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INTRODUCTION

Bambusa wamin camus, often referred to as “pitch-
er bamboo”, is a medium-sized graceful ornamental
bamboo. Culms usually dark green, are nearly 4-8 m
tall with 10-15 cm long internodes. Internodes are
much swelled (pitcher shaped) in the lower half. The
species has not been identified in a wild state. It is
cultivated in the northern Shan States, probably
brought from China, and planted in many countries.
This is one of the best clumped species used for mak-
ing miniature landscapes (bonsai) and decorative ar-
ticles. It is a threatened species and needs serious ef-
forts for its propagation.

Regeneration of B. wamin by seeds is impossible
due to lack of flowering. Moreover, the convention-
ally used vegetative means of propagation through
offset rhizome, cuttings, layering etc., are cumber-
some and inadequate to multiply it in large numbers.

Propagation through tissue culture seems to be most
effective.

The present investigation describes a procedure
for micropropagation of B. wamin through enhanced
axillary bud proliferation of mature nodal explants
of field grown clumps.

MATERIALS AND METHODS

Establishment of cultures

Nodal segments (2-4 cm) with a single axillary bud
and some internodal portion on either side were ob-
tained from newly emerging lateral branches of 10-
12 year-old clumps of B. wamin located at the For-
est Research Institute (FRI), Kanpur, Uttar Pra-
desh, India. These segments were thoroughly wiped
all along their surface using a cotton swab dipped in
70% ethanol. They were then sterilized with 0.2%
mercuric chloride for 5-20 min and washed in steril-
ized distilled water. Nodes were aseptically cultured
in culture tubes containing 10-15 ml of semisolid as
well as liquid Murashige & Skoog’s (1962) (MS)
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medium, containing 3% sucrose and 0.75% agar (for
semisolid medium) and supplemented with different
cytokinins. Observations were recorded after 4
weeks, for the number of shoots proliferated after
axillary bud break and an average length of shoots
obtained on each medium used. The proliferated
shoots were excised from the mother explant and
cultured on media supplemented with cytokinins
(BAP and/or Kn) in different combinations for further
multiplication.

In vitro shoot multiplication

When sufficient shoots were obtained, the prolifer-
ating shoot cultures were cut into 3 shoot clusters
(propagule) as a unit of propagation (single shoots
either failed to survive or showed very slow growth
rate). For the initial few subcultures, the shoots
were alternately cultured in liquid and semisolid me-
dia, but later regular subculturing was done on the
semisolid medium alone. The average number of
propagules derived at the end of each subculture cy-
cle out of a single propagule was regarded as the rate
of multiplication or the multiplication fold. In all ex-
periments, 0.75% agar (qualigens) was used for the
semisolid medium, and a filter paper bridge as sup-
port for the liquid medium. The pH of the medium
was adjusted to 5.8 prior to autoclaving at 1.06 kg cm-2

for 20 min.
All cultures were incubated at 25 ± 2ÆC under a

16 h photoperiod with a light intensity of 30 m mol
m-2 s-1 by 40 W cool white fluorescent tubes. The che-
micals used were of analytical grade (British Drug
House, E. Merck, Qualigens and S.D. Fine).

In vitro rooting

In vitro multiplied shoots of B. wamin were separat-
ed into propagules of 3-5 shoots each and cultured
on the appropriate medium for in vitro root induc-
tion. A half strength MS medium containing 2% (20
g l-1) sucrose, supplemented with IBA (1.0-10.0 mg
l-1) was used as root induction medium. Pulse treat-
ment with IBA was also tried under liquid condition
(analytical data not shown). The propagules were
cultured for 4 weeks on an IBA supplemented medi-
um followed by transferring to a PGR-free half
strength MS medium. After 8 (4 + 4) weeks of cul-
ture on the rooting medium, percentage rooting,
number of roots per propagule and length of longest
root were recorded.

Hardening and acclimatization

The in vitro rooted shoots were hardened and accli-
matized before field transfer. The plantlets were
washed with running water to remove all traces of
medium attached to the roots and then were plant-
ed in pots containing autoclaved soilrite. During the
hardening phase, these plantlets were irrigated with
half strength macro- and micronutrients of the MS
medium (organic free) every 5-7 days for 3-4 weeks.
The pots were kept in a mist chamber with 85-90%
relative humidity and 32 ± 2ÆC temperature. In vit-
ro raised plantlets were acclimatized in a shade
house after mist chamber hardening. Then, plantlets
were transferred to a soil mixture containing soil:
sand: FYM (1:1:1) and kept under agronet condi-
tions (shade house) with 50% light intensity. Later,
2-3 ft high plants were transferred to the field with 5
× 5 m spacing.

