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INTRODUCTION

Banana (Musa sp.) is one of the most important tr-oplical fruits
of the world. India ranks second in area under this crop (3.39
lakh ha), with an annual production of 61.76 lakh tonnes. Kerala
is one of the major banana growing tracts in India, occupying an
area of 0.66 lakh hectares; with a préduction of 4.92 lakh tonnes,
The polyclonal, homestead system of banana cultivation prevalent
in Kerala is unique, and the poor management in homesteads is one
of the reasons attributed to the.low productivity of banana in the
State. 'Nendran' (Musa AAB 'Nendran') is the most popular dual
purpose variety grown in Kerala. The incidence of bunchy top virus
disease, and infestation of nematodes and other pests are the major

production constraints of this variety,

Breeding of new banana varieties by sexual crossing is impeded
by bhigh sterility, polyploidy poor seed set and low germination
percentage of hybrid seeds. In a crop like banana where natural
variability is limited through - continuous vegetative propagation,
in vitro methods can be used with advantage to induce variability.
Studies on mutation indgction for genétic improvement of banana
based on in vitro techniques were initiated at the International Atomic
Energy Agency Laboratories at Vienna in Australia (Novak et al.,
198%.. Meristem tip culture is the widely used technique to regene-

rated in vitro plantlets for micropropagation and mutation breeding.



Callus proliferation and cell suspension; more recently,
somatic embryos and subsequent regeneration of plantlets from seeded
diploids have been achieved in banana (Novak et al., 199‘1)-. Format-
ion of adventitious shoots by somatic organogenesis, especially
through a callus phase increases the chances of variability (Skirvin
and Janick, 1976). Similarly, variability can be achieved through

repeated subculturing (Pierik, 1987).

Any genetic variation obtained in 'Nendran' variety through
in vitro culture may be useful as selection could be made for
desirable characters such as a shorter stature of the plant, higher
yield, better colour of the bunches, lesser duration and more

resistance to diseases and pests.

The present studies were undertaken to produce in vitro plant-
lets of Musa (AAB) 'Nendran' the most popular cultivar of Kerala,
through the. methods employed to induce variability namely, repeated

subculturing, somatic organogenesis and embryogenesis.
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REVIEW OF LITERATURE

Clonal propagation of plant species through tissue culture
is based on the concept of cell totipotency derived from the cell
theory that Schleiden proposed 3 1238 The origin of plant tissue
culture could be traced to the earliest studies by Haberlandt (1902),

who aseptically cultured single cells on a liquid medium supple-

mented with sugar.

In the recent years, remarkable progress has been made in
the application of tissue culture methodology for mass clonal
propagation of several economically important plant species. Genetic
improvement of such crops will benefit the economy of the country
(Moses, 1984). Cell culture techniques have been useful on several
fronts in crop Improvement programmes. An often cited advantage
of cell culture is the provision for a more efficient means of select-
fon to enhance thé rate of recovery of desirable variants (Scowcroft,

1977).

Skirvin and Janick (1976) observed considerable variation
among plants (calliclones) regenerated from cell cultures of scented
geranium (Pelargonium sp.). They concluded that tissue culture
techniques may have special uses for the plant breeder and should

provide an additional method to increase intraclonal variation.



The term 'Somaclonal variation' has been coined to describe
the variability commonly found among plants that have been
regenerated from tissue culture (Larkin and Scowcroft, 1981). It
appears to be a general phenomenon resulting from growth through

a callus phase. Variability can also be induced by repeated subcult-

uring (Pierik, 1987).

The micropropagation technique for cultivated Musa is well
established (De Guzman et al., 1980; Cronauer and Krikorian, 1986;
Jarret et al., 1985; Vuyllsteke and De Langhe, 1985). Off-types
produced by somaclonal variation have been reported in dessert
banana Musa AAA group, 'Cavendish' (Reuveni et al., 1985; Hwang,
1986; Stover, 1987) and in plantain (Ramachandran et al., 1985},
Such variation is significant in relation to the potential role of
tissue culture in genetic manipulation and plant breeding programmes.
In some cases, it may be possible to exploit this variation directly
for breeding purposes; in other instances it may be an undesirable
complicating factor. The applications of tissue culture techniques
will, therefore, be influenced by the amount of variability or
uniformity that can be expected in plants regenerated from cultured
tissues or single cells. In banana, where the natural variability
is limited by continuous clonal propagation, somaclonal variation

can be used to advantage.

Maddock and Semple (1986) reported field assessment of soma-

clonal variation in wheat. More than B00 wheat lines derived from



plants regenerated in tissue culture have been grown in field trials
comparable to those in the standard plant breeding programme. The
majority of lines were healthy, uniform and similar to seed derived
control material. However, examples of wvariation in the regenerated
lines were also observed, the most noticeable differences being

those in height and morphology.

In sugarcane, variants have been observed for disease
resistance (eye spot disease, Fiji virus disease, downy mildew and
smut), stalk number, sugar content, sugar yield and leaf traits,
characters which are of concern in plant improvement. In Taiwan,
Liu and Chen (1976) found that one particular somaclonal variant
had a substantial improvement over its donor parent for both cane
and sugar yield and, in addition, out-yielded Taiwan's best cultivar

by 16 per cent.

Somaclonal variants in rice have been reported for characters
such as number of fertile tillers per plant, average panicle length,
frequency of fertile seed, plant stature and flag leaf length (Henke

et al., 1978) among the regenerants from rice callus.

In banana, somaclonal variations have ‘been induced by subject-
ing the explants to regenerate through a callus phase by somatic
organogenesis/embryogenesis and through prolonged subculture. The

relevant literature on this aspect is reviewed here.



2.1 Direct organogenesis through enhanced release of axillary buds

Swamy et al. (1983) observed that, shoot tips isolated from
rhizomes of. the banana cv. Robusta were suitable material for plant-
let production in vitro., Excised shoot tips with the youngest leaves
produced only one plantlet but shoot tips with several order sheath-

ing leaf bases enclosing axillary buds, regenerated multiple plantlets.

Cronauver and Krikorian (1984) reported the establishment
of rapidly multiplying cultures from excised shoot tips of two dessert
banana clones and two plantain clones. Apices cultured on semisolid
media produced single shoots while apices placed in liquid media
produced shoot clusters. Individual shoots were induced to form
multiple shoot clusters by splitting the shoot longitudinally through

the apex. Shoot multiplication was stimulated by 5 mg BA per litre.

Aaquine (1989) observed a five fold multiplication rate every
six weeks when lateral and terminal buds of cv. Giant cavendish
was cultured on basal medium supplemented with 2 mg IAA and 3

mga BA per litre.

In banana, reinitiation of vegetative growth from floral apex
explants was reported by many workers (Rao et al., 1982; Rowe,
1984; Cronauer and Krikorian, 1985; Bakry et al., 1985; Balakrishna-
moorthy and Sreerangaswamy, 1988; Swamy and Sahijram, 1989;

Drew et al., 1989; Aravindakshan, 1989).



Cronauer and Krikorian (1985) observed reinitiation of
vegetative growth from aseptically cultured terminal floral apex
of banana. Terminal floral apices were Iisolated and cultured on
modified MS medium (supplemented with - BA 5 mg per litre) and
10 per cent coconut water. Under these conditions, the determinate

floral buds were transformed into multiplying vegetative shoot systems.

Swamy and Sahijram (1989) cultured excised floral apices
of three banana cultivars viz. ‘'Chandrabale', ‘'Rasthali' and ‘'Robusta‘
on MS medium supplemented with cytokinins and auxins. The cultures
reverted to vegetative state and produced a mass of green leafy
shoots which were kept in a state of active growth by repeated
subculturing. They had also found that the male flower clusters
at different stages of development located on the p‘eduncle subtending
and distal to the meristematic zone reverted to vegetative state

when cultured in vitro.

Drew et al. (1989) reported the applicability of floral apex-
as an explant for multiplying banana plants in wvitro. For culture
initiation MS medium supplemented with 160 g per litre adenine
sulphate, 2 mg per litre IAA and 2 mg per litre kinetin was used.
Shoot proliferation was achieved when MS medium was supplemented

with 5 mg per litre BA.



2.1.1 Somaclonal variation through repeated subculturing

In banana much work has not been reported regarding this

aspect.

A banana shoot stock {Colla AAA 'Dwarf Cavendish') was
produced and maintained in vitro by means of successive subcultures
(Rodriguez et al., 1987). The propagation rate registered on
subsequent subcultures was irregular and even in the same subculture
each explant had different number of shoots. They concluded that
this variability in the multiplication rate may be due to the
difference in morphology and organogenic . capacity of shoqt
structures, utilization of protocorm like shoot structures, and also
due to shoots obtained from old stem fragments or from lateral

buds.

2.2 Somatlc organogenesis

Somatic organogenesis can be direct or callus mediated (Evans
et al., 1981). Although callus may be obtained from virtually any
species, only in some can plants be regenerated. Even when totipotent
callus has been obtained, extended proliferation by repeated subcult-
uring may result in the reduction and eventual loss of the regenerative
capacity. Reduction in shoot forming ability is often paralleled by

an increase in the proportion of polyploid or aneuploid cells (Smith

and Street, 1974).

The potential usefulness of callus in propagation lies in the



possibility of extending the base for adventitious shoots or embryo
production. The principal disadvantage compared to clonal
pmpagation. is the genetic variation developing in many of the
component cells. However regenerated variants can be used to comple-

ment the existing natural variability (Hussey, 1986).

Although several investigators have attempted to establish
callus and subsequently, cell suspensions of bananas, this work
has met with very limited success. Mohanram and Steward (1964),
working the plugs of tissue from immature and mature  but
preclimateric fruits, obtained callus-like growth using a number
of growth regulators. When these were transferred to liquid medium,
slow growing suspensions were established. However, the culture
proved to be non-morphogenic. Rao ;s;_t al., (1982) have
reported the establishment of callus cultures from discs of the
inflorescence axis. The callus could be induced to form roots, but
no shoot or bud formation was oObserved. When a single shoot is
placed on the appropriate semi-solid medium, callus is formed at
the shoot base. If liquid medium is used instead, the resulting
cell suspensions can be subcultured and they can go on to produce
small piece of nodular callus which in turn, go on to produce
somatic embryos (Cronauer and Krikorian, 1984). Bakry and Rossignol
(1985) tried various explants of banana for analysing the callus
formation and organogenesis; only floral or inflorescence tissues

produced calli, but no organogenesis occurred.



Shoot tip was also taken as an explant in callus induction
studies of banana (Jarret et al., 1985; Cronauer and Krikorian,

1986; Huang and Chi, 1988; Dhed et al., 1991).

Cronauer and Krikorian (1986) observed adventitious shoot
production from calloid cultures of multiplying shoot cultures of
triploid dessert clones (Philippine Lacatan, Grande Nai‘ne) cultured
on MS media with added iron, sucrose, myoinositol and growth
regulators. Round compact calli were prqduced by all cultures in
the presence ‘of 0.5 mg PCPA per litre. Although roots were induced

by removing the kinetin, no shoots or plantlets were recovered.

Vigorous development of callus was achieved when the medium
was supplemented with picloram and solidified with gelrite {Huang
ana Chi, 1988) which also eliminated tissue and medium discolourat-
ion. A small proportion of the callus cells displayed the normal

chromosome number 2n = 33, the majority being variable aneuploids.

Jarret et al. (1985) reported that spherical callus masses
were developed on the surface and within leaf base explants of
banana. Transfer to hormone free medium, resulted in rapid enlarge-
ment and elongation of globular masses. However, shoot formation

from these elongated structures was never observed.

2.3 Somatic embryogenesis

Sharp et al. (1982) reported the application of somatic



embryogenesis for crop improvement. Progress in the release of
improved crop varieties has been facilitated by developing protocols
for high f_r"equency somatic embryogenesis. Two general patterns in
vitro embryo development were reported, (1) Direct embryogenesis
from tissues, marked by absence of callus proliferation _and (2)
Indirect embryogenesis in which callus proliferation occurs prior
to embryo development. Direct embryogenesis proceeds from pre-
embryogenic determined cells while indirect embryogenesis requires
the redetermination of differentiated cells, callus proliferation and
differentiation of induced embryogenic determined cells (I.E.D.C.).
Somatic embryogenesis will be useful for the improvement of crops

and for the recovery of novel genotypes.

Somatic embryogenesis was clearly described in carrot
(Reinert, 1959; Halperin and Whetherell, 1964). Reviews on somatic
embryogenesis were reported by many workers (Sharp et al., 1982;
Cronauer and Krikorian, 1983; Banerjee et al., 1985; Fitchet, 1987;

Novak et al., 1989; Fitchet-Purnel, 1990; Dhed et al., 1991).

Cronauver and Krikorian (1983) observed somatic embryos from
cultured tissues of triploid plantains (_M_uia_.ABB). Somatic embryoids
of triploid clones, Saba and Pelipita were produced in liquid culture
medium from cells derived from multiplying shoot tip cultures. Green

somatic embryoids formed orily in medium containing 2,4,5-T.



Banerjee et al. (1985) observed somatic embryogenesis in
Musa. Thin meristematic layers excised frc;m proliferating shoot
tip cultures of Musa ABB cv. Bluggoe produced callus when cultured
on MS basal medium supplemented with other auxins and cytokinins.
The proembryoids obtained from 2,4-D containing medium produced
only roots, while those from 2,4,5-T containing medium regenerated

bipolar embryoids.

Fitchet (1987) observed somatic embryogenesis in callus of
Dwarf Cavendish banana. The rate of proliferation and friability
of the callus produced increased with the number of subcultures.
The callus was maintained on the same medium and transferred at
monthly intervals, as a result numerous embryoids and single plant-

lets have been produced.

Novak et al. (1989) obtained somatic embryogenesis and plant
regeneration in suspension cultures of dessert and cooking bananas.
Proembryogenic calll were initiated from basal leaf sheaths and
rhizome tissue on modified Shenk and Hildebrandt (SH) medium with

30 uM 3,6-dichloro-2-methoxy benzoic acid (Dicamba).

Fitchet-Purnel (1990) obtained embryo like structures from
banana suspension cultures. The explants were taken from plantlets
produced in vitro from pseudostem apices. Attempts to induce

further development of the embryos into plants were unsuccessful.



Plant regeneration was obtained (Dhed. et al., 1991) when
embryogenic cell suspension cultures were established from meristems
cut from pmliferating'cultures of shoot tips. Embryogenic globules
matured and germinated in the presence of BA or zeatin. Plantlets

were then transferred to semisolid medium and eventually to soil.
2.4 In vitro cytological changes

There are several mechanisms which might give rise to soma-
clonal variation (Skirvin, 1978; Chaleff, 1981; Shepard, 1981; Larkin
and Scowcroft, 1981). These include ploidy changes, nuclear fragment-
ation, inter and intra chromosomal inter changes, somatic crossing
over ahd sister chromatid exchanges, gene amplification and trans-

posable genetic elements.

Evidences from cytological and molecular studies show that
the plant genome is relatively unstable and subject to various
changes in developing somatic tissues. Larkin and Scowcroft (1981)
"reported numerical or structural changes in chromosomes in .associat-
ion with in v_ii;r_q regeneration of plants. Numerical changes have

been observed in callus cultures of several crops (Evans and Sharp.

.1983).

According to D'Amato (1975), polyploidy: occured in the
differentiated tissues of 90 per cent of all plant species. Gene

amplification has been shown to occur in plants grown in stressful



environments (Cullis, 1975). More than 75 per. cent of DNA sequences
consists of repetitive DNA which is particularly susceptible to
change (Flavell, 1984). The variability reflected either pre-existing
cellular genefic differences or tissue culture induced variability

(Evans et al., 1984).

D' Amato (1984) studied nuclear cytology of tissue cultures.
When meristems or other plant explants were cultured on hormone
containing media, callus may be formed and genetic wvariation would
arise. Callus and suspension cultures were reported to be reservoirs
of wvariation, whose extent partially depended on external factors
(especially the hormone component of the medium, type of culture
and culture regime), and partially on intrinsic factors (eg. genetic

constitution of the species, origin of the explant).

Variation in chromosome structure and number in plant cells
during in vitro tissue culture was investigated by Singh (1984),
In banana, minute chromosome size as well as low regeneration

potential of the callus has limited the cytological evaluation.

