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ABSTRACT
Food insecurity and malnutrition are among the major problems in most developing nations 
recently. Mushroom cultivation is one of the promising strategies to overcome these challenges. 
the growth and productivity of mushrooms differ because of their wide range of cultivation 
substrates. cultivating Pleurotus ostreatus on suitable substrates is one of the key factors 
affecting its growth and productivity. this study was, therefore, conducted to investigate the 
effect of cultivation substrates, namely straws of tef (trt1), barley (trt2), and wheat (trt3), 
husks of faba bean (trt4) and field pea (trt5), and sawdust (trt6) alone, and their mixture (1:1, 
w/w) (trt7) on the growth and yield of P. ostreatus. Mycelial colonization, primordial formation, 
and days to first harvest were faster (13.00, 19.67, and 22.67 days) for the P. ostreatus cultivated 
on trt7 whereas those grown on trt6 were delayed (18.00, 27.00, and 29.67 days), respectively. 
trt7 gave a higher (67.33) fruiting body/bunch and total yield (2001.70 g/bag). Biological 
efficiency was also significantly (p < 0.05) higher for trt7 (238.64%). strong relationships 
between cap diameter and mushroom yield (r = 0.84***), number of bunches (r = 0.76***), 
number of fruiting bodies (r = 0.80***), stipe length (r = 0.83***), and total yield (r = 0.84***) 
were among significant positive correlations observed. in conclusion, cultivating P. ostreatus on 
the trt7 (mixed substrate) is recommended rather than using either of the residues alone.

1.  Introduction

Mushrooms are the fleshy, spore-bearing fruiting body 
of fungi [1], have no chlorophyll, and cannot process 
photosynthesis [2]. They get their energy through bio-
chemical decomposition processes [3, 4]. Although hun-
dreds of identified species of fungi have made a 
significant global contribution to human food and med-
icine [5], oyster mushrooms Pleurotus ostreatus (Jacq. 
Fr.) Kumm, button mushrooms [Agaricus bisporus (J. E. 
Lenge) Imbach] and shiitake mushrooms [Lentinula 
edodes (Berk.) Pegler] are the most commonly culti-
vated ones in many countries; for instance, in India [6] 
and in Ethiopia [7, 8]. Pleurotus ostreatus is among the 
most acceptable species cultivated for food and medici-
nal purposes and is relatively simple to cultivate com-
pared to the other mushrooms [9–11]. They are the 
most adaptable genera of edible fungi as they can grow 
on a wide range of lignocellulose materials [12, 13] and 
can be cultivated using different agricultural residues 
depending on their availability in a particular region 
[14]. Wheat straw, for example, is a common substrate 

for oyster mushroom cultivation in areas where wheat 
is commonly produced [15], while rice straw is utilized 
where it is cultivated [16] and coffee husk where it is 
commonly processed as a by-product [8].

Mushroom cultivation in Ethiopia is important 
because food insecurity and malnutrition are among 
the common problems of the nation. Production and 
consumption of edible mushrooms can support the 
food and nutrition security program of a country 
[17–19] and their medicinal and nutritional values 
enable them to act as bioremediations [20]. In addi-
tion, mushrooms contain a high amount of protein 
[15, 21–24], vitamins and minerals [25, 26], fibers 
and lacking cholesterol [27, 28], flavor [29], aroma 
[30], immune enhancing [31], blood pressure lower-
ing [32, 33], and anti-tumor products [34].

Since mushroom cultivation is labor intensive [21, 
35, 36], it creates job opportunities, generates income, 
and for the management of agricultural wastes. Different 
authors further indicated that mushroom cultivation is 
also important for converting inedible plant biomass to 
nutritious food [37–40]; requires little land [41]; does 
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not need light [42]; can be cultivated throughout the 
year [21, 43]; thrives on different agricultural and 
agro-industrial wastes [44–46]; they require short pro-
duction period [47–49]; their need of availability of 
intensive manpower makes them an emerging agribusi-
ness for self-employment and entrepreneur develop-
ment [21, 35, 36]; they are high-value international 
crops with growing global and market access [50, 51]. 
Thus, these points make mushroom cultivation ideal 
for Ethiopia where food and nutrition insecurity, 
employment creation, and income generation are prior-
ity issues recently.