Statistical treatment

For in vitro axillary bud proliferation, 12 explants
were used for each treatment, while for in vitro
shoot multiplication and root induction, 8 explants
each were used per treatment. All experiments were
repeated three times. Standard statistical indices
were considered, i.e. frequency, mean and standard
deviation.

RESULTS AND DISCUSSION

Surface sterilization of nodal segments with 0.15%
HgCl2 for 15 min yielded 63.33% aseptic cultures
(Nadgir et al., 1984; Saxena & Bhojwani, 1991; Cha-
turvedi et al., 1993; Arya & Arya, 1996; Sharma &
Arya, 1998). An increase in concentration of HgCl2
(0.2%) and/or an increase in the duration of steril-
ization (15-20 min) resulted in a high frequency of
aseptic cultures, but affected adversely the percent-
age of bud break (Fig. 1).

Of the various concentrations of cytokinins
(BAP) tried under liquid and semisolid conditions,
the MS medium containing 5.0 mg l-1 BAP induced
bud break in 83.33% of the cultures in liquid medi-
um within 4 weeks (Table 1). Although bud break
appeared in the first week of culture, a sufficient
number of buds were obtained only after 4 weeks
(Fig. 2a). The number of buds induced at different
concentrations of BAP ranged between 3 and 8 buds
per nodal explant. At higher concentrations in semi-
solid medium, the number of buds produced was

60 Sheeba M. Arshad et al. — Micropropagation of Bambusa wamin



higher than that at lower concentrations, while in the
case of liquid medium, higher concentrations of
BAP led to shoot browning after the 3rd week. After
4 weeks of culture on liquid MS medium containing
5.0 mg l-1 BAP, the average number of buds obtained
were 3.89, while on semisolid medium at the same
BAP concentration, the average number was 2.71
(Table 1). Thus, culture of nodal segments either on
liquid or semisolid medium yielded maximum num-
ber of buds per explant on 5.0 mg l-1 BAP. Kn, when

tried alone or in combination with BAP had no sig-
nificant effect on the induction of buds (data not
shown). Hence, BAP seems to have some stimulato-
ry effect on in vitro bud induction in B. wamin.

The use of BAP for initial sprouting of axillary
buds from mature nodal explants of B. edulis, B. ven-
tricosa and D. asper have been suggested by several
other workers (Lin & Chang, 1998; Huang & Huang,
1995; Arya & Arya, 1996). No bud break was ob-
served when auxin (NAA or 2, 4-D) was used for ini-
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FIG. 1. Aseptic bud break (survival %) of in vitro cultured nodal explants after sterilization with different concentrations
of HgCl2 for varying time periods.

TABLE 1. Effect of BAP supplemented MS medium on in vitro axillary bud proliferation of mature nodal explants (from
field grown clump). Data recorded after 4 weeks of culture

Treatment (growth % response of cultures Number of shoots induced Average length of
regulators, mg l-1) with induced shoots per nodal explant shoots (cm)

BAP (mg l-1) Semisolid medium

Control 41.67 1.48 ± 0.28 1.33 ± 0.67
1.0 47.22 1.79 ± 0.18 2.59 ± 0.35
2.5 75.00 2.28 ± 0.25 1.97 ± 0.14
5.0 77.78 2.71 ± 0.42 1.93 ± 0.10
7.5 66.67 2.72 ± 0.55 1.44 ± 0.08

10.0 58.34 2.59 ± 0.22 0.99 ± 0.17

BAP (mg l-1) Liquid medium

Control 52.78 2.05 ± 0.19 4.88 ± 0.63
1.0 72.22 2.56 ± 0.53 4.90 ± 0.53
2.5 80.56 2.91 ± 0.09 4.18 ± 0.90
5.0 83.33 3.89 ± 0.38 3.29 ± 0.31
7.5 69.44 2.51 ± 0.38 2.42 ± 0.29

10.0 61.11 2.11 ± 0.66 1.53 ± 0.16

Values represent means ± SD of three independent experiments. Twelve explants were used for each experiment.