In Pinus sp. chromeocsomal variation in the callus was studied

by Kim and Park (1986). Excised mature embryos of Pinus koraiensis

were plated on a media supplemented with growth regulators - 0.1
mg per litre NAA (M-1); 0.1 mg per litre NAA and 2,4-D (M-2);
0.1 mg per litre 2,4-D and BAP (M-3), 0.1 mg per litre 2,4-D and

kinetin (M-4). Cytological study of the callus showed that the



occurrence of diploid cells was observed to a level of 52 per cent
in M-3 and 36 per cent in M-4 media. The stable chromosome state
-is a crucial factor for organogenesis. Therefore, it can be inferred
that ‘the callus tissues cultured on media supplemented with both

auxin and cytokinin have the greatest possibility of organogenesis.
2.5 Field evaluation of somaclonal variation

Field evaluation of in vitro grown banana Wwas
done by several workers. (Ventura et al., 1988; Vuylsteke et al,.,
1988; Robinson, 1989; Robinson and Nel, 1989; Robinson and Anderson,

1990; Vuylsteke and Swennen, 1990 and Israeli et al., 19%%).

Ventura et al. (1988) observed somaclonal variation in micro-
propagated bananas. Clones of genomic group ABB were evaluated
in the field. Among the plants, 10.4 per cent showed somaclonal
variation in bunch characters (number of hands per bunch, shorter
fruits, increased fruits per bunch and atrophied fruits) and 19.6

per cent showed variation in plant height.

Plants derived from a clone Americani (group AAA, sub group
Cavendish) included variants which ranged in heighf between Dwarf

Cavendish and Grande Naine.

Vuylsteke et al. (1988) found phenotypic variation among
in vitro propagated plantain (Musa sp. cultivar AAB). Observations

of the first crop and the successive ratoon indicated five different



cycle time. The tissue cultured plants were, taller with a greater

stem circumference and vigour.

Vuyl.steke and Swennen (1990) observed variation in inflores-
cence types in African plantains. Along with variation in inflcrescence,
they exhibit variation in degree of female fertility, pseudostem
characters, petiole- and bract colour, leaf and growth habit. Much

of this somaclonal variation was enhanced in vitro.

Quantitative aspects of somaclonal variation was reported
by Israeli et al. (1991). Somaclonal variants of seven in vitro
propagated banana cultivars were expressed in plant stature,
abnormal leaves, pseudostem pigmentation, persistance of flowers
and split fingers, Dwarfism was the most common variant indicated
by mutation of intermediate height cultivars to a dwarf stature and
in one case of a iow statured cultivar to an extra dwarf stature.
The second most common group of variants were characterised by
different degrees of thick and rubbery narrow leaves with variable
pale green mottling (mosaic). These variants observed in the

Cavendish sub group and in cv. Red were suspected to be aneuploids.
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MATERIALS AND METHODS

The present investigations on - the IiInduction of genetic
variability in Musa sp. var. Nendran by in vitro methods, were
carried out in the. Department of Pomology and Floriculture and the
Plant Tissue Culture Laboratory attached to the All India
Co-ordinated Floriculture’ Improvement Project (AICFIP), College of
Horticulture, Vellanikkara during 1991-93. The details regarding
the experimental methods and analytical techniques adopted are

presented in this chapter.

In the present study the explants from the banana variety
Nendran (Musa AAB ‘'Nendran') were regenerated through a callus
phase by_ somatic organogenesis/somatic embryogenesis and through
prolonged subculture cycles. The different stages involved are

illustrated in Fig.1.

3.7 Selection of explant

The explants used for the study and the routes tried are

given below.

Route Explant
Enhanced release of axillary Shoot tip (the main apical bud
buds collected from a five month old sword

sucker of banana).

Eye bud (the main apical bud coll-
ected from the small buds seen

on the sides of the mother rhizome
of banana),



Fig. 1. In vitro cloning procedure in banana
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Somatic organcgenesis/ Shoot tip (the main apical bud
embryogenesis collected from a five months old
sword sucker of banana)

Flower base

Inflorescence axis

Embryonic leaves

Scalp (Meristem isolated from
proliferating shoot tip)

3.1.1 Collection and preparation of explant

Shoot tip explants for enhanced release of axillary buds
were collected from five month old sword suckers grown in the
field. Suckers after separation from the mother rhizome were
detopped and were reduced to a size which measured about 5 cm
in length retaining a small portion (1 cm length) of the rhizome
tissue. In the case of eye bud explants, small buds seen on the
surface of the mother rhizome were removed using a sharp knife
without injuring the central bud, also retaining a small portion of

the rhizome tissue.

Shoot tip, flower base, inflorescence axis, embryonic leaves
and the scalp were the explants used for induction of somatic organo-
genesis. Collection and preparation of shoot tip explants was same

as in the case of enhanced release of axillary buds.

For inflorescence axis explants, the male bud were collected

from the distal end of the peduncle after the completion of the



female phase of the bunch. The subtending bracts of the floral apex
with their associated hands of female flowers were removed one
by .one in a stepwise manner until they became too small to be
removed by hand. Tender parts of the inflorescence axis were used
for culturing. In the case of flower base explants also the male
buds were collected, and the subtending bracts of the floral apex
were removed one by one, until the male bud became small., The
tender flowers were then selected. Embryonic leaves were collected
from 3-5 month old peepers. Scalp explants were collected from

proliferating shoot tips under culture (in vitro}.

The explants (except scalp) after collection were immediately
taken to the laboratory, where they were washed thoroughly in tap
water to remove all the dirt and soil particles adhering to them.,
After drying :chem in between folds of tissue paper, they were again
washed with sterile distilled water, further sterilization procedures
were carried out under perfect aseptic conditions in a 'Klenzaids'
laminar air flow cabinet. The explants except scalp were then
subjected to surface sterilization using different chemicals as given
in Table 1. As the scalp tissues were taken from in vitro grown

shoot tips, they were not subjected to surface sterilization.

The explants after surface sterilization were rinsed four times
with sterile distilled water and dried by carefully transferring

them on to sterile filter paper placed over a sterile petri dish.



Table 1. Treatments given for surface sterilization of explants

Explant Sterilant Concentration Duration
(%) (minutes)
Shoot tip and Mercuric chloride 0.1 10
eye bud
y ‘s 0.1 20
Emisan 0.1 20
1 0.1 30
Emisan + | 0.1 30
Norfloxacin + Q 0.2 10
Mercuric chloride i 0.1 20
i .1 30
1y g .1 20
)8 .1 20
| .1 30
K % .1 30
4 .1 20
Flower base, Emisan W1 10
Embryonic leaves 1 20
and Inflorescence 1 '
axis - .1 30
Alcohol 70.0 1 sec
' 70.0 1sec




Sterilized shoot tips were ’fur'ther rreduced in size by
trimming down the cut surface of the rhizomatous tissues and leaf
bases, using sterilized scalpel and forceps. Inflorescence explants
were sliced into pieces of about 0.5 cm in length and 1 cm in
breadth before  inoculation, In the case of flower base explants,
tender flowers were selected from male buds after sterilization and
the base -of the flower was excised from the other parts using a
scalpel. For culturing of leaves, sections of about 5 mm were
isclated and .inoculated into the culture medium. Scalp tiséues were
excised from proliferating shoot ‘tips using a needle and forceps

(sterilized).

After the preparations, all the explants were cultured into

appropriate media.

3.2 The media

The culture media used for the study was MS {Murashige
and Skoog, 1962), SH (Shenk and Hildebrandt, 1972) and LS (Linsmaier
and Skoog, 1965). The chemical composition of the media is given

in Table 2.

The chemicals used for preparing the culture media were
of analytical grade from British Drug House (BDH), Siséo Research

Laboratories (SRL), Merck or Sigma.



{AAB) "Nenaran' tlssue culture

Amount {mg/1)

Ingredlents
ms®" SH LS
Macronutrients
KN03 1900.0 2500.0 1900.0
NH4N03 1650.0 - 1650.0
(NH 4) 250, - - -
KH2PO4 170.0 - 170.0
N§H2P04.H20 - - -
NH4H2P04 - 300.0 -
M9504.7H20 370.0 400.0 370.0
CaC12.2H20 440.0 200.0 440.0
Micronutrients
H:,’BO3 6.200 5.00 6.200
MnSOa.HZO - 10.00 -
MnSO4.4H20 22,300 - 22.300
ZnSO4.7H20 8.600 1.00 8.600
NaMoOA.ZHZO 0.250 0.10 0.250
Cu504.5H20 0.025 0.20 0.025
CoClZ.GHZO 0,025 0.10 0.025
KI 0.830 1.00 0.830
Fe504.7H20 27.800 15.00 27.800
NazEDTA 33.600 20,00 33.600
Vitamins
Thiamine.HCl 0.10 5.00 -
Pyridoxine.HCl 0.50 0.50 -
Nicotinic acid 0.05 5.00 -
Others
Glycine 2,00 - -
Myo~inositol 100.00 1000.00 -
Sucrose 30.00 30.00 -
pH 5.80 5.50 -

®MS - Murashige and Skoog (1962}
*SH - Shenk and Hildebrandt (1972) Schenlk
*LS - Linsmaier and Skoog (1965)

*Ms? - Murashige and Skoog media containing full concentration of
inorganic salts and organic growth factors



Standar'-d procedure (Gambor‘g. and Shyluk, 1981) were followed
for the preparation of MS media. Stock solutions of major and minor
nutrients . were prepared first by dissolving the required quantity
of chemicals in double distilled water and were stc'>r‘ed under
refrigerated conditions in amber coloured bottles. The stock solution
of nutrients were prepared fresh every four weeks and that of
vitamins, amino acids and growth regulators were prepared fresh

avery week.

Specific quantities of the stock solutions of chemicals and
growth regulators were pipetted out into a 1000 ml beaker. Sucrose
and inositol were added’ fresh and dissolved. The volume was then
n;ade upto about 1000 ml by adding double glass distilled water.
The pH of the solution was adjusted using an electronic pH meter.
The pH was adjusted in between 5.5-5.8. Agar was then added to

the medium and the final volume was made up exactly to 1000 ml.

For the preparation of LS media, specific quantities of macro
and micro nutrients were pipetted out from the stock and required
quantities of growth regulators and sucrose were added into the
same, volume was made upto about 1000 ml by adding double
distilled water. The pH of the solution was adjusted between 5.5-5.8.
Agar was then added to the medium and the final volume was made

up exactly to 1000 ml.



SH media was prepared by weighing ' out required quantities
of major and minor nutrients and were dissolved in double distilled
water, growth regulators and sucrose were added, then the volume
was made upto about 1000 ml by adding double distilied water.
The pH of t}'1e solution was adjusted between 5.5-5.8. Agar was then
added to the medium and the final volume was made up exactly

to 1000 ml.

The solutions were then melted by keeping in a water bath,
maintained at a temperature of 90-95°C. The medium (@ 15 ml) was
poured hot to the oven sterilized culture vessels which were
previously rinsed twice with double distilled water., The containers
with the medium were then tightly plugged with nonabsorbent cotton
wool plugs. Borosil ‘bran_d test tubes and corning brand conical

flasks were the containers used.

In order to ensure aseptic condition of the medium, the
containers plugged with cotton were autoclaved for 15-20 minutes
at 15 psi pressure and 121°C temperature {(Dodds and Roberts,
1985). After sterilization, ~the culture vessels were immediately

transferred to the culture room.
3.3 Preparation and inoculation of explants

All the inoculation operations were carried out under perfect

aseptic conditions in a 'Klenzaids'! laminar air flow cabinet.



To inoculate the explants on the culture medium, the cotton
wool plug of the culture vessel was removed and the vessel neck
was first flamed over a gas burner kept in the chamber. The sterile
explants, were quickly transferred into the medium, wusing sterilized
forceps. The neck of the culture vessel was once again flamed and

the cotton wool plug quickly replaced.

The culture vessels were then transferred to a cult'ure room
where . they were incubated at a terﬁperature of 27+2°C, Ar'tificial.
illumin&ition was provided using cool white fluorescent lamps. The
light intensity was maintained at 2000 lux. Photoperiod was fixed

as 16 h per day} which was regulated by a diurnal timer.

To reduce media and explant discolouration, different treat-

ments were given to explants, the details of which are given below,

Treatment Levels
1. Adding ascorbic acid into 15, 30, 50 mg per litre
the media
2. Adding activated charcoal 250, 500, 750 mg per litre

into the media

Observation on the percentage of cultures without media and

explant discolouration were made on ten explants per treatment after

four weeks of culturing.



3.4 Enhanced release of axillary buds

3.4.1 Culture establishment (Stage 1)

In order to study the morphogenic response of banana explants
in culture, the most widely accepted MS medium (Murashige and
Skoog, 1962) was tried (Table 6 and 7)., This medium contained
only the i)asal salts (macro and micro), vitamins and sucrose as
reported in the original publication. This was supplemented with

cytokinins and auxin at various concentrations.

Explant Treatments

Shoot tip 4 x 2 combinations of BA (2.5, 5, 7.5, 10 ppm)

and NAA (1, 2 ppm)

|
)
Eye bud g 4 x 2 combinations of kinetin (2.5, 5, 7.5, 10
ppm) and NAA (1, 2 ppm)

Observations on the number of days taken for culture
establishment and culture elongation were made after four weeks

of culturing.

3.4.2° Culture proliferation (Stage 2)

All the trials on stage 2 were carried out on MS (1962)
media. Explants used for induction of axillary shoots were 30 mm
long shoots from establishment culture. The details of the trials
on standardisation of basic proliferation medium utilising growth

regulating substances. viz. cytokinins and auxin are presented below.



Explant Treatment

Shoot tip 1§ MS? + 3. x 2 combination of BA (5, 7.5, 10 ppm)
I and NAA (1, 2 ppm)
'} oy,

Eve bud I Ms & 3 x 2 combination of BA (5, 7.5, 10 ppm)
b and NAA (1, 2 ppm)

Observations on percentage of cultures developing shoots and
number of shoots produced per culture were recorded on three repli-

cations after four weeks of culturing.
3.4.2.1 Effect of continuous subculturing on the multiplication rate

Regular subculturing of the proliferated shoots on to medium
containing high concentrations of BA was found to increase the
number of shoots per culture. A trial was conducted to assess the
multiplication rate of shoots, on continuous subculturing at two weeks
interval in ten serlal subcultures., Semi-solid MS medium containing
BA 5? ppm and NAA 1 ppm and cultures derived from shoot tip
explants of 'Nendran' were used for the study. Observations were
recorded on three replications per treatment on the number of shoots
produced per culture and the percentage increase in number of

shoots over the initial culture.

3.4.2.2 Proliferation of calloid

Calloid (bhard, greenish globular structure which resemble

callus) obtained from shoot proliferation media (MSb + BA 10 ppm)



was subcultured into different combinations of auxin and cytokinins

for further proliferation.

Explant Treatment

Calloid MS™ + BA 5 ppm + NAA 1 ppm
5y + KIN 5 ppm + NAA 1 ppm

yy + basal

MS™ + BA 5 ppm + NAA 1 ppm
vy + KIN 5 ppm + NAA 1 ppm

+y + basal

Observations were taken after four weeks of culturing on the

number of buds/culture and percentage of culture producing shoots.

3.4.3 In vitro rooting and acclimatization (Stage 3)

3.4.3.1 In vitro rooting

All the trials on in vitro rooting were conducted on half
and full strength MS medium. Shoots (2 to 3 cm length) excised
from shoot proliferating cultures were used for these trials. AC
@ 0:.05 per cent was a commén factor in all treatments. The different
levels of auxin (NAA) tried for rooting of banana shoots were 2,

5 and 10 ppm.

Observations on the percentage of cultures showing root initiat-
ion, number of days grequired for root initiation and the number

of roots produced per shoot were recorded.



3.5 Somatic organogenesis
3.5.1 Culture establishment (Stage 1)

3.5.1.1 Effect of media

For callus initiation, experiments were carried out using

different media and explants under various conditions as given below.

Culture Media Explant Treatment
condition
Light mMs? semi solid -
Liquid
b : s Embryonic leaves 2,4-D 5 ppm +
MS™ semi solid. Scalp (in vitro) BA 1 ppm
Liquid
SH semi solid
Liquid
LS semi solid
Liquid
Dark MS? semi solid
Liquid
MSb semi solid
Liquid Embryonic leaves 2,4-D 5 ppm +
Scalp (in vitro) BA 1 ppm

SH semi solid
Liquid
LS semi solid

Liquid

Observations on percentage of culture survival, time taken
for callus initiation and percentage of culture initiating callus were

recorded after four weeks of culture.



