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Abstract

In vitro cloning of some commercially important bamboos (viz. Bambusa balcooa,
B. nutans, B. salarkhanii, B. vulgaris, B. vulgaris var. striata and Thyrsostachys oliveri)
were tried by using nodal buds. Excised shoots were used as explants in transfer
cultures and BAP (1 - 5 mg/l) was found to be effective growth regulator in
liquid media for inducing multiple shoots (3 - 30). Half strength MS was
supplemented with NAA (1 - 3 mg/l) and IBA (1 - 5 mg/l) for root induction.
Two to three weeks old 3 - 5 cm long shoots in cultures were suitable for
inducing rooting. Frequent changes of rooting media had improved production
of rooted plantlets. Rooted plantlets were cultured in non-sterile water in the
growth room for one week and after the plantlets were transferred to the
propagation bed. The plantlets in propagation beds produced mini-clumps with
3 - 10 shoots within five - eight weeks. Rooted shoots of the mini-clumps were
separated into two - five parts. The younger parts of mini-clumps were
transplanted in the propagation bed for further proliferation of shoots; older
parts were transferred in the soil-filled bags for field planting. These bagged
plantlets were vigorous in growth and found suitable for large scale cultivation.

Introduction

Bamboo is a fast-growing plant. It grows naturally in the forest and is cultivated
in the village homestead. Village farmers have limited knowledge of bamboo
cultivation based mostly on their own personal experiences and not on
systematic scientific studies. The situation calls for immediate attention to more
scientific cultivation and mass reproduction to meet increasing demands for
planting materials (Banik et al. 1993; Banik 1997). There are 26 species of bamboo
under seven genera including the natural and cultivated exotics in Bangladesh
(Alam 2001).

All bamboo species under study were measured from bambusetum, BFRI
but B. balcooa from Sarkarhat of Chittagong; internodes length, diameter and wall
thickness are shown in average of 40 internodes from base and parentheses
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indicated maximum value of internode number from basal internode. The
bamboos cultivated in villages are well adapted, thick walled and have a
multipurpose uses (Tables 1 and 2).

The cultivated bamboos are conventionally propagated by rhizome/ offset
planting but recently branch cuttings are widely used for some bamboo
species. For improvement and large scale cultivation of village bamboos in vitro
cloning and mass propagation techniques are urgently needed. The six important
village bamboos viz. Bambusa balcooa Roxb.(Borak), B. nutans Wall. ex Munro
(Makla), B. salarkhanii M.K.Alam (Karjaba), B. vulgaris Schard, ex Wendl
(Baijja), B. wvulgaris var. striata (Sharna) and Thyrsostachys oliveri Gamble
(Rangoon) have been selected for cloning and mass propagation by means of
tissue culture in addition to the standard practice of using nodal buds and
subsequently produced proliferating multiple shoots of mini-clumps.

Materials and Methods

Buds with 1.0 - 1.5 cm nodal segments were used to initiate and establish in vitro
culture. Nodal buds were collected from branches of one - two years old culms of
six different bamboos (viz. Bambusa balcooa, B. nutans, B. salarkhanii, B. vulgaris, B.
vulgaris var. striata and Thyrsostachys oliveri). Clumps of donor bamboos were
about 10 - 40 years old. Explants of nodal buds were collected in late February or
in March. Nodal buds were green and generally buds of upper nodes were
initiated to sprout. Collected buds were cleaned, sized and washed under
running water. HgCl> (0.1%) and a few drops Tween 20 (Polyxyethylene sorbitan
Monolaurate) were used to surface sterilized explants. The sterilized nodal buds
were cultured in semi-solid gel of MS and supplemented with BAP (1.0 mg/1).
Selected buds sprouted within three - four weeks. The sprouted buds were
cultured in liquid MS supplemented with BAP (1.0 mg/1) for two - three weeks.
By this time sprouted buds elongated and developed into a number of multiple
shoots. The latter shoots were used as explants either as a single or a cluster
of two - three shoots for production of additional multiple shoots and root
induction. Macro- and micronutrients of MS medium and vitamins and other
organics of B5 medium were used in the transfer cultures. In the second phase
also BAP (1 - 5 mg/1) was added to semi-solid gel or liquid media for induction
of multiple shoots. For induction of roots in the excised shoots, NAA (1 - 3 mg/1)
and IBA (1 - 3 mg/1) were used.

