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Medicinal mushrooms have been used in various treatments from a very long time, among which,
Ganoderma lucidum is one of the most important medicinal mushroom. It is cultivated worldwide to meet
its ever-increasing demand in the market. It is generally cultivated by bed log (Sawdust) and wood log
(billet) method. This study was an attempt to observe the growth performance of G. lucidum on poplar
billets (Populus deltoides) in the Sherpur Village (Dehradun) and Manjgaun village (Tehri Garhwal) of
Garhwal Himalaya, India. The farmers’ field with empty house/ rooms having proper growing conditions
especially humidity and light were used for the cultivation of G. lucidum. The G. lucidum spawn was inoc-
ulated in poplar wood billets and these billets were installed in well prepared soil. The results demon-
strated that cropping cycle of G. lucidum was shorter (132–136 days) in Sherpur Village (Dehradun) as
compared to Manjgaun village (141–145 days) in Tehri Garhwal. Further the results also revealed that
yield was decreased in the subsequent flushes. In Village Sherpur, the fruiting bodies of G. lucidum were
harvested between 64-66 days, 100-101 days and 135-136 days during first, second and third flush after
the installation of billets, respectively. However; in village Manjgaun, the fruiting bodies of G. lucidum
were harvested between 69 and 71 days, 107-108 days and 144-145 days in first, second and third after
the installation of billets respectively. Warmer temperature in Village Sherpur resulted in the early emer-
gence and development of the fruiting bodies as compared to village Manjgaun where pinhead and fruit-
ing body development was delayed due to the lower temperature during cropping cycle.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Ganoderma lucidum or Lingzhi is a fungus belonging to the Poly-
poraceae family of class Basidiomycetes. It is a wood decaying
pathogenic fungus associated with the root and butt rot of the
trees. It has been acknowledged and being used significantly in
Chinese and Japanese culture since 2000 years (Sliva, 2006). The
name Ganoderma came from Greek word ‘ganos’ which means
shining and ‘derma’ meaning skin as the fruiting body of this
mushroom is bright and shiny (Liddell and Scott, 1980). It’s fruiting
body is called ‘‘Lingzhi”, Chi–zhi” or ‘‘Rui–zhi” in China, ‘‘Reishi”,
‘‘Munnertake” or ‘‘Sachitake” in Japan and ‘‘Youngzhi” in Korea
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(Wagner et al., 2003; Paterson, 2006). This medicinal mushroom
has gained popularity worldwide due to its usage as health tonic
to strengthen the body since thousands of years. Due to the pres-
ence of various medicinal properties, this mushroom is often called
as ‘‘Mushroom of Immortality”, ‘‘God of herbs”, ‘‘Herb of spiritual
potency” and ‘‘Celestial Herb” (Wasser, 2005; Lin, 2009; De Silva
et al., 2012, Al-Obaidi et al., 2016). The fruiting body, spores and
mycelium of this mushroom are sold and used globally for manu-
facturing of various edible, pharmaceutical and cosmetic products.
Commonly, the fruiting body of G. lucidum is kidney shaped with
thick, irregular margins and dark brown in colour (Singh et al.,
2014). This mushroom is distributed worldwide and just like other
mushrooms, it prefers hot and humid climate.

The presence of >400 bioactive compounds like- polysaccha-
rides, nucleosides, alkaloids, polypeptides steroids, fatty acids,
inorganic elements and triterpenoids makes this mushroom useful
in the treatment of various ailments. These bioactive compounds
possess pharmacological properties like anti-viral, anti-bacterial,
immunomodulation and anti-ageing etc. (Sanodiya et al., 2009).
The collection of this mushroom fromwild was difficult and unable
to meet the increasing demand of its raw material in global market
so the attempts to artificially cultivate this mushroom started. The
first successful cultivation of G. lucidum was done in Institute of
Microbiology, Chinese Academy of Sciences, Beijing in 1969 (Yu
& Shen, 2003). Since then, several attempts have been made with
significant results in different parts of the world. This study is an
attempt toassess the growth performance of G. lucidum fruiting
bodies on farmer’s field in the villages of Garhwal Himalaya with
the short wood log cultivation method commonly known as ‘billet
method’.
Fig. 1. Sterilization of debarked poplar billets inside polypropylene bags.

