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INTRODUCTION

Banana (M spp.) is one of the most important tropical
fruits of the world. India ranks second In average under this
Ccrop (2,’??,919 hectares) with an annual pr‘oduction_of 47,84,648
tonnes. The major banana growing areas in the country are in
the states of Kerala, Tamil Nadu and Maharashira, together occupy-
ing 49.35 per cent of total area, contributing 55.16 per cent to
the annual production. The incidence of deadly diseases such as
bunchy top virus disease, bacterial wilt, sigatoka leaf spot
cdiseases and infestation of nematodes and other pests are often
attributed as the major production constraints. Further more,
the varietal situation in India is very complex, each region having
preference to certain dessert/cooking varieties. ‘'Nendran' (AAB)
is the most popular dual purpose variety grown in Kerala. While
'Palayankodan' (AAB) is the most common dessert variety grown
in homesteads, the Red banana (AAB) is highly popular in Southern
districts of Kerala. The polyclonal homestead system of cultivation
prevalent in Kerala is unique and 1is attributable to the low

productivity of banana in the state.

Conventional propagation of banana is through suckers.
As the production of suckers per plant is rather low, the rate
of multiplication is very slow. Since forcing buds under field

conditions is a tedious and time consuming procedure, amassing



of a sufficient amount of suitable planting material is slow. This
is- a problem when a new clone is being generated to replace ‘the
older plantings or when a large number of uniform planting mater-
ials of a particular var‘ietg is needed for conduct of a trial.
The prevalence of disease and the need for generating clean planting
stock in large quantities has stimulated recently a surge of interest
in production of clonal material of both cooking and dessert bananas

by the use of aseptic micropropagation techniques.

The major advantages offered by in vitro propagation
technique i}1 banana are increased rate of multiplication, clean
disease free, uniform propagules, easier transportation, improved
crop yield, scope for selection and multiplication of elite

ecotypes, and year round availability of planting materials.

Developing and improving in vitro methods for reproducing
banana plants is regarded as essential to long-term efforts aimed
at improving banana culture world wide and especially in a state
like Kerala wherein productivity is noted at the lowest due to
polyclonal, homestead system of banana cultivation couéled with
prevalence of sucker transmitted deadly diseases like bunchy
top and bacl:ter'ial wilt and nematode infestation. .Therefore, to

develop in vitro techniques for rapid multiplication of important
commercial clones of Kerala viz. Nendran (AAB), Palayankodan
(AAB) and Red banana (AAA), a study was taken up in the Depart-

ment of Pomology, College of Horticulture, Vellanikkara during

the period 1988-90.
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REVIEW OF LITERATURE

Clonal propagation of plant species through tis‘s;ue culture
is based on the concept of cell totipotency der\ived from t.he cell
theory that Schleiden proposed in 1838. 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.

The identification and purification of indole-3-acetic acid
(IAA), the first known growth regulator, by Kogl et al. (1934}
and then by Thimann (1935}, made it possible to control the growth
of plants, tissues and cells. Reinert (1958) and Steward and Mapes
(195%&) were the first to obtain plantlets from callus and cell
suspension c¢ultures. This success was achieved using medium
containing inorganic salts, suéar, amino acids, vitamins and some
undefined organics such as malt extract and coconut water. The
use of undefined substances caused some problems because it was

not possible to quantify their contribution.

Vasil et al.. (1979) reported that the techniques of micro-
propagation has been standardised 1in about 332 crop species.
According to George and Sherrington (1984) studies on in vitro
culture systerﬁs are in progress at least in 1051 crop species of

which not less than 94 are fruit crops including bananas. The



greatest success in plant tissue culture has been achieved In

herbaceous horticultural species (Hu and Wang, 1983).

According to Murashige (1974) there are three possible
routes for in vitro propagule multiplication; (i) enhanced release
of axillary buds (ii) production of adventitious shoots through

organogenesis and (iii) somatic embryogenesis.
> N\

In the first, route, meristems like shoot tips are cultured
which assures genetic uniformity of the progeny to a great extent
(Chand and Roy, 1980; Rao and Lee, 1986). This method is being
adopted commercially in various crop species for rapid clonal
multiplication. The second route, callus mediated somatic, organo-
genesis, is not recommended for clonal propagation, but may be
ideal for recovery of useful variant lines. Somatic embryogenesis,
the third route is limited to a few species but results in the

most rapid mode of plant regeneration (Evans et al., 1981).

The tissue culture techniques, Iincreasingly being used for
crop improvement, are tHe meristem/shoot apex culture and somatic
embryogenesis for rapid propagation of selected genotypes; the
cell culture for the recovery of useful variants; in vitro mutagenesis
for obtaining desirable mutants; anther culture for the production
of haploid plants and Eomodiploids; embryo culiure and in v_iltr_o

pollination/fertilization for effecting distant crosses; protoplast



culture for facilitating somatic hybridisation and introduction of
new genetic material into plant cells and cryopreservation for long
term storage of germplasm. Drew _e_fa_l_. {1989) demonstrated the
transmission of banana bunchy top virus in an apparently symptom-

less condition in micropropagated bananas.

The review has been confined to the in vitro propagation
of banana, the important aspects of which are dealt under five
major h_ead
1. standardization of explant
2. standar‘diza"cion of media
3. standardization of culture conditions
4. in vitro rooting of shoots

5. hardening off and pianting out of In vitro plantlets.

1. Standardization of explant

Several workers had reported the use of both vegetative
buds and  inflorescence buds for in vitro culturing banana (Cronauer
and Krikorian, 1985a and bj; Fitchet and Winnaar, 1987; Doreswamy
and Sahijram, 1989; ‘Dr‘ew et al., 1989; ;l\r-avindakshan, 11989) .

Shoot tip explant was found to be the commonly used, explant in

most of the lite['"atur‘e.



1.%1. Apical bud explant

Ma and Shii (19729 1974) reported adventitious bud
formation in vitro in banana shoot apex culture using a combination
of semi-solid and liquid media. The applicability of excised shoot
tip culture technique to a number of Musa clones was assessed
by De Guzman et al. (197¢), Vessey and Rivera (1981), Banerjee
and De Langhe (1985), Vuylsteke and De Langhe (1985) and

Aravindakshan (1988}.

Berg and Bustamante (1974) were the first to show that
virus free plants of Cavendish group (AAA) could be obtained from
meristems of lateral buds of virus injected plants, by a combination
of heat _tr‘eatment and aseptic culture. The metho;:i involved the
use of Knudson's medium (1946) with' Bertheclots salts, thiamine

HCl, coconut water and casein hydrolysate.

Doreswamy et al. (1983) explored the possibility of clonal
propagation of banana through tissue culture in the cultivar Robusta
(AAA). Shoot tip isolated from the sucker was found to be the
best explant. Excised shoot tips with the youngest leaves produced
only one plantlet, while shoot tips with several older sheathing
leaf bases enclosing the axillary buds regenerated multiple plant-

lets. Individual shootlets, when separated and subcultured,

produced multiple shoots.



Krikorian and Cr‘onaAue’r“ (1984b) observed that one of the
major features of shoot apex culture technique is that shoot multi-
plication can be induced by releasing buds at the leaf bases.
S-ubcultur‘ing could be carried out from the proliferating mass of
shoots formed. Cronauer and Krikorian (19848 and b ’established
rapidly multiplyi'ng cultures of dessert banana clones, Phillipine
Lacatan and Grande Naine (AAA) and plantain clones Saba and
Pelipita (ABB) on a modified MS medium supplemented with 5 mg/1
BA. Multiple shoot cultures could be induced ilay longitudinally
splitting a young cultured shoot through the apex and placing each
half upright on semi-solid medium. Hwang et al (1984) reported
that the blantlets originating from adventitious buds of explants
obtained from the decapitated shoot apices of banana suckers
e;;tablished well under field conditions and gave rise to mature
plants with uniform growth and normal yield of fruit. The medium
used was MS ‘containing 0.4 mg thiamine HC1l, 100 mg L - tyrosine,
100 mg myo-inositol, 2 mg IAA, 2 mg kinetin, 160 mg adenine
sulphate, 30 g sucrose and 8 g agar per litre. Repetitive dissection
of the aggregated adventitious buds was made for Iincreasing bud
popﬁlation. These buds were transferred to the above medium

amended with 1 g/l activated charcoal for root and shoot development.

Banerjee and De Langhe (1885) reported a tissue culture
technique for banana for rapld clonal propagation and storage under

minimal growth =~ conditions. Excised .shoot apices were cultured



on modified MS medium supplemented  with IAA 0.18 mg/1 and
BA 2.30° mg/1. Established cultures were then successfully stored

at 15°C with a light intensity of 1000 lux for 13 to 17 months.

Jarret et al. (1985) established shoot tip cultures of two
cooking bananas, Saba and Pelipita (AAB) on a modified MS medium
supplemented with BA in combination with IAA. Propagation cultures
were initiated by spliting. shoot tips along their loqgitudinal axis
and reculturing individual pieces on basal medium supplemented "
with 5 mg/1 BA. Transfer of axillary shoots to hormone free medium

resulted in rapid and extensive root formation,

Vuylsteke and De Langhe. (1985) studied the in vitro shoot
proliferation potential of a number of banana cultivars. They
Qbsér‘ved that the genome influenced the rate and type of proli-
ferative growth. The triploids gave higher multiplication rate than
diploids. Tripleid cultivars with one or two B genomes produced

more meristem tips per explant than did AAA triploids.

Damasco and Barba (1985) reported .successful shoot tip
culture for Saba bananas.‘ They reported that by repeating
subculturing at an interval of 2 months, 2,00,000 plantlets could
be obtained from a single explant in 10 months time whe;'\ cultured
in MS mediu_m with 10 mg/l BA. According to Sun (1985) 93 out
of 103 banana clones developed' -adventitious buds in meristem

culture on a MS medium supplemented with 5 mg/l BA and 2 mg/l IAA.



Gupta (1986) used heat therapy and meristem tip culturing
in “various cultivars of banana and plantain for rapid clonal propa-
gation of moesaic free plants. Wong (1986) reported, in viiro
multiplication of banana {(Musa sp.}) from shoot tip explants isolated
from lateral suckers. Using explants with apical domes, a total
of 22 cultivars (genomes AA, AAA, AAAA, AAB, AB and ABB) were
successfully cultured on a modified MS medium containing BA and
IBA. Shoot tip explants were induced to produce multiple shoot
initials in the presence or absence of apical domes, but the
survival rates were higher when apical domes were retained.
Cultivars "varied widely in their_‘ response to cytokinins (necessary
“for mult.iple shoot production), BA being consistently more effective

than kinetin, although kinetin stimulated vigorous root growth.

F-itchet and De Winnaar (1987) developed a method for rapid
multiplication of banana by tissue culture using ap-)ical meristems
from small suckers of Dwarf Cavendish and Willilams banana on
MS basal medium suppleménted with IAA, NAA, kinetin,' activated
charcoal and sodium phosphate. Subculturing were carried out at
four weekly intervals. Huang and Chi (1988) also reported the
use of banana shoot tips for in vitro cult\ur‘ing. Mateille and Foncelle
(1988) developed an improved micropropagation method for Musa
AAA cv. Poyo. Apices of sucker buds and latéral buds were

cultured in auxin free cytokinin (BA) rich M™MS medium. Shoot

proliferation was achieved by subculturing them in the same



medium. Drew et al. (1989) established plants in vitro from banana
bunchy-top virus (BBTV) infected plants using vegetative shoot

apices.
1.2. Floral apices explants

In banana the reinitiation of vegetative growth from floral
apex explants was reported by many workers (Rao et al., 1982;
Rowe, 1984; Cronauer and Krikorian, 1985a and b; Bakry et al..
1985; Balakrishnamoorthy and Sreerangaswamy, 1988; Doreswamy

and Sahijram, 1989; Drew _é_ta_l_., 1989; Aravindakshan, 1989).

Rao et al. ~(/‘I,982) reported the induction of growth in
explanted inflorescence axis of Robusta banana. Excised inflorescence
axis discs of 5 mm thickness were cultured -in MS medium
supplem‘ented with auxins and cytokinins at different concentrations
and combinations. Although callus was formed and some root format-
ion occurr“ed no other organogenesis could be induced. Bakry et al.
(1985) could develop vegetative shoots from inflorescence explants
of banana by culturing them in medium containing M5 salts and
Morel witamins with or without growth regulators. In plantain AAB

sub—group 10-15 plants/explant could be obtained, where as in

AAA sub-group and Musa acuminata more than 50 plants could be

produced.



Cronauer and Krikorian (1985a) produced banana plants from

excised floral apice_s of Musa acuminata cv. Dwalrf Cavendish, in
modified Mé medium supplemented with BA (5 mg/l) and coconut
water {10 per cent v/v). Under these conditions, the determinate
floral buds were converted into a multiplying vegetative shoot
system. Rooting was obtained by f:reating plants with NAA (1 mg/l1)
and activated charcoal (0.025 per cent w/v). Balakr‘ishnamoér‘thy
and Sreerangaswamy (1988) could regenerate plants from inflorescence
tip explants in Robusta and Monthan varieties. The inflorescence
tip measuring 10 to 15 mm in size was surface sterilized in
mercuric chloride 0.1 per cent solution for five minutes and was
cultured in MS. medium supplemented with BA 2.5 to 5 mg/l. Multiple
shoots were produced on repeated subculturing (4 to 12 shoots

per explant). Rooting could be induced by culturing individual

shoots in media containing 1 mg/l NAA.

Doreswamy and Sahijram (1989) cultured excised floral apices
of three banana cultivars wviz. '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 foundl that the male
flower: clusters at different stages of development located on the
peduncle subtending’ and distal to theg meristematic zone reverted

to vegetative state when cultured in vitro. Drew et al. (1989)



also reported the applicability of floral apex as an explant for
multiplying banana plants in vitro. For culture Iinitiation M3
medium supplemented with 160 g/l adenine sulphate, 2 mg/l IAA,
2 mg/l kinetin was used. Shoot proliferation was -achieved when,

MS medium was upplemented with 5 mg/l BA.

1.3. Selection of explant

The size of the ._explant used, though varies depending upon
the plant species, infliences the success or otherwise of the culture.
In general, the larger the size of the explant, the more will be
the survival rate and growth in the culture media (Hussey, 1983).
Krikorian and Cronauer (1984b) stated that in meristem culture
the smaller the size of the meristem used, the mortality due_ to

-

sterilization may be more, but,.chances of getting virus eliminated
from the meristem will also be more. In banana, the usual size
of shoot bud explant ranges from 0.5 mm to 3 rrl1m in size with
two to three leaf primordia covering the apical dome -(Doreswamy
et al., 1983; Cronauer and Krikorian, 1984a; Vuylsteke and De

Langhe, 1985; Jarret et al.. 1985).

In banana, the various explants tried varied in their
morphogenetic potential. Inflorescence discs (Rao et al., 19825
immature and mature fruit tissue (Mohanram and Steward, 1964) ,
apical bud (Doreswamy et al. 1983; Cronauer and Krikorian, 1984a

and b; Jarret et al. 1985), leaf sheaths with rhizomatous base



excised from meristematic area (Banerjee et al., 1_.987; Novak et al.,
1989), .inflorescence apex (Bakry et al. 1985; Balakrishnamoorthy
and Sreerangaswamy, 1988) all-resulted in varied results. Vuylsteke

and De Langhe (1985) reported that no difference coul’éﬁ be
observed in growth response between shoot tips harvested from

eyes, buds, peepers, suckers or the parental pseudostem in banana.

In in vitro systems it was reported that the juvenile tissues
respond better than older tissues (Murashige, 1974; Rajmohan, 1985).
Due to the decreased morbhogenetic ability of mature material,
it has not - been possible to apply the technique developed: for
'juvenile material to mature plants. Mante and Tepper (1983) sugéested
that the lateral shoots produced by an isolated apex could be

related to the age of the explant.

The ' explants collected from field grown plants harbour
numerous fungi and bacteria, which when incculated into a nutrient
medium contaminates the entire in vitro system. Hence, surface

sterilization is resorted prior to indculation of explants.

Different workers wused various sterilants at different
concentrations and length of time in banaﬁa tissue culture. The
shoot ti_ps were washed with a liquid detergent (Teé[.;ol) and surface
sterilized with saturated chlorine water for 15. to 20 “minutes
(.Doreswamy et al., 1¥83) . All traces of chlorine water were removed

by washing several times with sterilized distilled water. Krikorian



and Cronauer (1984b) advised sterilization with 1 to 2 per cent
corﬁmercial bleach (0.0525 per cent NaOCl) qﬁd Tween 20 for five
minutes followed by three to four rinses in sterile water. Gupta
(1986) surface sterilized the banara shoot tips in 10 per cent
chlorox for 10 minutes followed by tlhr‘ee to five washings in sterile
water. Rao et al., (1982) used mercuric chloride - (0.2 per cent)
solution for 10 to 15 minutes to sterilize the inflorescence explants.
According to Fitchet and De Winnaar (1988) 10 per cent calcium

hypochlorite give the best result.

It has been fairly well documented that tissues taken from
field grown plants are not equally amenable to “culture conditions
throughout the year. Litz and Conover (1978) reported that in
papaya the time of the year that cultures were established and
the cultural conditions in the field were crucial for success of
this procedure. According to Reghunath (1989) the most ideal period
for collecting shoot bud explaﬁts of cardamom from the field was
from January to May during which period the rate of culture

contamination was less.

