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Cultivation of Reishi Mushroom (Ganoderma lucidumn) on Sawdust of
Different Tree Species

Kamal Hossain, Nirod Chandra Sarker, A. J. Kakon, Abdus Salam Khan and
Saleh Ahmed
National Mushroom Development and Extension Centre, Sobhanbag, Savar, Dhaka,
Bangladesh

Abstract

Mangifera indica (Mango), Eucalyptus camaldulensis (Eucalyptus), Tectona grandis (Teak),
Albizia richardiana (Root Chambol), Bombax ceiba (Shimul), Albizia procera (Sheel Koroi),
Borasus flabellifer (Taal) and mixed sawdust were ¢valuated as the substrate of Ganoderma
lucidum, The mycelium growth rate and days to completion of mycelium running in spawn
packet were different in the sawdust of different tree species. Considerable variation was found
in the time of antler initiation, conk formation and development of fruiting bodies. No
significant variation was observed in number of fruiting bodies. The highest biological vield
(22.00 g/packet), dry yield (6.13 g/packet) and biological efficiency (11.00%) were observed in
mixed sawdust followed by Mangifera indica, Albizia procera and Albizia richardiana while
Borasus flabellifer sawdust performed poorly.

Key words: Ganoderma lucidum, sawdust, growth and yield.

INTRODUCTION

Reishi (Ganoderma lucidum) is one of the most famous traditional Chinese medicinal
herb, is used as a healthy food and medicine in the Far East for more than 2000 years
(Fang and Zhong, 2002). It is wood decaying mushroom occurring on conifers,
hardwoods and monocotyledonous species throughout the world (Gottlieb er al., 1998). It
is normally cultivated on solid substrates or other lignocelluloses materials such as straw,
sawdust and log (Riu et al., 1997 and Stamets, 2000). A successful artificial cultivation of
Ganoderma lucidum has been reported on most broad-leaf hardwood trees and commonly
used species include oak, pecan, elder, choke cherry, and plum (Chen, 1999 and Chen and
Chao, 1997). Moreover, Ganoderma species can be cultivated on the sawdust which may
originate from different kinds of trees described by Wasser (2005) and Olei (2003).
Hardwood sawdust is the basic substrate for the cultivation of most medicinal mushrooms
(Chen, 1999) and the growth and development of them varied from one tree species to
another (Ayodele, 2007). However, hardwood sawdust and wheat bran mixture may be
used in production of Ganoderma lucidum (Peksen and Yakupoglu, 2009 and Yang er al.,
2003). In Bangladesh, very little information on various kinds of sawdust and bran in the
cultivation of Ganoderma lucidum is available. A large amount of sawdust of Mangifera
indica, Eucalyptus camaldulensis, Tectona grandis, Bombax ceiba, Albizia richardiana,
Albizia procera, Borasus flabellifer, Artocarpus heterophyllus and Dalbergia sissoo etc
tree species arc available which are not yet tested as the substrate of Ganoderma lucidum.
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The present study was therefore undertaken to identify the sawdust of suitable tree species
for growing reishi mushroom.

MATERIALS AND METHODS

The experiment was conducted at the National Mushroom Development and Extension
Centre, Sobhanbag, Savar, Dhaka during the months of March to August 2009. Eight
different kinds of sawdust viz. Mangifera indica (Mango), Eucalvptus camaldulensis
(Eucalyptus), Tectona grandis (Teak), Albizia richardiana (Root Chambol), Bombax
ceiba (Shimul), Albizia procera (Sheel Koroi), Borasus flabellifer (Taal) and different
kinds of mixed sawdust were used as treatments.

Spawn packet preparation: The substrates of spawn packets were prepared by using
selected plant sawdust and wheat bran. Each spawn packet was prepared by mixing
sawdust as treatment and wheat bran at the ratio of 2:1. Water was added to make the
moisture content 60% and CaCO. was added at the rate of 0.2% of the mixture.
Polypropylene bags of 7°x10” size were filled with 500g of substratc mixture and their
mouths were plugged by inserting water absorbing cotton with the help of plastic neck
and rubber. The bags were autoclaved at 121 °C and 1.0 kg/em® for 2 hours. After
autoclaving and cooling, the bags were inoculated separately with the mother culture of
Ganoderma lucidum-6 at the rate of | teaspoonful per packet. Then the packets were
incubated in the incubation room for mycelial growth.

Experimental condition: In incubation period, the inoculated packets were kept in
almost dark at about 25 °C temperature. After completion of mycelium running, spawn
packets were opened by square sized (1x1cm) cut on the single side middle abdomen of
the packet and transferred to the culture room at 25-32 °C temperature, 85-95% relative
humidity and 250-350 lux light. Water was sprayed 4-5 times per day and proper acration
was maintained in culture house to develop the fruiting bodies. The yield was obtained
from a single flush in the harvest period.

Biological yield in g/packet was recorded by weighing the whole fruiting bodics. Dry
yield in g/packet was recorded by weighing the fruiting bodies after drying and biological
cfficiency was determined for each packet by the following formula:

Total biological yield (g)
Total dry substrate used (g)

x 100

Biological efficiency (%) =

Data collection and statistical analysis: The experiment was laid out following
completely randomized design (CRD) with 4 replications. Data on mycelium growth rate,
days required for completion of mycelium running, antler initiation and conk formation,
number of fruiting bodies, length of stalk, diameter of stalk, diameter of pileus, thickness
of pileus, biological yield, dry yield and biological efficiency were recorded and analyzed
following Gomez and Gomez (1984) using MSTAT-c computer program. Means
separation were computed following Duncan’s Multiple Range Test (DMRT) using the
same computer program.
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RESULTS AND DISCUSSION

Mycelium growth: Considerable variation was found in mycelium growth of Ganoderma
lucidum in sawdust of different tree species (Table 1). The highest mycelium growth rate
(0.43 cm/day) was found in Eucalyptus camaldulensis which was statistically similar to
mixed sawdust (0.41 cm/day), Mangifera indica (0.40 cm/day) and Bombax ceiba (0.39
cm/day). The poor mycelium growth rate (0.33 cm/day) was found in Borasus flabellifer.
Days required for completion of mycelium running (DRCMR) in spawn packet was
strongly correlated with mycelium growth rate. The DRCMR in spawn packet ranged
from 26.25 to 33.50. Significantly the lowest DRCMR (26.25) was found in Eucalyptus
camaldulensis which was statistically similar to mixed sawdust (28.50 days) and Bombax
ceiba (30.00 days) while highest DRCMR (33.50) was recorded in Borasus flabellifer.
The poor growth of mushroom mycelium on Borasus flabellifer and some other wood
species may be due to the fact that the mushroom could not produce appropriate enzymes
that could hydrolyze and convert the substrate for its vegetative growth, This observation
was also supported by Okhuoya er al. (1998) who reported that mushroom could not grow
well on sawdust of some tree species.

Table 1. Effect of sawdust of different tree species on mycelia growth of Ganoderma lucidun

Mycelium growth rate in Days required for completion of

Sawdust spawn packet (cm/day) mycelium running (DRCMR)
Mangifera indica 0.40 ab 29.25 cd
E. camaldulensis 043a 2625
Tectona grandis 0.36 be 31.25 abc
Albizia richardiana 0.37be 31.75 abe
Bombax ceiba 0.39 ab 30.00 bed
Albizia procera 0.36 be 32.00 ab
Borasus flabellifer 0.33¢ 33.50a
Mixed sawdust 0.41ab 28.50 de

CV (%) 6.36 5.78

In a column, means followed by a common letter are not significantly different at 5% level by DMRT.

Development of fruiting body: The reproductive growth of Ganoderma lucidum varied
from one wood species to another (Table 2). The first antler initiation (from opening to
primordia), within 3.75 days, was recorded on Mangifera indica sawdust which was
statistically similar to all the treatments except Tectona grandis and Borasus flabellifer
while it takes the longest time on Borasus flabellifer (11.75 days). The lowest time
required from opening to conk development (10.25 days) was recorded both in Mangifera
indica and mixed sawdust. The highest period of conk formation (21.00 days) was
observed in Borasus flabellifer which was significantly higher to all the treatments.
Number of fruiting bodies did not differ significantly in the sawdust of different tree
species.

Size of fruiting body: Length and diameter of stalk of fruiting bodies produced on
sawdust of different tree species ranged from 1.18 to 2.68 ¢m and 0.95 to 1.50 cm
respectively (Table 2). The highest length of stalk (2.68 cm) was recorded on Albizia
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procera while highest diameter of stalk (1.50 cm) was found on Bombax ceiba. The least
length of stalk (1.18 cm) and diameter of stalk (0.95 cm) were recorded in Mangifera
indica and Borasus flabellifer respectively. The highest diameter of pileus (6.05 cm) was
recorded in mixed sawdust which was statistically similar to all the treatments except
Borasus flabellifer (4.00 cm). The highest thickness of pileus (1.53 ¢cm) was recorded in
Albizia procera which was statistically similar to all the treatments except Tectona
grandis and Borasus flabellifer. The lowest thickness of pileus (1.13 ¢m) was observed in
Borasus flabellifer.

Table 2. Effect of sawdust of different tree species on the development and size of fruiting
bodies of Ganoderma lucidum

Days Days Number Length  Diameter Diameter Thick-
Sawdust required required of of of stalk of ness of
for antler forconk  fruiting stalk (cm) pileus pileus
initiation  formation  bodies (cm) (cm) (cm)
Mangifera indica 375b 10.25d 1.50 a .18 ¢ l.13bc  S5.13ab  1.50a
E. camaldulensis 4.00b 11.25¢cd 1.50a 1.50 be 1.35ab  5.03ab 148 a
Tectona grandis 9.75a 16.50b 1.00 a 2.35ab 1.25abc  458ab  1.28bc
Albizia richardiana 575b 1225¢d 1.50a 1.65 be 1.10 be 573a  1.38ab
Bombax ceiba 525b 14.50 be 1.00 a 1.53be 1.50a 488ab 1.50a
Albizia procera 6.50b 13.00 cd 1.50a 2.68a 1.30abe  5.60ab 1.53a
Borasus flabellifer 11.75a 21.00a 1.00a  1.95abe 095¢ 4.00b 1.13¢
Mixed sawdust 4.00b 10.25d 1.50 a 1.23 ¢ 1.33 ab 6.05a 1.50a
CV (%) 27.82 15.64 34.72 36.53 18.11 20.22 9.36

In a column, means followed by a common letter are not significantly different at 5% level by DMRT.

Biological yield, dry yield and biological efficiency: Significant difference was
observed in biological yield, dry yield and biological efficiency of reishi mushroom on
sawdust of different tree species (Table 3). The highest biological yield (22.00 g/packet)
was obtained from mixed sawdust followed by Mangifera indica (20.50 g/packet), Albizia
procera (19.25 g/packet) and Albizia richardiana (19.00 g/packet). Borasus flabellifer
gave poorest yield (11.50 g/packet) which was statistically similar to Tectona grandis.
Almost similar trend was observed in dry yield and biological efficiency of Ganoderma
lucidum on the sawdust of different tree species. The biological efficiency was highest
(11.00%) in mixed sawdust which was followed by Mangifera indica (10.25%), Albizia
procera (9.63%) and Albizia richardiana (9.50%) while lowest biological cfficiency
(5.75%) was observed in Borasus flabellifer. The results are in agreement with Erkel
(2009), who stated that yield and biological efficiency of Ganoderma lucidum varied
widely, depending on the kinds of different sawdust, bran and their combinations.
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Table 3. Effect of sawdust of different tree species on biological yield, dry yield and biological
efficiency of Ganoderma lucidum

Biological yield Dry yield Biological efficiency
Sawiust (g/packet) (g/packet) (%)
Mangifera indica 20.50 ab 5.88a 10.25 ab
E. camaldulensis 17.00 be 438b 8.50 be
Tectona grandis 14.00 cd 3.13cd 7.00 cd
Albizia richardiana 19.00 ab 5.00 ab 9.50 ab
Bombax ceiba 17.25 be 425bc 8.63 be
Albizia procera 19.25 ab 5.13ab 9.63 ab
Borasus flabellifer 11.50d 2.63d 5.75d
Mixed sawdust 22.00 a 6.13a 11.00 a
CV (%) 14.21 17.26 14.21

In a column, means followed by a common letter are not significantly different at 5% level by DMRT.
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Effect of Oyster Mushroom (Pleurotus ostreatus) on Hepatocellular Markers
Alanine Aminotransferase and Aspartate Aminotransferase of Adult Human
During Ramadan

Md. Bazlul Karim Choudhury’, Ferdousi Rahman Mowsumi, Tahera Binte Mujib,
Nirod Chandra Sarker, M. Shahabuddin Kaabir Choudhuri’ and Md. Shahdat
Hossain
National Mushroom Development and Extention Center, Sobhanbag, Savar, Dhaka,
Bangladesh.

Abstract
The study was undertaken to investigate the effect of oyster mushroom (Pleurotus astreatus)
on the serum level of human hepatocellular enzymes such as Alanine Aminotransferase (ALT)
and Aspartate Aminotransferase (AST) which are considered as common liver function tests
(LFTs). The feeding of fresh oyster mushroom at the Ifter table during Ramadan fasting
significantly decreased the serum levels of AST and ALT as compared to those of the control

subjects. These results suggest that P. ostreatus may able to ameliorate human for
hepatocellular functions significantly.

Key words: P. ostreatus, ALT, AST, Ramadan, Ifter.

INTRODUCTION

Mushroom is a nutritious food containing a lot of molecules which can improve health
and disease status of the body. It is a good source of digestible proteins and fiber. It is a
low calorie food with very little fat and sugar and with no starch and cholesterol. In
addition vitamin and mineral content are riched in mushroom (De Roman, et al., 2006 and
Pathak, et al., 1998). Mushrooms are not only sources of nutrients but have also been
reported as therapeutic foods. Some compounds isolated and identified from mushrooms,
show quite significant medicinal properties, such as immuno-modulatory, and protective
of cardiovascular diseases, hepatoprotective, anti-fibrotic, anti-inflammatory, anti-
diabetic, and antimicrobial activities (Wasser and Weis, 1999, Gunde- Cinoerman, 1999
and Ooi, 2000). Mushroom of Pleurotus species are rich in medicinal value and very
much effective in reducing harmful plasma lipids and improving the levels of different
cellular enzymes (Alam et al., 2007). Although mushroom is one of the top priority foods
in different countries, still it is not established as food in Bangladesh. But its popularity is
increasing day by day due to its nutritious and medicinal value.

' PhD. Student, Jahangirnagar University and OSD, DG Health, Mohakhali, Dhaka-1212,
Bangladesh.

* Department of Pharmacy, * Department of Biochemistry and Molecular Biology, Jahangirnagar
University, Savar, Dhaka, Bangladesh.
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It is generally known that lowering of serum cholesterol levels reduces the risk of
atherosclerosis and improves liver condition. Identification and characterization of natural
substances with hypocholesterolemic activity useful in diabetes prevention or treatment of
hypercholesterolemia is still relevant to countries with persistent progression of
hypercholesterolemia. Addition of oyster mushroom (P. ostreatus) to the diet effectively
reduced cholesterol accumulation in serum and liver of adult human (Opletal er al., 1997
and Jayakumar et al., 2006).

Oyster mushroom increases the levels of reduced glutathione in the liver and stimulates
the activities of catalase and glutathione peroxidase in the liver (Pathak er al., 1998). It
had been reported that isolated mushroom B-glucans from P. ostreatus lowered the serum
cholesterol concentration (Bobek et al.. 1991).

Ramadan is the ninth month of lunar calender, when the Muslims prevent themselves
from taking any food or drinks from dawn to dusk. It is believed that Ramadan improves
health status. The body has regulatory mechanisms that reduce the metabolic rate and
ensure efficient utilization of the body's fat reserves in times of hunger. Add to this the
fact that most people assume a more sedentary lifestyle whilst fasting and the implication
is that a balanced dict that is even less in quantity that normal will be suflicient to keep a
person healthy and active during the month of Ramadan. So the addition of cdible
mushroom as an ilter item is a fruitful purpose to improve the health and disease status of
body such as the status of liver by improving the traditional hepatocellular enzymes as
ALT, AST.

ALT is a transaminase enzyme. It is also called serum glutamic pyruvic transaminase
(SGPT) or alanine aminotransferase (ALAT). It is found in various bodily tissues, but is
most commonly associated with the liver. It catalyzes the two parts of the alanine cycle.
Estimation of ALT in plasma or serum is one of a group of tests known as liver function
tests (LFTs) and is used to monitor damage to the liver parenchymal cells. AST also
called serum glutamic oxaloacetic transaminase (SGOT) or aspartate aminotransferase
(ASAT/AAT/AspAT) is an enzyme that is raised in the plasma in acute liver damage, as
with liver cancer or hepatitis. It is also found in red blood cells, cardiac muscle, skeletal
muscle, the pancreas, and the kidney. In LFTs, an elevated level of AST is a sign of
serious liver damage, even before any other symptoms are seen in the patient (Annon.,
2010a). AST is similar to ALT in that it is another enzyme associated with liver
parenchymal cells. ALT is found predominately in the liver, with lesser quantities found
in the kidneys, heart, and skeletal muscle. As a result, the ALT is a more specific
indicator of liver inflammation than the AST, as the AST may also be elevated in diseases
affecting other organs, such as the heart muscles in myocardial infarction, also in acute
pancreatitis, acute hemolytic anemia, severe burns, acute renal disease, musculoskeletal
disecases, and trauma. AST is commonly measured clinically as a part of diagnostic liver
function tests, to determine liver health (Annon., 2010b). So the aim of this investigation
is to evaluate the effect of mushroom on hepatic markers as AST & ALT of fasting
subjects during Ramadan.
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MATERIALS AND METHODS

The study was conducted during the period of 21st August 2009 to 17th September 2009
with the collaboration of Strengthening Mushroom Development Project, National
Mushroom Development and Extension Center (NAMDEC), Sobhanbag, Savar, Dhaka.

