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Abstract 
Shiitake is an important specialty mushroom grown throughout the world. It has a large brown colored 

umbrella shaped cap with white gills and stalks. It grows throughout the year on the decaying wood of 

broad leaved trees. It is popular because of its high nutritional and medicinal properties. It is known to 

have limited genetic diversity and therefore, a limited number of strains for exploitation at commercial 

level. The selection of a substrate which is cheap and abundantly available requires further studies. 

Therefore, four promising strains obtained from Directorate of Mushroom Research (DMR), Solan (H.P.) 

were evaluated at All India Coordinated Research Project (Mushroom) centre, Hisar (Haryana) for their 

growth characters on wheat straw and saw dust substrates in 2017-18.  

Wheat straw and saw dust wet substrates were supplemented with wheat bran at 20% and CaCO3 at 1% 

and filled in polypropylene bags, autoclaved, cooled, spawned, incubated and treated in chilled water for 

fruiting. The experiment was laid out in RBD design and four replications. The observations were taken 

on spawn run (days), first harvest (days), number of fruiting bodies per bag, yield (g) per bag, total yield 

(kg/100 kg dry substrate) and average fruit body weight (g).  

In wheat substrate the duration of spawn run and first harvest was significantly as low as 53.8, 87.5 days, 

respectively in strain LE17-01 as compared to other strains. The number of fruiting bodies was 

significantly more at 16.2 in strain LE17-03. The average fruit body weight was significantly as high as 

10.9 g in LE17-04 as compared to other strains. The total yield was significantly highest at 14.9 kg /100 

kg dry wheat substrate in LE17-01 as compared to other strains. In saw dust substrate, the duration of 

spawn run was significantly as low as 61.5 days in LE17-01 whereas, duration of first harvest was 

significantly lowest at 97.0 days in strain LE17-03. The number of fruiting bodies at 17.4 was observed 

significantly more in strain LE17-04 as compared to other strains. The average fruit body weight was 

significantly as high as 10.7 g in strain LE17-01 as compared to other strains. The total yield was 

significantly highest at 17.5 kg /100 kg dry saw dust substrate in LE17-01 as compared to other strains. 

 

Keywords: Lentinula edodus, mushroom, saw dust, shiitake, strain, substrate, wheat straw 

 

Introduction 

The global consumption of edible mushrooms is doubled in 15 years and has reached near 40 

MT per year (Royse et al., 2017) [15]. Among these, shiitake mushroom is an important edible 

mushroom popular throughout the world for its nutritional and medicinal properties and 

occupies first place in production among the cultivated edible mushrooms (Royse and Sánchez 

2017) [16]. It is mainly produced in China and Japan where China is the largest exporter and 

consumer. It is a large mushroom with brown colored umbrella shaped cap with white gills 

and stalks. It grows on logs of fallen trees under natural conditions but now it has become 

possible to cultivate under controlled conditions on various agro-wastes throughout the year.  

It is a good source of nutrients and is being used as a medicinal tonic for over two thousand 

years. It has been found to contain 90% water, 7% carbohydrates, 2% protein, less than 1% fat, 

vitamins B and minerals. It has also been found to contain Vitamin D when exposed or dried 

under sunlight or artificial light (Ko et al., 2008; Cardwell et al., 2018) [16, 3]. It has many 

bioactive compounds, secondary metabolites useful in pharmaceutical and food industries 

(Jiang et al., 2010; Yildiz et al., 2015; Duran-Rivera et al., 2020) [11, 23, 8] and recognized as a 

functional food (Zhu et al., 2015) [24]. It has also been found to possess the bioactive molecules 

to promote immunity (Xiaoshuang et al., 2015) [21]. The nature of bioactive compounds, 

chemical composition, flavor, smell of mushroom fruits has been found to be varied based on 

substrates used for its cultivation (Smith et al., 2002; Gaitan-Hernandez et al., 2017; Gaitan-

Hernandez 2020) [19, 10, 9]. It has anticancer, antiviral, immunomodulatory, antioxidant, 

antibacterial, antifungal, antidiabetic, anti-atherosclerotic characteristics (Kang et al., 2012; 

Rahman et al. 2018; Afiati et al., 2019) [12, 14, 1].  
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The worldwide production of its spent substrate is 12.5 MT 

per year (Wei et al., 2020) [20] and it may also be exploited for 

production of fermentable sugars through enzymatic 

saccharification (Xiong et al. 2019; Chen et al., 2020; Chen et 

al., 2021; Chen et al. 2022) [22, 4, 6, 5]. There are few reports on 

genetic diversity in this mushroom. Significant differences in 

biological efficiencies and mushroom size(s) were observed 

among twenty four genotypes of shiitake mushroom 

cultivated on saw dust substrate (Diehle and Royse 1986) [7]. 

