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ABSTRACT

Shiitake mushroom is one of the most widely cultivated specialty mushrooms in the world. It is
considered as one of the delicious, edible mushrooms which has medicinal properties. Quality spawn
production is the key factor in its successful cultivation. More vigorous the spawn, better will be the
fruit production. Sawdust is the most popular basic ingredient used for producing spawn for shiitake.
However, there is need to evaluate the best sawdust substrate for synthetic log cultivation of shiitake
mushroom. In the present study, five locally available sawdust substrates of broad-leaved trees, viz.,
eucalyptus, mango, mulberry, poplar and tooni were evaluated to produce shiitake spawn following
standard procedure. The growth of the spawn was measured in terms of MRR [Mycelial Run Rate (cm
day-1)]. Observations revealed that the MRR on eucalyptus substrate formulation was fastest among
all other formulations. Shiitake mushroom required 44 days to complete mycelial growth on eucalyptus
followed by 54 days on tooni while all other substrates took more than 60 days for complete growth.
The MRR on different substrates ranged from 0.16 to 0.30 cm day-1. The highest MRR was observed
in eucalyptus sawdust (0.30 cm day-1) followed by tooni (0.25 cm day-1). There was no significant
difference in the MRR of mulberry and poplar when used as sawdust substrates. The lowest MRR was
recorded on mango sawdust i.e. 0.16 cm day-1. The higher rate of mycelial running in eucalyptus
sawdust may be due to the presence of right proportion of alpha-cellulose, hemi-cellulose, pectin,
lignin and suitable C: N ratio.
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Mushrooms are macro fungi which are ubiquitous
in nature. In today’s world, mushrooms are
inescapable because of their nutritional benefits.
Nowadays, people are more aware and concerned
about their health. Therefore, mushrooms are
considered as the better option to meet their nutritional
requirements easily. Lentinula edodes (Berk.),
commonly known as the ‘‘shiitake mushroom”, is the
second most popular edible mushroom in the global

market which is attributed not only to its nutritional
value but also to possible potential for therapeutic
applications (Bisen et al., 2010). Its nutritional
components include bio-active polysaccharides such
as b-D-glucan, heteroglucan, xylomannan, lentinan and
eritadenine; free sugars including arabinose, arabitol,
mannose, mannitol, tre-halose and glycerol; vitamins
(B2, B12, D2) and dietary fibre (Hobbs, 2000; Sharma
and Annepu, 2018).

http://epubs.icar.org.in/ejournal/index.php/MR/article/view/116258
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India is a largely agricultural country and producing
a huge quantity of agro-wastes every year
approximately 620 million tons (Singh and Sidhu,
2014). Mushrooms depend on substrates for nutrition
and the substrate is normally a source of lingo-
cellulosic material which supports growth,
development and fruiting of mushroom (Chang and
Miles, 2004). In India, successful cultivation of shiitake
mushroom on industrial scale has been reported on
sawdust, wheat straw, rice bran, wheat bran, hazel
nut or their combinations etc. (Shukla, 1995; Kaur and
Lakhanpal, 1995; Sharma et al., 2006; Puri, 2011;
Sharma et al., 2011; Annepu et al., 2018). This
mushroom is cultivated on both natu-ral and artificial
logs since this white rot fungus is able to colonize
different types of agricultural wastes as growth
substrates, although exploitation of the substrate varies
with the species, strain, and cultivation technology
(Annepu et al., 2019). In particular, the use of
sawdust-based cultivation to replace natural logs has
contributed to expanding the production and
consumption of shiitake mushroom (Vladimar et al.,
2015). As per the information, shiitake mushroom is
usually cultivated on the ‘shii’ trees [Castanopsis
cuspidata (Thunb.)  Schott] or wood logs in Japan.
Hence, for the successful cultivation of the shiitake
mushroom in subtropical areas of Himachal Pradesh,
there is a need to assess best indigenous sawdust
substrate for the quality spawn production of this
mushroom. Therefore, in present studies different
indigenous sawdust substrates were compared for the
successful colonization of shiitake mycelium for the
best spawn production.