Fig. 2. Ready to install Ganoderma lucidum mycelium run billets.

Fig. 3. Ganoderma lucidum mycelium run billets installed in soil.
2. Material and methods

2.1. Study site

The present investigation was carried out at two study sites in
Garhwal Himalaya: Village Sherpur in Dehradun district and Vil-
lage Manjgaun in Tehri district of Uttarakhand (India). The village
Sherpur (Vikasnagar block, Dehradun, India) is spread between
30�320N and 77�810E with an altitude of 618 m above the mean
sea level, while the village Manjgaon (Jaunpur block, Dehradun)
is located at 30�360N and 78�250 with an altitude of 1625 m above
the mean sea level. During the study, the average day temperature
of village Sherpur was 32 ± 3 �C, whereas it was 28 ± 3 �C in village
Manjgaun.

2.2. Preparation of pure culture

For the experiment, the pure culture of G. lucidum was prepared
from its fruiting body. The fruiting body was incised into small
pieces and was inoculated in Potato Dextrose Agar (PDA) medium
in a Petri-dish at room temperature (25 ± 3 �C) (Ayodele et al.,
2007; Suberu et al., 2013). The mycelia of G. lucidum took 7–8 days
to properly colonize on the PDA medium and were ready for the
preparation of spawn.

2.3. Preparation of spawn

The wheat grains were used as substrate for the preparation of
G. lucidum spawn. For this, one kg wheat grain was boiled and filled
in the polypropylene bags. In order to maintain the pH, 1 g lime
along with 0.5 g gypsum was added to the boiled wheat grain.
These polypropylene bags were sealed with cotton plug by using
polyvinyl chloride (PVC) tube and neck of the bags were covered
with sterile brown paper and tied with rubber. The bags were kept
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in autoclave for one hour at 121 �C and 1.5 kg/cm2 pressure for
sterilization and subsequently transferred to aseptic chamber for
cooling. The pure culture of G. lucidum was inoculated in sterilized
bags by removing the cotton plug inside the laminar air flow to
avoid any chance of contamination. The inoculated bags were cot-
ton plugged and placed in B.O.D. incubator for 15 days at 25 ± 1 �C
temperature (Azizi et al., 2012; Singh et al., 2014).

2.4. Ganoderma lucidum cultivation

The billet method was opted in this study for the cultivation of
G. lucidum fruiting bodies using methodology mainly of (Singh
et al., 2014). The wood logs of Populus deltoids were debarked
and cut down to 10 to 15 cm. length and 4 to 5 cm thickness. diam-
eter which are also called ‘billets’. These billets were soaked over-
night in 1% malt solution. The billets were further tied and kept in
polypropylene bags for sterilization and autoclaved (Fig. 1). The
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(Zhou, 2017)was also taken into consideration during this experi-
ment.The pressure of 1.5 kg/cm2 was maintained in steam steril-
izer for 1.5–2 h. After sterilization, the bags were kept for cooling
in a chamber for a day. Later, G. lucidum spawn was inoculated in
these bags under laminar air flow. The spawn at the rate of 20
Table 1
Different stages of Ganoderma lucidum cultivation (First Flush) in district Dehradun (Villag

Pinhead Formation Cap Formation F

No. of
Days
from
billets
installed

No. of
billets
with
pinheads
(Sherpur)

No. of
billets with
pinheads
(Manjgaun)

No. of
Days
from
billets
installed

No. of
billets with
cap
formation
(Sherpur)

No. of
billets with
cap
formation
(Manjgaun)

N
D
fr
b
in

15 5 43 3 6
16 9 44 5 6
17 11 45 9 6
18 11 46 15 6
19 14 8 47 18 5 6
20 13 48 6 6
21 12 49 11 6
22 17 50 13 6

51 15 6
6
7

Table 2
Different stages of Ganoderma lucidum cultivation (Second Flush) in district Dehradun (Vi

Pinhead Formation Cap Formation F

No. of
Days
from
first
harvest

No. of
billets
with
pinheads
(Sherpur)

No. of
billets with
pinheads
(Manjgaun)

