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Abstract. This investigation estimated the interaction effects of oyster mushroom species,
cultivation location, and local lignocellulosic substrates on composition of Pleurotus fruiting
bodies carbon, nitrogen, macro-mineral and biological efficiency (BE), Pleurotus
citrinopileatus, P. djamor, and P. pulmonarius were growing under laboratory and
greenhouse conditions on wheat straw, sawdust-based substrate, wood chips—sawdust blend,
straw-based substrate, and rice straw. (BE) and fruiting-body C, N, Ca, Na, K, and Mg
concentration were measurements and statistically analyzed using factorial comparisons with
LSD at P < 0.05. The results showed that the P. pulmonarius is the highest BE (87.84%) and
3.29% nitrogen and 43.87% carbon content. The condition in laboratory under 25 C°
increased the overall the BE and carbon content, though wheat straw given the highest means
BE 61.71% and rice straw the uppermost nitrogen content (3.32%). The highest carbon
contents were in the wood chips—sawdust blend 45.41%, while the Calcium and Potassium
showed no significant differences in main factors oyster strain genotypes, locations and
substrates. P. pulmonarius had the highest sodium content, whereas P. djamor recorded the
highest magnesium content. Overall, species—substrate—location interactions strongly
influenced productivity and selected mineral traits, highlighting the importance of matching
fungal genotype with cultivation environment and locally available substrates.

Keywords: Pleurotus spp.; Biological Efficiency; Lignocellulosic Substrates; Macro mineral;
Agricultural residues

1. INTRODUCTION

Oyster mushrooms belonging to the genus
Pleurotus are amongst the most widely
cultured edible fungi because of their
nutritional value and its taste, relatively short
production cycle, flexibility to changed
climatic conditions, and ability to grow on a
wide range of residual agriculture. Also, the
oyster fruits bodies riches with protein,

fibers, carbohydrates, vitamins, minerals and
bioactive ~ compounds.[1]  Additionally,
Pleurotus spp. cultivation is considered as
Eco-friend process and biotechnology
sustainable because it changes low-value
lignocellulosic residues into valuable edible
fungal biomass for there more the spent
mushroom substrate can use as animal
feeding , composting and produce bioenergy
[2]. Oyster mushrooms are classified as
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white-rot fungi due to its extracellular
lignocellulolytic enzymes, such as Laccases,
cellulases and hemicelluloses these enzymes
can help the fungal mycelium to decompose
lignin, cellulose and hemicellulos and resales
compounds for its fruit’ bodies growth.
Therefore,  several locally  available
substances, including rice straw, sawdust,
wheat straw, corn residues, wood chips and
other agro-industrial by-products, can be used
as substrates for cultivation. However, there
is still difference between their ability to
contents from lignocellulosic composition,
mineral, C/N ratio, particle shape and size,
capacity of water, and sensitivity to
degradation enzymes [1, 3]. The cultivation
substates play massive roles in mushroom
production,  generally the  biological
efficiency concept used for comparing the
capacity of mushrooms to convert the organic
substrate to dry compounds in its fruit bodies,
different organic substates affecting on the
fungal colonization, primordial initiation,
incubation period, total yield and biological
efficiency. For example, [4] reported that
when cultivated P. ostreatus there are
different growth and total yield on different
substrates such as cottonseed, wheat straw,
sawdust and paper waste demonstrating that
lignocellulosic materials do not provide
equivalent  of levels moisture, reachable
carbon, nitrogen, minerals, and physically
supporting for mushroom productivity. The
varying fungal growth response on different
substates due to the variance in genetics
strains, difference physiological, secretion of
enzyme, nutrition  requirements  and
temperature  tolerance  and  element
accumulation capacity, the substrate strongly
support biological efficiency according to [5].
In addition to the type of substrates also the
location of cultivation paly big role which
affecting on fungal mycelium growth and
colonization, enzyme secretions, Interior
room or laboratory, cultivation chambers
controlling, and greenhouses can vary in
temperature stability, relative humidity, light
intensity, aeration, co2 accumulation, and

moisture loss from the substrate [1, 6, 7]. The
chemical components of fruiting bodies for
oyster mushroom are also influenced by the
interaction between fungal genotype and
cultivation conditions. Carbon and nitrogen
represent major components of fungal
mycelium and fruits bodies. One of the most
important components is Carbon, which is
found in structural and storage compounds,
while nitrogen is necessary for amino acids,
proteins, nucleic acids, enzymes, and other
cellular components. The amounts of carbon
and nitrogen available in the substrate,
together with the capacity of the mycelium to
absorb and metabolize them, may
consequently influence biomass formation,

biological efficiency, and fruiting-body
composition.  Determining carbon  and
nitrogen in harvested mushrooms can

therefore provide useful information about
nutrient incorporation and substrate-to-
mycelium  transformation  [8].  Oyster
mushrooms similarly contain nutritionally
significant macrominerals, mainly K, Mg,
Ca, and Na. The concentration of these
elementals maybe varies according to the
strain genetics and substate content and
cultivation. A multi-element comparison of
cultivated Pleurotus species, involving P.
djamor, P. citrinopileatus, and P.
pulmonarius, revealed significant species-
and strain-related variation in elemental
accumulation [9] . Similarly, adjustments in
substrate structure and nitrogen form
different the mineral composition of different
Pleurotus species, even when many of the
substrates had relatively similar elemental
concentrations [3]. Latest investigates
utilizing locally available agro-industrial by-
products have confirmed that substrate
formulation can concurrently effect on
biological efficiency, nutritional properties,
and mineral concentrations [10]. for pattern,
found significant differences in the biological
efficiency, yield, and mineral content of P.
ostreatus cultivated on substrates prepared
from sugarcane residues, cottonseed hulls,
and animal-derived amendments. Potassium
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was the principal macromineral, followed by
magnesium, calcium, and sodium. Such
findings highlight the possibility of selecting
local residues not only to increase the yield of
mushroom but also to upgrade the
nutritionary quality of the developing of
fruiting bodies [11-13]. Even though the
separate belongings of substrate type and
species or on oyster mushroom production
have been generally explored, moderately
less attention has been given to the combined
interaction among mushroom  species,
cultivation location, and local lignocellulosic
substrates. Furthermore, biological efficiency
and elemental composition are frequently
examined  separately, although  both
characteristics may be controlled by the same
species—substrate—environment interactions.
A factorial assessment of these factors is
therefore necessary to determine whether
differences in productivity are accompanied

