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ABSTRACT 
Standardization of an efficient in vitro propagation of Bambusa nutan for commercial scale with 
hardening procedure was described in this communication. Successful micropropagation 
protocol was achieved from field grown culms of B. nutans. Nodes with axillary buds were used 
as explants to induce multiple shoots on MS (1962) medium. MS medium enriched with BA (1.0 
mg/L) supported maximum in vitro shoot multiplication. Sub culturing of shoots were done after 
every 3 weeks on fresh multiplication medium. The proliferated shoot clusters containing three 
to five shoots were successfully rooted on MS medium supplemented with IAA (5.0 mg/L)+ 
IBA (8.0 mg/L)+NAA (5.0 mg/L) resulting in a maximum of 90% rooting. Rooted shoots were 
semi hardened in root trainer in cocopeat and vermicompost base and kept in poly green house in 
covered condition for 20-25 days. After that plantlets were fully hardened, acclimatized and 
established in soil where they exhibited normal and luxuriant growth. 

Key Words : In vitro propagation, Micro propagation, Shoot multiplication, MS medium, 
Vermicompost 

 
Nomenclature 
MS- Murashige and Skoog (1962) medium 
BA-N benzyladenine  
IBA- Indole-3- butyric acid  
IAA- Indole -3-acetic acid  
NAA-naphthelene acetic acid   

INTRODUCTION 
Bamboo plays a major role in the lives of the 
people of Assam. It is an integral part of the 
cultural, social and economic traditions of the 
State and also is an important component of the 
wealth of Assam. In North East bamboo is 
everywhere in its presence and almost every rural 
house hold holds a few bamboo clumps in the 
backyard. In Assam the major use of bamboo is 
paper manufacture by Hindustan Paper 
Corporation Ltd. which functions through its 
units in Panchgram, Hailakandi district and 
Nagaon. In NE India, India's 64% and world's 
20% growing stock of bamboo grows.  
Bambusa nutans Wall. Ex Munro is one of the 
priority species of bamboo identified by 
National Bamboo Mission (NBM) formulated 
by the Ministry of Agriculture, Government of 
India. Locally this bamboo is known as Makal  

Bah in Assam. The species is naturally 
distributed throughout various state of India, 
such as Himachal Pradesh, Arunachal Pradesh, 
Assam and Meghalaya. It is a medium sized 
woody bamboo. Culms of this bamboo are 
erect, smooth and thick walled. They can be 
measured 600-1200 cm long and 40-70 mm in 
diam. This species is found between 600 to 
1500m altitudes. It requires well drained sandy 
loam to clay loam soil with tropical to sub 
tropical climate. Both gregarious and sporadic 
flowering type is found in this species. 
Gregarious flowering cycle is reported after an 
interval of 35 years. The strong and straight 
culms of B. nutans are used variously, mainly 
as poles and paper pulping.1,2 Bamboo in India 
is currently faced with a number of problems, 
such as poor management, low productivity 
over exploitation of the available stock, 
gregarious flowering, etc. despite its versatile 
utilities. For industrial uses there is also 
increasing pressure on forest areas for 
procurement of bamboo as raw material. 
Excessive exploitation due to ever-increasing 
population pressure and new demands for 
industrial uses, especially pulp and paper, have 
resulted   in   enormous   reduction  of  bamboo  *Author for correspondence 
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stocks, which needs to be amended by large-
scale plantations of versatile and rapidly 
growing bamboo species like Bambusa nutans 
Wall.3 Most of the classical techniques for 
clonal propagation are useful for the 
production on smaller scale although some 
techniques such as macro proliferation can go 
higher. In most cases people will depend on 
the availability of mother plants for 
production. However, propagules obtained 
through vegetative methods are successful if 
they root. It was reported that rooting could 
achieve only upto 46.7% and 10% in culm and 
brunch cuttings of B. nutans respectively.4   
Endogenous contamination, hyperhydricity, 
instability of multiplication rate at initial stage, 
poor rejuvenation and low rate of rooting are 
the common problem associated with the adult 
bamboos.5 High hopes were raised knowing 
the potential of micropropagation for mass 
scale propagation in present time and a lot of 
research has been focused on the development 
of protocols for large and rapid scale 
production. 

