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Abstract

Among edible mushrooms, Pleurotus eryngii is unique due to its flavor, admirable medicinal and nutritional profiling.
Pakistan is an agricultural country diverse in various crops. However, the residues of the horticultural and agronomic
crops are wasted without utilization in the food chain. Hence, a study was performed to assess the performance
of relatively low-cost, easily available crops residues i.e. cotton, rice, wheat, mustard and water chestnut for yield
and nutrition enhancement of Pleurotus eryngii strains P9 (China) and P10 (PSU-USA). The results revealed that
morphological attributes i.e. mycelium run, fruit development, yield and biological efficiency were significantly
higher by using cotton waste as compared to other substrates. Regarding biochemical attributes i.e. total soluble
solids (12.67 °Brix), phenolics (259.6 mg/100g), moisture (92.3%) and ascorbic acid contents (2.9 mg/100ml) were
also significantly higher by using cotton waste. Whereas, acidity (0.30%), reducing sugar (7.67%), non-reducing
(4.33%) and total sugars contents (12%) were found highest by using mustard straw. Nutrient analysis of substrates
showed that nutrient levels were increased after harvesting of crop as compared to before harvesting levels. Overall
results revealed that cotton waste and mustard straw are promising substrates for Pleurotus eryngii better growth
and have potential in yield and nutrition enhancement. Moreover, P10 strain performed better as compared to P9.
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Resumo

Entre os cogumelos comestiveis, Pleurotus eryngii é Gnico por causa de seu sabor e seu admiravel perfil medicinal
e nutricional. O Paquistdo é um pais agricola com diversas culturas. No entanto, os residuos das culturas horticolas
e agrondmicas sdo desperdicados sem aproveitamento na cadeia alimentar. Assim, um estudo foi realizado para
avaliar o desempenho de residuos de culturas com custos relativamente baixos e facilmente disponiveis, ou seja,
algodao, arroz, trigo, mostarda e castanha-de-agua, para o aumento da produtividade e nutri¢do de cepas de P. eryngii
P9 (China) e P10 (PSU-EUA). Os resultados revelaram que os atributos morfolégicos, ou seja, funcdo do micélio,
desenvolvimento de frutos, rendimento e eficiéncia biol6gica, foram significativamente maiores usando residuos
de algoddo em comparacdo com outros substratos. Em relacdo aos atributos bioquimicos, ou seja, sélidos solaveis
totais (12,67 °Brix), fendlicos (259,6 mg / 100 g), umidade (92,3%) e teores de acido ascérbico (2,9 mg / 100 ml),
também foram significativamente maiores usando residuos de algodao. Ja os teores de acidez (0,30%), agticares
redutores (7,67%), ndo redutores (4,33%) e aglcares totais (12%) foram os mais elevados na palha de mostarda. A
analise de nutrientes dos substratos mostrou que os niveis de nutrientes aumentaram ap6s a colheita da cultura
em comparac¢do com os niveis antes da colheita. Os resultados gerais revelaram que os residuos de algodao e a
palha de mostarda sdo substratos promissores para o melhor crescimento de P. eryngii e tém potencial na melhoria
da produtividade e nutri¢cdo. Além disso, a cepa P10 apresentou melhor desempenho em comparagdo com a P9.

Palavras-chave: agronémico, residuos de algoddo, micélio, palha de mostarda, residuos.

1. Introduction

Mushrooms (genus Pleurotus) are gaining the world’s  anintegral part of mushrooms that have major role in our
attention due to their nutritional and medicinal importance ~ metabolism (Ergonul et al. 2013). The mushroom Pleurotus
in human life. It is being consumed on large scale due to  eryngii is a member of Agaricaceae family having gray to
its good flavor, taste and essential bioactive components.  grayish brown pileus (3-8 cm), thick whitish stipe (0.9-4cm)
Unsaturated acidic fats, proteins and 9 vital amino acidsare  and umbrella like fleshly body (3.6-15 cm). Its elevated
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biological efficiency and ecological importance make it a
high-ranked mushroom. Around the globe, it is consumed
as a food and for medicinal usage due to enrichment of
metabolites, dietary fiber and minerals like sodium, iron,
calcium, copper and potassium which makes it a great
health supplement (Rodriguez-Estrada et al., 2009).