Among the main constraints hindering mushroom 
farming flourishing in Ethiopia are a lack of concept 
and skill in production technology [52, 53], lack of 
research and extension [7, 54], low level of informa-
tion supply both on production and marketing 
aspects [55], lack of appreciation about its nutri-
tional and medicinal importance, and the monoto-
nous traditional diets and the conservative eating 
habit of Ethiopian people [56], lack of detailed 
understanding of the technical features for an appro-
priate and efficient production; because, it requires a 
fundamental understanding of their physical, chemi-
cal, biological and enzymatic properties [42].

To increase the production of P. ostreatus, more 
attention should be given to the factors affecting its 
yield. Finding the best substrate for each strain is vital 
[57–59]. Pleurotus ostreatus are primary decomposers 
and enable them to grow on a wide range of substrates 
[60]. So, farmers can use different kinds of readily 
available plant biomass. However, the yields vary greatly 
from one substrate to another [56, 59]. Unpredictable 
yields due to the use of unsuitable substrates have dis-
couraged most small-scale farmers who are often, 
unable to keep on with the cultivation of the mush-
room [4, 61]. Thus, using the right substrate is import-
ant to maximize mushroom yields [62–64]. This study 
was, therefore, conducted to evaluate the growth and 
productivity of P. ostreatus cultivated on locally avail-
able agricultural residues (substrates) and generate 
information in these regards.

2.  Materials and methods

2.1.  Substrate collection and preparation

The locally available agricultural residues were col-
lected from the peasant associations and prepared 
following methods indicated by [65]. Accordingly, 
the collected residues were cleaned with tap water, 
air dried and chopped into pieces of about 3–5 cm 
size. Then, they were naturally dried by exposure to 
full sun for three days. Consequently, the residues 
were soaked in water overnight and then sterilized 

by hot water under the temperature range of 
70–80 °C for 30 min. The residues were then spread 
on the clean plastic-covered floor to evaporate excess 
moisture. When the water stopped dripping, the res-
idues were considered the ready stage for spawning.

2.2.  Spawning and harvesting

The substrate treatments were spawned with 70-gram 
seeds of the P. ostreatus (Jacq. Fr.) Kumm M2153 
strain obtained from Waginos Biotech Mushroom 
Spawn Production PLC, Addis Ababa, Ethiopia. The 
transparent plastic bags with the model number: 7# 
(Dongguan Shanghai Industrial Development Co., 
Ltd., Shanghai, China) which served for cultivation 
with the dimensions of 45 cm by 30 cm by 6 C (thick-
ness) were filled with 1 kg of moist residues. Ten 
holes were made in each bag for adequate aeration 
and the plastic bags were tied and incubated in the 
dark in a well-ventilated room. After spawning, the 
bags were kept about 20 cm apart in the cropping 
room with a temperature and relative humidity of 
around 25 °C and 80–90%, respectively. Fruiting was 
started shortly after the residue was filled with myce-
lia growth. The relative humidity of the growing room 
was maintained at a high humidity level by sprinkling 
water on the floor and side-hanging sacks, 100% sisal 
(Meher Sisal Fiber Factory, Addis Ababa, Ethiopia) 
twice a day. The mushrooms were harvested from the 
residues when young, firm and fleshy (immature/juve-
nile stage) and the whole mushrooms were weighed 
the same day. Harvesting was performed by gently 
pulling the mushrooms from the residues and contin-
ued as long as the mycelia remained white and firm 
and three flushes were harvested.

2.3.  Data collection

The days required to complete mycelial colonization, 
primordial formation, and first harvest were recorded. 
Data on cap diameter and stipe length were mea-
sured for each treatment in each cycle of harvest by 
using a ruler. Whereas the number of fruits/bag and 
several bunches/bag were recorded for each treat-
ment in each cycle of harvests. The size of the 
mushroom (MS) was determined as the total weight 
of fresh mushrooms harvested/total number of 
mushrooms harvested.

MS g( ) = ( )Wtof freshmushroomharvested g

Total number of mushroomharrvested
 (1)

Biological efficiency (BE) (%) was determined as the 
rate of the weight of fresh mushrooms harvested (g) 
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divided by the dry residue weight (g) multiplied by 
one hundred.

