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Abstract

The present experiment was conducted to establish an efficient protocol for mass propagation of
Dendrocalamus giganteus Wall. ex Munro through in vitro culture using nodal segments as explants. The
highest percentage of shoot induction (86.67 %) was obtained in the liquid MS medium supplemented with
1.5 mg/l BAP and 1.0 mg/l TDZ with maximum number of shoots (3.91 + 0.87) per explant. The highest
number and length of shoots were 22.83 + 1.30 shoots/culture and 7.71 + 0.96 cm, respectively induced on
agitated liquid MS medium supplemented with 2.0 mg/l BAP and 1.0 mg/l TDZ. Incorporation of 8 %
coconut water in the above mentioned medium resulted satisfactory shoot growth and development. The best
response towards root induction (90 %) was observed when 3-4 shoots clump were transferred onto half-
strength of gelled MS medium fortified with 4.0 mg/l IBA with 9.31 + 1.45 roots per unit shoot. Successful
acclimatization of well-rooted clumps of 4-5 shoots was achieved in a mixture of soil, sand, and compost (1 :
1 : 1) with 90% survival rate.

Introduction

Bamboos are long-lived, woody, evergreen, monocarp flowering plants belonging to
subfamily Bambusoideae under the family Poaceae, which is subsequently divided into three
tribes (Clark et al. 2015). They are distributed all over the world with 120 genera and 1641
species, but majority of them occur in the tropical, subtropical and temperate zones of the globe
(Soreng et al. 2015). China is the world leading bamboo producing country in the world (Rahman
et al. 2017). In Bangladesh there are about 9 genera and 33 species (Banik 1998) of bamboo
growing throughout the country. Most of the species belong to Bambusa and Dendrocalamus
while the remaining genera have only 1-2 species each (Rahman et al. 2017).

Dendrocalamus, consists of around 30 species (Farrelly 1984), in which the most widely used
species is D. giganteus Wall. ex Munro, locally known as ‘Bhudum Bansh’ in Bangladesh. It is
considered as the tallest bamboo in the world (Louppe et al. 2008). The conventional methods of
bamboo propagation are mainly based on seeds and vegetative methods. However, gregarious
flowering (Austin and Marchesini 2012) and short viability of seeds (Haile 2008) are the main
limiting factors to use seeds as valuable source of propagation. Vegetative propagation methods
also have some limitations such as, seasonal dependence, low survival rate, limited rooting (Singh
et al. 2013) and insufficient number of planting material for large-scale plantation (Mudoi et al.
2013). So, as an alternative approach for mass propagation of this species, the present research
project was carried to develop an efficient and comprehensive regeneration protocol through direct
shoot organogenesis.

Materials and Methods

Nodal segments (3-4 cm) containing pre-existing axillary bud collected from the 3" to 5
nodes of secondary branches of Dendrocalamus giganteus plants were used to initiate and
establish the in vitro culture. Nodal explants were surface sterilized by following the methodology
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of Raju and Roy (2016) and cultured on liquid MS medium (Murashige and Skoog 1962) fortified
with different concentrations of BAP (1.0 - 2.0 mg/l) alone or in combinations with TDZ (0.5 - 1.5
mg/l) for direct shoot induction. For shoot multiplication, induced shoots were excised aseptically
from the nodal explants and transferred onto the freshly prepared agitated liquid MS medium
supplemented with different concentrations and combinations of cytokinins (BAP, Kn, 2-iP and
TDZ) and auxin (NAA), and were maintained by regular sub-culturing at 35 days intervals. In the
present investigation, effect of different concentrations of coconut water (CW) (2-10 %) on growth
and shoot multiplication was also tested.

For root induction, bunches of shoots (3-4) rather than individual shoots were planted in half-
strength of gelled MS medium supplemented with different concentrations of IBA (2.0-5.0 mg/l)
alone or in combinations with NAA (0.5-1.5 mg/l). The cultures were exposed to 16 hrs light and
8 hrs dark per day with constant temperature at 24 £ 2°C. The light intensity of the growth
chamber was 3000 lux. The plantlets with sufficient roots inside the test tube were then transferred
to a soil mixture containing garden soil, sand and compost with (1:1:1) ratio for hardening process.
The plantlets were covered with transparent polybag and the inner side of the polybag was sprayed
with water at every 8 hrs to maintain high humidity around the plantlets. The polybags were
gradually perforated to expose the plantlets with the outer environment and subsequently removed
after 14 days. Finally, well established plants were transferred to the outer normal environment.