3.5.1.2 Effect of explants

Explants (scalp and embryonic leaves) were cultured in MSb
medium supplemented with various concentrations of auxin and

cytokinin which are presented below.

Media Treatments

msP 2,4-D (5, 7 ppm) + BA (1 ppm)

2,4,5-T (5 ppm) + BA (1 ppm)

Observations were recorded on the response of explant on
culture establishment after four weeks of culturing, as the mean

of ten cultures.
3.5.2 Culture proliferation (Stage 2)

The treatments tried for the study is given below.

Media Treatments

Ms? and MSb 4 x 1 level of 2,4-D (5, 7, 2, 1 ppm) and

BA (1 ppm)

3 x 1 level of 2,4,5-T (5, 2, 2.5 ppm} and
BA (1 ppm)

All the cultures were kept under illuminated conditions. The
explants showing response in the culture establishment were used

for the study. The following observations were recorded.



3.5.2.1 Percentage of cultures initiating callus (P)

After four weeks of culturing, the number of cultures showing

response ocut of five culiures was noted and recorded as percentage.
3.5.2.2 Growth of the callus (G)

It was assessed based on a visual rating (with score 1 to
the smallest and score 4 to the largest callus). The mean score

was expressed as the growth score.

3.5.2.3 Callus index (CI)

It was computed by multiplying per cent explants initiating

callus (P) with the growth score (G).

3.5.3 Callus differentiation -

Explants which produced callus were subcultured into the
callus differentiation media. Half and full MS media were used as
media, supplemented with 3 levels of 2,4-D (1, 2, 5 ppm)} 3 levels
of BA (1, 5, 10 ppm) and the basal media. Both liquid and semi-
solid consistency ‘of the medium was tried. Response was noted after

four weeks, values were taken as the mean of five cultures.

For callus differentiation, MS media was supplemented with
varying levels of nitrate source (NH[‘NO3 - 1.65 g, KNO3 - 1.90 g was

changed to %, full and 13 the quantity present in the media). Response

was noted as the mean of five cultures after four weeks.



3.6 Somatic embryogenesis

As maximum callusing was noted from scalp, this was taken
as the explant for somatic embryogenesis. The method described

by Dhed et al. (1991) was followed (Fig. 2).
3.6.1 Culture establishment (Stage 1)

~ Explants were cultured in MSb {liquid) medium supplemented

with 2,4-D 5 ppm and BA 1 ppm.

Observations were recorded on the response of explant on

culture establishment after four weeks of culturing, as the mean

of ten cultures.
3.6.2 Callus initiation and embryogenesis

Cell suspensions have been initiated from cv. Nendran using
explants excised from the upper part of - the proliferating meriste-
matic shoot tips. The explants (scalps) were inoculated in liquid
medium with the mineral salts of Murashige and Skoo9: but with
half strength macroelements and iron, 3 per cent sugar, 5 uM BA.
The cultures were maintained at 26£2°C under 16 h light. Then
suspension in maintanence was sieved and after sedimentation, 1 ml
transferred Iinto liquid medium deveid of growth regulators and
cont.aining 100 mg inositol. Embryonic globules were transferred to

a medium containing cytokinin (MS + BA 1 ppm).
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3.7 Planting ocut and hardening

Hardening treatments for in vitro banana plants were already
standardised in the previous' study conducted by Bhaskar (1991).
The best treatment among them was adopted for the hardening of
the developed plantlets. In this method, the control of temperature
and maintenance of relative humidity during acclimatization.was also
achieved by covering the plantlets with transparent pla‘stic
microscope covers having 60 cm height and 45 cm diameter at the
base. Spraying of cold water (12:2°C) at an interval of three hours
during day time using a hand sprayer with fine mist nozzle enabled
to maintain high relative humidity (90-100 per cent) and mild

temperature (26:x3°C) inside the plastic cover.

As the pretransfer hardening treatment, the plantlets were
kept in distilled water for 8 h followea by 8 h in MS liquid

medium under microscope cover.

The following obser'-vations. were recorded on the growth

parameters of in vitro grown banana plantlets at the time of: planting.

3.7.1 Plant height

Length from collar region to the tip of the plantlets was

recorded and expressed in cm.

3.7.2 Number of leaves per plant

The total number of leaves produced by a plantlet was counted

and recorded.



3.7.3 Length of the longest leaf

Length was taken from the base to the tip of the leaf and

expressed In cm.

3.7.4 Number of roots per plant

The total number of roots per plantlet was counted and recorded.

3.7.5 Average length of the root

Length of the root was measured from the collar region to

the tip and the mean length was expressed in cm.

3.8 Containers and media

3.8.1 Containers

Black plastic cups were used as containers for planting out

the plantlets.

3.8.2 Potting media

In order to study the effect of the potting media on the

growth of plan-tlets the plantlets were planted in different potting

media.

1. Sand

2. Perlite : Manufactured by KEL Perlite, Bangalore

3. Soilrite : A mixture of peat moss, vermiculite and perlite

marketed by KEL Perlite, Bangalore

4. Cocopeat t A proprietary compound containing decomposed peat
and coir dust produced by Langalee Ltd., Bangalore



Biofibe : Peat free soil less growing mix manuiuvwured by
Red Sander's, Bangalore

The . potting media after wetting were autoclaved at 15 psi
for 30 min to make it free from soil born pathogens. Small plastic
bowls with sufficient holes for drainage were used for filling the
media. The containers were drenched with a weak solution (0.05
per cent) of Bavistin, The plantlets were then planted in the potting

media and subjected to post planting treatments.

Observations of plantlets grown in different potting media
were recorded on characters. such as the percentage of survival,
height of the plant, total number of leaves, days taken for leaf
production after transplanting and the length of the longest leaf.
Observations were taken at 10 days interval, and a total of four
observations were taken, as the mean of four plantlets in each

potting media.
3.9 Assessment of somaclonal variation

In order to study the morphological variations among' the
plantlets derived from different subcultures, they were maintained
separately 1n different plastic pots. Sterile sand was used as the
medium. Observations like survival percentage, height of the plant,
number qf leaves, length of the leaves, breadth of the leaves and

the girth of the plantlets at weekly intervals were recorded.



3.9.1 Cytological evaluation

Root tips from in vitro plantlets of different subcultures
were exciséd for the cytological evaluation of banana plants which
was carried out to identify whether any change in .chromosome

number has arisen due to repeated subculturing.

Root tips were excised from the plantlets just before
transplanting between 7.30 am - 8.00 am. Root tips were then kept
in a fixative (alcohol : acetic acid in 3 : 1 ratio). After 8-10 h,
they were taken out, washed in distilled water and kept for
hydrolysis in 1 N HCL for 10 min at 60°C. After hydrolysis they
were again .washed and finally kept in a staining solution (fulgen
stain) for an hour. Squash preparations of- the root tips were then
observed wunder a microscope, and the somatic chromosomes were

counted.
3.9.2 Growth parameters

Plantlets from different subcultures were planted out in sand,
which was found to be the best medium and observations were
recorded at 15 days interval on growth parameters such as the plant
height, girth, number of leaves, length and width of the 3rd leaf
and the variations in these morphological characters were noted.,
From the observations, the difference in growth rate with respect

to plant height and leaf area were also found.



3.10 Statistical analysis

The data from the various experiments were statistically

analysed as per. Panse and Sukhatme (1985).
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RESULTS

The results of the investigations on the induction of wvariability
in Musa (.AAB) 'Nendran' by in vitro methods, are presented in

this chapter.
4.1 Surface sterilization of explants

The data on the surface sterilization of two types of explants
viz., shoot tip and eye: bud using varicus sterilants are presented
in Table 3 and the data on the surface sterilization of the other
three types of explants viz., flower base embryonic leaves and

inflorescence axis are presented in Table 4.

In the case of shoot tip explants, of the various sterilants
tried, treatment with norfloxacin (0.1 per cent) for 30 minutes, gave
better sterilization than mercuric chloride and/or emisan alone. An
initial dipping of shoot tip explant in emisan (0.1 per cent) for
30 minutes, foll-owed by dipping in norfloxacin (0.1 per cent) for
30 minutes and - finally rinsing of shoot tip in mercuric chloride
(0.1 per cent) for 20 minutes resulted in the least rate of
contamination (11.66 per cent) and the maximum percentage of explant

survival (88.33 per cent).

For eye bud explants, an initial dipping in emisan (0.1 per
cent) for 30 minutes followed by dipping in norfloxacin (0.1 per

cent) for 30 minutes and finally in mercuric chloride (0.1 per cent)



Table 3. Standardisation of surface sterilization methods for shoot tip and eye bud explants of Musa (AAB)

"Nendran' a
Basal medium - MS
i Shoot tip Eve bud
Concen- Duration - . -
Sterilant tration (minutes) Contami- Survival Contami- Survival
) (%) nation nation
(%) - (%) (%) (%)
1. Mercuric chloride 0.1 10 100.00 100.00 -
Mercuric chloride 0.1 20 53.33 46.66 58.33 41.67
3. Mercuric chloride -0.2 10 100.00 100.00 -
Emisan 0.1 20 65.00 35.00 71.66 28.34
Emisan 0.1 30 55.00 45.00 61.66 38.34
6. Emisan + 0.1 30 &
Norfloxacin + 0.1 10 ] 45,00 55.00 33.33 66.67
Mercuric chloride 0.1 20 §
7. Emisan + 0.1 30 | k
Norfloxacin + 0.2 10 § 38.33 61.66 51.66 48.34
Mercuric chloride 0.1 20
8. Emisan + 0.1 30 I
Norfloxacin + 0.1 20 | 26.66 73.33 43,33 56.67
Mercuric chloride 0.1 20§
9. Emisan + 0.1 30 ]
Norfloxacin + 0.1 30 i 11.66 88.33 20.00 80.00
Mercuric chloride 0.1 20 1

¢’



Table 4. Standardisation of surface sterilization methods for flower base, embryonic leaves and *
inflorescence axis of Musa {AAB) 'Nendran'

Basal medium - MS‘-a

E ml:iryonic leaves

Inflorescence axis

Sterilant . Concent- Duration Flower base .

ration Contami- Survival Contami- Survival Contami- Survival

nation nation nation

(%) (%) (%) (%) (%) (%) (%)
Emisan 0.1 10 min 100 0 81.7 18.3 100.00 0.00
Emisan 0.1 20 min 0 100 70.0 30.0 51.67 48,33
Emisan 0.1 30 min a0 10 100.00 0.0 100.00 0.00
Alcohol 70.0 1 sec 100 0 20.0 80.0 100.00 0.00
Alcohol 70.0 2 sec 100 0 100.0. 0.0 100.00 0.00

Culture period - Four weeks
Values taken as average of four observations
*MS medium containina full concentration of both inorganic salts and organic growth factors

£y’



for 20 minutes resulted in the least rate of contamination (20 per

cent) and the maximum percentage of explant survival (80 per cent).

The ' results of the surface sterilization of flower base,
embryonic leaves and inflorescence axis explants indicated that
(Table 4) among the different concentrations 'of emisan and alcohol
tried for flower basé explants, treatments with emisaﬁ (0.1 per
cent) for 20 minutes recorded maximum survival (100 per cént).
For inflorescence axis explants also, the same treatment resulted
in maximum survival (48.33 per cent) and minimum contamination
(51.67 pér‘ cent). In the case of embryonic leaves, dipping in
alcohol for one second recorded maximum survival (80 per cent)

and minimum contamination (20 per cent).

4.2 Discolouration of media and explants in in vitro culture of banana

Addition of activated charcoal (500 mg per litre) to the
medium, resulted in maximum percentage of culture survival (42.00)
and maximum percentage of culture, without media and explant dis-
colouration (100), than all other treatments (Table 5). Also it was
observed that the treatment was on par with ascorbid acid
50 mg per litre. Among the different concentrations of ascorbic
acid tried, 50 mg per litre was found to be better for maximum
culture survival (31 per cent) and minimum media and explant

discolouration (22.33 per cent) than the other treatments.



Table 5. Effect of medium supplements on the discolouration of media and explant in in vitro cultur'g of

Musa (AAB) 'Nendran' ' a®
Media - MS™ + BA 5 ppm + NAA 2 ppm

" Explant Treatments Concen- Death of culture Death of culture Survival . Nature of
tration due to contami- due to discolou- (%) discolouration
(mg/1) nation ration
(%) (%)
Shoot tip Ascorbic 15 61.67 38.33 0.00 Explanf and media
acid turned dark brown
colour
Shoot tip Ascorbic " 30 47.33 34.70 18.00 ’s
acid
Shoot tip Ascorbic 50 43.33 22.33 31.00 .
acid
Shoot tip Activated 250 50.00 46.67 ©3.33 Partial darkening of
charcoal v explant and media
Shoot tip Activated 500 58.00 0.00 42.00 No discolouration
charcoal
Shoot tip Activated 750 68.33 3.33 28.33 Slight darkening of
charcoal the explant
CD (0.05) 5.9 10.13 9.93
SEmt 2.7 _4.67 4,58
Culture period - Four weeks

Average of three replications
*MS medium containing full concentration of both inorganic salts and organic growth factors

C% v



4.3 Enhanced release of axillary buds

4.3.1 Culture establishment (Stage 1)

In order to standardise a suitable culture establishment medium,
trials were conducted with different levels of cytokinins (BA and
kinetin) and auxin (NAA) in MS (semi-solid) medium using excised
shoot tip and eye bud explants. All the explants which were not
contaminated turned green within a period ranging from 8 to 29/. days
depending upon the kind and concentration of growth regulators and
the type of explant used. The results of the experiments are

presented below.
4.3.1.1 Effect of BA and NAA

Establishment of the cultures occurred in all the eight combi-
nations of NAA and "BA‘ (Table 6). Shoot tip explants took 8.33 to
24.33 days and eye bud explants 14.33 to 26 days for culture
establishment. Tﬁe treatment combination involving NAA 2 ppm +
BA 5 ppm was significantly superior to all other treatments. Under
this treatment, shoot tip and eye bud explants took minimum number
of days (8.33 and 14.33, respectively) for culture establishment.
The treatment was on par with that of media with NAA 2 ppm +
BA 7.5 ppm, in whi;:h culture establishment occurred within 10.33

and 16.33 days for shoot tip and eye bud explants respectively.

Culture elongation occurred in all the eight treatments. Shoot

tip explant took 16.33 to 32.33 days and eye bud explant 21 to



-]

Table 6. Effect of NAA + BA on culture establishment of shoot tip and eye bud explants of Musa
(AAB) 'Nendran'
Basal medium - MS§2
Shoot tip Ey& bud
Treatments Time taken for Time taken for Time taken for Time taken.for
culture esta- culture elon- culture esta- culture elon-
blishment gation blishment gation
(days) (days) (days) (days)
NAA 1 ppm + BA 2.5 ppm 24.33 32.33 26.00 33.00
NAA 1 ppm + BA 5 ppm 22.33 28.00 21.66 28.67
NAA 1 ppm + BA 7.5 ppm 16.33 22.33 23.00 30.00
NAA 1 ppm + BA 10 ppm 13.00 23.00 21.66 29.33
NAA 2 ppm + BA 2.5 ppm 18.33 27.00 20.66 26.33
NAA 2 ppm + BA 5 ppm 8.33 18.33 14.33 21.00
NAA 2 ppm + BA 7.5 ppm 10.33 16.33 16.33 22.33
NA 2 ppm + BA 10 ppm 13.33 18.66 19.66 26.33
CD (0.05) 2.81 1.79 2.73 2.33
SEmz 0.91 0.78

0.94 0.60

Culture period - Four weeks
Values taken as average of three replications
*MS medium containing full concentration of both inorganic salts and organic growth factors

Ly 59



33 days for culture elongation. Treatment combination involving
NAA 2 ppm + BA 7.5 ppm registered minirr;um number of days for
elongation in shoot tip explants. For eye bud explants, treatment
combination involving NAA' 2 ppm + BA 5 ppm recorded minimum
number of days for culture elongation, and this was on par with

the treatment NAA 2 ppm + BA 7.5 ppm.

4.3.1.2 Effect of KIN and NAA

"Establishment of cultures occurred in all the eight combinat-
ions of NAA and KIN tried (Table 7). Shoot tip explants took 11
to 23.33 days and eye bud explant 12.66 to 26 days for culture

establishment.

