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INTRODUCTION

Banana ( Musa s p p . )  is  one of the most im po rta nt  t ro p ic a l  

f r u i t s  of the w o r ld .  In d ia  ranks second in average under th is  

c ro p  (2 ,7 7 ,9 1 9  hectares) w ith  an annual produ ction  of 47,84,648 

tonnes. T h e  major banana gro w in g  areas in the cou ntry  are in

the states of K era la , T a m il  Nadu and M aha ra sh tra , together occupy­

ing 49.35 p e r cent of tota l area , co n tr ib u tin g  55.16 per cent to 

the  annual p ro d u ctio n . T h e  incidence of deadly  diseases such as 

bunchy top v i r u s  d isease, b a c te r ia l  w i l t ,  sigatoka leaf spot

diseases and infestation of nematodes and other pests are often 

a t t r ib u te d  as the m ajor produ ction  constraints. F u r th e r  more, 

the  v a r ie ta l  s ituation in In d ia  is v e ry  com plex, each region having 

preference to ce rta in  dessert/cooking  v a r ie t ie s .  'N e n d ra n ' (A A B ) 

is  the most p o p u lar dual purpose v a r ie t y  grown in K e ra la . While

'P ala yan k o d an ' (A A B ) is  the most common dessert v a r ie t y  grown 

in homesteads, the Red banana (A A B ) is  h ig h ly  p o p u la r in Southern 

d is t r ic t s  of K e ra la . T h e  p o ly c lo n a l homestead system of c u ltiva tio n  

p re v a le n t  in Kerala  is  unique and is a tt r ib u ta b le  to the low 

p r o d u c t iv i t y  of banana in  the  state.

Conventional propagation of banana is  through s u ck e rs . 

As the produ ction  of suckers  per plant is  ra th e r  lo w , the rate 

of m u lt ip lic a t io n  is  v e r y  s lo w . Since forcing  buds under f ie ld

conditions is  a tedious and time consuming pro ce du re , amassing



of a s u ff ic ie n t  amount of su ita b le  p la ntin g  m aterial is  s lo w . T h is

i s  a p ro b le m  when a new clone is being generated to re p la ce  the

o ld e r  p lantings  or when a large  number of uniform planting mater­

ia ls  of a p a r t ic u la r  v a r ie t y  is  needed fo r  conduct of a t r i a l .  

T h e  p re v a le n ce  of disease and the need fo r  generating clean planting 

stock in  la rg e  quantities  has stim ulated re ce ntly  a surge of in te re s t  

in  pro d u ctio n  of clonal m ateria l of both cooking and d esse rt  bananas 

b y  the use of ase ptic  m icropropagation  te c h n iq u e s .

T h e  major advantages offered by Jjn v i t r o  propagation 

technique in  banana are increased rate of m u lt ip lic a t io n ,  clean 

disease f r e e ,  uniform pro pa gules , e a s ie r  tra n sp o rta tio n , im p ro v e d  

c ro p  y i e l d ,  scope fo r selection and m u lt ip lic a t io n  of e lite  

e co ty pes, and year round a v a i la b i l i t y  of planting m a te ria ls .

D eveloping  and im p ro v in g  Jjn v i t r o  methods fo r  re pro du cin g  

banana p la nts  is  re g ard ed  as essential to lo ng -te rm  efforts  aimed 

at im p ro v in g  banana cu ltu re  w o rld  w id e  and e s p e c ia l ly  in a state 

l ik e  K era la  w here in  p r o d u c t iv i t y  is  noted at the lowest due to

p o ly c lo n a l ,  homestead system of banana cu ltiv a tio n  coupled w ith  

prevalen ce  of sucker transm itted  d e a d ly  diseases l ik e  bunchy 

top and b a c te r ia l  w i l t  and nematode infestation. Th e re fo re ,  to 

develop _iri v i t r o  techniques fo r  r a p i d  m u ltip lica tio n  of im portant 

com m ercial clones of Kerala  v i z .  Nendran ( A A B ) ,  Palayankodan 

(A A B ) and Red banana ( A A A ) ,  a s tu d y  was taken up in the D epart­

ment of Pom ology, College of H o rt ic u ltu re ,  V e lla n ik k a ra  d uring  

the p e rio d  1988-90.
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REVIEW OF L ITE R A TU R E

Clonal propagation of plant species through tissue culture 

is  based on the concept of cell  to tipo ten cy d e r iv e d  from the c e ll  

th e o ry  that Schleiden proposed in 1838. Th e  o r ig in  of plant tissue 

cu ltu re  could be traced to the e a r l ie s t  studies by Haberlandt (1 9 0 2 ),

who a s e p t ic a l ly  cu ltu red  single c e lls  on a l iq u id  medium su pple ­

mented w ith  sugar.

T h e  id e n tif ic a t io n  and p u r if ic a t io n  of in d o le -3 -a c e t ic  acid  

( I A A ) , the f i r s t  known grow th re g u la to r ,  by Kogl et  ̂ a K  (1934) 

and then by Thim ann (1935) , made it  p o s s ib le  to co n tro l the growth 

of p la n ts , tissues and c e l ls ,  Reinert (1958) and Stew ard  and Mapes 

(1958) were the f i r s t  to obtain p la ntlets  from ca llu s  and cell

suspension c u ltu re s .  T h i s  success was ach ie ve d  using medium 

containing inorg anic s a lts ,  sugar, amino a c id s , v ita m in s  and some 

undefined organics such as malt e x tra c t  and coconut w ater. The  

use of undefined substances caused some problem s because it  was 

not po ssib le  to quantify  t h e i r  co n tr ib u tio n .

V a sil et  ̂ al_. ■ (1979) re po rte d  that the techniques of m icro ­

propagation has been sta ndardised  in about 332 crop species. 

A ccord ing  to George and Sh errington  (1984) studies  on bn v i t r o  

culture systems are in progress at least in 1051 cro p  species of

w hich not less than 94 are f r u i t  cro ps  in c lu ding  bananas. T h e



greatest success in p lant tissue cu ltu re  has been achieved  in 

herbaceous h o r t ic u ltu r a l  species (Hu and Wang, 1983).

A c c o rd in g  to M urashige (1974) there  are th re e  po ssib le  

routes fo r  in v i t r o  propagule  m u lt ip l ic a t io n ;  { i ) enhanced release 

of a x i l l a r y  buds ( i i ) produ ction  of adventit iou s shoots through 

organogenesis and ( i i i )  somatic e m b ryo g e n e s is ,

In  the f i r s t ,  ro u te , m eristems l ik e  shoot t ip s  are cultured 

w h ic h  assures genetic u n ifo rm ity  of the progeny to a great extent 

(Chand and Roy, 1980; Rao and Lee, 1986). T h is  method is being 

adopted co m m e rc ia lly  in va rio u s  cro p  species fo r  ra p id  clonal 

m u lt ip l ic a t io n .  T h e  second rou te , ca llu s  mediated s o m a tic , organo­

genesis, is  not recommended fo r  clonal propagation, but may be 

id e a l fo r re c o v e ry  of useful v a r ia n t  l in e s .  Somatic em bryogenesis, 

the t h i r d  route is l im it e d  to a few species but results  in the 

most r a p id  mode of plant regeneration (Ev a n s  a K , 1981).

T h e  tissue c u ltu re  tech niq u es, in crea sin g ly  being used fo r 

crop im pro vem en t, are the meristem/shoot apex cu ltu re  and somatic 

em bryogenesis fo r  r a p id  propagation of selected genotypes; the 

c e l l  cu ltu re  for the re c o v e ry  of useful v a ria n ts ;  Jo  v i t r o  mutagenesis 

fo r obtaining d e s ira b le  mutants; anther cu ltu re  fo r the  production 

of h a p lo id  plants and h o m o d ip lo id s ;  em bryo  cu ltu re  and j o  v i t r o  

p o l l in a t io n / f e r t i l iz a t io n  fo r  effecting distant crosses; protoplast



c u ltu re  fo r  fa c i l i ta t in g  somatic h y b r id is a t io n  and introduction  of 

new genetic m ateria l into plant c e l ls  and c ry o p re s e rv a t io n  for long 

term  storage of germ plasm . Drew et  ̂ a l . (1989) demonstrated the

transm ission of banana bunchy top v i r u s  in an a p p a re n tly  s ym ptom - 

less condition in m icropropagated bananas. .

Th e  re v ie w  has been confined to the j o  v i t r o  propagation 

of banana, the im portant aspects of w h ich  are dealt under f i v e  

m ajor head

1 . s ta n d a rd iza tio n  of e x plan t

2 . sta nd ardiza tio n  of media

3. sta nd ardiza tio n  of cu ltu re  conditions

4 . j o  v i t r o  rooting of shoots

5 . hardening off and planting out of j o  v i t r o  p la n t le ts .

1. Standardization of explant

S e v e ra l  w o rk e rs  had re po rte d  th e  use of both vegetative

buds and inflorescence buds fo r j o  v i t r o  cu ltu r in g  banana (Cronauer

and K r ik o r ia n ,  1985a and b ; F itch e t  and Winnaar, 1987; Doreswamy
\ ’ 

and S a h ijra m , 1989; Drew et  ̂ al ■, 1989; A ra v in d a k s h a n , 1989).

Shoot t ip  ex p lant was found to be the  commonly used, ex plant in

most of the l i t e r a t u r e .



1 .1 .  A p ic a l  bud explant

Ma and S h ii  (1972; 1974) re po rte d  a d ve n tit io u s  bud

form ation _in v i t r o  in banana shoot apex cu ltu re  using a combination 

of s e m i-s o l id  and l iq u id  m edia . T h e  a p p l i c a b i l i t y  of e x cise d  shoot 

t i p  cu ltu re  technique to a number of Musa clones was assessed 

b y  De Guzman et  ̂ al_. (1 9 7 G ), Vessey and R iv e ra  (1-981), Banerjee 

and De Langhe (1 9 8 5 ),  V u y lste k e  and De Langhe (1985) and 

A ra v in d a k s h a n  (1 9 8 9 ).

Berg and Bustamante (1974) were the f i r s t  to show that 

v i r u s  free  plants of C a ve n d is h  group (A A A ) could be obtained from 

meristems of la te ra l  buds of v i r u s  in jected  p lants, b y  a combination 

of heat treatment and aseptic  c u ltu re .  Th e  method in v o lv e d  the 

use of Knudson's medium (1946) w ith  - B e rth elo ts  s a lts ,  thiam ine 

HC1, coconut water and casein h y d r o ly s a te .

Doreswamy et a K  (1983) e x p lo re d  the p o s s ib i l i t y  of clonal 

propagation of banana thro ug h tissue cu ltu re  in the c u l t i v a r  Robusta

(A A A ) . Shoot t ip  iso lated  from the sucker was found to be the 

best e x p la n t .  E x c ise d  shoot t ip s  w ith  the youngest leaves produced 

only  one p la n t le t ,  w h i le  shoot t ip s  w ith  s e ve ra l o ld e r  sheathing 

leaf bases enclosing the a x i l l a r y  buds regenerated m u lt ip le  plant­

le ts .  In d iv id u a l  s h o o tle ts , when separated and s u b cu ltu re d , 

produced m u lt ip le  shoots.



K r ik o r ia n  and Cronage'r (1984b) o b se rve d  th at one of the 

m ajor features of shoot apex culture technique is that shoot m u lt i ­

p l ic a tio n  can be induced by re leasing buds at the leaf bases. 

S u bcu ltu ring  could be c a rr ie d  out from the p r o l ife ra t in g  mass of 

shoots fo rm e d . Cronauer and K r ik o r ia n  (19843 and bv esta b lis h e d  

r a p i d l y  m u lt ip ly in g  cultures of dessert  banana clones, P h i l l ip in e  

Lacatan and Grande Naine (A A A ) and plantain  clones Saba and 

P e l ip i t a  (A B B )  on a m od ifie d  MS medium supplemented w ith  5 mg/1 

B A . M u lt ip le  shoot cultures could be induced by lo n g itu d in a lly  

s p l i t t in g  a young cu ltu red  shoot through the apex and placing each 

h a lf  u p r ig h t  on s e m i-s o l id  medium. Hwang et  ̂ al^ (1984) re p o rte d  

that the p la n tle ts  o rig ina ting  from a d ve ntit io u s  buds of ex plants 

obtained from the decapitated shoot apices of banana suckers 

e s ta b lis h e d  w e ll  under f ie ld  conditions and gave r is e  to mature 

plants w ith  uniform  grow th and normal y ie ld  of f r u i t .  T h e  medium 

used was MS 'containing 0 .4  mg thiam ine HC1, 100 mg L -  ty ro s in e , 

100 mg m y o - in o s i t o l , 2 mg IA A ,  2 mg k in e tin , 160 mg adenine

su lph ate , 30 g sucrose and 8 g agar pe r l i t r e .  R e p e tit ive  dissection 

of the aggregated a d ve ntit io u s  buds was made fo r increasing bud 

population . Th e s e  buds were tra n s fe rre d  to the above medium 

amended w ith  1 g/1 activa te d  charcoal fo r  root and shoot developm ent.

Banerjee and De Langhe (1,985) re po rte d  a tissue cu ltu re  

technique fo r banana fo r ra p id  clonal propagation and storage under 

minimal g ro w th  co n d it io n s . E x cise d  shoot apices were cu ltu red



on m odified  MS medium supplemented w ith  IA A  0 .1 8  mg/1 and

BA 2 .3 0 - mg/1 . E s ta b lis h e d  cu ltures w ere then successfu lly  stored

at 15°C w ith  a l ig h t  in te n sity  of 1000 lu x  fo r  13 to 17 months.

J a r r e t  et  ̂ al_. (1985) e s ta b lis h e d  shoot t ip  cu ltu res  of two 

cooking bananas, Saba and P e lip i ta  (A A B )  on a m odified  MS medium 

supplem ented w ith  BA in combination w ith  IA A .  Propagation cultures 

w ere in it ia te d  b y  s p l i t in g .  shoot t ip s  along t h e ir  long itu d in al a x is

and re c u ltu r in g  in d iv id u a l  pieces on basal medium supplemented

w ith  5 mg/1 B A . T ra n s fe r  of a x i l l a r y  shoots to hormone free medium 

re sulted  in ra p id  and e x te n s iv e  root fo rm a tio n.

V u y ls te k e  and De Langhe (1985) studied the _in v i t r o  shoot

p ro life ra t io n  potential of a number of banana c u l t i v a r s .  T h e y

o b se rve d  th a t  the genome influenced the rate and t y p e  of p r o l i ­

fe ra t iv e  g ro w th .  Th e  t r i p l o id s  gave h ig h e r  m u lt ip lic a t io n  rate than

d i p l o i d s .  T r i p l o i d  c u l t iv a r s  w ith  one or two B genomes produced

more m eristem  t ip s  p e r e x p la n t  than d id  AAA t r i p l o i d s .

Damasco and Barba (1985) re po rte d  successful shoot t ip

cu ltu re  fo r  Saba bananas. T h e y  re p o rte d  that by repeating 

s u b cu ltu rin g  at an in t e r v a l  of 2 months, 2 ,00,000 plantlets  could

be obtained from a single  ex plant in 10 months time when cu ltu red  

in MS medium w ith  10 mg/l BA. A c co rd in g  to Sun (1985) 93 out 

of 103 banana clones d e v e lo p e d 1 -adventitious buds in meristem

cu ltu re  on a MS medium supplemented w ith  5 mg/l BA and 2 mg/l IA A .



Gupta (1986) used heat th e ra p y  and m eristem t ip  cu ltu rin g

in variou s  c u lt iv a r s  of banana and plantain  fo r r a p id  clonal pro pa­

gation of mosaic free  p la n ts . Wong (1986) re p o rte d ,  in  v i t r o  

m u ltip lica tio n  of banana ( Musa s p . )  from shoot t ip  ex plants isolated 

from la te ra l  s u c k e rs .  Using ex plants w ith  a p ic a l  domes, a total 

of 22 c u lt iv a r s  (genomes A A , A A A , A A A A , A A B , AB and ABB) ' were 

successfully  c u ltu re d  on a m odified  MS medium containing BA and 

I S A .  Shoot t ip  e x p la n ts  were induced to produce m u ltip le  shoot

in it ia ls  in the presence or absence of a p ic a l  domes, but the 

s u r v iv a l  rates were h ig h e r  when a p ic a l  domes were re ta in e d . 

C u lt iv a r s  ' v a r ie d  w id e ly  in t h e ir  response to c y to k in in s  (necessary 

fo r m u ltip le  shoot p ro d u ctio n ) , BA being co n siste ntly  more effective  

than k in e tin , although kinetin  stim ulated vigorous root g ro w th .

F itc h e t  and De Winnaar (1987) d eve lo p e d  a method fo r ra p id  

m u lt ip lic a t io n  of banana by tissue c u ltu re  using ap ica l meristems 

from sm all su ck e rs  of Dw arf Ca ven d ish  and W illiam s banana on

MS basal medium supplemented w ith  I A A ,  NAA, k in e tin , activa te d  

charcoal and sodium ph o sphate. Su b cu ltu rin g  were c a rr ie d  out at 

four w eekly  in t e r v a ls .  Huang and C h i  (1988) also re po rte d  the

use of banana shoot t ip s  fo r  j p  v i t r o  c u ltu r in g .  M ate ille  and Foncelle

(1988) developed an im p ro v e d  m icro pro pag atio n  method for Musa 

AAA c v .  P oyo. A p ice s  of su ck e r buds and la te ra l  buds were 

cu ltured  in auxin free  c y to k in in  (B A )  r ic h  MS medium. Shoot 

p ro life ra t io n  was a c h ie ve d  by  s u b c u ltu rin g  t h e m ' in the same



m edium . Drew e t  al_. (1989) e s ta b lis h e d  plants _in v i t r o  from banana 

b u n c h y -to p  v i r u s  (B B T V )  infected plants using ve g e ta tiv e  shoot 

a p ic e s .

1 .2 .  F lo r a l  apices explants

In banana the re in it ia t io n  of vegetative  g ro w th  from f lo ra l  

apex e x p la n ts  was re p o rte d  by many w o rk e rs  (Rao e ^  a l . ,  1982;

Rowe, 1984; Cronauer and K r ik o r ia n ,  1985a and b ; B a k ry  ,e t  a l .  ■ 

1985; B a la k rish n a m o o rth y  and Sreerangasw am y, 1988; Doreswamy

and S a h ijra m , 1989; Drew et a l . ,  1989; A ra v in d a k s h a n , 1989).

Rao et a K  (>982) re p o rte d  the induction of growth in 

ex planted  inflorescence a x is  of Robusta banana. E x c is e d  inflorescence 

a x is  d iscs  of 5 mm th ickne ss were cu ltured  ■ in MS medium 

supplem ented w ith  auxins and cy to k in in s  at different, concentrations 

and com binations. A lthough callus  was formed and some root form at­

ion o ccu rred  no other organogenesis could be in d u ce d. B a k ry  et a l .

(1985) could d eve lo p  ve g e ta tiv e  shoots from inflorescence explants 

of banana by c u ltu rin g  them in medium containing MS salts and 

M orel v ita m ins w ith  or w ith o u t growth re g u la to rs . In plantain AAB 

s u b -g ro u p  10-15 plants/ex p lant could be o bta ined, w here as in 

AAA s u b -g ro u p  and Musa acuminata more than 50 plants  could be 

p r o d u c e d .



Cronaue.r and K r ik o r ia n  (1985a) produ ced banana plants from 

e x cis e d  f lo r a l  apices of Musa acuminata c v .  Dw arf C a v e n d is h ,  in
t

m odified  MS medium supplemented w ith  BA (5 m g/l) and coconut 

w a te r (10 pe r cent v / v ) . Under these co n d it io n s , the determinate 

f lo r a l  buds were co nverted into a m u lt ip ly in g  ve getative  shoot

s yste m . Rooting was obtained by trea tin g  plants  w ith  NAA (1 mg/l) 

and a c tiva te d  ch arco al (0 .0 25  per cent w / v ) .  B a la k rish na m o o rthy  

and Sreerangaswamy (1988) could regenerate plants from inflorescence 

t ip  ex plan ts  In Robusta and Monthan v a r ie t ie s .  T h e  inflorescence 

t ip  measuring 10 to 15 mm in s ize  was surface s t e r i l iz e d  in 

m ercu ric  c h lo r id e  0.1 per cent solution fo r  f iv e  minutes and was 

cu ltured in MS medium supplemented w ith  BA 2 .5  to 5 m g/l. M ultiple 

shoots were produced on repeated s u b cu ltu rin g  (4 to 12 shoots 

pe r e x p la n t ) .  Rooting could be induced b y  cu ltu r in g  in d iv id u a l  

shoots in media containing 1 mg/l NAA.

Doreswamy and Sa h ijram  (1989) cu ltu re d  ex cised  f lo ra l  apices 

of th re e  banana c u lt iv a r s  v i z .  'C h a n d ra b a le '  , 'R a s t h a l i '  and

'R obusta ' on MS medium supplemented w ith  cy to k in in s  and au xin s . 

Th e  cu ltures  re v e rte d  to ve getative  state and produced a mass 

of green le a fy  shoots w h ich  were kept in a state of a c tive  growth 

by repeated s u b c u ltu rin g . T h e y  had also found that the male 

f low er c lu s te rs  at d if fe re n t  stages of development located on the

peduncle subtending ’ and d is ta l  to the m eristem atic  zone re v e rte d  

to ve getative  state when cu ltu red  Jin v i t r o . Drew et a l .  (1989)



a ls o  re p o rte d  the a p p l i c a b i l i t y  of f lo ra l  apex as an explant for 

m u lt ip ly in g  banana p la nts  _in v i t r o .  F o r  c u ltu re  in it ia t io n  MS 

medium supplemented w ith  160 g/1 adenine su lp h a te , 2 mg/l IA A ,

2 mg/l k in e tin  was u sed . Shoot p ro l ife ra t io n  was ach ie ve d  when 

MS medium was upplem ented w ith  5 mg/l BA.

1 .3 .  Selection of e x p la n t

T h e  s ize  of the .explant used, though v a r ie s  depending upon 

the plant spe cie s, influences the success or o th e rw is e  of the culture. 

In ge n e ra l, the la rg e r  the s ize  of the ex p la nt, the more w i l l  be 

the s u r v iv a l  rate and g ro w th  in the cu ltu re  media (H u s s e y, 1983). 

K r ik o r ia n  and Cronauer (1984b) stated that in m eristem culture

the s m a lle r  the s ize  of the meristem used, the m o rta l ity  due^ to 

s te r i l iz a t io n  may be m ore, but, chances of getting v i r u s  eliminated
i

from the meristem w i l l  also be more. In banana, the  usual s ize  

of shoot bud ex plant ranges from 0 .5  mm to 3 mm in size w ith  

two to th re e  leaf p r im o r d ia  covering  the a p ic a l dome (Doreswamy 

et a K , 198.3; Cronauer and K r ik o r ia n ,  1984a; V u y ls te k e  and De

Langhe, 1985; J a r r e t  et_ a l . .  1985).

In banana, the va riou s  explants t r ie d  v a r ie d  in th e ir

morphogenetic p o te n t ia l .  Inflorescence d iscs  (Rao et_ a K , 1982)

immature and mature f r u i t  tissue (M ohanram and S tew ard , 1964), 

a p ic a l bud (D oresw am y et^ a l . 1983; Cronauer and K r ik o r ia n ,  1984a

and b ; J a r r e t  et  ̂ a l . 1985), leaf sheaths w ith  rhizomatous base



e x c is e d  from  m eristem atic  area (Banerjee et a l . ,  1.987; Novak et a l . ,  

19 89 ), inflorescence apex (B a k r y  et  ̂ a^. 1985; B a la k rish n a m o o rth y

and Sreerangasw am y, 1988) a l l - r e s u l t e d  in v a r ie d  re s u lts .  V u y lste k e  

and De Langhe (1985) re p o rte d  that no d iffe ren ce  could be

o b s e rv e d  in gro w th  response between shoot t ip s  h a rve ste d  from 

e y e s , b u d s , p e e p e rs , su ck e rs  or the parental pseudostem in banana.

In in v i t r o  system s i t  was re p o rte d  that the ju v e n ile  tissues 

respond b ette r than o ld e r  tissues (M u ra sh ig e , 1974; Rajmohan, 1985). 

Due to the decreased m orphogenetic a b i l i t y  of m ature m a te ria l,  

i t  has not - been p o s s ib le  to a p p ly  the technique d e v e lo p e d - for 

ju v e n ile  m ateria l to mature p la n ts .  Mante and T e p p e r  (1983) suggested 

th a t  the la te ra l  shoots produced by  an isolated apex could be

re la te d  to the age of the e x p la n t .

T h e  ex plants  co lle cted  from f ie ld  grown plants  h arbo ur 

numerous fungi and b a c te r ia ,  w h ich  when inoculated into a nutrient 

medium contaminates the e n tire  j n  v i t r o  syste m . Hence, surface

s te r i l iz a t io n  is  re sorte d  p r i o r  to inoculation of ex p la n ts .

D iffere nt  w o rk e rs  used va riou s  s te ri la n ts  at d ifferent

concentrations and length of time in banana tissue c u ltu re .  Th e  

shoot t ip s  w ere washed w ith  a l iq u id  detergent (T e e p o l )  and surface 

s t e r i l iz e d  w ith  saturated c h lo r in e  w ater fo r 15: to 20 minutes 

(D oresw am y et  ̂ al_., iy83) . A l l  traces of ch lo r in e  water were removed

by washing s e v e ra l  times w ith  s te r i l iz e d  d is t i l le d  w a te r .  K r ik o r ia n



and Cronauer (1984b) a d v is e d  s te r i l iz a t io n  w ith  1 to 2 per cent 

commercial bleach (0 .0525 per cent NaOCl) and Tween 20 for f iv e  

minutes follow ed by th re e  to four r inses in s t e r i le  w a te r.  Gupta

(1986) surface s t e r i l i z e d  the banana shoot t ip s  in 10 per cent 

c h lo ro x  fo r 10 minutes fo llo w e d  by thre e  to f iv e  washings in s te r i le  

w a te r.  Rao et_ j i K  , (1982) used m e rc u ric  c h l o r i d e '  (0 .2  per cent)

solution fo r 10 to 15 minutes to s t e r i l i z e  the inflorescence ex p la nts . 

