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Abstract: Mushrooms production is important in Iran due to the economic benefits of it; every year a significant amount of
agricultural products become wasted which can be process to be used as the bed for mushrooms cultivation. The aim of this
study was to determine energy consumption pattern and measure the benchmark of the efficiency for oyster mushroom
production. In order to increase profitability, reduce energy consumption and produce a higher quality of mushroom an
experiment was conducted using completely randomized factorial design, at the Research station of Ramin Faculty of
Agriculture and Natural Resources University of Khuzestan in 2014. Treatments were included three different seeding beds,
such as wheat straw, palm fibers and bagasse. Three dietary supplements included, soybean meal, canola meal, poultry manure
and without food dietary supplement. Energy indicators (included energy efficiency, productivity, and power input) were
measured Results showed that Fuel with 64.94 percent, was the most widely used energy inputs. Palm fibers bed showed less
energy consumption, 176.29 (MJm-2), than bagasse 454.04 (MJm-2) and wheat straw 205.95 (MJm-2). Palm fibers bed with
0.33 (MJm-2), showed more efficient energy compared to other beds. The highest productivity belonged to palm fibers bed
supplemented with the poultry manure and rapeseed meal 0.099 and 0.097 (MJm-2).
Key Words: Energy Indices, Oyster Mushroom, Different Substrates

1. Introduction
The Oyster mushroom (Pleurotus ostreatus), is one of the
most appreciated mushroom due to its very good taste, high
nutritional and medicinal values. It has also been found to
exhibit strong anti-inflammatory and immune-modulatory
properties due to their chemical composition mushrooms
are good sources of protein, vitamins and minerals. There
are known to have a broad range of uses both as food and
medicine. [1] Oyster mushroom is popular and considered a
nutritious food in Swaziland but its cultivation has long been
neglected, because most of the mushrooms consumed
locally are picked from the wild. However, awareness in
oyster mushroom cultivation in Swaziland has significantly
increased since 2001, when the queen mother initiated a
Corresponding Author: Anbarestani, Leila

pilot project on mushroom production in conjunction with
the Ministry of agriculture and cooperatives aimed at
poverty alleviation and women empowerment through job
creation in the rural areas.
Oyster mushroom can be grown on various substrates
including paddy straw, maize stalk cobs, vegetable plant
residues, bagasse and etc. [2] and this has been reported to
influence its growth, yield and composition. [3] However, an
ideal substrate should contain nitrogen (supplement) and
carbohydrates for rapid mushroom growth. [4] The
cultivation of oyster mushroom is gaining importance in
tropical and subtropical regions due to its simple way of
cultivation and high biological efficiency. [5] Oyster
mushrooms have been traditionally produced using the
outdoor log technique (Anonymous, 2008). thereby
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eliminating substrate sterilization. The technology of large
scale mushroom production is a recent innovation and the
establishment of laboratories for research on mushroom
growing and the use of pure spawn culture resulted in rapid
and increased production of mushrooms worldwide. [6] The
substrates for cultivating edible mushrooms e.g. Pleurotus
ostreatus, has been reported to require varying degrees of
pretreatment in order to promote growth of the mushroom
mycelium to the exclusion of other Micro Organisms. [7]
The methodology for composting agricultural residues,
followed by pasteurization, which could be carried out in
different ways. [8]
Agriculture itself is an energy user and energy supplier in
the form of bio-energy. [9] Energy is used in every form of
inputs such as human, seeds, fertilizers, pesticides, diesel
fuel, electricity and machinery to perform various operations
for crop production. Energy use in agriculture has increased
in response to increasing populations, limited supply of
arable land and desire for an increasing standard of living. In
all societies, these factors have encouraged an increase in
energy inputs to maximize yields, minimize labor-intensive
practices, or both. [10]
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Energy equivalents used and indices
Mushroom culture is a cyclical process and involves
several different operations, each of which must be carefully
performed. During the crop cycle, mushrooms were
harvested in a series of breaks or flushes that occur at
approximately 7 or 8 day intervals with hand carefully. After
two flushes, mushroom production declines rapidly so that
each successive flush produces fewer mushrooms. The input
resources of mushroom production were human labor,
button mushroom compost, machinery and equipment,
diesel fuel, chemicals, water for irrigation and electricity.
Based on energy equivalent of inputs and output (Table 1),
average, minimum and maximum amounts of energy inputs
and output in oyster mushroom production were calculated
as shown in Table 2. Using the value of energy inputs and
output in mushroom production system, energy indices such
as energy use efficiency (energy ratio), energy productivity,
specific energy and net energy gained have been determine
as followed equations. [24, 25, 26]

2. Materials And Methods
The experiment was conducted at the research station of
the Faculty of Agriculture and Natural Resources University
of Khuzestan. A statistical Randomized design was applied,
the treatments were including three different mushroom
growing beds, wheat straw, palm fiber, bagasse, and three
dietary supplements, soybean meal, canola meal, and poultry
manure. Also beds without food dietary supplements were
compared.
The energy equivalents were computed for all inputs and
outputs using the conversion factors (obtained from previous
studies) indicated in Table 1. Accordingly, the energy
equivalents were calculated by multiplying the quantity all
inputs used to produce mushroom.

