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Abstract

Mushroom cultivation offers a sustainable and environmentally friendly alternative for food production, employment gener-
ation, and economic empowerment. However, optimizing primordia conversion to mature fruiting bodies remains a critical
factor influencing commercial productivity. This study evaluates the effects of substrate formulation, composting duration,
and supplementation on the conversion efficiency of Pleurotus eous P-31 and Pleurotus ostreatus EM-1. The experiment was
conducted using rice straw and Triplochiton scleroxylon sawdust as primary substrates, composted for varying durations (4,
8, and 12 days) and supplemented with different concentrations of rice bran (0%, 5%, and 10%). Mushroom pinhead forma-
tion and conversion efficiency to mature fruiting bodies were monitored over multiple flushes. Data were analyzed using

ANOVA at a significance level of p < 0.05. Substrate type, composting duration, and supplementation significantly influ-

©2025 The Authors. Published by the JScholar under the terms of the Crea-tive Com-
mons Attribution License http://creativecommons.org/licenses/by/3.0/, which per-

mits unrestricted use, provided the original author and source are credited.
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enced pinhead formation and conversion rates (p < 0.05). Pleurotus eous exhibited the highest conversion rate (75.7%) on
rice straw composted for 4 days and supplemented with 10% rice bran, while P. ostreatus achieved a maximum conversion
of 74.4% on 12-day composted substrate with 5% rice bran. On T. scleroxylon sawdust, P. ostreatus demonstrated a superior
conversion rate (66.0%) compared to P. eous (63.2%), with both species performing best on 8-day composted substrates.
The findings underscore the importance of optimizing substrate formulation and composting duration to enhance mush-
room yield. A 4-day composting period with 10% rice bran is recommended for P. eous, while P. ostreatus benefits from a
12-day composting period with 5% supplementation. These insights contribute to improving the efficiency of oyster mush-

room cultivation, with direct implications for commercial production.

Keywords: Pinheads Formation; Substrate Formulation; Composting Duration; Conversion Efficiency; Pleurotus eous and

Introduction

Mushroom cultivation is a sustainable agricultural
practice with nutritional, economic, and environmental ben-
efits. Mushrooms contain proteins, dietary fibers, vitamins,
and essential minerals like copper, selenium, potassium,
and zinc [1,2]. They can grow on diverse agricultural by-
products such as straw, sawdust, and coffee grounds, provid-
ing an environmentally friendly waste management solu-

tion [2-4].

Mushroom biotechnology contributes to species
discovery, domestication of wild strains, nutritional en-
hancement, environmental restoration, and pollution miti-
gation. As a health-promoting food with low fat and calorie
content, mushrooms integrate well into conventional agri-
cultural systems, enhancing resource efficiency, soil health,
and biodiversity conservation [5-7]. The classification of
mushrooms as a health-promoting food is primarily due to
their low fat and calorie content while being nutrient-dense
[1-3].

A unique advantage of mushrooms is their ability
to synthesize Vitamin D through ergosterol when exposed
to ultraviolet light, making them a rare non-animal source
of this essential vitamin. This is particularly significant in de-
veloping countries like Ghana, where malnutrition and vita-
min deficiencies are prevalent. The FAO recognizes mush-
rooms as a valuable protein source for populations relying

heavily on cereals [8-12].

JScholar Publishers

While research has focused on bioconversion of
agricultural waste into mushrooms and yield parameters,
limited studies have assessed the conversion efficiency of
pinheads (primordia) into mature fruiting bodies—a critical
determinant of biological efficiency and commercial yield
[13-20]. This study investigates the percentage conversion
of primordia to mature fruiting bodies in Pleurotus eous
P-31 and Pleurotus ostreatus EM-1 cultivated on different
formulated substrates. By evaluating how substrate composi-
tion, composting duration, and supplementation affect pri-
mordia conversion rates, this research aims to optimize
mushroom yield and biological efficiency, contributing to

predictive models for commercial mushroom farming.

Materials and Methods
Preparation of Pure Cultures

Pure cultures of both Pleurotus eous and P. ostrea-
tus were raised on Potato Dextrose Agar (PDA), Oxoid and
Malt extract agar for 7 days. Stock cultures were grown on
slants of PDA and Malt Extract Code: CM0059, Oxoid in
McCartney tubes and on Petri dishes. All media used were
sterilized at 1.05 kg/cm’ pressure for 15 minutes at 121°C
and the remaining were kept in a refrigerator at 8°C. Each
sterilized bottle containing grains was aseptically inoculated
with one 30 mm of 7 days old culture grown on either PDA
or malt extract agar. Spawns were incubated for 14 -21 days
without illumination at room temperature of 28°C until
complete mycelia growth. Fully complete spawns were kept

in refrigerator at 8°C when not used.
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Preparation of Spawns and Substrates