Results and Discussion

Direct shoot initiation from the nodal explants was observed in most of the media
composition used. Among the media component used, the combined effect of 1.5 mg/l BAP and
1.0 mg/l TDZ was found to be most effective (86.67%) for direct shoot induction with an average
3.91 + 0.87 shoots per explant and average 4.16 + 1.24 cm shoot length after 16-25 days of
inoculation (Table 1). Similarly, Raju and Roy (2016) reported that liquid MS medium in
conjugation with 2.0 mg/l BAP and 1.0 mg/l TDZ was good enough for direct shoot induction in
case of Banbusa bambos. However, a lower concentration of TDZ was found to be suitable in
some other previous studies for micropropagation of D. strictus (Singh et al. 2000), B. edulis (Lin
et al. 2004) and B. oldhamii (Lin et al. 2007).

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 Dendrocalamus giganteus.

Concentrations of growth Percentage of Number of shoots produced Shoot length
regulators (mg/l) responding explant per explant (cm)
BAP TDZ (Mean + SE) (Mean + SE)

1.0 - 35.00 0.96 +0.78 1.54+0.91
15 - 43.33 2.32+1.22 1.83+0.69
2.0 - 40.00 2.51 £1.07 1.66 +2.20
1.0 0.5 45.00 1.57+0.80 1.77+2.01
1.0 1.0 65.00 1.60 +0.94 1.70+1.03
1.0 15 60.00 1.48+0.34 1.95+1.36
15 0.5 63.33 1.97+1.60 2.05 +0.55
15 1.0 86.67 3.91+0.87 416+1.24
15 15 73.33 3.16 £2.03 3.32+1.29
2.0 0.5 68.00 2.37+£0.92 2.34+1.36
2.0 1.0 72.00 2.84+1.44 3.21+0.39
2.0 15 56.00 2.73+259 2.93+1.22

Values are means (+ SE, Standard error of mean) obtained from four independent experiments.
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Table 2. Effect of different concentrations and combinations of cytokinin (BAP, TDZ, 2-iP and Kn) and auxin
(NAA) on shoot multiplication of Dendrocalamus giganteus.

Growth regulators

Percentage of shoot

Number of regenerated

Shoot length

(mg/) proliferation shoots per culture (cm)
(Mean + SE*) (Mean % SE*)

BAP
1.0 40.00 443+0.78 1.94 £1.04
2.0 55.00 4.60 +1.88 2.91+0.82
3.0 70.00 9.53+0.81 462 +0.94
4.0 50.00 8.05+2.11 432+1.39
5.0 35.00 494 +0.35 2.85+0.26
BAP+Kn
1.0+1.0 45.00 461 +0.25 2.18+0.97
1.0+2.0 60.00 4.45+0.70 2.00 £ 0.65
2.0+1.0 65.00 7.56 +0.69 4.22 +0.40
2.0+2.0 75.00 13.02£0.33 470 £0.82
3.0+1.0 50.00 5.03+2.12 4.37 £0.50
3.0+2.0 40.00 3.86 £0.57 354+154
BAP+2-iP
2.0+15 64.00 6.26 +1.12 3.94+0.84
2.0+2.0 60.00 6.30 £0.54 3.82+1.17
2.5+1.5 52.00 5.04 +£1.23 3.45+2.10
2.5+2.0 68.00 8.41 +£0.67 411+0.84
BAP+TDZ
1.0+1.0 48.00 7.23+0.70 3.83+0.57
1.0+1.5 56.00 7.06 +£0.52 4.67 £1.02
2.0+1.0 84.00 22.83+1.30 7.71 £0.96
2.0+15 72.00 17.20 £1.37 6.17 £1.04
3.0+1.0 60.00 7.43+0.92 5.19+£0.98
3.0+15 40.00 5.06 +2.21 3.50+1.83
BAP+NAA
1.0+0.2 55.00 5.42 +0.81 4.05+1.12
1.0+0.5 40.00 4.04+0.22 3.18+0.77
2.0+0.2 70.00 9.27£0.48 5.21+ 1.06
2.0+0.5 60.00 551 +0.44 3.53+0.67
3.0+0.2 50.00 3.87+0.32 2.65+0.82
3.0+05 30.00 2.84+0.59 241+1.07
BAP+TDZ+NAA
1.0+1.0+0.2 50.00 4.23+0.60 3.69+131
1.0+1.0+0.5 35.00 2.87+2.03 3.02+0.90
2.0+1.0+0.2 65.00 6.29 +0.54 3.92+0.36
2.0+1.0+0.5 45.00 4.30+0.85 3.11+1.48
3.0+1.0+0.2 55.00 3.47 £0.67 2.21+0.50
3.0+1.0+0.5 35.00 2.60+2.33 1.96 £1.24

