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Abstract
This study investigated a Pleurotus ostreatus production in Nsukka, Nigeria, using the locally available materials.
A modified controlled environmental system capable of maintaining the micro elements (temperature and relative
humidity) suitable for cultivation of oyster mushroom was developed. The system was tested using substrates of
biomaterial origin (saw dust and rice bran) at different levels of treatments. The substrates used were fermented
sawdust supplemented with rice bran at a spawning level of 0%, 5%, 10%, 15%, and 20%. The steps involved in the
cultivation were composting, bagging, spawning, incubation and cropping the substrates. The experiment was laid
out in a completely randomized design in five replications and results analysed at P < 0.05 significant difference.
The biological efficiency was determined to establish the minimum suitable nutrient supplementation levels and
the best yield of Pleurotus ostreatus. The nutritional compositions of the yield were analysed. The highest mean
yield of 24.5 g of fresh mushrooms was observed with the substrate mixture T3 (15% rice bran and 85% saw dust)
and lowest yield of 8.6 g observed in the T0 (without rice bran). The effects of temperature and relative humidity
on growth of oyster mushroom were evaluated. The result of this study showed that small-scale, indoor oyster
mushroom production appears to be economically feasible in Nsukka.
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1. INTRODUCTION
In developing climes, an estimated 150.8 mil-

lion persons especially are stunted and suffers im-
pairment of the immune control, owing to protein
deficiency [1, 2]. Most traditional sources of pro-
tein in Nigeria such as, eggs, meats, milk, are ex-
pensive [3]. The foregoing necessitates the search
for alternatives protein sources like mushrooms,
which are rich in protein, vitamin and other min-
erals [4]. China produces 64% of all edible mush-
rooms in the world and 85% of all oyster mush-
rooms all over the world (Pleurotus spp.) are also
produce in China [5].
Oyster mushroom (Pleurotus sp) is of the Tri-

cholomataceae family and naturally found as clus-
ters onmoist deadwoody plants, it degrades ligno-
cellulosic wastes, enabling to it grow on different
types of agricultural waste at wide temperature
ranges (15℃ – 35℃) and extremely high relative
humidity range of between 85% and 100% [6–8].
In the research of [4], it was reported that opti-
mal temperature for the growth of oyster mush-
room species was attained at 28℃. The Oyster
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mushroom, among all edible species is the second
most cultivated type globally due to its high bi-
ological efficiency, shorter growth time, low cost
of production, medicinal and nutritional values
[9, 10]. According to [11, 12], the nutritional value
of oyster mushroom can be compared to that of
eggs, milk andmeat and are a rich in water (90%),
proteins, vitamin (thiamine, riboflavin, folic acid,
and niacin) and other minerals (P, Ca, Fe, K, and
Na). FAO [5] reported that the income from edible
mushrooms is an important source of revenue for
rural communities. The high nutritional, ecologi-
cal, economical and medicinal values of Pleurotus
spp., necessitated our preference for it in our in
this study.

Aside the cultural media, lignocellulosic sub-
strate (rich in carbon and nitrogen), grain sources,
climatic condition (especially temperature and
humidity) is another important factor for pro-
duction of oyster mushroom [4]. The changes of
both temperature and humidity due to diurnal
and seasonal variations made the development
of a controlled environment from cheap and lo-
cally sourced materials in this study necessary for
maintenance of optimum relative humidity and
temperature and ensuring all year production of
oyster mushroom.
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2. MATERIALS AND METHODS
2.1. Design and Process Description
The mushroom growing house (MGH) of cross-

sectional area 32m2 located at Nsukka, Nigeria,
latitude 6.81N is shown in Fig. 1(a) and (b) is a
passive structure for modification of mushroom
growing environment. The house is made up of
0.2m thick mud wall with two openings were po-
sitioned northern and southern walls for ventila-
tion. The floor was covered with plastic to pre-
vent water seepage and filled with river sand, the
growing house is roofed with thatched grass and
an access door to the building was also installed.
The periodically wetted river sand-filled floor

was used to maintain high humidity and regulate
in the MGH. The mushroom growing bags were
kept moist and to ensure quality produce, plas-
tic insulation was installed to avert moist migra-
tion, control air movement and overall control of
the growing environment. The mushroom bags
were stacked as shown in Fig. 1(c) to enable air
flow and conveyance of needed heat to the micro-
climate of substrate bags. The relative humidity
(RH) inside the growing house were kept between
62-79% by watering the sand floor and spraying
the substrate bags with water twice a day in the
morning and evening during cropping.
The nutrient content tested for include potas-

