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ABSTRACT 

In the present investigation in vitro clonal propagation of six important banana 

cultivars viz., Sabari, Mehersagar, Ranginsagar, Jahaji, Agniswar and Binathuri and 

subsequent field evaluation of microclones for commercial exploitation were 

explored. The present study also includes callus induction from male flower culture 

of five banana cultivars (viz, Sabari, Mehersagar, Ranginsagar, Jahaji and Agniswar) 

followed by somatic embryogenesis, plant regeneration from somatic embryos and 

subsequent field evaluation of embryo derived plants for exploring possible 

occurrence of somadonal variations. 

For micropropagation shoot-tips of one-two months-old suckers were surface 

sterilized with 0.1 % HgC)z for 15 min followed by 3-4 times washing with sterilized 

distilled H2O, For the establishment of primary culture the shoot-tips (5x8 mm with 

2-3 pairs of leaf primodia together with 3 mm of rhizomatolls base) of six banana 

cultivars were cultured onto agar gelled MS medillm supplemented with different 

concentrations and combinations of BAP and KIN. The cultures were inoculated al 

25±1 °C under cool florescent white light (2500-3000 Lux). In vitro culture response 

during initial establishment was found to be influenced with genotypes and culture 

media formulations. Among the various growth regulators formulations 5 mg/I BAP 

were found to be most effective for Sabari, Mehersagar, Jahaji, and Binathuri. 

Whereas, BAP 8 mg/I was found most effective formulation for the primary 

establishment of cv. Agnishwar. 

For rapid shoot multiplication the primary cultures were transferred onto agar gelled 

MS medium supplemented with different combinations and concentrations of BAP, 

KIN, IAA, IBA and coconut water (CW). The primary cultures of all banana cultivars 

were induced multiple shoot proliferation in most of the culture media formulations. 

However, both genotypes and media formulations showed marked effect on the 

multiple shoot proliferation. Among the various media formulations 0.5 mg/I BAP + 

0.S KIN mg/I + 13% coconut water (cw) for cultivars Mehersagar, Ranginsagar and 

Jahaji. For Sabari 5 mg/I BAP + 5 mg/I KIN+ 13% coconut water (CW), for 

Agniswar 8 mg/I BAP + 1 mg/] KIN and for Binathuri 3.5 mg/I BAP + 0.5 mg/I KIN 
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+ 13% coconut water (cw) were most effective media formulation for inducing 

multiple shoots proliferation. Among the six banana cultivars cv. Sabari (AAB 

genome) was the most responsive genotypes whereas Binathuri (ABBB) showed the 

lowest response to micropropagation. 

ln vitro multiple shoot proliferation of all banana cultivars was found to affected by 

numbers of consecutive subculture. Rapid multiple shoot proliferation was noticed 

upto 7th subcultures and then the shoot proliferation rate was started to decline. 

Bulbous structure was noticed to develop during repeated subculture in culture medium 

containing high concentration KlN (5 mg/I) that showed prolific multiple shoot 

proliferation. In vitro shoot multiplication was also affected with number of subcultures. 

Root induction from the microshoots of all six banana cultivars was achieved by 

culturing them onto auxin supplemented rooting media (1/2 MS). Among the various 

rooting media formulations, l mg/I IBA with or without activated charcoal was the most 

effective for the induction of roots from banana microcutting. 

The micropropagated clones of all banana cultivars after being properly acclimated 

were cultivated in the field with sucker derived plants as control. Micropropagated 

plants of all cultivars showed significantly superior performances for yield (bunch 

wt/plant) and yield contributing characters over sucker derived plants. 

Immature male flowers of cultivars Sabari, Mehersagar, Ranginsagar and Agniswar 

were surface sterilize by dipping in ethanol (70%) for cne min and cultured onto agar 

gelled MS medium supplemented with different concentration and combination of 

2,4-D, BAP, IAA, NAA and 1 mg/I biotin. The cultures were incubated in dark at 

25±1 °C for 4-7 months. The cultures were monitored periodically and after the 

emergence of somatic embryos, the culture.dishes were transferred to light (2000 lux, 

16 h/day). The callus with fully developed heart and torpedo shaped embryos were 

transferred to germ;nation medium that consisted of MS inorganics + Morel vitamin 

and supplemented with different concentration of BAP (0.1-1.0 mg/I) with 2 mg/I 

IAA. Induction of callus from the male flowers and subsequent somatic 

embryogenesis were found to vary with culture media formulations and also with 
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banana genotypes. Among the different media formulations 4 mg/I 2,4-D + 1 mg/I 

each of IAA, NAA and biotin was found most effective medium formulation for 

callus induction and somatic embryogenesis. Among the five cultivars male flowers 

of Sabari was found to ~how the highest response to callus induction and subsequent 

un 1bryo formation. Somatic embryos when individually transfe1Ted to germination 

media, were continued their root and shoot differentiation and eventually developed 

to miniplant. Somati.; embryos of all five banana cultivars were dedifferentiated into 

plantlets. However,'·extent of plantlet regeneration was also found to vary with BAP 

concentrations and banana genotypes. Among the three BAP concentrations 0.5 mg/I 

was found most effective in embryo germination. The highest degree of somatic 

embryo germination (70%) was noticed in cv. Sabari. 

The embryo derived plantlets after proper acclimatization were transplanted to field and 

were grown to maturity along with shoot-tip culture derived plants as control. The 

embryo derived and shoot-tip culture derived plant were assessed for the occurrence of 

somaclonal variation using different morphological and yield related characters such as 

dwarf off-type plants, leaf, stem colour, phyllotaxy, inflorescence abnormality, bunch 

wt/plant, no. of hands/bunch and no. of fingers/hand. Occurrence of somaclonal 

variation as manifested from the presence of various abnormalities in morphological 

characters, was very high among the somatic embryo derived plant than shoot-tip culture 

derived plants. The extent of incidence of somaclonal variation among the somatic 

embryo derived plant was found to vary with genotypes. The highest incidence of 

somaclonal variation was noticed in cv. Agniswar followed by cv. Sabari. Somatic 

embryo derived plants of all banana cultivars at matu1ity also exhibited wide range of 

vmiation in yield {bunch wt./plant) and yield contributing characters. 

The results depir::ted above elucidated that shoot-tip culture used for lhe 

micropropagation of six banana cultivars could be effective in minimizing the 

incidence of somaclonal variation. In addition, the high incidence of somaclonal 

variations generated through somatic embryogenesis may be useful as an alternative 

breeding tool for widening genetic basis for the improvement of banana cultivars. 
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Chapter I 

GENERAL INTRODUCTION 

1. 1. BANANA: BOTANICAL ASPECT 

I. 1. 1. Origin and Distribution 

Modem bananas and plantains are originated in the South Asian and Westem Pacifie, 

regions where their inedible, seed-beating, diploid ancestors can still be found in the 

natural forest vegetation (Stover and Simmonds 1987, Price 1995, Robinson 1996;, 

Simmonds and Shepherd (1955), relying on their expe1tise in banana genetics and 

cytotaxonomy, concluded that bananas are originated in South East Asia with 

Malaysia as the center of diversity for desse1t banana cultivars. 

Edible bananas (Musa spp. Eumusa series) 01iginated within the region from the 

centre of 01igin and diversity of edible banana in the section Eumusa have been 

detailed by Stover and Simmonds (1987) to wild progenetors, Musa acuminata and 

Musa balbisiana, producing a se1ies of diploids, tiiploids and tetraploids through 

natural hyb1idization. Additionally, man has selected for pmthenocarpic (banana 

vaiieties). Plantain evolved in Southem India with a secondary centre of Musa 

diversity in West Africa. 

The distribution of edible bananas and plantain outside Asia is thought to be staited from 

the 16th to the 19th centmy, the Portuguese and Spaniards cai1ied bananas all over 

tropical Ame1ica. Dutch, British, French and Gennan traders also played a role in the 

distribudon of the popular banana cul ti vars 'Gros Michel' and the cavendish group to 

West Africa, Latin America and Caribbean. Now, banana cultivation is distributed 

throughout the many waimer and even in some cold countries of the world. 

1.1.2. Morphological Features of Banana 

Vegetative Features - Bananas are large herbs, often apparently tree-like in 

appearance ai1d the "stem" sometimes semi-ligneous; "stem" unbranched and 

covered with leaf sheaths that are rolled round each other, concealing the short 

conical axis. Stem modified into an underground rhizome, the aerial stem from 

between the leaves elongates to form the inflorescence. Leaves large, alternate or 
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distichous (Ravenala) or spirally arranged; entire or lacerated due to the effect of 

wind; with a strong midrib from which numerous parallel veins run to the margins. 

Floral Features - Inflorescence a spike or panicle or sometimes capitate, subtended 

by spathaceous bracts that are brilliantly coloured, coria2eous or semisucculent and 

cymbiform. Flowers bi- or unisexual; when unisexual, the plants monoecious with 

staminate flowers .i11 the upper bracts and the pistillate ones within the lower bracts, 

zygomorphic, epigynous. Perianth of 6 segments, mostly in 2 series; tepals unequal in 

size and shape fre"' or variously connate. Stamens 6, all ri:;rtile in Ravena/a and 5 

fertile ones with a ~taminode in Musa; anthers bithecous. Linear, basifixed, dehisce 

by longitudinal slits; filaments distinct and filifonn. Gynoecium syncarpous, 

tricarpellary, ovary inferior, trilocular, placentation axile, ovules numerous per 

locule; style 1, filiform, stigma capitate or trilobed. Fruit a 3-celled capsule or a 

berry, seeds endospP-rmous, often arillate; embryo straight. 

1.1.3. Genome Composition, Diversity and .Varieties 

Musa acwninata (d:ploid, 2n = 22, Genome A) has its center of diversity in and near 

Malaysia where fertile. forms with small, inedible fruits grow wild in the rain forests. 

In this area sterile, parthenocarpic, seedless diploids (genomic formula AA) and 

hardier autotriploids with larger berries (AAA) were s~lected and propagated 

vegetatively by man because they had edible fruits. These clones, which were the 

first cultivated bananas, were dispersed from their centre of origin, and some of them 

reached the centre of diversity of wild M. balbisiww (diploid, 211 = 22. Genome 8) in 

India. Musa /)(1//Jisiana has inedible fruits, but natural diploid (AB) and allotriploid 

(AAB and ABB) hybrids with edible fruits arose following natural crossing with M. 

acwni11ata, and were selected, propagated vegetatively and eventually dispersed 

world-wide. Hybrid clones with the B genome (there are no cultivated BB diploids or 

BBB autotriploids) are hardier and more tolerant ·of drier climates than AA or AAA 

clones of M. acumi11c1ta, they are less susceptible to diseases, and have starchier 

fruits; these are the plantains of the present day. Some diploid AA and AB clones, 

and one ABBB tetraploid clone are cultivated, but all the· important bananas and 

plantains in the ~~~Id today are triploids. The triploids were dispersed from their 

cenb·es of origin into Asia and the Pacific Islands in ancient times, but not until the 
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fifth or sixth centuries A.D. did they reach East Africa, from where they spre,1d 

across the continent to Sahara Desert to Central Africa and eventually to West Africa. 

The Portuguese introduced the crop to the Canary Islands from West Africa. It was 

unknown in the New World in pre-Columbian times, but was soon introduced after 

the European an-iva~ there. 

The classifjcation of edible banana plants derived from the Ewzusa section is based 

mainly on the recognition of two single sources for most varieties: Musa acuminala 

(A genome) and M. _balbisiana (B genome) (Cheesman 1947, 1948, Dodds and 

Simmonds 1948). Simmonds and Shepherd's (1955) classification associates with the 

ploidy level (2n = 2x. Sx or 4x) with a different contribution of genomes of two 

species. The following groups are now recognised in edibl~ bananas: diploids AA, 

and BB; triploids AAA, AAB, ABB and BBB; and tetraploids AAAA, AAAB, 

AABB, ABBB. Wild bananas can similarly be dominated and they.are conveniently 

marked BB and AA (Swennen and Rosales 1994). Therefore, the cultivars are 

diploid, triploid and tetraploid. Triploid cultivars are generally numerous, diploids are 

somewhat less and tetraploid forms very rare. Genome composition and 

corresponding center of origin of banana are shown in Table 1.1. 

Table 1.1 Centres of origin and diversity in the Eumusa series' of edible bananas (A 

= M. acuminata; B = M. bulbisia11ia) 

Group 

AA 

AAA 

AB 

AAB 

ABB 

ABBB 

Centres of origins and diversity · 

The primary centre is Malaysia, Papua New Guinea is the centre of 

greatest diversity. The secondary centre is Coastal East Africa (many 

somatic mutations), 

The primary centre is Malaysia. The secondary centre is the highlands of 

East Africa (many somatic mutations). 

A small group of Indian origin. 

The plima1y centre in India with a minor group originating from eartem 

Malaysia. The secondary centre is in the Pacific Island (so1;1atic mutations). 

The major cen_tre is in India with possibly a minor centre in Eeastem Malaysia. 

Several clones known from South East Asia and Pap·ua New Guinea. 

After Stover and Simmonds (1987) 
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1.1.4. Species and Cultivars 

The banana belongs to the family Musaceae. There are only two genera viz. Ensete 

and Musa with about 50 species in the family. Ensete is an old declining genus which 

probably oliginated in Asia arid spread to Africa. It has about 6-7 species of which E. 

verticosa is repo1ted to be grown in Ethiopia as a food crop. The generic name of 

Musa is de1ived from the Arabic word Mouz. 

Several Latin names have been used till recently in the botanical nomenclature of 

the banana. Three of earliest employed were Musa paradisiaca, M. cavendishii 

and M. sapientum. These are no longer favoured and have been superseded by a 

genome nomenclature for cultivars in recognition of their derivation from two 

wild species: Musa acuminate and Musa bulbisiana. Edible bananas have 22, 33 

or 44 chromosomes; the basic haploid number is 11, so that these cultivars are, 

respectively, diploid, triploid and tetraploids. Triploid cultivars are generally the 

most numerous, diploid some what less and tetraploid fonns are very rare. The 

most commonly used mathods for classification of bananas is the scoring method 

based on 15 morphological characteristics described by Simmonds and Shepherd 

(1955) and later by Stover and Simmonds (1987). 

The best-known Lananas of commerce all over the world belong to the pure 

Acuminate AAA group, but the Balbisiana genome is associated with greater drought 

hardiness and resistance to disease. It is not surplising, therefore, the hybrids of AB, 

AAB and ABB constitution are better adapted to monsoon areas with marked dry 

seasons, these bananas show wide va1iability and are grown chiefly for local 

consumption in India and Uganda. The AA and AAA bananas are cultivated mainly 

in areas where rainfall is equally distiibuted through out the year or where water for 

inigation is readily available. 

The main groups of bananas on the basis of their importance are: Highland bananas 

(AAA) and other ABB cooking bananas (24%), Cavendish for export (13%), 

Cavendish for lor::al consumption (28%), plantain (AAB) 21 %, Gross Michel and 

other dessert bananas (AANAAB) 14%. 
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There are about 300-recorded cultivars of banana and this large number is due to 

synonyms. In a multilingual country like India more confusion prevails as one variety 

exists under differ~nt local names. Conversely, a single name donates different 

cultivars in various localities. With recent advances in morphotaxonomy, 

chemotaxonomy, DNA fingerprinting and data banking, it should soon be possible to 

overcome the problems associated with Musa tenninology (Arntzen, 1994). 

1.1.5. Climates and Soils 

The major banana growing areas of the world are geographically situated between the 

Equator and latitudes 20° North and 20" South. Banana is essentially a humid tropical 

plant, coming up well in regions with a temperature range of 10°C to 40°C and an 

average of 23°C (Madhava Rao, 1984). Among the climate variables, temperature, 

frost occurrence, light/solar radiation and rainfall distribution, relative humidity and 

wind velocity largely influence the growth, morphology and productivity of banana. 

Banana can be grown from sea level to an altitude of 1200 metres. The crop has a high 

water demand ancl 25 mm per week is regarded as minimum for satisfactory growth. 

An average annua! rainfall of2000 to 2500 mm evenly distributed throughout the year 

is considered satisfactory. The crop cycle becomes longer in the cool subtropics than in 

wanner areas and under normal growing condition new leaf emergence in banana 

ceases when temperature falls below 16"C and growth stops below 14"C (Turner and 

Lahav, 1983; Rabinson and Anderson, 1991). Wind can cause different types of 

damage in a banana plantation. Wind velocity of more than 50 kms/h cause se1ious 

damage to banana plantation (Simmonds, 1959). In banana areas where plantations are 

nom1ally i1rigatecl, drought periodically reduces or removes the source of inigation 

water, resulting in plant damage. Bananas and plantains with the AAB genome are 

more drought tolerant than AAA clones and the ABB cooking bananas are the most 

drought tolerant of all. Low temperatures (below l 6°C) in the s11btropics can cause 

fmit distoration and failure of the bunch to emerge from the pseudostem (Blake and 

peacock 1966; Robinson 1982). The rate of emergence of new leaf increases as 

photoperiod increases from 10-14 hours (Allen et al, 1988). In banana (CVS williams 

and Gros Michel) at light flux density of 800-1000 µ mo! m·2 s·1
• The rate of 

photosynthesis has been recorded highest (Kallarnchal et al; 1990; Bmn, 1961). 
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It can grow well in slightly alkaline soils, but saline soils with salinity exceeding 0.05 

per cent are unsuitable. Banana can be grown well in a pH range of 6.5-7.5. Alluvial 

and volcanic soils are the best for banana cultivation. 

l. 1.6. Diseases and Pests of Banana 

Diseases and pests are increasingly limiting factors in smallholder and export 

production, and can cause catastrophic losses (Jones, 2000a). Musa diseases and pests 

are significant problems worldwide. Diseases affects all p01tions of the plants, are 

caused by fungi, bacteria and viruses. Impo1tant diseases of banana are listed in 

Table 1.2. 



Table 1.2. Major pests and diseases of bananas and plantains 

Diseases/Pests 

Fungus diseases 
Panama diseases or Fusarium 

wilt of banana 

Sigatoka leaf spot 

Viral diseases 

Banana bunchy top virus 

Banana streak virus (BSV) 

Banana bract mosaic virus 

(BBMV) 

Cucumber mosaic virus (CMV) 

Bacterial diseases 

Bacterial wilt or Moko disease 

Causal organisms 

Fusarium oxysporumf sp. 

cubense 

Mycosphaere//a musico/a 

Potyvirus of jlexuous and rod 

shaped particle 

Virus 

Virus 

Virus 

Pseudnmanas sotanacearum 

Succeptible cultivars 

Gros Michel, Rasthali/Sabari, 

Poovan/Champa/Cheni Champa, Silk, 

Pome, Pisang Awak, Bluggoe, Monthan, 

Jahaji, Agniswar/Red banana, Dudhsagar/ 

Green reel and Karpuravalli 

Cavendish, Rasthali/Sabari, Mysore 

group, Nendran, Robusta, 

Poovan/Champa/Cheni Champa, Gros 

Michel, Mehersagar Jahaji, Ranginsagar, 

Rasthali/Sabari, Lacatan and Pisang 

masak hijau 

Dwarf bananas are very susceptible to 

this disease; Jahaji, Ranginsagar, 

Agniswar, Mehersagar and Sabari 

Cavendish clones, Poovan, Pome, Matti, 

Ag,iis >1/::..r/ Red banana 

Distribution 

Widespread throughout Africa, Asia, Australia, West 

Indies, North Central and South America. 

Widely distributed throughout the banana growing 

regions of the world with the exception of Egypt, Israel 

and The Canary Islands. 

Widely distributed throughout the banana growing 

regions of the world 

Southeast Asia. 

Cavendish clones, Pisang Awak, Philippines, Mindanao, India, Bangladesh, Sri Lanka, 

Nendran, Pome types, Poovan, Agniswar, Vietnam and Western Samoa. 

Monthan and many ABB clones 

Cavendish clones, Poovan (Mysore), Present in most areas where bananas are grown. The 

Agniswar and Pome disease is serious in the Cameroon. 

Bluggoe (ABB) Central and South America, Caribbean, Philippine and 



Diseases/Pests 

Bugdok disease 

Pests 
Banana rhizome weevil 

Pseudostem borer/ 

Banana stem --boring weevil 

Nematode 
Burrowing nematode 

Spiral nematode 

Root lesion nematode 

Root-knot nematode 

Aphids 

Banana fruits and leaf scarring 

beetle 

Thrips 

Causal organisms Succeptible cultivars 

Pseudomonas solanaccarum Saba and caraba 

Cosmopolites sordid11s (Germ) Nendran, Poovan, Rasthali/ Sabari/ 

Pometypes, Malbhog, Agniswar/Red 

banana, ~avendish and Binaihuri/Klue 

Odoiporus longicollis 

Radopholus similis 
Helicorylenchus m11/tici11crus 
Pratyloenchus coffeae 

Meloidogyne incognita 

Pentalonia nigroner vosa 
Calaspis hypoclzlora 

Thripsf/orum 

teparod 

Most of the commercial cultivai-s of 

banana, viz. Nendran, Agniswar/Red 

banana, cavendish, Poovan, binathuri/ 

Klue teparod. 

Cavendish, Red banana/Agniswar, 

Rasthali/Sabari, Poovan/Cheni Champa / 

Champa, Nendran, Pome types. 

Poovan/Champa/Cheni Champa, Red 

banana/ Agniswar. Nendran etc. 

All cultivars i.e. Sabari, Kabri, Champa, 

Jahaji 

Cavendish group, Plantain group, Silk 

and Monthan · 

Indonesia 

Philippine. 

Distribution 

Africa, Southeastern Asia, Australia, Brazil, Pacific 

Ocean Islands and Southern USA. 

Southeast Asia. 

Probably in majority of banana growing regions. 

All banana growing regions. 

All banana growing regions. 

00 
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I. l.7. Banana and Plantain in Bangladesh 

About 20 banana cultivars are grown in Bangladesh with regional preferences. On the 

basis of the uses bunmrn may be divided in to two groups. 

Dessert Banana: It can be further divided in to three groups. 

a) Seedless Banana: Amritsagar, Sabad, Ranginsagar, Mehersagar, 

Agnisw~r, Kanaibashi etc, 

b)· Few Seeded Banana: Champa, Chini Champa, Kabri, Genasundari, 

Dudhsagar, Binathuri etc. 

c) Seeded Banana: Tula aita, Sungi aita, Nchiallah, Botur aita etc. 

Plantain: Anaji, Verer doag, Choal pous, Kadali, Behula, Mondira, Biyerbati, 

Kapasi, Hathajari etc. are important. 

Important banana and plantain varieties grown in Bangladesh are given in Table 1.2. 

and distribution of these varieties are shown in map (Figure 1.1). 



Table 1.3 Impo1tant Banana cultivars grown in Bangladesh 

Cultivars I Genomic group 

Dessert types 

1 Amritsagar AAA 

2 J ah aj i/Sing apuri/Kanai b ashi/Kabulee/Panj ab i/Garing Ko la AAA 

3 Ranginsagar AAA 

4 Mehersagar/Nepali/Giant Governor AAA 

5 Agniswar/Smjamuki/Lal Kela AAA 

6 Dudhasgar AAA 

7 Sabaii/Malbhog/ Anupam/ Mo1toman/Manik AAB 

8 Chini Champa AB 

9 Champa AAB 

10 Binathmi/Thursara/ Klue teparod ABBB 

Kab1i Kola /Gine Kola/Shomoy Kola/Bangla Kola/Vath 
11 AAB 

Kola/Shail Kola/Monua/Kanthali/ Modlma Kola/Sache Kola 

12 Genasundaii/Gera Kala ABB 

13 Goma Aita/Buitha Kola BBB 

14 13otur Aita BBB 

15 Nehyalla BBB 

16 Shaggi Aita BBB 

Plantain types 

17 Anajikola /Kaclla Kola ABB 

18 Barardog ABB 

19 Dhalpoush ABB 

20 Kadali ABB 
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1 1.8. Uses of Banana 

Banana and plantain (Musa spp.) are widely grown in Bangladesh with great socio­

economic signifi.cailce, interwoven in the cultural heritage of the country. In India 

banana by vi1tue of its multiple uses, is popularly known as 'kalpatarn' (a plant with 

virtues). It is trne that all parts of the plant, including the leaves, pseudostem. flower 

bud and conn can be used in one way or another. 

As a Food Crop: Today bananas and plantains are of course best known as a food 

crop. The frnit has a high content of carbohydrates with some fats and proteins. Being 

a rich source of vitamin C and minerals, it makes healthy and salt-free diet. Sweet, 

desse1t bananas are generally eaten fresh as a fiuit, while cooking bananas and 

plantains are boiled, steamed, fried or roasted. Ripe bananas, as well as being eaten 

out of the hand, may be used in salads, breads, as a garnish for meats or mashed with 

spices for making chutneys and sauces. Bananas and plantain are available in most 

tropical househol0 compounds and are readily acceptable and digested by children. In 

the equatorial belt of Africa, stretching from kilimanjaro to the Atlantic, plantain and 

cooking bananas ,~re the main staple food; daily consumption here may surpass 4 kg 

per head. The impo1ta11ce of the crop as a staple food reaches a peck in Uganda 

where average consumption is 243 kg/cap/year, but the crops is also extremely 

impo1tant in pmts of Rwanda, Bmundi and Tanzania. In Uganda, the staple food 

'matuoke' which made from bananas, is eaten daily and the crop has great cultural 

and social significance. 

Bananas and pl amain are also made into flour by drying and grinding the green fiuit. 

Such flour is said to be more digestible than cereal flour. Similarly, banana powder 

for use in co11fectione1y, is made from the 1ipe fiuit. Powder can be used as baby food 

and in the manufacture of chocolate and biscuits. In the Philippines, bananas are used 

to produce ketchup which is sold commercially. 

Alcohol Production: In pmts of East Afiica where there is no several d1y season 

(Uganda, Rwanda, Burnndi, Zaire and No1them Tanzania), brewing of ripe bananas 

to make a beer with a low alcohol content has long been an impo1tant social function 

among numerous tribes. (Stover and simmonds 1987). 
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Non-Fruit Food: According to Simmonds (1966), the use of corms, shoots and male 

buds as food is widespread in Africa and Asia but not in the Western hemisphere. 

The banana ''heart" can be removed from the centre of pseudostem after harvest. This 

can be cooked and is like celery, with a texture and test similar to bamboo shoots. 

Male bud after the removal of outer bracts, can also be cooked as vegetables. In 

South-East Asia, the male buds from wild Musa species, particularly Musa 

balbisiana are commonly eaten. 

Animal Feed: La1'ge quantities of reject bananas are often available for animal feed, 

especially in banana exporting countries. Both cattle and pigs relish ripe bananas, but 

as an animal feed, bananas are mainly used for feeding pigs. Banana meal as also 

been used in poultry diets. Banana and plantain pseudostems are also fed either fresh 

or chopped and ensi!ed, to cattle and pigs. 

l.l.9. Banana Breeding: Scope and Limitation 

Breeding of banana is a difficult excercise due to complexities resulting from 

perthenocarpy, sterility, polyploidy and vegetative propagation. As the degree of 

sterility is particularly high in edible varieties, breeding of banana is complicated, 

difficult and time comsuming. 

Conventional breeding programmes have been operating since l 922 in Trinidad and 

1924 in Jamaica. Another breeding programme was started in Honduras in 1959 by 

the United Fruit Company. Centre de cooperation internationale en recherche 

agronomique pour le developpement (CIRAD - FLHOR) (France) had set up a 

programme in 1983 for genetic breeding of banana for export or local consumption, 

backed by the Commission of the European Union. The CIRAD Banana breeding 

programme was based on the improvement of the diploid varieties for the synthesis 

of triploid varieties. TJ1is is as follows: obtaining pure (homozygotic) diploid fertile 

strains: creation of F 1 diploid elite (heterozygotic) hybrids by crossing these pure 

strains with each other as with natural varieties, F 1 hybrids may be monospecific 

origin (M. acuminata) or. interspecific origin (M. acuminata x M. balbisiana); 

doubling of the cromosomes of these hybrids by treating with colchicine to obtain 

tetraploid plants ( 4x = twice 2x); lastly the synthesis of triploid hybrid (3x) by 

crossing this tetreploid (4x) plant with another pure diploid strain (2x). Currently 



Lhere is slill an ongoing conventional banana breeding programme in Honduras 

operating under the Fundacion Hondurena de Investigacion Agricola (FHIA). During 

the 70 years that such breeding work has been carried out, many hybrid progeny have 

been produced and. tested widely, but it is apparent that no hybrid has been bred to 

date that could be confirmed as being commercially acceptable. However, in 1989, 

the breeders at FHIA released a tetraploid hybrid (FI-IIA - 01 or Goldfinger) which 

has proved most promising in recent tests from disease and ·nematodes resistance 

criteria. It is a cross between prata Ana (AAB) from Brazil and the diploid breeding 

time SH 3142 (AA) from FH!A. In Trinidad, the first artificially produced hybrid 

banana IC,was a tetraploid and was highly resistant to Panama wilt. It was evolved 

by crossing Gros· Michel (AAA) with a wild-seeded diploid M. acwninata. Other 

hybrids IC2, S 19, J 1877 and Bodies Altafort produced subsequently, were also 

similarly unacceptable. A few hybrids have also been developed in banana of these 

H1, I-12, CO 1 are promising. 

After several years or diploid pollen parcnl breeding in Honduras, to improve pest 

and disease resistance and horticultural characterislics, u burrowing nematode 

resistant diploid named SH 3142 was chosen and crossed with Highgate. A letraploid 

progeny of this cross (SH 3436) was selected 1982 and this had many good qualities 

to merit widespread testing for commercial use. The recently released 'Gold finger' 

(SH 3481, ~HIA - 01) is also a tetraploid progeny of the_pollen parent SH 3142. 

Currently, seven Honduran tetraploicl hybrids (FHIA - 01 to FHIA - 07) are included 

in the International Musa Testing Programmes (IMTP) of the International Network 

for the Improvement of Banana and Plantain (INIBAP) in Honduras, Costa Ric:a, 

Colombia, Nigeria, Cameroon and Burundi. At the same time, high yielding and 

black sigatoka resistance telraploid plantain hybrid such as 'TMP x 548 - 9' have 

been breed by International Institute of Tropical Agriculture, Nigeria (IIT A) 111 

Nigeria and these are showing potential for he disease-ravaged plantain areas or 

tropical Africa (Vuylstekc et al. 1993). 

1.1.10. Role of Biotechnology in Banana Improvement 

During the 1980s and early 1990s much work hos been conducted and reported on 

alternative methods .. of breeding new cul ti vars and hybrids of banana and plantain. 
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One alternative comprised the selection of mutants from organized meristems of 

banana cultured in vitro. The production of such natural mutants during in vitro 

multiplication ofbanana me1istems is called 'somaclonal vmiation'. 

Another, more difficult, route to breeding new banana cultivars is by somatic 

· embryogenesis from callus or single cell cultures, and by gene transfer and 

protoplast fusion to produce somatic huybrid cells. In general, these altemati ve 

methods of breeding bananas offer greater potential than the conventional route 

because (i) the need to use 'Highgate' in all crosses is bypassed, (ii) the long 

seed-to-seed cycle is eliminated, (iii) genetic diversity can be increased, (iv) the 

number of potential new mutants or hybrids is much higher than with seed, (v) 

costs are reduced and (vi) genetic 'fingerprinting' techniques can differentiate 

and identify new culti vars very accurately. 

Induced mutation breeding enhances the possibility of altering genes by exposing plant 

paits containing shoot me1istems to chemical or physical mutagenes. The main 

advantage of mutation induction in a vegetatively propagated crop is the ability to 

change one or more unclersirable characters without altering the desirable features. This 

is not possible with conventional breeding. According to Novak (1992) optimum doses 

are 25 Gy for diploids, 35 Gy for AAA t1iploids, 40 Gy for AAB and ABB t1iploids, and 

50 Gy for AAAA tetrnploids. 

Mutation breeding with desse1t bananas is being unde1taken in Queensland (Smith el 

al. 1990) where thousands of irradiated plants were established for possible resistance 

to race 4 of Fusarium wilt. Seven promising selections from these are being ftnther 

evaluated in wilt-infected sites. A similar programme is being conducted jointly by 

the FAO and the International Atomic Energy Agency in Aust1ia where an early­

floweing mutant of AAA 'Grand Nain' was produced by i1rndiation. 

It has become evident that procedures involving the successful regeneration of plants 

from somatic emb1yos, cells or protoplasts and somatic hyb1idization, offer a greater 

potential to genetically improve bananas and plantains. Somatic embryogenesis and 

plant regener,ation have been reported only in the case of zygotic emb1yos from 

seeded wild species. More recently, Novak (1992) rep01ted that emb1yogenic callus 
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was induced from basal leaf sheaths and rhizome tissue from AA, AAA and ABB 

clones, when placed in liquid medium with zeatin. 

