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ABSTRACT 
An efficient micro propagation protocol was achieved from nodal explants from field grown 
culms of Bambusa tulda. Explants were used to induce multiple shoots on Murashige and Skoog 
medium supplemented with auxins and cytokinins. In vitro auxiliary shoot formation was 
highest in Murashige and Skoog basal medium supplemented with 1.0 mg/l 6-Benzyle Adenine 
(BA). Subcultures of shoots from clumps were continued several times for maintaining a stock 
of mother culture. Clumps of at least 3 shoots were used for root induction in MS medium with 
Indole-3- Acetic Acid (IAA), Indole-3- Butyric Acid (IBA) and naphthalene acetic acid (NAA). 
Response of rooting was found more in 5.0 mg/l naphthalene acetic acid. Rooted plantlets were 
successfully acclimatized in green house for 20 to 25 days and then were transferred to the 
natural field condition. The survival rate was recorded 100 percent in field condition. To the best 
of our knowledge this is the first report on in vitro generation of Bambusa tulda from mature 
field grown auxiliary bud in commercial scale in North-East India. In this paper, a continuous 
mass multiplication protocol of B. tulda was described, which is cost effective, easy to raise, 
economic to adopt, easy to transport for selling purpose. 

Key Words : Multiple shoots induction, Nodal explants, Auxiliary bud, Plantlets 
regeneration, Bambusa tulda 

 
INTRODUCTION 

Bambusa tulda is a symbodial bamboo species, 
grows well in humid tropical and subtropical 
regions of the Indian sub continent with a long 
period of vegetative growth followed by 
seedling and death of the clamp. It produces 
clumps upto 10 to 15 m height and 4 to 8 cm 
dia. In India it is distributed naturally in the 
North and North- Eastern parts of the country. 
It is a tall, sturdy and quick growing bamboo 
suitable for the production of high quality 
paper and furniture.1  It is reported that the 
succulent shoots of Bambusa tulda are rich in 
phytosterols and the fermented shoots used for 
the production of sterol drugs.2 
It occurs in moist alluvial flat land along water 
courses upto an altitude of 1500 m. in finer 
textured soils in the semi evergreen forests in 
relatively low rainfall areas in Assam.         
This  species contained high reserve of organic  

matter, nitrogen, calcium, potassium and 
phosphorus under the soils where it grows.3 
Records of bamboo flowering is limited in the 
literature due to monocarpic nature and the 
unusually long flowering cycle.4-10 It is also 
found that flowering cycle is reported to vary 
from 30 to 60 years.  
The maturation of the tree species affects the 
potentiality of auxiliary buds and it is reported 
that the success of clonal multiplication from 
adult culm is restricted by many factors.11 

However, the reports on clonal multiplication 
from adult bamboos are very limited.12-15 The 
sexual method of reproduction is not reliable 
because of long and erratic flowering cycle, 
short viability of seeds and consumption of 
seeds by wild animals. Also propagation by 
vegetative means is difficult on account of 
fewer and bulky propagules and season 
specificity. So, tissue culture is the only 
convenient method for large scale production. 
Tissue   Culture   research   on   bamboo   was  *Author for correspondence 
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reported by Alexander and Rao16 on embryo 
culture of Dendrocalamus strictus and since 
then starting from Huang and Murashige17a 
good start has been made on tissue culture and 
a number of laboratories have begun to make 
plant species.  
In the earlier records on tissue culture, the 
initiation of the culture was done through seed 
and maximum rooting developed (92 per cent) 
occurred in 3 weeks. The survival percentage 
was recorded 80 to 90 per cent.18,19In the 
present research, an attempt was made to 
report for mass multiplication of Bambusa 
tulda, an economically important bamboo 
species. The protocol developed here is 
successful for commercial production the 
species through auxiliary bud culture. Survival 
rate was recorded 100 per cent after plantation 
in the field. This type of commercial 
production of bamboo is the first attempt in the 
North Eastern part of India through tissue 
culture process. The survival rate is 100 per 
cent also first record in this type of study. 