Treatment combination involving® KIN 10 ppm + NAA 2 ppm
was significantly superior to all other treatments. It was observed
that with this combination, shoot tip and eye bud explants took
minimum number of days only (11 and 12.66 respectively) for culture
establishment. T;"eatment combination involving NAA 1 ppm + KIN 2.5
ppm recorded the maximum number of days (23.33 and 26 respectively)

for culture establishment of the shoot tip and eye bud explants.

For culture elongation, shoot tip explant took 17.66 to 30
days and eye bud explants 19.66 to 32.67 days. Treatment combination
involving NAA 2 ppm + KIN 10 pﬁ;m was significantly superior to
all other treatments for culture elongation. It was observed that

this treatment combination registered the minimum number of days



Table 7. Effect of NAA + Kinetin on the establishment of culture of shoot tip and eye bud explants

of Musa (AAB) 'Nendran' a*
Basal medium - MS™ .

Treatments Shoot tip Eye bud

Time taken for Time taken for Time taken for . Time taken for

culture esta- culture elon- culture esta- culture elon-

blishment gation blishment gation

(days) (days) (days) (days)

NAA 1 ppm + KIN 2.5 ppm 23.33 30.00 26.00 32.67
NAA 1 ppm + KIN 5 ppm 20.00 27.33 21.66 29.00
NAA 1 ppm + KIN 7.5 ppm 21.33 29.33 23.00 29.66
NAA 1 ppm + KIN 10 ppm 17.33 23.66 21.00 28.66
NAA 2 ppm + KIN 2.5 ppm 16.33 22.66 18.00 25.33
NAA 2 ppm + KIN 5 ppm 14.33 20.33 16.33 23.33
NAA 2 ppm + KIN 7.5 ppm 14.00 21.00 16.66 23.33
NAA 2 ppm + KIN 10 ppm 11.00 17.66 12.66 19.66
CD (0.05) 1.97 2.51 2.03 2.03
SEmz 0.66 0.84 0.68 0.68

Culture period - Four weeks
Average of three replications
*MS medium containing full concentration of inorganic salts and organic growth factors



i the shoot
(17.66 and 19.66 respectively) for culture elongation of

NAA 1 ppm + KIN 2.5 ppm for both shoot tip and eye bud explants.

In Musa (AAB) ‘Nendran' among the different concentrations
of growth regulators tried for culture establishment and elongation,
the treatment involving NAA 2 ppm + BA 5 ppm registered the
minimum number of days '(8.33 and 14-3:9,{respectively) for culture
establishment of the shoc;t tip and eye bud explantsY Also it was
observed that the treatment combination involving NAA 2 ppm .,_ BA
7.5 ppm registered the minimum number of days (16,33) for culture
elongation of shoot tip explants and_for' eye bud explants, the
treatment combination involving NAA
the minimum number of days (19.r
shoot tip explants which had sho! earljgn

esponse to
establishment than that of eye bud bants Culture
elongation as well in both the trialsy,,

o)
ted fOp Cultur-
ment of Musa (AAB) Nendran. e

4.3.2 Culture proliferation (Stage 2).

The results of the detailed
OndUCted

establishment medium and to arrive
for the induction and growth of

hoots
combinations of auxin (NAA) and cl Usj



media and the use of BA alone In the same media using different
explants namely shoot tips and eye buds are presented in the Table

8,
4.3.2.1 Shoot tip

There was no significant difference among the treatments tried
with regard to percentage of cultures developing shoots. The percent-
age of culture developing shoots were maximum (78.33) in the treat-
ment combination involving mMs? 4+ NAA 1 ppm + BA 5 ppm, MS® + NAA
1 ppm + BA 10 ppm and MSb + NAA 2 ppm + BA 5 ppm. All the
treatment combinations developed multiple shoots, the numt;er ranging
from 1.33to 8.66.The maximum number of shoots (8.66) was produced
by the treatment involving MSb + NAA 2 ppm + BA 10 ppm which
was on par with MSb + NAA 1 ppm + BA 10 ppm, MS® + NAA 2 ppm

+ BA 7.5 ppm and MS® + NAA 2 ppm + BA 10 ppm.

Hard greenish coloured globular callls like structures namely
calloids, ‘were formed in the treatment involving mMs® + BA 10 ppm.

Regeneration of calloid was observed in the same media (Plate 1a).
4.3.2.2 Eye bud

The percentage of cultures developing shoots was maximum
(80) at the treatment combination involving MS® + NAA 2 ppm +
BA 7.5 ppm. The number of shoots- produced per culture ranged
from 1 . to 5. The maximum number of shoots was produced in

treatment involving MS® &+ NAA 2 ppm + BA 5 ppm. Calloid formation

was not observed ‘in any of the treatments.



Table 8. Effect of BA alone and in combination with NAA on culture
proliferation of Musa (AAB) 'Nendran’ o
Basal medium - MS

Shoot tip Eye bud

Treatments Culture Shoots/ Culture Shoots/

developing culture developing culture

shoots (No.) shoots (No.)

(%) - (%)

MsT + NAA 1 ppm + BA 5 ppm 78.33 5.00 53.33 3.00
Ms% 4+ NAA 1 ppm + BA 5 ppm 76.66 5.66 60.00 3.33
Ms? + NAA 1 ppm + BA 7.5 ppm 70.00 6.66 73.33 4.33
Ms® s+ NAA 1 ppm + BA 7.5 ppm 73.33 6.66 68.33 2.33
MS® + NAA 1 ppm + BA 10 ppm 78.33 7.33 78.33 3.66
MS® + NAA 1 ppm + BA 10 ppm 75.00 8.33 73.33 2.66
Ms? + NAA 2 ppm + BA 5 ppm 71.66 6.66 63.33 5.00
MS® + NAA 2 ppm + BA 5 ppm 78.33 6.00 70.00 3.33
Ms® + NAA 2 ppm + BA 7.5 ppm 70.00 8.33 68.33 4.00
MS® + NAA 2 ppm + BA 7.5 ppm 71.66 7.66 80.00 2.66
'MS® + NAA 2 ppm + BA 10 ppm 68.33 8.33 66.66 3.33
MS® + NAA 2 ppm + BA 10 ppm 76.66 8.66 76.66 2.66
mMs? + BA 10 ppm 63.33 1.33 68.33 1.00
Ms® + BA 10 ppm 75.00 2.33 66.66 1.66
D (0.05) NS 2.3 14,19 1.56
SEms 5.9 1.13 6.9 0.76

Culture period - Four weeks
Observation taken as average of three replications

*MS media containing full concentration of both inorganic salts and
organic growth factors

*HS h’\&d;& CGHI'QI'm'm ,m_“l Peeentunbian L fnavaanie  aalba



The results of the trial conducted so far indicated that shoot
tips and eye buds could be chosen as suité}ble explants for rapid
in vitro propagation of banana as they can be successfully used
for the induction of numeroué shoots within a short period. Of the
14 treatments tried using shoot tip and eye bud explants, it -was
observed that, shoot tip explants, produced maximum number of
shoots (8.66) In the treatment involving MSb + NAA 2 ppm + BA
10 ppm compared to eye bud explants which produced 5 shoots per

culture in the treatment involving MS? + NAA 2 ppm + BA §5 ppm.
4.4 Effect of continuous subculturing

C_ontinuous subculturing was carried out'at two week intervals
to assess the variation induced to cultured plants due to repeated
subculturing., During the culture period there was an increase or
decrease In multiplication rate of axlllary shoots as given in the

Table 9. The plants developed from different subcultures are shown

in the Plates 3, 4, 5, 6, 7, 8 and 9.
4.4.1 Shoots per culture

There was no significant difference among the subcultures
tried with respect to the production of shoots per culture. Maximum
number of shoots (7.4) was recorded at the 8th subculture followed
by the 6th (6.6) and the 5th (6.4)., Minimum number of shoots were
produced (2.2) at the 1st subculture which was closely followed

by the 2nd subculture (2.4).



Table 9. Influence of subculturing at 2 week -interval on multipli-
cation rate of shoot tip explants from the initial shoot
proliferating cultures Musa (AAB) 'Nendran'

. axw
Basal medium - MS

No. of Shoots/culture*  *Increase in number of shoots over
culture . the initial culture (%)
1 2.2 0
2 2.4 16.88
5 3.4 36,00
4 3.2 14,28
5 6.4 52.38
6 6.6 53.49
7 2.8 3.70
8 7.4 5744
9 3.2 23.00
10 3.4 35.99
CD (0.05) NS
SEmz 8.3

Total culture period - 18 weeks
* Average of five replications

*¥*MS media containing full concentration of both inorganic salts
and organic growth factors



4.4.2 Percentage increase in number of shoots

The percentage increase in number of shoots over the initial
culture was estimated and the maximum value (57.44) was obtained
at the B8th subculture followed by the 6th (53.49) and the 5th

{52.38) subcultures.

4,5 Proliferation of calloid

Regenerated calloids (Plate 1b) from the media were
subcultured into different combinations of auxin and cytokinins
(Table 10) and it was observed that all the six treatments
registered cent per cent culture proliferation (Plate IZ). The
maximum number of shoots (4) per ~culture was produced on ms?
+ KIN 5 ppm + NAA 1 ppm and on MSb + KIN 5 ppm + NAA 1 ppm.
The minimum number (2.25) 6f shoots per culture was registered

by the treatment combination involving basal MSb, media.
4.6 In vitro rooting and acclimatization (Stage 3)

The details of the experiment on in vitro rooting are
presented in the Table 11. There was no significant difference
between the media (MS media with full concentration of both
inorganic salts and organic growth factors and MS media with half
concentration of 'organic growth facfors) in the rooting of banana
shoots cultured in vitro. Among the six treatment combinations trie&

with different levels of NAA for rooting of banana shoots in vitro,



Table 10. Effect of different combinations of auxin and cytokinin

on calloid regeneration

freatments Number of Percentage of
buds/ culture
culture producing buds

» .

M3 + BA 5 ppm + NAA 1 ppm 2.75 100

MS2 + KIN 5 ppm + NAA 1 ppm 4,00 100

Ms? + basal 2.50 100
b##

MS™ + BA 5 ppm + NAA 1 ppm 3.20 100

MSP® + KIN 5 ppm + NAA 1 ppm 4.00 100

Ms® + basal 2.25 100

Culture period - Four weeks

Observations are taken as mean of four cultures

i

inorganic salts and organic growth factors

Murashige and Skoog media with full concentration of both

** Mursahige and Skocog media with half concentration of organic

growth factors



Table 11. Effect of NAA + Activated charcoal on the rooting of banana

shoots Musa (AAB) 'Nendran'

Treatments ' Root Days taken Roots/shoot
initiation for root (No.)
(%) initiation
a&'
MS® + NAA 2 ppm + AC 0.05% 100 4.67 3.33
£-2. ] ’
MSb + NAA 2 ppm + AC 0,05% 100 6.00 4,66
MS? + NAA 5 ppm + AC 0.05% 100 14,67 ' 5.67
MS® + NAA 5 ppm + AC 0.05% 100 15.33 3.67
MS? + NAA 10 ppm + AC 0.05% 100 6.33 4,33
MSb + NAA 10 ppm + AC 0.05% 100 4.00 2.67
cD (0.05) 1.81 NS
SEmsz 0.59 0.74

Culture period - Four weeks

Values taken as average of three replications

*MS medium containing full concentration of both inorganic salts and

organic growth factors

**MS medium containing half concentration of inorganic salts and full

concentration of organic growth factors



Plate 1a. Formation of calloids and their regeneration
observed from shoot tip culture of Musa
(AAB} 'Nendran'

Plate 1b. Regenerated calloids






Plate 6. Rooted shoot from 5th subculture

Plate 7, Rooted shoot from 6th and 7th subculture



Plate 2. Proliferation of calloid Musa (AAB) 'Nendran’

Plate 3. Rooted shoot from 1st subculture






Plate 4. Rooted shoot from 2nd and 3rd subculture

Plate 5. Rooted shoot from 4th subculture






Plate 6. Rooted shoot from 5th subculture

Plate 7. Rooted shoot from 6th and 7th subculture






Plate 6. Rooted shoot from 8th and 9th subculture

Plate 9. Rooted shoot from 10th subculture






all the treatments registered cent per cent root initiation.
4.6.1 Days taken for root initiation

Among the treatments tried, treatment combination involving
MSb + NAA 10 ppm +Activated charcoal 0.05 per centregistered
minimum number of days (4.00) for root initiation, which was on
par with the treatmentinvolving MSa + NAA 2 ppm+ AC 0.05 per
cent {4.6? days). The maximumnumber of days (15.33) taken for
root initiation was recorded by the treatment involving MSb + NAA
5 ppm + AC 0.05 per cent. Therefore, it was concluded that, treat-
ments like MSId + NAA 10 ppm + AC 0.05 per centand Mg + NAA
2 ppm + AC 0.05 per cent were significantly superior to the other

treatments tried.

4.6.2 Roots per shoot

There was no significant effect of any of the treatments tried
on the number of roots produced per shoot. The number of roots

produced per shoot ranged from 2.67 to 5.67.

In general, it was observed that the treatment (MSb + NAA
10 ppm + AC 0.05%) which recorded minimum days (4.00) for root
initiation produced lesser number of roots (2.67 roots per shoot).
The maximum (5.67) roots per culture was produced by the treatment
involving MSa + NAA 5 ppm + AC 0.05 per cent, which had taken

14.67 days for culture initiation. Hence it can be concluded that,



the best treatment is that involving MSL + NAA 2 ppm + AC 0.05
per cent, which recorded 6.00 days for root initiation and the
number of roots obtained per shoot was 4.66. So the same treatment
(MSb + NAA 2 ppm + AC 0.05%) was used for rooting of proliferated
calloid shoots also. Rooting occured after sixteen days of culturing.
The number of roots produced per shoot varied from 6 to 8 in all

the cultures.

4.7 Somatic organogenesis
4.7.1 Culture establishment (Stage 1)

4.7.1.1 Effect of different media

The data generated from the trial conducted to assess the
effect of different media on callus initiation Cl»i presented in the

Table 12.

4.7.1.1.1 Effect of MSa media

Maximum survival per cent (90.48 and 85.70 respectively)
for scalp and embryonic leaf explants were recorded at the treat-
ment involving MSa media of liquid consistency kept under dark
condition. The minimum time (10.66) taken for callus initiation from
scalp and embryonic leaf expiants was also recorded for the same
treatment. The same treatment also registered the maximum percent-
age (67.72) of cultures initiating callus in the case of embryonic
leaf explants. For scalp explants, the maximum percentage (75.00)
of cultures initiating callus was recorded for the treatment involving

MSa media of semi-solid consistency, kept under dark condition.



Table 12. Effect of different media on culture

establishment of Musa (AAB)
Media + 2,4-D 5 ppm + BA 1 ppm

Culture media

'Nendran ¢

Survival Time taken for Culture initiat-
Media Media Explant <%) callus initiation ing callus (%)
consistency Light*  Dark™* Light* Dark*  Light* Dark*
Semi-solid . Nil Nil Nil Nil Nil Nil
Liquid Embryonic  leaves Nil 85.70 Nil 10.66 Nil  67.72
MS . .
Semi-solid . 10.6 40.00 14.00 12.00 50.00 75.00
Liquid Scalp from shoot tip Nil 90.48 Nil 10.66 Nil  57.13
Semi-solid . Nil 33.33 Nil 14.00 Nil 50.00
] Liquid Embryonic leaves Nil 96.48 Nil 9.66 Nil  98.66
MS . .
Semi-solid . 20.00 40.50 15.00 13.00 40.00 40.00
Liquid Scalp from shoot tip 50.00 98.83 17.00  7.33  60.00 77.22
Semi-solid . Nil Nil Nil Nil Nil Nil
Liquid Embryonic leaves Nil 36.83 Nil  23.16 Nil  31.66
SH . . - . . . . .
Semi-solid . Nil Nil Nil Nil Nil Nil
Liquid Scalp from shoot tip Nil 46.66 Nil 24.00 Nil  30.83
Semi-solid . Nil Nil Nil Nil Nil Nil
Liquid Embryonic leaves Nil 41.66 Nil ' 23.33 Nil  28.33
LS . . . . . . . .
Semi-solid . Nil Nil Nil Nil Nil Nil
Liquid Scalp from shoot tip 23.33 46.66 29.00  28.66 33.00 31.66
Values were taken as mean of three observations
Culture period Four weeks
* Culture condition
** MS medium containing full concentration of both inorganic salts and organic growth factors
*Kxk

MS medium containing half concentration of inorganic salts and full concentration of organic growth factors



4.7.1.1.2 Effect of MSb media

Maximum survival per cent (98.83 and 96.48 respectively)
for scalp 'and embryonic leaf explants were recorded for the
treatment involving MSu media of liquid consistency and which were
kept under dark condition. The same treatment recorded the minimum
time for callus initiation (7.33 and 9.66 respectively) and maximum

percentage of (77.22 and 98.66 respectively) cultures initiating

callus with respect to scalp and embryonic leaf explants.
4.7.1.1.3 Effect of SH media

The treatment involving SH media of liquid consistency, kept
under dark condition recorded survival percentages of 46.66 and
36.83 respectively for scalp and embryonic leaf explants. Callus
initiation recorded in 24 and 23.16 days respectively while the
percentage of culture initiating callus was 30.83 and 31.66 for scalp
and embryonic leaf explants respectively. No other treatment in

this media showed any response.