A cco rd in g  to F Itc h e t  and De Winnaar (1988) 10 per cent calcium

h y p o c h lo r ite  g iv e  the best re s u lt .

I t  has been f a i r l y  w ell documented that tissues taken from 

f ie ld  grown plants are  not equ ally  amenable to ' cu ltu re  conditions 

throughout the y e a r .  L i t z  and Conover (1978) re p o rte d  that in 

papaya the time of the year that cu ltures  w ere e stab lished  and 

the cu ltu ra l  conditions in the f ie ld  were c ru c ia l  fo r  success of 

th is  p ro ce d u re . A c co rd in g  to Reghunath (1989) the most id e al p e rio d  

fo r  collecting, shoot bud explants  of cardamom from the f ie ld  was 

from January to May d u rin g  w hich p e rio d  the rate of cu ltu re  

contamination was le s s .

2. Standardization of media

One of the most im portant factors governing the grow th  

and morphogenesis of p lant tissue cu ltu re  is the composition of 

the medium. T h e  e a r l ie s t  and w id e ly  used media w ere those of 

White (1943) and H e lle r  (1 9 5 3 ) .  H o w e ver, since 1962, M urashige



and Sko o g's  (1962) medium has gained general a c c e p t a b i l i ty  among 

p lant tissue c u ltu r is t s .  T h e  m ajor constituents of tissue cu ltu re

medium are  m ineral s a lts ,  carbon and energy source, v ita m in s ,  

plant g ro w th  regulators  and o th e r organic compounds.

T h e  salt com position of s e v e ra l  media has been re v ie w e d  

b y  Gamborg et  ̂ a K  (1 9 7 6 ) .  T h e  M u rashige  and Skoog (1962) medium 

is  the most w id e ly  used one fo r  banana tissue c u ltu re .  I t  is  h igh 

in n it ra te s ,  potassium and ammonia. Although MS medium was

s p e c if ic a l ly  d eve lo ped  fo r tobacco tissue cu ltu re , i t  has been 

successfully  used fo r cu ltu r in g  a v a r ie t y  of p la n ts . H o w e ver, 

Banerjee and De Langhe (1985) om itted copper sulphate  and zinc 

sulphate  from MS medium fo r b e tte r response. S e v e ra l  research 

w o rk e rs  re po rte d  d e s ire d  success in M urashige and Skoog (1962) 

medium (Cronauer and K r ik o r ia n ,  1986; Gupta, 1986; Wong, 1986; 

Novak et  ̂ a K , 1989; A ra v in d a k s h a n , 1989).

A carbon energy source is  in e v ita b le  in any tissue cu ltu re

m edia. Sucrose is the most w id e ly  accepted carbon source. Th e

grow th of the cu ltu re  is not only affected by the t y p e  of carbon 

source used but also by the concentration of a p a r t ic u la r  sugar 

used in the medium. T h o r p e  (1978) showed that in  tobacco, at 

least p a rt  of the sucrose re q u irem en t is osmotic. M ateille  and 

Foncelle  (1988) re p o rte d  that lo w e r concentration of sucrose (10 g/1) 

is  most fa v o u ra b le  fo r shoot elongation and rooting.



T h e  success o r  o th e rw is e  of an j n  v i t r o  system  is much 

dependent upon the ch o ice  of c o rre c t  grow th re g u la to rs  ' and t h e ir  

use in optimum concentrations (K r ik o r ia n ,  1982) . Skoog and M i l le r  

(1957) obtained in tobacco cultures d iffe re n t  typ e s  of organogenesis 

b y '  v a ry in g  the le v e ls  of auxins arid c y to k in in s .  When the le v e l  

of . c y to k in in  is  h ig h  re la t iv e  to a u x in , shoots a re  induced and 

when i t  is  low  roots are induced. A t  interm ediate  concentrations, 

the  tissue g ro w s as unorganised c a l lu s .

Tw o p r in c ip a l  classes of gro w th  re gula to rs  are used in 

tissue c u ltu re  s tu d ie s ,  namely auxins and c y to k in in s .  Most 

commonly used . auxins are  2 , 4 - D ,  IB A , NAA, IA A ,  2 , 4 , 5 - T  and 

PC P A. T h e  most commonly used cy to k in in s  are  BA, kinetin  and 

2 i p .  A ux ins  most fre q u e n tly  used to induce jr i  v i t r o  rooting are 

IA A ,  NAA and IB A  (M u ra sh ig e , 1974). In banana both IB A  (0 .5  mg to 

2 mg/l) and NAA (0 .0 2  mg to 2 m g/l) have been re p o rte d  to induce 

rooting of shoots and e m b ryo id s  (K r ik o r ia n  and Cronauer, 1984a; 

Banerjee et  ̂ a l . ,  1987) .

No u n iv e rs a l  ra t io  of auxin and c y to k in in  has so fa r been 

developed fo r root and shoot in d u ctio n . Hu and Wang (1983) 

d e s crib e d  the  young shoot apex as an a c tiv e  s ite  fo r  auxin b io s y n ­

t h e s is .  Fo r a x i l l a r y  shoot p ro l ife ra t io n ,  c y to k in in  has been u t i l i z e d  

to overcom e the a p ic a l  dominance of shoots and to enhance the 

branching of la te r a l  buds from leaf a x i ls  (M u ra sh ig e , 1974) . A 

k ind  of syn erg ism  between two c y to k in in s  nam ely, k inetin  and BA,



has also been • re p o rte d  in c e rta in  cases in _in v i t r o  a x i l l a r y  bud 

p r o l ife ra t io n  (Gupta et_ a l_ ., 1981). Rodriguez et_ al_. (1987) stated

th a t high concentration of BA (5 x 10 g/m l) is  necessary for 

intense p ro life ra t io n  of shoots.

M urashige and S k o o g 's  (1962) v ita m in  .m ix t u r e  consisting 

of m y o -in o s ito l  (100 m g / l ) ,  n ico t in ic  a c id  (0 .5  m g/l) and p y r id o x in e  

(0 .5  m g/l) is  used fo r  banana tissue c u ltu re .  A d d it io n s  l ik e  g ly c in e  

(0 .2  m g / l ) ,  a s co rb ic  a c id  (100 mg/l) (B anerjee  et  ̂ a K , 1986) and

thiam ine HC1 0 .4  mg/l (V u y ls te k e  and De Langhe, 1985; K r ik o r ia n  

and Cronauer, 1984a) are  also been re p o rte d  to be fa vo u ra b le . 

A cco rd in g  to T h o rp e  and Patel (1984) thiamine is the most often 

added v ita m in ,  fo llow ed by n ic o tin ic  a c id  and p y r id o x in e .

F a v o u ra b le  effects of coconut w ater in jjn v i t r o  cultures 

have been re po rte d  by many w o rk e rs  (Van O verbeek et  ̂ a K , 1941;

Bapat and Rao, 1977; K u n is a k i,  1980). T h e  d is c o v e ry  of P o lla rd  

et a l . (1961) that m y o -in o s ito l  was present in coconut water and

had growth promoting a c t i v i t y ,  led to the inclusion of inositol 

in plant tissue cu ltu re  m ed ia . A  number of c e l l  d iv is io n  factors 

are present in coconut water (Shantz and Ste w a rd , 1952; Letham, 

1974; Vanstaden and D rew es, 1974).

1 To  the media a c t iv a te d  ch arco al (A C )  is  added to prevent 

phenol exudation from m icro  cuttings and explants and to induce 

rooting of cu ttin gs. T h e  effects of AC  may be a tt r ib u te d  to three



fa cto rs  such as darkening of medium (fa v o u rs  ro o tin g) (P ro sk au er 

and Berm an, 1970); ab so rptio n  of i n h i b i t o r y  compounds and grow th

hormones from the medium (Weatherhead j|t  ̂ a l . ,  1978). In banana,

in v i t r o  cu ltu re s  fo r rooting 0.025 p e r cent w/v AC is commonly

used (K r ik o r ia n  and C ronauer, 1984a)-

3. Culture conditions

L i g h t ,  tem perature  and h u m id ity  conditions p r o v id e d  in sid e  

the  cu ltu re  room p la y s  a s ignificant ro le  in the success of any

tissue c u ltu re  te ch n iq u e . T h e  l ig h t  in t e n s ity ,  q u a lity  and duration

are  the th re e  m ajor fa cto rs  affecting th e  grow th  of j n  v i t r o  cu lture

(M u ra sh ig e , 1974, 1977). M urashige (1977) considered the optimum

day l ig h t  p e rio d  to be 16 hours fo r a w ide  range of p lants . For

banana shoot t ip '  c u ltu re ,  a l ig h t  in te n s ity  of 1000 to 3000 lux

and a p h o to p e rio d  of 16 hours are recommended by variou s w o rke rs  

(K r ik o r ia n  and C ro nauer, 1984b; Damasco et  ̂ a l . ,  1984), w h i le

continuous l ig h t  of about 3000 lux is  re p o rte d  by V uylsteke and 

De Langhe (1 9 8 5 ) ,  com plete darkness fo r  callus induction was

re po rte d  by  Novak et_ a K  (19 89).

Yeom an. (1986) re p o rte d  that the  usual environmental tem per­

ature at the o r ig in a l  h a b ita t  of a p a r t ic u la r  spe'cies should be 

taken into  co n sid eratio n  w h ile  regulating  the tem perature in in 

v i t r o  s ys te m s . Most t r o p ic a l  species re q u ir e  a h ig h e r  tem perature



(27 ±  2°C) . T h e  optimum tem perature fo r bananas is  re p o rte d  to

be 28 ± 2°C (K r ik o r ia n  and Cronauer, 1984a).

H u m id ity  is  r a r e ly  a problem  except in a r i d  c l im a te s, 

w h e re  r a p id  d r y in g  of the medium o cc u rs . T h i s  can be reduced 

b y  the use of t ig h t ly  closed containers, c o ve rin g  c losures such 

as foam o r cotton wool plugs w ith  aluminium f o i l .  In clim ates w ith  

h igh h u m id it y ,  d e h u m id if ie r  in the cu ltu re  room may be advant­

ageous. In some urban environm ents, i t  may be necessary to f i l t e r  

the a i r  entering the c u ltu re  room (Yeoman, 19Q & ).

T h e  p h y s ic a l  form  of the medium, that i s ,  w hether i t  is 

s o l id if ie d  or l i q u i d ,  p la y s  an im portant ro le  in .in v i t r o  growth 

and d if fe re n tia tio n .  In general, most success in organogenesis is 

achieved  w ith  ex plan ts  on agar based s o l id  medium [C ro na u er and 

K r ik o r ia n  (-19§£a and bf); Hwang et  ̂ a l .  (198*0; Banerjee and De 

Langhe ( 1 9 8 $ ) ] .  In bananas, shoot m u lt ip lic a t io n  was re p o rte d  to 

be stim ulated by tra n s fe rr in g  tissue pieces a lt e r n a t iv e ly  between 

l iq u id  and s e m i-s o l id  media of .same com position at two weeks 

in te rv a l  (Cronauer and K r ik o r ia n ,  1985b). Huang and .C hi (1988) 

reported  the advantage of using g e lr ite  instead, of agar in banana 

tissue c u ltu re .  T h e y  found that the medium s o l id if ie d  w ith  g e lr ite  

eliminated tissue and medium d is co lo ra tio n .

Plant c e l ls  in c u ltu re  re q u ire  an a c id ic  pH and an in i t ia l  

pH of 5 .5  to 5 .8  is  optimum (Gam borq and S h v lu k .  1981). They



also re p o rte d  that pH changes d u rin g  the grow ing c y c le  of a ce ll  

suspension c u ltu re .  Though in i t i a l l y  th e re  w i l l  be a decrease to 

below pH 5 .0  subsequently  the. pH increases and may reach 6 .0  

o r  even h i g h e r .  In banana, the pH of the cu ltu re  media were 

adjusted  to 5 .8  using potassium h y d r o x id e  or sodium h y d r o x id e  

before a u to c la ving  (B e rg  and Bustamante, 1974; Cronauer and 

.r ik o r ia n ,  1984a and b~ Banerjee and De Langhe (1985)

4. Jn  v itro  rooting of shoot

A ltho u gh  a number of plants root spontaneously in cu ltu re ,  

shoots of most species m u lt ip l ie d  iri v i t r o  lack  a root system . 

Rooting can be achieve d  e ith e r  by s u b cu ltu rin g  to medium lacking 

c y to k in in ,  w ith  o r  w ith o u t a rooting hormone or by treating the 

shoots as conventional cuttings a fte r  rem oval from s te r i le  culture 

(Yeoman, 1986). A l l  c y t o k i n i n s .  in h i b i t  rooting and BA w hich is 

w id e ly  used fo r  shoot m u lt ip l ic a t io n ,  does so p a r t ic u la r ly  s tro n g ly ,  

even after tra n sfe r to c y to k in in  free medium. Th e  use of 2iP or 

k inetin  in place  of BA in  the f in a l  stages of m u lt ip lica t io n  often 

im proves subsequent rooting (Webb and S tre et, 1977) . Since auxin 

is  essential fo r root in i t ia t io n ,  m a jo r ity  of stage I I I  media contains 

auxin as a supplem ent. T h e  concentration of rooting hormone 

re q u ire d  is  often c r i t ic a l  to p r o v id e  suffic ient stimulus to in it ia te  

roots w h i le  p re v e n tin g  the e x c e s s iv e  formation of ca llus  (Yeoman, 

1986).



A c co rd in g  to Hu and Wang (1983) thre e  phases are in v o lv e d  

in rh izo gen esis  nam ely, induction , in it ia t io n  and elongation. Among 

th e  auxins NAA has been, the most e ffe ct iv e  one fo r  induction of 

rooting (A ncora  et. e d . , 1981). T h e  root elongation phase has been

found to be v e r y  se n sitive  to auxin  concentration. High

concentrations of auxins in h ib ite d  root elongation (T h im a n n , 1977).

S e v e ra l  re s e a rc h e rs  have shown that j n  v i t r o  rooting can

s uccessfully  be a c h ie ve d  by reducing sa lt  concentrations in the

m edia, p a r t ic u la r ly  in MS. Abundant rooting was o b s e rv e d  when

the salt concentration in the medium was reduced to one h a lf ,  

o n e -t h i r d  or o n e -fo u rth  of the standard strength (Lane, 1979; 

S k i r v in  and Chu, 1979). But in such cases, poor top grow th 

resulted  sometimes (G upta  et  ̂ c d . , 1981). In banana, abundant rooting 

was o b s e rv e d , when the concentration of the m acrosalts of the 

MS medium was reduced to half (Banerjee and De Langhe, 1985; 

V u ylstek e  and De Langhe, 1985) . Doubling the concentration .of a ll  

the salts in MS medium was found to reduce the number of roots 

produced in banana (R o d rig u e z  et  ̂ , 1987).

Debergh and Maene (1981) pointed out that rooting _in v i t r o  

may represent the most labour intensive p a rt  of m icro pro pag atio n , 

because of the need to manipulate shoots on an in d iv id u a l  basis 

ra th e r  than in c lu s te rs  used d uring  p ro l ife ra t io n  stage. Roots 

formed in  v i t r o  do not adapt ea sily  to normal conditions without



some d elay  in  g ro w th .  Yeoman (1986) suggested that w here i t  is 

p ra c t ic a b le  th e re  is co n s id e ra b le  advantage in rooting shoots- d i r e c t l y  

in to  a conventional medium and e lim iin a t in g  a fu rth e r  c o s t l y ' t ra n s fe r  

in s te r i le  c u ltu re .  T h e  most e ff ic ie n t  method of rooting d i r e c t ly  

is  to tra n sfe r shoots into s te r i le  b lo c k s ,  tubes or pots . M a te ille  

and Foncelle  (1988) d eve lo ped  an im p ro v e d  m icropropagation  method 

f o r  the Poyo banana clone in w h ich  shoot elongation and rooting 

w ere  obtained sim ultaneously on a hormone free medium containing 

10 g/1 sucrose.

5. Hardening-off and planting out of plantlets

A c c lim a tiza t io n  is necessary in  the case of m icropropagated 

plants  because _in v i t r o  p lant m ateria l is  not adapted fo r  ^EL v ^tro 

conditions (B ra in e rd  and Funchigam i, 1981). T h e  success in 

a cclim a tiza tio n  of m icropropag ated  plants is la rg e ly  dependant upon 

not only the p o s t -tra n s fe r  g ro w th  conditions but also the p re -t ra n s f e r  

cu ltu re  conditions ( Z i v ,  1986). T is s u e  cu ltured  plants are  v e ry  

p o o rly  adapted to ' re s is t  the low r e la t iv e  h u m id ity ,  h ig h e r  l ig h t  

le v e ls  and more v a r ia b le  tem peratures p r e v a i l in g  outside 

(W a in w r ig h t ,  1988) .

L i g h t ,  tem perature and r e la t iv e  h u m id ity  are the three 

major fa cto rs  to be c o n tro lle d  d u rin g  a c c lim a tiza tio n . Hu and Wang 

(1983) suggested a p e rio d  of h u m id ity  acclim a tiza tio n  fo r the newly



tra n s fe rre d  p la n tle ts .  Rajmohan (1985) re po rte d  the use of p la stic  

m icroscope co vers  fo r maintaining 90 -  100 per cent re la t iv e

h u m id ity  and obtained 55 -  60 per cent s u r v i v a l  of un v i t r o

produced ja ck  p la n t le ts .

In Poyo banana clone 100 per cent s u r v i v a l  was achieved  

when ■ p la n tle ts  were grown in the glass house (M a te ille  and 

F o ncelle , 1988).

P h y s ic a l ,  chem ical and b io lo g ica l p ro p e rt ie s  of the potting 

m ix tu re  is also im portant in the establishm ent of _in v i t r o  regener­

ated p la ntlets  when planted out. Th o ro u gh  washing of the plantlets

to remove the traces of nutrient medium and s t e r i l i z in g  the potting

m ix tu re  elim inates p ro ble m s of fungal infection (A n de rso n, 1980) . 

J a r re t  et  ̂ a l .  (1985) re p o rte d  that more than 90 per cent banana

plantlets  s u r v iv e d  after tran sfe r to m e th yl b rom ide treated s o i l .  

Cronauer and„ K r ik o r ia n  (1985) successfully  e s ta b lis h e d  banana p lant­

lets in Pro M ix : V e rm ic u lite  ( v / v )  potting m ix tu re .  Drew et_ a^.

(1989) su ccessfu lly  e sta b lis h e d  m icropropagated plants in a peat, 

p e r l i te  and p o ly s ty re n e  bead ( 1 : 1 : 1 )  m ix tu re  w ith  40 per cent 

natural l ig h t  in a p e rs p e x  h u m id ity  cabinet, maintained at more 

than 90 per cent r e la t iv e  h u m id ity  by a Penn h u m idistat  co n tro lle r  

and 'D e fe n so r-5 0 5 ' h u m id i f ie r .

Ca re fu l f ie ld  evaluations of m icropropagated banana plants

are fe w . Recently c e rta in  re p o rts  have been p u b lish e d  from



plantings and t r ia ls  (m o s tly  sm all scale ) conducted e lsew here 

(Hwang e ^  a ^ . , 1984; Reuveni et a K , 1986; Ramcharan ert al_*, 1987;

Pool and I r i z a r r y ,  1987; A r ia s  and V a lv e rd e ,  1987). A shortcom ing 

of these re p o rts  is that the exact m aterial used and the methodology
i

adopted is not p re c is e ly  g iven  ( K r ik o r ia n ,  1989) . He also stated 

th a t  s p e cia l em phasis should  be g iven  to the number of plants

e v alu a te d, to s t a b i l i t y  o r  lack  thereo f and to re cu rre n c e  of plant 

c ro p  effects in the ratoon. Hwang et  ̂ a K  (1984) re p o rte d  that the

p la ntlets  o rig in a tin g  from ex cised  decapitated shoot apices of

banana s u ck e rs , e sta b lis h e d  w e ll  under f ie ld  conditions and gave 

r is e  to mature plants w ith  uniform grow th and normal f r u i t  y i e l d .  

Ramcharan et^ cd. (1987) o b se rv e d  the performance of t issu e cu ltu red  

p la ntlets  of 2 clones designated Maricongo and Dw arf in U . S .  V irg in  

Is la n d .  - T h e  clones were found to e x h ib i t  co n s id e ra b le  v a r i a b i l i t y .  

By the second h a rv e s t ,  21 p e r cent Maricongo had re v e rte d  to 

T a l l  French typ e s  and 38 per cent of Dw arf had - re v e rte d  to Dwarf 

French t y p e s .  But the ch a ra c te r  of the planting and f i r s t  ratoon 

cro ps  were s im i la r .  V u y lste k e  et a l . (1988) studied the ph en o typic

v a ria t io n  among _in v i t r o  propagated banana c u l t i v a r  Agbagba

(genome A A B) . O b s e rv a tio n s  on the plant cro p  and successive 

ratoons re ve aled  f iv e  form s of p h e n o ty p ic  v a ria t io n  at a frequency 

of 6 per cent. F itc h e t  (1989) stated that tissue c g ltu re  technique 

can be used fo r speeding up evaluation  of new c u l t i v a r s .  In a 

study Robinson (1990a) evaluated th e ,  performance of t issue culture



progeny and com pared the o bservatio ns  w ith  sucker grown plants . 

He found that tissue cu ltu re  plants produ ced 6 to 7 more leaves

before f lo w e r  emergence and they w ere t a l le r  than suckers at 

f lo w e rin g  stage due to the pro du ctio n  of more leaves p e r  plant

and consequently more in ternodes. T is s u e  cu lture  plants were found

to reach f lo w e rin g  stage two weeks to a month e a r l ie r  than w ith

s u c k e rs .  Robinson (1990b) re po rte d  that o v e ra l l  yield/annum was 

20 per cent h ig h e r  w ith  tissue cu ltu re  plants  than w ith  sucker 

grown plants  due to the production of la r g e r  bunches coupled w ith  

s h o rte r  c y c le  tim e. T h e  increased y ie ld  from tissue culture plants 

was p r o b a b ly  re lated  to t h e ir  g reater h e ig h t ,  stem circumference
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MATERIALS AND METHODS

T h e  studies on the _in v i t r o  propagation of banana were 

c a rr ie d  out at the Plant T iss u e  C u lture  L a b o ra to ry  in the Department 

of Pomology and F lo r ic u l t u r e ,  College of H o r t ic u ltu r e ,  V e lla n ik k a ra  

d uring  1988-90. T h e  d e ta ils  regarding  the ex perim en ta l m ateria l,  

m ethodology of ex perim en ts  and a n a ly tic a l  techniques adopted are 

presented s te p -w is e  in t h e 'c h a p t e r .

In v i t r o  propagation through enhanced re lease of a x i l l a r y  

buds was used fo r  the  present study (M u ra sh ig e , 1974) . Th e  

d iffe ren t  stages in v o lv e d  are i l lu s tra te d  in F ig .  1.

1. Physiological preconditioning of the explant and explant establish­

ment (Stage 1)

1. 1.  Selection of v a r ie t ie s

T h e  ex plan ts  fo r  the study were co lle cted  from  three popular 

banana c u lt iv a r s  of Kerala  namely Nendran ( A A B ) ,  Palayankodan

(A A B ) and Red banana (A A A )  . Th e  m orph olo g ica l d escription  of 

these v a r ie t ie s  are given in Ta b le  1.

1. 2.  Source of ex plants and pretreatment

. T h re e  d iffe ren t  typ e s  of explants used fo r  the present 

study were shoot t ip  ( th e  main a p ic a l  bud co lle cted  from a f iv e  

month o ld  s w o rd  su cke r of banana), eye bud (th e  main ap ica l bud



Single shoot

Stage 1 -  P h y s io lo g ic a l  p reco nd itio n in g  of the e x p la n t  and ex plan t establishm ent 

Stage 2 -  Induction of a x i l l a r y  shoots and ra p id  m u lt ip lic a t io n  

Stage 3 -  _In v i t r o  rooting and acclim a tiza tio n

Stage 4 -  Planting out and evaluation '

F i g .  1. _In v i t r o  cloning p ro ce d u re  in banana



Table  1 . 'M orphological features of banana c ult iv ars  utilised- for v itro  culture studies

Red banana Palayankodan Nendran

Genomic status AAA AAB AAB

Pseudostem Greenish purple , with dark 
brown blotches

Yellow green with brownish 
black blotches

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

Leaves Petiole not clasping the 
pseudostem, margins of 
petiole spreading

•Petiole not clasping the 
pseudostem, margins of 

petiole s lig h tly  enclosed

Petiole not clasping the 
pseudostem, margins of 
petiole enclosed

Peduncle Short and pubescent Medium-long and pubescent Medium-long and glabrous

Inflorescence Female axis pendulous and 
male axis s lig h tly  
ageotropic

Female axis semi-pendulous 
and male axis positive ly  
geotropic

Female axis semi-pendulous 
and male axis p ositive ly  
geotropic

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

Decidious, shoulder low. 
Outside colour brownish 
purple and b right crimson 
in s id e .

Persistent, shoulder low. 
Outside colour brownish 
p urple  and b right crimson 
inside.

Female flowers Creamy white. Stigma rich  
yellow.

Cream colour flushed with 
pink. Stigma colour cream.

