J. Indian bot. Soc.

Vol. 91 (4) 2012 : 365-378

RAPID IN-VITRO REGENERATION FROM 40- YEAR- OLD
CLUMP OFBAMBUSA NUTANS WALL. EX MUNRO

S. K. SHARMA*, SANJAY KALIA**, AND RAJWANT KAUR KALIA***
*Room No. 101, SLEM Project, Directorate of Extension,
Indian Council of Forestry Research & Education,
HOQ, PO. New Forest, Dehradun, Uttarakhand, India PIN- 248006
e-mail: sharmasati@gmail.com

* *National Research Center on DNA fingerprinting, NBPGR, PUSA,

New Delhi - 12, India

e-mail: skalia7l@gmail.com
** * National Research Center on Plant Biotechnology, IARI,

New Delhi - 12, India

e-mail: rajwantkalia@yahoo.com

Keywords : Bambusa nutans, indigenous, media, adjuvants, micropropagation, hyperhydricity;

Bambusa nutans Wall. ex Munro is a very
common cultivated evergreen bamboo species.
It is a multipurpose plant with ecological and
economical importance. For regeneration of
shoots, nodal segments were taken from 40
year old clump, and surface sterilized using
0.1% (w/v) HgCl, solution for 15-20 min. and
placed aseptically on media supplemented
PGRs. 7.5 uM 6-benzylaminopurine (BAP)
and 1.25 uM (NAA) exhibited maximum bud
break within a period of three weeks.
Proliferating shoots were excised along with
small piece of mother tissue and kept on
medium supplemented with 5.0 uM BAP for
multiplication for 4 - 5 subculture cycles.
Multiplied shoots were grouped into bunches
of 2 -5 shoots each. Bunch of three shoots
exhibited faster shoot multiplication when
cultured on multiplication media. During
multiplication phase, BAP alone proved to be
superior to kinetin as well combination of BAP
with NAA. Shoots multiplied at faster rate on
media supplemented with 5.0 uM BAP and
adjuvated with 50 mM glutamine. Glycine,
adjuvated at equimolar concentration as that of
glutamine to media, was found to be
deleterious. Microshoots exhibited higher
rooting percentages on media supplemented
with IBA than other auxins (IAA or NAA).
Effective IBA concentration was found to be 10

uM on which 72.22 % of propagules rooted.
Hardening was effectively carried out on half
strength MS media without growth regulators,
vitamins and sucrose. Success was achieved in
acclimatizing 73.33 % rooted propagules on
mixture carrying potting mix of sand: FYM:
Soil in 1:1:1 in polytunnels. Acclimatized
plantlets were successfully transplanted to
pots.

India is the second richest country in bamboo
genetic resources after China. These two
countries together have more than half the total
bamboo resources globally. Sharma (1987)
reported 136 species of bamboos occurring in
India. Fifty-eight species of bamboo belonging
to 10 genera are distributed in the northeastern
states alone. The forest area, over which
bamboos occur in India, on a conservative
estimate, is 9.57 million hectares, which
constitutes about 12.8 % of the total area under
forests (Bahadur and Verma 1980). Out of the
22 genera in India, 19 are indigenous and three
exotic. The annual production of bamboo in
India is about 4.6 million tonnes; about 1.9
million tonnes is used by the pulp industries.
The annual yield of bamboo per hectare varies
between 0.2 and 0.4 tonnes with an average of
0.33 tonnes per hectare, depending upon the
intensity of stocking and biotic interferences.
The economic impact of the agroforestry-based
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bamboo system may influence general
economic development considerably.

Bambusa nutans is one of the most
economically important species; it is
distributed between an altitude of 600—1500 m

from Uttaranchal to Arunachal Pradesh. It is a
sympodial bamboo with clump flowering and
15 - 20 m tall culms. The species is exploited
for its use in paper pulp industry and for its
usage as poles. The indiscriminate exploitation
of natural resources of Bambusa nutans has

Figure1-6 B. nutans :1. Nodal explant .2. Established culture 3. In-vitro rooting
4. In-vitro hardening5. In-vitro hardened plantlet
6. Plantlets of the B. nutans growing in the pot.
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reached threshold limit of depletion.
Conventional method of propagation through
seeds is limited due to unpredictable flowering
and short seed viability period. Vegetative
propagation by cuttings, offset and rhizome are
also inadequate to cope up the demand of
planting stock due to large propagule size and
low multiplication rate. To meet the growing
demand and conserve its resources, both
conventional and non-conventional methods
should be exploited. Hence, development of
non-conventional method of micropropagation
isrequired.