Subjects: Total 108 subjects were included in the study. They were divided into two
groups. In group-I, 54 subjects of 28 families aged (years) from 25 to 80 who were at the
grip of the monitoring team wanting to be fast in the whole Ramadan. Among them 25
were male and 29 female. And in group-II, 54 normal both male and female volunteers
aged from 27 to 75 also wanting to be fast in whole Ramadan were considered. In this
group 27 were male and 27 female.

Selection criteria: The Subjects were clarified about the study and after getting their
written consent they were included. The details history was taken from the subjects which
included age, sex, occupation, educational status, marital status, family history and drug
history. Patients suffering from acute illness and non fast persons were excluded.

In the study previously divided 2 groups were included. Group-II was studied without
mushroom supplementation. If any drugs previously getting by the subjects, it was
continued. Fifty grams of fresh P. ostreatus mushroom was ensured for each individual of
group-I by the responsible workers daily by home visits or from the research center. The
mushrooms were collected from NAMDEC. At the beginning of Ramadan, subjects were
evaluated for health status. Fasting blood sample was collected for analysis of ALT and
AST. Just after ending of Ramadan the subjects were evaluated and all the investigation
procedures were repeated. ALT and AST were esimated by semi-auto analyzer (3000
evaluation) using the reagent kit (Atlas, England).

Statistical analysis: The recorded characteristics of the subjects during Ramadan fasting
analyzed by standard statistical methods using computer software, SPSS package
programme.

RESULTS AND DISCUSSION

In G-I who was supplemented with mushroom as ifter item, the mean + SD serum ALT
(U/L) before and after Ramadan was 17.87 + 7.72 and 14.81 = 5.42 respectively. A
statistically significant mean difference of ALT (p < 0.001) observed in pre and post
Ramadan state. The mean = SD serum level of AST of pre and post Ramadan samples
were 27.65 £ 10.50 and 24.59 + 7.49 respectively. Here also a statistically significant
mean difference between the two periods (p < 0.01) observed (Table 1).
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Table 1. Evaluation of serum ALT and AST of G-I subjects who were supplemented
mushroom in Ifter

Name of hepatocellular Number of Period of Mean = SD p

marker subjects (n) observation (U/L)

ALT 54 Pre Ramadan 17.87 £7.72 0.000
Post Ramadan 14.81 =542 < 0.001

AST 54 Pre Ramadan 27.65 = 10.50 0.002
Post Ramadan 24.59 +7.49 <0.01

Results show mean + SD. Data were analyzed by Pair t test. Means were significantly different at p<0.05 at
95% confidence limit. (ALT= Alanine Aminotransferase and AST= Aspartatc Aminotransferase).

In G-II who was not supplemented with mushroom as ifter item, the mean = SD serum
ALT (U/L) before and after Ramadan was 19.9 = 14.58 and 22.1 + 14.84 respectively. No
statistically significant mean difference of ALT (p > 0.05) observed before and after
Ramadan. The mean £ SD serum level of AST of pre and post Ramadan samples were
30.16 = 14.36 and 30.98 = 13.99, respectively. Here is also no statistically significant
mean difference between the two periods (p > 0.05). In this observation it is seen that
there is no reduction of both serum ALT and AST levels at post Ramadan state. Rather a
small raise of these two plasma enzymes seen, (p > 0.05) although it is not statistically
significant (Table 2).

Table 2. Evaluation of serum ALT and AST of G-I subjects who were not supplemented
mushroom in ifter

Name of hepatocellular Number of Period of Mean = SD p

marker subjects (n) observation (U/L)

ALT 54 Pre Ramadan 19.9 = |4.58 0.081
Post Ramadan 22,1+ 14.84 > (.05

AST 54 Pre Ramadan 30.16 £ 14.36 0.574
Post Ramadan 30.98 = 13.99 > 0.05

Results show mean £ SD. Data were analyzed by Pair t test. Means were significantly different at p<0.05 at
95% confidence limit. (ALT= Alanine Aminotransferase and AST= Aspartate Aminotransferase).

Considering the obtained findings of the study it is observed that supplementation of a
considerable amount (50 grams per day) of P. ostreatus regularly as ifter item (1 month)
significantly reduces the hepatocellular enzyme AST and ALT in plasma in comparison
to non mushroom supplemented control subjects. Although the exact mechanism is not
clear but it might be due to presence of various hepatoprotective substances present in P.
ostreatus. In a study Bobek et al. (1997) observed a significant reduction of cholesterol in
serum (31-46%) and liver (25-30%) in Wister rats fed a diet containing 5% P. ostreatus
for 52 weeks. These observations were supported by the findings of Hossain er al. (2003).
They suggested that 5% P. ostreatus supplementation provides health benefits, at least
partially, by acting on the atherogenic lipid profile in the hypercholesterolaemic
condition. It is now established that excess lipid accumulation in the liver causes fatty
change and ultimately responsible for hepatocellular injury.
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In a study Jayakumar er al. (2006) observed that administration of the extract of P,
ostreatus reduces significantly the plasma level of AST, ALT and Alkaline phosphatasc
(ALP) and increases significantly the hepatic concentration of antioxidant enzymes
reduced glutathione (GSH), catalase (CAT), superoxide dismutase (SOD) and glutathione
peroxidase (Gpx) on Carbon tetra chloride induced liver damage in male Wister rats.

Although lots of study conducted in different corner of the world with P. ostreatus but
most of them were limited in animal subjects. This study was conducted among the
targeted human population and is consistent with Bobek er al. (1997) and Jayakumar er
al. (2006) which gives the guidelines of hepatoprotective effects of oyster mushroom.
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Abastract

The experiment was carried to study the effect of wheat bran (WB), rice bran (RB), maize
powder (MP) and barleycorn powder (BP) supplements to sawdust at 10, 20, 30, 40 and 50%
level on growth and yield of reishi mushroom. Significant variations were observed among the
parameters studied. Days required from opening to antler initiation and antler to conk formation,
numbers of fruiting bodies, diameters of pileus and thickness of pileus were significantly
influenced by the supplements and their levels. The highest biological yield (26.75g/packet) was
recorded in 30% level of RB, The highest biological efficiency and dry vield were also observed
in 30% level of RB supplement which was statistically similar to 50% and 10% level of BP.

Key words: Ganoderma lucidum, supplements, yield and biological efficiency.

INTRODUCTION

Genoderma lucidum, one of the most famous traditional Chinese medicinal herbs. is used
as a healthy food and medicine in Far East for more than 2000 years (Fang and Zhong,
2002). It contains different types of triterpenes and polysaccharides (Hsieh and Yang.
2004). Reishi mushroom is normally being cultivated in solid substrates such as grains or
other lignocellulosic materials such as straw and sawdust (Riu er al., 1997 and Stamets,
2000). Its cultivation on solid substrates and liquid medium has become essential (0 meet
the increasing demands in the international market (Mizuno er al., 1995 and Mayzumi et
al., 1997). Substrate supports the growth and development of mycelium and fruiting
bodies (Chang and Miles, 1988) and different supplements added to the basal substrate
improves growth and yield of mushroom (Hadwan er al., 1997). Higher level of
supplementation results higher yield (Yang et al., 2003). Sucrosc and wheat and rice bran
are generally used as supplement (Chen. 1998). Bahukhandi (1990) used wheat bran, rice
bran, oil sced meals, wheat flower, maize powder etc. as supplements in the cultivation of
Pleurotus species. For reishi mushroom cultivation suitable supplements available in
Bangladesh and their levels are not yet determined. This investigation was undertaken to
find out the suitable supplements available in Bangladesh and to determine their best
levels to sawdust.

' Department of Agricultural Extension, Khamarbari, Dhaka, Bangladesh.
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MATERIALS AND METHODS

The experiment was conducted in the National Mushroom Development and Extension
centre, Sobhanbag, Savar, Dhaka during April 2009 to August 2009. Various nutritive
materials such as wheat bran, rice bran, barleycorn powder, maize powder and five
different levels of these supplements were use as treatments.

Spawn packet preparation: Spawn packets were prepared by sawdust mixed with
supplements @ 10, 20, 30, 40 and 50 % of rice bran, wheat bran, maize powder and
barleycorn powder respectively. Powder of CaCO; was added to the mixture at the rate of
0.2 % to maintain the pH level at 6.5 to 7. Water was added to make the moisture levels
65%. Polypropylene bags of 7" x 10" size were filled with 500 g mixture of substrate and
their mouths were plugged by inscﬂing water absorbing cotton with the help of plastic
neck. The bags were autoclaved at 121°C temperature and 1kg/cm? pressure for 2 hours.
After autoclaving and cooling, the bags were inoculated with the mother culture of
Ganoderma lucidum (Gly) at the rate of 1- 2 teaspoonfuls per packet. After inoculation,
the packets were incubated in the laboratory at about 28 = 2°C temperature.

After completion of mycelium running, the spawn packets were opened by square sized
(1x1 cm) cut on the single side middle abdomen of the packets and transferred to culture
house at 30-36°C temperature and 75-95% rclative humidity. Fruiting bodies were
harvested according to Royse (1996) when the caps become completely red and the white
margin disappeared. Biological yield in g/packet was recorded by fresh weight of
harvested mushroom. The biological efficiency was measured by the following formula.

weight of fresh mushroom fruiting bodies "

Biological efficiency (%) = 100
. s weight of dry substrate

Dry yield in g/packet was recorded by weighing all the fruiting bodies of a packet after
drying.

Statistical analysis: The experiment was laid out in a completely randomized design with
four replications. Data on mycelium growth rate, days required to antler initiation, days
required from antler initiation to conk formation, biological yield and dry yield were
recorded and analyzed following Gomez and Gomez (1984) using MSTAT-c computer
program. Means were separated and ranked by Duncan’s Multiple Ranges Test (DMRT).

RESULTS AND DISCUSSION

The growth parameters, yield attributes and yield of reishi mushroom were significantly
influenced by different supplements at different levels (Table 1). Mycelium growth rate
varied from 0.45cm to 1.11cm/ day. The highest growth rate of mycelium (1.11 cm/day)
was observed in S;L; when rice bran at 30% level was added to sawdust which was
significantly higher as compared to other treatments except S;L; S,L, S;L. SiLs: S|Li.
SiLs and S,Ls The lowest growth rate (0.45 cm/day) was observed in S,L, when
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barleycorn powder at 20% level was supplemented to sawdust. Similar results were
reported by Triratana er al. (1991) where they stated that rice bran, ground corn and
ground sorghum provide best mycelial growth and yield of Ganoderma lucidum.

The minimum days required from the opening to antler initiation (4.75) was observed in
S|L, where 20% wheat bran was added to sawdust which was statistically similar to all
the treatment except S,L4 and S;L;. The maximum days required from the opening to
antler initiation (14.50) was observed in S;L; where 30% maize powder was added to
sawdust. Amin et al. (2007) reported that Ganoderma lucidum took 4.25 - 6.13 days for
antler initiation when it was grown on sawdust supplemented with 33.33% level of wheat
bran.

The lowest days required from antler initiation to conk formation (2.75) was found in
S,L, where 20% wheat bran was added to sawdust which was statistically similar to all
the treatments except S,L, where 20% rice bran was added to sawdust.

The highest numbers of fruiting bodies (4.00) was recorded in S:Ls; which was
significantly identical to other treatments except Ss;L;, S:L, Si;L; and SiL;. The lowest
numbers of fruiting bodies (1.25) was found in S;L: which was followed by S;L,;, Si:L,

The length and the diameter of the stem were ranged from 1.18 to 3.50 ¢cm and 0.80 to
2.78 cm respectively. The differences in length of stem and diameter of stem under
various treatments were not significant (Table 1),

The diameter and thickness of pileus were ranged from 3.90 to 7.83 ¢cm and 0.93 to
1.55cm respectively. The highest diameters of pileus (7.83 cm) was observed in SyL,
when 10% maize powder was added to sawdust which was statistically similar to S,Ly,
SiLs, SsL, and S,L; and the lowest diameters of pileus (3.90cm) was recorded in SiL;
which did not differ significantly from S,L, and S,\L,. The highest thickness of pileus
(1.55 ¢m) was found in S,L; when 40% wheat barn was added and the lowest thickness of
pileus (0.93 cm) was observed in S;L, when 20% maize powder was added to sawdust.

The biological yield of Ganoderma lucidum was significantly different at different levels
of different supplements (Table 1). The highest biological yield (26.75g/packet) was
recorded in S;L; when 30% level of rice bran was added to sawdust which was
statistically similar to all the treatment except S;L; The lowest biological yield
(9.75g/packet) was recorded in Syl Similar trend was observed in dry yield of reishi
mushroom (Table 1) and the highest dry yield (10.88g/packet) was recorded in S,L,.

The biological efficiency of Ganoderma lucidum was highest (13.38%) in S,L; when
30% level of rice bran was added to sawdust which was statistically similar to all the
treatment except SyLs. The lowest biological efficiency (4.88%) was observed in S,L,

(Fig. 1).
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Table 1. Effect of different supplements and their levels to sawdust substrate on growth, yield contributing characters and yield of reishi mushroom

Treatments Mycelium  Days required Days required Numberof  Length  Diameter Diameter Thickness Biological Dry yield

growth rate  from opening from antler fruiting of stem  ofstem  of pileus  of pileus yield  (g/packet)
(cm/day) to antler initiation to conk body (cm) (cm) (cm) (cm) (g/packet)
initiation formation

S\L, 0.74b-f 5.75¢ 4.50ab 2.25a-c 2.65a 1.60a 4.85ab 1.15bc 14.75ab 6.38ab
SiL, 1.04ab 4.75¢ 2.75b 3.50ab 2.75a 1.45a 4.63b 1.43ab 20.75ab 8.00ab
SiLy 0.68c-f 5.25¢ 4.25ab 2.25a-c 2.93a 1.30a 5.38ab 1.30ab 17.25ab 6.50ab
SiLy 0.76a-f 5.50c 5.75ab 3.00a-¢ 2.55a 1.50a 5.58ab 1.55a 20.25ab 7.88ab
SiLs 0.69b-f 6.00¢ 4.25ab 3.25a-¢ 3.03a 2.78a 5.58ab 1.13be 23.00ab 9.38ab
S;L, 1.03a-¢ 5.25¢ 3.75ab 2.50a-¢ 3.35a 1.60a 5.15ab 1.50ab 20.50ab 9.50a

S;L, 0.52¢f 7.00bc 8.00a 2.75a-c 1.55a 1.90a 4.50b 1.38ab 18.00ab 6.88ab
S.la 1.11a 7.25bc 4.00ab 3.25a-¢c 3.50a 2.15a 6.48ab 1.25a-c 26.75a 10.88a
S:Ly 0.63d-f 12.50ab 5.00ab 2.25a-¢c 2.78a 2.10a 7.00ab 1.33ab 23.00ab 8.88ab
S;Ls 0.88a-¢ 6.00¢ 4.50ab 3.25a-c 2.63a 1.58a 5.88ab 1.35ab 21.75ab 9.12ab
SiL, 0.47f 7.75bc 3.75ab 1.50bc 2.03a 1.85a 6.80ab 1.50ab 20.50ab 7.50ab
S, 0.90a-d 8.75bc 7.00ab 1.75bc 2.10a 1.63a 5.30ab 1.35ab 14.50ab 6.38ab
S, 0.53d-f 14.50a 6.75ab 1.25¢ 1.90a 1.78a 5.90ab 1.25a-¢ 13.50ab 6.00ab
S;L4 0,76a-f 6.75¢ 5.25ab 4.00a 1.70a 2.60a 5.75ab 1.48ab 21.75ab 8.75ab
S;Ls 0.47f 7.75bc 4.25ab 2.50a-c 3.00a 0.88a 5.48ab 1.45ab 20.50ab 8.13ab
S4L, 0.68b-f 9.50a-c 5.25ab 2.25a-c 3.50a 2.75a 7.83a 1.38ab 25.75a 10.00a
Ssl, 0.45f 8.50bc 4,25ab 2.00a-c 1.18a 0.80a 3.90b 0.93c 9.750b 4.00b

SqLs 0.79a-f 6.25¢ 5.25ab 2.75a-c 2.13a 2.08a 5.85ab 1.48ab 18.75ab 7.50ab
Saly 0.58d-f 8.00bc 5.75ab 1.75bc 2.63a 2.35a 4.75ab 1.25a-c 16.75ab 6.38ab
S4Ls 0.55d-f 6.50c¢ 5.50ab 3.00a-c 3.08a 2.58a 6.98ab 1.25a-c 26.00a 10.75a
CV(%) 27.87 15.20 20.83 36.86 32.15 32.52 24.17 18.46 21.12 20.53

In a column, means followed by a common letter are not significantly different at 5% level by DMRT.
Si= wheat bran, S, =rice bran, S; = maize powder, S, = barleycorn powder, L=10%, L, =20%, L, = 30%, L, =40% L5 =50%
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Fig. 1. Effect of different supplements and their different levels on the biological efficiency of
Genoderma lucidum
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Abstract

The experiment was carried out during December 2003 and February to March 2004 o
identify the suitable packaging methods for increasing shell life at ambient conditions and
to determine the suitable size of fruiting body for storage. Five different packaging methods
and six different sizes of fruiting bodies were used in the experiments. The significantly
highest shelf life was recorded in polypropylene bags without perforation and plastic pots
(2.44 days) at 23°C £ 1°C temperature. The lowest shelf life was found in paper bags (1.13
dn?'s]. The shelf lives of different sizes of fruiting body ranged from 1.75 to 3.38 days at
23'C = 1°C temperature. The significantly highest shelf life was found in larger sized
fruiting body and it decreased with the decrease of sizes. Similar trend was observed at
30°C + 1°C and the lower shelf life was recorded in higher temperature.

Key word: Packing method, Pleurotus ostreatus, fruiting body and shelf life.

