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ABSTRACT

This study was carried out in growth chamber on Pleurotus ostreatus L. strain 66 to investigate the effect of
different levels of supplements on yield quantity and quality during the two seasons of 2016/2017 and 2017/2018.
Four supplements with three levels of each one were used in this investigation i.e. wheat and rice bran were
added the levels of 5, 15 and 25%, while the urea and zinc sulfate were added the levels of 0.5,.1.5 and 2.5% were
examined. The obtained results showed that, wheat bran with the second level gave the highest number of
fruits/bag, total weight of fruits and biological efficiency/bag in the both seasons, respectively. While the lowest
number of fruits/bag, total weight of fruits and biological efficiency/bag was noted from urea with the third level
in the both seasons respectively. The highest stalk length was obtained from urea with the third level in the both
seasons. While the largest stalk and fruit bodies diameters resulted from wheat bran with second level during
both experimental seasons. The highest nutritional values of potassium and fat were obtained from rice bran
with second level. The wheat bran with second level gave the highest value of protein and energy content. On
contrast, the lowest results for protein and energy content were obtained from urea and the third level. The
obtained results showed that the control gave the lowest value of potassium and fat content. These results
recommended that the best yield and quality were obtained from wheat bran with second level of this
supplement. The wheat and rice bran supplements increased the oyster mushroom productivity and quality.
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in which maintaining sanitation and purity of

INTRODUCTION 2. .
the spawn are critical importance (Mark,
Mushroom species are fruiting bodies of 2012). The quality of spawn affects both the
fungi. They are classified in Kingdom of yield and quality of cultivated mushroom
Fungi, which is also called Kingdom of (Stanley, 2010 and Mbogoh et al., 2011). The
Mycetae (Ammirati 2007). The wuse of nutritional supplementation of cultivation
mushroom as food is an old age practice and substrate is an important cultural practice of
there was cultivation record in 60 A.D. (Chang mushroom  cultivation  (Ayodele  and
and Miles, 2004, Tripathi, 2005 and Belachew Okhuoya, 2007). Most of the growth, yield and
et al, 2011). Species of mushroom are quality parameters varied when mushroom
considered as a source of protein and was cultivated with different levels of
possessing high medicinal and economical supplements (Mahbuba ef al., 2010). Therefore,
values (Chang and Miles, 2004; Bhupinder the substrate supplementation with various
and Ibitwar, 2007). Mushroom farming has additives including nitrogen sources has been
two inseparable phases; spawn production reported to improve growth, yield and quality
and fruiting body cultivation. Spawn is the of mushrooms (Jadhav et al., 1998; Khare et al.,
planting seed of mushroom and technically, it 2010 and Onyango et al., 2011). They usually
is an expanding mushroom mycelium change the decomposition rate of substrate
colonizing a given substrate media (Oei, 2003). components. In most cases the efficiency of
Currently, edible mushrooms are cultivated in agricultural waste acting as substrates is
more than 100 countries (Chang, 2006). The considerably enhanced when supplemented
main constraints facing the majority of with protein-rich materials (Frimpong-Manso
mushroom producers in developing countries et al., 2011). The various supplements (wheat
including China is the lack of good quality bran, ammonium sulphate, gram flour,
spawn that meets consumers preference soybean meal, rice bran, mustard cake, cotton
(Belachew, 2011 and Belachewl and Workie, seed cake, and molasses) are recommended as
2013).The production of good quality of substrate supplements prior to spawning to
spawn requires a strict laboratory procedure enhance oyster mushrooms (Naraian ef al.,
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2009). The substrate supplementation is a
practice used in producing Pleurotus spp. in
order to increase its productivity. Inclusion of
additives to mushroom substrate is very
important especially for substrates having low
protein content to enhance the growth and
yield of mushrooms (Assan and Mpofu, 2014).

MATERIALS AND METHODS

The experiment was conducted in
Vegetables  laboratory, at Horticulture
Department, Faculty of Agriculture Al-Azhar
University, Cairo and Central Laboratory for
Agricultural Climate (CLAC) Minestry of
Agriculture, Dokki, during the two successive
seasons of 2016/2017 and 2017/2018 under the
environmental control of growth chamber. In
this study, cultivar of mushroom (Pleurotus
ostreatus L starin 66) was used to evaluate their
characterization under three levels of
supplements by using JUNCAO technique.
The spore of the cultivar was obtained from
CLAC. Four supplements were prepared for
this experiment as wheat bran, rice bran, urea,
and zinc sulfate. Thirteen treatments of rice
straw supplemented with the four nutritional
supplements were established. The nutritional
supplements ~ were  used in  three
concentrations. The addition of wheat and rice
bran were in concentrations of 5, 15 and 25%,

while, urea and ZnSO: were wused in
concentrations of 0.5, 1.5 and 2.5%. The
nutritional ~ supplements  were  mixed

thoroughly with rice straw. The rice straw
material was chopped into small pieces (2-3
cm) using a grinding machine at CLAC. Each
treatment was constituted as following
formula:

TO0 =100 % Rice straw substrate + 0 % supplement

(Control).

T1=95 % Rice straw + 5% wheat bran t (w/w).

T2= 85 %Rice straw +15% wheat bran

(W/w).

T3=75 % Rice straw + 25% wheat bran (w/w).

T4=95 % Rice straw + 5% rice bran (w/w).

T5= 85 % Rice straw + 15 % rice bran (w/w).

T6="75 % Rice straw + 2 5% rice bran (w/w).

T7=99.5 % Rice straw +0.5% urea (w/w).

T8=98.5 % Rice straw +1.5% urea (w/w).

T9=97.5% Rice straw + 2.5% urea (w/w).

T10=99.5 % Rice straw + 0.5% ZnSO4

(W/w).

T11=98.5 % Rice straw + 1.5% ZnSOs (w/w).

T12=97.5 % Rice straw + 2.5% ZnSO4

(W/w).