2. Standardization of media

One of the most important factors governing the growth
and morphogenesis of plant tissue culture is the composition of
the medium. The earliest and widely used media were those of

White (1943) and Heller (1953). However, since 1962, Murashige



and Skoog's (1962) medium has gained general acceptability among
plaﬁt tissue culturists. The major constituents of tissue culture
medium are mineral salts, carbon and energy source, vitamins,

plant growth regulators and other organic compounds.

The salt composition of several media has been reviewed
by Gamborg et al. (1976). The Murashige and S3koog (1962) medium
is the most widely used one for banana tissue culture. It is high
in nitrates, potassium and ammonia. Although MS medium was
specifically developed for tobacco tissue culture, it has been
successfully used for culturing a variefy of plants. However,
Banerjee and De Langhe (1985) omitted copper sulphate and zinc
sulphate from M™MS medium for better response. Several research
workers reported desired success in Murashige and Skoog (1962}
medium (Cronauver and Krikorian, 1986; Gupta, 1986; Wong, 1986;

Novak et al., 198%; Aravindakshan, 1989).

A carbon energy source is linevitable in any tissue culture
media. Sucrose is the most widely accepted carbon source. The
growth of the culture is not only affected by the type of carbon
source used but also by the concentration of a particular sugar
used in the medium. Thorpe (19‘78) showed that in tobacco, at
least part of the sucrose requirement is osmotic. Mateille and
Foncelle (1988) reported that lower concentration of sucrose (10 g/l)

is most favourable for shoot elongation and rooting.



The success or otherwise of an in vitro system is much
dependent upon the choice of correct growth regulatqrs‘and their
- use in o'ptimL;m concentrations (Krikorian, 1982). Skoog and Miller
(1957) obtained in tobacco cultures different types of organogenesis
by  varying 'the levels of auxins and cytokinins. When the level
of . cytokinin is high relative to auxin, shoots are induced and
when it is low roots are induced. At intermediate concentrations,

the tissue grows as unorganised callus.

Two principal classes of growth regulators are used in
tissue culture studies, namely auxins and cytokinins. Most
commonly used auxins are 2,4-D, IBA, NAA, IAA, 2,4,5-T and
PCRPA. The most commonly used cytokinins are BA, kinetin and
2ip. Auxins most frequently used to induce in vitro rooting are
IAA, NAA and IBA (Murashige, 1974). In banana both IBA (0.5 mg to
2 mg/l) and NAA (0.02 mg to 2 mg/l) have been reported to induce
rooting of shoots and embryoids (Krikorian and Cronauver, 1984a;

Banerjee et al., 1987).

No universal ratio of auxin and cytokinin has so far been
developed for root and shoot induction. Hu and Wang (1983)
described the young shoot apex as an active site for auxin biosyn-
thesis. For axillary shoot proliferation, cytokinin has-been utilized
to overcome the apical dominance of shoots and to e.nhance the
branching of lateral buds from leaf axils (Murashige, 1974). A

kind of synergism between two cytokinins namely, kinetin and BA,



has also been -reported in certain cases in in vitro axillary bud
proliferation (Gupta et al., 1981). Rodriguez et aL. (1987} stated
that high concentration of BA (5 x 10_6 g/ml) is necessary for

intense proliferation of shoots.

Murashige and Skoog's (1962) vitamin .mixture consisting
of myo-inositol (100 mg/l), nicotinic acid (0.5 mg/l) and pyridoxine
(0.5 mg/l) is used for banana tissue culture. Additions like glycine
(0.2 mg/l), ascorbic acid (100mg/1) (Banerjee et al., 1986) and
thiam'ine HCI 0.4 mg/l {Vuylsteke and De Langhe, 1985; Krikorian
and Cronauer, 1984a} are also been reported to be favourable.
According to Thorpe and Patel (1984) thiamine is the most often

added vitamin, followed by nicotinic acid and pyridoxine.

Favourable effects of coconut water in in vitro cultures
have been reported by many workers (Van Overbeek et al., 19471;
Bapat and Rao, 1977; Kunisaki, 1980). The discovery of Pollard
et al. (1961) that myo-inositol was present in coconut water and-
had growth promoting activity, led to the inclusion of inositol
in plant ‘tissue culture media. A number of cell division factors
are present in coconut water (Shantz and Steward, 1952; Letham,

1974; Vanstaden and Drewes, 1974).

To the media activated charcoal (AC) is added to prevent
phenol exudation from micro cuttings and explants and to induce

rooting of cuttings. The effects of AC may be attributed to three



factors such as darkening of medium (favours rooting) ({Proskauer
and Berman, 1970); absorption of inhibitory compounds and growth
hormones from the medium (Weatherhead et al., 1978). In banana,
in vitro cultures for rooting 0.025 per cent w/v AC is commonly

used (Krikorian and Cronauer, 1984a).
3. Culture conditions

Light, temperature and humidity conditions provided inside
the culture room pl-ays a significant role in the success of any
tissue culture technique. The light intensity, quality and duration
are the three major factors affecting the growth of in vitro culture
(Murashige, 1974, 1977). Murashige (1977) considered the optimum
day light period to be 16 hours for a wide range of plants. For
banana shoot tip culture, a light intensity of 1000 to 3000 lux
and a photoperiod of 16 hours are recommended by various workers
(Krikorian and Cronauer, 1984b; Damasco et al., 1984), while
continuous light of about 3000 lux 1is reported by Vuylsteke and

De Langhe (1985), complete darkness for callus induction was

reported by Novak et al. (1989).

Yeoman. (1986) reported that the usual environmental temper-
ature at the original habitat of a particular species should be
taken into consideration while regulating the temperature in in

vitro sylstems. Most tropical species require a higher temperature



(2;? + 2°C), The optimum temperature for bananas is reported to

be 28 * 2°C (Krikorian and Cronauer, 1984a).

Humidity i5 rarely a problem except in ‘arid climétes,
where rapid drying of the medium occurs. This can be reduced
by the use of tightly closed containers, covering closures such
as foam or cotton wool plugs with aluminium foil. In climates with
high humidity, dehumidifier in the culture room may be advant-

ageous. In some urban environments, it may be necessary to filter

the air entering the culture room (Yeoman, 1986).

The physical form of the medium, that is, whether it is
solidified or liquid, plays an import'ant role in in vitro growth
and differentiation. In general, most success In organogenesis Iis
achieved with explants on agar based solid medium [Cronauer and
Krikorian (19844 and b); Hwang et al. (1984); Banerjee and De
Langhe (1985)]. In bananas, shoot multiplication was reported to
be stimulated by transferring tissue pieces alternatively between
liquid and semi-solid media of .same composition at two weeks
interval (Cronauer and Krikorian, 1985b). Huang and .Chi (1988)
reported the advantage of using gelrite instead. of agar in banana
tissue culture. They found that the medium solidified with gelrite

eliminated tissue and medium discoloration.

Plant cells in culture require an acidic pH and an initial

pH of 5.5 to 5.8 is optimum (Gamborg and Shyluk. 1981). They



also reported that pH changes during the growing cycle of a cell
suspension culture. Though initially there will be a decrease to
below pH 5.0 subsequently the pH increases and may reach 6.0
or even higher. In banana, the pH of the culture media were
adjusted to 5.8 using potassium hydroxide or sodium hydroxide
before autocléving (B_eig and Bustamante, 1974; Cronauer and

rikorian, 1984a and bj Banerjee and De Langhe (i985)

4. In vitro rooting of shoot

Although a number of plants root spontaneously in culture,
shoots of most species multiplied in vitro lack a root system.
Rooting can be achieved either by subculturing to medium lacking
cytokinin, with or without a rooting hormone or by treating the
shoots as conventional cuttings after removal from sterile culture
(Yeoman, 1986). All cytokinins  inhibit rooting and BA which is
widely used for shoot multiplication, does so particularly strongly,
even after transfer to cytokinin free medium. The use of 2iP or
kinetin in place of BA in the final stages of multiplication often
improves subsequent rooting (Webb and Street, 1977). Since auxin
is essential for root initiation, majority of stage III media contains
auxin as a supplement. The concentration of rooting hormone
required is often critical to provide sufficient stimulus to initiate

roots while preventing the excessive formation of callus (Yeoman,

1986) .



According to Hu and Wang (1983) three phases are involved
in rhizogenesis namely, induction, initiation and elongation. Among
the auxins NAA has been. t'ﬁe most effective one for Iinduction of
rooting (Ancora et al., 1981). The root elongation phase has been
found to be very sensitive to auxin concentration. High

concentrations of auxins inhibited root elongation (Thimann, 1977).

Several researchers have shown that in vitro rooting can
successfully be achieved by reducing salt concentrations in the
media, particularly in MS. Abundant rooting was observed when
the salt concentration in the medium was reduced. to one half,
one-third or one-fourth of the standard strength (Lane, 1979;
Skirvin and Chu, 1979). But in such cases, poor top growth
resulted sometimes (Gupta et al., 1981). In banana, abundant rooting
was observed, when the concentration of the macrosaits of the
MS medium was reduced to half (Banerjee and De Langhe, 1985;
Vuylsteke and De Langhe, 1985). Doubling the concentration .of all
the salts in MS medium was found to reduce the number of roots

produced in banana (Rodriguez et al., 1987).

Debergh and Maene {1981) pointed out that rooting in vitro
may represent the most labour intensive part of micropropagation,
because of the need to manipulate shoots on an iIndividual basis
rather than in clusters wused during proliferation stage. Roots

formed in vitro do not adapt easily to normal conditions without



some delay in growth. Yeoman (1986) suggested that where it is
praéticable there is considerable advantage in rooting shoots directly
into a conventional medium and elimiinating a further costly’ transfer
in sterile culture. The most efficient method of rooting directly
is to transfer shoots into sterile blocks, tubes or pots. Mateille
and Foncelle (1988) developed an improved micropropagation method
for the Poyo banana clone in which shoot elongation énd rooting
were obtained simultaneously on a hormone free medium containing

10 g/l sucrose.
5. Hardening—off and planting out of plantlets

Acclimatization 1is necessary 1in the case of micropropagated
plants because in vitro plant material is not adapted for in vitro
conditions (Brainerd and Funchigami, 1981). The success in
acclimatization of micropropagated plants is largely dependant upon
not only the post-transfer growth conditions but also the pre-transfer
culture conditions (Ziv, 1986). Tissue cultured plants are very
poorly adapted to’ resist the low relative humidity, higher light
levels and more variable temperatures prevailing cutside

{Wainwright, 1988).

Light, temperature and relative humidity are the three
major factors to be contreolled during acclimatization. Hu and Wang

(1983) suggested a period of humidity acclimatization for the newly



transferred plantlets. Rajmchan (1985) reported the use of plastic
mieroscope covers for maintaining 90 - 100 per cent relative
humidity and obtained 55 - 60 per cent survival of in vitro

produced jack plantlets.

In Poyo banana clone 100 per cent survival was achieved
when « plantlets were grown in  the glass house (Mateille and

Foncelle, 1988).

Physical, chemical and biological properties of the potting
mixture is also important in the establishment of in vitro regener-
ated plantlets when planted out. Thorough washing of the plantlets
to remove the traces of nutrient medium and sterilizing the potting
mixture eliminates problems of fungal infection (Anderson, 1980).
Jarret et al. (1985) reported that more than 90 per cent banana
plantlets survived after transfer to methyl bromide treated soil.
Cronauer and_Krikorian (1985) successfully established banana plant-
lets in Pro Mix : Vermiculite (v/v) potting mixture. Drew et al.
(1989) successfully established micropropagated plants in a peat,
perlite and polystyrene bead (1:1:1) mixture with 40 per cent
natural light in a perspex humidity cabinet, maintained at more
than 90 per cent relative humidity by a Penn humidistat controller

and 'Defensor-505' humidifier.

Careful field' evaluations of micropropagated banana plants

are Tfew. Recently certain reports have been published from



plantings and trials (mostly small scale) conducted elsewhere
(H\;\rang et al., 1984; Reuveni et al., 1986; Ramcharan et al., 1987;
Pool and Irizarry, 1987; Arias and Valverde, 1987)}. A shortcoming
of these reports is that the exact material used and the methodology
adopted 1s not precisely given (Kri'kor‘ian, 1989). He also stated
that special emphasis should be give'n to the number of plants
evaluated, to stability or lack thereof and to recurrence of plant
crop effects in the ratoon., Hwang et al. (1984)' reported that the
plantlets originating from excised decapitated shoot apices of
banana- suckers, established well under field conditions and gave
rise to mature plants with uniform growth and normal fruit yield.
Ramcharan et al. (1987) observed the performance of tissue cultured
plantlets of 2 clones designated Maricongo and Dwarf in U.S. Virgin
Island. - The clones were found to exhibit considerable variability.
By tl;le second harvest, 21’ per cent Mar‘icorllgo 'had reverted to
'i’all French types and 38 per cent of Dwarf had -reverted to Dwarf
French types. But the character of the planting and first ratoon
crops were similar. Vuylsteke et al. (7988) studied the phenotypic
variatioﬁ among in vitro propagated banana cultivar Agbagba
(genome AAB). Observations on the plant crop and successive
ratoons revealed five forms of phenotypic variation at a frequency
of 6 per cent. Fitchet (1989) stated that-tissue culture technique
can be used for speeding up evaluation of new cultivars. In a

study Robinson (1990a) evaluated the . performance of tissue culture



progeny and compared the observations with sucker grown plants.

He found that tissue culture plants produced 6
before flower emergence and they were taller
flowering stage due to the production of more
and consequently more internodes. Tissue culture

to reach flowering stage two weeks to a month

to 7 more leaves
than suckers at
leaves per plant
plants were found

earlier than with

suckers. Robinson (1990b) reported that overall yield/annum was

20 per cent higher with tissue culture plants than with sucker

grown plants due to the production of larger bunches coupled with

shorter cycle time. The increased yield from tissue culture plants

was probably related to their greater height,

and vigour,

stem circumference
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MATERIALS AND METHODS

The studies on the in vitro propagation of banana were
carried out at the Plant Tissue Culture Laboratory in the Department
of Pomology and Floriculture, College of Horticulture, Vellanikkara
during 1988-90. The details regarding the experimental material,

methodoclogy of experiments and analytical techniques adopted are

presented step-wise in the ‘chapter.

In vitro propagation through enhanced release of axillary
buds was used for the present study (Murashige, 1974). The

different stages involved are illustrated in Fig. 1.

1. Physiological preconditioning of the explant and explant establish-

ment {Stage 1)

1.1. Selection of varieties

The explants for the study were ccllected from three popular
banana cultivars of Kerala namely Nendran (AAB), Palayankodan
{AAB) and Red banana (AAA). The morphological description of

these varieties are given in Table 1.

1.2. Source of explants and pretreatment

Three different types of explants used fer the present

study were shoot tip (the main apical bud collected from a five

month old sword sucker of banana}), eye bud (the main apical bud
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Table 1. Morphological features of banana cultivars utilised for in vitro culture studies

Red banana

Palayankodan

Nendran

Genomic status

Pseudostem

Leaves

Peduncle

Inflorescence

Bract

Female flowers

Male flowers

Bunch

Ripe fruit

AAA

Greenish purple, with dark
brown blotches

Petiole not c[asbing the
pseudostem, margins of
petiole spreading

Short and pubescent

Female axis pendulous and
male axis slightly
ageotropic

Decidious, shoulder high.
Outside colour dull
purple and crimson inside.

Creamy white. Stigma rich
yellow,

Creamy white with fertile
stamen

Hands and fingers compact.
Fingers almost cylindrical
with indistinct apex.

Red in colour, do not easily
saparate from the hand, rind
medium thick, pulp colour
yellowish cream, soft juicy,
taste sweet.

AAB

Yellow green with brownish
black blotches

‘Petiole not clasping the
pseudostem, margins of
peticle slightly enclosed

Medium-long and pubescent

Female axis semi-pendulous
and male axis positively
geotropic

Decidious, shoulder low.
QOutside colour brownish
purple and bright crimson
inside.

Cream colour flushed with
pink. Stigma colour cream.

Cream flushed with pink
with fertile stamen

Hands and fingers compact.
Fingers slightly angular
with prominent apex.

Yellow in colour, firmly
attached, to the hand, rind
thin, pulp colour yellowish
cream, taste sweet.

AAB

Yellowing green with reddish
tinge and with dark brown
blotches towards the base of
the petiole

Petiole not clasping the
pseudostem, margins of
petiole enclosed

Medium-long and glabrous
Female axis semi-pendulous
and male axis positively
geotropic

Persistent, shoulder low.
Qutside colour brownish
purple and bright crimson
inside,

Cream colour with pink
blotches towards the base.
Stigma creamy white.

Creamy white flushed with
pink. Stamen fertile.

Hands and fingers lgose.
Fingers angular with distinct
apex.

Yellow in colour, firmly
attached to the hand, rind
thick, pulp yellowish
orange, thick, taste sweet.

Valsalakumari, 1984: Cytotaxonomical studies on banana cultivars



collected from the small buds seen on the sides of the mother
rhizome of banana) and floral apices (the apical bud collected

from the distal end of the inflorescence axis of banana) (Fig.2).

In order to overcome the apical dominance of shoot tips
and to obtain a higher rate of axillary bud release in culture,
the shoot tip explants were subjected to different types of physical

injury treatments as shown in Fig. 3. The treatments were,

T1 apical dome intact
T, apical dome cut longitudinally
T, apical dome with (+) cut

T, half portion of the apical dome

T. quarter portion of the apical dome.

Observations on the percentage of culture survival (devoid
of microbial contamination), percentage of cultures exhibiting growth
and a visual rating on growth response were made on twenty

explants per treatment after four weeks of culturing.

