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Abstract
Mushrooms are increasingly becoming an important component of diets worldwide and it is of
paramount importance to choose appropriate substrates in a given place to grow them. The
experiment was conducted at University of the Poonch Rawalakot-Pakistan. The present study was
focused to evaluate the growth and yield of Pleurotus ostreatus cultivar on different lignocellulose
substrates. Four types of lignocellulose substrate namely (paddy straw, wheat straw, sawdust of
Chir and sawdust of Kail and their combinations) were arranged in a completely randomized
design (CRD) with three replications. The data was recorded on days to completion of spawn
running, days for appearance of pinheads, number of pinheads, no. of fruiting bodies, days to
maturation, mushroom yield (g), biological efficiency (%) and protein content (%). Optimal
temperature (25oC) and high relative humidity were provided for oyster growth. No. of pinheads
(21.33), no. of fruiting bodies (15.33), days to maturation (11.66), mushroom yield 232g and
biological efficiency (BE) 38.66 (%) were achieved on wheat straw. Therefore, wheat straw is
recommended for Pleurotus ostreatus cultivation. As conclusion, this study was put the baseline
information to cultivate mushrooms other edible mushrooms on this substrate used for cultivation.
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oyster mushroom has occurred third position
Introduction
Oyster mushroom (Pleurotus ostreatus)
[1] and growing throughout the world,
belongs to family Pleurotaceae, genus
particularly in Southeast Asia, India, Europe
Pleurotus under the order Agaricales, and the
and Africa [2]. These mushrooms make food
class Basidiomycetes. In world production
protein from waste and it needs short growing
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period as compared with other type and cheap
to grow for commercial purpose [3]. Waste
produce from agricultural operation and from
industries can be used for mushroom growing
[4]. High productivity, good nutritional and
sensory characteristics of oyster mushroom
highlights its important as useful food [5].
Many degenerative diseases tumor growth
and atherosclerosis can be reduced by use of
oyster mushroom in daily diet [6].
Carbohydrates contents present that give
resistant against human immune deficiency
(HIV) virus [7]. Many bio-active elements
present in mushroom have great resistance
against bacteria, fungi and virus and also for
nematodes and insects [8].
Oyster“mushroom contains 19-35% proteins
on dry weight as compared to 7.3% in rice,
13.2% in wheat and 25.2% in milk. The
chemical composition of the fresh fruiting
bodies of oyster mushroom indicates a large
quantity of moisture (90.8%), whereas fresh
as well as dry oyster mushrooms are rich in
proteins (30.4%), fat (2.2%), carbohydrates
(57.6%), fiber (8.7%) and ash (9.8%) with
345 Kcal energy value on 100 g dry weight
basis. It is a source of multivitamins like
thiamin (4.8 mg), riboflavin (4.7 mg) and
niacin (108.7 mg), B1, B2 and C and minerals
like Ca (98 mg), P (476 mg), Fe (8.5 mg) and
Na (61 mg), K (361mg), on 100 g dry weight
basis [9]. Today China is a major producer
and consumer of oyster mushrooms
accounting for about 90% of the world
production [10]. Its present production is
approximately 1.5 million tons in the world.
Every year 90 tons of mushrooms are
exported to Europe from Pakistan [11].
Mushrooms are grown on the organic
medium known as substrate. Various
lignocellulosic substrates are used for
growing of different Pleurotus varieties [12].
Oyster mushroom might be cultivated in
various substrates like saw“dust, soybean
straw, wheat straw and groundnut shells [2],
newspaper and tea leaves, cotton waste and

