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Abstract— Banana and plantain are least researched staple food for at least 400 million people. In India the plant is still 

under commercialized due to sterility, disease susceptibility, high water requirement and long duration crop. It is the most important fruit 

crop of India having great socio-economic significance. The use of in vitro plants obtained by in vitro budding is one of the main 

improvements in the cultivation of banana. Banana tissue culture plantlets have several advantages like higher survival rate 

than suckers, reduce the cost of disease and pest control, show uniform and vigorous growth, and have a shorter harvesting 

period. India still lags behind in research and development, regarding micro-propagation of banana because low cost 

protocol for commercial production of in vitro plantlets has not been established. The present investigation therefore 

attempts to develop a micropropagation protocol for indigenous cultivar, Basrai with shoot meristem as the explant for in 

vitro multiplication. The application of somaclonal variation, tissue culture and micropropogation seems to be the best 

option available; not only for quality improvement but also for commercial exploitation of this crop that has great economic 

potential. Micropropogation of banana is currently being done to produce large population of clones that are disease free. However, the 

multiplication rates vary with genotype or races. Hence, in the present investigation, attempts were made to develop a suitable micro 

propagation protocol that can be used for rapid multiplication of banana cultivar, Basrai. 
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I. INTRODUCTION 

Banana and plantain are a staple food for at least 400 million people. Banana though ranks fourth (after rice, 

milk and wheat) as a world food crop. It is the least researched because most edible landraces are sterile triploids 

with a life cycle of 1-3 years. This hampers strongly the elaboration of successful hybridization programmes. The 

outbreak of fungal and viral diseases like Fusarium wilt, black Sigatoka, banana bunchy top virus (BBTV) and 

banana streak virus (BSV), with a devastating effect on banana production and germplasm exchange, sparked the 

renewed interest in banana research. The rapid evolution in molecular techniques to isolate resistance genes from the 

own or a foreign gene pool and to bring these into the genome of susceptible landraces, brings us closer to the 

generation of disease resistant/tolerant plants (Schoofs et al., 1999).  

The true origin of Bananas, world's most popular fruit, is found in the region of Malaysia. By way of curious 

visitors, bananas traveled from there to India where they are mentioned in the Buddhist Pali writings dating back to 

the 6th century BC. In his campaign in India in 327 BC, Alexander the Great relished his first taste of the banana, 

usual fruit he saw growing on tall trees. Wild bananas are diploid with sexual reproduction; cultivated bananas are mostly 

polyploid (triploid and tetraploid), natural hybrids between two species, M. acuminata (genome A) and M. balbisiana 

(genome B). The main part of the production comes from sterile triploids that are propagated vegetatively. Cultivated 

bananas and plantains being parthenocarpic fruits, subsequent crops are usually produced from suckers of the mother plant. 

In India banana is grown under diverse conditions and production systems. Selection of varieties therefore is based on a 

large number of varieties catering to various kinds of needs and situations. However, around 20 cultivars viz. Dwarf Cavendish, 

Robusta, Monthan, Poovan, Nendran, Red banana, Nyali, Safed Velchi, Basarai, Ardhapuri, Rasthali, Karpurvalli, Karthali and 

Grandnaine etc, are more popular. Banana is the most important fruit crop of India having great socio-economic significance. It 

contributed 31% of the total food production in India. In India, Maharashtra state is the largest banana producing state followed by 

Tamil Nadu. Gujarat, Assam. Andhra Pradesh and others (Sunderaraju, 1999; FAO, 2003). 

The use of in vitro plants obtained by in vitro budding is one of the main improvements in the cultivation of 

banana during the last decade. Among crops cultivated on a Use scale, banana is the most widely in vitro propagated 
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plant. In addition to the advantages of using little space and providing continuous availability, the plants produced by 

this technique have a very high sanitary quality. The appropriate agronomic practices, the in vitro plants may produce 

high-yielding crops while reducing pesticide use (nematicides). However, the cost of the vitro plant produced by in vitro 

budding remains high compared to conventional methods. This high cost is the most significant obstacle to its common 

use. Somatic embryogenesis is likely to significantly reduce such a cost (reduction of labor cost). In the near future, 

this technique will be applied to traditional cultivars but also to new hybrids from genetic improvement programs in 

order to satisfy the probable high demand for varietal reconversion. The development of an embryogenesis 

technique is also of interest for the development of genetic transformation and somatic hybridization. 