sium, magnesium, nitrogen, phosphorus, cal-
cium, copper, manganese, vitamins A, B & C, fi-
bre content and moisture content. All the nutri-
tional analysis was done in Home Science, Nutri-
tion and dietetics laboratory, University of Nige-
ria, Nsukka.
The bundles of thatch grass for roofing, mud

block, wood (roofing material), river sand, grow-
ing substrate (sawdust), rice bran, clean water,
plastic bags (substrate containers), rubber pipe
(aeration of substrate bag), etc. were sourced lo-
cally at the Nsukka market and the neigbouring
rice mill at Adani, Enugu State. The spawn, Pleu-
rotus ostreatus (oyster mushroom seeds) were
bought from biotechnology laboratory, Federal
Institute of Industrial Research; Oshodi Lagos.
CRECER Digital Hygrometer was used for ob-
taining temperature and relative humidity hourly
readings.
2.2. Experimental Design
Fresh wood sawdust was collected from the tim-

ber sawmills at Nsukka. The sawdust was heaped
to about 0.5 m in height and water in the ratio
of 1: 2 (v/v) was added onto the heap on a plat-
form andmixed thoroughly. The heapwas covered
with black plastic polyethylene sheet and left to
ferment for 28 days with regular turning once a
week. After 28 days, when the moisture content
had dropped to 72%, and the supplemented with
rice bran as shown in Table 1. After proper mix-
ing, 500 g of each mixed substrate was filled in
plastic bag (12.5 cm wide and 18.5 cm long). The
bags inoculated with the spawns of oyster mush-
room at the rate of 5% per bag according to the
dry weight of substrates and kept at room tem-
perature and average relative humidity of 70% for

(a) Plan view of oyster growing house.

(b) Cross sectional view.

(c) Interior view of the mushroom house during
load test

Figure 1: (a) Plan view of oyster growing house (b)
Cross sectional view. (c) Interior view of themushroom
house during load test.
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Table 1: percentages of substrate combinations.

Notations Treatments combinations
T0 100% fermented sawdust substrate + 0% rice bran (Control)
T1 95% fermented sawdust substrate + 5% rice bran
T2 90% fermented sawdust substrate + 10% wheat/rice bran
T3 85% fermented sawdust substrate + 15% rice bran
T4 80% fermented sawdust substrate + 20% rice bran

mycelium colonization. The number of contami-
nated bags, number of days for substrate coloniza-
tion, total mushroom yield (g) and biological effi-
ciency (BE).
The experiment followed a Completely Random-

ize Design (CRD) for the two substrates at varying
combinations levels and five replicates as shown
in Table 1.
At difference value of 15%, all experiments were

analysed at probability level of P < 0.05 with Gen-
STAT Discovery version 4.

3. DESIGN CONSIDERATIONS AND CALCU-
LATIONS
The stage of maturity, ventilation rate (air

movement), temperature, relative humidity, sur-
face area, substrate type etc. are some of the fac-
tors considered in the design of mushroom pro-
duction structures, but the control of temperature
and humidity is key to achieving quality yield [13].

3.1. Basic Theory
The modification of the environment for oyster

mushroom production involves the flow of air hu-
midity and temperature regulation, the following
were assumed: (i) the system was a passive proto-
type system; (ii) it was constructed on a shady and
windy area and (iii) Constant spraying of water in
the shad house.

3.1.1. Quantity of airflow mass
The universal gas law was used in determining

the quantity of heat in the air mass within the
mushroom room at the ambient surrounding tem-
perature, as expressed in equations below [14].

