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Abstract

This study was undertaken to standardize an efficient protocol for in vitro propagation of
an ornamental bamboo Bambusa tuldoides Munro using nodal segments as explants. For
direct shoot induction, liguid MS medium containing 2.0 mg/l BAP and 1.0 mg/l TDZ
gave a maximum response (84%) with maximum number of shoots (4.80 + 0.49) per
explant. These shoots were proliferated efficiently on agitated liquid MS medium with
3.0 mg/l BAP and 1.5 mg/1 TDZ, which resulted in the formation of 15.40 £+ 1.21 shoots
per culture with 6.96 = 0.65 cm shoot length. Shoots gradually increased in number and
length during the first four subculture cycles in the same media combination but
declined in 5t sub-culture cycle. After the 4t sub-culture cycle, the number of shoots per
culture was 20.40 £ 1.44 and shoot length was 7.92 £ 0.78 cm. The addition of 10% coconut
water with the above mentioned medium resulted in satisfactory shoot growth and
development with 24.20 + 1.16 shoots per culture. Maximum (84%) rooting with the
highest number of roots per culture (7.20 = 0.37) was obtained from half-strength MS
medium fortified with 3.0 mg/l IBA. Well rooted plantlets were successfully acclimatized
to the soil where the survival rate was 92%.

Introduction

The genus Bambusa, belonging to the family Poaceae, consists of approximately 157
species throughout the world (Sharma et al. 2014), in which Bambusa tuldoides Munro is
the most widely cultivated ornamental species. Bright green culms with swollen
internodes of this bamboo resembling the fat belly of the Buddha, hence this bamboo is
commonly called “Buddha’s belly bamboo”. This bamboo species is also known as
‘punting pole bamboo’, ‘verdant bamboo’ in Indonesia; ‘Bambu blenduk’ in Malaysia;
‘bulohbalai’ in Vietnam (But and Chia 1995), and ‘Ghoti bash’ in Bangladesh. It is native
to Asia, including China (Guangdong, Guangxi), Malaysia, Laos, Myanmar and Vietnam,
and has been introduced to Central and South America, the Caribbean, tropical Asia and
the Pacific region (Clayton et al. 2018).
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B. tuldoides is frequently cultivated as an ornamental plant and is much treasured in
bonsai and horticulture. To produce the swollen internodes, the plants must be potted
under dried and unfertilized conditions. However, the culms are also used as punting
poles and scaffolding, while the splits are used in weaving handicrafts (But and Chia
1995). Young shoots can be eaten as a vegetable (Fern 2014). In Chinese medicine,
shavings of the culm cortex of B. tuldoides are used for febrile diseases, epistaxis, and
infantile epilepsy (But and Chia 1995). This bamboo species is widely used in the
production of cellulose and agglomerated panels (Morais et al. 2015). Now a day there is
huge demand for this bamboo species for decorating houses, hotels and commercial
buildings.

Current methods of bamboo propagation are mainly based on cutting, air layering or
seed (Raju and Roy 2016). But, vegetative propagation methods have some limitations for
large-scale propagation such as, planting materials being bulky to transport, insufficient
in number (Mudoi et al. 2013), and not always available due to seasonal specificity (Singh
et al. 2012). Although, propagation through seeds is possible, but not practical because
the seed set is very poor due to sporadic flowering and low viability (Brar 2014). Because
of the difficulties with these traditional propagation methods, large scale vegetative
propagation of this ornamental bamboo species is quite impossible. In this regard in vitro
propagation of this bamboo species could be an excellent alternative for rapid
propagation. So, the present research work was carried out to establish an efficient and
reproducible micropropagation protocol through direct shoot organogenesis for an
ornamental bamboo species, Bambusa tuldoides Munro.

Materials and Methods

The explants used in this research were nodal segments of B. tuldoides Munro containing
pre-existing axillary bud. This bamboo species was identified by the authorities of
Bangladesh National Herbarium, Mirpur, Dhaka (Accession no. DACB 66291). At first
the nodal segments with single axillary buds were washed under running tap water for
15-20 min and sterilized first in distilled water with 2-3 drops of a liquid detergent
(Tween-20) for 15 min, followed by 4-5 times washing with distilled water. Further
sterilization of the explants has been done under laminar airflow cabinet with Bavistin
(0.5%) for 4-6 min, followed by 70% alcohol for 30 sec, and then mercuric chloride (0.2%)
for 4 min to ensure contamination free culture. After each treatment repeated (3-4 times)
washing of explants with sterile distilled water was followed. Finally, the cut ends of
nodal explant exposed to sterilants were removed with the help of a scalpel and forceps
under laminar air flow before inoculation.