The moisture content was adjusted to be
about 60-70% and pH was adjusted to be 7
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Generally, the type of base substrate and
additives percentage could affect carbon to
nitrogen ratio (C/N), pH, moisture content,
compaction, Oz and CO: concentrations and
the temperature of the media (Dung et al.,
2012 and Sonali, 2012).

according to Zhanxi and Dongmei, 2008. The
rice straw mixing s were filled in
polypropylene bags (40 cm length x18 cm in
diameter). 12 bags were packaged for each
treatment; each was containing 300g dry
substrate. The bags were then marked by
permanent marker. All bags were autoclaved
at 121°C for two hours and allowed to cool
overnight.

The spawn medium was filled in high-
density polyethylene bags each was containing
1 kg. Bags were sterilized at 121°C for 2 hours
according to Zhanxi and Dongmei, 2008, then
inoculated with the spawn on the surface of
substrate (about 5 %) under aseptic conditions.
Each treatment consists of 12 bags divided into
three groups each are four bags representing
three replicates. Groups were distributed
randomly on shelves in the growth chamber.
Bags were allowed to complete mycelial
growth in dark at temperature degrees 27°C
(the favorable conditions of mycelial growth
stage). After colonization (20 days later), the
plastic bags were opened from cotton terminal
plug, and climatic conditions then were
changed; the temperature degree was reduced
to be 20°C, the relative humidity was raised to
be 90 % and light intensity was adjusted to be
350 lux (the favorable conditions of fruit
bodies formation stage). In this experiment,
the following measurements were recorded:

Yield characteristics: 1) Number of fruits/bag.
2) Total fruit weight /bag. 3) Biological
efficiency/bag

Characteristics of oyster mushroom

Physical characteristics: 1) Stalk length. 2)
Stalk diameter. 3) Cap diameter.

Chemical characteristics of fruit bodies: 1)
Potassium  (g/100g.d.w.). ~ 2)  Nitrogen
(g/100g.d.w.). 3) Fat (g/100g.d.w. 4) Protein
(g/100g.d.w.). 5) Energy (k cal/100g. d. w.).

Determination procedures:

Yield

1) Number of fruit /bag: The harvested mature
fruit bodies were counted per bag. 2) Total
yield: the first flush, second flush, third flush
and fourth flush were weighted in grams and
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calculated. 3) Biological efficiency: was
defined as the ratio of the fresh weight of
harvested mushroom over dry weight of
substrate (Pokhrel and Ohga, 2007).

Physical characteristics

1) Stalk length (cm): was measured by ruler
from branching start point of junction. 2) Stalk
diameter (cm) was measured by Vernier
caliper. 3) Diameter of cap of fruit body (cm):

was measured by Vernier caliper.

Chemical characteristics

Nitrogen content (g/100g. d. w.): The method
for determining the nitrogen content was
conducted according
content

Potassium

to Pella (1990).
(g/100g. d. w.):

2)
was
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determined using an inductively coupled
plasma atomic emission Spectrometer (ICP-
AES0) according to Pella (1990). 3) Fat
percentage in oyster mushroom fruit body was
determined by extracting certain weight of
powdered sample with petroleum ether using
the Soxhlet apparatus as described in the
AOAC (1990). 4) Protein content of the
samples was estimated by the macro Kjeldhal
method employed to find the total nitrogen
content. The contents of total nitrogen were
multiplied by a factor of 6.25 to find the crude
protein of the mushroom sample according to
AOAC (1990). 5) Energy [Kcal/100g (d.w)] was
determined by the equation of Sharma et al.,
2013 as follow = [(proteinx4)  +
(Carbohydratex4) + (fatx9)].

Table 1. Chemical analysis of raw and spent substrates before and after oyster mushroom cultivation

Characteristics Nitrogen Potassium
Treatments | Levels Raw | Spent1 | Fruitl | Spent | Fruit | Raw | Spent1 | Fruit | Spent | Fruit
2 2 1 2 2
Frist 0.45 0.62 0.82 0.60 0.18 0.75 0.55 1.05 0.56 1.06
wheat bran | Second 0.48 0.59 1.25 0.57 1.22 0.84 0.40 0.90 0.40 1.04
Third 0.52 0.67 .087 0.64 0.87 | 0.88 0.59 0.97 0.57 0.99
Frist 0.36 0.60 0.65 0.58 0.65 0.62 0.50 0.97 0.51 0.92
Rice bran Second 0.38 0.58 091 0.60 0.93 0.66 0.35 1.71 0.34 1.35
Third 0.41 0. 66 0.76 0.68 0.50 0.69 0.49 0.81 0.47 0.95
Frist 0.57 0.78 0.57 0.75 0.58 0.45 0.37 0.41 0.37 0.44
Urea Second 0.65 0.85 0.53 0.81 054 | 041 0.39 0.33 0.38 0.33
Third 0.69 0.90 0.51 0.92 0.52 0.39 0.34 0.30 0.35 0.26
Frist 0.55 0.69 0.59 0.66 0.61 0.47 0.40 0.53 0.41 0.52
Zinc sulfate | Second 0.58 0.65 0.62 0.64 0.62 0.44 0.37 0.47 0.38 0.46
Third 0.61 0.70 0.67 0.75 0.68 0.38 0.33 0.42 0.33 0.43
Control 0.39 0.41 0.72 0.41 0.74 | 0.23 0.19 0.33 0.19 0.33
Characteristics Protein Fat
Treatments *Levels Raw | Spent1 | Fruitl | Spent | Fruit | Raw | Spent1 | Fruit | Spent | Fruit
2 2 1 2 2
Frist 1.91 2.63 3.51 2.55 3.33 | 0.6.1 0.52 0.34 0.51 0.34
Wheat bran | Second | 2.04 2.50 5.32 2.42 512 | 0.32 0.22 0.48 0.23 0.48
Third 2.21 2.84 3.72 2.72 3.70 0.35 0.26 0.41 0.26 0.42
Frist 1.53 2.552 2.78 2.46 276 | 0.28 0.25 0.58 0.24 0.57
Rice bran Second 1.61 2.46 3.89 2.55 394 | 0.39 0.34 0.44 0.33 0.44
Third 1.74 2.80. 3.24 2.89 3.13 0.25 0.22 0.51 0.22 0.50
Frist 2.42 3.31 2.44 3.18 2.48 0.44 0.32 0.40 0.31 0.39
Urea Second | 2.76 3.61 2.26 3.44 230 | 0.2.3 0.20 0.47 022 | 046
Third 2.93 3.82 2.16 391 222 | 0.58 0.45 0.55 0.43 0.52
Frist 2.33 2.93 2.50 2.80 2.59 0.44 0.40 0.41 0.41 0.41
Zinc sulfate | Second | 2.46 2.76 2.80 2.72 2.61 0.36 0.30 0.45 0.32 0.45
Third 2.59 2.97 2.85 3.18 2.90 0.41 0.34 0.36 0.33 0.33
Control 1.65 1.82 3.08 1.82 317 | 0.39 0.28 0.35 0.39 0.36

