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Abstract 
The trend of cultivation of Pleurotus species on lignin, cellulose, hemicellulose and 

lignocellulose containing substrates with chemical supplements for the efficient nutritional 

attributes and yield is common. Pleurotus species has immense capacity to metabolize these 

wastes as substrate to nutritionally rich fruiting bodies compared to other species of mushrooms 

and contribute in enhancement of nutritional value of mushrooms in food industry. In current 

studies, the triple combination of wheat straw substrate, oil extracted lemon grass leaves as an 

additional basal substrate with biological supplement containing maize flour powder were 

analyzed on different Pleurotus species. Here, we found P. sajor-caju consumed less number of 

days for spawn running, pin head formation and showed better yield than P. flabellatus and P. 

florida with the triple combination. The mycelium running for P. sajor-caju occurred only in 10 

days comparative to P. flabellatus and P. florida. The development of fruiting body for P.sajor-

caju was observed in 16 days, earlier than P. flabellatus and P. florida showing fruiting body in 

20 and 23 days respectively. The biological efficiency B.E of P. sajor-caju was found to be 25% 

higher than P. flabellatus and 19% higher than P. florida. The results were noticeably improved, 

when the combination of wheat straw, additional oil extracted lemongrass leaves waste and 

maize flour powder supplement were used rather than as an individual substrate or supplement in 

the order of P. jsajor-caju followed by P. florida  and P. flabellatus. 
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Introduction 
 

griculture and forestry sectors are the 

major units for the production of agro 

and forestry wastage. These wastes 

can be used as substrate for the growth of 

variety of Pleurotus mushrooms species. 

These Oyster mushrooms (Pleurotus )species 

acts upon these waste through their 

hemicellulotic, lignocellulotic, lignolytic and 

cellulotic enzymes and convert the wastage 

into healthy staple food (Philippoussis et al. 

2001; Olivieri et al. 2006; Li and Shah. 2016). 

The Pleurotus species (Dhingri) in Indian 

market is an edible mushroom that belongs to 

the spore bearing subdivision basidiomycotina 

and contributes as the third largest popular 

A 
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food in several countries. Pleurotus spp. are 

the basidiomycetes white rot fungi which 

initiates their life cycle with basidiomycetes 

spore’s germination in the substrate. 

(Tsujiyama et al. 2013; MD. Mijan Hossain. 

2017). Oyster mushrooms has accompalished 

a satisfactory and competent market stability 

because of it’s delectable flavour, longivity in 

shelf life, high protein and fibre content with 

it’s nutritional and medicinal properties. 

Pleurotus species nutritional value comprises 

high protein of  25-50 %, nine essential 

amminoacids  and very low 2-5 % fat content 

which makes it suitable as diet food for health 

concious individuals. The sugar content is 

moderate and ranges 17-47% including 

minerals such as calcium, pottaisum, sodium 

with vitamins such as niacin, riboflavin, 

vitamin B1, B5, B6, C and D (Caglarirmak, N. 

2007; A. A. Syed et al. 2009). 

Pleurotus spp. can be cultivated in 

short duration which simultaneously reduces 

the possibility of the infections by pathogens 

and attacks of insects and the pests making 

them as the best choice for growers, farmers 

and researchers. Pleurotus species such as P. 

florida, P. flabellatus and P. sajor-caju are the 

saprophytes that utilises conventional 

substrates as wheat straw, paddy straw, 

soybean straw and non-conventional 

substrates such as waste of fruits, vegetables, 

saw dust, leaves of bamboos, lemon grass, tea 

leaves for their development and production 

of fruiting bodies (Dehariya, Poonam et al. 

2013). Agro and forestry waste based 

substrates have major contribution in the 

chemical, physiological, sensorial and 

functional based attributes of Pleurotus 

species (Oyetayo and Ariyo. 2013). Wheat 

straw and thatch grass which is a low cost 

agrowaste has been used from the long time as 

one of the most common substrate as the 

traditional recipe (Hussain et al., 2002; Pant et 

al., 2006; Fanadzo et al., 2010). The yield and 

biological efficiency (BE) could be enhanced 

by additional substrates as lemon grass with 

the wheat straw. These substrates supports and 

compensate the nutritional requirements for 

the Pleurotus species (Owaid et al., 2015). 