Organized growth of banana tissue in vitro is limited to embryo culture and shoot tip culture. Embryo culture is an 

important aid for classical breeding in banana since the germination frequency of seed is extremely low. Through embryo 

rescue, this frequency can be 10 times increased (Vuylsteke and Swennen, 1992). Major applications of shoot tip 

culture are mass clonal propagation and germplasm conservation. In the former already existing shoot tips are stimulated 

to multiply rapidly, while in the latter, the multiplication rate is slowed down. In vitro culture of unorganized tissue in 

banana is almost exclusively related to the establishment of embryogenic cell cultures. When an embryogenic callus 

is induced on solid media containing high auxin concentrations, it can be transferred to liquid medium where it gives 

rise to embryogenic cell suspensions. Such suspensions with high regeneration capacity can be used for mass clonal 

propagation and are the only source of regenerable protoplasts in banana. More importantly, they are the preferred 

target material for induced mutations and genetic engineering (Strosse et al, 2001).  

Banana tissue culture plantlets have several advantages. They have a higher survival rate than suckers, 

reduce the cost of disease and pest control, show uniform and vigorous growth, and have a shorter harvesting period. 

From 1983 to 2000, a total of 33.3 million plantlets have been produced for commercial planting to check the spread 

of fusarial wilt in Taiwan. They have enabled the banana industry in Taiwan to achieve stable levels of production. 

Meristem culture can eliminate a number of pests and diseases. However, it is possible for viruses to be transmitted 

through micropropagated materials. Thus, a virus indexing system (ELISA test) has been established to prevent the 

spread of virus diseases such as banana bunchy top (caused by Banana Bunchy Top Virus (BBTV)) and banana 

mosaic (caused by Cucumber Mosaic Virus (CMV)) in infected tissue culture plantlets.  

India still lags behind in research and development, regarding micro-propagation of banana. Still a low cost protocol 

for commercial production of in vitro plantlets has not been established. Moreover the protocols that have been 

established are for exotic cultivars like Grandine. The present investigation therefore attempts to develop a 

micropropagation protocol for indigenous cultivar, Basrai with shoot meristem as the explant for in vitro 

multiplication. 

II. MATERIALS AND METHODS 

Initiation of shoot cultures  

Shoot cultures of banana are conventionally taken from any plant part that contains a shoot meristem, i.e. the parental 

pseudostem, small suckers, peepers and lateral buds (Vuylsteke, 1989). The apex of the inflorescence and axillary flower buds 

(Cronauer and Krikorian, 1985) are also suitable explants for tissue culture initiation. Overall, it is important to select explant 

material from preferably mature individuals whose response to environmental factors is known, and whose quality traits governed 

by genotypic and environmental effects have been identified. For rapid in vitro multiplication of banana, shoot tips from young 

suckers of 10-50 cm height were used as explants. From the selected sucker a cube of tissue of about 1-2 cm3 containing the 

apical meristem was excised. This block of tissue was dipped in 70% ethanol for 60 seconds, surface sterilized in a 2% 

sodium hypochlorite solution, and after 20 min rinsed three times for 10 min in sterile water. Subsequently a shoot tip of about 1 x 3 

mm, consisting of the apical dome covered with several leaf primordia and a thin layer of corm tissue was aseptically 

dissected. The explant was placed directly on a multiplication-inducing culture medium. For banana micropropagation, MS-

based media (Murashige and Skoog, 1962) was adopted. The media was supplemented with sucrose as a carbon source at a 

concentration of 30 g/l. Banana tissue cultures often suffer from excessive blackening caused by oxidation of polyphenolic 

compounds released from wounded tissues. These undesirable exudates form a barrier around the tissue, preventing nutrient uptake 

and hindering growth. Therefore, during the first 4-6 weeks, fresh shoot-tips were transferred to new medium every fifteen days. 