The recent success achieved with the protoplast culture protocol has opened up the 

possibility of DNA or gene transfer into isolated Musa protoplasts prior to their 

regeneration into whole plants. An efficient system for transf01ming bananas is now 

becoming a reality with modem genetic engineeiing. The essential components of 

such a system are (i) an efficient DNA transfer system (bacterium-mediated transfer, 

electi•oporation or pa1ticle propulsion), (ii) a suitable selection criterion for DNA 

transfer (vitus resistance, weevil borer resistance or fungal resistance) and (iii) an 

efficient plant regeneration system from isolated protoplsts. The development of this 

system should be given high priority in banana research programmes together with 

rapid and reliable methods of screening Musa gennplasm for assessing the degree of 

resistance achieved in the transfonned progeny. 

Bananas are an unusual agronomic crop since only clones selected from nature are 

cuITently cultivated. Commercial banana clones are vegetatively propagated, 

pa1thenocaipic triploids and are sexually ste1ile. Consequently, the standard 

technique ofphmt breeding based upon sexual crosses can not be utilized for banana 

improvement (Simmonas and Shepherd, 1955). So far all the varieties of banana 

under cultivation are natural selections. Man made breeding effects have not been 

very fiuitful. Biotechnological approaches are particularly appropriate for this crop. 

Conventional breeding of banana is hampered by long generation time in this crop 

and ste1ility as well as triploidy of most cultivated vmieties. These are the major 

obstacles of successful breeding programmes for registance against the major 

diseases caused by fungi (Mycosphaerella spp., Fusarium spp.), viruses (bunchy top, 

bract mosaic and streak vimses) and nematodes (Radopholus similis pratylenchus 

spp., etc). Recent development in biotechnology offers oppo1tunities for controlling 

diseases in banana, too. At the advent of plant biotechnology there are a good number 

of avenues such as micropropagation, somatic embryogenesis, embrhyo culture, 

anther culture, protoplast culture and genetic transfom1ation of which potential 

research may laid for improving banana cultavars: 
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1.2. OBJECTIVES 

Considering the limitations of conventional banana breeding and scope of 

biotechnology in banana improvement, the present work was unde1taken with 

following specific objectivies: 

I. Standardization of suitable culture medium for the establishment of primaiy 

culture using shoot-tip as explant for six cultivars of banana. 

2. Standa1diz;;.tion of culture media and culture methods for rapid clonal 

multiplication through shoot-tips culture. 

3. Acclimatization, transplantation and field evaluation of micropropagated 

banana plants. 

4. Standardization of culture protocol for the induction of somatic embryo 

from immature male flower culture and subsequent plant regeneration 

from somatic embryos. 

5. Acclimatization, transplantation and field evaluation of somatic emb1yo 

derived plants for finding out the occu1Tence of somaclonal variations. 



Chapter 2 

MICROPROPAGATION AND FIELD EVALUATION OF SIX BANANA 

CULTIVARS 

2.1 INTRODUCTION 

Recent advantages in biotechnology for crop improvement have had a great impact 

on bananas and pkntains cultivation. The micropropagation of shoot-tip in vitro is 

the most common application of Biotechnology. in Agricultu~e (Dale 1990). This 

technique is currently ·used in many countries for rapid propagation of disease free 

planting material for distribution on a large scale. As because the advantages of tissue 

culture propagation is that the shoot multiplication cycle is. very short (2-6 weeks) 

and multiplication cari be carried out through the year i1Tespective of the season. The 

apical '.11eristem or shoot-tip culture technique is very efficient for rapid clonal micro­

propagation. Thus, development of a shoot-tip culture technique for 

micropropagation of Musa has been received considerable attention when Ma and 

Shii (1972) for the··first time were able to developed ~hoot multiplication technique. 

Shoot-tip culture is a basic technique for Musa propagation, conservation and 

movement of germplasm (De Langhe 1984, Willium 1987, Letz and Jaiswal 1991). 

The basic protocol has been improved by Cronauer and Krikorian (1984a,b) and has 

been successfully ·applied to rapid propagation of dessert AAB and AAA bananas, 

cooking ABB bananas and limited extent to AAB plantains and 'Silk" and 'Pome' 

AAB dessert bananas. An excellent guide to Musa mic1·01:iropagation and in vitro 

conservation was developed by Vuylsteke (1989). 

The first report on in vitro multiplication of edible banana and plantain was on the 

AAA genotypes in the early 1970 (Ma and Shii 1972, Berg and Bustamante 1974). 

Since then the number of reports have increased to include the AA and AAB 

genotypes (Cronauer and Krikorian 1984a, Vuylsteke and De Langhe 1985, Novak et 

al. 1990) and the BBB group (Damasco and Barba 1984, Ja1Tet et al. 1985). 

Like other plants. micropropagation in banana requires four different successive 

stages viz., (i) establishment of primary culture, (ii) rapid shoot multiplication, (iii) 
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induction of root in microcuttings and (vi) transplantation of plantlets to ex vivo 

condition. Several· methods have been developed for micropropagation of banana by 

different groups of scientists. A brief review of the reports dealing with various 

aspects of banana micropropagation is described below. 

Ma and Shii (1972), and Dore Swamy et al. (1983) developed decapitation of apical 

dome for the prolif~ration of new shoots. Destruction of the central growing point 

allows axillary buds to develop which are normally suppressed through apical 

dominance (Crona~1er and Krikorian 1986a). Wong (1986) reported that multiple 

shoot formation could also be achieved when the apical dome was not destroyed and 

a cytokinin source was included in the medium. 

Cronauer and Krikoria,n (1984b) noticed that established cultures from excised shoot 

tips of banana cv. Grand Naine multiply rapidly. They raised single shoot on 

semisolid medium and shoot clusters in liquid medium. Individual shoot was induced 

to form mulliple shoot clusters by splitting the shoot longitudinally through apex. 

Shoot multiplication rate was the maximum at 5 mg/I BAP. 

The in vitro morphogenetic response of banana is controlled by the culture medium 

and is strongly influenced by genotype. Bane1jee et al. ( 1986) reported that shoot 

formation and rate of proliferation appear to be genotype dependent. They also found 

considerable difference between the rates of shoot proliferation in different cultivars. 

Khatri et ed. (1997) developed meristematic tip with two pairs qf leaf primordia from 

clones of dessert bamina (Musa spp.) viz GN60A, SH3362, William Highgate and 

Basrai were evaluated for in vitro propagation. They reported that clone GN60A 

produced highest tillers followed by clone SH3362, with lowest number of tillers 

produced by clone ·sasrai when the proliferation cultures were established in MS 

medium with 20µ M BAP. Shoots were easily rooted on MS medium with sucrose. 

Bondok et al. (1987) conducted an experiment on production of virus free "Hindi" 

banana plants utilizing meristem tip culture and thiouracil treatments, Explants were 

cultured on Murashige and Skoog (1962) mineral salt medium with or without the 
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antiviral compound (thiouracil). Plantlets were assayed for virus by serological 

diagnosis. 

Devi and Nayar ( 1993) carried out an experiment by using shoot-tips from l and 3 

months old suckers of Musa paradashca cv. Nendran in liquid MS medium 

supplemented with various growth regulators and coconut water (CW) 15%. After 2-

3 weeks they observed that one-month old suckers produced 7-8 shoots/explant 

compared with 9-16 ex plants from 3 months old suckers. 

Bhaskar et al. (1993) studied the effect of three types of explant viz. shoot-tip, eye 

bud and floral apex of banana (cv. Red banana) cultured on semisolid MS medium 

supplemented withs.various growth regulators. For all the three types of explant, the 

shortest time taken for culture establishment (9-12 per explant) was obtainecl on 

medium supplemented with 10 mg/I BA regardless of NAA concentration. 

' Das et al. (1998) cultured shoot-tip sections of the four banana cultivars Martaman, 

Kanchkala, Giant Governor and Singapuri on modified MS· medium supplemented 

with NAA 0.5 mg/I and BAP 0.5 mg/l. In general, Kanchkala (Musa, ABB group) 

showed the best explant survival as well as growth response. Martaman (Musa, ABB 

group) also showed good growth but comparatively poor explant survival. Cu!tivars 

Singapuri and Giant Governor, both belonging to the Dwarf Cavendish (Musa, ABB 

group) showed a mor.lerate response to the micropropagation technique. 

Gupta (1986) reported that heat therapy and mersitem culture were good for rapid 

clonal propagation of mosaic disease free banana plants. 

Shoot multiplication rate for micropropagation of banana varies with the 

concentration of BAP present in MS basal media (Sun 1985, Jarret et al. 1985, 

Silayoi et al. 1986, Namaganda 1994). Kunlayanee et al. (1990) observed that shoot 

multiplication in 10 mg/I BAP produced more plantlet during culture of bwrnna 

shoot-tips. Bane1jee and Sharma ( 1988) observed that the rate of multiple shoot 

formation was higher in AAA triploid than in AA diploid clones. De Gomez and De 

Garcia (1994), Domingues et al. (1995) also observed shoot multiplication was 

highest in medium supplemented with 5 mg/I BA. 
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Cronauer and Krikorian (1985b) subsequently isolated and cultured the terminal 

floral apices of Dwarf Cavendish banana in the modified MS medium supplemented 

with a (5 mg/I) and 10% (v/v) coconut water. The determinate floral buds were 

transformed to multiplying vegetative shoot system from which rooted plantlets were 

obtained using NAA ( I mg/I) and activated charcoal (0.025%). 

' 
Balakrishnamurthy and Rangasamy (1988) reported that terminal male flower buds of 

thL· varieties Robusta and Montana when cultured on MS medium supplemented with 

30 g/1 sucrose, 0.8% bactoagar and 0, 2.5, or 5.0 mg/I B~P. all the floral apices 

survived. But prolifr.:ration of buds was observed only in culture medium containing 

BAP at 2.5 and 5 .. 0 mg/I for both the varieties. 

Gomez and Garcia (1994) isolated apical meristems and cultured on MS medium 

supplemented with 0.5 mg/I cysteine, 30 g/1 sucrose, 8 g/1 agar and 0.5 or 1.0 mg/I 

BA during the initiation stage and with 5.0 or 10.0 mg/I BAP and/or 0.25 or 0.5 mg/I 

BA at the multiplication stage. They found no differences among the cultures during 

the initiation stage with or without BA in the medium. But shoot proliferation was 

highest in medium supplemented with 5.0 mg/I BA. 

Multiple shoots were induced from shoot-tip culture on MS medium supplement~d 

with BA (2 mg/I) by Ganapathy et al. (1995). Domingues eta!. (1995) observed that 

explant of I cm long and 0.7 cm diameter obtained from banan cv. Maca gave the 

highest number of buds on nutrient solution containing 5 mg/I BA for 45 days. 

Sharma et al. (199,) developed a highly efficient in vitro shoot multiplication method 

by culturing shoot-tip explant on MS semi-solid medium supplemented with IAA 4.0 

mg/I, IBA 10.0 mg/I and Adenine hemisulphate 200.0 mg/I. A maximum of 46.4 

mean shoots were also obtained from their culture. 

Vani and Reddy (1999) developed shoot-tips culture from healthy suckers of banana 

(Musa spp.) varif.ties dwarf Cavendish, Amruthapani, Tella Chakkerakeli and 

Robusta by and inoculated on MS medium supplemented ~ith 6 mg/I BAP, 2 mg/I 

IAA and 200 mg/I ·adenine sulphate. 
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Gubbuk and Pekm!!zci (2001) reported meristem culture· technique for in vitro 

propagation of banana cv. Dwarf Cavendish, Grand Naine, Petit Nairn, Poyo, Williams 

and Basrai. They reported that different thidiazuron (TDZ) concentrations in 

combination with IAA were used in the propagation stage where TDZ concentrations 

of more than 2.5 µM.ll did not effect the number of shoots and shoot quality. 

Ranjan et al. (2001) reported that the highest percentage of explants (shoot-tip) 

responded to shoot initiation on MS media supplemented with 8 mg/I BA, 3 mg/I 

IAA and 150 mg/I ade~1ine sulphate. The rnaximurn number of shoots were 34.0, 32.3 

and 30.3 for Dwarf Cavendish, Alpan and Batisa respectively, after 12-14 weeks of 

culture. The number of shoots per explant decreased with application of 9 mg/! BA. 

Hirimburegama anci Gamage (1996) investigated the performance of IO banana 

cultivars (groups AAA and AAB and ABB) for their ability to shoot multiplication. 

In their study, the highest shoot multiplication rate was observed in Binkhel (AAA). 

It was also observed that subculturing enhanced shoot multiplication especially after 

the second subculture. 

Fitchet and Winnaar (1988) reported that in vitro shoot-tip culture of the cultivars 

Dwarf Cavendish and Williams gave the best development wh~n r:ultured on media 

supplemented with a mixture of IBA (2 mg/I), NAA (2 mg/I), kinetin (5 mg/!), adenine 

sulphate (160 mg/I), sodium phosphate (340 mg/I) and activated charcoal (5 g/1). 

Jarret et al. (198~) _reported the formation in banana of structures similar to those 

described by Cronauer and Krikorian (1983, 1984), who' obtained globular 

proembryos in bananas and plantains in medium supplemented with 2, 4, 5-T that 

were morphologically similar to their zygotic counterparts. 

Zamora et al. (1989) found that micropropagated plants of 'Lakatan', 'Bungulan' 

and 'Saba' grew faster had higher yield and early to sucker and flower. Hwang 

(1986) found that about 3% of the Cavendish plantlets derived from meristem 

culture were variants. 

In tissue culture, rooting of banana plantlets is very important. A separate root 

induction phase is essential for rooting of banana shoots before transferring them into 
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soil. Various auxins at different concentrations are capable of root induction in 

micropropagated banana plantlets. For rooting of banana and plantain Novak et al. 

(1989) and De Langhe et al. (1985) used½ MS+ Iµ M IDA Banerjee et al. (1986) 

found that regenerated shoots were rooted subsequently in MS solid medium with 

half strength of macro-salts plus 0.2 mg/1 IBA in banana and plantian. Dore Swamy 

et al. (1983) used MS+ 5.0 mg/I IBA, Berg and Bustamante (1974) and De Guzman 

et al. (1976) us~d l mg/1 NAA for rooting in desse11 banana. 

Habiba et al. (2002) observed that half strength MS supplemented with 2.0 mg/1 IBA 

was the best for root induction in the regenerated shoots. Gubbuk and Pen.kezci (2001) 

repo11ed that the use of lµM IBA or NAA/1 with MS medium was sufficient in tenns 

of rooting. Vani and Reddy (1999) reported that the shoots were rooted on MS medium 

containing 2.0 mg/I BAP, 2.0 mg/I IAA and 0.1 % activated charcoal and eventually 

established in soil. Devi and Nayar{I993) repo11ed that roots were induced within 4-5 

days of culturing single shoots on MS medium containing 0.25% charcoal and 0.1 µM 

IBA The plantlets were potted in venniculite 2-3 weeks after rooting and were 

successfully transplanted to the fields within 3 months. Murali and Duncan (1991) 

observed that basal medium supplemented with 1.0 mg/I IBA induced root in 

micropropagated shoots of banana. Cronauer and K:iikorian (1984b) obtained rooted 

plantlets by treating with NAA (1.0 mg/I) and activated charcoal (0.02%). 

Fitchet and Wirmaar (1987) repo11ed that 4 weeks old shoot induced more roots in 

semisolid rooting medium of IBA, NAA, kinetin and activated charcoal. They also 

observed that rooted plantlets were successful established on soil in 3 weeks. Gupta 

(1986) repo11ed that regeneration of shoot clusters and subsequently rooted plantlets, 

from meristem tip took 10 to 12 weeks on BAP and kinetin enriched MS medium. 

Jasari et al. (1999) found that well-developed plantlets could be hardened without 

greenhouse facilities for their establishment in the field. The results showed that 

average 92% of the plantlets survived hardening with the protocol developed. 

Cronauer and K:i·ikorian (1984a) repo1ted that in vitro induced rooted shoots of 

four banana cultivars were successfully established on pot mixture containing soil 
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and vermiculite at l: l ratio and also stated that survival from culture vessei to 

soil was 100%. 

Oliveira et al. ( 1997) caiTied out an investigation on evaluation of commercial 

micropropagation of banana and observed that losses of in vitro grown plantlets due 

to.contamination were 18 and 40.60% in two cultivars Nanicaao and Grand Naine, 

respectively whereas losses during acclimatization were 2% in 80 days (60 days 

covered with polythene bags and 20 days outdoors) when rooted plantlets were 

transferred to the medium containing organic matter: sand: soil {I: l: 1). 

A comparative study conducted by Kawit et al. (1993) on the performance of tissue 

culture propagated bananas and conventional sucker planting bananas of 16 cultivars 

in Thailand. The results pointed out that tissue culture plants could be used in 

comm0rcial banana production in Thailand with some advantages. 

Gupta (1986) rep0rted that the survival of plantlets on transfer from in vit;o 

cultures to soil was more than 95%. He also noted that the meristem-derived 

plants grew faster and facilitated early harvesting compared to convention:illy 

propagated sucker~. 

There is a evidence that TC plants are larger than CON plants in the first crop cycle, 

according to work in Israel (Israeli et al. 1988) and Australia (Daniells 1988, Drew 

and Smith 1990) and highest yields (Prodeep et al. 1992). However, in Costa Rica, 

Arias and Valvera (1987) found that CON plants were larger, and in Taiwan, Hwang 

et al. (1984) found no difference. In term of yield potential, there is wide spread . ' 

agreement that TC plants produce larger bances than CON plans in first crop cyclic. 

These increases were in the order of 2% {Hwang et al., 1984), 5% (Arias and 

Valverde 1987), 7% (Daniells 1988), 10% {the summer planting of Israeli et al. 1986) 

and 17% (Drew and Smith 1990). 

Damsco and Barba (1984) also found that 'Saba' plants derived from in vitro grew 

normally under field conditions. Moreover, Zamora et al. (1989) found that 

micropropagated plants of 'Lacatan', 'Bungulan' and 'Saba' grew faster, had 

higher yield and early to sucker and flower. Gupta (1986) observed that meristem 
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derived plants grew faster and had sho1ter harvesting period from 3 months to 1.5 

months due to uniform growth. In the Philippines, De Guzman et al. (I 980) 

reported that micropropagated plants of Lakatan were found to have similar 

characteristics in tenns of vegetative growth, flowering, suckering and fruiting 

under field conditions. Robinson (1989), Robinson and Anderson (1990) and 

Espino et al. (1992) repo1ted early flowering in tissue culture raised plants. 

2.2 OBJECTIVES 

General objectives cf this pait of study was to develop effective micropropagation 

protocols for six banana cultivars viz., Sabari, Mehershgar, Ranginshagar, Jahaji, 

Agniswar and Binathmi conunercially cultivated in Bangladesh. The specific 

objectives of this study are as follows: 

1. Standardization of suitable culture medium for the establisluneri.t of primary 

culture using shoot-tip as explant for six cultivars of banana. 

2. Standardization of culture media and culture methods for rapid clonal 

multiplication through shoot-tips culture. 

3. Acclimatization, transplai1tation and field evaluation of micropropagated 

banana plants. 
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2.3.1. Plant Materials 

26 

The following six cultivars of banana (Musa spp.) were used as the experimental 

materials in the present investigation. 

Cu:tivars Genome 

1. Sabt1ri AAB 

2. Mehersagar AAA 

3. Ranginsagar AAA 

4. Jahaji 
\ 

AAA 

5. Agniswar AAA 

6. Binathuri ABBB 

Shoot-tip explants from healthy grown 2-3 months old suckers were used to establish 

initial culture for micropropagation. 

2.3.1.1. Description of six banana cultivars 

Sabari: Musa (AAB) group- syn. Malbhog, Anupam, Mortman, Manik. (Figure A, 

Plate 1). It is the choicest table banana for its tasty, good sour-sweet blended and 

pleasant flavoured fruits of Bangladesh. The plant is tall reaching a height of 2.5-3.0 

m and can be identified by the yellowish-green stem with brownish blotches, reddish 

margins of the petiole and leaf sheath. Leaves are pale green with wax coating on 

under surface, attaining 150-175 cm length and 60-75 cm width. Crop takes about 13-

15 months to come to harvest with bunches weighing 15-18 kg each. It has about 6-8 

hands with 85-120 fruits. Fruits are yellowish green throughout their development, 

but turn pale yellow and golden yellow on ripening. Fruits are medium-sized, about 

10 cm long and 10 cm in girth at the middle, very lightly curved, skin thin, skin peels 

off easily from the pulp, pulp soft, cream coloured, taste exceedingly sweet. Its 

cultivation is decreasing due to susceptibility to dreaded disease Panama wilt. The 

other demerits are easily dropping of ripe fruits from the bunch, formation of hard 

lumps in the pulp and a physiological disorder fruit cracking. In the market fruit 

fetches double the price of other varieties. 
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Mehersagar: Musa (AAA) group- Syn. Giant Governor, Nepali, Singapuri. (Figure 

B, Plate 1). 

Plant is medium-tall, reaching a height of 2.2-3.0 m above the ground level, 

circumference 60-75 cm with a strong pseudostem. Due to shout pseudostem it does 

not broken down by storm and stress, even tree containing bunch does not require ar.y 

support. It has about 10-11 hands with 150-200 fruits. The plants bear bunches weighing 

25-30 kg. Plants comes to harvesting 11-12 months of planting. Fruits have bunt tips and 

are greenish at ripeness but ripended during the winter season develop yellow colour. 

Female phase has 8-10 hands each with 16-24 fruits arranged in two rows. Fruit is tall in 

size, about 15-23 cm long, 11-15 cm in girth. Pulp is tasty and very sweet with a good 

aroma. The keeping quality of ripe banana is not good, so in the market its price is less. 

Industrial labour, hospitalized patients and poor people are the consumers of this banana. 

It is somewhat less hardy and less tolerant of poor soil conditions. The cultivar is 

susceptible to sigatoka leaf spot but resistance to panama disease. 

Ranginsagar: Musn (AAA) group. (Figure C, Plate 1). 

This is an important commercial banana for northern region of Bangladesh. Plants is 

semi-dwarf, reachiPg a height of I .65- l .90m with a strong pseudostem and so lesR 

susceptible to wind damage. The variety is having increasing commercial importance 

because of the law height and more susceptible to drought and adverse soil 

conditions. Ranginsagare are shorter than that of Amritsagm· but yield is greater than 

that of Amritasagar. Female phase has 8-11 hands with 140-200 fruits. Fruits are 

large sized about 15-25 cm long, 10-15 cm in girth. The average bunch weight is 

about 25-30 kg. Dark green fruits turn bright yellow upon ripening. Fruits harvested 

about 11-12 months after planting. Ripe banana can not be preserved for long time in 

summer but in winter its preservation capacity is high. Plants are very susceptible to 

sigatoka leaf spot, but immune to panama disease. Though it is susceptible to leaf 

spot disease although it is not serious in Bangladesh. 

Jahaji: Musa (AAA) group- syn. Singapuri, Kanibashi, Kabuli/Garing Kola. (Figure 

D, Plate 1). 

This is an introduced variety, which has now cultivated only at the homestead 

gardens throughout the country. Plant is very dwarf, extending l.5 m above the 

ground level. Pseudostem is stout with brown black large blotches of conspicuous 

size; attaining a girth of 75-80 cm. Leaves are clustered at the crown with short 
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internodes. The bunches are huge, yielding about 8-12 hands at regular intervals and 

150 or more fruits and weighing about 25-30 kg. Fruit is long about 15-20 cm, 10-15 

cm in girth, skin think and greenish, pulp soft, white to pale yellow in colour, taste 

sweet with a delightful aroma. Keeping quality not quite good. The greenish colour 

of the fruit is retained to some extend even after ripening but fruits ripened during the 

winter season develop colour. It is susceptible to bunchy top and leaf spot disease but 

resistant to panama wilt. It bears well over a wider rang of conditions and is better 

adapted to growth in cool dimatec than any other clone. 

Agniswar: Musa (AAA) group- Syn. Surjamuki/ Lal Kela/ Red banana. (Figure E, 

Plate 1) 

This is a rare variety, grown on a commercial scale only in few localities; thrives best 

at higher elevations between 800-1300 m, in the plains it is poor yielder. The colour 

of the pseudostem, petiole, midrib and fruit peel is purplish red. Its pseudostem is 

bold, robust and 3-3.5m. Bunch is oriented at 45° angle to the pseudostem, female 

· axis has 5-8 hands each with 12-16 fruits. It is a shy-yielder, bunches weighing 20-22 

kg each have 70-120 fruits but has the potential to yield 25-30 kg/bunch under 

favourable conditions. Fruits are medium sized, slightly curved about 15-19 cm long, 

about 10-14 cm in girth with a blunt beak and thick skin, pulp is sweet orange yellow 

coloured and with a pleasant aroma. It has long duration of cropping (15-16 moths). 

This cultivar was grown only in backward garden. Of late, it is cultivaled 

commercially in Munshigong, Khagrachori and Rangamati districts. It is susceptible 

to Panama, bunchy top and nematodes but resistance to leaf spot. 

Binathuri: Musa (ABBE) group-syn. Thursara/Klue teparod. (Figure F, Plate 1) 

This is one of the several natural tetraploid bananas. It is a robust plant, immune to 

panama disease and leaf spot and it may be recorgnized by the massive blunt grea 

fruits and tendency to have no male axis. The male axis when present is well 

developed; when absent, is completely absent, being apparently trasnformed in 

toto in to the last female hand. One Thai name ('Klue plihai' - "hide flower") 

refers to this behavior. 'Binathuri' probably originated in Indochina and now 

occurs mainly in Thailand and Burma, where it is used for sweet meats, as the 

fresh flesh has a disagreeably fibrous spongy texture. In Bangladesh the variety is 

a recent introduction and people strongly suggest Burma as the source. Plant is 
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tall, reaching a height 3.90 - 4.25 m, circmnference at base 70-90 cm. Female 

phase has 7-9 hands each with 12-16 fruits. The frnits/bunch vary from 100-120 

and weighing about 18-22 kg. Frnit large, about 23-25 cm long, 16-18 cm in gilth, 

very slightly curved at the middle and fetches high price in the market. Crop cycle 

is completed in 12-14 months. 

2.3.1.2. Somces of banana cultivars : The planting mateiials of cultivars Sabad, 

Mehersagar, Ranginsagar and Jahaji were collected from villages Biraldah and 

Baneshware of Puthia Upazilla under Rajshahi distiict and Shibgonj and Mokamtola 

under Bogra dist1ict. Cultivars Agniswar and Binathuri were collected from the dense 

hilly region of Khagrachaii dist1ict. These two cultivars of banana are in the way of 

extinction and considered to be endangered. Binthuri banana is big in size and very 

sweet. Agniswar is a rare vaiiety and grown on a commercial scale only in few 

localities of hilly area (Tholibari under Ramgar Upazilla of Khagrachari District). 
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Photographs showing six different cultivars of banana used as explauts 
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B. Mehersagar 

c. Ranginsag ar 

D. Jahaji 

E. Agniswar 

F. BinathU1i 
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2.3.2. Other Matrrials 

Nutrient Mediwu : In the present investigation MS basal salt fomulation (Murashige 

and Skoog, 1962) was used to conduct all of the experiemnts. 

Plaut Growth Regulators (PGRs) : The following plant growth regulators were 

employed for the present investigation: 

Auxins: 

Indole - 3- acetic acid (IAA) 

Indole - 3- butyric acid (IBA) 

o:-Naphthaleneacetic acid (NAA) 

2,4-dichlorophenoxyncetic acid (2,4-D) 

Cytokinius : 

6-Benzylaminopuline (BAP) 

6-Fu1furylarninopurine (KIN) 

Steiilizing Agents : In the present investigation Mercuiic chloride (HgCh) used as 

steiilizing agent. Tween-80 and Teepol were used as detergent and suitactant. 

Equipments: Culture vessels such as test tubes (125x25m), conical flasks (250,500 

and 1000 ml), separating fum1el, pipette, forceps, cotton, spili1t lamp, needle, sharp 

blade, stero microscope, electiical balance, autoclave, laminar air t1ow machine etc. 

were used in the present expeiiment. 

2.3.3. Methods 

2.3.3.1. Preparation of culture media: The methods involved in the present investigation 

are described under the following steps: 

The first step in the preparation of culture media was the preparation of the stock 

solution. The vaiious constitut:nts of media were prepared into stock solutions for 

ready use du1ing the preparation of medium. As different media constituents were 

required in different concentrations, separate stock solutions of macronutiients, 

micronut1ients, organic compounds, Fe-EDT A (iron-stock), vitamins and amino acid, 

growth regulators (auxin, cytokinin and gibberellin) etc. were prepared. 
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Stock solution A (macro nutrients) 

The stock solution A was made up to 10 times the final strength of the medium in 

1,000 ml of distilled water. At first 1 0 times the weight of the salts present per litre of 

the medium was weighed accurately, dissolved once at a time and sequentially in 500 

ml of distilled water and then made up to 1,000 ml. The stock solution was stored in 

deep freeze at 4 °C in a plastic bottle. 

Stock solution B (micro nutlients) 

Stock solution B was made up to 10 times the final strength of the medium in 100 ml 

of disti1led water as desclibed for the stock solution A. This stock was filtered and 

stored in a refrigerator at 4°C in a plastic bottle. 

Stock solution C (iron stock: Fe-EDT A) 

It was made 10 times the final strength of the medium in 100 ml of distilled water. 

Here, two constituents, FeSo4 and NarEDT A, were dissolved separately in distilled 

water and were chelated for 24 hours at 58°C by piacing it in an incubator. Then the 

two solutions were mixed and volume was made up to 100 ml by adding distilled 

water. The pH of the solution was adjusted at 5. 8 and after filtering it was stored at 

4°C in refrigerator wrapping by a black paper. 

Stock solution D (vitamins and amino acids) 

The following vitamins and amino acids were used in the present investigation. 

Py1idoxine HCl (vitamin B6) 

Thamin HCl (vitamin B4) 

Nicotinic acid (vitamin B3) 

Glycine 

Myoinositol (inositol) 

Ten times each of the above mentioned vitamins and amino acids were dissolved 

separately in distilled water for stock preparation. They were mixed and the volume 

was made to 100 ml by additional distilled water. The stock solution was stored in a 

refrigerator at 4°C. 
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Stock solution E (growtl1 regulators) 

In addition to the nutrients, it is generally necessary to add one or more growth 

regulators such as auxin, cytokinin and gibberellic acid to the media to support good 

growth of tissues and organs (Bhojwani and Razdan, 1983 ). 

The following growth regulators were used in the present investigation. 

Table 2.1 Above growth regulators were dissolved in appropiiate solvent as shown 

agains~ each of them 

Growth Amount taken Dissolving solvent Final volume of the Strength of the 
regulators (mg/I) (ml) stock solution with stock solution 

DDW(ml) (mg/1 mg) 

2,4-D 10 70% ethanol 0.5 ml 100 0.1 

NAA 10 0.1 N KOH 1 ml 100 0.1 

IDA 10 0.1 N NaOH 1 ml 100 0.1 

IAA 10 0.1 N NaOH 1 ml 100 0.1 

BAP 10 0.1 N NaOH 1 ml 100 0.1 

KIN 10 0.1 N HCl 1 ml 100 0.1 

To prepare stock &olution 10 mg/1 of any of the growth regulators was taken in a clear 

test tube and dissolved in required volume ofappropdate solvent. Final volume of the 

solution was made up to 100 ml by adding distilled water. Thus stock solutions of all 

the growth regulators were prepared and stored at 4 °C. 

Prepation of coconut water 

Green coconut with soft endosp1ms were used for its water. A hole was diilled 

through one of the genninating pores. Pour out the liquid. Filter it through filter paper 

and store in the freezer. 

Preparaton of one litre MS medium 

The following steps were followed to prepare one litre of any of the above mentioned 

culture emdium. 
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(i) · 100 ml of stock solution of macro nutrients (Stock A), IO ml of stock solution 

ol' micro nutrients (Stock D), IO ml of stock solution of Fc-EDTA (Stock C) 

and 10 ml of stock solution of vitamins (Stock D) were added to 750 ml of 

ditilled water and mixed well. 

(ii) Different concentrations of hormonal supplements were added either singly or 

in different combinations to the above solution and were mixed throughouly. 

Since each hormonal stock solution contained 10 g of the chemical in 100 ml 

of solution, the addition of 10 ml of any hormonal st9ck solution to made one 

liter of medium results in 1 mg/I concentrations of that hormonal supplement. 

(iii) The whole mixture was then made up to 1000 ml with further addition of 

distilled water. 

(iv) The pH of the constituting medium was generally adjusted to 5.7 using a pH 

meter with the help of 0.IN KOH or 0.lN HCI whichever as necessary. 

(v) Sucrose 30 g for MS basal medium was dissolved 111 100 ml of mixed 

component:;;. 

(vi) The culture media were gelled with agar for supporting of plant materials. In 

the present investigation 7-8 g of agar (Caroline Biological Supply Co.) was 

added for one liter of medium. Then the whole mixture was heated in 

microven for 5 minutes, the agar was melted completely and making a clear 

solution. Care should be taken at the time of heating that the solution not to be 

evaporated any away. 

(vii) Fixed volume of above hot melted medium was transfened into culture 

vessles like test tubes or conical flasks through separating funnel. The culture 

vessels were plugged with non-absorbent cotton, which, were inserted tightly 

at the mouth of culture tube. 