Regeneration of bamboos through application
of tissue culture technique using juvenile and
mature explants has been successfully
achieved in D. asper (Arya et al. 1999), 54
bamboo species (Prutpongse and
Gavinlertvatana 1992), B. multiplex and P.
aurea (Huang et al. 1988), P. viridis (Hassan
and Debergh 1987), D. strictus (Chaturvedi et
al. 1993, Preetha et al. 1993, Nadgir et al.
1984), B. tulda (Saxena 1990) and callogenesis
and organogenesis in Bambusa vulgaris (Rout
and Das 1997). Till date micropropagation of
B. nutans using seed as source of explant has
been reported (Yashoda et al. 1997) and
regeneration from leaf and internode (Kalia et
al. 2004a).

In the present communication successful
establishment, multiplication and rooting of
Bambusa nutans using nodal segment from the
mature clump of about 40-yr-old, has been
described.

MATERIALSAND METHODS
Explant and surface sterilization

Shoots were collected from current years
growth from mature and healthy clumps of
B.nutans established at bamboosetum of the
campus. Shoots were cut down to single node
segments measuring 2 to 3cm long (Fig. 1).

Leaf sheath was removed from the explants and
they were thoroughly cleaned with cotton scrub
dipped in 70 % ethanol. These nodal segments
were surface sterilized with 0.1% (w/v) HgCl,
solution for 15-20 min. Later these explants
were given 2 - 3 washings in sterile distilled
water to remove the traces of sterillants.
Finally, these aseptic nodal segments were
inoculated in culture tubes containing 10 — 15
ml medium.

Bud break

In order to optimize mineral nutrient
requirements for bud break, four basal media
viz. MS (Murashige and Skoog 1962), B,
(Gamborg et al. 1968), SH (Schenk and
Hildebrandt 1972) and NN (Nitsch and Nitsch
1968) supplemented with either 2.5 or 5.0 uM
BAP.

Nodal explants were cultured on MS media
supplemented with cytokinins (BAP, Kinetin,
BPA, Zeatin) in order to assess their effectivity
to induce bud break. The cytokinin
concentration used in the experiment was 2.5 -
15 uM. Effect of BAP-NAA interaction to
achieve bud break was also investigated. BAP
was tried in concentration range of 2.5 — 5 uM
and NAA wasused inrange of 1.25-2.5 uM.

Shoot multiplication

Effect of propagule size was studied for
enhancing multiplication potential, for the
purpose propagules with varying number of
shoots (one to five shoots) were cultured on MS
medium supplemented with 5.0 uM BAP.

Effect of cytokinins viz. BAP and Kinetin was
investigated in the concentration range of 2.5-
15 uM for shoot multiplication experiments.
The effect of cytokinin-auxin interaction on
shoot multiplication was investigated by
supplementing media with2.5—-5 uM BAP and
1.25 - 2.5 uM NAA. To enhance the rate of
multiplication glutamine and glycine (50, 100,
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150, 200 mM) were adjuvated to the medium
supplemented with 5 uM BAP.

Rooting

Rooting of shoots was carried out on MS media
(half strength of major salts) supplemented
with auxins (IBA or NAA or [AA) alone in the
concentration range of 2.5 —15 uM. Bunch of
three shoots each were cultured for rooting.

In all the experiments MS media (Murashige
and Skoog 1962) was used unless and
otherwise stated. All media were supplemented
with 3 % sucrose and gelled with 0.7 % agar
(Qualigenes, India). pH of all media was
adjusted to 5.8 prior to autoclaving at 15 lbs
pressure at 121°C for 15-20 min. All cultures
were incubated under 3000 lux with
fluorescent light with photoperiod 16 hrs light
and 8hrs dark and temperature 25+ 2"C.

