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ABSTRACT: In bamboo, propagation is usually done by two main methods. First by propagation of
bamboos by using offsets, culm or side branch cuttings and second way is through micropropagation,
also called as clonal propagation, which is best achieved through tissue culture techniques. In vitro
propagation is frequently used for meeting the ever-growing demand for this bamboo species due to its
multipurpose nature. The present investigation on development of sterilization and initiation protocol for
in vitro regeneration in bamboo (Bambusa balcooa Roxb.) was undertaken to identify suitable explants
and media for its micropropagation. The experiment was conducted using nodal explants collected from
Bamboo Plantation Project, MPKV, Rahuri and the current research was conducted in State Level
Biotechnology Centre, MPKV, Rahuri. Nodal explants as explants and MS media as basal media were
found ideal for in vitro culture. In case of sterilisation of nodal explants, sterilisation done with Tween 20
(10 min) + 1% Bavistin (7min) + 0.1% HgCl2 (5min) + 70% ethanol with 3 times washing with distilled
water in between each sterilants, showed the least contamination percentage of 9.5%. Different hormones
were experimented out in MS media with nodal explants to study their response in shoot initiation. In
case of shoot initiation BAP (1mg/l) showed top results in MS media where 75% of explants have shown
initiation as early as 7 days after inoculation, whereas when BAP (1mg/l) is mixed with TDZ (1mg/l),
maximum number of shoot initiation occurred.
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INTRODUCTION

Bambusa balcooa Roxb., belongs to subfamily
Bambusoideae, tribe Bambuseae and is an important
multipurpose species in India and surrounding
regions. B. balcooa typically occurs at altitudes of up
to 600m, with a preference towards soil conditions
having good drainage and heavy texture. B. balcooa
has multiple uses and it is because of this
multipurpose nature of the bamboo, that this species
of bamboo has been identified by the National
Mission on Bamboo (NBM) India as one of the
species for large scale cultivation. As per Grand
View Analysis, a recent study was done which
suggested that by 2025, the international market
potential of bamboo is predicted to cross USD 98.3
billion (Grand View Research, 2020). It is an
extremely sturdy bamboo and is a preferred bamboo
species for scaffolding. It is also used as raw material
for paper making by the paper and pulp industry and
for making agarbatti sticks along with Bambusa tulda
by the agarbatti industry. Because of the
multipurpose usefulness of bamboo, it is being
encouraged for production in several places in world
(Takouleu, 2020; National Bamboo Mission, 2020).

Bambusa balcooa has its origin in north-eastern part
of India from where it has spread to other locations
due to its multiple uses. This species was known to
be introduced in the villages of Terai region of
Uttarakhand by fleeing refugees from southern
Bengal during the time of partition. Now this species
can be seen right across India and even up to the
southern tip of Kerala (Banik, 2000).
Bamboo has been a part of the traditional cuisine of
the South Asian countries, along with India, in
several food preparations (Singhal et al., 2013;
Sarkar et al., 2020). It is highly appreciated for its
solid culms; and it is considered as one of the
distinguished species for building and scaffolding
purposes (Tewari, 1992; Minke, 2012; Banik, 2016).
Owing to the ban on plastics, the prevalence of
bamboo bottles has increased in many places, in
which B. balcooa being used (Sreejith, 2020). Due to
its rapid growth, yield potential, high survival rate
and multipurpose uses, it has been considered as one
of the most prominent bamboo species with industrial
significance (Tewari et al., 2014; Yeasmin et al.,
2015; Krishnakumar et al., 2017). The demand for
good quality B. balcooa have been increasing a lot in
the last few years due to the multipurpose uses,
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which has inspired many farmers to cultivate bamboo
(Fernandes, 2017).
Traditionally, the plant is propagated via vegetative
methods, especially during summer (Pattanaik et al.,
2004; Ray and Ali, 2017). However, it is not possible
to compensate the huge demand of farmers using the
vegetative methods. Also, the chances of soil born
disease transmission are very high. Whereas,
micropropagation technique offers large-scale
propagation of healthy and genetically uniform plants
irrespective of the season. Plant tissue culture
techniques have certain advantages over traditional
propagation methods.
Although, earlier attempts were made for
micropropagation of Bambusa balcooa Roxb (Das
and Pal, 2005; Gillis et al., 2007; Mudoi and
Borthakur, 2012; Rathore et al., 2009; Negi and
Saxena, 2011; Sharma and Sarma, 2011; Choudhary
et al., 2016; Chandra et al., 2018), however there are
still considerable efforts to be made for making it
more practicable. One of the largest biotech
companies dealing in bamboo in India is Grow more
Biotech India Ltd., Hosur. This company has
produced 6 million plantlets of B. balcooa annually
through tissue and branded it as ‘Beema’ bamboo, in
a reference to its extraordinary strength properties
after the mythical character.