1.3. Explant establishment

1.3.1. Collection and preparation of explants for culturing

Shoot tip explants were collected from five month old sword
suckers grown in the field. Suckers after separdtion from the
mother rhizome (from which the bunch has already been harvested)

.were detopped and were reduced to a size which measured about
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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. For floral apex explants collection, the
male buds 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 associate:d hands of female
flowers were removed one by one in a stepwise manner until they
became too small to be removed by hand! The explants after
collection were immediately taken to the laboratory, where they
were first washed thoroughly in tap water to remove all the dirt
and soil particles adhering to them. After drying them in between
folds of tissue- paper they were agaln washed with sterile distilled
water. Further sterilization procedures were carried out under
perfect aseptic conditions in a 'Thermadyne' laminar air flow cabinet.

The explants were then subjected +to surface sterilization using

different chemicals as given below.

Explant Sterilant Concentrat- Duration
ion (per
cent)
1. Shoot tip Bleaching powder 10.00 10 min
’ Absolute alcohol 95.00 30 s
Mercuric chloride 0.05 15 min
Mercuric chloride 0.10 10 min
Mercuric chloride 0.20 5 min
2. Eye bud Bleaching powder 10.00 10 min
Absolute alcohol 95.00 30 . s
.Mercuric chloride 0.05 15 min
Mercuric chloride 0.10 10 min
Mercuric chloride 0.20 5 min



3. Floral apexX Bleaching powden 10.00 5 min

Absolute alcohol 95.00 30 s

+ +
Mercuric chloride 0.05 10 min
Mercuric chloride 0.05 15 min
Mercuric chloride 0.10 10 min
Mercuric chloride 0.20 3 min

Observations on the percentage of culture survival (as
exhibited by the retention of the green colour), percentage of
cultures contaminated and percentage of cultures showing explant
death were made on twenty explants per treatment after three

weeks of culturing.

The explants after surface sterilization, were rinsed with
sterile distilled water for four times. To dry these explants,
they were cautiously transferred to sterile filter paper placed

over sterile petri dish.

Sterilized shoot tips were further reduced in size by
trimming down the cut surface of the rhizomatous tissues and leaf
bases, using sterilized scalpel and forcepsy In the case of eye
buds, two to three outer bud leaves were removed and the extra
rhizome tissue was trimmed off retaining a 5 mm base fragment
of the underlying corm. Before inoculation, two to three
subtending bracts from the floral apices were also removed using
sterilized forceps and needles. The explants were "then -inoculated

in' suitable culture medium.



1.3.2. Influence of season of explant collection

Under culture conditions the establishment of explants
collected from field grown plants, varied considerably according
to the season of their collection. An experiment was therefore
conducted to standardise the best season of explant collection in
which culture establishment was more and contémination rate minimum.
Ten shoot tips were collected for this purpose from uniform sized
field grown banana plants  (cv. Red banana) ciuring each month
and cultured in MS (semi-solid) basal proliferation medium contain-
ing BA 5.0 ppm. Observation&-‘. on the percentage of explant establish-
ment, percentage of cultures contaminated and number of axillary
shoots initiated per explant were recorded after Tour weeks of

culturing.

To reduce medla and explant discolouration of banana
different treatmenis were given to explants, the details '‘of which

are given below.

Treatment Levels

1. Keeping in running tap water before 7, 1, 13, 2 h
inoculation

2. Rinsing in cysteine - HCI solution 25, 50, 100 mg/l
before Inoculation

3. Rinsing in PVP solution before 250, 500, 1000 mg/l
inoculation

4. Adding ascorbic acid into the media 10, 30, 50 mg/l



Observations on the percentage of cultures showing culture
survival and percentage of cultures without media and explant
discolouration were made on ten explants per treatment after four

weeks of culturing.
1.3.3. Basal medium of culture

In order to study the morphogenetic response of banana
explants in culture, the most widely acceptéd MS medium (Murashige
and Skoog, 1962) was tried. The composition of the medium is
given in Table 2. This medium contained ‘only the basal salts (macro
and miero), vitamins and sucrose as reported in t—he original
publication. This was supplemented with cytokinins, auxins and

gibberellins at various concentrations as detailed below.

Explant Treatments
1. Shoot tip 4 x 4 combinations of BA (0.5, 1.0, 2.0,
3.0 ppm) and NAA (0.25, 0.50, 1.00,
2.00 ppm)

2. Eye bud 4 x 2 combinations of BA (0.50, 1.00,

2.00, 3.00 ppm) and IAA (0.50, 1.00 ppm)

x 3 combinations of BA (0.25, 0.50,
.00 ppm) and GA (0.50, 1.00, 2.00 ppm)

3. Floral apex

TN 2t bt et et St et

—

Observations on the number of days taken for culture

establishment were made after four weeks of culturing.



Table 2. Composition of Murashige and Skoog (1962) medium

Volume Volume
Quantity made up pipetted

Solution A

Ammonium nitrate 16.5 g 1 litre 100 ml
Potassium nitrate 16.0 g

Magnesium sulphate 3.7 g

Potassium dihydrogen phosphate 1.7 g

Solution B

Calcium chloride 4.4 g 500 ml 50 ml
Solution C

Boric acid 0.62 g 100 ml 1T ml
Manganese sulphate 2.23 ¢

Zinc sulphate 0.86 g

Potassium iodide 0.083 g

Sodium molybdate 0.025 g

Solution D

Ferrous sulphate 2.78 g 500 ml 5 ml
Sodium EDTA 3.73 g

Solution E

Cobalt chloride 0.025 g 1 litre 1 ml
Copper sulphate 0.025 g

Solution F

Nicotinic acid 50 mg 100 ml 1T ml
Pyridoxine HCI 50 mg

Thiamine HCI1 10 mg

Glycine HCIL 200 mg

Sucrose 30.00 g

Inositol 100.00 mg

Agar 7.00 g



.The chemicals used for preparing the culture medium were
of analytical grade from British Drug House (BDH), Sisco Research
Laboratories (SRL), Merck or Sigmra. Standard procedures (Gamborg
and Shyluk, 198i1) were followed for the preparation of the media.
Stock solutions of major and minor nutrients were prepared first,
by dissovling the required quantity of chemicals in double glass
distilled water and stored under refrigerated conditions in amber
coloured bottles. The stock solution of nutrients were prepared
fresh in every four weeks and that of vitamins, aminoacids and
phytohormones were prepared fresh in every week. Speci‘fic guantit-
jes of the stock solution of chemicals and phytechormones were
pipetted out into a 1000 ml beaker. Sucrose and inositol were
added fresh and dissoclved. Then the volume was made: upto about
1060 ml by adding double glass distilled water. The pH of the
solution was adjusted using an electronic pH meter using 0.1 N
HC1/NaOH.. Agar was added to the medium and final volume made
up exactly to one litre. The solution was then melted by keeping
in a water bath maintained at a temperature of 90-95°C. The
medium (15 ml) was then poured hot to the oven sterilized culture
vessels which were previously rinsed twice with double glass
distilled water. The container with the medium were then tightly
closed with non-absorbant cotton wool plugs. Corning brand test

tubes and conical flasks were used.



In order to ensure aseptic condition of the medium, the
containers plugged with cotton were autoclaved, for 15-20 min at
15 psi pressure and 121°C temperature. After sterilization, the
culture vessels were Iimmediately tr‘ansferr‘éd to an air-conditioned

culture room.
1.3.4. Inoculation of explants

All the inoculation operations were carried. out under perfect
aseptic conditions in a 'Thermadyne' laminar air flow cabinet.
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 to the culture vessels
containing suitable culture medium, using sterilized forceps. The
neck of the culture vessel was once agair-l_ flamed and quickly
replaced the cotton wool plug. The culture vessels were then
transferred to a culture room where they were incubated at a
temperature of 27 + 2°C. Artificial illumination was provided using
cool white fldurescent lamps. Photoperiod was fixed as 16 h per

day and it was automatically regulated by using a diurnal timer.
1.3.5. Response of varieties

"In the present study three types cf explants of three banana
cultivars namely Nendran (AAB}, Palayankodan (AAB) and Red banana

(AAA) were utilised. To study whether these explants behave



differently or not, a separate experiment was conducted. These
explants were grown on MS semi-solid medium supplemented with
0.5 ppm NAA and 3.0 ppm BA for a period of four weeks. Obser-
vations on the number of days taken for cultural survival were
made on four explants per treatment and on the percentage of culture

survival.

2. Induction of axillary shoots and rapid shoot multiplication
(Stage '2)

2.1. Standardisation of basic proliferation medium (BPM)

All the trials on stage 2 were carried out on Murashige
and Skoog, 1962 (MS) and modified Knudson's C, 1975 (KC) media.
The composition of Knudson's C medium 1iIs given in Table 3.
Explants used for induction of axillary -shoots were 30 mm long
shoots from establishment culture. fhe details of the trial on
.standardisation of basic proliferation medium utilising growth

requlating substances viz., cytokinins and auxins are presented

below.
Media Explant Treatment
1. MS - Shoot tip 1. 4 x 4 combinations of BA (4.0,
6.0, 8.0, 10.0 ppm)-and NAA(O, 0.5,
1.0, 1.5 ppm)
Eye bud 2. 4 x 4 combinations of kinetin (4.0,
6.0, 8.0, 10.0 ppm) and NAA
(0, 0.5, 1.0, 1.5 ppm)
F '
loral apex 3. 4 x 3 combinations of BA (0.5,
1.0, 2.0, 3.0 ppm) and IAA (O,
0.5, 1.0 ppm)
2. KC 1. 5 levels of BA (2.0, 4.0, 6.0, 8.0,

10.0 ppm)



Table 3. Composition of Knudson's C medium {modified)
(Rowe and Richardson, 1975)

Volume made Volume

Solution Constituents Quantity upte stock pipetted
A Calcium nitrate 10 g 1000 ml 100 ml
Ammonium sulphate 5 g
Potassium dihydrogen phosphate 2.5 g
Magnesium sulphate 2.5 g
Berthelots solution
Magnese sulphate 1 g
Boric acid 25 mg
B Potassium iodide 250 mg 500 ml 0.5 mi
Nickel chloride 25 mg
Cobaltous chloride 25 mg
Zinc sulphate 50 mg
Copper sulphate 25 mg
Sulphuric acid 0.5 ml
Iron solution
C Ferrous sulphate 2.785 g 500 ml 5 ml
Sodium EDTA 3.725 g
Thiamine solution
D Thiamine HCI1 250 mg " 250 ml 1 ml
Sucrose 40 g
Agar 5 g

pH 5.6 - 5.8



Observations on ~percentage of culture developing shoots
and number of shoots produced per culture were made on four

explants after four weeks of culturing.

Regular subculturing of the proliferated shoots on to
medium containing high concentration 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
four week interval in ten serial subcultures. Semi-solid MS medium
containing BA 5.0 ppm was used for the particular study. Cultures
derived from shoot tip explants of three banana cultivar were
used for the study. Observations were recorded on four cultures
per treatment on the number of shoots produced per culture and

the percentage increase in number of shoots over the initial culture.

2.2. Standardisation of medium supplements

Studies were conducted to determine the effect of coconut
water on culture survival, culiure growth and axillary shoot
induction from different explants viz. shoot iip, eye bud and
floral apex by adding CW at the rate of 0, 30, 100, 150 and 200 ml

per litre of the medium. Semi-solid KC medium containing BA 4.0 ppr

was used for the study.

Observations on percentage of culture survival were made

on twenty explants and the number of shoots produced per culture



and the visual rating on culture growth were made on five explants

after four weeks of culturing.

2.3. Standardisation of physical conditions

After inoculation, the flasks/tubes were properly labelled
and incubated under 27 2z 3°C temperature. Artificial illumination
was provided using cool white fluorescent lamps. An experiment
was conducted to study the effect of light on multiple shoot

formation and growth of shoots, the details of which are given

below.

Explant Treatment Level

1. Shoot tip Light 0, 20 W, 40 W, B0 W, 120 W
2. Eye bud for 16 hours followed by
3. Floral apex 8 hours darkness.

The photoperiod was provided for 16 h per day and it
was automatically regulated by using a diurnal timer. QObservations
on the number of shoots produced per explant, the length of the
longest leaf (cm) and the wvisual rating of growth response were

made on five explants after four weeks of culturing.

3. In vitro rooting and acclimatization (Stage 3)
3.1. In vitro rooting

3.1.1. Standardisation of basal medium

All the trials on in vitro rooting were conducted on KC

medium, half and full strength MS medium. Shoots (2 to 3 cm



length) excised from shoot proliferating cultures were utilised
as explants for these trials. The different auxins and their levels

tried for rooting of banana shoots are the following.

Media Treatment

—_
a

1. MS (with full concentration
of mineral salts)

oS]

NAA (0.0, 5.0, 10.0, 15.0 ppm)
IBA (5.0, 10.0 ppm)

2. MS (with half concentration 1. NAA (0.0, 5.0, 10.0, 15.0 ppm)
of mineral salts) 2. IBA (5.0, 10.0 ppm)

3. KC (with full concentration 1. NAA (0.0, 5.0, 10.0, 15.0 ppm)
of mineral'salts)

Observations on the percentage of cultures showing root
initiation, number of roots produced per shoot, the nature of roots
and the- number of days taken for root initiation were made on
four cultures after two weeks of culturing. Treatments found to
be best for one variety (Red.banana) were repeated for the other
two cultivars namely Nendran and PRalayankodan in comparative

performance trials.

3.1.2. Standardisaticn of medium supplements

A trial was conducted to observe the effect of various
medium supplements on rooting of banana shoots excised from shoot
proliferating cultures. The details of various compounds and their

levels tested are given below.



Treatment Level

1. "Sucrose 1.5, 3.0, 4.5, 6.0 per cent

2. Activated charcoal powder 0.025, 0.05, 0.1, 0.2 per cent

Observations were made on four explants after two weeks
of culturing on percentage of root initiation, the number of roots
produced per shoot and the number of days taken for root initiat-

ion.

3.24. Acclimatization

3.2.1. Standardisation of hardening treatments

In order to acclimatize the banana shoots produced in vitre,
initially a trial to standardise the hardening treatments were carried
out. Rooted shoots from stage 3 were utilised for conducting this
experiment. The rooted plantlets with 3 to 5 leaves and 8 to
10 roots were taken out from the culture vessels with the help
of forceps and needles. Then the agar adher“ing to the roots were
completely removed by washing with distilled water. The plantlets
were than subjected to various pre-transfer (before planting in

the potting mixture) and post-transfer (after planting in the potting

mixture) treatments as listed below.



Pre-transfer treatments Post-transfer treatments

1. Direct planting into the Keeping in the open
potting mixture

2. Keeping in distilled water Keeping in the culture room
for 8 h and then for 8 h in
1/10th MS solution under Covering the plants and pots with
mist (provided using a plastic cover for four weeks

microscope cover)

3. Keeping in 1/10th MS solution
for 2 days (under mist, pro-
vided using a microscope
cover)

Observation were made on ten plantlets on the percentage

of plantlet survival after one month of planting out.

3.2.2. Influence of potting mixture on plantlet establishment

The type of potting mixture in which the plants are potted
are found to effect the growth of plants. To study this, plantlets
were potted in various kind of potting mixtures made up of
different ingredients as given below.

1. Sand
2. Vermiculite : Sand (1:1 v/v)

3. Red earth : Sand : soil : .compost (1:1:1:1)

After wetting, the potting- mixtures were autoclaved at 15 psi
for 20 min. to make it free from soil borne pathogens. The plant-
lets were planted in the potting: mixture ‘on the same day of

sterilisation after cooling.



Observation were made on ten plantlets on the percentage

of ' plantlet survival after one month of planting out.
3.2.3. Effect of containers on plantlet survival

To study the influence of the containers on the growth
of plants, plantlets were potted in different types of containers
as shown.

1. White plastic cups of 250 ml capacity with drainage holes at
the bottom.

2. Black plastic pots of 250 ml capacity .with drainage holes
at the bottom.

3. Tubular polythene bags of 15 cm diameter and 20 cm length

with 8 punch holes each on 2 sides.

Observation were made on ten plantlets on the percentage

of plantlet survival after one month of planting out.

3.2.4. Use of chemical sterilants for plantlet survival

To ensure better growth of the plantlets the autoclaved
potting mixture was ‘treated with various chemical sterilants as
listed below.

1. Mercuric chloride 0.2%

2. Bavistin 0.1%

3. Emesan 0.1%



Observations were made on ten plantlets, on the percentage

f - plantlet survival after one month of planting out.

. Field planting and evaluation (Stage 4)

After 1 month of acclimatization, the plants were planted
ut in earthern pots of size 20 cm height and 15 cm diameter
ontaining ordinary non-sterile potting mixture (1 sand : 1 soil

1 red earth : 1 dried and powdered cattle manure v/v). A
wutrient _solution containing half concéntr‘ation of M5 mineral salts
vas given as additional nourishment once in a week. Plants were

:épt under partial shade.

Observations were recorded on plant survival, plant height,
eaves per plant and length of longest leaf, at three stages ie.,
ifter four weeks under. mist, eight weeks after planting out and

welve weeks after planting out.
itatistical analysis

The data generated from the varicus experiments were
ubjected to statistical amalysis in completely randomised design,

vherever necessary as per Panse and Sukhatme (1985).