Pleurotus eryngii is a commercial cultivated mushroom
in Asia and Europe with its wide adaptation under different
climatic conditions of China, Japan and Taiwan etc. (Korea,
2012). Globally it is found in natural forests and hardwoods
while cottonwood, poplar, birch, conifers, elm trees, maple
wood and willow are major substrates of Pleurotus eryngii,
it has facultative behavior as it grows wild on trees, which
are about to die or on deciduous woods (Shah et al., 2004;
Bing et al., 2010). In 2011, Korea exported 3900 tons of
Pleurotus eryngii to regions of Europe and North America
out of total produce i.e. 54820 tons and its share was 33%
in Koreas’ market (Korea, 2012).

Mushrooms rely on substrates for their nutritional
requirements as substrates contain lignin, the cellulose
that lysis gave food and nutrition to mushroom and
promotes its mycelium run and fruit development (Chang
and Miles, 2004). Different species gave a dissimilar
response on variant substrates regarding mycelium run,
fruit development and yield (Biley et al., 2000). Lignin
and cellulose-containing crops residuals were utilized for
cultivation of Pleurotus eryngii like rice, soybean, millets
and wheat hay, cotton waste, shells of peanut, wheat bran,
grass clippings, sugarcane bagasse, corn cobs and seed
hulls of cotton etc. (Jonathan et al., 2008). Humans are
not being able to consume crops-based residues which
are produced in great amount. Therefore, they may be
utilized for mushroom production as these residues
provide nutrition to mushrooms for its life cycle which
has high market demand. Suitable and cheap substrate
selection for Pleurotus eryngii production is important for
its better development and yield. Mushrooms production
on numerous substrates gives different protein contents
(Gothwal et al., 2012).

Numerous crops are cultivated on a larger area of
Pakistan including cotton, wheat and rice etc. Cultivated
area under cotton, wheat and rice was 2373 thousand
hectares, 8740 thousand hectares and 2810 thousand
hectares, respectively (Pakistan, 2019). Major crops in
Punjab, Pakistan includes wheat, rice, cotton, vegetables
etc. whose waste material can be used as substrates while,
abundant fruit peel is produced in KPK, Kashmir, Gilgit
Baltistan and Balochistan and numerous agronomic and
horticultural crops are cultivated on large scale in Sindh.
Due to this vast range and easy availability of agricultural
waste materials in Pakistan these can be utilized as
substrates for Pleurotus eryngii cultivation. Most people
used these waste materials as fodder for animals, to burn
for cooking purpose, used in bricks kilns and many crop
residues are burnt in field that pollute the environment
and disturb the climate.

By considering the nutritional and medicinal importance
of Pleurotus eryngii, a study was designed to evaluate
vast range of available agricultural residues considering
their low cost, ease of availability and environment
friendly approaches. Moreover, the performance of these
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substrates was assessed based on growth, nutrition and
yield improvement of Pleurotus eryngii strains (P9 and P10).
This study will also be helpful for production technology
development for mushroom growers.

2. Materials and Methods

The study was conducted at Medicinal and Mushroom
Lab, Institute of Horticultural Sciences, University of
Agriculture, Faisalabad. An experiment was performed
to check the morphological and biochemical attributes
of king oyster mushroom (Pleurotus eryngii) strains i.e.
P9 (China) and P10 (PSU-USA) by utilizing substrates
alone and their combinations (1:1) with each other i.e.
(as shown in Table 1).

2.1. Strains and substrates obtention

Spawn of two strains P9 (China) and P10 (PSU-USA)
of Pleurotus eryngii were purchased from Medicinal and
Mushroom Laboratory, University of Agriculture, Faisalabad.
While, agricultural waste materials were collected from
agronomy farm of University of Agriculture, Faisalabad and
Ayyub Agriculture Research Institute, Faisalabad, Pakistan.

2.2. Media preparation

For media preparation firstly material was soaked
in water thoroughly and a heap was formed on floor.
During heap formation lime was added at the rate of four
percent of weight of substrate. Subsequently that when
excessive water leached out from heap, it was covered
with polythene sheet and remained closed for ten days
for composting process accomplishment. After process of
composting polypropylene bags (20-30 cm) were filled
with media and tied up loosely with rubber bands. After
that pasteurization of bags was accomplished at 50-60°C
for 2 to 3 hours and bags were kept for one night to cool
down. Next day, spawning was achieved at the rate of 1.5%
of wet weight of media and bags were placed in growing
room for mycelium run and cropping.