Antioxidants, such as ascorbic acid or citric acid in concentration 50 mg/1, were added to the growth medium to reduce 

blackening, or the explants were dipped in antioxidant solution (cysteine 50 mg/1) prior to their transfer to culture medium (Jarret, 1985). 
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Table -1 Composition of Murashige and Skoog basal tissue culture medium 

Essential Elements Concentration in 
medium mg/l 

Essential 
Elements 

Concentration in 
medium mg/l 

Macroelements Iron Source 
NH4NO3 1650 FeSO4.7H2O 27.8 
KNO3 1900 Na2EDTA.2H2O 37.3 
CaCl2.2H2O 440 Organic Suppliment 
MgSO4.7H2O 370 Myoinosiltol 100 
KH2PO4 170 Nicotinic acid 0.5 

Microelements Pyridoxine HCl 0.5 
KI 0.83 Thyamine HCl 0.5 
H3BO3 6.2 Glycine 2 
MnSO4.4H2O 22.3 Carbon Source 
ZnSO4.7H2O 8.6 Sucrose 30,000 
Na2MoO4.2H2O 0.25   
CuSO4.5H2O 0.025   
COCl2.6H2O 0.025   

 
Usually two types of growth regulators, a cytokinin and an auxin, are added to the banana growth medium. Their 

concentration and ratio determines the growth and morphogenesis of the banana tissue. In the present study, 2.0, 2.25, 2.5, 3.0, 

3.5, 4.0, 5, 7, 9, 11, 13, 15 mg/l benzyl amino purine (BAP) and 0.5 mg/1 kinetin was added to the initiation medium. 

In most banana micro-propagation systems, semi-solid media are used. As a gelling agent agar (3g/1) was added 

to the culture medium but our preference was for Gelrite (2g/1) because of its higher transparency, allowing much earlier 

detection of microbial contamination. However, higher cost limited its use. Banana shoot-tip cultures were incubated at 

an optimal growth temperature of 26 ± 2°C in a light cycle of 16 h with a photosynthetic photon flux (PPF) of about 60 

pE/m2s1. 

 

Multiplication of shoot-tip cultures 

The formation of multiple shoots and buds was promoted by supplementing the medium with relatively high 

concentrations of cytokinins. In banana, BA is the preferred cytokinin and is usually added in a concentration of 0.1-20 mg/l (Ba.nerjee 

and Langhe, 1985). For the multiplication of propagules, MS medium containing 3, 4, 5, 7, 9mg/1 BAP and 0.5 mg/1 kinetin was used. 

Clusters were separated, trimmed and repeatedly subcultured at 4-6 week intervals. 

 

Regeneration of plants 

Individual shoot or shoot clumps were transferred to a nutrient medium which does not promote 

further shoot proliferation but stimulates root formation. The cvtokinin in the regeneration medium is 

usually reduced or even completely omitted. Within 2 shoot tips develop into shoots. To initiate 

rhizogenesis IAA, NAA (a-naphthalene acetic acid) or IBA (indole-3-butyric acid) are commonly included in 

the medium between 0.1 and 2 mg/l. However, for the current study, IAA was used at concentrations ranging 

between 0.5-2 mg/l. Activated charcoal (0.1%) was added to the rooting medium to enhance rooting. After 

rooting, plants were hardened in vitro, for 2 extra weeks on the rooting medium prior to transplantation to 

soil. 

 

Acclimatization in the Nursery 

After removing the plantlets from the culture vessel, the clusters were washed to remove the medium, 

separated into individual plants, and sorted according to size (large: more than 5 cm high; medium: 3 to 5 

cm and small: less than 3 cm). They were then transplanted into soil boxes. Planting density was high, with 126 

plantlets in a box measuring 58 x 36 x 12.5 cm. After planting, the box was covered with a perforated 

transparent plastic cover for seven to ten days, to conserve moisture. The plastic was then removed, and two or 

three weeks later, the rooted plantlets were removed from the box and transferred to the field shed house. Here, the 
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plantlets were transplanted into plastic pots 9 cm high and 10 cm in diameter. They were kept in the shed house for six 

to eight weeks until they reach a height of around 100 cm. At this stage, they were released for planting, out in the field. 

 

III. RESULT 

The banana cultivar Basrai selected for the present investigation is popularly grown in Vidarbha region. To initiate 

micro-propagation of this cultivar, hardy mother plants that were able to tolerate high summer temperatures were selected. 

Suckers from such mother plants that were at least 10 months old were removed for experimentation. The response of such 

suckers on establishment media was investigated. A positive correlation was observed between sucker size and response on 

establishment medium. In general, too young or older suckers had lower response as compared to suckers of medium size.  