No. of
Days
from
first
harvest

No. of
billets with
cap
formation
(Sherpur)

No. of billets
with cap
formation
(Manjgaun)

N
D
f
fi
h

73 9 89 5 9
74 13 90 9 9
75 19 91 13 9
76 92 8 9
77 93 6 1
78 94 1
79 95 1
80 12 96 6 1
81 18 97 11 1
82 7 98 10 1

99 7 1
100 3 1

Table 3
Different stages of Ganoderma lucidum cultivation (Third Flush) in district Dehradun (Villa

Pinhead Formation Cap Formation F

No. of
Days
from
second
harvest

No. of
billets
with
pinheads
(Sherpur)

No. of
billets with
pinheads
(Manjgaun)

No. of
Days
from
second
harvest

No. of
billets with
cap
formation
(Sherpur)

No. of billets
with cap
formation
(Manjgaun)

N
D
fr
s
h

108 8 125 4 1
109 11 126 12 1
110 15 127 7 1
111 128 6 1
112 129 5 1
113 130 1
114 131 1
115 132 1
116 7 133 1
117 11 134 4 1
118 10 135 6 1

136 11 1
137 4 1
138 3 1
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gm/bag was used for the inoculation after which the bags were
tied. The incubation of these billets for spawn run was done at
26 ± 1 �C and 60–70% RH for 15 days. A good mycelial growth
was supplemented by providing proper ventilated and sanitized
conditions (Fig. 2).
e Sherpur) and district Tehri Garhwal (Village Manjgaun).

ruiting Body Development Harvest

o. of
ays
om
illets
stalled

No. of
billets with
fruiting
bodies
(Sherpur)

No. of billets
with
fruiting
bodies
(Manjgaun)

No. of
Days
from
billets
installed

No. of
billets
harvested
(Sherpur)

No. of
billets
harvested
(Manjgaun)

0 2 64 20
1 5 65 23
2 6 66 16
3 11 67
4 14 68
5 12 3 69 19
6 7 70 21
7 9 71 10
8 10
9 12
0 9

llage Sherpur) and district Tehri Garhwal (Village Manjgaun).

ruiting Body Development Harvest

o. of
ays
rom
rst
arvest

No. of billets
with
fruiting
bodies
(Sherpur)

No. of billets
with fruiting
bodies
(Manjgaun)

No. of
Days
from
first
harvest

No. of
billets
harvested
(Sherpur)

No. of
billets
harvested
(Manjgaun)

6 6 100 27
7 8 101 14
8 15 102
9 9 103
00 3 104
01 105
02 106
03 4 107 25
04 3 108 12
05 12
06 11
07 7

ge Sherpur) and district Tehri Garhwal (Village Manjgaun).

ruiting Body Development Harvest

o. of
ays
om
econd
arvest

No. of
billets with
fruiting
bodies
(Sherpur)

No. of billets
with
fruiting
bodies
(Manjgaun)

No. of
Days
from
second
harvest

No. of
billets
harvested
(Sherpur)

No. of
billets
harvested
(Manjgaun)

31 4 135 20
32 8 136 14
33 13 137
34 5 138
35 4 139
36 140
37 141
38 142
39 143
40 5 144 18
41 5 145 10
42 11
43 4
44 3



Fig. 5. Ganoderma lucidum Cap Formation stage.
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2.5. Billets installation and fruiting body management

Well drained sandy soil was mixed with 1% lime and left for two
days for soil solarization. The mycelium run were distributed to the
farmers under this project out of which, a sample of 50 billets in
each study site was critically observed for the growth performance
of G. lucidum. These billets were then installed in this soil vertically
with one end at level surface but covered with thin layer of soil
(Fig. 3). Proper soil moisture and adequate ventilation was main-
tained throughout the season and the temperature was regularly
recorded. These installed billets were kept in dark until the emer-
gence of pinheads after which proper light conditions were pro-
vided. After the maturation of fruiting bodies and spore shedding,
the fruiting bodies were harvested with the help of sharp knife.
These fruiting bodies were harvested, dried, measured, weighed,
packed and stored in air tight bags in cool and dry place. 2.6.
2.6. Growth Performance of G. lucidum

The growth performance of G.lucidum was recorded in terms of
number of days required to attain different growth stage viz. pin-
head formation, cap formation, fruiting body development and
maturation in various flushes at both the study sites. Further, the
growth parameters such as stipe length, diameter and weight of
the individual fruiting body were recorded after harvest in each
flush. The performance of different growth stages (pinhead forma-
tion, cap formation, fruiting body development and maturation) in
the installed billets were observed in relation to temperature at
both the study sites.
Fig. 6. Ganoderma lucidum fruiting body development.