INTRODUCTION

Mushrooms are fleshy edible fungi containing about 85% to 95% per cent moisture
(Pathak and Yadav, 1998). Like all fleshy fruits and vegetables, mushrooms are highly
perishable because of their high moisture content and delicate nature and cannot be stored
for more than 24 hours at ambient temperature (Kaushal and Sharma, 1995). Once the
fruiting body matures, degradation process starts and it becomes un-consumable after
some times. Development of brown colour is the first sign of deterioration and is a major
factor contributing to quality losses. To send the mushroom to a distance market in fresh
form, it is necessary to increase the shelf life of the mushroom. So, the present picce of
work was undertaken to develop the techniques for increasing the shelf life of fresh oyster
mushroom using different packing materials and different sizes of mushroom.

MATERIALS AND METHODS

Two independent experiments were conducted during December 2003 and February to
March 2004 to determine the effect of packing material and size of fruiting body on shelf
life of oyster mushroom. For these purposes, the mushroom fungi were grown on waste
paper substrate supplemented with wheat bran at 2:1 ratio. The mixturc was amended

: Department of Horticulture, ? Department of Plant Pathology, * Department of Soil Science,
Bangabandhu Sheikh Mujibur Rahman Agricultural University, Gazipur, Bangladesh.
* For correspondence: nirod_chandra@ yahoo.com
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with calcium carbonate at 0.57%. The spawn packets were prepared and the mushrooms
were cultivated according to Sarker et al. (2007). The mushroom was harvested after first
flush and used for both the experiments. Hard and dirty base of each stalk of the fruiting
body was cut off before packing.

In first experiment fruiting bodies were packed following different methods, viz.
polypropylene bag without perforation (T,), polypropylene bag with five pin hole
perforation (T3), polypropylene bag with 2 punch hole (50 mm) at the top (Ts), paper bag
(T4) and plastic pot with lid (Ts).

Just after harvest of the fruiting bodies of oyster mushroom, the hard and dirty lower part
of stalk were removed by a scissors and stored in the packaging materials as mentioned
above and kept on a wooden shelf of Plant Tissue Culture Laboratory of Bangabandhu
Sheikh Mujibur Rahman Agricultural University, Gazipur, Bangladesh at ambient
temperature.

In second experiment, sporophores of six different sizes were selected on the basis of
pileus diameter and thickness of oyster mushroom. Diameter and thickness of pileus was
measured in centimeter and multiplied by one another to have a common value. On the
basis of the multiplied values the size was determined. Fruiting bodies of size 0.94, 1.68,
3.04, 3.12,4.97 and 6.81 cm’ were selected and packed in polypropylene bags at about 40
g per bag. After packing the mushroom was stored on the shelf in tissue culture
laboratory.

The shelf life of the mushroom was determined by counting the days from harvesting to
off colour and off-odour development. Four packets (replication) were used for each
treatment. Both the experiments were conducted twice at 23 + 1°C and 30 = 1°C
temperature. The experiments were laid out in single factor completely randomized
design with 4 replications.

RESULTS AND DISCUSSION

Effect of Facking method on shelf life: Significantly the highest shelf life of 2.44 days
at 23 + 1°C and 2.06 days at 30 = 1°C was recorded when mushroom was packed in
polypropylene bags without perforation (T,) and in plastic pot with lid (Ts). At both
temperature levels the second highest shelf life was recorded when packing was done in
polypropylene bags with 5 pin head perforation (T;) which was followed by bags with
two punch holes (T3). The lowest shelf was found when the mushroom was packed in
paper bags (Ty) (Table 1).

In non perforated polypropylene bag and plastic pot with lid, the air movement is
restricted. As a result, the physiological activities of living cells of mushroom fruiting
body and the activities of mushroom decomposing microorganisms are lower in T, and Ts
due to lack of oxygen, which might be the cause of higher shelf life under these
treatments.
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In the packing methods, the shelf life of mushroom was significantly higher at 23 + 1°C
as compared to 30 = 1°C (Table 1); because, at low temperature the physiological activity
of mushroom is low and the activity of mushroom tissue degrading microorganisms is
also low.

Table 1. Effect of different methods of packing on shelf life (day) of oyster mushroom
(Pleurotus ostreatus) at two temperature levels

Shelf life (day) at two
Treatment (T) temperature levels Difference
23+ 1'C 30+1°C

T,= Polypropylene (pp) 244a 2.06a 0.38%=*
bag without perforation

T,= Perforated pp bag 1.44 b 1.13b 0.31*
with 5 pinholes

Ti= Perforated pp bag 1.25 be 0.88¢c 0.37*
with 2 punch holes

T4= Paper bag 1.13¢ 08lc 0.32*

T5= Plastic pot 244a 2.06a 0.38**

*+ = Significant at 1% level, * = Significant at 5% level

The results regarding shelf life, as recorded in the present study are in the agreements
with the findings of Minamide et al. (1981) who earlier reported that the shelf life of
ogster mushroom (Pleurotus ostreatus) was approximately 14-20 days at 1°C, 10 days at
6°C and 2-3 days at 20°C. Rai and Sexena (1989) also reported the similar results in case
of Agaricus bisporus. They found that the activity of polyphenol oxidase (catechol
oxidase), which catalyses the browning reaction, at 15°C was almost twice than that at 10°
and 5°C. It is concluded that increased browning at higher storage temperatures is due to
the direct effect of temperature on enzyme activity.

Effect of size of mushroom on shelf life: At both the temperature levels, the minimum
shelf life of mushroom was found when pileus size was 0.94 cm’ (T,) which was followed
by the sizes 1.68 cm?’ (T») and 3.04 cm® (T). Significantly the highest shelf life was found
under the pileus size of 6.81 cm® (Tg) at both temperature levels. Shelf life of the
mushrooms under the treatments Ty (3.12 ¢cm?) and Ts (4.97 cm®) was statistically similar
and significantly higher as compared to T), T and T;at 23 + 1°C and to T, and T, at 30 =
1°C (Table 2 and Fig. 1).

The results presented in Table 2 show that shelf life of mushroom ranged 1.25-3.38 days
at 23 = 1°C and 0.84- 2.63 days at 30 = 1°C temperature under different sizes of pileus.
Shelf life was increased gradually with the increase of size of mushroom. The relationship
between shelf life and pileus size was linear and could be expressed by the regression
equations y = 0.3449x + 1.1747 (R* = 0.9243) at 23 = 1°C and y = 0.2999x + 0.6739 (R’
= 0.9513) at 30 = 1°C (Fig. 2) where y represented shelf life and x represented size of
pileus. Shelf life was significantly higher at 20 = 1°C as compared to 30 = 1°C (Tablc 2).
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The results of the present experiment showed the higher shelf life in case of large sized
mushrooms. It indicated that large size fruiting bodies contain more hard tissue (hyphae)
as compared to smaller fruiting bodies. It took longer time to decompose hard tissue as
compared to soft tissues. As a result, shelf life is longer in case of larger fruiting bodies as
compared to smaller ones.

Table 2. Effect of size of fruiting body on shelf life of oyster mushroom (Pleurotus ostreatus)

Size of pileus Shelf life (day) at two temperature levels

(cm?) 23 + 1°C 30 £ 1°C Difference
T, =0.94 125¢ 08le 0.73*=*
T,=1.68 1.75d 1.13d 0.75%#
Ty =3.04 225¢ 1.63¢ 0.75%%
Ty=3.12 2.63b 1.88 be 0,62%
Ts=4.97 2.88b 2.13b 0.44%
T, = 6.81 338a 2.63a 0.62*

** = Significant at 1% level, * = Significant at 5% level

Fig. 1. Effect of different sizes of fruiting body on the shelf life of oyster mushroom (T, = 0.94 cm?,
T, = 1.68 cm?, Ty = 3.04 em?, T = 3.12 em?, T5 = 4.97 em? and T = 6.81 cm?)
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Fig. 2. Relationship between sizes of pileus and shelf life of oyster mushroom

Polypropylene bag and plastic pot are most suitable packaging materials for storage of
oyster mushroom in ambient conditions and larger fruiting bodies have longer shelf life.
Increased shelf life was recorded in lower temperature. Higher sizes of fruiting bodies
may be recommended to store in lower temperature at polypropylene bag or plastic pot.
Further research should be conducted on post harvest behavior of different types of
mushroom.
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Abstract

Five different levels of cow dung (0% (Control), 5%, 10%, 15%, 20%) were evaluated as
the supplement to sawdust substrate of oyster mushroom in the laboratory and mushroom
culture house of the Department of Biochemistry, Sher-e-Bangla Agricultural University,
Dhaka, during the month of February to July 2009. The mycelium run rate in spawn packet,
the number of primordia/packet and weight of individual fruiting body varied significantly
in different levels of supplements. The highest biological yield (217.70g), economic yield
(213.00g) and dry yield (21.27g) per packet were recorded in sawdust supplemented with
10% level of cow dung. The highest biological efficiency (75.06%) and cost benefit ratio
(8.41) were also recorded in the same treatment. The highest level of protein (31.30%), ash
(8.41%) and crud fiber (24.07%) and lowest level of lipid (3.44 %) and carbohydrate
(32.85%) were found in the mushroom grown on sawdust supplemented with 10% level of
cow dung.

Key words: Cow dung, proximate composition and oyster mushroom.

INTRODUCTION

Oyster mushroom (Pleurotus ostreatus (Jackuin ex Fr.) Kummer) is large reproductive
structures of edible fungi belong to genus Pleurotus under the family Tricholomataceae,
order Agaricales and the class Basidiomycetes. It is a good source of protein, minerals
and vitamins (Chang and Miles, 1989, Sarker, et al, 2007a and Khan et al., 2008).
Mushroom production is a profitable agri-business. Substrate is an important factor for its
cultivation. Substrate is a kind of medium which supports the growth, development and
fruiting of mushroom (Chang and Miles, 1988). Sawdust is popular substrate of oyster
mushroom and most of the farmers of Bangladesh grow it on sawdust. Any substrate
without supplement is not good enough to give higher yield. Various supplements added
to the basal substrate have been found to improve growth and yield (Hadwan er al., 1997).
Many scientists evaluated the performance of different agro wastes as supplement. Sarker
et al. (2007b) used molasses and wheat bran as supplement to sawdust substrate and
found 3% molasses combined with 30% wheat bran was the best supplement. Sarker et al.
(2008) also evaluated the performance of poultry litter as the supplement to waste paper
substrate for Pleurotus ostreatus cultivation and observed 30-40% level of poultry litter
was the best in respect of yield and benefit cost ratio. But cow dung not yet tested as the
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supplement to any substrate of oyster mushroom. Now, the alternate nutrient materials are
to be searched for lowering the cost of production.

Substrate plays an important role in nutrient content of oyster mushroom. Sarker et al.
(2007a) observed a remarkable variation in nutritional content of oyster mushroom in
different substrates. So, it is essential to find out the nutritional status of mushroom grown
on sawdust supplemented with different levels of cow dung. Therefore, the present piece
of work has undertaken to determine the best level of the cow dung supplement to
sawdust for higher yield and better quality of oyster mushroom.

MATERIALS AND METHODS

The experiment was carried out at the laboratory and Mushroom Culture House (MCH) of
the Department of Biochemistry, Sher-e-Bangla Agricultural University, Dhaka, during
February to July 2009. Five different levels of cow dung (T,= 0% (Control), Ts= 5%, Ty =
10%, T4= 15%, Ts = 20%) were evaluated as the supplement to sawdust substrate of
oyster mushroom. The experiment was laid out in Completely Randomized Design with
three replications.

Preparation of spawn packet: Cow dung was mixed to sawdust according to the
treatments. The spawn packets preparation, sterilization, inoculation and incubation were
done using the method described by Sarker ez al. (2007¢). The size of each spawn packet
was 500g.

Cultivation of spawn packet: Two ends, opposite to each other of the upper position of
polypropylene (PP) bag were cut in "D" shape with a blade and opened by removing the
PP sheet. The opened surface of substrate was scraped slightly with a blade for removing
the thin whitish mycelial layer. Then the spawn packets were soaked in water for 15
minutes and inverted to remove excess water for another 15 minutes. The packets of
treatment were placed separately on the floor of culture house and covered with a
newspaper. In the culture house, light intensity of around 300-500 lux, temperature of
22°C to 25°C, relative humidity of 80-85% and proper ventilation were maintained. The
first primordia appeared 3-5 days after scraping depending upon the levels of supplement.
The harvesting time also varied depending upon the levels of supplement. Data were
collected on mycelium run rate, days required from stimulation to primordia initiation,
days required from primordia initiation to harvest, number of fruiting body/packet, weight
of individual fruiting body, biological yield (g/packet), economic yield (g/packet), dry
yield (g/packet) and biological efficiency (%). Dry yield and Biological efficiency were
determined by the following formulas.

Oven dry weight of sample (g)

Dry yield (g/500g packet) = Economic yield x
el (/50080 ) 4 Fresh weight of sample (g)
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Total biological yield (g)

Biological cfficiency (%) = -
Total dry weight of substrate usesd (g)

x100.

Proximate analysis of the mushrooms

Moisture and Dry mater: Moisture and dry matter were determined by following the
formulas.

(Initial weight - Final weight)

Moisture (%) = x100

Weight of sample

Dry matter (%) = 100 — % Moisture content

Determination of Crude Fiber: Crude fiber (g/100g sample) = [100-(moisture + fat)] x
(We-Wa) / Wt of sample (Raghuramulu et al., 2003).

Total Lipid: Total lipid was estimated by using the method described by (Raghuramulu
et al., 2003).

Lipid = weigh of ether extract X Percentage of dried sample

Weigh of the dried sample taken

Determination of Ash: Ash (%) = Wt of ash x 100/ Wt. of sample taken
(Raghuramulu er al., 2003).

Determination of total Nitrogen: The total nitrogen was estimated by using the standard
Micro kjeldhal procedure of AOAC (1975) and total crude protein was cstimated by
multiplying the nitrogen content by a factor of 6.25.

Determination of Ca, Mg, K, Fe, Zn and P: The content of Ca, Mg, K, Fe, and P was
estimated by Perchloric acid digestion method as proposed by Yamakawa (1992).

Statistical analysis of data: The recorded data were analyzed statistically with the help
of computer MSTAT-c programme and means following lcast significance difference test
at 1% and 5% level of probability for interpretation of results as and when required
(Gomez and Gomez, 1984).

RESULTS AND DISCUSSION

Mpycelium running rate, time from stimulation to primordial initiation and
primordia initiation to harvest: The highest mycelium running rate was observed in T,
(0.71 ecm/day) and the lowest running rate of mycelium was observed in T, (0.50 cm/day).
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The effect of the other treatments was statistically similar (Table 1). The highest duration
from stimulation to primordia initiation was observed in T, (7.1 days) and it was lowest in
T, (5.1 days). The duration from primordia initiation to harvest was lowest (3.2 days) in
T while it was highest in T, (5.3 days).

Table 1. Effect of different levels of cow dung with sawdust on mycelium running rate, time
from stimulation to primordia initiation (days) and time from primordia initiation to
harvest (days) of oyster mushroom (Pleurotus ostreatus)

Treatments Mycelium running rate  Time from stimulation to Time from primordia
in spawn packet{cm) primordial initiation initiation to harvest (days)
(days)
T, 0.50¢ 7.1a 5.3a
T, 0.63b 6.1b 4.1b
T; 0.64b S.2¢c 3.2c
T, 0.71a 5.1c 4.1b
Ts 0.65b 3.2¢c 4.3b
LSD (0.05) 0.031 0.229 0.287
CV (%) 1.32 1.45 2.52

Means followed by same letter in a column do not differ significantly at 5% level of significance. T\= 0%
(Control), T;= 5%, T; = 10%, T4= 15%, Ts = 20%

Number of primordia and fruiting body and weight of individual fruiting body: The
treatments were statistically and significantly superior over control in terms of number of
primordia/packet (Table 2). The highest number of primordia/packet (73.21) was
observed in the treatment T; followed by Ty (66.70) and it was lowest in T, (57.40). The
other treatments were statistically similar (Table 2). The highest number of [ruiting
body/packet (60.42) was observed in treatment T3 and the lowest number of fruiting
body/packet (37.43) was recorded in treatment T,. The weight of individual fruiting body
in different treatment ranged from 1.91 to 2.99 g. The highest weight of individual
fruiting body was observed in treatment Ty (2.99 g) and it was lowest in treatment T,
(1.91 g). The other treatments also performed better over the control in terms of weight of
individual fruiting body (Table 2).

Table 2. Effect of different levels of cow dung with sawdust on the yield contributing
characters of oyster mushroom (Pleurotus ostreatus)

Treatments Number of Number fruiting Weight of individual
primordia/ packet body/ packet fruiting body (g)

T, 57.40d 37.43e 1.91d

T, 63.83c 45.50d 2.68¢

Ts 73.21a 60.42a 2.97a

T, 66.70b 49.40b 2.99a

Ts 63.83¢ 48.20c 2.83b

LSD (0.05) 0.150 0.229 0.123

CV (%) 0.08 0.17 1.48

Means followed by same letter in a column do not differ significantly at 5% level of significance. T\= 0%
(Control), T,=5%, T; = 10%, Ty= 15%, Ts =20%
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Biological yield, economic yield, dry yield and biological efficiency (%): Biological
yield (g/packet), economic yicld (g/packet), dry yield (g/packet) and biological efficiency
(%) were calculated by weighing mushroom from 1 three flushes. The highest biological
yield was found in treatment T (217.7 g/packet) and it was lowest in T; (109.7 g/packet).
The other treatments also performed significantly better over control in terms of
biological yield (Table 3). Similar trend was observed in economic yield, dry yield and
biological efficiency. The highest economic yield (213.00g/packet) and dry yield
(21.27g/packet) per packet were recorded in T; where sawdust supplemented with 10%
level of cow dung. The highest biological efficiency (75.06%) and cost benefit ratio
(8.41) were also recorded in the same treatment.