MATERIALS AND METHODS

All the chemicals used were of analytical grade in the
current study. Experiments were carried out for
finding efficient growth of explants in Woody Plant
Media and Murashige and Skoog Media (Murashige,
& Skoog 1962). Once the MS media showed
favourable results for in vitro regeneration in
Bambusa balcooa, it was utilized throughout the
course of research. Once the stock solutions of
different components were prepared, the media was
formulated by combining these stock solutions in
such a manner so as to balance the final amount of
each. Stock solution for the plant growth hormones
were made by combining desired concentration of
auxins and cytokinins. The auxins (IAA and NAA)
were initially dissolved in some drops of absolute
alcohol whereas, cytokinins (BAP and Kn) were
dissolved in 10 ml of 1N NaOH and thereafter the
final volumes were bought up by adding required
amount of double distilled water for upto one litre.
Storage of stock solutions of various growth
regulators done in a refrigerator and used between 2
weeks of its preparation. For all purposes of the
work, double distilled water was always used. The
pH of medium was fixed at 5.8 and adjusted
accordingly using 1N NaOH or 1N HCl solution
before it was autoclaved. Before autoclaving, plant
growth hormones were added to the basal medium.
Media used for present experiment was Murashige
and Skoog (MS) media as a basal medium for
initiation. For all the stages of experiment,
borosilicate glasswares were taken. Glass wares were
initially washed with Tween 20 biodegradable
detergent and thereafter washed properly with tap
water for removing the detergent completely. Finally,
they were rinsed with distilled water and sterilization