tiation of axillary bud cultures in B. wamin. On BAP
supplemented medium, when buds were elongated
to 3.0-4.5 cm, they were separated from the base of
the mother explant and subcultured on a fresh medi-
um. After 4-5 weeks, only 2-3 new shoots were de-
veloped, i.e. multiplication was very slow. Moreover,
continuous culture on liquid medium showed vitrifi-
cation of the shoot, so during the initial few subcul-
ture cycles, liquid and semisolid media were used al-
ternately. Nadgauda et al. (1990), Saxena (1990) and
Sood et al. (1992) have reported higher rates of shoot
multiplication and improved growth in liquid medi-
um as compared with semisolid medium. The slow-
er growth and multiplication on semisolid medium is
due to the fact that solubilized agar binds water and
PGRs resulting in reduced uptake of nutrients. At
the same time, agar-gelled medium results in accu-
mulation of phenols at the base of the explant that
increase toxicity and reduce multiplication. The use
of liquid medium increases the rate of nutritional
and hormonal uptake, which thereby increases the
rate of proliferation. According to Ramanayake &
Yakandawala (1997), BAP is hardly absorbed by
plant cells. Liquid medium allows a greater uptake of
BAP, due to the large surface of absorption provid-
ed by the partially submerged shoots. However, Sax-
ena & Bhojwani (1993) suggested that continuous
culture on liquid medium causes vitrification, even if
the shoots are not submerged. Moreover, higher pro-
liferation under liquid condition is possible only if
the medium is agitated for better aeration of the cul-
tures. Thus, pulse treatment or temporary immer-
sion of the shoots in the liquid medium gives better

results, since it increases the surface area of absorp-
tion by immersion of the shoots and reduces the ex-
posure time to the high concentrations of hormones
which may lead to vitrification. Because shoots are
only temporarily immersed, the problem of aeration
of culture is over. Here, we have tried to overcome
these problems by alternate subculturing on liquid
and semisolid media, until sufficient number of
shoots were obtained. These shoots were divided in-
to propagules of 3-4 shoots each and cultured on MS
medium containing different concentrations and
combinations of BAP and Kn. It was found that in-
corporation of BAP (1.0-3.0 mg l-1) to the MS medium
resulted in multiple shoot formation as compared to
the control (Table 2, Fig. 2b). On MS medium con-
taining 2.0 mg l-1 BAP, an average multiplication rate
of 3.76-fold was obtained within 4 weeks. But the
rate was further enhanced to an average of 4.20-fold
by incorporation of Kn (0.8 mg l-1), although Kn alone
had no significant effect on the rate of shoot multi-
plication. MS medium with 1.0 mg l-1 BAP and 0.8
mg l-1 Kn showed an average multiplication rate of
3.99- fold, with a maximum average length of 4.06 cm
attained in 4 weeks. Higher concentration of BAP
(2.0 mg l-1), although promoted shoot multiplication
(average 4.20- fold), it inhibited slightly the elonga-
tion of shoots (Table 2). Further increase of BAP
(3.0 mg l-1) resulted in stunted and vitrified shoots
with inconspicuous leaves. Similarly, Arya & Arya
(1997) found that at higher concentrations of BAP,
thin, small, leafy shoots appear in D. asper, which are
unsuitable for obtaining shoot propagules for subse-
quent shoot multiplication cycles. According to

62 Sheeba M. Arshad et al. — Micropropagation of Bambusa wamin

TABLE 2. Effect of BAP and/or Kn supplemented MS medium on in vitro shoot multiplication and shoot development.
Data recorded after 4 weeks of culture

Treatment Number of shoots Shoot multiplication Length of tallest
BA (mg l-1) Kn (mg l-1) obtained per propagule (fold) shoots (cm)

1.0 0.0 7.75 ± 0.76 2.59 ± 0.25 5.15 ± 0.28
2.0 0.0 11.29 ± 0.74 3.76 ± 0.24 3.57 ± 0.24
3.0 0.0 9.59 ± 1.02 3.19 ± 0.34 3.26 ± 0.18

1.0 0.4 8.75 ± 1.27 2.92 ± 0.42 4.06 ± 0.42
2.0 0.4 11.34 ± 1.50 3.78 ± 0.50 3.83 ± 0.37
3.0 0.4 9.05 ± 0.63 3.01 ± 0.21 3.14 ± 0.37

1.0 0.8 11.96 ± 0.50 3.99 ± 0.17 4.06 ± 0.16
2.0 0.8 12.59 ± 1.77 4.20 ± 0.59 3.72 ± 0.50
3.0 0.8 7.40 ± 1.16 2.47 ± 0.39 3.08 ± 0.17

Values represent means ± SD of three independent experiments. Eight explants were used for each experiment.