Table 3. Effect of different levels of cow dung with sawdust on the yield, biological efficiency
and benefit cost ratio of oyster mushroom (Pleurotus ostreatus)

Treatments Biological Economic  Dry yield Biological Cost benefit
yield (g) yield (g) (g) efficiency (%) ralio

T, 109.7¢ 104.0e 10.23e 37.82e 3.80d

T, 171.0d 161.0d 15.13d 58.97d 6.53¢

Ty 217.7a 213.0a 21.27a 75.06a 8.41a

T, 200.0b 194.0b 19.10b 68.97b 7.46b

Ts 181.0c 171.0¢ 16.20c 62.41¢c 6.41c

LSD (0.05) 7.964 2.873 0.212 2.749 0.123

CV (%) 1.65 0.62 0.49 1.65 0.60

Means followed by same letter in a column do not differ significantly at 5% level of significance. T\= 0%
(Control), T;= 5%, Ty = 10%, Ty= 15%, Ts = 20%

Effect on proximate composition

Moisture, dry matter, protein, lipid, ash, carbohydrate and crud fiber: The highest
moisture percentage was observed in treatment T, (90.60) which was statistically similar
to Ts (90.52). The other treatments were statistically similar but the lowest moisture leve!
was recorded in T3 (90.01) (Table 4). Dry matter level in mushroom grown in different
treatment varied from 9.98 to 9.40%. The highest dry matter percentage was observed in
treatment T; (9.98) followed by T, (9.85) and T, (9.84). The highest content of protein
was found in treatment T (31.30%) followed by Ty (27.70 %) and the lowest protein
content was estimated in T (11.31 %). The other treatments were statistically similar but
better over control (Table 4). The lipid content of the mushroom decreased with the
increase of supplements level. The lowest lipid percentage was estimated in treatment T,
(3.44) followed by T, (3.47) and it was highest in T, (5.43) (Table 4). The highest
percentage of ash was observed in the treatment T; (8.41) while it was lowest in T, (6.58).
The other treatments were statistically similar but significantly better over control (Table
4). The findings of the present study were supported by Alam er al. (2007), who reported
8.28 t0 9.02% ash in Pleurotus spp.

The lowest percentage of carbohydrate was recorded in treatment T (32.85) where as it
was highest in T, (58.38). The rest of the treatments were statistically similar but differed
over control in respect to percent carbohydrate content (Table 4). Crude fibre varied from
20.31- 24.01 % (Table 4). The highest percentage of crud fiber was counted in treatment
Ti (24.01) followed by T, (23.64) and it was lowest in T, (20.31). The findings of the
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present study corroborate with the study of Alam et al. (2007) who reported 8.7g/100g to
23.29g/100g of fiber in Pleurotus spp.

Table 4. Effect of different levels of cow dung with sawdust on chemical composition of
oyster mushroom (Pleurotus ostreatus)

Treatment  Moisture Dry Protein Lipid Ash CHO Crud
(%) matter (%) (%) (%) (%) fiber
(%) (%)
T, 90.16b 9.84a 11.31d 543a 6.58b 56.38 20.31d
T, 90.60a 9.40b 25.66¢ 347c 8.13a 39.10b  23.64ab
T, 90.01b 9.98a 31.30a 3.44c 8.41a 32.85¢ 24.01a
Ty 90.15b 9.85a 27.70b 4.26b 8.38a 37.80b 21.86¢
T, 90.52a 9.48b 25.93¢ 4.33b 8.1a 39.24b  22.40bc
LSD (0.05) 0.27 0.274 0.849 0.15 0.86 1.84 1.46
CV (%) 0.11 1.04 1.27 1.43 1.64 2.38 1.24

Means followed by same letler in a column do not differ significantly at 5% level of significance. T\= 0%
(Control), T;= 5%, T3 = 10%, Ty= 15%, Ts = 20%

Effect on elemental content

Nitrogen, phosphorus, potassium, calcium, magnesium, sulpher and iron: The
highest percentage of nitrogen was found in T; (5.01) followed by Ty (4.43) and the
lowest nitrogen percentage was counted in T, (1.81). The highest percentage of
phosphorus was found in T, (0.92) and the lowest (0.84) was in T, and Ts (Table 5). The
highest percentage of potassium was obtained from treatment T; (1.39) and the lowest
was in T, (1.12). The findings of the present study confirmed by the study of Sarker er al.
(2007a) who found 1.3% potassium in oyster mushroom grown on sawdust based
substrates. The percentage of calcium was highest in treatment T; (22.15) and the lowest
in Ty and Ts (20.17). The rest of the treatments were statistically similar but superior over
control (Table 5). The findings of the present study agree the findings of Alam et al.
(2007) who found 22.15 to 33.7 mg/100g calcium in different varieties of oyster
mushroom,

Table 5. Effect of different levels of cow dung with sawdust on mineral element of oyster
mushroom (Pleurotus ostreatus)

Treatment N P K Ca Mg S Fe
(%) (%) (%) (%) (%) (%) (%)
T, 1.81d 0.92a 1.12d 20.17¢ 18.15¢ 0.012 40.5¢
T, 4.12c 0.85bc 1.35b 21.15b 19.40b 0.037 43.4a
Ty 5.01a 0.88b 1.39a 22.15 20.21ab 0.043 43.4a
T, 4.43b 0.84¢ 1.25¢ 21.06b 20.50a 0.035 43.1a
Ts 4.15¢c (.84¢ 1.15d 20.17¢ 19.30b 0.024 42.1b
LSD (0.05) 1.20 1.86 0.87 (.86 0.35 3.14 0.57
CV (%) 0.123 0.031 0.030 0.287 1.007 0.087 1.24

Means followed by same letter in a column do not differ signilicantly at 5% level of significance. T,= (0%
(Control), To=5%. T1=10%, Ty= 15%. Ts = 20%



Effect of cow dung on yield of oyster mushroom 31

The highest percentage of magnesium was recorded in treatment T, (20.50) and the lowest
was in T, (18.15) (Table 5). The findings of the present study corroborates with the study
of Alam et al. (2007) who found 13.4 to 20.22 mg/100g of magnesium in different
varicties of oyster mushroom. There was no significant difference among the treatments
in case of sulfur content while it was lowest in T, (0.012%) and highest in T: (0.043%)
(Table 5). The highest percentage of iron was recorded in T; and Ts (43.4%) which was
statistically similar to T ((43.1%) and it was lowest (40.05) in T, (Table 5) The findings
of the present study supported by the findings of Alam er al. (2007) who found 33.45 to
43.2 mg/100g iron in different varieties oyster mushroom.
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Abstract

Six strains of reishi mushroom (Gl,, Gl;, Gla, Gly, Gls and Glg) were cultured on three different
amounts of substrate (500g, 750g and 1000g in wet basis) to evaluate their growth and yield
performance. Among the strains, remarkable variation was not found in mycelium growth and
time required to antler initiation and conk formation. Days required to complete mycelium
running and mushroom harvest were increased with the increases of amount of substrate.
Maximum length and diameter of stalk as well as thickness and diameter of pileus was recorded
in Gls. The highest biological yicld (36.00g/packet) was obtained from Gly when cultured on
750g substrate followed by the same strain on 1000g substrate (34.50g/packer). The lowest
biological yield (20.00g/packet) was recorded in Gl; when cultured on 500 g substrate followed
by Gls Gl Gl, and Gl, on 500g substrate. The highest biological efficiency (13.00%) was found
in Gl when 500g substrate was used and the least biological efficiency was exhibited in Gl
when cultured on 1000g substrate.

Key words: Strains of reishi mushroom, amount of substrate, growth and yield.

INTRODUCTION

Ganoderma lucidum is a species of Basidiomycetes which belongs to the family of
Polyporaceae or Ganodermaceae. Its fruiting body is called “Reishi” in Japanese and
“Lingzhi” in Chinese (Yang and Liau, 1998 and Wagner, 2003). It occurs in six different
colours, while, red coloured one is most widely used in commercial cultivation in North
America, China, Japan, Korea and Taiwan (Nasrcen et al, 2005). Many strains of
Ganoderma lucidum fix the function of blood, skin and muscle. The biggest
characteristics of the strains are their effectiveness as an immune modulator. The
production of reishi mushroom can be varied with many factors including inherent
genetic differences within strains. Some strains of reishi mushroom have a worldwide
distribution in both tropical and temperate geographical regions (Arora, 1986). Some
medicinally important reishi mushroom strains are available in Bangladesh but their
performances have not been studied.

Mushroom production varies greatly on fruiting conditions, substrate selection and
amount of substrates. Artificial cultivation technique of reishi mushroom has been
developed on solid substrates using sawdust and agricultural wastes (Peksen and
Yakupoglu, 2009 and Malarvizhi et al., 2003). The cultivation of medicinal mushrooms
largely increased due to the use of different sizes of polypropylene bags or containers
(Smith er al., 2002). But, for higher yield and better quality, specific information on the
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amount of sawdust for specific reishi mushroom strain is not available. Hence, it is
subjected for growers to identify the best strain that grows on suitable amount of
substrate. The aim of this investigation was to study the growth and yield performances of
six strains of reishi mushroom available in Bangladesh and to standardize the amount of
sawdust substrate for their cultivation.

MATERIALS AND METHODS

The experiment was conducted at the National Mushroom Development and Extension
Centre, Sobhanbag, Savar, Dhaka during the months of April to August, 2009. Six strains
of reishi mushroom such as Gl;, Gl,, Gl;, Glg, Gls and Gls and three different amounts of
substrate viz. T,=500g, T,=750g and T>=1000g in wet basis were used as treatment.

Spawn packet preparation: The substrate of spawn packets were prepared by using
sawdust and wheat bran at the ratio of 2:1 (dry basis). Water was added to make the
moisture content 60% and CaCO; was added at the rate of 0.2% of the total mixture.
Different sizes of polypropylene bags were filled with prepared substrate followed by
above three amounts. After filling the bags, the mouths of the bags were plugged by
inserting water absorbing cotton with the help of plastic neck and autoclaved at 121 °C
and 1.0 kg/cm® for 2 hours. After autoclaving and cooling, the bags were inoculated
scparately with the mother culture of six strains of reishi mushroom. After inoculation,
the packets were incubated in the laboratory at about 25+2 °C temperatures. In incubation
period, whitish mycelia begin to grow on the substrate. The fully colonized packets were
used for cultivation.

Experimental condition: After completion of mycelium running, spawn packets were
opened by square sized (1x1 cm) cut on the single side middle abdomen of the packet and
transferred to the culture room at 25-32°C temperature and 80-90% relative humidity.
Sufficient water was applied per day and proper aeration was maintained in culture house
to develop the fruiting body. Biological yield in g/packet was recorded by weighing the
whole fruiting bodies and biological efficiency was determined by the following formula:

Total biological yield (g)
Total dry substrate used (g)

Biological efficiency (%) = x 100

Statistical analysis: The experiment was laid out following completely randomized
design (CRD) with 4 replications. Data on mycelium growth rate, days required to
complete mycelium running, antler initiation, conk formation and first harvest, number of
fruiting body, length of stem, diameter of stem, diameter of pileus, thickness of pileus,
biological yield and biological efficiency were recorded and analyzed following Gomez
and Gomez (1984) using MSTAT-c computer program. Mecans separation were computed
following Duncan’s Multiple Range Test (DMRT) using the same computer program.
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RESULTS AND DISCUSSION

Mycelium growth rate: Significant variation in mycelium growth rate was observed in
six strains of Ganoderma lucidum (Table 1). The highest mycelium growth rate (0.39
cm/day) was recorded in Gls which was statistically similar to Glg (0.37 cm/day) and Gl,
(0.35 cm/day). The lowest mycelium growth rate (0.32 cm/day) was recorded in Gl, G,
and Gls.

Table 1. Mycelium growth rate of six strains of reishi mushroom on 500g of sawdust

substrate
Strains of reishi mushroom Mycelium growth rate

(cm/day)

Gl, 0.32b

Gl 0.32b

Gl; 0.32b

Gl; 0.35 ab

G]5 0.39a

Gl.ﬁ, 0.37 a

CV (%) 7.05

In a column, means followed by a common letter are not significantly different at 5% level by DMRT.

Days to completion of mycelium running, antler initiation, conk formation and first
harvest: Days required to completion of mycelium running, antler initiation, conk
formation and first harvest of tested strains were significantly influenced by different
amounts of substrates (Table 2). The days required to completion of mycelium running
(DRCMR) in spawn medium ranged from 26.50 to 48.75. The lowest DRCMR (26.50)
was found in GIT, followed by GIsT, and GI,T,. The highest DRCMR (48.75) was
recorded in G1,T;. The DRCMR was increased with the increases of amount of substrate.

The minimum days required from opening to antler initiation (DROAI) (3.75) was
observed in Gl; when cultured on 500g substrate (G1,T,), which was statistically similar to
all the treatments except G![T_q,_ GlszF GlzT},‘ Gl;T_] and GI5T3. The maximum DROAI
(5.75) was observed in G1,T; GI,T; and GI,T;. The lowest Days required from opening to
conk formation (DROKF) (10.25) was recorded in Gl; when cultured on 500g substrate
which was statistically similar to G, T, and GI,T,. The maximum DROKF (14.25) was
found in G1sT; which was statistically similar to GI3T: G1, Ty G, T3 GIsT; G13T; and GI, T,
In case of days required from opening to first harvest (DROFH), the minimum DROFH
(37.25) was recorded in Gl; and Gl; when cultured on 500g substrate which was
statistically identical to GI,T, and GI;T,. The maximum DROFH (49.25) was recorded in
Gl,, Gls and Glg when cultured on 1000g substrate.



16 Kakon et al.

Table 2. Interaction effect of strains of reishi mushroom and different amounts of substrate

on time required to complete mycelium running, antler initiation, conk formation
and first harvest

Treatments  Days required to Days requircd Days required from  Days required
complete from opening to opening toconk  from opening to
mycelium running  antler initiation formation first harvest
(DRCMR) (DROAI) (DROKF) (DROFH)
GIT, 31.25d 4.00 be 11.25 ef 37.25h
Gl T, 39.75¢ 5.25 abc 12.00 cde 44.00 de
G| T; 47.25 ab 575a 13.50 ab 47.25 be
Gl,T, 31.75d 4.75 abc 11.50 ef 38.00 gh
Gl T, 40.25¢ 575a 13.00 a-d 43.75 de
Gl;T; 48.75a 575a 13.50 ab 49.25a
GI1T, 31.25d 4.00 be 12.25 b-¢ 39.00 fgh
GIsT, 39.25¢ 4.50 abe 13.00 a-d 4475 de
Gl3T, 47.25 ab 5.50 ab 13.75a 48.25 ab
GLT, 29.00 de 315¢ 1025 f 37.25h
Gl T, 39.50¢ 4.75 abc 11.50 bed 4325¢
GliT; 46.75 ab 4.75 abe 12.25 b-e 47.00 be
Gl4T, 26.50¢ 4.00 be 11.75 de 40.50 f
GlsT, 38.75¢ 4.75 abe 13.25 abc 45.50 ¢d
GlsT; 45.50 b 5.50 ab 14.25a 49.25a
GleT, 28.75 de 4.25 abc 11.75 de 39.25 fg
Gl¢T 39.75¢ 5.00 abc 12.00 cde 44.75 de
GlgT 48.00 ab 4.75 abe 12.25 b-¢ 49.25a
CV (%) 6.42 18.99 13.16 4.97

In a column, means followed by a common letter are not significantly different at 5% level by DMRT. (T,=
500g, T.=750g and T; =1000g)

Number of fruiting body: The number of fruiting bodies (NFB) ranged from 1.25 to
2.50 (Table 3). The highest NFB (2.50) was recorded in Gli on 500g substrate which was

statistically similar to G13T2, GIsT,. Gl,Ts and GI,T,. The lowest NFB (1.25) was recorded
in Gle;_ GI3T| = GI;T:, G|5T3 and Gle]_

Length and diameter of stalk: The length and diameter of stalk were significantly
different in different strains of Ganoderma lucidum when cultured on different amounts
of substrate and ranged from 0.75 to 2.25 cm and 0.98 to 1.88 cm respectively (Table 3).
The highest length of stalk (2.25 cm) was found in Gl; when cultured on 500g sawdust
medium, which was statistically similar 10 all the treatments except G1,T, and G|, Ts. The
lowest length of stalk (0.75 cm) was recorded in Gl; on 1000g substrate. In case of
diameter of stalk, the highest diameter of stalk (1.88 c¢m) was observed in Gl; when
cultured on 750 and 1000g substrates and the lowest diameter of stalk (0.98 cm) was
observed in Gl, on 750g substrate.

Diameter and thickness of pileus: The diameter and thickness of pileus of six strains of
reishi mushroom in different amounts of substrate were varied significantly (Table 3).
The highest diameter of pileus (9.00 cm) was recorded in Gl; when cultured on 750g

substrate which was significantly higher as compared to all the treatments except the
~ same strain on 1000g substrate. The lowest diameler of pileus (4.55 cm) was observed in
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Gl; when cultured on 500g substrate which did not differ significantly with other
treatments except Gl4T,, GI,T; and Gl4T;. The highest thickness of pileus (1.78 cm) was
recorded in Gly when cultured on 1000g substrate which was significantly higher as
compared to all the treatments except GI,T; and GI;T,. The lowest thickness of pileus
(1.45 cm) was recorded in Gl; on 500g substrate.

Biological yield: Appreciable variation was found in the biological yield of six strains of
reishi mushroom on three different amounts of substrate (Table 3). The highest biological
yield (36.00g/ packet) was recorded in Gly when cultured on 750g substrate which was
significantly higher than all the treatments except the same strain on 1000g substrate. The
lowest biological yield (20.00g/ packet) was recorded in Gl; on 500¢g substrate which was
followed by Gls Glg, G, and Gl; on 500g substrate.

