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Introduction 
Banana (Musa spp.) belonging to family Musaceae is one of the oldest fruits of the 
world [1]. For millions of people in developing countries in the tropics and 
subtropics, banana provides a basic food source of great importance [2]. The 
largest banana-producing regions in the world are Africa and Latin America, which 
represent 74.2 and 22.5 % of the world production, respectively followed by Asia 
with 3.3 % [3]. 
Bananas are thought to have originated from Malayan Peninsula or tropical parts 
of Asia. It is a tropical plant and grows well in warm and humid conditions. It is 
propagated by suckers. Ripe fruits are rich in vitamin A, C & B complex and 
phosphate. It contains 18 – 20 % sugar. It is produced in islands of Honduras and 
Jamaica, Brazil, Costa Rica, Cuba, Central America, Canary Islands, West Indies, 
India, Taiwan and Indonesia, China, Philippines, Australia, Colombia, Ecuador. All 
above countries except India export banana. India ranks number one in production 
of banana followed by Brazil, Indonesia, Philippines, China and Australia. In India, 
the banana producing areas are Maharashtra, Gujrat, Karnataka, Kerala, Tamil 
Nadu, Andhra Pradesh, Orisa, Bihar, Madhya Pradesh, Assam, Tripura and 
Manipur and West Bengal. India takes a lead in world banana production but 
exports are not substantial due to internal consumption, post harvest problems 
and disease affecting the plants. 
 
Recent Production Trends 
World production of bananas is around 88 million tonnes, with plantation of 30 
million tonnes. Nearly half the world production of banana comes from Asia. 
Worldwide, 10 million ha area is devoted to banana cultivation. Approximately 98 
per cent of world production is grown in developing countries. More than 73 per 
cent of total banana production is contributed by ten major banana-producing

 
countries. India, Ecuador, Brazil and China alone produce half of total banana 
output. India is the biggest producer of bananas with 17 million tonnes or 17 per 
cent of global production, followed by Uganda with 14 million tonnes. But,  the cost 
of production in India is three times that of big global exporters. Banana farming is 
very commercial enticing amount of Rs. 40,000 to Rs. 60,000 per acre. The top 
most banana cultivating states are Orissa, Andhra Pradesh, Kerala, Maharashtra, 
Tamil Nadu, Madhya Pradesh, West Bengal, Karrnatka. When we consider the 
area under cultivation of banana Tamil Nadu ranks first and in production 
Maharashtra is on the top [4]. 
 
Security for Food and Income 
Micropropagation is easy and cost effective technique providing high economic 
input [5]. Banana has 2.8% of agriculture GDP in India. It is not only a good 
source food and income throughout the year but also an important crop for 
farmers.  Banana is basically a hot-climate plant. Edible bananas are of two 
types—cooking bananas, known as plantations which can be considered starchy 
vegetables, and the fruit bananas. That is why banana is blend closely as national 
heritage and being used as a food from many years. It is the ancient fruit known to 
people. 
Being a rich source of potassium, banana is recommended for patients suffering 
from high blood pressure. It is being used to prepare squashes and juices. Despite 
75 percent water content, banana has not been used for long to prepare juice 
because when compressed, it simply turns to pulp. The technique of extracting 
juice from banana pulp was developed in 2004 by scientists of BARC (Bhabha 
Atomic Research Centre) and also been patented. Banana is a good source of 
vitamins C and B6. It has a high content of carbohydrates/fibre, but is fat-free and 
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Abstract- Bananas are the most essential economically tropical fruit crops that come second in area as well as production of fruit crop s. It constitute fourth very 
important food crop following wheat, rice and maize. It grown in more than 100 countries is harvested in an approximately 4.84 mha area, with 95.6 million annual 
productions. Bananas are given that a cheap and easily providing source of energy and very essential for food security of country. It is rich source of vitamins A, C, B6 
along with β-carotene. In addition, bananas contain serotonin, melatonin and tryptophan that act as mood elevators. In various developing countries sta tes that the crop 
is act as an important source of revenue, at a time providing the chief source for income in rural areas. Hence p lays an essential role in case of poverty mitigation. In 
vitro multiplication of banana has gained more attention for proving genetically uniform, disease and pest free true to type plants. In vitro micropropagation of banana 
can be done using the shoot tip culture for the production of disease free plants. Banana plants in vitro micropropagation has an immense profitable prospective due the 
speed of propagation, lower space requirements and capability to grow elite clones having better growth with increased stress tolerance capability. The present review 
provides the upto date knowledge of different steps involved for in-vitro multiplication of banana. 
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low in proteins. Fruits are good for the treatment of gastric ulcer, diarrhea, cancer 
and heart diseases. 
 