4.7.1.1.4 Effect of LS media

For embryonic leaves, the treatment involving LS media of
liguid consistency, kept under dark condition recorded 41.66 per
cent culture survival and 28.33 per cent of cultures initiating callus.
While callus initiation occured within a mean number of 23.33 days.
For scalp explants maximum survival per cent (46.66) was recorded
for the treatment involving LS media of Iliquid consistency kept

under dark condition. The same treatment recorded the minimum



number of days for callus initiation. The treatment involving LS
media  of liguid consistency kept under illuminated condition

registered the maximum percentage (33) of cultures initiating callus.

Among the media tried for callus initiation with different
explants, MS”® media recorded maximum survival for scalp and
embryonic leaf explants (98.83 and 96.48 respectively) as well as
the minimum time for callus initiation (7.33 and 9.66 respectively)
and the maximum percentage of cultures initiating callus (77.22 and
98.66 respectively) for scalp and embryonic leaf explants. From
the above trial it was also observed that liquid consistency of the
medium and the dark culture condition were favourable for culture

establishment of banana,

4.7.1.2 Effect of growth regulators

Data generated from the trial conducted to assess the effect
of auxins and cytokinins on the culture establishment of shoot tip,
embryonic leaf and scalp explants is presented in Table 14. The
media used was MS”, which was identified as the best media from
the previous trial conducted to assess the effect of media on culture

establishment.

4.7.1.2.1 Survival per cent

Among various treatments tried, the treatment involving 2,4-D

5 ppm and BA 1 ppm registered the maximum percentage of culture



Table 14. Effect of different combinations of auxins and cytokinin on the

culture establishment of various explants
(AAB) 'Nendran’

of banana Musa

Medium - MS

Culture establishment
Ex plant Treatments Survival*  Culture* Days taken*
(%) initiating for callus
callus initiation
(%)

2,4-D 5 ppm + BA 1 ppm 44.73 23.33 27.00
Shoot tip 2,4-D 7 ppm + BA 1 ppm 27.83 13.80 31.33

2,4,5-T 5 ppm + BA 1 ppm 36.43 20.96 34.66

2,4-D 5 ppm + BA 1 ppm 96.46 98.66 9.66
Embryonic 5 4 5 7 ppm + BA 1 ppm 98.16 62.50 10.66
leaves

2,4,5-T 5 ppm + BA 1 ppm 96.26 69.98 9.33

2.4-D 5 ppm + BA 1 ppm 98.66 77.22 7.33
Scalp from

4- BA 1 m 75.06 98.16 7.33
shoot tip 2.4-D 7 ppm + PP
(in vitro) 2,4,5-T 5 ppm + BA 1 ppm 80.40 96.33 8.33
CD (0.05) 9.29 2.72 2.72
SEmz 3.13 0.91 0.91

Culture period - Four weeks
Culture condition - Dark

»

* Observation taken as avera'ge of three replications

** MS medium containing half concentration of inorganic
concentration of organic growth factors

salts and full



survival (44.73 and 98.66 respectively) in the case of shoot tip
and scalp explants. The same treatment was on par with the treat-
ments involving 2,4-D 7 ppm + BA 1 ppm (75.06 per cent) for scalp
explants and 2,4,5-T 5 ppm + BA 1 ppm (80.40 and 36.43 per cent
respectively) for scalp and shoot tip explants. For embryonic leaves
the maximum survival percentage (98.16) was recorded for the

treatment involving 2,4-D 7 ppm + BA 1 ppm.

4.7.1.2.2 Cultures initiating callus

All the treatments tried had a significant effect on the
different explants with respect to callus initiation. The maximum
percentage of cultures initiating callus was recorded for the treat-
ment involving 2,4-D 5 ppm + BA 1 ppm for shoot tip and embryonic
leaf explants (23.33 and 98.66 respectively). With 2,4-D 7 ppm
+ BA 1 ppm, a percentage of 98.16 of cultures initiating callus was

obtained. O Stoy

4.7.1.2.3 Time taken for callus initiation

Days taken for callus initiation varied from 27 to 34.66 days
for shoot tip explants, 9.33 to 10.66 days for embyonic leaves and 7.33
to 8.33 days for scalp explants. Treatment involving 2,4-D 5 ppm +
BA 1 ppm recorded the minimum number of days (27,00) for culture
establishment of shoot tip explants. For embryonic leaves, the treat-
ment 2,4,5-T 5 ppm + BA 1 ppm registered the minimum number

of days (9.33) for culture establishment. Treatments like 2,4-D



5 ppm + BA 1 ppm and 2,4-D 7 ppm + BA 1 ppm recorded minimum

days (7.33) for culture establishment of scalp explants.

4.7.1.3 Effect of explant

The response of various explants of banana var. Nendran
to the treatments tried for callus initiation are summarised in the

Table 13.

Among the various explants tried, embryonic leaf (Plate 10)
and scalp explants (Plate 11) recorded maximum callusing. Inflores-
cence axis and flower base explants did not show any response to
various treatments for callus initiation. Embryonic leaves recorded
maximum callusing in the treatment combinations of 2,4-D 7 ppm
+ BA 1 ppm and 2,4,5-T 5 ppm + BA 1 ppm. Scalp explants
recorded maximum callusing at the treatmentsinvolving 2,4-D 5 ppm
+ BA 1 ppm and 2,4,5-T 5 ppm + 8A 1 ppm. Low levels of callusing
were recorded in all the treatments in the case of shoot tip explants

(Plate 12).

4.7.2 Culture proliferation (Stage 2)

The results of the detailed trials conducted to modify the
establishment medium and to arrive at a suitable basal proliferation
medium for callus growth using different combinations ofauxins
(2,4-D and 2,4,5-T) and cytokinin (BA) in MS (semi solid) medium
using different explants namely, shoot tip, embryonic Ileaves and

scalp explants are presented in Table 15.



Table 13. Response of various explants of banana Musa (AAB) 'Nendran' on callus initiation

Explants 2,4-D 5 ppm* + BA 1 ppm

Shoot tip +

Embryonic +
leaves

Inflorescence Nil
axis

Flower base Nil

Scalp from +++
shoot tip
(in vitro)

(+) Low level of callusing
(++) Medium callusing
(+++) Callus has covered the explant

Medium - MS
Callus initiation

2,4-D 7 ppm* + BA 1 ppm 2,4,5-T 5 ppm* + BA 1 ppm

+ +
+++ +++
Nil Nil
- Nil Nil
++ +++
Culture condition - Dark
* Average of 10 observations
Culture period - Four weeks

** MS medium containing half concentration of inorganic salts and organic growth factors



lable 15. Effect M jfijferent combinations of auxins and cytokinins on the culture proliferation of callus Musa

Shoot tip Embryonic leaves Scalp from shoot tip

Treatments
Culture Growth Callus Culture Growth cCallus Culture Growth Callus

i_nitia- score index ipitia- score index initial score index
ting (G) (chn ting (G) (cn ting (G) (cn
callus callus callus
(%) (%) (%)
b
MS +2,4-D 5 ppm+BA 1 ppm 23.30 2.00 46.60 98.66 1.66 163.77 77.22 2.50 193.05
MS +2,4-D 7 ppm+BA 1 ppm 13.80 1.37 19.01 62.50 1.91 119.79 98.16 2.87 181.71
MS +2,4,5-T 5 ppm+BA 1 ppm 20.99 1.00
. 20.99 70.00 1.41 99.15 96.33 2.31 222.76
MS +2,4-0 1 ppm 43.33 1.50 65.00 38.33 0.42 13.88 15.00 1.66 24.90
MSb+2,4-D 1 .
ppm - - - - - 76.66 2.00 153.32
MSa+2,4-D 2 ppm 66.66 1.50 83.32 50.00 2.00 100.00 100.00 2.66 266.00
MSb+2,4-D 2 ppm - - - 100.00 2.16 216.60 100.00 2.02 201.60
MSa+2,4,5-T 2 ppm 30.15 1.25 37.68 83.33 1.87 156.24 78.33 1.66 130.55
MSa+2,4,5-T 2.5 ppm - - - 66.66 1.46 94.43 76.66 1.86 140.54
T 2 ppm - - - 75.00 1.75 131.25 100.00 1.56 166.66
ml 2 ppm - - - 68.33 2.00 136.66 100.00 1.66 158.33
n Culture period - Four weeks

Values taken as average of ten observations

concentration of both inorganic salts and organic growth factors

mc meblum contalr|ing full cr
concentration of organic growth factors nj

MS medium containing half concentration of inorganic salts and full



Plate 10. Callus induction from embryonic leaf of
Musa (AAB) “Nendran*

Plate 11. Callus induction from scalp of Musa (AAB)
‘Nendran*



Plate 10. Callus induction from embryonic leaf of
Musa {AAB) “Nendran®

Plate 11, Callus induction from scalp of Musa (AAB)
‘Nendran’
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Plate 12. Callus Induction from shoot tip of Musa (AAS8)
"Nendranl

Plate 13. Rhizogenesis from callused shoot tip explant
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4,7.2.1 Shoot tip

Maximum callus initiation (66.66 per cent) was observed with
the treatment combination involving Ms®  + 2,4-D 2 ppm. Minimum
callus initiation (13.80 per cent) occured with the treatment
combination involving MSb + 2,4-D 7 ppm + BA 1 ppm. It was found
that most of the treatment involving 2,4-D alone showed maximum
callusing (2,4-D 1 ppm - 43.33 per cent, 2,4-D 2 ppm - 66.66 per
cent). Among the media tried, MS? was found more effective (66.66

per cent) than MSb (13.80 per cent) for callus induction.

The callus growth score recorded varied from 1.25 to 2.00.
Among the treatments tried maximum growth score (2.00) was recorded
for the treatment combination inveolving MSb + 2,4-D 5 ppm + BA

1 ppm.

Callus index varied from 19.01 to 83.32, Maximum callus
index (83.32) was recorded for the treatment involving M 4 2,4-D

2 ppm.
4.7.2.2 Embryonic leaves

Among the media tried, maximum callusing was observed in
both the media (MSa and MSb) with 83.33 per cent and 98.66 per .
cent respectively. Maximum callus initiation (98.66 per cent) was

observed for the treatment involving Msb + 2,4~D 5 ppm + BA 1

ppm.



The growth score of callus was ranged from 1.42 to 2.16,
Maximum growth score (2.16) was recorded for the treatment combi-
nation involving MSb + 2,4-D 2 ppm, and minimum growth score
(0.42) was recorded for MS® + 2,4-D 1 ppm. None of the treatments

showed any significant effect on the growth score.

The callus index varied from 13.88 to 216.60. The maximum
callus index (216.6) was produced for the treatment combination
involving MSb + 2,4-D 2 ppm and the minimum callus index (13.88)

for the treatment with MSa + 2,4-D 1 ppm.
4.7.2.3 Scalp from shoot tip

The percentage of culture initiating callus ranged from 15
to 100 per cent. Cent per cent callus initiation was observed for
the treatment involving Ms® 4 2,4-D 2 ppm, MSb + 2,4-D 2 ppm,

Ms®

+ 2,4-D 2 ppm '+ 2,4,5-T 2 ppm and MS® + 2,4-D 2 ppm +
2,4,5~T 2 ppm. Minimum callus initiation (15 per cent) was recorded

for the treatment involving ms? & 2,4=-D 1 ppm.

The growth score recorded ranged from 1.56 to 2.87. The
maximum growth score (2.87) was recorded for the treatment combi-
natiocn involving MSb + .2,4-D 7 ppm + BA 1 ppm, and the minimum
growth score (1.56) was recorded for the treatment combination

involving Ms? &+ 2,4=-D 2 ppm + 2,4,5-T 2 ppm.



The callus index ranged from 24.90 to 266. The maximum
callus index (266.0) was recorded for the treatment combination
involving mMs? .+ 2,4-D 2 ppm and the minimum callus
index (24) was observed for the treatment involving ms? & 2,4-D

1 ppm (Fig. 3.

Among the three explants tried maximum callus index (266)

was recorded by scalp explants followed by embryonic leaves (216).

4.7.3 Callus differentiation

The data generated from the trial conducted to observe the
effect of different’ levels of auxin and cytokinin on differentiation

of callus 0¥e presented in the Table 16.

4.7.3.1 Shoot tip

In MS® media, rhizogenesis was recorded for the treatment
involving basal media of both liquid and semi-solid consistency
(Plate 13). Medium callusing was observed for the treatment
involving BA 5 ppm both at liquid and semi-solid consistency. The
callus produced was white and friable. Slight growth of the callus
was observed for the treatment involving 2,4-D 1 ppm in liquid
medium. The treatment involving 2,4-D 2 ppm induced formation of
dark coloured globular callus, in both liquid and semi solid
medium. The other treatments did not show any response. In MSb

media, rhizogenesis was iInduced by the treatments Iinvolving BA



Table 16. Effect of different levels of auxin and cytokinin on callus differentiation Musa (AAB) 'Nendran'

Culture condition - Light
Basal medium - MS
Culture period - Four weeks

Growth response

e - R
ms® msP
Treatments
Callus taken from _ Callus taken from
Shoot tip Embryonic Scalp Shoot tip Embryonic Scalp
leaves (in vitro) : leaves (in vitro)-
% e K - % * * * o % % o e
Liquid Semi- Liquid Semi- Liquid Semi- Liquid Semi- Liquid Semi- Liguid Semi-
solid solid solid solid solid solid
BA 5 ppm ++ ++ + W ++ - - R + - - CG
BA 10 ppm - - - W - - - - - - - +
2,4~D 1 ppm + - + + ++ + G - + - - -
2,4~D 2 ppm G G G - e - - - + - G -
2,4-D 5 ppm - - - - - - - - - - - -
MS basal R R - - CG - - W - - s +
BA 1 ppm + - - - W - w R R w w w
2,4-D 5 ppm '
* Media consistency (liquid and semi-solid) '
(+) Low level of callusing _ (R) Root formation
(++) Medium callusing (W) Watery callus -
(G} Dark coloured globular callus: (e) Embryo like structure

(CG) Cream coloured globular callus

®*%  MS medium containing full concentration of both inorganic salts and organic growth factors
“¥¥ MS medium containing half concentration of inorganic salts and full concentration of organic growth factors

I
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factaps

&Y yo



5 ppm (semi solid) and BA 1 ppm + 2,4-D 5 ppm, in liquid as
well as semi solid medium. Dark coloured gl.obular' callus was also
produced in the treatment with 2,4-D 1 ppm in liquid medium.
Partially white and partially dark, watery callus was produced
in the treatment involving 'basal semi solid media. The other treat-

ments did not show any response.
4.7.3.2 Embryonic leaves

in ms? media, slight growth of the cultured callus was
observed for the treatment involving BA 5 ppm of liquid consistency
and in 2,4-D 1 ppm of semi solid and liquid consistency. The callus
produced was white and friable.'Water‘ soaked callus was induced
with the treatment involving BA 5 ppm and BA 10 ppm of semi solid
consistency and at a combination of BA 1 ppm + 2,4-D 5 ppm of
semi solid consistency. In MSb media, slight growth of the callus
was observed for the treatments invol\;fing BA 5 ppm, 2,4-D 1 ppm
and 2,40 2 ppm of liquid consistency. Watery t;allus growth
was resulted with the combination involving BA 1 ppm + 2,4-D 5 ppm

of liquid and semi solid medium (Plate 14).