RESULTS



RESULTS

The results on the ﬂ vitro propagation of banana conducted
at the Plant Tissue Culture Laboratory of the College of Horticulture,

Vellanikkara during the period 1988-90 are presented in this chapter.

1. Explant

1.1. Surface sterilization of explants

The results of the surface sterilization of three types of
explarjts viz., shoot tip, eye bud and floral apex using various

sterilants are presented in Table 4.

Of the various sterilants tried, mercuric chloride (0.05-0.2
per cent) gave better sterilization of explants than bleaching powder
and/or absolute alcohol. An initial rinsing of floral apex explants
with 95 per cent absolute alcohol for 30s followed E)y mercuric
chloride treatment (0.05 per cent) for 10 min resulted in least
rate of contamination (10 per cent) and maximum percentage of
explant survival (85 per cent) .:':md lowest ‘rate of explant death
(5 per cent). For shoot tip and eye bud explants, the best
sterilant mercuric chloride (0.2 per cent) resulted in very low
contamination rate (5 per cent}) and makimum percentage of explant.
survival (80 p;ar‘ cent) eventhough the rate of explant death was

high (715 per cent). Bleaching powder was ineffective as a surface

sterilant for all the three explants tried, as it resulted in very



Table 4. Standardisation of surface sterilization methods of banana explants

1

Medium: MS {Semi solid)
Explant Sterilant Concent- Duration ‘Contami- Death of Survival
ration nation culture (percentage
(per cent) -(per cent) due to culture
over con- _alive)
centration
(per cent)
Shoot tip Bleaching powder 10 10 min 100 0 0
Absolute alcohol 95 30 s 895 - 0 0
Mercuric chloride 0.05 15 min 55 5 40
Mercuric chloride 0.10 10 min 45 10 45
Mercuric chloride 0.20 5 min 5 15 80
2 Eye bud Bleaching powder 10 10 min . 100 0 0
Absolute alcohol 95 30 s 100 0 0
Mercuric chloride 0.05 15 min 60 5 35
Mercuric chloride 0.10 10 min 50 10 40
Mercuric chloride 0.20 5 min 5 15 80
3 Floral apex -Bleaching powder 10 5 min 95 0 5
Absolute alcohol 95 30 s
+ + 10 5 85
Mercuric chloride 0.05 10 min
Mercuric chloride 0.05 15 min 35 10 55
Mercuric chloride 0.10 10 min 25 15 60
Mercuric ch‘loride 0.20 3 min 10 20 70

Mean of twenty observations
Culture period - three weeks



high contamination rate and lowest survival percentage eventhough

the rate of explant death due to excess sterilant was zero.

1.2. Season of explant collection and culture establishment

Shoot tip collection during November to April period, was
found to result in least contamination rate (30-40 per cent) and
maximum explant survival (50-60 per cent) (Table 5). The period
from May to October recorded greatest contamination rate (50-60
per cent) énd lowest survival lj"ate (40-50 per cent). Maximum
number of shoots (4.0-4.2/shoot tip) were recorded when shoot
tips were collected during July-August and it was minimum during
May (2.4/shoot tip) and November (2.6/shoot tip). No significant
influence was noted among the months in the induction of axillary

shoots, except in the case of two months (May and November).

2. Culture medium

2.1. Culture establishment medium

In order to standardise a suitable culture establishment
medium, detailed trails were conducted with different levels of
cytokinin (BA), auxins (NAA and IAA) and gibberellin (GA) in

MS (semi-solid) medium. using excised explants namely shoot tip,

-eye bud and floral apex 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



Table 5. Influence of season of collection of explants on the
establishment of culture and induction of axillary
shoot growth in shoot tip culture of banana
{cv. Red banana)

Medium: MS + BA 5.0 ppm

Month Contamination®  Survival® Shoots per®*
(per cent) (percentage explant
culture alive)

January 40 60 3.2
February 30 70 3.8
March 30 70 3.4
April 4Q 60 3.2
May 50 50 2.4
June 60 40 3.8
July 60 40 4.0
August _ 60 40 4.2
September 50 50 4.0
October 50 50 3.6
November 40 60 2.6
December 30 70 4.0
Mean 3.52
CD (5%) 0.98
SEmzt 0.49

¥ Mean of ten observations
** Mean of five observations
Culture period - four weeks



phytohormones and the type of explant used which indicated their
capacity to establish in the culture. The results are presented

below.

2.1.1. Effect of NAA and BA

Establishment of culture occurred in all the 16 combinations
of NAA and BA tried- (Table 6). For the establishment of culture
shoot tip explants took 8 to 23 days, eve bud explants, about

9 to 24 days and floral apex explants 14 to 26 days.

All the three explants tried, namely shoot tip, eve bud
and floral apex, took only minimum number of days (8, 9 and
14 respectively) for the establishment of culture at the treatment

combination involving NAA 0.5 ppm + BA 3.0 ppm.

2.1.2. Effect of IAA and BA

Establishment of culture occurred in all the eight combinat-
ions of IAA and BA tried (Table 7). Number of days taken for
culture establishment varied from 11 to 23 days for shoot tip
explant, 12 to 23 days- for eye bud explant and 21 to 26 days

for floral apex explant.

The treatment combination involving IM 1.0 ppm + BA 3.0
ppm was found to be the best compared to the remaining treatment

combinations, as it was observed that at this éombination of IAA



Table 6. Effect of NAA + BA on the establishment of culture using different banana explants

(cv. Red banana)

Medium: MS

Treatments

Shoot tip

Time taken
for culture
establish-

ment (days)

Eye bud

Time taken
for culture
establish-

ment {days)

Floral apex

Time taken
for culture
establish-

ment {days)

NAA 0.25 ppm +

e
+
34

BA 0.5 ppm
v 1.0 ppm
ys 2.0 ppm
vy 3.0 ppm

NAA 0.5 ppm + BA 0.5 ppm

1y
11

11

NAA 1.0 ppm

NAA 2.0 ppm

L}
LR}

LA )

CD (5%)
SEmz

+

+ +

+
+
+
+

+ + + +

vy 1.0 ppm
vy 2.0 ppm
13 30 Ppm

21
17
16
15

23
19
14
8.
21
19
16
11

21
20
20

23
20
17
17

23
21
17

9

23
21
18
13

24
22
21
19

1.66
0.82

25
24
23
22

23
23
20
14

25
25
23
17

26
24
22
20

1.66
0.82

Mean of three obserwvations
Culture period - four weeks



Table 7.

(cv. Red banana)

Effect of IAA + BA on the establishment of culture using different banana explants

Medium: MS

Treatments

Shoot tip

Time taken
for culture
establish-

ment (days)

Eye bud
Time taken

for culture
establish-
ment (days)

Floral apex
Time taken
for culture
establish-
ment (days)

IAA 0.5 ppm +

IAA 1.

+

BA 0.5 ppm
vy 1.0 ppm
yy 2.0 ppm
4y 3.0 ppm
BA 0.5 ppm
vy 1.0 ppm
vy 2.0 ppm

vy 3.0 ppm

21
22
21
20
23
.20
17
1
1.73

0.81

21

21

21

20

23

21

18

12

1.73

J2.81

23

24

22

22

26

24

21

21

1.73

0.81

Mean of three observations
Culture period - four weeks

[UiN



and BA, all the three explants tried viz. shoot tip, eye bud
and floral apex took the minimum number of days (11, 12 and

21 respectively) for the establishment of culture.
2.1.3. Effect of GA and BA

In all the nine combinations “of GA and BA tried as shown
in Table 8, explants turned green, but the time taken for the
establishment of culture was more than that was observed in the
initial trials conducted using NAA/BA and IAA/BA combinations.
The number of 'days taken for the establishment Of culture was

minimum -(23) at the combination of BA 1.0 ppm + GA 0.5 ppm.
2.1.4. Effect of explant sources

From the initial trials conducted to study the effect of
different combinations 'of phytohormone on the establishment of
culture, the treatment combination NAA 0.5 ppm + BA 3.0 ppm
and.IAA 1:0 ppm + BA 3.0 ppm weré found-to be the best. In
order to study the effect of explant sources on the establishment
of culture of banana cultivars, MS medium containing NAA 0.5 ppm

+ BA 3.0 ppm was used (Table 9).

In all the three banana cultivars used for the study, it
was noted that floral apex explants took maximum number of days
(13-18} for establishment while shoot fip explants the minimum

number of days (8-11) for culture establishment. Similarly, when



Table 8. Effect of GA + BA on the establishment of culture using different banana explants
(cv. Red banana)

Medium: MS

Treatments

Eye bud
Time taken
for culture
establish-
ment (days)

Shoot tip

Time taken
for culture
establish-
ment (days)

Floral apex
Time taken
for culture
establish-
ment {days)

BA 0.25 ppm +

LI ]

11

BA 0.5 ppm

+

4+

+

GA 0.5 ppm
vy 1.0 ppm
yy 2.0 ppm

GA 0.5 ppm
vy 1.0 ppm
yy 2.0 ppm

GA 0.5 ppm
y» 1.0 ppm
vy 2.0 ppm

27 27
27 27
28 28
25 26
25 27
26 28
23 24
24 25
25 26

1.72 1.84

0.82 0.87

- 28
29
29

28
28
29

25

26

28
1.72
0.82

Mean of three observations
Culture period - four weeks



Table 9. Comparative performance of shoot tip, eye bud and floral apex explants of three
banana cultivars on the establishment of culture

Medium: MS + BA 3.0 ppm + NAA 0.5 ppm

Nendran Palayankodan Red banana

Explant Time taken* Culture™® Time taken® Culture™® Time taken™ Culture®*
for culture established. for culture established for culture established
establish- (per cent) establish~- (per cent) establish- (per cent)
ment(days) ment(days) ment(days)

Shoot tip 8.0 90 11.0 S0 8.0 90

Eye bud 9.0 80 12.0 - 80 9.0 80

Floral apex 18.0 80 13.0 90 14,0 90

CD (5%) 2.00 NS 2.00

SEmz 0.81 0.81 0.81

* Mean of three observations
¥ Mean of ten observations
Culture period -~ four weeks
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thé percentage of culture established were compared, shoot tip#”
explants recorded maximum percentage (9(5) in all the three banana

cultivars tiried.

In banana cv. Palayankodan, no significant difference was
observed between the three explants tried with respect to the
number of days taken for the establishment of culture. In the
other two cultivars Red banana and Nendran, except floral apex
explant, the other explants behaved in a similar manner as they
took only eight to nine days for the establishment of culture.
In Nendran, when shoot tip explant recorded 90 per cent of
culture establishment, eye bud and floral apex explant recorded
only 80 per cent culture establishment. In the case of IPalayankodan
and Red ba'nané, botﬁ shoot tip and floral apex explants recorded
90 per cent of culture establishment, while eye bud explant

recorded only 80 per cent of culture establishment.

2.1.5. Discolouration of media and explant in in vitro culture

of banana

Adding ascorbic acid into the culture medium, resulted
in maximum percentage ‘of culture survival (70-90) and maximum
percentage of culture without media ~and explamnt discolouration
(60-90), thaﬁ all the 'other‘_ treatments (Tablé 110). Among the
different concentration of ascorbic acid tried, ascorbic acid 50 mg/l

.was found to be the best as cent per cent of the culture survived



Table 10. Effect of various treatments on the discolouration of media
and explant in in vitro culture of banana (cv. Red banana)}

Medium: MS + BA 3.0 ppm + NAA 0.5 ppm

Treatment Culture Culture
survival . without
(per cent) media and
explant
discolour-
ation

(per cent)

1. Keeping in running tap water for 3 h 60 0
. 1 h 80 10
., 13 h 60 20
., 2 h 50 20
2. Rinsing in cysteine-HCl solution 25 mg/l 60 10
. 50 mg/l 60 20
. 100 mg/1 60 40
3. Rinsing in PVP solution 250 mg/1 50 10
. 500 mg/! 50 10
. 1000 mg/1 50 10
4. Adding ascorbic acid into 10 mg/1 70 60
the media .
)2 30 mg/l 80 80
. 50 mg/1 90 90

Mean of ten observations
Culture periocd - four weeks



showed no signs of media and explant discolouration. Rinsing the
explants in cysteine—HCl solution (100 mg/l) just before inoculation
resulted in 60 per cent culture survival and 40 per cent cultures

without media and explant discolouration.

2.1.6. Physical injury treatments

The results of the trial conducted by giving five types
of physical injury to shoot tip explants (Table 11), showed variat-
ion in the percentage of established cultures (75-95 per cent).
When the percentage of cultures exhibiting growth were compared,
apical dome which was injured by giving a longitudinal cut’
exhibited the maximum percentage (90), which was on par with
the other types of physical injury tried (60-75 per cent). In
the visual rating of growth response, dividing the apical dome
into two halves was found to be best as the explant greening
was observed within a period of one to two week and from the
half portion three to four adventitious buds were found to develop
(Plate 1). In the case of the explant receiving a longitudinal
cut, though the explant turned green within one to two weeks,
only four to five adventitious buds déveloped (Plate 2). When
explant with intact apical dome was used, only a single shoot

developed (Plate 3}.

2.2. Culture proliferation medium

The results of the detailed trials conducted to modify the



Table

11. Response of shoot tip explants to different type of physical injury treatments
(cv. Red banana) )

Medium: MS + BA 3.0 ppm + NAA 0.5 ppm

Treatment Culture Culture Remarks
established exhibiting
(per cent} growth
(per cent)
1. Apical dome intact 90 70 +
2. Apical dome cut longitudinally 95 S0 ++
3. Apical dome with '+' cutl 75 60 +++
4. Half portion of the apical dome 80 75 444
5. Quarter portion of the apical dome 80 60 +4+++
Mean of twenty observations
Culture period - four weeks
+ - Explant turned green within 2 weeks, with only a single bud developing
++ - Explant turned green within 1-2 weeks and 4-5 adventitious buds developed
+++ - Explant turned green within 3 weeks, but exhibited black colour along the cut
surface due to phenol oxidation .
++++ - Explant turned green within 1-2 week and 3-4 adventitious buds developed
+++++ — Explant turned green within 2 week and 1-2 adventitious buds developed



Plate 1. Culture showing adventitious bud formation from half
portion of the apical dome

Plate 2. Culture showir;g adventitious bud formation from an
apical dome cut longitudinally

Plate 3. Single bud development from an apical dome Iintact
shoot tip explant






establishment medium and to arrive at a suitable basal proliferat-
jion medium for the induction and growth of axillary shoots using
different combinations of auxins (NAA, IAA} and cytokinins (BA,
kinetin) in MS (semi—sql}d) medium and the use of BA alone in
Knudson's C (semi-solid) medium -using various explants namely
shoot tips, eye buds and floral apices are presented in Table

12, 13 and 14.

2.2.1. Shoot tip

The independent influence of  BA was found to be significant
to most of the combinations of NAA and BA tried (Table 12). It
was found that as the BA level was increased there was a corres-
ponding increase in the number of axillary shoots induced. In
the combination of NAA and BA tried, similar trend was noticed.
Addition of NAA along with BA was found to have no influence
on the induction of axillary shoots as the number of shoots
produced by using the sarlne concentration of BA, alone in the medium
was found to be more than the number produced in most of the
combinations of NAA and BA tried. All the 16 treatment combinat-
ions r‘e&:orded cent per cent culture proliferation (ie. all the
cultures developed multiple shoots, the number ranging from :?..25
to 11.00) (Plate 4a and 4b). The maximum number of shoots (11.00)
was produced by the treatment involving BA at 10.0 ppm and also

at the treatment combination NAA 1.0 ppm + BA 10.0 ppm.