2. MATERIALS AND METHODS
2.1. MATERIALS

2.1.1 Mushroom Mother Cultures

The strains of fungi used in the study
involved Pleurotus pulmonarius,
Pleurotus  djamor, and Pleurotus
citrinopileatus. were kindly obtained
from the Agricultural Research Center,
Dokki, Cairo, Egypt. Mushroom spawn

was prepared at the Horticultural
Laboratory, College of Agricultural
Engineering Sciences, Salahaddin
University-Erbil, using sterilized wheat
grains.

2.1.2 Lignocellulosic Growing
Substrates

The substrates local organic used for
mushroom growing were collected from
Ranya District, agricultural fields and.
The substrates involved: Wheat straw,
Sawdust-based, Wood chips and sawdust
blend Straw-based substrate, Rice straw
supplemented  with 2%  Gypsum

by changes in carbon, nitrogen, and
macromineral accumulation. While species
and substrate effects on oyster mushroom
production are well reported, their mutual
interface with location of cultivation remains
not enough studied. Elemental composition
and biological efficiency and are also often
estimated individually, although being partial
by the same species—substrate—environment
interactions. The investigate targeted to
identify fitting New species— new eco-frinds
from local substrate—place combinations that
provide superior biological efficiency during
which retaining or improving the elemental
and mineral quality of oyster mushrooms.
The results may support the environmental
utilization of local agricultural residues,
improve substrate-assortment tactics, and
impact to the development of cost-effective
oyster mushroom production under local
environmental conditions.

(CaSO, ), 2% Lime (CaCO3),

wheat bran.

3.1.3 Chemicals and Reagents:

The basic reagents used for chemical

investigation included: Deionized water,

Nitric acid, 70%, Reagents required for

the Micro-Kjeldahl method Reagents

required for

2.2 Methods

10%

2.2.1  Experimental and
duration

The experiment carried out from October
2024 to June 2025 at the College of
Agricultural ~ Engineering  Sciences,
Salahaddin University, located at latitude
36°07'10.44" N and longitude
44°00'50.52" E, at an elevation of 421 m
above sea level.

2.2.2 Mushroom Spawn Preparation

P. pulmonarius, P. djamor, and P.
citrinopileatus spawn were prepared on
carrier which contented sterilized wheat
grains. Three spawn concentrations, 10%
(w/w), were used for inoculation of the
different growing substrates.

setting
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2.2.3 Lignocellulosic
Substrates preparation
Soaked the selective substrate in water for
overnight to achieve the content of
moisture around 60-70%. Additional
water was drained for around 2 h, after
which the substrates were subjected to
steam treatment for approximately 8 hrs.
After treatment, the substrates were
allowed to cool before inoculation. The

growing

added the supplemented; Gypsum
(CaSO, , 2%), lime (CaCO;s , 2%), and
wheat bran (10%) were afterward
contained as supplements.
Substr Organi bC(?r: Nitrog C/N
ates substra  (C) en rati
(o)
code te % (N)% o
Sawdust
-Based 13.2
S substrat s el 7
e
Wood
chips
W and 41 2.53 %6'2
Sawdust
Blend
Straw-
Based 17.0
£ Substrat = AIE 7
e
R Rice 42 250 16.8
straw 7
W Wheat 34 599 15.8
straw 0

2.2.4 Spawning

The substrates when cooling to room
temperature were put into 40 x 60 cm
plastic cultivation bags. Around 2000 g of
witted growing substrate was used
[cultivation bag. Then 10% spawn rates
(w/w) [15]. Then added the spawn in

2434

layers on substrate, each treatment was
done using three replicates. The bags
were inoculated folded and closed very
well then incubated until the mycelial
colonization complete and achieved.

2.2.5 Colonization of Mycelium and
Fruiting production

After colonization completed by all
Pleurotus spp., the cultivation bags were
opened to start to fruiting. Cultivation
was at two locations first one was
laboratory  (25C°, 700-800 lux and
automated foggy system) completely
controlled anther one was Greenhouse
with room temperature with particularly
control

75-95% relative humidity was applied
using an automated fogging system,
temperature in green house and laboratory
monitored daily during the cultivation
period

2.2.6  Harvesting
Determination
The harvesting of fruiting bodies had
regularly occurred over a period of nearly
two months. The fresh weight was
measurement directly after harvesting.
The Fruiting bodies were putted in oven
at 60°C for drying until constant
weight.[16]

and Biomass

2.2.7 Biological Efficiency

To calculate the biological efficiency
(BE) as the % between the total fresh
weight of harvested fruiting bodies and
cultivation substrate dry weight of the
according to [17, 18].

2.2.8 Chemical Analysis of Fruiting
Bodies

Chemical analyses of dried fruiting-body
samples were endangered. All
investigations were handled at the Central
Laboratory, College of Agriculture and
Forestry, University of Mosul.