Maity & Ghosh (1997), BAP contributes to organo-
genesis at lower concentrations, since higher con-
centrations have negative effect on shoot regenera-
tion and are deleterious to D. strictus. Also, Lin &
Chang (1998) have demonstrated that higher con-
centrations of cytokinins promote shoot multiplica-
tion in B. edulis, but elongation is inhibited and con-
siderable vitrification occurs. Bag et al. (2000) have
also reported that increased concentration of BAP
adversely affects the rate of shoot multiplication in
T. spathiflorus. Thus, in the present study, among
various PGR combinations tested, the medium con-
taining 2.0 mg l-1 BAP and 0.8 mg l-1 Kn was consid-
ered as the optimum for maximum shoot multiplica-
tion and best overall shoot growth and development.
It was also noticed that propagule of a size measur-
ing 3-5 shoots, on a 4-week subculture interval (28
days), gave best results with healthy shoots measur-
ing 3.5-4.0 cm. Longer subculture cycles resulted in
necrosis. The multiplication rate also declined when
propagules of less than 3-5 shoots were used for mul-
tiplication. When single shoots were cultured, there
was an increase in the length but not in the number
of shoots. Full strength MS medium with 3% sucrose
was found to be most appropriate for both shoot
multiplication and overall growth, in comparison
with other media (WPM, B5 and DCR) and various
concentrations of sucrose (1-5%) (data not shown).
Myo-inositol, when incorporated at different con-
centrations (100-1000 mg l-1) showed no significant
effect on the rate of shoot multiplication (data not
shown). Incorporation of activated charcoal to the
medium led to decline of shoot multiplication and
overall growth. In the present report, shoot prolifer-

ation occurred via axillary branching involving no
callus phase, which may lead to genetic aberrations.
With the exception of Nadgir et al. (1984), Saxena
(1990) and Arya et al. (1999), several earlier reports
on the micropropagation of bamboos (Yeh & Chang
1986a, b; 1987; Huang et al., 1989) have mentioned
an intervening callus phase.

The in vitro multiplied shoots failed to root on a
hormone free basal medium. Roots were induced in
the presence of auxin (NAA or IBA). Among vari-
ous concentrations of IBA tested, rooting (85-95%)
was observed at concentrations ranging from 5.0-10.0
mg l-1. Maximum rooting (95%) was obtained at 7.5
mg l-1 IBA within 4 weeks (Table 3). IBA has been
used for rooting of other bamboo species, like D.
strictus (Nadgir et al., 1984), D. brandisii and B.
arundinacea (Nadguada et al., 1990), D. giganteus and
D. strictus (Das & Rout, 1991). In B. wamin, short,
thick and stunted roots were initially obtained on a
PGR containing medium. However, following trans-
fer to a PGR-free medium, roots became elongated
and turned fibrous, while root branching gradually
increased. Roots that were induced on 7.5 mg l-1

IBA, when observed after further 4 weeks (on trans-
fer to basal medium), showed maximum root induc-
tion frequency (100%), higher number of roots per
propagule (9.25) and greater root length (12.54 cm)
(Table 3, Fig. 2c). Thus, IBA proved to be essential
for providing initial stimulus for in vitro rooting,
while advanced root and shoot growth was noticed
only on transfer to auxin-free medium. Similar re-
sults have been reported by Nadgir et al. (1984) in D.
strictus and by Saxena & Bhojwani (1991) in B. vul-
garis. The two-step rooting procedure followed in the
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TABLE 3. Effect of IBA supplemented half strength MS medium on in vitro root induction (from in vitro regenerated
shoots). Data recorded after 8 (4 + 4) weeks of culture

Observation after 4 weeks on IBA Observation after 4 weeks
supplemented MS medium on PGR-free MS medium

IBA % root Number of roots Length of % root Number of roots Length of
(mg l-1) induction induced per propagule root (cm) induction induced per propagule root (cm)