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

Male flowers Creamy white with fertile  
stamen

Cream flushed with pink 
with ferti le  stamen

Creamy white flushed with 
pink. Stamen fe rti le .

Bunch Hands and fingers compact. 
Fingers almost c y lin d ric a l  
with indistinct apex.

Hands and fingers compact. 
Fingers s lig h tly  angular 
with prominent apex.

Hands and fingers loose. 
Fingers angular with distinct 
a p e x .

Ripe fruit Red in colour, do not easily 
separate from the hand, rind  
medium th ick ,  pulp colour 
yellowish cream, soft ju ic y ,  
taste sweet.

Yellow in colour, f irm ly  
attached, to the hand, rind  
th in , pulp colour yellowish 
cream, taste sweet.

Yellow in colour, f irm ly  
attached to the hand, r in d  
th ic k ,  pulp yellowish 
orange, th ic k ,  taste sweet.

Vaisalakumari, 1984: Cytotaxonomical studies on banana cult ivars



collected from the sm all buds seen on the s id e s  of the mother 

rh izo m e of banana) and f lo r a l  apices (th e  a p ic a l  bud collected 

from the d is ta l  end of the inflorescence a x is  of banana) ( F i g . 2 ) .

In o rd e r  to overcom e the a p ic a l  dominance of shoot t ip s  

and to obtain a h ig h e r  rate of a x i l l a r y  bud re lease in cu ltu re , 

the shoot t ip  explants  were subjected to d iffe re n t  ty p e s  of p h y s ic a l  

in ju ry  treatments as shown in F ig .  3 . T h e  treatm ents were,

T.| a p ic a l dome intact

a p ic a l  dome cut lo n g itu d in a lly

T  a p ic a l dome w ith  (+ )  cut 
o

h alf portion  of the a p ic a l dome

Tj- q u a rter portion  of the a p ic a l  dome.

O b servatio n s  on the percentage of cu ltu re  s u r v iv a l  (d e v o id  

of m icro b ia l contamination) , percentage of cu ltures e x h ib it in g  growth 

and a v is u a l ra tin g  on grow th  response were made on twenty 

explants per treatment a fte r four weeks of c u ltu r in g .

1. 3.  E x p la n t  establishm ent

1. 3. 1.  Co lle ctio n  and p re p a ra tio n  of ex plan ts  fo r c u ltu rin g

Shoot t ip  ex plan ts  were co lle cted  from f i v e  month old sw ord 

suckers grown in the f i e l d .  Suckers after  separation from the 

mother rh izo m e (from  w h ic h  the bunch has a lre a d y  been ha rve sted ) 

were detopped and w ere reduced to a s ize  w h ich  measured about
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5 cm in length reta in ing a sm all portion  (1 cm length) of the rh izo m e 

t is s u e . In the case of eye bud e x p la n ts , small buds seen on the

surface of the mother rh izo m e  were removed using a s h a rp  knife

w ith o u t in ju r in g  the ce ntra l bud also retaining a small portion 

of the rh izo m e  t issu e. F o r  f lo r a l  apex explants  co lle ct io n , the 

male buds w ere co lle cted  from the d is ta l  end of the peduncle after 

th e  com pletion  of the female phase of the bunch. T h e  subtending 

b ra c ts  of the f lo r a l  apex w ith  t h e i r  associated hands of female

flo w e rs  were removed one by one in a stepw ise manner un til  they 

became too small to be rem oved b y  hand^ T h e  ex plants after 

co lle ctio n  w ere im m ed ia te ly  taken to the la b o ra to r y ,  w here  they

were f i r s t  washed th o ro u g h ly  in  tap water to remove a l l  the d i r t  

and s o il  particles, a d h e rin g  to them. A fte r  d ry in g  them in between 

fo ld s  of tissue- paper they were again washed w ith  s te r i le  d is t i l le d  

w a te r.  F u r th e r  s t e r i l iz a t io n  pro cedures were c a rr ie d  out under 

perfect ase ptic  conditions in  a 'T h e rm a d y n e '  lam inar a i r  f low  cabinet. 

T h e  ex plan ts  were then subjected to surface s te r i l iz a t io n  using 

d iffe re n t  chem icals  as g iven  below .

Ex plant S te r i la n t  C o n ce ntra t- Duration
ion (p e r
cent)

1. Shoot t ip Bleaching pow der 10.00 10 min
A bsolu te  alcohol 95.00 30 s
M e rc u r ic  c h lo r id e 0.05 15 min
M e rc u r ic  c h lo r id e 0. 10 10 min
M e rc u r ic  c h lo r id e 0.20 5 min

2. E ye  bud Bleaching pow der 10.00 10 min
A b so lu te  alcohol 95.00 30. s
M e rc u r ic  c h lo rid e . 0.05 15 min
M e rc u r ic  c h lo r id e 0. 10 10 min
M e rc u r ic  c h lo r id e 0.20 5 min



3. F lo r a l  apex Bleaching pow der
Absolu te alcohol

1 0 . 00 ­

95.00
5 min

30 s
+ +

M e rc u ric  c h lo r id e  
M e rc u r ic  c h lo r id e  
M e rcu ric  c h lo r id e  
M e rcu ric  c h lo r id e

0.05
0.05
0 .10
0.20

10 min 
15 min 
10 min 

3 min

O b servatio n s  on the percentage of cu ltu re  s u r v i v a l  (as 

e x h ib it e d  b y  the retention of the green co lo ur) , percentage of 

cu ltu res  contaminated and percentage of cultures showing explant 

death were made on tw enty explants  per treatment after thre e  

weeks of c u ltu r in g .

T h e  explants after surface s te r i l iz a t io n ,  w ere rin se d  w ith  

s t e r i le  d i s t i l l e d  water fo r  four t im e s . To  d r y  these e x p la n ts , 

they were cautiously t ra n s fe rre d  to s t e r i le  f i l t e r  pa pe r placed 

o v e r  s t e r i le  p e tr i  d is h .

S t e r i l i z e d  shoot t ip s  w ere fu r t h e r  reduced in s ize  by 

trim m in g down the cut surface of the rhizomatous tissues and leaf 

bases, using s te r i l iz e d  s c a lp e l  and fo rce ps.j  In the case of eye 

buds, two to three outer bud leaves were removed and the e x tra  

rh izom e tissue was trim m ed off reta in ing  a 5 mm base fragment 

of the u n d e rly in g  co rm . Before inoculation, two to three 

subtending b racts  from the f lo r a l  apices were also rem oved using 

s t e r i l iz e d  forceps and need les. T h e  explants  were ‘then inoculated 

in s u ita b le  cu ltu re  medium.



1 . 3 . 2 .  Influence of season of ex plant collection

Under cu ltu re  co n ditio n s  the establishm ent of ex plants 

co lle cte d  from  f ie ld  grow n p la n ts , v a r ie d  c o n s id e ra b ly  according 

to the season of t h e i r  c o l le c t io n .  An experim ent was therefore  

conducted to s ta nd ardise  th e  best season of ex p lant collection  in 

w h ic h  cu ltu re  estab lishm en t was more and contamination rate minimum. 

Te n  shoot t ip s  were c o lle cte d  fo r  th is  purpose from uniform sized  

f i e l d  grown banana p la nts  ( c v .  Red banana) d u rin g  each month 

and cu ltu red  in MS ( s e m i -s o l i d )  basal p ro l ife ra t io n  medium contain­

ing BA 5 .0  ppm . O b s e rv a tio n s  on the percentage of ex plant e s ta b lis h ­

ment, percentage of cu ltu re s  contaminated and number of a x i l l a r y  

shoots in it ia te d  per ex p lant were re co rd e d  after four weeks of 

c u ltu r in g .

d iffe re n t  treatments w ere g ive n  t.o ex p la n ts , the d e ta ils  'of w hich  

are  given b elo w .

To  reduce media and ex plant d isco lo u ratio n  of banana

T  reatment Le v e ls

1. Keeping in running tap w ater before 
inoculation

2. Rinsing in cysteine  -  HC1 solution 
before inoculation

25, 50, 100 mg/1

3. Rinsing in  PVP solution  before 
inoculation

250, .500, 1000 mg/1

4. A d ding  a s c o rb ic  a c id  into  the media 10, 30, 50 mg/1



O b s e rv a tio n s  on the percentage of cu ltures  showing cu ltu re  

s u r v i v a l  and percentage of cu ltures  w ithout media and e x plan t 

d is co lo u ra tio n  vyere made on ten ex plants per treatment after four 

weeks of c u ltu r in g .

1 . 3 . 3 .  Basal medium of cu ltu re

In o r d e r  to study the m orphogenetic response of banana 

ex plan ts  in c u ltu re ,  the most w id e ly  accepted MS medium (M u ra sh ig e  

and Skoog, 1962) was t r i e d .  T h e  com position of the medium is 

g iven  in T a b le  2 . T h i s  medium contained 'only the basal salts  (macro 

and m i c r o ) , v itam ins and sucrose as re p o rte d  in the o r ig in a l  

p u b lic a t io n .  T h i s  was supplemented w ith  c y to k in in s ,  auxins and 

g ib b e r e l l in s  at various concentrations as d etaile d  b elow .

E x p la n t

1. Shoot t ip

2. E ye  bud

3. F lo r a l  apex

T  reatments

A x A combinations of BA ( 0 . 5 ,  1. 0,  2 . 0 ,
3 . 0  ppm ) and NAA ( 0. 25,  0 .5 0 ,  1. 00,
2. 00 ppm)

4 x 2  combinations of BA ( 0. 50,  1 .00,
2 .0 0 , 3.00 ppm ) and IA A  ( 0 . 5 0 ,  1. 00 ppm )

3 x 3  combinations of BA ( 0 . 25,  0. 50,
1. 00 ppm) and GA ( 0. 50,  1. 00,  2 .00 ppm)

O b servatio n s  on the number of days  taken fo r  cu ltu re  

establishm ent were made after four weeks of c u ltu r in g .



T a b le  2. Com position of M urashige and Skoog ( 1962)  medium

Quantity
Volume 
made up

Volume
pipetted

Solution A

Ammonium n itra te
Potassium n itra te
Magnesium sulphate
Potassium d ih y d ro g e n  phosphate

16. 5 g 
19.0 g

3. 7 g
1. 7 g

1 l i t r e 100 ml

Solution B

Calcium  c h lo r id e 4 .4  g 500 ml 50 ml

Solution C

B o ric  acid  
Manganese su lph ate  
Zinc sulphate 
Potassium io d id e  
Sodium m olybdate

0. 62 g 
2. 23 g 
0. 86 g 
0.083 g 
0.025 g

100 ml 1 ml

Solution D

Ferro u s sulphate  
Sodium E D TA

2. 78 g 
3. 73 g

500 ml 5 ml

Solution E

Cobalt  c h lo r id e  
Copper sulph ate

0.025 g 
0.025 g

1 l i t r e 1 ml

Solution F

N ico tin ic  a c id  
P y r id o x in e  HC1 
Th iam ine HC1 
G lyc in e  HC1

50 mg 
50 mg 
10 mg 

200 mg

100 ml 1 ml

Sucrose
Inositol
Agar

30.00 g 
100.00 mg 

7 .0 0  g



.T h e  chem icals used fo r  p re p a rin g  the cu ltu re  medium were 

of a n a ly t ic a l  grade from B r i t is h  Drug House (BD H) , Sisco Research 

L a b o ra to r ie s  ( S R L ) , M erck or Sigm a. Standard pro ce dures  (Gamborg 

and S h y lu k ,  1981) were fo llo w e d  fo r  the prep aratio n  of the m edia. 

Stock solutions of m ajor and minor nutrients  were p re p a re d  f i r s t ,  

b y  d is s o v l in g  the re q u ire d  q ua ntity  of chem icals in double glass 

d i s t i l l e d  water and stored  under re fr ig e ra te d  conditions in amber 

coloured b o tt le s . T h e  stock solution  of nutrients w ere prep ared  

f re s h  in  e v e ry  four weeks and that of v ita m ins , aminoacids and 

phytohorm ones were pre p a re d  fre s h  in e v e ry  week. S p e c if ic  quantit­

ies of the stock solution of chem icals  and phytohorm ones were 

p ip e tte d  out into a 1000 ml b e a k e r. Sucrose and in o s ito l were 

added fre s h  and d is s o lv e d .  Then  the volume was made upto about

1000 ml b y  adding double glass d is t i l l e d  w a te r. T h e  pH of the

solution was adjusted using an e le ctro n ic  pH meter using 0.1 N 

H C l/N aO H .. A ga r was added to the medium and fin a l volume made 

up e x a ctly  to one l i t r e .  T h e  solution was then melted by keeping 

in a w ater bath maintained at a tem perature of 90 -95°C. Th e

medium (15 m l) was then poured hot to the oven s t e r i l iz e d  cu lture  

vessels  w h ich  were p re v io u s ly  r in se d  tw ice w ith  double glass 

d i s t i l l e d  w a te r.  T h e  container w ith  the medium w ere then t ig h t ly  

closed w ith  n on-absorbant cotton wool plugs. Corning brand test

tubes and conical f la sks  were used.



In o rd e r  to ensure aseptic  co ndition  of th e  medium, the 

containers plugged w ith  cotton were au to c la v e d , fo r 15-20 min at 

15 p s i p ressu re  and 121°C tem p e ra tu re . A f te r  s te r i l iz a t io n ,  the 

cu ltu re  vessels  were im m ed ia te ly  t ra n s fe rre d  to an a ir -c o n d it io n e d  

cu ltu re  ro o m .

1 . 3 . 4 .  Inoculation of ex plants

A l l  the inoculation operations w ere c a rr ie d ,  out under perfect 

ase ptic  conditions in a 'T h e r m a d y n e 1 lam inar a i r  f low  cabinet. 

T h e  cotton wool plug 1 of the cu lture  ve ssel was removed and the 

vessel neck was f i r s t  flamed o ve r a gas b u rn er kept in the cham ber. 

T h e  s t e r i le  ex plants  were q u ic k ly  tra n s fe rre d  to the cu ltu re  vessels  

containing s u ita b le  cu ltu re  medium, using s t e r i l i z e d  fo rce p s . T h e  

neck of the c u ltu re  ve ssel was once again flamed and q u ic k ly  

replaced  the cotton wool p lu g . T h e  cu ltu re  vessels  were then 

t ra n s fe rre d  to a cu ltu re  room where th e y  w ere incubated at a 

tem perature of 27 ± 2°C. A r t i f i c i a l  i l lu m in a tio n  was p ro v id e d  using 

cool w hite  fldurescent la m p s . P ho to pe rio d  was f ix e d  as 16 h per 

day and i t  was au to m atica lly  regulated b y  using a d iu rn a l t im e r.

1 . 3 . 5 .  Response of v a r ie t ie s

In the present s tu d y  th re e  typ e s  of ex plants of three banana 

culti.vars namely Nendran ( A A B ) ,  Palayankodan (A A B ) and Red banana 

(A A A ) were u t i l i s e d .  To  s tu d y  w h e th e r these explants behave



d if f e re n t ly  o r  not, a separate experim ent was conducted. These 

ex plants were grown on MS s e m i-s o l id  medium supplemented with

0 .5  ppm NAA and 3 .0  ppm BA fo r  a p e rio d  of four w e eks. O b s e r­

va tio ns on the number of days  taken fo r cu ltu ra l s u r v iv a l  were

made on four ex plants p e r treatment and on the percentage of culture 

s u r v i v a l .

2 . Induction of a x illa ry  shoots and rapid  shoot m ultiplication 

(Stage 2)

2 . 1 .  Standardisation  of basic  p ro l ife ra t io n  medium (BPM )

A l l  the t r i a l s  on stage 2 were c a rr ie d  out on Murashige 

and Skoog, 1962 (M S) and m odified  Knudson’ s C, 1975 ( KC)  media.

T h e  com position of K nudson's  C medium is  g iven  in T a b le  3.

E x p la n ts  used fo r  in d u ctio n  of a x i l l a r y  - shoots were 30 mm long 

shoots from estab lishm en t c u ltu re .  T h e  d eta ils  of the t r ia l  on

sta nd ardisatio n  of basic  p ro l ife ra t io n  medium u t i l is in g  growth

regulating substances v i z . ,  cy to k in in s  and auxins are  presented 

b e lo w .

Treatment

1. h x 4 combinations of BA ( 4 . 0 ,
6 . 0 ,  8. 0 ,  10.0 p p m ) ' a n d  N A A ( 0 , 0 . 5 ,  
1: 0,  1.5 ppm)

2. 4 x 4  combinations of k inetin  ( 4 . 0 ,
6 . 0 ,  8 . 0 ,  10.0 ppm ) and NAA
(0 ,  0 . 5 ,  1. 0,  1.5 ppm)

3. 4 x 3  combinations of BA ( 0 . 5 ,
1. 0,  2 . 0 ,  3 . 0  ppm ) and IA A  (0 ,
0 . 5 ,  1. 0 ppm)

1. 5 le v e ls  of BA ( 2 . 0 ,  4 . 0 ,  6. 0,  8 . 0 ,
10.0 ppm)

Media Ex plant

1. MS • Shoot t ip

E ye  bud 

F lo r a l  apex

2. KC



T a b le  3. Com position of Knudson's C medium (m o d if ie d )  
(Rowe and R icha rd so n , 1975)

Solution Constituents Q u antity
Volume made 
upto stock

Volume
pipetted

A Calcium  n itra te  10 g 
Ammonium su lph ate  5 g 
Potassium d ihydro g en  phosphate 2 .5  g 
Magnesium sulphate  2 .5  g

1000 ml 100 ml

B e rth e lo ts  solution

Magnese sulphate 
B o ric  acid

1 9
25 mg

B Potassium io d id e  
N ick e l c h lo r id e  
Cobaltous c h lo r id e  
Zinc sulphate 
C o p p e r sulphate  
S u lp h u r ic  acid

Iro n  solution

250 mg 
25 mg 
25 mg 
50 mg 
25 mg 

0 .5  ml

500 ml 0 .5  ml

C Ferro u s sulphate 
Sodium E D TA

Th ia m in e  solution

2.785 g 
3.725 g

500 ml 5 ml

D Th ia m in e  HC1 250 mg 1 250 ml 1 ml

Sucrose
A gar

AO g
5 g



O b s e rv a tio n s  on percentage of cu lture  d e v e lo p in g  shoots

and number of shoots produced per cu ltu re  were made on four

ex p la n ts  after four weeks of c u ltu r in g .

Regular s u b cu ltu rin g  of the p ro life ra te d  shoots on to 

medium containing h igh  concentration of BA was found to increase

th e  number of shoots p e r c u ltu re .  A  t r i a l  was conducted to assess 

the  m u lt ip l ic a t io n  ra te  of shoots, on continuous su b culturing  at 

four week in t e r v a l  in  ten s e r ia l  s u b cu ltu re s . S e m i-s o l id  MS medium 

containing BA 5 .0  ppm was used fo r the p a rt ic u la r  s tu d y .  C u ltu re s  

d e r iv e d  from shoot t i p  ex plan ts  of thre e  banana c u l t i v a r  were 

used fo r  the s tu d y .  O b s e rv a tio n s  were re co rde d  on four cultures

p e r treatment on the number of shoots produced p e r cu lture  and

the percentage increase in number of shoots o ve r the in i t ia l  c u ltu r e .

2 . 2 .  Standardisation  of medium supplements

Studies were conducted to determine the effect of coconut

water on cu ltu re  s u r v i v a l ,  cu ltu re  growth and a x i l l a r y  shoot 

induction from d iffe re n t  ex plants v i z .  shoot t i p ,  eye bud and 

f lo r a l  apex by adding CW at the rate of 0, 50, 100, 150 and 200 ml 

per l i t r e  of the m edium. S e m i-s o l id  KC medium containing BA 4 .0  pprr 

was used fo r the s tu d y .

O b servatio n s  on percentage of cu ltu re  s u r v i v a l  were made

on twenty ex plants and the number of shoots produced per culture



and the v is u a l rating on cu lture  grow th were made on f iv e  explants  

a f te r  four weeks of c u ltu r in g .

2 . 3 -  S tandardisatio n  of p h y s ic a l  conditions

A fte r  in o cu latio n , the  flasks/tubes were p r o p e r l y  la b e lle d  

and incubated under 27 ± 3°C tem perature. A r t i f i c i a l  i l lu m ination  

was p r o v id e d  using cool w h ite  fluorescent lam ps. An experim ent 

was conducted to study the  effect of l ig h t  on m u lt ip le  shoot 

form ation and grow th of shoots, the d eta ils  of w h ic h  are given 

b e lo w .

E x p la n t  Treatm ent L e v e l

1. Shoot t i p  L ig h t  0, 20 W, 40 W, 80 W, 120 W

2. E ye  bud fo r  16 hours fo llo w e d  by

3 . F lo r a l  apex 8 hours d a rk n e ss .

T h e  p h o to p erio d  was p r o v id e d  fo r 16 h p e r  day and it  

was au tom atically  regulated by using a d iu rna l t im e r .  Observations  

on the number of shoots produced per e x p la n t ,  the length of the 

longest leaf ( cm)  and the v isu a l ra tin g  of g ro w th  response were 

made on f iv e  ex plants after four weeks of c u ltu r in g .

3 . Jn  v itro  rooting and acclimatization (Stage 3)

3 . 1 .  L t. v i t r o  rooting

3 . 1 . 1 .  S tandardisation  of basal medium

A l l  the t r ia ls  on v ^ ro rooting were conducted on KC

medium, h a lf  and f u l l  strength MS medium. Shoots (2 to 3 cm



le n g th )  ex cised  from shoot p ro life ra t in g  cu ltu res  were u t il is e d  

as explants  fo r these t r i a l s .  T h e  d iffe re n t  auxins and t h e ir  le v e ls  

t r i e d  fo r rooting of banana shoots are the fo llo w in g .

M edia Treatm ent

1. MS ( wi t h  fu l l  concentration 1. NAA ( 0 . 0 ,  5 . 0 ,  10. 0,  15.0 ppm)
of m ineral s a lts )  2. IBA ( 5 . 0 ,  10.0 ppm)

2.  MS (w it h  h a lf  concentration 1. NAA ( 0 . 0 ,  5 . 0 ,  10. 0,  15.0 ppm)
of m ineral s a lts )  2. IB A  ( 5 . 0 ,  10.0 ppm)

3 . KC ( wi t h  fu l l  concentration 1. NAA ( 0 . 0 ,  5. 0 ,  10. 0,  15.0 ppm)
of m ineral s a lts )

O b servatio n s on the percentage of cu ltures  showing root 

in i t ia t io n ,  number of roots produced per shoot, the nature of roots 

and the number of d ays  taken fo r root in it ia t io n  were made on 

four cu ltures after two weeks of c u ltu r in g .  Treatm ents found to 

be best for one v a r ie t y  (Red . banana) were repeated fo r  the other 

two c u lt iv a r s  namely Nendran and Palayankodan in com parative 

performance t r i a l s .

3 . 1 . 2 .  Standardisation  of medium supplements

A t r i a l  was conducted to o b se rve  the effect of variou s 

medium supplements on rooting  of banana shoots ex cised  from shoot 

p ro l ife ra t in g  c u ltu re s .  T h e  d eta ils  of va rio u s  compounds and t h e ir  

le v e ls  tested are given  b e lo w .



Treatm ent L e v e l

1. Sucrose 1- 5,  3 . 0 ,  4 . 5 ,  6 . 0  p e r cent

2 . A c tiv a te d  ch arco al pow der 0 .025 , 0 . 05,  0 . 1 ,  0. 2 per cent

O b serv atio n s  were made on four ex plants after two weeks

of cu ltu rin g  on percentage of root in i t ia t io n ,  the number of roots

produced per shoot and the number of days  taken fo r root in i t ia t ­

ion .

3 . 4 . Acclimatization

3 . 2 . 1 .  Standardisation  of hardening treatments

In o rd e r  to a cclim a tize  the banana shoots produced _iri v i t r o  , 

i n i t i a l l y  a t r i a l  to sta nd ardise  the hardening  treatments were c a rr ie d  

out. Rooted shoots from stage 3 were u t i l is e d  fo r  conducting th is  

ex p e rim e n t. T h e  rooted plantlets  w ith  3 to 5 leaves and 8 to 

10 roots were taken out from the c u ltu re  ve ssels  w ith  the help

of forceps and needles. Then the agar a d h e rin g  to the roots were

com pletely  rem oved by washing w ith  d i s t i l l e d  w a te r .  T h e  p lantlets  

were than subjected  to various  p r e -t r a n s f e r  (b e fo re  planting in 

the potting m ix tu re )  and p o s t -t ra n s fe r  (a f te r  planting in the potting 

m ix tu re ) treatments as l is te d  b elow .



P r e -t r a n s f e r  treatments P o s t -tra n s fe r  treatments

1. D ire c t  planting into the Keeping in the open
potting m ixtu re

2 . Keeping in  d is t i l le d  water 
fo r 8 h and then fo r 8 h in 
1/10th MS solution under 
mist (p r o v id e d  using a 
m icroscope co ve r)

3 . Keeping in  1/1 Oth MS solution 
fo r  2 d a ys  (under m is t,  p ro ­
v id e d  using a m icroscope 
c o v e r )

O b s e rv a tio n  were made on ten p la ntlets  on the percentage

of p la ntlet  s u r v iv a l  after one month of planting out.

3 . 2 . 2 .  Influence of potting m ixture  on p la n tle t  establishm ent

T h e  t y p e  of potting m ixtu re  in  w h ich  the plants are  potted 

are found to effect the grow th of p la n ts . T o  s tu d y  t h is ,  p lantlets

were potted in variou s  k ind  of potting m ixtu re s  made up of 

d iffe ren t  in gred ie nts  as g iven  below .

