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ABBREVIATIONS

AC act ivated  ch arcoa l

BA benzyladenine

BAP benzylamino purine

cv cu l t ivar

CW coconut water

2 ,4 -D 2 , 4 - d i c h l o r o p h e n o x y a c e t i c  acid

Fe EDTA f e r r i c  sa lt  of  e thy lenediaminetetra  a ce t i c  acid

g a / g a 3 g i b b e r e l l i c  acid

IAA in do le  -  3 -  a ce t ic  acid

IBA in do le  -  3 -  b utyr i c  acid

KC Knudson’ s C (1946) medium

KIN kinetin;  N^- furfuryladenine

MS Murashige and -Skoog's (1962) medium

NAA o<C -  naphthalene ace t i c  acid

ppm parts  per  m i l l i on ;  mg / 1

VW Vacin and Went 's  (1949) medium

v / v volume in volume

w /v weight  in volume
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INTRODUCTION

O rch ids  belong to the family O rch idaceae  w hich  is cons idered  

as the la rges t  family  of f lower ing  plants ,  com pr is in g  about 600-800

genera and 25,000 -  35,000 s p e c i e s .  They e x h i b i t  an i n c r e d i b l e  range 

of d i v e r s i t y  in s ize ,  shape  and co lour  of their  f l o w e r s  and occupy

prime p os i t ion  among a l l  the f l ow er ing  plants.  They are known for

the ir  longer  last ing and bewitch ing ly  beautiful  f l o w e rs  w hich  fe tch  

a v e r y  high p r i c e  in the international market .

Major ity  o f  the cu l t ivated  o r c h i d s  a r e  n a t i v e  of  t r o p i c a l  

countr ies  and occur in the ir  greatest  d i v e r s i t y  in humid t ro p i c a l  

fo res ts  of  South and Central  America,  M ex ico ,  India,  Cey lon,  Burma, 

South China, Thai land,  Malayasia ,  P h i l l i p in e s ,  New Guinea and 

Austra l ia .  From India about 1300 s p e c ie s  have  been reported  

(M aheshwari ,  1980),  scattered  all o ver  N.E. Himalayas (600 s p e c i e s ) ,  

N.W. Himalayas (300 s p e c i e s ) ,  Maharashtra (130 s p e c i e s ) ,  Andaman 

and Nicobar  is lands  (70 s p e c i e s )  and Western Ghats (200 s p e c i e s ) .

In s p i t e  o f  being v e r y  r ich  in o r c h id  wealth ,  the o r c h id  

industry  in India is s t i l l  in its in fancy .  The  t ro p i c a l  o r c h id  product ion  

in Thailand was 83.0 per  cent during 1987-88,  w h i l e  India ,  though

endowed with a v ar ied  a g ro - c l im a t i c  con d i t ion s ,  r i c h  manpower and 

t echno log ica l  advancement,  has made only a marginal p rogress  in 

e x p lo i t in g  the potential  international market.
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Kerala is one of  the leading States in the cu l t iva t ion  of o r c h i d s  

in India .  The  c l im a t ic  condit ions  o f  Kerala enable  the cu l t ivat ion  

of  some important t r o p i c a l  o r c h id s  l i k e  A r a c h n i s , Dendrob ium, 

Cym bid ium , C a t t ley a , Phalaenopsis  and Vanda. One of  the largest  

and most d i v e r s e  genera of  o r c h i d s ,  with nearly a thousand d i f f e r e n t  

s p e c i e s ,  Dendrobium is 'the most chal lenging  to the beginner.  It is 

a lso  one of  the important genera w id e ly  e x p lo i t e d  in o r c h id  cut f l o w e r  

industry .  Though new c r o s s e s  and c lones  are introduced annually, 

there  is a c o n s id e r a b le  demand for  them.

The length of time taken fo r  clonal propagation by the 

conventional method of  b a c k - b u lb  cu lture  has been a ser ious  drawback  

in the o r c h id  industry .  T h e r e fo r e ,  there  must be  a rapid clonal 

propagation  technique  to meet the market demands and to op t im ise  

the income fo r  the g row er s .  The technique  of  meristem culture makes 

i t  p o s s i b l e  to p rod u ce  qual i ty  plants in large  quant it ies by clonal 

m ult ip l i ca t ion ,  es tabl ishm ent  of h y b r id  plants and improvement of 

o r c h id  t rade .