*The levels of supplements were 5, 15 and 25 % in wheat and rice bran, while 0.5, 1.5 and 2.5 % in case of urea
and zinc sulfate
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Statistical analysis

The experiment was statistically analyzed
in a randomized complete block design one-
way ANOVA with three replicates. The

RESULTS
Yield characteristics

Number of fruits/ bag

Data presented in Table (2) showed
significant differences in fruit number /bag
during the two experimental seasons. The

Salama et al.

obtained data was subjected to the analysis of
on way ANOVA and means were compared
by L.S.D. method at 5% level of significance
according to Snedecor and Cochran (1982).

highest fruit number/bag was obtained from
wheat bran treatment (17.88 and 17.66), while
the second level of supplement gave the best
result (12.26 and 12.20) in the both seasons
respectively. ~ The  interaction  between
treatments and additive levels exhibited
highest fruit number/ bag 23.00 and 22.66)
which obtained from wheat bran with the
second level in the both seasons respectively.

Table 2. Effect of mixing rice straw substrate with different levels of supplements on number of
fruits/bag of Pleurotus ostreatus during the two seasons of 2016/ 2017 and 2017 /2018

Seasons 2016/2017 2017 /2018
~Levels First Second Third Mean First Second Third Mean
Treatments
Control 7.00 7.00 8.00 7.33 7.66 7.66 7.66 7.33
Wheat bran 14.33 23.00 16.33 17.88 14.00 22.33 16.66 17.66
Rice bran 11.00 15.00 10.00 12.00 9.00 14.33 10.33 11.22
Urea 8.66 8.00 4.33 7.00 8.66 8.66 5.00 7.44
Zinc sulfate 7.00 8.33 7.00 7.44 7.66 8.33 7.66 7.88
Mean 9.60 12.26 9.13 9.33 12.20 9.40
Treatments (A) 0.91 Treatments (A) 0.78
L.S.D at 5% Levels (B) 0.71 Levels (B) 0.60
Interaction (AXB) 1.59 Interaction (AXB) 1.36

*The levels of supplements were 5, 15 and 25 % in wheat and rice bran, while 0.5, 1.5 and 2.5 % in case of urea and

zinc sulfate

Total weight of fruits /bag

The recorded data in Table (3) revealed
significant differences in total weight of
fruits/bag in the both seasons. The higher total
weight of fruits /bag resulted from wheat bran
treatment (248.66 and 244.77 g/bag), in
contrast the second level of supplement which
gave the heaviest weight (217.64 and 202.68

g/bag) during the two seasons respectively.
The interaction between treatments and
additive levels showed the highest total
weight of fruits/bag (322.33 and 309.00 g/bag)
which found in wheat bran with the second
level of supplement in the both seasons
respectively.

Table 3. Effect of mixing rice straw substrate with different level of supplements on the total weight of
fruits/bag (g) of Pleurotus ostreatus during the two seasons of 2016/ 2017 and 2017 /2018

Seasons 2016/2017 2017 /2018
~Levels First Second Third Mean First Second Third Mean
Treatments
Control 104.33 104.33 104.33 104.33 108.80 108.80 108.80 108.80
Wheat bran 235.66 322.33 188.00 248.66 236.00 309.00 189.33 244.77
Rice bran 241.66 267.13 203.66 237.48 236.00 269.00 170.00 225.11
Urea 77.92 160.40 59.16 99.16 78.60 90.23 59.16 76.00
Zinc sulfate 145.30 234.00 113.13 164.14 146.20 236.40 114.63 165.74
Mean 160.97 217.64 133.46 161.12 202.68 128.45
Treatments (A) 16.44 Treatments (A) 8.74
L.S.D at 5% Levels (B) 12.73 Levels (B) 6.77
Interaction (AXB) 28.48 Interaction (AXB) 15.1

*The levels of supplements were 5, 15 and 25 % in wheat and rice bran, while 0.5, 1.5 and 2.5 % in case of urea and
zinc sulfate
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Biological efficiency/bag

The data tabulated in Table (4) showed
significant differences in biological
efficiency/bag in the first and second seasons.
The highest biological efficiency/bag was
obtained from wheat bran treatment (82.88
and 81.81%), while the second level of

Salama et al.

supplement gave the best result (76.54 and

71.25%) during the two seasons. The
interaction between treatments and additive
levels showed the highest biological

efficiency/bag (107.44 and 102.99 %) was noted
from wheat bran with second level in both
seasons respectively.

Table 4. Effect of mixing rice straw substrate with different levels of supplements on the biological
efficiency/bag of Pleurotus ostreatus during the two seasons of 2016/ 2017 and 2017 /2018

Seasons 2016/2017 2017 /2018
* Levels
Treatments First Second Third Mean First Second Third Mean
Control 54.77 54.77 54.77 54.77 56.26 56.26 56.26 56.26
Wheat bran 78.55 107.44 62.66 82.88 79.34 102.99 63.10 81.81
Rice bran 80.55 89.03 57.88 75.82 78.66 89.66 56.77 75.03
Urea 25.92 53.46 19.72 33.03 26.16 26.91 19.71 25.27
Zinc sulfate 48.43 77.99 37.70 54.71 48.06 78.77 38.20 55.01
Mean 57.64 76.54 46.55 57.70 71.25 46.81
Treatments (A) 3.63 Treatments (A) 2.86
L.S.D at 5% Levels (B) 2.81 Levels (B) 221
Interaction (AXB) Interaction (AXB
6.29 4.95

*The levels of supplements were 5, 15 and 25 % in wheat and rice bran, while 0.5, 1.5 and 2.5 % in case of urea and
zinc sulfate

Characteristics of oyster mushroom

Physical characteristics
Stalk length.