(viii) The culture vessels containing medium were then aut?claved at 15 lb/sp inch 

presure and atthe temperature of 12 I °C for 20 minutes to ensure sterilization. 
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Then the vessels with medium were allowed to cool as vertically and marked 

with a glass marked pen to indicate specific hormonal supplements. 

Preparation of sterileut solution: Mercuric chloride (HgCh) solution at various 

concentrations, generally 0.1 % was used for surface sterilization of pl::int materials. 

To prepare 0.1 % solution 1 mg of HgC12 was taken in one litre bottle and dissolved in 

100 ml sterilized distilled water. Freshly prepared HgC12 was always used. Generally 

HgCl2 solution was prepared 1 hour before use. 

2.3.3.2. Culture 1'eclrniques: The following techniques were employed in the 

present i11vestigation. 

Preparation of Plant Explants 

About 2-3 months old suckers were collected from field grown plant The leaves, 

roots, dust and debris were removed around the suckers before taking them to 

laboratory. Using large knife suckers were trimmed to a size of approximately 3 cm 

corm bade with 3 cm pseudostem. Washing with gradual change of distilled water 

until complete removal of all traces of dirt from the sucker. 

Surface sterilization of plant explant 

The collected explants were taken into a conical flask and washed thoroughly 

under running tap . water for 30 minutes to remove loose contaminants 

attached to explants. Then these explants were washed with distilled wa~er 

containing 3-4 drops savlon to remove dusty substance. This was followed by 

successive three times washing with distilled water to made the material free 

from Savlon and Tween-SO or Teepol. Subsequently the materials were 

transferred to running Laminar-airflow hood. The surface sterilization of 

explants was carried out in HgCl 2 and suspended in different concentrations 

of HgC1 2 for different periods (5 to 18 minutes) according to nature of 

explants. Materials were washed 5-7 times with sterile distilled wat<'!r to 

remove all traces of HgCl 2 • 

Culture inoculation 

The sterilized explants were taken in a sterilized tiles. Using sterile tools under 

running laminar airflow the outer leaf whorls of the pseudostems thus prepared were 
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removed. The corm base was held with one hand and the leaf whorls were carefully 

removed with a pointed scalpel and successive sheathing leaf bases were removed by 

scalpel. The apical merislematic area with one or two leaf. primordia attaining 3-4 

mm. in size remained. Sufficient care was taken to obtain possible contamination free 

culture. During the incision efficient care was taken also to avoid injury to the 

explant. Prepared explants were carefully iuoculatcd in culture vessels containing 

sterilized agar gelled medium. The plugs of the culture vessels were removed 

inside laminar aii'flow cabinet in presence of spirit lamp flame. Then the 

inoculation process was done. Inoculation of ex plants was made singly per culture 

vessel. Special care was taken that the explants must touch the medium equally 

and not dip into the medium. 

After inoculation the culture vessels were sealed by plastic cover, cotton plugs or 

aluminum foil. Finally the culture vessels were labeled. by glass marker with 

inoculation date, Then cultui•e vessels were ready for inoculation. 

Culture incubation 

The inoculated cultllre vessels were incubated in a growth chamber having 

special culture environment. All cultures were gown in the chamber 

illuminated by 40 W white fluorescent tubes fitted at a distance of nearly 30 

cm above culture shelves. The culture room temperature was 25 ± 2° c and 

light ii1tensity was 2000-3000 tux. Except special need most of the cultures 

were incubated a.t 16. hours light and 8 hours dark regime treatment. In special 

cases the culture vessels were placed in an incubator and maintained at 

desired temperature of they were placed in a dark chamb~r in the same room. 

Subculture 

Subculture for multiplication of shoots: Within 2-3 weeks several growing points 

became defined in the incised shoot-tips. It was then transferred to similar or different 

types of media for rapid multiplication. It is important to note here that since the 

shoot-tips in culture secret blackish colored phenolic substance which inhibit further 

growth of the explant's, several subcultures were required initially to overcome the 

problem. After 2-3 subcultmes the culture stopped secreting the phenolic substances 

and the plants showed, normal growth. In. some of the experime'nts activated charcoal 
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at 0.25 percent was also added to the medium as an antioxidant to arrest the 

exudation of phenols. 

Subculture for root induction of regeneration shoots: When the regenerated shoots 

were 2 to 3 cm in length they were rescued aseptically from the culture vessels and 

placed in a sterilized petridish. Then the multiple shoots were separated individually 

and subculture in the freshly prepared medium containing ½ strength of MS salt with 

different combinations and concentrations of auxins for produced well developed 

roots. Addition of activated charcoal increases the average root length. 

Transplantation of piantlets to pots 

W!1en the regenerated plantlets induced sufficient root (3-5 cm in length) they were 

considered ready to transfer in soil. The plantlets grown inside the culture vessels 

were brought out tlie controlled environment of growth chamber. They were thi!n 

kept in the room temperature for 4-7 days to bring them in contact with normal 

temperature. The plantlets were then removed carefully from the culture vessels. The 

roots of the plantlets were gently washed under running tap water to remove agar 

attached to the root zone. Immediately after that, they were transferred to small pots 

or polythene bags containing the following mixtures: Garden soil + compost + sand 

(1:1:1) 

After transplantation each of the plantlet was covered with transparent polythene bag 

to prevent sudden desiccation. The inner side of the bag was sprayed with water 

everyday to maintain high humidy around the juvenile plants. The polythene bugs 

were gradually perforated to expose the plantlets to the outer normal environment and 

subsequently removed after 8-10 days. By this time the plantlets established in the 

soil. Potted plants were kept in shedy place at least for 2-3 months before final 

transplantation to field. Different stages of field establishment of micropropagated 

plants of six banan11 cultivars are illustrated in (Figures A-C of Plate 8). 

Field preparation, fertilization and nursing of in vitro grown experimental plants 

In vitro propagated plantlets and naturally grown suckers of six cultivars of banana 

were transplanted to field during were transplantated to field during March 2004 to 

May 2005. The experiment was laid out in randomized complete block design with 3 
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replications. The blocks were separated by 1.0 m wide drain. The unit plot size was 6 

m x 6 m with 2 m x 2 m spacing between rows and between plants. Three weeks 

before planting, land was ploughed and levelled properly, and 60 cm x 60 cm x 60 

cm pits were dug. Micropropagated plants, about 30 - 45 cm in height and 3 months 

old naturally grown sword sucker of 30 cm in height were also planted as control. 

The old roots base of the conventional suckers was pruned before planting in the pits. 

Manures and fertilizers were applied in pit as well as top-dressing as recommended 

by Karim et al. 09~9). The good quality well docomposed·cowdung, TSP, gypsum 

and zinc oxide were applied in the pits 10 days before planting. Urea and MP were 

applied as topdressing in five equal installments from two months after pl~nting and 

continued upto flowering. Desuckering was done at 15 days interval. Diseased, dried 

and decayed leaves and plant parts were removed to keep the orchard clean. The male 

part of bucnh was r•!moved shortly after fruit set. Weeding, irrigation, mulching, and 

propping were done as and when necessary. 

2.3.3.3. Data collection 

In vitro Grown: Dilta ·were collected using the following parameters and the methods 

of data collection are given bellow: 

l. Percentage of response: Percentage of explant responsed was calculated usign 

followign formula: 

. ~ . _ Number of explant formed shoots x 
100 % of expJ.mb siesponded - Total number of explant cultured 

2. Number of shoots/explant: Number of shoot was counted for each culture 30 

days after inoculation and average number of calculated and noted. 

3. Shoot length: After 25, 35 and 45 days of culture shoot length was measured in 

cm scales f~r each plantlet and average of shoot length was calculated and noted. 

4. Root length was measured in Centimeter (cm) from the base to the tip of the 

roots. Average length of the longest root was calculated using above­

mentioned formula. 
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Field grown: Du1ing the field evaluation trial observation were made and the data 

were on the following parameters: 

1. Pseudostem height: The height of the pseudostem was measured in cm from 

ground level to the point of emergence of bunch at monthly interval till harvest. 

2. Base girth of Ilseudostem: Pseudostem girth was measured in cm above the 

ground level at monthly interval till shooting. 

3. Number of functional leaves: The number of functional leaves was recorded 

till harvesting. Le;aves that are erect and have at least 75% of their area that is 

green. 

4. Number of sµckers: Number of suckers was counted upto harvest on tissue 

culture and sucker derived planting materials. 

5. Days to shoot: Days to shoot i.e. flowering was recorded from planting to 

emergence of inflorescence. The date of emergence of inflorescence was 

recorded whell it just appear in the hemt of the plant. 

6. Days from Doweling to harvest: Days from t1owe1ing to harvest was recorded 

for individual plants. 

7. Total cropping period: Days from planting to harvesting was recorded as total 

cropping pedod. The bunches were harvested when the ridges on the fiuit 

su1face changed from angular to round. 

8. Number of hands: Number of hands were counted for individual bunch. 

9. Number of fingers per bunch: Number of fingers were counted for individual 

hand. 

10. Total number of fingers: Total number of fingers were counted for individual 

bunch. 

11. Length and girth of fruits: Length and ghth of the fiuits were recorded in cm 

after the firsl harvest. 
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2.3.3.4. Data analysis : Mean and standard error of mean: The mean of different 

experiments was calculated as mentioned above. The standard errors of mean (SE) 

were calculated as follows: 

SE= /s2 v---;; 
Where, 

S2 = Sample variance 

S = Standard deviation 

n = Number of observation 

Data collected on different parameter were subjected to statistical analysis according 

to Duncan's Multiple Range Test (DMRT) as discribed by Steel and Torrie (1960). 
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2.4. RESULTS 

In the present study, shoot-tips of six cultivars of banana from field grown plants 

were used as explants and the effects of different cytokinins, auxins and coconut 

water (CW) on shoot regeneration, multiplication and rooting of micro shoots of 

banana were investigated. The In vitro micropropagated plants were transplanted to 

the field and their performances were evaluated. Details of the results so far obtained 

from each of the experiments are described under following heads. 

2.4.1. Primary Estai)lishment of Shoot-Tip Culture 

Morphogenic response of the cultured shoot-tip was appeared to visible after 10-15 

days lag period. The shoot-tip commenced new growth through enlargement of th,;ir 

size. Shoot-tips were white in colour at the time in inoculation. However, gradually 

they turned to greenish along with increase in size. Data on percentage of shoot 

forming explants and mean length of the largest shoot were recorded. The result on 

the effect of different cytokinins on culture media to morphogenic response is 

discussed under separate heads. 

2.4.1.1. Effect of different concentrations of BAP on primary establishment of shoot­

tip culture: Shoot-tip explants of six cultivars of banana were cultured onto MS medium 

supplemented with 7 concentrations of BAP (Table 2.1). The data on the primary 

establishment of explants were scored as percentage of shoot forming explants, number's 

of shoots/explant, length of the longest shoot and the results are shown in Table 2.1 and 

illustrated in the (Figures Al-C2, Plate 2) and (Figure D1-F2, Plate 3). 

Among the seven concentrations of BAP, 5 mg/I was found to be the most effective 

formulation where most of the banana cultivars resumed new growth. In this 

formulation cvs. Mehersagar, Jahaji, Sabari, Ranginsagar and Agniswar showed the 

highest percentage of explant survival. However, the highest percentage of explant 

survival for cv. Agniswar was recorded onto medium containing 8 mg/I BAP. In 

general lower concentration of BAP (1-3 mg/I) was found less effective for the 

primary culture establishment. 
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Among the six cultivars of banana, cvs. Mehersagar, Jahaji and Ranginsagar were the 

most responsive genotypes in culture condition. The highest 92% of the explants of 

these cultivars were resumed new growth after cultming onto 5 mg/I BAP. Cv. 

Binathuri was found to be the less responsive in the establislunent of primary culture 

(Table 2.1). 

The shoot-tip explants after resuming new growth staited to new mini suckers 

development that eventually induced to develop new shoots. Numbers of 

shoots/explant recorded after 25 and 35 days of culture were found to be vaded 

according to genotypes and level of BAP in culture medium. Among the different 

BAP formulation, 5 mg/I was also found to be the most effective in inducing lateral 

bud proliferation from the com1 of primary established explant. Shoot growth in 

prima1y culture was also the best in 5 mg/I BAP formulation. Among the six 

cultivars, the shoot length was highest for Agniswar recorded onto the same culture 

medium f01mulation. 

2.4.1.2. Effect of different concentrations of KIN on primary establishment of 

shoot-tip culture : Shoot-tip explants of six cultivars of banana were cultured on the 

MS medium supplemented with 7 concentrations of KIN (Table 2.2). The data on the 

primary establish.111ent of explants in the different KIN supplemented media 

fomrnlations were scored as percentage of shoot fonning explants, number of 

shoots/explant, length of the largest shoot and the results are shown in Table 2.2. 

Among the seven concentrations of KIN, 5 mg/I was found to be the most effective 

formulation where most of the banana cultivars resumed new growth. In this 

fo1mulation cvs. Mehersagar, Jahaji, Sabari and Ranginsagar showed the highest 

percentage of explant survival. In general lower concentrations of KIN (1-3 mg/I) 

were found less effective in the primaiy culture establishment. 

Among the six cultivars of banana cvs. Mehersagar and Ranginsagar were the most 

responsive genotypes in the cultui•e condition. The highest 75% of the explants of 

these cultivars were resumed new growth after culturing onto 5 mg/I KIN. Binathuli 

was found to be the Jess responsive in the establishment of p1imary culture (Table 

2.2). 
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The shoot-tip explants after resuming new growth induced to develop new mini 

suckers that eventually induced to develop new shoots. Number of shoots/explants 

recorded after 25 and 35 days of culture were found to be varied according to 

genotypes and levels of KIN in culture medium. Among the different KIN 

fomrnlation 5 mg/1 was also found to be the most effective in inducing lateral bud 

proliferation from the com1 of primary established explant. Shoot growth in primary 

culture was also the best in 5 mg/I KIN formulation. Among the six cultivars, the 

shoot length was the highest for Agniswar was (1.42 ± 0.087 cm) recorded onto the 

same culture media fommlation. 

2.4.1.3. Effect of different concentrations and combiantions of BAP with KIN on 

primary establishment of shoot-tip culture: To find out the synergistic effect of BAP 

and KIN on the primary establishment of the shoot-tip explants of six banana 

cultivars were cultured onto MS medium supplemented with 7 different 

concentrations of BAP and KIN together (Table 2.3). The data on the piimary 

establishment of explants were collected on percentage of shoot fomung explants, 

number of shoots/explant and length of the longest shoot. The results on these 

parameters are sununmized and presented in Table 2.3. 

In all media fonnulations, a number of cultured shoot-tips resumed new growth. 

However, depending upon the media formulation the success rate of the explants in 

starting new growth was found to vary. Among the different concentration of 0.5 

mg/1 BAP + 0.5 mg/I KIN was found to an effective fomrnlation where most of the 

banana cultivars resumed new growth. In this fo1111ulation cvs. Mehersagar, Jahaji 

and Ranginsagar showed the highest percentage of explant survival. In Sabari the 

best medium composition for primary culture establishment was observed in MS + 

5.0 mg/I BAP + 5.0 mg/I KIN and the percentage ofresponse was 90%. However, the 

bighest percentage of explant survival for cvs. Agniswar (70%) and Binathuri (60%) · 

were recorded into medium containing 8.0 mg/I BAP and 1.0 mg/I KIN and 3.5 mg/I 

BAP + 1.0 mg/1. KIN respectively. In general, lower concentration of BAP + KIN was 

found more effective in the primaiy culture establishment for the cultivar 

Mehersagar, Jahaji and Ranginsagar. 
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Among the six cultivars of banana cvs. Sabaii, Mehersagar, Jah,tji, Ranginsagar were 

the more responsive genotypes in these culture condition. The highest 80 to 90% of 

the explants of these cultivars were resumed new growth after culturing 0.5 mg/I 

BAP + 0.5 mg/1 KIN except cv. Sabad. and cv. Binathuri was found to be the less 

responsive in the establishment of primary culture condition Table 2.3. 

The p1imai.y established shoot-tip culture were induced to proliferate multiple shoot 

through the fo1mation of new mini suckers, number of shoots/explant recorded after 

25 and 35 days and length of longest shoot after 35 days were fou;nd to be varied 

according to genotypes and level of BAP and KIN in culture medium. Among the 

different BAP + KIN fo1mulation, 0.5 mg/I BAP + 0.5 mg/I KIN was found to be the 

most effective in inducing lateral bud proliferation from the co1m of p1imary 

established explants. Shoot growth in plimaiy culture was also the best in 0.5 mg/I 

BAP + 0.5 mg/! KIN fo1mulation. Among the six cultivars, the shoot length was 

highest for cv. Agniswar recorded onto the 8.0 mg/I BAP + 1.0 mg/I KIN culture 

medium fomrnlation. 
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Tabh! 2.1 Effect nf different concentrations of BAP in MS medium on in vitro 

establisfonent of primary shoot-tip culture of six cultivars of banana. Each 

treatment consisted of 12 explants and the experiments were repeated at 

least twice 

Cultivars 

Sabari 

Mehersagar 

Ranginsagar 

Jahaj 

Agniswar 

Binnthuri 

PGR 
(mg/I) 
BAP 

1.0 
2.0 
3.0 
4.0 
5.0 
7.0 
10.0 
1.0 
2.0 
3.0 
4.0 
5.0 
7.0 
10.0 
1.0. 
2.0 
3.0 
4.0 
5.0 
7.0 
10.0 
1.0 
2.0 
3.0 
4.0 
5.0 
.7.0 
10.0 
1.0 
2.0 
3.0 
4.0 
5 0, 

. 8.0 
10.0 
1.0 
2.0 

. 3.Q 
4.0 
5.0 
7.0 
10.0 

% of explant 
induced 

shoot 
rcgenerntion 

17 
25 
33 
58 
75 
67 
50 
50 
67 
75 
83 
92 
75 
75 
42 
58 
75 
83 
92 
67 
50 
42 
58 
67 
83 
92 
75 
58 
16 
25 
42 
50 
67 
75 
60 
00 
25 
25 
58 
67 
42 
33 

No. of shoots/exphmt 
Length of the 

longest shoot (cm) 
X±SE X±SE 

25 davs I 35 days 35 davs 
1.00 ± 0.000 1.00 ± 0.000 1.30 ± 0.071 
1.00 ± 0.000 1.66 ± 0.272 1.23 ±0.072 
1.25±0.217 l.75 ± 0.217 1.77 ±0.108 
1.28 ± 0.171 1.85 ± 0.241 1.85 ± 0.166 
1.66 ± 0.157 2.22 ± 0.305 1.98 ± 0.134 
1.37±0.171 1.75 ± 0.234 1.43 ± 0.088 
1.33 + 0.192 1.33 + 0.192 1.20 ± 0.085 
1.16 ± 0.152 1.33 ± 0.192 1.30 ± 0.147 
1.37 ± 0.171 1.50 ± 0.177 1.36 ± 0.170 
1.44 ± 0.166 1.50±0.177 1.44 ± 0.170 
1.63 ± 0.643 2.00 ±0.223 1.83 ± 0.136 
2.09 ± 0.276 2.27 ± 0.260 2.03 ± 0.143 
1.33 ± 0.157 1.55 ± 0.166 1.28 ± 0.170 
1.22 ± 0.139 1.33 + 0.157 1.20 + 0.123 

. 1.00 ± 0.00 1.20 ± 0.179 1.40 ± 0.123 
1.00 ±0.00 1.29 ± 0. I 71 1.46 ±0.049 

1.22 ± 0.105 1.33 ± 0.157 1.49 ± 0.098 
1.30 ± 0.145 1.50 ± 0.212 1.75 ± 0.114 
1.45 ± 0.150 1.73 ±0.226 1.86 ± 0.096 
1.25 ± 0.153 1.50 ± 0.067 1.58 ± 0.118 
1.17 ± 0.152 1.33 ±0.192 1.50 ± 0.138 
1.00±0,000 1.20 ± 0.179 0.78 ± 0.125 
1.14 ±0.132 1.42±0.187 0.85 ± 0.030 
1.25 ± 2.828 1.62 ±0.246 0.85 ± 0.085 
1.40 ± 0.155 1.90 ± 0.221 1.08 ± 0.099 
1.54 ± 0.500 2.00 ±0.223 1.29 ± 0.097 
1.22 ± 0.139 1.55 ± 0.166 0.85 ± 0.074 
l.14+0.132 1.42 ± 0.187 0.91 + 0.051 
1.00±0.00 1.00 ± 0.00 1.00 ± 0.00 
1.00±0.00 1.33 ± 0.272 1.23 ± 0.119 
1.00±0.00 1.40 ± 0.219 1.44 ± 0.151 

LOO ±0.000 1.33 ± o.in 1.40 ±0.139 
.1.12±0.117 1.50 ± 0.117 1.56 ± 0.133 
1.33 ± 0.157 1.67 ±0.222 2.12±0.162 
1.17 ± 0.152 1.33 ± 0.204 1.60 ± 0.117 
0.00 ±0.00 0.00 ±0.00 0.00 ±0.000 
1.00 ± 0.00 1.33 ±0.292 0.75 ± 0.047 
1.00 ± 0.00 1.33 ± 0.272 0.90 ± 0.125 

1.14 ± 0.132 1.43 ± 0.187 0.97 ± 0.077 
1.25 ± 0.153 1.63 ± 0.246 1.06 ± 0.08 l 
1.00 ± 0.00 1.40 ±0.219 0.90 ± 0.098 
1.00 ± 0.00 1.25 ± 0.217 0.85 ±0.096 
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Table 2.2 Effect of different concentrations of KIN in MS medium on in vitro 

establishment of primary shoot-tip culture of six cultivars of banana. Each 

treatment consisted of 12 explants and the experiments were repeated ut 

least twice 

Cul ti vars 

Sabari 

MGhersagar 

Ranginsagor 

Jahaji 

Agniswar 

Binathuri 

PGR 
(mg/I) 
KIN 

1.0 
. 2.0· 

3.0 
4.0 
5.0 
7.0 
10.0 
1.0 
2.0 
3.0 
4.0 
5.0 
7.0 

lG.O 
1.0 
2.0 
3.0 
4.0 
5.0 
7,0, 
10.0 
1.0 
2.0 
3.0 

· 4.0 
5.0 
7.0 
10.0 
1.0 
2.0 
3.0 

,.J..O 
5.0 
"i.O 
10.0 
1.0 
:.o 
'.J.0, 
4.0 
5.0 
7.0 
10.0 

% of explant 
induced 

shoot 
regeneration 

08 
25 
33 
50 
58 
42 
33 
08 
25 
33 
50 
75 
42 
33 
17 
25 
42 
67 
75 
58 
33 
08 
17 
17 
42 
58 
25 
17 
00 
08 
25 
33 
42 
25 
17 
00 
08 
17 
33 
33 
25 
17 

No. of shoots/explant 

X±SE 

25 davs 
1.00 ± 0.000 
1.00 ±0.000 
1.00 ± 0.000 
1.16 ± 0.152 
1.28 ± 0.171 
1.20 ± 0.179 
1.00 + 0.000 
1.00 ± 0.000 
1.00 ± 0.000 
1.00 ± 0.000 
1.16 ± 0.152 
1.28±0.171 
1.20 ± 0.179 
1.00 + 0.000 
1.00 ± 0.000 
1.00 ± 0.000 
1.20 ± 0.179 
1.25 ± 0.153 
1.38 ± 0.171 

.1.14 ± 0.132 
1.00 ± 0.000 
1.00 ± 0.000 
1.00 ± 0.000 
1.00 ± 0.000 
1.20 ± 0.179 
1.50 ±0.204 
1.00 ± 0.000 
1.00 ± 0.000 
0.00 ± 0.000 
1.00 ±0.000 
1.00 ± 0.000 
1.25 ± 0.217 
1.40 ± 0.219 
1.00 ±0.000 
1.00 ± 0.000 
0.00 ± 0.000 
1.00 ± 0.000 

. 1.00 ±0.000 
1.00 ± 0.000 
1.25 ± 0.217 
1.00 ± 0.000 
1.00 ± 0.000 

I 35 davs 
1.00 ± 0.000 
1.00 ± 0.000 
1.25±0.217 
1.50 ± 0.204 
1.71 ±0.171 
1.20 ± 0.179 
1.00 + 0.000 
1.00 ± 0.000 
1.00 ± 0.000 
1.25±0.217 
1.50 ± 0.204 
1.71 ±0.171 
1.20±0.179 
1.00 + 0.000 
1.00 ± 0.000 
1.33 ± 0.272 
1.40 ± 0.219 
1.63 ± 0.246 
1.88 ± 0.276 
1.43 ± 0.187 
1.25 ± 0.217 
1.00 ± 0.000 
1.00 ± .000 
1.33 ± 0.272 
1.40 ± 0.219 
1.83 ± 0.281 
1.33 ± 0.272 
1.00 ± 0.000 
1.00 ± 0.000 
1.00 ±0.000 
1.33 ± 0.272 
1.50 ± 0.250 
1.60 ± 0.219 
1.33 ± 0.272 
1.00 ± 0.000 
0.00 ± 0.000 
1.00 ± 0.000 
1.00 ± 0.000 
1.25 ± 0.217 
1.50 ± 0.250 
1.33 ± 0.272 
1.00 ± 0.000 

Length of the 
longest shoot (cm) 

X±SE 
35 days 

0.70 ± 0.000 
0.86 ± 0.054 
0.97 ± 0.054 
1.06 ±0.045 
1.18 ±0.087 
0.96 ± 0.046 
0.87 ± 0.041 
0.70 ± 0.000 
0.86 ± 0.054 
0.97 ± 0.054 
1.06 ± 0.045 
LIS± 0.087 
0.96 ±0.046 
0.87 + 0.041 
0.85 ± 0.035 
0.90 ± 0.094 
0.96 ± 0.046 
1.09 ± 0.065 
1.25 ± 0.068 
1.04 ± 0.070 
0.98 ± 0.074 
0.60 ± 0.000 
0.70 ± 0.071 
0.83 ±0.072 
1.04 ± 0.073 
1.08 ± 0.068 
0.90 ± 0.125 
0.85 ± 0.035 
0.00 ±0.000 
1.00 ± 0.000 
1.03 ± 0.072 
1.23 ± 0.089 
1.42 ± 0.087 
1.17 ± 0.072 
1.10 ± 0.071 
0.00 ± 0.000 
0.60 ±0.000 
0.75 ± 0.035 
0.83 ± 0.074 
1.03 ± 0.054 
0.90 ± 0.047 
0.80 ± 0.141 
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Table 2.3 Effect of different concentrations and combinations of BAP and K1N in MS 

medium on in vitro establishment of primary shoot-tip culture of six 

cultivars of banana. Each treatment consisted of IO explants and the 

experiments were repeated at least twice 

Cul ti vars 

Sabu.ri 

Mehersu.gar 

Rangimmgor 

J ahaji 

Agniswar 

Binathuri 

PGR 
(mg/I) 

DAP+KIN 

0.5+0.5 
1.0+1.0 
2.0+ 1.0 
2.5+2.0 
4.0+1.0 
5.0+1.0 
5.0+5.0 
0.5+0.5 
1.0+ 1.0 
2.0+1.0 
2.5+2.0 
4.0+1.0 
5.0+ 1.0 
5.0+5.0 
0.5+0.5 
1.0+1.0 
2.0+1.0 
2.5+2.0 
4.0+1.0 
5.0+1.0 
5.0+5.0 
0.5+0.5 
1.0+1.0 
2.0+1.0 
2.5+2.0 
4.0+L0 
5.0+1.0 
5.0+5.0 
0,5+0.5 
2.0+1.0 
3.0+1.0 
4.0+1.0 
5.0+ 1.0 
8.0+1.0 
10.0+l.0 
0.5+0.5 
1.0+1.0 
2.0+1.0 
2.5+1.0 
3.0+1.0 
3.5+1.0 
4.0+1.0 

% ofcxplant 
induced 

shoot 
regeneration 

20 
20 
50 
60 
70 
80 
90 
90 
40 
40 
60 
50 
40 
70 
80 
30 
30 
50 
50 
50 
70 
90 
40 
40 
50 
60 
50 
60 
10 
20 
20 
30 
40 
70 
50 
IO 
20 
20 
30 
40 
60 
40 

No. of shoots/cx11lant 
Length of the 

X±SE 
longest shoot (cm) 

X±SE 
25 davs I 35 davs 35 davs 

1.00 ± 0.000 1.00±0.000 1.05 ± 0,106 
1.50 ± 0.354 1.50 ± 0.354 1.10 ± 0.071 
1.40 ± 0.219 1.60±0.219 1.18 ± 0.059 
1.50±0.204 1.83 ± 0.281 1.08 ± 0.068 
1.42±0.187 1.85±0.241 1.14 ± 0.040 
1.50±0.177 2.00± 0.250 1.72 ± 0.098 
1.66 ± 0.157 2.22 ± 0.305 2.43 ± 0.119 
1.44 ± 0.166 2.1 I ±0.189 2.51 ±0.180 
1.25 ± 0.217 1.50 ± 0.250 1.36 ± 0.072 
1.25 ± 0.217 1.50 ± 0.250 1.40 ± 0.047 
1.50 ± 0.204 1.83 ± 0.281 1.95±0.126 
1.40± 0.219 1.60 ± 0.219 1.84 ± 0.014 
1.25±0.217 1.50± 0.250 1.52 ± 0.014 
1.42 ± 0.187 1.85 ± 0.241 2.12 ± 0.127 
1.50±0.189 2.00±0.167 2.06 ± 0. 154 
1.25±0.217 1.50 ±0.250 1.37 ± 0.072 
1.25±0.217 1.50 ±0.250 1.37 ± 0.072 
1.40 ± 0.219 1.60 ± 0.219 1.67 ± 0.125 
1.40±0.219 1.60±0.219 1.64 ± 0.100 
1.25±0.194 1.40 ± 0.219 1.68 ± 0.104 
1.42 ± 0. 187 1.85 ± 0.241 2.01 ±0.142 
1.67 ±0.157 2.00 ± 0.222 2.00 ± 0.133 
1.25±0.217 1.50 ± 0.250 1.13 ± 0.027 
l.25±0.217 1.50 ±0.250 1.20 ± 0.027 
1.40±0.219 1.60 ± 0.219 1.52 ± 0.118 
1.50±0.204 1.66 ± 0.304 1.88 ± 0.116 
1.40±0.219 1.60 ± 0.219 1.58 ± 0.104 
1.50±0.204 1.66 ± 0.192 1.98±0.112 
1.00±0.000 1.00±0.000 2.47 ± 0.148 
1.00 ± 0.000 1.00±0.000 1.90 ± 0.071 
1.00±0.000 1.00± 0.000 2.00 ± 0.141 
1.00±0.000 1.33 ± 0.272 1.97 ± 0.213 
1.25 ± 0.217 1.50± 0.250 2.15 ± 0.135 
1.42 ± 0. 187 1.71 ± 0.265 2.38 ± 0.230 
1.40±0.219 1.60±0.219 2.32 ± 0.129 
1.00±0.000 1.00±0.000 2.37 ± 0.072 
1.00 ±0.000 1.00±0.000 1.90 ± 0.071 
1.00±0.000 1.50 ± 0.354 1.90 ± 0.212 
1.00±0.000 1.33 ±0.272 2.00 ± 0.141 
1.25±0.217 1.50±0.250 2.36 ± 0.152 
1.50±0.204 1.83 ± 0.281 2.64 ± 0.154 
1.25±0.217 1.50± 0.250 2.26 ± 0.119 



Plate 2 

Photographs showing pJimaiy establishment of shoot-tip explants of three d' 
. . I'd d' 1ffore11t 

banana cultivars cultured m MS sem1so I me mm supplemented With 

BAP. 

Figures: 

Al. Sabmi 5 weeks after culture. 

A2. Sabad 6 wc:eks after culture. 

B 1. Mehersagar 3 weeks after culture. 

B2. Mehersagar 4 weeks after culture. 

Cl. Ranginsagar 4 weeks after culture. 

C2. Ranginsagar 5 weeks after culture. 

s.o rng n 



48 

Plate 2 



Plate 3 

Photographs showing pri111a1)' establishment of shoot-tip explants of three . 
· · 1· d d' differe 

With 5.0 banana cultivars cultured 111 MS sermso I me 1um supplemented . t 

BAP. "Ii 

Figures: 
Dl. Jahaji 3 weeks after culture. 

D2. Jah,tji 4 weeks after culture. 

El. Agniswar 4 weeks after culture. 

E2. Agniswar 5 weeks after culture. 

Dl. Binathuri 5 weeks after culture. 

D2. Binatlmri 6 weeks after culture. 
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Plate 3 
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2.4.2. Multiple Shoot Proliferation 

Different plant growth regulators fonnulations such as BAP, KIN, IAA, IBA Coconat 

water (CW) were tested in MS medium for multiple shoot proliferation from primary 

established shoot-tip cultures of six banana cul ti vars. The effect of different culture 

media fonnulations on multiple shoot proliferation are described below under 

different heads. 

2.4.2.l. Effect of different concentrations of BAP on the production of multiple 

shoots: Primary e,ultures established from shoot-tip explants of six cultivars of 

banana were subcultured onto MS semisolid media supplemented with seven 

concentrations of BAP (Table 2.4). The data on the proliferation of multiple shoots 

were scored as percentage of response, number's of shoots/explant, length of the 

longest shoots/culture and the results are presented in Table 2.4. 