Values are means (+ SE, Standard error of mean) obtained from three independent experiments.
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Directly induced axillary shoots were excised from the node and cultured on agitated liquid
MS medium supplemented with different concentrations of BAP alone or in combinations with
Kn, 2-iP, TDZ and NAA. Among the different types of cytokinins tested, BAP was found to be the
best cytokinin for shoot multiplication of D. giganteus. It was found that, increase in the
concentration of BAP up to 3.0 mg/l enhanced the rate of shoot multiplication (Table 2).
Similarly, Arya et al. (2006) showed 5.44-fold increase of shoot multiplication rate in case of D.
giganteus on MS medium supplemented with 20 uM BAP. In case of D. giganteus, Ramanayake
et al. (2001) also achieved continuous shoot proliferation in MS medium fortified with 6.0 mg/I
BAP and 2% sucrose.

The combined effect of BAP with other cytokinin like TDZ, Kn and 2-iP, was found to be
more effective particularly on the MS liquid medium supplemented with 2.0 mg/l BAP and 1.0
mg/l TDZ for axillary shoot multiplication of D. giganteus than using BAP singly (Table 2). In
this combination the number of shoots per propagule and shoot length was 22.83 + 1.30 and 7.71 £
0.96 cm, respectively. These results are in agreement with the findings of Raju and Roy (2016) in
case of B. bambos. In contrary, Arya et al. (2006) found that addition of BAP in the Kn
supplemented medium enhanced the shoot multiplication rate to 6.35-fold in case of D. giganteus.
Combined effect of BAP with TDZ and NAA in shoot multiplication was also tested in the present
study, in which a moderate multiplication rate was found (Table 2). There are some reports that
addition of auxins (IAA or NAA) has either no effect on multiplication or decreased the
multiplication of bamboo (Saxena 1990, Das and Rout 1991).

A significant increase in the shoot multiplication rate with healthy shoot was observed, when
8% (v/v) coconut water was added with 2.0 mg/l BAP and 1.0 mg/l TDZ. This medium
combination gave a maximum rate of multiplication with an average 33.17 + 0.84 shoots per
culture which were 9.24 + 1.08 cm long (Fig. 1). Similarly, Ramanayake and Yakandawala (1997)
in case of D. giganteus used 8% (v/v) coconut water in the proliferation medium. However, in
case of D. giganteus, Saxena and Bhojwani (1993) and in case of B. bambos, Raju and Roy (2016)
reported that 10% coconut water enhanced shoot proliferation.
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Fig. 1. Effect of different concentrations of CW along with constant 2.0 mg/l BAP, 1.0 mg/l TDZ and 3%
sucrose on average (a) number and (b) length of regenerated shoots per culture.

For root induction, among the various concentrations of IBA investigated, it was found that
4.0 mg/l IBA in absence of NAA was the most effective for root induction and the percentage of
rooting was 90% with maximum number of roots (9.31 + 1.45) per propagule and maximum root
length (9.13 £ 0.20 cm). However, further increase in the concentrations of IBA above 4.0 mg/I
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caused reduction in the rooting percentage, number and length of root (Table 3). In the present
experiment, combined effect of IBA and NAA was also tested, but did not provide satisfactory
results. However, in most of the treatments, root induction was started within 10-14 days after
inoculating them in rooting media. These findings are in accordance with the findings of Hossain
et al. (2018) and Devi et al. (2012) in case of D. giganteus; and Arya et al. (2012) in case of D.
hamiltonii. In contrary, Raju and Roy (2016) in B. bambos and Singh et al. (2012) in D. asper
observed maximum number of rooting by using the combination of IBA and NAA.

Table 3. Effect of different concentrations and combinations of IBA and NAA on rooting of in vitro raised shoots of
Dendrocalamus giganteus.