The strain DMRO-388s recorded the highest bio-efficiency at 

85.63% on saw dust and the strain DMRO-327 with 53.02% 

on wheat straw whereas, the mycelial colonization was rapid 

on saw dust, while the sporophore formation was found 

earlier on wheat substrate. They also observed that saw dust 

gave higher yield over the wheat straw but the fruiting was 

earliest on wheat straw (Annepu et al., 2019) [2]. The highest 

biological efficiency at 145.11% was found in strain IE-256 

on sorghum stubbles and the highest production rate at 1.69% 

in strain IE-245 whereas, the highest yield was observed at 

41.96% in strain IE-256 on sorghum stubbles (Gaitan-

Hernandez et al., 2020) [9]. However, it is known to have a 

low genetic diversity (Sharma et al., 2018; Duran-Rivera et 

al. 2020) [18, 8] and therefore, a selection of a promising strain 

within the available genetic resources and selection of a strain 

specific substrate for their cultivation is required to be 

studied. 

.  

Materials and Methods 

Study area: The present study was carried out during 2017-

18 in Mushroom Technology Laboratory, Department of Plant 

Pathology, Chaudhary Charan Singh Haryana Agricultural 

University, Hisar situated at 200 10’ N latitude,750 46’ E 

longitude, altitude 215 m msl in the semi-arid region of 

North-Western India. 

 

Mushroom strains used in experiment 

The DMR, Solan supplied four strains LE17-01, LE17-02, 

LE17-03, LE17-04 during 2017-18 for their evaluation on 

wheat straw and saw dust substrates of broad leaved trees at 

All India Coordinated Research Project (Mushroom) Centre, 

Hisar (Haryana).  

 

Spawn preparation of mushroom strains 

Clean, healthy, and bold wheat grains were used for the 

preparation of spawn of different strains. The grains were 

softened by boiling in water for 20 minutes. After cooling, the 

grains were mixed with CaCO3 and CaSO4 @ 0.5% and 2% 

(w/w basis), respectively. This prepared substrate was filled in 

500 ml glucose/milk bottles and heat-resistant polypropylene 

bags up to 2/3 volume and plugged with non-absorbent 

cotton. Then the bottles/bags were autoclaved at 121oC for 2 

hours at 15 lb psi pressure. After sterilization, these 

bottles/bags were cooled and pure culture was aseptically 

transferred to them, and further incubated at 25oC in BOD 

incubator for 14 days to allow mycelium to spread on wheat 

grains. After the complete spread of mycelium on wheat 

grains it was used for spawning of substrate.  

 

Wheat straw and saw dust substrates preparation 

The wheat straw and saw dust substrates of broad leaved trees 

were soaked overnight separately in freshwater. Then these 

substrates were dried in shade to have moisture of 55%. Then 

the substrates were supplemented with wheat bran @ 20% 

and calcium carbonate (CaCO3) at 1.0% on dry weight basis. 

The supplemented wet wheat straw and saw dust substrates 

were filled separately at 2.0 kg /polypropylene (PP) bag of 45 

cm x 30 cm and autoclaved at 126o C for 2h. The autoclaved 

bags were allowed to cool and spawned asceptically at 5% on 

wet weight basis.  

 

Cultivation technology 

These bags were kept in incubation room on racks at 24 °C 

for spawn run. After complete spawn run, it was kept as such 

till the substrate turned brown. Then the substrates were 

removed from polypropylene bags and dipped the blocks in 

chilled water at 4-5 °C for about 10 minutes. After chilled 

water treatment blocks were kept at 18-20 °C in incubation 

room for fruiting. After fruit harvest, the substrate blocks 

were given a rest of 16 days and then chilled water treatment 

was repeated to get second fruit harvest.  

 

Statistical design and replications 

There were four replications per treatment or strain and 6 bags 

per replication. The experiment was randomized as per RBD 

design.  

 

Observations recorded 

The observations were taken on spawn run (days), time taken 

for first harvest (days), number of fruiting bodies, total yield 

per bag, yield (kg/100 kg dry substrate) and average fruit 

body weight (g) were recorded. A total of two flushes were 

taken from each bag during the cultivation period. The total 

mushroom yield of each strain of mushroom was calculated 

replication-wise by adding the fresh weight of all of the two 

harvests. 