Nutritional Requirements 
Nitrogen is an important element in banana nutrition. Banana plant cannot store 
nitrogen. But oversupply of nitrogen produces large plants with dark green leaves. 
Sometimes the peduncle breaks off just inside the pseudo stem causing bunch 
loss. Phosphorus requirement is less than Nitrogen and Potassium requirement. 
Banana plants accumulate the Phosphorus they require over a long period; they 
lose relatively little through the fruit they distribute the balance readi ly to the 
sucker. Banana plants absorb Phosphorus mostly during the period between three 
to nine months after planting. Potassium is the most important element among 
nutrients required for the banana. The Potassium requirement of the developing 
bunch is high and if soil cannot supply enough quantity after its flowering stage, 
the leaf system could collapse due to Potassium being withdrawn from leaves for 
supply to the bunch. Banana also requires Calcium, Magnesium, Sulphur, Zinc, 
Manganese, Boron, Iron and Copper in traces as part of its nutritional 
requirements [6]. 
 
Challenges and Measures 
Banana cultivation is facing problems like non-availability of standardized, good-
quality planting material and quality certification of plant material. Though banana 
is a highly perishable crop, currently no insurance facility is available for farmers. 
Air tariffs for banana are also very high. There is an urgent need for 
standardization, certification and rapid multiplication for yielding good-quality 
material through tissue culture. Through tissue culture, it would be possible to 
multiply a single clone into a thousand, which effectively means possibility of 
further multiplication. 
Tissue-culture banana cultivation is gaining popularity in states like Tamil Nadu. 
With an initial investment of Rs 80,000-85,000 per acre, the farmers could get a 
yield of 38-40 tonnes per acre, which amounts to Rs 150,000 to Rs 160,000 per 
acre as gross income, and a net income of Rs 70,000 to Rs 75,000 per acre 
annually. Farmers are advisedto go in for two ratoons which give them a net 
income of about Rs 1 lakh each per acre. Therefore farmers can earn amount 
approximately of Rs 2.25 to Rs. 2.40 lakh per acre in around 27 – 30 months by 
vigorous cultivation.  
There are centers for research in banana in Andhra Pradesh, Assam, Bihar, 
Gujarat, Karnataka, Kerala, Maharashtra, Tamil Nadu and West Bengal. The 
National Research Centres for Banana (NRCB) at Thayanur near Tiruchi has a 
dozen scientists working on banana in a 38-ha farm. Work is in progress on 
transgenic varieties and tissue culture that have been yielding positive results. The 
NRCB is also collecting germ plasm of Indian varieties. There are around 1200 
accretions. 
 
Research and Development Programmes In India 
Earliest banana improvement programme in India started in the year 1949 at 
Central Banana Research Station in Aduthurai in Tamil Nadu. The programme 
continued in Tamil Nadu Agricultural University after its formation in 1971. 
Improvement was also initiated in Kerala Agricultural University in Thrissur in 
1982. National Research Centre on Banana (NRCB), Trichy, established by the 
Indian Council of Agricultural Research (ICAR) in 1993, has also initiated and 
pursuing banana improvement programmes, coordinating at national level. 
Viewing the polyclonal situation in India and the research needs, the objectives of 
banana improvement programme at national level are includes collection, 
conservation and evaluation of Musa germplasm; credentials of successions 
tolerant to main constraints like fusarium wilt (Fusarium oxysporumsp.cubense), 
leaf spot diseases and nematodes (Radopholussimilis, Meloidogyne incognita and 
Pratylenchuscoffeae) as well as hybridization and selection to evolve potential 
synthetic diploids and primary tetraploids to further generate triploid hybrids 
having good horticultural traits coupled with resistance or tolerance to 
pests/diseases. 
 