2.3. Environmental conditions maintenance

Temperature and humidity requirements for Pleurotus
eryngii growth varies at different growing stages therefore,

Table 1. Crops-residues and their combinations with each other
used as substrates.

Treatments Treatments

T,: Wheat straw (W) (100%)
T,: Cotton waste (CW)
T,: Rice straw (RS) (100%)
T,: Mustard straw (MS) (100%)
T,: Water chestnut peel (WCP) (100%)
T,: W+ CW (50%: 50%)
T,: W+ RS (50%: 50%)
T,: W+ MS (50%: 50%)

T, W+WCP (50%: 50%)
T,: CW + RS (50%: 50%)
T, CW + MS (50%: 50%)
T,,: CW +WCP (50%: 50%)
T,,: RS + MS (50%: 50%)
T,,: RS + WCP (50%: 50%)
T,,: MS+WCP (50%: 50%)
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temperature of growth room was sustained at 24-25 °C,
10-15 °C and 15-21 °C while humidity was maintained
at 90-95%, 95-100% and 85-90% for spawn run initiation,
pinheads development and fructification respectively.
During pinhead’s development and fructification light
requirement was accomplished at 500-1000 Lux/day and
(0, level was maintained 5000-20000 ppm, 500-1000 ppm
and <2000 ppm, however ventilation was performed 1 time,
4-8 times and 4-5 times for spawn run initiation, pinhead’s
development and fructification respectively (Stamets, 2000).

2.4. Morphological attributes

Numerous morphological attributes were studied which
include spawn run initiation duration (days), mycelium run
completion duration (days), pinhead initiation duration
(days), number of pinheads, 1%t and 2 flush completion
duration (days), number of flushes, mushroom stipe length
and pileus diameter (cm), weight of 15t and 2™ flush (g),
yield (g) and biological efficiency (%) BE = (weight of
harvest [ weight of dry substrate) x 100%.

2.5. Biochemical attributes (TSS, acidity, sugars, phenolics,
moisture and ascorbic acid)

Total soluble solids from mushroom were measured by
using hand-held refractometer (RX 5000-Atago Japan) at
25+ 2 °C(room temperature) and value expressed in °Brix.
Acidity (%), reducing, non-reducing and total sugars (%)
were calculated by adopted titration method (Hortwitz,
1960) while ascorbic acid by employing titration method
(Ruck, 1963). Moreover, moisture content (%) of mushroom
was measured by adopting standard method (AOAC,
1990). While total phenolics contents were measured by
employing Folin-Ciocalteu reagent and TPC were recorded
by using spectrophotometer (UV-1800, Shimadzu, Japanese
and European Pharmacopoeia) at 750 nm and were
expressed as mg of standard gallic acid (GAE) equivalents
per 100g of extract (Sanchez-Rangel et al., 2013).

2.6. Substrates pH and nutrients quantification

Substrates mineral contents i.e. Nitrogen, phosphorus
and potassium before and after attaining crop were
estimated by using Kjeldahl, spectrophotometer (UV-1800,
Shimadzu, Japanese and European Pharmacopoeia) and
flame photometer (FP-902, PG Instruments Limited,
United kingdom) respectively (Chapman and Parker, 1961;
Yoshida et al. 1976). Moreover, digital pH meter (HI 98107,
Hanna instruments, Mauritius) was used to determine
pH of substrates.

2.7. Statistical analysis

Experiment was performed by adopting two factors
factorial under a completely randomized design and
treatments were replicated five times. Moreover, data
analysis was performed by using Tukey HSD test (Steel et al.,
1997).
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3. Results

3.1. Spawn run commencement, mycelium completion,
pinhead initiation duration (days) and number of
pinheads/bag:

Minimum duration (2.3 days) for spawn run initiation
was observed for T1 while maximum duration (11.7 days)
was observed for T13. In strains comparison minimum and
maximum duration (2.3 days and 11.3 days, respectively) for
mycelium run commencement was observed for P10 while
minimum and maximum duration (2.7 days and 11.7 days,
respectively) was observed for P9. Regarding mycelium
run accomplishment, minimum duration (37.3 days)
was observed for T1 while maximum (57.7 days) was
observed for T13. However, minimum duration (37.3 days
and 38.3 days) for mycelium run accomplishment was
observed in P10 and P9 strain respectively.