Among the different concentrations of BAP 5 mg/1 BAP was found to be the most 

effective fonnulation for the induction of multiple shoots for most of the cultivars. In 

this fomrnlation cv. Saburi showed the highest % of primary culture induced shoot 

multiplication. However, the highest % of primary cultures showed shoot 

multiplication for cvs. Agniswar was recorded onto 8 mg/1 BAP. 

Among the six cultivars of banana cv. Sabari was the most responsive genotypes in 

culture condition. The highest 90% of the cultivars were induced multiple shoot 

proliferation after culturing onto 5 mg/I BAP. cv. Binathmi was found to be the less 

responsive (70%) in the formation of multiple shootlets (Table 2.4). 

Number's of shoots / explant recorded after 45 days of culture were found to be 

varied according to genotypes and growth regulators formulation (BAP) in culture 

medium. Among the different media fonnulations 5 mg/I BAP was also found to be 

the most effective in inducing lateral bud proliferation from the conn of the p1imary 

culture for most of the cultivars. For cv. Agniswar 8 mg/1 BAP was found to be most 

effective in multiple shoot proliferation. For shoot growth in 5 mg/1 BAP was the best 

PGR fonnulation for most of the cultivars except cv. Agniswar. Among the six 

cultivars the shoot Jea2;th was highest for Sabari recorded onto the same culture 

medium fonnulation. 
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2.4.2.2. Effect of different combbiations and concentrations of BAP, KIN and IAA 

on the production of multiple shoots : In vitro grown shoots of primary culture were 

subcultured repeatedly for multiple shoot proliferation', For the optimization of the 

production of multiple shoots d:fferent concentrations and combinations of BAP, 

KIN and IAA in MS semi solid media were used. The data were recorded on the 

percentage of shoot induced multiple shoots proliferation, number of multiple 

shoots/ex plant and length of the longest shoot. Data collected after 45 days of culture 

and the results are presented in Table 2.5. 

In vitro grown shoots were individually cultured onto MS semisolid media 

supplemented with seven concentrations and combinations of BAP, KIN and IAA 

(Table 2.5). 

Among the seven concentrations of BAP + KIN + IAA, 5 mg/I BAP + 2 mg/I KIN + 

2 mg/I IAA was found to be the most suitable formulation where most of the explants 

of six banana cultivars induced to develop shoots. In this formulation showed the 

highest percentage of explant induced multiple shoots proliferation for cvs. 

Mehersagar, Ranginsagar, Jahaji and Sabari. However, the highest percentage of 

explant showed induction for cvs. Agniswar and Binathuri were recorded onto 

medium 8 mg/I BAP + I mg/I KIN+ 1 mg/ IAA and 3.5 mg/I BAP + I mg/I KIN+ I 

mg/I IAA respectively. 

Among the six c11ltivars of banana cvs. Mehersagar and Jahaji were the most 

responsive genotypes in terms of shoot multiplication. The highest 83% of the 

explants of these cul ti vars induced multiple shoots proliferation after culturing onto 5 

mg/I BAP + 2 mg/I KIN + 2 mg/I IAA. Cv. Binathuri was found to be the less 

responsive in the fo:·mation of multiple shoots (Table 2.5). 

Number's of shoot~/explant recorded after 45 days of culture were found to be varied 

according to genotypes and level of growth regulators (BAP, KIN and IAA) in 

culture medium. Among the different media formulation 5 mg/I BAP -i- 2 mg/1 KIN+ 

2 mg/I IAA was also found to be the most effective in inducing lateral bud 

proliferation from the corm of primary culture stablished explant except cv. Agniswar 

(in 8 mg/I BAP + I mg/I KIN+ 1 mg/I IAA) and Binathuri (in 3.5 mg/1 BAP + 1 mg/I 
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KIN + 1 mg/I W,). Shoot growth in culture was also the best in 5 mg/I BAP + 2 

mg/1 KIN+ 2 mg/; IAA in cvs. Sabari, Ranginsagar, Mehersagar and Jahaji. Among 

the six cultivars, ~he shoot length was highest for Sabari recorded onto the same 

culture medium formulation. 

2.4.2.3. Effect of different concentrations of BAP, IBA and IAA on production 
' 

of multiple shoots : Primary cultures established from shoot-tip explants of six 

cultivars of banana were also subcultured onto MS semisolid medium 

supplemented with six concentrations and combinations of BAP, IAA and IBA 

(Table 2.6). The data on the proliferation of multiple shoots were scored as 

percentage of response, number's of sh0ots/explant, the length of the longest 

shoot and the results are presented in Table 2.6. 

Among the different concentrations and combinations of cytokinin and auxins, 4 mg/I 

BAP + 2 mg/I IA.A + 2 mg/1 IBA was found to be the most effective formulation for 

the induction of multiple shoots from most of the cultures of most of the cul ti vars. In 

this fommlation cv. Shabri showed the highest % of the primary culture induced to 

develop shoot multiplication. However, the highest % of primary cultures showed 

multiple shoot multiplication for cvs. Mehersagar, Ranginsagar, Jahaji, Agniswar 

and Binathmi were recorded onto 4.0 mg/I BAP + 2.0 mg/I IAA + 2.0 mg/I IBA, 8.0 

mg/1 BAP + 1.0 mg/I IA.A+ LO mg/I IBA and 3.5 mg/1 BAP + 1.0 mg/I IAA+l.O 

mg/1 IBA respectively. 

Among the six cultivars of banana cv. Sabari was the most responsive genotypes in 

culture condition. The highest 92% of the cultures of this cultivar was induced 

multiple shoot proliferation after cultming onto 4.0 mg/1 BAP + 2.0 mg/1 IAA + 2.0 

mg/1 IBA cvs. Agniswar and Binathuri were found to be the less responsive in the 

formation of multiple shoots (Table 2.6). 

Number of shoots/explant recorded after 45 days of culture were found to be varied 

according to genotypes and growth regulators formulations. Among the different 

media f~nnulations 4.0 mg/I BAP + 2.0 mg/1 IBA+ 2.0 mg/1 IAA was also found to 

be the most effective in inducing lateral bud proliferation from the corm of primary 

cultures for most of the cul ti vars. For Agniswar 8 .0 mg/1 BAP + 1.0 mg/1 IAA + 1.0 



53 

mg/I IBA and for cv. Binathuri 3.5 mg/I BAP + 1.0 mg/I IAA + 1.0 mg/I IBA were 

found to be most effective in multiple shoots proliferation. For shoot growth in 4.0 

mg/I BAP + 2.0 mg/I IAA + 2.0 mg/I IBA was the best PGRs formulation for cvs. 

Sabari, Mehersagar, Ranginsagar and Jahaji. Among the six cultivars the shoot length 

was highest for cv. Agniswar recorded onto the same culture medium formulation. 

2.4.2.4. Effect of different concentrations of BAP, KIN and coconut water (CW) on 

production of multiple shoots : Primary cultures established from shoot-tip explants 

of six cultivars of banana were subcultured onto MS semisolid media supplemented 

with three concentrations and combinations of BAP, KIN and coconut water (CW) 

(Table 2.7). The data on production of multiple shoots were scored as numbers of 

shoots/culture and average length of longest shoots ( cm)/culture. The results are 

presented in Table 2.7 and illusted in (Figures Al-C2, Plate 4) and (Figures D1-F2, 

Plate 5). 

Among the three concentrations 0.5 mg/I BAP + 0.5 mg/I KIN+ 13% CW was found to 

be the most effective formulation for induction of multiple shoots from most of cultivars. 

In this formulation cvs. Mehersagar, Ranginsagar and Jahaji showed the highest % of 

primary cultures induced multiple shoot multiplication. However, the highest percentage 

of primary cultures showed multiple shoots multiplication for cvs. Sabri, Agniswar and 

Binathuri were recorded onto 5 mg/I BAP + 5 mg/I KIN + 13% cw, 8.0 mg/I BAP + 1.0 

mg/I KIN+ 13% CW and 3.5 mg/I BAP + 0.5 mg/I KIN+ 13% CW respectively. 

Among the various concentration of coconut water, 13% CW were most effective 

formulation for the production of multiple shoots and 10% CW were less effective 

formulation (Table 2.7). 

Number of shoots/explant recorded after 35 days of culture were found to be varied 

according to genotypes and culture media formulations (BAP, KIN and coconut 

water) in culture medium. Among the different media formulation 0.5 mg/I BAP + 

0.5 mg/I KIN + 13 % CW was also found to be the most effective in inducing lateral 

bud proliferation from the corm of primary cultured for most of the culti vars. For 

shoot growth 0.5 mg/I BAP + 0.5 mg/I KIN + 13% CW was the best PGR 

formulation for cv5• Mehersagar, Ranginsagar and Jahahji. Among the six cultivars, 
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the shoot length (5.5 ± 0.095) was highest for cv. Sabari recorded onto the same 

culture medium formulation. 

2.4.2.5. Effect of numb.Jr of subculture on multiple shoots production 

To find out the effect of subculture on the extent of shoot proliferation the primary 

cultures established _ from shoot-tip explants of six cultivars of banana were 

subcultured onto MS media supplemented with BAP at 5.0 mg/I (Table 2.9). The 

cultures were successively subcultured after 5 weeks of intervals on the same 

medium and continued upto 10th subculture. The data were recorded on numbers of 

multiple shoots/subculture and the results are shown in Table 2.9. 

The results shown in Table 2.9 indicate that the multiple shoots proliferation rate was 

varied with the cultivars and also with subcultures. Average number of multiple 

shoots/culture after the 7th subculture was become the maximum in cv. Sabari 

(15.60±1.471) followed by Ranginsagar (11.30±0.467) and the minimum in cv. 

Binathuri (6.71±0.224). The multiple shoots proliferation rates were increased 

gradually with the increaseing in the number of subculture upto 7th subculture. 

However, the average rate of shoot multiplication was started to decline from 8th to 

]0th subculture. The average rate of shoot multiplication upto I 0th subculture was 

highest (9.82±1.395) in cv: Sabari and the lowest (4.37±0.515) in cv. Binathuri 
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Table 2.4 Effect of different concentrations of BAP on the production of multiple shoots 

from primary culture. Ten /11 vitro grown shoots were cultured for each 

treatment. Data collected after 45 days of culture 

Cultivars PGRs % of culture No. of multiple Average langth of' 
(mg/I) induced multiJ>le shoots/ explant longest shoot (cm) 
BAP shoot prolifcra tion x+SE x+SE 

Sabari 1.0 20 2.50±0.354 2.40±0.071 
2.0 30 2.66±0.272 2.73±0.098 
3.0 70 4.00±0.286 3.00±0.107 
4.0 80 5.25±0.342 4.15±0.145 5.0 90 

6.66±0.314 5.33±0.138 8.0 70 
5.00±0.286 3.94±0.135 10.0 60 
4.16+0.436 3.20±0.105 

Mehersagar 1.0 20 2.00±0.3000 2.30±0.141 
2.0 40 2.75±0.451 2.92±0.119 
3.0 60 3.83±0.281 3.30±0.149 
4.0 80 6.00±0.433 4.28±0.168 
5.0 80 5.75±0.293 4.70±0.181 
8.0 70 

4.57±0.341 3.72±0.148 10.0 50 
3.80+0.335 3.12±0.129 

Runginsagar 1.0 20 2.00±0.000 2.25±0.035 
2.0 40 2.50±0.250 2.87±0.129 
3.0 70 3.42±0.341 3.22±0.127 
4.0 70 4.00±0.286 3.62±0.157 
5.0 80 5.50±0.306 4.47±1.162 
8.0 60 3.66±0.304 3.41±0.185 
10.0 40 3.00+0.354 4.00±0.096 

Jahuji 1.0 20 2.30±0.354 2.35±0.106 
2.0 40 2.75±0.415 2.55±0.075 
3.0 60 3.50±0.204 2.80±0.085 
4.0 70 4.28±0.265 3.04±0.126 
5.0 80 5.00±0.354 3.73±0.056 
8.0 60 3.83±0281 3.00±0.053 
10.0 50 3.80+0.335 2.70±0.106 

Agniswar 1.0 20 2.00±0.000 2.90±0.071 
2.0 30 2.33±0.272 2.96±1.713 
3.0 50 2.80±0.335 3.12±0.095 
4.0 50 3.00±0.2.83 3.16±0.108 
5.0 60 3.66±0.304 3.38±0.119 
8.0 70 4.57±0.341 4.20±0.163 
10.0 60 3.66+0.192 3.33±1.169 

Binathuri 1.0 10 1.00±0.000 2.60±0.000 

2.0 20 2.00±0.000 2.85±0.106 
3.0 40 2.50±0.250 2.87±0.096 
4.0 60 3.16±0.281 3.08±0.093 
5.0 70 3.85±0.241 3.45±0.168 
8.0 50 3.00±0.283 2.88±0.091 
10.0 30 2.33+0.270 2.80+0.141 



56 

Table 2.5 Effect of different concentrations and combinations of BAP, KIN and Li\A on 

the production of multiple shoots for primary culture. Twelve in vitro grown 

shoot were cultured for each treatment. Data collected after 45 days of culture 

Cul ti vars 

Snlrnri 

Mehersngar 

Rnnginsagar 

Jahnji 

Agniswnr 

Binathuri 

PGR 
(mg/L) 

BAP+KIN+IAA 

3.0+ 1.0+ 10. 
4.0+1.0+l.0 
4.0+2.0+ 1.0 
4.0+2.0+2.0 
5.0+ 1.0+ 1.0 
5.0+2.0+2.0 
6.0+2.0+2.0 
3.0+l.0+10. 
4.0+1.0+l.0 
4.0+2.0+ 1.0 
4.0+2.0+2.0 
5.0+ 1.0+ 1.0 
5.0+2.0+2.0 
6.0+2.0+2.0 
3.0+l.0+10. 
4.0+1.0+l.0 
4.0+2.0+ 1.0 
4.0+2.0+2.0 
5.0+1.0+l.0 
5.0+2.0+2.0 
6.0+2.0+2.0 
3.0+l.0+10. 
4.0+1.0+l.0 
4.0+2.0+ 1.0 
4.0+2.0+2.0 
5.0+1.0+l.0 
5.0+2.0+2.0 
6.0+2.0+2.0 
3.0+l.0+10. 
4.0+;.0+l.0 
4.0+2.0+l.0 
4.0+2.0+2.0 
5.0+1.0+l.0 
8.0+1.0+1.0 
10.0+2.0+2.0 
1.0+ 1.0+ 10. 
2.0+1.0+l.0 
2.5+1.0+l.0 
3.0+2.0+2.0 
3.5+ 1.0+ 1.0 
4.0+1.0+l.0 
5.0+2.0+2.0 

% of culture 
inclucecl 

multiple shoot 
proliferation 

17 
33 
58 
75 
42 
83 
25 
17 
25 
42 
67 
50 
75 
08 
17 
42 
50 
75 
42 
75 
17 
17 
33 
50 
75 
50 
83 
17 
17 
25 
42 
67 
58 
76 
25 
08 
25 
33 
58 
67 
25 
08 

Average length of No. of multiple 
shoots/ex11lant longest shoot 11er 

culture (cm) 
X±SE 

X±SE 
0.00 ± 0.000 2.30±0.141 
3.00 ± 0.354 2.52 ± 0.178 
3.85±0.315 2.85 ± 0.134 
4.77 ± 0.262 3.80 ± 0.215 
3.40 ± 0.219 2.70±0.110 
5.60 ± 0.405 4.10 ± 0.197 
2.66 ± 0.272 2.20 ± 0.125 
1.50 ± 0.254 2.25 ± 0.106 
2.33 ± 0.272 2.56 ± 0.144 
3.00 ± 0.283 2.70 ± 0.181 
3.75 ± 0.293 3.35±0.141 
3.50 ± 0.312 2.38 ± 0.104 
4.44 ± 0.355 3.78 ± 0.200 
2.00 ± 0.000 1.95 ± 0.106 
2.50 ± 0.354 2.10±0.071 
3.20 ± 0.335 2.44±0.151 
3.67 ± 0.304 2.53 ± 0.185 
4.33 ± 0.272 3.34 ± 0.189 
3.40±0.219 2.50 ± 0.165 
4.67 ± 0.314 3.75 ± 0.227 
2.00 ± 0.000 2.05 + 0.035 
2.00 ± 0.000 2.05 ± 0.035 
2.50 ± 0.250 2.30 ± 0.079 
3.33 ± 0.304 2.33 ± 0.137 
4.11 ± 0.292 3.02 ± 0.166 
3.50 ± 0.204 2.31 ±0.123 
4.80 ± 0.276 3.30 ± 0.137 
2.50 ± 0.354 1.80±0.141 
2.00 ± 0.000 2.75±0.177 
2.37 i 0.272 2.90 ± 0.170 
2.60 ± 0.358 3.02 ± 0.148 
3.38 ± 0.303 3.91 ± 0.187 
3.00 ± 0.286 3.16±0.140 
3.62 ± 0.246 4.08 ± 0.192 
2.00 ± 0.000 2.83 ± 0.166 
2.00 ± 0.000 2.20 ± 0.000 
2.00 ± 0.000 2.77±0.119 
2.50 ± 0.250 2.88 ± 0.129 
3.14±0.241 3.57 ± 0.216 
3.38 ± 0.303 3.66 ± 0.184 
2.33 ± 0.272 2.80 ± 0.129 
2.00 ± 0.000 1.90 ± 0.000 
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Table 2.6 Effect of different concentrations and combinations of BAP, IAA and IBA on 

the production of multiple shoots from primary culture. Twelve in vitro grnwn 

shoots were cultured for each treatment. Data collected after 45 days of culture. 

Cultivars 

Sabari 

Mehersagar 

Ranginsagor 

Jahaji 

Agniswar 

Binathuri 

PGR 
(mg/L) 

BAP+IAA+IBA 

2.0+ 1.0+ 1.0 
3.0+2.0+2.0 
4·.o+ 1.0+ 1.0 
4.0+2.0+2.0 
5.0+2.0+2.0 
6.0+2.0+2.0 
2.0+ 1.0+ 1.0 
3.0+2.0+2.0 
4.0+ l .C+ 1.0 
4.0+2.0+2.0 
5.0+2.0+2.0 
6.0+2.0+2.0 
2.0+1.0+l.O 
3.0+2.0+2.0 
4.0+1.0+l.O 
4.0+2.0+2.0 
5.0+2.0+2.0 
6.0+2.0+2.0 

.2.0+l .O+l .O 
3.0+2.0+2.0 
4.0+ 1.0+ 1.0 
4.0+2.0+2.0 
5.0+2.0+2.0 
6.0+2.0+2.0 
2.0+1.0+l.O 
3.0+1.0+l.O 
4.0+1.0+l.O 
5.0+1.0+l.O 
8.0+1.0+l.O 
llJ.0+1.0+1.0 
2.0t 1.0+ LO 
3.0+1.0+l.O 
3.5+ 1.0+ 1.0 
4.0+1 .0+1.0 
5 O+l.0+1.0 

·6.0+l.0+1.0 

% of cullure 
induced 

multiple shoo! 
proliferation 

33 
42 
67 
92 
92 
33 
25 
33 
58 
83 
75 
42 
33 
33 
67 
83 
83 
25 
25 
42 
67 
83 
83 
33 
25 
25 
58 
75 
75 
33 
17 
25 
75 
67 
58 
25 

No. of multiple 
shoots/explant 

X±SE' 

3.00 ± 0.354 
3.40 ± 0.219 
4.37 ±0.351 
6.09 ± 0.489 
5.27 ±0.388 
3.75 + 0.217 
2.00 ± 0.471 
3.00 ± 0.354 
3.42 ± 0.275 
4.60 ± 0.290 
4.22 ± 0.262 
3.00 + 0.283 
3.00±0.00 

3.25 ± 0.217' 
3.71 ± 0.265 
5.09 ± 0.395 
4.80 ± 0.341 
3.00 + 0.000 
2.33 ± 0.272 
3.40 ± 0.219 
3.62 ± 0.246 
4.90 ± 0.271 
4.40 ± 0.253 
3.00 +0.354 
2.00 ± 0.00 
2.33 ± 0.72 

3.14 ± 0.241 
4.22 ± 0.305 
3.89 ± 0.249 
2.5 ± 0.250 
2.0±0.000 

2.33 ±0.272 
2.80 ± 0.335 
3.75 ± 0.234 
3.43 ± 0.187 
2.67 + 0.272 

A vernge length of 
longest shoot per 

culture (cm) 

X±SE 
2.57 ± 0.246 
2.66±0.187 
2.97 ± 1.052 
4.14 ± 0.137 
3.60 ± 0.151 
2.37 +0.292 
2.10 ± 0.170 
2.27 ± 0.198 
2.80 ± 0.245 
3.80±0.191 
3.467 ± 0.189 
2.30 + 0.139 
2.58 ± 0.246 
2.62 ±0.219 
2.72 ± 0.143 
3.83 ± 0.203 
3.55 ± 0.170 
2.48 + 0.222 
2.10±0.170 
2.44 ± O.i 71 
2.81 ± 0.111 
3.43 ± 0.176 
3.25 ± 0.137 
2.37 + 0.207 
2.75 ± 0.177 
2.83 ±0.166 
3.01 ± 0.113 
4.19 ± 0.197 
3.75 ± 0.207 
2.88 ± 0.129 
2.35 ± 0.106 
2.43 ± 0.191 
2.94 ± 0.120 
3.43 ± 0.123 
3.11 ± 0.208 
2.76 + 0.119 
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Table 2.7 Effect of difterent combinations of BAP, KlN and coconut water (CW) on 

production of multiple shoots from primary culture. Ten in vitro grown shoots 

were culture for each tretment. Data were recorded after 35 days of culture 

% of Average No. of Average length of 
Cultivars PGRs (mg/l)+CW(%) culture Shoots per culture longest shoots (cm.) 

x±SE x:tSE 

5BAP+5KIN +10% 6.2 ± 0.194 4.59 ± 0.110 

Sabari 5BAP+5KIN + 13% 100 8.2 ± 0.236 5.5 ± 0.095 

5BAP+5KJN + 10% 7.0 ± 0.173 4.75 ±0.108 

0.5BAP+0.5KIN +10% 4.1 ± 0.094 2.66 ± 0.072 

Mehersagar 0.5BAP+0.5KIN +13% 90 5.8 ± 0.154 3.7 ± 0.075 

0.5BAP+0.5KIN +20% 4.6 ± 0.120 3.12 ± 0.058 

0.5BAP+0.5K[N +10% 4.9 ± 0.114 2.91 ± 0.052 

Ranginsagar 0.5BAP+0.5KIN +13% 100 6.0 ± 0.126 3.75 ± 0.073 

0.5BAP+0.5KIN +20% 5.2 ± 0.125 3.19 ± 0.054 

0.5BAP+0.5KIN +10% 3.5 ± 0.120 1.78 ±0.052 

Jahaji 0.5BAP+0.5KIN +13% 100 4.8±0.147 2.55 ± 0.058 

0.5BAP+0.5KIN +20% 3.9 ± 0.130 2.12 ± 0.061 

8.0BAP+l.0KIN +10% 2.9 ± 0.070 3.92 ± 0.110 

Agnishwar 8.0BAP+l.0KIN +13% 80 4.9 ± 0.013 5.15±0.107 

8.0BAP+l.0KIN +20% 4.3 ± 0.110 4.39 ± 0.103 

3.5BAP+0.5KIN +10% 2.8 ± 0.075 3.74 ± 0.081 

Binathuri 3.5BAP+0.5KIN + 13% 70 3.6 ± 0.094 4.30 ± 0.105 

3.5BAP+0.5KIN +20% 3.0 ± 0.092 3.58 ± 0.107 



Table 2.8 Effects of subculture on multiple shoots formation of different cultivars of banana. Each treatment consisted of l O explants 

and the experiments were repeated twice 

. Number of shoots/explant 
Subculture Saban I Mehersagar I Ranginsagar . I Jahaji I Agniswar I Binathuri 

Mean +SE I Range I Mean +SE I Range I Mean ±SE I Rangel Mean +SE l Range I Mean +SE I Range I Mean +SE I Range 
1 S\ 2.30±0.247 2-4 2.00±0.283 1-4 1.90±0.221 1-3 1.70±0.232 1-3 1.70±0.202 1--3 1.60±0.210 1--3 

2nd 4.20±0.544 2-7 3.30±0.285 2-5 3.4 ±0.128 2-6 2.50±0.158 2-3 2.5 ±0.050 2-3 2.5±0.050 2-3 

3n:1 6.20±0.544 4-10 3.60±0.452 2-7 4.9 ±0.197 2-9 3.10±0.330 2-5 3.2 ±0.117 2-5 2.9 ±0.070 2-4 

4111 11.20±0.525 8-14 5.10±0.632 3-9 6.8 ±0.264 3-12 4.10±0.263 3-5 4.9 ±0.145 3-8 4.9±0.104 3-7 

5111 14.10± 1.459 10-25 8.00±0.949 4-14 9.5±0.393 4-17 6.30±0.584 4-8 7.1±0.247 3-12 5.5±0.169 3-9 

61h 14.40± 1.663 8-22 8.30±0.980 4-14 10.30±1.06 6-13 6.80±0.506 4-8 7.40±0.738 5-10 6.50±0.430 5-9 

7111 15.60± 1.471 9-22 9.00±0.894 5-15 11.3±0.467 5-20 7.30±0.649 4-11 7.8±0.306 4-14 6.7±0.224 4-10 

81h 13.20± 1. 793 6-20 8.30±0.664 5-13 10.0±0.402 5-18 6.40±0.533 5-10 6.9±0.259 4-12 5.3±0.119 4-8 

91h 9.90±1.118 5-17 6.40±0.587 4-10 8.7±0.310 4-15 5.60±0.405 4-8 5.5±0.175 3-8 4.3±0.064 3-5 

101h 7.10±0.655 4-11 5.30±0.348 4-8 6.30±0.549 4-10 4.20±0.237 3-5 4.10±0.221 3-5 3.50±0.158 3-4 

Mean (x) 9.82±.1.395 5.93±0.735 7.31±0.951 4.80±0.586 5.11±0.655 4.37±0.515 



Plate 4 

T t of BAP + KIN + coconut water (CW) . 
Photographs showing the ef ec . . . . . . . , . . tn Ms 

ltiplication of tluee d1ffe1ent banana cultivars 
semisolid medium on shoot mu . 

Figures: . . 
. d fon from shoot-tip explants denved from pnmary cuJtu 

Al. Multiple shoot m uc 1 reof 
Sabari in MS+ 5.0 mg/I BAP + 5.0 mg/1 KIN+ 13% CW 4 weeks after culture. 

A2. Multiple shoot induction from shoot-tip explants derived from p1imary culture 

of Sabari in MS + 5.0 mg/I BAP + 5.0 mg/I KIN+ 13% CW 6 weeks alter 

culture. 

B 1. Multiple shoot induction from shoot-tip ex plants derived from primary culture 

ofMehersagar in MS+ O.S mg/I BAP + 0.5 mg/I KIN+ 13% CW 3 weeks after 

culture. 

B2. Multiple shoot induction from shoot-tip explants derived from primary culture 

of Mehersagar in MS + 0.5 mg/1 BAP + 0.5 mg/I KIN+ 13% CW 4 weeks alter 

culture. 

Cl. Multiple shoot induction from shoot-tip explants derived from primary culture 

ofRanginsagar in MS+ 0.5 mg/I BAP + 0.5 mg/I KIN+ 13% CW 4 weeks after 

culture. 

C2. Multiple shoot induction from shoot-tip explants derived from plinuny culture 

ofRanginsagar in MS+ 0.5 mg/I BAP + 0.5 mg/I KIN+ 13% CW 5 weeks after 

culture. 



60 
Plate 4 



Plate 5 

. .. f BAP + KIN+ coconut water (cw) in MS semi . 
Photographs showrng eltect o . .. . . . . . SOiid 

. 
1
. . . of three different ban,m,t cult1va1s. 

medium on shoot multrp icauon 

Figures: . 
. . d tion from shoot-tip explants denved from ptimary cult Dl. Mult1ple sho;)t m uc Ure 

. l .. · MS + o 5 mg/I BAP + 0.5 mg/I KIN + 13% cw 4 weeks ·ift of Ja lllJ I m • • er 

culture. 

DZ. Multiple shoot induction from shoot-tip explants derived from piimary culture 

of Jahaji in MS + 0.5 mg/I BAP + 0.5 mg/1 KIN + 13% CW 5 weeks after 

culture. 

El. Multiple shoot induction from shoot-tip explants derived from primary culture 

of Agniswar in MS + 8 mg/1 BAP + 1.0 mg/I KIN+ 13% CW 4 weeks after 

culture. 

E2. Multiple shoot induction from shoot-tip explants delivect from p1imary culture 

of Agniswar in MS + 8 mg/1 BAP + 1.0 mg/I KIN+ 13% CW 5 weeks alter 

culture. 

Fl. Multiple shoot induction from shoot-tip explants de1ived from primary culture 

of Binathmi in MS + 3.5 mg/I BAP + 0.5 mg/1 KIN + 13% CW 5 weeks after 

culture. 

F2. Multiple shoot induction from shoot-tip explants deiived from piimary culture 

of Binathu1i in MS+ 3.5 mg/1 BAP + 0.5 mg/I KIN+ 13% CW 6 weeks after 
culture. 
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z,4.3. Formation of Bulbous Structure 

Shoot-tips of young field grown suckers of six cultivars of banana were inoculated in 

MS + 5.0 mg/1 BAP + 2.0 mg/1 IAA, cultured explants induced to develop after 20-25 

days (Table 2.8). The single shoots were then subcultured in the same medium. After 

another 20-25 days of first subculture multiple shoots developed. When a cluster of 

four-five plantlets were formed these were used as explants in this experiment. 

Each clusters of plantlets was subcultured in MS medium with different 

concentrations of KJN. In several concentrations these shoots instead of giving 

normal plantlets were transformed into bulbous structure. The result of such bulbous 

structures are presented in Table 2.8 and illustrated in (Figures A·F of Plate 6). 

It was found that the hard meristematic bulbous structure formation was higher in 

ex.plant placed onto MS medium supplemented with 5.0 mg/I KJN. Among the six 

cultivars of banana cv. Sabari was the most responsive (86.67) genotypes in the 

formation of bulbous structure. In case of Sabari, among the fifteen explants, thirteen 

are responded to bulbous structure. 

At the concentration of 2.0 - 3.0 mg/I of KJN and 8.0 mg/I KJN bulbous structure did 

not form in case of all six cultivars. On the other hand lowest percentage of bulbous 

structure formation were found in MS+ 6.0 mg/I KJN. 

The rate of formation of bulbous structure increased rapidly in repeated 

subcultures. These BS of banana is very good for germplasm preservation and 

could be utilized for further multiplication and subsequently mass 

proliferation of ideal plantlets for commercial exploitation. 
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Tublc 2.9 Effect of.different concentrations of KIN in MS medium on the fonnation of 

bulbous slmcture. Each treatment were consisted of 15 explants and repeated 
twice 

-
Cullivars 

-

Sabari 

Mehersagar 

Ranginsugar 

Jahaji 

Agniswar 

Binathuri 

KIN (mg/I) 

2.0 
3.0 
4.0 
,1.5 
5.0 
5.5 
6.0 
8.0 
2.0 
3.0 
4.0 
4.5 
5.0 
5.5 
6.0 
8.0 
2.0 
3.0 
4.0 
4.5 
5.0 
5.5 
6.0 
8.0 
2.0 
3.0 
4.0 
4.5 
5.0 
5.5 
6.0 
8.0 
2.0 
3.0 
4.0 
4.5 
5.0 
5.5 
6.0 
8.0 
2.0 
3.0 
4.0 
4.5 

'5.0 
5.5 
6.0 
8.0 

No. of culture 
forming BS 

-

3 
6 
13 
7 
2 

2 
4 
7 
3 
1 

3 
4 
8 
3 
1 

2 
5 

.9 
3 
1 

2 
7 
3 
1 

1 
4 
5 
3 
1 

Rule of 
response ( % ) 

-

20 
40 
86 
46 
13 

13 
26 
46 
20 
06 

20 
26 
53 
20 
06 

13 
33 
60 
20 
06 

13 
46 
20 
06 

06 
26 
33 
20· 
06 

Days required 
for ns 

formations 
-

20.30 
20.30 
20.30 
20.30 
20.30 

30-35 
30-35 
30-35 
30-35 
30-35 

30-35 
30-35 
30-35 
30-35 
30-35 

30-35 
30-35 
30-35 
30-35 
30-35 

40-45 
40-45 
40-45 
40-45 

42-55 
42-55 
42-55 
42-55 
42-55 



Plate 6 

Photographs showing fonnation of Bulbous Stmcture in difterent b 
anana cu1 

Bulbous structures was fonned during repeated subcultures in mediu 1 

m supp/e 
with 5.0 mg/J KIN. · llli 

Figures: 

A. Sabari. 

B. Mehersagar. 

C. Ranginsagar. 

D. Jahaji. 

E. Agniswar. 

F. Binathuri. 
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2.4.4, Induction of Roots on In Vitro Regenerated Shoots 

The minishoots developed from the multiple shoots were excised individually 

transferred onto ½ MS medium suppl t d · h emen e wit different types of auxins. 