AIMS AND OBJECTIVES 
The present paper reports an efficient and 
reproducible protocol for in vitro propagation 
of Bambusa nutan through axillary bud culture 
which is at once simple but successful for 
commercial production of the species. This 
type of commercial production of bamboo is 
the first attempt in the North-Eastern part of 
India through the tissue culture process.  

MATERIAL AND METHODS 
Culture initiation  
Single node stem segments with axillary bud 
(1.5 to 2.0 cm in length) and internodal portion 
of Bambusa nutan were collected from a 
natural bamboo stands (30 years old) in the 
month of October. The nodes containing the 
axillary buds were used as the source material 
for micro-popagation. Prior to surface 
sterilization, leaf sheath of axillary buds were 
removed. The surface of the explants was 
thoroughly rinsed in 70 percent ethanol and 
then sterilized with 0.1 per cent HgCl2 solution 
for 5 minutes followed by 3 to 4 times washing 
with sterilized distilled water to remove the 
traces of steriliant. The disinfected explants 
were dipped in 5 percent (v/v) Tween 20 

solution (4 to 5 drops; Reckitt Benckiser, 
Gurgaon, India) for 15 minutes and then 
washed thoroughly under running tap 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 which led to a significant reduction in 
fungal contamination. The explants were again 
rinsed four to five times with sterile distilled 
water to remove traces of sterilizing agents.  
The sterilized explants were inoculated on MS 
basal medium supplemented with 100 mg/l 
myo-inositol, sucrose (Commercial grade; 
DCM Sriram Industries, Meerut, India) 3 per 
cent and 2.5 per cent Gelrite (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. 
All cultures were initiated in the semi solid MS 
medium in 2.5 cm x 15 cm culture tubes 
(Borosil, India) containing 15 ml sterilized 
medium. Sprouting of buds was achieved in 
three to four weeks.  
In vitro shoot multiplication  
The sprouted buds (bunch of three to four 
axillary shoots) from nodal segments were 
transferred to 500 ml glass bottles with 
polypropylene cap containing 50 ml of media 
after 4 weeks of inoculation. After 4 weeks of 
inoculation sprouted buds were elongated and 
developed into a number of multiple shoots. 
These were then used as explants either as a 
single shoot or a cluster of 2- 3 shoots for 
production of additional multiple shoots and 
root induction. Shoots were sub-cultured on 
same medium at regular interval of 3 weeks.  
In vitro rooting  
For in vitro rooting multiple shoots were 
transferred to MS basal medium augmented 
with different concentrations of NAA. Rooting 
response was recorded in terms of rooting 
percentage on the supplied medium.  
Culture condition  
The inorganic salts (Hi-media Pvt. Ltd.), 
phytohormons (Loba Chemical Ltd. India), B 
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Vitamins and Gelrite (Sigma Chemicals Pvt. 
Ltd. India) were used for preparation of culture 
medium. The pH of the medium was adjusted 
to 5.7 and sterilized at 15 lb pressure at 121o C 
for 15 minutes. An aseptic condition was 
maintained throughout the whole operation. 
All cultures were kept under artificial light 
with fluorescent tube (Bajaj, India) of 
approximately 45 µmol m-2 S -1 with a 
light/dark cycle of 16/8 hrs and maintained at 
25±2oC.  
Hardening and transplantation  
In vitro raised plantlets were deflasked after 3 
weeks of inoculation on rooting medium and 
washed thoroughly in running tap water so as 
to remove adhered medium from the surface of 
the plantlets, which was further washed with 
0.2% (w/v) Bavistin and tap water. Washed 
plantlets were transferred to root trainer filled 
with sterilized cocopeat and vermicompost into 
3:1 ratio and irrigated with water in a close 
condition covered with transparent polythene 
sheet maintained at 28±20C at green house for 
20 to 30 days. The plantlets were initially 
placed close to the cooling pads (relative 
humidity 80 to 85%). During acclimatization 
period of 20 to 30 days, new leaves emerged 
and the plantlets were transferred to 
propagation bed in shade house. Within a 
period of one to two months plantlets in the 
propagation bed produced an abundance of 
mini clumps of shoots. The rooted shoots of 
mini clumps were separated and were planted 
in the specially prepared poly bags containing 
a mixture of soil: sand: cow dung in a ratio of 
(1:1:2). This procedure is found most suitable 
for large scale production. These poly bags are 
ready for distribution or sale (Fig.1).  