2.2.8.1 Nitrogen determination
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Total nitrogen content was determined
using the Micro-Kjeldahl  method
according to reference [17, 19]

2.2.8.2 Carbohydrates determination
Determination of total carbohydrate by
spectrophotometrically  according  to
reference [14]. Absorbance was measured
at 490 nm using an EMC Lab 100V-1
spectrophotometer.

2.2.8.3 Mineral Elements determination
For mineral elements determination used
200 mg fungal mass powdered, was
transferred into a digestion glass vessel.
Then, 10 mL of 70% nitric acid and 5 mL

2.3 Statistical Analysis

Experiment was designed according to
factorial randomized complete block design
(RCBD) with three replicates The data were
statistically analysed using the General
Linear Model (GLM). Treatment means were
compared using the Least Significant
Difference (LSD) test at the 5% probability
level (P < 0.05). Statistical analyses were
performed using SPSS version 27. Used LSD
values to determine significant differences
between the main treatment factors and their
interactions.

3. RESULTS AND DISCUSSION
3.1. RESULTS
3.1.1 Biological Efficiency (BE, %):
There are significant differences

with biological efficiency by Pleurotus
spp., location of cultivation, types of

of deionized water were added. The
samples were left at room temperature
overnight and subsequently heated at
90°C until a dry residue was obtained.
The residue was dissolved in 25 mL of
deionized water. The concentrations of
calcium (Ca), sodium (Na), potassium

(K), and magnesium (Mg) were
determined using an atomic absorption
spectrophotometer according to

references [20, 21].

substates, and their interactions as shown in
(Table 1). The highest means recorded by
P. pulmonarius (87.84 * 6.55%), P.
citrinopileatus was significantly (28.25 *
1.45%) and P. djamor (27.66 + 1.63%).
The cultivation in lab produced a
significantly greater main BE (51.38 +
6.44%) more than cultivation in greenhouse
(44.45 = 3.89%). The highest recorded
mean was by wheat straw (61.71 =
13.06%), tracked by rice straw (55.07 %
9.57%), although the lasting substrates
showed lower statistically similar value. P.
pulmonarius gave the highest BE achieved
for on wheat straw in the lab condition with
main (173.29 £ 8.99%), whereases rice
straw ranking second below the same
conditions (128.43 £ 4.54%). In contrast, P.
citrinopileatus and P. djamor showed
substantially lower and more substrate-
specific responses.

Table 1: Interaction effect between Pleurotus Spp., location of cultivation, and substrate type

on biological efficiency (BE, %)

Substrate (M) PxC
. Location
Strain (P) ©) Wheat  |Sawdust-  |Wood Straw-  |Rice
straw based Chips and|based straw
Pleurotus  |Greenho [22.36  tloc 0o 1006 (3457  £[37.86 £[24.29 2881 +
1ica nnA 121 A BA n 2 1 Q0
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citrinopileatus |Laborato [36.19 {1786 + 0.41 |31.71 +(18.57 +(34.14 £|27.70 +

(D1) s 2 AR T 1189 n Qo 299 297

Pleurotus Greenho |29.29 t|99.29 + 7.01 |19.00 +|24.29 +|24.14 £(25.20 +

djamor lica N A1 T 279 A19 [N 2M

(P2) Laborato |28.57 *117.71 + 1.98 27.29 +|42.86 +|34.14 +|30.11 =
s 1 AR T 2129 207 299 217

Pleurotus Greenho |80.57 t|75.71 + 0.82 |83.00 +|72.14 +|85.29 £(79.34 +

ulmonarius e 511 299 n A1 718 2 NG

(P3) Laborato [17329 #7000+ 0.g2 9571  %[54.20 12843 £[96.34 =+

s Q 00 T 7 12 A OR A BA 12 79
Main P

P1 29.27 *+|21.43+1.85 |33.14 +|28.21 +|29.21 +|28.25 =

PxM P2 28.93  *(2350+4.16 |23.14 +/33.57 £(29.14 +(27.66 *
P3 126.93 +|72.86 + 1.38 |69.36 +/63.21 +|106.86 +(87.84 +

Main C

C1 44.07 *(43.33 + 8.39 |45.52 +|44.76 +|4457 £|44.45 +

MxC oo ~=n ==t S ~on
C2 79.35 *(35.19 + 8.73 |38.24 +/38.57 +|65.57 £/51.38 +

Main M 61.71 *|39.26 + 5.95 |41.88 +|41.67 +£|55.07 +

LSD (5%o)

PxCxM CxM PxM PxC M C P

11.206 6.470 7.924 5.012 4575 2.893 3.544

Values are mean + SE calculated from X3,. P = strain, C = cultivation location, M = substrate;
LSD values are given at P < 0.05. P1 = Pleurotus citrinopileatus; P2 = Pleurotus djamor; P3
= Pleurotus pulmonarius; C1 = Greenhouse; C2 = Laboratory.

3.1.2 Interaction effect between Pleurotus
spp., location of cultivation, and substrate
type on nitrogen content of Pleurotus
fruiting bodies

Data show in table 2 The highest species with
nitrogen content mean recorded by P.
pulmonarius (3.29 = 0.15%), which was
significantly greater than P. citrinopileatus
(2.64 + 0.08%; LSD, .o 5 = 0.34). for the
cultivation location both greenhouse and
laboratory were similar statistically at 3.10 +
0.10 and 2.98 £ 0.11%, respectively. About

substrate the rice straw gives highest nitrogen
content mean (3.32 + 0.23%), however
Sawdust-based substrate showed lowest value
with (2.78 + 0.16%; LSD, ., 5 = 0.45). The
original treatments ranged from 1.86 + 0.00%
for P. citrinopileatus grown on substrate
Sawdust-based substrate in the lab. 4.14 *
0.58% for P. pulmonarius grown on rice
straw in the greenhouse, demonstrating a
significant species x location x substrate
interaction.
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Table 2. Effect of mushroom strain, cultivation location, and substrate on
(%) in Fruiting Bodies