 

Table 2 - Response of Banana Cultivar Basrai in establishment medium 

Length of Sucker 0.5mg/l BAP 1.0mg/l BAP 1.5mg/l BAP 2.0mg/l BAP 

10-20cm No Response 84% 95% 89% 

21-35cm 38% 65% 97% 91% 

36-45cm 23% 48% 76% 78% 

The suckers within the range 21-35 cm showed highest percentage of establishment 97%, as compared to the other 

two sizes range i.e. 95% in 10-20 cm and 76% in 36-45 cm fifteen days after inoculation (Table-2). An overall positive 

correlation was observed between BAP concentration and rate of establishment of suckers. The establishment rate was 

seen to increase with increase in BAP concentration. Maximum rates were observed at 1.5 mg/lit BAP for all sucker sizes. 

Concentration of BAP above or lower than that had relatively less success rate of establishment (Table-2). 

 

Induction of multiple shoots  

The established shoot tips were sub cultured on the 22nd day of establishment, on MS medium with 3% sucrose and 0.3% 

Agar supplemented with 0.5 mg/1 kinetin and a range of BAP from 2.00 to 15.00 mg/1 for induction of multiple shoots. 

Multiple shoots primordia and buds started appearing on 8th day after sub culture. In all the BAP concentrations tried, 

multiple shoots appeared within 8-12 days after sub culture. The multiple shoots were counted on the 18th day after sub 

culturing. Only shoots 2-3 cm length, that could be easily dissected and sub cultured were counted. A positive correlation was 

seen on the induction of multiple shoots with increase in concentration of BAP from 2.00 to 7.00 mg/l. There was an overall 

decline in induction of multiple shoots beyond 7.00 up to 15.0 mg/l. A maximum of 7.64 multiple shoots were inducing in 7.00 

mg/I BAP.(Table-3) 

The inclusion of kinetin in the medium was essential for proper growth of the induced shoots. In a medium devoid 

of kinetin, there was proper growth of induced multiple shoots. 

 
Fig.1 Induction of multiple shoots and roots in Basrai 
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Table 3 - Induction of multiple shoots in banana cultivar Basrai: 
BAP Cocentration mg/l Kinetine Concentration mg/l Number of Shoots 

2.0 0.5 2.46 
2.25 0.5 4.78 
2.50 0.5 4.95 
3.0 0.5 5.36 
3.5 0.5 5.50 
4.0 0.5 5.46 
5.0 0.5 7.25 
7.0 0.5 7.64 
9.0 0.5 5.30 

11.0 0.5 3.15 
13.0 0.5 3.60 
15.0 0.5 3.38 

 
Shoot proliferation in secondary sub culture:-  

Shoot proliferation was rapid in secondary sub cultures on the all BAP concentrations tried. Multiple shoot buds 

were visible within 7 days of sub culture and were ready for transfer (2-3 cm) on 15th day. Here also, maximum 

shoots (13-20) were induced in 7.00 mg/l BAP (Table-4). 

 
Table 4 - Response of Banana cultivar Basrai in shoot proliferation medium: 

BAP Concentration mg/l Kinetine Concentration mg/l Number of Shoots 
3.0 0.5 7.36 
4.0 0.5 8.50 
5.0 0.5 11.05 
7.0 0.5 13.20 
9.0 0.5 10.25 

 
 
Induction of Roots 

For induction of roots, well-grown shoots (6-9cm) of 3rd  or 4th sub culture were selected. Shoots were placed on half 

strength MS media with 3% sucrose and different concentrations of IAA with or without charcoal. 

The results indicated that maximum of 4.78 roots were induced per shoot in 1.5mg/l IAA, within 18 days of induction. Presence 

of activated charcoal increased the number of roots to 5.28 per explants. The time of induction was also found to be reduced by 3 

days. (Table-5) 

 
Table 5  Induction of roots: 

Half strength MS+IAAmg/l No. of Roots Days to induction Success % 
0.5 1 20 85 
1.0 3.72 18 93 
1.5 4.78 17 95 
2.0 3.75 19 94 

1.5mg/l IAA+0.1% Charcoal 5.28 14 96 
 

IV. DISCUSSIONS 

Banana is one of the most popular fruits and has a great demand in the local market. It also has a respectable demand and 

is a prerequisite in the social and cultural life of civilization. This crop-banana, therefore, has special status as an agricultural, 

commercial as well as domestic crop (Anonymous, 2003). Although it is widely grown, there is still a vast scope for 

quality improvement in Banana. More importantly, the plant is still under commercialized in India. The reasons are 

sterility, disease susceptibility, high water requirement and long duration crop. 