𝐸𝑛𝑒𝑟𝑔𝑦 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =

𝑀𝑢𝑠ℎ𝑟𝑜𝑜𝑚 𝑦𝑖𝑒𝑙𝑑 𝑘𝑔 𝑚 −2
𝐸𝑛𝑒𝑟𝑔𝑦 𝐼𝑛𝑝𝑢𝑡 𝑀𝑗 𝑚−2

(1)
𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐸𝑛𝑒𝑟𝑔𝑦 =
Table1: Energy equivalents of inputs and output in
mushroom production
Item

Inputs
Human labor
Men
Women
Machinery
Chemical
biocides
Fungicides
Plastic
Water for
irrigation
Electricity

Unit

Energy
equivalent
(MJ unit-1)

HR

𝑀𝑢𝑠ℎ𝑟𝑜𝑜𝑚 𝑦𝑖𝑒𝑙𝑑 (𝑘𝑔 𝑚 −2 )

(2)
𝑁𝑒𝑡 𝐸𝑛𝑒𝑟𝑔𝑦 =

Reference

𝑂𝑢𝑡𝑝𝑢𝑡 𝐸𝑛𝑒𝑟𝑔𝑦 (𝑀𝑗 𝑚 −2 )
𝐼𝑛𝑝𝑢𝑡 𝐸𝑛𝑒𝑟𝑔𝑦 (𝑀𝐽 𝑚−2 )

(3)
The energy ratio gives an indication of how much energy
was produced per unit of energy utilized. The energy
productivity provides quantitative data on how much oyster
mushroom is obtained per unit of input energy. Net energy is
defined as the difference between the gross energy output
produced and the total energy used for obtaining it
(Mobtaker et al., 2010).
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used in greenhouse units. Diesel fuel (78%), chemical
fertilizers (10%) and electricity (4.5%) were the highest
energy consuming inputs. On the contrary, water for
irrigation contribution was relatively low (0.47%). This is
mainly due to lower water need of mushroom in contrast
with other products.

3. Results and Discussions
Prior to energy use pattern analysis of oyster mushroom
production, energy use amount in compost production
(among the most important inputs of oyster mushroom
production) was estimated. Table 2 shows the inputs use and
their energy use equivalent values. As the result of energy
use pattern analysis, the amounts of energy inputs use,
mushroom yield and their energy equivalents were
determined. These results are presented in (Table 2).

human
substrate
labour
Nutritional
13.2%
1.02%
supplemen
ts 0.51%

Determining the energy input of each input

plastic
5.2%

water
0.03%

chemicals
5.34%
machinery
6.77%

Table (2) per square meter of inputs used in the context of
different cultures and their energy content is given. The
oyster mushroom production, respectively of fuel (diesel,
electricity, natural gas) by 94.64% of energy consumption,
high consumption of most energy inputs. The button
mushroom on the energy produced in Khorasan Razavi
province has the most consumed fuel at a rate of 76.79% of
the energy input. [27] Button mushroom compost in the
production in mazandaran of energy and electricity were the
largest input of energy. [28] In the study done on
agricultural production in the most consumed fuel in many
cases the consumer is given. [29] High fuel consumption of
the reasons could be the lack of adequate isolation facilities
and production of new technologies as well as the lack of
adequate heating and cooling systems and boilers in the
preparation process of composting noted. The fuel input,
substrate input were (wheat straw, bagasse and palm fiber)
with 13.20% machinery 6.77%, 5.34% and chemicals by
5.20%, the largest plastic energy consumer input. Taking the
reasons mentioned above inputs can be tested because the
main part of the manufacturing process platform was noted.
In the transport field, particularly bagasse bed because beds
are far from centers that provide these inputs such as
bagasse agro industry is the high percentage, chemical
contamination of edible mushrooms due to high sensitivity
allocated more and energy inputs due to the plastic bag was
oyster mushroom cultivation is justifiable that a greater
percentage of energy input. Will be long inputs in order to
rate Supplements Plastics, seed, human Supplements and
water 2.94, 1.02, 0.51 and 0.03 percent, respectively (Figure
1).