MATERIAL  AND  METHODS 
Initiation of culture 
Healthy single nodal segments (1.5 to 2.0 cm 
in length) with internodal portion were excised 
from young lateral branches of main culm of 
10 to 20 year old plants of Bambusa tulda from 
a natural bamboo stands in the month of 
October. Leaf sheath of nodal segment were 
removed, sized and were surface sterilized by 
using cotton swab dipped in 70 percent 
ethanol. They were then disinfected with 0.1 
per cent HgCl2 solution for 5 minutes. After 
that disinfected explants were dipped in 5 per 
cent (v/v) Tween 20 solution for 2 hour and 
then washed thoroughly under running tape 
water for 30 min. The explants were then 
rinsed with sterile distilled water. Pretreatment 
of the explants were carried out with aqueous 
solution of 0.5 per cent of Bavistin a systemic 
carbendazim fungicide (BASF India Ltd., 
Mumbai, India) and gentamycine for 15 
minutes. Nodal segments were aseptically 
cultured on culture tubes containing 15 ml of 
semi solid Murashige and Skoog’s medium20 
in 2.5cm X15 cm culture tubes (Borosil, India)   

The MS medium was prepared using 100 mg/l 
myoinositol, sucrose 3 per cent (Commercial 
grade, DCM Sriram Industries, Meerut, India), 
Gelrite 2.5 per cent (Sigma chemicals Pvt. 
Ltd.) and different concentrations of plant 
growth regulators like 6-Benzyle Adenine 
(BA), Indole-3-Butyric Acid (IBA), Indole-3-
Acetic Acid (IAA), kinetin (Kn) and 
naphthalene acetic acid (NAA)  singly or in 
combination. Observations were recorded after 
4 weeks when axillaries bud break occurred 
and shoots were proliferated. The proliferated 
shoots were excised from mother plant and 
cultured on MS medium supplemented with 
cytokinin in which concentration bud break 
and multiplication rate was more. 
Multiplication of shoots 
The entire clusters of proliferated shoots were 
transferred to 500 ml glass culture bottles with 
polypropylene cap containing 50 ml of media 
for 4 weeks. By this time shoots were 
elongated and developed into a number of 
multiple shoots. When sufficient shoots were 
obtained the proliferating shoots were cut into 
3 shoot cultures and subcultured in same semi 
solid MS medium.  Those 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 at regular 
interval of 3 weeks. 
Rooting 
For in vitro rooting, the propagules bearing 3 
to 5 shoots were transferred to MS semisolid 
media with different concentrations of Auxins 
like- IAA, IBA and NAA. Each hormonal 
concentration was tested three times with 10 
cultures per experiment. Rooting response and 
rooting percentage on the supplied medium 
was recorded.  
Transplantation 
The in vitro rooted shoots from 4 week old 
cultures were hardened and acclimatized 
before field transfer. Plantlets with well 
developed roots were washed gently under 
running tape water to remove all traces of 
medium attached to the roots and transferred to 
root trainer containing cocopeat and 
vermicompost into 3:1 ratio. They were 
irrigated  with  water and acclimatized keeping  
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it in close condition maintaining the humidity 
at green house for 20 to 30 days. The plantlets 
were kept under mist chamber with 85 to 90 
per cent relative humidity and 28±20C 
temperature. After that plantlets were 
transferred to the propagation bed for a period 
of one to two months at shade net house and 
produced mini clumps of shoots in abundance. 
The rooted shoots of mini clumps proliferated 
further when individual mini clumps were 
separated and planted in the specially prepared 
planting bags containing soil: sand: cowdung 
mixture (1:1:2). This procedure is found most 
suitable for large scale production. These poly 
bags are ready for distribution or sale.  
Culture condition 
For preparation of culture medium the 
inorganic salts (Hi-media Pvt. Ltd), 
Phytohormons (Loba Chemie Ltd., India), B 
Vitamins and Gelrite (Sigma Chemical Pvt. 
Ltd., India) were used. The pH of the medium 
adjusted to 5.7 and sterilized at 15 lbs pressure 
at 1210C for 15 minutes. An aseptic condition 
was maintained throughout the whole 
operation. All cultures were incubated at 
25±20.C under illumination with florescent 
light (Bajaj, India) of approx. 45 mol m-2S-1 
for 16 hr photo period/ day.  

RESULTS AND DISCUSSION 
Initiation of culture 
 The sterilization process described as in 
materials and method was used and yielded 75 
per cent aseptic cultures. Axillary bud break 
was noticed after one to three weeks but those, 
which did not sprout remained green for a 
longer period. Bud break frequency was 
strongly influence by the condition of explants 
and the season in which culture were initiated. 
Bud break only showed by the young lateral 
buds.  
Multiplication of shoots 
After the bud break, the elongated shoots were 
separated from nodes by sharp scalpel and 
transferred in the same fresh medium. Initially 
the sprouted nodal buds produced thick shoots. 
The clusters of shoots are of varied number. 
The excised shoots (either single or two- three 
together) clusters, established from nodal buds  