PV = n×R×T (1)
Where: P = pressure (N/m2), R- Universal gas

constant for air = 8.31KJ/kgmolk, V- volume of
mushroom chamber (0.362m3), T- initial tempera-
ture of the mushroom chamber (18 + 273) = 291K,
n = mole of air which is,

n = m
M

(2)

m = mass of air in the mushroom chamber
(kg),M = molar mass of air (28.97kg/mole Obtain-
ing the gas constant R for the mass of air in-
side the mushroom chamber at room temperature
(25°C) in kJ/mole;

R = R1

R
(3)

R1 = gas constant for the mushroom chamber at
18° is 0.287kJ/K. Substituting for n in the univer-
sal gas equation (Eq. (1)) using (Eq. (2)) to get

m = PV ×M
RT

(4)

The airflow mass needed to be heated up in the
mushroom chamber is 1.256x10−4kg. The quan-
tity of heat required to heat up this mass of air is
expressed according to [14], as;

Qthermal load = m×Cp ×4t (5)

Where: m = mass of air in kg, Cp = specific
heat of air at 18°C obtained as 1006kg/kg°C 4t
= change in temperature in the mushroom cham-
ber from the ambient temperature 18°C to 43°C
heated temperature in the mushroom chamber.
3.1.2. Ventilation rate by cabinet effect
Thermal buoyancy induced ventilation rate

through two openings at different elevations is to
be determined. The two openings are separated
by difference of elevation, 4h = (h2 −h1)+ (h4 −h2)
and the air densities for inlet and outlet vent are
ρ i and ρo respectively.
Applying the mass flow continuity relationship

with two velocities at the point inflow and outflow
of air we have;

ρoCd2 A2ν2 = ρ iCd4 A4ν4 (6)
With the known inlet velocity, the unknown outlet
velocity is stated by [15] thus;
ν4 = 2g4hqprod

T0

[
1+

(
T0
T1

)(
Cd4 A4
Cd2 A2

)2
][∑

U A+FP + cpρ iCd4 A4ν4
]


1
2

(7)

V = Cd4 A4ν4 (8)
Where: V = Ventilation rate, T0 = inlet air (am-
bient air) temperature K, Ti = outlet air tempera-
ture K, ρ i = inlet air density at = kg/m3, ρo = out-
let air density at kg/mm3, qprod = total sensible
heat flow = ρτIT A = W, 4h = difference in eleva-
tion between the inlet and the outlet vent. Cd =
coefficients of discharge is taken to be 0.6., V4 =
air velocity at the inlet m/s, Cp = specific heat ca-
pacity of air J/KgK, A4 = area of the outlet vent
m2, A44 = area of the inlet vent m2.
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3.1.3. Heat loss by conduction, Qcond
Heat loss to the environment from the growing

mushroom room walls and the vent is noted in
Eq. (9), Qconduction is heat loss to the environment
through the growing mushroom room. The room
wall is made of mud; it also served as an insulator.
The thickness of the wall is 0.2m. The heat trans-
fer through the growing mushroom room wall will
be estimated using heat transfer mechanism of
wall [16];

Qcond = (ti to)
l

kb

× A (9)

Where, A = total area of the mud wall, kb = ther-
mal conductivity of cabinet (W/mk), to = tempera-
ture of the growing mushroom room (K), ti = am-
bient temperature (K), l = the thickness of the con-
duction layers (m).

3.1.4. Heat loss by convection
Heat loss through convective ventilation is as a

result of air leaving the growing mushroom room
and is expressed thus;

Qcond =VρC4T (10)
Where, V = ventilation rate, ρ = density of the out-
let air at the heated temperature, C = specific heat
capacity of air, 4T = temperature difference be-
tween the growing mushroom room and ambient
air.
The overall heat loss to the environment is;

Qloss =Qconv +Qcond −Qoyster (11)

3.1.5. Biological efficiency
Biological efficiency is a measurable tool used

to know the growth potential of the oyster mush-
room. The biological efficiency (BE) values were
calculated according to [17] as:

Bio-efficiency (BE) =
Fresh weight of mushroom (g)

Dry weight of substrate (g) Moisture content
×100% (12)

Themoisture content of the substrate is expressed
in percentage by weight on wet basis and state be-
low:

M = Wm

Wm +Wd
×100 (13)

Where: Wm = weight of moisture and Wd = weight
of dry material.

3.1.6. No-load test
This test was done to establish the transient

response of the system to variations in prevail-
ing weather conditions in terms of temperature
reduction between the ambient and the mush-
room house and change in relative humidity be-
fore loading of substrate [18]. The experiment
was carried out for three days. This test involved

(a) External View of the local Mushroom House.

(b) Interior view of the mushroom house during no load
test.

(c) Oyster mushroom growing on treated sawdust sub-
strate.