1. Sand

2. V e rm ic u lite  : Sand (1: 1 v / v )

3.  Red earth  : Sand : so il  : compost ( 1 : 1 : 1 : 1 )

A fte r  w etting, the potting- m ixtu re s  were autoclaved at 15 psi 

fo r  20 m in. to make i t  free  from s o il  borne pathogens. Th e  p la nt­

lets  w ere planted in the potting ■ m ix tu re  on the same day of 

s te r i l is a t io n  after cooling.

Keeping in the cu ltu re  room

C o v e rin g  the plants and pots w ith  
p la s t ic  co ve r fo r four weeks



O b servatio n  w ere made on ten p la n tle ts  on the percentage

of p la ntlet  s u r v i v a l  a fte r  one month of planting out.

3 . 2 . 3 .  E ffect of containers on p la n tle t  s u r v iv a l

T o  study the  influence of the  containers on the growth 

of p la n ts ,  p la n tle ts  w ere potted in d iffe re n t  ty p e s  of containers 

as shown.

1. White p la s t ic  cups of 250 ml c a p a c ity  w ith  drainage holes at

th|e bottom.

2. B lack p la s t ic  pots of 250 ml ca p a city  w ith  drainage holes 

at the bottom.

3. T u b u la r  po lyth e n e  bags of 15 cm diam eter and 20 cm length

w ith  8 punch holes each on 2 s id e s .

O b serv atio n  w ere made on ten p la ntlets  on the percentage

of p lantlet s u r v iv a l  a fte r  one month of planting out.

3 . 2 . 4 .  Use of chem ical s te r i la n ts  fo r p la n tle t  s u r v iv a l

To  ensure b e tte r  gro w th  of the  p la n tle ts  the autoclaved 

potting m ix tu re  was trea te d  w ith  va rio u s  chem ical ste rilan ts  as 

l is te d  b e lo w .

1. M e rc u r ic  c h lo r id e  0.2%

2. B a v is t in  0.1%

3 . Emesan 0.1%



O b s e rv a tio n s  were made on ten p la n tle ts , on the  percentage 

f  p la ntlet  s u r v iv a l  after one month of planting out,

„ F ie ld  p la n tin g  and e valua tio n  (Stage 4 )

A fte r  1 month of a c c lim a tiza tio n , the plants were planted

u t  in  e a rth e rn  pots of s ize  20 cm height and 15 cm diameter

ontaining o r d in a r y  n o n -s t e r i le  potting m ix tu re  (1 sand : 1 soil

1 re d  ea rth  : 1 d r ie d  and pow dered cattle  manure v / v ) .  A

tutrient „ solution containing h a lf  concentration of MS m ineral salts

vas given as a d d it io n a l nourishment once in a w eek. Plants were 

;ept under p a rt ia l  shade.

O b serv atio n s  were re co rd e d  on plant s u r v i v a l ,  plant h e ig h t,  

eaves per plant and length of longest leaf, at th re e  stages i e . ,

ifter four weeks under- m is t ,  e ight weeks after planting out and 

w e lv e  weeks after planting out.

statistical a n a ly s is

T h e  data generated from the  va riou s  experim ents  were 

;ubjected to s ta t is t ic a l  a n a ly sis  in com pletely  random ised design, 

vh e re ver necessary as per Panse and Sukhatme (1 9 8 5 ).



RESULTS



R E SU LTS

T h e  re s u lts  on the _in v i t r o  propagation  of banana conducted 

at the Plant T iss u e  C u lture  L a b o ra to ry  of the College of H o rt ic u ltu re ,  

V e l la n ik k a ra  d uring the p e rio d  1988-90 are  presented in t h is  ch apter

1 . "Ex p la nt

1 .1 .  Surface s te r i l iz a t io n  of ex plants

T h e  re su lts  of the surface s t e r i l iz a t io n  of th re e  ty p e s  of 

e x p la n ts  v i z . ,  shoot t i p ,  eye bud and f lo r a l  apex using variou s  

s te r i la n ts  are presented in T a b le  4 .

Of the variou s s te r i la n ts  t r i e d ,  m e rc u ric  c h lo r id e  ( 0 .0 5 -0 .2  

pe r cent) gave better s te r i l iz a t io n  of ex plants than bleaching powder 

and/or absolute a lc o h o l.  An in i t i a l  r in s in g  of f lo r a l  apex explants 

w ith  95 per cent absolute a lcohol fo r  30s fo llo w e d  by m ercuric  

c h lo r id e  treatment (0 .0 5  per cent) fo r  10 min re su lte d  in least 

ra te  of contamination (10 per cent) and maximum percentage of 

ex p la n t  s u r v iv a l  (85 per cent) and lowest rate of e x plan t death 

(5 per c e n t ) .  F o r  shoot t ip  and eye bud e x p la n ts , the best 

s te r i la n t  m e rcu ric  c h lo r id e  (0 .2  per cent) re su lte d  in v e ry  low 

contamination rate (5 pe r cent) and maximum percentage of ex plant-
i •

s u r v iv a l  (80 per cent) eventhough th e  rate of ex plant death was 

high (15 per c e n t ) .  B leaching pow der was in e ffe ctiv e  as a surface 

s te r i la n t  fo r  a l l  the th re e  ex plants t r i e d ,  as i t  re sulted  in v e ry



T a b le  4. S tan d ardisa tio n  of surface s t e r i l iz a t io n  methods of banana e x p la n ts  .
Medium: MS (Semi s o l id )

Ex plant S te r ila n t Concent­
' ration  

(p e r  cent)

Duration ' Contami­
nation 

■(per cent)

Death of 
cu ltu re  
due to 
o v e r  con­
centration  
(p e r  cent)

S u r v i v a l  
( percentage 

cu ltu re  
a l i v e )

1 Shoot t ip Bleaching pow der 10 10 min 100 o" 0
A bsolu te  alcohol 95 30 s 95 0 0
M e rc u r ic  c h lo r id e 0.05 15 min 55 5 40
M e rc u r ic  c h lo r id e 0.10 10 min 45 10 45
M e rc u r ic  c h lo r id e 0.20 5 min 5 15 80

2 E y e  bud Bleaching pow der 10 10 min . 100 0 0
A bsolu te  a lcohol 95 30 s 100 0 0
M e rc u r ic  c h lo r id e 0.05 15 min 60 5 35
M e rc u r ic  c h lo r id e 0 .10 10 min 50 10 40
M e rc u r ic  c h lo r id e 0 .20 5 min 5 15 80

3 F lo r a l  apex Bleaching pow der 10 5 min 95 0 5
A bsolu te  alcohol 95 30 s

+ + 10 5 85
M e rc u r ic  c h lo r id e 0.05 10 min
M e rc u r ic  c h lo r id e 0.05 15 min 35 10 55
M e rc u r ic  c h lo r id e 0.10 10 min 25 15 60
M e rc u r ic  c h lo r id eI 0.20 3 min 10 20 70 '

Mean of twenty o b se rva tio n s  
C u ltu re  p e rio d  -  thre e  weeks



h ig h  contamination rate  and lowest s u r v i v a l  percentage eventhough 

th e  rate  of e?<plant death due to excess s te r i la n t  was z e ro .

1 .2 .  Season of e x plan t c o lle ctio n  and c u ltu re  establishm ent

Shoot t ip  co lle ctio n  d u rin g  Novem ber to A p r i l  p e r io d ,  was 

found to re s u lt  in least contamination rate (3 0 -4 0  pe r cent) and 

maximum e x p la n t  s u r v i v a l  (50 -60  p e r cent) ( T a b le  5) . T h e  pe rio d  

from  May to October re co rd e d  greatest contamination ra te  (50-60 

p e r  cent) and lowest s u r v i v a l  rate (40 -50  p e r  c e n t ) . Maximum 

number of shoots ( 4 . 0 - 4 . 2/shoot t i p )  were re co rd e d  when shoot 

t ip s  were collected  d u rin g  J u ly -A u g u s t  and i t  was minimum d u ring  

May (2 .4 / s h o o t t ip )  and November (2 .6 / s h o o t t i p ) .  No significant 

influence was noted among the months in the induction  of a x i l l a r y  

shoots, ex cept in the case of two months (May and N o v e m b e r ) .

2. Culture medium

2 . 1 .  Cu lture  establishm ent medium

In o rd e r  to s ta n d a rd is e  a su ita b le  c u ltu re  establishm ent 

medium d etaile d  t r a i l s  were conducted w ith  d iffe re n t  le v e ls  of

cy to k in in  ( B A ) ,  auxins (N A A  and IA A ) and g i b b e r e l l in  (G A ) in

MS (s e m i -s o l id )  medium, using excised explants namely shoot t i p ,

eye bud and f lo r a l  ap<?x e x p la n ts .  A l l  the ex plan ts  w h ich  were 

not contaminated turned green w ith in  a pe rio d  ranging from 8 to

29 days depending upon the k ind  and concentration of



T a b le  5. Influence of season of co lle ctio n  of ex plants on the 
e s tab lishm en t of cu lture  and induction  of a x i l l a r y  
shoot g ro w th  in shoot t ip  c u ltu re  of banana 
( c v .  Red banana)

Medium: MS + BA 5 .0  ppm

Month Contamination* 
(p e r  cent)

S u r v iv a l*
( percentage 
c u ltu re  a l iv e )

Shoots per** 
ex plant

Jan ua ry 40 60 3.2

F e b ru a ry 30 70 3 .8

March 30 70 3.4

A p r i l 40 60 3 .2

May 50 50 2.4

June 60 40 3 .8

J u ly 60 40 4.0

August 60 40 4.2

Septem ber 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

SEm± 0.49

* Mean of ten observations
** Mean of five  observations

Culture period -  four weeks



phytohorm ones and the t y p e  of ex plant used w h ic h  ind icated  t h e ir  

ca pa city  to e s ta b lis h  in the cu ltu re .  T h e  re s u lts  are presented 

b e lo w .

2 .1 .1 .  Effect of NAA and BA

E sta b lish m e n t of cu ltu re  o ccurred in a l l  the 16 combinations 

of NAA and BA t r ie d -  ( T a b l e  6 ) .  F o r  the  establishm ent of culture 

shoot t ip  ex plan ts  took 8 to 23 d a y s ,  eye bud ex p la n ts , about

9 to 24 days  and f lo r a l  apex explants 14 to 26 d a y s .

A l l  the th re e  ex plants t r i e d ,  namely shoot t ip ,  eye bud 

and f lo r a l  a p e x , took only  minimum number of days (8 , 9 and

14 r e s p e c t iv e ly )  fo r  the  establishm ent of cu ltu re  at the treatment

combination in v o lv in g  NAA 0 .5  ppm + BA 3 .0  ppm .

2 .1 .2 .  Effect of IA A  and BA

E stab lishm en t of cu ltu re  o ccu rred  in a l l  the  e ight combinat­

ions of IA A  and BA t r ie d  (T a b le  7 ) .  Number of d a ys  taken fo r

culture establishm ent v a r ie d  from 11 to 23 days  fo r  shoot t ip  

e x plan t, 12 to 23 d a ys  fo r eye bud e x p la n t  and 21 to 26 days 

fo r f lo r a l  apex ex p la n t .

T h e  treatment combination in v o lv in g  IA A  1 .0  ppm + BA 3 .0  

ppm was found to be the best compared to the remaining treatment 

com binations, as i t  was o b se rve d  that at th is  combination of IAA



Table 6. Effect of NAA + BA on the establishment of culture using different banana explants
( c v .  Red banana)

Medium: MS

T  reatments

Sh oot t i p E ye  bud F lo ra l  apex

Tim e taken 
for cu ltu re  
e s ta b l is h ­
ment (d a y s )

T im e  taken 
fo r cu lture  
e s ta b l is h ­
ment (d a y s )

T im e taken 
fo r c u ltu re  
e s t a b l is h ­
ment (d a y s )

NAA 0.25 ppm + BA 0 .5 ppm 21 23 25

1 > + t j 1 .0 ppm 17 20 24

J 5 + ) ) 2 .0 ppm 16 17 23

? ] + ) j 3 .0 ppm 15 17 22

NAA 0 .5  ppm + BA 0 .5 ppm 23 23 23

? t + > > 1 .0 ppm 19 21 23

) 1 + i i 2 .0 ppm 14 17 20

1 1 + j i 3 .0 ppm fL 9 14

NAA 1 .0 ppm + BA 0.5 ppm 21 23 25

r ? + » > 1.0 ppm 19 21 25

i > + ? i 2 .0 ppm 16 18 23

? j + i i 3 .0 P £ m 11 13 17

NAA 2 .0  ppm + BA 0 .5 ppm 21 24 26
> i + j ? 1 .0 ppm - 20 22 24
j i + ) i 2 .0 ppm 20 21 22
t s + i i 3 .0 ppm 9 19 20

CD (5%) 1 .66 1 .66 1 .66
SEm± ■ 0.82 0.82 0.82

Mean of three observations
Culture period -  four weeks



T a b le  7. Effect of IA A  + BA on the establishm ent of cu ltu re  using d iffe ren t  banana explants 
( c v .  Red banana)

■ Medium: MS

Shoot t ip E ye  bud F lo r a l  apex
Treatm ents T im e  taken 

fo r  cu lture  
e s ta b l is h ­
ment (d a y s )

T im e  taken 
fo r cu ltu re  
e s t a b l is h ­
ment (d a y s )

T im e  taken 
fo r cu ltu re  
e s t a b l is h ­
ment (d a y s )

IAA 0 .5  ppm + BA 0.5 ppm 21 21 23

! ! + ) J 1 .0 ppm 22 21 24

> > + J 5 2 .0 ppm 21 21 22

t i + J J 3 .0 ppm 20 20 22

IAA 1.0 ppm + BA 0.5 ppm 23 23 26

> f + ) i 1 .0 ppm . 20 21 24

i j + ! ) 2 .0 ppm 17 18 21

1 ! + ) > 3 .0 ppm 11 12 21

CD (5%) 1 .73 1.73 1 .73

SEm± 0.81 3.81 0.81

Mean of th re e  o b se rva tio ns  
C u ltu re  p e rio d  -  four weeks
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and BA, a l l  the  th re e  ex plan ts  t r ie d  v i z .  shoot t i p ,  eye bud

and f lo r a l  apex took the minimum number of days (11, 12 and

21 r e s p e c t iv e ly )  fo r  the establishm ent of cu ltu re .

2 . 1 . 3 .  E ffect of GA and BA

In a l l  the nine combinations of GA and BA t r ie d  as shown

in  T a b le  8, e x p la n ts  turned green, but the time taken fo r  the 

estab lish m en t of cu ltu re  was more than that was o b se rve d  in the

in i t i a l  t r i a l s  conducted using NAA/BA and IA A /B A  com binations.

T h e  number of days  taken fo r  the establishm ent of culture  was

minimum (23) at the com bination of BA 1.0 ppm + GA 0 .5  ppm .

2 .1 .  A. E ffect of ex p lant sources

From the i n i t i a l  t r i a l s  conducted to study the effect of 

d iffe re n t  com binations of phytohorm one on the establishm ent of

cu ltu re , the  treatm ent combination NAA 0 .5  ppm + BA 3 .0  ppm

and IA A  1 ;0  ppm + BA 3 .0  ppm w ere found to be the best. In

o rd e r  to study the  effect of ex plant sources on the establishm ent 

of cu lture  of banana c u l t i v a r s ,  MS medium containing NAA 0 .5  ppm

+ BA 3 .0  ppm was used ( T a b l e  9) .

In a l l  the  th re e  banana c u l t iv a r s  used fo r the s tu d y ,  i t  

was noted that f lo r a l  apex explants  took maximum number of days

(1 3 -1 8 )  fo r  esta b lish m e n t w h i le  shoot t ip  explants the minimum 

number of d a ys  (8 -1 1 ) '  fo r  culture  e stab lishm en t. S i m i la r ly ,  when



Medium: MS

Tab le  8. Effect of GA + BA on the establishment of culture using different banana explants
( c v .  Red banana)

Shoot t ip E ye  bud F lo ra l  apex
T  reatments Tim e taken 

fo r cu ltu re  
e s t a b l is h ­
ment (d a y s )

T im e  taken 
fo r cu ltu re  
e s t a b l is h ­
ment (d a y s )

T im e  taken 
fo r  cu lture  
e s t a b l is h ­
ment (d a y s )

BA 0 .25  ppm + GA 0 .5 ppm 27 27 • 28

i ? + 1 ) 1 .0 ppm 27 27 29

i » - + ) J 2 .0 ppm 28 28 29

BA 0 .5  ppm + GA 0 .5 ppm 25 26 28

1 J + T J 1 .0 ppm 25 27 28

> 1 + t > 2 .0 ppm 26 28 29

BA 1 .0 ppm + GA 0 .5 ppm 23 24 25

> > + i i 1 .0 ppm 24 25 26

f i + > 5 2 .0 ppm 25 26 28

CD (5%) 1 .72 1.84 1 .72

SEm± 0.82 0.87 0.82

Mean of th re e  o b se rva tio n s  
C u ltu re  p e rio d  -  four weeks



Ta b le  9. Co m pa ra tive  perform ance of shoot t ip ,  eye bud and f lo r a l  apex ex plan ts  of three 
banana c u lt iv a r s  on the establishm ent of cu ltu re

Medium: MS + BA 3 .0  ppm + NAA 0 .5  ppm

Ex plant

Nendran Fblayankodan Red banana

Tim e taken* 
fo r cu ltu re  
e s t a b l is h -  
m e n t(d a ys )

Culture** 
e s ta b lis h e d  . 
(p e r  cent)

T im e taken* 
fo r cu lture  
e s t a b l is h -  
m e n t(d a y s )

Culture** 
e s ta b lis h e d  
(p e r  cent)

T im e taken* 
fo r cu ltu re  
e s t a b l is h -  
m e n t(d a ys )

Culture** 
e s ta b lis h e d  
(p e r  cent)

Shoot t ip 8.0 90 11 .0 90 8 .0 90

Eye bud 9.0 80 12.0 ' 80 9 .0 80

F lo ra l  apex 18.0 80 13.0 90 14.0 90

CD (5%) 2.00 NS 2.00

SEm± 0.81 0.81 0.81

* Mean of three o b se rva tio ns
** Mean of ten o b se rva tio n s

C u ltu re  p e rio d  -  four weeks
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th e  percentage of cu ltu re  esta b lish e d  w ere com pared, "'shoot t jp ^  

ex plan ts  re co rde d  maximum percentage (90) in a l l  the three banana 

c u lt iv a r s  t r i e d .

In banana c v .  Palayankodan, no s ig n if ic a n t  d ifference was

o b se rve d  between the th re e  explants t r ie d  w ith  re s p e c t  to the 

number of days taken fo r  the  establishm ent of c u ltu re .  In the 

o th e r two c u lt iv a r s  Red banana and Nendran, ex cept f lo ra l  apex 

e x p la n t ,  the other e x p la n ts  behaved in a s im i la r  manner as they 

took only e ight to nine days  fo r the  establishm ent of cu ltu re . 

In Nendran, when shoot t ip  ex plant re co rde d  90 per cent of

cu ltu re  estab lishm en t, eye bud and f lo r a l  apex ex plant recorded 

only  80 per cent cu ltu re  e stab lishm en t. In the case of Palayankodan 

and Red banana, both shoot t ip  and f lo r a l  apex ex plants  recorded

90 per cent of cu ltu re  estab lish m en t, w h i le  eye bud explant

re co rde d  only 80 per cent of cu lture  e s ta b lis h m e n t.

2 .1 .5 .  D iscolouration of media and e x p la n t  in _in v i t r o  cu lture  

of banana

A d ding  a s c o rb ic  ac id  into the  cu ltu re  medium, resulted 

in maximum percentage of culture s u r v i v a l  (7.0-90) and maximum 

percentage of cu ltu re  w ith o u t media . and ex p lant d iscolouration 

(6 0 -9 0 ) ,  than a l l  the o th e r treatments ( T a b le  110). Among the 

d iffe re n t  concentration of a s c o rb ic  a c id  t r i e d ,  a s c o rb ic  acid  50 mg/1 

.was found to be the best as cent p e r cent of the c u ltu re  s u rv iv e d



Tab le  10. Effect of various treatments on the discolouration of media
and explant in jm v i t ro  culture of banana ( c v .  Red banana)

Medium : MS + BA 3 .0  ppm + NAA 0 .5  ppm

T  reatment C u ltu re  
s u rv i  val . 
(p e r  cent)

Cu lture 
w ithout 
media and 
e x plan t 
d is c o lo u r ­
ation
(p e r  cent)

1 . Keeping in  running tap water fo r \ h 60 0

, ,  1 h 80 10

, ,  U \ h 60 20

, ,  2 h 50 20

2. Rinsing in c y s te in e -H C l  solution 25 mg/1 60 10

■ 50 mg/1 60 20

, ,  100 mg/1 60 40

3. Rinsing in  PVP solution 250 mg/1 50 10

, , 500 mg/1 50 10

, ,  1000 mg/1 50 10

4. A d d in g  a s c o rb ic  a c id  into 10 
th e  media

mg/1 70 60

, ,  30 mg/1 80 80

>. 50 mg/1 90 90

Mean of ten o bservations 
C u ltu re  p e rio d  -  four weeks



>1

showed no signs of media and ex plant d is c o lo u ra t io n . Rinsing the 

ex plan ts  in c y s te in e -H C l  solution (100 m g/l)  ju s t  before inoculation 

resulted  in 60 pe r cent cu ltu re  s u r v i v a l  and 40 p e r cent cultures

without media and ex plant d is co lo u ra tio n .

2 .1 .6 .  P h y s ic a l  in ju r y  treatments

Th e  re su lts  of the  t r i a l  conducted b y  g iv in g  f iv e  types 

of p h y s ic a l  in ju r y  to shoot t ip  ex plan ts  ( T a b l e  1 1 ),  showed v a r ia t ­

ion in the percentage of esta b lish e d  cu ltu re s  (75 -95  per cent) . 

When the percentage of cu ltures  e x h ib it in g  grow th were compared, 

ap ical dome w h ic h  was in ju re d  b y  g iv in g  a longitudinal cut'

e x h ib ite d  the maximum percentage (90) , w h ich  was on par w ith

the other typ e s  of p h y s ic a l  in ju ry  t r ie d  (60 -75  per cent) . In 

the visual ra tin g  of grow th  response, d iv i d i n g  the apical dome 

into two h a lv e s  was found to be best as the explant greening 

was o b se rve d  w ith in  a p e rio d  of one to two week and from the

h alf portion  th re e  to four ad ve ntit io u s  buds were found to develop 

(P late  1 ) .  In the case of the ex plant re ce iv in g  a longitudinal 

cut, though the ex plant turned green w ith in  one to two weeks, 

only four to f iv e  ad ve n tit io u s  buds developed (P late  2 ) .  When 

ex plant w ith  intact a p ic a l  dome was used, on ly  a single shoot 

developed (P la te  3 ) .

2 .2 .  Cu lture  p ro l ife ra t io n  medium

T h e  re s u lts  of the detailed' t r i a l s  conducted to modify the



Ta b le  11. Response of shoot t ip  ex plants to d iffe re n t  ty p e  of p h y s ic a l  in ju r y  treatments 
( c v .  Red banana)

Medium: MS + BA 3 .0  ppm + NAA 0 .5  ppm

Treatm ent C u ltu re  
e s ta b lis h e d  
(p e r  cent)

C u lture  
e x h ib it in g  
growth 
(p e r  cent)

Remarks

1. A p ic a l  dome intact 90 70 +

2. A p ic a l  dome cut lo n g itu d in a lly 95 90 ++ ■

3 . A p ic a l  dome w ith  ' + ' cut 75 60 +++

4 . Half po rtio n  of the a p ic a l  dome 80 75 ++++

5. Q u arter p o rtio n  of the a p ic a l  dome 80 60 +++++

Mean of twenty o b se rva tio n s
C u ltu re pe rio d -  four weeks

+ -  E x p la n t  turned green w ith in  2 weeks, w ith  o n ly  a single bud d eve lo pin g

++ -  E x p la n t  turned green w ith in  1-2 weeks and 4 -5  a d ve n tit io u s  buds d eve lo ped

+++ -  E x p la n t  turned green w ith in  3 weeks, but e x h ib it e d  black co lo u r along the cut 
surface due to phenol o x id a tio n  _

++++ -  E x p la n t  turned green w ith in  1-2 week and 3 -4  ad ve n tit io u s  buds d eve lo ped

+++++ -  Ex p lant turned green w ith in  2 week and 1-2 ad ve n tit io u s  buds d eve lo ped



Plate 1. C u lture  showing a d v e n tit io u s  bud formation from half 
portion  of the a p ic a l  dome

Plate 2 . Cu lture  showing a d ve n tit io u s  bud formation from an 
a p ic a l dome cut lo n g itu d in a lly

Plate 3. Single bud developm ent from an a p ic a l dome intact 
shoot t ip  explant





esta b lish m e n t medium and to a r r i v e  at a su itable  basal p r o l if e r a t ­

ion medium fo r the in d u ctio n  and grow th  of a x i l l a r y  shoots using 

d if fe re n t  combinations of auxins (N A A , IA A )  and cy to k in in s  (B A , 

k in e t in )  in MS ( s e m i -s o l id )  medium and the use of BA alone in 

K nudson's  C (s e m i -s o l id )  medium using various ex plan ts  namely 

shoot t i p s ,  eye buds and f lo r a l  apices are presented in T a b le  

12, 13 and 14.

2 . 2 . 1 .  Shoot t ip

T h e  independent influence of BA was found to be significant 

to most of the com binations of NAA and BA t r ie d  ( T a b le  12 ). I t  

was found that as the  BA le v e l  was increased there  was a c o rre s ­

ponding increase in the number of a x i l l a r y  shoots induced. In 

the combination of NAA and BA t r i e d ,  s im ila r  trend  was noticed. 