Tissue Culture 

Generally, four to five suckers are obtained per plant which are insufficient to 
replace the infected or affected farms with healthy and disease free planting 
materials. The area under cultivation, as well as, per hectare production could be 
increased if appropriate technologies supplement the conventional practices. 
Tissue culture has been proven as a potential technology to produce millions of 
identical plantlets, which are disease free and true to parental type. 
Micropropagation has several advantages over conventional vegetative 
propagation, i.e. elimination of systemic pathogens, preservation of breeding 
stocks as juvenile plants and international exchange of disease free germplasm 
[7]. Through this technology, (Musa sapientumcv. Sagar) from a single shoot tip or 
an axillary bud, a large quantity of uniform and disease free plants with good 
genetic potential can be produced within a short time [8,9]. The protocol for 
micropropagation of bananas has been achieved. While some researcher used 
shoot tips [10-12] and others chose floral apices for large scale multiplication [13-
17]. There are also reports of somatic embryogenesis and regeneration in liquid 
medium [18,19]. Due to its soft and delicate root system, the rate of acclimation of 
in vitro regenerated banana plants is not satisfactory. 
Hence culture conditions for high frequency shoot multiplication; rooting and 
transplantation in banana require optimization. Now days 95.6 million tons of 
banana is produced worldwide on an area of 4.84 million ha [20]. Tissue culture is 
the best way of producing disease free plants in large scale [6,21]. The cultivar 
Nanjanagud Rasabale was once a leading cultivar of Mysore distinct but now a 
day under threat of extinction because of panama disease [22]. This cultivar 
Nanjanagud Rasable was earlier grown in 600 acres of land in the district of 
Mysore, Karnata, but now confined to only 30 acres of land [23]. This cultivar is 
famous for its unique taste and has a huge demand all across the country [23].  
Studies were also performed to establish best growth hormone concentrations and 
concentration of phytohormones [24]. In vitro micropropagation of banana species 
were done by using different concentrations of BAP (Benzyl Amino Purine), NAA 
(Naphtalic Acetic Acid) and the effect of the BAP & IBA (Indole-3-butyric acid) was 
studied [25]. Ms media containing 2.0 mg/l N6-benzylaminopurine reported most 
excellent for shoot number, length, multiplication as well as number of leaves, 
while MS media with1.50 mg/l of IBA showed very good numbers of roots and root 
length after 20, 40 and 60 days following inoculation of Basrai banana variety 
micropropagation [26]. With increased concentration of cytokinins (4.0 mg/l BAP) 
the formation of multiple shoots were increased and buds is also promoted [23].  
So, the in vitro culture techniques have been standardized for commercial banana 
plantations, because of the advantage of producing disease-free planting 
materials [13,21,27,28]. 
 
Shoot establishment 
Meristem is used as an explant on medium (agar or liquid) for producing multiple 
shoots of banana [13].  Twenty different combinations with various concentrations 
of BAP, KIN (Kinetin) and NAA alone were used for bud initiation on shoot tip 
explants. Among all the combinations used either 4.0 mg/lBAP alone was found to 
be most effective for establishment in both the banana cv. Robusta and G9 
[29,30]. Previous researchers showed that 5 mg/l (22.2 μM) BAP was the optimum 
concentration for most banana cultivars [8,31]. Shoot tip explants were cultured on 
MS liquid medium supplemented with different antioxidants like ascorbic acid 50 
mg/l helps in controlling browning. Shoot proliferation and shoot growth were 
enhanced by using the concentration of BA 4.0 mg/l + NAA 0.50 mg/l in MS 
medium, respectively [31-33]. 
 