nitrogen content

) Substrate (M) PxC
Strain (P) 1_(?)0 ation Wheat |Sawdust- [Wood chips|Straw- |Rice
straw |based and based |straw
Pleurotus Greenhouse[2.35+0 (3.04+0 [3.07+0 |255+0 [216+02.63 %
cltrinopileatus | poratory [2.2540 [3.04%0 [306+0 |186+0 [3.04+0[2.65 *
Pleurotus djamor Greenhouse ?i"? 13.04+0 3.04+0 3.04+0 %94" . ??g .
(P2) Laboratory [2.55  +3.04+0 [3.04+0 [325 %343 #3.06 =
Pleurotus Greenhouse|3.14  £3.04+0 [3.33+058 [3.04+0 (414 334 +
pulmonarius 242 1 214 4201 =+
(D) Laboratory [3.43 ~ +304+0 [3.66+0.88 294 £3.14 324 %
Main P

P1 2.3 +3.04£0 3.06+£0 2.2+0.1526 +264 =+
PxM P2 3+0.42 (3.04%0 3.04%0 3.15 +3.73 3119 =

P3 3.28 +3.04+0 3.5+048 |2.99 +3.64 +3.29 +

Main C

MXC C1 2.98 +3.04+0 3.15+0.17 |2.88 +3.44 31 +

C2 2.74 +3.04+0 3.25+0.27 |2.68 +3.2 £298 =
Main M 2.86 +3.04+0 3.2+0.16 |2.78 +332 =+
LSD (5%)
PxCxM CxM PxM PxC M C P
1.089 0.629 0.77 0.487 0.445 0.281 |0.344

Values are mean + SE calculated from X3, Spwan rate . P = strain, C = cultivation location, M
= substrate; LSD values are given at P < 0.05. P1 = Pleurotus citrinopileatus; P2 = Pleurotus
djamor; P3 = Pleurotus pulmonarius; C1 = Greenhouse; C2 = Laboratory.

3.1.3 Effect of mushroom strain,
cultivation location, and substrate on
carbon content of Pleurotus spp. Fruiting
Bodies

There are significant differences in Carbon
content changed by oyster strain, location of
cultivation, and growing substrates. The
highest strain means was (43.87 + 0.34%)
belong to P. pulmonarius, tracked by P.
djamor (4272 + 0.34%) and P.
citrinopileatus (41.76 + 0.32%; LSDgy . 5 =
0.34). The cultivation in Laboratory gave a
superior mean than cultivation in greenhouse

with (43.04 £ 0.29% contrasted with 42.52 +
0.30%; LSDy .o s = 0.28. The highest
carbon content in substrates was Wood chips
and sawdust blend 45.41 + 0.28% while the
lowest carbon content value was 40.41 +
0.24%:; LSD, .o 5 = 0.44 for rice straw. The
three-treatment interaction varied from
39.23 £ 0.20% for P. citrinopileatus which
cultivated on rice straw in the greenhouse to
46.63 + 0.38% and P. pulmonarius cultivated
on wood-ships in the greenhouse; this
variance  surpassed  the  three-factor
LSDy .o 5 of 1.07.
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Table 3. Effect of mushroom strain, cultivation location, and substrate on carbon content
(%)in fruiting bodies

Substrate (M)

Locatio -
Strain (P) |n - Sawdust- Z\r/]cc’lc’d ChipS|graw- PxC

(C) straw based q based Rice straw

substrate [S@W ust substrate
blend
Pleurotus  |Greenho |40 9+ 035 |42.27+0.2 |44.2+0.35 |40.8+0.17 [39.23+0.2 [4148 =
citrinopilea |uce N 4/
tus Laborat 141,93 +0.41/43.07 0.2 |[44.2£0.47 41.17+05 [398+062 (4203 =
Pleurotus |Greenho a1 93 + 0.38143.07 + 0.2 |45.47 + 0.38|41.7 +0.17 40.13+0.2 (4246 =
djamor lica n 48
(P2) Laborat |43+ 0.44  |43.93+0.1845.4 £ 0.53 |42.07+056/4047£0.5 4297 =
Pleurotus  |Greenho |43 97 4+ 0.35/44.17 + 0.2 |46.63 + 0.38/42.8 + 0.17 |41.23+0.2 [4362 =
pulmonariu |uee N 40
S Laborat |44 3 +0.44 [45.03 +0.18(46.53 + 0.52|43.17 + 0.56 [41.6 + 0.47 ﬁ‘t{f +
Main P

P1 41.42 +0.33|42.67 £ 0.22]44.2 £ 0.26 |40.98 + 0.25(39.52 + 0.32 i”;ZG t
PxM P2 42.47£0.3543.5 £0.23 |45.43+0.29(41.88+0.27|40.3+0.25 [42.72 +

P3 43.78 £ 0.34|44.6 £ 0.23 |46.58 + 0.29|42.98 + 0.27|41.42 + 0.24 ‘,B;E?? *

Main C
MIXC C1 42.03+0.39(43.17 £+ 0.2945.43 + 0.4 |41.77 +0.3 |40.2+0.31 [4252 =
9 i

C2 43.08+ 0.4 |44.01+0.3 [45.38 +0.42|42.13+0.4 |40.62 + 0.38 4}3;94 *
Main M 4256 + 0.3 [43.59 + 0.23|45.41 + 0.28(41.95 + 0.25|40.41 + 0.24
LSD (5%)
PxCxM CxM PxM PxC M C P
1.072 0.619 0.758 0.479 0.437 0.277 0.339

Values are mean = SE calculated from X3, Spwan rate . P = strain, C = cultivation location,
M = substrate; LSD values are given at P < 0.05. P1 = Pleurotus citrinopileatus; P2 =
Pleurotus djamor; P3 = Pleurotus pulmonarius; C1 = Greenhouse; C2 = Laboratory.