A d d it io n  of NAA along w ith  BA was found to have no influence 

on the induction of a x i l l a r y  shoots as the number of shoots 

produced by using the same 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 t r i e d .  A l l  the 16 treatment combinat­

ions re co rde d  cent p e r cent cu ltu re  p ro life ra t io n  ( ie .  a l l  the 

cu ltures  developed m u lt ip le  shoots, the number ranging from 2.25 

to 11.00) (P la te  4a and 4 b ) .  T h e  maximum number of shoots (11 .00) 

was produced by the treatm ent in v o lv in g  BA at 10.0 ppm and also 

at the treatment com bination NAA 1.0 ppm + BA 10.0 ppm .
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Medium: MS

Tab le  12. Effect of BA and combinations of NAA and BA on the induction of a x i l la r y  shoots in _in.
v i t ro  culture of banana ( c v .  Red banana)

Treatm ent

Shoot t i p E y e b u d F l o r a l a p e x

Percent­
age of 
cu ltu res  
developed 
shoots

Shoots per. 
cu ltu re

Percent­
age of 
cu ltu res  
d eve lo ped  
shoots

Shoots per 
c u ltu re

Percent­
age. of 
cu ltu res  
d e ve lo p e d  
shoots

Shoots per 
cu ltu re

BA 4 .0 ppm 100 3.00 100 3.50 100 2.25

>> 6 .0 ppm 100 5.25 100 5.00 100 6.00

8 -0 ppm 100 9.75 100 9.50 100 9.75
, ,  10.0 ppm 100 11 .00 100 11.00 100 11 .50

NAA 0 .5 ppm + BA 4 .0  ppm 100 2.'25 100 3 .7 5 100 3.00

f ) + , , 6 .0  ppm 100 4.75 100 5 .5 0 100 5 .0 0

' 9 J + , , 8 .0  ppm 100 8 .00 100 9.00 100 9 .00

1 9 + , , 10.0 ppm 100 9.75 100 11 .25 100 12.00

NAA I'.O ppm+ BA 4-.0 ppm 100 4.25 100 . 3 .50 100 3.00

J } + , , 6 .0  ppm 100 6.00 100 6 .00 100 6 .00
9 9 + , , 8 .0  ppm 100 9.00 100 9.00 100 ' 8 .5 0
} 3 + , , 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
j j + , ,  6 .0  ppm 100 5.25 100 5 .0 0 100 4.75
j > + , , 8 .0  ppm 100 7 .75 100 6.75 ■100 7 .50
i t + , ,  10.0 ppm 100 9.75 100 10.00 100 9.00

CD (5%) 1 .23 1 .12 1 .18
SEm± 0.61 0 .5 6 0.59

Mean of four, observations
Culture period -  four weeks



M edium: MS

Table  13. Effect of kinetin and combination of NAA and kinetin on the induction of a x i l la r y  shoots
in in v it ro  culture of banana ( c v .  Red banana)

T  reatments

Shoot t i p Eye b u d F lo r a l apex ,

Percent­
age of 
cu ltures  
d eveloped 
shoots

Shoots per 
cu ltu re

Percent­
age ' of 
cu ltures  
developed 
shoots

Shoots' per 
cu ltu re

Percent­
age of 
cu ltu res  
d eve lo p e d  
shoots

Shoots per 
cu ltu re

Kinetin 4 .0 ppm 100 1 .25 75 0.75 50 0.75

1 > 6 .0 ppm 100 1 .75 100 1 .75 100 1 .25
9 J 8 .0 ppm 100 2.50 100 2.25 100 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

» j
+ 1 ! 6.0 ppm 100 2.00 100 1.75 100 1.75
+ 9 9 8 .0 ppm 1 0 0 2.25 100 2.00 100 2.25

» t + • 9 9 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
i i + 9 9 6 .0 ppm 100 1 .25 100 1 .50 100 1 .75
i  > + 9 9 8 .0 ppm 100 2.75 100 2.50 100 2.75
> > + 9 t 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
i  i + J ? 6 .0 ppm 100 1 .50 100 1 .25 100 1 .50
> j + 9 9 8 .0 ppm 100 2.50 100 2.25 100 2.75
j > + 9 9 10.0 ppm 100 4.00 100 3.50 100 3.75

CD (5%) 0 .8 8  ■ 0.85 0.85
SEm± 0.31 0.30 0.30

Mean of four observations
Culture period -  four weeks



Medium: MS

Tab le  14. Effect of BA and combinations of IAA and BA on .the induction of a x i l la r y  shoots in _irn v i t r o
culture of banana ( c v . Red banana)

T  reatments

Shoot t ip Eye bud F lo r a l apex

Percent­
age of 

.cultures 
that
developed
shoots

Shoots per 
cu lture

Percent­
age of 
cu ltu res  
that
developed
shoots

Shoots per 
cu ltu re

P e rce nt­
age of 
cu ltu res  
that
deve lo ped
shoots

Shoots per 
cu ltu re

BA 0 .5  ppm 0 0 0 0 0 0
, ,  1.0 ppm 75 0.75 75 0.75 50 0 .50
, , 2 .0  ppm 75 1 .00 75 1 .00 100 1 .00
, ,  3 .0  ppm 100 2.50 100 2 .50 100 2.00

IA A 0 .5  ppm + BA 0.5 ppm 0 0 0 0 0 0
11 + > i 1 .0 ppm 50 0.75 50 0 .50 50 0.50
> > + > > 2 .0 ppm 100 ■ 1.00 75 0.75 75 0.75
) ? + > j 3 .0 ppm 100 3 .0 0 100 3 .0 0 100 '3 .00

IA A  1.0 ppm + BA 0.5 ppm 0 0 0 0 0 0
) j ' + j i 1 .0 ppm 50 0.50 25 0.25 25 ■ 0.25
1 i + ■ i > 2 .0 ppm 75 0.75 50 0.50 50 0.50
j ? + 1 J 3 .0 ppm 100 3.50 100 3.75 100 3.50

CD (5%) 0 .94 0.88 0.77
SEm± 0.32 0.30 0.26

0 -  No response 
Mean of four o b se rva tio n s  

C u ltu re  p e rio d  -  four weeks



Plate 4. M u lt ip le  shoot formation from shoot t ip  ex plant

a. MS medium containing NAA 0 .5  ppm + BA
4 .0  ppm

b . MS medium containing BA 10.0 ppm



PLATE 4 a

PLATE 4b

l



Among the treatment combinations in v o lv in g  NAA and kinetin , 

NAA 0 .5  ppm + k ine tin  10.0 ppm re c o rd e d  the h ighe st number 

of shoots produced in culture  (4 .5  s h o o ts /cu ltu re ) ( T a b le  1 3 ).  

T h e  number of shoots produced in the re s t  of the treatments were

four per cu ltu re  or l e s s . Th e  ad d it io n  of NAA was found to enhance

the influence of k ine tin  at the h ighe st concentration t r ie d  (1 0 .0

pp m ) in  the induction  of a x i l l a r y  shoots . T h e  number of shoots

produced when o n ly  k inetin  was used at 10.0 ppm concentration

was 3.50 s h o o ts /cu ltu re , whereas the number of shoots produced 

ranged from 4 .0 0  to 4 .50  shoots/culture in the  treatment combinat­

ions in v o lv in g  NAA at thre e  le v e ls  ie .  0 .5  ppm , 1.0 ppm, 1.5 

ppm and kinetin  10.0 ppm . Among the 16 treatment com binations,

14 treatment com binations recorded cent p e r cent cu ltu re  p r o l i f e r a t ­

ion but the two treatm ent combinations (N A A  0 .5  ppm + kinetin

4 .0  ppm and NAA 1.5 ppm + kinetin  4 .0  ppm ) re co rde d  only 75

pe r cent c u ltu re  deve lo pin g  shoots.

Among the 12 treatment com binations t r i e d ,  in v o lv in g  BA 

and IA A , IA A  1.0 ppm- + BA 3 .0  ppm re co rd e d  the maximum number 

of shoots per cu ltu re  (3 .5 0  shoots) ( T a b le  1 4 ).  No shoot production 

'was o b se rve d  when BA was used at 0 .5  ppm concentration. Th e

ad d itio n  of IA A  was found to im p ro v e  the a c t i v i t y  of BA as the 

number of shoots produced at the treatm ent combination IA A  1.0 

ppm + BA 3 .0  ppm was 3 .5  w h ich  was on par w ith  the number 

of shoots produced (2 .5  shoots/cu lture) when BA alone was used



if

at 3 .0  ppm concentration. Co n sid erin g  the percentage of cultures 

de ve lo p in g  shoots, a l l  the treatm ents in v o lv in g  BA at 3 .0  ppm

and the treatm ent combination ( IA A  0 .5  ppm + BA 2 .0  ppm) recorded 

cent per cent cu lture  p r o l if e r a t io n .

T h e  re su lts  of the t r i a l s  conducted so fa r  indicated that 

shoot t ip s  can be chosen as a s u ita b le  ex plan t in the f ie ld  of

r a p id  in v i t r o  propagation of banana as i t  can be successfully

used fo r  the induction of numerous shoots w ith in  a sho rt  p e r io d .

Of the 44 treatments t r i e d ,  maximum , number of shoots (1 1 ,0 0 ) 

per c u ltu re  was produced in two treatm ents v i z .  BA 10.0 ppm 

and NAA 1 .0  ppm + BA 10.0 pp m . T h e  influence of these two tre a t ­

ments in inducing m u lt ip le  shoots was found to be far su p e rio r

to rest of the 42 treatments t r i e d .  When low er concentrations of

c y to k in in s  were co n s id e re d , the trea tm en t, combination in v o lv in g  

IA A  and BA was found to be s u p e r io r  to a l l  the other combinations 

in v o lv in g  NAA and BA, NAA and K in e tin , k inetin  alone or BA alone.

2 . 2 . 2 .  E ye  bud

As in  the case of shoot t ip  c u ltu re ,  in the case of eye

bud ex p la n t ,  the independent influence of BA was found to be 

more than the com binations of NAA and BA t r ie d  (T a b le  12) . An 

increase in  the number of a x i l l a r y  shoots was o b se rve d  when the 

le v e l  of BA was in cre a se d . A  s im i la r  t r e n d '  was noticed in the



com bination of BA and NAA t r i e d .  As the number of shoots produced 

in th e  com binations were more o r less s im i la r  to the number 

produ ced when BA was used alone at the same concentration, adding

NAA along w ith  BA cannot be considered  to have any influence

on the  induction  of a x i l l a r y  shoots. A l l  the cu ltu re s  used fo r 

the p a r t ic u la r  study re co rd e d  cent per cent cu ltu re  p ro l ife ra t io n ,  

the number of shoots produced ranging from 2.75 to 11.25. 

C o n tra ry  to shoot t ip  - e x p la n t ,  the maximum number of shoots

(1 1 .2 5 / c u ltu re )  in the case of eye bud ex plant was recorded at

the treatm ent NAA 0 .5  ppm + BA 10.0 ppm , w h ic h  was c lo sely

fo llo w e d  b y  the treatment in v o lv in g  BA alone at 10.0 ppm (11.00/ 

c u l t u r e ) .

Among the treatment combinations in v o lv in g  NAA and kinetin 

( T a b le  13 ), NAA 0 .5  ppm + kinetin 10.0 ppm re co rde d  the highest 

number of shoots produced in cu ltu re  (4 .2 5  s h o o ts / c u ltu re ) .  T h e

number of shoots produced in the re s t  of the treatments were

3.75 o r le s s .  As o b se rve d  in the case of shoot t ip  e x plan ts , the 

a d d it io n  of NAA was found to enhance the influence of kinetin

at the h ig he st  concentration t r ie d  (1 0 .0  ppm) in the induction 

of a x i l l a r y  shoots. When kinetin alone was used at 10.0 ppm

concentration, the number of shoots produced was 3 . 25/culture,

but in i the treatment combinations in v o lv in g  NAA at three le v e ls

0 .5  p p m , 1 .0  ppm , 1.5 ppm and k ine tin  at 10 ppm more number of 

shoots were found to be produ ced, the number v a ry in g  from 3.50



to 4 .25  s ho o ts/cu ltu re . C o n s id e rin g  the percentage of developing 

shoots , a l l  the treatments except treatm ents in v o lv in g  kinetin  at

4 .0  ppm re co rde d  cent per cent c u ltu re  p ro l if e ra t io n .

Among the 12 treatm ents ( T a b l e  1 4 ),  treatment in v o lv in g  

IA A  1.0 ppm + BA 3 .0  ppm re co rd e d  the maximum number of shoots 

p e r  c u ltu re  (3 .7 5  shoots) as in the case of shoot t ip  ex plant. 

T h e  treatm ents in v o lv in g  BA at 0 . 5 ’ ppm fa ile d  to induce any 

a x i l l a r y  shoot in c u ltu re .  In  the case of eye bud e x p la n t,  the 

a d d it io n  of IA A  was found to im p r o v e  the a c t i v i t y  of 8A  as the 

number of shoots produced at the treatment combination of IAA

1 .0  ppm + BA 3 .0  ppm, was 3.75 w h ich  was fa r  s u p e rio r  to the 

number of shoots produced ( 2 .5 0 / c u ltu re )  when BA alone was used 

in the cu ltu re  at 3 .0  ppm concentration. A l l  the treatments with 

BA 3 .0  ppm recorded cent p e r cent cu ltu re  p r o l ife ra t io n .

In ge ne ra l, the effectiveness of the 44 treatments on eye 

bud ex plan ts  ind icated  i t  as an useful explant fo r the induction 

of m u lt ip le  shoots. Of the treatments t r i e d ,  the highest number 

of shoots (1 1 .2 5 )  was produced at the treatment combination of 

NAA 0 .5  ppm + BA 10.0 ppm w h ic h  was follow ed c lo sely  by BA 

a t .  10.0 ppm (11 .00  s h o o ts / c u ltu re ) .  With regard  to the influence 

of lo w e r concentration of c y to k in in s ,  the treatment combinations 

in v o lv in g  IA A  and BA was found to b e ' s u p e rio r  to a l l  the other 

combinations in v o lv in g  NAA and B A , NAA and k in e tin , kinetin alone



o r BA alone. T h e  re s u lts  obtained in d ic a te d  that the response 

obtained fo r  eye bud cu ltu re  is more o r  less s im i la r  to that of

shoot t ip  c u ltu re .

2 . 2 . 3 .  F lo r a l  apex

When the le v e l  of BA used in the  cu ltu re  medium was

increased a co rre sp o nd in g  increase in the number of a x i l l a r y  shoots 

was o b se rve d  (P la te  5 ) ,  a trend w h ich  was noticed in shoot t ip

and eye bud e x p la n t .  A  s im ila r  trend was noticed in the case

of NAA and BA com binations. Exce pt in few combinations (NAA 

0 .5  ppm + BA 4 .0  pplm; NAA 1.0 ppm + BA 4 .0  ppm ; NAA 1.5 ppm + 

BA 4 .0  p p m ; NAA 0 .5  ppm + BA 10.0 p p m ) ,  in a ll  the other 

combinations a d d it io n  of NAA was found to n eg a tive ly  influence

the a c t i v i t y  of BA in the induction of a x i l l a r y  shoots (T a b le  12) .

As .o b s e rv e d  in the case of other ex p la n ts , cent per cent culture  

p ro l ife ra t io n  was re co rde d  for a l l  the cu ltu re  t r i e d ,  w ith  the 

number of shoots produced ranging from 2.25 to 12.00 per cu ltu re . 

As in the case of eye bud ex p la n t,  f lo r a l  apex ex plant also

recorded  the  maximum number of shoots (1 2 .0 0 / c u ltu re )  at the 

treatment combination of NAA 0 .5  ppm + BA 10.0 ppm, w hich was 

follow ed by the treatment in v o lv in g  BA alone at 10.0 ppm (11.50

s h o o ts / c u ltu re ) .

As in the p re v io u s  t r ia ls  conducted w ith  shoot t ip  and eye 

bud e x p la n t ,  among the treatment combinations in v o lv in g  NAA and



Plate 5. F lo r a l  apex showing p ro l ife ra t io n  of buds in MS medium 
containing h ig h e r le v e ls  of BA





k in e tin , NAA 0 .5  ppm + kinetin  10.0 ppm re co rde d  the highest 

number of shoots (4 .5 0 )  produced in cu ltu re  ( T a b le  1 3 ).  Th e  

number of shoots produ ced in the re s t  of the treatments were

3.75 or le s s .  As in the case of o ther ex p lants , ad d itio n  of NAA 

was found to enhance the influence of k inetin  at the highest 

concentration t r ie d  (1 0 .0  ppm ) in the induction of m u ltip le  shoots. 

When only k inetin  was added at 10.0 ppm concentration, the 

number of shoots produced was 3 .5 0 ,  whereas in '  the treatment 

combinations in v o lv in g  NAA at th re e  le v e ls  0 .5  ppm , 1.0 ppm, 

1.5 ppm and k in e tin  10.0 ppm , the number of shoots produced 

were found to be m ore, the number v a ry in g  from 3.75 to 4 .50 

shoots p e r c u ltu re .  When the percentage of cu ltures  developing 

shoots were c o n s id e re d , a l l  the treatments except those with kinetin 

at 4 .00 ppm concentration re g istered  cent per cent cu lture  p r o l i ­

feration .

Among the 12 treatment combinations t r ie d  in v o lv in g  IAA

and BA, the treatment com bination, IA A  1.0 ppm + BA 3 .0  ppm 

(T a b le  14) re co rd e d  the maximum number of shoots produced in 

culture (3 .5 0  sh o o ts /cu ltu re ) . No a x i l l a r y  shoot induction was

observed in the treatm ents containing BA at 0 .5  ppm . As observed  

in the case of shoot t ip  and eye bud e x plan ts , the addition  of 

IAA was found to p o s i t iv e ly  Influence the a c t i v i t y  of BA as the

number of shoots produced at ' the treatment combination IAA 1 .0 

ppm + BA 3 .0  ppm was 3.50 w h ich  was on par w ith  the number



of shoots produced (2 .0 0 / c u ltu re )  when BA alone was used at 3.0 

ppm concentration. C o n sid erin g  the percentage of cu ltu re s  d e v e lo p ­

ing shoots, the treatments in v o lv in g  BA at 3 .0  ppm  and the t re a t ­

ment in v o lv in g  BA alone at 2 .0  ppm concentration recorded cent 

pe r cent cu lture  p r o l if e r a t io n .

2 . 2 . 4 .  Effectiveness of Knudson's C medium

A t r i a l  was conducted to know w h e th e r m od ified  Knudson's C 

medium can be used fo r inducing m u lt ip le  shoots in _irn v i t r o  cu lture  

of banana along w ith  BA the most prom inent phytohorm one

id e n tif ie d  from the e a r l i e r  studies conducted, in  enhancing the 

release of a x i l l a r y  b u d s . Th e  d e ta ils  of the t r i a l  are g iven  in 

T a b le  15.

The results  of th e '  t r ia l  ind icated  that K nudson's  C medium 

can be successfully  used instead of MS medium fo r  the induction 

and grow th of a x i l l a r y  shoots as the shoot p r o l ife ra t io n  was more

or less s im i la r .  In K nudson's  C medium at BA 10 ppm , the number 

of shoots produced in  shoot t ip  explants  was 12.50 shoots/culture 

as against 11.00 sho o ts/culture  in MS medium. In  th e  case of eye 

bud explants  a lso , s im i la r  trend was noticed as the number of 

shoots produced was 11.50 shoots/cu lture  in K nudson's C medium 

containing BA 10.0 ppm , as against 11.00 shoots/cu lture  in MS 

medium. In contrast to these two ex p lants , f lo r a l  apex ex plants



T a b le  15. Influence of Knudson's  C medium containing BA on the form ation of m u lt ip le  shoots in in 
v i t r o  cu ltu re  of banana ( c v .  Red banana)

Shoot t ip Eye bud F lo r a l apex

T  reatments
Percent­
age of 
cu ltures 
that
developed'
shoots

Shoots per 
cu lture

P e rce nt­
age of 
cu ltu res  
that
developed
shoots

Shoots per 
cu ltu re

Percent­
age of 
cu ltu res  
that
d eve lo ped
shoots

Shoots per 
cu ltu re

C o n tro l (no BA) 0 0 0 0 0 0

BA 2 .0  ppm 100 2.00 100 2.00 100 1.75

, , 4 .0  ppm 100 4.25 100 4.00 100 3.50

, , 6 .0  ppm 100 6.75 100 6.50 100 6.00

, , 8 .0  ppm 100 9.50 100 9.25 100 8 .50

, , 10.0 ppm 100 12.50 100 11 .50 100 10.25

CD (5%) 0.91 1 .01 1 .32

SEm+ 0.30 0 .3 4  , 0 .44

0 -  No response 
Mean of four o b se rva tio ns  

C u ltu re  p e rio d  -  four weeks



re co rde d  a lo w er number of shoot pro du ctio n  (1 0 .2 5  shoots/culture) 

in  Knudson's C medium w ith  BA 10.0 ppm as against 11.50 shoots 

p e r  cu lture  in MS m edium . Except the  treatment w ith  no BA, a ll  

the o ther treatments re co rd e d  cent pe r cent c u ltu re  p r o l i f e r a t io n . 

I t  was also o b se rve d  th a t  as the le v e l  of BA was in crea se d, there 

was a corresponding  increase in the number of a x i l l a r y  shoots 

p ro d u c e d .

2 . 2 .5 .  Effect of optional a d d it iv e

Th e  re su lts  in d ic a te d  that no s ig n if ic a n t  d ifference ex iste d  

between the treatments t r ie d  (CW at 0, 50, 100, 150 and 200 ml/

l i t r e )  on the cu ltu re  s u r v i v a l  and in the induction  of a x i l l a r y  

shoots in v i t r o  c u ltu re  of banana using the th re e  different

explants  v i z .  shoot t i p ,  eye bud and f lo r a l  apex (T a b le  16).

In the v is u a l rating fo r  stu d yin g  the grow th response, KC medium 

containing BA 4 .0  ppm supplemented w ith  CW 15 p e r cent ( v / v )  

was found to be pe rform ing  w e ll  than a l l  the o th e r fou r le v e ls .

2 .2 .6 .  Effect of continuous su b cu ltu ring

At four week in t e r v a l  continuous su b cu ltu rin g  was c a rr ie d

out to assess the ra te  of increase or decrease in the m ultip lication  

of' a x i l l a r y  shoots in shoot t ip  c u ltu re ,  the d e ta ils  of w hich are 

g iven  in T a b le  17. I t  was found that the rate of m u ltip lication

increased in a l l  the s u b cu lture  s ta rt in g  from th e f i r s t  subculture



T a b le  16. Effect of coconut water on the establishm ent of cu ltu re ,  g ro w th  of cu ltu re  and induction  o f  a x i l l a r y  
shoots in _in v i t r o  cu ltu re  on banana ( c v .  Red banana)

Medium: KC + BA 4 ppm

Shoot t ip E ye  bud F lo r a l  apex

T  reatments Culture* 
s u r v iv a l  
(p e r  cent)

C u ltu re
grow th

Shoots**
per

explant

C u lture* 
s u r v iv a l  
(p e r  cent)

C u ltu re
grow th

Shoots**
per

e x plan t

Culture* C u ltu re  
s u r v iv a l  grow th 
(p e r  cent)

Shoots*:
per

e x p la n t

CW -  0 ml 90 5.25 80 +’ 4.00 90 + 3 .50

, , -  50 ml 90 ++ 4.20 80 + 4.00 90 4- 3 .20

, , -  100 ml 90 ++ 4.00 85 ++ 4.00 90 + + 3 .0 0

, ,  -  150 'ml 95 +++ 4.00 90 +++ 3.80 95 + + 3 .00

, ,  -  200 ml 95 ++ 3.80 90 ++ 3.80 95 ++ 2.80

CD (5%) NS NS NS

SEm± .50 .56 .46

* Mean of twenty o b se rva tio ns
** Mean of f iv e  o b se rva tio n s  

C u ltu re  pe rio d  -  four weeks

+ E x p la n t  doubled in s ize  in three weeks 
++ E x p la n t  doubled in s ize  in two weeks 

+++ E x p la n t  t h r i b l e d  in s ize  in two weeks



T a b le  17. Influence of continuous s u b c u ltu rin g  at four week in t e r v a l  on the m u lt ip l ic a t io n  
ra te  of shoot t ip  ex plan ts  of thre e  banana c u lt iv a r s

Medium: MS + BA 5 .0  ppm

S e ria l
su b cu ltu re
number

Nendran Palayankodan Red banana

Shoots per 
cu ltu re

Increase in 
number of 
shoots - o v e r  
the in i t ia l  
cu ltu re  
(p e r  cent)

Shoots per 
cu ltu re

Increase in 
number of 
shoots o v e r  
the in i t ia l  
cu ltu re  
(p e r  cent)

Shoots pe r Increase in 
cu ltu re  number of

shoots o ve r  
the in i t ia l  
cu ltu re  
( p e r  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 .0 0 . 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



i t s e l f .  T h e  percentage increase in number of shoots o v e r  the i n i t i a l  

cu ltu re  also increased and the maximum va lu e  (6 8 .7 5 )  was obtained 

at the se v e n th , e ig h th  and nineth su b cu ltu re s  fo r  Nendran, (75 .00) 

was obtained at the seventh su bculture  fo r Palayankodan and (8 0 .0 0 ) 

was obtained at the tenth su b cu ltu re  fo r  Red banana. On an average, 

the shoot m u lt ip l ic a t io n  rate increased by  5 .7 0 ,  5 .7 3 , 5 .58 due

to su b cu ltu rin g  in Nendran, Palayankodan and Red banana respect­

i v e l y .  T h e  v a r ia t io n  in the m u lt ip lic a t io n  rate  among subcultures 

were found to be s ig n if ic a n t .  No apparent re duction  was o bserved  

in the g ro w th  and 'v ig o u r  of the cu ltu re s  due to continuous sub­

c u ltu r in g .  A d iagram m atic  summary of the  va rio u s  steps in v o lv e d  

in the pro d u ctio n  of clonal banana p la n tle ts  - by enhancing a x i l l a r y

bud release is  presented in F ig .  4 .