Fig. 7. Ganoderma lucidum mature fruiting body ready to harvest.
3. Results

3.1. Ganoderma lucidum cultivation at Village Sherpur, Dehradun

After installing the billets having G. lucidum mycelium in the
cropping room, the pinheads started to emerge on 15th day, grad-
ually increased and continued to emerge till the 19th day (Table 1,
Figs. 4 and 9a). The cap formation took place between 43 and
47 days of billets installation (Figs. 5 and 9b). At this stage, the
top of the antlers started flattening and white coloured caps
appeared on top of the antlers. After this stage, the cream coloured
fruiting bodies started to develop with flat and tough top. Later, the
fruiting body became oval or kidney bean shaped with brown col-
our spreading towards its margins (Fig. 6). The fruiting bodies were
completely developed after 60–65 days when they turned into
dark brown in colour (Figs. 7 and 9c). These fruiting bodies were
left for 1–2 days for spore shedding after which they were har-
vested (Fig. 8). The matured fruiting bodies were harvested after
64–66 days of billets installation in first flush at Sherpur village
Fig. 4. Ganoderma lucidum pinhead formation stage. Fig. 8. Weighing of harvested Ganoderma lucidum fruiting bodies.

2712



Fig. 9. Different stages of Ganoderma lucidum cultivation (First Flush) in district Dehradun (Village Sherpur) and district Tehri Garhwal (Village Manjgaun).
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(Table 1 and Fig. 9d). A total of 58 numbers of G. lucidum fruiting
bodies weighing 160.1 gm (dry weight) were produced from 50 bil-
lets in the first harvest (Table 4). The average weight of one fruiting
body was 3.2 gm with average stipe length of 2.29 cm and 3.7 cm
fruiting body diameter (Table 4). The second pinning started
73 days after installation of billets and continued till 75th day
(Table 2 and Fig. 10a). Out of 50 billets, only 41 billets were able
to produce pinheads in the second flush. The cap formation and
fruiting body development in these billets took place from 89 to
93 days and 96–100 days after billets installation, respectively
(Table 2, Fig. 10b & c). A total of 43 number fruiting bodies weigh-
ing 116.7 gm (dry weight) were produced from 41 billets in the
second harvest (Table 5). The average weight of one fruiting body
was 2.85 gm with average stipe length of 2.15 cm and 3.65 cm
fruiting body diameter (Table 5).

During the thirdflush, pinheadsemergedon108daysandcontin-
uedtill110thdayafter installationofbillets(Table3andFig.11a).Out
of50billets,only34billetsproducedpinheads.Thecapformationand
fruitingbodydevelopment tookplacebetween125and129daysand
131–135 days after installation of billets, respectively (Table 3,
Fig.11b&c).Atotalof34numbersofG. lucidum fruitingbodiesweigh-
ing86gm(dryweight)wereharvestedinthethirdflush(Table6).The
average weight of fruiting body was 2.53 gm with stipe length of
2.28 cmand3.89cmfruitingbodydiameter (Table6). InvillageSher-
pur, the crop cycle of G. lucidum through billet method was 132–
136 days (excluding the time taken for the spawn preparation or
spawn run). A total of 362.8 g dried fruiting bodies of G. lucidumwas
produced from 50 billets.