Spawns were prepared using a modification of
methods from [14,21,22]. Sorghum (Sorghum bicolor)
grains were washed, steeped overnight, and thoroughly
rinsed to remove dust and particles. The grains were
drained, placed in a wire mesh, and steamed in a pressure
cooker at 105°C for 30 minutes, ensuring they remained in-
tact to reduce contamination risk. After cooling on a wood-
en frame with wire mesh, 3% (w/w) calcium carbonate
(CaCO;,) was added and manually mixed before sterilization
in an autoclave at 121°C for 1 hour. For substrate prepara-
tion, sawdust was processed according to [23,24], while dry
paddy rice straw compost followed [25] method. Both fer-
mented and unfermented substrates were either supplement-
ed with varying percentages of rice bran or used without
supplementation before bagging into autoclavable bags,
with composted substrates steam sterilized at 100°C for at
least 3 hours. Ten replicates per treatment. The total sample
size (i.e., no. of bags) for the entire experiments was 720

bags.
Inoculation and Incubation of Compost Bags

After the bags were steam sterilized and allowed to
cool, approximately 2.5 g of spawn were inoculated into
each bag of weight of 1 kg under sterile conditions. The
bags were shaken to disperse the spawns for uniform distri-
bution of the grains in the bag. The inoculated bags were
transferred into an incubation room for complete mycelia

colonization in the bag. The ambient temperature of the in-

weight of fresh mushroom harvested (g)

3

cubation room was maintained at 25 -31°C. During this pe-
riod, the mycelial growth rate was measured every week un-
til the entire content of the bag was filled with the mycelia.
After the spawn run period, the bags were transferred into a
cropping house for the formation of pinheads (primordia)

and fruit bodies respectively.
Primordia Initiation (Knotting)

Data patterning time taken from spawning to first
pinhead (primordia) formation were collated and recorded
for each species and formulated substrates. Primordia for-
mation is considered when there is a small outgrowth of
about the size of pea or when a nodule appears on the sur-

face of the substrate.
Harvesting of Matured Mushroom and Calculation
of Biological Efficiency (BE)

Biological efficiency was calculated after the pri-
mordia formed mature fruit bodies (mushrooms). Matured
mushrooms were identified by the curl margin of the cap or
when the in-rolled margins of the basidiophores began to
flatten [49] (after Kortei & Wiafe-Kwagyan, 2014). Mush-
rooms were harvested by grasping the base of the stalk and
pulling them by hand from the substrate or by twisting to
uproot from the base, then packaged in polypropylene bags
and were taken away immediately for weighing using an
electric balance to determine the fresh weight. In cases
where it was difficult to uproot the fruiting bodies from the
base, the mushrooms were harvested with a sharp and clean

scalpel.

B.E =

x 100%

weight of dried substrate (g)

NB: B.E, that is, the productivity of the conversion of substrate into fruiting body (Chang et al. 1981).

Calculation of Percentage Conversion of Primordia
to Matured Fruit Bodies

The percentage conversion of primordia to ma-
tured fruit bodies was calculated per flush using the formu-

la:

% Conversion = (

Total number of matured fruit bodies
, , 100
Total number of primordia formed

NB: the number of aborted primordia was also expressed as % abortion of primordia.
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Statistical Analysis

The experimental set of all treatments were ar-
ranged in a completely randomized design (CRD), with five
(5) treatments and each treatment had ten bags as repli-
cates, while each treatment was repeated three times. Data
was examined statistically using (ANOVA) analysis of
variance with a probability level of p<0.05% to achieve the

significance of the research.

Results

Conversion of primordia to matured fruiting bodies
of P. eous and Pleurotus ostreatus on rice straw only

after three flushes

The study assessed yield characteristics for two oys-
ter mushroom species (P. eous and P. ostreatus) grown on
rice straw composted for different durations (0, 4, 8, and 12
days). P. eous showed consistently higher productivity, with
its best performance producing 75 pinheads that developed

into 56 mature fruiting bodies.

In contrast, P. ostreatus reached a maximum of 30
pinheads yielding 19 mature fruiting bodies. The conver-
sion rate from pinheads to mature fruiting bodies for P.
eous ranged from 77.0% (0-day compost) to 61.3% (12-day
compost), showing a declining trend with increased com-
posting time. Similarly, P. ostreatus showed conversion
rates between 68.0% (4-day compost) and 60.7% (12-day

compost).

After three flushes, total fruiting body production
for P. eous was highest with 4-day composted straw (56
bodies) and lowest with 12-day composted straw (38
bodies). For P. ostreatus, production peaked with 8-day
composted straw (19 bodies) and was lowest with raw straw
(15 bodies). Overall, primordia conversion rates decreased
with longer composting periods. The average abortion rate
was 28.7% for P. eous and 36.4% for P. ostreatus (Tables 1
a).

Table 1a: Pinhead formation and conversion to matured fruit bodies per flush of P. eous P-31 on only rice straw composted for

the indicated periods

- . .
et Moot | TN s e
0 43 (30) 13 (10) 17 (8) 61 (48) 78.7
4 44 (37) 14 (9) 17 (10) 75 (56) 747
8 38 (31) 16 (10) 18 (11) 72 (52) 722
12 30 (21) 16 (10) 16 (7) 62 (38) 61.3

NB: () indicates the number of matured fruit bodies Values in the same column followed by a different letter are statistically sig-

nificant (p <0.05) from each other.