Shoot multiplication 
Thirty different combinations with various concentrations of BAP with NAA and 
KIN with NAA was used to analyze the shoot multiplication capacity of the MS 
medium. They found that two mg/l of BAP and 0.5 mg/l of NAA and 3.0 mg/l of 
BAP and 0.5 mg/l of NAA of medium showed good results respectively for banana 
cv. ‘Robusta’ and ‘G-9’ for shoot multiplication [29,30]. Many of the previous 
reports on banana micropropagation used more than one type of media for shoot 
initiation, multiplication and rooting [27,34-37]. BAP and NAA were used 
successfully in multiplication of banana cultivars in many studies [16,38,39].  
However, the effective concentration of these growth regulators in the media 
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varied with different banana cultivars. A combination of 0.2 mg/l IAA (Indole acetic 
acid) and 2 mg/l BAP and 1mg/l NAA and 5 mg/l BA in MS were found to be 
effective in the concentration and development of banana plantlets [40]. Likewise, 
the combinations of BAP with IAA or IBA were effective for in vitro multiplication of 
bananas and plantains [41]. Higher shoot multiplication but a reduction in the 
length of shoots in media with a combination of BAP and IAA in triploid cultivar by 
using inflorescence explants [42]. Reduction in the number as well as length of 
shoot has been observed with exposure to high levels of BAP alone (44.44 μM) in 
banana cv. Nanjanagud rasabale (AAB) [31]. Various treatments of BAP and NAA, 
BAP 2.0 mg/l + 2 weeks dark incubation +1 week light incubation and  NAA 1.00 
mg/l were found most effective for tissue culture propagation of Banana cv. Ney 
Poovan [43]. 
 
Newer chemicals 
Different concentrations of newer chemicals i.e. TDZ, putericine, spermidine and 
thiourea and additives i.e. adenine sulphate were also used to study their effect on 
in vitro multiplication of shoot tip of banana cultivar i.e. Robusta and G-9. The 
maximum numbers of shoots were observed on 0.4 mg/l concentration of TDZ for 
both banana cultivars viz. Robusta and G-9 which is much lower than other growth 
hormones used [30,44]. Diphenyl urea derivatives were used in various cell-
culture systems including both callus cultures and micropropagation of many 
woody-plant species [32,45]. BAP supplemented with different concentrations of 
adenine sulphate results in increase in number of shoots as comparison to the 
BAP alone [29]. The maximum number of average shoots was observed at 30 
mg/l of adenine sulphate in combination with 2.0 mg/l BAP + 0.5 mg/l NAA. In 
addition to these it is reported that with the increasing BAP concentration upto 5.0 
mg/ml increase the numbers of shoots but above this concentration shoot 
numbers decrease [46]. Some other growth regulators like phloroglucinol also 
react along with auxins and cytokinins. For the development and production of 
Musa spp. Cultivar Grand Naine phloroglucinol is used in vitro Phloroglucinol. By 
adding 200µM of phloroglucinol in MS medium in vitro the roots and shoots 
elongation was increased, while its higher concentrations (400-1000µM) leads to 
decrease in its development and growth [47].  
 
Rooting 
The best result in rooting with (2.0 mg/l NAA) for Robusta with number of days 
taken (10.97±0.16 and 12.23±0.30) while in case of G9 best results were 
obtained in 3.0 mg/l NAA [31]. Root development with IAA and IBA in combination 
was found to be superior to using alone and maximum roots in banana of an 
average of 8 per plantlets in ~78% cultures were obtained on MS supplemented 
with 1.0 mg/l IBA with 0.5 mg/l IAA [48]. Similarly, root numbers varied with 
different concentrations of IBA and IAA was reported [49]. The highest number of 
roots was produced by 0.5 mg/l IAA + 0.5 mg/l IBA [49].  
The different concentrations of BAP growth hormones on rooting in different 
species of banana such as Ardhapuri, Basrai, Shrimanti has been studied and the 
best rooting response was observed in BAP 1mg/l+ IBA 3mg/l [50]. In the case of 
Grand naine variety, the concentration of 1.5mg/l IBA alone treatment had positive 
effects on multiple root formation and MS + 0.5 mg/l IBA for highest length of roots 
[39,51]. 
 