seed 2.94%

fuel
64.94%

Figure1: The share of the input energy in the production
of oyster mushrooms in a period of production
The energy input and output of different substrates for
oyster mushrooms
The results of incoming and outgoing energy was given in
different substrates (wheat straw, palm fiber, bagasse) in the
table (3).
Results indicate that the amount of input energy for wheat
straw, palm fiber and bagasse were 205.95, 176.29 and
454.04 MJm-2 respectively. Input energy of Palm fiber was
less than the other beds. This result was due to the shorter
duration of palm fiber bed compared to other media. The
differences between the power factor input of human
resources in the context of bagasse was the highest amount
included of 4.3. The platform was based on the amount of
input energy from bagasse 36.75 MJm-2 and Palm fiber bed
was the lowest rate 31.49 MJm-2. The maximum amount of
diesel fuel was at a rate of 225.20 MJm-2 of bagasse
substrate and in the context of palm fiber and wheat straw
was 4.6 and 2.2 MJm-2 respectively. Most of the amount of
electricity in the context of energy consumption in order to
bagasse bed, wheat straw and palm fiber was concerned of
0.40, 0.39 and 0.35 MJm-2 were respective. Input energy of
natural gas used for pasteurization wheat straw, bagasse and
palm fiber at a rate of 121.6, 106.4 and 89.6 MJm-2 for
respective. Total input energy efficiency was calculated for
the production of oyster mushrooms was shown 1902.70
Mjm-2. The amount of input energy in the production of
button mushrooms in Khorasan Razavi reported efficiency
province 24808.60 GJha-1 (saeedi et al, 2014). This is
represents less input energy per unit area for the oyster
mushroom than button mushroom.

In the study conducted by [30] in green house products of
Tehran province, total energy input use was calculated to be
1.57 MJ for each kilogram of cucumber. They also reported
fuel (for heating the greenhouses) and animal manure as the
high energy consuming inputs in cucumber production.
Moreover, (Banaeian et al., 2011). investigated energy use
pattern in 25 green houses of strawberry production in
Tehran province, Iran. In our study, results indicated that a
total energy of 121891.33 MJ·ha−1 (about 2 MJ·ton−1) was

61

European Journal of Academic Essays 2(6): 59-67, 2015

Table2: The amount of energy input and output for oyster mushroom production in different substrates for one period of
production (Mjm-2)
Substrate
Wheat
Palm fiber
Bagasse
average weight
Percenta
straw
ge
Input
Water
0.16
0.08
0.07
0.10
0.03
c
b
a
Human Labor
2.5
2.8
3.4
Nutritional
1.45
1.45
1.45
1.45
0.51
Supplements
Poultry Manure
0.01
0.01
0.01
0.01
Soybean meal
0.28
0.28
0.28
0.28
Canola meal
1.16
1.16
1.16
1.16
b
c
a
Substrate
31.88
31.49
36.75
37.33
13.20
Seed
8.33
8.33
8.33
8.33
2.94
Fuel
124.29
94.55
332
183.61
64.94
Electricity
0.39a
0.35a
0.40b
0.38
c
b
a
Diesel fuel
2.3
4.6
225.2
77.36
Natural gas
121.6a
89.6c
106.4b
105.86
Machinery
7.32c
8.36b
41.80a
19.16
6.77
Plastic
14.72
14.72
14.72
14.72
5.20
Chemical
15.30b
14.51b
15.52a
15.11
5.34
Biocides
Input total
205.95
176.29
454.04
282.71
100
energy
The common letter(s) in a column did not differ at the level of 5% probability as per LSD
The analysis of variance interaction substrate and
supplement for electricity, chemicals and substrate of
oyster mushroom indicated significant differences among
the various substrate pretreatment methods (table 2) There
was a significant (P<0.01). The amounted of electric
energy.
Electricity Energy

Electricity Energy
Mjm-2

wheat straw

The maximum of electricity energy in bagasse bed
combined with Poultry manure, bagasse and wheat straw
bed without combination food supplements were shown
45.0, 42.0 and 42.0 belonged MJm-2 (Figure 2) and the
lowest rates of palm fiber bed without combination food
supplement, palm fiber combined with poultry manure and
canola meal respectively 33.0, 35.0 and 35.0 MJm-2. The
differences energy consumption due to the input materials
for growth period was shown in figure 3.