Table 3. Interaction effect of six strains of reishi mushroom and different amounts of
substrate on yield and yield contributing characters

Treatments Numberof Lengthof Diameter Diameter Thickness of  Biological
fruiting body stem(cm)  of stem of pileus  pileus (cm) yicld (g)

(NFB) (cm) (cm) (1" flush)
GI,T, 1.75 abe 1.55 abc 1.33abec 553 be 1.45d 22.25 def
G| T, 1.25¢ 1.10 be 0.98 ¢ 5.50 be 1.48 cd 26.25 bed
Gl Ts 1.50 be 0.75¢ 1.25 be 5.58 be 1.55 a-d 26.75 bed
GL,T, 1.25¢ 1.20 be 1.33abc 6.05bc 1.60 a-d 22.50 c-f
Gl,T, 1.25¢ 1.30 abe 1.25 be 5.80 be 1.68 a-d 26.00 b-¢
Gl T 1.50 be 1.85 ab 1.58 ab 5.75 be 1.55 a-d 27.75b
GIsT, 2.50a 1.30 abc 1.48 ab 4.55¢ 1.68 a-d 20.00 f
Gl T» 1.50 be 1.63 abc 1.13 be 5.28 be 1.73 ab 23.25 b-f
GI;T; 1.50 be 1.25 abc 1.48 ab 5.60 be 1.68 a-d 23.00 b-f
GL,T, 2.00 abe 225a 1.45 abc 7.00 b 1.48 cd 26.00 b-¢
GI,T, 2.25ab 1.98 ab 1.88 a 9.00a 1.73 ab 36.00 a
Gl4T; 1.75 abe 1.93 ab 1.88 a 8.70a 1.78 a 34.50 a
GLT, 1.50 be 1.78 ab 1.58 ab 5.95 be 1.68 a-d 21.25 ef
GlsT, 1.25¢ 1.55 abe 1.20 be 6.05 be 1.70 abe 25.00 b-e
GIsT, 1.25¢ 1.83 ab 1.43 abc 5.45 be 1.48 cd 25.50 b-e
GleT, 1.50 be 1.25 abe 1.18 be 6.13 be 1.60 a-d 22.25 def
GIT, 1.50 be 1.62 abe 1.03 be 6.25 be 1.68 a-d 27.25 be
Gl T, 1.50 be 1.45 abe 148 abc  5.85bc 1.68 a-d 27.75b
CV (%) 35.44 16.36 14.43 13.37 9.26 11.56

In a column, means followed by a common letter are not significantly different at 5% level by DMRT. (T, :
500g; T; : 750g and T; :1000g)

Biological efficiency: Remarkable variation was obscrved in biological efficiency of six

strains of reishi mushroom on different amounts of substrate (Fig. 1). The highest

biological efficiency (13.00%) was obtained from Gl; when cultured on 500g substrate.

The lowest biological efficiency (5.75%) was recorded in Gly when cultured on 1000g °
substrate. The study revealed that, the biological efficiency of the strains used in this

experiment is lower as compare to Erkel (2009) who reported the biological efficiency of

Ganoderma lucidum was 20.85% when cultured on | kg poplar sawdust supplemented

with wheat bran.
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Fig. 1. Biological efficiency of six strains of reishi mushroom on different amounts of
substrate
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Abstract

Five lignocellulosic substrates (sawdust, paddy straw, cotton waste, sugarcane leaf and coir
pith) were used for Pleurotus citrinopileatus cultivation. The utility value of the substrates was
assessed in terms of growth rate, yield, cultivation period, and the biochemical profile of the
cultivated mushrooms. The highest mycelial growth (0.81 cm/day) was recorded in paddy
straw substrate and the lowest growth (0.46 cm/day) was found in cotton waste. The period of
spawn run was the lowest (17 days) on cotton waste and coir pith and it was the highest (33
days) on sugarcane leaf. The highest biological efficiency (70.3%) and yield (140.3 g/packet)
was recorded in sawdust and the lowest biological efficiency (41.5%) and yield (83.00
g/packet) was observed in coirpith. Hundred grams of dry Pleurotus citrinopileatus grown on
different substrate contain 23.5-36.91 g carbohydrate, 30.27-36.63 g protein, 20.9-27.06 g
fibre, 1.86-5.3 g fatand 5.1-11.8 g ash. The effect of different substrates on yield contributing
characters such as stipe length, stipe thickness, pileus diameter and pileus thickness was
significant. The longest stipe (3.67 cm) was observed in cotton waste and it was shortest (2.15
cm) in coir pith. The diameter of stipe ranged from 0.45 to 0.62 cm. Pileus diameter ranged
from 3.6 to 5.02 cm, the largest being on sugarcane leaf (5.02 ¢cm) and the smallest on coir pith
(3.6 cm). Pileus thickness ranged from 0.45 to 0.60 cm.

Key words: Agro- wastes, Pleurotus citrinopileatus, yield and biological efficiency.

INTRODUCTION

Pleurotus citrinopileatus is a popular edible mushroom of bright-yellow colour. It
contains useful antitumor polysaccharides (Zhang er al., 1994 and Wang et al., 2005) and
it has antioxidant activities (Hu er al., 2006). This mushroom enhances immunity and
delay aging (Wang et al., 2001). It is delicious In taste and rich in nutrients (Ghosh et al.,
1991). Pleurotus spp. (oyster mushrooms) are efficient decomposers and its multilateral
cnzyme system can biodegrades a large range of lignocellulosic wastes. But all the wastes
are not suitable for every species of Pleurotus. Stamets (2000) reported that Pleurotus
citrinopileatus can be grown on saw dust, paddy straw, cotton seed hulls, chopped
corncobs, paper, banana fronds, sugarcane bagasse and peanut hulls. In Bangladesh,
sawdust, banana leaves, cotton waste, banana pscudostem, paddy straw, sugarcane leaf,
coir pith, paper waste (substrates of treatments) are available but the suitability of these
wastes as substrates of Pleurotus citrinopileatus is not yet tested. Mushroom quality,
specially the nutrient content of mushroom is dependent on substrate (Sarker et al., 2007
a). To produce Pleurotus citrinopileatus, it is important to identify suitable substrate for
better yield and higher quality. The study was undertaken to determine the suitability of
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different wastes as substrate of Pleurotus citrinopileatus and their effect on nutritional
status of the mushroom.

METERIALS AND METHODS

Substrate preparation: Saw dust, paddy straw (Oryza sativa), sugarcane leaf
(Saccharum officinarum), cotton waste (Gossypium spp), and coir pith (Cocos nucifera)
were used as substrates. The plant materials were cut into small pieces (34 ¢m) and
mixed with nutrient materials, wheat bran at the ratio of 4:1. Water was added to make
the moisture content 60% and CaCO; was added at the rate of 0.2% of the total mixture.
Polypropylene bags of 7"x10" size were filled with 500g of substratc mixture and their
mouth were plugged by water absorbing cotton and covered with brown paper and tied
with a rubber band. Then bags were autoclaved at 121° C and 15 PSI for 2 hours and then
allowed to cool. Each spawn packet was inoculated with the mother culture at the rate of
two teaspoonfuls per packet. Bags were then incubated for mycelium running at 2522%
temperature. After completion of mycelium running the spawn packets were transterred
to culture house. The culture house activities performed following the method described
by Sarker et al. (2007 b).

\Yéutﬁent analysis: The nutritive value of fruit bodies was determined in terms of crude
protein (Burties & Ashwood, 2006), fat (Folch et al., 1957), carbohydrate, fibre and total
;s.sh (Raghuramalu et al., 2003).

~* Statistical Analysis: The experiment was laid out in Completely Randomized Designs
(CRD) with 4 replications. Data on mycelium run rate, spawn run period, days to
primordia initiation, total yield and biological efficiency were collected and analyzed
following Gomez and Gomez (1984) using MSTAT-C computer Programme. Means were
separated by Duncan’s Multiple Range Test (DMRT) using the same computer program.

RESULTS AND DISCUSSION

The growth, yield and biological efficiency of Pleurotus citrinopileatus was significantly
influenced by the substrates of different sources. The highest mycelial growth rate (MGR)
(0.81 cm/day) was observed in paddy straw substrate which was significantly higher than
other treatments and the lowest MGR (0.46 cm/day) was recorded in cotton waste
(Tablel). The lowest period of spawn run was 17 days in cotton waste and coir pith
followed by paddy straw (22 days) and saw dust (29 days). The highest period for spawn
run (33 days) was recorded in sugarcane leaf. The primordium initiation (PI) started
within 21.25-37 days after spawn inoculation. The days required to PI was the lowest
(21.25) in cotton waste followed by coir pith (23.50) and paddy straw (26.75) and the
highest days required to PI (37.00) was recorded in sugarcane leafl. Similar results
observed by Khanna et al. (1992) who reported that the primordial initiation was
generally observed on the 24-30th day in Pleurotus spp.
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Table 1. Effect of different agro-wastes on growth, yield and biological efficiency of Pleurotus

citrinopileatus
Mycelium Spawn run Days to Yicld Biological
Agro-wastes growth rate period primordia (g/packet) efficiency
(cm/day) (days) initiation (BE)
(PD (%)
Saw dust 0.54¢ 29.00 b 32.25b 140.3a 70.3
Cotton waste 0.46d 17.00d 21.25e 107.0b 53.5
Coir pith 0.67b 17.00d 23.50d 83.00¢ 41.5
Paddy straw 0.81a 22.00¢ 26.75¢ 109.3 b 54.5
Sugarcane leaf 0.58 ¢ 33.00a 37a 102.8 be 514
CV (%) 4.61 4.09 2.47 13.38

In a column, means followed by a common letter are not significantly different at 5% level by DMRT.

Highest yicld (140.3 g/packet) was obtained from sawdust substrate. The second highest
yield (109.3 g/packet) was recorded in paddy straw which was significantly higher than
other substrates except coir pith. Coir pith gave the lowest yield (83.00 g/packet) (Table
1). Higher yield of P. ostreatus on sawdust was reported by Vetayasuporn (2006).
Though Sarker et al., (2007b) reported comperative higher yield in rice straw than
sawdust. Hami (1990) also found similar results on oyster mushroom cultivation.

Biological efficiency ranged between 41.5-70.3% (Table 1). The maximum biological
efficiency (70.3 %) obtained from saw dust followed by paddy straw (54.5%), cotton
waste (53.5%), sugarcane leaf (51.4%) and coir pith (41.5%). Hami (1990) reported the
maximum biological efficiency of Pleurotus ostreatus on sawdust substrate. Ragunathan
et al. (1996) reported the biological efficiency of Pleurotus citrinopileatus in paddy straw
35.42%, coir pith 27.79% and sugarcane bagasse 38.63%. The higher the biological
efficiency, the greater will be the suitability of the substrate for cultivation of that
particular strain of mushroom.

Table 2. Effect of different agro-wastes on morphological characters of Pleurotus

citrinopileatus
Length of Diameter of Diameter of Thickness of

Agro-wastes stipe stipe pelius pelius

(cm) (cm) (cm) (cm)
Saw dust 3.32ab 0.50 abe 4.05 ab 0.47b
Cotton waste 3.67a 0.62a 475a 0.52 ab
Coir pith 2.15d 045¢ 36b 0.52 ab
Paddy straw 275¢ 0.47 be 4.67a 0.60 a
Sugarcane leaf 2.80 be 0.60 ab 5.02a 0.45b
CV (%) 12.28 17.22 11.49 13.38

In a column, means followed by a common letter are not significantly different at 5% level by DMRT.

The effect of different substrates on yicld contributing characters such as stipe length,
stipe thickness, pileus diameter and pileus thickness was significant (Table 2). The stipe
length on different substrates ranged from 2.15 to 3.67 em. The longest being on colton
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waste (3.67 cm) and the shortest on coir pith (2.15 cm). Stipe thickness ranged from 0.45
to 0.62. cm. Pileus diameter ranged from 3.6 to 5.02 cm, the largest being on Sugarcane
leaf (5.02 cm) and the smallest on coir pith (3.6 cm) and pileus thickness ranged from
0.45 to 0.60 cm.
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Fig. 1. Effect of different agro-wastes on nutritional value of Pleurotus citrinopileatus

The fruit bodies of Pleurotus citrinopileatus are rich in carbohydrates, proteins and
minerals. Hundred grams of dry Pleurotus citrinopileatus grown on different substrate
contain 23.5-36.91 g carbohydrate, 30.27-36.63 g protein, 20.9-27.06 g fibre, 1.86-5.3 g
fat and 5.1-11.8 g ash (Fig.1). The protein content of P. citrinopileatus was the highest
(36.63) when it was grown on sugarcane leaf but in this treatment the mineral content was
lowest (5.1%). The highest carbohydrate content (36.91) was observed in the mushroom
grown on cotton waste. Fat content was very low in all the treatments. Almost similar
nutrient level of P. citrinopileatus was reported by Ragunathan er al. (1996) who
observed that Pleurotus citrinopileatus containes 42.5-45.6% carbohydrate, 30-42.5%
protein and 2.1-3.8% fat on different substrates.
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Effect of Gibberilic Acid-3 on the Growth and Yield of Pleurotus ostreatus
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Abstract

Different levels of Gibberilic Acid-3 (GA;) were sprayed in different growth stages of
Pleaurotus ostreatus 10 evaluate their effect on the growth and yield of the mushroom. Days
required from stimulation to primordia initiation, number and size of fruiting bodics,
biological efficiency and economic yield of the mushroom were significantly influenced by
different levels of GA; when applied in different growth stages. The highest economic yield
(263g) and biological efficiency (132%) were obtained from a packet when GA; was applied
at 10 ppm level in fruit body development stage. The lowest yield was recorded in control
treatment.

Key words: Pleaurotus ostreatus, Gibberilic acid, application stages, growth and yield.

INTRODUCTION

The oyster mushroom (Pleurotus ostreatus) is a common delicious edible mushroom
having various medicinal value (Yang and Jong, 1989). This mushroom is widely
cultivated in Asia. However, at present it is now cultivated around the world for its
nutritional and medicinal value and its easy to grow bchaviour. In Bangladesh, this
mushroom is being easyly cultivated on different substrates with satisfactory yield. To
improve the performance of this mushroom use of plant growth regulator may be a
alternative way. Dey (1996) reported that GA; at the rate of 5-15 mg/L is very effective to
obtain a good yield. The highest yield was obtained by Ashrafuzzaman et al. (2005) from
15mg/L GA, (Halder er al., 1998) found 9% increased yield over control by using
10mg/L IAA at the time of substrate peparation. But, Dey (1996) also reported that the
plant growth regulator (PGR) at higher dose has lethal effect on mushroom producton
which reduces the yield of mushroom. So, it is very important to determine the
appropriate level of PGR. On the other hand, growth stage of mushroom is very important
for application of PGR. Some scientist applied it during substrate preparation (Halder er
al., 1998) and some scicntist applied it in the media of pure culture (Dey, 1996). For
better performance the right time of application to be determined. So, the present study
was undertaken to determine the appropriate level of PGR (GA;) and the growth stage of
mushroom to obtain the maximum yield in oyster mushroom.

MATERIALS AND METHODS

The experiment was conducted in the culture house of National Mushroom Development
and Extention Centre, Savar, Dhaka, from December 2009 to March 2010. A plant growth
regulator GA; with its six different levels such as 50 (T), 40 (T>), 30 (T;) 20 (T,) 10 (Ts)
and 0 (T¢) ppm was applied on three different growth stages such as during opening
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period by submerging the packets in GA; added water (S,), during primordia initiation
stage (S;) and during fruiting body development stage (S;) of Pleurotus ostreatus. Four
replications for each treatment were maintained.

Spawn packets preparation: Sawdust was used as a main substrate and wheat bran was
used as supplement. For each 500g packet, 116.7g sawdust, 58.23g wheat bran and Ig
CaCO; were mixed and moisture was adjusted at 65% by adding water. The mixture was
filled into heat tolerant polypropylene bags of 7”x 10" size and their mouths were
plugged by inserting water absorbing cotton and covered with brown paper and tied with
a rubber band. Then packets were autoclaved at 121°C and 15 PSI for 2 hour and then
allowed to cool. Each packet was inoculated with the mother culture at the rate of two
teaspoonfuls per packet. The inoculated packets were incubated in a dark room at about
25°C temperature for mycelium running. After 25 days of inoculation, when colonization
was completed, the spawn packets were taken to the culture house.

Hormone Application and Cultivation Methods of Pleurotus ostreatus: The spawn
packets were opened by ‘D’ shaped cut on the shoulder side and removed the sheet. The
opened surface of substrate was scraped slightly with a blade for removing the thin
whitish mycelial layer. The spawn packets that were taken for S, were soaked in six
different levels of GA; added water. The packets were then placed separately side by side
on the rack in the culture house. Six different levels of GA; added water was sprayed on
the packets that were taken for S; and S; at primordia initiation stage and Fruiting body
development stage respectively by a sprayer.

Cultural condition: The relative humidity of 80-90% and the temperature of 23-29'C
were maintained by watering thrice a day in the room. Diffused day light and proper
ventilation in culture house were maintained. After first harvest scraping and the above
mentioned activities were done again. Watering and other operations were done as
mentioned before.

Data collection: The experiment was laid out following Completely Randomized Design
(CRD) with 4 replications. Data on days required from stimulation to primordia initiation,
number of fruiting body, length of stipe (cm), diameter of stipe (cm), diameter of pileus
(cm), thickness of pileus (cm), Biological efficiency (%), and economic yield (g/packet)
were recorded.

Statistical Analysis: The data obtained from the experiment for every parameter were
analyzed statistically using MSTAT-C computer program. The means were computed
following Duncan’s multiple Range Test (Gomez and Gomez, 1984) using the same
computer program.
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RESULTS AND DISCUSSION

The growth and yield of Pleaurotus ostreatus varied significantly by different levels of
GA; and their application on different stages.

Days Required from Stimulation to Primordia Initiation (DRSPI): The Days
Required from Stimulation to Primordia Initiation (DRSPI) ranged from 4.25 to 9.00 days
(Tablel). The highest DRSPI (9.00 days) was found in 83T, S;Ts, when 20 ppm, 10 ppm
GA; was applied on fruiting body development stage and when no GA; was applied on
three different stages. The lowest DRSPI (4.25 days) was found in ST, when 50 ppm
GA,; was applied during opening period by submerging the packets in GA; added water.