The recorded values in Table (5) cleared
significant differences in stalk length during
the two seasons. The tallest stalk length
resulted from wheat bran treatment (4.45 and
449 cm), in contrast the second level of

supplement which gave the longest stalks

(3.73 and 3.71 c¢m) in the first and second
seasons. Interaction between treatments and
additive levels showed the higher stalk length
(5.06 and 4.92 ¢cm) was found from urea with
the third level of supplement during the two
experimental seasons.

Table 5. Effect of mixing rice straw substrate with different levels of supplements on the stalk length
cm of Pleurotus ostreatus during the two seasons of 2016/ 2017 and 2017 /2018

Seasons 2016/2017 2017 /2018
*Levels
Treatmen First Second Third Mean First Second Third Mean
Control 2.11 2.11 2.11 2.11 2.29 2.29 2.29 2.29
Wheat bran 4.70 3.91 4.74 4.45 4.74 4.02 4.70 4.49
Rice bran 3.38 3.91 2.83 3.38 3.23 3.87 2.84 3.31
Urea 3.57 4.53 5.06 4.39 3.50 4.44 4.92 4.29
Zinc sulfate 3.79 4.10 3.41 3.77 3.77 4.04 3.43 3.75
Mean 3.51 3.71 3.63 3.50 3.73 3.64
Treatments (A) 0.12 Treatments (A) 0.08
L.S.D. at 5% Levels (B) 0.09 Levels (B) 0.06
Interaction (AXB) 0.12 Interaction (AXB) 0.15
*The levels of supplements were 5, 15 and 25 % in wheat and rice bran, while 0.5, 1.5 and 2.5 % in case of urea and
zinc sulfate

Stalk diameter

The recorded numbers in Table (6) showed
significant differences in stalk diameter during
the two seasons. The largest stalk diameter
was noted from wheat bran treatment (2.23

16

and 222 cm),

while the third level of

supplement gave the best result (1.81 and 1.82
cm) in the first and the second seasons. The
interaction between treatments and additive
levels showed highest value of stalk diameter
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(2.50 and 2.45 cm) was found from wheat bran

and the second level

during the both

experimental seasons

Salama et al.

Table 6. Effect of mixing rice straw substrate with different levels of supplements on the stalk
diameter of Pleurotus ostreatus during the two seasons of 2016/ 2017 and 2017 /2018

Seasons 2016/2017 2017 /2018
* Levels . . . .
. First Second Third Mean First Second Third Mean
Terminates
Control 0.90 0.90 0.90 0.90 1.03 1.03 1.03 1.03
Wheat bran 2.03 2.50 2.15 2.23 20.03 2.45 2.19 2.22
Rice bran 1.47 2.03 1.96 1.82 1.22 2.18 1.94 1.78
Urea 1.81 2.25 2.15 2.07 1.80 2.15 2.07 2.00
Zinc sulfate 1.41 1.22 1.92 1.51 1.44 1.24 1.85 1.51
Mean 1.52 1.78 1.81 1.50 1.81 1.82
Treatments (A) 0.13 Treatments (A) 0.09
L.S.D. at 5% Levels (B) 0.10 Levels (B) 0.07
Interaction (AXB) 0.22 Interaction (AXB) 0.17

*The levels of supplements were 5, 15 and 25 % in wheat and rice bran, while 0.5, 1.5 and 2.5 % in case of urea and

zinc sulfate

Cap diameter

The data in Table (7) showed significant
differences in cap diameter during the both
experimental seasons. Largest cap diameter
resulted from wheat bran treatment (10.55 and
10.63 cm), while the second level of
supplement gave the largest one (9.15 and 8.98

cm) during the two seasons. The interaction
between treatments and additive levels show
best value of cap diameter (13.56 and 13.71 cm)
was obtained from wheat bran with the second
level of additive during the two seasons,
respectively.

Table 7. Effect of mixing rice straw substrate with different levels of supplements on the cap diameter of
Pleurotus ostreatus during the two seasons of 2016/ 2017 and 2017 /2018.

Seasons 2016/2017 2017 /2018
¥ _Levels . . . .
. First Second Third Mean First Second Third Mean
Terminates
Control 7.10 7.10 7.10 7.10 7.13 7.13 7.13 7.13
Wheat bran 9.96 13.56 8.12 10.55 9.98 13.71 8.21 10.63
Rice bran 8.54 10.33 7.77 8.88 8.15 10.19 7.69 8.67
Urea 5.81 5.99 5.62 5.81 5.86 5.14 5.70 5.56
Zinc sulfate 8.06 8.79 7.67 8.17 8.10 8.75 7.62 8.15
Mean 7.89 9.15 7.26 7.84 8.98 7.27
Treatments (A) 0.34 Treatments (A) 0.30
L.S.D. at 5% Levels (B) 0.26 Levels (B) 0.23
Interaction (AXB) 0.59 Interaction (AXB) 0.53

*The levels of supplements were 5, 15 and 25 % with wheat and rice bran, while 0.5, 1.5 and 2.5 % in case of urea

and zinc sulfate

Chemical characteristics:
Nitrogen

The data presented in Table (8) showed
significant differences in the nitrogen content
during the two experimental seasons. The
highest value of nitrogen content was noted
from wheat bran treatment (0.98 and 0.97

17

g/100g,), in contrast the second levels of
supplement gave the higher result (0.83 and
0.83g/100g) during the two seasons. The
interaction between treatments and additive
levels showed best value of nitrogen content
(1.25 and 1.22g/100g) was found from wheat
bran with second level in the two seasons
respectively.
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Table 8. Effect of mixing rice straw substrate with different levels of supplements on the nitrogen
content diameter fruits of Pleurotus ostreatus during the two seasons of 2016/ 2017 and 2017 /2018