is done in oven at a temperature of 160-180°C for
about 3-4 hours.
Autoclaving: Sterilization of media was done in
autoclave. Micronutrient combinations, distilled
water, and other stable mixtures prepared were
autoclaved. Autoclaving the culture media contained
in glass containers were carried out at 15 psi.
pressure and 121°C temperature for about 15- 40
minutes. Exposure time for autoclaving is dependent
on volume of liquid which is needed to be sterilized.
Maximum care was taken during the procedure. After
the media is autoclaved, it was stored in dark
environment for 48 hours at 25±2°C.
Culture room sterilization and transfer area:
Initially, cleaning of culture rooms was done by
gently washing the floors and walls by using a
detergent soap and then cleansing with phenyls daily.
Sterilization of transfer area was done by exposing it
to UV light. Installation of HEPA filter ventilation
unit checked that aseptic condition of transfer area is
maintained. Sterilisation of laminar airflow hoods
were done by wiping the working surface using 70%
ethyl alcohol.
Explants preparation and sterilization: Obtaining
sterilized explants is complicated because during the
sterilization process biological activity of living
material should be maintained and only the fungal
and bacterial contaminant needs to be eliminated.
Various surface sterilization agents were used for
sterilisation of explants. Nodal segment with 2-3
nodes were taken and used as explants for studying
the effect of sterilisation. Further trimming of the
collected explants to desired sizes with sterile scalpel
blade was done. Once the explants were cut to
suitable size having a single node, they were washed
well in the running tap water for about 20 minutes
and then they were treated with or without different
sterilants (Washing 3 times with sterile distilled water
between each step) for studying their effects on
sterilisation and treatment numbers were given from
T1 to T6.
Inoculation of explants: Inoculation of the explants
on culture media aseptically was done after
sterilisation process. For doing inoculation, the
explants were shifted to large sterilized glass petri
plates by using sterile forceps done under strict
aseptic conditions. These explants were then
inoculated vertically to culture bottles which contain
MS medium added with different plant growth
hormones. Once the explants are vertically inoculated
in culture by keeping the node above medium, the
culture bottle’s mouth was quickly flamed and closed
with cap.
Culture conditions: All the cultures were incubated
at a temperature of 25±2°C under fluorescent light in
16: 8 hour’s photoperiod and light intensity of 2500
lux.
Effect of media and type of explant used: Various
media like Murashige and Skoog Medium and
Woody Plant Medium were tested for direct shoot
formation from nodal segment and shoot apex
explants at most responsive level of different plant
growth regulators.
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Effect of plant growth hormones on shoot
initiation: Three types of hormone combinations
were incorporated in media. Each type is done in
different hormone concentrations as follows:
(a) BAP added singly in 1 L medium. BAP
(0.5mg/l, 1mg/l, 2mg/l, 3mg/l, 4mg/l, 5mg/l)
(b) BAP and TDZ added in combination in 1 L
medium. BAP (1mg/l, 2mg/l) + TDZ (1mg/l, 2mg/l,
3mg/l)
(c) BAP and kinetin added in combination in 1L
medium. BAP (1mg/l, 2mg/l) + kinetin (1mg/l,
2mg/l, 3mg/l)
After around 3 weeks from shifting explants to
inoculation media, number of days required for shoot
initiation and sum total of shoots formed for explants
were recorded.
Observations recorded: Each treatment was
replicated 3 times and then the whole experiment was
repeated twice again for getting unbiased results.
Observation of cultures were done periodically and
following recording of observations were done:
I. Effect of treatment of nodal explants with various
sterilants.
II.  Shoot initiation percentage.
III. Number of shoots/explant.
Completely randomized design was used for
conducting the experiment. Data for initiation of
explants collected were analysed for mean and
standard error as given by Snedecor and Cochran
(1972). Calculation of standard error for number of
shoot formation was done after their respective value
transformation of shoot induction was made from the
explants. Each value of replication was then
transformed by using square root transformation
method as follows:+ 1/2
Where, Y= original value of observation
Year of experimentation: 2019-2021
Place of experimentation: State Level
Biotechnology Centre, PGI, MPKV, Rahuri-413 722
Ahmednagar Distt., Maharashtra, India.

RESULT AND DISCUSSION

In the current study conducted, out of the two types
of explants taken (shoot apex and nodal segment),
only nodal explants have showed positive results with
regards to initiation, while in case of shoot apex

explants, the explants dried off. The results are also
in par with experiments done by Nieri et al., (2020)
on D. giganteus where they found out that binodal
propagules proved to be efficient for their
propagation. When two different media were tested
for shoot initiation using nodal explants i.e, in
Murashige and Skoog Media and Woody Plant
Media, MS media supplemented with 1mg/l BAP
showed better and healthy initiation of shoots in
explants, whereas the results observed on Woody
Plant Media were poor, since the explants dried up
without showing initiation. Thus, nodal explants in
MS media were used throughout the research. Out of
the six treatments used for sterilization, treatment
number T6 showed the least contamination percent of
9.5, whereas T3 showed the highest contamination %
of 36.3 as shown in Table 1. Surface sterilized
explants and inoculation of explants are shown in
Plate 1.

Surface sterilized explants in glass bottle.

Inoculation of sterilized explants on solid MS
medium.