3.1.4

Effect
cultivation

of
location,

mushroom
and substrate on

minerals in mushroom fruits bodies

3.14 .1 Calcium (Ca) content (%) in

fruiting bodies

strain,

Data in table 4 show there are no
significant effects between the strain type in
ca content with 2.31 + 0.11 to 2.39 = 0.14,
LSD, .o 5 of 0.42, The whole means for the
greenhouse and laboratory were 2.36 + 0.13
and 2.37 + 0.11, respectively. Also, there are
no significant different between different
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growing locations while their variation (0.01)
was lower the location LSD, ., s 0f 0.34, so
the effect main in location was not
significant. Gowing Substrate means too
ranged from 2.22 = 0.17 on wood chips-
sawdust blend to 2.5 + 0.27 on rice straw.
This range (0.28) was below the substrate
LSD, .o 5 of 0.54, indicating no significant

overall substrate effect. Pleurotus
pulmonarius which grows in greenhouse on
wheat straw in the opposite the same strain
and location but in rice straw growing
substrate gives lowest continent in fruit
bodies 407 + 088 and 15 + 0.29
respectively.

Table 4: Effect of mushroom strain, cultivation location, and substrate on Calcium (Ca)

content (%) in fruiting bodies

Lanes Substrate (M)
Strain (P) |n Wheat [Sawdust Wgod Straw- |Rice  |PxC
(©) straw [Pased chips based |<traw
stibstrat |and stibstrat
Pleurotus Greenho|2 +0.58 [2.36 + 0 |2.4 +2.2 24 227 +
citrinopileatul) ahorato[3.4 236+ 0 [2£058 24  *236+0[25 *
Pleurotus Greenho|2.4 +H236+0 [236+0 [2.36+0 |2.2 +2.34 +
djamor Laborato2.5  +2.36+0 [2.36+0 [22  #2+058(2.28 *
Pleurotus Greenho |1.5 +236+0 [2+058 [2.36+0 |4.07 246 +
E’g,')r\nona”us Laborato2.4  +[236+0 [22 26  +2+058[2.31 *+
Main
P1 2.7 +236+0 (2.2 +2.3 +2.38 +[2.39 +
PxM P2 245 +236+0 [2.36+0 [2.28 2.1 +2.31 +
P3 195 +236+0 (2.1 +2.48 +(3.03 +2.39 +
Main
MxC C1 197 +236+0 [2.25 +[231 +289 +2.36 *
C2 277 +236+0 (219 +24 +2.12 +2.37 *
Main M 237 +236+0 (222 +235 25 +
1 SD (59%)
PxCxM CxM |PxM PxC M C P
1.32 0.762 |0.933 0.59 0.539 0.341 |0.417

Values are mean = SE calculated from X3, Spwan rate . P = strain, C = cultivation location,
M = substrate; LSD values are given at P < 0.05. P1 = Pleurotus citrinopileatus; P2 =
Pleurotus djamor; P3 = Pleurotus pulmonarius; C1 = Greenhouse; C2 = Laboratory

3.14 .2 Effect of mushroom strain,
cultivation location, and substrate on
Sodium (Na) content (%0) in fruiting bodies

Result in table 5 observed that the P.
pulmonarius had the highest mean (0.05 *
0.01) and was greater than P. citrinopileatus
and P. djamor (0.03 £ 0 and 0.03 £ 0)
respectively were comparable statistically

with (LSDy .o 5 = 0.01). The laboratory
produced a higher overall mean (0.04 £ 0.01)
than the greenhouse (0.03 = 0.00). The
observed difference (0.01) was equal to the
location LSDy .o 5 (0.01), demonstrating an
average significant location effect. P.
citrinopileatus which grown in greenhouse
on wheat straw flowed by P. pulmonarius
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which grown in laboratory on wood chips-
sawdust blend 0.2 + 0.06 and 0.02 =+
0.01respictively. There are significant
differences in the interaction between strains,
substates and the cultivation location (0.18)
go above LSDy ., s of 0.03, for P.
citrinopileatus on sawdust-based substrate
(0.04 £ 0); P. djamor on sawdust-based
substrate (0.04 + 0); P. pulmonarius on wood
chips-sawdust blend (0.12 + 0.04). The
sodium element was low but was valuable
significant. The highest main means was (P.
pulmonariusx laboratory condition x wood
chips-sawdust blended). This result exhibits

the original materials for Na concentration of,
genotype strains, transportation of ion, and
dilution or concentration were correlated with
dry-matter accumulation. The fruiting bodies
of Pleurotus minerals compositing various
with the substate’s compositions and fungal
genotypes [5, 22], the dynamics of nutrients
contract among straw substrate during
mushroom cultivation [23]. Since the
statistical values are lesser, contamination
from salts, analytical blanks glassware, or
water or can considerably affect the result
that is why the quality control play important
role in mushroom cultivation process.