Surface sterilized nodal explants (2-3 cm) were inoculated individually on liquid MS
medium supplemented with different concentrations of BAP (0.5-3.0 mg/l) alone or in
combinations with TDZ (1.0-1.5 mg/l) for direct shoot induction. Induced axillary shoots
were excised aseptically and cultured on agitated liquid MS medium supplemented with
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different concentrations of BAP (1.0-4.0 mg/l) alone or in combinations with Kn (0.5-1.0
mg/l), TDZ (1.0-1.5 mg/l) and NAA (0.5 mg/l) for multiplication of shoot. In this
investigation, effect of successive sub-culture cycles and different concentrations of
coconut water (5%-15%) on shoot multiplication also experimented. In vitro raised shoots
obtained from the multiplication media with 4-8 cm in length, were excised aseptically
from the culture vessels and implanted on freshly prepared half-strength of liquid and
gelled MS medium separately containing different concentrations and combinations of
IBA (1.0-4.0 mg/l) and NAA (1.0-1.5 mg/l) for rooting. For root induction, the newly
transferred cultures were kept in dim light for 3 days and then they were kept in the
light.

The plantlets with sufficient root system were taken out from the culture vessels and
the roots were washed under running tap water. The plantlets were then transferred to
small polybags containing the soil mixture of garden soil, sand and compost with (1:1:1)
ratio. They were then covered with transparent polythene bags and the inner side of the
polythene bags was sprayed with water to maintain high humidity. The polythene bags
were gradually perforated to expose the plantlets to the outer normal environment. After
3-weeks of transplantation, when the regenerated plants were fully established in the soil
condition, they were then transferred to larger pots for further growth and development.

Results and Discussion

For the sprouting of axillary buds, nodal explants were inoculated on liquid MS medium
with twelve different combinations of growth regulators. Sprouting of nodal explants
were induced in all of the combinations, but the combined effect of 2.0 mg/l BAP and 1.0
mg/l TDZ was found to be most effective (84%) with a maximum of 4.80 + 0.49 shoots per
explant and 4.22 + 0.20 cm shoot length after 14-21 days of inoculation (Table 1). Similar
findings were also observed by Raju and Roy (2016) in the case of B. bambos. However,
Das and Pal (2005) and Brar et al. (2014) reported that, 1.5 mg/l BAP and 1.5 mg/l Kn
supplemented medium was best for direct shoot induction in B. balcoca. In this
experiment, it has also been found that, the single effect of BAP was not as good as a
combined effect of BAP and TDZ (Table 1). But, Cheah and Chaille (2011) and Wei et al.
(2015) in B. ventricosa, reported 80-90% axillary bud sprouting on MS medium
supplemented with only BAP.

Different concentrations and combinations of plant growth regulators in the medium
influenced the rapid multiplication of the induced axillary shoot. Among the different
types of cytokinins tested, BAP found to be the best cytokinin for the shoot multiplication
of B. tuldoides Munro. The maximum rate of shoot multiplication (72%) was observed
when only BAP was used at the concentration of 3.0 mg/l (Table 2). Similarly, Sharma
and Sarma (2011) in B. balcooa and Arya et al. (2006) in Dendrocalamus giganteus also
reported a maximum rate of shoot multiplication in MS medium incorporation with only
BAP. Comparatively, the conjoint addition of BAP and Kn in the medium did not
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increase the rate of shoot multiplication (Table 2). But on the contrary, Waikhom and
Louis (2014) in B. tulda and Melocanna baccifera reported that, the combined effect of BAP
and Kn increased the shoot multiplication rate.

Table 1. Effect of different concentrations of BAP alone or in combination with TDZ in liquid
MS medium on direct shoot induction from the nodal explants of B. tuldoides Munro.