Conversion of primordia to matured fruiting bodies
of P. eous and Pleurotus ostreatus on rice straw sup-

plemented with 1% CaCO, and 10% rice bran

Previous research has shown that nitrogen and car-
bohydrate supplements significantly affect mushroom yield
and quality. Cereal straw, commonly used for oyster mush-

room cultivation, contains limited nitrogen (0.5-0.8%),
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which becomes insufficient during fruiting after being de-
pleted during mycelial growth. This study used rice bran to
supplement rice straw to increase nitrogen content. The
study evaluated pinhead formation and maturation into
fruiting bodies for both P. eous and P. ostreatus grown on
supplemented rice straw composted for various durations
(0, 4, 8, and 12 days). P. eous demonstrated a better mini-

mum conversion rate (62.2%) compared to P. ostreatus
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(58.2%), resulting in lower pinhead abortion rates for P.
eous (37.8%) against P. ostreatus (41.8%). For both species,
the conversion rate from primordia to mature fruiting

bodies decreased as composting duration increased.

The results showed that P. eous consistently pro-

5

duced more fruiting bodies than P. ostreatus, though their
conversion rates from pinheads to mature fruiting bodies
were comparable. On average, P. ostreatus had a slightly
higher primordia abortion rate (34.9%) than P. eous
(33.7%), though this difference was not statistically signifi-
cant (p>0.05) (Tables 2a & b).

Table 1b: Number of pinhead formation and conversion to matured fruit bodies per flush of P. ostreatus EM-1 on rice straw

substrate composted for the indicated periods

Period of . Total No. of % Conversion of pinheads
. No. of pinheads . . .
composting pinheads to matured fruit bodies
1"Flush | 2 Flush |3 Flush
0 12 (8) 6(4) 6(3) 24 (15) 62.5
4 13 (7) 7 (6) 5(4) 21(17) 68.0
8 17(11) 5(3) 8(5) 30 (19) 633
12 11(8) 13 (6) 4(3) 28 (17) 607

NB: () indicates the number of matured fruit bodies Values in the same column followed by the same letter are statistically not

significant (p 20.05) from each other.

Table 2a: Total number of pinheads and matured fruit bodies per flush of P. eous P-31 grown on supplemented rice straw with
1% CaCO, and 10% rice

Period of § Total no. of fruit ) Total No. of fruit % Conversion of
composting / 1 Flush o 3 Flush bodies pinheads to matured
day(s) bodies2  Flush fruit bodies
0 45 (32) 14(7) 12 (6) 71 (45) 634
4 48 (39) 27 (17) 14 (7) 89 (63) 70.8,
8 37(23) 22 (14) 15 (9) 74 (46) 62.2
12 44 (30) 21 (14) 15 (11) 80 (55) 68.8

NB: () indicates the number of matured fruit bodies Values in the same column followed by a different letter are statistically sig-

nificant (p <0.05) from each other.

JScholar Publishers

J Food Nutr 2025 | Vol 11: 104



Table 2b: Total number of pinheads and matured fruit bodies per flush of P. ostreatus EM- on rice straw supplemented with

1% CaCO,and 10% rice
Period of composting No. of pinheads Total No. of pinheads
1'Flush| 2 Flush |3 Flush
0 18 (13) 10 (8) 8 (6) 37 (27)
4 17 (12) 12 (8) 10 (6) 39 (26)
8 22 (14) 17 (11) 13(7) 52 (32)
12 22 (13) 19 (10) 14 (9) 55 (32)b

NB: () indicates the number of matured fruit bodiesValues in the same column followed by a different letter are statistically sig-

nificant (p <0.05) from each other

Percentage conversion of primordia to matured
fruiting bodies of P. eous and Pleurotus ostreatus on
supplemented rice straw with 1% CaCO, and 10%
rice bran and additional of varying proportions of
rice bran 5, 10 and 15%

Research has confirmed that adding specific
amounts of inorganic substrate increases biological efficien-
cy in mushroom cultivation. This study evaluated how sup-
plementary rice bran affects the conversion of primordia to
mature fruiting bodies in two oyster mushroom species
grown on composted rice straw. Results showed that both
mushroom species maintained over 50% conversion rates
from pinheads to mature fruiting bodies across all substrate

conditions, though with notable variations.

For P. eous, the highest conversion rate (75.7%) oc-

curred on 4-day composted straw supplemented with 10%

rice bran, followed by 8-day composted straw (73.6%). The
lowest conversion (56.2%) was observed with 4-day com-
post containing 5% rice bran. Interestingly, although the
highest number of pinheads developed on raw straw with
5% rice bran, this did not result in proportionally high ma-
ture fruiting body production. The 12-day compost with
15% rice bran showed significantly better conversion
(66.7%) than the same compost with lower rice bran concen-

trations (Table 3b).