 BE %
Wt of fresh mushroom harvested g

Dry residue Wt g
( ) = ×

( )

( )
100 

(2)

The yield of the mushroom (MY) was also deter-
mined as the weight of fresh mushrooms harvested 
(g) per fresh residue weight (g).

 MY
Wt of fresh mushroom harvested g

Wt of the fresh residue g
=

( )

( )
 (3)

The production rate (PR) (%) of the edible mush-
room in each residue was calculated based on each 
residue’s biological efficiency and the time taken in 
days from spawning to harvesting. 

PR %
BE %

Time days) from spawning to harvesting
( ) = ×

( )

(
100 

(4)

2.4.  Data analysis

The data were subjected to analysis of variance 
(one-way ANOVA), using the software Statistix 8.0; 
the means were separated using the least significant 
difference comparison test at 5% [66]. A Person cor-
relation and linear regression analysis were run to 
show the relationships among the parameters studied.

3.  Results

3.1.  Mycelial colonization, primordial formation, 
and the first harvest of P. ostreatus as affected 
by agricultural residues

The results in Table 1 show significant (ρ < 0.05) dif-
ferences in the morphological traits of the 

mushroom cultivated on the residues. Mycelial colo-
nization, primordial formation, and first harvest 
were completed between 13 to 18, 20 to 27, and 23 
to 30 days after incubation. The use of Trt7 and Trt4 
brought a significant difference in terms of morpho-
logical traits. The mycelial colonization, primordial 
formation, and first harvest of the fruiting body of 
the P. ostreatus cultivated on Trt7 and Trt4 treat-
ments were faster than cultivating on the remaining 
treatments. The morphological traits of the mush-
room cultivated on the Trt6 alone were significantly 
(ρ < 0.05) delayed.

3.2.  Fruiting bodies of P. ostreatus as affected by 
agricultural residues

The cap diameter varied significantly (ρ < 0.001) 
among the treatments with the mean diameter rang-
ing between 3.32 cm and 4.89 cm for Trt6 and Trt7, 
respectively. The results also showed that four out of 
the seven treatments (Trt1, Trt2, Trt3, and Trt5) 
were not significantly (ρ > 0.05) different in terms of 
cap diameter (Table 2). Agricultural residues had a 
significant (ρ < 0.001) influence on the stipe length 
with the shortest and the longest stems being 
observed on the Trt6 and Trt7, respectively.

The number of fruiting bodies/bunches and 
bunches harvested from each bag varied significantly 
(ρ < 0.001) among the seven substrates tested. The 
Trt6 had the lowest (31 and 3) while the Trt7 gave 
the highest (67.33 and 5.33) average number of 
fruiting bodies and bunches per bag of one kilogram 
of substrate among the seven substrates.

3.3.  Effect of agricultural residues on yield of  
P. ostreatus

The yield is one of the main purposes of mushroom 
cultivators. The P. ostreatus grown on different 
locally available agricultural residues showed a sig-
nificant (ρ < 0.001) difference in terms of mushroom 
yield (Table 3). The mushroom had three flushes. 

Table 1. Effect of cultivation residues on mycelial coloniza-
tion, primordial formation, and the first harvest of Pleurotus 
ostreatus.

Treatment

Morphological traits (day)

Mycelia 
colonization

Primordial 
formation First harvest

Trt1 16.00ab 25.33ab 27.67ab

Trt2 16.00ab 22.33abc 25.67bc

Trt3 15.33bc 22.67bc 25.00 cd

Trt4 14.33bc 21.67bc 23.33 cd

Trt5 15.33bc 23.67ab 24.67 cd

Trt6 18.00a 27.00a 29.67a

Trt7 13.00c 19.67c 22.67d

Means with the different letters in the same column are significantly 
(ρ < 0.05) different.

Table 2. influence of cultivation residues on fruiting bodies 
of Pleurotus ostreatus.

Treatment
cap diameter 

(cm)
Stipe length 

(cm)

No. of 
fruiting 
bodies/
bunch

No. of 
bunch/bag

Trt1 4.07b 3.00c 34.00d 3.30 cd

Trt2 4.20b 3.00c 44.67c 3.67c

Trt3 4.00b 3.20bc 46.00c 4.30b

Trt4 4.66a 3.42b 65.00a 4.89a

Trt5 4.10b 3.17bc 52.33b 4.22b

Trt6 3.32c 2.32d 31.00d 3.00d

Trt7 4.89a 4.42a 67.33a 5.33a

Means with the different letters in the same column are significantly 
(ρ < 0.05) different.