MATERIALS AND METHODS

Culture and spawn preparation

The pure culture of shiitake mushroom (Lentinula
edodes) was procured from the ICAR-Directorate of
Mushroom Research, Solan and maintained on Potato
Dextrose Agar (PDA) medium slants for further
studies. The growth of the mycelium was observed
on the PDA slants after 7-10 days. The sub-culturing
of the culture was done by transferring the culture
on fresh media subsequently after 15 to 20 days. The
mother spawn of shiitake mushroom on wheat grains
was prepared by using standard procedure. For
preparation of spawn on sawdust substrates five
locally available sawdust substrates viz., eucalyptus,
mango, mulberry, poplar and tooni were evaluated and
the details regarding these substrates are given in table
1. The sawdust of different substrate was mixed with
wheat bran in the ratio 2:1. Calcium carbonate @ 0.2%
of the mixture was added. The moisture level of the
mixture was maintained at 65% with tap water.
Spawn bottles (18 × 40 cm) were filled with 100g of
the mixture. The bottles were sterilized in an autoclave
at 121°C under 1.5 Kg/cm2 pressure and allowed to
cooled down for 24 hrs and transferred to Laminar
air flow chamber (Ashrafuzzaman et al., 2009).

Under aseptic conditions, the substrate filled
bottles were opened and a hole was made in the
center of the bottle with the help of sterilized glass
rod. The  grain spawn prepared containing shiitake
mushroom mycelium was placed in the opening of the
spawn bottles such a way that spawn fall into the hole

Table 1. Broad –leaved tree sources of sawdust used as substrate base for spawn production of shiitake Mushroom

Sr. No. Substrate Common name Scientific name Family

1. Eucalyptus Safeda Eucalyptus spp. Myrtaceae

2. Mango Aam Mangifera indica Anacardiaceae

3. Mulberry Shehtoot Morus alba Moraceae

4. Poplar Poplar Populus spp. Salicaceae

5. Tooni Red Cedar Tuna cilliata Meliaceae
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made with glass rod to ensure uniform growth of
mycelium. Each treatment was replicated quadruple
times. The inoculated spawn bottles were incubated
at 23 ± 2°C. After 10 days of incubation data on
MRR was calculated on each substrate and number
of days to complete the mycelial growth on each
substrate was recorded.

Mycelial run rate (MRR)

Mycelial run rate is a measurable tool used to find
the growth of mycelium of L. edodes. It is calculated
by using the following formula:

RESULTS AND DISCUSSION

Different indigenous sawdust substrates were
studied for the days required for spawn development
and to compute the rate at which mycelium was
running per day. The data regarding the substrates
used and days required for spawn development was
presented in table 2. Significant difference was
observed in the spawn development of shiitake
mushroom on different sawdust substrates. Out of five
sawdust substrates, eucalyptus substrate required
minimum period (44 days) to complete the spawn
development in glass bottle followed by tooni, poplar
and mulberry. However, mango substrate took
maximum days more than 60 days for the complete

mycelial growth. The details regarding the observations
on the growth characteristics of the shiitake
mushroom on different substrates are presented in
table 3 and Fig.1. The MRR of the shiitake mushroom
on the different sawdust substrates were presented
in table 4. The observations revealed that, highest
MRR was recorded on the eucalyptus substrate i.e.
0.30 cm /day or 3.0 mm/day and lowest MRR
observed on mango substrate i.e. 0.16 cm /day or 1.6
mm/day. It was observed that sawdust substrates
eucalyptus, mango, mulberry and tooni were showing
maximum mycelial growth after 30 days of incubation
except poplar. The poplar sawdust was showing
maximum growth after 20 days of incubation. After
30 days of mycelial growth the rate of mycelial run
became slow and it started declining. The percentage
increase in the mycelial growth of shiitake mushroom
was observed maximum in eucalyptus. However,
there is no significant percentage increase was seen
in case of mango, mulberry and poplar. These were
showing the same percentage increase in the mycelial
growth of shiitake mushroom (Fig. 2). Hence, we
concluded that eucalyptus sawdust as the best
substrate for the spawn production of the shiitake
mushroom in the Kangra district of Himachal Pradesh.