 

Results  

Growth characteristics of Lentinula edodes strains 

cultivated on wheat straw substrate 

In wheat straw, the spawn run was significantly at the earliest 

in 53.8 days in strain LE17-01 followed by 58.5 days in 

LE17-02 and was significantly as much as 63.5 days in strain 

LE17-04. The first harvesting was done at 87.5 days in strain 

LE17-04 and it was significantly at minimum as compared to 

other strains, it was followed by 89.0 days in LE17-02 strain. 

The strain LE17-04 took as many as 92.5 days in first harvest 

and it differed significantly as compared to other strains. The 

number of fruiting bodies was significantly maximum at 16.2 

per bag in strain LE17-03 followed by 15.2 in strain LE17-01 

and significantly minimum at 13.0 in strain LE17-04. The 

average yield was significantly maximum at 148.8g per bag in 

strain LE17-01 followed by 141.3 g/bag in strain LE17-04 

and significantly minimum at 126.3g per bag in strain LE17-

02. The average fruit body weight was significantly maximum 

at 10.9 g in strain LE17-04 followed by 9.9 g in strain LE17-

01 and significantly minimum at 8.0 g in strain LE17-03. The 

total yield was found to be highest at 14.9 kg/100kg dry 

substrate in LE17-01 strain followed by 14.1 kg/100 kg dry 

substrate in LE17-04 strain and however, both were statistical 

at par in yield. The yield was found to be lowest at 12.6 

kg/100 kg dry substrate in LE17-02 strain (Table 1, Fig. 1). 
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Table 1: Growth characteristics of Lentinula edodes strains on wheat straw substrate 

 

Strain 
Spawn run 

(days) 

Time taken for 

first harvest 

(days) 

Number of 

fruiting bodies 

Total 

yield/bag 

Yield (kg/100 kg 

dry substrate) 

Average fruit 

body weight (g) 

LE17-01 53.8 87.5 15.2 148.8 14.9 09.9 

LE17-02 58.5 89.0 14.3 126.3 12.6 08.9 

LE17-03 60.5 92.5 16.2 127.5 12.8 08.0 

LE17-04 63.5 91.8 13.0 141.3 14.1 10.9 

CD at 5% 1.02 1.84 0.6 9.39 0.94 0.44 

 

 
 

Fig 1: Growth characteristics of Lentinula edodes strains on wheat straw substrate 

 

Growth characteristics of Lentinula edodes strains 

cultivated on saw dust substrate 

In saw dust substrate, the spawn run was significantly as early 

as 61.5 days in strain LE17-01 followed by 61.8 days in 

LE17-03 and it was significantly as late as 65.8 days in strain 

LE17-04. The first harvesting was done at 97.0 days in strain 

LE17-03 and it was significantly at minimum as compared to 

other strains followed by 99.8 days in LE17-02 strain. The 

strain LE17-01 took significantly as many as 100.8 days in 

first harvesting and differed significantly as compared to other 

strains. The number of fruiting bodies were significantly 

maximum at 17.4 per bag in strain LE17-04 followed by 16.3 

in strain LE17-01 and significantly minimum at 15.1 in strain 

LE17-03. The average yield was significantly maximum at 

175 g per bag in strain LE17-01 followed by 172.5 g/bag in 

strain LE17-04 and significantly minimum at 155 g per bag in 

strain LE17-03. The average fruit body weight was 

significantly highest at 10.7 g in strain LE17-01 followed by 

10.2 g in strain LE17-03 and significantly lowest at 9.7 g in 

strain LE17-02. The total yield was highest at 17.5 kg/100kg 

dry substrate in LE17-01 strain followed by 17.3 kg/100 kg 

dry substrate in LE17-04 strain and however, both were 

statistical at par in yield. The yield was found to be lowest at 

15.5 kg/100 kg dry substrate in LE17-02 strain (Table 2, Fig. 

2). 