MycoBioloGy 391

The significantly highest (636.81 g/bag) average 
mushroom yield was obtained from the first flush, 
followed by the second (593.71 g/bag) flush, and the 
trend gradually decreased at the next, third (279.90 g/
bag) flush.

Table 3 further shows that the total yield of 
mushrooms ranged from 1093 g to 2001.70 g/bag. 
Trt7 gave the highest total yield (2001.70 g/bag) 
followed by Trt4 (1813.30 g/bag) and Trt5 
(1612.30 g/bag). Trt7 had the highest yield of 
mushrooms at almost all flushes. Thus, their total 
yield was higher than the mushrooms grown on 
the remaining substrates. The two treatments such 
as Trt4 and Trt5 are agricultural residues obtained 
from leguminous (faba bean and field pea). 
Similarly, the Trt7 also contained these leguminous 
residues as it contains their mixture, which is rich 
in protein content.

The yield of P. ostreatus at all flushes and the 
total yield varied significantly (ρ < 0.001) among 
the treatments with the mean gram per bag 
between 504.00 to 799.67, 434.67 to 765.67 and 
154.33 to 436.33 during the first, second and third 
flushes on Trt6 and Trt7, respectively (Table 3). 
The same trend was observed in the total yield; 
i.e., it varied significantly (ρ < 0.001) among the 
treatments with the mean yield (g/bag) ranging 
between 1093 g to 2001.70 g on Trt6 and Trt7, 
respectively. Trt7 revealed maximum yield (g/bag) 
in the first (799.67), second (765.67), and third 
(436.33) flushes; but, Trt6 showed the minimum 
yield (g/bag) in the first (504.00), second (434.67) 
and third (154.33) flushes. Similarly, the total yield 
(g/bag) was maximum in the case of Trt7 (2001.70) 
over Trt6 (1093.00).

3.4.  Productivity of P. ostreatus as affected by 
agricultural residues

The average biological efficiency was significantly 
(ρ < 0.05) different among the residues tested 
(Table 4). In general, treatments that gave a 
higher yield resulted in a higher value of biolog-
ical efficiency; whereas, those returned with the 

lowest mushroom yield resulted in the lowest 
biological efficiency of the P. ostreatus. So, the 
highest biological efficiencies were obtained from 
Trt7 (238.50%) and Trt4 (238.50%) substrates 
(Table 4).

3.5.  Relationship among parameters of fruiting 
body and productivity indexes

Linear regression analysis was performed among 
fruiting bodies and productivity indexes of P. ostrea-
tus. Briefly, linear regression relationships were 
observed among parameters of the fruiting body and 
productivity indices studied (Figure 1). The relation-
ships between cap diameter, total yield and mush-
room size were positively correlated with the 
regression equations of y1 = 0.58x − 0.90 (0.83) and 
y2 = 0.199x − 0.30 (R2 = 0.83), respectively. Stipe 
length was also positively correlated with total yield 
y1 = 0.47x + 0.01 (R2 = 0.83) and mushroom size y2 
= 0.15x + 0.004 (R2 = 0.83). In the same manner, 
the number of bunch/bag was positively correlated 
with total yield y1 = 0.37x − 0.02 (R2 = 0.96) and 
mushroom size y2 = 0.12x − 0.01 (R2 = 0.96).

Whereas, the linear regression relationships were 
further observed between the number of fruiting 
body/bunch and mushroom size y1 = 0.01x + 0.14 
(R2 = 0.97) and total yield y2 = 0.02x + 0.42 (R2 = 
0.97), between total yield and biological efficiency 
y1 = 91.14x + 61.00 (R2 = 0.83) and production 
rate y2 = 148.82x + 556.37 (R2 = 0.51), between 
the number of fruiting body/bunch and biological 
efficiency y1 = 2.16x + 93.62 (R2 = 0.89) and pro-
duction rate y2 = 3.68x + 602 (R2 = 0.60) were 
among significant positive correlations observed.