Datarecording

Observations were recorded for percentage of
cultures exhibiting bud break and average
number of shoots proliferated. Data was
recorded on number of shoots multiplied and

their length in shoot multiplication
experiments. Shoot multiplication rate in the
shoot multiplication experiments was
calculated by subtracting initial number of
shoots from the total number of shoots at the
end of subculture cycle of three weeks. In
rooting experiments, data were recorded on
percentage of rooted shoots, average number of
roots and root length.

For each treatment, twenty-four replicates
were used and each experiment was repeated
thrice. Data were recorded after twenty-one
days of culture. Data subjected to GLM
analysis using statistical analysis software
package version SPSS 10.0 accordingly
analysed data presented in Table 1 to Table 7 for
describing the result of the study.
RESULTS

Bud break

Nodal explants were surface sterilized as per
method described in materials and method
section. The explants so sterilized were
inoculated on MS medium supplemented with

Table 1. Efficacy of media in inducing bud break on nodal explants.

Media BAP (uM) Bud break (%) Average no. of
proliferated shoots
MS gg 62.49+4 17 3.36+0.13
' 71.82 #2.75 3.89+0.09
SH gg 55.54 +4.80 2.94+0.28
' 65.07 +6.11 3.55+0.07
NN gg 49.99 +4.16 2.74+0.11
' 58.32 +4.17 3.29+0.13
Bs gg 44.47 +2.41 2.65+0.14
' 48.61 +6.36 3.08+0.08
Factor Variable CD at 0.05 F Calculated
Media Bud break 10.63 12.71
Shoot No. 0.564 6.35
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Table 2. Effect of different concentration of cytokinins on bud break on nodal explants of
Bambusa nutans.

Cytokinin Concentration Bud break (%) Average number of
(uM) proliferated shoots
BAP 2.5 58.33+4.17 3.08+0.28
5.0 69.24+6.30 3.84%0.22
7.5 79.16%7.22 3.86%0.12
10.0 74.9948.33 3.50£0.18
12.5 70.82+7.21 3.32+0.27
15.0 66.66£11.02 2.91£0.16
Kinetin 2.5 44.4446.36 2.43+0.10
5.0 47.2242 41 2.68+0.04
7.5 52.778.67 2.76+0.21
10.0 62.49+4.17 3.29+0.19
12.5 69.4416.36 3.61%+0.13
15.0 66.6614.16 3.41£0.22
BPA 2.5 40.2742.40 1.91£0.19
5.0 48.6146.36 2.30+0.05
7.5 52.77+8.67 2.38+0.22
10.0 55.554+6.36 2.710.17
12.5 61.10£10.42 2.91+0.07
15.0 54.1614.16 2.67%0.19
Zeatin 2.5 36.1044.81 1.89+0.21
5.0 41.66+4.68 2.22+0.09
7.5 48.60+6.36 2.46%0.06
10.0 51.3949.62 2.69%0.17
12.5 58.33%7.22 2.80+0.17
15.0 50.00+4.16 2.47+0.20
Factor Variable CD at 0.05 F calculated
Treatment Bud break 34.56 8.92
Shoot number 0.92 29.60
Cytokinin Bud break 9.13 18.30

Shoot number 0.26 26.01
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varying levels of plant growth regulators.
Maximum number i.e. 100% uncontaminated
established from the explants which were
collected during months of March — April (Fig
1).In experiment to select suitable basal media,
four media (MS, SH, NN and B;) were
supplemented with equimolar concentration of
BAP (0, 2.5 and 5.0 uM). Explants cultured on
MS medium exhibited higher bud break (Fig.
2) percentages compared to other media tried
(Table 1). On MS media supplemented with
BAP (2.5 and 5 pM) multiple shoots were
induced on 59.71% and 67.85% of explants and
the average number of induced shoots was 3.02
+ 0.17 and 3.61+ 0.26 respectively. Average
number of shoots induced on MS medium
supplemented with 2.5uM BAP was nearly
twice as induced on SH with equimolar
concentration of BAP. On all media except B,
normal healthy, green shoots were induced

Shoots induced from explants cultured on B;
medium were pale green, stunted, and
exhibited necrosis, and failed to multiply on
multiplication medium. Due to better
performance of explants cultured on MS
medium, it was selected for further
experiments.