Concentrations of % of No. of shoots produced Shoot length
growth regulators (mg/l)  responding per explant (cm)
BAP TDZ explant (Mean + SE*) (Mean + SE*)
0.5 - 25.00 1.20a+0.20 1.64a+0.08
1.0 - 40.00 1.40a+0.24 2.08ab +0.11
15 - 53.33 2.40abc £ 0.51 2.28abc +0.08
2.0 - 68.00 3.40c £ 0.60 3.02cd £ 0.31
25 - 70.00 3.60cd + 0.40 3.24d £ 0.38
3.0 - 46.67 2.80bc + 0.58 2.90bcd £ 0.45
1.0 1.0 55.00 2.00ab +0.32 2.36abc £ 0.14
1.0 15 65.00 2.80bc + 0.49 2.96¢cd +0.33
15 1.0 73.33 3.60cd £ 0.24 3.56de + 0.26
15 15 63.33 2.80bc +0.37 2.84bcd £ 0.40
2.0 1.0 84.00 4.80d + 0.49 4.22e+0.20
2.0 15 72.00 3.60cd + 0.51 3.52de £ 0.18

At least 25 cultures were maintained for each experiment; values are means (+ SE* = Standard error
of mean) obtained from five independent treatments; the same letters within a column indicate
treatments are not significantly different by DMRT at an alpha level of 0.05.

In the current study, the combined effect of BAP with TDZ has been found to be more
satisfactory, particularly in the agitated MS liquid medium supplemented with 3.0 mg/I
BAP and 1.5 mg/l TDZ for shoot proliferation than other combinations (Table 2). In this
combination the rate of shoot proliferation was maximum (86.67%), and the number and
length of shoots per culture were 1540 + 1.21 and 6.96 + 0.65 cm, respectively.
Confirming results were reported by Kapruwan et al. (2014) on D. strictus. They found
the maximum number of shoots in the combination of 4.0 mg/l BAP with 0.25 mg/l TDZ.
Similar observations were also made in B. bambos by Raju and Roy (2016). The combined
effect of BAP with TDZ and NAA in shoot multiplication was also tested in which a
moderate multiplication rate (64%) of axillary shoots of B. tuldoides was observed (Table
2). On the contrary, Wei et al. (2015) in B. ventricosa reported the best multiplication rate
in the combination of BAP, TDZ, and NAA.
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Table 2. Effect of different concentrations and combinations of BAP, Kn, TDZ and NAA in
agitated liquid MS medium on shoot multiplication of B. tuldoides Munro.

Plant growth regulators

% of culture

No. of regenerated

Shoot length

(mg/l) showed shoot shoots per culture (cm)
proliferation (Mean + SE*) (Mean + SE*)
BAP Kn
1.0 - 28.00 3.60a + 0.40 3.02ab + 0.35
2.0 - 60.00 6.80c + 0.80 4.32bc+0.57
3.0 - 72.00 9.40d + 0.93 5.06¢ + 0.37
4.0 - 64.00 6.60bc + 1.03 4.30bc £ 0.57
1.0 0.5 32.00 3.20a +0.49 3.00ab + 0.48
1.0 1.0 52.00 4.20a+0.73 3.98bc £ 0.53
2.0 0.5 40.00 3.20a+0.58 3.90bc +0.39
2.0 1.0 56.00 4.60ab + 0.87 4.06bc +0.31
3.0 0.5 36.00 3.80a +0.58 3.88¢+0.12
3.0 1.0 44.00 3.40a+0.51 3.84bc £ 0.25
4.0 0.5 24.00 3.20a +0.49 3.14ab + 0.34
4.0 1.0 16.00 3.00a+0.84 2.12ab + 0.53
BAP TDZ
15 1.0 26.67 4.20abc + 0.80 2.84a+0.27
15 15 36.67 4.60abc + 0.81 3.04ab + 0.31
2.0 1.0 4333 4.40abc + 0.51 3.38ab + 0.34
2.0 15 53.33 5.80abc + 1.36 4.38bcd £0.22
2.5 1.0 63.33 6.80bcd + 0.80 4.88cde + 0.42
2.5 15 70.00 8.80d + 0.97 5.36de + 0.57
3.0 1.0 76.67 12.40e +1.17 6.18ef + 0.59
3.0 15 86.67 15.40f + 1.21 6.96f + 0.65
35 1.0 73.33 9.20d + 0.97 5.70def + 0.39
35 15 66.67 7.20cd + 1.32 4.98cde + 0.42
4.0 1.0 56.67 4.00ab * 0.55 4.38bcd £ 0.36
4.0 15 40.00 3.20a + 0.49 3.80abc + 0.59
BAP TDZ NAA
1.0 1.0 0.5 24.00 2.60a + 0.68 3.06a£0.10
1.0 15 0.5 36.00 3.20a + 0.80 3.70a + 0.45
2.0 1.0 0.5 36.00 3.60a + 0.68 3.96a+0.27
2.0 15 0.5 52.00 6.20bc + 1.11 4.44ab +0.76
3.0 1.0 0.5 64.00 8.40c £ 0.81 5.84b + 0.74
3.0 15 0.5 56.00 6.60bc +0.93 4.60ab + 0.46
4.0 1.0 0.5 44.00 4.60ab + 0.75 4.24a+0.38
4.0 15 0.5 32.00 3.00a + 0.55 3.62a+0.19