Table 5: Effect of mushroom strain, cultivation location, and substrate on sodium (Na)
content (%) in fruiting bodies

_|Substrate (M)
Locati .
H - 00 cnips

Strain (P) 0N \wheat Sawdust o PSstraw-based! . PxC

(C) t based an bstrat Rice straw

Sstraw substrate sawdust substrate
Pleurotus Green 10.02+0.01 [0.04 0 0.04+0.01 [0.02+0.01 [0.03+0.01 [0.03+0
citrinopileatus frouse
(P1) l—abora 0.04+0.01 [0.04+0 0.02+0.01 [0.02+0.01 [0.04+0 0.03+0
Pleurotus Green 10.03+0.01 [0.04 +0 0.04+0 0.04+0 0.04+0.01 [0.04+0
djamor hniica
(P2) l—abOVa 0.02+0.01 [0.04+0 0.04+0  |0.02+0.01 |0.02+0.01 |0.03+0
Pleurotus Green 10.02+0.01 [0.04+0 0.05+0.01 [0.04+0 0.03+0.01 [0.04+0
pulmonarius fhouse
(P3) Laboralp 03 +0.01 0040  |0.2£006 [0.05£001 0.05+001 (007 %
Main P

P1 0.03+0.01 [0.04+0 0.03+0.01 [0.02+0 0.03+0 0.03+0
PxM P2 0.03+0 0.04+0 0.04+0 0.03+0.01 [0.03+0.01 [0.03+0

P3 0.02+0 0.04+0 0.12+0.04 [0.04+0 0.04 +0.01 99? t

Main C
MIxC Cl [0.02+0 0.04+0 0.04+0 0.03+0 0.03+0 0.03+0
X

C2 0030 0.04+0 0.09+0.03 [0.03+0.01 [0.04+0 Q-Qfl *
Main M 0.03+0 0.04+0 0.06 +0.02 [0.03+0 0.03+0
LSD (5%)
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_|Substrate (M)
Locati P
i : ood chips
Strain (P) on  \yheat ST q PSstraw-based| . PxC
(&) t based an bstrat Rice straw
straw substrate  |sawdust substrate
PxCxM CxM PxM PxC M C P
0.032 0.019 0.023 0.014 0.013 0.008 0.01

Values are mean + SE calculated from X3, Spwan rate . P = strain, C = cultivation location, M
= substrate; LSD values are given at P < 0.05. P1 = Pleurotus citrinopileatus; P2 = Pleurotus

djamor; P3 = Pleurotus pulmonarius; C1 = Greenhouse; C2 = Laboratory

3.14 .3 Effect of mushroom strain,
cultivation location, and substrate on
potassium (K) content (%) in fruiting
bodies

Data in table 6 showed no significant
differences in potassium content between
virous kinds of three fruiting bodies oyster
mushroom strains vary between from 2.37 *
0.13 to 2.43 + 0.13, but the range did not
surpass the strain LSDg .o 5 of 0.41.as well
as no significant differences between two
growing locations and different kind of

substrates, 2.29 + 0.18 on rice straw to 2.44 +
0.17 on wood chips-sawdust blend. This
range (0.15) was below the substrate
LSD, .o 5 of 0.53. the interaction between
three factors also there were no significant
differences whereases extended from 2.12 +
0.58 for P. pulmonarius in the greenhouse on
rice straw to 2.7 + 0.58 for P. pulmonarius in
the laboratory on wood chips-sawdust blend.
The difference was (0.58) did not reach to

1.3that the PxCxM LSD, ., s Vvalue.

Table 6: Effect of mushroom strain, cultivation location, and substrate on potassium (K)

content (%) in fruiting bodies

Loca |Substrate (M)
Strain (P) [tion \yheat  [Sawdust- Wood — [Straw- _ PxC
©) |straw based chips and|based Rice straw
Pleurotus |Gree |7 55 + 2.47 +(2.56 +(2.49 +2.49 +
citrinopilea [nhous| 5 2.39%0 1559 0.58 0.58 0.2
tus -
(P1) Laborl2.34  Ho39+0 [22+058 291 *p39+0 (237 %
Pleurotus |Gree 252 +39+0 [239+0 [239+0 (224  *239 &
djamor anaLe
(P2) Laborl236  #739+0 [239+0 236 o3zsosg 236
Pleurotus_ Gree 2 4+058 [239+0 [247 to39+0 [212 +2.35 +
pulmonarlu nhniiec neEQ neEQ n1z7
s Labor|2.22 H239+0 [27+058 |2.35 +2.23 +2.38 +
o atans |0 EQ T o neQ neQ na
Main P
p1 (244 +239+0 [2.33 +(2.53 +(2.44 +2.43 +
PxM = o= = o= = o= = oo = -
P2 244 +239+0 [239+x0 [2.38 +2.27 +2.37
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Loca |Substrate (M)
Strain (P) [tion \yheat  [Sawdust- Wood  [Straw- _ PxC
©  |straw based chips and|based Rice straw
p3 |2.31 12_3;9.10. 2.58I . 12.3;7. +2.18 +2.37 +
I I ‘" I Main C
Ccl1 249 +239+0 |[2.44 +2.45 +(2.28 +2.41 +
MxC C2 ééi +239+0 éiB ié4i iééi ié.é? +
Main M 24402 23940 [244 4243 4229 4
LSD (5%) e
PxCxM CxM PxM PxC M C P
1.3 0.75 0.919 0.581 0.531 0.336 0.411

Values are mean + SE calculated from X3, Spwan rate . P = strain, C = cultivation location, M
= substrate; LSD values are given at P < 0.05. P1 = Pleurotus citrinopileatus; P2 = Pleurotus
djamor; P3 = Pleurotus pulmonarius; C1 = Greenhouse; C2 = Laboratory.