P. ostreatus showed similar conversion patterns
but produced fewer primordia and mature fruiting bodies
overall. Its highest conversion rate (74.4%) occurred on 12--
day compost with 5% rice bran, followed by 4-day compost
with 10% rice bran (73.0%). The lowest conversion (63.4%)
was recorded on 8-day compost with 5% rice bran (Table
3b). The average primordia abortion rates were 35.0% for P.

eous and 30.5% for P. ostreatus (Tables 3a & b).

Table 3a: Total number of pinheads and fruit bodies after three flushes by P. eous P-310on rice straw amended with 1% CaCO,

and 10% rice bran at composting and supplemented with additional proportions of 5, 10 and 15% rice bran at bagging before

sterilization
No. of pinheads
Period of 15l Flush / / fruit bodiels 3rd Flush/ | Total number | % Conversion
composting/ | Treatments | fruiting per flush2 fruiting of pinheads / to fruiting
day(s) bodies Flush / fruiting bodies | fruiting bodies bodies
bodies

A, 42 (33) 21 (13) 11 (6) 74 (52) 70.3

0 A, 38 (25) 20 (12) 14 (6) 72 (43) 59.7

A, 51 (35) 15 (10) 19 (9) 85 (54) a5
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B, 49 (30) 20 (14) 15 (9) 84 (53) 63.1
4 B, 42 (23) 13 (10) 15 (8) 70 (53) 75.7
B 41(29) 18 (13) 14 (8) 73 (41) 60
C, 42 (34) 15 (10) 15 (9) 72 (53) 73-62_‘
8 C, 35(27) 17 (8) 17 (9) 69 (44) 63.8
C. 34 (21) 18 (13) 20 (12) 72 (46) 3.9
D, 31 (22) 17 (11) 12 (7) 60 (40) 6.7
12 D, 39 (27) 15 (8) 13 (6) 67 (41) 61.2
D, 34 (22) 17 (11) 17 (9) 68 (42) oL
Keys:

Value of fruit bodies are in parenthesis ()
Values in the same column followed by a different letter are statistically significant (p <0.05) from each other
A, A, A represent uncomposted (0 day) rice straw supplemented with additional 5, 10 and
15% rice bran respectively.
B,:, B, B, represent 4 days composted rice straw supplemented with additional 5, 10 and 15% rice bran respectively.
C,s Cy, C, represent 8 days composted rice straw supplemented with additional 5, 10 and 15% rice bran respectively.

D,,, D,,, D, represent 12 days composted rice straw supplemented with additional 5, 10 and 15% rice bran respectively.

Table 3b: Total number of pinheads and fruiting bodies from three flushes by P. ostreatus EM-1 raised on rice straw amended
with 1% CaCO,and 10% rice bran during composting (0-12 days) and supplemented with different proportions (5, 10 and

15%) rice bran at bagging before sterilization

No. of pinheads
Period of 1" Flush / / fruit bOdiiS 3" Flush / | Total number | % Conversion
composting/ | Treatments |  fruiting per flush2 fruiting of pinheads / to fruiting
day(s) bodies Flush / fruiting bodies fruiting bodies bodies
bodies

A, 13 (09) 9 (06) 8 (6) 30 (21) 65-6b

0 A, 15 (10) 9 (07) 8 (6) 32 (23) 71.9

b

A 16 (10) 6 (04) 6(4) 28 (18) 750

B, 18 (12) 16 (11) 8 (6) 42 (28) 66.6

4 B 18 (12) 12 (09) 7 (6) 37 (27) 73.0

B, 19 (12) 10 (08) 7 (6) 36 (26) 72.2"

C, 20 (13) 17 (12) 12 (9) 49 (34) 69.3

8 C, 20 (12) 11 (10) 11(7) 42 (29) 69.0

C, 20 (11) 13 (10) 8 (5) 41(26) 63 4°
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D, 10 (08) 10 (06) 9 (6) 29 (20) 68.9
12 D, 25 (17) 11(08) 9(7) 45 (32) 711
D, 22 (15) 11(09) 10 (8) 43 (32) rad

Keys: Value of fruit bodies are in parenthesis ()

Values in the same column followed by a different letter are statistically significant (p <0.05) from each other

A, A, A represent uncomposted (0 day) rice straw supplemented with additional 5, 10 and 15% rice bran respectively.

B,s, B, B, represent 4 days composted rice straw supplemented with additional 5, 10 and 15% rice bran respectively.

C.s» C, C, represent 8 days composted rice straw supplemented with additional 5, 10 and 15% rice bran respectively.

D,;, D,y D, represent 12 days composted rice straw supplemented with additional 5, 10 and 15% rice bran respectively.

Assessment of total number of primordia conver-
sion to matured fruit bodies of Pleurotus eous and P.
ostreatus on rice straw and rice husk mixture subs-
trate supplemented with additional 5, 10 and 15% of

rice bran

The nitrogen content in mycelium typically ranges
from 3% to 6%, depending on the nutrient composition of
the substrate, which leads to variations in mushroom yields.
When rice straw and rice husk mixtures were supplemented
with 5%, 10%, and 15% rice bran, P. eous showed the high-
est primordia-to-fruiting body conversion of 74.1%. This
was observed in the 0-day compost mixture with 15% rice

bran. The next highest conversion rate (72.5%) occurred in

the 8-day compost mixture with 10% rice bran, while the
lowest conversion rate (58.5%) was seen in the 12-day com-

post with 15% rice bran (Table 4a).