Acclimatization & hardening 
Plantlets produced in vitro must be acclimatized gradually to withstand the harsh 
natural environment. Misting, spraying or covering the pots with polythene bags 
may serve to fulfill the above objectives. Different types of substrates have been 
used during the acclimatization period such as soil-vermiculite mixture [52], 
sterilized sand [53,54] and soil [55]. To increase the survival of transplanted in 
vitro cultured banana plantlets, the best method involved transplanting the 
plantlets into plastic bags. Before transplanting, plantlets were soaked in a 600 
times dilution of carbendazin for 1 minute for sterilization. When the first new leaf 
appeared after planting in bags, 0.1% urea solution was added. When 
transplanted plantlets grew to a height of 20-30 cm after 45-60 days, the plant 
material was suitable for planting in the field [23,56]. 
Rooted plantlets of two cultivars ('Robusta' and 'G-9') were transferred the pots 

containing different potting mixture having potting mixture- PM1= Sand, PM2= 
Sand + FYM (Farm Yield Mannure) (1:1), PM3 = Sand + Soil + FYM (1:1:1), PM4= 
Sand + Soil + Vermi compost (1:1:1). Highest survival of 100.0 percent plantlets 
was recorded in both cv. 'Robusta' and 'G-9' in PM2, PM3 and PM4 [30]. The potting 
mixture that contains only sand led to 80.0 percent survival of in vitro raised 
plantlets of both cv. ‘Robusta’ and ‘G-9’. Both the varieties respond equally on 
different potting mixtures [30]. 
 
Conclusion 
The present paper reviewed the in vitro micropropagation studies on banana.  
Microprapagation of plants gives us appropriate substitute to traditional methods. 
Micropropagation is cost effective method and useful for the production of disease 
free plants. In micropropagation method small explant is used during starting 
experiment.  It has been used to multiply novel as well as endangered plant 
species.  It is very helpful to provide an enough number of seedlings to plant from 
the same plant that is not able to produce seeds as well as not well respond to 
vegetative reproduction. 
 
Application of research: In vitro micropropagation is technique of vegetative 
propagation of plants under sterile/aseptic conditions. Explants in very small size 
are used for this technique. It can be capable of producing disease free true to 
type plant production.  The main benefit of this technique is enormously high 
multiplication rates. Hence, this method is greatly suited for fast multiplication of 
rare/endangered genotypes. 
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Abbreviations: 
FYM: Farm Yield Mannure 
BAP: Benzyl Amino Purine 
NAA: Naphtalic Acetic Acid 
NRCB: National Research Centre on Banana 
ICAR: Indian Council of Agricultural Research 
 
Acknowledgement / Funding: Author thankful to Department of Biotechnology, 
Chaudhary Devi Lal University, Sirsa, 125055, Haryana. Author thankful to Centre 
for Plant Biotechnology, Chaudhary Charan Singh Haryana Agricultural University, 
Hisar, Haryana 125004  
    
 
*Research Guide or Chairperson of research: Dr Joginder Singh Duhan     
University: Chaudhary Devi Lal University, Sirsa, 125055, Haryana 
Research project name or number: PhD Thesis 
 
Author Contributions: All author equally contributed  
Author statement: All authors read, reviewed, agree and approved the final 
manuscript    
 
Conflict of Interest: None declared 
 
Ethical approval: This article does not contain any studies with human 
participants or animals performed by any of the authors. 
 
References 
[1] Singh R. (1969) Fruits. pp: 213. 
[2] Daniels D., Kosky R.G. and Vega M. R. (2002) In vitro Cell Dev. Biol.-Plant, 

38, 330-333. 
[3] Rodriguez J.L. and Rodriguez A. (2001)  Infomusa, 10(1), 4-10. 
[4] Memon I.N., Wagan H., Noonari S., Lakhio M. H., and Lanjar B.A. (2016)   

J. Marketing and Consumer Res., 21, 14-21. 
[5] Majuja Rakshi M., Subbaiah K.V., Prabhuling G., Swamy G.S.K. and 

Praveen Jholgiker P. (2017) Journal of Pharmacognosy and 
Phytochemistry, SP1, 357-359. 