Success in c lonal  propagation  o f  Dendrobium through meristem 

culture  has been repor ted  by Morel  (1965a,  1965b) .  Though in v i t r o

propagation  technique ,  ' h a s  long been in vogue,  s e v e ra l  minor fa c to r s  

are found to influence the percentage of  success ,  with s p e c ia l  re fe ren ce  

to shoot  or root  formation,  as w e l l  as the  per form ance  of  p lant le ts  

in v i t r o  and v i v o . The  rate of  growth o f  the plant,  e s p e c i a l l y
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in the case,  o f  w i ld  s p e c i e s ,  is extremely  slow and the explants

a v a i la b l e  per  plant w i l l  a lso  be l o w .  Hence i t  would be d e s i r a b le

to examine the p o s s i b i l i t y  of using all  plant parts  l i k e  shoot  t ip s ,

a x i l l a r y  buds,  nodal sect ions  and f l o w e r - s t a l k  cuttings as exp lants .

The present  invest igat ion  is aimed at s tandardis ing  the explants  

fo r  v i t r o  propagation  o f  Dendrobium s p p .  with the fo l low in g

o b j e c t i v e s .

i )  To study the response  of  d i f f e r e n t  explants  

i i )  To id en t i fy  the best  exp lant  source
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REVIEW OF LITERATURE

The standardisat ion  o f  in v i t r o  cloning techniques of  o r c h id s  

in 1960 's  has made a b ig  im pact  on th e ir  cu l t ivat ion ,  and t issue cu l ture  

techniques  are  now w id e ly  used throughout  the w or ld  f o r  o r c h id

propagat ion .  The  use of  t i ssue  culture  technique  in o r c h i d s  has enabled

the  m ult ip l icat ion  o f  qual i ty  plants in large  numbers ,  establ ishment  

of  h y b r i d  plants and improvement of  o r c h id  t rade .  Examining the 

su i ta b i l i t y  o f  d i f f e r en t  plant parts  f o r  use as exp lants  has an added 

va lue  in the con tex t  of slow  growth of  o r c h i d s .

2 .1 . Advances in orchidology

The r o l e  o f  m y c o r r h i z a e  in o r c h i d  seed germination was 

d i s c o v e r e d  by Noel  Bernard in 1899 (Bernard ,  1909) and it  formed

the bas is  o f  _in v i t r o  s y m b io t i c  seed germination p ro c e d u r e .  Later 

on, a n o n -s y m b io t i c  cu lture  method was d e v e lo p e d  by Knudson (1922) 

who showed that o r c h id  seeds  could germinate on a r e l a t i v e l y  s im ple  

medium containing su cr ose .  This  became the standard p r o c e d u r e  fo r  

germinating o r c h i d  s e e d s .  Thus Jn v i t r o  p r o c e d u r e  f o r  seed germination

o f  o r c h id s  h a s .  been in p r a c t i c e  s ince  the turn o f  the  century .

The  e a r l i e s t  r e p o r t  o f  using t i s s u e  culture technique  in the 

cl ona l  propagat ion  of  o r c h i d s  was that o f  Rotor (1949 ) .  O bserv ing  

that p lantle ts  could  d e v e lo p  from buds of  in f l o r e s c e n c e  in P h a la e n o p s i s , 

he cultured f l o w e r  stalk nodes  _in v i t r o  and obtained some p lant le ts .
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Very su ccess fu l  results  have a l rea dy  been obtained in the m e r i 

stem culture  of  carnations ,  da h l ias  and p ota toes .  (M ore l  and Martin,  

1952,  1955).  However ,  the  c r e d i t  f o r  the  in it iat ion  o f  meristem culture

techniques  in o r c h i d s  goes to Dr .G .  Morel  o f  INRA, V e r s a i l l e s ,  France 

(M ore l ,  1960, 1964).  Morel  ( 1965a) out l ined var ious  a sp ec ts  of  meristem 

culture  in d e t a i l .  Success ful  results  were  obtained in C a t t ley a , Dendvo- 

bium, L y c a s t e , M i l ton ia , Qdontoglossum and P h ia u s . Morel (1965a) 

suggested that ,  by using the 1 t e chniques ,  large s c a l e  o r c h id  plant 

product ion  cou ld  be  p o s s i b l e ,  as in roses  or carnations .  The techniques  

and d e ta i ls  in v o lv e d  in meristem t issue  propagation in v i t r o  were  

fur ther  exp la in ed  by Is l e y  (1965) and Russon (1965).