4,.7.3.3 Scalp

In Ms® media, medium growth of the callus was observed
for the treatment combination involving BA 5 ppm and 2,4-D 1 ppm
of liquid consistency. Cream coloured globular callus was formed

in basal liquid media (Plate 15). Watery callus was observed for



Plate 14. Watery callus growth from callused embryonic leaf

Plate 15. Cream, globular callus growth observed on scalp callus



the treatment involving BA 1 ppm + 2,4-D 5 ppm. Treatment involving
2,4-D 1 ppm recorded only slight growth of the callus. Embryo
like structures were observed in the treatment involving 2,4~D 2
ppm of liquid consistency. In MSb media, cream coloured globular
callus was produced in the treatment involving BA 5 ppm of seml
solid consistency and in the treatment involving 2,4-D 2 ppm of
liquid consistency, dark coloured golublar callus was observed. Low
levels of callusing were observed by the treatments, involving BA

10 ppm and basal media of both semi solid and liquid consistency.

In general, the effect of different treatments on different
banana explants, for callus differentiation indicated that, the treat~
ment involving 2,4-D 2 ppm in liquid media (MS? and MSb) on callus
obtained from scalp explants were more promising to callus different-

iation.
4.7.4 Effect of nitrate source

The effect of increasing or decreasing the levels of the nitrate
gource in MS media was studied with different concentrations of
growth regulators in another experiment. The results obtained are

presented in Table 17.

4.7.4.1 Shoot tip

Use of the normal level of the nitrate source (NH[*NO3 - 1.64 g;

KN03 - 1.90 g) resulted in rhizogenesis in liquid MS media with



Table 17. Effect of different levels of Nitrate® source on callus differentiation a™*

Basal media - MS

Shoot tip Embryonic leaves Scalp from shoot
Media tip - (in vitro)
consistency Treatments Concentration of Concentration of Concentration of
nitrate source in nitrate source in, nitrate source in
media media media
1% 1#*  Full* §* 14*  Full* 3% Full®*  13*
BA 5 PpPmM R - +4 + + W + - G
BA 10 Ppm - ~ - + - W + - -
ms® 2,4-D 1 ppm + - + - G + - ++ -
{Semi-solid) 2,4-D 2 PPmM R G G G - - - e -
. 2,4-D 5 pPPmM - - - - - - - - -
Basal + - ++ W + -~ W - -
BA 5 ppm - - R + - + + ++ -
a BA 10 ppm + - - + - - - - -
MS 2,4-D 1 ppm + - = - - + + + +
(Liquid) 2,4~D 2 pPPmM - + G - - G + - +
2,4~-D 5 pPpPm - - - - - - - - -
Basal - - R - - - - CG -
Values taken as average of five replications
Culture period - Four weeks
(+) Low level of callusing (R) Root formation
(++) Medium callusing (W) Watery callus
(G) Dark coloured globular callus (e) embryo like structure
(CG) Creamy globular callus *¥MS medium containing full concentiration of both inorganic

1
¥

13

-—

950 mg/l "
- 2850 mg/1 "

salts and organic growth factors
¥ Level of nitrate source ~ Normal (full) - 1900 mg/l KNO, and 1650 mg/l NH4N03 I
and 825 mg/l "
and 2475 mg/1 " 1

! per one litre MS media

~3
o



BA 5 ppm or basal media .while with half the concentration of the
nitrate source, rhizogenesis was observed in sémi_solid media supple-
mented with BA 5§ ppm or 2,4-D 2 ppm. With increased levels of
the nitrate source - no organogenesis was observed in any of the

treatments.

Medium callus growth was observed with normal levels of
the nitrate source in MS? semi-solid basal as well as ~MS® supple-
mented with BA 5 ppm. Low callus growth was observed when the
nitrate source was reduced to half in semi-solid as well as liquid
MS medium supplemented with 2,4-D 2 ppm or in liquid MS supple-
mented with BA 10 ppm and in basal semi- solid MS media. At
increased level of the nitrate source formation of dark coloured
globu_lar' callus was observed in semi-solid MS medium supplemented
with 2,4-D 2 ppm while low levels of callusing occured in liquid

MS medium with 2,4-D 2 ppm.
4.7.4.2 Embryonic leaves

Use of the normal level of nitrate source resulted in watery
callus growth in semi-solid MS media with BA 5 ppm or BA 10 ppm.
And formation of dark coloured globular callus was observed In
liquid MS media with 2,4-D 2 ppm. The sa;ne growth was observed
in MS semi-solid media modified with half the concentration of nitrate
source and with 2,4-D 2 ppm. Also low level of callus growth was

observed in semi-solid as well as liquid MS media supplemented



with BA 5 ppm and BA 10 ppm and watery callus were observed
with basal semi-solid MS media. With increased level of nitrate
source, formation of dark coloured globular callus was observed
in semi-solid MS medium supplemented with 2,4-D 1 ppm while low

level of callusing occured in basal semi-solid MS medium.
4.7.4.,3 Scalp

Use of the normal level of nitrate source resulted in
formation of embryoid like structures in semi-~solid MS media and
medium callusing in semi-solid and liquid media supplemented with
2,4-D 1 ppm and BA 5 ppm respectively. The same level of nitrate
source also induced creamy globular callus with basal liquid MS
media. At increased level of nitrate source dark coloured globular
callus was observed with BA 5 ppm in semi-solid MS media and
low level of callusing in MS liquid media with 2,4-D 1 and 2 ppm.
Low level of callusing were observed when the nitrate source level
was reduced and was supplemented with BA 5 ppm and BA 10 ppm
in semi-solid MS media and BA 5 ppm, 2,4<D 1 and 2 ppm in liquid
media. Also watery callus growth was observed with basal semi-

solid MS media.

4.8 Somatic embryogenesis

From the trial conducted for callus induction and different-
lation, it was observed that, the scalp explants were more amenable

to callus induction and differentiation, within a shorter time as



well, compared to other banana explants used for 'the study. Hence
the scalp was taken as the explant for induction of somatic embryo-
genesis' (T'able 18). Calli produced on the scalp explants were
transferred to growth regulator free media and kept under light.
After two **weeks, whitish globular structures (Plate 16) were
formed. However subculturing of these globular structures onto ms?

medium with BA 1 ppm resulted in no differentiétion.
4.9 Planting out and hardening

When the plantlets developed 3-4 leaves and a good number
of roots, they were taken out, washed under tap water to remove
the residues of media, and were subjected to hardening treatment
before transferring them into sand which involved, keeping the
plantlets is distilled water for 8 h followed by 8 h. in liquid MS
medium (containing 1/10th strength of inorganic salts, with no
sucrose) “under microscope cover. After the bhardening treatments,
the roots of all the banana plantlets were dipped in 0.1 per cent
Bavistin solution for five minutes. Then they were taken out, and
before transferring to the pots, growth parameters of the plantlets
from different subcultures were recorded. The data are presented

in Table 19.
4.9.1 Plant height

Maximum plant height (12.50 cm) was recorded in plants from

the 10th subculture which. was followed by {11.20 cm) in the plants



Table 18. Somatic embryogenesis Musa (AAB) 'Nendran'

Explant Treatment Response
Scalp isolated from MSb + BA 1 ppm + Proliferating
shoot tip (in vitro) 2,4-D 5 ppm callus
Callus from scalp Liquid basal medium Embryo like

culture

globular structure

Values

Culture period - Four weeks

taken as average of ten observations



Table 19. Growth characters in the rooted plantlets of Musa (AAB)
'Nendran' as influenced by subculturing

Culture Plant ™ Number of® Mean length® Number of® Mean length®
number height - leaves ~of . the roots/ of roots
{(cm) longest leaf shoot {cm)
(cm)

1 4.80 2.0 3.0 5.30 4.60
-2 6.36 2.3 3.5 5.00 2.80
3 6.13 2.6 3.5 6.66 12.80
4 4.70 2.0 4.4 4 .66 11.56
5 6.80 2.3 4.5 7.00 9.16
6 11.20 3.0 4.3 5.33 13.00
7 9.30 2.3 6.0 4,33 13.00
8 10.00 3.0 5.5 5.66 2.50
9. 9.70 2.6 6.0 5.00 3.48

10 12.50 3.0 6.0 4,33 6.67

Observations are taken at the time of transplanting

* Average of three observations were taken



Plate 16. Whitish embryo like growth on scalp callus

Plate 17. In vitro grown plantlets established in sand






from the 6th subculture. Minimum plant height (4.70 cm) was

recorded by plants from 4th subculture.
4.9.2 Number of leaves

All the plants regenerated from all the subcultures produced

more or less the same number of leaves.

4.9.3 Mean length of the longest leaf

Maximum length (6.0 cm) of the leaf was recorded by plants
regenerating from 7th, 9th" and 10th subculture, which was closely
followed by plants originated from 8th subculture (5.5 cm). Minimum
length of the leaf (3.0 cm) was recorded by plants regenerating

from first subculture.
4,9.4 Number of roots/shoot

Maximum number of roots were produced {7 roots/shoot) from
the plants regenerated from 5tt st.!bculture, which was closely
followed (6.66). by 3rd subculture. Minimum numbér of roots/shoot
(4#.33) was produced . by plants regenerating from 7th and 10th

subcultures.

4,9,5 Mean length of the roots

Maximum root length (13.00 cm) was observed in the plants
regenerating from 6th and 7th subcultures. Minimum length of the
roots was recorded (2.50 cm) in the plants regenerating from 8th

subculture.



4,10 Cytological studies

Somatic chromosome counts made at the in vitro root tips
of plantlets from ten subcultures revealed that there was no
variation in chromosome number due to subculturing. All the

plantlets were triploids (2n = 33).

4.11 Evaluation of growth of plantlets

4,11.1 Effect of potting media 0}1 survival and growth of plantlets
(Fig. ka & hb)

Different types of potting media were used for planting out
(Table 20). Among the potting media, the most suitable was found
'to be sand. It recorded maximum survival of plantlets (90 per
cent), which was closely followed by perlite (80 per cent). Biofibe
registered minimum percentage of survival (10 per cent). Plants
grown in sand registered maximum height (14.06 cm). Minimum height
(4.6 cm) was registered ' by plants grown in soilrite, Number of
leaf production in all the plants grown in the media under observation
were same (2/3). Days taken f‘or‘ leaf production (17.5 days) was

same for all the media except cocopeat (21.0 days).

4.11.2 Growth parameters

The plantlets from different subcultures were planted out
in sand (Plate 17), which was .found to be the best medium and
observations were recorded on growth parameters at fifteen days

interval to find out the variation if any, induced by subculturing.



Table 20. Effect of different potting media on the growth of in
vitro raised plantlets of Musa (AAB) 'Nendran'

Potting Plant* Height® Total number® Average number of*
media ’ survival of the of leaves days for leaf
(%) plant production
(cm)

Sand 90 14.06 3.3 17.5

Perlite 80 12.36 3.6 17.5
Soilrite 75 4.6 2.6 17.5
Biofibe 10 11.36 2.6 17.5
Cocopeat 50 6.8 3.3 21.0

Growth period - Forty days

¥ Mean of four observations
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Observations recorded sixiy days after transplanting are presented

in the Table 21.
4.11.2.1 Plant height

Maximum plant height (14.42 cm) was recorded at 10th sub-
culture which was closely followed (13.95 cm) by 9th subculture.

Minimum plant height (7.45 cm) was recorded at 4th subculture.
4.11.2.2 Girth of the plant

Maximum girth (2.87 cm) of the plant was recorded at 10th

subculture and minimum girth (1.85) was recorded by 6th subculture.

4,11.2.3 Length of the leaf

Maximum length (8.50 cm) of the leaf was registered at 5th
subculture which was closely followed (8.30 cm) by 4th subculture.

Minimum leﬁgth (4.30 cm) of the leaf was registered at 7th subculture.
4.,11.2.4 Width of the leaf

Maximum width (2.73 cm) of the leaf was recorded at the

4th subculture and minimum width -(1.18 cm) was recorded at 7th

subculture.
4.11.2.5 Number of leaves

Maximum leaf production (3.25) was recorded by 9th sub-

culture, almost all the plants at different subcultures produced 3.00



Table 21. Effect of subcultures on growth parameters of Musa (AAB) 'Nendran' sixty days after

transplanting
Planting media - Sand
Culture Plant height Girth of the Length of the* Width of the® ~ Number of
{cm) plant (cm) leaf (cm) leaf (em) leaves (cm)

1 7.52 2.10 6.30 2.48 3.00

2 9.12 2.13 7.25 2.35 2.75

3 10.57 2.00 7.37 2.60 3.00

4 7.45 2.20 8.30 2.73 3.00

5 9.18 2.17 8.50 2.70 2.75

6 13.07 1.85 7.45 1.85 3.00

7 11.32 1.87 4.30 1.18 3.00

8 10.25 1.95 6.13 1.86 3.00

9 13.95 2.47 6.40 2.18 3.25

10 14.42 2.87 6.66 1.78 3.00
Mean

Values taken as mean of four observations
Culture period - 8 weeks

¥ Observations were taken from the 3rd leaf



leaves. There was no wide variation with respect to number of

leaves at different subcultures.

Difference in growth rate possessed by plantlets from different

subcultures were calculated from the above observation (Table 22)-

4.11.2.6 Growth rate of plants from different subcultures

4,11.2.6.1 Plant height

The growth rate of plantlets from different subcultures were
calculated and it was seen that, plantlets from subcultures differed
significantly in thé rate of growth with respect to height. Maximum
growth rate (1.03 cm) was recorded by 6th subculture which is
on par with 2nd. (0.88 cm} and 8th (0.84 cm) subcultures.
Minimum growth rate (0.10 cm) was recorded by 4th subculture

derived plants (Fig. 8).

4.11.2.6.2 Girth

There was no significant effect of subcultures in the rate
of growth with respect to girth. However the maximum growth rate

{0.53 cm) was recorded by fourth subculture.

4,11.2.6.3 Leaf area

Of the different subcultures tried, maximum growth rate with

|
respect to leaf area (19.20 cmz) was produced by 4th subculture.

Minimum growth rate (4.07 mz) was registered by 7th subculture.



Table 22. Effect of different subcultures on gﬁowth rate of Musa
{AAB) ‘Nendran'
Duration of observation - Two months

Culture Mean grow.th rate (cm) Leaf area®
Height* . Girth* (cmz)
1 0.38 0.35 13.07
2 0.88 0.30 14.22
3 0.50 0.22 16.02
4 0.10 0.53 19.20
5 0.37 0.21 16.50
6 1.03 0.13 11.37
7 0.36 0.42 4,07
8 0.67 0.23 B.72
9 0.84 0.29 11.67
10 0.46 0.15 9.60
CD (0.05) 0.32 - NS
SEmxt 0.15 0.23

*Mean of four replication
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YISCUSSION

Banana is commonly propagated vegetatively through suckers.
In recent years, aseptic culture technigues have been thought to
hold great promise for addressing the various problems related to
banana improvement. Micrépl_*opagation has many advant-
ages like the rapid clonal multiplication of elite plants and vyear
round production under controlled conditions, freedom from pests

and diseases and amenability to various manipulations,

Tissue culture regeneration.r‘outed through callus,' single cells
or protoplasts, may be accompanied by minor or extensive changes
in the‘final plant phenotype. This has been termed as somaclonal
variation{Scowcreft et al.,1985).The probability of selecting potential
useful mutations would be greately enhanced via cell culture
techniques since many single cells could be affected and each of
these would theorafically at least, be capable of growing cell
cultures and can be grown in such a way as to produce variation
certainly greater than that achievable by conventional breeding.
It is also possible that continuous subculturing might result in soma-
clonal variation (Pierik, 1987). This has much importance in banana,
where the natural variability is minimum because of continuous
vegetative propagation. Moreover, the conventional hybr'idisaltion
is also difficult in banana due to polyploidy and sterility‘, combined

with the parthenocarpic development of fruits.



The present investigations carried out at the College of Horti-
culture, Vellanikkara were mainly aimed to study the methods.to induce
variation in banana by subjecting the  explants of banana var.
'Nendran' ‘to regenerate through a callus phase by somatic organo-

genesis/embryogenesis and through prolonged subculture cycles.

In micropropagation the organs and tissues are carried
through a sequence of steps in which differential cultural  and
environmental conditions are provided. These steps have been
indicated as different stages with stage 1 being physiological
preconditioning of the explant and -explant establishment, stage II
rapid multiplication of . shoots through increased axillary bud
release, stage III rooting and hardening of in vitro raised plants
and stage IV acclimatization and transplantation to field conditions

{Murashige, 1974; Thorpe and Patel, 1984; Reghunath, 1989).

