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Table 1. Species of bamboo used for microprop-
apation.
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Additional index words. tissue culture

Abstract. Fifty-four out of 67 species of bamboo tested were successfully propagated
in vitro. For nearly every species, multiple shoots were produced from axillary buds
on stem node segments cultured on Murashige and Skoog medium containing BA. In
a very few species plants could be regenerated adventitiously from callus. This method
of propagation was not very efficient or reliable. Rooting occurred in media containing
NAA at 2.7 to 5.4 µM. Several species could be stored in vitro on half-strength medium
at room temperature > 15 months without transfer. Chemical names used: N6-benzyl-
amino purine (BA); napthyleneacetic acid (NAA).
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Bamboo is an economically important
multipurpose crop. It is used as a source of
food, fiber, building materials, and biofuel.
Most bamboo is harvested from naturally oc-
curring stands with minimal conservation or
reforestation. Many species of bamboo are
endangered because of harvesting and the lack
of knowledge on propagation methods and
flowering control (most species die after
flowering). Current methods of bamboo
propagation rely on culm cutting, rhizome
division, or seed. These methods are expen-
sive and inefficient. Micropropagation offers
the potential for rapidly increasing select
bamboo clones for reforestation and conser-
vation. At a recent conference in Singapore
there were several oral reports describing the
successful use of tissue culture to microprop
agate bamboo (Rao et al., 1990). In only two
instances have sufficient data been obtained
to allow the publication of the results (Huang
et al., 1988; Hassan and Debergh, 1987). In
our investigation, we studied the response of
an additional 52 species and 12 genera (Ta-
ble 1).

Explants consisted of either seed, inflores-
cences, stem-node sections, meristem domes,
or leaves from underground shoots. Explants
were sprayed with 70% ethanol, surface-
sterilized for 30 min in 1% sodium hypo-
chlorite, and washed three times in sterile
water. All cultures were maintained at 25C
with 250 µmol·m -2·s-1 cool-white fluores-
cent illumination for 16 h·day-1.

Node sections containing an axillary bud
were placed on media containing Murashige
and Skoog (1962) (MS) salts and vitamins
supplemented with 88 µM sucrose, 6 g agar/
Received for publication 21 Jan. 1992. Accepted
for publication 4 Feb. 1992. Research was carried
out with financial support from USAID PSTC
competitive grant 936-5542-6-00-5057-00. We wish
to acknowledge the financial help of BOSTID of
the National Academy of Sciences (USA) and the
technical assistance of Dr. R.J. Griesbach of USDA/
ARS in writing this paper, as well as the assistance
of T. Vantanavalun, R. Poonsawat, and K. Su-
paiboonvatana in performing the work. The cost
of publishing this paper was defrayed in part by
the payment of page charges. Under postal regu-
lations, this paper therefore must be hereby marked
advertisement solely to indicate this fact.

HORTSCIENCE, VOL. 27(5), MAY 1992
liter, NAA (2.7, 5.4, or 10.8 µM) and BA
(2.2, 4.4, 8.8, 22.0, or 44.0 µM). Leaf sec-
tions (1 cm2) from young underground shoots
were placed on MS medium supplemented
with 2,4-dichlorophenoxyacetic acid (2,4-D)
(4.5, 13.5, 27.0, 40.5, or 81.0 µM). Mature
and immature seed were placed on MS me-
dium supplemented with BA (0.44, 1.1, 2.2,
4.4, or 8.8 µM) and NAA (2.7 or 5.4 µM).
In addition, 2,4-D (0.45, 2.3, 4.5, 9.0, 13.5,
or 27 µM) was used with immature seed ex-
plants. Immature inflorescences containing
flower buds smaller than 0.1 cm were cul-
tured in darkness and light on MS medium
containing 2,4-D (11.3, 22.5, or 45.0 µM)
and NAA (5.4 µM). Meristem domes (0.1
cm) were excised from young shoots and
placed on MS medium supplemented with
2,4-D (0.45, 2.3, 4.5, or 9.0 µM ), NAA
(0.54, 2.7, or 5.4 µM), BA (2.2 or 4.4 µM),
and coconut water (10% or 20% v/v). Root-
ing experiments were conducted with full-
strength, half-strength and quarter-strength
Fig. 1. Proliferating culture of Dendrocalmus
asper clone 16. Culture was derived from an
explant with shoots after 20 days on medium
containing 13.2 µM BA.
media supplemented with NAA (13.5, 27.0,
or 54.0 µM), BA (0.44, 4.4, or 8.8 µM), or
1-H-indolebutanoic acid (IBA) (2.5, 10.0,
12.5, or 25.0 µM).