Moreover, among various treatments minimum
pinheads initiation duration (43 days) was observed
for T1 while maximum (65.3 days) was observed for
T13. Results regarding strains comparison revealed that
minimum and maximum duration (43 days and 64.3 days,
respectively) for pinheads initiation was noted for P10 while
minimum and maximum duration (44 days and 65.3 days,
respectively) was noted for P9. Whereas, among various
treatments maximum pinheads (46.7) were observed for
T1 while minimum pinheads (15) were observed for T13.
Regarding strains comparison, minimum and maximum
pinheads (16.7 and 46.7, respectively) were noted for
P10 while minimum and maximum pinheads (15 and 45.3,
respectively) were noted for P9 (see Figure 1).

3.2. Duration (days) for first and second flush
accomplishment and no. of flushes/bag:

Between several treatments, the minimum duration
(48.7 days) for 1% flush accomplishment was observed for
T1 while highest (71 days) was observed for T13. Results
regarding strains contrast revealed that minimum and
maximum duration (48.7 days and 70 days, respectively)
was noted for P10 while minimum and maximum duration
(49.3 days and 71 days, respectively) was noted for P9.
While, minimum duration (56.7 days) for second flush
completion was observed for T1 while highest (89 days)
was observed for T13. Result regarding strains comparison
revealed that minimum and maximum duration (56.7 days
and 78.7 days, respectively) was noted for P10 while
minimum and maximum duration (57.3 days and 79 days,
respectively) was noted for P9. Moreover, minimum number
of flushes (1.3) was observed for T13 and maximum
(6) was observed for T1. Result regarding strains effect
on number of flushes revealed that minimum and the
maximum number of pinheads observed for P10 (1.7 and
6, respectively) while for P9 (1.3 and 5.7, respectively)
was observed. Overall results revealed that P10 strain
performed better than P9 (see Figure 2).

3.3. Pileus diameter and stipe length (cm)

Maximum diameter (7.5 cm) was noted for T1 while
the least diameter (3.2 cm) was noted for T13. Results
regarding strains comparison revealed that P10 strain gave
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Figure 1. Effect of numerous substrates on (A) spawn run initiation (days), (B) mycelium completion duration (days), (C) pinheads
initiation (days) and (D) number of pinheads/bag. Vertical bars represents + S.E. of means and bars are invisible where values are smaller
than the symbol. Tukey HSD (P < 0.05) for A: Treatment (T):1.982, Variety (V): 0.409 and T x V: NS (Non significant); B: Treatment
(T):2.051, Variety (V): 0.424 and T x V: NS (Non significant); C: Treatment (T):2.580, Variety (V): 0.533 and T x V: NS (Non significant);
D: Treatment (T):2.214, Variety (V): 0.456 and T x V: NS (Non significant).
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better results regarding pileus diameter than P9 strain as
the minimum and maximum diameter (3.4 cm and 7.5 cm
respectively) was noted for P10, compared to P9 having
minimum (3.2 cm) and maximum (7.3 cm) diameter.
Moreover, maximum stipe length (8.4 cm) was noted for
T1 while least length (3.8 cm) was noted for T13. Results
regarding strains comparison revealed that minimum
and maximum length (4.2 cm and 8.4 cm respectively)
was observed for P10 while minimum and maximum
length (3.8 cm and 8.3 cm respectively) was observed
for P9 (see Figure 3).

3.4. First and second flush weight (g), Yield (g) and
Biological efficiency (%)

Maximum first flush weight (141.7 g) was observed for
T1 while minimum (70.3 g) was observed for T13. Minimum
and maximum weight (72 g and 141.7 g correspondingly)
was noted in P10 strain while minimum and maximum
weight (70.3 g and 140.3 g respectively) was observed for
P9 strain. While, maximum 2" flush weight (98 g) was
observed for T1 while minimum (48 g) was observed for
T13. Minimum and maximum weight (48.7 g and 98 g
respectively) was observed in P10 strain while minimum
and maximum weight (48 g and 97.3 g respectively) was
observed for P9 strain. Whereas, maximum yield (239.7 g)
was observed for T1 while minimum yield (118.3 g) was
observed for T13. Results regarding strains comparison
revealed that minimum and maximum yield (120.7 g and
239.7 g correspondingly) was for P10 while minimum and
maximum yield (118.3 gand 237.7 g correspondingly ) was
for P9. Additionally, maximum biological efficiency (68.5%)
was observed for T1 while minimum (33.8%) was observed
for T13. Results regarding strains comparison revealed
that P10 strain gave better results regarding biological
efficiency than P9 strain (see Figure 4).
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3.5. Total phenolics (mg/100g), acidity (%), ascorbic acid
(mg/100ml) and moisture (%) contents of mushroom:

The highest phenolics contents (259.6 mg/100g) were
observed for T1 and minimum (191.9 mg/100g) was observed
for T13. Results related to strains showed that the highest
phenolics contents (259.6 mg/100g and 259.4 mg/100g) were
observed for P10 and P9, respectively. Moreover, maximum
acidity (0.30%) was observed for T3 and minimum (0.10%)
was observed for T13. Maximum and minimum acidity
observed in P10 strain was (0.30% and 0.10% respectively) while
maximum and minimum acidity observed in P9 strain was
(0.29% and 0.10% respectively). While, highest ascorbic acid
contents (2.9 mg/100ml) was observed for T1 and minimum
(0.7 mg/100ml) was observed for T13. Maximum ascorbicacid
contents observed in P10 strain was (2.9 mg/100ml) while in
P9 strain was (2.8 mg/100ml). Minimum value of ascorbic acid
contents observed in P10 strain was (0.8 mg/100ml) and in
P9 strain was (0.7 mg/100ml). Furthermore, maximum (92.3%)
moisture level was observed for T1 and the least (60%) was
observed for T13. Result related to strains comparison showed
that maximum moisture percentage observed in P10 strain
was (92.3%) while minimum (61%) was observed while
maximum moisture percentage observed in P9 strain was
(91.3%) whereas minimum (60%) was observed (see Figure 5).

3.6. TSS (°Brix) and sugars contents (%)

Maximum (12.67 °Brix) TSS was observed for T1 and
minimum (4.33 °Brix) was observed for T13. Highest TSS
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Figure 4. Effect of numerous substrates on (A) 1* flush weight (g) and (B) 2™ flush weight (g), (C) Yield (g) and (D) Biological efficiency
(%). Vertical bars represents + S.E. of means and bars are invisible where values are smaller than the symbol. Tukey HSD (P < 0.05) for
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T x V: NS (Non significant).
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observed for P10 strain was (12.67 °Brix) while lowest
was (5 °Brix) whereas, highest TSS was observed for
P9 strain was (12 °Brix) whereas lowest was (4.33 °Brix).
Furthermore, among various treatments maximum (7.67%)
reducing sugars contents were found for T1 while minimum
(2%) were found for T13. Result related to strains’ affect
revealed that least and highest reducing sugars contents
for P10 strain were (7.67% and 2.33% respectively) while
minimum and maximum reducing sugars contents were
for P9 strain were (7.33% and 2%). Whereas, among different
treatments highest (4.33%) non-reducing sugars contents
were found for T1 while minimum (2.77%) were found for
T13. Result related to strains comparison unveiled that
minimum and maximum non-reducing sugars contents
for P10 strain were (2.83% and 4.33% respectively) while
for P9 strain were (2.77% and 4.23%). Whereas, among
different treatments maximum (12%) total sugars contents
was found for T1 while minimum (4.77%) was found for
T13. Result related to strains’ affect unveiled that lowest
and highest sugar contents for P10 strain were (5.17% and
12% respectively) while minimum and maximum sugar
contents for P9 strain were (4.77% and 11.57%) (see Figure 6).

3.7. pH, NPK (%) contents of substrates formerly to
cropping

Among these substrates maximum (8.7) pH was
observed for T12 while minimum (7.6) pH was observed
for T11. Maximum nitrogen contents (9.8%) were observed
for T8 while, a minimum (4.2%) were observed for TO.
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Whereas, maximum (0.17%) phosphorus contents were
observed for T10 while minimum (0.02%) was observed
for TO. Moreover, maximum (0.41%) potassium % was
observed for T2 and minimum (0.18%) was observed for
TO and T4 (see Figure 7).

3.8. NPK(%) contents of substrates after cropping

Maximum (10.3%) nitrogen contents were observed
for T8 while minimum (4.7%) was observed for TO. While,
maximum (0.18%) phosphorus contents were observed for
T10 while minimum (0.03%) was observed for T8 while,
maximum (0.43%) potassium % was observed for T2 whereas
least (0.18%) was detected for T8 (see Figure 8).