Effect of different cytokinins (BAP,
Kinetin, BPA, Zeatin) at their equimolar
concentrations was assessed on the percentage
bud break and average number of shoots
induced (Table 2). Buds sprouted on 33.33%
explants cultured on basal medium and only
one to two shoots emerged from these explants.
Shoots formed on explants cultured on the
basal medium remained green for 15-18 days,
thereafter these shoots failed to grow further.
BAP was superior to other cytokinins tried at
equimolar concentrations, followed by
Kinetin, Zeatin and BPA. There was gradual

Table 3. Effect of BAP-NAA interaction on bud break on nodal explants of Bambusa

nutans.
BAP(uM) NAA(uM) Bud break (%) Average number of
proliferated shoots
5.0 0.00 65.27+8.67 3.63%0.26
7.5 77.77£6.36 3.82+0.28
10.0 73.60+4.80 3.41+£0.06
5.0 1.25 74.99+7.21 3.89+0.27
7.5 86.11+2 .41 4.4340.21
10.0 79.16x4.16 4.28+0.13
5.0 2.50 72.2146.36 3.731£0.25
7.5 80.55+2 .41 3.95+0.19
10.0 74.79+4 47 3.78+0.14
Factor Variable CD at0.05 F calculated
Treatment Bud break 19.11 3.76
Shoot No. 0.78 6.36
BAP x NAA Bud break 8.06 3.24
Shoot No. 0.32 11.36
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increase in percentage bud break and average
number of shoots induced per explant with
increase in concentration of BAPup to 7.5 uM,
which thereafter, exhibited a decline. On the
contrary, number of buds induced increased till
10 uM BAP but these buds were condensed and
clustered and only few buds elongated into
shoots. However, there was no parity between
the optimal concentration of each of the
cytokinin for percentage bud break and average
number of shoots induced. The optimal
concentration of BAP was 7.5uM on which the
explants exhibited 77.78% bud break with 3.86
shoots per explant. Kinetin, BPA and Zeatin
were effective at 12.5uM concentration in the
medium at which 70.83%, 62.49% and 59.72%
explants exhibited bud break and induced an
average of 3.61, 2.91 and 2.80 shoots
respectively. Bud break percentage (77.78%)
and average number of shoots proliferated per
explant (3.86) was significantly higher on
optimal concentration of BAP (7.5uM) than
other cytokinins. On the contrary, average
length of induced shoots was more on Kinetin
supplemented media than the media
supplemented with corresponding
concentration of other cytokinins. Addition of
small amounts of Kinetin to the best BAP
concentration failed to enhance bud break on
cultured explants. Average period for bud break
varied between 7-12 days on explants cultured
on cytokinin-enriched medium.

BAP supplemented media was enriched with
auxin (NAA) and their interaction was found
superior with respect to all cultural parameters
studied (bud break percentage, number and
length of induced shoots) as compared to
cytokinins alone. Responsiveness of explants
was enhanced on all the concentrations of BAP
when NAA (1.25uM) was supplemented to the
medium in comparison to the medium
supplemented with BAP alone (Table 3). On

the medium supplemented with 7.5uM BAP
and 1.25uM NAA, explants exhibited highest
percentage of bud break (86.11%) with average
of 4.46 shoots per explant. Decline in
percentage of explants exhibiting bud break
and number of shoots proliferated per explant
was observed when NAA concentration in the
medium was increased from 1.25uM. Increase
in NAA concentration (>1.25uM) enhanced
the frequency of hyperhydricity of induced
shoots which exhibited glassy green
appearance. Frequency of hyperhydricity was
more on combination of NAA with higher BAP
content (12.5uM and 15uM). Vitrified shoots
failed to convert into normal shoots when
transferred to basal media or media with lower
concentration of BAP.