3.2. Ganoderma lucidum cultivation at Village Manjgaun, Tehri
Garhwal

In contrast to Sherpur village, the pinheads emerged later in
Manjgaun village on 19th day and continued till 22nd day of billets
installation (Table 1 and Fig. 9a). The cream coloured small pin-
heads turned dark brown towards the cap formation stage which
2713
took place between 47 and 51 days after installation of billets
(Table 1 and Fig. 9b). The fruiting body developed between 65
and 70 days after installation of billets with the tip of cap becom-
ing flat and kidney bean shaped (Table 1 and Fig. 9c). The matured
fruiting bodies were harvested between 69 and 71 days of billet
installation (Table 1 and Fig. 9d). A total of 56 numbers of G. luci-
dum fruiting bodies weighing 151.2 gm (dry weight) were har-
vested from 50 billets in the first harvest (Table 4). Average
weight of fruiting body was 3.02 gm with an average stipe length
of 2.42 cm and 4.28 cm average fruiting body diameter (Table 4).
In the second flush, pinhead emergence and cap formation took
place between 80 and 82 days and 97–100 days after installation
of billets, respectively (Table 2, Fig. 10a & b). Further, the develop-
ment of fruiting bodies took place between 103 and 107 days after
installation of billets (Table 2 and Fig. 10c). A total of 39 fruiting
bodies of G. lucidum weighing 101 gm (dry weight) were harvested
from 37 billets in the second harvest (Table 5). The average weight
of fruiting body was 2.73 gm with stipe length of 2.11 cm and
3.92 cm fruiting body diameter (Table 5).

During third flush, the pinheads emerged between 116 and
118 days after installation of billets (Table 3 and Fig. 11a). Only
28 out of 50 billets were able to produce pinheads in the third
flush. Following pinhead formation, the cap formation took place
between 134 and 138 days after installation of billets (Table 3
and Fig. 11b). The fruiting body development started on 140th
day and continued till 144th day after installation of billets (Table 3
and Fig. 11c). These fruiting bodies were matured and harvest on
144 and 145 days after installation of billets (Table 3 and
Fig. 11d). A total of 28 numbers of G. lucidum fruiting bodies weigh-
ing 64.3 gm (dry weight) were produced from 37 billets in the third
harvest (Table 6). Average weight of fruiting body was 2.3 gm with
stipe length of 2.27 cm and 3.91 cm fruiting body diameter
(Table 6). In village Manjgaun (Tehri Garhwal), the crop cycle of
G. lucidum was 141–145 days excluding the time taken for the
spawn preparation or spawn run. A total of G. lucidum dried fruit-
ing body production from 50 billets was 316.5 gm in three flush.



Table 4
Ganoderma lucidum cultivatiom data for the first flush.

Village Sherpur (Dehradun) Village Manjgaun (Tehri Garhwal)

S.
No.

Weight of fruiting body
(g)

Diameter Of fruiting body
(cm)

Stipe length
(cm)

Weight of fruiting body
(g)

Diameter Of fruiting body
(cm)

Stipe length
(cm)

1 3.5 2.5 1.5 2.5 5 2.5
2 4.5 2.5 1 3.5 6.5 3.8
3 2.8 4 3.5 3 5 3
4 4 2.5 4 2.5 3 3
5 3.2 5 2.8 6 6 2
6 4 2.5 1.5 4 2.5 2
7 5 1 2 4.5 2.5 0.5
8 3.2 2.5 1.2 3 5 2
9 3.4 4 2.5 2.5 3 2
10 3 4.6 1 2 3 2
11 2.6 2.5 3 4.5 5 2.7
12 3 4 1 3 6 3
13 3.5 4.5 4 2 3.8 1
14 2.6 3.5 1.2 3 4 2
15 3 4 4 4 3 3
16 3 1 2 4 7 3
17 3.5 3 1 1.8 2 2
18 3.7 3.5 3 1.8 4 3
19 3.2 2.2 3 2.5 2 3
20 2.7 4 2.5 1.7 3 2
21 3.6 4.5 1 1.6 3 2
22 2.7 5 3 4 5 3
23 3.2 4.8 3 3.5 3.5 1/2
24 3 5 1 4 5.5 3
25 2.8 4.1 0.5 3 5 4
26 3.5 4.5 1 3 5 4
27 4 2 2 2.5 5 3.6
28 2.7 3.8 3 3 4 2
29 2.8 4 0.5 7 5 1
30 2.3 4 3 2 4 3
31 2.8 4 2 1.6 2 1
32 2.4 4.5 3 1.6 4 0.5
33 3.5 4 2.5 3.5 4 1
34 2.8 4.5 3 3 4 2.2
35 2.5 6 1.5 2.5 5 3
36 4.5 3 1.5 3 5 0.5
37 3.4 4 3 3.6 6 3
38 3 4 3.3 3.5 6 2
39 4.5 2.3 1 3 5 4
40 3.2 3.5 2 2 4 2
41 2.4 4 3.4 4 4 3
42 2.5 5 3.2 2 6 0
43 2.3 4.5 3.5 4 5 3
44 2.7 4 2.4 3.5 5.5 4
45 2.8 4 1.1 3.5 4 2
46 3.5 4 3.5 2 5 4
47 3 2.5 1.1 4 5 2
48 2.5 4.5 3.5 1.5 4 2
49 4 2.8 3 1.5 2 3
50 3.8 5 3.3 2.5 2 3.5
Avg. 3.20 3.70 2.29 3.02 4.28 2.42
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4. Discussion