These additional substrates are metabolized by 

different enzymes including manganese 

peroxidase, ligninase, laccase and mannase 

which are produced during 2
nd

 and 3
rd

 day as 

the intitial stage of mycelial running takes 

place in the substrate (Rossi et al., 2001; 

Donini et al., 2009; Luz et al. 2012). The 

respective qualitative and quantitative factors 

like spawn running and B.E of the Pleurotus 

spp. were found to be enhanced upon the  

usage of wheat straw substrate as its increases 

the essential nutrients absorption surface area 

(Philippoussis et al., 2001; Pant et al., 2006; 

Fanadzo et al., 2010). Alam et al. 2010, used 

maize powder as supplement with rice bran as 

the substrate for the growth of milky 

mushrooms. The powdered pulses were also 

used to maintain Nitrogen content and C:N 

ratio for giving better yield (Ram Naraian et al. 

2016). Vijay and Upadhyaya., 1985 suggested 

to use chicken manure, yeats mud, wheat and 

rice bran as supplements to increase yield of P. 

flabellatus and P. sajor-caju . In previous 

studies, wild grasses were used as suitable 

substrate for the cultivation of Pleurotus 

species mushroom (Das et al., 2000). The 

usage of lemon grass has been carried out by  

(Martinez-Carrera, D. 1989) for the 

mushrooms.  In previous work, nitrogen 

deficient lignocellulosic substrates were 

supplemented with powdered pulses to 

maintain nitrogen content. In this studies, 

maize powder is utilized as supplement to 

provide optimum nitrogen content, alongwith 

oil extracted waste lemon grass leaves as an 

additional substrate with wheat straw, for the 

evaulation of oil extracted lemon grass leaves 

with maize powder for the cultivation of as P. 

florida, P. flabellatus and P. sajor-caju. 

 

The objectives of this study are:  

 

1. Quantitative analysis of spawn running, pin 
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head formation and time for fruiting body of 

Pleurotus spp. for the combination of oil 

extracted lemon grass leaves with maize 

powder supplement and wheat straw  

 

2. Biological yield and efficiency estimation 

on these substrates which contains oil 

extracted lemon grass leaves, wheat straw and 

maize powder supplement on different species 

of Pleurotus such has P. florida, P. flabellatus 

and P. sajor-caju. 

 . 

Materials and Methods 

 
pawn source of different Pleurotus spp. 

(Pleurotus florida, Pleurotus flabellatus 

and Pleurotus sajor-caju) were obtained 

from DMR (Directorate of Mushroom 

Research Solan H.P. The Substrates, 

additional basal substrates and biological 

supplements such as wheat straw, oil extracted 

lemon grass leaves waste and Maize powder 

were used respectively. For the process of 

sterilization, chemical process was used. 

Eventually, the prepared substrates were 

packed using PP bags.     
 

Culture cultivation  
Pure culture of P. florida,  P. 

flabellatus and P. sajorcaju, were obtained 

from DMR, Solan, H.P. The cultures were 

grown at 25°C and maintained on potato 

dextrose agar (PDA) plates and stored at 4°C 

in the laboratory. Further, subculturing was 

performed in every 15 days and used as 

inoculum for spawn Preparation. 

 

Spawn preparation  

Healthy wheat grains were collected 

and washed thoroughly in tap water and 

soaked overnight in water till they become 

soft. Then grains were boiled, drained off 

excess water and mixed with calcium 

carbonate at the rate of 2 % on dry weight 

basis of the grains. The grains were filled into 

glucose bottle, plugged with non-absorbent 

cotton and sterilized in autoclave at 121 °C for 

30 min. Grains were then eventually 

inoculated independently in different bottles 

with actively growing mycelium of P. florida,  

P. flabellatus and P. sajor-caju, maintained on 

PDA and incubated at 25°C for mycelial 

growth until the grains were fully and 

completely get covered with mycelium of P. 

florida,  P. flabellatus and P. sajor-caju. The 

modified method of Michael et al., 2011 was 

used. 