Plate 1: Surface sterilized explants and inoculation of
explants.

Table 1: Effect of treatment of nodal explants with various sterilants.

Treatment
code Sterilisation of explants

% of explants that showed
initiation without any

contamination (x)

Contamination percentage(y),
where, y= 100-x

T1
Tween 20 (5 min) + 1% Bavistin (7 min) + 0.1%

HgCl2 (5 min)
70.5 29.5

T2
Tween 20 (10 min) +1% Bavistin (10 min) +

0.1% HgCl2 (5min)
72.4 27.6

T3
Chlorex 3% (5 min) + 1% Bavistin (7 min) +

0.1% HgCl2 (5min)
63.7 36.3

T4
Chlorex 3% (10 min) + 1% Bavistin (10 min) +

0.1% HgCl2 (5min)
68.6 31.4

T5
Tween 20 (5 min) + 1% Bavistin (10 min) +

0.1% HgCl2 (5min) + 70% ethanol
83.5 16.5

T6
Tween 20 (10 min) + 1% Bavistin (7 min) +

0.1% HgCl2 (5min) + 70% ethanol
90.5 9.5
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Three types of hormone combinations were
incorporated in media (BAP applied singly, BAP +
TDZ, BAP + kinetin) for initiation and the nodal
explants were inoculated on it after sterilisation. In
case of BAP supplemented alone in MS Media, the
nodal explants showed shoot initiation between 7
to 10 days of inoculation at different levels of
BAP. Treatment names were given as BI 1-5
(Basal initiation media 1-5). Highest number of
shoot bud initiation was recorded at 1mg/l BAP
(2.83) at a success rate of 75% on treatment BI2,
whereas the lowest number of shoot buds (1.91)
were observed at 5mg/l BAP with 41 % success
rate on treatment BI6. Here, increasing
concentration of BAP above 1mg/l showed a
reduction in the shoot bud initiation progressively.
The results obtained are shown in Table 2 and
Plate 2 shows initiation of nodal explants on solid
medium containing BAP. Mudoi and Borathakur,
(2012) also found that 1.0 mg/l BAP was better for
shoot initiation. They reported that axillary bud
growth was found after 8 days of inoculation with
better percentage of shoot initiation. The present
results are also in agreement with the results
obtained by Kapruwan et al., (2018) where they
obtained maximum shoot initiation in MS medium
containing BAP.

Two weeks after inoculation.

Four weeks after inoculation.

Plate 2: Initiation of nodal explants on solid
medium containing BAP.

Table 2: Effect of BAP on shoot initiation of Bambusa balcooa nodal explants on MS medium.

Treatment
name

Concentration of BAP
(mg/l)

% of shoot
initiation

Number of days taken for shoot
initiation

(Mean ± SE)

Number of shoots/
explant

(Mean ± SE)

BI 1 0.5 60 8±1.30 2.2±0.19

BI 2 1 75 7±1.22 2.83±0.13
BI 3 2 58 8±1.26 2.42±0.17

BI 4 3 55 10±1.29 2.16±0.15

BI 5 4 49 9±1.21 1.73±0.11

BI 6 5 41 10±1.25 1.91±0.16

In case of BAP + TDZ taken together, the nodal
explants which were inoculated on media shown
initiation of shoots between 8 to 12 days of
inoculation. Treatment names were given as BI 7-12
(Basal Initiation Media 7-12). Highest number of
shoot bud initiation was observed at 1mg/l BAP +1
mg/l TDZ (3.15) at a success rate of 63% in BI7
treatment, whereas the lowest number of shoot buds
(1.98) were observed at 2mg/l BAP + 3mg/l TDZ
with 40 % success rate on BI12 treatment. Here,
increasing concentration of BAP and TDZ above
1mg/l showed a reduction in the shoot bud induction
progressively. The results obtained are shown in
Table 3 and Plate 3 shows initiation of nodal explants
on solid medium containing BAP and TDZ. The
results obtained for sum total of shoots are in par
with the results recorded by Gusmiaty et al., (2020).
They also studied on MS medium and recorded that
TDZ concentrations significantly affected by the
number of shoots. The addition of thidiazuron (TDZ)
into media resulted in the best percentage of shoot
number (80%) in all concentrations of media in their
experiment.