For P. ostreatus strain EM-1, the conversion of pri-
mordia to matured fruit bodies was similar to that of P. eous
strain P-31, though the differences were not statistically sig-
nificant (p = 0.05). However, P. ostreatus generally showed
slightly lower conversion rates compared to P. eous. The
highest conversion for P. ostreatus was 71.1%, recorded in
the 12-day compost with 10% rice bran, followed by 68.9%
in the 0-day substrate with 15% rice bran. On average, P.
eous had a conversion rate of 67.3%, while P. ostreatus had a

conversion rate of 64.0% (Tables 4a & b).

Table 4a: Total number of pinheads and fruiting bodies from three flushes by P. ostreatus EM-1 on rice straw and rice husk

mixture (1:1w/w) amended with 1% CaCO, and 10% rice bran during composting (0-12 days) and supplemented with different

proportions (5, 10 and 15% of rice bran at bagging before sterilization

No. of pinheads
Period of 1 Flush,; | /fruitbodies | 3"p o | Total number | % Conversion
composting/ | Treatments |  fryiting per ﬂushzl‘d fruiting of pinheads / to fruiting
day(s) bodies Flush / fruiting bodies fruiting bodies bodies
bodies

A, 20 (15) 14 (9) 11(7) 45 (31) 68.9

0 A, 18 (10) 14 (10) 11 (6) 43 (26) 60.5

A 24 (16) 14 (9) 11 (5) 49 (30) :

5 61.2

B, 18 (10) 15 (9) 12 (7) 45 (26) 57.8

4 B, 14 (8) 13 (7) 11 (7) 38 (22) 579

B, 18 (13) 08 (5) 11 (6) 37 (24) s
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C, 19 (13) 15 (9) 15 (8) 49 (30) 61.2
8 C, 19 (12) 11 (7) 08 (4) 38 (23) 60.5
C, 11 (9) 12 (7) 10 (6) 33 (22) o6
D, 23 (17) 12 (8) 13 (8) 48 (33) 68.8
12 D, 19 (15) 14 (10) 12 (7) 45 (32) 711
D, 23 (16) 30 (20) 10 (7) 63 (43) .

Keys: Values of fruiting bodies are in parenthesis ()
Values in the same column followed by a different letter are statistically significant (p <0.05) from each other
A, A, A represent uncomposted (0 day) rice straw supplemented with additional 5, 10 and 15% rice bran respectively.
B,s, B, B, represent 4 days composted rice straw supplemented with additional 5, 10 and 15% rice bran respectively.
C,s» Cy C, represent 8 days composted rice straw supplemented with additional 5, 10 and 15% rice bran respectively.

D,;, D,y D, represent 12 days composted rice straw supplemented with additional 5, 10 and 15% rice bran respectively.

Table 4b: Total pinheads and fruiting bodies produced by P. eous P-31 on a rice straw and rice husk mixture (1:1 w/w) with 1%
CaCO; and 10% rice bran during composting (0-12 Days), supplemented with varying proportions of rice bran (5%, 10%, and

15%) at bagging
No. of pinheads
Period of 15t Flush / / fruit bodieds 3rd Flush/ | Total number | % Conversion
composting/ | Treatments | fryiting per flush2 fruiting of pinheads / to fruiting
day(s) bodies Flush / fruiting bodies | fruiting bodies bodies
bodies

A, 50 (38) 27 (20) 12 (8) 89 (66) 741

0 A 34 (23) 21 (14) 16 (9) 71 (46) 64.8
A 37 (24) 25 (15) 16 (12) 78 (51) b

s 65.4

b

B, 24 (14) 14 (10) 12 (8) 50 (34) 68.0

4 B 25 (18) 16 (13) 12 (7) 53 (38) 717

b

B 26 (15) 14 (10) 10 (8) 50 (33) 60

b

C, 26 (17) 16 (11) 9 (6) 51 (34) 66.7

8 C, 21 (14) 10 (10) 9(5) 40 (29) 725

C 22 (16) 14 (10) 11 (6) 47 (32) b

5 68.1

D, 30 (20) 13 (8) 10 (8) 53 (30) 58-5b

12 D, 27 (18) 14 (10) 10 (7) 51 (35) 68.2
D, 27 (18) 15 (10) 11 (6) 53 (34) 64 1"

Keys: Values of fruiting bodies are in parenthesis ()

Values in the same column followed by a different letter are statistically significant (p<0.05) from each other

JScholar Publishers

J Food Nutr 2025 | Vol 11: 104




Total primordia and fruiting bodies produced by P.
eous and P. ostreatus on sawdust amended with 1%

CaCO; and 10% rice bran before composting and

bagging

Mushroom substrate composition particularly car-
bon-to-nitrogen ratio, moisture content, and nutrient availa-
bility significantly impacts yield. This study examined pri-
mordia conversion rates on hardwood sawdust (Triplochi-

ton scleroxylon) for two oyster mushroom species.