3 . C u ltu re  conditions

3 .1 .  L ig h t

Duration and in te n s ity  of l ig h t  was found to effect a x i l l a r y

shoot induction and gro w th  of shoots in _in v i t r o  culture of banana.

Number of a x i l l a r y  shoots

It  was noticed that as the l ig h t  in te n sity  in creased, a x i l l a r y

shoots produced a lso  c o rre s p o n d in g ly  in crea se d. L ig h t  at h ig h e r  

intensities (80 W and 120 W) had s ig n if ic a n t  effect on the number 

of a x i l l a r y  shoots induced in _in v i t r o  c u ltu re  of banana (T a b le  1 8 ).
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T a b le  18. Effect of l ig h t  in te n sity  on the formation of m u lt ip le  shoots and grow th of shoots in
in v i t r o  cu ltu re  of banana ( c v .  Red banana)

Medium:. MS + BA 5 .0  ppm

Treatm ent

Shoot TJ ■ Eye bud . F lo r a l  apex

RemarksShoots per 
ex plant

Length of 
longest 
leaf (cm )

Shoots per 
ex plant

Length of 
longest 
leaf (cm )

Shoots per 
. e x plan t

Length of 
longest 
leaf (cm )

No l ig h t 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 .5 8 ' 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 '8 0 2.74 3.00 2.76 +++

CD (5%) 1.02 0.41 0.90 0 .50 0.81 0.70

SEm± 0.49 0.20 0 . 4 3 ’ 0 .24 0.39 0.33

Mean of f iv e  o b servations  
C u ltu re  p e rio d  -  four weeks

+ -  T e n d e r ,  pale green in c o lo u r ,  less vigorous 
++ -  Robust, green in c o lo u r ,  w ith  medium v ig o u r 

+++ -  D w a rf ,  stout, d a rk  green in co lo u r,  h ig h ly  v ig o ro u s



In  shoot t ip  cu ltu re ,  maximum number of shoots (4 .2 / e x p la n t)  

was produced at 80 W and 120 W Light in tensities  and were s ig n if i ­

c a n tly  s u p e rio r  to 20 W and no l ig h t  ( d a r k )  trea tm en ts. In the 

case of eye bud and f lo r a l  apex cu ltu re  maximum number of shoots 

(4 .0 / e x p la n t )  and (3 .2 / e x p la n t )  was produced at 80 W l ig h t  intensity 

r e s p e c t iv e ly  and were s ig n if ic a n tly  s u p e rio r  to 20 W and no l ig h t  

( d a r k )  treatm ents. Th u s  in _in v i t r o  cu ltu re  of banana, 80 W l ig h t  

in te n s ity  was found to be the best fo r inducing maximum number 

of s h o o ts . Dark treatm ent was found to have o n ly  v e r y  l i t t l e  

influence in the induction of a x i l l a r y  shoots or in  t h e i r  fu rth e r  

gro w th  and developm ent. T h e  treatment was a v o id e d  after the 

in i t i a l  t r i a l s .

Length of the longest leaf

In general, leaf length was found to increase g ra d u a lly  on 

redu cing  the l ig h t  in te n s it ie s ,  except in the case of the dark  

treatment (T a b le  18) . Maximum leaf length (4 .2 4  cm) was registered  

b y  20 W l ig h t  in te n sity  in  shoot t ip  and eye bud cu ltu re . In 

f lo r a l  apex c u ltu re , maximum leaf length (3 .9 6  cm) was obtained 

at 20 W l ig h t  in t e n s i t y .

General v ig o u r

In the v isu a l ra tin g  of grow th  response, when the v ig o u r 

of the shoots were com pared no s ign if ican t d iffe ren ce  was noticed



among the three ex plan ts  t r ie d  ( T a b l e  18) . I t  was found that at 

20 W l ig h t  in ten sity  and d a rk  treatm ent, the shoots produced were 

less vigorous (P la te  6 ) .  As the l ig h t  in te n s ity  le v e l  increased, 

the shoots showed a gradual im provem ent in t h e i r  v ig o u r .  H ig h ly  

v ig o ro u s , stout and d w a rf  shoots were produced at 80 W and 120 W 

l ig h t  in ten sity  (P la te  7 ) .

4. ^n vitro rooting

Standardisation of basal rooting medium

Knudson’ s C medium (s e m i -s o l id )  containing, fu l l  strength 

of both inorganic and organic grow th  factors  was found to be 

better than MS medium (s e m i -s o l id )  containing f u l l  strength of 

both inorganic and organic grow th fa cto rs  and MS medium (sem i­

s o lid )  containing h a lf  strength of inorganic salts  and fu l l  strength 

,of organic grow th factors  in rooting of banana shoots produced 

in v i t r o , p a r t ic u la r ly  in the number of days  taken fo r  root In it ia t ­

ion and the number of roots produced per shoot ( T a b l e  19) .

Among the 16 treatment com binations t r ie d  w ith  d iffe ren t  

le v e ls  of NAA and IB A  fo r rooting of banana shoots produced in 

v i t r o , a l l  treatments (except MS medium w ith o u t  any au xin ) 

re g istered  cent per cent of cultures in it ia t in g  ro o ts .

Number of roots '

Maximum number of roots ( 6 . 75/shoot) (P la te  8) w e re



Plate 6. Nature of jjn v i t r o  produced shoots under 20 W l ig h t  
in ten sity

Plate 7. Nature of _in v i t r o  produced shoots under 120 W l ig h t  
in ten sity
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Ta b le  19. Effect of auxins (NAA and IB A )  on the rooting of banana shoots ( c v .  Red banana) 
in v i t r o

T  reatment
Root 

in it ia t io n  
(p e r  cent)

Roots
per

shoot

T im e  taken 
fo r  root 
in it ia t io n  

(d a y s )  '

Nature of roots form ed

1. MSa (w it h  no au xin ) 75 1.50 13.25 S m all,  th in  roots
, , + NAA 5 .0  ppm 100 5.50 10.50 T h i n ,  f ib ro u s  roots
, , + , , ' 1 0 . 0  ppm 100 5.00 7.50 T h i n ,  long roots
, ,  + , ,  15.0 ppm 100 3.50 7.00 T h i c k ,  s h o rt  roots
, ,  + IB A  5 .0  ppm 100 5.25 10.75 T h i n ,  long roots
n  + t.i 10 *0 PPm 100 3.25 8.00 T h i c k ,  s h o rt  roots

2. MS^ (w ith  no auxin) 100 2.25 12.25 Long, th in  roots
, ,  + NAA 5 .0  ppm 100 5.75 9.25 T h i n ,  long f ib ro u s  roots
, ,  + , , 10.0 ppm 100 5.25 7.25 T h i n ,  long roots
, ,  + , ,  15.0 ppm 100 4.25 6.75 T h i c k ,  v e ry  s h o rt  roots
, , -t* IB A  5 .0  ppm . 100 5.50 9.25 T h i n ,  long roots

• , ,  + , , 10.0 ppm 100 4.25 7.00 T h i c k ,  v e ry  s h o rt  roots

3. KC (w it h  no auxin) 100 6.00 6.25 T h i n ,  long, f ib ro u s  roots
, ,  + NAA 5 .0  ppm 100 6.75 6.00
, , + , ,  10.0 ppm 100 4.00 7.00 T h i c k ,  sh o rt  roots
, ,  + 15.0 ppm 100 3.25 7.50 T h i c k ,  v e ry  s h o rt  roots

CD (5%) 1 .12 1 .15
SEm± 0.57 0.59

Mean of four o b servations 
C u ltu re  p e rio d  -  two weeks

MSa -  MS medium w ith  f u l l  strength of both inorganic salts  and org anic  grow th fa cto rs
b -

MS -  MS medium w ith  h a lf  strength  of in o rg an ic  sa lts  and fu l l  stren gth  of organic g ro w th  factors

KC -  K nudson's C medium w ith  fu l l  strength  of both in o rg an ic  salts  and organic gro w th  fa cto rs



Plate 8. Nature of roots produ ced _in_ v i t r o  in KC medium 
containing 5 ppm NAA



PLATE 8



re co rd e d  at the treatment KC + NAA 5 .0  ppm w h ic h  was c lo s e ly  

fo llo w e d  by  KC w itho u t any auxin (6  roots/shoot) ( T a b le  1 9 ).  

Beyond 5 .0  ppm NAA concentration, a fa l l  in  the number of roots 

produced were o b s e rv e d .  Knudson's C . medium was found to induce

6 .0  roots per shoot even without the presence of any au xin , w hich  

was on p a r w ith  the number of roots produced (1 .5 0  and 2.25

cl broots/shoot) -b y  MS and MS media r e s p e c t iv e ly  (P la te  9a and 9 b ) .  

Days fo r root in it ia t io n

T h e  treatment KC + NAA 5 .0  ppm re g iste re d  the minimum 

number of days  fo r  root in it ia t io n  (6 .0 0 )  w hich was followed c lo s e ly  

by KC .without any auxin  (6 .2 5 )  ( T a b l e  19) . T h e  maximum number

g
of days  fo r root in it ia t io n  was re co rde d  at the treatment MS

w ithou t any auxin  (1 3 .2 5 )  and MS*3 w ithou t any auxin (1 2 .2 5 ) .  

T h e  treatment KC containing NAA at 5 .0  ppm and KC w ithout any 

auxin was found to be h ig h ly  s u p e rio r  to a l l  the o th e r treatm ents. 

Even w ith o u t using any auxin KC medium alone can be successfully  

used fo r inducing roots in minimum number of d a ys .

Nature of roots

When NAA was used at 5 .0  ppm- concentration the roots 

produced were t h in ,  long and f ib ro u s .  As the concentration was

increased the length was found to decrease and the roots become

th ic k e n e d . When IB A  was used at 5 .0  ppm concentration th in  and

long roots were p ro d u c e d . As the IB A  concentration was increased



Plate 9. Production  of roots in v i t r o  in MS medium

a. MS medium w ith  f u l l  strength of both inorganic salts 
and organic grow th  fa cto rs  without any auxin

b .  MS medium w ith  h a lf  strength of inorganic salts  and 
fu l l  strength of organic grow th factors  w ithou t any 
auxin



P L A T E  9b



roots become t h ic k e r  and s h o r t .  When the p la ntlets  were planted 

after h a rd e n in g , the p la n tle ts  w ith  lo ng , th in  f ib ro u s  roots s u rv iv e d  

better than those w ith  t h ic k ,  s h o rt  ro o ts .

C o m pa ra tive  perform ance of banana c u l t iv a r s

To  know w he th er th e re  e x is ts  any difference among banana 

c u lt iv a r s  in t h e ir  a b i l i t y  to produce roots _in_ v i t r o , an experim ent 

was conducted w ith  thre e  banana c u lt iv a r s  namely Nendran,

Palayankodan and Red banana the d e ta i ls  of w h ic h  are given in 

T a b le  20. Based on the results  obtained from the in i t ia l  t r ia ls  

conducted w ith  banana c v . Red banana, the treatment id e n tif ie d

best fo r t h is  c u l t i v a r  (KC  medium containing 5 .0  ppm NAA) was

used fo r the re st two c u lt iv a r s  namely Nendran and Palayankodan.

Co n sid erin g  the percentage of cu ltu re s  capable of in it ia t in g  

roots, no d iffe ren ce  was o b se rve d  among the three c u lt iv a r s  , ( a l l  

c u lt iv a r s  re co rd e d  root in it ia t io n  in a l l  the cu ltures t r ie d )  . No 

s ig n if ica n t  d ifference was o b se rve d  among the c u lt iv a r s  in the 

number of days  taken fo r root in i t ia t io n .  H o w e ver, among the 

three c u l t iv a r s  (P la te  10a, 10b and 1 0 c), Palayankodan re co rde d

the maximum dumber of roots (8 .0 / s h o o ts )  and minimum number 

of days fo r  root in it ia t io n  ( 5 . 5 ) .

4 .2 .  S tandardisation  of medium supplements

An ex perim en t was conducted to study w hether any other



T a b le  20. Com pa ra tive  perform ance of banana c u l t iv a r s  on the 
rooting of banana shoots produced _m v i t r o

Medium: KC + NAA 5 .0  ppm

C u lt iv a r Root i n i t ­
ia tio n  
(p e r  cent)

Roots per 
shoot

Tim e  taken 
fo r  root 
in itiatio n  

(d a y s )

1. Nendran 100 6.5 5.75

2. Palayankodan 100 8 .0 5.50

3. Red banana 100 6.75 6.00

CD (5%) 1 .27 NS

SEm± 0.56 0.46

Mean of four o b servations  
C u ltu re  p e rio d  -  two weeks



Plate 10 

a

. Com pa ra tive  performance of thre e  banana c u lt iv a r s  
in the in v i t r o  rooting of banana shoots

. Palayankodan

. Red banana

c . Nendran
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compounds (sucrose and activa te d  c h a rc o a l)  o th e r than grow th  

re g u la to rs ,  has got any effect on the rooting of banana shoots 

( c v .  Red banana) produced _m v i t r o . T h e  re s u lts  are presented 

in T a b le  21 .

Sucrose

In a l l  the four le v e ls  ( 1 . 5 ,  3 .0 ,  4 .5  and 6 .0  per cent)

of sucrose tested, cent per cent of the cu ltures  showed root 

in i t ia t io n .  T h e  low est le v e l  (1 .5  p e r cent) produced maximum 

number of roots (8 .7 5 / s h o o t)  and the h igh e st le v e l  (6 .0  per cent) 

p rodu ced the least number of roots (5 .7 5 / s h o o t ) .  Minimum number 

of days fo r root in it ia t io n  ( 5 .5 )  was re co rde d  at the lowest le v e l  

and the maximum number of days  (1 0 .2 5 )  at the h igh e st le v e l  

t r i e d .  T h i c k e r  and s h o rte r  roots ‘ were produced at the h ig h e r  

le v e ls  (4 .5  and 6 .0  per cent) w hereas the lo w e r lev e ls  (1 .5  and

3 .0  per cent) produced th in  and long ro o ts . T h e  plantlets  w ith  

th in  and long roots re co rd e d  b e tte r  s u r v iv a l  and gro w th  after 

planting o u t .

A c t iv a te d  charcoal

A d d it io n  of AC to the cu ltu re  medium was found to re m a rk a b ly  

influence the number of roots p ro d u c e d . A l l  the four le v e ls

(0 .0 2 5 , 0 .0 5 ,  0 .1  and 0 .2  per cent) tested enabled root in it ia t io n

in cent p e r  cent of the .cu ltu res. Maximum number of roots (10 .75 / 

shoot) was re co rde d  by  AC at 0.025 p e r cent (P la te  11a) and



T a b le  21. Effect of sucrose 
shoots ( c v .  Red

and a c tiv a te d  
banana)

ch arco al on the in v i t r o  rooting 

M edium : KC

of banana 

+ NAA 5 .0  ppm

T  reatments
Root 

in it ia t io n  
(p e r  cent)

Roots per 
shoot

T im e  taken 
fo r  root 

in it ia t io n  
(d a y s )

Sucrose 1.5% 100 8.75 5.50

, ,  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

SEm± 0.51 0.57

A c tiva te d  ch arco al 0.025% 100 10.75 7.00

, ,  0.050% 100 8.00 7.00

, ,  0.100% ICO 7.50 6.25

, ,  0.200% 100 6.75 5.00

CD (5%) 0 .94 0.74

SEm± 0.43 0.34

Mean of four o b se rva tio n s  
C u ltu re  p e rio d  -  two weeks'



Plate 11. Nature of roots produced _in v i t r o  in AC 
containing medium

a. AC at 0.025 per cent le v e l

b .  AC at 0 .2  per cent le v e l



p l a t e  11a
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th e  minimum number of roots ( 6 . 75/shoot) was produced by AC 

at 0 .2  per cent (P la te  11b) .  T h e  least number of days ( 5 . 0 )  

re q u ire d  fo r root in it ia t io n  was re g iste re d  by AC at 0 .2  per cent. 

As fa r as the nature of roots produced in AC containing medium 

was concerned, they were w h ite  and t h in .  And the plantlets with

w h ite  and th in  roots re co rde d  better s u r v iv a l  percentage after­

planting out.

5 . A cclim a tiza tio n / h a rd e n in g

5 . 1 .  Standardisation  of hardening  treatments

Control of tem perature  and maintenance of r e la t iv e  hu m idity

d u ring  acclim atization  was achieve d  by co ve ring  the plantlets w ith  

transparent p la stic  m icroscope co ve rs  having 60 cm height and 

45 cm diameter at the base. T h is  was done based on the re po rts  

of Rajmohan (1985) and Reghunath ( 1989) .  S p ra y in g  of cold water 

(12 ± 2°C) at an in t e r v a l  of three hours d u rin g  the day time

using a hand s p r a y e r  w ith  fine m ist nozzle  enabled to maintain

high re la t iv e  h u m id ity  (90-100 per cent) and m ild  temperature

(26 ± 3°C) in s id e  the p la s t ic  c o v e r .

Both p r e -t r a n s f e r  and p o s t -t ra n s fe r  hardening treatments 

were found to influence the s u r v i v a l  of planted out plantlets

(P la te  12a and 12b) .  Keeping in d is t i l l e d  water fo r  8 h followed

by 8 h in MS l iq u id  medium (containing 1/10th strength of inorganic 

s a lts ,  w ith  no sucrose) under m icroscope co ve r and then covering



Table 22. Influence of hardening treatments, potting mixtures and containers on the su rv iva l  of the in 
v i t r o  produced banana plantlets (c v .  Red banana)

A, Hardening treatments 

Pre-transfer treatments

1. Direct planting Into the potting 
mixture

3. Keeping In d ist il led  water for 8 h 
and then for 8 h in MS solution 
of 1/1Oth strength, under microscope 
cover

A.

5, Keeping in MS solution of 1/lOth 
strength for 2 days under 
microscope cover

6 . , ,

Post-transfer treatments

Keeping in the open

Covering the plantlets and pots with 
moistened plastic cover for A weeks

Keeping In the culture room

Covering the plantlets and pots with 
moistened plastic cover for A weeks

Keeping in the culture room

Covering the plantlets and pots with 
moistened plastic covers for 4 weeks

B. Potting mixture

1. Sand

2. Vermlculite : Sand (1 r 1)

3. Red earth : Sand : Soil : Compost ( 1: 1: 1: 1)

C.  Containers .

1 . White plastic cups

2. Black plastic cups

3, Tubular polythene bags

D. Chemical sterilants

1. Mercuric chloride  0.2%

2. Bavlstln 0.1%

3. Emesan 0.1%

S u rviva l  of 
plantlets 

(per cent)

50

10

90

0

80

80

90

70

80

80

90

60

50

100

Mean, of ten observations 
Culture period -  four weeks



Plate 12. H u m id ity  a cclim a tiza tio n  of rooted banana shoots 
-  d iffe re n t  stages

a. P la ntlet  kept in d is t i l l e d  water

b . P la n tle ts  kept under microscope cover
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the planted out p la ntlets  and pots w ith  moistened p la s t ic  co ve r 

fo r  four weeks re co rde d  90 per cent p la n t le t  s u r v i v a l  ( T a b le  2 2 ) .  

T h i s  hardening treatm ent was c lo s e ly  fo llo w e d  by a p la n t le t  s u r v iv a l  

percentage of 80 obtained by keeping the p lantlets  in MS l iq u id

medium (containing 1/10th strength of in org anic  s a lts ,  w ith  no 

sucrose) fo r  two days under m icroscope c o v e r  and then covering

the p la n tle ts  and pots w ith  moistened p la s t ic  co ve r fo r four 

w eeks. Keeping the planted out p la n tle ts  w ithou t any h u m id ity  

co ve r in  the  open or in the cu ltu re  room re su lte d  in poor 

establishm ent of the p la n t le ts .

5 .2 .  Potting m ix tu re

Th e  most s u ita b le  potting m ix tu re  was found to be a 1:1

( v / v )  m ix tu re  of v e rm ic u lite  and sand (T a b le  2 2 ) .  I t  registered

maximum s u r v i v a l  (90 per cent) of the p la n tle ts .  Use of s te r i le

sand was also found s u ita b le , but re co rd e d  only 80 per cent 

s u r v iv a l  of the p la n t le ts .  T h e  potting m ix tu re  containing red earth : 

sand : s o il  : compost 1 : 1 : 1 : 1 ( v / v )  was also found su itable  

though it  re co rd e d  only  70 per cent p la n tle t  s u r v i v a l .

5 .3 . Containers

T u b u la r  p o lythe ne  bags were found to be the best container

as i t  re g iste re d  90 per cent p la n tle t  s u r v iv a l  ( T a b l e  2 2 ) .  White

and b lack  p la s t ic  cups were also found s u ita b le ,  as the p la ntlet

s u rv iv a l  percentage o b se rve d  was 80 per cent.



5 . 4 .  Chemical sterilant

Out of the thre e  chem ical s te r i la n ts  used fo r s t e r i l i z in g  

th e  s o i l ,  emesan 0.1 per cent re g is te re d  cent p e r cent p lantlet

s u r v i v a l .  Th e  effect of emesan as a chem ical s te r i la n t  in s t e r i l i z in g  

the potting  m ixtu re , was found to be h ig h ly  s u p e r io r  to that of 

m e rc u ric  c h lo r id e  (0 .2  per cent) and b a v is t in  (0.1 pe r c e n t ) -

6. Planting out and evaluation

With respect, to the s u r v i v a l  of rooted p la n tle ts  under mist

and in the open the c v . Palayankodan ex celle d  Nendran and Red

banana as it  recorded 100 per cent p la ntlet  s u r v i v a l  under mist

and 91.7 per cent s u r v i v a l  after e ight weeks of planting out

(T a b l e  23) (P late  13a, 13b and 1 3 c). T w e lv e  weeks after planting

out the percentage s u r v i v a l  re g iste re d  by Palayankodan and Red

banana were the same (8 3 .3  p e r c e n t ) .  Th e  c v . Nendran re co rd e d

lo w e r s u r v iv a l  rate than Palayankodan c u lt iv a r  in a ll  the stages 

of g r o w t h .

When the height of the p la n tle ts  of the three c u lt iv a rs  were 

com pared, Nendran was found to be ta lle r  than the other two

c u lt iv a r s  d uring  the e a r ly  stages, but by  about 12 weeks after

planting out Palayankodan was found to be t a l le r  than Nendran, 

In a l l  the three stages, no s ig n if ic a n t  difference in plant h e igh t

was o b se rv e d  between Nendran and Palayankodan b u t Red banana



T a b le  23. Com parative  performance of _in v i t r o  plantlets  of banana c u lt iv a r s  on the s u r v i v a l  and grow th  
under m ist and open

Param eters'
C u lt iv a r s

CD
Nendran Palayankodan Red banana (5%)

1 . A fte r  four weeks under mist

S u rv iv a l* *  (%) 91 .7 ' 100 91 . 7

,  Plant height* (cm ± SE) 1.54 ± 0 .16 1.20 ± 0.16 0.80 ± 0.16 0.35

Leaves per plant* (No ± SE) 3.40 ± 0.33 3.20 + 0.33 3 .40  ± 0.33 NS

Longest leaf length* (cm  ± SE) 5.06 ± 0 .14 4.84 ± 0.14 5.82  ± 0.14 0.30

2. E ig h t  weeks after p lanting  out

S u rv iv a l* *  (%) 83.3 91 .7 83..3

Plant height* (cm ± SE) 3.42 ± 0.13 3.36 ± 0 i l 3 2 .4 0  ± 0.13 0 .2 9

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 ± 0 .10 7.92 ± 0 .10 8 .9 6  ± 0.10 0.22

3. T w e lv e  weeks after planting out 

S u rv iv a l* *  (%) 7 5 .0 83.3 83..3

Plant height* (cm ± SE) 6.16  ± 0.14 6.30  ± 0 .14 5.22  ± 0.14 0.3Q-

Leaves per plant* (No ± SE) 9 .80  ± 0 .50 9 .0 0  ± 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 thre e  o b se rva tio n s  
** Mean of tw e lv e  o b se rva tio n s  

Potting m ixtu re  : Sand : Soil  : Red earth  : D r ie d  and pow dered c a tt le  manure ( 1 :1 : 1 : 1  v / v )



Plate 13. Planted ,out p la ntlets  of banana -  d iffe re n t  stages

a. Tw o  week old

b . One month old

c . Tw o  month old
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was found to be s ig n if ic a n t ly  lo w e r in height than the  other two 

c u l t i v a r s .

In the case of number of leaves produced by  p la ntlets  no 

s ig n if ic a n t  difference was noticed among the c u l t i v a r s .  How ever, 

the number of leaves produ ced by Nendran ( 9 .8 )  was found to 

be more than Palayankodan ( 9 .0 )  and Red banana ( 8 . 8 ) ,  12 weeks

a fte r  planting out. Regarding the length of the longest leaf produced 

b y  the p la n tle ts , s ig n if ic a n t  d iffe ren ce s  were o b s e rv e d  among the 

th re e  c u lt iv a r s  at a l l  stages of g ro w th .  Red banana re co rde d  the 

maximum value at a l l  the stages of gro w th  as compared to 

Palayankodan and N endran. When a l l  the ch ara cters  taken fo r  study 

w ere  co n sid ered , no c u l t i v a r  could be said  to be s ig n if ic a n tly  

s u p e r i o r .