Temperature is an important factor that determines the myce-
lial growth of fungi. The results of the present study indicated that
growth of G. lucidum was temperature dependent. For the opti-
mum growth of most of the mushrooms, the higher temperature
favours mycelial invasion whereas fruiting body forms at relatively
lower temperature (Dawit, 1998; Oei, 2003). The pinhead and cap
formation was early in Sherpur village as compared to Manjgaun
village due to warmer temperature in the Sherpur village leading
to faster mycelial growth on the billets. These findings were similar
to the results reported by Tesfaw et al. (2015) who also reported
early pinhead and cap formation at higher temperature. Alam
et al. (2010) demonstrated the maximum mycelia growth and pin-
head formation at 25⁰C which gradually decreased with the lower
temperature. In the village Sherpur, early pinhead and cap forma-
2714
tion subsequently led to more fruiting body development.
Although, lower temperature triggers mycelial growth but temper-
ature downshift induces fruiting body formation in most of the
mushrooms (Stamets, 2000; Sakamoto, 2018). However, too low
temperature delays and reduces fruiting body formation. The opti-
mum downward shift of temperature at Sherpur village resulted in
early and more fruiting body formation as compared to delayed
and less fruiting body development at Manjgaun village due to
lower temperature during the developmental period. (Sakamoto,
2018) demonstrated that temperature downshift induces fruiting
body formation by expression of specific proteins. There was also
a difference in cropping cycle and fruiting body production in both
the study sites possibly due to the variation in the diurnal temper-
ature. The cropping cycle in village Sherpur (Dehradun) was
shorter with increased yield as compared to village Manjgaun
(Tehri Garhwal) possibly due to prevailing warmer climate. Maxi-



Fig. 10. Different stages of Ganoderma lucidum cultivation (Second Flush) in district Dehradun (Village Sherpur) and district Tehri Garhwal (Village Manjgaun).

Table 5
Ganoderma lucidum cultivatiom data for second flush.

Village Sherpur (Dehradun) Village Manjgaun (Tehri Garhwal)

S. No. Weight of fruiting body (g) Diameter Of fruiting body (cm) Stipe length (cm) Weight of fruiting body (g) Diameter Of fruiting body (cm) Stipe length (cm)