Both species showed different conversion patterns
on sawdust substrate. While P. eous produced more pin-

heads overall, it demonstrated lower conversion rates to ma-

10

ture fruiting bodies compared to P. ostreatus. The average
conversion rates were 63.2% and 66.0% for P. eous and P. os-

treatus respectively.

Interestingly, both species achieved their highest
conversion rates on 8-day composted sawdust, with P. eous
reaching 67.6% and P. ostreatus achieving 75.4%. Similarly,
both recorded their lowest conversion rates on uncompost-
ed sawdust (0-day), with P. eous at 57.9% and P. ostreatus at
62.8%. Despite these differences in conversion perfor-
mance, statistical analysis showed no significant difference
(p=0.05) in primordia formation and maturation between
the various composting durations (0-12 days) for either spe-

cies (Tables 5a and 5b).

Table 5a: Total number of pinheads and fruit bodies per three flushes of P. eous P-31 on sawdust amended with 1% CaCO, and

10% rice bran

Period of No. of pinheads / fruit . Total No. qf. % Conversion to
- - pinheads / fruiting . .
composting bodies per flush bodies fruit bodies
1 Flush 2 Flush 3 Flush
0 40 (23) 24 (15) 12 (6) 76 (44) 579
4 38 (25) 21(13) 14 (8) 73 (46) 63.0
8 37 (23) 19 (14) 15 (11) 71 (41) 676
12 38 (27) 21 (10) 14 (10) 73 (47) 644

Values in the same column followed by a different letter are statistically significant (p <0.05) from each other

Table 5b: Total number of pinheads and fruit bodies per three flushes of P. ostreatus EM-1 on sawdust amended with 1%

Keys *No. of fruiting bodies are in parenthesis ()

CaCO, and 10% rice bran

Values in the same column followed by a different letter are statistically significant (p<0.05) from each other

JScholar Publishers

Period of No. of pinheads / fruit . Total No. (?f. % Conversion to
. - pinheads / fruiting . .
composting bodies per flush bodies fruit bodies
lsl Flush 2m1 Flush 3“1 Flush
0 29 (16) 30 (19) 19 (14) 78 (49) 628"
4 24 (15) 17 (12) 21 (12) 62 (39) 62.9°
8 26 (21) 17 (13) 22 (15) 65 (49) 754"
12 24 (16) 18 (12) 15(9) 57 (37) 649
Keys

*Fruiting bodies are in parenthesis ()
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Discussion

Mushroom cultivation plays a crucial role in en-
hancing food security through its nutritional contributions
while supporting sustainability by utilizing waste materials
efficiently and minimizing environmental impact. Mush-
rooms have therefore become an attractive crop to cultivate
in both developing and developed countries for many rea-
sons. Oyster mushroom (Pleurotus spp.) cultivation has in-
creased tremendously throughout the world. There are vari-
eties of agricultural waste used as substrates for mushroom
cultivation. These agricultural residues are rich in lignin, cel-
lulose and hemicellulose which are required for mushroom
growth and development [26]. However, different subs-
trates have varying nutrients, and different strains of mush-
rooms yield variably. This study investigated % conversion
of primordia to matured fruiting bodies by Pleurotus eous
and P. ostreatus on different formulated rice wastes and
‘wawa’ sawdust of Triplochiton scleroxylon supplemented

with varying proportions of rice bran.

It has been established that the effects of physical
and chemical properties of substrates influence the yield
and biological efliciency (BE) on mushrooms [18,27-29].
The present results demonstrate significant variations in the
conversion rates of primordia to matured fruiting bodies
for both Pleurotus eous strain P-31 and Pleurotus ostreatus
EM-1 across different substrate composition and compost-
ing periods. These findings align with and extend previous

research on oyster mushroom cultivation techniques.

Rice Straw Substrate Findings

The higher conversion rates observed for P. eous
(77.0%) compared to P. ostreatus (68.0%) on uncomple-
mented rice straw substrates corroborate findings by [24],
who reported species-specific responses to cultivation subs-
trates. The decline in conversion rates with increasing com-
posting duration contradicts expectations based on [25]
work, which suggested that composting should improve sub-
strate digestibility. This unexpected result may be attributed
to the loss of essential nutrients during extended compost-

ing periods, as hypothesized by [30].

Effect of Supplementation
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The supplementation of rice straw with 1% CaCO,
and 10% rice bran demonstrated the importance of nitro-
gen enrichment for mushroom cultivation, consistent with
[18,31], who emphasized that cereal straws low nitrogen
content (0.5-0.8%) can limit mushroom yield. However, de-
spite supplementation, the primordia abortion rates re-
mained relatively high (33.7% for P. eous and 34.9% for P.
ostreatus), suggesting that factors beyond nutrition might in-

fluence fruiting body development.

When varying proportions of rice bran (5%, 10%,
and 15%) were tested, P. eous achieved its highest conver-
sion rate (75.7%) on 4-day composted straw with an additio-
nal 10% rice bran. This aligns with [23], who reported opti-
mal results with moderate supplementation levels rather
than the highest levels. For P. ostreatus, the highest conver-
sion (74.4%) occurred on 12-day composted straw with on-
ly 5% additional rice bran, suggesting different nutritional
requirements between the two species, as previously noted
by [21].