3.1.4 .4 Effect of mushroom strain,
cultivation location, and substrate on
magnesium (Mg) content (%) in fruiting
bodies

The highest significant difference
according to this study showed there are
significant differences with genotype strains
for oyster mushroom P. djamor had the
highest main mean 0.59 £ 0.02 greater than
P. citrinopileatus and P. pulmonarius 0.52 +
0.02 and 0.49 + 0.02 respectively were
statistically equivalent (LSDgy .o 5 = 0.06).
there was no significant difference in the
main location and substrate when compare
with its LSDg .o 5 , While there is significant
difference in the combination between three
factors were 0.39 = 0.06 for P. pulmonarius
in the greenhouse on wheat straw to 0.75 +

0.14 for P. citrinopileatus in the lab location
on wheat straw substrate was 0.36 compared
with PXxCxM LSD, .o 5 of 0.17 , The strain
and substrate means were highest for P.
citrinopileatus on wheat straw 0.64 = 0.09 ;
P. djamor on rice straw 0.67 + 0.08; P.
pulmonarius on wood chips-sawdust blend
0.56 + 0.04. P. djamor observed the higher
Mg content in may indicate a greater strain-
supported  effectiveness of up taking
magnesium, translocation, and saved in the
fruiting bodies. Variations in physiology of
fungi, the mechanisms of mineral transport,
pH of growing substrate, and rivalry between
ions may promote modification in Mg
accumulation among Pleurotus spp. [5, 22,
23].

Table 7: Effect of mushroom strain, cultivation location, and substrate on magnesium (Mg)

content (%) in Fruiting Bodies

Strain (P) [tion \awheat  [Sawdust- Wood — |Straw-  |Rice PxC
(© lstraw  [|based  [chips andbased |straw

Pleurotus |Gree 053 Hps53+0 |0.4+006 (092  #051 05 &
nhniic|N NA n NAa n N2 nno2
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Loca [Substrate (M)
Strain (P) [tion \wheat [Sawdust- [Wood  |Straw-  |Rice PxC
(©) lstraw  |based  [chips andbased |straw
citrinopilea Labor|0.75 to53+0 (044 +0.46 tos3+0 (094 £
tiie atnns (N 141 N NA N NA nNnNnA
Pleurotus |Gree 0.75  Hp53+0 |053+0 [053+0 (075 062
djamOI’ nhniiclN 14 n1A n NA
(P2) Labor|0.57 t053+0 |053+0 [0.54 +(0.58 +0.55 +
atnrnv N NR N NR N NR nno
Pleurotus |Gree |0.39 to53+0 [0.55 tos3+0 (042 +049 +
pulmonariu [nhoueln & R nna R N NA nno
s Labor|0.43 +053+0 [0.56 +/0.48 +/0.51 05
s~ A atnrv [N NR N NR N NR N NR n N2
Main P
P1 |[0.64 +053+0 [0.42 +/0.49 +/0.52 +0.52 =+
PxM p2 10.66 +053+0 |053+0 [0.54 +(0.67 +0.59 +
p3 (041 +053+0 [0.56 +/0.51 +0.47 +0.49 =+
Main C
c1 1[0.56 +053+0 (0.49 +/0.53 +/0.56 +054 <+
MxC o ns e o nn e o e
c2 1|0.58 +053+0 [0.51 +/0.49 +/0.54 +0.53 =+
Main M 057  #053+0 [05+002 (051 %055 +
LSD (5%)
PxCxM CxM PxM PxC M C P
0.174 0.1 0.123 0.078 0.071 0.045 0.055

Values are mean + SE calculated from X3, Spwan rate . P = strain, C = cultivation location, M
= substrate; LSD values are given at P < 0.05. P1 = Pleurotus citrinopileatus; P2 = Pleurotus
djamor; P3 = Pleurotus pulmonarius; C1 = Greenhouse; C2 = Laboratory

3.2DISCUSSION
3.2.1 Biological Efficiency (BE, %):

Acorrdint to the results that shown in
table 1. Found the great performance for P.
pulmonarius, The greater performance of P.
pulmonarius may be related to remarkable
nutrient utilization, lignocellulose-degrading
capacity, and modification to wheat and rice
straw. The cultivation in laboratory gain was
probably correlated with more static
temperature, moisture situations, humidity,
airing, similar species-, substrate-, and
environment-dependent differences in BE

have been described before [24-26]
considering all treatments, the results confirm
a strong species x substrate x location
interaction, with P. pulmonarius showing the
greatest  conversion  efficiency  under
laboratory conditions.

3.2.2 Interaction effect between Pleurotus
spp., location of cultivation, and substrate
type on nitrogen content of Pleurotus
fruiting bodies

Data in table 2 show the higher
nitrogen content for P. pulmonarius. P.
pulmonarius show the higher nitrogen
content may reflect more efficient nitrogen
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uptake, translocation, and transformation into
fungal mycelium and fruits bodies. The
higher values on rice straw may be correlated
with its nutrient accessibility, moisture
preservation, and compatibility with species-
specific metabolic constraints, which can
upgrade  nitrogen  utilization  during
lignocellulose degradation. Parallel substrate-
reliant on adaptations in the adjacent
components of Pleurotus fruiting bodies have
been stated beforehand [5, 8, 23].

3.2.3 Effect of mushroom strain,
cultivation location, and substrate on
carbon content of Pleurotus spp. Fruiting
Bodies

P. pulmonarius had high content of
carbon as shown in (table 3) due to enhance
efficiency capacity to assimilate and save
carbon in fruiting-body tissues which uptake
from substrate-derived. the wood chips—
sawdust blend was superior in carbon content
and was perfect for mushroom cultivation
due to its content of higher content of
lignocellulosic which suitable for fungal
colonization and degradation with fungal

enzymes. Assimilating carbon from the
growing substrate is integrated into
polysaccharides of cell-wall and

carbohydrates in fungi, proteins, lipids, and
other cellular compounds. Prior searches
have correspondingly confirmed that growing
substrates have significant composition
influences the Pleurotus fruiting bodies
carbohydrate, protein, fiber, ash, and mineral
configuration [5, 8, 27]. Nevertheless, the
concentration of carbon only cannot
characterize total carbon transformation for
the amount transferred to mushrooms also
depends on substrate mass loss and yield of
dry matter.