Culture period 30 days; 25 shoot units (3-4) were inoculated in each combination for multiplication; values are
means (+ SE* = Standard error of mean) obtained from five independent treatments; the same letters within a
column indicate treatments are not significantly different by DMRT at an alpha level of 0.05.
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After selecting the best multiplication medium, each cluster having more or less 4
shoots of B. tuldoides was sub-cultured into the responsive optimal medium for observing
their effect on shoot multiplication. It has been found that the shoots gradually increased
in number and length during the first four subculture cycles. The maximum number and
length of regenerated shoots per culture were 20.40 £ 1.44 and 7.92 £ 0.78 cm respectively
obtained after 4t sub-culture cycle (Table 3). However, the potential of sub-cultured
shoots in terms of number and length per culture declined in 5% sub-culture cycle.
Hossain et al. (2018) and Ramanayake and Yakandawala (1997) also showed similar
findings on shoot multiplication for D. giganteus. However, Arya et al. (2008) and Mudoi
et al. (2014) maintained the shoot multiplication rate up to 6t sub-culture cycle in the case
of D. asper and B. nutans, respectively.

Table 3. Effect of successive subcultures on shoot multiplication of Bambusa tuldoides Munro in
agitated liquid MS medium supplemented with 3.0 mg/l BAP and 1.5 mg/l TDZ.

Sub-culture Number of regenerated shoots Shoot length
cycle per culture (cm)
(Mean + SE¥) (Mean + SE¥)
Cycle-1 15.40a+1.21 6.96a + 0.65
Cycle-2 16.60ab + 1.17 7.06a + 0.55
Cycle-3 18.20ab + 1.50 7.22a+0.69
Cycle-4 20.40b + 1.44 7.92a+0.78
Cycle-5 17.00ab + 1.30 7.38a+0.76

Culture period 30 days; values are means (+ SE* = Standard error of mean) obtained from five
independent treatments; the same letters within a column indicate treatments are not significantly
different by DMRT at an alpha level of 0.05.

Inclusion of 10% CW with 3.0 mg/l BAP and 1.5 mg/l TDZ proved to be the most
effective for enhancing the shoot proliferation rate with an average of 24.20 + 1.16 shoots
per culture and 8.16 + 0.41 cm in length (Fig. 1A and B). However, the increase in the
concentration of coconut water above 10%, causes a decrease in the number and length of
regenerated shoots per culture. Similarly, Saxena and Bhojwani (1993) in D. longispathus
and Raju and Roy (2016) in B. bambos used 10% coconut water in the medium for shoot
proliferation. However, Ramanayake and Yakandawala (1997) in D. giganteus and Das
and Pal (2005) in B. balcooa reported that, 8% coconut water enhanced shoot proliferation.

A significant rooting was obtained within 3-4 weeks in micro-shoots of B. tuldoides
when 3.0 mg/l IBA was used with 84% rooting efficiency and 7.20 + 0.37 roots per culture
with 9.34 + 0.67 cm in length (Table 4). Similar results were obtained by Venkatachalam
et al. (2015) in B. arundinacea and Ramanayake and Yakandawala (1997) in D. giganteus,
whereas Hossain et al. (2018) and Devi et al. (2012) used 4.0 mg/l IBA. The conjoint
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addition of IBA and NAA in the half-strength MS medium did not increase the rooting
efficiency (Table 4). In contrary, half-strength MS medium augmented with IBA and
NAA was found effective in rooting of D. asper (Singh et al. 2012), B. bambos (Raju and
Roy 2016), etc.

