) on 

yield and biological efficiency:  
Rice straw is the principal substrate for oyster 

mushroom growing (Baysal et al., 2003). 

The effect of mixed substrates on yield 

performance of P. ostreatus was shown (Table 4). The 

highest total weight of mushroom producted per 1 kg dry 

mixed substrate was recorded on RS + WP ~ 578.50 g , 

followed by RS +  CI ~ 524.37 g , and the lowest yield was 

recorded on RS +  SD)~ 435,92 g.  The biological 

efficiency of P. ostreatus production when mixed 

substrates with RS (Table 4). The maximum BE of 57.85% 

was reported on RS + WP, followed by RS + CI 52.44%.   

Mixed substrates with rice straw increase in 

biological efficiency of P. ostreatus over control substrates 

( Fig. 2 ).  

Akyuz and Yildiz (2008) and Kulshreshtha et al., 

(2010) reported that in their evaluation of cellulosic wastes 

for the cultivation of Pleurotus eryngii (DC. ex Fr. ) Quel 

and bioremediation of industrial waste through mushroom 

cultivation. 
 

Table 4. Effect of mixed different substrates with rice 

straw (w/w) on Yields and Biological efficiency 

of P. ostreatus. 

Treatments  

(w/w) 

Total fresh weight of fungus g/kg 

substrate dry weight 
(BE % ) 

RS+SD 435.91 43.59 

RS+WP 578.50 57.85 

RS+CI 524.37 52.44 

LSD at 5 % 4.228 0.423 
 

 
Fig. 2. Effect of mixed substrates with rice straw (w/w) 

on Biological efficiency of P. ostreatus. 
RS ; Rice straw.  SD; Sawdust.   WP; Waste paper. CI; Cardboard 

industrial. RS + SD ; Rice straw + Sawdust.     RS + WP ; Rice straw + 

Waste paper .   RS + CI ; Rice straw + Cardboard industrial . 
         

Thongklang and Luangharn (2016) found that the 

best substrate to cultivate P.ostreatus is mixed substrates.  

Also, Abd El-Razek, et al., (2020) conculed that the 

P.ostreatus cultivation is an effective bioconversion 

process that is capable to transfering agro-wastes such as 

rice and wheat straws, into potentially valuable for food 

production as mushrooms.  
 

REFERENCES 
 

Abd El-Razek, Amal M.; Amal, Ibrahim; Aisha, Elattar 

and Dalal, Asker (2020).  Utilization of agro-wastes 

to produce oyster mushroom (Pleurotus ostreatus) 

with high antioxidant and antimicrobial activities. 

Alex. J. Fd. Sci. & Technol. 17(1): 1-5.  

Afify, Aida H.; M.M.A. El-Sawah; M.S. Ali and N.K.Abd 

El-Rahman (2012).  Effect of molasses on 

cultivation of oyster mushrooms (Pleurotus 

osrteatus) on different agro-industrial wastes. J. 

Agric. Chem.and Biotechn., Mansoura Univ. 3(3): 

103-111. 

Afify, Aida H.; A.M. El-Sawah; M.S. Ali and N.K.Abd El-

Rahman (2022 ). Effect of different agro-industrial 

wastes on the growth and yield of edible 

mushrooms (Pleurotus florida). J. Agric. Chem.and 

Biotechn., Mansoura Univ. 13(2): 25-28. 

Akyüz, M. and A. Yildiz (2008). Evaluation of cellulosic 

wastes for the cultivation of Pleurotus eryngii (DC. 

ex Fr.) Quel. African J. of Biotechnol. Vol. 7 (10): 

1494 – 1499. 

Atlas, Ronald. M. (1995). Handbook of media for 

environmental microbiology. CRC Press, New 

York. 

Barny, D. L. (2009). Growing mushrooms commercially: 

risks and opportunities ETSE  http:// www .natural 

resource. msstate.edu/ resources /mushroom .html 

Baysal, E.; H. Peker; M. K. Yalinkilic and A. Temiz 

(2003). Cultivation of oyster mushroom on waste 

paper with some added supplementary materials. 

Bioresource Technol. 89:  95 – 97. 

Brenneman, J. A. and M. C. Guttman (1994).  The edibility 

and cultivation of the oyster mushroom. American 

Biol. Teacher.56: 291 – 293. 

El-Sawah, M. M. A. (2000). How to cultivation 

mushroom. Dar El-Nile, Printing Publication, 

Mansoura, Egypt. 

Espindola, L. H. S.; F. S. Espindola; G. R. Freitas and M. 

A. M. Brandeburgo (2007). Biodegradation of red 

40 dye by the mushroom Pleurotus spp. Florida. 

Biosci, J. 23: 90 – 93. 

Kulshreshtha, S.; N. Mathur; P. Bhatnagar and B. L. Jain 

(2010). Bioremediation of industrial waste through 

mushroom cultivation. J. of Environ. Biology. 31: 

441 – 444. 