International Journal of Agriculture Sciences 
ISSN: 0975-3710&E-ISSN: 0975-9107, Volume 10, Issue 5, 2018 

 || Bioinfo Publications || 5349 

 

An Insight Into In vitro Micropropagation Studies for Banana- Review 

 
[6] Mehnaz Q., Qureshi S.T., Khan I.A. and Raza S. (2015) Afric. J. Biotech., 

14(24), 1989-1995.  
[7] Maretaki A. (1987) Sugarcane Improvement through breeding, pp: 112-125. 
[8] Vuylsteke D. and Dc Langhe E.A.L. (1985) Tropical Agri. (Trinidad), 62, 

323-328. 
[9] Wong W.C. (1986) Plant Cell Tiss. Org. Cult., 6,159-166.  
[10] Banerjee N. and Dc Langhe D.E. (1985) Plant Cell Rep., 4,351-354. 
[11] Vuylsteke D.R. (1989) Shoot-tip culture for the propagation, conservation 

and exchange of Musa germplasm. Practical manuals for handling crop 
germplasm in vitro. INBPGR, Rome. 

[12] Israili Y., Lahav E. and Reuveni O. (1995) Bananas and Plantains, pp: 47-
57. 

[13] Cronauer S.S. and Krikorian A.D. (1984) Annuals of Botany, 53, 321-328.  
[14] Cronauer S.S. and Krikorian A.D. (1985a) Hort. Sci., 19(2), 234-235.  
[15] Cronauer S.S. and Krikorian A.D. (1985b) Hort. Sci., 20, 770-771. 
[16] Doreswamy R. and Sahijram L. (1989) Sci. Hort., 40, 181-188. 
[17] Azad M.A.K. and Amin M.N. (2001) Plant Tissue Cult., 11(1), 1-9. 
[18] Novak E.J., Afza R., Van Duren M., Perea Dallos M., Conger B.V. and 

Xiaolang T. (1989) Biotechnology, 7(2), 147-159. 
[19] Suárez-Castellá M., Kosky R.G., Chong-Pérez B., Reyes M., García-Águila 

L., Sarría Z., Orellana P., Rodríguez A., Triana R., Pérez Z., González M., 
León M., Pérez B. (2012)  Biotecnología Vegetal., 12(1), 41-48. 

[20] Singh H.P., Uma S., Selvarajan R. and Karihalo J. L. (2011) Asian Pacific 
Consortium on Agricultural Biotechnology (APCoAB). New Delhi, India. , 
92. 

[21] Ali A., Muhammad M.T.M., Sijam K. and Siddiqui Y. (2011) Food Chemistry 
124(2), 620-626. 

[22] Pooja B., Ajit A.W. and Umesha K. (2013) Ind J Natural Products and 
Resources, 4, 387-391. 

[23] Kishor H., Abhijith Y.C. and Manjunatha N. (2017) Int. J. Pure App. Biosci., 
5 (5), 1559-1564. 

[24] Rahman S., Biswas N., Hassan M. M., Ahmed M. G., Mamun A., Islam 
Moniruzzaman M. R. and Haque M. E. (2013) International Research 
Journal of Biotechnology. 4,83-88.  

[25] Khatun F., Hoque M. E., Huq H.,Adil Md., Ashraf-Uz-Zaman Kh. and Rabin 
M. H. (2017) Biotechnology Journal International, 18(1), 2456-7051. 

[26] Dahari P.H., Nizamani G.S., Ali M., Khatri A., Nizamani M.R., Yasmeen S. 
and Mari N. S. (2017) Pak. J. Biotechnol. 14 (4),761-765 (2017). 

[27] Jarret R.L., Rodriguez W. and Fernandez R. (1985) Scientia Horticult., 25, 
137-147.  

[28] Keshari B., Pradhan B. (2016) International Journal of Environmental & 
Agriculture Research (IJOEAR), 5(2),2454-1850. 

[29] Chaudhary D., Kajla S., Duhan J. S., Poonia A. K., Sureha and Kharb P. 
(2013) Annals of Biology, 29(3), 288-293. 

[30] Chaudhary D., Kajla S., Duhan J. S., Poonia A. K., Kuma, A. and Kharb P. 
(2014) Annals of Biology, 30(1),25-31. 

[31] Venkatachalam L., Sreedhar V. and Bhagyalakshmi (2007) In Vitro Cellular 
Dev Biol. Plant, 43, 267-274. 