Multiplication

Proliferated shoots were excised from the
mother explant with small part of it attached to
it and then cultured on hormone free medium
for elongation until appropriate size of shoots
(2.5-3.0 cm) were available. This treatment
helped to overcome the deleterious effect of
higher plant growth regulator treatments and
uniform crop of shoots were available for
multiplication. The shoots were then multiplied
on 5uM BAP for 6 weeks until a sufficient
shoot number was there for multiplication
experiments (Fig2).

For shoot multiplication, a cluster of 2-5 shoots
was used as propagule and cultured on medium
supplemented with 5uM BAP. Cultured
propagules of three shoots each were found
suitable as they exhibited enhanced
multiplication rate (3.66) compared to isolated
single shoots, which failed to multiply at faster
rate. The shoot multiplication potential of
cluster of two, four and five shoots was lower
than the cultured propagule of three shoots
each and was 2.78, 3.56 and 2.05 respectively.
Therefore, in subsequent experiments cluster
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of three shoots each were used for shoot
multiplication.

In order to enhance shoot multiplication,
propagules of three shoots each, were cultured
on media supplemented with either BAP or
Kinetin. On the media without cytokinins
shoots failed to multiply but exhibited copious
elongation of shoot (Table 4). BAP proved to be
superior to kinetin in respect to shoot
multiplication potential. The optimal
concentration of BAP was 5.0uM at which

highest multiplication rate (4.07) was recorded.
On BAP concentration beyond 5uM there was
decline in multiplication rate. The optimal
concentration of Kinetin was 10uM at which
multiplication rate of 3.34 was achieved.
Although, kinetin was less effective in
multiplying shoots at faster rate, but the length
of multiplied shoots, was more than that on the
equimolar BAP concentrations. Shoot length
decreased with increasing cytokinin
concentration in the medium. Shoot
hyperhydricity was observed on some shoots

Table 4. Multiplication rate of cultured Bambusa nutans propagules of three shoots each as

affected by different cytokinins.

Cytokinin Concentration(uM) Average Shoot length  Multiplication
number of (cm.) rate
multiplied

shoots

BAP 2.5 11.73+0.58 3.29 3.91

5-0 12.2210.77 3.15 4.07

7.5 11.770.62+ 3.13 3.92

10.0 10.70+0 41 2.82 3.56

12.5 9.89+0.50 245 3.29

15.0 8.18+0 47 2.27 2.72

5.0 8.49+0.53 3.71 2.81

7.5 8.06+0.48 3.63 2.98

10.0 10.14+0.39 3.38 3.34

12.5 8.47+0.37 3.06 2.85

15.0 757+0.35 2.82 2.52
Factor Variable CD at F calc

0.05

Treatment Shoots 0.86 27.92
Shootslt. 0.26 17.89
Cytokinin Shoots 2.03 34.09
Shootslt. 0.46 53.48
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multiplied on media supplemented with 12.5
and 15uM BAP. Leaf morphology of shoots
also changed with increase in BAP
concentration in the medium; leaves were
normal at lower concentration (2.5-10uM
BAP), which turned rudimentary at higher
concentrations of BAP (12.5-15uM).

Addition of NAA (0, 1.25 or 2.5 uM) to the
BAP (2.5-5 uM) supplemented medium was
found deleterious for shoot multiplication
(Table 5). Decline in the multiplication
potential was observed when NAA
concentration in the medium was increased
from 0 to 2.5 puM. Shoots multiplied on
medium supplemented with NAA exhibited
browning of sheaths and gave vitrified
appearance. BAP alone at 5 uM was found to be
effective in establishing cultures with faster
rates of shoot multiplication (3.94) with shoots
of average length 3.11 cm. Therefore, the

cultures were subsequently multiplied on
media supplemented with 5 uM BAP.

Effect of adjuvants (amino acids
glutamine and glycine) revealed that the
addition of glutamine improved the
multiplication rate whereas glycine was found
to be deleterious. Increment in shoot
multiplication rate was observed when
glutamine concentration in the medium was
enhanced from 0 to 100 mM (Table 6). On
media adjuvated with 100 mM shoot
multiplication rate was 4.48 which declined
with further increase in its concentration. On
media adjuvated with glycine multiplication
rate declined with increase in concentration.