Data were collected on % of shoots induced root formation, no. of 

roots/shoot, lenglh of the longest root and the results are presented in Table 

2.10 - 2.13. 

2.4.4. I. Effect of different concentrations of IBA on induction of roots : The 

minishoots were considered 2-4 leaves at the time of transferring onto rooting media. 

The minishoots subcultured onto different rooting media were continued their growth 

throw the roots and leaves proliferation and shoot elongation. However, the degree of 

root growth was found to vary with rooting media formulations. 

Among the six concentrations ½ MS+ LO mg IBA was found to be better effective 

formulations in which 100% minishoot of all banana cultivars induced to developed 

roots. (Figures A-F of Plate 7). Among the six different types of meda formulations 

the number of roots/shoot was found the highest (7.00±0.245) in Sabari in ½ MS+ 1.0 

mg IBA. The lowest numbers of roots/shoots was recorded for the minishoots 

cultured 'onto 5.0 mg/I IBA. The root length (4.84±0.257 cm) was the highest for 

Sabari recorded onto same cultured medium formulation. The root length was the 

lowest in without PGR rootting media for all of the six cultivars (Table 2.10). 

2.4.4.2. Effect of different concentrations of NAA on induction of roots The 

minishoots develop0d from the multiple shoots were excised individually and 

transferred onto ½ MS medium supplemented with six different concentrations of 

NAA. Data were collected on root growth and the results are presented in Table 2.11. 

The minishoots were considered 2-4 leaves at the time of transferring onto rooting 

media. The minishoots subcultured onto different rooting media were continued their 

growth throw the roots and leaves proliferation and shoot elongation. However, the 

degree of root growth was found to vary with rooting media formulations. 
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Among the six concentrations 1.0 mg/I NAA was found to be most effective 

formulation in which minishoot of all banana cultivars induced to develop root. 

Among the 7 different types of media formulations the numbers of roots/shoot was 

found the highest for cvs. Sabari and Mehersagar when the minishoots were cultured 

onto ,1.0 mg/I NA.hi.. The lowest numbers of roots/shoot was recorded for the 

minishoots cultured onto without PGR and 5.0 mg/I NAA. The root length was the 

highest (3.54±0.142) for Sabari recorded onto the same culture medium formulation. 

The root length was the lowest in without PGR rooting media for all of the six 

cultivars (Table 2.11). 

2.4.4.3. Effect of different concentratiolls of /AA lm i,zduction of roots : The 

minishoots developed from the multiple shoots were excised individually and 

transferred onto ½ MS medium supplemented with six different concentrations of 

IAA. Data were collected on root growth and !he results are presented in Table 2.12. 

Among the six conccnlralions 2.0 mg/I IAA was found Lo bcllcr effective 

formulations in which 100% minis hoot of all banana cultivars induce to develop root. 

Among the 6 different types of media formulations the numbers of roots/shoot was 

found the highest ( 4.80±0.341) in Mehersagar in 2.0 mg/I IAA. The lowest numbei's 

of roots/shoot was recorded for the minishoots cultured onto control and V2 MS+5.0 

mg/I IAA. The root length (3.35±0.13lcm) was highest for cv. Sabari recorded onto 

the same cultured medium formulation. 

2.4.4.4. Effect of differeut percentage of activated charcoal on induction of roots : 

The minishoots developed from the shoot-tip explants cultured in different media 

formulations were individually transferred onto½ MS+l.0 mg/I IBA rooting medium 

supplemented with different concentrations of activated charcoal (AC) (Table 2.13). 

Data were collected on root growth of cultured minishoots and the results are 

presented in Table 2.13. 
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Addition of AC with 1.0 mg/I IBA further accenticeated the root development 

process in banana minishoots. Among the five concentrations activated charcoal 

{AC) 1.0 g/1 found more effective in inducing root as well as shoot growth than the 

other rooting media. In this formulation minishoots of all of the cultivars induced to 

develop roots. Among the different concentrations the numbers of roots/shoot was 

found to be highest (7.40±0.494 cm) in cv. Sabari when the minishoots were cultured 

onto 1.0 g/1 activated charcoal media. The lowest numbers of roots/shoot was 

recorded for the minishoots cultured onto 1.0 g/1 activate charcoal (AC). The root 

length {5.60±0.170 cm) was highest for the cv. Sabari recorded onto the same cuiture 

medium formulation. The root length was the lowest (3.58±0. lO0cm) at 1.0 g/1 

activated charcoal rooting media for all of the six cultivars (Table 2.13). Activated 

charcoal increased the average root length but not root number. 
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Table 2.10 Effect of different concentrations of IBA in..!. MS ed' ·. . d . ,. 
2 m mm on root m uction ,onn 

ill vitro grown plantlets of different cultivars of banana. In· ~ach treatment 10 

explants were cultured in three replication. Data collected after 25 days of culture 

Cultivar 

Sabari 

Mehersagar 

Ranginsagar 

Jahaji 

Agniswar 

Binathuri 

Concentraion of 
IDA 

(mg/I) 

0.5 
1.0 
1.5 
2.5 
4.0 
5.0 

0.5 
1.0 
1.5 
2.5 
4.0 
5.0 
0.5 
1.0 
1.5 
2.5 
4.0 
5.0 

0.5 
LO 
1.5 
2.5 
4.0 

5.0 

0.5 
1.0 
1.5 
2.5 
4.0 
5.0 

0.5 
1.0 
1.5 
2.5 
4.0 
5.0 

% of shoot 
rooted 

80 
100 
100 
100 
70 
60 

90 
100 
100 
90 
70 
60 
80 
JOO 
100 
90 
60 
60 

80 
100 
100 
90 
60 
50 

90 
100 
100 
70 
60 
50 
80 
100 
100 
70 
60 
40 

No. of 
roots/shoot 
-

(X ±SE) 

4.00 ±0.250 
7.00 ±0.245 
6.60 ± 0.352 
5.10 ± 0.386 
4.14±0.315 
3.16 + 0.281 

3.55 ± 0.228 
6.20 ± 0.395 
5.40±0.352 
4.44 ± 0.277 
3.85 ± 0.241 
3.50 ± 0.321 
3.25 ± 0.234 
4.90 ± 0.359 
4.40 ± 0.253 
4.0±0.222 

3.33 ± 0.192 
2.83 ± 0.281 

3.37 ± 0.303 
5.90 ± 0.359 
5.30 ± 0.401 
4.11 ± 0.292 
3.66 ± 0.385 
3.20 ±0.335 
3.33 ± 0.222 
4.70±0.318 
4.20 ±0.276 
3.85 ± 0.315 
3.33 ± 0.192 
3.00 ± 0.283 

3.00 ±0.250 
4.55 ± 0.302 
4.20 ± 0.276 
3.71 ± 0.265 
3.33 ± 0.304 
2.75 ±0.217 

Length of 
longest root 

(cm) 

(X ±SE) 
2.23 ± 0.205 
4.84 ± 0.257 
4.49 ± 0.202 
3.18 ± 0.189 
3.05 ±0.255 
1.96 ± 0.096 
2.80 ± 0.125 
4.01 ± 0.210 
3.66 ± 0.225 

3.144 :t:0.179 
2.60±0.159 
2.11 ± 0.140 
2.42 ± 0.205 
3.57 ± 0.245 
3.31 ± 0.243 
3.07 ±0.204 
2.36 ± 0.243 
2.13 ±0.200 

2.25 ± 0.159 
3.95 ± 0.112 
3.50 :t:0.164 
3.10 ± 0.147 
2.85 ±0.091 
2.28 ± 0.158 

2.63 ±0.181 
3.44 ± 0.292 
3.05 ± 0.216 
2.74 ± 0.236 
2.46 ±0.209 
2.02 :t: 0.993 

2.47 ± 0.190 
3.83±0.191 
3.40 ± 0.189 
2.85 ± 0.249 
2.36:t:0.174 
2.07 ± 0.129 
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Table 2.11 Effect of different concentrations of NAA in½ MS medium on root induction fo1m 

in vitro grown plantlets of different cultivars of banana. In each treatment 10 

explants were cultured in three replication. Data coUected after 25 days of culture 

Concentration 
Cultivar ofNAA % of shoot 

(mg/I) rooted 

0.5 80 
l.O 100 

Sabari 1.5 100 
2.5 90 
4.0 60 
5.0 40 
0.5 90 
1.0 100 

Mehersagar 1.5 100 
2.5 100 
4.0 70 
5.0 40 

0.5 80 
1.0 100 

Ranginsagar 1.5 100 
2.5 90 
4.0 60 
5.0 40 

0.5 70 

1.0 100 
Jahaji 1.5 90 

2.5 80 

4.0 60 

5.0 50 

0.5 80 

1.0 100 

Agniswar 1.5 100 

2.5 80 

4.0 60 

5.0 60 

0.5 80 

1.0 100 

Binathuri 1.5 100 

2.5 70 

4.0 50 

5.0 50 

No. of 
roots/shoot 
-

(X ±SE) 

3.125 ± 0.276 
5.60 ± 0.429 
5.10 ± 0.359 
4.00 ± 0.314 
3.16±0.281 
2.25 ± 0.217 

3.33 ± 0.314 
5.60 ± 0.352 
5.10 ± 0.298 
4.30 ± 0.285 
3.85 ± 0.315 

3.00 ± 0.354 

2.75 ± 0.234 
4.20 ± 0.237 

3.80 ±0.237 

3.44 ± 0.166 
2.83 ± 0.281 

2.50 ± 0.250 

3.571 ± 0.275 
5.50 ± 0.324 
4.33 ± 0.222 
4.00±0.177 
3.33 ± 0.192 
3.00 ± 0.283 

2.75 ± 0.234 
4.00 ± 0.245 
3.70 ±0.247 
3.50 ± 0.306 
2.83 ± 0.281 
2.67 ±0.304 

2.63 ± 0.246 
3.80 ±0.237 
3.60 ± 0.210 
3.14 ± 0.241 
2.80 ± 0.335 
2.40 ± 0.219 

Length of 
longest root 

(cm.) 

(X ±SE) 
1.73 ± 0.148 
3.54 ±0.142 
3.29 ± 0, 153 
2.86±0.204 
1.55 ± 0.135 
1.25 ± 0.056 
2.27 ± 0.157 
3.09 ± 0.184 
2.66 ± 0.152 
2.52 ± 0.162 
?..20 ± 0.151 
1.60 ± 0.117 

2.10±0.133 
3.05 ±0.170 
2.86 ± 0.154 

2.50±0.137 

2.10 ± 0.139 
1.70±0.106 

2.22±0.141 
3.39 ± 0.224 
3.01 ±0.182 
2.57 ± 0.133 
2.23 ± 0.128 
1.88 ± 0.080 

2.23 ±0.157 
3.14 ± 0.242 
2.95 ± 0.234 
2.66 ±0.224 
2.08 ± 0.148 
1.93 ± 0.137 
2.07 ± 0.138 
3.11 ± 0.213 
2.92±0.198 
2.64 ± 0.252 
2.08 ± 0.216 
1.80 ±0.075 
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Table 2.12 Effect of different concentrations of IAA in ½ MS medium on root induction from 

in vitro grown plantlets of different cultivars of banana. In each treatment lO 

ex plants were cultured in three replication. Data collected after 25 days of culture 

- Concentration % of shoot 
Cultivars of rooted 

IAA (mg/I) 
. 

0.5 60 
1.0 80 

Sabari 2.0 100 
3.0 70 
4.0 50 
5.0 40 

0.5 70 
1.0 90 

Mehersagar 2.0 100 
3.0 70 

4.0 60 

5.0 60 

0.5 70 

1.0 90 
Ranginsagar 2.0 100 

3.0 80 

4.0 60 

5.0 50 

0.5 60 

1.0 70 

Jahaji 2.0 100 

3.0 60 

4.0 50 

5.0 50 

0.5 60 

1.0 80 

Agniswar 2.0 100 

3.0 60 

4.0 50 

5.0 50 

0.5 60 

1.0 70 

Binathuri 2.0 100 

3.0 50 

4.0 50 

5.0 40 

No. of 
roots/shoots 

(X ±SE) 
3.16±0.281 

4.25 ±0.342 

4.60±0.253 

3.42 ± 0.341 

2.80 ± 0.179 

2.25 ± 0.217 

2.71 ± 0.265 

3.55 ± 0.277 

4.80 ± 0.341 

3.57 ± 0.341 

3.00 ± 0.236 

2.66 + 0.192 

2.85 ± 0.241 

3.44 ± 0.277 

3.90 ± 0.298 

3.25 ± 0.234 

2.50±0.204 

2.40 ±0.219 

2.50 ± 0.312 

2.71 ± 0.265 

4.20 ± 0.237 

3.00 ± 0.333 

2.20±0.335 

2.00 + 0.283 

2.50± 0.204 

2.63 ± 0.171 

3.70 ± 0.247 

3.16 ±0.281 

2.40± 0.219 

2.20 + 0.179 

2.33 ± 0.192 

2.72±0.265 

3.50 ± 0.255 

3.00 ±0.283 

2.40 ± 0.219 

2.25 ± 0.217 

Length of largest 
root (cm) 

(X ±SE) 
2.06 ±0.216 

3.08 ± 0.164 

3.35 ± 0.131 

2.20 ± 0.170 

1.84 ± 0.201 

1.27 ±0.096 

2.32 ±0.137 

2.85 ± 0.163 

3.400 ± 0.245 

2.47 ± 0.200 

2.05 ±0.194 

1.88 ± 0.152 

1.91 ± 0.127 

2.41 ± 0.176 

2.87 ± 0.202 

2.36 ± 0.174 

2.03 ±0.131 

1.86 ±0.008 

1.85 ± 0.139 

2.10 ±0.141 

3.05 ± 0.242 

1.95 ± 0.135 

1.74±0.078 

1.66 ± 0.096 

2.08 ± 0.148 

2.40 ±0.165 

2.83 ± 0.178 

2.55 ± 0.173 

1.88 ± 0.104 

1.72±0.111 

1.80±0.103 

2.26 ±0.148 

2.93 ± 0.185 

2.32± 0.178 

1.92 ± 0.104 

1.70 ± 0.106 

-
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Table 2.13 Effect of different concentrations of activated charcoal (AC) on the induction and 

growth of root in micro-cuttings of six cultivars of banana. Along with AC the 

rooting media was 1/iMS and fortified with 1 mf!/1 IBA. Data were collected after 

25 days of culture 

Concentration of %of Nos. of Length of 
Cultivars growth regulators shoot roots/shoot longest root (cm} 

IBA+Charcoal (g/1) rooted -
(X ±SE) (X ±SE) 

1.0 100 7 .20±0.443 5.43±0.473 
2.5 100 7.40±0.494 5.60±0.170 

Sabari 5.0 100 7.40±0.379 5.33±0.170 
7.5 100 7.10±0.482 5.24±0.146 
10.0 100 6.90±0.479 5.07±0.171 
1.0 100 6.20±0.310 4.92±0.173 
2.5 100 6.30±0.348 5.22±0.138 

Mehersagar 5.0 100 6.10±0.411 5.47±0.189 
7.5 100 6.00±0.374 4.39±0.203 

10.0 100 5.80±0.395 3.87±0.165 

1.0 100 5.00±0.316 4.32±0.158 

2.5 100 5.00±0.221 4.48±0.178 

Ranginsagar 5.0 100 4.90±0.263 4.17±0.190 

7.5 100 4.80±0.310 3.81±0.153 

10.0 100 4.90±0.443 3.58±0.100 

LO 100 5.90±0.435 4.74±0.150 

2.5 100 6.10±0.457 5.12±0.142 

Jahaji 5.0 100 6.00±0.490 4.67±0.118 

7.5 100 5.80±0.348 4.33±0.115 

10.0 100 5.90±0.435 3.91±0.130 

1.0 100 4.70±0.276 4.23±0.146 

2.5 100 4.80±0.247 4.55±0. 131 

Agniswar 5.0 100 4.70±0.283 4.18±0.281 

7.5 100 4.60±0.253 3.92±0.128 

10.0 100 4.70±0.318 3.80±0.141 

1.0 100 4.50±0.158 4.44±0.156 

2.5 100 4.60±0.292 4.75±0.197 

Binathuri 5.0 100 4.60±0.290 4.42±0.139 

7,5 100 4.50±0.212 4.20±0.118 

10.0 100 4.60±0.290 4.08±0.152 



Plate 7 

Root induction and plantlet development from microcultuiing of six banana c 
1 
. 

u tiva 
Mini shoots were individualJy cultured onto rooting medium containing 1, 

1
., 

72 ivrS+J 
mg/I IBA. Photographs were taken 25 days after culture onto rooting mediu m. 

Figures: 

A. Saba1i. 

B. Mehersagar. 

C. Ranginsagar. 

D. Jahaji. 

E. Agniswar. 

F. B inathuii. 

, 

I 
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z,4.5. Field Evaluation 

Tissue cultured derived plants (TC) of si·x 1 · cu t1vars of ,banana after proper 

acclimatization were transplanted into the field. Sucker derived plants (SC) near 

about same age and size of all the cultivars were also planted in the same field as 

control. Randomized block design with three replications was followed to compare 

the performance of TC plants in field condition over SC plants. Data were recorded 

on· several agronomic characters such as plant height, base girth, number of 

functional leaves/plant, length of the longest leaves, breadth of longest leaf, number 

of sucker 4½ montl? after planting and the results on these observations are shown in 

Table 2.14. 

The results presented in Table 2.14 exhibit that TC plants after 4½ months of 

plantation were becorr1;e superior in terms. of a numbers of quantitative characters for 

most of the cultivars. The plant height for TC plants for most of the cultivars except 

Ranginsagar were significantly higher than those of sucker derived plants. Plant 

height of TC and SC plants of cv. Ranginsagars 41/2 months after transplantation was 

no.t differ significantly. Similarly, the difference of stem girth between TC and SC 

plants of cvs. Sabari, Ranginsagar and Jahaji was non significant but significantly 

different for cvs. Mehersagar, Agniswar and Binalhuri. For numbers of functional 

leaves/plant difference between TC and SC plants of cv. Mehersagar was not 

significant but significant for rest of cultivars. The difference of length of longest leaf 

between TC and SC plants of cvs. Ranginsagar, Jahaji and Agniswar were non 

significant but significJ}ntly different for cvs. Sabari, Mehersagar and Binathuri. The 

breadth of longest JP,af for TC plants and SC plants for most of the cultivars except 

Mehersagar were significantly higher than those of sucker de~ved plants. 

The results presen~ed in Table 2.15 reveal that TC plants at flowering stage were also 

found superior in four quantitative characters for most of the cultivars. The plant 

height for TC and SC plants except Mehersagar were significantly higher than those 

of sucker derived plants. Plant height of TC and SC plants of cv. Mehersagar at 

flowering stage wa~- not differ significantly. The differc:nce of base girth between TC 
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and SC plants except cv. Binathuti was significant. The base girth of TC and SC 

plants of cv. Binathuri at floweling stage was not differ significantly. For numbers of 

functional leaves/plant the difference between TC and SC plants of cv. Binathuri was 

also not significant but significant for rest of cul ti vars. The differ~nce of length of 

longest leaf between TC and SC plants ofcvs. Sabari, Ranginsagar and Binathmi also 

not significant but significantly different for the rest of three cultivars. The breadth of 

longest leaf for TC and SC plants for most of the cultivars except Agniswar were 

significantly higher than those of SC plants. The number of suckers/plant were 

significantly higher in TC plants than SC plants in case of all six cultivars. 

The TC and SC detived plants were grown to mutuiity. Datu were recorded on yield 

and different yield cont1ibuting character viz. numbers of hands/bunch, numbers of 

finger/hands, total numbers of finger/bunch, fiuit length, fiuit ghth and the results on 

these observation are shown in Table 2.16. 

The results presented in Table 2.16 indicate that the TC plants of most cultivars 

produced significantly higher numbers of hands/bunch than those of SC plants except 

.::vs. Mehersagar and Ranginsagar. Similarly, significant differences were recorded 

for number of fingers/hand of TC as compared with the SC plants for cvs. Sabari, 

Mehersagar and Raitginsagar. The differences for numbers of fingers/hand between 

TC and SC plants of cv. Jahaji, Agniswar and Binathuri were not significant. Total 

number of fingers/bunch were significantly higher in TC than SC plants for most of 

the cultivars except Mehersagar. Both length and giith of fiuits were significantly 

higher in TC plants than SC plants in all of the cultivars. 

The result presented in Table 2.17 on days taken plariting to flowering, days taken 

flowering to harvesting and total crop duration show that the TC plants were 

earlier in flowering as well as in harvesting than the SC plants and the differences 

were significant in all of six cultivars. Similarly, the total crop duration of the TC 

plants was shorter than of SC plants and the differences were significant in all of 

six cultivars. 
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The results presented in Table 2.18 on number of functional ]eaves/plant at 

harvesting stage reveal that the number of functional leaves (i.e. those were erect 

and have at least 7 5 % of their area that is green) at harvest in tissue cultured 

plants in most of the cultivars and were significant1y higher than the SC plants 

except Agniswar. In Agniswar no significant different was observed between TC 

and SC plants. The TC planting materials had the highest (5.83) number of 

functional leaves at harvest in cvs. Jabaji and Agniswar had the lowest (3.88) 

number of functional leaves at harvest. 

Qualitative characters of skin and pulp of ripe banana are presented in Table 2.19. 

Ranginsagar hud more attractive frnit skin colour than other. It produced bright 

yellow skin colour at ripening, while Sabari had yellow, Mebersagar and Jahaji had 

yellowish green in winter and green in summer, Agniswar bad red and Binathmi had 

light yellow colour. 

Flesh colour of Mehersagar, Ranginsagar, Jahaji are bright cream. Agniswarhad orange 

yellow and Sabari had light cream. The fruits of Mehersagar, Ranginsagar, Jahahi and 

Agniswar produced soft textured, Sabari and Binathuri had partially soft texture. Flavour 

of fruits of all the cultivars was found acceptable except Mehersagar. The fruits of all the 

cultivars were good in taste. 



Table 2.14 Mean perrormance for different morphological characters of micropropagated (fC) and sucker derived (SC) plants of the 

different banana cul ti vars after 4½ months of planting 

Base girth ( cm) 
Numbers of functional Length of longest leaf Breadth of longest leaf Numbers of 

Plant height (cm) 
leaves/ plant (cm) (cm) sucker/ plant 

Cultivars Tissue Tissue 
Sucker-

Tissue 
Sucker-

Tissue 
Sucker-

Tissue 
Sucker-

Tissue 
Sucker-

culture 
&oker-

culture culture culture culture t-test culture 
derived 

derived I-lest 
derived 

derived t-tesl 
derived 

derived I-test' 
derived 

derived t-test 
derived 

derived 
derived 

derived 

Elant 
plant 

Elant 
plant 

Elant 
plant 

Elant 
rlant e1ant plant eJant plant 

Sabari 128.00 C 106.10 b 43.47 C 37.80 C 8.19 C 5.00b 158.80 b 144.20 ab 44.81 C 37.60d 1.17 a 

* NS ** * * 

Mehccsagar 115.10 d 98.32 C 37.52 d 29.97 de 10.02ab 6.52a 
NS 

152.20 C 134.10 be 52.40 b 43.05 be 
NS 

L39a 

* ** * 
Ranginsaga:r 98.66 e 82.50 d 

NS 
34.30d 27.68 e 

NS 
10.03 ab 6.15 a 143.80 d 132.10 be 

NS 
51.40 b 39.84 cd 1.22a 

* ** 

Jahaji 85.58 f 72.49 e 35.57 d 30.16 d 
NS 

10.40 a 6.45 a 128.30 e 120.70 C 
NS 

56.20 ab 47.11 ab 1.33 a 
*** * * 

Agniswar 138.20 b 116.40 a 51.10 a 45.41 a 8.25 be 5.75 ab 167.00 a 162.!0a 
NS 

51.02b 38.98 cd L33a 
* ** * * 

Binathuri 147.30 a 118.20 a 47.24 b 41.23b 8.56 be 4.89b 172.80 a 157.20 a 58.47 a 49.16 a 1.11 a 
** ** * ** * 

LSD (5%) 5.41 6.56 3.72 2.33 1.69 1.11 6.47 19.77 4.90 4.75 0.26 

Mean values within a column having the same letter are not significantly different according to Duncan's Multiple Range Test (DMRT) at 5% level of probability. 

* = P<0.05; ** == P<0.01: *** == P<0.001; Ns = not significant. 

•-l 

°' 



Table 2.15 Mean performance for different morphological characters of micropropagated (TC) and sucker derived (SC) 

plants of the six cultivars of banana at flowering stage 

Cultivars Plant height { cm) Base girth {cm) 
Numbers of functional Length of longest leaf 

Breadth of longest leaf 
Numbers of suckers/ 

leaves/ elant {cm) elant 
Tissue 

Sucker-
Tissue 

Sucker-
Tissue 

Sucker-
Tissue 

Sucker-
Tissue 

Sucker-
Tissue 

Sucker-
culture I-test culture I-test culture t-test culture I-test culture t-lest culture t-test 

derived 
derived derived 

derived 
derived 

derived 
derived 

derived 
derived 

derived 
derived 

derived 

El.ant 
plant 

Elant 
plant 

E!ant 
plant 

plant 
plant 

plant 
plnnt e1ant plant 

Saban 330.50 C 304.70 C 83.70b 75.48 b 12.77 ab 10.68 b 286.60c 261.20 C NS 73.76 b 61.37 b 7.52 cd 5.76 ab 
* * * ** * 

Mehersagar 241.40 d 222.80 d NS 
72.48 C 61.80 C 12.06 b 10.26 b 190.60d 166.70 d 73.19 b 64.27 b 9.34a 6.55a 

* ** *** * *** 

Rangi:nsagaJ 184.80 e 171.80 e 66.36c 56.98 C 12.01 b 10.07 b I 92.80 d 157.70 de NS 80.29 b 66.10 ab 7.94 be 6.21 a 
** * * ** * 

Jahaji 159.00 f 150.90 f 68.80 C 60.46 C 13.53 a 11.66 a 162.SOe 143.10 e 77.57b 64.24 b 7.84 be 5.85 ab 
* * * ** ..,:* *** 

Agniswar 361.80 b 329.70 b 101.40 a 81.81 a 9.87 C 8.02 C 384.10 a 353.60 a 97.48a 74.13 a NS 8.41b 6.69a 
* * * ** ** 

Binatlmri 422.90 a 390.40 a 89.64b 75.42 b NS 9.51 C 7.98 C 
NS 

304.50 b 281.40 b 78.47 b 64.19 b 6.81 d 5.19 b 
* NS * ** 

LSD(5%) 9.87 12.37 6.74 6.24 1.16 0.89 12.88 15.41 9.61 9.11 0.77 0.94 

Mean values witlun a column having the same letter are not significantly different according to Duncan's Multiple Range Test {DMR1) at 5% level of probability. 

*=Significant at 5% level; ** = Significant al I% level; ***=Significant at .1 % level; NS 
= Non-significant. 

--.J 
--.J 



Table 2.16 Mean performance for yield and yield contributing characters of micropropagated (TC) and sucker derived (SC) p\ants of 

the different cul ti vars of banana 

Numbers of hand/ Numbers of finger/ Total number finger/ 
Fruit length (cm) Fruit girth (cm) 

bunch hand bunch 

Cultivars Tissue 
Sucker-

Tissue 
Sucker-

Tissue 
Sucker-

Tissue 
Sucker-

Tissue 
Sucker-

culture 
derived 

t- culture 
derived 

t- culture 
derived 

t-, culture 
derived 

t- culture 
derived 

t-
derived 

plant 
test derived 

plant 
test derived 

plant 
test derived 

plant 
test derived 

plant 
test 

elant eiant plant eiant eiant 

Sabari 
7.66 de 6.33 C *** 15.04 b 13.73 C ** 

I 15.30 
87.04 C *** 16.68 d 12.93 d ** 13.92 be 11.03 C *** C 

Mehersagar 
8.22 be 8.33 ab NS 16.88 a 13.52 C * 138.90 

112.60 b NS 21.60 b 15.38 C ** 13.85 be 11.17 C * b 

Ranginsagar 
8.89 a 8.44a NS 16.92 a 15.17b * 150.40 

128.90 a * 21.97 b 14.99 C *** 13.90 be 11.37 C ** a 

Jahaji 
8.50b 7.66b * 17.33 a 16.38 a NS 147.30 

125.60 a * 16.44 d 14.83 C * 14.15 b 12.27 b *** a 

Agniswar 
7.39 e 6.38c * 16.34 a 13.92 C 

NS 120.60 
88.83 C ** 18.23 C 16.25 b * 13.69 C 

11.58 
** C be 

Binathuri 
7.89 cd 6.66c ** 15.29 b 15.86 ab NS 120.70 

105.40 b ** 25.82 a 23.29 a * 18.12a 16.45 a *** 
C 

LSD (5%) 0.36 0.72 1.10 1.11 8.34 10.80 0.85 0.54 0.40 0.69 

Mean values within a column having the same letter are not significantly different according to Duncan's Multiple Range Test {DMRT) at 5% level of probability. 

* = Significant at 5% level; ** = Significant at 1 % level: *** = Significant at . l % le\'el; NS= Non-significant. 

-l 
00 
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Table 2.17 Comparative study between micropropagated and sucker derived plants 

for days taken planting to t1oweJing, floweiing to harvesting and total 

crop duration (days) of different cultivars of banana 

Days taken planting to Days taken flowering to . 
flowerine; 1 • Total crop duration (days) rnrvest111s;; 

Tissue 
Sucker- Tissue 

Sucker- Tissue 
Sucker-Cultivars culture: t- culture t- culture derived derived 

derived derived 
derived derived t-test 

plant test test 
plant Elant elant plant 

elant 
Sabari 

306.00 a 326.80 a ** 100.50 a 119.30 a * 406.30 a 446.10 a * 
Meherrngar 

258.70 b 278.70 c *** 84.51 b 104.80 b * 343.20 c 383.50 b ** 
Ranginsagar 

259.00 b 277.70 c *** 82.36 be 106.50 b * 341.30 c 384.30 b "'* 
Jahaji 243.2C b 262.40 d ** 74.99 C 89.71 C * 318.20 d 352.10 c ** 
Agniswar 

309.80 a 326.30 a * 99.12 a 117.80 a * 408.90 a 443.40 a ** 

Binathuri 
309.10 a 292.90 b ** 86.74 b 100.70 b NS 362.50 b 393.70 b * 

LSD (5%) 43.01 8.13 8.06 9.20 12.63 12.95 

Mean values within a column having the siune letter are not signi!icimtly different according lo 

Duncan's Multiple Range Test (DMRT) nt 5% level of probability. 

I ** = s·1g11'1fic1mt al 1 % level; *** = Signiliciull at. I% level; * = Signilicant nl 5 % !eve ; 
NS N . ·1· t = on-s1g111 1ciu1 . 
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Table 2.18 Mean number of functional leaves present at harvest of 

micropropagated and sucker derived planting materials of six 

banana cultivars 

Cultivars 
Tissue culture derived t-test 

Sucker-derived plant plant 
-Sabari 4.39 C 3.72 be 

N~-

Mehersagar 5.17 b 3.94 b * 

Runginsagur 4.95 b 3.94 b * 

Jahaji 5.83 a 4.67 a ** 

Agniswar 3.88 d 3.33 C 
NS 

Binathuri 3.89 d 3.39 C ** 

LSD (5%) 0.48 0.42 

Mean values within n column having the same letter llt'e not significantly different according lo 

Duncan's Multiple R,mge Test (DMRT) at 5% level of probability. 

*::: Significant at 5% level; **=Significant at 1 % level; ***=Significant at .1 % level; 

NS = Non-significant. 
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Table 2.19 Some qualitative characters of ripe fruits of six banana cultivars 

Cultivars Skin colour Flesh colour Softness Flavour Taste 
Sabari Ivory yellow Light cream Partially 

Acceptable 
Very 

soft good 
Yellowish green 

Mehersagar (in winter) 
Bright cream Soft Average Good Green 

(in summer) 

Ra'uginsagar Bright yellow Bright cream Soft Pleasant Good 

Yellowish green 

Jahaji (in willt~r) 
Bright cream Soft Acceptable Good Green 

(in summer) 

Agniswar Red Orange 
Soft Acceptable Good 

yellow 

Binathuri Light yellow Light cream 
Partially 

Acceptable Good 
soft 



Plate 8 

Photographs showing different stages of field establishment of microprop• 
agated 

plants. 