Most species produced multiple shoots from
z+, Successfully micropropagated; –, unsuc-
cessfully micropropagated.
ySpecies used to develop the micropropagation
protocol.
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the axillary bud on a stem node from young
shoots when placed on medium containing
22 µM BA. Multiple shoots developed within
30 days. Other cytokinins [N-(3-methyl-2-
butenyl)-1- H- purine-6-amine (2iP) and 6-
furfurylaminopurine (kinetin)] and coconut
water were inferior to BA in inducing pro-
liferation. Addition of auxin (NAA) had lit-
tle effect on the multiplication rate of most
species (Table 2). Arundinacea pusilla,
Bambusa polymorpha, B. venticosa, and Sa-
saella suwekoana required 5.4 µM NAA for
proliferation. Several species, such as B.
multiplex, Gigantochloa ligulata, G. hos-
seusii, Dendrocalmus nutans, and Cephal-
ostachym pergraciles, had a high proliferation
rate (>10 shoots per node). The degree of
proliferation depended on the genotype. The
amount of multiplication for three clones of
D. asper varied 4-fold (Table 3). The degree
of proliferation also depended on the pro-
pagule size. Propagules that contained at least
three shoots proliferated at a maximum rate.
Single shoots did proliferate, but at a much
slower rate. The rate of proliferation in-
creased after several subcultures. For ex-
454
ample, in D. asper the first subculture resulted
in about three shoots per propagule; while
after the third subculture about nine shoots
per propagule were observed (Fig. 1).

The shoots rooted on media containing
NAA between 2.7 and 5.4 µM depending on
the species and the length of time the shoots
were in culture. Multiple shoot development
occurred within 30 days, and roots appeared
after 2 to 3 weeks. Several species could not
be micropropagated because of the quality
of the shoots; the shoots that formed were
abnormal and few. Preliminary experiments
have suggested that woody plant medium
(Lloyd and McCown, 1981) might be able
to induce multiplication of those species that
could not be proliferated on MS medium.

All species formed callus from leaf sec-
tions placed on medium containing 13.5 to
27.0 µM 2,4-D. The presence of charcoal,
BA, or casein hydrolsate decreased callus
formation. Shoots could be regenerated only
from leaf callus of B. flexicosa. Callus could
also be produced from immature inflores-
cences of B. oldmanii, D. latiflorus, and D.
asper cultured on media containing 13.5 to
27.0 µM 2,4-D. Shoots could be regenerated
from these callus tissues on media containing
2.2 to 8.8 µM BA and 1.4 to 5.4 µM NAA
at a ratio of 2:1. In addition, shoots could
be produced directly if the explants were
placed on medium containing 22 µM BA in-
stead of 2,4-D.

Callus was produced from meristem domes
cultured on medium containing 2,4-D and
coconut water. The optimal concentrations
varied with species. Quality and prolifera-
tion of such callus were inferior to callus
derived from either leaves or immature
inflorescences. We were not successful in
producing regenerable callus using BA and
NAA. Huang et al. (1988), however, found
that regenerable callus could be produced from
shoot tips on medium containing 5.4 µM NAA
and 4.4 µM BA for B. multiplex and 5.4 µM
NAA and 44 µM BA for P. aurea. This cal-
lus differentiated into shoots when cultured
on 5.4 µM NAA and 13.2 µM BA for B.
multiplex and 44 µM BA for P. aurea. They
found, as we did, that cultures placed on
media containing 2,4-D were not able to re-
generate shoots. Hassan and Debergh (1987),
however, found that P. viridis when cultured
on 9 µM 2,4-D produced callus that was able
to regenerate shoots when transfered to hor-
mone-free medium.

Bamboo grew very rapidly in vitro and
required frequent subculture. However, cul-
tures could be maintained for > 1 year at 25C
without subculture if placed on half-strength
MS media. During the year, the older shoots
turned brown and eventually died. Before
the older shoots died, new small green shoots
developed that did not elongate until sub-
cultured on fresh medium. These shoots were
regenerated into healthy, normal-appearing
plants.

Flowering occurred sporadically during in
vitro cultures of B. nana, B. arundinacea,
B. sp. Dam Khan, D. membranaceus, C.
pergracil, B. glaucescens, B. brandisii, and
B. multiplex All shoots died after flowering,
except those of B. multiplex. Culture con-
ditions (light, medium, temperature, ect.) did
not have any effect on the flowering re-
sponse, which was random and at low fre-
quency. Nadguada et al. (1990) have also
reported in vitro flowering of B. arundina-
cea, D. stricta and D. brandisii. They were
able to induce flowering by three subcultures
on media containing 5% (v/v) coconut water
and 2.2 µM BA.

We recommend micropropagating bam-
boo from axillary buds of young, nonflow-
ering stems. These buds should be cultured
as nodal segments on MS medium contain-
ing 22 µM BA. Resulting shoots should be
rooted on MS medium containing 5.4 µM
NAA. Inclusion of auxin (5.4 µM NAA) in
proliferation medium may help multiply re-
calitrant species.
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