Banana being a monocotyledonous plant, never produces
branches and the buds in the axils are dormant due t\o the 'apical
dominance' shown by the fast growing meristematic tip. Stage I is
.to activate these buds to form branches by suppressing 'the apical
dominance. Physical injury treatments like killing the bud apex
was found to be favourable in the release of axillary buds. The
technique of splitting banana shoot tips longitudinally through their

apex in order to induce multiple shoot formation was first described

by De Guzman et al. (1980} and then by Jarret et al. (1985).



5.1 Enhanced release of axillary buds

As the shoot tips and eye buds emerge from below the ground
level, they accumulate lot of soil and dirt., This necessitates a
thorough and effective surface sterilization of the explants before
culturing. Of the various sterilants tried for shoot tip and eye bud
explants an initial dipping of explantg in Emisan (0.1 per cent)
for 30 minutes followed by dipping in Norfloxacia:\ {0.1 per cent)
for 30 minutes and finally the rinsing of explanfs in mercuric
chloride (0.1 per cent) for 20 minutes resulted in the least rate
of contamination (11 and 20 per cent respectively) and maximum
percentage of explant survival (88 and 80 respectively). For flower
base and inflorescence axis explants the best sterilization treatment
was found to be that using emisan (0.1 per cent) for 20- minutes
which resulted in maximum percentage of survival (11 and 48.33
respectively). In the case of embryonic leaves dipping in alcohol
for one second reéor‘ded maximum survival (80 per cent). Even though
there are reports of mercuric chloride being more efficient when
the explants are highly contaminated (Bhaskar, 1991), 1in the pr'-esent
study it was observed that a combination of different ‘sterilants
were more effective especially when explants were as highly conta-
minated;as the shoot tip and eye buds were emerdged from

below the ground level.

In banana, tissue and media discolouration was found to be

a serious problem in establishing a good and healthy culture. This



discolouration resulted from the oxidation of polyphenols present
in the explant tissues of banana. Several workers attempted various
methods to overcome this problem but no method was found to result
in complete success (Jarret et al., 1985; Vuylsteke and De Langhe,
1985 and Banerjee and De Langhe, 1985). Also it was reported that
by addition of ascorbic acid into the media at the rate of 50 mg
per litre, 90 per cent of the cultures were freed from this problem
{Bhaskar, 1991). In the present study it was observed that, addit-
ion of activated charcoél into the media at the rate of 500 mg per
litre reduced media and explant discolouration. The effect may be
due to th_e ‘properties of activated charcoal to adsorb inhibiting
compounds and excessive concentration of plant growth hormones
and thus preventing the oxidation of polyphenols, which resulted

in the reduction of media and explant discolouratioh.

Jarret et al. (1985) reported- that shoot tip cultures of two
bant;:ma clones 'Saba' and 'Pelipita' established on a modified MS
'basal medium supplemented with IAA 1 ppm and BA 3 ppm. The
results of the present study indicated that, for the better and
speedier explant establishment and growth of shoot tip and eye
bud explants, ms? (semi-s'olid) medium containing NAA 2 ppm + BA
5 ppm, as well as NAA 2 ppm + Kinetin 10 ppm respectively was
found to be the best. Compared to shoot tip explants (8.33 days),
eye bud explants took more time (.12.66 days) for culture establish-

ment.



In shoot tip culture, on an average each explant released
8.66 axillary shoots, when MSb containing NAA 2 ppm + BA 10 ppm
was used. In the case of eye bud explant on an average each explant

released 5 .shoots in ms® containing NAA 2 ppm + BA 5 ppm.

The favourable effects of axillary bud bursting and multiple
shoot production by cytokinins had been demonstrated by Murashige
(1974). But at higher levels, cytokinins were proved to have
delterious effect on shoot growth. Auxin added to the medium helps
to nullify the suppressive effect of high cytokinin concentration
on éxillar‘y shoot growth (Lundergan and Janik, 1980). In the
present study the same effect was recorded. Higher concentration
of BA suppressed the axillary shoot production, but in most of the
combinations involving NAA and BA, it was observed that auxin NAA
favourably influenced cytokinin (BA) activity, when it was applied

at higher concentration (10 ppm).

The basic phenomenon involved in the induction of axillary
shoots and subsequent plantlet production in m are reported to
be due to the action of plant hormones. Little iS known about how
hormones evoke a particular pattern of morphogenesis (Thorpe,
1980). One r;ypothesis is that hormone treatment starts the cells
on a specific developmental pathway. Another view is that the
hormone responsive cells are already determined and that hormones
evoke the expression of the committed state. The available evidence

suggests that the hormones act in both ways. Hence the observed



difference in organogenesis in the different explants from the same
plant could be attributed to the differential - requirement of growth
hormones for each explant. According to Skoog and Miller (1957),
quantitative* interaction between diverse growth factors may have
a decisive role in organogenesis. The shoot tip and eye bud explants
took more time for culture establishment. This difference in perfor-
mance of explants may be attributed to the difference in the level
of endogenous phytohormones, nutrients and metabolites and the inter-
action between various growth factors. Drew et al. (1989) reported
that sucker derived explants initiated shoots r;wre readily than
inflorescence derived explants. During the course of the study it
was clearly understood that the cytokinins added in the medium

play a prominent role in the® induction of axillary shoots.
5.2 Prolonged subculture cycle

The effect of serial subculturing of an explant stock
continuouély for a long period of time was looked into. It was found
that when subculturing was done at tw<.3 week interval, the number
of shoots produced per culture was not constant in all the subcultures.
Still, the shoots produced per explant per culture vessal increased
at a mean rate of 5.9, Increase In multiple shoot production
continued from the Ist subculture onwards until &6th subculture, then
there was a decline in the shoot production at 7th subculture,
followed by a sudden increase in shoot production at 8th subculture,

After the 8th subculture, there was a reduction in shoot production



in 9th and 10th subcultures. Several workers (Doreswamy et al.,
1983; Damasco et al., 1984; Vuylsteke and De Langhe, 1985;
Aravindakshan, 1989) had reported shoot multiplication rate achieved
through serial subculturing in banana. It is supposed that continuous
subculturing modifies the physiological state of the plant in such
a way that it favour revitalisation of innate dormant vegetative buds
(Litz and Conover, 1978; Franclet, 1979; David, 1982). Continuous
subculturing was also found to reduce media and explant discolourat-

ion in banana in vitro.

5.3 Rooting

Stage 3 involves in vitro regeneration of roots from the
shoots obtained from stage 2. Several researchers had shown that
in vitro rooting can successfully be achieved by reducing salt
concentration in the media particularly in high salt media like MS
and its derivatives (Kartha et al., 1974; Lane, 1979; Skirvin and
Chu, 1979). Half concentration of MS medium was found to favourably
induce the rooting of banana without affecting the shoot growth
unlike in certain species (Wang, 1978; Gupta et al., 1981). But in
the present study, cent per cent root initiation was observed at
half and full concentration of MS .medium. Minimum days (4.OOI) for
rooting was taken by the treatment involving MSb containing NAA
10 ppm and AC -0.05 per cent. Maximum number of roots per shoot
{(5.67) was produced in the treatment involving ms? containing NAA

5 mg + AC 0.05 per cent. Lane (1979) reported that NAA usually



gave rise to short thick roots. But in the present observation it
was noted that, NAA at lower concentration (2 ppm and 5 ppm)
produce long thin roots and NAA at higher concentrations (10 ppm)
produced short thick roots. The favourable effects of AC in rooting
had been reported by many workers (Wang and Huang, ‘1976; Banks
and Hackett, 1979). The capacity to adsorb inhibiting compounds,
and excessive concentration of plant ' growth hormones and the
property to dar_ken the medium which mimics the soil conditions
are the factors proposed in favour of the favourable effects of AC
in rooting (Pr<->skauer and Berman, 1970; Wang and Huang, 1976;
Fridborg et al., 1978). So in the present study, activated charcoal

was a common factor in all the treatments tried.
5.4 Induction of calloids and regneration

Promising results were obtained with respect to calloid format-

ion and subsequent plant regeneration.

When the shoot tip explants were kept for culture proliferation,
greenish semihard globular structures viz. calloids, as earlier
reported by Cronauer and Krikorian (1987} in banana and Reghunath
(1989) in cardamom, were formed at higher concentrations of BA.
Regeneration of calloids were observed in the same media and the
maximum multiple shoots were produced in the treatment involving

ms? containing kinetin 5 ppm + NAA 1 ppm.



Somatic organogenesis was induced and shoots were formed
when 'calloid‘ tissues were subcultured onto‘ an auxin-free medium
containing- BA 3.0 ppm + KIN Q.5 ppm. Cronauer and Krikorian (1987)
observed a.dventitious. shoot productions from calloid cultures from
multiplying shoot cultures of triploid dessert clones like Philippine
Lacatan and Grande Naine, cultured on MS media with added iron,
sucrose, myoinositol and growth regulaters. Although roots were

'induced by removing the kinetin, no shoot or plantlets were recorded.

In pineapple, Wakasa (1978) reported the differentiation of
plants from protocorm l_ike callus. Differentiation of meristemoids
from hybrid embryo callus occurred on MS medium with 2.0 pPpm
NAA, 2.0 ppm IBA and 2.5 ppm BA (Raoc et al., 1981). In the
present study calloids produced maximum shoots on MS® and MSb
medium containing KIN 5 ppm + NAA 1 ppm. Roots were produced

in MSb medium + NAA 2 ppm + AC 0.05 per cent and plantlets were

successfully transplanted.

Deambrogio and Dale (1980) comparing the regeneration of
shoots from callus and calloid reported that the failure of callus
produced in regenerating shoots may be attributed to the progressive
domination of polyploid cells in callus. Mitra et al. (1960) had
earlier reported that only diploid cells of callus can regenerate
shoots. According to them in calloids, there is a lesser proportion
of polyploid cells and domination of diploid cells, which may favour

the regenerating capacity of calloids.



5.5 Somatic organogenesis {callus mediated®

The most remarkable advantage of the method of producing
shoots/plan:clets through.enhanced release of axillary buds 1is the
genetic stability of the plantlets produced (Chand and Roy, 1980;
Rao.and Lee, 1986). But as far as the rate of plaﬁt multiplication
and the induction of genetic variation are concerned, somatic organo-
genesis (callus mediated) and embryogenesis are reported to have
greater potentialities than axillary bud release methodl. In the
present study attempts were made to induce somatic organogenesis
(callus mediated) and emrbyogenesis in Musa sp. (AAB) 'Nendran'.
Various explants viz. shoot tip, inflorescence axis, flower base,
embryonic leaves and scalp (_i_rl vitro) were tried for initiating
callus. Bakry and Rossignol (1985) tried various explants of banana
for analysing the callus- formation and organogenesis and found that
only floral or inflorescence tissues produced calli, but no organo-
genesis was reported to Have occured Jarret et al. (1985) reported
that spher‘icall callus were developed on the surface and within leaf
base explants of banana. Thin, meristematic layers excised from
proliferating shoot tip cultures (scalp) of Musa AAB cv. Bluggoe

produced callus (Banerjee et al., 1985).

Within any plant, tissues differ in their degree of determinat-
ion and in their ability to undergo morphogenesis. Takayama and
Misawa (1980) examined the ability of differing explants of Lilium

auratum and L. speciosum to produce bulbs in vitro. Fiftv per rent



of the peduncle explants, 75 per cent of the petal explants and
95 per cent of the bulb scale explants producéd bulbs. Leaf explants
and explants from stamens and anthers did not even survive the
culture conditions. When the explant was taken from bulbs grown
in culture, the success rate was 100 per cent. The conditioning
effect, that is, an improved morphogenic response with explants
from plants grown in culture has been noted in other species

including several species of Gesueriaceae (Hughes, 1981).

Shoot tip was also taken as an explant in callus induction
studies of banana (Jarret et al., 1985; Cronauer and Krikorian,

1987; Huang and Chi, 1988; Dhed et al., 1991).

When flower shoot tips of Dwarf Cavendish banana plants
were cultured on amended MS medium, small amounts of nodular white
callus were Induced. The amendments comprised NaHZPOA, L-tyrosine,

glucose and BA (Fitchet, 1986).

In the present study, of the various explants tried viz.
shoot tip, inflorescence axis, flower base, embryonic leaves and
scalp, embryonic leaves and scalp explants showed potentialities
for rapid callus formation. Youngest and less differentiated tissues
are found in plant meristems and culture of this plant tissue has
been successful in a wide range of species (Hughes, 1981).
Likewise, the absence of highly meristematic region in the explants
other than embryonic leaves and scalp explants, may be the reason

for the low response to callusing.




After selecting the explant, the basal medium for callusing
‘was tried. Different researchers had tried different media for
culture establishment. Callus was obtained from immature zygotic
embryos of* diploid species of Musa using a medium derived from
MS (Escalant and Teisson, 1989). Proembryogenic calluses were
initiated from Basal leaf sheaths and rhizome tissue on modified
Shenk and Hildebrandt medium with 30 }JM dicamba (Novak et al.,
19¢2). In the present study, it was observed that, of the media
tried viz., I{J\Sa, MSb, LS and SH, MSb was found to be more effective

for culture establishment closely followed by ms®.

In  general, monocotyledonous species do not show a
pronounced response to cytokinins and require high concentrations
of potent auxins such ‘as 2,4~D to achieve changes in the
development of cultured tissues (Harms, 1982). Taking MSb as basal
medium, the best combination of auxins (2,4-D, 2,4,5-T) and
cytokinin (BA) for different responsive explants were standardised.
Dodds and Roberts (1985) reported that addition of a cytokinin along
with auxins may be helpful in achieving bett.er' _callusing. In the
present study, 2,4-D was found to be the best for callus induction
compared to 2,4,5-T. A combination of 2,4-D, 5 ppm and BA 1 ppm
was observed as more effective for callus induction of shoot tip
and embryonic leaves. For scalp explants, when the concentration
of 2,4-D was increased (7 ppm) rate of callus induction was also
increased. The use of a combination of 2,4-D and BA in callus induct-

ion by culturing of scalp has been reported by Dhed et al. (1991).



Response of the explants to callus formation was generally
poor, Out of the total callus index assighed, none of the explants
could record a Cl value high!er than 266. Although several investi-
gators have attempted to establish callus and subsequently cell
suspensions of banana this work has met with very limited success.
Mohanram and Steward (1964), could get callus like growth from
plugs of preclimateric fruit tissues. However the culture proved
to be non-morphogenic. Rao et al. (1982) have reported
the establishment of callus cultures from discs of the inflorescence
axis. The callus could be induced to form roots, but no shoot or
bud formation was observed. Bakry and Rossignol (1985) tried
various explants of banana and analysis the callus formation and
organogenesis.  Only floral tissues produced calli, but no
organogenesis occured It was noted that Reghunath (1989),
eventhough treatments involving 2,4-D produced friable callus, they
did not initiate shoot organogenesis. Occationally root organogenesis
was observed in certain cultures. Srytanova and Mukhitdinova (1984%)
and Fitch and Moore (1984) also made similar observation in liquorice
and sugarcane respectively. In the present study conducted to
observe the effect of auxin and cytokinin on callus differentiation,
rhizogenesis was observed from the callus of shoot tip explants,
in the treatment involving combination of 2,4-D and BA, BA alone
and basal MS media. In another experiment conducted with different
levels of nitrate source for callus differentiation no organogenesis

was recorded. Thus the study conducted for callus differentiation



resulted into the formation of roots and embryoid like structures

and no shoot or buds were recovered.

The . failure of callus, produced in 2,4-D containing medium
to regenerate shoots may be attributed to the progressive domination
of polyploid cells in the callus (Deambrogio and Dale, 1980). Mitra
et al. (1960) reported that only diploid cells of callus can regenerate
shoots and as the percentage of polyploid cells increase, the

regeneration capacity decreases.

5.6 Somatic embryogenesis

Somatic embryoids of tripleoid clones Saba and Pelipita were
produced in liquid culture medium from cells derived from multiply-
ing shoot tip cultures (Cronauer and Krikorian, 1983). Banerjee et
al. (1985) reported callus induction from thin meristematic layers
excised from proliferating shoot tip cultures of Musa (AAB) cv.
Bluggoe when cultured on MS basal medium supplemented with 2,4-D
or 2,4,5-T on prolonged incubation. The callus developed numerous
globular white proembryogenic masses all over the surface upon
transfering to MS liquid medium devoid of 2,4-D and 2,4,5-T. The
proembryoids obtained from 2,4-D produced rcots while those from
2,4,5-T regenerated bipolar embryoids. The same result was observed
in the present study conducted  for somatic embryogenesis but

regeneration of embryogenic globules were not obtained.