Concentrations of Number of roots per Root length
IBA and NAA (mg/l) Perfggtt;gge of propagule (cm)

IBA NAA (Mean + SE*) (Mean + SE*)
2.0 - 35.00 2.21+0.37 2.84 £ 0.56
3.0 - 60.00 4.60£0.94 3.88 £ 0.65
4.0 - 90.00 9.31+1.45 8.76 £ 0.92
5.0 - 65.00 5.06 +2.43 478 +1.96
2.0 0.5 20.00 1.94 +2.62 227+211
2.0 1.0 25.00 2.35+0.76 2.32+0.89
3.0 0.5 40.00 3.38+£0.09 3.25+0.46
3.0 1.0 55.00 423+204 3.71+1.34
4.0 0.5 70.00 5.50 +1.68 5.92+1.43
4.0 1.0 50.00 418 +1.30 4.06 +0.69
5.0 0.5 40.00 2.96 +0.84 3.08£0.92
5.0 1.0 15.00 1.56 +0.55 2.73+0.70

Values are means (+ SE, Standard error of mean) obtained from three independent experiments.

In vitro grown plantlets were gradually acclimatized to the external environmental condition.
For this, in vitro rooted D. giganteus plantlets were successfully acclimatized in polybag
containing garden soil, sand and compost mixture with 1:1:1 ratio. In this soil mixture the survival
rate was 90% after 2 weeks of acclimatization. Similar results were reported by Ansari et al.
(2009), Devi et al. (2012) and Hossain et al. (2018) using the same soil mixture in case of D.
giganteus. Using the same potting mixture Anand et al. (2013) and Raju and Roy (2016) reported
80-100% survival rate in case of B. bambos. Finally, the acclimatized plants, after a month, were
transferred to the larger pots containing garden soil and compost with 1:1 ratio for sufficient
growth and transplanted to the field. Different stages of in vitro regeneration of D. giganteus are
presented in Fig. 2.

The present research work provides an efficient and cost effective micropropagation protocol
for Dendrocalamus giganteus Wall. ex Munro from nodal explant without any significant changes
to its macroscopic characteristics. This protocol will be helpful for high frequency plant
regeneration of D. giganteus at a faster rate than any conventional method of propagation. This
study can also serve as a baseline for germplasm conservation of this economically important
bamboo species.
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Fig. 2: In vitro regeneration of Dendrocalamus giganteus. a. Surface sterilized nodal segments inoculate in liquid MS
medium containing 1.5 mg/l BAP+1.0 mg/l TDZ, b. Direct shoot induction after 20 days of inoculation, c.
Multiplication of in vitro raised shoot in agitated liquid MS medium containing 2.0 mg/l BAP+1.0 mg/l TDZ, d.
Rapid multiplication with elongated shoots in agitated liguid MS medium containing 2.0 mg/l BAP+1.0 mg/l
TDZ+8% CW, e. In vitro root induction on half-strength of gelled MS medium containing 4.0 mg/l IBA, f. Complete
plantlets, g. Acclimatization of the regenerated plantlets in poly bags, h. 2-weeks old plants in soil, i. Fully
acclimatized plant in clay pot.

References

Anand M, Brar J and Sood A 2013. In vitro propagation of an edible bamboo Bambusa bambos and
assessment of clonal fidelity through molecular markers. J. Medical Bioengineer. 2(4): 257-261.

Ansari SA, Shirin F and Mishra Y 2009. Micropropagation of selected commercial bamboo species in central
India. Ind. J. of Tropic. Biodiver. 17(2): 171-178.

Arya ID, Kaur B and Arya S 2012. Rapid and mass propagation of economically important Bamboo
Dendrocalamus hamiltonii. Ind. J. Energy 1(1): 11-16.

Arya S, Rana PK, Sharma R and Arya ID 2006. Tissue culture technology for rapid multiplication of
Dendrocalamus giganteus Munro. Ind. Fore. 132(3): 345-357.

Austin AT and Marchesini VA 2012. Gregarious flowering and death of understory bamboo slow litter
decomposition and nitrogen turnover in a southern temperate forest in Patagonia, Argentina Functio.
Ecol. 26: 265-273.



MASS PROPAGATION OF DENDROCALAMUS GIGANTEUS 343

Banik RL 1998. Bamboo resources, management and utilization in Bangladesh. In: Bamboo conservation,
diversity, ecogeography, germplasm, resource utilization and taxonomy, Rao AN and Rao VR (Eds), pp.
137-150. Proceedings of training course cum workshop, Kunming and Xishuangbanna, Yunnan, China.

Clark LG, Londono X and Ruiz-Sanchez E 2015. Bamboo taxonomy and habitat. In: Bamboo: The plant and
its uses, Liese W and Kohl M (Eds), 10: 1-30. Springer International Publishing, Switzerland.