3.6.  Correlation among parameters of fruiting 
body and productivity indexes

A linear correlation test was performed to determine 
the relationships between the fruiting body, total 
yield and productivity indices in the P. ostreatus 
samples and summarized in Table 5. Biological 

Table 3. yields (g/bag) of Pleurotus ostreatus as affected by 
different agricultural residues.
Treatment 1st flush 2nd flush 3rd flush Total yield

Trt1 567.33 cd 505.67de 181.67d 1254.70de

Trt2 573.33 cd 538.33d 238.67 cd 1350.30d

Trt3 624.00c 570.00 cd 253.67 cd 1447.70 cd

Trt4 734.33ab 687.00ab 392.00ab 1813.30ab

Trt5 655.00bc 654.67bc 302.67bc 1612.30bc

Trt6 504.00d 434.67e 154.33d 1093.00e

Trt7 799.67a 765.67a 436.33a 2001.70a

Means with the different letters in the same column are significantly 
(ρ < 0.05) different.

Table 4. Productivity of Pleurotus ostreatus as affected by 
different agricultural residues.

Treatment

biological 
efficiency 

(%)
Mushroom 

yield
Mushroom 

Size (g)
Production 

rate (%)

Trt1 166.67c 17.92de 418.22de 714.57bc

Trt2 208.57b 19.29d 450.11d 812.89ab

Trt3 200.21b 20.68 cd 482.55 cd 834.26a

Trt4 231.46a 25.90ab 537.44bc 840.95a

Trt5 195.06b 23.04bc 604.44ab 791.36ab

Trt6 150.21c 15.62e 364.33e 663.64c

Trt7 238.46a 28.59a 667.22a 810.38ab

Means with the different letters in the same column are significantly 
(ρ < 0.05) different.
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efficiency was significant (ρ < 0.01) and positively 
correlated with the mushroom yield (0.83***, ρ < 0.00) 
and with the production rate (0.90***, ρ < 0.00). 
Similarly, cap diameter was significantly ρ < 0.01) and 
positively correlated with the number of bunch/bag 
(0.76***, ρ < 0.001), number of fruiting body/bag 
(0.80***, ρ < 0.00), stipe length (0.83***, ρ < 0.00) and 
total yield (0.84***, ρ < 0.00). Likewise, significant 

(ρ < 0.01) and positive correlations were observed 
between mushroom yield and production rate 
(0.79***, ρ < 0.00), between the number of bunch/bag 
and number of fruiting body/bag (0.9401***, ρ < 0.00), 
stipe length (0.88***, ρ < 0.00), and total yield 
(0.89***, ρ < 0.00). In the same fashion, the number 
of fruiting bodies/bag significantly (ρ < 0.01) and 
positively correlated with stipe length (0.82***, 

Figure 1. linear regression relationship of (A) cap diameter (cm) with total yield (kg bag−1) and mushroom size (kg); (b) stipe 
length (cm) with total yield (kg bag−1) and mushroom size (kg); (c) number of bunch/bag with total yield (kg bag−1) and 
mushroom size (kg); (D) number of fruiting body/bunch with mushroom size (kg) and total yield (kg bag−1); (E) total yield (kg/
bag) with biological efficiency (%) and production rate (%); and (F) number of fruiting body/bunch with biological efficiency 
(%) and production rate (%) with equations of best-fit lines.

Table 5. correlation matrix among the measured parameters.
parameters bE cD MS My Nb NF PR Sl Ty

bE 1.00
cD −0.83*** 1.00
MS 0.67*** −0.42 ns 1.00
My −0.93*** 0.84*** −0.47* 1.00
Nb −0.92*** 0.76*** −0.67*** 0.89*** 1.00
NF −0.96*** 0.80*** −0.75*** 0.93*** 0.94*** 1.00
PR 0.78*** −0.60** 0.39 ns −0.71*** −0.60** −0.70*** 1.00
Sl −0.86*** 0.83*** −0.46* 0.83*** 0.88*** 0.82*** −0.64** 1.00
Ty −0.93*** 0.84*** −0.47* 1.00*** 0.89*** 0.93*** −0.71*** 0.83*** 1.00

bE = biological efficiency (%), cD = cap diameter (cm), My = Mushroom yield (g/g), Nb = No. of bunch/bag, NF = No. of fruiting bodies/bunch, 
PR = Production rate (%), Sl = Stipe length (cm), Ty = Total yield (g/bag); *, **, *** and ns = correlation is significant at ρ < 0.05, 0.01, 0.001 and 
non-significant, respectively.
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ρ < 0.00), and total yield (0.93***, ρ < 0.00). 
Furthermore, stipe length significantly (ρ < 0.01) and 
positively correlated with total yield (0.83***, ρ < 0.00) 
(Table 5).