RESULTS AND DISCUSSION 
Culture initiation  
The sterilization process was used as described in 
materials and methods and obtained 70 per cent 
aseptic culture with 100 per cent bud break. The 
bud break was obtained in both the cytokinins 
(BA and Kn) within 3 to 4 weeks and the number 
of shoots ranged from 2 to 3. The bud break 
response significantly increased in BA treatment. 
It was also recorded that morphogenic response 
of the axillary buds varies widely in different 
months in Bambusa balcooa.6 In vitro 

propagation of bamboo through axillary shoot 
proliferation from mature clumps has been 
reported in Dendrocalamus strictus, Bambusa 
edulis, D. brandisii, D.giganteus, Thamno-
calamus spathiflorus, Pseudoxytenanthera 
stocksii, Bambusa balcooa, Guadua anguistifolia 
and B.glaucescens.6-16 
In vitro shoot multiplication  
Excised axillary shoots cultured on MS basal 
medium in the presence of 3 per cent sucrose 
without plant growth regulators became 
necrotic, resulting in the death of shoots. 
Axillary shoots were then placed on MS 
medium with cytokinin concentration where 
buds break responses well. Aseptic culture with 
80% and 100% bud break was reported in 
B.pallida17 and B.balcooa.18 Darkening at the 
tip of the bud was noticed occasionally. 
Axillary bud break was noticed after one to 
three weeks but unsprouted one remained green 
for a longer period. The elongated shoots were 
separated from nodes by sharp scalpel after the 
bud break and were transferred to a fresh MS 
medium. Multiple clusters of shoots were 
formed. The clusters of excised shoots, either 
single or two or three together, established from 
nodal buds of parent bamboo, were used as 
explants. The concentration variations in 
cytokinins affect the percentage of culture 
response time taken for bud break, number of 
shoots initiated and shoots length. Shoot 
proliferation could be increased provided the 
bud break was achieved successfully and can be 
maintained by regular sub culturing at 4 weeks 
interval on MS medium with concentration of 
BA (1.0 mgl-1). Sub culturing at lower 
concentration of BA (0.25 mgl-1 and 0.50 mgl -1) 
on MS medium caused good shoot proliferation 
at initial stage but it became stagnant and an 
unhealthy growth of the shoots was observed. 
BA was considered the most suitable hormone 
to induce shoot multiplication among the three 
cytokinin tested. In the present study, MS 
medium supplemented with BA (1.0 mgl-1) 
concentration gave a maximum multiplication 
rate with 11.6±0.6 shoot number and shoot 
length of 4.0±1.0 cm (Table 1).  
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Note : Stages of micropropagation of Bambusa nutans A. Shoot initiation from axillary bud breaking and shoot 
multiplication [BA (1.0 mg-1)] B. Shoot multiplication [Effect of BA (1.0 mg-1)] C. Effect of rooting in IAA (5.0 mg-

1)+ IBA (8.0 mg-1) +NAA (5.0 mg-1) D. Plantlets after removal of Gelrite in the Culture Bottle before plantation in 
root trainer  E. plantation in root trainer at green houseF. Plantation in Poly bags 

Fig. 1 : Micropropagation of Bambusa nutans 

The leaf number in the same concentration of BA 
(1.0 mgl-1) was found to be 15.3±5.2. It was 
followed by BA (1.50 mgl-1) concentration which 
gave multiplication rate 7.0±0.6 shoot number 
and shoot length of 3.5±1.2 cm. The 
multiplication rate was observed to decrease 
when MS media was supplemented with BA (2.0 
mgl-1 and 2.5 mgl-1). In these concentrations, the 
shoot number was recorded as 3.08±0.05; 