Rooting

In vitro multiplied shoots (3-4 cm) were
harvested and cultured on MS basal medium
for one week before their culture on rooting

Table 5. Interactive effect of BAP-NAA on Bambusa nutans shoot multiplication.

BAP(uM) NAAQM) Average Shoot Multiplication
number of length(cm.) rate
multiplied

shoots

2.5 0.00 11.37+0.62 3.30 3.79

2.5 1.25 10.41+0.57 3.18 3.47

5.0 11.13+063 3.01 3.71
7.5 10.19+0 40 2.85 3.39

2.5 2.50 9.14+0.96 3.08 3.04

5.0 9.37+0.25 2.76 3.12

7.5 8.55+0.48 2.65 2.85
Factor Variable C D at 0.05 F calc
Treatment Shoots 2.14 11.19

Shoot It 0.47 7.71

BAP X NAA Shoots 0.76 35.17

Shoot It 0.74 6.03
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Table 6. Effect of adjuvants supplemented in media (MS + 5.0 pM BAP) on multiplication
of Bambusa nutans shoots.

Adjuvants Concentration (mM) Average Shoots of Multiplication
number of length (cm.) rate
multiplied

shoots
Control 0.00 12.19+0.75 3.32 4.06
Glutamine 50 12.74+0.36 3.13 425
100 13.45+0.31 3.02 448
150 12.59+0.35 2.86 4.19
200 11.78+0.56 2.75 3.92
Glycine 50 11.98+0.51 3.04 3.99
100 10.13+0.27 2.80 3.38
150 9 11+0.54 2.76 3.04
200 7 894031 2.63 261
Factor Variable CD at 0.05 F calc.
Treatment Shoots 1.71 48.02
Shoot It. 0.53 7.02

medium. It was found that IBA was most
effective for rooting than IAA or NAA (Table 7,
Fig. 3-4). For rooting 10uM concentration of
IBA was most effective on which 72.22% of
cultures developed 5.13 roots of average length
4.01 cm. Although percentage of rooted shoots
was highest on medium supplemented with 10
uM IBA, the average number of roots as well as
root length was highest on media supplemented
with 10 uM and 2.5 uM NAA respectively.
NAA and IAA were found to be effective at 7.5
uM and 10 pM concentration respectively on
which 54.99% and 47.21% cultures developed
roots. On the rooting medium supplemented
with TIAA, the cultured shoots exhibited rapid
chlorosis.

Hardening and acclimatization

Rooted shoots were transferred to liquid

medium (MS half strength) without plant
growth regulators and vitamins for hardening.
After hardening period of three weeks, the
hardened plantlets were transferred to polybags
with different potting mixtures. Plantlets
transferred to 1:1:1 mixture of sand: FYM: soil,
73.5% of the plantlets successfully
acclimatized as against 55% plantlets in
mixture of sand: soilrite (Fig. 5 and 6)

Present procedure ensures faster multiplication
of cultures and ensures regular supply of
planting material for plantation as well as
afforestation programmes.

DISCUSSION

Propagation of bamboos through single node
culture provides an efficient means of
propagation. The plantlets arising via this
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Table 7. Effect of auxins on induction of roots on shoots of Bambusa nutans.
Auxin Concentration Rooting(%) Root Number Root Length
(nM) (cm)
IBA 2.50 37494721 2.1640.15 4.53+0.43
5.00 472242 40 2714021 4.65+0.48
7.50 58.33+4.17 3.4340.25 4.10%0.22
10.0 72.22+4 81 5.1340.35 4.01£0.38
12.5 65.27+6.36 4.06+0.23 3.78+0.11
15.0 55.5542 41 3.5140.33 3.52+0.29
TIAA 2.50 20.83+4.17 2.11%0.15 4.71%0.33
5.00 29.16+4.16 2.90+0.62 4.60+0.27
7.50 30.55+8.67 3.3540.56 4.33+0.23
10.0 4721%6.36 3.0840.42 4.26+0.33
12.5 41.66%7.21 2.66+0.28 4.10£0.15
15.0 38.33+2.40 2.26+0.25 3.86+0.12
NAA 2.50 31.94542.40 2.96+0.15 5.04+0.39
5.00 48.60+8.67 3.86%0.59 4.39+0.39
7.50 54.99+5 .46 5.45+0.32 4.03+0.25
10.0 52.77+8.67 4.1040.20 3.380.13
12.5 38.88+6.36 3.4240.28 3.24+0.13
15.0 27.77+4.80 3.0340.15 2.86+0.11
Factor Variable CD at 0.05 F calc
Treatment Rooting (%) 26.96 17.23
Rooting No. 1.37 11.04
Rooting length 1.62 21.62
Auxin Rooting (%) 9.73 15.59
Rooting No. 0.49 3.17
Rooting length 0.72 7.67