In another way, significantly (ρ < 0.01) negative 
correlations were observed between biological effi-
ciency and cap diameter (−0.55**, ρ < 0.01), between 
biological efficiency and several bunch/bag (−0.45, 
ρ < 0.04), between biological efficiency and total yield 
(−0.48*, ρ < 0.03), between production rate and stipe 
length (−0.44*, ρ < 0.04) (Table 5).

4.  Discussion

Treatment seven (Trt7) enabled the P. ostreatus to 
attain 100% mycelial colonization, primordial for-
mation, and the first harvest of the fruiting body 
within 13, 20, and 23 days, respectively. This might 
be due to the supply of different nutrients con-
tained in the different components of the Trt7 
(i.e., synergistic effect). Similarly, [42] supposed 
that the mixture of agro-wastes can be interesting 
in making mushrooms fast-growing and produc-
tive with a consequent loss and cost reduction. In 
addition, [59] observed that mixing substrate can 
help to increase yield and, as a result, a higher 
benefit-cost ratio. Furthermore, [67] reported that 
nutrient contents were increased in the mixture 
substrate when compared with the single (wheat 
straw) substrate alone for the reason that the 
higher chemical contents (carbon and C: N ratio) 
were achieved on the mixture substrate at values 
244.33 g/kg and 40.20; while wheat straw alone 
substrate decreased to 239.00 g/kg and 38.50 sig-
nificantly (ρ < 0.05), respectively, which are respon-
sible for the advanced improvement of the recorded 
morphological traits in the case of P. ostreatus 
grown on the mixture substrate in the present 
study. Also [1] reported that the incubation period 
(required days for formation of primordia) was 
delayed (30 days) in the sawdust substrate alone 
compared to the mixture substrates which formed 
within less than 16 days.

While, the use of sawdust (Trt6) alone as a culti-
vation substrate delayed mycelial colonization, pri-
mordial formation, and the first harvest of the 
fruiting body by 5 days (i.e., in 18, 27, and 30 days), 
in that order, compared to the Trt7. In contrast, [68] 
reported that total mycelia colonization and first 
harvest periods were earlier for the sawdust (30.03) 
and (42.27) days, respectively, compared to the mix-
ture substrates that took 35.08 and 44.02 days for 
mycelia colonization and first harvest, respectively.

The longest stipe length observed on the Trt7 
might be due to suitability of the mixture substrate 

for the cultivation of P. ostreatus compared to the 
use of a substrate alone. Similarly, [69] reported the 
success of growing oyster mushrooms on the mix-
ture substrates in the Kingdom of Saudi Arabia. 
Moreover, [68] reported their thorough review that 
the mixture substrates were the most suitable ones 
for the cultivation of oyster mushrooms in which 
they gave the highest values of cap diameter (80.87–
83.56 mm) and stipe thickness (9.84–10.86 mm) 
compared to the control treatment, 100% sawdust, 
cap diameter (70.62 mm) and stipe thickness 
(8.52 mm). This finding is also in conformity with 
[70] who showed that cap diameter, stipe thickness, 
and mushroom weight g/bunch of both Pleurotus 
ostreatus and Pleurotus cystidiosus mushrooms were 
decreased in sawdust substrate when compared with 
some mixture substrates. However, [68] found signif-
icant (ρ < 0. 05) contrasting results that the number 
of effective fruiting bodies/bunch for sawdust (con-
trol) treatment was superior (10.32) to some mixture 
treatments (8.07–8.55).

The highest yields recorded from the P. ostreatus 
grown on the Trt7, Trt4, and Trt5 treatments might 
be attributed to their rich protein contents compared 
to the other ones. In agreement with these results, 
an early study by [71] stated that the higher produc-
tivity might be attributed to the high amounts of 
crude protein in them, which could have stimulated 
the growth of the mushroom. Furthermore, [57] 
reported that different nitrogen-rich substrates and 
their combination affected the yield performance of 
oyster mushrooms.