of parent bamboo were used as explants. 
Percentage of culture response, time taken for 
bud break, number of shoot initiated and shoot 
lengths were also found to vary in the different 
concentrations of cytokinins. 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 condition of 
explants. If once the bud break was achieved, 
shoot proliferation could be increased and 
maintained by regular subculturing at 4 weeks 
interval on MS medium. Of the various 
concentrations of cytokinin tried under semi-
solid conditions, MS medium with BA (1.0 
mgl-1) concentration induced bud break in 
large numbers. Subculturing with MS medium 
at lower concentration of BA (0.25 mgl-1 and 
0.50 mgl-1) caused stagnant and unhealthy 
growth of the shoots, leading to ultimate death 
of the cultures. Among the three cytokinin 
tested, BA was selected as the most suitable 
hormone to induce shoot multiplication. 
Highest shoot multiplication is found in 
corporation with BA (1.0 mgl-1). The shoot 
multiplication rate is 25.0±1.0 with shoot length 
4.00±1.0. (Table 1) . Increase in concentration of 
BA (1.50 mgl-1 and 2.00 mgl-1) in the same 
medium has the tendency for regeneration of 
more shoots but those shoots were of shorter 
length. Arya and Arya21 and also Chambers et 
al.22 reported that the effectiveness of BA in 
different concentrations in a number of bamboo 
species. However, in the present study BA (1.0 
mgl-1) proved to be ideal for healthy and 
maximum shoot multiplication.  It is followed by 
BA (1.5 mgl-1) and BA (2.0 mgl-1).  
Shoot regeneration was also achieved in the MS 
medium containing Kn (1.0, 1.5 and 2.0 mgl-1). 
But the shoot multiplication rate was low. 
Highest multiplication is observed in the 
concentration of Kn (2.0 mg-l). The shoot 
multiplication rate is 7.0±1.0 with shoot length 
2.5±1.6 cm. Multiplication potentiality were 
observed in the cluster having more than 2 to 3 
shoots (Table 2). Best period for recycling of 
multiplying shoots is 3 week old culture. 
Delaying  of  sub-culturing  period  resulted  in 
gradual  browning re of the shoots. Sub  culturing  



J. Environ. Res. Develop. 
Journal of Environmental Research And Development             Vol. 7 No. 3, January-March 2013 

1219 
 

period was recorded as the most crucial factor for 
obtaining optimal and desired level of regenera-

tion of shoots. Same result was observed in 
Bambusa balcooa.23 

Table 1 : Morphogenic response of nodal explants of Bambusa tulda at different 
concentration of cytokinins supplemented to MS medium 

Growth regulator 
(mgl-1) 

Shoot numbers/ 
clumps 

Shoot length 
 (cm) 

Total leaf  
number 

MS 0 1.5±0.5 1.1±0.1 2.3±1.2 
Kn 0.25 2.0±0.05 1.3±0.4 5.0±2.0 
Kn 0.50 2.5±1.6 1.4±0.4 3.8±0.9 
Kn 1.00 5.0±2.9 1.5±0.3 6.0±1.9 
Kn 1.50 4.0±0.7 3.0±1.2 3.5±1.2 
Kn 2.00 7.0±1.0 2.5±1.6 5.0±2.0 
BA 0.25 11.6±0.6 3.5±1.2 5.3±1.4 
BA 0.50 14.6±0.6 3.5±1.2 8.3±0.9 
BA 1.00 25.0±1.0 4.0±1.0 26.0±4.0 
BA 1.50 20.0±3.8 3.5±1.2 15.0±1.0 
BA 2.00 20.6±1.2 3.5±1.2 15.3±5.2 

Table 2 : Effect of multiplication and growth on culturing varied no of shoot clumps                                                                                                                             

No. of shoots/clumps Shoot no. Shoot length(cm) 
1 12.6±0.57 3.5±1.2 
2 15.0±1.0 4.0±1.0 
3 17.6±1.52 4.5±0.1 
4 19.0±1.00 4.0±1.0 
5 25.3±1.53 4.5±0.1 
6 27.3±1.52 4.6±0.1 