3.09±0.08 and shoot length as 2.3±0.02 cm. 
Shoot multiplication was also observed on MS 
medium with BA (3.0 mgl-1) in B. pallida17 with 
highest shoot multiplication (25.0±1.0 no.s 
shoots, 4.5±1.2 cm shoot length and 26.0±4.0 
nos. leaves). In B. tulda18 also identical results 
were obtained. Here highest shoot multiplication 
is found in corporation with BA (1.0 mgl-1). The 
shoot multiplication rate was 25±1.0 with shoot  

                     
(A)                                                              (B) 

                       
(C)                                                           (D) 

                      
(E)                                                             (F) 
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length 4.00±1.0. It was also reported that BA 
alone to be an important cytokinin for multiple 
shoot formation in several bamboo species such 
as Guadua anguistifolia19, Pseudoxytenanthera 
stocksii13 and Dendrocalamus giganteus.20 
When  kinetin  was  added  in  MS  medium  at  
concentration ranging from 0.25 to 2.0 mgl-1, 
shoots remained dormant for some time and 
ultimately died. Nevertheless, kinetin at higher 
concentration (2.0 mgl-1) resulted in maximum 
shoot multiplication with 2.7±0.4 shoot number, 
0.6±0.1 cm shoot length and the leaf number was 
3.0±1.9. Even lowering the kinetin concentration 
to 1.0 mgl-1 and 1.50 mgl-1  almost similar 
number of shoot number 2.3±2.7; 2.5±1.6 and 
shoot length 2.5±0.1; 0.6±0.1 cm was noticed at 
laboratory stage (Table 1). Shoot generation was 
also achieved from medium containing Kn (1.0, 
2.0 and 4.0 mgl-1) on B.balcooa, but the rate of 
multiplication was low.21 
The 3rd week old cultures were considered best 
suited for recycling of multiplying shoots. 
Gradual browning of shoots was seen due to 
delaying of subculturing period.18-22 Subculturing 
period was recorded as the most crucial factor for 
obtaining optimal and desired level of 
regeneration of shoots.  
In vitro rooting  
Different auxins such as IAA, IBA and NAA in 
varied concentrations ranging from 0 to5.0 mgl-1 

were tried for in vitro rooting of the fully 
matured multiplied shoots. For root induction 
shoot clumps (one/two shoots) were placed 
vertically in the medium containing different 
concentration of auxins (Table 2). Although 
combinations of IAA, IBA and NAA was found 
to be more effective. IAA alone had no effects on 
rooting. No change was noticed at low 
concentration of IBA but a slight increase in 
concentration induced poor growth of roots 
which then degenerated by browning and finally 
dried. Rooting improved when repeated 
subcultures were made using MS medium with 
higher concentration of NAA (3 to 5 mgl-1) 
(Table 2). Best result was obtained in the 
combination of IAA (5.0 mgl-1) + IBA             
(8.0 mgl-1) +NAA (5.0 mgl-1) with 90 percent 
rooting (Table 2) followed by 70 per cent 
rooting with 6.0±0.82 number of roots on MS  