method are generally free from chromosomal
aberrations and are true to type copy of the
parental stock. In past two decades cloning via
tissue culture has received a great impetus.
Successful propagation of bamboos through
single node culture has been documented in

Bambusa arundinacea (Mehta et al. 1982), and
Dendrocalamus strictus (Preetha et al. 1992,
Chaturvedi et al. 1993, Ramanayake and
Yakandawala 1997, Ravikumar e al. 1998).

Period between March-April provided suitable
environment for culture establishment. Similar
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effect of season on culture establishment has
been reported in variety of tree species and
bamboos (Chaturvedi et al. 1993, Thakar and
Bhargava 1998). Amongst the trial of different
media for bud break MS proved to be superior
over other salt formulations tried (SH, B, NN).
This was also observed in the reports on
axillary bud proliferation using nodal segments
from mature trees of Prosopis cineraria
(Shekhawat et al. 1993) and Prosopis alba
(Tabone et al. 1986).

Role of propagule size during multiplication
phase was investigated and propagule size of
three shoots each was found to multiply at the
faster rates. A faster rate of shoot multiplication
taking propagules of three shoots each was
observed in Bambusa tulda (Saxena 1990) and.
Dendrocalamus asper (Arya and Arya 1997).
Of the cytokinins tested BAP proved its
superiority during culture establishment as
well as shoot multiplication phase. BAP has
proven to be an effective cytokinin in the
micropropagation of bamboos in several
studies (Arya et al. 1999, Saxena 1990,
Ramanayake et al. 2001, Kalia et al. 2004a).
Failure of shoots to multiply on medium
without cytokinins as in the present report is
observed in case of Dendrocalamus asper
(Arya and Arya 1997) and Bambusa bambos
(Arya and Sharma 1998). In present
investigation, addition of auxin (NAA) to the
BAP supplemented medium for shoot
multiplication was deleterious. Our findings
are in close agreement with observations of
Saxena (1990) in Bambusa tulda where auxin-
cytokinin interaction was found to be
deleterious for bud break as well as shoot
multiplication. Some of the cultures in the
present study particularly at the higher
concentrations of BAP developed vitrified
shoots. The role of cytokinins in medium on
explant/shoot hyperhydricity has been
mentioned by Debergh (1983), Bornman and

Vogelman (1984) and Pasqualetto et al. (1986).
Lishem et al. (1988) suggested that
hyperhydricity is the buds reaction to an excess
cytokinin. In the present study shoot
multiplication rate of 3.5 after three weeks of
culture was observed.

Significance of auxins in root development has
been investigated by several workers in their
studies. In present study, IBA was found more
effective than IAA or NAA. Similar efficacy of
IBA on root induction is reported in Acacia
auriculiformis, Prosopis cineraria (Nandwani
and Ramawat 1993), B. nutans (Kalia et al.
2004a) and D. sissoo ((Kalia et al. 2004b).

Present study documented higher rate of shoot
acclimatization (72%) in the potted plantlets of
Bambusa nutans. Such high success rates of
acclimatization have been reported in
Dendrocalamus asper (Arya et al. 1999). In
addition, in the present procedure there is no
visible evidence of variants (albino shoots) as
observed in other studies. Therefore, present
study provides an effective methodology of
multiplying Bambusa nutans at faster rates.
Efforts are on to develop a cost effective and
highly reliable methodology to ensure
sufficient planting stock for industry and agro-
forestry.
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