Rice Straw and Rice Husk Mixture Performance

The mixed substrate of rice straw and rice husk
produced generally favourable results, with P. eous achiev-
ing a 74.1% conversion rate on uncomposted substrate with
15% rice bran. This supports [22] observations that diverse
substrate compositions can enhance cultivation outcomes.
P. ostreatus performed best (71.1%) on 12-day composted
mixture with 10% rice bran, again highlighting species-spe-

cific preferences.

Sawdust Substrate Performance

On Triplochiton scleroxylon sawdust substrate,
both species showed moderate conversion rates, with P. os-
treatus (66.0%) on the average outperforming P. eous
(63.2%) average. The highest conversion for both species on
8-day composted sawdust (67.6% for P. eous and 75.4% for
P. ostreatus) corresponds with findings from Royse (2002),
who demonstrated that partial decomposition of lignocellu-
losic materials enhances mushroom yield. The lower perfor-
mance on uncomposted sawdust (57.9% for P. eous and
62.8% for P. ostreatus) underscores the importance of subs-

trate preparation methods, as emphasized by [32].
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Comparative Analysis

Overall, the results demonstrate that substrate
type, composting duration, and supplementation levels sig-
nificantly influence the conversion of primordia to matured
fruiting bodies in both Pleurotus species. The species-specif-
ic responses observed is in parallel with previous research
by [33], who noted that different Pleurotus species exhibit
varied efficiency in utilizing substrate components. The gen-
erally higher performance of P. eous across most substrates
extends our understanding of species selection for optimal

cultivation outcomes.

These findings contribute valuable insights for
mushroom cultivators, suggesting that substrate choice and
preparation should be tailored to the specific Pleurotus spe-
cies being cultivated, with shorter composting periods gen-
erally yielding better results for P. eous and moderate supple-
mentation levels optimizing fruiting body development for

both species.

The results of the study on the conversion of pri-
mordia to matured fruiting bodies of Pleurotus eous and
Pleurotus ostreatus across different substrates and compost-
ing regimes provide valuable insights into the factors influ-
encing mushroom yield, particularly in the context of using
rice straw, rice bran supplementation, and other substrate

combinations.

Influence of Composting Duration on Primordia

Conversion

The present data indicates a clear trend: as the du-
ration of rice straw composting increased, the conversion
rate of primordia to matured fruiting bodies decreased for
both species. This is consistent with previous studies that
have highlighted the negative effects of prolonged compost-
ing on substrate nutrient availability, especially nitrogen,
which is crucial for fruiting body formation. The reduced ni-
trogen content in the substrate after extended composting
may limit the ability of the mycelium to fully develop into
fruiting bodies, thus leading to lower conversion rates. For
instance, P. eous had a higher overall conversion rate com-
pared to P. ostreatus, particularly when composting was
done for shorter periods, which might be attributed to its

greater adaptability to substrate nutrient profile, as ob-
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served in similar studies by [13,34].

The progressive decline in the primordia conver-
sion rate with increasing composting days (0, 4, 8, and 12)
also correlates with findings by [29], who observed a similar
trend when P. ostreatus was cultivated on wheat straw,
where extended composting periods led to nutrient deple-
tion, negatively impacting the formation of fruiting bodies.
The average abortion rates of 28.7% for P. eous and 36.4%
for P. ostreatus are in line with the results by [35], who re-
ported that composted substrates, when aged for extended
periods, lead to a significant increase in the abortion of pri-

mordia.

Supplementation with Rice Bran and Calcium Car-

bonate

Supplementing rice straw with rice bran and calci-
um carbonate (CaCO3) resulted in improved primordia con-
version rates for both P. eous and P. ostreatus. This can be at-
tributed to the enhanced nitrogen content from the rice
bran and the buffering capacity of calcium carbonate, which
helps in maintaining an optimal pH for fungal growth. Sup-
plementation with rice bran, as demonstrated in previous
studies [36,37], has been shown to improve the biological ef-
ficiency of oyster mushrooms by providing additional nutri-
ents that promote better mycelial growth and fruiting body
formation. [18] reported that the performance and produc-
tivity of Pleurotus ostreatus mushroom were highly influ-
enced by the substrate from which it was grown. This find-
ing is also in accordance with the findings of [38-40], these
authors also observed that the Biological Efficiencies of culti-
vated mushrooms always vary between fungal species, type
or size of substrate used, supplement used and other vary-

ing growth factors.