Table 12. Effect of BA and combinations of NAA and BA on the induction of axillary shoots in in
vitro culture of banana (cv. Red banana)

Medium: MS
Shoot tip Eve bud Floral apex
Treatment bercenf- Shoots per  Percent- Shoots per Percent- Shoots per
age of culture age of culture age. of culture
cultures cultures cultures
developed developed - developed
shoots shoots shoots
BA 4.0 ppm 100 3.00 100 3.50 100 2,25
yy 6.0 ppm 100 5,25 100 5.00 100 6.00
vy 8.0 ppm 100 9.75 100 9.50 100 9.75
ys 10.0 ppm 100 11.00 100 11.00 100 11.50
NAA 0.5 ppm + BA 4.0 ppm 100 2725 100 3.75 100 3.00
'y + 4, 6.0 ppm 100 4,75 100 5.50 100 5.00
‘s + ,, 8.0 ppm 100 8.00 100 9.00 100 9.00
. + 4, 10.0 ppm 100 9.75 100 11.25 100 12.00
NAA 1.0 ppm+ BA 4.0 ppm 100 4,25 100 3.50 100 3.00
- + ,, 6.0 ppm 100 6.00 100 6.00 100 6.00
.y + 4, 8.0 ppm 100 9.00 100 9.00 100 8.50
' + ,,10.0 ppm 100 11.00 100 10.75 100 10.00
NAA 1.5 ppm + BA 4.0 ppm 100 2.50 100 2.75 100 3.60
- + ,, 6.0 ppm 100 5.25 100 5.00 100 4.75
' + ,, 8.0 ppm 100 7.75 100 6.75 '100 7.50
- + 4, 10.0 ppm 100 9.75 100 10.00 100 9.00
CD (5%) 1.23 1.12 1.18
SEmz 0.61 0.56 0.59

Mean of four. cbservations
Culture period - four weeks

af



“Table 13. Effect of kinetin and combination of NAA and kinetin on the induction of axillary shoots
in in vitro culture of banana (cv. Red banana)

Medium: MS
Shoot tip Eye bud Floral apex,
Treatments Percent- Shoots per Percent- Shoots' per  Percent- Shoots per
age of culture age’ of culture age of culture
cultures cultures cultures
developed developed developed
shoots shoots shoots
Kinetin 4.0 ppm 100 1.25 75 0.75 50 0.75
vy, 6.0 ppm 100 1.75 100 1.75 100 1.25
1y 8.0 ppm 100 2.50 100 2.256 100 2.25
- 10.0 ppm 100 3.50 100 3.25 100 -3.50
NAA 0.5 ppm + Kinetin 4.0 ppm 75 1..00 75 0.75 75 0.75
- + sy 6.0 ppm 100 2.00 100 1.75 100 1.75
. + yy 8.0 ppm 100 2,25 100 2.00 100 2.25
’s + .4, 10.0 ppm 100 4,50 100 4,25 100 4.50
NAA 1.0 ppm + Kinetin 4.0 ppm 100 1.25 75 1.00 75 1.00
- + .y 6.0 ppm 100 1.25 100 1.50 100 1.75
. + vy 8.0 ppm 100 2.75 100 2.50 100 2.75
‘s + s+ 10.0 ppm 100 4,00 100 3.75 100 3.75
NAA 1.5 ppm + Kinetin 4.0 ppm 75 0.75 50 0.75 75 1.00
' + ;72 6.0 ppm 100 1.50 100 1.25 100 1.50
s + yy 8.0 ppm 100 2.50 100 2.25 100 2.75
' + sy 10.0 ppm 100 4,00 100 3.50 100 3.75
CD (5%) 0.88 0.85 0.85
SEmz 0.31 0.30 0.30

Mean of four observations
Culture period - four weeks



Table 14. Effect of BA and combinations of IAA and BA on the induction of axillary shoots in in vitro
culture of banana (cv. Red banana)

Medium: MS
Shoot tip Eye bud Floral apex
Treatments Percent- Shoots per Percent- Shoots per Percent- Shoots per
age of culture age of culture age of culture
cultures cultures : cultures
that that that
developed developed developed
shoots shoots shoots
BA 0.5 ppm 0 0 0 0 0 0
vy 1.0 ppm 75 0.75 75 0.75 50 0.50
vy 2.0 ppm 75 1.00 75 1.00 100 1.00
vy 3.0 ppm 100 2.50 100 2.50 100 2.00
IAA 0.5 ppm + BA 0.5 ppm 0 0 0 0 8] 0
- + 45, 1.0 ppm 50 0.75 50 0.50 50 0.50
s + 4, 2.0 ppm 100 - 1.00 75 0.75 75 0.75
. + ,, 3.0 ppm 100 3.00 100 3.00 100 3.00
IAA 1.0 ppm + BA 0.5 ppm 0 0 0 0 0 0
'y + 4, 1.0 ppm 50 0.50 25 0.25 25 - 0.25
. + ,, 2.0 ppm 75 0.75 50 0.50 50 0.50
. + ,, 3.0 ppm 100 3.50 100 3.75 100 3.50
CD (5%) 0.94 0.88 0.77

SEmz 0.32 0.30 0.26

0 - No response
Mean of four observations
Culture period - four weeks



Plate 4. Multiple shoot formation from shoot tip explant

a. M5 medium containing NAA 0.5 ppm + BA
4.0 ppm

b.MS medium containing BA 10.0 ppm



PLATE 4a

PLATE 4b
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Among the treatment combinations involving NAA and Kkinetin,
NAA 0.5 ppm + kinetin 10.0 ppm recorded the highest number
of shoots produced in culture (4.5 shoots/culture) (Table 13}.
The number of shoots produced in the rest of the treatments were
four per culture or less. The addition of NAA was found to enhance
the influence of kinetin at the highest concentration tried (10.0
ppm) in the induction of axillary shoots. The number of shoots
produced when only k'inetin was used at 10.0 ppm concentration
was 3.50 shoots/culture, whereas the number of shoots produced
ranged from 4.00 to 4.50 shoots/culture in the treatment combinat-
ions invelving NAA at three levels ie. 0.5 ppm, 1.0 ppm, 1.5
ppm and- kinetin 10.0 ppm. Among the 16 treatment combinations,
14 treatment combinations recorded cent per cent culture proliferat-
ion but the two treatment combinations (NAA 0.5 }f)pm + kinetin
4.0 ppm and NAA 1.5 ppm + Kinetin 4.0 ppm)} recorded only 75

per cent culture developing shoots.

Among the 12 treatment combinations tried, involving BA
and IAA, IAA 1.0 ppm-+ BA 3.0 ppm recorded the maximum number

of shoots per culture (3.50 shoots) (Table 14). No shoot production

'was observed when BA was used at 0.5 ppm concentration. The

addition of IAA was found to improve the activity of BA as the
number of shoots produced at the treatment combination IAA 1.0
ppm + BA 3.0 ppm was 3.5 which was on par with the number

of shoots produced (2.5 shoots/culture) when BA alone was used



at 3.0 ppm concentration. Considering the percentage of cultures
developing shoots, all the treatments involving BA at 3.0 ppm
and the treatment combination (IAA 0.5 ppm + BA 2.0 ppm) recorded

cent per cent culture proliferation.

The results of the trials conducted so far Iindicated that
shoot tips can be chosen as a suitable explant in the field of
rapid in vitro propagation of banana as it can be successfully
used for the induction of numerous shoots within a short period.
Of the 44 treatments tried, maximum , number of shoots {11.00)
per culture was produced Iin two treatments viz. BA 10.0 ppm
and NAA 1.0 ppm + BA 10.0 ppm. The influence of these tw:o-treat—-
ments in inducing multiple shoots was found 1o be far superior
to rest of the 42 treatments tried. When lower concentrations of
cytokinins were considered, the treatment. combination involving
IAA and BA was fou_nd to be superior to all the other combinations

involving NAA and BA, NAA and Kinetin, kinetin alone or BA alone.
2.2.2. Eye bud

As in the case of shoot tip culture, in the case of eye
bud explant, the independent influence of BA was found to be
more than the combinations of NAA gnd BA tried (Table 12). An
increase in the number of axillary shoots was observed when the

level of BA was increased. A similar trend” was noticed in the



combination of BA and NAA tried. As the number of shoots produced
in the combinations were more or less similar to the number
produced when BA was used alone at the same concentration, adding
NAA along with BA cannot be considered to have any influence
on the induction of axillary shoots. All the cultures used for
the particular study recorded cent per cent culture proliferation,
the number of shoots produced ranging from 2.75 to 11.25.
Contrary to shoot tip -explant, the maximum number of shoots
(11.25/culture} in the case of eye bud explant was recorded at
the treatment NAA 0.5 ppm + BA 10.0 ppm, which was closely

followed by the treatment involving BA alone at 10.0 ppm (11.00/

culture).

Among the treatment combinations invelving NAA and kinetin
(Table 13), NAA 0.5 ppm + kinetin 10.0 ppm recorded the highest
number of shoots produced in culture (4.25 shoots/culture). The
number of shoots produced in the rest of the treatments were
3.75 or less. As observed In the case of shoot tip explants, the
addition of NAA was found to enhance the influence of kinetin
at the highest concentration tried ({10.0 ppm) in the induction
of axillary shoots. When kinetin alone was used at 10.0 ppm
concentration, the number of shoots 'pr‘oduced was 3.25/culture,
but in., the treatment combinations involving NAA at three levels
0.5 ppm, 1.0 ppm, 1.5 ppm and kinetin at 10 ppm more number of

shoots were found to be produced, the number varying from 3.30
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to 4.25 shoots/culture. Considering the percentage of developing
shoots, all the treatments except treatments involving kinetin at

4.0 ppm recorded cent per cent culture proliferation,

Among the 12 treatments (Table 14), treatment involving
IAA 1.0 ppm + BA 3.0 ppm recorded the maximum number of shoots
per culture (3.75 shoots) as in the case of shoot tip explant.
The treatments involving BA at 0.5 ppm failed to induce any
axillar‘y. shoot in culture. In the case of eye bud explant, the
addition of IAA was found to improve the activity of. BA as the
number of shoots produced at the treatment combination of IAA
1.0 ppm + BA 3.0 ppm, was 3.75 which was far superior to the
number of shoots produced (2.50/culture) when BA alone was used
in the culture at 3.0 ppm concentration. All the _tr‘eatments with

BA 3.0 ppm recorded cent per cent culture proliferation.

In general, the effectiveness of the 44 treatments on eye
bud explants indicated it as an useful explant for the induction
of multiple shoots. Of the treatments tried, the highest number
of shoots (11.25) was produced at the treatment combination of
NAA 0.5 ppm + BA 10.0 ppm which was followed closely by BA
at 10.0 ppm (11.00 shoots/culture). With regard to the influence
of lower concentration of cytokinins, the treatment combinations
involving I/.’-\A and BA was found to be superior to all the other

combinations involving NAA and BA, NAA and kinetin, kinetin alone



or BA alone. The results obtained indicated that ‘the response
obtained for eye bud culture is more or less similar to that of

shoot tip culture.

2.2.3. Floral apex

When the level of BA used in the culture medium was
increased a corresponding increase in the number of axillary shoots
was observed (Plate 5), a trend which was noticéd in shoot tip
and eye bud explant. A similar trend was noticed in the case
of NAA and BA combiﬁations. Ex'cept in few combinations (NAA
0.5 ppm + BA 4.0 ppm; NA\A 1.0 ppm + BA 4.0 ppm; NAA 1.5 ppm +
BA 4.0 ppm; NAA 0.5 ppm + BA 10.0 ppn;), in all the other
combinations addition of NAA was found to negatively influence
the— activity of BA in the induction of axillary shoots (Table 12).
As observed in the case .of other expiahts, cent per cent culture
proliferation was recorded for all the culture tried, with the
number of shoots produced ranging from 2.25 to 12.00 per culture.
As in the case of eye bud explant, floral apex expian_t also
recorded the maximum number of shoots (12.00/culture) at the
treatment combination of NAA 0.5 ppm + BA 10.0 ppm, which was
followed by the treatment involving BA alone at 10.0 ppm (11.50

sh oots/cultur‘ej .

As in the previous trials conducted with shoot tip and eye

bud explant, among the treatment combinations involving NAA and



Plate 5. Floral apex showing proliferation of buds in MS medium
containing higher levels of BA






kinetin, NAA 0.5 ppm + kinetin 10.0 ppm recorded the highest
number of shoots (4.50) produced in culture (Table 13). The
number of shoots produced in the rest of the treatments were
3.75 or less. As in the case of other explants, addition of NAA
was found to enhance the Iinfluence of kinetin at the highest
concentration tried (10.0 ppm) in the induction of mqltiple shoots.
When only kinetin was added at 10.0 ppm concentration, the
number of shoots produced was 3.50, whereas in’ the treatment
combinations involving NAA at three levels 0.5 ppm, 1.0 ppm,
1.5 ppm and kinetin 10.0 ppm, the number of shoots produced
were found to be more, the number varying from 3.75 to 4.50
shoots per culture. When the percentage of cultures developing
shoots were considered, all the treatments except those with Kkinetin
at 4.00 ppm concentration registered cent per cent culture proli-

feration.

Among the 12 treatment combinations tried involving IAA
and BA, the treatment combination, IAA 1.0 ppm + BA 3.0 ppm
(Table 14} recorded the maximum number of shoots produced in
culture (3.50 shoots/culture}. No axillary shoot induction was
observed in the treatments containing BA at 0.5 ppm. As observed
in the case of shoot tip and eye bud explants, the addition of
IAA was found to positively influence the activity of BA as the
number of éhoots produced at: the treatment combination IAA 1.0

ppm + BA 3.0 ppm was 3.50 which was on par with the number
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of shoots produced (2.00/culture) when BA alone was used at 3.0
ppm concentration. Considering the percentage of cultures develop-
ing shoots, the treatments involving BA at 3.0 ppm and the treat-
ment invelving BA aione at 2.0 ppm concentration recorded cent

per cent culture proliferation.

2.2.4. Effectiveness of Knudson's C medium

A trial was conducted to know whether modified Knudsen's C
medium can be used for inducing multiple shoots in in vitro culture
of banana along with BA the most prominent phytohormone
identified from the earlier studies conducted, in enhancing the
release of axillary buds. The details of the trial are given in

Table 15.

The results of the  trial indicated that Knudson's C medium
can be successfully used instead of MS medium for the induction
and growth of axillary shoots as the shoot proliferation was more
or less similar. In Knudson's C medium at BA 10 ppm, the number
of shoots produced in shoot tip explants was 12.50 shoots/culture
as against 11.00 shoots/culture in MS medium. In the case of eye
bud explants also, similar trend was noticed as the number of
shoots producea was 11.50 shoqts/cdltur‘e in Knudson's C medium
contgining BA 10.0 ppm, as against 11.00 shoots/culture in MS

medium. In contrast to these two explants, floral apex explants



Table 15. Influence of Knudson's C medium containing BA on the formation of multiple shoots in in

vitro culture of banana (cv. Red banana)

Shoot tip Eye bud Floral apex

Percent- Shoots per Percent- Shoots per Percent- Shoots per
Treatments age of culture age of culture age of culture

cultures cultures cultures

that that that

developed developed developed

shoots shoots ) shoots
Control (no BA) 0 0 0 0 0 0
BA 2.0 ppm 100 2,00 100 2.00 100 1.75
vy 4.0 ppm 100 4.25 100 4.00 100 3.50
s 6.0 ppm 100 6.75 100 6.50 100 ' 6.00
,, 8.0 ppm 100 9.50 100 9.25 100 8.50
+y 10.0 ppm 100 12.50 100 11.50 100 10.25
CD (5%) 0.91 1.01 1.32
SEmt 0.30 0.34 0.44

0 - No response
Mean of four observations
Culture period -~ four weeks



recorded a lower number of shoot production (10.25 shoots/culture)
in Knudson's C medium with BA 10.0 ppm as against 11.50 shoots
per culture in MS medium. Except the treatment with no BA, all
the other treatments recorded cent per cent ‘culture proliferation.
It was also observed that as the level of BA was increased, there
was a corresponding increase in the number of axillary shoots

produced.
2.2.5. Effect of optional additive

The results indicated that no significant difference existed
between the treatments tried (CW at 0, 50, 100, 150 and 200 ml/
litre) on the culture survival and in the induction of axillary
shoots in in wvitro culture of banana using the three different
explants viz. shoot tip, eye bud and floral apex (Table 16).
In the wvisual rating for studying the growth response, KC medium
containing BA 4.0 ppm supplemented with CW 15 per cent (v/v}

was found to be performing well than all the other four levels.

2.,2.6. Effect of continuous subculturing

At four week interval continuous subculturing was carried
out to assess the rate of increase or decrease in the multiplication
6f' axillary shoots in shoot tip culture, the details of which are
given in Table 17. It was found that the rate of multiplication

increased in all the subculture starting from the first subculture



Table 16. Effect of coconut water on the establishment of culture, growth of culture and induction of axillary
shoots in in vitro culture on banana (cv. Red banana)
Medium: KC + BA 4 ppm
Shoot tip Eve bud Floral apex
Treatments Culture* Culture  Shoots™*  Culture* Culture  Shoots™* Culture* Culture Shoots™*
survival growth per survival growth per survival growth per
(per cent) explant (per cent) explant {per cent) explant
CW - 0 ml 90 + 5.25 80 + 4.00 20 + 3.50
sy = 50 ml 90 ++ 4,20 - 80 + 4.00 90 + 3.20
yy = 100 ml 90 ++ 4.00 85 ++ 4.00 90 ++ 3.00
vy~ 150 ml 95 R 4,00 90 4t 3.80 95 +4 3.00
vy — 200 ml 95 ++ 3.80 90 +4+ 3.80 95 ++ 2.80
CD (5%) NS NS NS
SEmz .50 .56 .46

* Mean of twenty observations
** Mean of five observations
Culture period - four weeks

+ Explant doubled in size in three weeks

++ Explant doubled in size in two weeks
+++ Explant thribled in size in two weeks



Table 17. Influence of continuous subculturing at four week interval on the multiplication
rate of shoot tip explants of three banana cultivars

Medium: MS + BA 5.0 ppm

Nendran Palayankodan Red banana
Serial Shoots per Increase in  Shoots per Increase in Shoots per Increase in
subculture culture number of culture number of culture number of
number shoots- over shoots over shoots over
the initial the initial the initial
culture culture culture
(per cent) (per cent) (per cent)
1 4.00 - 4,00 3.75 -
2 4.25 6.25 4,50 12.50 4,75 26.67
3 5.00 25.00 5.00. 25,00 4.75 26.67
4 5.25 31.25 5.00 25.00 4,75 26.67
5 5.75 43.75 5.50 37.50 5.50 46 .67
6 6.00 50.00 6.25 56,25 6.50 73.33
7 6.75 68.75 7.00 75.00 6.50 73.33
8 6.75 68.75 6.75 68.75 6.25 66.67
9 6.75 68.75 6.75 68.75 6.25 66.67
10 6.50 62.50 6.50 62.50 6.75 80.00
Mean 5.70 5.73 5.58
CD (5%) 1.22 1.03 0.92
SEm+ 0.42 0.36 0.32

Mean of four observations
Culture period - four weeks



itself. The percentage increase in number of shoots over the initial
.culit,ur‘e also increased and the ‘malxximum value (68.75) was obtained
at the seventh, eighth and nineth subcultures for Nendran, (75.00)
was obtained at the seventh subculture for Palayankodan and '(80.00)
was obtained at the tenth subculture for Red banana. On an average,
the shoot multiplication rate increased by 5.70, 5.73, 5.58 due
to subculturing in Nendran, Palayankodan and Red banana respect-
ively. The va‘riation in the mhltiplication- rate among subcultures
were found to be significant. No apparent reduction was observed
in the growth and ‘vigour of the cultures due to continuous sub-
culturing. A diagrammatic summary of the various steps involved
in the production of clonal banana plan.tlets.by enhancing axillary

bud release is presented in Fig. 4.