Figure 2: (a) External View of the local Mushroom
House (b) Interior view of the mushroom house during
no load test. (c) Oyster mushroom growing on treated
sawdust substrate.
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Figure 3: three days (20th -22ndNovember) hourly room (MGH) and ambient temperature and relative humidity.

wetting of the mushroom house with water from
the water reservoir until the point of dripping and
taking the readings of the required parameters.
The wetting of the mushroom house was done at
interval of twice daily (morning and night). Fig-
ure 2b. The Ambient and the room temperatures
(ii) Ambient and the room relative humidity were
measured and recorded daily at intervals of one
hour for twenty-four (24) hours using a digital hy-
grometer that reads both relative humidity and
temperature simultaneously.
3.1.7. Load test
The load test lasted for a period of ten weeks.

The mushroom house was loaded with mixed sub-
strate of fermented sawdust and rice bran supple-
ment fig 1c. These four mixed substrates filled in
plastic bag (12.5 cm wide and 18.5 cm long) were
kept in themushroomhouse and the control which
was used to compare and evaluate the effective-
ness of the controlled system.
4. RESULTS AND DISCUSSION
4.1. Temperature and Relative Humidity

Readings of No-load Test
The average hourly and daily temperature read-

ings for the three days no load tests are shown in
Fig. 3 below. The results obtained showed that,
the temperature inside the mushroom house var-
ied from 22.43 – 28.47°C hourly with an average
value of 25.45°C while ambient temperature var-
ied from 25.41 – 34.62°C hourly with an average

value of 30.15°C. This implies that with themush-
room house, average temperature drop of 4.7°C
hourly was observed. However, the maximum av-
erage temperature readings observed for ambient
(30 – 34°C) gave minimum temperature readings
for the mushroom house. There was no system-
atic pattern in the variations of the temperature
readings.
The average hourly and daily relative humidity

readings for the three days are shown in Fig. 3.
The average hourly relative humidity observed for
24 hours during the no load test varied from 64.98
to 72.54% with average value of 66.56%, while
ambient relative humidity varied from 58.52 to
72.84% with average value of 68.00% for ambi-
ent. This implies that there was relative humid-
ity increment of 7.56 – 14.32%. Between 12:00
hours and 16:00 hours local time, the lowest range
(59.00 – 65.65%) of ambient relative humidity on
hourly basis was observed. The graph of vari-
ations in the average hourly relative humidity
readings with time is shown in Fig. 3.

4.2. MGH Fruiting Site Assessment
Temperatures within the shade house got as

high as 30°C, a little above the recommended
range for Oyster mushrooms. Relative humid-
ity reached lows below recommended for Oyster
mushroom cultivation. Dramatic diurnal fluctua-
tions in both temperature and relative humidity
occurred during the monitoring period as shown

Nigerian Journal of Technology (NIJOTECH) Vol. 40, No. 3, May 2021.
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Table 2: Mean Maximum and Minimum values for temperature and relative humidity within the mushroom
growing house.

S/N Months Temperature (ºC) Relative humidity (%)
Mean Max Min Mean Max Min

1 Nov 26.9 30.4 22.3 71.7 72.5 59.8
2 Dec 25.7 28.2 24.5 74.3 77.9 51.7
3 Jan 26.0 29.5 25.2 70.3 79.9 52.2
4 Feb 27.1 29.3 23.8 65.8 78.6 50.0

Table 3: Effect of rice bran supplement on the number
of contaminated bags and crop period of oyster mush-
rooms cultivated on four substrates treatment.

Substrate Number of
contami-
nated bags

Crop pe-
riod (days)

Repli-
cations

T0 4 38 5
T1 3 31 5
T2 3 30 5
T3 1 42 5
T4 2 41 5

in Table 2. Both temperature and relative hu-
midity were within allowable limits for mushroom
production [4].