Figures: 

A. Rooted plantlets ready for transfer to pot. 

B. Potted plants ready for transfer to field. 

C. Tissue culture derived banana orchard 7 month after transplantation. 
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Plate 8 



z,5. DISCUSSION 

z,5.1. Micropropagation 

Banana is 

cultivation 

one o( the most popular fruits of the world 

since time immemorial. The genetic system 

83 

which has been under 

of Musa is extremely 

complicated. S terility' interspecific hybrid constitutions, heterogygosity and 

polyploidy are common in most of the clones. So these can b~ propagated only by 

vegetative methods. Irr Bangladesh bananas are severely a·f" t d b d' 1 1 ec e y 1seases sue 1 as 

Bunchy top virus, Cucumber mosaic virus, Panama wilt, Sigatoka leaf spot diseases 

and Nematodes. Propagation in vitro helps in obtaining propagules free from these 

diseases. The complexity · of Musa genetics illustrates the need for a more 

sophisticated system to support conventional breeding programmes. There is a great 

potential for biotechnology in this crop (Parsely and De Langhe 1987). Shoot-tip 

culture is a basic technique for Musa propagation, conservation and movement of 

germplasm (De Lar.ghe 1984, Williams 1987, Litz and Jaiswal 1991). In the present 

investigation attempt was made to make rapid clonal propagation of disease free 

plantlets of local cultivars of banana through in vitro shoot-tip and somatic 

embryogenesis from male flower bud. 

The advantages of in vitro micropropagation include higher rates of multiplication, 

production of clean or disease-free planting material and the small amount of space 

required to multiply ·large number of plants. These advantages of micropropagation are 

particularly relevant to vegetative propagated crops suet as banana and plantain (Musa 

spp. L.) planting material derived from micropropagation performs equal to or superior 

to conventional material (Smith and Drew 1990a, Vuylsteke 1998). Micropropagated 

plant establish faster, grow more vigorously and have a shorter and more uniform 

production cycle and yield higher than conventional propagules (Drew and Smith 

1990, Robinson et al. 1993, Vuylsteke and Ouitz 1996). Hence, in vitro shoot-tip 

culture is a vital technical adjunct to any international Musa breeding program for 

multiplication and ·dissemination of newly bred clones. Thus development of a shoot­

tip culture technique for micropropagation of Musa has received considerable attention 

during the 15 years and since has becori1e well established (Cronauer· and Krikori!ln 

1984, Hwang et al. ·1984, Jarret et al. 1985, Smith and Drew 1990, Vuylsteke 1989, 
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vuylsteke and De Langhe 1985), shoot-tip culture is simple,. easy and applicable to a 

wide range Musa ge1iotypes (Vuylsteke 1989). 

Shoot cultures of banana start conventionally from any plant part that contains a 

shoot meristem i.e. the parental pseudomstem, small suckers, peepers and lateral buds 

(Vuylsteke 1989). !he apex of the inflorescence and axillary flower buds 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. Shoot-tip culture is simple, easy and applicable to, a wide range Musa 

genotypes (Vuylsteke 1989). A shoot-tip of about 3x5 mm, consisting of the apical 

dome covered with several leaf primodia and thin layer of corm tissue, is aseptically 

dissected larger explants have the merit of consisting of a ::;hoot apex bearing more 

lateral buds (Lee ai1d Hwang 1993) which rapidly develop in to shoots. 

The optimal size of the explant depends on the purpose. For rapid multiplication, a 

relatively larger explant (3-10 mm) is desirable despite its higher susceptibility to 

blackening and contamination when virus or bacteria elimination is needed, 

meristem-tip culture is the preferred option. Smith and · Murashige ( l 970) 

accomplished the first true meristem culture of an isolated angiosperm meristem in t() 

a complete plant. Before that time it was believed that the isolated shoot apical 

meristem of an angiosperm could not direct its own development but rather, relied on 

subjacent primodial leaves and stems and tissue (Ball 1946, 1960). Generally, to 

establish a disease free plant one can culture the apical ?ome plus two or four 

subjacent primodial -leaves .. In banana micropropagation meristem cultures have the . 

disadvantage that they may have a higher mortality rate and an initial slower grown. 

Meristem cultures have the disadvantage that they may have a higher mortality rate 

and an initial slower growth. (Strosse et al. 2004). 

In vitro multiplication by shoot-tip culture having emphasis on indexing and 

monitoring has great potential for producing _pathogen-free planting materials in large 

quantity. Use of disease-free planting materials will greatly. reduce the inoculum 

sources in the field arid they will held to rehabilitate the infected areas. Though no 

genetic improvement is expected from shoot-tip cultme, planting materials obtain 
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through shoot-tip culture have proved better over traditional planting materials under 

proper management conditions. It has been observed in a banana plantation that some 

plants always produce very high bunch masses and many times they are earlier in 

harvest. These plants may be utilized for in vitro multiplicatioii. 

For the primary establishment of in vitro culture, sUit'ace stelilization of the ex plants 

(shoot-tips of banana) was essential because of presence of microbial contaminants 

remain attached to the ae1ial surface. Various methods have been described to initiate 

bananas in to aseptic culture (Cronauer and Krikorian 1984, Hwang et al. 1984, Dore 

Swamy et al. 1983, Vuylsteke 1989, Wong 1986), however there is still a lack of 

published data on the relative success and efficiency of the various methods using 

field collected banana suckers of varying age and condition. 

According to adaptation of Cronauer and Krikorians (1984) methods that involved 

excision of the metistem followed by a single sterilization step of 0.0525% NaOCl 

with Tween 80 for 5 min and subsequently rinsing 4 times in steiile distilled water. 

An adaptation of Wong's (1986) methods that involved a single sterilization step 

followed by rapid excision to produce a block of tissue (5 mm x 8 nun) containing 

the apical tip, ensheathing leaf bases and 2-3 mm of basal com1. This methods was 

similar to that of Drew et al. (1989), which also involved su1face sterilization for 15 

min in 1 % NaOCl with Tween 80 and removal of bleached tissue, but also included 

rinsing of the explant in ste1ile distilled water before removing tissue. Modification 

of a double sterilisation technique from Novak et al. (1986). Instead of dissecting the 

apical meiistem, a block of tissue (20 mm x 40 mm) was rapidly excised, sterilised in 

3.5% NaOCl with Tween 80 for 15 min and bleached tissue removed leaving a block 

{15 nun x 30 mm) with intact apex, leaf p1imordia and conn that was reste1ilised as 

before for 5 min. The bleached tissue was again removed, without rinsing, to leave a 

block of tissue (5 nun x 8 nun), 

A simple, rapid method where a block of tissue containing the growing point (15 mm 

X 40 mm) wus sterilised in 3.5% NuOCI with Tween 80 for 20 min and rinsed in 

sterile distilled water. 
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for sterilization of explants, many scientists used different types of sterilizing agents 

with different concentrations. There have . been many reports on using calcium 

hypochlorite (Morel and Martin 1955) or sodium hypochlo1:ite (Jones 1986) for 

surface sterilization of'explants. There are also many other reports on using HgCh for 

surface sterilization. It is used as on of the surface sterilant and considered as a potent 

surface sterilizing agents but its residual inhibitory effect is also greater than the oth.::r 

sterilizing agent commonly used plant tissue culture (Bhojwani and Razdan 1983, 

Torres J 988). In tne present investigation maximum ( 100%) contamination free 

cultures were obtained when the explants were treated for 15 min with 0.1 % HgCh. 

Therefore, 15 min duration was considered as optimum for surface sterilization of 

shoot-tip explants ·· of banana with 0.1 % HgCl2 which was also reported by 

Hadiuzzaman et al. (1997) and Moshiur (1999). 

For banana micropropagation, MS-based media (Murashige ~nd Skoog 1962) are 

widely adopted. Banana tissue culture often suffer from excessive blacking caused by 

oxidation of polyphenolic compounds released from wounded tissues. These 

undesirable exudates form a barrier round the tissue, preventing nutrient uptake and 

hindering growth. 'The problem of blackening of the cultures can be overcome by a 

combined effect of the addition of ascorbic acid and frequent transfer (every two 

weeks) of the tissue to fresh medium. IL is also observed that the degree of blackening 

of the culture medium is considerably reduced after a few subcultures. Therefore, 

during the first 4-6 weeks, fresh shoot-tips are transfer to new medium every 1-2 

weeks. Alternatively, freshly initiated cultures can be kept in complete darkness for 

one week. Antioxidents, such as ascorbic acid or citric acid in concentrations ranging 

from 10-150 mg/I, charcoal, pvp solution were used to the growth medium to reduce 

blacking. Instead of th.at in the present i~vestigation, it was observed that 3-4 initial 

subculture were sufficient to bring the secretion to a negligible minimum. 

The primary goal of. plant tissue cullure research is crop improvement. Regeneration 

of.shoots from shoot-tips have the potential to give rise to whole plants by organised 

growth and development. The ability to regenerate plants from excised shoot-tips is 

well documented. The t~chnique of splitting shoot-tips is well induce multiple shoot 

formation has already been used by many other authors (Wong 1986, Cronauer and 



J<rikorian 1984, Dore Swamy et al. 1983, Novak et al. 1986, Damasco et al. 1985, 

De oauzrnan et al. 1976). 

previous reports (Ma and Shii 1972), Dore Swamy et al. (1983) on the importance of 

apical dominance bi shoot Production from ex plants of banana are conflicting. Ma 

and Shii (1972) reported that the destruction of apical dominance by removing the 

apical domes, w~s essential for the production of multiple shoot-initials in cv. 

Cavendish. Dore Swamy et al. (1983) later reported that multiple shoot-initials were 

produced in the presence of apical domes in cv. Robusta. Tl!e findings reported here 

for a range of cultivars support those of Dore Swamy et al. (1983) in that the removal 

of the apical dome is not essential for multiple shoot initiation. Shoot-tip explants 

with intact apical domes formed both single apical and multiple lateral shoot-initiuls. 

However. explants without apical domes formed only multiple lateral shoots. With or 

without an apical dome, BA stimulated multiple shoot development, as has been 

shown for other plants in a comprehensive review by Phillips (1975). Cytokinins are 

involved in the regulation of shoot formation such as in axillary bud development by 

antagonizing apical dominance (Wickson and Thimann 19~8) or in adventive 

organogenesis (Skoog and Miller 1957). 

The finding that banana explants with apical domes have _a higher rate of survival has 
' . . 

not been observed. before, though this has been reported in other crops (Hu and Wang 

1983). Explants without apical domes offer no particular advantage. The retention of 

apical · domes in ex plants is therefore recommended for banana tissue culture. 

Proliferating meristems from shoot-tip explants may originate from either axillary or 

advantitious buds (~ovak et al. 1990). 

Ma and Shii (1972, 1974) induced advantitious bud formation and development of 

buds into plantlets in decapitated banana shoot-tips. Berg and Bustamante (1974) 

cultured excised meristems of banana in vitro up to stage suitable for transplanting to . 
the soil. De Guz1{1an and Co-workers (1980) regener:ited buds from itrndiated and 

unirradiated shoot-tips. Vessey and Rivera (1981) used the meristem culture 

technique for Cav~n~Jish banana. 
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Ma and Shii (1972) have reported that decapitation was necessary for releasing 

axillary buds from apical dominance. However, in the present investigation 

decapitation was not necessa1y. 

The ability to regenerate plants from the excised shoot-tips is well documented (Cutter 

1965). Shoot-tips will regenerate when cut into 4 to more equal segments (Ball 1952, 

Sussex 1952). Similar responses obtained with banana suggest that this technique could 

be used for rapid multiplication of clones and hybrids with desirable qualities. 

Apic~s isolated aseptically cultured shoots respond the quickest, while apices isolated 

from field-grown plants respond somewhat slower. This variation inresponse may 

indicate that the production of cytokinin the roots helps to overcome the powerful 

apical dominance of the banana shoot-tip and that the addition of exogenous 

cytokinins such as BAP is not always sufficient in establishing a multiplying shoot 

culture. Neve1theless, we still wish to emphasize that once cultures have been 

established, a potentially unlimited number of plantlets can be produced. 

It has been observed that banana multiplication rate is genotype dependent (Malik et 

al. 2000, Muhammad et al. 2000), and highly vmiable behavior has been observed 

among clones of the same banana genotype cultured in vitro (Israeli et al. 1996, 

Mendes et al. 1996). The mo1phogenetic response of the explants seem to be 

intluenced on one hand by the concentration of BA used in the medium and on the 

other hand by the genomic configuration of the cultivars. It was also repo1ted that the 

B genome play a role in the higher proliferative growth of meristematic buds but 

there seems to be no relation to the apical dominance (Vuylsteke and De Langhe 

1985). The observation that the ABB cv. did not show higher proliferation rates 

than the AAB cvs, although the fom1er has two B genomes can be explained by 

the fact that the presence of two identical genomes does not mean that a 

characteristic will be expressed in double intensity. However, the morphogenic 

response is controlled by the culture medium and is strongly influenced by 

genotype. For this type of proliferation, bulb-like structures bear numerous minute 

meristem (Banerjee and De Langhe 1985). 
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Rapid multiplication in vitro was achiev"d using a BA concentration ten times 

than in the regeneration medium. Highly proliferative growth of meristem tips 

was observed, especially in the Acuminata x Bulbisiana hybrids, AAB and ABB 

genomes. It appeared that the B genome may play a role in the achievement of 

higher proliferation rates, but there seem to be no relation to apical dominance. 

The same proliferative growth was obtain in the acuminata cultivars, AA and 

AAA genomes, by fuither increasing the cytokinin concentration in the medium 

(Vuylsteke and De Langhe 1985). 

In banana BA is the prefeffed cytokinin and is usually added in a concentration of0.1 

_ 20 mg/I (Banerjee and De Langhe 1985). Higher concentrations of the cytokinin 

BA tend to have an adverse effect on the multiplication rate and morphology of the 

culture and should therefore be avoided. 

The rate of multiplication depends both on the cytokinin concentration and genotype. 

In general shoot-tips of cultivars having only A genomes produce 2-4 new shoots, 

where as cultivars having one or two B genomes produce a cluster of many shoots 

and buds at each subculture cycle. Approximately 6 - 12 weeks after culture 

initiation, depending on the initial explant size, new axillary and adventitious shoots 

may arise directly from the shoot-tip explant. Cluster can be separated tlimmed and 

repeatedly subculture at 4 - 6 week intervals. 

For rapid propagation, shoot-regef).eration and multiplication is necessary. Workers 

used different media supplemented with various combinations and concentration.:; of 

vitamins and ho1mones for shoot-tip culture of banana. Although the techniques 

differ in many ways, the induction of shoot proliferation in cytokinin rich media is 

common to all procedures (Novak et al. 1986). 

Cytokinins stimulate the initiation and growth of excised shoots in vitro. 

Consequently cytokinins are usually added to tissue culture media to stimulate 

auxillary or adventitious shoot production. The synthetic cytokinin BA is the most 

frequently used compound in commercial micropropagation (Thomas and Blakesly 

1987). In Gerbera shoot cultures, Blakesly and Lenton (1987) demonstrated that all 

BA added to the medium was taken up with in 24 days and rapidly metabolised. 
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Using shoot-tip explmits, Wong (1986) successfully obtained proliferating shoot 

cultures of22 Musa cult:vars OP. media containing BA. Some Rhododendron species 

have also been cultured media containing BA although 2-isopentenyladenine is more 

often used (No1ton and No1ton 1985). BA at high concentration (10 _ 15 mg/I) was 

inhibitory and induced severe leaf necrosis three weeks after treatment. A poor 

proliteration rate was observed with KIN on 22 cultivars of Musa repoited by Wong 

1986. But KIN stimulated shoot elongation and induced vigorous root growth. An 

inte11llediate shoot elongation stage is not necessary in banana tissue culture. No 

supplementary auxin is required for root growth (Wong 1986). 

Shoot did not proliferate if cytokinin was omitted from the medium. The cytokinin 

BA was found consistently more effective than KIN for shoot proliferation even 

though the extent of the response was variable with cultivars. Shoot multiplication 

was reduced in most cultivars at the higher cytokinin levels (10 to 15 mg/1), except 

for cv. Mysore which proliferated best at 15 mg/1 BA (Wong 1986). Kinetin 

supplemented meJia also promoted shoot proliferation from sub-cultured shoots but 

was not as effective as BA, kinetin, however, enhanced root fonnation in cultured 

shoots (Olivia et td. 1984). In the experiment with Zeatin (10 µM) as the cytokinin 

addition, lower pro literation rates were obtain than with BA (1 OµM). Because of this 

and its high cost, Zeatin is no longer considered (Vuylsteke and De Langhe 1985). 

In the present investigation, different concentrations of cytokinin alone, in 

combination with cytokinins or auxins were used to see the response of shoot-tip 

explants obtained from field-grown plants and in vitro grown plantlets. 

In case of single Ehoot regeneration two types of cytokinin (BAP, KIN) in different 

concentrations we-,re used. The explants were cultured in semisolid MS media. 

Among all the di;ferent cytokinin the best results were obtained for six cultivars 

(Sabari, Mehersagar, Ranginsagar, Jahaji, Agniswar and Binathuri) in BAP, Cultivars 

varied widely in their response to cytokinins. BAP was found superior to kinetins 

(Cronauer and Kiikmian 1984a, Damasco and Barba 1985, Wong 1986, Zomora et 

al. 1986, Pandey et at. 1993). Therefore the multiplication rate under in vitro 

condition is a function of BAP concentration. In banana BA is the preten-ed cytokinin 
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and is usually added in a concentration of 0.1-20.0 mg/1 (Banerjee and De Langhe 

1985). Higher concentrations of the cytokinin BA tend to have an adverse effect on 

the multiplication rate and morphology of the culture and should therefore be 

avoided. In the expeiimeut with Zeatin (10 µM) as the cytokinin addition, lower 

proliferation rates were obtained with BA (10 µM). Because of this and its high cost, 

zeatin is not longer considered (Vuylsteke and De Langhe 1985). 

In the present investigation cvs. Sabari, Mehersagar, Ranginsagar, Jahaji, Agniswar 

and Binathmi showed the highest percentage of shoot regeneration, maximum 

number of shoots per culture, highest mean length of shoot in MS medium 

supplemented with 5.0 mg/1 BAP. Cronauer and Kiiko1ian (1984a,b) were also able 

to successfully established rapidly multiplying cultures of two desse1t and two 

plantain clones from isolated shoot-tips on a modified MS medium supplemented 

with 5.0 mg/1 BAP. The present findings were different from Cronauer and Kiikmian 

(1984) because they did ve1tical incisions to the shoot ~hrough the apex. This finding 

was also differed from Vessey and River (1981) because they used meiistem with 7 -

12 times ve1tical incisions. Rab bani et al. (1996) rep01ted the effect of BAP and IBA 

on micropropagation of different banana cultivars viz. Amiitsagar, Sabari, Anajee 

and Mehersagar and observed that BAP at the rate of 5.0 mg/1 produced the highest 

number of shoots in Amritsagar and Mehersagar. In Anuitsagar banana (AAA) 

meristem tip generated highest number of shoots on MS medium supplemented with 

30 µM BAP and it was repo1ted by Khanam et al. (1996). 

Different concentrations and combinations of BAP + KIN were used for single 

shoot proliferation. At 5.0 mg/I BAP + 5.0 mg/1 KIN in MS media was best for 

single shoot proliferation in Sabari. But in case of Mehersagar, Ranginsagar and 

Jahaji MS mediu:n + 0.5 mg/I BAP and 0.5 mg/I KIN was best for single shoot 

proliferation. In case of Agniswar and Binathuri 8 mg/1 BAP + 1 mg/I KIN and 

3.5 mg/1 BAP +· 1 mg/I KIN were best for single shoot proliferation. In the 

treatment where X.IN was used alone or the BAP/KN ratio was law, roots fom1ed 

and the average shoot length increased. 
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foilowing the first repo1t of the in vitro production of me1istem delived banana 

plants (Ma and Shii 1972, 1974) shoot-tip and meristem culture is now widely 

used in banana Production. Abdulla et al. (1997) noticed that meristem tips with 2 

pairs of leaf primodia from desse1t banana clones GNGOA, SH 3362, Williams 

Highgate and Busri rapidly prolifernted shoots on MS medium containing 20 µM 

BA, They also observed good tillering in all the genotypes. A BAP concentrations 

range of 8.9 - 22.2 µMis recommended for Musa in vitro propagation (Crouch et 

al. 1998). The use of rates beyond this range induces increased rates of 

somaclonal variants (Trijil!o and Garcia 1996). 

Alvarez et al. (1982) repo1ted the culture of plantain shoot-tips in MS 

supplemented with BAP and IAA. Bower (1982) used MS media supplemented 

with 5 mg/I BAP + 2 mg/I IAA for shoot-tip culture and produced multiple shoots 

in banana. Sandra et al. (1983) claimed that semi-solid medium was most suitable 

for shoot multiplication. Ying Fang Sun (1985) reported production of Musa spp. 

plantlets successfully through tissue culture method. They used MS salt 

supplemented with BAP 5 ppm + IAA 1 ppm. 

Begum (1983) used different combinations and concentrations of BAP with KIN for 

shoot multiplication in modified MS medium. She also reported that modified MS 

solid medium was the best for the shoot multiplication of Sagar. Rajeevan and 

Pandey (1986) observed that shoot-tip explants induced to fom1 multiple shoots when 

they were successfully culturej in media with KIN and NM and with BAP and 

NM In the present expe1iment BAP + KIN+ IM in different concentrations and 

combinations with MS media were used for shoot multiplication. At 5.0 mg/1 BAP + 

2.0 mg/1 KIN + 2.0 mg/1 IM; cvs. Mehersagr, Ranginsagar, Sabad and Jahaji 

showed the beeter results. In cv. Agniswar, best pe1fo1mance was found in MS + 8.0 

mg/I BAP + 1.0 mg/I KIN+ 1.0 mg/I IM. In case of Binathuii 3.5 mg/I BAP + 1.0 

mg/1 KIN + LO mg/1 IM showed the better experiment are closely similar to the 

findings of Habiba et al. (2002) who repo1ted that the best medium for shoot 

multiplication was MS+ 5.0 mg/I BAP + 2.0 mg/I KIN+ 2.0 mg/1 NM. 
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Atique Akbar et al. (2003) repo1ted that among the ditlerent combinations of BAP, 

r<lN and IAA, the beSt medium for shoot induction and multiplication was 0.5 mg/I 

BAP + 0.5 mg/I KIN+ 0.5 mg/I IAA. 

In the- present experiments from in vitro grown shoot-tips six banana cultivars were 

inoculated in MS medium with different combinations and concentrations of BAP, 

IAA and IBA for the production of multiple shoots. At 4.0 mg/I BAP + 2.0 mg/I L\A 

+ 2.0 mg/I IBA in MS medium was the best for nmltiple shoot production in case of 

all cultivars except cvs. Agniswar and Binathmi. Similar experiment was conducted 

by Habiba et al. (2002). They also obtuined better result in the '>ome hormonal 

supplements in MS medium. In Agniswar, 8.0 mg/I BAP + 1.0 mg/I IAA + 1.0 mg/I 

IBA mid in Binathuri, 4.0 mg/1 BAP + 1.0 mg/I IAA + 1.0 mg/I IBA were found to 

the best for the multiple shoot production. This findings is partially agree with the 

finding of Vidhya (2002) where he observed multiple shoots were produced in MS 

medium supplemented with 8 mg/I BA + 0.1 mg/I NAA cv. Red banana. 

Dore Swamy et al. (1982) used apical shoots and axiliary bud for the production of 

banana plantlets and were successful in regenerating shoots in MS medium 

supplemented with CW (15% V/V) + BA (5 .0 and 10.0 mg/I)+ IBA (5.0 mg/I). But 

in the present study 13% coconut water (CW)+ 0.5 mg/I BAP + 0.5 mg/l KIN were 

used and the successful multiple shoots have been obtained in Mehersagar, 

Ranginsagar and Jahaji. I.n Sabari 5.0 mg/I BAP + 5.0 mg/I KIN + 13% coconut 

water were found to the best for multiple shoot production. In case of Agniswar and 

Binathuii 8.0 mg/I BAP + 1.0 mg/l KIN+ 13% CW and 3.5 mg/l BAP + 0.5 mg/I 

KIN + 13% CW were showed best pe1t·onnance respectively. Begum (1983) used 

BAP (0.5 mg/I) + KIN (0.5 mg/1) instead of coconut water for shoot regenration in 

banana. Roots were also obtained in the same medium. 

Hadiuzzaman et at. (1997) reported that at specific concentration (5.0 mg/1) of KIN, 

the cluster of shoots initiating on MS + 2.0 mg/I BAP + 2.0 mg/I IAA instead of 

giving no1mal plantlets were transfonned in tuber like structures. Sha1ma et al. 

(1997) observed, KJN supplemented medium showed fonnation of bulbous structure 

without indication of distinctive shoot buds. It was also reported that a mass of tiny 

2dvemitious buds developed de nova on white bulbous tissue. This tissue can not be 



lied a callus si11ce there was no trace of disorganized cell 1.,, t' ca pro 11era 1011 and 

differentiation as present in explanted tissue of banana fruit (Mohan Ram a11d 

Steward 1964). Rabbani et al. 0 996) also illustrated that 2ip have the more tendency 

of in producing ball like structure. Similar results were also obtained by Habib 

0994), who observed that some ball like structures formed from the base of the shoot 

during shoot multiplication. Another evidence was showed by Arinotwe et al. (2000) 

on bulbous struct1,1re formation. They reported that ~t 16.8 µM equimolar 

concentration shoot proliferation on TDZ supplemented media was manifested by the 

appearance of numerous fleshy bulbous structures each of them producing several 

stunted tiny adventitious buds on their surfaces. In the present study multiplication of 

shoots in five CLdt_!_vars of banana were being carried out by repeated subcultures 

addition of higher concentration of kinetin (5 mg/I) in the multiplication medium. 

The cl11ster of shoots from MS + 5 mg/I BAP + 2 mg/I IAA showed the mo:-e 

tendency in the induction of hard meristematic bulbous structure. This appearance of 
' 

meristematic bulbous structure was a new addition in the research of in vitro banana 

propagation. From this bulbous structure multiple shooting induced by implanting the 

bulbous explant on the shoot multiplication medium. SiIT!ilar results obtained by 

Hadiuzzaman et al. ·(1997). Different author, obtained different results which might 

be due to the genotypic difference as well as source material. 

ln the present investigation it was conducted on production of multiple shoots by 

six cultivars (Sabari, Mehersagar, Ranginsagar, Jahaji, Agniswar and Binathuri) by 

the application of increased subculture cycle. In this experiment it was observed 

that multiple shoot formation rate varied_ with the cultivars and also increase 

gradually with increase in the number of subculture cycle. It was also noticed that 

maximum numbe1: of multiple shoots were produced in the 8111
' sub-culture and then 

the multiple shoots production rate declined eventually with the increases in the 

number of subcultures. Similar results "':'as also observed b~ Jambhale et al. (2001). 

Banerjee and De Lrmghe (1985) noticed the number of subculturing seems to have 

an_ influence on the proliferation rate. They also observed that most of the cul ti vars 

revealed highest proliferation between the 3rd and 6th subculture. In order to 

minimise the occurrence of somaclonal variation in banana micropropagation, a 

maximum of six subcultures has been suggested (Reuveni and Israeli 1990, 
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Muhanunad et al. 2000). There is no evidence that growth regulators routinely used 

in tissue culture directly affect the rate of va1iation, but it has been found that the 

rate of somaclon.~l variation is positively related to the generation number. For 

•Williams' (AAA) in vitro plants obtain after one and five subculture cycles, 

dwarfism and leaf-off-types counted for 3.7% and 0. 7% respectively and increased 

to 6.1 % and 1.9% respectively after five in vitro eye Jes (Reuveni and Israeli 1990). 

It is therefore recommended that the number of subculture cycles should be limited 

to ten or that the number of plants produced from a primary explant should be 

limited to no more than 1000 (Smith 1988). 

The central role of auxin is not only to increase the percentage of shoots with 

roots but also to increase the number of roots per plantlets (Hartmann and Kester 

1975). However, some studies indicate that root induction is inhibited by auxin in 

a wide range of concentrations in media (Masrgerata and Inger 1981), and that the 

root promoting effects of auxin are based on some circumstances evidence (Hait 

and Carlson 1967). 

Rooting in micropropagation of Musa has been induced both in auxin supplemented 

and auxin free media. For example, NAA and IAA have been used as root-inducing 

honnones in vitro (Bulaklishnamu1thy and Rangnasamy 1988, Kshanika and 

Niranjali 1997). On the contrary, Subranrnnya and Schwandes (1984), Cronauer­

Mitra and Kliko1ian (1987), Novak (1992) and Bait et al. (1993) observed rooting in 

all Musa shoots cultured in vitro on auxin-free medium. Auxin have been reported to 

sho1ten the time required far the regeneration of roots as well as increase in the 

number of roots per culture in Musa shoots (Hiratsuka et al. 1989). 

Cronauer and Kiiko1fan (1984) found that NAA, IAA and IBA are all equally 

effective in inducing root fonnation and the addition of CW to the rooting medium 

reduces or antagonizes the auxins activity there by explaining Berge and Bustanrnnte 

(1974) slow rooting response. Presumably, this is due to the cytokinins naturally 

present in CW (Steward and Kiikodan 1971). Omitting CW from the culture medium 

or the addition of small amounts of AC (approx. 0.025 per cent) greatly enhanced 

root fo1mation. 
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The root fonnation was observed as early as 5 - 7 days after culturing on root 

induction medium which is in confom1ity with Cronauer and Ktiko1ian (1984a) and 

Bhaskar et al. (1993), Satisfactory rooting was observed in two weeks of culture on 

half MS semi-solid medium supplemented with either IAA or IBA at 1 · mg/I. 1 he 

small amount of activated charcoal (i.e. 0.025 per cent) greatly enhanced root 

fonnation (Cronacer and Ktikorian 1984a). Khan et al. (2001) were cultured the 

differentiated shoot-tip explants in half strength MS supplemented with IBA (1 mg/I 

IBA for rooting). Using auxins NAA, IBA or lAA at 1 mg/1 with low level of 

activated charcoal (0.025%) Cronauer and Ktikotian (1984) could obtain rooted 

plantlets. Roots generally appeared withln 5 - 7 days. 

For some genotypes (Musa spp. ABB and BB group) that produce compact proliferating 

masses of buds, activated charcoal (0.1 - 0.25%) is added to the regeneration/rooting 

medium to enhance shoot elongation and rooting (Strosse et al. 2004). 

Before transplanfr1g from the mtificial heteromorphic environment of the test tube to 

automorphic free living existence and into their ultimate location, these regenerated 

shoots need root initiution. Each of the three auxins !AA, lBA, NM promoted 

abundant root fonnation (Cronauer and Ktiko1ian 1983 ). The root initiation was 

noticed invmiably in all the treatments. However, the respon~e to different treatments 

differed markedly with regard to time taken to initiate roots, number of roots 

produced and length of root. 

Early workers reported a number of ways of root fonnation. Using auxins NAA, IBA, 

lAA of 1 mg/1 with low levels of activated charcoal (0.25-2.5 gm·1
) Cronauer and 

Kiikorian (1984) obtained rooted plantlets. Addition of activated charcoal increased 

the average root length but not root number. Wong (1986) used indole butyric acid 

(IBA) for induction ofroot. 

Lameda et al. (1990) used half-strength MS medium with IBA for root formation. 

Novak et al. (1986) and De Langhe et al. (1985) also used ½MS and IBA. Banerjee 

et al. (1985) found that regenerated shoots were rooted subsequently in MS solid 

medium with half strength of Macro salts + 02 mg/I IBA in banana and plantain. 

Begum (1983) found roots in plantain in solid ½MS with Thiamin 1 mg·
1 + 1 mg·

1 
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[BA. Ghose (1993) observed good rooting within a month treated with IBA. Hauque 

(1986) used MMS2+2 mg·' IBA for root induction. Berg and Bustamante (1974) and 

pe Guzman (19?5) used 1 mg·
1 

NAA for rooting in desert banana. 

]3alakrishnammthy and Sree Rangasamy (1988) used the auxins IAA, IBA and NAA 

separately each at ctoes of l .O and 2.5 mg/I and supplemented with coconut water or 

without coconut water. They also used activated charcoal at tow concentrations viz. 

0.025 and 0.25 percent. A large number of roots were produced in NAA at 2.5 mg/l. 

With IBA the shoots produced thicker roots. It was found that NAA, IAA and IBA 

are all equally effective in inducing root fonnation and the addition of CW to the 

rooting medium reduces or antagonizes the auxin's activity thereby explaining Berg 

and Bustamante (1974). 

In the present study different experiments were conducted with MS basal medium 

supplemented with different type of auxins. In all the treatments with auxins, root 

initiation was observed within 6-8 days. Among different auxins used in this study 

IBA was found to be the best for root induction. The highest percentage of shoots 

induced roots was observed in half strength MS media supplemented with the auxin 

IBA at 1.0 mg/I and 1.5 mg/I concentration. The highest number and growth of roots 

were recorded in 1.0 mg/I IBA in case of all three vaiieties. Each cultivar also 

showed the highest percentage (100%) of root induction in 1.0 mg/I NAA and 2.0 

mg/l IAA. In the present study activated charcoal were also used, average root length 

was higher in MS media supplemented with IBA. 

When a plantlet produced sufficient number of roots, the plantlet needed to be 

transplanted into polythene bag and finally to the condition through gradual 

acclimatization. At the piimary stage of this investigation to transplant in vitro grown 

plantlets was a difficult task. Rooted plantlets in 3-5 cm tall with 5-7 well-developed 

leaves were brought out of the culture vessels. Their roots were washed thoroughly 

by rapid running tap water to remove the sticky agar and to prevent unwanted fungal 

or bacteiial growth in the roots. These plantlets that had been transte1rnd on to the 

polythene bags soil or small potted soil. 