5.7 Hardening and acclimatization

Hardening the in vitro raised plantlets so as to make them
adapt to the outside environment is a critical process due to their
anatomical and physiological peculiarities. On transplanting excessive
water loss from the plants had been recorded which was ' attributed
to the improper development of cﬁticle and slowness of stomatal
response to water stress (Brainerd and Fuchigami, 1981; Fabbri
et al., 1984). The problem mayl be aggravated if the vascular
connection between root and shoot is improper. A period of humidity
acclimatization was considered necessary for the newly transferred
plantlets to adapt to the outside environment, during which the
plantlets undergo morphological and physiological adaption enabling
them to develop typical terrestrial plant water control mechanism
(Grout and Aston,1977; Sutter et al., 1985). In the present study
high relative humidity (90 to 100 per cent) was maintained during
the initial period of planting out with the help of microscope and

plastic covers with intermittent cold water sprays.

According to Bhaskar (1991), out of the various hardening
treatments adopted, maximum percentage of plantlets survived when
the plantlets after removal from the rooting media were kept in
distilled water for 8 h and then for another 8 h in MS liquid
medium of 1/10th strength under moistened microscope cover and

after planting out into the potting media covering with molstened



plastic cover for four weeks. In the present study, the same above
procedure as above was adopted for hardening the plantlets, except
that before transferring them- into potting media, root of the plant-
lets were dipped in 0.1 per cent Bavistin for 5 minutes. After
planting the plantlets were covered with microscope cover, The

hardening treatments resulted in better results.

The most suitable potting medium for maximum plant survival
(90 per cent) was found to -be sand. Sand might have helped the
plant in giving a better grip for the roots besides providing ample
aeration., Addition of inorganic nutrients to the potting mixture is
essential for the .normal growth of the potted plants (Brown and
Sommer, 1982; Amerson et al., 1985). Application of 5-10 ml nutrient
solution containing MS inorganic salts at half concentration at weekly
intervals enhanced the survival and promoted normal growth of the
plantlets. Rajmohan (1985) and Reghunath (1989) also reported the
use of nutrient solution similar to the above for the successful

growth of in vitro raised jack and cardamom plantlets respectively.

5.8 Screening for somaclonal variation

Repeated subculturing in vitro has been reported to increase
the chance of genetic variation (Pierik, 1987). Evidence from cytolo-
gical and molecular studies show that plant genome is relatively
unstable and subject to various changes in developing somatic tissues.

Larkin and Scowcroft (1981} reported numerical or structural changes



in chromosomes in association with in vitro regeneration of plants.
Numerical changes have been observed in callus cultur*_es of several
crops (Evans and Sharp, 1983). Gene amplification has been shown
to occur in plants grown in stressful environments ({Cullis, 1975).
The variability reflected either pre-existing cellular genetic
difference or tissue culture induced variability (Evans et al., 1984).
D'Amato (1984) observed nuclear cytology of tissue cultures. When
meristems or other plant explants are cultured on hormone containing
media, a callus may be fo.r'med and genetic variation arises. Variat-
ion in somocromic structure and number in plant cells during in
vitro tissue culture were investigated by Singh (1981;). Though changes
in ploidy level are not generally associated with repeated subcultur-
ing, the somatic chromosomes were counted in the root tips of
plantlets from all the subcultures, to confirm the ploidy level,

There was no variation in chromosome number and all the plantleté

from all the subcultures were triploids (2n = 33).

The plantlets from different -subcultures were planted out
in sand, which was found to be the best medium and observations
were recorded on gr"owth parameters at fifteen days interval to find
out the variation if any, induced by subculturing. Observations
recorded after 60 days revealed that, plantlets from subcultures
differed significantly in the rate of growth with respect to height
as well as leaf area. Maximum growth rate with respect to height

was recorded by the plantlets from the sixth subculture and



maximum growth rate with respect to leaf area was recorded by
the plantlets from the fourth subculture. Ventura et al. (1988)
‘observed somaclonal variation with respect to. yield and vegetative
characters in micropropagated bananas. Vuylsteke et al. (1988) found
phenotypic variation among in vitro propagated plantain (Musa sp.
cultivar AAB). Observations of the. first crop and the successive
ratoon indicated five different forms of phenotypic variation at a
frequency of 6 ber cent. Robinson and Nel (1989) found the highest
mutation percentage in Dwarf Cavendish (3.33 per cent) and lowest
in Grande Naine (0.63 per cent). Robinson (1989) observed vegetative
morphology and phenology of tissue cultured banana plants. In the
first cycle, tissue cultured plants produced 6~7 more leaves before
flower emergence than did plants from suckers and they reached
the flowering stage 15 and 24 days earlier. Variation in inflorescence
types, in African plantains was reported by Vuylsteke and Swennen
(1990} who noted that much of this somaclonal variation was
enhanced in viiro. Quantitative aspects of somaclonal variation was
reported by Israeli et al. (1991). Somaclor;al variants of seven in
vitro propagated banana cultivars were expressed in plant stature,
abnormal leaves, pseudostem pigmentation, persistance of flowers
and split fingers. Dwarfism was the most common variant indicated

by mutation of intermediate height cultivars to a Dwarf stature.

The use of somaclonal variation in cultivar improvement has
already advanced to the stage of field testing of promising variants

in sugarcane, potatoes and pasture species. Some horticultural



cultivars of Pelargonium and Begonia have been derived from cell
culture variants. Induction of somaclonal variation by utilization
of in vitro techniques should substantially contribute to the
broadening .of the spectrum of genetic variation among Musa clones
with obligate vegetative reproduction. Integration of methods of
early screening for disease resistance (Stover, 1986; Epp, 1986;
Hwang, 1986; Mourichon et al., 1987) with subsequent rapid
propagation of desirable plants leads to an alternative breeding

scheme, which should be applied for banana improvement.
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SUMMARY

The results of the. studies on the induction of variability
in Musa sp. var. 'Nendran’' by in vitro methods are summarised
in this chapter. In the study, the explants namely, shoot tip and
eye bud were regenerated through enhanced release of axillary buds
and, shoot tip, embryonic leaves, flower base, inflorescence axis
and scalp were regenerated through a callus phase by somatic organo=-

genesis/embryogenesis.

1. For shoot tip and eye bud explants, the sterilization treatment
which resulted in least contamination was an initial dipping of
explants in (0.1 per t;ent) emisan for 30 minutes followed by
dipping in (0.1 per cent) norfloxacin for 30 minutes and finally

rinsing in (0.1 per cent) mercuric chloride for 20 minutes.

2. The addition- of activated charcoal into the media at the rate
of 500 mg per litre reduced media and explant discolouration

caused by polyphenol oxidation.

3. For the better and speedier establishment and growth of shoot
tip and eye bud explants, MS (semi-solid) medium containing
NAA 2 ppm and BA 5 ppm, and NAA 2 ppm and KIN 10 ppm,

respectively, were found to be the best. Compared to eye bud,



shoot tip explants took lesser time for culture establishment.
In shoot tip culture, on an average each explant released B8.66
axillary shoots when MSb contained NAA 2 ppm + BA 10 ppm.
In the case of eye bud explant, on an average each explant
released 5 shoots, when MS medium contained NAA 2 ppm and

BA S5 ppm.

Shoot multiplication rate increased on an average by 5.9 due

to repeated subculturing at two weeks intervals continuously for

ten serial subcultures,

Hard greenish globular callus like structures viz. calloids was
produced .in the treatment involviné MS medium containing BA
10 ppm. Regeﬁer‘ation of calloid was found in the same medium.
On an average each calloid culture released four axillary shoots

in MS® and MS® media containing KIN 5 ppm + NAA 1 ppm.

For in vitro rooting, maximum number (5.67) of roots per shoot
was recorded by Ms? medium containing NAA 5 ppm and AC 0.05

per cent.

For  somatic organogenesis (callus médiated) scalp explant
registered maximum response within a minimum time compared
to shoot tip, inflorescence axis, flower base and embryonic leaf
explants. For shoot tip and scalp explants, MSb medium contain-
ing 5 ppm 2,4-D and 1 ppm BA recorded maximum callus initiat-

ion. In the case of embryonic leaves, treatment involving the



10.

11-

12.

same medium containing 2,4-D 7 ppm and BA 1 ppm registered

maximum response to callusing.

Maximum callus index (266) was recorded by scalp explants

followed by embryonic leaves (216.6).

Rhizogenesis was observed from the callus of shoot tip explants.
In MSEl media, rhizogenesis was recorded in the treatment
involving basal media of liquid and semi-solid consistency. In
MSb media rhizogenesis was recorded by the treatments involving
BA 5 ppm (semi-solid) and BA 1 ppm + 2,4-D 5 ppm (liquid
and semi-solid consistency). Emrbyoids were produced by scalp

explants, which was observed in the treatment involving MS +

2,4~D 2 ppm of liquid consistency.

There was no significant effect of different levels of nitrate

source on callus differentiation.

After removal from the rooting media, plantlets were Kkept in
distilled water for 8 h and then for another 8 h in liquid MS$S
medium (containing 1/10th strength of inorganic salts, with no

sucrose) under microscope cover.

After the hardening treatments, growth parameters of plantlets
derived from different subcultures were recorded. With respect
to height, maximum result was (12.50 cm) recorded by 10th sub-
culture, number of leavés produced was 2/3 in all the subcultures,

maximum length (6 cm) of the leaf was recorded by 9th and



13.

14.

15.

10th subcultures, number of roots per shoot was maximum (7)
at 5th subculture and length of the roots were maximum (13 cm)

at 6th and 7th subcultures..

Somatic chromosome counts made at the root tips of plantlets
from 10 subcultures, revealed that all the plants were triploids

(2n = 33).

The most suitable potting medium giving maximum plant survival

percentage (90) was found to be sand.

The plantlets from different subcultures were planted out in sand,
which was found to be the best medium and observa’gions were
recorded on growth parameters at fifteen days interval to find
out the variation if any, induced by series of subculturing. The
plants from subcultures differed significantly with respect to
growth rate of plant height and leaf area. Maximum growth rate
( 1.03 cm) with respect to height was recorded by 6th
subculture and maximum growth rate (19.2 cm2) with respect

te leaf area was recorded by 4th subculture.
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ABSTRACT

Investigations were carried out at the Department of Pomology
and Floriculture and Plant Tissue Culture Laboratory of the All India
Co-ordinated Floricult‘ure Improvement Project, College of Horticulture,
Vellanikkara, Thrissur, during 1991-93 on the induction  of
variability in the banana variety Nendran (Musa AAB 'Nendran')
by in vitro methods. Explants utilized for the study were shoot.
tip and eye bud for direct organogenesis through e'nhanced releaso
of axillary buds and shoot tip, flower base, inflorescence axis,
embryonic leaves and scalp for somatic organogenesis/embryogenesis.
For culture establishment, axillary shoot initiation and 1in- vitro
rooting, different growth r‘egul}:\tor‘s,| like NAA, 2,4-D and 2,4,5-T
(auxins) and BA and kinetin (cytokinins) were made use of. The
plantlets produced in vitro were subjected to hardening treatments
to ensure a better establishment of planted out plants and their

growth parameters were studied.

For shoot tip and eye bud explants, a combination of treat-
ments involving, an initial dipping of explants in emisan (0.1 per
cent) for 30 minutes followed by dipping in norfloxacin (0.1 per
cent_) for 30- minutes and finally rinsing the explants In mereurie
chloride (0.1 per cent) for 26 minutes was found to be best, but
for flower base and inflorescence axis explants, emisan (0.1 per
cent) treatme.nt for 20 minutes and for. embryonic’ leaves, dipping

in alcohol for one second were the best. Better and speedier



establishment and growth of shoot tip and eye bud explants were

observed on MS (semi-solid) medium containing NAA 2 ppm + BA

5 ppm.

Additién of activated charcoal (500 mg per litre) to the
medium, reduced media and explant discolouration due to polyphenol
oxidation. "When the ~per*for‘mance of the shoot tip and eye bud
explants was compared, eye bud explants took more time for cultLlre

establishment and growth.

In shoot tip culture, on an average, each explant released

n
8.66 axillary shoots in the treatment involving MSb + NAA 2 ppm
+ BA 10 ppm. In the case eye bud, on an average, each explant

released five axillary shoots.

Continuous subculturing was carried out at two week interval
to assess the variation induced to cultured plants due to repeated
subculturing, It was found that, the number of shoots produced per
culture was not constant in all the subcultures. Still, the axillary

shoots produced per explant per culture vessel increased at the

mean rate of 5.90.

BA alone at higher concentration (10 ppm) resulted in calloid
(globular semi-hard, light green callus like structure) formation
and subsequent regeneration

MS : MS .medium containing  half concentration of inorganic salts
and full concentration of organic growth factors



For in wvitro rooting, MSb medium containing NAA 10 ppm
and AC 0.05 per cent was found to be effective for early root
initiation and the maximum number of roots per shoot was produced

o
at the treatment involving MS? 4+ NAA 5 ppm + AC 0.05 per cent.

Of the various explants, viz., shoot tip, inflorescence axis,
flower base, embryonic leaves and scalp (in vitro) tried for initiat-
ing callus, scalp and embryonic leaves recorded maximum response.
Among the media fried for callus initiation, MSb media at liquid
consistency was found to be more effective. Maximum callus index
(266) was recorded for the treatment combination involving 2,4-D
7 ppm and BA 1 [!:pm. For callus differentiation the treatments
involving 2,4-D and BA, BA alone and basal MS media resulted in
rhizogenesis, and treatments involving 2,4-D alone p-r'oduced embryoid
like structures from scalp callus. No shoot organogenesis was
observed. Also treatments were conducted with changed levels of
nitrate source in the media, but they did not give any favourable
results. Embryoid like bipolar structures were recovered from scalp
callus when they were tr;ansfer‘red to media devoid of growth

regulators.

To study the var‘iation,. if any, IiInduced due to serial
subculturing, the shoots obtained from each subculture cycle

(through enhanced release of axillary buds),K were isolated and their

>
Ms?" : MS medium containing full concentration of inorganic salts
and organic growth factors



identity maintained. The shoots thus separated were rooted and
planted out after subjecting them to a process of hardening.
Somatic chromosome counts were made at the rocot tips of plantlets
from 10 subcultures to confirm the ploidy. All the plants were
triploids (2n = 33). The plantlets from different subcultures were
planted out in sand, which was found to be the best medium. Obser-
vations made on growth parameters, at fifteen days interval,
revealed that the plants from subcultures differed significantly with

respect to the rate of growth in height and leaf area.






Abstract of analysis of variance for the effect of

different treatments

1 Level of
Treatment/character Mean sguar‘e - significance
Treatment Error (%)
1 2 3 4
A. Effect of media supplements
on the discolouration of
media and explant
i) Death of culture due 270.48 31.38 5
to contamination
" ii) Death of culture due 1103.15 43,61 5
to discolouration
iii) Percentage of culture 813.02 32,27 5
survival
B. Effect of combination of
auxin and cytokinin on
culture establishment
a. NAA + BA
I. Days taken for culture
establishment
i) Shoot tip 51.70 2.66
ii) Eye bud 8 .44 2.50
II. Days taken for culture
elongation
i) Shoot tip 8.11 1.08 5
ii) Eye bud 7.37 1.83
b. NAA + KIN
I. Days taken for culture
establishment
i) Shoot tip 0.81 1.33
ii) Eye bud 3.00 1.41
II. Days taken for culture
elongation
‘i) Shoot tip 1.38 2. 5
ii) Eye bud 3.15 1.41 5

Contd.



Appendix Continued
1 2 3 4
C. Effect of auxin (NAA) and
cytokinin (BA) on culture
proliferation
I. Percentage of culture
developing shoots
i) Shoot tip 58.97 52.38 NS
ii) Eye bud 156.04 72.61 5
II. Shoots/culture
i) Shoot tip 14.74 1.92
ii) Eye bud 3.24 0.88
D.Effect of repeated
subculturing
a. Shoots/culture 246 .45 176.36 NS
E. Rooting
a. Days taken for root 5.72 1.05 5
initiation
b. Number of roots/shoot 5.05 1.66 NS
F. Effect of repeated
subculturing on growth
rate
a. Height 0.33 0.04 5
b. Girth 0.06 0.10 NS
G. Somatic organogenesis
a. Culture establishment
I. Percentage of culture 141.29 14,37 5
survival
II. Percentage of culture 708.89 70.02 5
initiating callus
III. Days taken for callus 14.48 2.51 5

initiation