Prior to final transfer into soil, plantlets which were already in soil with well
developed roots were cultured for one - two weeks in water. Within a period of
three - four months the plantlets transferred to the propagation bed produced
mini-clumps of shoots in abundance. Roots grew on the shoot bases of mini-
clumps. The rooted shoots of mini-clumps proliferated further when individual
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mini-clumps were separated and planted in the specially prepared planting beds.
This procedure was found most suitable for large scale shoots multiplication or
for their storage in bags until field planting. Bagged plantlets were planted in
June, 2004 on different locations at the bambusetum in BFRI farmer’s field at
Harbang, Jahangirnagar University campus at Savar near Dhaka city and
Bangladesh Agriculture Research Institute (BARI) research station at
Chandraghona, Chittagong. Data on the field performance i.e., the growth of six
to nine months old bamboo species and their survival rate were collected in
April, 2005.

Results and Discussion

The sterilized nodal buds (Fig. 1) were cultured in agar-gelled MS medium either
alone or supplemented with BAP (1 mg/1). In both cases, buds sprouted but BAP
enhanced sprouting of buds (Fig. 2). The nodal buds of all six species sprouted
within one to three weeks but those, which did not sprout, remained green for a
long period. For inducing multiple shoots, the sprouted buds were transferred in
liquid MS supplemented with BAP (1 mg/l) with constant shaking (100 rpm)
under the light in an orbital incubator. The elongated shoots were separated
from nodes by a sharp knife and transferred in the same fresh medium. Initially
sprouted nodal buds produced thick shoots but after subsequent three - four
transfer culture in the same medium, the shoots multiplied constantly by forced
axillary’s branching and became thin shoot clusters. These shoots were suitable
for multiplication of shoots and induction of roots.

Breaking of nodal buds and sprouting of shoots depend on the condition of
explants, season of the year and culture conditions. Ramanayake et al. (1995)
studied in vitro bud breaking of two bamboos (Dendrocalamus giganteus and
Bambusa vulgaris ) from April, 1994 to April, 1995 and found seasonal effect on
bud-breaking. Similar observations were also made by Saxena and Dhawan
(1994) on D. longispathus.

The excised shoots (either single or two - three together) of shoots cluster,
established from nodal buds of the six bamboo species were used as explants.
These were cultured in liquid and semisolid gelled (7 g/l agar) MS supple-
mented with vitamins of B5 medium and BAP (I - 5 mg/1). New shoots emerged
from the cultured shoot(s) on the third day and continued to grow further for 10
to 12 days (Fig. 3). In media with a lower concentration of BAP, (1 mg/1) shoots
elongated more than in those fortified with a higher concentration of BAP (5
mg/l). All explants did not produce equal number of new shoots within the
same period of time in the same species. The variation of new shoot emergence
may be due to size, age or other conditions of explants (Table 3). Saxena and
Dhawan (1994) also observed that shoots induced from nodes of B. vulgaris
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multiplied at a slower rate than those from D. longispathus. Healthy shoots (Fig.
4) from profusely growing multiple shoots were found to be more suitable for
root induction provided they were cultured beforehand in the semi-solid gel
medium with a low BAP content. When profuse shoots (> 20) were grown in
cultures, they started browning on the third week; in the liquid medium they
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Figs. 1-10. 1. Nodal Buds of B. vulgaris var. striata. 2. Sprouted one nodal bud of T. oliveri.
3. Profuse shoots of B. balcooa. 4. Multiple shoots of B. salarkhanii. 5. Rooted plantlets of
B. salarkhanii. 6. Mini-clumps of B. nutans with profuse shoots. 7. Multiple shoots with
roots in mini-clumps of B. nutans. 8. Proliferated mini-clump shoots of B. vulgaris.
9. Polybag plantlets of T. oliveri and 10. Polybag plantlets of B. balcooa.

started browning earlier and in the semi-solid gel medium, browning took place
later. MS at half strength supplemented with NAA/IBA (1 - 3 mg/l) induced
roots (Fig. 5) in the excised shoots of all the six bamboo species. To induce root
NAA was found to be more effective than IBA. At a low concen-tration of NAA
or IBA (1 mg/l) in the medium, induced roots showed poor growth but the



107

Micro-cloning in Commercially Important Six Bamboo species

(1) (6]
(1) ¥2°2 &o are 29F L 9479 T g9 oee gl 't LAae ofpmsos Ay T
(1) (zz)
(1) 591 Fa0 gi9 'S L =R B4 £ ed gl 6T mmys dea sinipee g
(51) (51)
(1) 742 ga'0 Ae01 £64 ¥ LAY a4 R e = stapdine g
(z) (1)
(1) BiE 9¥30 206 4475 0 =25 FF £S s0s [ [T IIHDYNADS
(1) (a1)
(1) 428 creno el 0% ¥ I LG6F FAS &6k 0os oat SHMRY T
(1) (og)
(1) ogg  sz1 O0OOL  goe  SFE B&EZ 0 060 w09 £61 0§11 BOCOTEY DS RGUDT
WRIAL WY OB AW WER AW WEW AW RER] AL
(1112) (1112} (1a1o) e JDLIITII (1ar) 2 =g sataads
SESL{IN [BAL JH IR ] SpOLLIEI] SpOLLIZI] SUIMLD