Cronauer and Krikorian (1984) repo1ted that rooted shoots had been potted in a soil 

ve1miculite (1:1) mixture in small plastic pots; placed in a misting bed for?-10 days 
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and then transfell'ed to nonnal greenhouse conditions. Hamilton (1965) reported that 

small pots were placed in a humidity chamber containing dampened venuiculite. 

After 18 days plandets were transfell'ed to pots containing a mixture of 1 :2: 1 of sand 

soil and venniculite and were placed in shade. 

In the present investigation for the first 8-10 days of transfer, potred plants were 

maintained under a polythene tent for providing the conditions of high humidity and 

sufficient light. The polythene cover was being removed peiiodically and 

progressively whenever leaves appeared water soaked. After 5-6 weeks when the 

transplanted plants grew up to 6-8 inches long those were tra11sfe1Ted to the field 

where they grew under conditions of natural environment. Being the delicate nature 

of in vitro regenerated plantlets, special a1nngement such as controlled greenhouse 

condition use of soil free potting like ve1miculite, peat plugs and applicatior, of 

fungicides are to be needed for easy and successful acclimatization of plantlets. 

In the field condition more than 80% of the transplanted plants survived in this way 

and resumed growth. In vitro grown plantlets of Sabari, Mehersagar, Ranginsagar, 

Jahaji, Agniswar and Binathuii were showing very good pe1fonnance in the field 

condition. From the foregoing discussion it is evident that shoot-tip culture 

techniques may provide an impo1tant and useful tool for the production of healthy 

plants for Musa spp. Since the rate of growlh of these in vitro grown plantlets was 

competing with the conventional suckers it can be concluded that there is a bright 

application to this present piece of work to conunercial exploitation. 

2.5.2. Field Evaluation 

Micropropagation of banana using in vitro culture had been developed by several 

workers (De Guzman et al. 1980, Vessey and Rivera 1981, Damasco and Barba 

1984, Cronauer and Krik01ian 1984, Hwang et al. 1984 and Novak et al. 1986), 

which has the unique advantage of rapid multiplication, unifonnity of planting 

mate1ial, availability of more number of plants in shmt time, disease free plants and 

also possibility of non-seasonal production of plants over other propagation methods, 

when: compared with bananns propagated using conventional planting material (i.e., 

Suckers), micropropagated banana plants were capable of pe1fonning equally or 

better (Hwang et al. 1984, Smith and Drew 1990). h1 general, micropropagated 
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banana plants established more quickly, grew more vigorously, were taller, had a 

shorter and more uniform production period, and produced higher yields than 

conventional propagules (Daniells l988, Drew and Smith 1990, Hwang et al. 

1984, Israeli et al. 1988, Robinson et al. 1993, Zamora et al. 1989). Hwang et al. 

· (I 984) found that plantlets derived from adventitious buds coming from the 

decapitated shoot apex established well under field conditions. Gupta ( 1986) 

observed that meristem-derived plants grew faster and had shorter harvesting 

period from 3 months to 1.5 months due to uniform growth. In the Philippines, De 

Guzman et al. (1980) reported that micropropagated plants of 'Lakalan' were 

found to have similar characteristics in terms of vegetative growth, flowering, 

suckering and fruiting under field conditions. Damasco and Barba (1984) also 

found that 'Saba' plants derived from in vitro grew normally under field 

conditions. Moreover, Zamora et al. (1989) found that micropropagated plants of 

'Lakatan', 'Bangulan' and 'Saba' grew faster had higher yield and early to sucker 

and flower. At maturity, these were similar in horticultural characteristics with 

those coming from suckers. 

In Israel, Israeli et al. ( 1988) found that with spring planting conventional plants 

flowered earlier were taller and produced larger bunches than tissue culture (TC) 

plants. From sutnmer planting, the opposite occurred, with TC plants superior to 

conventional (CON) plants in all respects. There is evidence that TC plants are larger 

than CON plants in the first crop cycle, according to work in Israel (Israeli et al., 

1986) and Australia (Daniells 1988, Drew and Smith 1990). However, in Costa Rica 

Arias and Valverde (1987) found that CON plants were larger, and in Taiwan, 

Hwang et al. (1984) found no difference. 

In terms of yield potential there is wide spread agreement that TC plants produce 

larger bunches than CON plants in the first crop cycle. These increases were in the 

order of 2% (Hwang et al. 1984); 5% (Arias and Valverde 1987); 7% (Daniells 

1988); 10% (the summer planting of Israeli et al. 1988) and 17% (Drew and Smith 

1990). Israeli et ai. (1988) found a TC yield advantage of 12% from a summer 

planting, but they found a yield increase of 22% in favour of CON, from a spring 
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lantl·ng In a multiple planting date trial in South A i:.1·ca R b' d F p . · .n.u , o mson an raser (1992) 

found no such seasonal interaction with planting materials. 

Bckstein and R0binson (1993) demonstrated that TC plants had a higher 

photosinthetic rate, d1y-matter assimilation rate and root growth rate, than CON 

plants and that this persisted for several months after planting. Fu1ther evidence that 

TC plants are larger than CON plants in the first cycle, was shown by Israeli et al. 

(1986), Daniells (1988) and Drew and Smith (1990). 

It is interesting to note that Johns (unpublished data) found that tissue cultured 

Cavendish bananas of cultivar 'Williams' (AAA group) produced more suckers and 

were earlier to flower than sucker-delived plans. Daniells (1988) repoited taller 

plants with larger bunches from tissue cultured 'Williams' although bunch emergence 

was about 3 weeks later. Reuveni et al. (1985) found no differences between sucker 

and tissue culture derived plants of 'William'. These studies indicate some of the 

difficulties in compa1ing different fo1m of planting mate1ial unless the interactions 

outlined previously are examined and understood. 

Tissue-cultured plants did produce a significantly higher number of sucker up to 8 

months after planting, possibly resulting from a canyover effect of BAP in the 

multiplication medium (Drew and Smith 1990). However, from 8 months to harvest, 

the rate of sucker production was the same for all plants, and subsequently, 

conventional planting mate1ial produced significantly higher number of suckers. A 

disadvantage of tissue cultured plants, as the stool matured and development, was 

their tendency to produce suckers above the soil surface. In subsequent field trials the 

tissue cultured plants were bmied in holes or fu1Tows and back-filled so that the 

lower leaf bases were covered, and sucker development then proceeded n01mally. 

Jn 'Cardaba' tissue culture deiived planting mate1ials coupled with recommended 

practices tend to produce sucker earlier ranging from 5-25 days compared to the other 

treatment. On the other hand no difterences were observed among the va1ious 

treatment in 'Latundan' and 'Lacatan' (Espino et al. 1992). Moreover, unifonn 

suckering was also observed in plant coming from tissue culture. 
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Espino et al. ( 1992) demonstrated that tissue culture planting materials had a highest 

ber of functional leaves at harvest. 
num 

'fhe earlier and more vigorous sucker production seen on TC plants in the plant crop 

was also reported by Daniells (1988), Drew and Smith (1990) and Smith et al. 

(1992). Swennen (1984) found that sucker production . was controlled by 

cytokinin/auxin ratios· and that increased suckers development was promoted by 

git,berellins and cytokinins being synthesized in the root tips'. A root system present 

at planting and a larger ovei·all root system with more root tjps, as well as a juvenile 

rhizome with more-· axillary buds, could thus explain both the earlier sucker 

production and higher sucker count on TC plants. The greater number of suckers 

produced at earlier stages of development could be a reason for the uprooting 

problems being experienced in the plant crop of TC plants, as also mentioned by 

Daniells (1988), Drew and Smith (1990) and Fraser (1994). Establishment of TC 

plants in a 300 mm deep furrow could be an effective solution to this problem. 

In field comparisons with CON using the same general management, TC plants had 
' 

greater uniformity ,and.upto 19% higher production potential, due to more fingers and 

hands, as _well as shorter cycle times (Hwang et al. 1984, Drew and Smith I 990, 

Robinson et al. 1993). 

The flowering and harvesting in both the tissue cultured cultivars was earlier than in 

the conventional ones. Rapid growth during the earlier stage offered this advantage to 

tissue cultured plants. According to Drew and Smith (1990) exposure of these plants 

to cool fluorescent tube light of 1000 - 3000 lux at 25°C and alternating dark and 

light phases mighi influence early fruit bud differentiation. Robinson (1989), 

Robinson and Anderson (1990) and Espino et al. (1992) also reported early flowering 

in tissue-cultured raised plants. 

A vigorous root system, originating from juvenile rhizome tissue (Preece 1992), 

and the large initial leaf area, enabled TC plants to reach full assimilation 

potential at an earlier stage of development, with a doubling of both mean 

functional leaf a;e·; and total dry-mass production compared with CON plants, 

after five months. The faster development of TC plants compared with CON 
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plants, as also reported by Hwang et al. (1984), would have contributed to the 

h rter crop cycles reported with TC (Drew and Smith 1990 R b' l s o , o mson et a . 

J993). Increased rooting vigour of TC plants was also reported by Zimmerman 

and Miller ( 1991) for apples and by Preece ( 1992) for rhododendron. 

Reports on the yield performance of micropropagated banana plants of the 

•Cavendish' subgroup are mixed. Some authors recorded significantly higher yields 

in micropropagated material (Daniells 1988); Drew and Smith 1990, Robinson et 

al. 1993) and other reported equal (Hwang et al. 1984); Zamora et al. 1989) or even 

lower yields than in conventional material. Thus, micropropagation does not seem 

to confer a consistent yield advantage to Musa plants, although in vitro plants 

establish; more quickly and have vigorous initial growt~. TC plants produce ratoon 

suckers earlier and with greater vigour than those from CON plants (Eckstein and 

Robinson 1993). Thus such TC sucker also produce significantly larger ratoon 

plants than those from CON suckers. The same explanations could also apply, to a 

lesser extent, in the third cycle. Growth and yield of the ratoon crop was similar 

with all treatments. 

Micropropagation r:as played a crucial role in rapid development of IITA' s plantain 

breeding program oy rapidly supplying large numbers of plants cf female fertile 

plantain cultivars for crossing blocks (Vuylsteke et al. 1993, 1993b). 

However, the most significant problem that has arisen using in vitro produced 

bananas is the ubiquitous occu1Tence of off-type plants or somaclonal variants (Israeli 

et al. 1991). Plantings of micropropagated 'Cavendish' bananas had l % to 50% off­

types (Smith 1988), most of which were dwarfs with horticultural trails inferior to 

those of the original clone (Hwang and Ko l 987, Smith and Drew 1990, Stover 

1987). Hwang (1986) found that about 3% of the Cavendish plantlets derived from 

meristem culture were variants. Some were detectable when the plants were young 

and other after flowering. Two types of variant were observed at the young stage 

namely (i) variegation of the leaves and (ii) abnormal leaf shape. In mature plants, 

four types of variants were recognised differing from ordinary plants in structure, leaf 

shape, pseudostem colour and bunch characteristics. Similar variations were reported 
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by Stover (1987) where in 6 - l0% of the plants exhibited abnormal foliage 

haracteiistics. Somaclonal variation was also observed 1·n oth It' h c er cu 1 vars sue as 

•vale,)'' (12%), 'Willium Hybrid ' (3-5%), Umalag (3-5%) and Grand Nain (19%) as 

repoited by Hwang and Ko (1987) in Taiwan and Pool and Irizany (1985) in 

Jamaica. On the other hand, Stover (1987) found not a single off-type in 5000 'Salm' 

plants produced using similar in vitro technique in 'Grand Naine'. 

Furthennore, the improved phytosanitary status of in vitro plants makes them the 

planting mateiial of choice to reduce the risk of pest and disease introduction in new 

planting (Hwang et al. 1984) or for establishment of field nursery areas (Smith and 

Drew 1990). These nurseries than can provide clean conventional planting material 

for production fields. However, for micropropagation to the commercially viable, off­

type production must be controlled in the culture laboratory and reliable screening 

technique to identify rogue dwarf off-types must be developed at either the nursery or 

laboratory level of minimize the recovery of off-types in the field. 

In the present study on the improvement of banana plants were being commercially 

produced on larger scale through in vitro and hence an experiment was conducted to 

investigate the pe1fonnance of in vitro propagated phmtlets and conventional sucker 

on the growth, yield ,md yield contributing characters of six cultivars of banana. The 

vegetative characteristics studied included plant height, base giith of pseudostem, 

number of functional leaves, sucker production. The reproduction characteristics 

included in the study were time requirement to attain the floweiing stage and 

maturity of the bunches and yield and fmit characteiistics. The study revealed that the 

TC plants were more vigorous than the suckers as they produced significantly more 

number ofleaves. The TC plantlets produced the taller plant than conventional ones 

for all the six cuhivars of banana. The number of functional leaves of tissue culture 

derived plants were significantly higher than that of conventional sucker in all of the 

cultivars. Tissue culture-derived planting material tend to produce sucker earlier 

compared to the conventional sucker. However, the tissue cultured-dedved planting 

matelials had the highest number of sucker present. The TC plants were also earlier 

in flowering and maturity and shmter in total crop duration than the sucker plants. 

The superiority of tissue cultured plants of six cultivars over suckers was also 
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reflected in the bunch characters. Significant differences were recorded for the 

ber of hands and finger/bunch, number of fingers/hand and all these parameters 
11un1 

f·ound to be more in the TC plants then the suckers The finger gitth and lengtb were · · 
of the finger were significantly more in TC plants. The quality characLers like acidity 

and pulp; pell ratio did not show any significant differences, whereas the TSS was 

iuore in TC plants than the sucker plants. The study indicated that tissue-cultured 

plants of cultivm·s Sabad, Mehersagar, Ranginsagar, Jahaji, Agniswar and Binathuri 

are superior to sucker-derived plants in respect to growth, yield and earliness. Based 

on the results of the present study, it may be recommended that (i) The fanners 

should be motivated to use tissue culture plantlets; (ii) Tissue culture plantlets should 

be made available to the fanners for commercial cultivation through Government and 

different agencies. The present protocol demonstrates a sound commercial feasibility 

for the cultivation of tissue cultured banana. 



2_6. SUMMARY 

In this part of the present investigation micropropagation of si'x important banana 

cultivars viz., Suburi, Mchcrsagar, Ranginsagar, Jalrnji, Agniswur and Binathuri 

and subsequent field evaluation of microclones for commercial exploitation, were 

studied. 

For micropropaga,tion, shoot-tips of one-month-old suckers w'ere surface sterilized 

with 0.1 % HgC]i for 15 min followed by 3-4 times washing with sterilized distilled 

I-fzO. Fot the establishment of primary culture the shoot-_tips (5x8 mm with 2-3 

pairs of leaf primodia together with 3 mm of rhizomatous base) of six banana 

cultivars were cultured onto agar geled MS medium supplemented with different 

concentrations and combinations of BAP and KIN. The cultures were inoculated at 

25±1 °C under cool florescent white light (2500-3000 Lux). In vitro culture response 

during initial estabJishment was found to influenced with genotypes and culture 

media formulations. Among the various growth regulator formulations, 5 mg/I BAP 

wtore found to be most effective for cvs. Sabari, Mehersagar, Jahaji, and Binathuri. 

Whereas, BAP 8 mg/I was found most effective formulatjon for the primary 

establishment of cv. Agniswar. 

For rapid shoot multiplication, the primary cultures were transfen-ed onto agar geled 

MS medium supplemented .with different combinations and concentrations of BAP, 

KIN, IAA, IBA and coconut water (CW). The primary cultures of all banana cultivars 

were induced multiple shoots proliferation in most of the culture media formulations. 

However, both genotypes and media forrriulations showed marked effect on the 

multiple shoots pro)iferation. Among the various media formulations 0.5 mg/I BAP + 

0.5 KIN mg/l + 13% coconut water (CW) for cvs. Mehersagar, Ranginsagar and 

Jahaji, for Sabari 5mg/l BAP + 5 mg/] KIN+ 13% coconut water (CW), for Agniswar 

8 mg/l BAP + 1 mg/I KIN and for Binathuri 3.5 mg/I BAP + ,0.5 mg/I KIN + 13% 

coconut water (CW) were most effective media formulation for inducing multiple 

shoots proliferation. Among the six banana cultivars cv. Sabari (AAB genome) was 

the most responsive genotypes whereas Binathuri (ABBB) showed the lowest 

response to micropropagation. 
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Bulbous strocture w,'S noticed to develop dming repeated subculture in culture medium 

-1un· g high concentration KIN (5 mg/l) that showed prolific multiple shoots 
conta1 
roliferation. /n vitro shoot multiplication was also affected with number of subculnu-es. 

:hoot multiplication rate was optimum upto 7u, subculture; after then, multiplication rate 

d 
·illy dee lined with passage of subcultu1-e for all ban.urn cu ltivms. gra u, 

The micropropagated clones of all banana cultivars after being properly acclimated 

were cultivated in the field with sucker-delived plants as control. Micropropagated 

plants of all cultivars showed significantly supe1ior pe1fonnances for yield (bunch 

wt/plant) and yield contributing charncters over sucker-deiived plants. 



Chapter III 

soMATIC EMBRYO INDUCTION, PLANT REGENERATION AND 

EVALUATION OF SOMA CLONAL VARIATION 

J.l. INTRODUCTION 

Somatic embryogenesis techniques in the genus Musa have two main goals: The 

development of a new, high performance micropropagation technique and a cell 

regeneration system useful for genetic transformation and somatic hybridization. Due 

to sterility of most important banana and plantain varieties, genetic improvement 

through conventional breeding is seriously hampered (Swennen et al. 2001, 

Tenkouano et al. 2004). Due to these problems, new strategies consisting of tissue 

culture and molecular biology techniques to complement breeding programs have 

been undertaken (Murfett and Clarke, 1987). Therfore development of new 

techniques is increasingly urgent. Cronauer and Krikorian ( 1988) first time were 

successfully induced somatic embryos from diploid zygotic embryos of banana. They 

develop a protocol for inducing somatic embryogenesis in banana that has been used 

for different Musa spp. by different workers. There are numbers of protocols have 

been de·veloped for inducing somatic embryogenesis. Each procedure relies on 

different types of explants such as zygotic embryos (Cronauer and Krikorian !988; 

Escalant and Teisson 1989; Marroquin et al., 1993), rhizome slices and leaf sheath 

(Novak et al. 1989), proliferous meristems (scalps) (Dhed'a et al., 1991, Schoofs 

1997) and immature male/female flowers (Ma 1991, Escalant et al. 1994, Grapin et 

al. 1996; Cote et al., 1996 and Grapin et al. 1998). 

Professor Ma (Ma 1991) at the National University of Taiwan, developed cell 

suspension procedure using male flower bud as explant for the induction of somatic 

embryogenesis in banana. The procedure developed by Ma has been widely 

applicable for the development of somatic embryogenesis in different banana 

genotypes. Ma's methods has also been used with immature female flowers for 

those cultivars thz:t do not produce male flowers (Grapin et al., 2000) The first 

steps, up to the formation of the embryogenic callus, are described in Escalant et 

al. (1994). Descriptions of the initiation, maintenance and regeneration phases of 
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cellular suspensions are available in Grapin et al. (1996) Cote et al. (1996) and 

Strosse et al. (2003 ). 

The scalp methods used at Katholicke Universitcit at Leuven relies on highly 

proliferating cultures initiated from shoot-tips (in vitro plants). This methods was first 

descdbed by Dhed'a (1992) and optimized by Schoofs (1997). 

Dhed' a et al. ( 1992) first used medstematic tissue from adventitious buds in the 

cul ti var Bluggoe (ABB). Altenrntively, Escalant et al. (1994), Cote et al. (1996) and 

Grapin et al. (1998) employed male and female flowers in cultivars of the groups 

AA, MA, AAB and AA.AB to form embryogenic tissue which was later used to 

establish cell suspension cultures. 

The development of bipolar stmcture of somatic embryos on semi-solid cultures has 

been demonstrated-histologically in Musa spp. (Escalant and Teisson, 1989; Novak et 

al., 1989). Dhed'a et al. (1991) reported the odgin ofproembryogenic structures and 

the subsequest process of somatic embryo genesis in suspension cultures. 

In bananas and plantain there are major procedures for the development of 

emb1yogenic cell suspensions. Each method has its own limitations, rendering the 

establishment of Musa embryogenic cell suspensions still far from routine (Schoofs 

et al., 1999). Since most edible banana cultivars rarely set seeds, zygotic embryos are 

of limited value as starting matedal. Repo1ts on the efficiency of embryogenesis 

induction in rhizome and leaf tissue are scarce. The scalp-methodology relies on 

proliferating medstem cultures as explants. In contrast, the starting material for the 

widely used male-flower technology can be collected directly from the t1owe1ing 

banana plants. In addition this method can not be applied to the highly prefen-ed 

False Hom and Harton -plantains, non-plantin AAB (Subgroup Maia Maoli, Pacific 

region) and ABBB (Kiue teparod / Binathuri, Asia) which do not produce male 

flowers. This can be overcome by the use of female flowers as alternative expknts, 

but results in loss of the bunch and is therefore, difficult for large scale use. 

Pew studies have been published on the incidence of off-types among banana plants 

produced through somatic embryogenesis. hl "Grande Naine", a number of plant 
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derived from 4-month-old embryogenic cell suspensions were observed to be tiue-to-

pe and to have agronomic characteristics (Cote et al 2000a) s· ·1 t· d' ty ·, . m11 ar m mgs we.re 

obtained with "IRFA 903" plants derived from 7-month-old cell suspensions (Cote et 

al., 2oOObf These data suggest that somatic embryogenesis can be used for genetic 

transfomrntion given that a proportion of variants can be tolerated for that purpose. 

Vruiadon may occur when plants arise from adventitious, meristem differentiated 

from the explant or from callus, plant cells grown in unorganized (callus, cells and 

protoplasts) cultures under extensive genetic changes. Genetic variability has been 

observed in many species duiing tissue culture. This phenomenon is usually termed 

somacJonal vaiiation (Larkin and Scowcroft 1981, Meins 1983, Swa1tz 1991, Karp 

1991). Many studies on Musa have also demonstrated that some in vir,·o propugated 

materials differ from the source matelials from which they are derived. After the 

development of the micropropagation technique for bananas using meristem culture 

(Ma and Shii 1972, Hwang et al. 1984), somaclonal va1iation was commonly found 

among tissue culture plants (Reuveni and Israeli 1990, Israeli et al. 1991, Vuylsteke 

et al. 1991, Daniells and Smith 1993). Israeli et al. (1995) gave a comprehensive 

review on the somaclonal variation in Musa. Twenty nine cases of somaclonal 

variation were repo1ted in various types of bananas and plan tu in with a range of 

incidence from O to 69%. Daniells and Smith (1993) repo1ted various off-types 

among .several banana cultivars in Australia. Rates of somaclonal variation in 

banana derived from shoot-tip culure vary from O to 70% according to genotype 

(Israeli et al. 1995, Smith 19 88, Vuylsteke et al. 1991 ). Somaclonal variation was 

also observed in other cultivars such as 'Valery' (12 % ), 'Williums hybrid' (3-

5% ), 'Umalag' (3-5%) and 'Grande Naine' (19%) as reported by Hwang and Ko 

(1987) in Taiwan and Pool and Irizal1'y (1985) in Jamaica. On the other hand, 

Stover (1987) found not a single off-type in 5000 'Saba' plants produced using 

similar in vitro technique in 'Grand Naine'. 

It is not yet clear, however, whether somatic embryogenesis can be used to mass 

propagation of banana plants. The available results were obtained in fairly young 

suspensions (4 to 7 months), but since only a small number of plants can be 
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regenerated at present such suspensions, this technique cannot be used for 

lllultiplication on a large scale. 

The present study was intcusilicd to cstublish protocol t'or callus induction and 

subsequent plant regeneration using immature male floral bud of five banana 

cultivars grown in Bangladesh. Procedures in this chapter describe the establishment 

of protocol for the initiation and maintenance of callus and plant regeneration from 

the callus through somatic embryogenesis in five banana cultivars viz. Sabari. 

Mehersagar, Rangiusagar, Jahaji, and Agniswar. 

3.2. OBJECTIVES 

I) To induce callus from immature male flowers of five banana cultivars. 

II) To induce somatic embryogenesis from male flower delived calli. 

III) To regenerate plant from somatic embryos derived from male flower 

derived calli. 

IV) To tr,msplant the somatic embryo derived plant to the field. 

V) To s~udy somaclonal va1iation among the plants detived through 

somatic embryogenesis. 
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3
.3. MATERIALS AND METHODS 

3.3,1. Plant Materials 

Male flowers from the following banana cultivars were used as explant source for the 

induction of callus for somatic embryo development: 

1. Sabari 

2. Mehersagar 

3. Ranginsc:.:gar 

4. Jahaji 

5. Agniswar 

Banana cv. Binathmi was excluded in this study due to the absence of male t1owers. 

3.3.2. Methods 

3.3.2.1. Explant collection and surface sterilization : The initial plant material 

consisted of male inflorescences of banana were collected from field grown plants. 

Male flower buds were collected from stJ• to 1 au, position of the int1orescences after 

6-10 weeks of flower opening. Collected flowers were brought to laboratory and kept 

for 24 hours before culture inoculation. Under a steriale condition, the outer 

overlapping bracts were removed and the remaining prut (2-3cm in length) containing 

male flowers were isolated and were used as explants. The explants were surface 

sterilized in 70% e-thyl alcohol for 1 min. 

3.3.2.2. Culture inoculation and incubation : Smface sterilized explants of male 

flowers were inoculated onto semisolid MS medium supplemented with different 

callus inducing growth regulators including 30 g/1 sucrose and 1 mg/I biotin. The 

culture medium was supplemented with different concentrations of 2.4-D, IAA and 

NM for callus induction. The culture dishes (9 cm pettidishe/250 ml conical flask) 

were sealed with µarafilm to avoid evaporntion and to reduced contamination. The 

culture dishes were inoculated in total darkness at 25±2°C for 4-7 months. The 

cultures were che.::ked peiiodically to observe morphogenic change happened to 

occur <luting incubation. 
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3.3.2.3. Callus maintenance and somatic embryo induction: After callus induction 

from the explant, the calli were transferred into th~ fresh medium for further 

proliferation and maintenance. The embryogenic callus was selected for plant 

regeneration. 

3.3.2.4. Plant regeneration: For plants regeneration the selected calli bearing somatic 

embryos were subc.ultured onto semisolid MS basal salts with Morel's vitamins 

{Morel and Wetmore 1951), 3% sucrose and 2% gelrite supplemented with BAP and 

JAA. Fully grown plantlets with good shoot and root system were then transplanted 

into polybags contabg potting mix (Manure, sand and garden soil: 1: 1: 1) and placed 

in a mist condition for 5 weeks. 

3.3.2.5. Plant/et transplantation and field evaluation : After three months when the 

transplanted plants in poly-bag grew up to 12-16 inches long (Figure A, Plate 11) 

were transfe1Ted to field and they were grown it to maturity. Fifty plants for each of 

somatic embryo derived plants (SEDPs) and shoot-tip culture derived plants 

{STCDPs) were planted in to side-by-side separate block for each of the cultivars. 

The plants were tra11splanted in May 2004 in 5 rows, 10 plant/row to plant distance 

was 2 m and raw to distance was 2.5 m (Figure B, Plate 11). During the 

transplantation of planllels and post transplantation, special care was taken. 

3.3.2.6. Data recording for in vitro culture : Data were collected using the following 

parameters and the methods of data collection are given below 

i) Callus induction frequency 

Explants were cultured in 9 cm petridishes ,' 250 ml conical flask containing media 

with different concentrations of growth regulators for callus induction. After days of 

culture frequency of callus induction was calculated using the following formula. 

. . Number of ex plants induced callus x100 
Frequency of callus mduct1on (%) = Number of cultured explant 

Number of induced ~allus xlO0 
ii) % of embryogenic callus -Number of embryogemc callus 
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iii) percentage of embryogenic calli regenerated to plant 

As mention earlier data on different parameters from different treatments of shoot 

proliferation were recorded after 45 days of culture. The percentages of embryogcnic 

calli induced shoots were calculated using fonnula. 

. d d o/r.. Number of calli induced shoots 
Shoots ill uce ( o) Total Number of calli cultured XlOO 

a) Number of shoots/embryo genie calli: 

Mean number of adventitious shoots per explants (calli) was calculated using 

following fonnula. 

- Ixi X=--
N 

X = Average number of shoots. 

I = Summation. 

Xi = Total number of shoots. 

N = Number of observation. 

Field grown plant delived through somatic embryogenesis were visually rated to find 

out any somaclonal variation. 

3.3.2.7 Data recording for somaclonal variation : For the evaluation of somaclonal 

variations and SEDPs and STCDPs data on both morphological and yield characters 

were recroded. 

Morphologic} characters 

All (50 plant) SEDPs and STCDPs assessed for finding the out occuffence of 

possible valiatioP using the following morphological features at different stages of 

plant development. 

1. Dwaif off-type plant: The plants those were shorter in stem height than 

nonnally grown plants were considered as dwmf off-types. Data on no. of 

dwarf off-type plant were recorded six month after transplantation. 
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ii. Leaf abnonnality: Leaf abnonnality parameter include as any change or 

deviation from corresponding nonnal one such as, shmt leaf blade, 

uncommon pigmentation, serrated margin etc. The no. of plants with 

abnom1al leaf were counted six month after transplantation. 

iii. Stem colour abnonnality: Stem colour abn01mality includes presence o;· 

disapperance of colour pigment on stem or petiole edge, was recordec1. six 

month after transplatation. 

iv. Phylotaxic abnonnality: Phylotaxic abnormality wax considered as any 

deviation from no1mal altemate leaf anangement which was recorded at the 

time of inflorescence imergence. 

v. Inflorescence abnonnality: A nonnality in inflorescence was characterized 

as emergence of inflorescence, stem side, inflorescence with sh01t 

intemode, .dense hands and fingers, too many female hands or absence of 

male flower hands; was recorded 30-day after inflorescence emergence. 

Yield and its component characters 

Data on bunch wt./plant, no. of hands/bunch and no. of fingers/hand were recorded 

after fiuit hervest. 

3.3.2.8. Data analysis : Standard statistical methods were used calculating for range 

of variation (standard e1Tor). Comparison between two sample means (SEDPs and 

STCDPs) was done according Student t-test. 
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J.4. RESULTS 

J.4.J. Callus Induction, Somatic Embryogenesis and Plant Regeneration 

"ale flowers of 5 banana cultivars were cultured onto MS d' 1 d 
1v, me ium supp emente 
with three different concentrations of 2,4-D in combinations with l mg/I IAA, 1 mg/I 

NAA and 1 mg/I biotin (Table 3.I.). The cultures were incubated in total darkness at 

25 ± zoc. Explants were left for 5 to 6 months without subculture and morphogenic 

differentiation was regularly monitored. Data on various in vitro parameters such as 

% of explants induced callus, callus color, degrees of callus growth, time taken t::i 

callus induction, % of callus induced somatic embryos and time taken to globular 

stage embryo formation were recorded for the assessment of the results, which are 

given in Tuhlc 3.1. The results 011 callus induction, somatic embryogencsis and 

subsequent plant regeneration are illustrated in (Figures A-E of Plate 9) and 

{Figures A-E of Plate 10). 

In general callus induction from male flower explants was taken very long time for 

all of the cultivars. In all cultivars the male flower• explants induced to start callus 

formation within 90-120 days after inoculation. However, morphogenic 

differentiation of the cultured explants was found vary with culture media 

formulations and banana cultivars as well. 

Among the three culture media formulations 4 mg/I 2,4-D in combination with 

mg/I IAA + 1 mg/I NAA and l mg/I biotin was found to be the most effective in 

the induction and growth of callus for all the banana cultivars. Among the 5 

cultivars cv. Sabari was found to most responsive. In 4 mg/I 2,4-D, the highest 

75% ex.plants induced to develop callus. On the other hand cv. Jahaji was the least 

responsive and highest 55% explants induced callus formation in the same 

medium formulation. Considerable variation was also observed in the callus 

morphology and degree of callus growth. The highest degree callus growth from 

male flower explants for all banana cultivars was observed in culture medium 

formulation fortified with 4 mg/I 2,4-D. 

The extent of embryogenic callus formation was also found to be differed with culture 

media formulations and also with banana genotypes. In all the cultivars a certain % of 

calli underwent morphogenic redifferentiation to develop somatic embryos. 
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Among the five cultivars the highest 55% calli induced in 4 mg/I 2,4_0 become 

Subsequently underwent morphogenic differentiation to develop 
somatic embryos. 

Extent of somatic embryos formation was the lowest in cv. Jahaji. 

Time taken to somatic embryogenesis was also found to be different depending upon 

banana genotypes. In cv. Sabari the calli induced from male flower explant took the 

longest 210-240 days for embryo differentiation. Whereas, the male flower derived 

calli of cv. Mehersagar took the 150-170 days for somatic embryogenesis. The stages 

of somatic emrbyo differentiation were clearly distinguishable. All the stages of 

emaryogenesis such as proembryonic cells mass, globular, torpedo and heart shaped 

embryos were visible en masse on the same callus. 