4.3. Mushroom Performance
Oyster mushrooms (Pleurotus spp.) were cul-

tivated on fermented sawdust substrate supple-
mented with various levels of rice bran. Of the
twenty (25) bags inoculated in the experiment,
only eleven successfully fruited with limited oys-
ter mushrooms. T0, T1, andT2, were unsuccessful
in producing reasonable oyster mushrooms (pleu-
rotus sp.) fruit bodies.
The un-supplemented sawdust (T0) recorded

the highest number of contaminated bags (4 bags)
while the sawdust substrate supplemented with
15% rice bran had the least number of contam-
inated bags (1 bag) though not much different
from sawdust supplemented with 20% rice bran
(2 bags). However, the number of contaminated
bags increased with decrease rice bran supple-
mentation. The result contradicts that of [11],
who reported the number of contaminated bags
increased with increase in rate of wheat bran sup-
plementation up to the highest level of 20%.
In this study, all the non-supplemented saw-

dust substrate (control) bags were heavily con-
taminated and this could probably be as a result
of the materials broken down during substrate
sterilization which encourage the growth of harm-
ful pathogens that attacked and prevented the
growth of mushroom development. Also, the high
pH of the sawdust substrate may also have con-
tributed to the contamination of the bags. How-
ever, [19] reported several causes of contamina-
tion of mushroom substrate and ways of avoid-
ing potential contamination were also suggested.
Similar contaminations in oyster mushroom sub-
strates was reported in [20].

The number of days taken for colonization of
fermented sawdust supplemented with rice bran
ranged from 30 to 42 days. Fermented sawdust
supplement with 20% rice bran were colonized
within 41 days whereas sawdust supplemented
with 15% rice bran took a little longer period and
were colonized within 42 days after inoculation.
This agreed with the findings of [17, 21, 22].
The result however, contradicts those of [23]

who reported full colonization in Pleurotus ostrea-
tus in 17–20 days on different substrates. How-
ever, result obtained in this study indicated that
rice bran supplemented with fermented sawdust
substrate below 15% had significant and depress-
ing effects on total yield and biological efficiency
(BE) of the oyster mushrooms.
This decrease in yield and Biological efficiency

(BE) could probably be explained by the fact that
below 15% rice bran mixture might have gener-
ated a lot of heat. This may have resulted in the
overheating of the substrate which subsequently
affected the mushroom growth negatively thereby
leading to poor yield. This study was conducted
during the dry seasonmonths under room temper-
ature without adequate cooling facility in mush-
room growing house.
Results of oyster mushrooms cultivation trials

displayed in Table 3 below shows that crop period
was long, due to climate and environmental con-
ditions (dry season). However, this adverse envi-
ronmental condition was responsible for the very
low number of flushes produced.

4.3.1. Substrate effect on crop yield
The highestmean yield observed was that of the

T3; 24.5g of fresh mushrooms. T4 gave the sec-
ond highest yield (17.2g), followed by T2 (12.8g),
T1 (10.3g) and T0 (8.6g).
The range of individual yields observed was

quite wide with 15.9g. This variation is likely due
to contaminants and/ or climatic variations within
the mushroom house. Close control of climate
are major factors in ensuring high and consistent
production [7], much of this control was forfeited
with the choice of a low-cost, indoor growing facil-
ity. Green mold and Trichodermiaspp, was noted
as the most prevalent contaminants. Statistical
analysis of the yield revealed differences among
substrates to be significant (P < 0.05), the rela-
tionships among substrate treatments were ob-
served.
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Table 4: Average Nutrient Concentration of Oyster Mushroom (Pleurotus sp.) For Four Replicated Treatment
Substrates.

Treatments Parameters
MC VIT.A VIT.B VIT.C N P K MG CA MN CU FC

T0 1.10 20 0.14 5.40 6.5 0.4 0.7 0.4 5.2 22.5 9.6 0.13
T1 2.44 114 0.26 22.30 1.3 0.6 0.8 0.5 4.5 76.4 6.8 0.37
T2 4.59 126 0.44 31.40 3.6 0.3 1.1 0.7 6.8 35.3 5.6 0.31
T3 3.77 147 0.48 25.50 2.1 0.1 1.4 0.5 13.6 7.3 5.7 0.33
T4 6.58 160 0.57 35.30 1.5 0.2 1.6 0.8 6.8 5.2 6.6 0.22

NB: MC -Moisture Content N- Nitrogen P-Phosphorus K - Potassium Cu-Copper Mn-Manganese MG
-Magnesium Ca-Calcium VIT.A-VitaminA VIT.B -Vitamin B VIT.C-Vitamin C FC- Fibre content

Table 5: Comparison of difference of means using LSD (Least Significant Difference) Difference of means table.