paddy straw [13]. However, substrate that
contains carbohydrates, nitrogen and lignin
can be suitable for better growth of
mushroom [14].
For successful mushroom cultivation needs
three important factors like seed, growing
media and suitable environmental conditions
[15]. Different growing media could be
suggested for different regions due to
feasibility of agri-waste material in that
regions [16]. Conversion of fruiting bodies
from lignocellulosic material through
mushroom growing resulting in profit
increase [17]. Supplement of organic and
inorganic ingredients are given to growing
media enhance and development the yield of
mushrooms [18]. Rice waste is mostly used
in Asia, as growing media for mushroom
cultivation and contain protein and high yield
[19]. In Europe wheat residues mostly used
as growing media and Southeast Asian
countries mostly used sawdust as growing
medium for growing mushrooms [2].
Temperature
for
oyster
mushroom
cultivation ranges from 20 to 30°C and
humidity ranges from 55 to 70 percent for
duration of seven month per year. In high
elevation areas it can be grown in summer
season by giving them high humidity. MarchApril and September-October suitable for
growing mushroom in higher elevation and
October-march for lower elevation [20].
This research was designed to evaluate the
oyster mushroom at Rawalakot using
different substrates to promote the mushroom
cultivation in Azad Kashmir. Mushrooms
cultivation has not brought the attention in
the public at large scale in Azad Jammu and
Kashmir to become an important food item.
Primary reason is unavailability of cheap
mushrooms spawn, deficiency of information
about mushroom cultivation and their
nutritional value. Hence, it is the need of hour
that there should be commercialization of
mushroom cultivation in Azad Kashmir by
creating awareness about quality, growing
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technology, economic importance and
nutritional value of this crop.
Materials and methods
Geographic position of the study area
The study area lies between an altitude of
1800-2100 m above sea level and latitude of
33-36o in the north-east of Pakistan under the
foothills of great Himalayas in Rawalakot
district of Poonch Division. The topography
of the area is mainly hilly and mountainous
with valleys and stretches of plains. The
climate is moist subtropical to cold temperate
with an average rain fall varying from 800 to
1600 mm.
Collection Pleurotus ostreatus spawn
Spawn can be regarded as the seed of a
mushroom. Spawn is the starting material for
mushroom production. Pleurotus ostreatus
spawn was obtained from the Department of
Horticulture, The University of Agriculture
Faisalabad (UAF) Pakistan.
Substrate preparation
Substrates for growing Pleurotus ostreatus
mushroom were made according to Hadar
[21] with some modifications. Different
substrates have been used by different
researchers for the production of various
mushroom species. However, most of the
substrates are usually of organic origin. In
this study, four basal substrates and their
combinations
for
oyster
mushroom
production were used (Table1). The
substrates were soaked in water for one day
and located in concrete floor for removing
unwanted moisture content from growing
material and brought to desire level of 6575%. Before filling sterilization of these
growing media was done by placing them in
sunlight and covered by polypropylene bags.
Each growing media was filled in bags and
tight with plastic rings. The bags were filled
in such as way so as to fill 3/4th of bag only
in order to leave some space for air and tying
up. Substrates were autoclaved with 15-20
lbs pressure at 121oC for 15 minutes and left
overnight for cooling. The bags were opened

inside a laminar flow unit and for 600g dry
weight of each substrate, 6 g spawn was used.
The bags were then shifted to the mushroom
room for running of spawn.
Growth room conditions
Inoculated bags were then transferred to the
growth room. Bags were incubated at 25oC
under dark conditions till complete spawn
running. Running of spawn and formation of
fruits were two critical stages throughout
mushroom growing period and optimum
humidity and temperature for these stages
were most important. The growth
temperature and moisture were maintained
by using heaters and sprinklers at 25oC with
50-65% relative humidity, running of spawn
17-20oC for fruit sett. Relative humidity 8085% was maintained for fruit formation, if
moisture was found less then amount was
achieved by giving water two times per day.
For spawn running bags were frequently
observed and fungal/bacterial contamination.
Proper ventilation was provided in
mushroom room because during formation of
mushroom fruits need oxygen and also cuts
were made in bags for conversation of gasses.
After spawn running completion, light is
provided for fruiting bodies initiation.
Growth parameters
The data was recorded on days to completion
of spawn running, days for appearance of
pinheads, number of pinheads, number of
fruiting bodies, days to maturation,
mushroom yield (g), biological efficiency
(%) and protein content (%).
Statistical analysis
Obtained data was statistically analysed
using ANOVA with the help of Statistix 8.1
software; Tukey HSD value was used to
equate the variance between means [22].
Results and discussion
Days to completion of spawn running
There were significant variations in the days
taken for completion of spawn run of
different lignocellulose substrates (Table 2).
Results regarding the days for completion of

770

Abid et al.