The increased yield of mushrooms in the Trt7 
might also be due to cellulosic and lignocellulose 
materials increased in different constituents of the 
mixture residue. Similarly, the results of [72] showed 
that maize straw mixed with 20% bean straw pro-
duced a better yield of grey oyster mushrooms. [68] 
also observed that mixing substrate (1.289 kg) can 
help to increase yield by 56.24% compared to the 
yield obtained from wheat straw (0.825 kg) alone. 
The addition of cotton seeds to paddy straw gave 
the maximum yield of fruit bodies (1.48 kg/kg) sub-
strate [71]. Because, if different substrates were 
mixed, nutrients supplement each other and signifi-
cantly affect the mushroom’s general performance. 
The same results were also further reported by [73] 
that the highest yield of mushrooms was recorded 
on the mixture of cotton stalks with wheat straw 
(796.12 g/kg substrate).

The highest productivity of P. ostreatus obtained 
from Trt7 might be due to the highest amount of 
lignocellulose components present in them. Likewise, 
[1] found that mixed substrate was more suitable for 
oyster mushrooms in terms of biological efficiency 
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compared to other substrate formulas. Accordingly, 
the highest value of biological efficiency (100.57 g) 
was obtained from the shaft mixture with wheat 
bran, while sawdust gave the lowest (13.08%) value 
of biological efficiency. Other scholars, [68] also 
reported that the highest biological efficiency of 
mushroom P. ostreatus was obtained from substrate 
formulas 100% corncob and 100% sugarcane bagasse 
(66.08% and 65.65%, respectively). But the 100% 
sawdust substrate showed the lowest biological effi-
ciency of P. ostreatus oyster mushrooms.

Furthermore, although [74] and [75] found contrast-
ing results, [75–77] reported similar results that the use 
of a single substrate alone is not effective for mush-
room productivity. However, if different supplements 
were mixed, nutrients prepared in such a way have sig-
nificant influences on yield and biological efficiency of 
mushroom too. The study results by [1] further sug-
gested that the amount of lignocellulose component 
present in the substrate may determine how effective 
the substrate will be for mushroom cultivation.

The regression equations indicating positive and 
statistically significant impacts on their respective 
parameters imply that those pairs of variables are 
connected; and an increase in one results in an 
increase in others. These findings are in agreement 
with many findings of the scholars. Accordingly, the 
average number of the fruiting body and biological 
yield are influenced by different levels of wheat bran 
supplemented with sugarcane bagasse [77]. Similar 
results were also reported by [78] that linear regres-
sion relationships were observed between economic 
yield and the number of primordia/packet, effective 
fruiting and biological efficiency. Furthermore, [79] 
reported the relationships between several pairs of 
variables in their investigation of the complex genetic 
architecture of yield-related traits in Agaricus bispo-
rus through the mapping of quantitative trait loci. In 
general, the R2 value indicated that the dependent 
parameters (Ys) of P. ostreatus are attributed to the 
average values of independent parameters (Xs) as 
detailed in Figure 1(A-F).

On the other hand, the negative regressions sug-
gest that those pairs of variables were unrelated; and 
an increase in one results in a decrease in others. 
Similar results were reported that the correlation 
coefficients among studied traits were found to be 
highly significant [80]. Furthermore, linear correla-
tions between pairs of mushroom traits were 
observed [4, 80, 81].

In conclusion, morphological, fruiting bodies, 
yield, and productivity of P. ostreatus were 
substrate-dependent based on the results obtained. 
Thus, selecting an appropriate substrate is very 

important for producers. It seems probable that the 
mixed residue provides a more balanced supply of 
nutrients to the mushroom than the residue alone. 
Because the Trt7 was found to be the most suitable 
one. Pleurotus ostreatus producers in the study area 
can, therefore, cultivate by mixing the agricultural 
residues as a better substrate for sustainable pro-
ductivity of the mushroom while obtaining satisfac-
tory yield and properly managing the wastes. 
Generally, the cultivation of P. ostreatus is a simple 
and environmentally friendly practice, which can 
be implemented both in urban and rural areas; 
especially, where jobless people are high because 
the substrate used for mushroom cultivation is eco-
nomically feasible and readily available. Thus, the 
use of mixed agro-residues as substrates for the 
cultivation of P. ostreatus is advantageous over sin-
gle residues and recommended to the farmers of 
the study area.
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