 

Preparation of substrates  
Easily available, cheap and used agro 

or forest biowaste such as wheat straw 

containing high lignolytic, cellulotic, 

hemicellulotic, lignocellulotic content were 

used as a substrate for the cultivation of 

Pleurotus species. The oil extracted lemon 

grass leaves were used as an additional 

substrate to support the wheat straw substrate 

as additional nutrient source in ration of 3:1 as 

used previously by Hussain et al., 2000. 

Maize powder was used as supplement in 

concentration of 3% with 3:1 ratio of lemon 

grass biowaste to wheat straw. 

 

Soaking 

Collected waste substrate like oil 

extracted lemon grass leaves, wheat straw 

were chopped in to 2-3 cm. pieces. The 

substrate materials were soaked in 100 liter of 

fresh water in a drum for 12 hours and 

fungicide used as a chemical sterilization 

process. The amount of 12 gm. of bevistin/  

carbendazim and 125 ml. of formalin were 

mixed with 100 liter of water. After soaking, 

excess amount of water was drained, the 

substrates were taken out and further the 

spreading of the substrate in form of  thin bed 

layer of 5-6 inch at concrete floor is 

performed to retain 60-65% moisture. 

 

Spawning 

After that drained straw was mixed 

with spawn and spawning was performed by 

S 



PLANTICA – Journal of Plant Science                 ISSN: 2456 – 9259 
(The Official Publication of Association of Plant Science Researchers)                Plantica, Vol. 2 (3), 2018: 164 – 169 

                                                                         www.jpsr.in  

_____________________________________________________________________________________ 

Singh, Amrita et. al. | EFFECT OF ORGANIC SUBSTANCES ON GROWTH 227 

 

using a PP polypropylene bags of 16x24cm 

and 14 x 28cm. In this stage, substrate 

moisture contain was 65 to 70%. Two kg of 

substrate was used to fill up in each bag. 

Three layerings were performed per bag with 

spawning layering rate of 2.5% of wet 

substrate. One kg spawn was used for 10-12 

kg wet straw. Further, spawned bags were 

kept in the dark incubation chamber for the 

next step of spawn running. Proper aeration at 

the optimum temperature of 20-30 °C for the 

process of spawn running was maintained. 

 

  

 

 

 

 

Cropping and Harvesting  
After 10-20 days, when substrate was 

fully/completely colonized with mycelium 

that appears as white cottony growth, it was 

further transferred to the cropping room, 

which was fully equipped with oxygen supply 

and proper aeration. Furthermore, polythene 

covers were removed after 4-5 days, for the 

initiation of pinheads. The temperature of 20-

24 and relative humidity of 85% was 

maintained. The process of watering in 

morning and evening atleast twice a day using  

 

 

 

 

sprayer system was performed. The total yield 

of the fruiting bodies was recorded per day 

from each bag followed by the recording of 

B.E. 

 

Results and Discussion 

  
he common substrate containing the 

combination of Wheat substrate, oil 

extracted lemon grass leaves and 

Maize powder results were examined and 

T 

Figure 1. Mother culture of Pleurotus species on Potato Dextrose agar medium (PDA)- 

The different species of oyster Pleurotus florida (A-C) , Pleurotus flabellatus (D-F) and 

Pleurotus sajor-caju (G-H) mycelium showing different progressive stages on the PDA medium. 
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analysed for the three different species of 

Pleurotus species such as P. florida, P. 

flabellatus and P. sajor-caju. 
 