-sarads D0quPq XT3 JO STAIEIEY D PP 3SN PUF P[AX T I[EL



108

attached shoots remained green for a long period. The roots were profuse in a
(5 mg/1) but
soon thereafter they degenerated by browning, killing the regenerating shoots.

medium with a higher concentration of NAA (3 mg/1) or IBA

Sometimes death occurred without browning even before the emergence of roots

from the seedling.

Islam and Rahman

Table 2. Uses of six bamboo species.

Species

Uses

Bambusa balcooa

B. nutans

B. salarkhanii

B. vulgaris

B. vulgaris var. striata

Thyrsostachys oliveri

1
. Thatching, walling, roofing, handicrafts and novelty item.
. Pulp, paper and rayon.

. Structural and construction application.

. Thatching, walling, roofing, handicrafts and novelty item.
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Structural and construction application.

Pulp, paper and rayon.

. Structural and construction application.
. Thatching, walling, roofing, handicrafts and novelty item.

Pulp, paper and rayon.

. Structural and construction application.
. Thatching, walling, roofing, handicrafts and novelty item.

Pulp, paper and rayon.

. Edible shoot.

Structural and construction application.

. Thatching, walling, roofing, handicrafts and novelty item.

Pulp, paper and rayon.
Structural and construction application.

. Thatching, walling, roofing, handicrafts and novelty item.
. Pulp, paper and rayon.

Table 3. In vitro shoot growth in the six bamboo species.

BAP (1.0 mg/1) BAP (5.0 mg/1)
Species Shoot Shoot height Shoot Shoot height
number (cm) number (cm)
Bambusa balcooa 3-24 1.0-6.0 5-54 05-35
B. nutans 3-21 1.0-7.0 4-28 1.0-5.0
B. salarkhanii 2-21 1.0-11.0 3-23 1.0-6.5
B. vulgaris 3-13 1.0-6.5 3-26 05-4.0
B. vulgaris var. striata 3-11 1.0-7.0 3-30 05-45
Thyrsostachys  oliveri 3-14 1.0-9.0 3-21 05-4.0

Rooting improved when repeated subcultures were made using a medium
with higher concentrations of NAA or IBA (> 3 mg/l) in the semi-solid gel
medium followed by their transfer to a liquid medium culture with a low content

of the same growth regulator.
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Rooted shoots ie., plantlets of the six different bamboo species were
thoroughly washed under the running tap water. These were cultured in tap
water for one-two weeks with or without macro- and microelements of MS.
Thereafter, the plantlets were transferred to the propagation beds sheltered from
direct sun and maintained there for a week. About 80% plantlets survived in the
propagation beds.

Successful plantlets in the propagation beds produced profuse multiple
shoots and grew luxuriantly. All the plantlets of six bamboo species showed
juvenility like seedlings and grew into mini-clumps (Fig. 6) each with 3 - 23
shoots (Table 4). Most of the shoots produced underground rhizomatous bases
with roots (Fig. 7). Young mini-clumps with two - five shoots each were divided
into two - three parts and each was carefully planted for further proliferation in
the propagation beds. At the older stage 10 - 15 weeks, mini-clumps stopped
further divisions and neither they were suitable for further proliferation in the
propagation beds nor they were usable for storage in bags (Figs. 8, 9, 10). It may
be mentioned that Zamora and Gruezo (1999) found micro-cloned mini-clumps
suitable as macro-propagation technology of bamboos and field planting.

During the nine-month period the field performances of all the six bamboo
species were excellent including their good survival and growth rate (Table 5).
Although no intensive care was taken, the propagules were in good condition
throughout the period under observation and survived under general field
conditions.

Banik (1983) initiated micro-propagation of bamboo species using nodal
buds as explants. During the period that followed many other scientists worked
on micro-cloning of bamboo species by using nodal buds (Ramanayake et al.
1996; Saxena and Dhawan 1994; Prutpongse and Vantana 1992). Here, we have
shown that use of nodal buds is an alternative reproducible and dependable
method for cloning of all the six bamboo species that we have tried. We have also
shown that proliferation of mini-clumps of micropropagated plantlets is one
more powerful and reliable method to attain the same objective, namely large
scale multiplication of bamboo species available in the country.
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