Global embryos of 5 banana cultivars were cultured onto MS medium supplemented 

with three different concentration of BAP in combination with 2 mg/1 IAA (Table 

3.2.). Culture conditions were total darkness at 27 ± 2°C and the embryos remained 

in the culture medium for 50 days and no subculture was done. Data on various in 

vitro parameters such as numbers of globular embryos in each culture and numbers of 

globular embryos after multiplication. 

Among the three culture media formulations 0.5 mg/I BAP + 2 mg/I IAA was found 

to be the most effective in the induction and growth of somatic embryos for all the 

banana cultivars. Among the 5 cultivars cv. Sabari was found to be most responsive 

in 0.5 mg/I BAP + 2 mg/I IAA. Embryogenic callus exhibited rapid proliferation in 

the same medium. The highest 65 embryos were recorded in a clump which was 

obtain from the 10 initial embryos after 50 days of culture. On the other hand cv. 

Jahaji was the least responsive and highest 45 embryos were recorded in a clump 

which was also obtained from the 10 initial embryo clump after 50 days of culture. 

The extent of embryogenic callus formation was also found to be different with 

culture media formulations and also with banana genotypes. 

Somatic embryos of 5 banana cultivars were cultured onto MS medium 

supplemented with three different concentrations of BAP in combination with 2 

mg/I IAA + Mor.!I vitamins (Table 3.3.). The cultures were maintain in an 
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inoculation room at 25 ± 20c and 16 h photo-period with 1000 lux. Data on 

numbers. of cultured mature somatic embryos and % of germination were recorded 

for the a~sessments of the results which are given in Table 3.3, After 45 days of 

culture germination rates were estimated. 

Among the three germinations culture media formulations 0.5 mg/I BAP + 2 mg/I 

JAA + Morel vitamins was found to be the most effective in the germination of 

somatic embryos for five cultivars. Among the 5 cultivars cv. Sabari was found to l:le 

responsive in 0.5 mg/I BAP + 2 mg/I IAA + Morel vitamins. The highest 70% 

somatic embryo started to germinate with the emergence of leaves and roots after 45 

days of culture. On the other hand, cv. Jahaji was the least responsive and highest 

50% embryo induced to germinate in the same media formulation. 

3.4.2. Evaluation of Somaclonal Variation 

Somatic embryo derived plants (SEDPs) of five banana cultivars (Sabri, 

Mehersagar, Ranginsagar, Jahaji and Agniswar) were transplanted (fifty plants 

from each cultivars) into field. The transplanted plants were grown to maturity. 

Shoot-tip culture derived plants of each cultivar were also planted side-by-side 

and grown to maturity as a control. Data on morphological characters such as 

dwarf off-type plants, leaf abnormality, stem colour abnomrlaity and inflorescence 

abnormality were recorded at different growth stage to evaluate somaclonal 

variation. Data on yield and its component 'characters viz., bunch wt./plants, no. of 

hands/bunch and no. of fingers/hand of both somatic embryo and shoot-tips 

derived plants were also recorded. 

Results on morphological features of somatic embryo derived plant (SEDPs) and shoot­

tip culture derived plants (STCDPs) are shown in Table 3.4. In general morphological 

abnormalities were noticed in higher frequency among SEDPs than those of STCDPs. 

Dwarf off-type plants were frequently seen among SEDPs. Dwarf off-type plants were 

characterized short stem, weak petiole, short leaves and deformed hands. These plants 

were found poorly grown and developed small bunches with poorly developed fingers 

(Figure C, Plate 11). Among the five banana cultivars the highest six dwarf off-type 

plants was recorded for Agniswar. Numbers of dwarf off-type plants out of fifty were 

four in Sabari, three in Mehershagar, two in Ranginsagar and Jahaji. Dwarf off-type 
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ere not noticed among STCDPs of f th . 
plants w most O e banana cult1vars except in 
Ronginshagar where two out of fifty plants was found dwarf off-type. 

J.,eaf abnormalily was characterized as change in the shape of leaf blade such as 

short, serrated leaf margin, presence of pigmented area etc. Among the SEDPs of five 

banan; cultivars the highest eight plants showed various forms of leaf abnormalily in 

Agniswar which was followed by Jahaji, Sabari, Mehershagar and Ranginsagar. The 

cultivar Jahaji is d,•,arf type and developed dark pigmented area at juvenile stage 

development. Among SEDPs some of the plants the dark pigmented area were 

persisted even at maturity. Leaf abnormality was observed only among STCDPs of 

Sabari and Jahaji (Two and one, respectively). 

Stem colour abnormality as loss of normal stem pigment or appearance of 

uncommon pigmented area on stem or petiole edge were also noticed among the 

SEDPs of all banana cultivars. Among the five cultivars stem colour abnormality 

was the highest six plants (out of fifty) in Agniswar. The numbers of plants with 

abnormal stem pigments were four in Sabari and three in Mehershagar, 

Ranginsagar and Jahahi. Abnormal stem pigmenlalion was also noticed among the 

STCDPs of most of Lhe cultivars. 

Change in leaf arrangement was also noticed among SEDPs most banana cultivars 

leaf in banana is grown in regular alternate phylotaxic abnormality was characterized 

any types of change or deviation from normal sucker derived plants. Number of 

SEDPs showed change in phyllotexic arrangement was more or less same in Sabari, 

Mehershagar, Ranginsagar and Agniswar. SEDPs of Jahahi did not any change in leaf 

arrangement, phyllotaxic abnormality although in lower frequency was observed 

among STCDPs of Ranginsagar and Agnishwar. 

Inflorescence abnormality was common among SEDPs of all banana cultivars. 

Inflorescence abnonnality was characterized as emergence of inflorescence from the side 

of the stem not from the stem tip, inflorescence with short intemode and dense hand, too 

many female flower hands (Figure D, Plate 11) or absence of male flower hands. 

Numbers of SEDPs with abnormal inflorescence were six (out of fifty plants) in Sabari 

and Jahahi, five in Agniswar, four in Mehershagar and three in Ranginsagar. 
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Inflorescence abnormality was less frequent among STCDPs. Only one plant (out of 

SO) was noticed to bear abnormal inflorescence in Sabari and Jahahi. 

Data recorded on average bunch wt. (Twenty five plants), no. of hands/bunch and no. 

of fingers/hand after the harvest of both SEDPs and STCDPs of five banana cultivars 

and the results are summarized in Table 3.5. 

The results presented in Table 4.2 reveal that yield performances of the plants 

derived through somatic embryogenesis were in general lower than STCDPs. 

However, wide range of variations were observed for all three characters among 

SEDPS for five banana cultivars. Average bunch wt. of SEDPs was significantly 

lower than those of STCDPs. In Sabari the bunch wt./plant was 15.08 kg for STCDPs 

where as 12.65 kg/plant for SEDPs. Similarly, bunch wt./plant was 22.44 kg for 

STCDPs but 20.84 kg for SEDPs. The bunch wt/plant in Ranginsagar and Agniswar 

were respectively, 25.23 and 18.76 kg for STCDPs where as respectively, 21.35 and 

16.38 kg for SEDPs. However, difference observed in bunch wt/plant between 

STCDPs and SEDPs of Jahaji was non significant. Differences observed for other 

two yield contributing characters, no. of hands/bunch and no. of fingers/hand 

between STCDPs and SEDPs were non significant. 



Table 3.1 Effect of different concentrations of 2,4-D in MS ·medium with 1 mg/1 IAA+l mg/lNAA+l mg/biotin on the i.nducti.on ot: 

embryogenic callus in five cultivars of banana. 

%of % of callus Time taken to 
immature 

Callus 
Degree of Time taken induced to globular stage 

<:'.!tltivars Grow~b r~g,1lat'lts (mg/I) male flowers callus 
. to callus 

colour ' develop somatic for 
induced formation induction proembryos embryogenesis 
callus 

2 2,4-D 45 w ++ 90- 120 · 40 210-240 

Sabari 4 2,4-D 75 w +++ 90-120 55 210 240 

6 2,4-D 38 LB + 90-120 35 210 240 

2 2,4-D 42 LB ++ 90 120 34 150-170 

Mehersagar 4 2,4-D 62 w ·+++ 90-120 41 150-170 

6 2,4-D 35 LB + 90-120 30 150-170 

2 2,4-D 37 LB + 90-120 30 160-180 

Ranginsagar 4 2,4-D 58 LB +++ 90- 120 36 160- 180 

6 2,4-D 31 LB + 90-120 28 160- 180 

2 2,4-D 38 LB + 90-120 28 160- 180 

Jahaji 4 2,4-D 55 LB +++. 90-120 32 160- 180 

6 2,4-D 30 LB + 90-120 25 160- 180 

2 2,4-D 50 LB +++ 90-120 36 180-190 
Agniswar 4 2,4-D 65 w +++ 90-120 46 180-190 

6 2,4-D 41 LB ++ 90-120 27 180 190 

W ::::white; LB = light brown; + = low; ++ = moderate; +++ = massive 

,__. 
N 
0 
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3 2 Effect of different concentrations ofBAP in MS medium with 2 mg/1 IAA on fable · 

multiplication of globular embryos of five cultivars of Banana. Data were 

recorded after 40-50 days of culture 

CUltivars 

Sabari 

Mc:hc:rsugur 

Ranginsagar 

Jahaji 

Agniswar 

Growth regulators 

(mg/1) 

0.1 BAP 

0.5 BAP 

1.0 BAP 

0.1 BAP 

0.5 BAP 

1.0 BAP 

0.1 BAP 

0.5 BAP 

l.0BAP 

0.1 BAP 

0.5 BAP 

l.0BAP 

0.1 BAP 

0.5 BAP 

1.0BAP 

No. of globular 

embryos in each 

culture 

10 

10 

10 

8 

8 

8 

6 

6 

6 

8 

8 

8 

9 

9 

9 

No. of globular embryos 

after multiplication 

40 

65 

45 

32 

50 

35 

30 

48 

28 

31 

45 

25 

40 

55 

34 
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fable 3.3 Effect of different concentration of BAP on somatic embryo germination and 

plant regeneration from somatic embryos of five cultivars of banana. The 

isolated embryos were cultured individually onto medium consisted of MS 

salts + Morel Vitamin and 2 mg/1 IAA. Data were recorded 40-45 days after 

culture 

cuttivars 

Sabari 

Mehersagar 

Ranginsagar 

Jahaji 

Agniswar 

Growth regulators 

(mg/I) 

0.1 BAP 

0.5 BAP 

1.0 BAP 

0.1 BAP 

0.5 BAP 

1.0 BAP 

0.1 BAP 

0.5 BAP 

1.0BAP 

0.1 BAP 

0.5 BAP 

1.0 BAP 

0.1 BAP 

0.5 BAP 

1.0 BAP 

No. of cultured 

mature somatic 

embryos 

25 

25 

25 

20 

20 

20 

20 

20 

20 

15 

15 

15 

25 

25 

25 

% of 

germination 

50 

70 

60 

50 

65 

60 

46 

60 

50 

40 

50 

45 

48 

62 

55 
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Table 3.4 Somaclonal variant types and percentages of somaclonal varients in somatic 

embryo de1ived plants and shoot-tip culture derived plant of five banana 

cultivars. Morphological evaluation was done on 50 both somatic embryo 

derived plants (SEDPs) and shoot-tip culture derived plants (STCDPs) for 

each of the five banana cultivars 

~ 

Percentage of Variants Cultivars Type of variation 
SEDPs STCDPs 

~Sabari Dwarf off-type plants 4 -
Leaf abnormality 4 2 
Stem colour abnormality 4 1 
Phylotaxic abnormality 4 -
!J1florescence abnormality 3 -

Total 22, 44% 3, 6% 

Mehersagar Dwarf off-type plants 3 -
Leaf abnormality 3 -
Stem colour abnormality 3 1 
?hylotaxic abnormality 1 -
inflorescence abnormality 4 -

Total 14, 28% 1, 100% 

-Ranginsagar Dwarf off-type plants 2 1 

Leaf abnormality 3 -
Stem colour abnormality 3 2 

Phylotaxic abnormality 4 1 

Inflorescence abnormality 3 -
Total 15, 30% 4, 8% 

Jahaji Dwarf off-type plants 2 -
Leaf abnormality 5 1 

Stem colour abnormality 3 -
Pbylotaxic ubnormality - -
!Jiflorescence abnormality 6 1 

Total 16, 32% 2, 4% 

Agniswar Dwarf off-type plants 6 2 

Leaf abnormality 8 1 

Stem colour abnormality 6 3 

4 1 Phylotaxic abnormality 
Inflorescence abnormality 5 -

Total 29, 56% 6, 12% 
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fable 3.5 Bunch and fr.tit characters of five banana cultivars of somatic embryo 

derived plants (SEDPs) and shoot-tip culture derived plants (STCDPs). Data 

were collected from 25 randomly selected plants for each of the cultivars 

-Cultivars Bunch wt.lplant No. of No. of finger 
(kg) X±SE hands/bunch /hand X±SE 

Sabari STCDPs 15.08±1.26 b 7.85±0.12 a 5.27±0.36 a 

SEDPs 12.65±6.97 a 7.46±2.73 a 14.65±1.21 a 

Mehersagar STCDPs 22.43±1.32 b 8.66±0.08 a 20.41±0.62 a 

SEDPs 20.84±5.48 a 9.26±2.92 a 20.83±2.08 a 

Ranginsagar STCDPs 25.23±1.22 b 9.34±0.39 a 20.99±0.48 a 
·-

SEDPs 21.35±4.78 a 9.85±3.82 a 19.78±1.55 a 

Jahaji STCDPs 21.96±0.82 a 8.19±0.09 a 20.52±0.96 a 

SEDPs 19.56±4.65 a 8.98±4.65 a 20.46±2.54 a 

Agniswar STCDPs 18.76±0.78 b 7.43±0.06 a 18.77±0.49 a 

SEDPs 16.38±4.18 u 7.56 ± 3.52 u 18.92±1.86 a 

Mean value comparison between STCDPs and SEDPs was done using t-test. 



Plate 9 

Photographs showing induction of callus on male flowers of five banana cuJtivars. 

Figures: 

A. Callus fonnation of Sabari. in MS + 4.0 mg/I 2,4-D+ 1.0 mg/1 lAA + 1.0 mg/I 

NAA + 1.0 mg/I biotin 7 months after culture. 

B. Callus fomrntion of Mehersagar in MS + 4.0 mg/1 2,4-D+ 1.0 mg/I lAA + LO 

mg/1 NAA + 1.0 mg/I biotin 5 months after culture. 

C. Callus fomrntion of Ranginsagar in MS + 4.0 mg/I 2,4-D+ 1.0 !ng/1 lAA + LO 

mg/I NAA + 1.0 mg/I biotin 6 months after culture. 

D. Callus fo1111ation of Jahaji in MS + 4.0 mg/I 2,4-D+ 1.0 mg/I IAA + LO mg/I 

NAA + 1.0 mg/I biotin 6 months after culture. 

E. Callus fonnation of Agniswar in MS+ 4.0 mg/I 2,4-D+ 1.0 mg/I IAA + 1.0 mg/I 

NAA + 1.0 mg/I biotin 6 months after culture. 
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Plate 9 



Plate 10 

Somatic emb1yos and plant regeneration through the embryo regeneration from male 

flower derived earn in the culture medium containing MS salts+ Morel vitamins +O.S 

mg/I BAP +2.0 mg/I IAA. Photographs were taken 45 days after transfening the caUi 

onto regeneration medium. 

Figures: 

A. Sabad. 

B. Mehersagar. 

C. Ranginsagar. 

D. Jahaji. 

E. Agniswar. 

I 
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Plate 10 

-~.r ~ ~; . 
!· • 
, 



Plate 11 

Photographs showing field establishment of somatic embryo derived plants of five 

banana cultivars. 

Figures: 

A. Potted plants :·eady for transfer to the field. 

B. Established p:ants in field derived from somatic embryos. 

C. Small fmits observed in field due to somaclonal variation in Mehersagar. 

D. Abnonnal inflorescences observed in field due to somaclonal va1iation in 

Agniswar. 



127 

Plate ll 
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3.5_ DISCUSSION 

Bananas and plantains· are monocotyledonous . · 
. . , perenemal herbs, cultivated in nearly 

120 countries of the humid and sub humid tropic 1 . . · 
a I eg1ons. In the developing world 

Musa species are one of the major food sources (Eriso d Sh ' 
n an · a1Tock 1998). Bananas 

and plantains are, however, prone to many pests and d' · . . 
iseases such as fungi, viruses, 

bacteria, insects and Nematodes (Jones 2000a). There 1·s k 
1 

. 
. nown c 1em1cal or culture 

control for the path0gen. Hence, varieties attracted by this p·ithogen t b 
1 

. 
, mus e rep aced 

by resistant varieties (Rowe 1990). Due to sterility of m t · b 
os 11nportant anana and 

Plantain varieties, genetic improvement through conventiotlal b d' • • l ree mg 1s senous y 
hampered (Swennen and Vuylstake 2001, Tenkouno and Swennen 2004). Hence, 

genetic engineering of bananas and plantains is needed. The choice of candidate 

tissues for genetic engineering in banana is restricted to meristematic tissue and 

embryogenic cell suspensions. 

The term callus refer to tissue arising from the disorganised proliferated of cells from 

segments (explantsf of plant organs. Callus formed during in vitro culture has some 

similarities to tissue arising iu vitro injury to plants so called wound callus. However, 

there often are differences in morphology, cellular structure, growth and metabolism 

between callus derived through tissue culture and natural wound callus. It has now 

been well established that any tissue can be changed into callus, if it is cultured on a 

suitably defined medium under controlled conditions. Callus formation is controlled 

by the level of plant growth regulators (auxin and cytokinins) in the culture medium 

concentrations of the plant growth regulators can vary for each ,plant species and can 

even depend on · the· source of ex plant or individual pl_ant culture conditions 

(temperature, light etc.) are also important in cultures will be used to study protoplast 

isolation, cell type, cellular selection, somatic cmbryogenesis, organogenesis and 

secondary production. 

't' ons of the nutrient medium, However, many factors such as genotypes, composi 1 

. t . humidity and endogenous supply physical growth factors such as light, tempera me, 

11 • duction (Pierik 1987). For callus of growth regulators are important for ca us 111 

. . 'th 1any species. On the contrary, for 
culture of dicot plants there are many iepmts wi 11 • 

. b 1· d that callus induction is very difficult, because monocot plants, 1t has been e 1eve ' 
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they have no secondary growth which O . 1 . ccu1 s t 1rough the activity of vascuiar 
cambium (Maeda 1980). Smee it is sometimes d·rr 1 ' 

. 1 icu t to form callus tissue with 
1110110cotyledons embryos, young leaves seed!" . . 

. ' mg 01 vci Y young flower initials are 
often resorted to as startmg material. A few gen .. 1 . 1 f . . 

. · . CI '1 i u es or the 111duction of somatic 
embryos m banana are g1 ven below: 

I. A high auxin concentration is often re .. d f . . . quu e 01 embryo 111duct1on, for 
further ·development of the embryos th· 1 Id b 1 . 1s s 1ou e owered or 111 some 

cases it should be completely eliminated from the medium. The auxin 

2,4-D is very important for embryogenesis. Cytokinin does not have a 

vital role in this process. 

II. Light generally promotes embryogenesis although it can take place at 

low irradiance or even in darkness with some species. 

III. High tem~eratures are normally favourable for somatic embryogenesis; 

some plants (especially anther cultures) require a cold shock to initiate 

the formation and further development (germination) of the embryos. 

The first report of somatic embryogenesis in Musaceae was that Cronauer and 

Krikorian (1983), wlio obtained somatic embryos from cell suspensions derived fro:n 

apices cultured in vitro. Sterility and polyploidy of banana and plantain the 

development of new varieties through conventional breeding programs remains 

difficult. Due to these problems, new strategies consisting of tissue culture and 

molecular biology techniques to complement breeding programs have been 

undertaken (Murfett and Clarke 1987). 

For several years, different techniques such as somatic embryogeneisis and cellular 

suspension cultures have made it possible to obtain banana and plantain plar,ts 

development in vitro (Escalant and Teisson 1989, Novak e~ al. 1989, Dhed'a et al. 

1991, Chou Tou Shii et al. 1992). 

In ·bananas and plar,tuins cell suspensions have been obtained from various explnnts, 

h • d Krikorian 1988 Escalant and Teisson 1989, sue as Zygotic embryos (Cronauer an ' ' 
. d leaf sheaths (Novak et al. 1989). Proliferous 

Marroquin et al. 1993) rhizome an ' 
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meristems (Dhed 'a et al. 199 I), immature male flow (M 
1 

. 
ers a 99 I, Grapm et al. 

1996 Cote et al. 1996) and recently immature fem· l fl . 
' . a e owers (Grapm et al. 1998). 

Each method has tts own limitations, rende1ing the t· bl' I . 
es a 1s 1ment of Musa 

embryogenic cell suspension still far from routine (S h f: l . 
c oo set a. 1999). Smee most 

edible banana cultivars rarely set seeds zygotic einbryos ru· t· 1. . d 
• e o 1m1te value as 

starting material. The scalp -methodology relies on proliferating me1istem cultures as 

ex.plants. This involves an extensive mate1ial preparation phase preceding induction 

of embryo genesis. In contrast, the staiting material for the widely used male flower 

technology can be collected directly from flowering banana plants. However, in 

vmious types of Musa the male pa1t of the axis is sho1t lived, and no male bud, or 

only a degeneratirg male bud, is present. The plantain group (AAB) is well known 

for its important floral m01phological heterogeneity (De Langhe 1961, Tezenas et al. 

1983). Degeneratbg male bud are also present in other groups: AA (Samba Comoro 

Islands), non-plantain AAB (subgroup Maia Maoli, Pacific region), and ABBB (Klue 

Teparod Asia). This can be overcome by the use of female flowers as alternative 

explarits, but results in loss of the bunch and is therefore difficult for large scale use. 

However, somatic embryogenesis was obtained by cultming young male flowers of 

different genomic groups of sweet and cooking bananas. The originality of this 

methods is characte1ized by its application to a large range of genotypes and by the 

introduction of temporary immersion system as a very· efficient propagation 

technique (Esc alant et al. 1994 ). 

1n the present study male flower buds cultured of five cultivars of banana were 

cultured onto MS medium supplemented with different concentration of 2.4-D, 1 

mg/1 NAA, IAA and 1 mg/1 biotin, showed enlargement of the floral primordia and 

the development of whitish embryogenic callus, after 2-3 months of inoculation. The 

1 d I d nb1yos 011 the surface and the smear emb1yogenic callus showed severa eve ope ei 
. h d , ·Iy stages of embryo development. preparations of the callus tissues s owe ear 

. 1· d fu ther by subculturing onto BAP in 
Globular embryos could be mult1p 1e 1 • . 

. d' At least a certain percentage of somatic 
combination 2 mg/I IM m MS me ium. 

. . d I plantlets when the emb1yos were 
embryos induced gennmat1on to eve op , 

. M I vitamins contained BAP and IAA. 1 he 
subcultured onto MS salts with ore 
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embroyo derived pl_ant of alls banana cultivars wer 
. e successfully transplanted to field 

and grown to matunty. 

The methods proposed by Cote et al. (1996) and G.. . 
1 ,ipm et al. (1996) take between 

four and seven months just for the fonnation of c 11. . h . , 
a I wit embryogemc structures 

and a fu1ther two months for the establishment f 11 . ' 0 ce suspensions. Fmthennore it 
is necessary to take into account that the embry . ' ogen1c response of male flowers 
cultured on semisolid medium was low. Escalant t l (1994) e a · repo1ted that O to 
7% of the explants had calli with embrvogenic stmctui·es 1·n f" b 1 • J 1ve anana cu t1vars 

including 'Grande Naine'. Daniels et al. (2002) repoited _a success rate of 6.5~ 

with the hybrid FHIA-21 (AAAB). With 'Grande Naine', the mean was 8% 

(Strosse et al. 2003). Khalil et al. (2002) obtained better results (58.8%) but with 

the cultivar 'Brazilian dwarf' (AAB). Moreover, the proportion of embryogenic 

cell suspensions established from ideal embryogenic calli was between 10% and 

30% in 'Grande Naine'. 

The levels of ger:nination of somatic embryos obtained after being in a maturation 

medium were on average 80.5%, a value higher than the 40.6% gennination rate for 

the hybrid FHIA-18 on semisolid culture medium obtained by Ba1Tanco (2001) and 

the 49.3% for the cultivar 'Navolean' (AAB) obtained by Cabrera (2001). Esca!ant 

et al. (1994) obtained between 60% and 70% genuination in different cultivars with 

a system of temporary immersion of type RITA and Navairo et al. (1997) 2.5% 

germination in 'Grande Naine'. Daniells et al. (2002) obtained high gennination 

rates (82.5%) of somatic embryos for the hybric. FHIA-21 using a maturation 

medium before gem1ination. 

Tissue culture induced genetic variability, popularly known as somaclonal variation, 

has been observed in many plant species (Larkin and Scowcroft_ 1981, Meins 1983, 

Swertz 1991, Kmp 1991). Many studies on Musa have also demonstrated that 

• d ing in vitro culture (Vuylsteke el 
somaclonal variation is ve1y common occunence m 
al., 1991, Daniells and Smith 1992, Smit!: et al. 1993, Cote et al. 1993, Hwang and 

Tung 1995, Reuvini et al. 1996, Wnlther el al. 1997• Khuyut el al. 2004), 
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somaclonal variation in the form of different h 
1 

. 
morp o og1cal defonnities were also 

observed among the field grown in vitro cultu. d . . 
ie enved plants m the present study. 

This study also reveals that occurrence of d'ff . 
· 1 erent types somaclonal varients were 

more frequent among somatic embiyo derived pl· t 1. . . • 
an popu at1ons of all five banana 

cultivars than those of shoot-tip culture derived 1. . 
P ant populations. Occurrence of 

dwarf off-types plant was very common in higher fre 
O

h . 
. . quency. t er morphological 

charactenst1cs such as, defom1ed hands petiole de~oi,n· t' d h 
1 , •' a ion an s ort eaves were 

found to be linked with dwartism. In addition colour mod't• . t' f'J : 1ca 10n o eaves, stem or 
edges of petioles, vmiations in inflorescence morphology in the fotms of fruit size 

and shape along with bunch morphology were noticed. 

In the previous study, somaclonal vaiiations in tissue culture deiived banana 

population have mainly been observed in plant size, inflorescence morphology, limb 

thickening, high leaf area index, vruiegated limbs, colour modification on stem and 

petiole edges etc (Stover 1987, Israeli et al. 1991, Maiie 1992, Achard and Auboiron 

1992, Smith 1988, Vuylsteke et al. 1991, Smith et al. 1993, Reuveni et al. 1996). 

These results of occunence of somaclonal variation in banana due to tissue culture 

ru·e concomitant with the finding of present study. 

Introduction of in vitro culture allowed production of pathogen free plants and 

widened the genetic variability of existing banana cul ti v,,rs, as a result of somaclonal 

variation (Daniells and Smith 1992, Reuveni et al. 1996, Walther et al. 1997, Khayat 

et al. 2004). At tl~e same time due to the vmiation that occurs duiing the in vitro 

propagation, plants of the same cultivar selected in different locations often differ in 

same characteristics. In the previous studies somaclonal va1iations in banana and 

plantain was evaluated in me1istem culture deiived micropropagated plant 

population. In the present study somaclonal vaiiations among shoot-tip culture 

deiived plants are less frequent. Plant regeneration from meiistem culture takes 

longer period than shoot-tip culture. Therefore, the high incidence of off-type plants 

produced by banana meristem culture may be due to the longer duration in tissue 

culture and high number of cycles in the multiplication phase of the meiistern culture 

(Khayat et al. 2004). Moreover, in the present study the high frequency incidence of 

· b yo deiived banana plants is also resulted somaclonal va1iations among somatic em 1 
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from prolong inct1pation period from culture ind f 
. uc ion to plant regeneration. In 

induction of embryogemc callus from immature mal fl 
e ower took very long lag 

Period (7-14 months). Somatic embryo ind t' d 
uc ion un plant development from 

somatic embryo took another 40-45 days A b . f . . . 
· num ei o .ded1fferentiat1on and 

redifferentiation processes are involved during plant re . 
1 

• 
generation t 1rough somatic 

embryogenesis. On the other hand, plant regeneration oc .. d. d .· . . . , cm I e m mg mtact shoot-lip 
culture through the activities of pre existing shoot ap'ic 1 • h , a menstem t at help to 
maintain "true-to-typeness" among the clones of the source plants. 

In the pr_esent study, the average yield performance (bunch wt./plant) of somatic 

embryo derived plnnts is in general lower than shoot-tip culture derived plant. 

However, somatic _embryo derived plants in all 5 banana cultivars exhibited very 

wide range of variations in bunch wt. and number of hands/bunch. Even some of the 

somatic embryo derived somaclonal variation exhibited better yield performances 

than those of shoot-tip culture derived plants. This results el!ucidated that genetic 

variation of banana cultivars could be widen further through the use of somatic 

embryo derived plants that could open an opportunity for selection of elite clones. 

Improvement of banana cultivar by somaclonal variation W!lS first demonstrated by 

Hwang and Ko (1988) who selected somaclones resistant to Fusarium oxysporum. 

These clones were further improved by somaclonal variation for better field 

performances (Hwang and Ko 1990, Hwang and Tang 1995, Khayat et al 2004) 

reported significant improvement of yield (bunches/hectare) performa!1ce of Grande­

Naine through the selection of somaclonal varients. 

In spite of the work reported here on somaclonal variation in banana, the genetic aspects 

of this phenomenon are unknown. The lack of understanding _of the genetic evants 

leading to somaclonal .variation puts severe constrains on procedure of tissue cultured 

banana plants. At the same time it opens an opportunity for selection and improvement 

· I • t · p ·esent study shows that use of shoot of new cul ti vars with better agronomic c 1ill ac ei s. 1 . 
· be · · · the incidence of somaclonal vaiiation for culture for micropropagat1on. may m1mm1ze 
• · p • I • ·e the high incidence of somaclonal 

banana cultivars included 111 this study. u1t 1e111101 , 
· · · • . d I • er] somatic embryogenesis could be used in 

vanal10ns among the plants regeneiate t 11 ouo 1 

breeding programme f~r improvement of banana cultivars. 
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J.6. SUMMARY 

Immature male flowers of cultivars Sabari M 1 • • . • 
, e 1e1 sagai, Rang1nsagar, Jahaji and 

Agniswar were surface sterilize by dipping · ti, 1 tn e 1ano (70%) for one min and 

cult1,1red onto semisolid MS medium supplemented w"tl d"ff . 1 1 t erent concentrations 
and combinations of 2,4-D, BAP, IAA NAA a d I /I b" · 

' n mg rntrn. The cultures were 

incubated dark at 25± l °C for 4-7 months Tile It . • cu ures were monitored 

Periodically and after· the emergence of somatic einbi·yos th · It d" h ' , e cu ure 1s es were 

transferred to light (2000 lux, 16 h/day). Fully developed heart and torpedo 

shaped embryos were individually transferred to germination medium that 

consisted of MS salts + Morel vitamins and supplemented with different 

concentrations of BAP (0.1-1.0 mg/I) with 2 mg/I IAA. Induction of callus from 

the male flowers and subsequent somatic embryogenesis were found to vary with 

culture media fon~ulations and also with banana genotypes. Among the different 

media formulations 4 mg/I 2,4-D + I mg/I each of IAA, NAA and biotin was 

found to the most effective growth regulator formulation for callus induction and 

growth. Among the five cultivars male flowers of Sabari was found to show the 

highest response lo callus induction and subsequent embryo formation. Somatic 

embryos when individually transferred to germination media, were continued their 

root and shoot differentation and eventually developed· to mini plant. Somatic 

embryos of all five-banana cultivars were dedifferentiated into plantlets. 

However, extent of plantlet regeneration was also found to vary with BAP level 

and banana genotypes. Among the three BAP level 0.5 mg/I was found most 

effective in embryo germination. The highest degree of somatic embryo 

germination (70%) was noticed in cv. Sabari. 

The embryo derived plantlets after proper acclimatization ~ere transplanted to 

field and were grown to maturity along with shoot-tip culture derived plants as 

control. The embryo derived and shoot-tip culture derived plant were assessed for 

, · · · · different morphological and yield 
the occurrence of somaclonal variation using 

as'
, dwa1·f off-type plants, leaf abnormality, stern colour, 

related characters such, 
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phyllotaxy, inflorescence abnormality, bunch wt./plant, no. of llands/bunch and 

no. of fingers/hand. OccuJTence of somaclonal variation as manifested from the 

presence of various abnonnalities in morphological characters, was very high 

among the somatic embryo derived plants than shoot-tip derived plants. The 

extent of incidence of somaclonal variation among the somatic embryo derived 

plants was to vary with genotypes. The highest incidence of somac!onal variation 

was noticed in cv. Agnisawar (58%) followed by cv. Sabari (44%). Somatic 

embryo derived plants of all banana cultivars at maturity also exhibited wide 

range of variation in yield (bunch wt./plant) and yield contributing characters. 
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