In case of last combination for shoot initiation used,
i.e., BAP + Kinetin, the nodal explants which were
inoculated on media shown initiation of shoot
between 9 to 12 days of inoculation at different
combinations of BAP and kinetin. Treatment names
were given as BI 13-18 (Basal Initiation Media 13-
18). Highest number of shoot bud initiation was
observed at 1mg/l BAP + 2 mg/l Kinetin (2.62) at a
success rate of 60% on treatment BI14, whereas the
lowest number of shoot buds (1.08) were observed at
2mg/l BAP + 3mg/l Kinetin with 43 % success rate
on BI18 treatment. Here, increasing the
concentration of BAP above 1mg/l and Kinetin
above 2mg/l showed a reduction in shoot bud
induction progressively. The results obtained here are
in par with the experiments done by Azin and Forogh
(2015) on micropropagation of rose, where they used
Kinetin along with BAP and obtained best shoot
growth on MS media. Negi and Saxena (2018) also
used BAP + Kinetin hormone combinations in
Bambusa nutan. They used Bambusa nutan for large
scale multiplication using MS medium which was
supplemented with benzyl aminopurine (BAP) and
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(1.98) were observed at 2mg/l BAP + 3mg/l TDZ
with 40 % success rate on BI12 treatment. Here,
increasing concentration of BAP and TDZ above
1mg/l showed a reduction in the shoot bud induction
progressively. The results obtained are shown in
Table 3 and Plate 3 shows initiation of nodal explants
on solid medium containing BAP and TDZ. The
results obtained for sum total of shoots are in par
with the results recorded by Gusmiaty et al., (2020).
They also studied on MS medium and recorded that
TDZ concentrations significantly affected by the
number of shoots. The addition of thidiazuron (TDZ)
into media resulted in the best percentage of shoot
number (80%) in all concentrations of media in their
experiment.

In case of last combination for shoot initiation used,
i.e., BAP + Kinetin, the nodal explants which were
inoculated on media shown initiation of shoot
between 9 to 12 days of inoculation at different
combinations of BAP and kinetin. Treatment names
were given as BI 13-18 (Basal Initiation Media 13-
18). Highest number of shoot bud initiation was
observed at 1mg/l BAP + 2 mg/l Kinetin (2.62) at a
success rate of 60% on treatment BI14, whereas the
lowest number of shoot buds (1.08) were observed at
2mg/l BAP + 3mg/l Kinetin with 43 % success rate
on BI18 treatment. Here, increasing the
concentration of BAP above 1mg/l and Kinetin
above 2mg/l showed a reduction in shoot bud
induction progressively. The results obtained here are
in par with the experiments done by Azin and Forogh
(2015) on micropropagation of rose, where they used
Kinetin along with BAP and obtained best shoot
growth on MS media. Negi and Saxena (2018) also
used BAP + Kinetin hormone combinations in
Bambusa nutan. They used Bambusa nutan for large
scale multiplication using MS medium which was
supplemented with benzyl aminopurine (BAP) and
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Kinetin (Kn) gelled with 0.2% gelrite through which
the yields received was 80% aseptic culture in shoot
initiation with appreciable result. The results

obtained are shown in Table 4 and Plate 4 shows
initiation of nodal explants on solid medium
containing BAP and Kinetin.

Two weeks after inoculation. Four weeks after inoculation
Plate 3: Initiation of nodal explants on solid medium containing BAP and TDZ.

Table 3: Effect of BAP and TDZ in combination on shoot initiation of Bambusa balcooa nodal explants on
MS medium.