The benef i ts  o f  meristem culture at tracted the attention o f  many 

r e s e a rc h e rs  and work  on var ious  v a lu ab le  o r c h i d  h y b r i d s  was initiated 

in d i f f e r e n t  l a b o r a t o r i e s .  Detai ls  were  d i s cu s s e d  regarding  the nature 

o f  propagat ion  mater ial ,  method o f  ob taining s t e r i l e  meristem, s i z e  

o f  the  exp la n t ,  pH o f  the  medium and d i f f e r e n t  environmental  condit ions  

su i tab le  fo r  cultures (B e r ts ch ,  1966; Marston,  1966, 1967, 1969; Marston 

and Voraura i ,  1967; Goh, 1971).  The major deve lopm ent  in the c u l t i 

vation o f  o r c h i d s  in the w or ld  has been due to  modern s c i e n t i f i c  

t ehnology  w h ich  has been su i tab ly  used in o r c h id  seed germination 

and meristem cu lture  (Chadha and Singh,  1985) .

Of the  d i f f e r e n t  ex plants t r ied  in the meristem culture of  

o r c h i d s ,  in d i f f e r e n t  genera,  ap ica l  shoots  or a x i l l a r y  buds p rov ed  

to be the  b es t  source  o f  exp lants  f o r  success fu l  c lona l  propagation,  

f o l l o w e d  by in f l o r e s c e n c e ,  l eaves  and r o o t s .  Meristem cultures  were
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also  used fo r  induction of  p o l y p l o i d y  in Cym bid ium , Dend robium and 

Vanda h y b r i d s .  The cultures  were treated with c o l c h i c i n e  ( 0 . 1 - 0 . 5  

per cent)  and the t e t r a p lo id  and h e x a p lo id  p lantle ts  that resulted  

w ere  grown to maturity (Wimber ,  1963; Wimber and Van Colt ,  1966; 

V a jrabhaya  and V a jra bhaya ,  1970; Sanguthai et  ̂ a l . ,  1973; Sanguthai

and Sagawa, 1973; V a jrab h ay a ,  1975) .  Further w orks  are  necessary
i

in the rap id  c lona l  mult ip l icat ion  o f  o r c h i d s  making use of al l  the 

a v a i la b l e  plant p a r t s .

2 .2 .  Selection of explant

It  has been f a i r l y  w e l l  documented that t i ssues  taken from 

f i e l d  grown plants round the year are  not equal ly  amenable to t i ssue  

culture  c o n d i t i o n s .  From d i f f e r e n t  studies  i t  has been found that the 

time of  the year  the cultures  were  e s ta b l i s h e d  and the cultural  c o n d i t 

ions in the f i e l d  w ere  c r u c ia l  for  the  success  o f  the t i ssue  culture 

technique .

Hasegawa and Goi (1987) repor ted  that the rh izome formation 

from shoot  t ip  cultures  in Cymbidium goer ing i i  R e ih en b a ch f i l  was 

maximum in A p r i l  when cultured in MS medium and in lune  with m od i f ied  

Vacin and Went medium.