Response Treatment means Difference Standard Least Standard Coefficient
Variate T0 T1 T2 T3 T4 Rep Errors Significant errors (SE) of Variation

Difference Differences at (CV)%
(SED) 5% level (LSD)

MC 1.10 2.44 4.50 3.70 6.58 3 10 0.719 1.602 0.881 24.0
Vit. A 20.0 114 126 147 160 3 10 5.840 13.02 7.16 6.3
Vit. B 0.14 0.26 0.44 0.48 0.57 3 10 0.557 0.1242 0.0683 18.1
Vit. C 5.40 22.3 31.4 25.5 35.3 3 10 1.342 2.991 1.644 6.9
N 6.50 1.30 3.60 2.10 1.50 3 10 0.884 1.970 1.083 36.1
P 0.40 0.60 0.30 0.30 0.60 3 10 0.1592 0.3546 0.1949 44.3
K 0.70 0.80 1.10 1.40 1.60 3 10 0.724 1.613 0.887 79.2
Mg 0.40 0.50 0.70 0.50 0.80 3 10 0.1897 0.4228 0.2324 40.1
Ca 5.20 4.50 6.80 13.6 6.70 3 10 1.107 2.466 1.356 18.4
Mn 22.5 76.4 35.3 7.30 5.20 3 10 0.893 1.990 1.094 3.7
Cu 9.60 6.80 5.60 5.70 6.60 3 10 1.163 2.591 1.424 20.8
Fe 0.13 0.37 0.31 0.33 0.22 3 10 0.03084 0.06872 0.03777 13.8

4.3.2. Crop period
The duration of the incubation phase, the fruit-

ing phase, and the overall crop period (Sum of
incubation and fruiting) for each substrate treat-
ment are presented in the Table 3 above.
The average crop period for T0 was 38 days,

while that of T4 was slightly longer at 41 days.
The difference among treatments was not found
to be statistically significant (P < 0.50). With re-
gards to substrate, T2 exhibited the shortest crop
period (30 days). While T3 was the longest (42
days). However, differences observed were not
statistically significant (P < 0.50). Relative to
findings of other studies, all four treatments sup-
ported a relatively cropping period for this partic-
ular species of pleurotus [24].

4.3.3. Substrate effect on nutrient concentration
The mushroom nutrient content of all the treat-

ment substrate produce were determined.
Very little variation was found when the min-

eral concentrations of fruiting bodies grown on
different substrates were analyzed. Of the twelve
minerals analyzed, phosphorus (P), potassium (K)
and magnesium (Mg) did not exhibit significant
differences among the fruit bodies grown on var-
ious substrates. While, Manganese (Mn) and Vi-
tamin C has significant differences among all the
fruit bodies grown on various substrates. Nutri-
ent levels of pleurotus cultivated on all substrates
treatment are comparable to those reported levels
of oyster mushrooms grown on straw [25]. Nitro-

gen levels, generally reported as protein content,
are high.

4.4. Data Analysis
The data collected was analysed and the signif-

icance of treatment means was tested at 5% prob-
ability level using F-LSD and presented in Table
5. Among the measured parameters shown in Ta-
ble 4 and Table 5, Phosphorus (P), Potassium (K)
and Magnesium (Mg) none exhibited significant
differences among the fruit bodies grown on var-
ious substrates. While, Manganese (Mn) and Vi-
tamin C has significant differences among all the
fruit bodies grown on various substrates.

5. CONCLUSIONS AND RECOMMENDA-
TIONS
The controlled environment for oyster mush-

room cultivation in rural areas of South-eastern
part of Nigeria was successfully developed with lo-
cally sourced materials in this research. Findings
from both temperature and humidity monitored
from the mud-walled and thatched-roofed mush-
room growing house after the no load test satisfied
the conditions necessary for indoor fruiting site.
The substrate combination T3 gave both the high-
est yield and the biological efficiency, while rice
bran supplement below 15% to fermented sawdust
substrate may result in significantly lower mush-
room yield and poor performance as observed in
this study with T0, T1 and T2 being largely unsuc-
cessful.
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It is recommended that wider range of sawdust
combination with rice brans should be studied
under varying seasons and more controlled en-
vironment with enhanced design parameters. A
comparative test to determine the impact of the
controlled environment on overall yield is recom-
mended.
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