Number of fruitbodies: The number of fruitbodies ranged from 14.50-32.00 and varied
significantly (Tablel). The highest number of fruitbodies (32.00) was found in S;T; and
S3T; when 40 ppm and 30 ppm GA; was sprayed on fruiting body development stage. The
lower number fruitbodies (14.50) was found in S,T, when 40 ppm GA; was applied
during opening period.

Length of stipe: The length of stipe ranged from 3.60 to 4.90 cm (Tablel). The highest
length of stipe was found in S;Ts (4.90 cm) followed by S,T; (4.85 cm) which was
statistically similar to all the treatments except S;T, and S,T; (Tablel) where the lowest
length of stipe (3.60 cm) was found.

Diameter of Stipe: No significant difference was observed in the diameter of stipe and it
was ranged from 0.82 to 1.52 cm (Tablel). The diameter of stipe was recored 1.52 ¢cm in
S,T, followed by 1.35 cm in S,Ts and lowest diameter of stipc was recored in S;T, (0.82
cm) preceded by S;T; (0.87 cm), ST, (0.92 cm) and S;Ts (0.92 cm).

Diameter of pileus: The diameter of pileus varied significantly (Tablel). The highest
diameter was found in S,Ts(8.20 cm) followed by S3Ts(8.17 cm) and the lowest diameter
of pileus was recored in S;T,(5.12 cm) preceded by S;T, (5.37 cm) and S,Ts (5.75 cm).

Thickness of pileus: No significant difference was found among the treatments (Tablel).
The thickness ranged from 0.65 to 1.05 cm. The highest thickness was found in S, T, (1.05
cm) followed by S,Ts (8.17 cm) and the lowest thickness was observed in S;T; (0.65 cm)
preceded by S;T, (0.67 cm), S,T, (0.70 cm) and S,;T4 (0.70 cm).

Economic yield: The economic yield differed significantly under different treatments
(Table1). The highest economic yield (263g) was found in S;Ts when 10 ppm GA; was
applied on fruiting body development stage followed by §,Ts (259g) and S;T, (258g).
The lowest economic yield was found in S;Ts (190g) when no GA; was sprayed on
fruiting body development stage preceded by §,Ts(195 g) and S,Ts (197g).
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Table 1. Effects of different levels of GA; and the their time of application (growth stages of
cultivation) on the growth, yield contributing character and yield of Pleaurotus

ostreatus
Treatment Days required Number  Length  Diameter Diameter Thickness Economic
from of of stipe  of Stipe of Pileus of Pileus yield
stimulation to Fruit (cm) (cm) (cm) (cm) (g/packet)
primordia Bodies
initiation
S\T, 425d 21.00ab  4.32ab 0.92a 6.37ab 1.05a 200 def
S|T, 5.50 bed 14.50 b 4.1ab 1.05a 6.87ab 0.85a 224 cde
S\T; 5.75 abed 20.00 ab 4.85a 1.02a 6.55ab 0.87a 244 abc
STy 7.75 abe 20.75ab  4.50ab 1.12a 6.45ab 0.70a 252 abc
S5\Ts 8.25ab 23.25ab  4.50ab 1.07a 5.75b 0.77a 259 ab
S\ Ts 9.00a 21.00 ab 4.32ab 0.92a 6.37ab 1.05a 195 ef
S,T,y 5.50 bed 15.00 b 4.12ab 1.52a 7.25ab 0.70a 226 bede
S,T, 450 cd 23.25ab 3.60b 1.02a 6.55ab 0.65a 233 abed
S;T, 5.25 bed 20.25ab  4.37ab 1.20a 6.77ab 0.82a 245 abc
S,T, 450cd 25.25 ab 3.60b 1.20a 6.65ab 0.70a 246 abc
S,Ts 7.25 abed 16.00 b 4.25ab 1.35a 8.20a 1.02a 246 abc
S.Ts 9.00a 21.00 ab 4.32ab 0.92a 6.37ab 1.05a 197 ef
S;Ty 5.00 bed 27.25ab  4.10ab 0.82a 5.37b 0.67a 206 def
S;T, 5.75 abed 32.00a 3.80ab 0.87a 5.12b 0.87a 254 abc
STy 5.50 bed 32.00a 4.50ab 1.07a 6.75ab 0.82a 255 abe
STy 9.00 a 2525ab  4.25ab 1.25a 7.12ab 0.82a 258abc
S;Ts 9.00a 24.00 ab 4.90a 0.92a 8.17a 0.92a 263 a
SiTe 9.00 a 21.00ab  4.32ab 0.92a 6.37ab 1.05a 190 f
CV (%) 12,27 3.65 6.76 15.18 10.42 12.59 2.38

In a column, means followed by a common letter are not significantly different at 5% level by DMRT.
Growth stages, S;= Opening period, S;= Primordia initiation and Ss;= Fruiting body development. Levels of
GA;, T,=50, T.=40, T:=30, T;=20, Ts=10and T=0 ppm.

Biological efficiency: The biological efficiency of Pleaurotus ostreatus differed under
different treatments (Fig. 1) by different levels of GA; and their application on different
stages. The highest biological efficiency 132.00 % was observed in S;Ts when 10 ppm
GA; was sprayed during fruiting body development stage then 130.50 % in S, Ts when 10
ppm GA; was applied during opening period by submerging the packets in GA; added
water followed by S;Ty (130.00 %), S3T3 (129.00 %) and in S;T, (128.00 %) when 20
ppm, 30 ppm and 40 ppm GA; was sprayed on fruiting body development stage
respectively. The lowest biological efficiency was observed in S;Ts (96.50 %) when no
GA; was applied on fruiting body development stage preceded by 99.0 % in S, T, and 100
% in S]T] and in S:Tﬁ.

From the above discussions the experiment revealed that the highest biological efficiency
and economic yield was obtained in S;Ts when 10 ppm GA; was applied on fruiting body
development stage, above this level the yield was decreased. The lowest biological
efficiency and economic yield was recorded in S;Ts when no GA; was sprayed on fruiting
body development stage. The result was almost similar to the findings of Dey (1996).
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Fig.1. Biological efficiency of Pleurotus ostreatus influenced by different levels of GA; and

their time of application (growth stages of cultivation) (Growth stages, S;= Opening period,
S,= Primordia initiation and Si= Fruiting body development. Levels of GA,, T,=50, T,=40, T;=30,

T4=20, Ts=10 and T,=0 ppm)
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Abstract

The present investigation was conducted to find out the effect of wuxal super, a mineral
supplement to sawdust substrate on growth, yield and quality of oyster mushroom (Pleurotus
ostreatus). It is a liquid fertilizer containing macro-and micronutrients of plants. The spawn
packets were soaked in 0.0, 0.1, 0.2, 0.3 and 0.4% solution of the supplement for 30 minutes.
The maximum of 0.45% and 0.35% reduction in days to primordial initiation and time
primordia initiation to harvest was obtained with 0.2% which was followed by 0.1 and 0.3%.
On the other hand, maximum increase in numbers of primordia, total fruiting bodies and
effective fruiting bodies per packet and weight of fruiting bodics was also maximal at 0.2%
followed by 0.1%. The highest increases in biological and economic yield and biological
efficiency of the mushroom on spawn packet were obtained with 0.2% followed by 0.1 and
0.3% of the supplement. These three treatments also caused considerable increase in protein,
lipid, N, P, K and Fe contents of mushroom. Similar trends of increase in other paramelers
were recorded under those concentrations. The results showed that the most effective level of
wuxal super was 0.2%, which was followed by 0.1 and 0.3%. Increase in its concentration
more than 0.3% caused adverse cffect on growth, yield and nutrient status of mushroom.

Key word: Wuxal super, mineral supplement and oyster mushroom.

INTRODUCTION

Oyster mushrooms (Pleurotus ostreatus) are large reproductive structures of edible fungi
belong to genus Pleurotus under the class Basidiomycetes, the order Agraicales and the
family Tricholomataceae. The edible parts of the fungi have high nutritive and medicinal
values (Chang et al., 1981). According to Chang (1982), the protein value of dried
mushrooms is 30-40%. Mushrooms are good sources of niacin (0.3g) and riboflavin (0.4
mg). Mushroom is a good source of trypsin enzyme. They are also rich in the iron,
copper, calcium, potassium, vitamin D, and folic acid, which are essential for human
health. Mushrooms are valuable health food, which are low in calories, high in vegetable
proteins, zinc, chitin, fiber, vitamins and minerals (Alam and Saboohi, 2001).

Commercial mushroom substrate is made from the cheapest waste products which are
casily available. Supplements of mushroom substrate increase yield and quality of
mushroom. The supplements are materials mostly enriched with carbohydrates, proteins,
amino acid, macro- and micronutrient (Royse and Sanchez, 2008a, 2008b and Royse er
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al., 2008. MCSubstradd products arc tuned on the nutritional needs of mushroom and
complete the deficits in the compost of essential nutrients like nitrogen, carbohydrates or
trace-elements. It gives higher yield (up to 30%) and offers a direct economical benefit
for every mushroom grower. MCSubstradd products are based on a wide variety of
protein sources, mainly from soybean meal and other vegetable origin that have been
sclected for their delayed release capacity of nitrogen (Anon., 2009a). Royse and Sanchez
(2008b) tested 16 supplements of mushroom compost, including five crystalline amino
acids, onc amino acid blend, one egg white and four hydrolyzed proteins, Micromax (a
micronutrient containing nine minerals) and four commercial supplements to find out
their effect on mushroom yield and biological efficiency. They found that all of the
supplements increase yield and quality of mushroom (Royse and Sanchez, 2008a, 2008b)

In Bangladesh, Mushroom substrates are made [rom agricultural wastes sawdust
supplemented with lime, wheat bran and other materials (Sarker er al., 2007a, 2007b).
Wheat bran is a costly material and considered as a barrier for the extension of mushroom
production in the country. Supplements of minerals are not normally added to mushroom
substrate in the country. But use to supplements as sources of carbohydrates, proteins,
marco-and micronutrients and minerals may increase yield and quality of the crop.
Therefore, search for alternative supplements for the substrate is essential for extension of
mushroom cultivation in the country.

Wauxal liquid fertilizers are true solutions of mineral salts and are plant physiologically
effective additives. Raw materials are selected from the purest form to deliver high crop
safety. It is a well balanced NPK liquid fertilizer supplemented with a full complement of
macro- and micronutrients. The fertilizer is recommended as a gencral supplementary
plant feed in high values crops (Anon., 2009b). Wuxal super may be a good mineral
supplement to mushroom substrate for improving growth, yicld and nutritional status of
mushroom.

Considering the above facts, the present investigation was conducted to find out the effect
of wuxal super, as a mineral supplement to mushroom compost on growth, vield and
nutritional status of oyster mushroom (Pleurotus ostreatus).

MATERIALS AND METHODS

Application of wuxal super: Solutions of wuxal super were prepared in distilled water at
the rate 0.0, 0.1, 0.2, 0.3 and 0.4% based on the gross product. Spawn packets were
soaked in the solutions for 30 minutes. Standard methods were followed for preparation,
Sterization, inoculation of spawn packet as described by Sarker et al. (2007a). The spawn
packets were opened by cutting "D" shape with a blade and opened by removing the
plastic sheet after which they are soaked in 3 liter wuxal super solution in a bucket for 30
minutes.

Growing of mushroom: After soaking, the excess water was drained off and the spawn
packets were placed separately on the shell of a culure house of Sher-e-Bangla
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Agricultural University, Dhaka. The culture house was well ventilated having 80-85%
relative humidity, 22°C to 25°C temperature and 300-500 lux light intensity. The spawn
packets were arrange in the culture house following completely randomized design. Three
spawn packets (replication) were used for each treatment. During growing period, water
was sprayed regularly to maintain proper moisture level of the spawn packets.

Data collection: Duration from stimulation to primordial initiation and from primordial
initiation to harvest was recorded. Dimensions of mature fruiting bodics yield attributing
characters of mushroom were recorded after harvest. Dimensions of nature fruiting bodies
yield and yield attributing characters of mushroom were recorded after harvest. Biological
yield, economic yield, dry yield and biological cfficiency of the mushroom on the spawn
packet were computed using suitable formulae:

Oven dry weight of sample mushroom (g)

Dry yield (g/packet) = Economic yield x
Total fresh weight of sample mushroom (g)

Total biological yield (g/packet)
Biological efficiency (%) =

Total substrate weight (g/packet)

Chemical analysis of mushroom: Dry matter and moisture content of mushroom were
determined by conventional methods using following the formulae:

(Initial weight - Final weight)
Moisture (%) =

Weight of sample
Dry matter (%)= 100 - % moisture content

Fiber content of mushroom was estimated by acid digestion (Dougall 2006). Total lipid
was estimated by using the method described by Sandrina er al. (2009). Total ash content
was determined using the following formula:
Weight of ash

Ash content (%) = ----=-=---mmmeameeme

Weight of sample taken
Total nitrogen content was estimated following standard Microjeldhal method (AOAC,
1975). Total protein content was determined by multiplying the nitrogen content by a
factor of 6.25. Content of Ca, Mg, K, Fe and P was estimated by perchloric acid digestion
method as proposed by Yamakawa (1992).

RESULT AND DISCUSSION

Days from stimulation to primordial initiation and from primordial initiation to
harvest: The maximum duration from stimulation to primordial initiation and primordial
initiation to harvest was observed under control (0.0%), where the wuzal super was not
added. Use of the mineral supplement at 0.1 and 0.2% caused significant reduction in the
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duration of both parameters over control. The highest reduction was achieved with 0.2%
followed by 0.1% (Table 1)

Number of primordia and total and effective fruiting bodies per packet: Use of
wuxal super at all concentrations caused significant increase in number of primordia and
total fruiting bodies per packet compared to control. The highest increase was achieved
with the concentration of 0.2% followed by 0.1, 0.4 and 0.3%. Significantly the highest
number of effective fruiting body was obtained with 0.2% wuxal super. Number of
effective fruiting body at all other concentration including control was statistically similar
(Table 1).

Table 1. Effect of different levels of wuxal super on primordia and fruiting body of oyster
mushroom (Pleurotus ostreatus)

Wuxal super Duration (days) Number /packet

with Stimulation Primordia to Primordia Total Elfective
concentration  to primordial harvest fruiting fruiting
(%) initiation bodies bodics
0.0 6.90a 3.83a 67.33¢ 55.00¢ 50.00b
1 5.06bc 3.10d 76.33ab 64.33b 53.00b
0.2 3.80¢ 3.36bc 81.00a 70.00a 63.33a
03 6.06ab 3.36bc 73.67b 62.33b 51.67b
0.4 5.83b 3.70ab 76.33ab 63.00b 53.67b
CV% 3.40 4.44 2.67 0.28 2.75
LSD 1.621 0.3874 5.491 3.923 4.094

Values within the same column with a common letter do not differ significantly ( P=0.05).

Dimension and weight of fruiting body: Length of the stalk was maximal at 0.0 %
(control), which was statistically similar to the lengths recorded at 0.4 and 0.1% of wuxal
super. Significantly the highest diameter of stalk and pileus and weight of individual
fruiting body of mushroom was obtained with 0.2% wuxal super. The parameters under
other treatments including control were statistically similar. Thickness of pileus varied
from 0.40-0.48 cm and the variations were not significant (Table 2).

Table 2. Effect of different levels of wuxal super on dimension and weight of individual
fruiting body of oyster mushroom ( Pleurotus ostreatus)

Wuxal super Stalk Stalk Pilcus Pileus v
with level length diameter diameter thickness Weight
(%) (cm) (cm) (cm) (cm) (&)
0.0 3.72a 0.73b 5.10b 0.40a 2.25b
0.1 3.62ab 0.77b 5.30b 0.43a 2.63b
0.2 3.30c 0.90a 5.60a 0.48a 2.84q
0.3 3.45b 0.80b 5.10b 0.42a 2.64b
0.4 3.65a 0.81b 5.30b 0.54a 2.58b
CV% 1.76 1.26 1.69 2.77 2.21
LSD 0.17 0.087 0.245 0.087 0.15

Values within the same column with a common letter do not differ significantly (P=0.05).
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Yield and biological efficiency: All treat....nts with wuxal supper significantly increased
biological and economic yield of mushroom over control. The highest increase in both the
parameters was obtained with 0.2%. which was followed by 0.1%. Effect of two lower
levels of the supplement was significantly different. Biological as well as economic yield
at 0.3 and 0.4% was statistically similar but signilicantly lower compared to 0.2 and
0.1%. Significantly the lowest and the highest dry yield of mushroom per packet were
recorded from control and the treatment with 0.2% of wuxal super, respectively. The dry
yield under 0.1, 0.3 and 0.4% was statistically similar but significantly higher as
compared to control. All treatments with the supplement increased biological efficiency
of spawn packet over control. The highest efficiency was obtained with the highest
concentration (0.2%), which was followed by 0.1%. The lowest biological efficiency was
obtained with 0.3% followed by 0.4%. But effectiveness of two higher concentrations was
statistically similar (Table 3)

Moisture and dry matter content: The moisture and dry matter content of oyster
mushroom grown under different levels of wuxal super varied from 89.5 to 90.23 % and

9.77 to 10.46% respectively. The variations in both the paramelers were not significant
(Table 4).

Protein, lipid, ash and crud fiber content: Significantly the highest increase in protein
content of mushroom over control was achieved with 0.2% of the supplement, which was
followed by 0.1 and 0.4%. Efficacy of three levels to increase protein content was
significantly different. The lowest protein content was found under control, which was
statistically similar to protein content at 0.3% of the supplement, On the other hand only
the level 0.3% gave significant increase in lipid content over control. Lipid content under
other levels of the supplement and control was statistically similar. The lipid content at
0.3 and 0.4% wuxal supper was also statistically similar (Table 4). The highest ash
content was found at 0.2%, which was statistically similar to 0.0, 0.1 and 0.3% of the
supplement. The highest concentration of the wuxal super gave the lowest ash content.
Percentage of crud fiber content in mushroom at 0.1 and 0.2% was statistically similar but
significantly higher as compared to other treatments including control. Crud fiber content
under two higher levels and control was not significantly different (Table 4).