Seasons 2016/2017 2017 /2018
* Levels First Second Third Mean First Second Third Mean
Treatments
Control 0.72 0.72 0.72 0.72 0.74 0.74 0.74 0.74
Wheat bran 0.82 1.25 0.87 0.98 0.81 1.22 0.87 0.97
Rice bran 0.65 0.91 0.76 0.77 0.65 0.93 0.50 0.69
Urea 0.57 0.53 0.51 0.54 0.58 0.54 0.52 0.55
Zinc sulfate 0.59 0.62 0.67 0.62 0.61 0.62 0.68 0.63
Mean 0.66 0.83 0.70 0.66 0.83 0.64
Treatments (A) 0.02 Treatments (A) 0.18
L.S.D. at 5% Levels (B) 0.01 Levels (B) 0.17
Interaction (AXB) 0.03 Interaction (AXB) 0.18

*The levels of supplements were 5, 15 and 25 % in wheat and rice bran, while 0.5, 1.5 and 2.5 % in case of urea and
zinc sulfate

Potassium supplement gave the higher result (0.85 and
The recorded value in Table (9) showed Q.79g/190g) during - the two seasons. fljhe
L . ) . interaction between treatments and additive
significant differences in potassium content of .
L . levels showed best value of potassium content
the fruits in the two experimental seasons. The (1.71 and 1.35g/100g) was found from rice bran
higher value of potassium content (1.16 and : 20878

103 g/100g) was obtained from rice bran with second level in the two seasons.

treatment, while the second levels of
Table 9. Effect of mixing rice straw substrate with different levels of supplements on the potassium content
of Pleurotus ostreatus during the two seasons of 2016/ 2017 and 2017 /2018.

Seasons 2016/2017 2017 /2018
* Levels First Second Third Mean First Second Third Mean
Treatments
Control 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33
Wheat bran 1.05 0.90 0.97 0.97 1.06 1.04 0.99 1.07
Rice bran 0.97 1.71 0.81 1.16 0.92 1.35 0.95 1.03
Urea 0.41 0.33 0.30 0.35 0.44 0.33 0.26 0.34
Zinc sulfate 0.53 0.47 0.42 0.47 0.52 0.46 0.43 0.47
Mean 0.74 0.85 0.62 0.73 0.79 0.65
Treatments (A) 0.09 Treatments (A) 0.08
L.S.D. at 5% Levels (B) 0.08 Levels (B) 0.09
Interaction (AXB) 0.09 Interaction (AXB) 0.08
*The levels of supplements were 5, 15 and 25 % in wheat and rice bran, while 0.5, 1.5 and 2.5 % in case of urea and
zinc sulfate

Fat content. Protein
The results data in Table (10) showed _ The presented data in Table (11) exhibited
S . . significant differences in the protein content of
significant differences in fat content of the . .
.. ) the fruits during the two seasons of 2016/2017
fruits in the first and the second seasons. The

higher value of fat content (051 and 0.50 and 2017/2018. The highest value of protein

g/100g) was obtained from rice bran treatment, ::;;?Zntw(zsl 802;311112%8 fr;)lrgo V)Vhfva}tﬂebl‘;iz
while the second levels of supplement gave ) 8 &)

. . second levels of supplement gave the highest
the higher result (0.44 ar.ld 0'448/109‘%) dur}ng result (3.57 and 3.51g/100g) in the two seasons.
the two seasons respectively. The interaction . .

o The interaction between the treatments and
between the treatments and additive levels

showed the best value of fat content (0.58 and the ‘additive levels showed best value of

0.57g/100g) was found from rice bran with protein content (532 and 5.21g/100g) was
fi.rst level during the two seasons found from wheat bran with the second level

during the both seasons respectively.

18




Al-Azhar Journal of Agricultural Research V. (44) No. (2) December (2019) 12-24 Salama et al.

Table 10. Effect of mixing rice straw substrate with different levels of supplements on the fat content of
Pleurotus ostreatus during the two seasons of 2016/ 2017 and 2017 /2018

Seasons 2016/2017 2017 /2018
* Levels First Second Third Mean First Second Third Mean
Treatments
Control 0.35 0.35 0.35 0.28 0.36 0.36 0.36 0.36
Wheat bran 0.34 0.48 0.41 0.41. 0.34 0.48 0.42 0.41
Rice bran 0.58 0.44 0.51 0.51 0.57 0.44 0.50 0.50
Urea 0.40 0.47 0.55 0.47 0.39 0.46 0.52 0.46
Zinc sulfate 0.41 0.45 0.36 0.40 0.41 0.45 0.33 0.40
Mean 0.37 0.44 0.44 0.41 0.44 0.43
Treatments (A) 0.06 Treatments (A) 0.02
L.S.D. at 5% Levels (B) 0.04 Levels (B) 0.01
Interaction (AXB) 0.10 Interaction (AXB) 0.03

*The levels of supplements were 5, 15 and 25 % in wheat and rice bran, while 0.5, 1.5 and 2.5 % in case of urea and
zinc sulfate

Table 11. Effect of mixing rice straw substrate with different levels of supplements on the nitrogen content
of Pleurotus ostreatus during the two seasons of 2016/ 2017 and 2017 /2018

Seasons 2016/2017 2017 /2018
* Levels First Second Third Mean First Second Third Mean
Treatments
Control 3.08 3.08 3.08 3.08 3.17 3.17 3.17 3.17
Wheat bran 3.51 5.32 3.72 4.18 3.33 5.21 3.70 4.08
Rice bran 2.75 3.89 3.24 3.29 2.76 3.94 3.13 3.27
Urea 2.44 2.26 2.16 2.29 2.48 2.30 2.22 2.33
Zinc sulfate 2.50 2.80 2.85 2.72 2.59 2.61 2.90 2.70
Mean 2.80 3.57 2.99 2.79 3.51 2.99
Treatments (A) 0.10 Treatments (A) 0.18
L.S.D. at 5% Levels (B) 0.11 Levels (B) 0.16
Interaction (AXB) 0.12 Interaction (AXB) 0.17

*The levels of supplements were 5, 15 and 25 % in wheat and rice bran, while 0.5, 1.5 and 2.5 % in case of urea and
zinc sulfate

Energy (kcal/100g. d. w.). The first level of supplement gave the higher
result (149.57 kcal/100g in the first season and
148.04 kcal/100g) during the second season.
The interaction between treatments and
additive levels showed the best value of
energy content (162.81 and 158.12 kcal/100g)
was found from wheat bran with second level
during both seasons respectively.