spawn running showed that best results were
obtained from T2 (100% wheat straw) 19.50
days. Minimum number of days for spawn
running was followed by T5 (50% paddy
straw + 50% wheat straw) which took
number of days (23.50) for spawn running.
However, T4 (100% sawdust of Kail Pinus
wallichiana) took maximum number of days
(41.66). Results regarding days for
completion of spawn running showed that T2
substrate performed best for completion of
spawn running and took minimum period for
this important aspect of crop growth. Results
of present study are in accordance with the
findings of Shah et al. [11] who reported that
the spawn running completion of Pleurotus
ostreatus was taken minimum number of
days in wheat straw. Differences in spawn
running may be due to the size of the grains.
Smaller grains have a more inoculation
points per kg as compared to larger grains
[23].
Days for appearance of pinheads
Appearance of pinheads is very first stage of
mushroom growth. The appearance has tiny
mushroom growing out of the substrates.
Data revealed that there was highly
significance difference among treatments
(Table 2). Results regarding the days for
appearance of pinheads showed that best
results were obtained with T2 (100% wheat
straw) which took (16.50) days. Minimum
number of days for appearance of pinheads
was followed by T5 (50% paddy straw +50%
wheat straw) which took number of days
(17.50). However, T4 (100% saw dust of Kail
Pinus wallichiana) took maximum number of
days (26.00). Results regarding the days for
appearance of pinheads performed best with
T2 (100% wheat straw). This may be since
substrates having high quality cellulose and
lignin content took longer to start pinning.
Our results were in accordance with the
findings of Shah et al. [11] and Ahmad [24]
who reported that the appearance of pinheads

of Pleurotus ostreatus was take a minimum
number of days in wheat straw substrates.
No. of pinheads
The data regarding the number of pinheads
were subjected to statistical analysis and the
results obtained from analysis of variance are
shown in (Table 2). Data revealed that there
was highly significance difference among
treatments for number of pinheads. Results
regarding the number of pinheads showed
that best results were obtained from T2 (100%
wheat straw) which took (21.33) followed by
T5 (50% paddy straw + 50% wheat straw)
which took (19.50). The difference for this
parameter was highly significant. Findings of
present research were similar with the
findings of Ogundele et al. [25] observed that
maximum number of pinheads in pure
substrate. However, Buah et al. [26] reported
pinhead formation of P. ostreatus on
different substrates after 21-23 days.
No. of fruiting bodies
The data regarding the number of fruiting
bodies were subjected to statistical analysis
and the results obtained from analysis of
variance (ANOVA) are shown in (Table 2).
Data revealed that there was highly
significance difference among treatments.
Best results were obtained from T2 (100%
wheat straw) which took (15.33) (Figure 1).
While minimum number (3.16) was obtained
by T4 (100% sawdust of Kail (Pinus
wallichiana). Our findings are in
contradiction with the findings of Girmy et
al. [27] observed that minimum number of
fruiting bodies with wheat straw. This could
be due to the day and night temperature
difference. This contradiction may be due to
different climatic condition of that area.
Days to maturation
The data regarding the number of days for
fruiting bodies maturation were subjected to
statistical analysis and the results obtained
from analysis of variance (ANOVA) are
shown in (Table 2). Data revealed that there
was highly significance difference among
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treatments. Best results were obtained from
T4 (100% sawdust of Kail Pinus wallichiana)
which took (2.16). Results regarding days for
maturity T4 performed best for days to
maturity. This may be due to the growing
conditions and physiological factors like
light, temperature and humidity for
mushroom growing. Our results were similar
with the results of Buah et al. [26] who
observed that minimum day in maturity in
fruiting bodies in Kail Pinus wallichiana
sawdust.
Mushroom yield (g)
The data regarding the total mushroom yield
were subjected to statistical analysis and the
results obtained from analysis of variance
(ANOVA) are shown in (Table 2). Data
revealed that there was highly significance
difference among treatments. Results
regarding the total mushroom yield showed
that best results were obtained from T2 (100%
wheat straw) which took maximum
mushroom yield (232g). While minimum
(22.17g) was obtained with T4 (100%
sawdust of Kail (Pinus wallichiana). The
difference for this parameter was highly
significant. This could be due to the day and
night temperature. This could be due to the
main function of wheat straw is to provide a
reservoir of cellulose, hemicellulose and
lignin, which is utilized during the growth of
mycelium running and during fruit body
formation. A variable quantity of nitrogen is
also provided by wheat straw. Our results
were similar with the results of Assan and
Mpofu [28] who observed that maximum
yield in wheat straw.
Biological efficiency (%)
Biological efficiency is the ratio of the weight
of the fresh fruiting bodies (g) per dry weight
of substrates (g). It expressed as a percentage.
The data regarding the biological efficiency