Treatment
name

Concentration of BAP +
TDZ (mg/l)

% of shoot
initiation

Number of days taken for shoot
initiation

(Mean ± SE)

Number of shoots/
explant

(Mean ± SE)
BI 7 1+1 63 8±1.30 3.15±0.19
BI 8 1+2 61 9±1.33 2.8±0.13
BI 9 1+3 55 9±1.29 2.75±0.17

BI 10 2+1 54 10±1.21 2.56±0.15
BI 11 2+2 45 12±1.23 2.16±0.11
BI 12 2+3 40 11±1.28 1.98±0.16

Two weeks after inoculation. Four weeks after inoculation.
Plate 4: Initiation of nodal explants on solid medium containing BAP and Kinetin.

Table 4: Effect of BAP and Kinetin added in combination for shoot initiation of Bambusa balcooa nodal
explants on MS medium.

Treatment
name

Concentration of BAP +
Kinetin (mg/l)

% of shoot
initiation

Number of days taken for shoot
initiation (Mean ± SE)

Number of shoots/
explant (Mean ± SE)

BI 13 1+1 58 10±1.31 2.44±0.11
BI 14 1+2 60 9±1.29 2.62±0.18
BI 15 1+3 56 9±1.27 2.39±0.19
BI 16 2+1 52 10±1.24 2.28±0.25
BI 17 2+2 45 12±1.28 1.86±0.19
BI 18 2+3 43 11±1.20 1.08±0.17

SUMMARY AND CONCLUSION

Among different bamboos, Bambusa balcooa is one
among the most important and desired species of
farmer for raising plantation mainly due to its
multipurpose utility. Since unknown past, the species
has been extensively cultivated and became a very

popular bamboo for the farmers. It grows well in
tropical humid conditions. It also has a high Calorific
value and Fuel Value Indices (FVI) which makes it
suitable for Bio- energy plantations and gasification.
Bambusa balcooa is suitable for paper and pulp
industry. It shows superior strength properties
including good culm wall thickness. Life cycle of
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clump is more than 50 years and also has an added
advantage as it shows minimal pest problems and no
gregarious flowering in India. Due to the increasing
demand of Bambusa balcooa, in vitro regeneration of
this bamboo has gained importance as it enables
mass multiplication in a small period of time and
thus it offsets the limitations of traditional
propagation methods followed earlier.
An efficient protocol for sterilization and initiation of
Bambusa balcooa in vitro was found out in the
present research. Among the two media used,
Murashige and Skoog Media showed shoot initiation
compared to Woody Plant Medium, where the
explants dried off and thus MS media was used for
further studies. Nodal explants and shoot apex
explants were used to find out their efficiency in
regeneration. Nodal explants showed shoot initiation,
whereas shoot apex explants dried off. Thus,
different hormones were tried out in MS media with
nodal explants to study their response in shoot
initiation.
In case of sterilisation of nodal explants, sterilisation
done with Tween 20 (10 min) + 1% Bavistin (7min)
+ 0.1% HgCl2 (5 min) + 70% ethanol with 3 times
washing with distilled water in between each
sterilants, showed the least contamination percentage
of 9.5% compared to other treatments experimented
and subsequently this procedure was adopted
throughout the research for sterilisation of explants
which is taken for initiation.
In case of shoot initiation, BAP (1mg/l) showed best
results in MS medium where 7% of explants showed
initiation as early as 7 days after inoculation, whereas
when BAP (1mg/l) is mixed with TDZ (1mg/l),
maximum number of shoot initiation occurred, with a
mean of 3.15 shoots.
Thus, using the above protocol for sterilization and
initiation of Bambusa balcooa Roxb., it increases the
efficiency of obtaining a larger amount of in vitro
grown plantlets at a faster rate and helps in meeting
the ever -growing demand for several multipurpose
bamboo species.
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