Development of mycelium from fruiting 

body in mother culture on PDA 

The pure mother cultures were 

obtained from the three different species of P. 

florida, P. flabellatus and P. sajor-caju as 

shown in Figure 1. The complete mycelial 

growth from the intial stage to the final 

establishment of mycelia on PDA plates took 

12 days, 10 days and 10 days for P., P. 

flabellatus and P. sajor-caju respectively were 

explained in Table 1.  

Spawn running, pin head and fruiting body 

formation- 
The common substrate containing 

Wheat straw (W.S), Oil extracted lemon grass 

leaves (OELGL) and Maize powder (MP) 

were used to evaluate the the growth and yield 

of P. florida, P. flabellatus and P. sajor-caju 

The different stages such as the preparation of 

bags, spawn running , pinhead formation and 

fruiting body development were shown in 

Figure 2, 3 and 4 for P. florida, P. flabellatus 

and P. sajor-caju species respectively. 

. 

Table 1. Days for completion of mycelium of Pleurotus florida, Pleurotus flabellatus and 

Pleurotus  sajor-caju, the varieties of Oyster mushroom on PDA (Potato dextrose agar) medium. 
 

 
 

 
Figure 2. White Mushroom (Pleurotus florida ) showing different stages on the substrate: 

Substrate containing wheat Straw (Calcium carbonate), oil extracted lemon grass leaves and 

Maize powder as supplement 
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Figure 3. Pink Mushroom (Pleurotus flabellatus ) showing different stages on the 

Substrate-Substrate containing wheat Straw, lemon grass oil extracted leaves and maize powder 

as supplement. 

 

Figure 4. Grey Mushroom (Pleurotus sajor-caju ) showing different stages on the 

Substrate- Substrate containing wheat Straw, oil extracted lemon grass leaves and maize 

powder as supplement. 
 

The complete cycle for the growth of P. 

florida from Preparation of bags to the final 

fruiting stage took 23 days. The biological 

yield and efficiency were 560 gms per kg of 

dry substrate and the biological efficiency 

(BE) was found to be 56% on common 

substrate of wheat straw, oil extracted lemon 

grass leaves and maize powder supplement as 

mentioned in Table 2. 

The cycle for the growth of P. 

flabellatus from bag’s Preparation to the final 

fruiting bodies was completed comparatively 

earlier than P. florida in 20 days. The 

biological yield and efficiency were found to 

be 500 gms per kg of dry substrate and the 

50% respectively on the  common substrate of 

wheat straw, oil extracted lemon grass leaves 

and maize powder supplement as shown in 

Table 2. P. sajor-caju completed it’s cycle 

from the Preparation of bags to the final 

fruiting spawn running to the formation of 

fruiting bodies occurred  very early 

comparative to both  P. florida and P.  

flabellatus with in only 16 days. The 

biological yield and efficiency were also 

found to be 750 gms per kg of dry substrate 
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and the 75% on the given substrate which is 

very higher than other two Pleurotus species 

tested for  substrate containing wheat straw, 

additional substrate as oil extracted lemon 

grass leaves and maize powder supplement as 

shown in Table 2. 

The time required for completion of spawn 

running, pin head and fruiting body formation 

for Pleurotus species such as P. florida, P. 

flabellatus and P. sajor-caju were compared 

in Table 2 

.

 

Table 2. No. of days required for the completion of Spawn run, pinhead formation, fruiting body, yield 

and biological efficiency of Pleurotus florida, Pleurotus flabellatus and Pleurotus sajor-caju on 

substrates- The substrates containng Wheat Straw (W.S), oil extracted lemon grass leaves (OELGL) and 

maize powder (M.P) as supplement 

 

 
 

For the studies of P. Sajor caju, Mijan 

Hossain, MD., 2017, reported that either 

wheat straw or maize stalks and leaves were 

used as sole substrates that showed fruiting 

body formation in 28 days with biological 

yield and B.E as 601 g/Kg and 60.10%  for 

wheat straw whereas fruiting body formation 

in 35 days with yield and B.E as 260 g/Kg and 

26 % B.E. respectively for maize straw and 

leaves. The previous work was also performed 

on the combination of  wheat straw and lemon 

grass which yielded 322 g/Kg and time 

duration required for fruiting completion was 

19 days ( Muhammad s. Mumtaz. et al., 2016).  