Mandeel, Q. A.; A. A. Al-Laith and S. A. Mohamed 

(2005). Cultivation of oyster mushrooms (Pleurotus 

spp.) on various lignocellulosic wastes. World J. of 

Microbiol. & Biotechnol. 21: 601 – 607. 

Rühl, M.; C. H. Fischer and U. Kües (2008). Ligninolytic 

enzyme activities alternate with mushrooms 

production during industrial cultivation of 

Pleurotus ostreatus on wheat-straw-based substrate. 

Curr Trends Biotechnol. Pharm 4: 478 – 492. 



Aida H. Afify et al. 

54 

Sánchez, C. (2004). Modern aspects of mushrooms culture 

technology. Appl. Microbiol. Biotechnol. 64: 756 – 

762. 

Shah, Z. A.; M. Ashraf and M. Ishtiaq-Ch (2004). 

Comparative Study on Cultivation and Yield 

Performance of Oyster Mushroom (Pleurotus 

ostreatus) on Different Substrates (Wheat Straw, 

Leaves, Saw Dust).  Pakistan J. of Nutri. 3 (3): 158 

– 160. 

Soto-Cruz, O.; G. Saucedo-Castaneda; J. L. Pablos-Hach; 

M. Gutierrez        Rojas and E. Favela-Tirres 

(1999). Effect of substrate composition on the 

mycelial growth of Pleurotus ostreatus . An 

analysis by mixture and response surface 

methodologies. Process Biochem. 35: 127 – 133. 

SPSS (1999).  SPSS 10 for Windows. SPSS, Chicago,III. 

Thongklang, N. and T. Luangharn (2016).  Testing 

agricultural wastes for the production of Pleurotus 

ostreatus. Mycosphere 7(6): 766-772. 

Wang, D.; A. Sakoda and M. Suziki (2001). Biological 

efficiency and nutritional value of Pleurotus 

ostreatus cultivated on spent beer grain. Biosource 

Technol. 78: 293 – 300. 

Zadrazil, F. (1980). Conversion of different plant waste 

into feed by basidiomycetes. Europ. J. Appl. 

Microbiol. Biotechnol. 9: 243 – 48. 

 

 

 

  Pleurotus ostreatus  تأثير خلط المواد المستخدمة فى الزراعة مع قش األرز على زراعة فطر عيش غراب النوع 
 3دالرحمن و نبيل خضيرى عب 2، محمد سعد على  1،أحمد محمود السواح 1عايدة حافظ عفيفى

 مصر . –المنصورة  –جامعة المنصورة  –كلية الزراعة  –قسم  الميكروبيولوجى 1
 مصر .  –القاهرة  –الدقى  –المركز القومى للبحوث  –قسم الميكروبيولوجى 2
 0مصر  -القاهرة  –المطرية  –مركز بحوث الصحراء  –قسم خصوبة وميكروبيولوجيا األراضى 3
 

األرز الستخدامها فى زراعة فطر عيش غراب  تأثير المخلفات الزراعية والصناعية المختلفة ، وكذا خلط هذه المواد مع قشث يتم فى هذه الدراسة بح

 ( وجد لها تأثير ملحوظ على مراحل نمو وانتاج الفطر 1: 1، فعند خلط المواد المستخدمة فى الزراعة مع قش األرز بنسبة )  إويستراتس األويستر نوع  بليروتس

الثمرية تم خالل الفترة . ووجد ان بالزراعة على المخلفات الزراعية والصناعية المختلفة ان الوقت الالزم لنمو االسبون وتكوين رؤوس الدبابيس وتكوين االجسام 

النتائج المتحصل عليها للوقت  يوم على التوالى . وعند خلط هذه المخلفات مع قش األرز كانت  55إلى  25و من   52.25إلى  22ومن   25.5إلى  12من  

  32إلى  26.5و من   28.5إلى  22.5و من   18.5إلى  11.75الالزم لنمو االسبون وتكوين رؤوس الدبابيس وتكوين االجسام الثمرية فى خالل الفترة من  

ويتضح من ذلك ان خلط المواد المستخدمة فى الزراعة مع قش األرز أدى إلى تقليل فترة نمو االسبون وبالتالى تقل فترات تكوين رؤوس  يوم على التوالى

 جم / 578.5الدبابيس وتكوين االجسام الثمرية للفطر. كما تم الحصول على أعلى محصول للفطر عند خلط قش األرز مع مخلفات الورق حيث تم الحصول على 

% أى ان : خلط المواد المستخدمة فى الزراعة مع  57.85كجم مواد مختلطة . كما سجل خليط قش األرز مع مخلفات الورق أعلى كفاءة بيولوجية للفطر وكانت 

 قش األرز أدى إلى زيادة الكفاءة البيولوجية للفطر .

  

 

 