 
Table 2: Growth characteristics of Lentinula edodes strains on saw dust substrate 

 

Strain 
Spawn run 

(days) 

Time taken for first 

harvest (days) 

Number of 

fruiting bodies 

Total 

yield/bag 

Yield (kg/100 kg dry 

substrate) 

Average fruit body 

weight (g) 

LE17-01 61.5 100.8 16.3 175 17.5 10.7 

LE17-02 63.3 99.8 15.9 155 15.5 09.7 

LE17-03 61.8 97.0 15.1 155 15.5 10.2 

LE17-04 65.8 99.0 17.4 172.5 17.3 09.9 

CD at 5% 2.45 NS 0.45 9.46 0.95 0.36 
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Fig 2: Growth characteristics of Lentinula edodes strains on saw dust substrate 
 

Discussion 

The strain LE17-01 had fastest spawn run in 53.8 days with 

highest yield at 14.9 kg/100 kg dry substrate whereas, strain 

LE17-02 gave lowest yield at 12.6 kg/100 kg dry substrate in 

wheat substrate. In saw dust substrate, strain LE17-01 had 

earliest spawn run in 61.5 days, highest fruit body weight at 

10.7 g and maximum yield at 17.5 kg/100 kg dry substrate 

whereas, strain LE17-02 had lowest fruit body weight at 9.7 g 

and gave lowest yield at 15.5 kg/100 kg dry substrate in saw 

dust substrate. The duration of spawn run and first harvesting 

was found to be at minimum in wheat substrate in all four 

strains as compared to their respective durations in saw dust 

substrate, whereas, number of fruiting bodies, yield per bag 

(g), yield (kg/100 kg substrate) and fruit body weight (g) were 

at maximum in all four strains cultivated in saw dust substrate 

as compared to their respective character in wheat straw 

substrate. The strain HE 17-01 performed better as compared 

to other strains in comparing spawn run (days), yield per bag 

(g) and yield (kg/100 kg substrate) in both substrates. The 

strain HE 17-02 was poor in yield as compared to other 

strains in both substrates.  

All the strains were found to be different in growth 

characteristics on both substrates. It may be due to the 

inherent genetic variability in strains. Among the substrates, 

saw dust substrate gave higher yield but wheat straw was 

found to be helpful in reducing time of spawn run and first 

harvesting. In a similar study, significant differences in 

biological efficiencies and mushroom size(s) were observed 

among twenty four genotypes of shiitake mushroom 

cultivated on saw dust substrate (Diehle and Royse 1986) [7]. 

The effect of different genotypes, substrates and their 

interactions on yield and yield attributing factors has also 

been found in a study. According to their study, strain 

DMRO-388s recorded the highest bio-efficiency at 85.63% on 

saw dust and the strain DMRO-327 with 53.02% on wheat 

straw. The mycelial colonization was rapid on saw dust, while 

the sporophore formation was found earlier on wheat 

substrate. They also observed that breakdown of phenolic 

compounds, lignin and hemicelluloses in wheat straw and saw 

dust varied in different strain. The saw dust substrate gave 

higher yield over the wheat straw but the fruiting was earliest 

on wheat straw (Annepu et al., 2019) [2]. Therefore, there is 

possibility of variations in production of enzymes in different 

strains to degrade phenolic compounds, lignin, hemicelluloses 

etc. and hence, resulted in variations in growth characteristics. 

The saw dust was also found to be a better substrate as 

compared to wheat straw for all strains in terms of yield. 

There was no prevalence of relationship between incubation 

period and yield; spawn run time and fruit body weight in the 

present study but in an earlier study biological efficiency was 

found to be correlated with incubation period, and mushroom 

size with spawn runs days (Royse 1985) [17].  

In an earlier study, the biological efficiency, production rate, 

fibre content, phenolic compound content had also been found 

to be affected by strain and substrate type. The highest 

biological efficiency and yield were noticed in strain IE-256 

whereas the highest production rate was observed in strain IE-

245 on sorghum stubble. Similarly, fiber and phenolic 

compound contents of the carpophores were also found to be 

affected by strain and substrate (Gaitan-Hernandez et al., 

2020) [9]. These studies also corroborated with our findings 

that growth characters like spawn run and first harvest time, 

number of fruiting bodies, yield and fruit body weight were 

found to be affected by strain and substrate type.  

 

Conclusion 

Among the four shiitake mushroom strains it is recommended 

that strain LE17-01 is better in terms of spawn run time of 

61.5 days with highest fruit body weight at 10.7 g and 

maximum yield at 17.5 kg/100 kg dry substrate whereas strain 

LE17-02 had lowest fruit body weight at 9.7 g and minimum 

yield at 15.5 kg/100 kg dry substrate in saw dust substrate. 

The growth characters of mushroom were found to be 

influenced by strain and substrate type. 
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