3. Culture conditions

3.1. Light

Duration and intensity of light was found to effect axillary

shoot induction and growth of shoots in in vitro culture of banana.

Number of axillary shoots

It was noticed that as the light intensity increased, axillary
shoots produced also correspondingly increased. Light at higher
intensities (80 W and 120 W) bhad significant effect on the number

of axillary shoots induced in in vitro culture of banana (Table 18).
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Table 18. Effect of light intensity on the formation of multiple shoots and growth of shoots in
in vitro culture of banana (cv. Red banana)

Medium: MS + BA 5.0 ppm

. Shoot tip Eye bud Florai apex

Treatment Shoots per Length of Shoots per Length of Shoots per Length of Remarks

explant longest explant longest explant longest

leaf {cm) leaf {(cm) leaf (cm)

No light 1.60 3.00 1.60 2.88 1.20 2.66 +
20 W 3.00 4,24 3.00 4..24 2.60 3.96 +
40 W '3.60 3.76 3.40 3.58° 2.80 3.36 ++
80 W 4.20 3.16 4.00 2.98 3.20 2.98 +++
120" W 4.20 2.96 3.80 2.74 3.00 2.76 -
CD (5%) 1.02 0.41 0.90 0.50 0.81 0.70
SEm:t 0.49 0.20 0.43 0.I24 0.39 0.33

Mean of five cbservations
Culture period - four weéks

+ - Tender, pale green in colour,
++ < Robust, green in colour,
+ht -

less vigorous
with medium vigour
Dwarf, stout, dark green in colour, highly vigorous



In shoot tip culture, maximum number of shoots (4.2/explant)
was produced at 80 W and 120 W light intensities and were signifi-
cantly superior to 20 W and no light (dark) treatments. In the
case of eye bud and floral apex culture maximum number of shoots
(4.0/explant) and (3.2/explant) was produced at 80 W light intensity
respectively and were significantly superior to 20 W and no light
(dark) treatments. Thus in in vitro culture of banana, 80 W light
intensity was found to be the best for inducing. maximum number
of slhoots. Dark treatment was found to have only very little
influence in the induction of axillary shoots or in their further
growth and development. The treatment was avoided after the

initial trials.
Length of the longest leaf

In general, leaf length was found to increase gradually on
reducing the light Intensities, except in the case of the dark
treatment (Table 18). Maximum leaf length (4.24- cm) was registered
by 20 W light intensity in shoot tip and eye bud culture. In
floral apex culture, maximum leaf length (3.96 cm) was obtained

at 20 W light intensity.

" General vigour

In the visual rating of growth response, when the vigour

of the shoots were compared no significant difference was noticed



among the three explants tried (Table 18). It was found that at
20 W ligﬁt intensity and dark treatment, the shoots produced were
less vigorous (Plate 6). As the light intensity level increased,
the shoots showed a gradual improvement in their wvigour. Highly
vigorous, stout and dwarf shoots were produced at 80 W and 120 W

light intensity (Plate 7).

4. In vitro rooting

Standardisation of basal rooting medium

Knudson's C medium (semi-solid) containing. full strength
of both inor‘éanic and organic growth factors was found to be
better than MS medium (semi-solid) containing full strength of
both inorganic and organic growth factors and Mé medium (semi-

solid) containing bhalf strength of inorganic salts and full strength

of organic growth factors in rooting of banana shoots produced

in vitro, particularly In the number of days taken for root initiat-

ion and the number of roots produced per shoot (Table 19}.

Among the 16 treatment combinations tried with different
levels of NAA and IBA for rooting of banana shoots produced in
vitro, all treatments (except MS medium without any auxin)

registered cent per cent of cultures initiating roots.

Number of roots

Maximum number of roots -(6.75/shoot) (Plate 8) were



Plate 6. Nature of in vitro produced shoots under 20 W light
intensity

Plate 7. Nature of in vitro produced shoots under 120 W light
intensity
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Table 19. Effect of auxins {NAA and IBA) on the rooting of banana shoots (cv. Red banana)

in vitro
Root Roots Time taken
Treatment initiation per for root Nature of roots formed
(per cent) shoot initiation
(days)
1. Ms? (with no auxin) 75 1.50 13.25 Small, thin roots
yy + NAA 5.0 ppm 100 5.50 10.50 Thin, fibrous roots
vy + 44 10,0 ppm 100 5.00 7.50 Thin, long roots
vy + 5, 15.0 ppm 100 3.50 7.00 Thick, short roots
.y, + IBA 5.0 ppm 100 5.25 10.75 Thin, long roots
vy + 4, 10.0 ppm 100 3.25 8.00 Thick, short roots
2. MS® (with no auxin) 100 2.25  12.25 Long, thin roots
sy + NAA 5.0 ppm 100 5.75 9.25 Thin, long fibrous roots
v, + 4, 10.0 ppm 100 5,25 7.25 Thin, long roots
vy + 4,45 15.0 ppm 100 4.25 6.75 Thick, very short roots
vy + IBA 5.0 ppm . 100 5.50 9.25 Thin, long rcots
vy + 4, 10.0 ppm 100 4.25 7.00 Thick, very short roots
3. KC (with no auxin) 100 6.00 6.25 Thin, long, fibrous roots
vy + NAA 5.0 ppm 100 6.75 6.00
1y + 4y 10.0 ppm 100 4.00 7.00 Thick, short roots
ty + 44, 15.0 ppm 100 3.25 7.50 Thick, very short roots
CD (5%) 1.12 1.15
SEms 0.57 0.59

Mean of four observations

Culture period - two weeks

MS? - MS medium with full strength of both inorganic salts and organic growth factors

MSb - MS medium with half strength of inor‘ganic‘: salts and full strength of organic growth factors

KC - Knudson's C medium with full strength of both Inorganic salts and organic growth factors

?J)



Plate 8. Nature of roots produced in vitro in KC medium
containing 5 ppm NAA
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recorded at the treatment KC + NAA 5.0 ppm which was closely
followed by KC without any auxin (6 roots/shoot) (Table 19).
Beyond 5.0 ppm NAA concentration, a fall in the number of roots
produced were observed. Knudson's C medium was found to induce
6.0 roots per shoot even without the presence of any auxin, which
was on par with the number of roots pr‘oducéd (1.50 and 2.25

roots/shoot) -by MsS® and Ms® media respectively (Plate 9a and 9b).
Days for root initiation

The treatment KC + NAA 5.0 ppm registered the minimum
number of days for root initiation (6.00) which was followed closely
by KC without any auxin (6.25) (Table 19)., The maximum number
of days for root initiation was recorded at the treatment ms?
without any auxin (13.25) and MSb without any auxin (12.25).
The treatment KC containing NAA at 5.0 ppm and KC without any
auxin was found to be highly superior to all the other tireatments.
Even without using any auxin KC medium alone can be successfully

used for inducing roots in minimum number of days.

Nature of roots

When NAA was used at 5.0 ppm- concentration the roots
produced were thin, long and fibrous. As the concentration was
increased the length was found to decrease and the roots become
thickened. When IBA was used at 5.0 ppm concentration thin and

long roots were produced. As the IBA concentration was increased



Plate 9.

Production of roots in vitro in MS medium

MS medium with full strength of both inorganic salts
and organic growth factors without any auxin

MS medium with half strength of inorganic salts and
full strength of organic growth factors without any
auxin
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roots become thicker and short. When the plantlets were planted
after hardening, the plantlets with long, thin fibrous roots survived

better than those with thick, short roots.
Comparative performance of banana cultivars

To know whether there exists any difference among banana
cqltivar‘s in their ability to produce roots in vitro, an experiment
was conducted with three banana cultivars namely Nendran,
Palayankodan and Red banana the details of which are given in
Table 20. Based on the results obtained from the initial trials
conducted with banana cv. Red banana, the treatment identified

best for this cultivar (KC medium containing 5.0 ppm NAA) was

used for the rest two cultivars namely Nendran and Palayankodan.

Cons:ider‘ing the percentage of cultures capable of initiating
roots, no difference was observed among the three cultivars, (all
cultivars recorded root initiation in all the cultures tried). No
significant difference was observed among the cultivars 1iIn the
number of days taken for root initiation. However, among the
three culti\;rars (Plate 10a, 10b and 10¢c), Palayankodan recorded

the maximum rumber of roots (8.0/shoots) and minimum number

of days for root initiation (5.5).

4.2, Standardisation of medium supplements

An experiment was conducted to study whether any other



Table 20. Comparative performance of banana cultivars on the
rooting of banana shoots produced in vitro

Medium: KC + NAA 5.0 ppm

Cultivar Root init- Roots per Time taken
iation shoot for root
(per cent) initiation

(days)

1. Nendran 100 6.5 5.75

2. Palayankodan 100 8.0 5.50

3. Red banana 100 6.75 6.00

CcD (5_%) 1.27 NS

SEm= 0.56 0.46

Mean of four observations
Culture period - two weeks



Plate 10. Comparative performance of three banana cultivars
in the in vitro rooting of banana shoots

a. Palayankodan
b. Red banana

c. Nendran



PLATE 10a

PLATE 10b

PLATE 10c
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compounds (sucrose and activated charcoal) other than growth
regulators, has got any effect on the rooting of banana shoots
(cv. Red banana) produced in vitro. The results are presented

in Table 21.

Sucrose

In all the four levels (1.5, 3.0, 4.5 and 6.0 per cent)
of sucrose tested, cent per cent of the cultures showed root
initiation. The lowest level (1.5 per cent) produced maximum
number of roots (8.75/shoot) and the highest level (6:0 per cent)
produced the least number of rcots (5.75/shoot). Minimum number
of days for root initiation (5.5) was recorded at the lowest le_vel
and the maximum number of days (—10.25) at the highest level
tried. Thicker and shorter roots ‘were produced at the higher
levels (4.5 and 6.0 per cent) whereas the lower levels (1.5 and
3.0 per cent) produced thin and long roots. The plantlets with
thin and long roots recorded better survival and growth after

planting out.
Activated charcoal

Addition of AC to the culture medium was found to remarkably
influence the number of r‘oolts produced. All the four levels
(0.025, 0.05, 0.1 and 0.2 per cent) tested enabled root initiation
in cent per cent of the _cuitur‘es. Maximum number of roots (10.75/

shoot) was recorded by AC at 0.025 per cent (Plate 11a) and



Table 21. Effect of sucrose and ‘activated charcoal on the in vitro rooting of banana
shoots (cv. Red banana)
Medium: KC + NAA 5.0 ppm

Root Roots per Time taken

Treatments initiation shoot for root

(per cent) initiation

(days)
Sucrose 1.5% 100 B.75 5.580
)9 3.0% 100 6.75 6.00
- 4 .5% 100 6.00 8.00
' 6.0% 100 5.75 10.25
CD (5%) 1.11 1.24
SEms= 0.51 0.57
Activated charcoal 0.025% 100 10.75 7.00
- 0.050% 100 8.00 7.00
.y 0.100% 100 7.50 6.25
' 0.200% 100 -6.75 5.00
CD (5%) 0.94 0.74
SEmz 0.43 0.34

Mean of four observations
Culture period - two weeks’



Plate 11. Nature of roots produced in vitro in AC
ceontaining medium

a. AC at 0.025 per cent level

b. AC at 0.2 per cent level




plate 1lla

PLATE 11b



the minimum number of roots ({(6.75/shoot) was produced by AC
at 0.2 per cent (Plater 11b). The least number of days (5.0)
required for root initiation was registered by AC at 0.2 per cent.
As far as the nature of roots produced in AC containing medium
was concerned, they were white and thin. And the plantlets with
white and thin roots recorded better survival percentage after

planting out.

5. Acclimatization/hardening

5.1. Standardisation of hardening treatments

Control of temperature and maintenance of relative humidity
during acclimatization was achieved by covering the plantlets with
transparent plastic microscope covers having 60 cm height and
45 cm diameter at the base. This was done based on the reports
of Rajmohan (1985) and Reghunath (1989). Spraying of cold water
(12 + 2°C) at an interval of three hours dur‘ing'the day time
using a hand sprayer with fine mist nozzle enabled to maintain
high relative humidity (90-100 per cent) and mild temperature

{26 + 3°C) inside the plastic cover.

Both  pre-transfer and post-transfer hardening treatments
were found to influence the survival of planted out plantlets
(Plate 12a and 12b). Keeping in distilled water for 8 h followed
by 8 h in MS liquid medium (containing 1/10th strength of inorganic

salts, with no sucrose) under microscope cover and then covering



Table 22. Influence of hardening tfeatments, potting mixtures and contalners on the survival of the in
vitro produced banana plantlets (cv. Red banana)

A, Hardening treatments
Survival of

Pre-transfer treatments Post-transfer treatments plantlets
(per cent)
t. Direct planting Into the potting Keeping in the open o
mixture
2. . Covering the plantlets and pots with 50

moistened plastic cover for 4 weeks

3. 'Keeplng In distilled water for 8 h Keeping 1n the culture room 10
and then for 8 h in MS solution
of 1/10th strength, under microscope

cover
4, - Covering the plantlets and pots with S0
molstened plastic cover for 4 weeks
5. Keeplng in MS solution of 1/10th Keeplng in the culture room 0
strength for 2 days under
microscope cover
6. . Covering the plantlets and pots with 80

moistened plastlc covers for 4 weeks

B. Potting mixture

1. Sand 80
2. Vermleulite : Sand {1 : 1) 50
3. Red earth : Sand : Soll : Compost (1:1:1:1) 70

C. Contalners

1. White plastic cups 80
‘2. Black plastic cups 80
3. Tubular polythene bags 80

D. Chemlcal sterilants

1. Mercurlc chloride 0.2% 60
2. Bavlstln 0.1% 50
3, Emesan 0.1% 100

Mean. of ten observations
Culture period - four weeks



Plate 12. Humidity acclimatization of rooted banana shoots
- different stages

a. Plantlet kept in distilled water

b. Plantlets kept under microscope cover



PLATE 12a

PLATE 12b



the planted out plantlets and pots with moistened plastic cover
for four weeks recorded 90 per cent plantlet survival (Table 22).
This hardening treatment was closely followed by a plantlet survival
percentage of 80 obtained by keeping the plantlets in M5 liquid
medium (containing 1/10th strength of 1inorganic salts, with no
sucrose) Tfor two days under microscope cover and then covering
the plantlets and pots with moistened plastic cover for four
weeks. Keeping the planted out plantlets without any humidity
cover in the open or in the culture room resulted in poor

establishment of the plantlets.

5.2. Potting mixture

The most suitable potting mixture was found to be a 1:1
(v/v) mixture of wvermiculite and sand (Table 22)}. It registered
maximum survival (90 per cent} of the plantlets. Use of sterile
sand was also found suitable, but recorded onl:,; 80 .per cent
survival of the plantlets. The potting mixture containing red earth :
sand : so0il : compost 1 : 1 : 1 : 1 (v/v) was also found suitable

though it recorded only 70 per cent'plantlet survival.

5.3. Containers

Tubular polythene bags were found to be the best container
as it registered 90 per cent plantlet survival (Table 22). White

and black plastic cups were alsc found suitable, as the plantlet

survival percentage observed was 80 per cent.
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5.4. Chemical sterilant

Out of the three chemical sterilants used for sterilizing
the soil, emesan 0.1 per .cent registered cent per cent plantlet
survival. The effect of emesan as a chemical sterilant in sterilizing

o e

the potting mixture, was found to be highly superior to that of

mercuric chloride (0.2 per cent) and bavistin (0.1 per cent).
6. Planting out and evaluation

With respect. to the survival of rooted plantlets under mist
and in the open the cv. Palayankodan excelled Nendran and Red
banana as it recorded 100 per cent plantlet survival under mist
and 91.7 per cent survival after eight weeks of planting out
(Table 23) (Plate 13a, 13b and 13c). Twelve weeks after planting
out the percentage survival registered by Palayankodan and Red
banana were the same (83.3 per cent). The cv. Nendran recorded
lower survival rate than Palay:ankodan cultivar in all the stages

of growth.