Production of quality spawn is the most imperative
factor for the successful cultivation of any mushroom.
Sawdust substrate comprises of different nutrients

Length of the mycelium running (cm)

Number of days

Mycelial run rate

(cm day-1) =

Table 2. Days required for complete mycelial growth of
Lentinula edodes on various substrates

Sr. No. Sawdust substrate Spawn development
(days)

1. Eucalyptus 44

2. Mango 65

3. Mulberry 60

4. Poplar 60

5. Tooni 54

Table 3. Growth characteristics of shiitake mycelium on
sawdust of different substrates

Sr. No. Substrates Growth characteristics

1. Eucalyptus Thick, cottony and long white
thread like mycelium

2. Mango Thick, fluffy and creamish
thread like mycelium

3. Mulberry Thin, cottony and small thread
like mycelium

4. Poplar Thin, cottony and small thread
like mycelium

5. Tooni Thick, fluffy and white thread
like mycelium
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Fig. 1. Growth of shiitake mushroom (Lentinula edodes) mycelium on different sawdust substrates A) Eucalyptus B) Mango C)
Mulberry D) Poplar E) Tooni

(A) (B)

(C)

(D) (E)
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which are needed by fungus for its growth. It acts as
container of many carbohydrates, hemi-cellulose,
tannins, pectins, lignins and appropriate C:N ratio. The
vigour of mycelium for the growth depends on the C:N
ratio. Spawn, frequently called “inoculum,” is the
vegetative tissue of the fungus and consists of a
medium which has been permeated by mycelium.

commercially prepared on wooden pegs is known as
“plugs,” on supplemented sawdust called “sawdust
spawn” (Przybylowics and Donoghue, 1988; Kozak
and Krawczyk, 1989), and recently also produced on
cereal grains (Mata et al., 1998). Wheat straw is an
abundant and relatively inexpensive raw material that
successfully has been used to produce shiitake in
France (Delpech and Olivier, 1991) and in India
(Annepu et al., 2018). Previously millet seeds have
been used as substrate to produce spawn (Mata et
al., 2001), and also to increase the yield of shiitake
by millet supplementation of wood chip substrate. For
the production of healthy fruit bodies of any
mushroom, one needs to ensure that we produce
healthy and vigorous spawn. Therefore, we need to
utilize those substrates which are rich in cellulose,
hemi-cellulose, proteins and having high C:N ratio.
These substrates are helpful in providing proper
nutrients to the fungus for its mycelial run. More
vigorous is the mycelium, more spawn produce in short
time span. There are many substrates which are used
for the production of the shiitake mushroom such as
grains substrates and sawdust substrates.

CONCLUSION

From the above experimental findings, we
concluded that the eucalyptus sawdust is the best
substrate for the spawn production of the shiitake
mushroom followed by tooni.  The sawdust of poplar
and tooni are easily available in Himachal Pradesh and

Table 4. Effect of various sawdust substrates on the MRR of the shiitake mushroom

Sr. No. Substrate     MRR at different time interval (days)

10 20 30 40 50 60

1. Eucalyptus 0.24 0.28 0.30 0.25 Co Co

2. Mango 0.18 0.18 0.22 0.20 0.16 0.16

3. Mulberry 0.18 0.18 0.21 0.20 0.18 0.17

4. Poplar 0.18 0.21 0.19 0.19 0.19 0.18

5. Tooni 0.22 0.21 0.25 0.22 0.20 Co

CD(0.05) 0.438 0.955 1.568 0.829 0.989 0.813

Fig. 2. Percentage increase in the mycelial growth of shiitake
mushroom after 10 days of intervals from incubation to complete
mycelial growth

Sawdust is the most popular basal ingredient used
in substrates to produce shiitake (Miller and Jong,
1987; Palomo et al., 1998; Grodzinskaya et al., 2003;
Annepu et al., 2019). The other basal ingredients are
straw and corn cobs, or their mixes. Irrespective of
the main ingredient used for the spawn production,
supplements rich in starch such as wheat bran, rice
bran, millet, rye or corn, can be added at 10 to 40%
of dry weight to the main ingredient (Ivan et al., 2003;
Royse et al., 1990; Royse, 1996). Shiitake spawn
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mushroom growers’ can make use of it for the
cultivation of this edible and medicinal mushroom to
earn huge profits. Spawn production of this mushroom
can also be a profitable venture as many growers’ of
the state are shifting from button and oyster mushroom
cultivation to shiitake cultivation as it is highly profitable
and can be consumed fresh as well as in dried form.
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