4. Discussion

Numerous factors viz. growing conditions, humidity
level, temperature, availability of nutrients, oxygen,
carbon dioxide and growing media (substrates) have
a great impact on mycelium run of various strains of
Pleurotus eryngii mushroom (Hassan et al. 2010). Moisture
plays a vital role in the growth of Pleurotus eryngii, if
the moisture percentage of substrates ranges from 70-
75% it grows well (Akyuz and Yildiz, 2008). Likewise,
various other factors like growing room environmental
conditions, temperature, humidity, substrate physiology,
micro and macro elements of substrates and quality of
spawn have an impact on pinheads’ formation. Due to

Brazilian Journal of Biology, 2024, vol. 84, e261752
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the temperature and humidity fluctuations number of
pinheads was suppressed. The optimum temperature for
pinhead formation is 16-22 °C and direct application of
water during pinhead formation has negative impact on
pinheads development (Singh et al., 2011).

Substrate structure is an important factor that
influenced the mycelium run on growing substrate and
fruiting of mushroom (Tripathy, 2010). Moreover, Pleurotus
eryngii yield and pinheads formation was influenced
by lignocellulosic material containing substrates and
supplements which cause enhancement in yield by
decomposing numerous components of substrates
(Hassan et al., 2010; Jafarpour and Eghbalsaeed, 2012;
Kazemi et al., 2016; Tripathy, 2010; Zadrazil et al., 1996).
The findings of our experiment depicted that king oyster
mushroom growth pattern varied for different substrates
i.e. mycelium run, and pinhead formation were better
on cotton waste, mustard straw, wheat straw and their
combinations with each other as compared to water
chestnut, rice straw and their combinations with other
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substrates (see Figure 1). The density of mycelium has
impact on fruit body development duration (Ohga, 2000).
Moisture retaining capacity of wheat straw is low that
cause a reduction in fruit body development (Wang, 2010;
Yang et al., 2013), these findings are similar to our results
which showed that cotton waste and mustard straw give
better pinheads formation as compared to wheat straw
(see Figure 1).

Flushes development and their numbers are dependent
on growing conditions like humidity, temperature,
substrates properties and quality spawn, when these
conditions are optimum more number of flushes can be
obtained. Flushes yield can also be enhanced by removing
dead pinheads from surface of growing bags (Stamets and
Chilton, 1983). Minimum duration for flushes development
and maximum number of flushes was observed for cotton
waste as compared to other substrates which showed
that substrates structure, moisture holding capacity and
other optimum conditions etc. has a prominent impact
(see Figure 2). Different substrates affect the stipe length
of different Pleurotus species. Mushrooms like oyster and
button mushroom if it bears long stipe it is consider as
a poor quality mushroom. Moreover, in case of Pleurotus
eryngii lengthy stipe is a desirable character. Substrates
nutritional imbalance causes irregularity in stipe length
(Samuel and Eugene, 2012; Zadrazil, 1978; Oei, 1996). Pileus
diameter of variant species of Pleurotus lies between ranges
2.89-5.59 cm, due to substrates characteristics. Substrates
firmness, structure and physiological properties have
impact on pileus diameter. Moreover, substrates which have
good moisture retaining capability produced mushroom
with big pileus (Mondal et al., 2010; Chukwurah et al., 2013).

Physio-chemical properties of substrates affect the
yield of mushroom. King oyster yield can be enhanced
by chemical augmentation of substrates or combination
of various substrates. Furthermore, numerous lignin
and cellulose containing substrates cause fluctuation
in biological efficiency and yield (Rodriguez-Estrada
and Royse, 2007; Liang et al., 2009). Moreover, yield
and biological efficiency are positively co-related with
nutrients composition of substrates and 50-80% biological
efficacy range of Pleurotus eryngii was observed (Peksen
and Yakupoglu, 2009; Rodriguez-Estrada, 2008). Biological
efficiency is affected by spawn quality, strain and substrate
and supplement interaction (Mandeel et al., 2005).
Our results also showed similar response i.e. yield and
biological efficiency of king oyster mushroom was good for
cotton waste as compared to other substrates (see Figure 4).