Ster i l i za t ion  o f  the  explants  i s  an important p r o c e d u r e  in t issue  

cu l ture .  The aim in sur face  s t e r i l i z a t i o n  is  to rem ove  all  of  the 

microorganisms present  op the  exp lant ,  with a minimum of  damage
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to the plant part  to be cu l tured .  The  standard p r a c t i c e  is to use 

a strong o x id a n t ,  e i th e r  ca lcium h y p o c h l o r i t e  or sodium h y p o c h l o r i t e  

( in  the form o f  c om m er c ia l ly  prep ared  household  b lea c h ,  e g . ,  C h lorox  

or o ther  brand . name) to  k i l l  the m icroorgan ism s.  The  strength of 

s te r i l i z a t i o n  solut ion and the time pe r io d  req u ired  f o r  decontamination 

depend on the  c lean l iness  o f  the exp la nt  mater ia l .  T he  strength of  

ca lcium h y p o c h l o r i t e  so lut ion used by va r ious  w o r k e r s  ranged from 

0 .4  to 8 .0  per  cent (80 g /1 ,  which  is  a lready  a saturated so lu t ion ) ,  

whereas  that o f  commercia l  b leach  ranged from 5 to 20 per  cent,  with 

the  extrem e o f  50 per cent used by Ball £ t  al_. (1975) f o r  Phalaenopsis  

f l o w e r  s t a lk s .  For r e l a t i v e l y  clean plant organs,  a general  cleaning 

f o l l o w e d  b y  a s h o r t  p er iod ,  ex p o su re  (5 to 15 m in . )  in commercial  

b leach  solution is  su f f i c i e n t .  With d i f f i c u l t  mater ial ,  usually  a . tw o -  

stage p ro c e d u re ,  a s tronger  solution f o l l o w e d  by a more  d i lu te  solution,  

is  recommended.  Very often ,  e i th er  the  organ is cleaned f i r s t  w ith  

ethanol ,  or  a wetting agent such as Tween 20 is  added  to the s t e r i l i 

zation solution to a c h ie v e  bet ter r e su l t s .  Rask^iokas et  a l .  (1989) 

suggested that the best  s te r i l i z a t i o n  sequence  f o r  Cymbidium corm 

meristems was treatment in 70 per cent e th y l  a l coh o l  for  10 minutes,  

in 0 .1  per  cent d ia c id  f o r  5 minutes and f in a l ly  in 10 per  cent  

Chloramine B f o r  10 minutes.

In sy m p o d ia l  o r c h i d s  l i k e  C a t t l e y a , Cymbidium and Dendrobium, 

a young s h oo t  ar is ing  from b a c k - b u lb  p r o v i d e s  s u i ta b le  material  f o r  

t i ssue  cu l ture .  ' On longer  sh o o ts ,  th ere  -may be s e v e r a l  a x i l l a r y  buds
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as w e l l  as a p i c a l  buds,  w h i l e  in monopod ia l  o r c h i d s  l i k e  Vanda, A er ides  

and Phalaenopsis  nodal sec t ions ,  shoot  a p i c e s ,  k e i k i s  or o f f  shoots  

and even f l o w e r  stalk  cuttings could be used.  The o ther  parts o f  the 

plant l ik e  lea f  and root  have  a lso  been used by var ious  w o r k e r s .

The use o f  _in v i t r o  techniques  fo r  c lonal or asexual  mass 

propagation is  the  most advanced app l i ca t ion  o f  plant t i ssue  cu lture  

(T h o r p e  and Patel ,  1984).  Rapid asexual  mult ip l icat ion  can be 

a ch iev ed  by e i ther  enhancing a x i l l a r y  bud breaking  or by  producing

advent i t ious  shoots  through organogenesis  or through somatic  e m b r y o -  

genesis  (Murashige ,  1974; T h o r p e  and Patel ,  1984).

2 . 2 , 1 .  Enhanced re lease  of  a x i l l a r y  buds

A x i l l a r y  buds have been used together  with shoot  t ip s  In most 

studies  with o r c h i d s .  These  buds are present  in a x i l l a r y  pos it ion  

and they  normally  d e v e l o p  into in f l o r e s c e n c e .  However ,  in most 

o r c h i d s ,  not e v e r y  a x i l l a r y  bud d e v e l o p s  into an in f l o re s c e n ce .  

Furthermore,  because  of  the a p ica l  dominance e f f e c t  a t least  a certain

number o f  buds below the  apex remain qu iescent .  These  buds may, 

h ow ev er ,  be  v e r y  p o o r ly  d e v e l o p e d  (M ore l ,  1974).  In many studies

a x i l l a r y  bud ex plants w ere  as r e s p o n s iv e  as shoot  t i p s .  Loh et a l .