0.5
0.4
0.3
0.2
0.1
0

a

a
d

palm fiber
bc cd b

b

bagasse
cd cd

b

a
cd

Different substrate

Figure2: Electricity consumption in the context of oyster
mushroom cultivation. The common letter(s) in a column
did not differ at the level of 5% probability as per LSD
Substrate Energy
Figure (3) indicates that the greatest amount of input
energy for bagasse bed combination with soybean meal
and canola meal were shown 38.07 and 37.72 MJm-2 and
the lowest was palm fiber supplemented with poultry
manure at a rate of 29.82 MJm-2 (Figure 3). The reason,
more weight in the bed than other platforms due to its high
density and also because of high energy equivalent to other
substrates increased bagasse based energy.
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wheat straw respectively 3.4, 2.89 and 2.58 MJm-2 (Figure
7).
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Figure3: Substrate consumption in the context of oyster
mushroom cultivation. The common letter(s) in a column
did not differ at the level of 5% probability as per LSD

Figure5: Natural gas consumption in the context of
oyster mushroom cultivation. The common letter(s) in a
column did not differ at the level of 5% probability as per
LSD

Chemicals Energy

16.5
16
15.5
15
14.5
14
13.5
13

a

a

a

bc
d

Machinery Energy Mjm-2

Chemicals Energy Mjm-2

The maximum amount of input energy for chemical were
shown in bagasse bed with supplement poultry manure and
wheat straw without supplement 16.31, 15.92 and 15.83
MJm-2 respectively and the lowest amount was come up
palm fiber bed without food supplement 14.31 MJm-2,
(Figure 4).

b

b
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5
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palm fiber

bagasse

Different substrate
without
soybean canola meal
dietary
meal
supplement

poultry
manure

Figure6: Machinery consumption in the context of
oyster mushroom cultivation. The common letter(s) in a
column did not differ at the level of 5% probability as per
LSD

Different substrate

wheat straw

palm fiber

bagasse
4
Human labor Mj-2

Figure4: Chemical consumption in the context of oyster
mushroom cultivation. The common letter(s) in a column
did not differ at the level of 5% probability as per LSD
The analysis of variance for natural gas, machinery, fuel
and labor for oyster mushroom production indicated
significant differences (P<0.01) among the various
substrate pretreatment methods (Table 2).
Most of the natural gas based energy platform was 121.6,
106.4 and 89.6 MJm-2 wheat straw, bagasse and palm fiber
respectively (Figure 5). Machines energy inputs were
related to the context of bagasse, palm fiber and wheat
straw at 41.80, 8.36 and 7.32 MJ/m2 (Figure 6). Fuel
energy input for bagasse, palm fiber and wheat straw at a
rate of 225.2, 4.6 and 2.3 MJm-2 (Figure 8). The amount
input energy for manpower was to bagasse, palm fiber and

3.5
3
2.5
2
1.5

3.4
2.89

2.58

1
0.5
0
wheat straw

palm fiber

bagasse

Different substrate

Figure7. Human labor consumption in the context of
oyster mushroom cultivation. The common letter(s) in a
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column did not differ at the level of 5% probability as per
LSD
a

200
Different Substrate
150

without
poultry
soybean
dietary
manure canola meal meal supplement

100
0
Specific Energy Mjm-2

Fuel Energy Mjm-2

250

Highest energy efficiency belonged in order to
complement poultry manure, rapeseed meal, soybean meal
and without combination with a food supplement and the
value of 0.247, 0.244, 0.238 and 0.236 MJm-2 (Figure 10)

50
c

b

wheat straw

palm fiber

0
bagasse

Different substrate

Figure8: Fuel consumption in the context of oyster
mushroom cultivation. The common letter(s) in a column
did not differ at the level of 5% probability as per LSD

0.22
0.275

a

b

c

c

0.33

In this study of efficiency energy for oyster mushroom
and compost was more than obtained in studies conducted
on the button mushroom and compared to other products
was less greenhouse efficiency energy. This requires more
attention to the product and training of workers and
managers with modern principles of mushrooms and
production of measures to manage the energy consumption
per unit.

The analysis of variance effect substrate and Nutritional
supplements for Energy efficiency of oyster mushroom
indicated significant differences among the various
substrate pretreatment methods (table 3) There was a
significant (P<0.01).
Most energy efficiency was in the context of palm fiber,
wheat straw and bagasse of 0.33, 0.25 and 0.13 MJm-2
(Figure 9)

Specific Energy Mjm-2

0.165

Energy efficiency of button mushroom compost was
reported in Khorasan Razavi Province 0.164 (saeedi et al,
2014). Other studies reported in the province 0.20 energy
efficiency. [31]

Specific Energy

Energy Productivity
The analysis of variance Interaction substrate and
Supplement Energy efficiency of oyster mushroom
indicated significant differences among the various
substrate pretreatment methods (table 3) There was a
significant (P<0.05).

a

0.3

0.11

Figure10: The effect of food supplements on Specific
Energy. The common letter(s) in a column did not differ at
the level of 5% probability as per LSD

Since the remainder production of oyster mushroom
compost was as a source of energy in the study along with
the product oyster mushrooms calculated as output energy.
Oyster mushroom compost was production with the
remaining energy index in the cultivation of various
substrates in the table (3) and (4).