The presented data in Table (12) showed
significant differences in the energy content of
fruit bodies during the two experimental
seasons. The highest value of energy content
was found from wheat bran treatment (175.66
kcal/100g) in the first season and with rice
bran (153.33 kcal/100g) in the second season.
Table 12. Effect of mixing rice straw substrate with different levels of supplements on the energy content
of Pleurotus ostreatus during the two seasons of 2016/ 2017 and 2017 /2018

Seasons 2016/2017 2017 /2018
¥ Levels First Second Third Mean First Second Third Mean
Treatments
Control 134.55 134.55 134.55 134.55 136.74 136.74 136.74 136.74
Wheat bran 153.93 162.81 156.24 175.66 141.92 158.12 147.49 149.18
Rice bran 144.02 160.38 115.21 139.87 152.88 1558.20 148.91 153.33
Urea 151.41 87.96 128.30 122.56 142.25 85.70 152.82 126.92
Zinc sulfate 148.93 143.38 153.52 148.61 149.20 152.96 142.93 148.39
Mean 149.57 138.63 138.32 146.58 138.74 148.04
Treatments (A) 4.03 Treatments (A) 8.03
L.S.D. at 5% Levels (B) 4.31 Levels (B) 8.02
Interaction (AXB) 4.30 Interaction (AXB) 8.01
*The levels of supplements were 5, 15 and 25 % in wheat and rice bran, while 0.5, 1.5 and 2.5 % in case of urea and zinc sulfate
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DISCUSSIONS

Oyster mushroom was successfully
produced on agricultural wastes (substrates)
supplemented with various levels of additives
such as (wheat bran, rice bran, zinc sulfate and
urea).The obtained results showed that the
highest number of fruits/ bag, total weight,
biological efficiency, stalk length and
diameter, cap diameter, contents of nitrogen
and protein were found from wheat bran
supplement with the second level. Whereas
the highest value of potassium and fat content
resulted from rice bran with the second level.
This result may be due to the different
supplement combination in both physical and
nutritional =~ composition as  well as
microclimates (Amin ef al., 2008). In general,
the number of fruit bodies per flush decreased
from flush to flush indicating that the nature
and amount of nitrogen available in a
substrate after each flush influence the degree
of cellulose degradation which in turn affects
the yield (Frimpong-Manso, ef al., 2011). The
highest, total weight and biological efficiency
were found with wheat bran in the second
level of these supplements. These results can
be attributed to the nitrogen supplementation
enhanced mushroom weight of fruit/ bag and
biological efficiency especially when organic
sources were used as wheat and rice bran. The
supplementation of the substrate with various
sources of organic nitrogen, such as wheat
bran, rice bran, increased the weight of fruit/
bag and biological efficiency of oyster
mushroom (Loss et al. 2009). Therefore, the
organic sources of nitrogen for wheat and rice
bran can be easily used by mushroom because
the absorption of these molecules is more
energetically efficient than synthesizing the
molecules, which allow the mushroom to
obtain more energy for mycelia growth and
fruit formation. The increased total weight of
fruits and biological efficiency can be due to
the high availability of water in the substrate
with wheat bran, since addition of rice bran
decreases the granulometry of substrate,
which improve the moisture retention (Ozcelik
and Peksen, 2007). The wheat bran with
second level of this supplement contain
middle concentration of nitrogen and protein
content before cultivation of oyster mushroom
in comparison to the other levels as shown
table (1).

For another point of view, considerable
attention has been paid in these experiments
towards the chemical contents which have
been affected by using mixing rice straw
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substrate  with three levels of four
supplements (wheat bran, bran rice bran, urea
and zinc sulfate). Therefore, the highest
nitrogen, protein and energy content were
found from wheat bran with second level of
this supplement. The potassium content were
found from rice bran with second level while,
the fat content were found from rice bran with
the first level of this supplement during the
two seasons of 2016/2017 and 2017/2018.
While, the lowest values of these previous
characteristics was resulted from rice straw
without any supplements except potassium
and fat content. These results may be due to,
the difference of nutritional composition of
different supplements (Khan et al., 2008). In
turn the nutritional composition of mushroom
depends to large extent on the status of the
nutritional sources such as C/N ratio,
vitamins,  phytohormones, = macro and
microelements (Adenipekun and Gbolagade,
2015) and the biological differences of the
substrates and supplements (Sangwan and
Saini, 1999). The changes in nitrogen and
protein contents in the fruit bodies depended
on the C/N ratio in the cultivation substrate
with the supplements (Yehia, 2012). Also, the
protein content of mushrooms depends on
several factors, such as the supplements
chemical composition especially C/N ratio
(Mane et al., 2007). The excess of nitrogen may
have affected the degradation of lignin, which
may prevent the mycelium from developing
(Zanetti and Ranal, 1997). Wheat bran was
observed better supplement, which is rich in
protein and fats, and is supposed to increase
mushroom yields by promising growth of
mycelium by certain amino acids present in
wheat bran (Naraian et al., 2009).

The highest nitrogen and protein content of
the fruit bodies were obtained from applying
the wheat bran with second level, while the
highest potassium and fat content of the fruit
bodies resulted from rice bran with the second
level. These results may be attributed to the
wheat bran with second level contain of
middle nitrogen and protein content before
cultivation of oyster mushroom in comparison
to the other levels as shown table (1). As a
notice, the nature of the growing mushroom
on wheat bran with second level consists of
1.25 and 1.04 g/100g nitrogen and 5.32and
5.12g/100 protein. The rice bran with the
second level gave the best result of the
potassium. The highest fat content resulted
from rice bran with the first level, these results
may be due to the rice bran with the second
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level contain of middle potassium and fat
content before cultivation of oyster mushroom
in comparison to the other levels as shown in
table (1). As a notice, the nature of the growing
mushroom on rice bran with second level
consists of 1.71 and1.35/100g potassium and
level first 0.58 and 0.57g/100 fat. These
findings may be due to, the application of
second level of supplement proved it to be a
viable option for oyster mushroom and
recommended for commercial use while any
supplementation above this level would
reduce the growth and vyield of oyster
mushroom (Tajudeen et al., 2012). Therefore,
the best growth, yield and comical
composition of oyster mushroom appeared
with medium concentration of the additives,
while the higher concentrations reduced the
growth, vyield comical composition of
mushroom (Naraian et al., 2009). These results
may be due to the second level of supplement
give rise to provide aeration of the substrates,
which results from sufficient utilization of
nutrients (Jafarpour et al., 2010).