Table 3. Effect of different levels of mineral supplements on yield and biological efficiency

Waxal super Biological Economic Dry Biological
with level yicld yield yield efficiency
(%) (g/packel) (g/packet) (g/packel) (%)
0.0 171.7d 165.3d 16.53¢ 59.20d
0.1 201.3b 194.3b 19.00b 69.43b
0.2 230.7a 224.3a 2347a 79.54a
0.3 195.0¢ 184.0¢ 18.43b 67.24¢
0.4 197.0bc 187.0¢ 18.67b 67.93b¢
CV% 0.96 1.01 1.58 0.96
LSD 5.258 5.270 0.831 1.815

Values within the same column with a common letter do not differ significantly (P=0.03)
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Table 4. Effect of different levels of wuxal super on chemical compoistion of oyster
mushroom ( Pleurotus ostreatus)

Wuxal super  Moisture  Dry matter Protein Lipid Ash Crud fiber
with level content content content content content content
(%) (%) (%) (%) (%) (%) - (%)
0.0 90.00a 10.00a 24.00d 3.85bc 7.80ab 25.83b
0.1 90.23a 9.77a 25.20b 3.75bc 7.88ab 27.13a
0.2 89.54a 10.46a 26.40a 3.45¢ 8.10aa 27.27a
0.3 89.98a 10.02a 24.00d 4.57a 7.53ab 26.33b
0.4 90.02aa 9.98a 24.50¢ 4.20ab 7.26b 26.10b
CV% 0.13 1.2 0.32 6.25 2.74 (.68
LSD 0.324 0.324 0.229 0.6766 0.581 0.497

Values within the same column with a common letter do not differ significantly ( P=0.05)

Nitrogen, phosphorus, potassium, iron and zine content: Effect of different levels of
wuxal super on nitrogen (N), phosphorus (P), potassium (K), iron (Fe) and zinc (Zn)
content of mushroom are summarized in Table 5. Two lower levels of wuxal super (0.1%
and 02%) increased N content significantly over control. The highest increase of N
content was obtained with 0.2% followed by 0.1% of the supplement. Nitrogen content
under the treatments with 0.0 (control), 0.3and 0.4% was statistically similar. The highest
P content was observed at 0.2%, which was statistically similar to P content at 0.3, 0.4%,
and 0.0%. All treatments with wuxal super gave significant increase in K content over
control. The highest increase in K content over control was found at only 0.2% and 0.4%.
Effectiveness of two concentrations to increase Fe content was statistically similar. Only
treatment with 0.2% of the supplement caused significant decrease in Zn. Its content at
0.0, 0.1, 0.3 and 0.4% of the supplement was statically similar but significantly higher as
compared 0.2%.

Table 5. Effect of different levels of wuxal super on individual element content of oyster
mushroom (Pleurotus ostreatus)

Wauxal super Nitrogen Phosphorus Potassium Iron Zine
with level content content content content conltent
(%) (%) (%) (%) (%) (%)
0.0 3.84¢ 0.91ab 1.32d 41,00¢ 14.00a
0.1 4.03b 0.85b 1.37¢ 41.,60bc 13.80a
0.2 4.22a 0.96a 1.42a 43.60a 13.10b
0.3 3.84c¢ 0.92ab 1.38bc 40.00¢ 14.10a
0.4 3.92¢ 0.94ab 1.41ab 43.00ab 14.10a
CV% 0.36 3.73 0.82 1.51 1.28
LSD 0.086 0,086 0.027 1.733 0.482

Values within the same column with a common letter do not differ significantly (P=0.05)

In present study, it was found that wuxal super appreciably decrease in duration from
stimulation to primodia initiation and primodia initiation to harvest. The maximum
reduction was found at 0.2% followed by 0.1 and 0.3%. On the contrary, weight and
dimensions of individual fruiting bodies, biological, economic and dry yield of mushroom
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increased due to soaking of spawn packet in 0.1, 0.2 and 0.3% of wuxal super solutions.
The above three levels of the supplement also increased nutrient status of the mushroom,
in terms of dry matter, ash, protein, lipid, N, P and K content. The most effective level
was 0.2% to increase the above parameters over control, which was followed by 0.1 and
0.3%. The level highest (0.4%) showed adverse effect on those parameters.

The findings of the present investigation corroborate with the findings to many other
investigators (Anon., 2009b and Royse and Sanchez, 2008a, 2008b). Generally
commercial mushroom substrates are made from rice straw, wheat straw, hay, corn cobs,
cotton seed hulls, gypsum, chicken manure and horse manures (Royse and Snchez, 2008a,
2008b). Supplements of the substrate increase yield and quality of mushroom. The
supplements are materials mostly enriched with carbohydrates, proteins, amino acid,
macro- and micronutrient (Royse and Sanchez, 2008a, Royse et al., 2008, and Anon.,
2009b). MCSubstratedd is a commercially used supplement. It increases up to 30% yicld
and others a dircct economical benefit for every mushroom grower. MCSubstradd
products are based on a wide variety of protein sources mainly from soybean meal and
other vegetable origin that have been selected for their delayed release capacity of
nitrogen (Anon., 2009a). Royse and Sanchez (2008b) tested sixteen supplements of
mushroom compost, including five crystalline amino acids, one amino acid blend. one
cgg white and four hydrolyzed proteins. Micromax (a micronutrient containing nine
minerals) and four commercial supplement to find our their our their effect on mushroom
yield and biological efficiency of spawn packets. They found that all of the supplements
increase yield and quality of mushroom and biological efficiency of spawn packet greatly.
Alam (2007) found increased number of fruiting bodies, yield and nutrient status of oyster
mushroom where spawn packets were treated with NAA. Yoshida er al. (1993) reported
that the number of effective fruiting bodies was lower, but increased when the substrates
was mixed with different supplements. The findings of the present study more or less
matched with study of Bhuyan (2008). They found that the biological yield of Pleurorus
ostreatus varied with supplement used.
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Abstract

The experment was conducted to determine the suitable depth of casing material (soil+sand,
3:1) in button mushroom cultivation and ten different depth (0.0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0,
3.5, 4.0 and 4.5 cm) were evaluated. The highest biological yield (470.50 g/2000g compost)
and economical yield (445.30 g/2000g compost) were recorded in 4.0 ¢cm thick casing material
and the yields were lowest in 0.5 cm thick casing material. The maximum number of effective
fruiting body (47.0) was found in 3.5 cm casing depth followed by 4.0 em. The lowest number
of fruiting body (18.0) was recorded in 0.5 cm casing depth. The biggest size of fruiting body
(11.87 g) was observed in 2.0 cm casing depth followed by 1.0 cm casing depth and the
smallest fruiting body (8.472g) was observed in 3.5 cm casing depth.

Key words: Agaricus bisporus, casing thickness, yield and biological efficiency

INTRODUCTION

Agaricus bisporus (Lange), commonly known as the white button mushroom is the most
popular and widely cultivated mushroom in the world. Unlike oyster mushroom
cultivation, Agaricus bisporus production involves an additional process called casing.
Casing is a mixture designed to cover the nutritional composted substrate colonized with
mycelium and has an essential function in stimulating and promoting the developments of
sporophores (Pardo et al., 2003 and Noble er al., 2005). Casing soil is necessary to induce
pinhead after incubation. It provides water to enable growth and development of fruiting
bodies and regulates the flow of nutrients from compost to the developing fruiting bodies.
The physical and chemical characteristics of casing soil have been emphasized by many
scientists. The thickness of casing can play an important role in the yicld and yield
attributes of Agaricus bisporus. Trivedi et al. (1991) and Doshi et al. (1993) reported that
2.5 cm casing thickness was good for mushroom cultivation. But according to Tripathi
(2005), casing layer should be 2.5 to 3.5 cm of thickness in case of casing soil and 2.5 to
5.0 em of thickness in case of peat soil, spent compost and farm yard manure. Amin et al.
(2007a) obtained higher yield using soil: sand (3:1) as casing material maintaining the
depth of 3-4cm in Bangladesh where the effect of different depth was not studied.
Therefore, it is very important to find out the suitable depth of casing layer for butlon
mushroom cultivation to get higher yield and better quality. The aim of the study was to
determine the individual effect of different depth of casing layer on the growth and yield
of Agaricus bisporus.
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MATERIALS AND METHODS

The research was conducted in the National Mushroom Development and Extension
Centre (NAMDEC), Savar, Dhaka during November 2007 to February 2008.

Preparation of compost: Paddy straw was used as the main substrate of compost and it
was prepared according to Amin et al. (2007b).

Spawning and incubation: Two kilograms of compost were mixed with 75 g of
mother culture of Agaricus bisporus and poured in a polypropylene bag. The open top of
the bags were covered with news papers and incubated in the incubation room at 24"
+ 2°C temperature for 20 days.

Casing: After completion of mycelium running, the open top of the spawn bags were
covered with pasteurized casing soil (Soil + sand, 3:1) to the depth of 0.0, 0.5, 1.0, 1.5,
2.0, 2.5, 3.0, 3.5, 40 and 4.5 cm. Watering after casing was done as suggested for
commercial growth (Randle, 1984 and Shandilya, 1986).

Cropping and harvesting: After completion of mycelium running in the casing soil.
the bags were transferred into the culture house where temperature below 16°C and
relative humidity above 90% were maintained. Mushroom was harvested before the
fruiting body showed any detachment of the cap from the stipe. The yield of
mushrooms and their parameters were recorded regularly.

Data analysis: The experiment was laid out following completely randomized design
with 4 replications. Data were analyzed following MSTAT-C computer program. Means
was computed following Duncan’s Multiple Test (DMRT) using the same computer

program.

RESULTS AND DISCUSSION

Days required to primordial initiation: The data regarding days required to primordial
initiation are presented in Table 1. The lowest time for primordial initiation (14.25 days)
was observed in 2.0 and 4.0 cm thick casing soil which was statistically similar to all the
depth of casing soil except 0.5 cm (16.25 days). The highest time (16.25 days) was found
in 0.5 cm casing depth. This result is almost similar to Amin et al. (2007b) who used 3.0
cm casing depth.

Days required to first harvest: Days required to first harvest did not show any
significant variation and ranged from 19.50 to 21.50 days. The lowest time (19.50 days)
was observed in 1.5 and 4.0 cm casing depth which was followed by 2.0 cm. The
maximum time (21.50 days) was recorded in 0.5 cm casing depth.
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Table 1. Effect of casing depth on the growth of Agaricus bisporus

Casing thickness Days required to Days required to first Days required for
(cm) primordia initiation harvest total harvest
0.0 - - -

0.5 16.25a 21.50a 44.00 f
1.0 14.50 ab 20.75a 51.50e
1.5 14.50 ab 19.50 a 57.25d
2.0 14.25b 19.75 a 50.00e
2.5 16.00 ab 20.50 a 56.50d
3.0 15.00 ab 20.25a 66.50 be
3.9 15.25 ab 20.75a 62.25¢
4.0 14.25b 19.50 a 69.50 ab
4.5 15.75 ab 21.25a 72.25a
CV (%) 7.19 9.0 5.34

In a column, means followed by a common letter are not significantly different at 5% level by DMRT. Here -
mean no yield was found.

Days required for total harvesting: Days required for total harvest differed significantly
and ranged from 44.00 to 72.25 days under different casing depth (Table 2). The
harvesting period was shortest (44.00 days) in 0.5 c¢m casing depth which was
significantly lower as compare to all the treatments. The highest harvesting period (72.25
days) recorded in 4.5 cm casing depth followed by 4.0 cm casing depth (69.50 days).
Results of this study was almost similar to the results of Dhar er al. (1985), who reported
the best results with 4 cm depth casing soil.

Number of effective fruiting bodies: The number of effective fruiting body in different
casing thickness ranged 18.0 to 47.0 (Table 2). The highest number (47.0) was found in
3.5 cm casing depth followed by 4.0 cm. The lowest number of fruiting body (18.0) was
observed in 0.5 cm casing depth followed by 1.0 ¢cm (18.0).

Weight of fruiting body: Weight of fruiting body ranged from 8.47 to 11.87g.
Statistically the highest weight (11.87g) was observed in 2.0 cm casing depth followed by
1.5 cm (10.48g) and 1.0 cm (10.45g). The lowest was weight of fruiting body was
observed in 3.5 cm (8.472 g) casing depth.

Total biological and economic yield: Significant variation was observed in biological
and economic yield of button mushroom in different casing depth. The biological and
economic yield under different casing depth ranged 163.30-470.50 g/packet and 149.00-
445.30g/packet respectively. The highest biological yield (470.50 g/packet) and economic
yield (445.30 g/packet) was rccorded in 4.0 ¢m casing depth. The lowest biological
(163.30 g/packet) and economical (149.00 g/packet) yield was recorded under 0.5 cm
casing depth. But no yield was recorded in zero casing material. Vijay er al. (1988)
recorded the highest yield of 13.00 kg/100 kg compost in 5.1 ¢m casing treatment
followed by 3.8 cm (12.99 kg) and the lowest yield 11.01 kg/100 kg compost was
recorded in 2.5 cm casing thickness.
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Table 2. Effect of casing depth on the yield attributes and yield of Agaricus bisporus

Casing Number of Weight of Biological Economic
thickness effective fruiting fruiting body yield yield
(cm) body (2) (g) ()
0.0 - - - -

0.5 18.00 e 9.095 be 163.30 f 149.00 f
1.0 19.50e 10.45 ab 203.30c 191.80 e
1.5 27.00d 10.48 ab 281.30d 265.00d
20 24.00d 11.87 a 282.50d 267.30d
25 34.50¢ 9.023 be 310.30 cd 291.00 cd
3.0 37.50 be 8.970 be 335.30¢ 309.80 ¢
€ 1) 47.00 a 8472¢ 396.80 b 375.00b
4.0 45.50 a 10.34 b 470.50 a 445.30 a
4.5 40.25 b 9.252 be 371.80 b 349.080 b
CV (%) 7.25 0.74 6.20 6.40

In a column, means followed by a common letter are not significantly different at 5% level by DMRT. Here -
mean no yield was found.
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Abstract

The experiment was carried out to investigate the growth and yield performance of oyster
mushroom on water hyacinth, rice bran, sugarcane leaf and their combinations supplemented
with 10% wheat bran. The fastest mycelium growth rate and the minimum time required for
completion of mycelium running in spawn packet were observed from sugarcane leaf and the
opposile results were from water hyacinth. The maximum number of effective fruiting body
was obtained from the rice bran plus sugarcane leaf (1:1). The highest economic yield was
harvested from rice bran plus sugarcane leaf (1:1) and the lowest yield was obtained from
water hyacinth plus sugarcane leaf (1:1).

Key words: Pleurotus ostreatus, water hyacinth, rice bran, sugarcane leaf, growth and
yield.

INTRODUCTION

Pleurotus ostreatus is one of the best known species among the oyster mushrooms
(Chang and Miles, 1989) can be grown plant waste materials containing lignin, cellulose
and hemicellulose (Chang and Miles, 1988). Lignin and cellulose containing materials
such as sawdust, paddy straw, wheat straw, waste paper, cotton waste etc. are commonly
used for the production of oyster mushroom (Yildiz and Ertekin, 1996). Generally,
sawdust is used as a substrate for mushroom cultivation (Stamet, 2000) but the sawdust
used in composting does not have adequate nitrogen and other components required for
the fermentation process (Pathak and Yadav, 1998). Compounding mixture is, therefore,
supplemented with nitrogen and carbohydrate sources to start this process (Pathak and
Yadav, 1998). Wheat bran as supplement is used as a concentrate meal, supplying
carbohydrates as well as nitrogen. Its nitrogen content may vary from 3-12% depending
upon the source (Pathak and Yadav, 1998). Water hyacinth (Eichornia crassipes) has
been considered as a potential substrate for mushrooms with a view of reducing its
presence in aquatic sources (McGrath, 2003). It is listed as one of the most productive
plants on earth and is considered the world’s worst aquatic weed (Makhanu, 1996).
Sugarcane leal may also be used as substrate of oyster as it is available in the sugarcane

! Horticulture cum Mushroom Sub Centre, Department of Agriculture Extension (DAE), Khairtala,
lessore. Bangladesh.
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mill zone of Bangladesh. The performance of rice bran as substrate and also as
supplement may be tested. Therefore, considering the facts, the present experiment was
undertaken to investigate the performance of different cheap and locally available
substrates in the production of oyster mushroom as well as to find out economically
feasible substrate(s) for the mushroom.

MATERIALS AND METHODS

-The experiment was conducted in the Laboratory of Horticulture Center cum Mushroom Sub
Centre, Department of Agriculture Extension (DAE), Khairtala, Jessore during the period
from November 2008 to February 2009.

Preparation of pure culture: To obtain pure culture, PDA culture or tissue culture planting
method was used. About 5 ml of PDA medium was poured in each test-tube followed by
plu%ging. The medium was sterilized in an autoclave for 15 minutes at 121°C with 1.5 kg
fem” pressure. The sterilized PDA medium containing test-tubes were kept in a slanting
position. These slanting test tubes were used for inoculation. Fresh juvenile mushroom
fruiting bodies were used for tissue culture. Small piece of the internal tissue of the broken
mushroom was cut and removed with a flamed needle. The needle with the tissue was then
immediately inserted into a test-tube slant and the tissue was laid on the agar surface. The
mouth of the test-tube was plugged with cotton plug. After 3 to 4 days, the agar surface was
covered with a white mycelium.