0.35

0.055

b

0.25
0.2

The highest efficiency of oyster mushrooms as a palm
fiber combination with poultry manure and canola meal
were shown 0.099 and 0.097 kgMj-1 and the lowest energy
productivity in the bagasse bed without combination with
dietary supplement and bagasse bed with soybean meal
were shown 0.031 and 0.032 kgMj-1.

c

0.15
0.1
0.05
0
palm fiber

bagasse

wheat straw

Different substrate

Net Energy

Figure9: The effect of substrates on Specific Energy.
The common letter(s) in a column did not differ at the
level of 5% probability as per LSD

The analysis of variance effect substrate and Nutritional
supplements for Net Energy of oyster mushroom indicated
significant differences among the various substrate
pretreatment methods (Table 3) There was a significant
(P<0.01).
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The greatest amount of energy added to substrates such
as bagasse, wheat straw and palm fiber to the -393.19, and
-116.86 -153.79 Mjm-2 (Figure 11) and increased the
maximum amount were assessed of energy in food
supplements in order to supplement rapeseed meal,
soybean meal, poultry manure without combination with
complementary and supplementary to the -224.19, -222.17,
--218.39 and -220.36 MJm-2 (Figure 12).

Net Energy Mjm-2

Different Substrate

0
-50

wheat straw

palm fiber

bagasse

Net Energy Mjm-2

-100
c

-150
-200
-250
-300

d
c
b
a

Which indicated that the amount of energy output was
less than the amount of input energy in the production of
oyster mushrooms. Oyster mushroom production of energy
in the context of palm fiber is more affordable. In most
agricultural products have been added to the positive
energy. [32] Some products have been added to the
negative energy. [33]

-350

-450

-215
-216
-217
-218
-219
-220
-221
-222
-223
-224
-225

Figure12: The 0effect of food supplements on Net
Energy. The common letter(s) in a column did not differ at
the level of 5% probability as per LSD

b

-400

without
poultry
soybean
dietary
supplement
manure canola meal
meal

a
Different Substrate

Figure11: The effect of substrates on Net Energy. The
common letter(s) in a column did not differ at the level of
5% probability as per LSD

Table3: Analysis of variance of substrate and food supplements on energy indices
mean of squares
Degree
Sources changes
s of
freedom
Input
Net Energy
Specific
Energy
energy
Energy;
Productivity
Substrate
2
279207.94*
270083.01*
0.125**
0.011**
*
*
Nutritional supplements
3
99.09**
55.45**
0.0002*
0.0001**
*
Substrate* Nutritional
6
1.30**
2.04ns
0.00002
0.00001*
ns
supplements
Error
24
0.29
1.45
0.0001
0.000005
Cv
0.21
0.54
1.60
3.65
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Table4: Comparison of interaction between the substrate and complementary energy index
Mean
Specifications
substrate
Poultry manure
Canola meal
Soybean meal
Without dietary
supplement
c
c
e
Energy
Wet straw
0.073
0.075
0.060
0.065d
a
a
b
Productivity
Palm fiber
0.099
0.097
0.091
0.093b
f
f
g
bagasse
0.037
0.037
0.032
0.031g
Input energy

Wet straw
Palm fiber
bagasse

203.95f
173.43i
453.69c

212.59e
181.15g
457.37a

203.99f
175.93h
454.83b

203.55f
168.09i
450.74d

The common letter(s) in a column did not differ at the level of 5% probability as per LSD
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4. Conclusions
Fossil fuels (64.94 MJm-2), substrate (13.2 MJm-2)
and machinery (6.77 MJm-2) were mostly contributed
inputs to energy consumption. As a result of this
study, effectiveness of use of all inputs can be
achieved in an informed and efficient production
system. In this regard, extension programs toward the
development of such systems should be taken into
consideration.
Results indicated that the amount of input energy for
wheat straw, palm fiber and bagasse was 205.95,
176.29 and 454.04 (MJm-2) respectively. Palm fiber
input energy was less than the other substrate. This
result is due to the shorter duration of palm fiber bed
compared to other substrates.
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