CONCLUSION

For seeking to follow the results in this
experiment, the second point can be put in
mind as recommendations for practical work.
The first point recommend the highest number
of fruits, total weight of fruits and biological
efficiency were obtained from rice straw plus
wheat bran with second level of supplement.
The second point, recommend the best quality
and nutritional value as (cap diameter and
contents of nitrogen protein, and energy were
resulted from the mixing rice straw with the
wheat bran and the second level of
supplement. The exploitation of spent
mushroom substrate for the management of
environment, agriculture and production of
recyclable energy requires strict watch on its

physical, chemical and microbiological
properties.

ACKNOWLEDGMENT

Authors are grateful to Al-Azhar
University, Faculty of Agriculture,

Horticulture Department, Government of
Egypt for supporting this research project to
carry out this work. An expression of
gratitude to Prof. Dr. Shamel Ahmed Shanan
and Dr. Mohamed Tarek Gaafer El-Abd at
Horticulture  Department,  Faculty  of
Agriculture, Al- Azhar University, Cairo. for
their assistance and support, as well as gave
advice and suggestions.

21

Salama et al.

REFERENCES

Adenipekun, C.O., Gbolagade, ].S. 2015.
Nutritional requirements of Pleurotus
florida  (Mont.) Singer, A Nigerian

mushroom. Pakistan Journal of Nutrition,
6: 597-600.

Amin, R.,, Alam, S.M., Sarker, N., Hossain,
N.C., Uddin, M.N. 2008. Influence of
different amount of rice straw per packet
and rate of inoculate on the growth and
yield of oyster mushroom (Pleurotus
ostreatus). Bangladesh Journal Mushroom,

3(2):15-20
Ammirati, J., Seidl, M. 2007. Fungus.
Microsoft®  Student 2008  [DVD].

Redmond, WA: Microsoft Corporation.

Assan, N., T. Mpofu 2014. The influence of
substrate on mushroom productivity.
Scientific Journal of Crop Science, 3(7):86-
91.

Association of Official Agricultural Chemists
1990. Official Methods of Analysis
A.O.A.C. (15th Edition) published by
A.O.A.C. Washington D.C. U.S.A.

Ayodele, S.M., Okhuoya, J.A. 2007. Effect of
substrate supplementation with wheat
bran, NPK and urea on Psathyrella
atroumbonata Pegler on sporophore yield.
African Journal Biotechnology, 6(12):1414-
1417.

Belachew, K.Y. 2011. Handbook on Small Scale
Mushroom Production, Processing, and
Marketing: Practical Guide to Mushroom
Farming. Saarbrucken, Germany: Lambert
Academic Publishing GmbH and Co. KG,
178 pp.

Belachew, K.Y., Workie, M.A. 2013. Base
substrate sorghum supplied with nitrogen
additive enhanced the proliferation of
oyster (Pleurotus ostreatus (jacq. fr.)
kummer) mushroom spawn mycelium.
International Journal of Science and
Research, 4 (3): 431-436.

Bhupinder, K., Ibitwar, B. 2007. Mushroom
Cultivation and Processing. Science Tech

Entrepreneur. Punjab, India: Punjab
Agricultural University, 850
Chang, S.T. 2006. Development of the

culinary-medicinal mushrooms industry
in China: past, present and future.
International Journal Medicinal
Mushroom, 8: 1-17.

Chang, S.T., Miles, P.G. 2004. Mushrooms:
cultivation, nutritional value, medicinal
effect, and environmental impact. Boca
Raton, London, New York, Washington
DC: CRC Press LLC. 477p.



Al-Azhar Journal of Agricultural Research V. (44) No. (2) December (2019) 12-24

Dung, N. Tuyen, D. Quang, P. 2012
Morphological and genetic characteristics
of oyster mushrooms and conditions
effecting on its spawn growing.
International Food Research Journal, 1 (3):
347-352.

Frimpong-Manso, J., Obodai, M., Dzomeku,
M., Apertorgbor, M.M. 2011. Influence of
rice husk on biological efficiency and
nutrient content of Pleurotus ostreatus
(Jacq. ex. Fr.) Kummer. International Food
Research Journal 18: 249-254.

Jadhav, A.B., Bagal, P.K, Jadhav, SSW. 1998.
Biochemical changes in different agro-
residues due to oyster mushroom
cultivation. Journal Maharashtra
Agriculture University, 23:22- 23.

Jafarpour, M., Zand A.]., Dehdashtizadeh, B.,
Eghbalsaied, S. 2010. Evaluation of
agricultural wastes and food supplements
usage on growth characteristics of
Pleurotus ostreatus. African Journal of
Agricultural Research, 5 (23): 3291-329

Khan, M.A., Amin, SM.R., Uddin, M.N,,
Tania, M., Alam, N. 2008. Comparative
study of the nutritional composition of
oyster =~ mushrooms  cultivated in
Bangladesh. Bangladesh Journal
Mushroom, 2: 14-2 9.

Khare, K.B.,, Mutuku, J.M., Achwania, O.S.,
Otaye, D.O. 2010. Production of two oyster
mushrooms, Pleurotus sajor-caju and P.
florida on supplemented and un-
supplemented substrates. International
Journal Agricultural Applied Sciences, 6:
4-11.

Loss, E., Royer, A.R., Barreto-Rodrigues, M.,

Barana, A.C. 2009. Use of maize
wastewater for the cultivation of the
Pleurotus spp- mushroom and

optimization of its biological efficiency.
Journal of Hazardous Materials, 166, 1522-
1525.