1.0 45.83 1.89 ± 0.31 0.78 ± 0.26 66.67 3.07 ± 0.11 14.24 ± 1.70
2.5 50.0 2.14 ± 0.48 0.94 ± 0.34 66.67 4.89 ± 0.42 12.12 ± 1.92
5.0 87.5 4.36 ± 1.23 1.80 ± 1.09 95.83 6.94 ± 1.62 11.27 ± 1.96
7.5 95.83 5.26 ± 0.33 1.48 ± 0.85 100 9.25 ± 1.41 12.54 ± 0.97

10.0 87.50 5.39 ± 1.18 1.14 ± 0.34 95.83 8.52 ± 1.90 12.44 ± 0.79

Values represent means ± SD of three independent experiments. Eight explants were used for each experiment.



present study resulted in excellent rooting. It was ob-
served that continuous culture on a medium with
higher doses of IBA for a relatively longer period,
adversely affected growth and subsequent survival of
shoots. Moreover, it resulted in lower survival of
plantlets during the hardening phase. According to
Torrey (1976) and Mitsuhashi-Kato et al. (1978), for
advanced growth of root primodia to normal roots,
auxins are not required. Also, Chaturvedi et al.
(1993) have reported that prolonged incubation on
rooting medium induces abnormal knotting of roots
in D. strictus, caused by the inhibitory effect of aux-
ins. Similarly, initial exposure to IBA and subsequent
withdrawal of auxin from the medium was found to
be effective for overall root development in Tham-

nocalamus spathiflorus (Bag et al., 2000).
In vitro rooted plantlets were hardened and ac-

climatized prior to transplantation in the field. Dur-
ing the hardening phase (6-8 weeks), rooted plantlets
grew well when transferred to pots containing ver-
miculite under mist chamber conditions without the
intervening in vitro hardening phase. Similarly, the in
vitro hardening phase has been omitted by Lin &
Chang (1998) in B. edulis and by Bag et al. (2000) in
T. spathiflorus. Nearly 80-85% survival was achieved
through mist chamber hardening where humidity
was maintained through misting at initial stages.
The leaves became expanded and turned greener
and healthier. After 6-8 weeks in mist chamber, the
plantlets had a well-developed root and shoot system
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FIG. 2. In vitro multiplication using mature
nodal explants of a 10 year-old field grown
clump. 
(a) Multiple buds proliferated from a sin-

gle nodal explant cultured on MS basal
medium supplemented with 5.0 mg l-1

BAP under liquid condition after 4
weeks of culture (bar=1.5 cm). 

(b) Shoot multiplication on MS medium
supplemented with 2.0 mg l-1 BAP and
0.8 mg l-1 Kn after 4 weeks of culture
(bar=1.25 cm). 

(c) Rooted plantlets (8 weeks old: 4 weeks
on IBA + 4 weeks on PGR-free medi-
um) (bar=3.0 cm). 

(d) Hardening of in vitro raised plantlets. 
(e) In vitro raised plant after hardening

and acclimatization (4 month-old). 
(f) In vitro raised field grown clump (12

month-old) (bar=10.5 cm).



(Fig. 2d). When transferred to agronet conditions,
they were slowly acclimatized under 50% shade, and
emergence of new culms was visible after 4-6 weeks
(Fig. 2e). After 4-5 months, plants were planted in
the field. The survival of rooted plantlets in the field
was almost 92%. High transplantation and survival
rates have also been reported by Saxena (1990) in B.
tulda (80-90%) and by Lin & Chang (1998) in B.
edulis (100%). The micropropagated plants were
morphologically uniform and similar to the mother
plant with bulbous internodes (Fig. 2f).

A micropropagation protocol has been established
for various bamboo species using juvenile material,
but only few reports are available on micropropaga-
tion through adult explant material (Nadgir et al.,
1984; Saxena & Bhojwani, 1991; Chaturvedi et al.,
1993; Lin & Chang, 1998; Bag et al., 2000). No report
on micropropagation of B. wamin is available so far.
Thus, the present study on micropropagation of the
highly valuable ornamental species Bambusa wamin
is a novel finding. On MS supplemented with BAP
(2.0 mg l-1) and Kn (0.8 mg l-1), the shoots derived
were maintained in culture with approximately 4.20-
fold multiplication, subcultured every 4th week. Thus,
the proposed protocol can be commercially exploit-
ed for mass multiplication of this threatened species.
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