The application of somaclonal variation, tissue culture and micropropogation seems to be the best option 

available; not only for quality improvement but also for commercial exploitation of this crop that has great economic 

potential (Smith et al; 1990, Swamy et al; 1991). Micropropogation of banana is currently being done to produce large 
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population of clones that are disease free (Cote et al; 1990, Buah et al; 2000). However, the multiplication rates vary with 

genotype or races (Jambhule et al; 2001). Hence, in the present investigation, attempts were made to develop a suitable micro 

propagation protocol that can be used for rapid multiplication of banana cultivar, Basrai. The results obtained are discussed 

herewith. 

 

Establishment of Excised Explants (Shoot tips) 

Hardy mother plants that were overall a good plant type, and could withstand high summer temperatures 45-48°C in 

the field, were selected. It was found that shoot tips from too young or too old suckers that are of size range 10- 20 cms or 35-

45 cms and above did not respond well to the establishment medium containing 1.5 mg/1 BAP. The best response with 97% 

success rate was achieved with sucker size between 21-35 cms range. Similar observation regarding the proper age or size of 

sucker was reported by Okole and Schultz, 1996. 

In general, increase in BAP concentration increased the percentage of shoot tip establishment, from 0.5 mg BAP to 

1.5 mg BAP. However, beyond that the percentage of establishment decreased. The present findings are in agreement with 

those of Miller and Muraishige, 1996; Bamasco and Barke,1985 and Lad,1982. 

The percentage of establishment was calculated on the 15th day after inoculation on different BAP concentrations. 

Since explants taking longer days to establish in a particular concentration cannot be selected as it would not be commercially 

viable. Maximum and rapid induction multiple shoot in the established shoot tips is the primary aim of any micro-

propagation protocol. This is dependent upon the hormonal status of the shoot tip (Vany et al; 1991). In order to achieve 

axillary bud proliferation, apical dominance must be broken. To find out a suitable hormonal concentration for multiple shoot 

induction in Banana, different concentrations of BAP were tried. It was observed that maximum multiple shoots per explant 

were induced by 7 mg/1 BAP + 0.5mg/1 kinetin. The induction was rapid and visible within 8 days of sub culture (Bhaskar et a!; 

1992). In general, the number of multiple shoots per explant in primary culture was found to increase with increase in 

concentration of BAP from 2-7mg/1. However, at concentration beyond 7mW1, there was a decline in multiple shoot induction. 

Inclusion of kinetin 0.5mg/I was essential for proper growth of the induced multiple shoots. Absence of kinetin resulted in 

poor growth of the induced multiple shoots. Similar results were reported by Banerjee et al; 1986, Naqndi and Choudhary 1998, 

Bekheet and Saker 1999, Schorfs et al; 1999, Oliveira et al ; 2001. 

 

Shoots proliferation in secondary sub culture 

There was induction of multiple shoots in secondary sub cultures. On an average, more number of multiple shoots 

were induced per explant in secondary sub culture in all the BAP concentrations. A maximum of 13.2 shoots per 

explant were observed in 7mg/1 BAP and 0.5mg/l kinetin. The time of proliferation was also rapid, since induced shoots were 

ready for sub culture within 15 days of first sub culture. A positive correlation between increase in shoot multiplication and BAP 

concentration was also reported by Arinaithe 2000, Hirimburegarna 1996, and Dhurnale et al; l997. 

 

Induction of Roots 

In order to establish successfully on culture medium, proper and profuse root growth is essential. A critical 

concentration of auxin in the medium determines root morphogenesis. In the present investigation, IAA was used 

to induce development of roots in well grown shoots (Ahsan Habib et al; 1998). 

Best response to rooting with 4.78 roots/shoot and highest success rates i.e. 95% was achieved 17 days 

after sub culture of shoot in rooting medium containing 1.5mg/1 IAA. Addition of charcoal to this medium further 

induced higher root proliferation 5.28 roots / explant and the induction was more rapid within 14 days of sub culture. 

Bekheet and Saker 1999, Fitchet and Wimmar 1987, Cronaner and Kirkorian 1985 also reported such rapid and profuse 

root induction and proliferation in excised shoots (Arinaitwe et al; 2000). 

 

Survival percentage 

Well grown plantlets with a mean shoot height of 6cm and root length of 8cm were removed from the culture tube or 

bottle, washed and transferred to sand, soil, and cow dung mixture in a ratio of 1:1:1. The plantlets were hardened in the culture 

room under conditions of high humidity for 15 days and then transferred to green house. The survival percentage was 82 %. 

Similar results were reported by Arvindakasham and Shanmugavelu 1990. 
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