When the height of the plantlets of the three cultivars were
compared, Nendran was found to be taller than the other two
cultivars during the early stages, but by about 12 weeks after
planting out Palayankedan was found to be taller than Nendran.
In all the three stages, no significant difference in plant height

was observed between Nendran and Palayankodan but Red banana



Table 23. Comparative performance of in vitro plantlets of banana cultivars on the survival and growth

under mist and open

Cultivars
Parameters” : CD
Nendran Palayankodan Red banana (5%}

1. After four weeks under mist

Survival®* (%) 91.7 100 91.7
- Plant height™ (cm + SE) 1.54 &% 16 1.20 £ 0.16 0.80 + 0.16 0.35

Leaves per plant®™ (No * SE) 3.40 z 33 3.20 + 0.33 3.40 + 0.33 NS

Longest leaf length* (cm = SE) 5.06 = 14 4.84 £ 0.14 5.82 + 0.14 0.30
2. Eight weeks after planting out

Survival®** (%) 83.3 91.7 83.3

Plant height* (cm & SE) 3.42 + 0.13 3.36 + 0.13 2.40 + 0.13  0.29

Leaves per plant® (No * SE) 5.60 = 0.41 5.80 + 0.41 5.60 + 0.41 NS

Longest leaf length™ (cm + SE) 8.24 = 10 7.92 = 0.10 8.96 * 0,10 0.22
3. Twelve weeks after planting out

Survival®** (%) 75,0 83.3 83.3

Plant height* {(cm z SE) 6.16  0.14 6.30 = 0.14 5.22 = 0.14 0.30

Leaves per plant* (No t SE) 9.80 + 0.50 9.00 = 0.50 8.80 + 0.50 NS

Longest leaf length® (cm * SE) 10.54 + 0.13 10.42 + 0.13 10.98 + 0.13 0.29

*  Mean of three observations
*%* Mean of twelve observations
Potting mixture Sand Soil : Red earth Dried and powdered cattle manure (1:1:1:1 v/v)



Plate 13. Planted ,out plantlets of banana - different stages
a. Two week old
b. One month old

c. Two month old



PLATE 13b

PLATE 13c



was found to be significantly lower in height than the other two

cultivars.

In the case of number of leaves produced by plantlets no
significant difference was noticed among the cultivars. However,
the number of leaves produced by Nendran (9.8) was found to
be more than Palayankodan (9.0) and Red banana (8.8}, 12 weeks
after planting out. Regarding the length of the longest leaf produced
by the plar-ltlets, significant differences were obsef‘ved' among the
three cultivars at all stages of gr‘owthl. Red banana recorded the
maximum value ‘at all the stages of growth as compared to
Palayankodan and Nendran. When all the characters taken for study
were considered, no cultivar could be said to be significantly

superior,



DISCUSSION



DISCUSSION

Banana, is propagated vegetafively through suckers. In recent
years there has been an increasing interest in the application
of tissue culture techniques as a rapid means of asexual propagation
of economicélly important plants. The propagation of various
cultivars of banana by conventional methods has been studied by
a number of authors in the past (Ascenso, ]\96’?; De Langhe, 1961
and I;{amilton, 1865}). These methods are laborious and time
consuming as far as the production of a large number of
homogenous plan'ts are concerned. Moreover, the rate of propagation
of banana by this m;:ethod is rather low. Tissue culture techniques
ensure an extremely rapid rate of multiplication which 1is not
season dependent and requires only a limited quantity of plaqt
tissue as the ‘initial explant. Tissue culture techniques can also
aid in the production of disease free plants and in the cryopreser-
vation of germ‘plasm. In view of the above facts, theré has been
an upsurge of interest in the field of rapid clonal propagation
of banana plants applying tissue culture technique (Cronauer and
Krikorian, 19848; Bakry et al., 1985; Gupta, 1986; Fitchet and
Winnaar, 1987; Mateille and 'Foncelle, 1988 "and Aravindakshan,
1989). However, reports on the standardisation of micropr‘opagati.on
techniques ‘in the case of important cultivars of banana .still lacks

complete details. Though the private firm, A.V. Thomas and:



Company has successfully produced ‘banana plants by 1in vitro
techniques in large scale, the technology adopted is not made
known. The present investigations carried out at the College of
Horticulture, Vellanikkara were mainly aimed to standardise the
in vitro propagation technique for selected commer‘cia}ly important
banana cultivars of Kerala. The route adopted for in vitro propagule
multiplication was via enhanced release of axillary buds. The
most remarkable advantage of this method is the genetic stability

of the plantlets produced.

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 I being physiological pre-
conditioning of the explant and. explant establishment, stage II
rapid multiplication of shoots through increased axillary branching,
stage III rooting and hardening of in vitro raised plants and stage
IV acclimatization and transplantation to field conditions

(Reghunath, 1989).

Banana being a monocotyledonous plant, never produces
branches and the buds in the axils are dormant due to the ‘'apical
dominance' shown by fast growing meristematic tip. The stagel
is to activate these buds to form branches by suppressing the

apical dominance. Physical injury treatments like scoring or killing



thhe bud apex was found to be favourable in the release of axillary
buds. Injuring the bud apex by giving 7 to 12 vertical incisions
was found to induce 'the production of a cluster of shoots within
one month as reported by Vessey and Rivera, 71981. 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).
Dividing the apical dome into two halves and culturing each half
separately was found to be the best one in enhancing the release
of axillary buds. Wong (1986) reported that survival rate of shc_>ot
tip explants was considerably less when the apical dome was

removed.

As the shoot tips and eye buds emerge from below the ground
l.evel, they accumulate lot of soil and dirt. This necessitates
a thorough and effective surface sterilization of the explants before
culturing. Out of the various sterilants. tried mercuric chloride
(0.05-0.2 per cent) was found to give better sterilization of
explants than bleaching powder (Table 4). Though the use of
sodium hypochlorite is more common, in the present stu;:lies it
was found that mercuric chloride was more efficient especially
when the explants were highly contaminated. An initial rinsing
of floral apex explants with 95 per cent absolute aicohol for 30s
followed by mercuric chloride treatment (0.05 per cent) for 10 min.

resulted in least rdte of contamination (10 per cent) and maximum



percentage of explant survival (85 per cent) and minimum percentage
of explant mortality (5 per cent). For shoot tip and eye bud
explaﬁts, the best ster:ilization treatment was found to be that
using mercuric chloride (0.2 per cent) for 5 min. which resulted
in very low contaminat.ion rate (5 per cent) and maximum percentage
of explant survival (80 per cent) eventhough the rate of explant
mortality was high (15 per cent). Enhancing the strength of
mercuric chloride or extending the treatment duration resulted

in still lesser rate of contamination but increased the rate of

explant mortality.

Shoot tip collection in banana during November to April
resulted in least contamination rate (30 to 40 per cent) and maximum
axplant survival (50 to 60 per cent) (Table 5). This may be
because of low rainfall and humidity prevailing in Kerala during
this period, which was incongenial for the growth of microbes.
The season of explant collection was also found to have some
influence on th.e rate of survival of cardamom explants (Reghunath,

1989).

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 have

attempted various methods to _overcome this problem but no method
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was found to result in complete success (Jarret et al. 1985;
Vuylsteke and De Langhe, 1985 and Banerjee and De Langhe, 1985).
It was found that by the addition of ascorbic acid into the media
at the rate of 50 mg/l 90 percentage of the cultures were freed
from this problem. The exact action of ascorbic acid in reducing

media and explant discolouration is not known.

Jarret et al. (1985) reported that shoot tip cultures of
two banana clones 'Saba' and 'Pelipita' established on a mddified
MS basal medium supplemented with IAA 1 ppm and BA 3.0 ppm.
The results of the present study Iindicated that out of the 33
different treatments tried using MS (semi-solid) medium, the treat-
ment involving NAA 0.5 ppm and BA 3.0 ppm was found to be
the best with respect to the number of days taken for culture
establishment. At this combination the three explants tried namely
shoot tip, eye bud and floral apex took the least number of days
(8, 9 and 14 respectively) for culture establishment which was

on par with the other remaining treatments.

According to Krishnamoorthy (1981) GA treatment enhances
the level of endogenous auxins in the plant. Addition of
gibberellic acid (GA) to the culture medium was found to be highly
unfavourable for culture establishment and growth in shoot tip,

eye bud and floral apex culture.



In shoot tip culture on an average each explant released
11.00 axillary shoots when the BPM contained NAA 1.0 ppm and
BA 10.0 ppm or BA 10 ppm (Table 12). In the case of eye bud

and floral apex explants on an average each explant released

'11.25 and 12.0 axillary shoots respectively, when the BPM

contained NAA 0.5 ppm and BA 10.0 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
deleterious effect on shoot growth. Auxin added to the medium
helps to nullify the suppressive effect of high cytokinin concent-
ration on axillary shoot growth (Lundergan and Janick, 1980).
In the present studies, auxins (NAA and IAA) were found to
influence axillary shoot induction and growth at certain particular
combinations. In most of the combinations involving NAA and BA,
it was observed that the auxin NAA negatively influenced the
activity of BA, but in most of the combinations tried involving
NAA and kinetin, NAA was found to enhance the activity of
kinetin, when it was added at 10 ppm concentration. In the case
of IAA, it was found to enhance the activity of BA at 3.00 ppm

concentration.

The basic phenomenon involved In the induction of axillary

shoots and subsequent plantlet production in vitro are reported



to be due to the action of plant hormones. Little is known about
how hormones evoke a par‘ticdlar pattern of morphogenesis
(Thorpe, 1980). One hypothesis is that hormone treatment starts
the cells on a specific developmental pathway. The alternative
view is that hormone responsive cells are already determined
and that the 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 of the same plant would be attributed to the
differential requirement of growth hormones for each explant.
According to Skoog and Millér‘ (1957), quantitative interaction
between diverse growth factors may have .a decisive role in organo-—
genesis. When the performance of shoot tip, eye bud and floral
apex explants were compared, floral apices took more time for
culture establishment. Eye bud and shoot tip took more or less
the same time. This difference in the performance of floral apex
explant may be attributed to the difference in the level of
endogenous phytohormones, nutrients and metabolites and interaction
between Var‘ious’ growth factors. This c_:bservation was found to
be in confirmation with an earlier report (Drew et al., 1989)
in which it was stated that sucker derived explants initiated
shonts more readily than inflorescence derived explants. According
to Cronauer and Krikorian (1985) the most possible reason suggested

for the longer period taken by the floral apex explants is that



unlike the vegetative buds, the floral apices has to revert to
the vegetative stage to get established in the medium and to initiate
shoot;q. During the course of study it was clearly uderstood that
the cytokinins added in the medium play a prominent role in the
induction of axillary shoots. Qut of the two cytokinins tried (BA

and kinetin) BA was found to be the most promising one.

Several workers had indica!:ed that the response of banana
tissues in culture may vary depending on the geﬁotype (Cronauer
and Krikorian, 1984 a and b; Banerjee apd De Langhe, 19857 ..Jarr‘et
et al., 1985;- Vuylsteke and De Langhe, 1985; Wong, 1986) . In the
present studies also, it was found that different cultivars of banana
responded differently to a fixed set of treatments. The reason
for. the observed difference in the behaviour of the cultivars
canl only be conjectured as due to the difference in the physiolo-
gical conditions and the level of endogenous phytohormones present

as these cultivars belongs to’ different genomic groups.

Another important observation was that when MS medium
was compared with Knudson's C medium (having comparatively
lower salt concentration), it was found that KC medium was as
good as or even better than MS ’medium in inducing axillary buds
and producing healthy shoots with good green leaves in shoot
tip, eye bud and floral apex culture. In KC medium at BA 10.0

ppm the number of axillary shoots produced for shoot tip, eyve



bud and floral apex explants were 12.5, 11.5 and 10.25 respect-.
ivély, whereas in MS medium at the same concentration of BA,
the number of axillary shoots produced were, 11.0, 11.0 and 11.5
respectively. Thus, it can be seen that except for ;‘loral apex,
for the other two explants, KC medium can be successfully used

for in vitro shoot production.

The addition of coconut water (CW) into the medium, which
contains a number of cell division factor‘s_ (Shantz and Steward,
1952, Letham\, 1974) and a large number of free amino acids were
found te have no significant influence on the number of axillary

shoots induced in in vitro culture of banana.

The effect of serial subculturing of an explant stock continu-
pusly for a long period of time was also looked into. It was found
that when subculturing was done at four week interval,. the number
of shoots produced per explant per culture vessel increased at
a mean rate of 5.70, 5.73 and 5.58'per' subculture in Nendran,
Palayankodan and Red banana respectively. Increase in multiple
shoot production continued from the first subculturing onwards.
In Nendran, slight decline in shoot production was noticed after
nineth subculture, whereas In Palayankodan decline was noticed
after seventh ‘sulbcultur‘e. Contrary to these two cultivars, Red

banana produced maximum number of shoots at the tenth subculture
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(Table 17}. Several workers (Doreswamy et al., 1983; Damasco
et al., 1984 ; Vuylsteke and De Langhe, 1985; Ar‘avindakshan, 1989)
had reported increased shoot multiplication rate achieved through
serial subculturing in banana. It is supposed that continuous sub-
culturing modifies the physiological state of the plaﬁt in such
a way that it favours revitalisation of innate dormant vegetative
buds (Litz and Conover, 1978; Franclet, 1979; David, 1982},
Continuous subculturing was also found to reduce media and explant

discolouration in banana in vitro.

Light has got a significant influence on the induction of
axillary shoots and growth of the shoots. A light intensity ranging
betweer; 80 W and- 120 W for 16 h followed by 8 h dark period
was found to be giving maximum growth and development of axillary
shoots in shoot tip culture and a light Iintensity of 80 W was
found to be best for eye bud and floral apex culture. In general,
it has been observed that 80 W light intensity 1s best, for
maximum induction of -axillary shoots and the production of vigorous
dwarf shoots. According to Murashige (1977) the optimum light

period is 16 h.

Stage 3 involves de novo regeneration of adventitious roots
from' the shoots obtained in Stage 2. KC medium was Iidentified
tc ‘be the most suitable basal medium for rooting. So far only

a single report (Berg and Bustamante, 1974) was available on the



usage of KC. Among the auxins (NAA and IBA) tried NAA 5.0 ppm
wés the best with respect to initiating rooting in maximum number
of cultures (100 per cent) within the shortest period of time (6
days) . Méximum number of roots (6.75/shoot) was also obtained
by adding 5 ppm NAA to the basal rooting medium (Table 19}.
Lane (1979) reported that NAA usually gave rise to short thick
roots. But in the present observation it was seen tﬁat\ NAA at
5.0 ppm concentration produced thin, long and fibrous roots, but
as the concentration was increased the length was found to

decrease and the rocts become thickened. Same phenomenon was
noticed when IBA was added. The concentration of inor‘ganlic salts
in the "basal medium influencé the in vitro rooting regardless of
the growth substances present. 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 derivative. (Kartha et al., 1974; Lane, 1979;
Skirvin and Chu, 1979). Half concentration of MS medium was found
favourably effect the rcoting of banana without affecting the shoot
growth unlike in certain species {Wang, 1978; Gupta et al., 1981).
When the three banana cultivars namely Nendran, Palayankodan
and Red banana were compared for their ability to produce roots
in vitro, no significant difference was observed among the cultivars
in the number of days taken for root initiation. Among the three

cultivars, Palayankodan recorded the maximum number of roots



(8.0/shoot) and the minimum number of days for root initiation

(5.5).

Sucrose at 1.5 per cent concentration was found optimum
for the production of sufficient roots and normal plantlets. As
a source of energy as well as a. factor for osmoregulation for
optimising the rooting response, sucrose has already been recognised
(Chong and Pua, 1985). When the sucrose concentration was
reduced to half in the rooting medium, there was an ilncr‘ease
in ‘the number of roots produced (8.75/shoot) and the number of
days taken for root initiation was reduced (5.5). The favourable
effect of reducing the sucrose concentration to half on in vitro
rooting and shoot elongation has been reported by Mateille and
Foncelle (1988). Addition of activated charcoal (AC) to the culture
medium had remarkable influence in the initiation of roots as well
as in th(_e number of roots produced per shoot. Incorporation of
0.025 per cent AC to the basal rooting medium had resulted in
the initiation of maximum number of roots (10.75/shoot) within
a period of 7 days (Table 21). The effect was f.ound to be due
to AC alone because withdrawal of auxin from the medium did
not make wmuch difference. In AC containing medium, shoots
produced white and thin roots. And the plantlets with white,
thin roots established well after planting out. The favourable
effects of AC in rooting had been reported by many workers (Wang

and Huang, 1976; Banks and Hackett, 1978). The capacity of AC



to adsorb inhibiting compounds and excessive concentration of
plant growth hormones and the property to darken the medium
which mimics the soil conditions are the factors propc;sed in favour
of the favourable effects of AC in rooting (Proskauer and Berman,

1970; Wang and Huang, 1976; Fridborg et al., 1976).

Debergh and Maene (1981) pointed out that rooting in vitro
was the most labour Iintensive part of micropropagation. In the
present investigation also, rooting of individual shoots in vitro
after separation from the multiple shoot cluster was found to be
the most time and labodr consuming part. Yeoman {1986) suggested
that whérever possible rooting and hardening processes may be
combined and if practicable rooting of shoots may be attempted
by direct planting into a conventional medium so as to‘eliminate
a further costly transfer to a sterile medium. Reghunath (1989)
made an attempt to induce roots by direct planting of cardamom
shoots into a conventional medium and it resulted in failure, as
cardamom was a monocotyledonous plant. Banana also being a
monocotyledonous plant, no attempt was made to directly induce
roots from shoots developed in vitro. Yeoman (1986) reported
that transfer of stage 3 shoots to higher light levelé and allowing
adequate entry of carbondioxide into the culture vessels prior
to planting out will enable the leaves to become quickly
self-supporting by carrying photosynthesis. According to Murashige

(1978} enhanced photosynthesis under the influence of high light
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intensities helps in building up a high food reserve to be utilised
during the transformation period from partially heterotrophic to
autotrophic stage of the plantlets after transplantation. After the
initiation of roots, keeping the plantlet in the medium itself for
another two weeks, till the medium showed signs of ‘dr‘yness and
then planting out resulted in better survival percentage than the
transferring of the plantlets into the potting mixture soon after

the production of all roots.