1 2.5 4.5 2 3.4 5 2
2 2 4 2 3.2 5 2.2
3 2.8 4 0.5 2.5 4.6 3
4 2.8 4 1.8 3 3 0.5
5 3.5 5.5 2.2 2 4 1
6 4 4 3 3 4 1.5
7 2.2 3 3 2.6 3.5 1.5
8 3.5 2.5 2.2 3 4.5 1
9 2.5 3 2 2.5 4 2
10 3 4.5 1.5 3.2 2.5 3
11 4 3.8 1 3 3 1
12 2.8 4 2.5 2.2 4.5 0
13 3.5 2 2.7 1.9 3.5 5
14 2.5 4.5 3.5 2.6 4 2
15 2.2 3 3.2 3.5 4 1
16 2.5 2.5 1.5 3 5.7 2
17 3 4 3.9 3.5 4 3
18 3 4 0.5 1.8 3 2
19 2.5 4 1 3.4 4 3.5
20 3.2 4 1.8 2 2.5 3.5
21 2 2.5 1 2.5 3 1.5
22 2 3.4 3 2.5 3.8 1.5
23 3 4.6 2 2.2 3.5 2
24 2 3 2 3.5 5 1.5
25 3.5 5.2 3 2.2 4.5 1
26 3 5 2 2 4 3
27 2.7 4.5 2 2.8 2.8 3
28 3.5 3 3 3.4 3 2
29 3 3.5 3 1.8 2.5 2.5
30 3 2.2 3 3.5 5 2
31 2 2.8 4 2.8 6 2.5
32 3.2 4 1 3.3 4.5 3
33 3.4 2.5 2 2.8 5.5 2
34 3.4 4.2 3 2.5 4 3.5
35 3.6 3.2 1.2 3.5 2.9 1.5
36 2.5 4 1 1.9 2.8 3
37 2 5 3 2.5 4 2
38 3.2 5 2
39 2.5 2.5 2.8
40 2.2 2.8 1
41 3 2 1.5
Avg. 2.85 3.65 2.15 2.73 3.92 2.11
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Fig. 11. Different stages of Ganoderma lucidum cultivation (Third Flush) in district Dehradun (Village Sherpur) and district Tehri Garhwal (Village Manjgaun).

Table 6
Ganoderma lucidum cultivatiom data for third flush.

Village Sherpur (Dehradun) Village Manjgaun (Tehri Garhwal)

S.
No.

Weight of fruiting body
(g)

Diameter Of fruiting body
(cm)

Stipe length
(cm)

Weight of fruiting body
(g)

Diameter Of fruiting body
(cm)

Stipe length
(cm)

1 2.2 2.5 1.5 1.9 3 1
2 3.5 5 1 2 2.5 0.5
3 2.9 4 0.5 2.2 3 3.5
4 2.8 2.5 3 1.9 2.8 3
5 3.1 3.8 0.5 2.6 4.6 0.5
6 1.2 5.5 3 2.2 3 1
7 1.9 4 4 1.9 4 1
8 2.4 5.7 3 2.6 5.7 5
9 2 4 0.5 3.5 4 3
10 2.8 3 1 3 3 2.5
11 3 4 2 2.2 4 3
12 2.5 2.5 2 3.5 2.5 4.5
13 2.1 2.5 2.5 2.2 5.5 3.5
14 3.5 3 2 1.5 2.5 3
15 2.2 3 2.5 1.5 5 0.5
16 1.9 2.5 3 2 6 3
17 2.6 4 1 2.2 3 0.5
18 3 2.5 5 2 2.5 1
19 2.2 5 2 3.5 5 2
20 3.5 6 3.5 1.2 4 2.5
21 2.8 5.7 1.5 1.9 3 2
22 2 4 4 2.6 5 2
23 4 3 4 2 6 3.5
24 3.5 4 3 3 2.5 1.5
25 2.5 2.5 0.5 1.9 3.8 2.5
26 3 5.5 3 2.3 5.5 2
27 2.8 4.2 3.5 2 4.2 2.5
28 1.1 4 3 3 4 3
29 2 5 0.5
30 2.1 4.6 1
31 1.9 3.5 2.5
32 2.2 3 2
33 3 3.3 2.5
34 1.8 5 3
Avg. 2.53 3.89 2.28 2.30 3.91 2.27
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mum yield of G. lucidum (3.7–20.37% BE) was obtained within
57 days by Kaur et al., 2015 and Erkel, 2009. Like other mush-
rooms, the yield of G. lucidum continuously decreased with the
consequent flushes. Average weight of a single fruiting body also
decreased with each flush in both of the study sites. The highest
yield was obtained during the first flush followed by second and
third flush. The decreased yield in the consequent flushes can be
attributed to less number of fruiting body development along with
reduced availability of nutrients from the substrate in the later
flushes.

5. Conclusion

Owing to its medicinal value, G. lucidum is gaining popularity
across the world. The present study revealed that the growth per-
formance of G. lucidum in both the study sites mainly dependent on
temperature resulted higher fruiting body development in the
warmer site having shorter cropping cycle under billet method.
Considering, temperature as major factor for the growth of this
medicinally and economically important mushroom, the billet
method can be an effective method for its cultivation.
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