In our recent studies, the time duration for the 

production of fruiting body and biological 

yield of P. sajor-caju on our proposed  

 

combination of wheat substrate with oil 

extracted lemon grass leaves and maize 

powder supplement were found to be 16 days 

which is earlier than 19 days and 750 g/Kg of 

dry substrate respectively which is notabely 

higher when compared to previous studies. 

However, our results are similar to studies 

conducted by (Dehariya, Poonam., Vyas 

Deepak., 2013), that reported the combination 

of wheat straw with soybean straw showing 

yield of 873 g/Kg and maize stalks with 

soybean as 621.7 g/Kg. Therefore, our 

combination of wheat substrate with oil 

extracted lemon grass leaves and maize 

powder, shows comparable and effective yield 

to (Dehariya, Poonam., Vyas Deepak., 2013), 

supporting the significance of additional waste 
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substrates and supplements in enhacing the 

yield and biological efficiency in less time 

duration with solely used wheat straw as 

substrate,  

Recently, Shalinee Prasad et al., 2018 

reported that the use of perennial grass as the 

sole source, showed low yield and B.E of 197 

g/Kg (B.E 26% ) to 240 g/Kg (B.E 32%) but 

in the combination of wheat straw and 

perennial grass where grass is used as an 

additional substrate for the cultivation of  P. 

florida. the biological yield was found to be 

513.43 g/Kg and B.E as 68.45%. In the 

current studies, we report that our combination 

substrates shows higher biological yield as 

560 g/Kg in 23 days with comparable 

biological efficiency (B.E) of 56%. 

P. flabellatus on different substrates 

containing sawdust of Mango, 

Kadom,Mahogony, Jackfruit, Coconut, Jam 

Shiris sawdust with wheat bran showed 31 to 

38 days for harvesting the crop and the yield 

was reported 83 to 150 g/Kg as reported by M. 

Z. Islam et al., 2009 . In the current work, we 

report that combination of wheat straw and 

lemon grass with maize powder supplement 

showed Biological yield and B.E of 500 g/Kg 

and 50 % in 20 days. 

The completely organic combinational 

substrate consisting of wheat substrate with oil 

extracted lemon grass leaves as an additional 

supporting substrate and maize powder 

supplement showed minimum harvesting 

period for Pleurotus sajor-caju<Pleurotus 

flabellatus< Pleurotus florida as 16 days, 20 

days and 23 days respectively. The lowest time 

required for completion of spawn run was 

found for P. sajor-caju i.e 16 days whereas P. 

florida took 23 days, which is higher running 

time than P. flabellatus that occurs in 20 days 

on this combination of substate, supporting 

substrate and supplement. The biological yield 

and biological efficiency were also found to 

be in order Pleurotus sajor-caju>Pleurotus 

florida > Pleurotus flabellatus with 750 g/Kg 

(75%), 560 g/Kg (56%) and 500 g/Kg (50%). 

The previously used combination of 

wheat straw with lemon grass substrate for the 

cultivation of P. sajor-caju, and  P. flabellatus 

showed higher production compared to solely 

used wheat straw where  it  showed 18.5 % 

increase in yield over control in ration of 3:1 

for lemon grass to wheat straw combination as 

reported by (Hussain et al., 2000). In this 

studies, we added the maize powder as a 

supplement  and propose it to use as organic 

combination of substrate for the different 

variety of Pleurotus species  such as P. florida, 

P. flabellatus and P. sajor-caju. The time 

duration was found to be low for harvesting of 

fruiting bodies, with satisfactory biological 

yield and notably high biological efficiency, 

making the oil extracted lemon grass leaves 

with organic maize powder supplement with 

wheat straw as suitable and efficient 

combinatorial medium for the cultivtion of 

Pleurotus sajor-caju, Pleurotus flabellatus 

and Pleurotus florida. 
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