Preparation of mother culture: The mother culture substrate was prepared by using good
quality wheat grains and CaCO0;. At first, 300 g wheat grains and 1% CaC0; were mixed
manually and packed tightly in 18x25 cm polypropylene (pp) bag. These packels were
sterilized in an autoclave for one hour at 121 °C and 1.5 kg/cm” atmospheric pressure. After
cooling the packets, a piece of pure culture measured 1x1 cm® was placed aseptically into the
mouth of the each packet. All of these packets were plugged with cotton and placed in a dark
growth chamber at 25+1 °C. After 15 to 20 days the packets became white due to complete
mycelium running. The mother culture was then ready for inoculating spawn packets.

Preparation of spawn packet: For the growth of Pleurotus ostreatus seven different
substrates were used with a control. These are as S;=Water hyacinth, S,=Rice bran, S;=
Sugarcane leaf, S;=Water hyacinth: Rice bran (1:1), Ss=Water hyacinth: Sugarcane leaf
(1:1), Sg=Rice bran: Sugarcane leaf (1:1), S;=Rice bran: Water hyacinth: Sugarcane leaf
(1:1:1) and Control=Sawdust: wheat bran: rice husk (8:4:1). Each of the substrate was
supplemented with 10% wheat bran (except control), 0.2% calcium carbonate (CaCO;) and
about 65% water.

Water hyacinth (without root) and sugarcane leaves were chopped into small pieces of lem
or less. They were dried well in the sun for 4-5 days so that they can be fragmented
manually.
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The materials were mixed thoroughly in a mixture machine by adding small amount of water
gradually until the moisture content was around 65% - 70%. Polypropylene bags sized 25X8
cm were filled with 500g prepared substrate and packed tightly. A hole (about 5 cm) was
made with a sharp-end bamboo stick at the centre for space to put the inoculums. They were
plugged with cotton. The packets were sterilized in an autoclave for 1 hour at 120 °C and
1.5 kg/em® and kept for 24 hours for cooling. One teaspoonful of mother culture was placed
aseptically through the hole of each packet and each treatment was replicated 5 times. The
packets were plugged with cotton and marked treatment wise. They were kept on the rack in
an incubation room at 25+1°C under 70%-80% relative humidity. The packets were allowed
to be completely colonized by mycelia.

Culture of spawn packet: After completion of mycelium running, two ends opposite to each
other in the upper portion of the bags were opened with a blade by removing the plastic sheet
in "D" shape. The opened surface of the substrate was scraped slightly with a teaspoon to
remove the thin whitish mycelia. Then the spawn packets were soaked in water for 10
minutes. The packets were kept on the plastic tray for removing excess of water. The spawn
packets were placed according to experimental design on the shelf and covered with gunny
bag with proper ventilation. Water was sprinkled on the D-shaped cuts of the spawn packets
to maintain 80-85% relative humidity of the culture house. Water spraying was done twice a
day until the mushrooms were matured enough to be harvested. Temperature 22 °C to 27 °C,
relative humidity 80-85% and proper ventilation at culture room were maintained for the
development of fruiting body.

Data collection and statistical analysis: The experiment was laid out in Completely
Randomized Design (CRD) with five replications and eight treatments. Data were collected
on mycelium growth rate in spawn packet, time required for completion of mycelium
running, duration from stimulation to primordia initiation, duration from stimulation to
harvest, number of primordia, number of effective fruiting body, stalk length, stalk diameter
pileus diameter, pileus thickness, biological yield and economic yield. Data on the yield and
yield contributing characters were collected from first two flushes. The data were analyzed
statistically by MSTAT-c programme. The treatment means were compared using Duncan’s
Multiple Range Test (DMRT) (Gomez and Gomez, 1984).

RESULTS AND DISCUSSION

Mycelium growth rate: Mycelium growth rate (MGR) in spawn packet ranged from
0.36 to 0.56cm/day on different substrates (Table 1). The fastest MGR (0.56 cm/day) was
recorded from S; (sugarcane leaf) and the slowest (0.36 cm/day) was recorded from S;
(water hyacinth) which was statistically similar to S; (rice bran). The maximum mycelium
growth rate in spawn packet due to the presence of alpha-cellulose, hemi-cellulose, lignin
and pectin was reported by Amin and Shahjahan (1994). The substrate water hyacinth
gave lower MGR which might be due to presence of different kinds of polyphenolic
substances in it as suggested by Wang (1982) and low content of cellulose.
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Table 1. Effect of different substrates on mycelia growth of oyster mushroom

P — Mycelium growth rate in Days required to completion of
spawn packet (cm/day) mycelium running in spawn packet

S 0.357 ¢ 39.8a

S: 0.381 ¢ 35.2b

S; 0.558 a 254e

S 0.468 b 33.4bc

Ss 0.481b 31.0cd

Ss 0.457b 32.2be

S; 0.496 b 29.8 cd

Control 0.495b 27.2 de

CV (%) 4,77 7.05

In a column, means followed by a common letter are not significantly different at 5% level by DMRT. S;=Water hyacinth,
S:=Rice bran, S:= Sugarcane leaf, S:=Waler hyacinth: Rice bran (1:1), Ss=Water hyacinth: Sugarcane leal (1:1). Ss=Rice bran:
Sugarcane leaf (1:1), S;=Rice bran: Water hyacinth: Sugarcane leaf (1:1:1) and Control=Sawdust: wheat bran: nce husk (8:4:1).

Days required to completion of mycelium running: Days required to completion of
mycelium running in spawn packet varied significantly in different substrates and it
ranged from 25.40 to 39.80 days (Table 1). The maximum time (39.80 days) was
recorded from S, (water hyacinth) and the minimum time (25.40 days) was recorded from
S; (sugarcane leaf) which was statistically similar to control. Bhatti et al. (1987) reported
that the appreciable days to complete mycelium running of oyster mushroom in different
substrates might be due to variations in their chemical composition and C: N ratio and the
present experiment is agreed with their findings.

Days required from stimulation to primordia initiation: Variation in duration from
stimulation to primordia initiation for Pleurotus ostreatus in diffcrent substrates differed
significantly both in first and second flushes. In first flush, time required for primordia
initiation ranged from 3.4 to 7.8 days in different substrates (Table 2). The maximum
time (7.8 days) required for primordia initiation was recorded in S; (water hyacinth)
which was statistically similar to S;, S5 and S¢ and the minimum time (3.4 days) was
observed in control. In second flush, the duration ranged from 4.8 to 7.8 days (Table 2).
The maximum of 7.8 days were required in Ss (water hyacinth plus sugarcane leaf, 1:1)
which was statistically similar with S, S; and Ss. The minimum time (4.8 days) was
recorded in S, (rice bran) which was statistically similar with S, and control.

Small pinheads were formed 4-8 days after the spawn running. These results are in
agreement with Shah et al. (2004) who found that the spawn heads appeared 6-7 days
after the mycelium running. Ahmed (1998) stated that P. ostreatus completed mycelium
running within 17-20 days on different substrates and pinhead formation was noted at 23-
27 days. Murugesan er al. (1995) observed that the water hyacinth substrate took the
longest time to reach the pinhead stage; their study is in agreement to the present study.
Patra and Pani (1995) mentioned that oyster mushroom took 4-8 days for initiation of
fruiting body and the present study consisted with their findings.
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Days required from stimulation to mushroom harvest: Duration from stimulation to
mushroom harvest in both first and second flushes varied slightly among the substrates.
Duration from stimulation to harvest ranged 6.6 to 11.6 days and 8.4 to 12.2 days in first
and second flushes, respectively (Table 2). The maximum time (11.6 days) was required
in S, (water hyacinth) which was statistically similar to S; Ss and Sg and the minimum
time was found in control (6.6 days) In second flush, the maximum time (12.2 days) was
required for S; (water hyacinth) which was significantly higher as compared to all other
substrates except Ss and the minimum time (8.4 days) was required in S, (rice bran) which
was statistically similar to control.

The result was identical to the findings of Bugarski er al. (1994). Baysal er al. (2003)
also reported almost similar results. Nageswaran et al. (2003) found that harvesting of
oyster mushrooms began within 13 days in water hyacinth and the combination of water
hyacinth plus paddy straw resulted in harvesting time between the 13 and 17 days. The
present experiment required 12 days for water hyacinth which may be due to using 10%
supplemented wheat bran. The combination of water hyacinth and other substrates
required less time than their findings.

Table 2. Effect of different substrates on the days required from stimulation to primordia
initiation and mushroom harvest

Days required from stimulation to Days required from stimulation to

Substrates primordia initiation mushroom harvest

1* Flush 2" Flush 1™ Flush 2" Flush
S 782 7.4 ab 11.6a 122a
S, 4.6 b 48e 82¢ 8.4d
S; T4a 7.2 abc 10.8 a 10.4 b
S 56b 6.0 cde 9.0¢ 9.8 be
Ss 74a 7.8a 114a 11.0 ab
Ss 6.8a 7.2 abe 10.4 ab 10.8 b
S4 56b 6.4 bed 9.4 be 10.2b
Control 34c¢ 5.2de 6.6d 8.6cd
CV (%) 9.56 11.01 7.22 7.53

In a column, means followed by a common letter are not significantly different at 5% level by DMRT. S,=Water hyacinth,
S»=Rice bran, Sy= Sugarcane leaf, S;=Water hyacinth: Rice bran (I:1), Ss=Water hyacinth: Sugarcane leal (1:1), S.=Rice bran:
Sugarcane leaf (1:1), S;=Rice bran: Water hyacinth: Sugarcane leaf (1:1:1) and Control=Sawdust: wheat bran: nice husk (8:4:1),

Number of primordia: In case of first flush, significantly highest number (109.2) of
primordia was initiated on Sy (water hyacinth plus rice bran, 1:1) which was statistically
similar with Sg and S, (Table 3). The lowest numbers (16.8) of primordia were initiated in
S| (water hyacinth) which was statistically similar with S;. The maximum number of
primordia (71) of second flush was obtained from Sg (rice bran plus sugarcane leaf, 1:1)
and the minimum number (19.6) from S; (water hyacinth). The number of primordia
varied significantly in different substrates. This might happen due to the presence of
glucose, fructose and trehalose in the substrates as reported by Kitamato et al. (1995).
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Number of effective fruiting body: The number of effective fruiting body in different
substrates varied significantly in both flushes (Table 3). The maximum number (65.0) of
effective fruiting body in first flush was produced from S¢ (rice bran plus sugarcane leaf.
1:1) over control and the minimum (12.6) from Ss (water hyacinth plus sugarcane leaf,
1:1) which was statistically similar to S;. In second flush, the maximum number (36.2) of
effective fruiting body was produced from S¢ (rice bran plus sugarcane leaf, 1:1) and the
minimum (14.8) from S, (water hyacinth) that was statistically similar with S;, S; and Ss.
Number of effective fruiting bodies reduced due to the reduction of nutrient in some
substrates.

In the present study, a huge amount of abnormal fruiting bodies (10-75%) was found. The
abnormal fruiting bodics may be duc to the presence of fructose in the substrate, as
reported by Kitamato et al. (1995). Sarker (2004) observed that the yield was higher due
to higher number of fruiting body and lower yield due to lower number of fruiting body.
His findings consisted with the results of the mentioned authors.

Stalk length: Stalk length of first flush ranged from 2.27 to 3.76 cm on different
substrates. The longest stalk length was found in control (3.76 cm) which was statistically
similar to S4 and the shortest (2.27 cm) was observed on S, (water hyacinth plus rice bran,
1:1) which was statistically similar to S, S; and S;s. In the second flush, the longest stalk
length was also found in control (3.85 c¢cm) and the shortest (2.21 c¢m) stalk length was
observed in Sy (water hyacinth plus rice bran, 1:1) which was statistically similar to S,
and S, (Table 3).

Stalk diameter: Stalk diameter ranged from 0.56 to 0.86 cm on different substrates. The
largest stalk diameter was estimated in control (0.86 ¢m) and the smallest (0.56 cm) was
observed from Sg (rice bran plus sugarcane leaf, 1:1) which was statistically similar to S;
and S, from first flush. The largest stalk diameter was found in control (0.72 ¢m) which
was statistically similar to S, and S; and the lowest (0.56 cm) was S, (rice bran plus
sugarcane lcaf, 1:1) which was statistically similar to S; recorded from second flush
(Table 3). In comparison between two flushes, stalk diameter decreased in second flush
except in Sy, S;and S,.

Pileus diameter: Pileus diameter of fruiting body produced on seven different substrates
with control ranged from 3.51 to 5.89 c¢cm found from first flush. The highest pileus
diameter was recorded from control (5.89 cm) and the lowest (3.51 ¢cm) from S5 (water
hyacinth plus sugarcane leaf, 1:1). In case of second flush, the highest pileus diameter
was observed from control (5.74 c¢m) which was statistically similar to S; and lowest
(3.71 em) was recorded from S, (rice bran) which was statistically similar to Ss from
second flush (Table 3).

Pileus thickness: The highest thickness (0.55 cm) was observed in S; (water hyacinth
plus rice bran, 1:1) which was statistically similar to S;, S;, S¢ and S;. The lowest (0.34
cm) was observed from S, (rice bran) which was statistically similar to control in case of
first flush. In case of the second flush highest thickness (0.55 cm) was observed from S,
(water hyacinth plus rice bran, 1:1) which was statistically similar to S;, S5 and S;. The
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lowest thickness (0.34 cm) was observed from S, (rice bran) which was statistically
similar to control (Table 3).

Biological yield: There was significant variability of biological yield among different
substratcs. Biological yield of oyster mushroom grown on different substrates ranged
from 34.35 to 104.0 g/packet (Table 3). The highest yield (104.0 g/packet) was obtained
from S¢ (rice bran plus sugarcane leaf, 1:1) and lowest (34.35 g/packet) was obtained
from S5 (water hyacinth plus sugarcane leaf, 1:1) in first flush. In second flush, the
highest biological yield was reported from control (80.44 g/packet) which was
statistically similar to Sg (76.49 g/packet) and the lowest (43.38 g/packet) was reported
from S5 (water hyacinth plus sugarcane leaf, 1:1) which was statistically similar to S, and
S; (Table 3).

Economic yield: Economic yield of oyster mushroom on different substrates in first flush
ranged between 31.7 to 100.4 g/ packet (Table 3). The highest yicld (100.4 g/packet) was
obtained from Sg (rice bran plus sugarcane leaf, 1:1) which was statistically similar with
Si. S7 and control. The lowest yield (31.70g/ packet) was harvested from S; (water
hyacinth plus sugarcane leaf, 1:1). On the other hand, economic yield of sccond flush
ranged between 40.37 1o 75.77 g/ packet. The highest yield was reported from control
(75.77 g/packet) which was statistically similar to S¢ (74.01 g) and the lowest yield (40.37
g) was reported from Ss (water hyacinth plus sugarcane leaf, 1:1) which was statistically
similar to S, and S,. In comparison between two flushes, economic yield decreased in
seccond flush except in S; and Ss. Nageswaran et al. (2003) and Sarker (2004) reported
that water hyacinth was the only growth substrate that resulted in very poor yield.
Rajarathnam er al. (1983) observed that prolonging the length of spawn run did not
increase yield and extending the spawn run reduced the yield.

Table 3. Effect of different substrates on yield and yield contributing characters of Pleurotus

ostreatus
Substrates Number of Number of effective Stalk Length Stalk diameter
primordia fruiting body (cm) (cm)
1 flush o 1" flush 2" flush ¥ g™ I 2™ flush
flush flush flush flush

S, 16.8¢ 19.6d 1501 14.8d 246d 249de 0.68b 0.68ab
Sa 63.8b 558b 29.0d 29.0b 241d 246de 0.70b 0.65 bed
S3 33.6d 49.0b 20.6¢ 19.4 cd 287c¢ 293¢ 059¢c 0.62 cd
S, 109.2a 50.2b 27.0d 200cd 227d  22le 0.58c  0.60de
S 174 ¢ 30.6¢ 126t 174e¢d  229d 277c¢d 0.71b 0.64 bed
Sa 1024a 710a 65.0a 36.2a 366a 2.52b 0.56¢ 0.56e
S; 106.6a 52.6b 53.0b 21.8¢ 327b 336b 0.67b (.66 abc

Control 52.6¢ 38.8¢ 44.0¢ 20.8b 376a 385a 0.86a 0.72 a
CV (%) 7.91 11.49 7.48 11.95 4.16 5.85 6.77 4.37
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Table 3. Continued

Substrates  Pileus diameter Pileus thickness Biological yield Economic yield
(cm) (cm) (g/packet) (g/packet)
1 2" I*flush 2™ flush M flush 2" flush pe 2™
flush flush flush flush
S 449c¢ 448b 0498ab 0498ab 4456e 47.59de 40.65¢ 44.87d
S, 361d 37le¢ 0337d 0.340¢c 59.30d 4544de 55.80d 42.70 de
S, 520b 553a 0480ab 0467 b 73.10c  57.06bc  69.30c¢ 53.80bc
S4 449¢ 467b 0522a 0.545 a 81.77b 52.66cd 77.46b 49.54 cd
Ss 351d 3.75c 0435bc 0489ab  3435f 4338e 31.70f 40.37¢
Se 448c 4.59b 0452abc 0.456b 104.0a 7649a 1004a 74.0la
S 459¢ 473b 0504ab 0487ab 80.56b 6337b 76.99b 60.13b
Control 5.8%a 5.74a 0.374cd 0.370 ¢ 84.39b 8044a 78.09b 75.77a
CV (%) 6.56 4.45 9.11 4.94 6.00 8.12 6.41 733

In a column, means followed by a common letter are not significantly different at 5% level by DMRT. S,=Water hyacinth.
S;=Rice bran, Si= Sugarcane leaf. S=Water hyacinth: Rice bran (1:1), Ss=Water hyacinth: Sugarcane leaf (1:1). So=Rice bran:
Sugarcane leaf (1:1), S;=Rice bran : Water hyacinth : Sugarcane leaf (1:1:1) and Control=Sawdust: wheat bran: rice husk (8:4:1),
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