30.00 1 24.20+1.16 10.00 -
25.00 - eain 50 2058 800 | 6%+06 7.06 +0.89 7.38 £0.54
20.00 1 5405121 6.00 ﬂm
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Length of shoot (cm)
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Fig. 1 (A-B). Effect of different concentrations of coconut water along with constant 3.0 mg/l BAP
and 1.5 mg/l TDZ on (A) shoot number and (B) shoot length.

Table 4. Effect of different concentrations and combinations of IBA and NAA in solidified %2
MS medium on rooting of in vitro raised shoots of B. tuldoides Munro.

Concentrations of Percentage Number of roots per Root length
auxins (mg/l) of rooting unit shoot (cm)
IBA NAA (Mean + SE¥) (Mean + SE¥*)
1.0 - 24.00 2.80ab + 0.37 3.32ab +0.25
2.0 - 60.00 4.60bc £0.75 4.88b+0.76
3.0 - 84.00 7.20d £ 0.37 9.34d £ 0.67
4.0 - 76.00 6.00cd * 0.45 6.86c = 0.81
1.0 1.0 36.00 2.60a + 0.40 3.22ab +0.26
1.0 15 28.00 3.20ab +0.58 3.14a £ 0.26
2.0 1.0 48.00 3.40ab + 0.60 3.84ab + 0.40
2.0 15 40.00 3.20ab +0.37 3.68ab +0.38
3.0 1.0 64.00 4.40abc £ 0.75 4.82ab + 0.60
3.0 15 52.00 4.00ab + 0.63 4.28ab + 0.57
4.0 1.0 56.00 3.60ab + 0.60 4.46ab + 0.48
4.0 15 32.00 3.40ab + 0.51 3.78ab +0.34

Culture period 35 days; 25 shoot units (3-4) were inoculated in each combination for rooting; values
are means (x SE* = Standard error of mean) obtained from five independent treatments; the same
letters within a column indicate treatments are not significantly different by DMRT at an alpha
level of 0.05.
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In this study, the rooted plantlets were acclimatized successfully with 92% survival
rate in a soil mixture containing garden soil, sand and compost mixture with 1:1:1 ratio.
Using the same soil mixture, Arya and Arya (2009) and Anand et al. (2013) reported 80-
90% survival rate in B. bambos, Devi et al. (2012) and Hossain et al. (2018) reported 90%
survival rate in D. giganteus. However, Rathore et al. (2009) reported over 90% of survival
rate in B. bambos, B. nutans, D. strictus, D. stocksii and Guadua angustifolia using the same
soil mixture with the ratio of 1:2:2. After a month, the acclimatized plants were
transferred to the larger pots containing garden soil and compost with 1:1 ratio for
sufficient growth. Different stages of in vitro regeneration of B. tuldoides Munro have been
depicted in Fig. 2.

Fig. 2(a-i): In vitro regeneration of B. tuldoides Munro. (a) Direct shoot induction on MS liquid medium
supplemented with 2.0 mg/l BAP + 1.0 mg/l TDZ. (b-d). Multiple shoot formation in agitated liquid MS
medium supplemented with 3.0 mg/l BAP and 1.5 mg/l TDZ after b. 15 days of 1st subculture; c. 30 days of
1st subculture; d. 30 days of 4th subculture. (e) Incorporation of 10% CW with the above mentioned medium
for rapid shoot multiplication. (f) In vitro root induction on half-strength of gelled MS medium
supplemented with 3.0 mg/l IBA. (g) Complete plantlets. (h) Two-weeks old acclimatized plants
established in the soil. (i) Hardened plant in the earthen pot after 2 months.
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The present study describes an effective regeneration and multiplication protocol for
in vitro clonal propagation of Bambusa tuldoides Munro using nodal segments. The
morphological characters of in vitro derived plantlets were similar to that of in vivo
plants. Thus, the use of pre-existing axillary buds for propagation reduces the possibility
of any variation among the progeny. However, this propagation protocol could be
exploited for commercial cultivation of ornamental bamboo species in our country.
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