Mahbuba, M., Nasrat, J.S., Asaduzzaman, K.,
Nazim, U., Kamal, H., Mousumi, T., Saleh,
A. 2010. Effects of different levels of wheat
bran, rice bran and maize powder
supplementation with sawdust on the
production  of  shiitake = mushroom
(Lentinus  edodes). Saudi Journal of
Biological Sciences, 18(4): 323-324.

Mane, V.J., Patil Syed, S.S., Baig, M.M. 2007.

Bioconversion of low quality
lignocellulosic agricultural wastes into
edible  protein  Pleurotus  sajor-caju

(Fr)Singer, Journal Zhejiang University
Sciences 8(10): 745-751.

22

Salama et al.

Mark, P. 2012. Spawn making and strain
development: challenges and
opportunities. In: isms, editor; Beijing.
ISHS.

Mbogoh, J.V., Anjichi Rotich F., Ahoya, N.
2011. Substrate effects of grain spawn
production on mycelium growth of oyster
mushroom. Acta Horticulture

Naraian, R., Sahu, R, Kumar, S, Garg, K,
Singh, C.R., Kanaujia, S. 2009. Influence of
different nitrogen rich supplements
during cultivation of Pleurotus florida on
corncob substrate. Environmentalist, 29: 1-
7.

Oei, P. 2003. Mushroom cultivation:
Appropriate technology for mushroom
growers. The Netherlands: Backhuys
Publishers.

Onyango, B.O., Palapala, V.A., Arama, P.F,
Wagai, S.0., Gichimu, B.M. 2011.
Suitability of selected supplemented

substrates for cultivation of Kenyan native
wood ear mushrooms (Auricularia
auricula).  American  Journal = Food
Technology, 6: 395-403.

Ozgelik, E., Peksen, A. 2007. Hazelnut husk as
a substrate for the cultivation of shiitake
mushroom (Lentinula edodes). Bioresource
Technology, 98: 2652-2658.

Pella, E. 1990. Elemental organic analysis: part
1, Historical developments. American
Laboratory, 2: 116-125.

Pokhrel, C.P., Ohga, S. 2007. Cattle bedding
waste used as substrate in the cultivation
of Agaricus blazei Murill. Journal Faculty
Agriculture Kyushu University, 52: 295-
298.

Sangwan, M.S., Saini, L.C. 1999. Cultivation of
Pleurotus sajor-caju (Fr.) Singer on agro
industrial wastes. Mushroom Research 4:
33-34.

Sharma, S., Kailash, R.,, Yadav, P., Pokhrel,
C.P. 2013. Growth and yield of oyster

mushroom  (Pleurotus  ostreatus) on
different  substrates. Journal = New
Biological Reports, 2(1): 3-8.

Snedecor, G.W., Cochran, W.G. 1982.

Statistical methods. 7th ed. lowa State
University Press Ames, lowa, U.S.A.
Sonali, D. 2012. Cultivation and study of
growth of oyster mushroom on different
agricultural waste substrate and its
nutrient analysis. Elife 3: 1938-1949.
Stanley, O.H. 2010. Effects of substrates of
spawn production on mycelial growth of
oyster mushroom species. Research
Journal Applied Sciences, 5 (3):161-164.



Al-Azhar Journal of Agricultural Research V. (44) No. (2) December (2019) 12-24

Tajudeen, O., Swazi, S., Paul, K., Michael, T.,
Diana, M. 2012. Effect of wheat bran
supplement on growth and yield of oyster

mushroom  (Pleurotus  ostreatus) on
fermented pine sawdust substrate.
Experimental Agriculture and

Horticulture. Canada: Academic Research
Center of Canada. pp. 30-40.

Tripathi, D. 2005. Mushroom cultivation. New
Delhi: Vijay Primlani for Oxford and IBH
Publishing Co. Pvt.Ltd.

Yehia, S.R. 2012. Nutritional value and
biomass yield of the edible mushroom

23

Salama et al.

Pleurotus ostreatus cultivated on different
wastes in Egypt. Innovative Romanian
Food Biotechnology, 11: 9-14.

Zanetti, AL, ranal, M.A., 1997.
Suplementacdo da cana-de-acticar com
guandu no cultivo de Pleurotus ‘florida.
Pesquisa Agropecudria Brasileira, 32 (9):
959-964.

Zhanxi, L., Dongmei, L. 2008. The JUNCAO
Technology textbook for international
training class JUNCAO Technology
institute, Fujian Agriculural University,
China, pp:163-176.



Al-Azhar Journal of Agricultural Research V. (44) No. (2) December (2019) 12-24 Salama et al.

W) QLA e By Rerli] Jo Db A3liall KU dls
*sodae e e T A Al Ve ¢ aie slls e Al 75 e

e 5l ¥ sl e ) K il 5
s = G- Glll- B30 35 - ioll S oal)”

el
Gy A3l SN dl plaseal g6 Auld O\ e e Pleurotus ostreatus 66 D) o b Sovie 58 e 3 Condl U (52
Sl sl Blol Sk S (3% YO 110 0 Db W1y pall Al Lol 2 (gl (o) lin 3 Dy B3 Je Lo S
ST el o sae 58T lasl BB (sl il A ) Lo Jpad) @ 0 2Ll gl % 25 (15 ¢ 0.5k gt gl
e 3 copsl S o 20 81 ) o) r 31l e cnetsll 6T STl STy 2,80 LS e 350,
2 bsd el 5l Ui el o bl #1131 o ontsl) 363 I ) o ) o ool Al ST, 3 80 Lo
Jpab) & i) g0 IV G (ol el A plasi) o ot 480 LYy gldl b STy cpell 3 S sl
5%y sl 48 ol QB gl po el A ol G spli g YV o adly porlisl e B30 A2 el e
oS0 tlslas ) Lo Juamll 2Ll sl I (sl byl e B8lally (g ) (s £l 301 o o) @ LT 3 L8l
o G ) e ) A e Lo o 335y Syt bl o Jpadl Sl o3 ol gl i) (st 48 1
Al poge il B3y Gl e 55¥1 peadll i VK Sl L) L

7 53y 208 Bl e 5l 552 B LAl e ad Sl Jalas - Rl AT

24