3.24 Effect of mushroom strain,
cultivation location, and substrate on
minerals in mushroom fruits bodies

3.24 .1 Calcium (Ca) content (%) in
fruiting bodies

The content of Calcium showed in fruits
bodies showed no significant whole growing
substate, type of strain and growing location,
showing that median Ca accumulation was
reasonably stable. However, the difference
between the highest and lowest combinations
exceeded the three-way LSD, showing that
specific interactions can affect calcium
uptake. The accumulation of minerals in
mushrooms fruits bodies regulated on
genotype of fungi, substrate, pH, comparing
ions, translocation efficiency and
supplementation, [5, 22, 23] Environmental
conditions may additionally influence
mineral composition through effects on
growth and water relations [28]. The lack of a
substrate main impact does not imply that all
substrate combinations were the same; rather,
similar overall means were produced by
opposing strain and location responses. In
addition to reporting the analytical unit,
digestion  process, instrument, certified
reference material, and moisture basis,
calcium values should be interpreted using
dry yield and ash content.

3.24 2 Effect of mushroom strain,
cultivation location, and substrate on
Sodium (Na) content (%0) in fruiting bodies
According to (table 4) the sodium
element was low but was valuable
significant. The highest main means was (P.
pulmonariusx laboratory condition x wood
chips-sawdust blended). This result exhibits
the original materials for Na concentration of,
genotype strains, transportation of ion, and
dilution or concentration were correlated with
dry-matter accumulation. The fruiting bodies
of Pleurotus minerals compositing various
with the substate’s compositions and fungal
genotypes [5, 22], the dynamics of nutrients
contract among straw substrate during
mushroom cultivation [23]. Since the
statistical values are lesser, contamination
from salts, analytical blanks glassware, or
water or can considerably affect the result
ISSN 2072-3857
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that is why the quality control play important
role in mushroom cultivation process.

3.24 .3 Effect of mushroom strain,
cultivation location, and substrate on
potassium (K) content (%) in fruiting
bodies

Statistically, the constant  of
potassium was state in three factors and its
interaction under the reported LSD thresholds
values. The content of potassium content was
different but did not wvary significant
differences established on genotypes of
strain, growing location, or substates type,
indicating a relatively stable potassium
accumulation in the fruiting bodies. This may
be attributed to the efficiency of Pleurotus in
potassium  uptake and  physiological
regulation, coupled with the availability of
sufficient potassium in the culture media used
that is mean when mushroom stimulation and
uptake potassium the substates was very
closed to each other’s in K contents in other
hand other references said there are great
effect of substates on provide the mushroom
with potassium [5, 22, 23]. Similarly
confirmed that concentrations of elemental
in Pleurotus fruiting bodies do not always
rise comparably with the concentration of the
consistent elements in the growing substrate,
indicating that mineral accumulation is
controlled by interactions among substrate
availability, species-specific uptake, and
physiological regulation [3]. However, the
present discovery does not indicate that
substrate content has no influence on K
accumulation in Pleurotus. Slightly, the
effect figures to depend on the magnitude of
differences in K availability including
substrates and on the particular fungal species
or strain. for example, [8] reported
differences in potassium concentrations of P.
ostreatus fruiting bodies cultivated on
different formulated agricultural substrates,
with K values varying according to substrate
composition. Similarly, [12] found significant
differences  of substrate-dependent in K
concentration in P. ostreatus, varying from

around 30.67 to 38.00 mg/100 g among
formulations  which content cassava-peel-,
sawdust-, and rice-bran-based. These studies
support the view that substrates can modify
fungal K accumulation when their mineral
composition and  bioavailability  are
sufficiently different.

3.24 .4 Effect of mushroom strain,
cultivation location, and substrate on
magnesium (Mg) content (%) in fruiting
bodies

Observed the higher Mg content in may
indicate a greater  strain-supported
effectiveness of up taking magnesium,
translocation, and saved in the fruiting
bodies. Variations in physiology of fungi, the
mechanisms of mineral transport, pH of
growing substrate, and rivalry between ions
may promote  modification in Mg
accumulation among Pleurotus spp. [5, 22,
23]. In Pleurotus fruiting bodies observed the
higher content of magnisum that is may
reflect the Mg uptakeing with the different

species capacity -dependent for,
translocation, and accumulation in fruits
bodies [29].

4. Conclusion

The finding results of this study
indicate that mushroom species, growing
cultivation location, and lignocellulosic
substrate combinations to measurement both
the production in biological efficiency and
chemical contents of Pleurotus fruiting
bodies. P. pulmonarius showed the greatest

performance among others  Pleurotus
genotypes with high content in caron,
nitrogen  additionally  the  biological
efficiency. In general, favorite biological

efficiency and carbon accumulation were in
laboratory-controlled room 25C°,
demonstrating  that  more  controlled
environmental conditions preserve increase
substrate  conversion and  mushroom
mycelium growth. For biological efficiency,
the most superior substrate was wheat straw.
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although higher nitrogen accumulation goose
to rice straw while highest carbon content in
fruits bodies when cultivation on the wood
chips—sawdust blend. The accumulation of
Mineral confirmed a more variable response.
Calcium and potassium remained relatively
stable across three Pleurotus spp., growing
locations, and five substrates, however
sodium and magnesium were more strongly
prejudiced by fungal strain and specific
treatment interaction. The greatest
magnesium accumulation showed with P.
djamor, however P. pulmonarius recorded
highest sodium content. Significant three
factor combinations detected for numerous
traits extreme show that substrate
performance cannot be evaluated separately
of oyster mushroom strain and cultivation
environment. Generally, the findings support
the use of locally accessible agriculture
residues for sustainable oyster mushroom
growth and identify P. pulmonarius,
particularly under controlled laboratory-
cultivation, as the most promising species for
maximizing  substrate  conversion  and
biological efficiency
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