Hardening the in vitro raised plantiets so as to make them
adapt to the outside environment is a critical process due to their
anatomical and physiological pecular"ities . On transplanting
excessive. water loss from the plants had been recorded _which
was attributed to the improper development of cuticle and
slowness of stomatal response to water stress (Brainerd and
Fuchigami, -1981; Fabbri et al., 1984} . Thé problem may be
aggravated 1if the vascular connectioﬁ 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
terresi;r*ial plant water control mechanism (Grout and Aston, 19"?,7—;
Sutter et al., 1985)." High relative humidity (90 to 100 per c;ent)
was maintained during the initial period of planting out with the

help of microscope and plastic covers with intermittent cold water



sprays. 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

mixture covering with moistened plastic cover for four weeks.

The most suitable potting medium for maximum plant survival
(90 per cent) was found to be a 1:1 (v/v) mixture of vermiculite
and sand_. According to Reghunath (1989) better perfo;*mance of
vermiculite may be attributed to its ability to maintain optimum
moisture status at the samé time providing sufficient aeration.
Mixing with equal volume of saﬁd might have helped in giving
a better grip for the roots besides providing ample aeration.
Addition of inorganic nutrients to the pofting 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 solut-
jon containing MS$S inorganic salts at half concentration at weekly
intervals enhanced the survival and promoted normal growth of
the plantlets. Rajmohan (1985) and Reghunath (198%) also reported
the use of a nutrient solution similiar to the above for the
successful growth of'_iﬂ vitro raised ljack and cardamom plantlets
respectively. Type of containers were also found to influence the
survival of plantlets. Tubular polythene bags were identified as

the best container recording 90 per cent survival of plantlets.



in order to achieve ‘cent per cent plantlet survival, - the sterile
pott.ing mixture was once again sterilized using chemical sterilants.
Emesan 0.1 per cent was found to be the best one out of the
thr'e;e chemical sterilants tried as it resulted in cent per cent

survival of planted.out plantlets.

When the growth performance of the plantlets of the three
banana cultivars were compared, significant difference was found
to exist between varieties in the case of plant height and the
length of the longest leaf: No significant difference could be
observed in the number of leaves produced per plaﬁt in all the
stages of growth between the varieties. " According to Smith et al.
(1986) it was not the state of growth of a tissue under microculture
that was important in its performance when planted out, but it
was the environment provided afterwards which was more -important.
They had also observed that the photosynthetic capacity of the
leaves of microcultured plants was less than half when compared
to that of a normal green house grown plant and it varied
considerably during the initial stages of planting out. However,
this capacity was restored after non in vitro rooting and establish-
ment of the microcultured planﬂets. The same principle may be
underlying in the performance of micropropagated plantlets of banana

varieties.



A tissue culture method, to become commercially acceptable,
has to ensure  a reasonable percentage of plant survival in the
field. The growth and yield of such plants should also be better
than .that of seedlings or other conventional materials of propagat-
ion. Banana being a perennial plant may take ten to sixteen months
from planting to harvest depending on the cultivar (Karmacharya,
198%4). Hence, in the present investigation a detailed field study
could not be undertaken in the comparative performance between
plants raised through tissue culture method and conventional

method.

The 'salient findings of the present investigation -have been
discussed above, which indicates possibilities for developing
shoot tip and eye bud culture technique as a means for rapid
multiplication of t'he three banana cultivars on a commercial scale.
For successful commercial exploitation of in vitro pr‘op'agation
method some of the problems identified during the present investi-
gation has t{o be _solved for which intensified work is needed
in specific areas. One of the critical factor which influences the
rapid multiplication and establishment of in vitro grown banana
plants is the adoption of an economically and commercially feasible
hardening method. Environmental factors like humidity, temperatuﬁe,
light etc. has found to influence the establishment of tissue culture

derived banana plants. Eventhough the tissue culture method of

propagation of banama plants has been standardised, :further research



is needed to standardise an economically feasible hardening
process, so that in vitro propagation method of banana can be

undertaken on a commercial scale.

It is stated that tissue culture propagation ensures genetic
stability. But it is possible that continuous subculturing might
result in somaclonal wvariation. Research on this aspect will help
to pinpoint' the various aspects of this phenomenon. If found
advantageous, it might be possible to commercially exploit this
phenomenon. Certain novel approaches for improving banana thr‘c.)ugh
tissue culture are proposed in Fig. 5, the achievement of which
will definitely help in the impr‘O\‘/ement of banana cultivation in

India.
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SUMMARY

Investigations on standardising the in vitro propagation

technique in bandna were carried out in the Plant Tissue Culture

Laboratory, Department of Pomology‘ and Floriculture, College of

Horticulture, Vellanikkara during the period 1988-1990. The results

of the study are summarised below..

1.

Physically injuring the apical dome of shoot tip explants into
two halves and culturing each half separately was found to

be best in enhancing the release of axillary buds in culture.

For floral apex explants the stelrilization treatment which
resulted in least contamination was an initial rinsing: Qflthé
explants with 95 per cent absolute alcohol for 30s’ followed
by mercuric chloride t;'eatment (0.05 per cent) for 10 min.
For shoot tip and eye bud explants the best sterilization treat-

ment was found to be that using mercuric chloride (0.2 per

cent) for five min.

Shoot tips collected during November to April recorded least

contamination rate (30 to 40 per cent) in culture,

The addition of ascorbic acid into the media at the rate Qf
50 mg/l reduced media and explant discolouration due to poly-

phenol oxidation.



For the better and speedier explant establishment and growth
of shoot tip, eye bud and floral apex explants, MS {semi-solid)
medium containing NAA .0.5 ppm and BA 3.0 ppm was found

to be the best.

Addition of gibberellic acid to the culture medium was found
to be highly unfavourable for culture establishment and growth
in shoot tip, eye bud and floral apex culture as evidenced

by tHe time taken for establishment of culture.

In shoot tip culture, on an average each explant released 11.00
axillary shoots when the BPM contained NAA 1.0 ppm and BA
10.0 ppm or BA 10.0 ppm. In the case of eye bud and floral
apex explants on an average each explant released 11.25 and
12.0 axillary shoots respsctively, when the BPM contained

NAA 0.5 ppm and BA 10.0 ppm.

When the performance of shoot tip, eye bud and floral apex
explants were compared, floral apices took more time for culture
establishment. Eye bud and shoot tip explants took more or

less the same time.

Out of, the two cytokinins tried (BA and kinetin), BA was found
to be the most efficient one for the induction of axillary

shoots in culture.
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14,

The three different cultivars namely Nendran, Palayankodan
and Red banana responded differently in culture with regard
to the time taken for the establishment of culture and the
percentage of culture established. The reason may be attributed
to the difference in physiological conditions and the level

of endogenous phytohormones present in these cultivars.

When MS medium was compared with KC medium, it was found
that KC medium was as good as or even better than MS medium
in inducing axillary buds and producing healthy shoots wihth
good green leaves in shoot tip, eye bud and floral apex

culture.

The addition of CW into the BPM was found to have no signifi-
cant influence on the number of axillary shoots induced in

in vitro' culture.

The number of axillary shoots produced per explant per culture
vessel Increased at a mean rate of 5.70, 5.73 and 5.38 per
subculture in Nendran, Palayankodan and Red banana respect-
ively when subculturing was carried out at four week

intervals continuously for ten serial subculture.

A light intensity ranging between 80 W and 120 W for'16 h
followed by 8 h dark period was found to be giving maximum

growth and development of axillary shoots in shoot tip
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16.
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19.

culture and a light intensity of 80 W was found to be the

best for eye bud and floral apex culture.

For in vitro rooting KC (semi-solid) medium containing NAA
5.0 ppm was found to be the best with respect to root
initiation, producing maximum number of roots (6.75/shoot},

in maximum number of culture (100 per cent}) within the

shortest period of time (6 days).

When the in wvitro rooting ability of three banana cultivars
were compared, the banana cv. Palayankodan recorded the
maximum number of roots (8.0/shcot}) and the minimum number

of days for root initiatior (5.5).

Rooting medium containing sucrose at 1.5 per cent concentrat-
ion was found optimum for the production of sufficient roots

and normal plantlets.

The addition of AC at 0.025 per cent to the basal rooting
medium resulted in the initiation of maximum number of roots

(10.75/shoot) within a period of seven days.

Ninety per cent of planted out 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 mic:r‘osco'p.e
cover and'then planting out into the potting mixture covered

with moistened plastic cover for four® weeks.



The most suitable potting medium giving maximum plant survival
percentage (90) was found .to be a 1:1 (v/v) mixture of

vermiculite and sand.

Tubular polythene bags of 15 cm diameter and 20 cm length
were identified as the best container recording 90 per cent

survival of plantlets.

Emesan (0.1 per cent) was found to be the best chemical
sterilant for sterilizing the potting mixture as it resulted

in cent per cent survival of planted out plantlets.

When the growth -performance of the plantlets of the three
banana cultivars were compared significant difference was
found to exist betweén varieties in the’ case of plant height
and the length of the longest leaf. Red banana was found
to be significantly lower in height than the other two cultivars.
With regard to the length of the longest leaf, Red ™ banana
recorded the maximum value. No significant difference could
be observed in the number of leaves produced per plant

in all the stages of growth among the cultivars.
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APPENDIX-I

Analysis of variance for different characters’

Treatment/Character

Mean square

Treatment Error
1 2 3
A. Physiological pre-conditioning

of the explant

1. Explant establishment

i. Collection and preparation of
explants ~ influence of month
of collection

a. Number of shoots 1.65 0.60%*

B. Enhanced release of axillary buds

1. Culture establishment

i. NAA + BA

a. Days taken for culture 48.40 1.00%
establishment/shoot tip

b. Days taken for culture 48 .60 1.00%
establishment/eye bud

c. Days taken for culture 30.20 1.00%%
establishment/floral apex

ii. IAA + BA

a. Days taken for culture 43,66 1.00%%*
establishment/shoot tip

b. Days taken for culture 34.23 1.00%
establishment/eyve bud

c. Days taken for culture 8.94 1.00%*

establishment/floral apex

Contd.



ii

Appendix-I. Continued

1 2 3
iii. GA + BA
a. Days taken for culture 7.58 1.00%%
establishment/shoot tip
b. Days taken for culture 4,98 1. 147%
establishment/eye bud
c. Days taken for culture 5.83 1.00%%
establishment/floral apex
iv. Varietal performance
a. Days taken for culture 121.33 1.66%*
establishment/Nendran :
b. Days taken for culture 4.00 1.66 NS
establishment/Palayankodan
c. Days taken for culture 41.33 1.66%%
establishment/Red banana
2. Basal proliferation medi;.:m
i. BA @ NAA + BA
a. Number of shoots/shoot tip 36.89 0.74%%
b. Number of shoots/eye bud 36.21 0.62%%
c. Number of shoots/floral apex 40.99 0.69%*
ii. Kinetin: NAA + kinetin
a. Number of shoots/shoot tip . 5.32 0.38%%
b. Number of shoots/eye bud 5.02 0.35%%
¢. Number of shoots/floral apex 5,67 0.35%*

Contd.



1ii

Appendix-1. Continued

1 2 3
iii. BA : IAA + BA
a. Number of shoots/shoot tip 5.21 0.41%%
b. Number of shoots/eye bud 6.61 0.37%%
c. Number of shoots/floral apex 5.81 Ol.27**
3. Medium supplements
-i. Knudsons medium
a. Number 01; shoots/shoot tip 69.12 0.36%%
b. Number of shoots/eye bud 58.95 0.45%*
¢. Number of shoots/floral apex 48.62 0.76%%
ii. Coconut water
a. Number of shoots/shoot tip 0.14 0.62 NS
b. Number of shoots/eye bud 0.06 0.78 NS
c. Number of shoots/floral apex 0.14 0.52 NS
4. Serial subculturing in BPM
a. Number of shoots per shoot tip 4.32 0.771%%
in Nendran
b. Number of shoots per shoot tip 4,52 0.50%*
in Palayankodan
c. Number of shoots per shoot tip 4.16 0.40%%
in Red banana
5. Physical conditions
i. Light
a. Number of shoots/shoot tip 5.86 0.60%*

Contd.



Appendix-I. Continued

iv

1 2 3

b. Longest leaf/shoot tip 2.46 0.09%%

c. Number of shoots/eye bud 4.54 0.46%%

d. Longest leaf/eye bud 1.72 0.14%%

e. Number of shoots/fioral apex 3.14 0.38%%

f. Longest leaf/floral apex 1.40 0.27%%
C. In vitro rooting and hardening

1. Basal rooting medium

a. Number of roots/shoot 8.20 0.66%%

b. Days for root initiation 19.12 0.68%*

2. Varietai performance

a. Number of roots/shoot 2.58 0.63%%

b. Days for root initiation 0.25 0.41 NS

3. Medium supplements

i. Sucrose

a. Number of roots/shoot 7.39 0.52%*

b. Days for root initiation 18.73 0.64%%

ii. AC

a. Number of roots/shoot 12.16 0.37%%

b. Days for root initiation 5.56 0Q.22%%

Contd.



i 2 3
D. Planting out and evaluation
1. Varietal performance
i. After four weeks under mist
a. Plant height .68 0.06%*
b. Leaves/plant .07 0.26 NS
c. Longest leaf .32 0.04%%
ii. Eight weeks after planting out
a. Plant height .63 0.04%%
b. Leaves/plant .07 0.43 NS
c. Longest leaf LA 0.02%*
1ii. Twelve weeks after planting out
a. Plant height .72 0.04%%
b. Leaves/plant .40 0.63 NS
c. Longest leaf A3 0.04%%*

*#Significant at 1 per cent level of probability
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ABSTRACT

Investigations were carried out at the Plant Tissue Culture
Laboratory of the College. of Horticulture, Vellanikkara during

1988-90 to standardise the in vitro propagation technique in banana.

Three banana cultivars namely Nendran (AAB), Palayankodan
(AAB) and -Red banana (AAA) were utilised for the study. For
standardising the explant, three types of explants were used namely
shoot tip, eye bud and floral apex. For cultur‘é establishment,
axillary shoot initiation and in vitro rooting studies different
types of growth regulators were made use of. They were auxins
{NAA, IAA and IBA), gibberellin (GA) and cytokinings (BA and
kinetin). THe plantlets produced in vitro were subjected to
different types of hardening treatments to secure a better

establishment of planted out plants.

For shoot tip and eye bud explants, surface sterilization
using mercuric chloride (0.2 per cent) for 5 min. was found to
be the best, but for floral apex explant an initial rinsing of
the explants with 95 per cent absolute alcohol for 30s followed
by mercuric chloride treatment (0.05 'per‘ cent) for 10 min. was
found to be best. Better and speedier explant establishment and
growth of shoot tip, eye bud and floral apex explant was observed

in MS (semi-solid) medium containing NAA 0.5 ppm and BA 3.0 ppm



Gibberellic acid was found to have unfavourable effect on culture

establishment and growth.

Shoot tips collected during November to April recorded
maximum survival percentage. Among the physical injury treatments
for enhancing the release of axillary buds in culture splitting
the apical dome of shoot tip longitudinally into two halves and
-cultur‘ing each half separately was found to be the best. The
addition of ascorbic acid into the media at the rate of 50 mg/l
reduced media and explant discolouration due to polyphencl oxidai-
ion. When the performance of the three explants were compared,
floral apex explants took more time for culture establishment.
The three banana cultivars used for the study responded differently

in culture.

In shoot tip culture, on an average each explant released
11.00 axillary shoots when the basal proliferation medium contained
NAA 1.0 ppm and BA 10.0 ppm or BA 10.0 ppm. In the case of
eye bud and floral apex explants on an average each explant
released 11.25 and 12.00 axillary shoots respectively, when the
basal proliferation medium contained NAA 0.5 ppm and BA 10.0
ppm. Out of the two cytokinins tried (BA and kinetin), BA was
found to be the most efficient one for the induction of axillary
shoots. It was found that KC medium containing BA can be used

for inducing axillary shoots. The addition of CW into the basal



proliferation medium was found to have no significant influence
on ‘the induction of axillary shoots. Axillary shoots produced
per explant per culture vessel increased at a mean rate of 5.70,
5.73 and 5.58 per subculture in Nendran, Palayankodan and Red
banana. Optimum light intensity for axillary shoot induction and

proliferation was 80 W for a period of 16 h per day.

For in vitro rooting KC (semi-solid) medium containing
NAA 5.0 ppm, AC 0.025 per cent and sucrose 1.5 per cent was
found to .be the best. Cent per cent of the planted out plantlets
survived when the plantlets after removal from the rooting media
were hardened by keeping Iin distilled water for 8 h and then
for another 8 h in MS liquid medium of 1/10th strength under
moistened microscope cover and then planting out into potting mixture
(1:1 v/v mixture of vermiculite and sand) which was sterilised
using emesan 0.1 per cent. in tubular polythene bags covered with
moistened plastic covers for four weeks. When the growth perfor-
mance of the plantlets of the three banana cultivars were compared
significant difference was found to exist between varieties in the

case of plant height and the length of the longest leaf.