was subjected to statistical analysis and the
results obtained from analysis of variance
(ANOVA) are shown in (Table 2). Data
revealed that there was highly significance
difference among treatments. Maximum
biological efficiency (38.66 %) was obtained
from T2 (100% wheat straw) followed by T5
(50% paddy straw + 50% wheat straw) which
took (35.27). However, T4 (sawdust of Kail
Pinus wallichiana) took minimum (2.76 %)
biological efficiency. The differences in yield
and biological efficiency observed between
treatments are not surprising because the
chemical composition of the substrate is
different. Our results were enlaced with Garo
and Girma [29] who also studied maximum
biological efficiency in wheat straw
substrates.
Protein content (%)
The data regarding the total protein content
were subjected to statistical analysis and the
results obtained from analysis of variance
(ANOVA) are shown in (Table 2). Data
revealed that there was highly significance
difference among treatments. Best results
were obtained from T6 (50% paddy straw +
50% saw dust of Chir Pinus roxburgii) which
took maximum protein content (22.34 %) and
followed by T7 (50% paddy straw + 50%
sawdust of Kail Pinus wallichiana) which
took (20.73 %). However, T10 (50% sawdust
of Chir Pinus roxburgii + 50% sawdust of
Kail Pinus wallichiana) took minimum
(10.87 %) protein content. The difference for
this parameter was highly significant. The
increase in protein content high due to
mixture of substrates use. Findings of our
study were related with Ogundele et al. [25]
who reported that protein content of oyster
mushroom Pleurotus ostreatus high in mix
substrates.
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Table 1. The composition of different substrates used for oyster mushroom production
Treatments
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10

Substrates
100% paddy straw
100% wheat straw
100% sawdust of Chir (Pinus roxburghii)
100% sawdust of Kail (Pinus wallichiana)
50% paddy straw + 50% wheat straw
50% paddy straw + 50% sawdust of Chir (Pinus roxburghii)
50% paddy straw + 50% sawdust of Kail (Pinus wallichiana)
50% wheat straw + 50% sawdust of Chir (Pinus roxburghii)
50% wheat straw + 50% sawdust of Kail (Pinus wallichiana)
50% sawdust of Chir (Pinus roxburghii) + 50% sawdust of Kail (Pinus wallichiana)

Table 2. Effect of different substrates on various attributes of oyster mushroom (†)

T1

Days to
completion
of spawn
running
25.83 E

Days for
appearanc
e of
pinheads
18.66 G

T2

19.50 G

T3

No. of
pinheads

No. of
fruiting
bodies

Days to
maturatio
n

Mushroom
yield (g)

Biological
efficiency
(%)

Protein
content (%)

17.50 C

12.50 B

10.00 B

184.50 C

30.74 C

13.030 H

16.50 H

21.33 A

15.33 A

11.66 A

232.00 A

38.66 A

15.518 G

39.66 A

24.66 B

06.83 H

05.16 G

03.33 F

32.50 H

04.06 H

16.758 E

T4

41.66 A

26.00 A

04.83 I

03.16 H

02.16 F

22.17 H

02.76 H

17.750 D

T5

23.50 G

17.50 H

211.67 B

35.27 B

19.00 C

27.83 DE

19.66 FG

09.16 B

165.00 D

23.56 D

22.34 A

T7

29.83 D

20.66 EF

14.66 D

07.66 C

132.00 E

18.85 E

20.73 B

T8

32.33 C

21.66 DE

12.33 E

06.83 CD

120.17 E

17.16 E

16.06 F

T9

34.33 C

22.66 CD

10.50 F

05.83 DE

83.83 F

11.97 F

12.79 H

T10

37.00 B

23.66 BC

08.50 G

04.83 E

50.83 G

06.35 G

10.87 I

2.08

1.12

1.50

14.00 A
11.33
BC
10.00
CD
08.83
DE
07.50
EF
06.33
FG
1.34

12.66 A

T6

19.50 B
16.00
CD

1.27

13.23

2.00

0.78

Treatment
s

HSD
†

Means with different letters in column are significantly different at P < 0.05 using HSD.
Each value is the mean of three replicates
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Figure 1. Fruiting bodies of Oyster mushroom developed on wheat straw at first flush
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Conclusion and recommendation
It is concluded from the experiment that wheat
straw is the best lignocellulosic substrate for the
growth of oyster mushroom under rain fed
climatic conditions. Further research could be
done on paddy straw substrate to get its benefits
for high yield of crop to become economical for
local formers of Azad Jammu and Kashmir as it
is a very cheap and easily available.
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