DISCUSSION
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DISCUSSION

Banana, is  propagated v e g e ta t iv e ly  through s u c k e rs .  In recent 

years  there  has been an increasing in te re s t  in  the  application

of tissue c u ltu re  techniques as a ra p id  means of asexual propagation 

of econom ically  im portant p la n ts . T h e  propagation  of various 

c u lt iv a r s  of banana by  conventional methods has been studied by 

a number of authors in the past (Ascenso, 1^67; De Langhe, 1961 

and Hamilton, 1965). Th ese  methods are  la b o rio u s  and time

consuming as fa r as the produ ction  of a la rg e  number of

homogenous plants are concerned. M o re o v e r ,  the ra te  of propagation

of banana by  t h is  method is  ra th e r  lo w .  T is s u e  cu ltu re  techniques 

ensure an e x tre m e ly  r a p id  rate of m u lt ip l ic a t io n  w h ich  is not 

season dependent and re q u ire s  only a l im ite d  q ua ntity  of plant 

tissue as the I n i t i a l  e x p la n t .  T is s u e  c u ltu re  techniques can also 

a id  in the pro du ctio n  of disease free  plants  and in the c r y o p r e s e r -

vation of germ plasm . In v ie w  of the above fa cts , there  has been

an upsurge of in terest in the f ie ld  of r a p id  clonal propagation

of banana plants a p p ly in g  tissue c u ltu re  technique (Cronauer and 

K r ik o r ia n ,  1984a; B a k ry  et  ̂ a K , 1985; Gupta, 1986; F itch e t and

Winnaar, 1987; M a te ille  and F o nceile , 1988 and A ra v in d a k s h a n ,

1989) . H o w e ve r, re p o rts  on the s ta n d a rd is a tio n  of m icropropagation

techniques in the case of im portant c u l t iv a r s  of banana s t i l l  lacks

complete d e ta i ls .  Though the ' p r iv a t e  f i r m ,  A . V .  Thomas and ■
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Company has successfully  produced banana plants by  _in_ v i t r o  

techniques in large  scale , the technology adopted is not made 

known. T h e  present investig ations  c a r r ie d  out at the College of 

H o rt ic u ltu re ,  V e lla n ik k a ra  were m ain ly  aimed to standardise  the 

in v i t r o  propagation technique fo r selected  co m m e rc ia lly  im portant 

banana c u lt iv a r s  of K e ra la . Th e  route adopted fo r _in v i t r o  propagule 

m u lt ip l ic a t io n  was v ia  enhanced re lease of a x i l l a r y  buds. T h e

most re m a rk a b le  advantage of th is  method is the genetic s ta b i l i t y  

of the p la ntlets  pro du ced .

In m icropropag ation  the organs and tissues are c a rr ie d  through 

a sequence of steps in w h ich  d if fe re n t ia l  c u ltu ra l  and

environm ental conditions are  p r o v id e d .  These steps have been

in d icated  as d iffe re n t  stages with stage I being p h y s io lo g ic a l  p re ­

conditioning of the ex plant and e x p la n t  establishm ent, stage I I

r a p id  m u lt ip lic a t io n  of shoots through increased a x i l l a r y  b ran ch in g , 

stage I I I  rooting and hardening of jjn v i t r o  ra ised  plants and stage 

IV a cclim a tiza tio n  and tran spla ntatio n  to f ie ld  conditions 

f.Reghunath, 1989).

Banana being a monocotyledonous p la n t,  n eve r produces 

branches and the buds in the  a x ils  are dormant due to the 'a p ic a l  

dominance1 shown by fast grow ing m eristem atic  t i p .  Th e  stage I 

is  to a c t iv a te  these buds to form branches by suppressing the 

a p ic a l dominance. P h y s ic a l  In ju r y  treatm ents l ik e  scoring  or k i l l i n g



th e  bud apex was found to be fa vo u ra b le  in the re lease of a x i l l a r y  

b u d s . In ju r in g  the bud apex by g iv in g  7 to 12 v e r t ic a l  incisions

was found to induce the production of a c lu s te r  of shoots w ith in  

one month as re p o rte d  by  Vessey and R iv e r a ,  1981. T h e  technique 

of s p l i t t in g  banana shoot t ip s  lo n g itu d in a lly  th ro u g h  t h e ir  apex

in  o rd e r  to induce m u lt ip le  shoot formation was f i r s t  d escrib ed  

b y  De Guzman et  ̂ a K  (1980) and then by  J a r r e t  et  ̂ a K  (1 9 8 5 ).

D iv id in g  the apical dome into two h a lve s  and c u ltu r in g  each half 

s e p a ra te ly  was found to be the best one in enhancing the release

of a x i l l a r y  buds. Wong (1988) re p o rte d  that s u r v i v a l  rate  of shoot 

t i p  explants  was c o n s id e ra b ly  less when the a p ic a l  dome was

re m o v e d .

As the shoot t ip s  and eye buds emerge from below  the ground 

le v e l ,  they accumulate lo t  of so il  and d i r t .  T h i s  necessitates

a thorough and e ffe ctiv e  surface s te r i l iz a t io n  of the ex plants before

c u ltu r in g .  Out of the va rio u s  s te r i la n ts  t r ie d  m e rc u ric  c h lo r id e

( 0 .0 5 -0 .2  per cent) was found to g iv e  b ette r  s te r i l iz a t io n  of 

explants than b leaching pow der ( T a b le  4) . Th o u g h  the use of 

sodium h y p o c h lo r ite  is  more common, in the present studies i t  

was found that m e rc u r ic  c h lo r id e  was more e ff ic ie n t  e s p e cia lly  

when the explants w ere h ig h ly  contaminated. An in i t ia l  r in s in g  

of f lo ra l  apex ex plan ts  w ith  95 per cent absolute alcohol fo r 30s 

follow ed by m ercuric  c h lo r id e  treatment (0 .0 5  per cent) fo r 10 min. 

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



percentage of e x p la n t ' s u r v i v a l  (85 pe r cent) and minimum percentage 

of ex plant m o rta l ity  (5 per c e n t ) .  Fo r shoot t ip  and eye bud 

ex p lants , the best s t e r i l iz a t io n  treatm ent was found to be that 

using m e rc u ric  c h lo r id e  (0 .2  per cent) fo r  5 m in. w h ic h  resulted 

in v e ry  low contamination rate  (5 per cent) and maximum percentage 

of ex plant s u r v iv a l  (80 per cent) eventhough the rate of explant 

m o rta lity  was h ig h  (15 per c e n t ) .  Enhancing the strength of 

m e rcu ric  c h lo r id e  o r  extending the treatm ent duration  resulted 

in s t i l l  lesser rate  of contamination but increased the rate of 

explant m o r t a l i t y .

Shoot t ip  c o lle ct io n  in  banana d u rin g  Novem ber to A p r i l  

resulted  in least contamination rate (30 to 40 p e r cent) and maximum 

explant s u r v iv a l  (50 to 60 per cent) ( T a b le  5 ) .  T h i s  may be 

because of low ra in f a l l  arid h u m id ity  p r e v a i l in g  in  Kerala  d uring  

th is  p e r io d ,  w h ic h  was incongenial fo r  the g ro w th  of m icrobes. 

Th e  season of ex p lant co lle ctio n  was also found to have some 

influence on the ra te  of s u r v iv a l  of cardamom ex plan ts  (Reghunath, 

1989).

In banana, tissu e  and media d isco lo u ratio n  was found to 

be a serious pro ble m  in  e s ta b lis h in g  a good and he a lth y  cu ltu re . 

T h is  d isco lo u ratio n  re s u lte d  from the o x id a tio n  of polyphenols  

present in the e x p la n t  tissues of banana. S e ve ra l  w o rk e rs  have 

attempted variou s  methods to ^overcome th is  problem  but no method



was found to re s u lt  in  complete success ( J a r r e t  et ed. 1985; 

V u y lste k e  and De Langhe, 1985 and Banerjee and De Langhe, 1985) .

I t  was found that by  the ad d it io n  of a s c o rb ic  acid  into the media 

at the ra te  of 50 mg/I 90 percentage of the  cu ltu res  were freed 

from th is  p ro b le m . T h e  exact action of a s c o rb ic  a c id  in reducing 

media and e x p la n t  d isco lo u ratio n  is not known.

J a r r e t  et  ̂ a l . (1985) re po rte d  th at shoot t ip  cultures of 

two banana clones 'S a b a ' and 'P e l i p i t a '  e sta b lis h e d  on a m odified 

MS basal medium supplem ented w ith  IA A  1 ppm and BA 3 .0  ppm . 

T h e  re su lts  of the present study in d ic a te d  that out of the 33 

d iffe re n t  treatments t r ie d  using MS (s e m i -s o l id )  medium, the tre a t­

ment in v o lv in g  NAA 0 .5  ppm and BA 3 .0  ppm was found to be 

the best w ith  respect to the number of days taken fo r cu ltu re  

e s tab lishm en t. At t h is  combination the three ex plants t r ie d  namely 

shoot t i p ,  eye bud and f lo r a l  apex took the least number of days 

(8 ,  9 and 14 re s p e c t iv e ly )  fo r c u ltu re  establishm ent w hich was

on par w ith  the other remaining treatm ents.

A c co rd in g  to K rishn am o o rthy (1981) GA treatment enhances 

the le v e l  of endogenous auxins in the p la n t .  A d d it io n  of 

g ib b e r e l l ic  ac id  (G A ) to the culture medium was found to be h i g h l y  

unfavourable fo r  c u ltu re  establishm ent and grow th in shoot t i p ,  

eye bud and f lo r a l  apex cu ltu re .



In  shoot t ip  c u ltu re  on an average each ex plant released

11.00 a x i l l a r y  shoots when the BPM contained NAA 1.0 ppm and 

BA 10.0 ppm or BA 10 ppm (T a b le  1 2 ) .  In the case of eye bud 

and f lo r a l  apex ex plan ts  on an average each explant released 

11.25 and 12.0 a x i l l a r y  shoots r e s p e c t iv e ly ,  when the BPM 

contained NAA 0 .5  ppm and BA 10.0 ppm .

Th e  fa vo u ra b le  effects of a x i l l a r y  bud bursting  and m u ltip le  

shoot p ro du ctio n  by c y to k in in s  had been demonstrated by Murashige 

(1 9 7 4 ) .  But at h ig h e r  le v e ls ,  c y to k in in s  were p ro v e d  to have 

deleteriou s  effect on shoot g ro w th .  A u x in  added to the medium 

helps to n u l l i f y  the s u p p re s s iv e  effect of high cy to k in in  concent­

ration on a x i l l a r y  shoot grow th  (Lundergan  and Ja n ic k , 1980). 

In the present s tu d ie s , auxins (N A A  and IA A )  were found to 

influence a x i l l a r y  shoot induction and gro w th  at ce rta in  p a rt ic u la r  

com binations. In most of the com binations in v o lv in g  NAA and BA, 

i t  was o b se rv e d  that the auxin  NAA n ega tive ly  influenced the 

a c t iv i t y  of BA, but in most of the combinations t r ie d  in v o lv in g  

NAA and k in e tin , NAA was found to enhance the a c t iv i t y  of 

k ine tin , when i t  was added at 10 ppm concentration. In the case 

of IA A , i t  was found to enhance the a c t i v i t y  of BA at 3.00 ppm 

co ncentratio n .

T he b asic  phenomenon in v o lv e d  In the induction of a x i l l a r y  

shoots and subsequent p la n tle t  pro d u ctio n  Jji v i t r o  are re po rte d



to be due to the action of plant hormones. L i t t l e  is  known about 

how hormones evoke a p a r t ic u la r  pattern of m orphogenesis 

(T h o r p e ,  1980) . One h y p o th e s is  is  th a t  hormone treatment s ta rts  

the c e l ls  on a s p e c if ic  developm ental p a th w a y . T h e  a lte rn a tiv e  

v ie w  is  that hormone re spo nsive  c e l ls  are a lre a d y  determ ined 

and that the hormones evoke the e x p re ss io n  of the committed state . 

T h e  a v a i la b le  evidence suggests that the hormones act in both 

w a ys . Hence the o b se rve d  d iffe re n ce  in organogenesis in the 

d iffe ren t explants  of the same plant would be a ttr ib u te d  to the 

d if fe re n t ia l  requirem ent of grow th hormones fo r each ex p la n t .  

A c co rd in g  to Skoog and M i l le r  (1 9 5 7 ) ,  q u a n tita tiv e  in teractio n  

between d iv e rs e  grow th factors  may have -a d e c is iv e  ro le  in organo­

genesis. When the performance of shoot t i p ,  eye bud and f lo r a l  

apex ex'plants were com pared, f lo r a l  apices took more time fo r 

cu ltu re  estab lish m en t. Eye bud and shoot t ip  took more o r less 

the same t im e . T h is  d ifference in the performance of f lo r a l  apex 

ex plant may be a tt r ib u te d  to the difference in the le v e l  of 

endogenous phytohorm ones, n utrie nts  and metabolites and in teractio n  

between va riou s  grow th fa c t o r s . T h i s  o bservation  was found to 

be in confirm ation w ith  an e a r l ie r  re p o rt  (D re w  et  ̂ a l . ,  1989)

in w h ich  i t  was stated that sucker d e riv e d  explants  in it ia te d  

shoots more re a d ily  than inflorescence d e riv e d  e x p la n ts .  A c c o rd in g  

to Cronauer and K r ik o r ia n  (1985) the most possib le  reason suggested 

fo r the longer p e rio d  taken by the f lo r a l  apex ex plants  is that



unlike the ve g e ta tiv e  buds, the f lo r a l  apices has to re v e r t  to

the ve getative  stage to get e stab lished  in the medium and to in itiate  

shoots. During the course of study i t  was c le a r ly  uderstood that 

the c y to k in in s  added in the medium p la y  a prom inent ro le  in the 

induction of a x i l l a r y  shoots. Out of the two c y to k in in s  tr ie d  (BA

and k in e tin )  BA was found to be the most p ro m is in g  one.

S e vera l w o rk e rs  had indicated  that the response of banana 

tissues in cu ltu re  may v a ry  depending on the genotype (Cronauer 

and K rikorian., 1984 a and b; Banerjee and De Langhe, 1985V J a r re t  

et a l . , 1985; - V u y lste k e  and De Langhe, 1985; Wong, 1986). In the 

present studies a lso , i t  was found that d if fe re n t  c u l t iv a r s  of banana 

responded d if fe re n t ly  to a f ix e d  set of treatm ents. Th e  reason 

for' the o b se rve d  d iffe ren ce  in the b e h a v io u r  of the c u lt iv a r s

can only be conjectured as due to the d iffe ren ce  in the p h y s io lo ­

g ical conditions and the le v e l  of endogenous phytohorm ones present 

as these c u lt iv a r s  belongs t o 'd i f f e r e n t  genomic g ro u p s .

Another im portant obse rva tio n  was that when MS medium 

was compared w ith  Knudson's C medium (h a v in g  co m p a ra tiv e ly  

low er salt c o n c e n tra tio n ), it  was found that KC medium was as

good as or even b ette r than MS medium in inducing a x i l l a r y  buds 

and producing he a lth y  shoots w ith  good green leaves in shoot 

t ip ,  eye bud and f lo r a l  apex c u ltu re .  In KC medium at BA 10.0 

ppm the number of a x i l l a r y  shoots produced fo r  shoot t ip ,  eye



bud and f lo r a l  apex explants  were 12.5, 11.5 and 10.25 re spect­

i v e l y ,  whereas in  MS medium at the same concentration of 8 A , 

the  number of a x i l l a r y  shoots produced w e re , 11 .0, 11.0 and 11.5

r e s p e c t i v e ly .  T h u s ,  i t  can be seen that ex cep t fo r  f lo ra l  apex,

fo r  the other two e x p la n ts , KC medium can be successfully  used 

fo r  jri. v i t r o  shoot p ro d u ctio n .

T h e  a d d it io n  of coconut water (CW ) into the medium, w hich  

contains a number of c e l l  d iv is io n  fa cto rs  (Shantz and Stew ard , 

1952^ Lethani, 1974) and a large  number of free amino acids were 

found to have no s ig n if ic a n t  influence on the number of a x i l l a r y  

shoots induced in J j i  v i t r o  cu lture  of banana.

T h e  effect of s e r ia l  subculturing  of an ex plant stock continu­

ously fo r  a long p e rio d  of time was also looked in to . It  was found 

that when s u b cu ltu rin g  was done at four week i n t e r v a l , - the number 

of shoots produced p e r ex plant per cu ltu re  vessel increased at 

a mean ra te  of 5 .7 0 ,  5 .73 and 5.58 per su b cu ltu re  in Nendran,

Palayankodan and Red banana r e s p e c t i v e l y . Increase in m u ltip le

shoot produ ction  continued from the f i r s t  s u b cu ltu rin g  onw ards. 

In Nendran, s l ig h t  decline  in shoot pro du ctio n  was noticed after 

nineth s u b c u ltu re ,  whereas in Palayankodan d e clin e  was noticed 

after seventh s u b c u ltu re .  C o n tra ry  to these two c u lt iv a r s ,  Red 

banana produced maximum number of shoots at the tenth subculture



( T a b le  1 7 ).  S e vera l w o rk e rs  (Doresw am y et  ̂ al_., 1983; Damasco

e ^ c U . ,  1984; V u y lste k e  and De Langhe, 1985; A ra v in d a k s h a n , 1989) 

had re p o rte d  increased shoot m u lt ip lic a t io n  ra te  achieved  through 

s e r ia l  s u b cu ltu ring  in banana. I t  is  supposed that continuous s u b -

cu ltu rin g  m odifies the p h y s io lo g ic a l  state of the plant in such 

a way that i t  fa vo u rs  re v ita l is a t io n  of innate dormant vegetative  

buds ( L i t z  and C o n o v e r , 1978; F ra n c le t ,  1979; D a v id ,  1982). 

Continuous s u b cu ltu rin g  was also found to reduce media and ex plant 

d iscolouration  in banana jui v i t r o .

L ig h t  has got a s ignificant influence on the induction of

a x i l l a r y  shoots and g ro w th  of the shoots . A  l ig h t  in ten sity  ranging 

between 80 W and 120 W fo r ‘16 h follow ed b y  8 h d a rk  p e rio d  

was found to be g iv in g  maximum grow th and development of a x i l l a r y  

shoots in shoot t ip  cu ltu re  and a l ig h t  in te n sity  of 80 W was

found to be best fo r  eye bud and f lo r a l  apex cu ltu re .  In general, 

i t  has been o b se rv e d  th at 80 W l ig h t  in te n sity  is  best, for

maximum induction of -a x i l la r y  shoots and the produ ction  of vigorous

d w a rf shoots. A c c o rd in g  to Muras_hige (1977) the optimum l ig h t  

period  is 16 h .

Stage 3 in v o lv e s  cte novo regeneration of ad ve ntit io u s  roots

fro m ' the shoots obta ined  in Stage 2 . KC medium was id e n tif ie d  

to be the most s u ita b le  basal medium fo r  mooting. So far only

a single re p o rt  (B e rg  and Bustamante, 1974) was a v a i la b le  on the



usage of KC. Among the auxins (N AA  and IB A )  t r ie d  NAA 5 .0  ppm 

was the best w ith  re s p e c t  to in it ia t in g  rooting in maximum number 

of cultures (100 p e r cent) w ith in  the s h o rte s t  p e rio d  of time (6 

d a y s ) .  Maximum number of roots ( 6 .75/shoot) was also obtained 

b y  adding  5 ppm NAA to the basal rooting medium (T a b le  1 9 ).  

Lane (1979) re p o rte d  that NAA usually  gave r is e  to sh o rt  th ic k  

ro o ts . But in the present obse rva tio n  i t  was seen th at NAA at

5 .0  ppm concentration produced th in ,  long and f ib ro u s  roots, but 

as the concentration was increased the length was found to 

decrease and the roots become th ic k e n e d . Same phenomenon was 

noticed when IBA  was a d d e d . T h e  concentration of inorganic salts  

in the ' basal medium influence the _iri v i t r o  rooting regard less  of 

the grow th substances pre se n t. S e v e ra l  re searche rs  had shown 

that in  v i t r o  rooting can su ccessfu lly  be achieved  by reducing 

salt concentration in the media p a r t ic u la r ly  in h igh  salt  media 

l ik e  MS and its  d e r i v a t i v e .  (K a rth a  et_ a l . ,  1974; Lane, 1979;

S k i r v in  and Ch u, 1979). Half concentration of MS medium was found 

fa v o u ra b ly  effect the rooting of banana w ithou t affecting the shoot 

growth u n lik e  in c e rta in  species (Wang, 1978; Gupta et  ̂ a K , 1981)'. 

When the three banana c u lt iv a r s  namely Nendran, Palayankodan 

and Red banana were compared fo r  t h e i r  a b i l i t y  to produce roots 

in v i t r o , no s ig n if ic a n t  d ifference was o b se rve d  among the c u lt iv a r s  

in the number of d a ys  taken fo r root in i t ia t io n .  Among the th re e  

c u lt iv a r s ,  Palayankodan re co rde d  the  maximum number of roots



( 8 . 0/shoot) and the minimum number of days  f o r  root in it ia t io n  

( 5 . 5 ) .

Sucrose at 1.5 per cent concentration was found optimum 

fo r  the pro du ctio n  of suffic ient roots and normal p la n tle ts . As 

a source of energy as w e ll  as a- fa cto r fo r  osmoregulation fo r  

o p tim is in g  the rooting response, sucrose has a lre a d y  been recognised 

(Chong and Pua, 1985) . When the  sucrose concentration was 

reduced to h a lf  in the rooting m edium, th e re  was an increase 

in the number of roots produced (8 .7 5 / s h o o t)  and the number of 

days taken fo r  root in it ia t io n  was redu ced ( 5 . 5 ) .  T h e  fa vo u rab le  

effect of reducing the sucrose concentration to h a lf  on v i t r o  

rooting and shoot elongation has been re p o rte d  by M ateille  and 

Foncelle  (1 9 8 8 ).  A d d it io n  of activated  ch arco al (A C )  to the cu ltu re  

medium had re m a rk a b le  influence in the in it ia t io n  of roots as w e ll  

as in the number of roots produced p e r shoot. Incorporation  of

0.025 pe r cent AC to the basal rooting medium had resulted  in 

the in it ia t io n  of maximum number of roots (10 .75/shoot) w ith in  

a p e rio d  of 7 days ( T a b le  2 1 ) .  T h e  effect was found to be due 

to AC alone because w ith d ra w a l  of au xin  from the medium d id  

not make much d iffe re n ce . In AC containing medium, shoots 

produced w h ite  and th in  ro o ts . And the  p la ntlets  w ith  w h ite ,  

th in  roots e sta b lis h e d  w e ll  after planting out. T h e  fa vo u ra b le  

effects of AC in  rooting had been re p o rte d  by many w o rke rs  (Wang 

and Huang, 1976; Banks and Hackett, 1978). T h e  ca pa city  of AC



to a d s o rb  in h ib i t in g  compounds and e x ce s s ive  concentration of 

p la nt  g ro w th  hormones and the p r o p e rt y  to d arken  the medium 

w h ic h  mim ics the s o il  conditions are the factors  proposed in favour 

of the fa v o u ra b le  effects of AC in rooting  (P ro s k a u e r and Berman, 

197,0 ; Wang and Huang, 1976; F r id b o r g  et a l . ,  1976).

Debergh and Maene (1981) pointed out that rooting h i  v i t r o  

was the most labour in te n sive  p a rt  of m icro pro pag atio n . In the 

present in v e stig a tio n  a ls o , rooting of in d iv id u a l  shoots hi v i t r o  

after separation  from the m u lt ip le  shoot c lu ste r was found to be 

the most tim e and la b o u r consuming p a r t .  Yeoman (1986) suggested 

that w h e re v e r  p o s s ib le  rooting and hardening processes may be 

combined and i f  p ra c t ic a b le  rooting of shoots may be attempted 

by d ir e c t  planting into a conventional medium so as to elim inate 

a fu rth e r  c o s t ly  tran sfe r to a s t e r i le  medium. Reghunath (1989) 

made an attem pt to induce roots b y  d ir e c t  planting of cardamom 

shoots into  a conventional medium and i t  resulted  in fa i lu re ,  as 

cardamom was a monocotyledonous p la n t .  Banana also being a 

monocotyledonous p la n t ,  no attempt was made to d i r e c t ly  induce 

roots from  shoots developed jr i  v i t r o . Yeoman (1986) re po rte d  

that t ra n s fe r  of stage 3 shoots to h ig h e r  l ig h t  le v e ls  and a llow ing 

adequate e n try  of c a rb o n d io x id e  into the cu lture  vessels p r io r  

to p lanting  out w i l l  enable the leaves to become q u ic k ly  

s e lf -s u p p o rt in g  by c a r r y in g  p h o to s y n th e s is . A cco rd in g  to Murashige 

(1978) enhanced pho to syn th esis  under the influence of high l ig h t



in ten sities  helps in b u ild in g  up a h igh  food re s e rv e  to be u t i l is e d  

d u rin g  the transformation p e rio d  from p a r t ia l ly  h e te ro tro p h ic  to 

a u to tro p h ic  stage of the p lantlets  a fte r  tra n s p la n ta tio n . A f te r  the 

in it ia t io n  of roots, keeping the p la n tle t  in the medium it s e lf  fo r 

another two weeks, t i l l  the medium showed signs of d ryn e s s  and 

then p la ntin g  out resulted  in b e tte r  s u r v iv a l  percentage than the 

t ra n s fe rr in g  of the p la ntlets  into the potting m ix tu re  soon after 

the production  of a ll  ro o ts .