medium with IAA (5.0 mgl-1) and IBA (8.0 mgl-
1). It was reported that a favorable response of 
NAA for in vitro rooting of B. Arundinaceae23 
and effectiveness of IBA for root initiation of B. 
Balcooa.7 It was found that NAA induced 
maximum numbers of roots in 2.0 mgl-1 
concentration with16.7±1.53 nos of roots which 
is 93% in B.pallida.16 Almost 90% root 
formation observed in NAA (4.0 mgl-1) with 
10.6±1.5 root numbers in B. balcooa17 and 95% 
rooting was recorded in MS medium in NAA 
(5.0 mgl-1) with 22.6±3.2 numbers of roots in 
B.tulda.18  
Hardening and transplantation  
Rooted shoots were thoroughly washed in tap 
water after they attained a height of 4 to 5cm to 
remove gelrite from the roots and were 
transferred to root trainer with a mixture 
containing cocopeat and vermicompost into 3:1 
ratio. The plants in the root trainer were irrigated 
with water and kept in closed condition 
maintaining the humidity at green house (80 to 
90 per cent) for 20 to 30 days. The plants were 
established well by the end of the period. 
Thereafter, the plantlets were transferred from 
green house to the propagation beds sheltered 
from direct sunlight and maintained at Shade net 
house for another 20 to 25 days. For the 
preparation of beds, forest top soil, river sand and 
cowdung were used in the ratio 3:2:1. The 
survival rate of plantlets both in the propagation 
bed and also in the green house was recorded to 
be 100 per cent. Luxuriant growth was observed 
in the propagation beds with profuse multiple 
shoots. Each young multiple shoot clumps with 2 
to 5 shoots  was  divided  into  2 to  3 parts which  
were then planted carefully in poly bags filled 
with soil: sand: cowdung mixture (1:1:2) for 
storage. It is reported that micro cloned 
miniclumps are suitable as macropropagation 
technology of bamboos and field planting.24 The 
poly bags were then distributed amongst local 
farmers. Although no intensive care was being 
taken, the propagules were in good condition 
throughout the period of observation and almost 
100 per cent survival was reported in field 
condition. So, it can be suggested that protocol 
described throughout the experiment is a 
successful for large scale production of the 
species.25,26 
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Table 1 : Morphogenic response of nodal explants of Bambusa nutans at different 
concentration of cytokinins supplemented to MS medium 

Growth regulator 
(mgl-1) 

Shoot 
numbers/clumps Shoot length (cm) 

MS 0      0   0 
Kn 0.25 1.0±0.05 1.1±0.1 
Kn 0.50 2.0±1.6 1.0±0.5 
Kn 1.00 2.3±2.7 2.5±0.1 
Kn 1.50 2.5±1.6 0.6±0.1 
Kn 2.00 2.7±0.4 0.6±0.1 
BA 0.25  2.76±0.6 1.7±0.6 
BA 0.50 3.08±0.05 2.3±0.02 
BA 1.00 11.06±0.6 4.0±1.0 
BA 1.50 7.0±0.6 3.5±1.2 
BA 2.00 3.08±0.05 2.3±0.02 
BA 2.5 3.09±0.08 2.3±0.02 

Table 2 : Effect of different concentration of IAA, IBA and NAA on in vitro in rooting 

Hormone 
concentration 

(mgl-1) 
No. of roots Root length 

(cm) 
Rooting 

percentage 
Root 

growth* 

IAA (1.0) 0 0 0 - 
IAA (2.0) 0 0 0 - 
IAA (3.0) 0 0 0 - 
IAA (5.0) 0 0 0 - 
IBA (1.0) 1.2±0.2 1 15 + 
IBA (2.0) 1.1±0.3 1-1.5 20 + 
IBA (3.0) 3.3±0.2 2-3 25 ++ 
IBA (5.0) 5.0±1.0 3-5 25 ++ 
NAA (1.0) 4.3±0.12 3-5 30 +++ 
NAA (2.0) 4.39±1.5 3-5 35 +++ 
NAA (3.0) 5.0±1.01 3-5 45 +++ 

NAA (5.0) 7.0±1.53 6-8 60 +++ 

IAA (5.0)+IBA 
(8.0) 6.0±0.82 6-7 70 ++++ 

IAA(5.0)+ IBA 
(8.0)+NAA (5.0) 6.08±0.58 7-8 90 ++++ 

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

CONCLUSION 
The production of Bambusa nutan has increased 
upto minimum three times after macro 
proliferation. This process is not only economic 
but also commercially viable and the protocol  

developed here may be used for large scale 
production in a well established plant tissue 
culture laboratory. The total cost per plant by  
tissue culture process was estimated at Rs.8 to 
Rs. 10 in 3 lakh plants production and may 
further decrease on increase in production.  
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