Biological efficiency 85.2% and 25.6/100g (wet media)
yield was calculated when wheat hay and millet hay
combination was used with supplementation of 10% rice
bran whereas when wheat straw was used alone it gave
48% biological efficiency and 14.4 g/100g (wet media)
yield. Furthermore, when soybean is supplemented with
extra 6% ground soybean it causes up to 35% increment
in the yield. Pleurotus eryngii yield was observed more in
sawdust as compared to rice straw (Kirbag and Akyuz, 2008;
Rodriguez-Estrada and Royse, 2007; Moonmoon et al.,
2010). Our findings also depicted that maximum biological
efficiency was observed for cotton waste and minimum was
for rice and water chest nut combination (see Figure 4).
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Moisture is a quality parameter of fruits, vegetables and
mushrooms and loss of moisture in these commodities
causes a reduction in turgidity, weight and firmness
(Hatfield and Knee, 1988; Van den Berg, 1981). Moisture
contents of mushrooms are high and vary among different
strains and are affected by growing conditions, harvesting
and storage circumstances. Among Pleurotus species
Pleurotus eryngii have more export potential due to low
moisture contents and good shelf life (Kang et al., 2000).

Ascorbic acid through signals of hormones plays
part in plant development regulation and antioxidation
(Pastori etal., 2003). Moreover, it also plays role in inhibition
of reactive oxygen species during process of respiration,
worked as cofactor in numerous enzymes and has a role
in cell growth (Lee and Kader, 2000). Total soluble solids
(TSS) are a vital quality attribute of texture and structure of
numerous fruits and include solid substances viz. sugars,
minerals and vitamins etc. (Peck et al., 2006).

Glucose, sucrose and sorbitol collectively called as total
sugars have an important role in fruit quality, sweetness
and flavor. Sucrose has a vital role in regulation of osmotic
pressure, metabolism pathway and antioxidation system
activation for elimination of free radicals (Nishizawa et al.,
2008). Moreover, reducing sugars comprise of glucose
polymers, oligosaccharides, starch, mono-saccharides
and starches which have reducing ends (Campbell and
Farrell, 2012).

Among different substrates growing period is extended
in some substrates which is due to the composition
of substrates. Some substrates have such compounds
which are harmful for metabolic processes however;
some varieties have resistance against such compounds.
Due to these compounds some chemical changes occur in
substrates which alter the pH and nutrient composition
leading to toxicity (McGary et al., 2013).

Nitrogen-containing basal media enhanced yield and
biological efficiency (Fanadzo et al., 2010). Moreover,
during the early stage of mycelium growth of Pleurotus
species nitrogen requirement is less as compared to carbon
requirement. Furthermore, ammonium and nitrates have
toxic effect on pinhead formation which causes reduction in
yield (Mandeel et al., 2005). Nitrogen is an integral part of
purines, vitamins, polysaccharides and pyrimidines which
utilized for the formation of chitin to provide support to
cell wall of mushroom (Miles and Chang, 2004). Nitrogen
has known effect on yield, biological efficacy, mycelium
run, pinheads’ formation and fruit body development
(Shashirekha et al., 2002).

Phosphorus plays a noteworthy part in yield and
development improvement of mushroom (David and
Muthersbaugh, 1996). During numerous enzymatic
activities and biological processes phosphorus act as
co-factor in mushroom cells while in plants it acts as a
mobile element (Khan et al., 2006). Potassium acts a key
character in mobility of enzymes, synthesis and stability
of ions, carbohydrates maintenance (Griffin, 1994).
Plants and mushrooms have shown similar behavior of
potassium uptake (Urban and Bystrzejewska-Piotrowska,
2003). Because of production of acetic acid, oxalic acid and
pyruvic acid pH value of substrate is fluctuates throughout
the growing period (Leu, 1992).
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5. Conclusion

The current study revealed that numerous crops-based
residues have positive impact on growth and nutritional
enhancement of Pleurotus eryngii mushroom strains.
Results related to growth and yield revealed that Cotton
waste performed best while least yield and growth
was observed for combination of Rice Straw and Water
Chestnut Peal. Biochemical results stated that cotton waste
performed better while rice straw and water chestnut
peel combination performed poor. Other substrates which
gave better results were mustard straw, wheat straw
and combination of Cotton waste with mustard, cotton
with wheat and wheat with mustard. Moreover, results
regarding substrates unveiled that N, P and K percentage
was increased in spent mushroom compost as compared to
substrates prior to cropping. pH has variant values among
all substrates. Overall results showed that cotton waste
and mustard straw are promising substrates for Pleurotus
eryngii cultivation and P10 strain is more nutritious and
gave better growth as compared to P9 strain. Abundant
amount of wastes of fruit, vegetables and agronomic
crops are produced which yet have not been studied for
mushroom production. Among these we have examined
few substrates for our study. That’s why in future other
waste materials should be examined for production of
mushroom so that farmers have a vast range of suitable
substrates.
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