Hardening the _in v i t r o  ra is e d  p la ntlets  so as to make them 

adapt to the outside environm ent is a c r i t ic a l  process due to t h e ir  

anatomical and p h y s io lo g ic a l  p e c u la r i t ie s . On tra n s p la n tin g  

e x c e s s iv e -  water loss from the plants  had been re co rd e d  w hich  

was a tt r ib u te d  to the im p ro p e r  development of c u tic le  and 

slowness of stomatal response to water stress (B ra in e r d  and 

F u ch ig a m i, -1981; F a b b r i  et_ al_., 1984). Th e  problem  may be

aggravated i f  the va sc u la r connection between root and shoot is  

im p r o p e r .  A pe rio d  of h u m id ity  acclim a tiza tio n  was considered 

necessary fo r the newly tra n s fe rre d  plantlets  to adapt to the 

outside environment, d u ring  w h ich  the p lantlets  undergo m orphological 

and p h y s io lo g ic a l  adaption enabling them to d e v e lo p  t y p ic a l  

t e r r e s t r ia l  plant water co n tro l mechanism (G ro ut and Aston, 1977-; 

Sutter et  ̂ a l . ,  1985').' High r e la t iv e  h u m id ity  (90 to 100 per cent)

was maintained d uring the in i t i a l  p e rio d  of planting out w ith  the 

he lp  of microscope and p la s t ic  co ve rs  w ith  in term ittent co ld  water



s p r a y s .  Out of the v a rio u s  hardening treatments ado pted, maximum 

percentage of p la ntlets  s u r v iv e d  when the p la n tle ts  after rem oval 

from the rooting media were kept in d is t i l le d  water fo r  8 h and 

then for another 8 h in  MS l iq u id  medium of 1/10th strength under 

moistened m icroscope c o v e r  and after planting out into the potting 

m ix tu re  c o v e rin g  w ith  moistened p la s t ic  c o ve r for four weeks.

T h e  most s u ita b le  potting medium fo r  maximum plant s u rv iv a l  

(90 per cent) was found to be a 1:1 ( v / v )  m ix tu re  of v e rm ic u lite

and sand. A cco rd in g  to Reghunath (1989) better performance of 

v e rm ic u l it e  may be a t t r ib u te d  to its  a b i l i t y  to maintain optimum 

m oisture status at the same tim e p r o v id in g  su ffic ie nt aeration.

M ix in g  w ith  equal volum e of sand m ight have h e lped  in g iv in g  

a b e tte r  g r ip  fo r the  roots besides p r o v id in g  ample aeration.

A d d it io n  of inorganic n utrie nts  to the potting m ix tu re  is essential 

fo r  the normal grow th  of the potted plants (B ro w n  and Sommer, 

1982; Amerson et a l . ,  1985). A p p lic a t io n  of 5^10 ml nutrient solut­

ion containing MS in org anic  salts  at h a lf  concentration at w e ekly

in t e r v a ls  enhanced the s u r v i v a l  and promoted normal grow th of

the p la n t le ts .  Rajmohan (1985) and Reghunath (1989j also re p o rte d  

the use of a n u tr ie nt solution s im i l i a r  to the above fo r the 

successful grow th  of ' _ln_ v i t r o  ra is e d  ja ck  and cardamom plantlets

r e s p e c t iv e ly .  T y p e  of containers were also found to influence the

s u r v i v a l  of p la n tle ts .  T u b u la r  po lyth e n e  bags were id e n tif ie d  as 

the best container re c o rd in g  90 p e r  cent s u r v iv a l  of p la n tle ts .



In  o r d e r  to achieve cent p e r cent p la n tle t  s u r v i v a l ,  the  s te r i le  

potting  m ix tu re  was once again s t e r i l i z e d  using chem ical s te r i la n ts .  

Emesan 0.1 per cent was found to be the best one out of the 

th re e  chem ical s te r i la n ts  t r ie d  as i t  re sulted  in cent per cent

s u r v i v a l  of p la n te d -o u t  p la n t le ts .

When the grow th perform ance of the p la n tle ts  of the three

banana c u lt iv a r s  w ere co m pa re d, s ig n if ic a n t  d iffe ren ce  was found 

to e x is t  between v a r ie t ie s  in  th e  case of p lant h e ig h t  and the 

length of the longest le a f .  No s ig n if ic a n t  d ifference could  be 

o b se rve d  in the number of leaves produced pe r plant in a l l  the 

stages of grow th between the v a r ie t ie s .  A cco rd in g  to Smith et a l . 

(1986) it  was not the state of grow th  of a tissue under m icro cu ltu re  

that was im portant in its  perform ance when p lanted out, but it 

was the environment p r o v id e d  a fte rw a rd s  w hich  was more im po rta nt. 

T h e y  had also o b se rve d  th a t  the ph o to syn th etic  ca p a city  of the 

leaves of m icro cultured  plants  was less than h a lf  when compared 

to that of a normal green house grown plant and i t  v a rie d  

co n s id e ra b ly  during the in i t i a l  stages of planting out. How ever,

t h is  ca pa city  was re sto re d  after non hi v i t r o  rooting and e s ta b lis h ­

ment of the m icro cu ltu re d  p la n t le ts .  Th e  same p r in c i p l e  may be 

u n d e rly in g  in the perform ance of m icropropagated  p la n tle ts  of banana 

v a r i e t ie s .



A tissue cu ltu re  m ethod, to become c o m m e rc ia lly  acceptable , 

has to ensure a reasonable percentage of plant s u r v iv a l  in the 

f i e l d .  T h e  grow th  and y i e l d  of such plants should also be better 

than that of seedlings or other conventional m ateria ls  of propagat­

io n . Banana being a perennia l plant may take ten to sixteen months 

from  planting to h a rv e s t  depending on the c u l t iv a r  (K a rm a c h a ry a , 

1984). Hence, in the present investig ation  a d e ta ile d  f ie ld  study 

could not be undertaken in the co m pa ra tive  perform ance between 

plants ra ised  through tissue cu ltu re  method and conventional 

m e th o d .

Th e  's a l ie n t  f in d in g s  of the present in ve stig atio n  -have been 

discussed above, w h ic h  indicates p o s s ib i l i t ie s  fo r developing 

shoot t ip  and eye bud cu ltu re  technique as a means for ra p id  

m u lt ip lic a t io n  of the th re e  banana c u lt iv a r s  on a com mercial scale . 

F o r  successful com m ercial e x p lo ita tio n  of _iri v i t r o  propagation 

method some of the p ro ble m s id e n tif ie d  d uring the present in v e s t i ­

gation has to be s o lv e d  fo r w hich  intensified  w ork is needed 

in s p e c if ic  areas. One of the c r i t ic a l  factor w h ich  influences the 

ra p id  m u lt ip lic a t io n  and establishm ent of jjn v i t r o  grown banana 

plants is  the adoption of an econom ically and co m m e rc ia lly  fe asib le  

hardening method. Enviro n m e n ta l factors  l ik e  h u m id i ty ,  tem perature, 

l ig h t  e tc .  has found to influence the establishm ent of tissue cu lture  

d e r iv e d  banana p la n ts . Eventhough the tissue cu ltu re  method of 

propagation of banana p la nts  has been s ta n d a rd is e d , fu rth e r  research



is  needed to s ta n d a rd is e  an econom ically  fe a s ib le  hardening 

process, so that in v i t r o  propagation method of banana can be 

undertaken on a com m ercial scale.

I t  is  stated th a t  tissue cu lture  propagation ensures genetic 

s t a b i l i t y .  But it  is  p o s s ib le  that continuous su b culturing  might 

re su lt  in somaclonal v a r ia t io n .  Research on th is  aspect w i l l  help 

to p in po in t the va rio u s  aspects of th is  phenomenon. If  found 

advantageous, it  m ight be p o s s ib le  to co m m e rc ia lly  e x p lo it  th is  

phenomenon. Certain  novel approaches fo r im p ro v in g  banana through 

tissue cu ltu re  are pro po sed in F ig .  5. the achievem ent of w hich 

w i l l  d e f in ite ly  he lp  in the im provem ent of banana cu ltiv a tio n  in 

In d ia .
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SUMMARY

technique in banana w ere c a rr ie d  out in the Plant T iss u e  Culture  

L a b o ra to ry ,  Department of Pomology and F lo r ic u l t u r e ,  College of 

H o rt ic u ltu re ,  V e lla n ik k a ra  d u rin g  the pe rio d  1988-1990. T h e  results

of the study are summarised b e lo w ..

1. P h y s ic a l ly  in ju r in g  the a p ic a l  dome of shoot t ip  explants  into 

two h a lves  and c u ltu r in g  each h a lf  s ep ara te ly  was found to 

be best in enhancing the release of a x i l l a r y  buds in cu ltu re .

2. F o r  f lo r a l  apex e x p la n ts  the s te r i l iz a t io n  treatment w hich 

resulted  in least contamination was an i n i t i a l  r in s in g  qf the 

explants w ith  95 p e r cent absolute alcohol fo r  30s' followed 

by m e rc u ric  c h lo r id e  treatment (0 .0 5  per cent) f o r  10 min.

F o r  shoot t ip  and eye bud ex plants  the best s te r i l iz a t io n  t re a t ­

ment was found to be that using m ercuric  c h lo r id e  (0 .2  per 

cent) fo r  f iv e  m in.

3. Shoot t ip s  collected  d uring  Novem ber to A p r i l  re co rd e d  least 

contamination rate (30 to 40 per cent) in cu ltu re .

4. Th e  a d d it io n  of a s c o rb ic  ac id  into the media at the rate of 

50 mg/1 reduced m edia and e x p la n t  d iscolouration  due to p o ly ­

phenol o x id a tio n .

Investigations on standardising the _in v i t r o  propagation



F o r  the better and s p e e d ie r  e x plan t establishm ent and growth 

of shoot t i p ,  eye bud and f lo r a l  apex e x p la n ts , MS (s e m i -s o l id )  

medium containing NAA '0.5 ppm and BA 3 .0  ppm was found 

to be the best.

A d d it io n  of g ib b e r e l l ic  ac id  to the cu ltu re  medium was found 

to be h ig h ly  unfavourable  fo r  cu ltu re  establishm ent and growth 

in shoot t ip ,  eye bud and f lo r a l  apex cu ltu re  as evidenced

by the time taken fo r  establishm ent of cu ltu re .

In shoot t ip  cu ltu re , on an average each ex plan t  released 11.00 

a x i l l a r y  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 f lo ra l

apex explants on an average each ex plan t released 11.25 and

12.0 a x i l l a r y  shoots re s p e c t iv e ly ,  when the BPM contained 

NAA 0 .5  ppm and BA 10.0 ppm .

When the performance of shoot t i p ,  eye bud and f lo r a l  apex 

explants  were com pared, f lo r a l  apices took more tim e fo r culture 

establishm ent. Eye bud and shoot t ip  explants  took more or

less the same time..

Out of, the two c y to k in in s  t r ie d  (B A  and k i n e t i n ) , BA was found 

to be the most e ff ic ie n t  one fo r the induction of a x i l l a r y  

shoots in cu ltu re .



I p

10. T h e  three d iffe re n t  c u lt iv a r s  namely Nendran, Palayankodan 

and Red banana responded d if fe re n t ly  in cu ltu re  w ith  regard 

to the time taken fo r  the establishm ent of cu ltu re  and the 

percentage of c u ltu re  e s ta b lis h e d .  T h e  reason may be attributed  

to the d ifference in  p h y s io lo g ic a l  conditions and the le v e l  

of endogenous phytohorm ones present in these c u l t i v a r s .

11. When MS medium was compared w ith  KC medium, i t  was found 

that KC medium was as good as or even better than MS medium 

in inducing a x i l l a r y  buds and producing h e a lth y  shoots with 

good green leaves in  shoot t ip ,  eye bud and f lo r a l  apex 

c u lt u r e .

12. Th e  a d d it io n  of CW in to  the BPM was found to have no s ig n if i ­

cant influence on the  number of a x i l l a r y  shoots induced in 

in v i t r o '  cu ltu re .

13. T h e  number of a x i l l a r y  shoots produced per e x p la n t  per culture 

vessel increased at a mean rate  of 5 .70 , 5.73 and 5.58 per 

subculture  in N endran, Palayankodan and Red banana re spect­

i v e l y  when s u b c u ltu rin g  was c a rr ie d  out at four week 

in te rv a ls  continuously fo r  ten s e r ia l  su b cu ltu re .

14. A l ig h t  in ten sity  ranging between 80 W and 120 W for'16 h 

fo llo w e d  by 8 h d a rk  p e rio d  was found to be g iv in g  maximum 

grow th  and developm ent of a x i l l a r y  shoots in shoot t ip



cu ltu re  and a l ig h t  in ten sity  of 80 W was found to be the 

best fo r eye bud and f lo r a l  apex c u ltu re .

15. F o r  in v i t r o  rooting KC (s e m i -s o l id )  medium containing NAA

5 .0  ppm was found to be the best w ith  re s p e c t  to root 

in i t ia t io n ,  producing maximum number of roots (6 .7 5 / s h o o t ) ,  

in maximum number of cu ltu re  (100 per cent) w ith in  the 

sh o rtest  p e rio d  of time (6 d a ys )  .

16. When the hn v ^tro  rooting a b i l i t y  of thre e  banana c u lt iv a rs

were com pared, the  banana c v .  Palayankodan recorded the

maximum number of roots (8 .0 / s h o o t)  and the minimum number 

of days  fo r root in it ia t io n  ( 5 . 5 ) .

17.  Rooting medium containing sucrose at 1.5 p e r cent concentrat­

ion was found optimum fo r  the production  of suffic ient roots 

and normal p la n tle ts .

18. Th e  a d d it io n  of AC  at 0.025 per cent to the basal rooting

medium resulted  in the in it ia t io n  of maximum number of roots 

(1 0 .75 /sh o o t)  w ith in  a pe rio d  of seven d a y s .

19. Ninety per cent of planted out p lantlets  s u r v iv e d  when the

p la ntlets  after rem oval from the rooting media were kept 

in d is t i l l e d  w ater fo r  8 h and then fo r . another 8 h in MS 

l iq u id  medium of 1/10th strength under moistened m icroscope

c o v e r  and ' then planting out into the potting m ix tu re  covered

w ith  moistened p la s t ic  co ve r fo r four' weeks.



20. T h e  most suitable  potting  medium g iv in g  maximum plant s u r v iv a l

percentage (9.0) was found - to be a 1:1 ( v / v )  m ixture  of

v e rm ic u lite  and sand.

21 . T u b u la r  polythene bags of 15 cm diam eter and 20 cm length

were id e n tif ie d  as the best container re co rd in g  90 per cent 

s u r v i v a l  of p la n t le ts .

22. Emesan (0. 1 per cent) was found to be the best chemical 

s te r i la n t  fo r s t e r i l i z in g  the potting  m ix tu re  as it  resulted 

in cent per cent s u r v iv a l  of p lanted out p la n tle ts .

23. When the growth ■ perform ance of the plantlets of the three

banana c u lt iv a r s  were com pared s ig nificant d ifference was

found to e x is t  between v a r ie t ie s  in the' case of plant height 

and the length of the longest le a f.  Red banana was found 

to be s ig n if ic a n tly  lo w e r in h e ig h t  than the o ther two c u lt iv a r s .  

With regard  to the length of the longest lea f, Red ' banana 

re co rd e d  the maximum va lu e . No s ignificant d ifference could 

be o b se rve d  in the number of leaves produced per plant 

in a l l  the stages of grow th  among the c u lt iv a r s .
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A PP EN D IX -I

A n a lys is  of v a ria n ce  for d iffe re n t  ch ara cters '

T  reatm ent/C haracter
Mean s q u a r e

T  reatment E r r o r

1 2 3

A .  P h y s io lo g ic a l  p re -c o n d it io n in g  
of the explant

1. E x p la n t  establishm ent

i . Co lle ctio n  and p re p a ra t io n  of 
ex plan ts  -  influence of month 
of collection

a. Number of shoots 1 .65 0.60**

B . Enhanced release of a x i l l a r y  buds

1 . C u ltu re  establishm ent

i .  NAA + BA

a. Days' taken fo r cu ltu re  
establishm ent/shoot t ip

48.40 1.00**

b . Days taken for cu ltu re  
establishm ent/eye bud

48.60 1.00**

c .  Days taken fo r cu ltu re  
e sta b lis h m e n t/ f lo ra l  apex

30.20 1.00**

i i .  IAA  + BA

a. Days taken fo r cu ltu re  
establishm ent/shoot t ip

43. 66 1.00**

b . Days taken for cu ltu re  
establishm ent/eye bud

34.23 - 1.00**

c . Days taken fo r cu ltu re  
e s ta b lis h m e n t/ f lo ra l  apex

8.94 1.00**

Contd.



11

A p p e n d ix - I .  Continued

i i i .  GA + BA

a. Days taken fo r cu lture  
establishm ent/shoot t ip

b .  Days taken fo'r cu lture  
estab lishm en t/e ye  bud

c .  Days taken fo r  cu ltu re  
e s ta b lis h m e n t/ f lo ra l  apex

i v . V a r ie ta l  performance

a. Days taken fo r  cu ltu re  
e s ta b lis h  ment/Nendran

b .  Days taken fo r cu ltu re  
e s ta b lis h  ment/Palayankodan

c . Days taken fo r cu lture  
establishm ent/R ed banana

7. 58

4. 98

5. 83

121.33

4. 00

41 .33

1.00**

1.14**

1 . 00**

1.66*:

1.66 NS

1.66**

2. Basal p r o l ife ra t io n  medium

i . BA : NAA + BA

a. Number of shoots/shoot t ip

b .  Number of shoots/eye bud

c. Number of s h o o ts /flo ra l apex

i i .  K in e tin : NAA + kinetin

a . Number of shoots/shoot t ip

b . Number of shoots/eye bud

c . Number of s h o o ts/flora l apex

36.89

36.21

40.99

. 5. 32 

5.02 

5. 67

0.74** 

0.62** 

0.69**

0.38**

0.35**

0.35**

Contd.



i i i

A p p e n d ix - I .  Continued

1 2 3

i i i .  BA : IA A  + BA

a. Number of shoots/shoot t ip 5.21 0. 41**

b.  Number of shoots/eye bud .6.61 0.37**

c . Number of sh o o ts/flo ra l apex 5.81 0.27**

3. Medium supplements

i .  Knudsons medium

a. Number of shoots/shoot t ip 69.12 0.36**

b .  Number of shoots/eye bud 58.95 0.45**

c .  Number of sh o o ts / f lo ra l apex. 48.62 0.76**

i i .  Coconut water

a . Number of shoots/shoot t ip 0. 14 0. 62 NS

b.  Number of shoots/eye bud 0. 06 0 .78  NS

c. Number of sh o o ts/flo ra l apex 0. 14 0. 52 NS

4.  S e r ia l  s u b cu ltu rin g  in BPM

a. Number of shoots per shoot t ip  
in  Nendran

4. 32 0.71**

b . Number of shoots per shoot t ip  
in Palayankodan

4. 52 0.50**

c .  Number of shoots per shoot t ip  
in Red banana

4. 16 0.40**

5. P h y s ic a l  conditions

i .  L ig h t

a. Number of shoots/shoot t ip 5. 86 0.60**

C o n td .



iv

A p p e n d ix - I .  Continued

1 2 3

b .  Longest leaf/shoot t ip 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 s h o o ts /f lo ra l apex 3. 14 0.38**

f .  Longest le a f/ f lo ra l  apex 1.40 0.27**

C . In  v i t r o  rooting and hardening

1 . Basal rooting medium

a . Number of roots/shoot 8. 20 0.66**

b . Days for root in it ia t io n 19.12 0.68**

2. V a rie ta i performance

a . Number of roots/shoot 2. 58 0.63**

b . Days fo r root in it ia t io n 0. 25 0.41 N‘

3.  Medium supplements

i .  Sucrose

a. Number of roots/shoot 7. 39 0.52**

b . Days fo r  root in it ia t io n 18.73 0.64**

i i .  AC

a. Number of roots/shoot 12.16 0.37**

b . Days for root in it ia t io n 5. 56 0.22**

Contd.



V

1 2 3

D. Planting out and evaluation 

1 . V a r ie ta l  performance

i . A fte r  four weeks under mist 

a. Plant he ight 0. 68 0.06**

b . Leaves/plant 0.07 0. 26 NS

c.  Longest leaf 1 .32 0.04**

i i .  E ig h t  weeks after planting out

a. Plant he igh t 1.6 3 0.04**

b . Leaves/plant 0. 07 0. 43 NS

c.  Longest leaf 1 .41 0.02**

i i i .  T w e lv e  weeks after planting out

a. Plant height 1 .72 0.04**

b . Leaves/plant 1 .40 0.63 NS

c .  Longest leaf 0. 43 0.04**

^ S i g n i f ic a n t  at 1 per cent le v e l  of p r o b a b i l i t y
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A B S T R A C T

In vestig a tio ns  w ere c a rr ie d  out at the Plant T is s u e  Culture  

L a b o ra to ry  of the C o lle g e - of H o rt ic u ltu re ,  V e lla n ik k a ra  during

1988-90 to sta nd ardise  the Jjn v i t r o  propagation technique in banana.

T h re e  banana c u l t iv a r s  namely Nendran ( AAB)  , Palayankodan 

(A A B ) and Red banana (A A A )  were u t i l is e d  fo r  the  s tu d y .  For

sta n d a rd is in g  the e x p la n t ,  th re e  typ e s  of explants  w ere used namely 

shoot t i p ,  eye bud and f lo r a l  apex.  For cu ltu re  establishm ent, 

a x i l l a r y  shoot in it ia t io n  and Jjn v i t r o  rooting studies  different 

typ e s  of grow th re g u la to rs  were made use of. T h e y  were auxins 

(N A A , IAA and IB A ) , g ib b e r e l l in  ( GA)  and c y to k in in s  (B A  and

k ine tin )  . Th e  p la ntlets  produced _iri v i t r o  were subjected to 

d iffe re n t  types of hardening treatments to secure a better 

establishm ent of planted out p la nts .

For shoot t ip  and eye bud e x p la n ts , surface s te r i l iz a t io n

using m ercu ric  c h lo r id e  ( 0 . 2  per cent) fo r 5 m in . was' found to 

be the best, but fo r f lo r a l  apex ex plant an in i t i a l  r insing  of 

the ex plants w ith  95 p e r  cent absolute alcohol fo r 30s follow ed 

b y  m ercuric  c h lo r id e  treatm ent ( 0. 05 per cent) fo r  10 min. was 

found to be best. B e tte r and spe ed ier ex plant establishm ent and 

growth of shoot t i p ,  eye bud and f lo ra l  apex ex plant was observed  

in MS (s e m i -s o l id )  medium containing NAA 0 .5  ppm and BA 3 .0  ppm



G i b b e r e l l i c  ac id  was found to have unfavourable  effect on cu lture  

e s tab lish m en t and g ro w th .

Shoot t ip s  co lle cte d  d u rin g  November to A p r i l  recorded 

maximum s u r v iv a l  percentage. Among the p h y s ic a l  in ju r y  treatments 

fo r  enhancing the re lease of a x i l l a r y  buds in  c u ltu re  s p l it t in g  

the a p ic a l  dome of shoot t ip  lo n g itu d in a lly  into two halves and

cu ltu r in g  each h a lf  se p a ra te ly  was found to be the best. Th e

a d d it io n  of a s co rb ic  a c id  into the media at the rate  of 50 mg/1 

reduced media and ex p lant d isco lo u ratio n  due to p o ly p h e n o l o x id a t ­

io n . When the perform ance of the three explants w.ere compared',

f lo r a l  apex ex plants took more time for cu lture estab lishm en t.

T h e  th re e  banana c u lt iv a r s  used fo r  the study responded d iffe re n tly  

in cu ltu re .

In shoot t ip  c u ltu re ,  on an average each ex plant released

11. 00 a x i l l a r y  shoots when the basal p ro life ra t io n  medium contained 

NAA 1.0 ppm and BA 10. 0 ppm or  BA 10.0 p p m . In the case of 

eye bud and f lo ra l  apex explants  on an average each explant 

released 11.25 and 12.00 a x i l l a r y  shoots re s p e c t iv e ly ,  when the

basal p ro l ife ra t io n  medium contained NAA 0 .5  ppm and BA 10.0 

p p m . Out of the two c y to k in in s  t r ie d  (B A  and k in e tin )  , BA was

found to be the most e ff ic ie n t  one fo r the induction of a x i l l a r y  

shoots. I t  was found that ;KC medium containing BA can be used

fo r  inducing a x i l l a r y  sh o o ts . T h e  a d d it io n  of CW into the basal



p ro l if e ra t io n  medium was found to have no s ign if ican t influence 

on the induction of a x i l l a r y  shoots. A x i l l a r y  shoots produced 

p e r e x p la n t  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 l ig h t  in te n sity  fo r  a x i l l a r y  shoot induction and 

p ro l if e ra t io n  was 80 W fo r a p e rio d  of 16 h per d ay .

F o r  in v i t r o  rooting KC (s e m i -s o l id )  medium containing

NAA 5 .0  p p m , AC 0.025 per cent and sucrose 1.5 per cent was 

found to be the b e s t.  Cent per cent of the planted out p lantlets

s u rv iv e d  when the p la ntlets  after rem oval from the rooting media 

w ere hardened by keeping in d is t i l l e d  water fo r 8 h and then 

fo r  another 8 h in MS l iq u id  medium of 1/I0th strength under 

moistened m icroscope co ve r and then p lanting  out into potting m ixture 

( 1: 1 v / v  m ix tu re  of v e rm ic u lite  and sand) w hich was s te r i l is e d

using emesan 0.1 per cent, in tu b u la r  polythene bags covered  w ith

moistened p la s t ic  co ve rs  fo r four w eeks. When the growth p e rf o r ­

mance of the p la ntlets  of the thre e  banana c u lt iv a rs  were compared 

s ig n if ic a n t  d ifference was found to e x is t  between v a r ie t ie s  in the 

case of plant he igh t and the length of the longest lea f.