Das P and Rout GR 1991. Mass multiplication and flowering of bamboo in vitro. Orissa J. Hort. 19(182):
118-121.

Devi WS, Bengyella L and Sharma GJ 2012. In vitro seed germination and micropropagation of edible
bamboo Dendrocalamus giganteus Munro using seeds. Biotechnol. 11: 74-80.

Farrelly D 1984. The Book of Bamboo: A comprehensive guide to this remarkable plant, its uses and its
history. Sierra Club Books, San Francisco, USA. pp. 340.

Haile B 2008. Study on establishment of bamboo processing plants in Amhara Regional State. M.Sc. Thesis.
Mechanical Engineering Department, Technology Faculty, Addis Ababa University, Addis Ababa,
Ethiopia. pp. 11-12.

Hossain MA, Khan BM, Uddin MZ and Rahman MM 2018. In vitro propagation of the giant bamboo
Dendrocalamus giganteus Munro. J. Bamboo Rattan 5: 117-226.

Lin CS, Kalpana K, Chang WC and Lin NS 2007. Improving multiple shoot proliferation in bamboo mosaic
virus-free Bambusa oldhamii Munro propagation by liquid culture. Hort. Sci. 42(5): 1243-1246.

Lin CS, Lin CC and Chang WC 2004. Effect of thidiazuron on vegetative tissue derived somatic
embryogenesis and flowering of bamboo Bambusa edulis. Plant Cell Tiss. Org. Cult. 76: 75-82.

Louppe D, Oteng-Amoake AA and Brink M 2008. Plant Resources of Tropical Africa 7(1): Timbers 1.
PROTA Foundation, Backhuys Publishers, Wageningen, Netherlands. pp. 701.

Mudoi KD, Saikia SP, Goswami A, Gogoi A, Bora D and Borthakur M 2013. Micropropagation of important
bamboos: a review. Afr. J. Biotechnol. 12: 2770-2785.

Murashige T and Skoog F 1962. A revised medium for rapid growth and bio assays with tobacco tissue
cultures. Physiol. Plant 15: 473-497.

Rahman MM, Parvin W, Sultana N and Tarek SAM 2017. Conservation of bamboo species in a mini urban
ecosystem of Bangladesh. J. Biodivers. Conserv. Bioresour. Manag. 3(2): 35-41.

Raju RI and Roy SK 2016. Mass propagation of Bambusa bambos (L.) Voss through in vitro culture.
Jahangirnagar Univ. J. Biol. Sci. 5(2): 15-26.

Ramanayake SMSD and Yakandawala K 1997. Micropropagation of the giant bamboo (Dendrocalamus
giganteus Munro) from nodal explants of field grown culms. Plant Sci. 129(2): 213-223.

Ramanayake SMSD, Wanniarachchi WAVR and Tennakoon TMA 2001. Axillary shoot proliferation and in
vitro flowering in an adult giant bamboo, Dendrocalamus giganteus Wall. Ex Munro. In vitro Cellular
and Developmental Biology - Plant 37: 667-671.

Saxena S 1990. In vitro propagation of bamboo (Bambusa tulda Roxb.) through shoot proliferation. Plant
Cell Reports 9(8): 431-434.

Saxena S and Bhojwani SS 1993. In vitro clonal multiplication of four year old plants of the Bamboo
Dendrocalamus longispathus Kurtz. In vitro Cellular and Developmental Biology - Plant 29: 135-142.

Singh M, Jaiswal U and Jaiswal VS 2000. Thidiazuron-induced in vitro flowering Dendrocalanus strictus
Nees. Current Sci. 79: 1529-1530.

Singh SR, Dalal S, Singh R, Dhawan AK and Kalia RK 2012. Micropropagation of Dendrocalamus asper
{Schult. & Schult. F.} Backer ex k. Heyne: an exotic edible bamboo. J. Plant Biochem. Biotechnol. 21:
220-228.

Singh SR, Singh R, Kalia S, Dalal S, Dhawan AK and Kalia RK 2013. Limitations, progress and prospects of
application of biotechnological tools in improvement of bamboo-a plant with extraordinary qualities.
Physiol. Molecu. Biol. Plants 9(1): 21-41.

Soreng RJ, Peterson PM, Romaschenko K, Davidse G, Zuloaga FO, Judziewicz EJ and Filgueiras TS 2015. A
worldwide phylogenetic classification of the poaceae (Gramineae). J. Systema. Evol. 53: 117-137.

(Manuscript received on 10 August, 2022; revised on 12 April, 2023)