Rooting 
For root induction shoot clumps (one/two shoots) 
were placed vertically in the MS medium 
containing different concentration of auxins such 
as IAA, IBA and NAA ranging from  0 to 5.0 
mgl-1 (Table  3). Among the three auxins treated, 
NAA is found to be most effective for normal 
and maximum number of root formation. 
Rooting started after 15 to 20 days of transfer in 
the media. Almost 70 to 95 percentage root 
formation observed in different concentration of 
NAA. No root formation was observed in the 
medium containing IAA and IBA. Higher 
concentration of IBA shows gradual degradation 
of growth of the shoots and resulted dryness. 
Maximum number of rooting was recorded in the 
MS medium in NAA (5.0 mgl-1) with 22.6±3.2 
numbers of roots. The rooting percentage was 95 
percentage (Table 3 and Table  4). This result 
was followed by NAA (4.5mgl-1) with 16.7±1.53 
root numbers  and  93  percent  rooting and NAA  

(4.0 mgl-1) with 12.6±2.5 nos of root numbers 
(83 percent rooting). Low rate of rooting 
observed in NAA (1.25, 2.00 and 2.50 mgl-1). 
Effectiveness of IBA for root initiation was 
also reported in B. balcooa by Das and Pal.24  
But this report is not included in our study. 
Transplantation 
After attaining a height of 4 to 5 cm, rooted 
shoots were thoroughly washed under running 
tap water to adhere Gelrite from the roots and 
were transferred to root trainer with a mixture 
containing cocopeat and vermicompost into 3:1 
ratio. They were irrigated with water and kept it 
in close condition maintaining the humidity at 
Green House for 20 to 30 days.  The survival rate 
was recorded 100 per cent. Thereafter, the 
plantlets of root trainer of Green House were 
transferred to the propagation beds sheltered 
from direct sunlight and maintained there for 
another 20 to 25 days. In the propagation beds 
also 100 per cent plantlets were survived.  



J. Environ. Res. Develop. 
Journal of Environmental Research And Development             Vol. 7 No. 3, January-March 2013 

1220 
 

Table 3 : Effect of auxins on rooting of in vitro B. tulda 

IAA IBA NAA Observations 
0   No changes 

0.25   -do- 
0.50   -do- 
1.00   -do- 
1.25   -do- 
2.00   -do- 
2.50   -do- 
3.00   -do- 
3.50   -do- 
4.00   -do- 
4.50   -do- 
5.00   No Changes 

 0  -do- 
 0.25  -do- 
 0.50  -do- 
 1.00  -do- 
 1.25  -do- 
 2.00  -do- 
 2.50  dried 
 3.00  dried 
 3.50  dried 
 4.00  dried 
 4.50  dried 
 5.00  dried 
  0 No changes 
  0.25 -do- 
  0.50 -do- 
  1.00 -do- 
  1.25 Little rooting 
  2.00 Little rooting 
  2.50 Little rooting 
  3.00 Well rooting 
  3.50 Well rooting 
  4.00 Well rooting 
  4.50 Well rooting 
  5.00 Well rooting 

Beds are prepared with forest top soil, river sand 
and cowdung. Successful plantlets in the 
propagation beds produced profuse multiple 
shoots and grew luxuriantly. Young mini clumps 
with two-five shoots each were divided into two- 

three parts and each are carefully planted for 
further proliferation in the proliferated beds and 
then planted in poly bags filled with soil: sand: 
cowdung mixture (1:1:2) for storage. In general, 
rooting   and  transplantation  of  plantlets  to  the  
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field is the most important and difficult task in 
micropropagation.25.26 (Fig. 1) The poly bags 
were distributed to the local farmers and 
although no intensive care was taken, the 

propagules were in good condition throughout 
the period under observation and almost 100 per 
cent survival was reported in general field 
condition.  

 
  

  

  

 
 
 
 
 
 
 
 

 

Fig. 1 : Stages of micropropagation of Bambusa tulda. (a) Shoot initiation from auxiliary bud 
breaking and shoot multiplication [BA (1.0 mg-1)] (b) Shoot multiplication [Effect of BA (1.0 
mg1)] (c) Effect of NAA (5.0 mgl-1) in rooting (d) Well developed roots. (e-f) Plantlets after 
removal of Gelrite in the culture bottle before plantation in root trainer (g) Plantation at Green 
House (h) Plantation in polybages at shade net house ready for sale 

a b 

c d 

e f 

g h 
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Table 4 : Effect of NAA in rooting 

*The sign indicates number of root found 
+: Single root; ++: Two roots; +++: Three roots; ++++: Four or more roots. 

CONCLUSION 
Macro proliferation can increase the production 
upto minimum three times. Economic/ 
commercial viability of this protocol was 
estimated for production in a well established 
plant tissue culture laboratory. The costing of per 
plant through this process was considered as Rs.8 
to Rs. 10, if production was achieved to 3.8 
lakhs. However, the cost of plant can further 
decrease by increasing the production. 
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