Interestingly, the highest conversion rate for P.
eous was recorded when rice straw was composted for 4
days and supplemented with 10% rice bran, which supports
the findings of other researchers who have found that a
moderate supplementation of rice bran can significantly im-
prove the yield and quality of mushrooms [41]. On the
other hand, P. ostreatus exhibited a relatively lower conver-
sion rate even with supplementation, a phenomenon that

might be related to the species inherent differences in nutri-
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ent requirements and substrate preference, as previously dis-

cussed by [18,36,37].
Effect of Additional Rice Bran Proportions

When the substrate was further amended with
varying proportions of rice bran (5%, 10%, and 15%), the
conversion rates for both species fluctuated, with the high-
est being 75.7% for P. eous on 4-day composted rice straw
supplemented with 10% rice bran. This supports earlier
work by [7], who observed that adding rice bran to mush-
room cultivation substrates increases the nitrogen content,
promoting better mycelial colonization and fruiting body
formation. However, the results also show that excessive
supplementation (e.g., 15% rice bran) did not consistently
improve the conversion rate, especially for P. ostreatus,
where the conversion rate seemed to plateau or even de-
crease slightly with higher rice bran concentrations. This
suggests that there is an optimal level of supplementation
for each species, beyond which further additions do not
yield significant benefits and may even lead to nutrient im-
balances detrimental to fruiting body development, as
suggested by [42,43].

Comparison of Substrate Types: Rice Straw, Rice

Husk, and Sawdust

The study also examined the effects of different
substrate types, such as rice straw mixed with rice husk and
supplemented with rice bran, on primordia conversion. P.
eous and P. ostreatus demonstrated similar trends, with rice
straw and rice husk mixtures showing significant variability
in conversion rates, which conciliates with earlier studies on
the effects of substrate composition on mushroom yield
[44]. The higher nitrogen content of the rice husk mixture
likely provided better conditions for mycelial growth and
fruiting body formation compared to rice straw alone, as de-
monstrated by the improved conversion rates in the pres-

ence of higher rice bran supplementation.

Further reports by [18,27,29,45] have shown that
using diverse organic materials like coffee husk mixed with
wheat bran can significantly enhance oyster mushroom
yield by improving nutrient availability. Similarly, adding ni-
trogen-rich supplements like legume straws or cotton-sized

hulls can boost yields depending on the specific mushroom
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variety. The present data corroborated with [41] who report-
ed that coffee husk alone or together with different propor-
tions of wheat bran resulted in highest growth, yield, yield
related parameters and biological efficiency of the oyster

mushroom.

General Observations and Species Comparison

According to [41,46,47], certain species of Pleuro-
tus outperform others under specific conditions. Overall, P.
eous consistently showed higher primordia conversion to
matured fruit bodies than P. ostreatus across most
substrate and composting length. This finding is supported
by previous studies, who reported that P. eous tends to
perform better in certain substrate conditions due to its
higher adaptability and more efficient nutrient uptake
compared to P. ostreatus. Furthermore, the average
primordia abortion rate for P. ostreatus was slightly higher
than that of P. eous, indicating that the former may be more
sensitive to changes in substrate composition and

composting duration.

However, [48] reported on critical environmental
factors such as nutrient, temperature and light influencing
fruiting body induction, development and maturation. For
instance, he reported that higher nitrogen and carbon
sources in the media will suppress fruiting body induction
in many mushroom-forming fungi, whereas induction is be-
ing triggered by lower nitrogen and carbon concentrations.
[48] further stated that some species like Flammulina velu-
tipes and Coprinopsis cinerea can form fruiting bodies in the
dark; however, light accelerates fruiting body induction in
some mushroom-forming fungi. Interestingly fruiting
bodies formed in the dark have tiny or no pileus on heads
(i.e., a dark stipe, pinhead fruiting body, or etiolated stipe).
Light is essential for pileus differentiation in many, except
for Agaricus bisporus [48]. Carbon dioxide concentrations
also affect fruiting body development; pileus differentiation
is also suppressed at a high concentration of carbon dioxide
[48]. Therefore, it can be conjectured that the percentage
abortion of primordia recorded in this paper by both oyster
mushrooms may not only be attributed to the type of subs-
trates, the composting period but also the prevailing envi-
ronmental conditions both oyster mushrooms were ex-

posed to.
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Conclusion

This study corroborates previous research on the
impact of composting duration, substrate composition, and
supplementation on the yield and quality of oyster mush-
rooms. The results emphasize the importance of optimizing
composting time and supplementing rice straw with nitro-
gen-rich materials like rice bran to enhance the conversion
of primordia to matured fruit bodies. The abortion rates of
primordia could have been influenced by multiple factors
beyond substrate composition, including environmental
conditions such as light, carbon dioxide concentration, and
temperature. This suggests that optimal cultivation condi-
tions must consider both substrate parameters and environ-

mental factors to maximize yield.

These findings have important implications for
commercial mushroom cultivation, indicating that subs-

trate choice and preparation methods should be species-spe-
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cific to optimize yield. The study also highlights the impor-
tance of proper supplementation with nitrogen-rich mate-
rials like rice bran to enhance biological efficiency and im-
prove primordia conversion rates in Pleurotus eous and P.

ostreatus cultivation.

Future studies could explore other supplementa-
tion options and further investigate the physiological re-
sponses or genetic factors influencing primordia abortion
rates of P. eous and P. ostreatus to varying substrate condi-
tions to fine-tune cultivation practices and improve mush-

room yields in commercial settings.
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