[32] Arinaitwe G., Rubaihayo P.R. and Magambo M.J.S. (2000) Scierita 
Horticulture, 86,13-21. 

[33] Guranna P. and Rashmi (2018) Biotechnology Journal International. 20(4), 
1-9. 

[34] Cronauer S.S. and Krikorian A.D. (1986).Banana (Musa spp) In Trees I, 
Bajaj YPS, (eds). I springesveslag, Berlin.Biotechnol. Agric. Fores., 1,233– 
252. 

[35] Diniz J.D.N., Goncalves A.N., Hernandez F.F.F. and Torres A.C. (1999) 
Pesqui. Agropecu. Bras., 34(7), 1201-1209. 

[36] Krishnamoorthy V., Kumar N. and Sooriananthasundaram K. (2001). In 
vitro propagation of the popular desert cv. Poovan (AAB). First post 
graduate seminar. TNAU, Coimbatore. pp: 46. 

[37] Kagera A.G., Kagera G.R., Kegera C.B.M., Van den Houwe I. and 
Swennen R. (2004) Afr. Crop Sci.J., 12(1), 7-17. 

[38] Swaminathan, M.S. (1998) Biotechnolgy in Agricluture, pp: 1-11. 

[39] Ganpathi T.R., Suprasanna P.S., Bapat V.A., Kulkarni V.M. and Rao P.S. 
(1999) Current science, 76, 1228-1231. 

[40] Singh H.P. (2002) Indian bananas- issues and strategies. Global 
conference on Banana and Plantain. Abs 1-2, Bangalore, India, pp, 28-31. 

[41] Dhed’a D., Dumortier F., Panis B., Vuylsteke D. and Dc Langhe E. (1991) 
Fruits, 46,125-135.  

[42] Resmi L. and Nair A.S. (2007) Plant Cell Tiss. Org. Cult., 88, 333-338.  
[43] Prabhuling G., Sathyanarayana B.N., Shivayogeppa G., Rajan L. and 

Dinakar A.J. (2001) Acta Hort., 865,377-381. 
[44] Basanti (2006) Dissertation submitted to CDLU, Sirsa for completion of 

master degree. 
[45] Victor J.M.R., Murch S.D., Krishna R.S. and Saxena P.K. (1999) Plant 

Growth Reg., 28, 9- 15. 
[46] Ferdous M.H., Billah A.A.M., Mehraj H., Taufique T. and Uddin A.F.M.J. 

(2015) J. Biosci. Agric. Res., 3(2), 87-95. 
[47] Londe L. C.N., Vendrame W. A., Oliveira A.B.D., Sanaey M. and Costa A. 

M. (2007) Journal of Advances in Biology & Biotechnology, 13(2), 1-8. 
[48] Mandal A.B., Das S. and Elanchezhain (2010) Indian J. Hort., 67 (1),108-

110. 
[49] Al-Amin M. D., Karim M. R., Amin M. R., Rahman S. and Mamun A. N. M. 

(2009) Bangladesh J. Agril. Res., 34(4), 645-659. 
[50] Bhosale U.P, Dubhashi S.V. and Mali N.S. (2013) Advances in Applied 

Science Research, 4(3),115-118. 
[51] Gobena M., Hajare S. T. and Benti G. (2018) International Journal of 

Current Microbiology and Applied Sciences, 7(1), 3583-3591. 
[52] Goyal Y. and Arya H.C. (1981) Curr. Sci., 50, 468-469.  
[53] Bhansali R., Kaul R.K. and Dass H.C. (1988) J. Plant Anat. Morphology, 

5,73-79.  
[54] Thakur M., Sharma D.R. and Kanwar K. (2001. Don. Phytomórphol., 

51,123-127.  
[55] Kurten V., Maria A., Kanuppinen V. and Rousi M. (1990) Plant Cell, Tiss.  

Org. Cult., 233, 101-105.  
[56] Sunaina and Goyal S.C.(2000). In vitro micropropagation of harsainghar 

(Nyctanthes arbortristis Linn.). In: National Seminar on Plant Physiology 
and Interface of Agri- Horticulture and Industry. Organized by ISPP and 
Rajasthan Agriculture University, Udaipur.pp: 177. 