(1978) w ere  o f  the  op inion  that there  was genera l ly  a d e c r e a s e  in 

the genera t ive  ca p a c i ty  when the buds were  d e r i v e d  further  away 

from the  a p e x .



9

dohanson (1967) used both m icro  and macro  meristems (a p ica l  

and la tera l  buds)  o f  Cymbidium fo r  cu l ture .  He found that the m acro -  

meristems w ere  better  than the m icro  m eristems.  Sagawa and Kunisaki

(1969) suggested that the  b es t  explants  f o r  t issue cu lture  f o r  C ym bid ium , 

Dendrobium and Catt leya  w ere  a p ica l  and a x i l l a r y  buds .  In another
--------------------------------------------------------------  ' —  -  -  — "  r

study Kim ^  a l .  (1970) o b s e r v e d  that the percentage  of s u rv iv a l  of 

a x i l l a r y  buds o f  Dend robium pha laenops is  was h igher  than terminal 

bud exp la n ts ,  but the s u r v iv a l  d im in ished  with increas ing  he ight  of  

nodes from w hich  a x i l l a r y  buds were  taken.

Schmude (1984) repor ted  that fu l ly  grown plants could be 

obtained from meristems in 2-3  y e a r s , ,  w ith  the  f i r s t  f low er in g  4-6 

months after removal  from cultural  f l a s k s .  Success ful  and rapid  mult i 

p l i cat ion  was o b s e r v e d  by  Wu et aL  (1987) in d i f f e r e n t  s p e c ie s  o f  

Cymbidium through shoot  meristem culture .  Sagawa and Sho ji  ( 1967) 

opined  that sh oo t  t ip cultures  necess iated  the s a c r i f i c e  o f  the ent ire  

new growth or a w h o le  plant for  a p r o c e d u r e  w hich  at b es t  might 

be success fu l  w ith  66.7 per  cent of the exp la nts .

As with Cymbidium and other  s y m p o d ia ls ,  shoot  t ip s  remained 

the most commonly used explant  f o r  m onopodia ls  (Goh, 1970; 

Va jrabhaya  and V a jrab haya ,  1970; Kunisaki et a l . ,  1972; Goh, 1973;

Teo al_., 1973; Intuwong and Sagawa, 1974; Goh a l . ,  1.975; Irawati  

et 1977; Lim-Ho, 1981),  Stewart and Button (1975) repor ted  that

plantle ts  and ca l lus  w hich  subsequent ly  gave  r i se  to p lant le ts ,  could
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be d i f fe ren t ia ted  from a s in g le  P aph ioped i lum  stem apex i f  b ac te r ia l  

f r e e  cultures could  be  ob ta in ed .  In a study by Wu et  ̂ a l .  (1987) on 

shoot  t ip cultures o f  or ienta l  o r c h i d s ,  su ccess fu l  and ra p id  m u l t ip l i c a t 

ion was a ch ie v e d  with 20 out o f  45 s p e c ie s  and cu l t i v a r s  tes ted .  

These  inc luded Cymbidium goer ing i i  and C. goer ing i i  v a r .  l o n g ib r a c -  

teatum.

Stem segments of  Phalaenopsis  ( 3 . 0 - 4 . 5  cm long) with a node 

were  used to s tart  the cu l tures ,  by Sagawa (1961) and Scul ly  (1965,  

1966).  Buds enlarged in two weeks f o l l o w e d  by leaf  and root

deve lopment  in 6-20 w e e k s .  Sagawa and Sehgal (1967) reported  that 

stem segments o f  Vanda Miss Joaquim could  be used as explant  to

obtain  p lant le ts  in a p e r io d  of  2-3 w eeks .  Intuwong and Sagawa (1973) 

were  a b le  to prod uce  p lant le ts  d i r e c t l y  in a p e r io d  o f  40-55 d a ys  

from nodal sect ions  o f  Calanthe masuca , Dendrobium and Epidendrum 

ra d i c a n s . Sagawa and •Shoji  (1967) r ep or ted  that some cultures  o f  

Dendrobium took a per iod  of  two yea rs  f o r  p lant le t  formation and 

f l o w e r in g .  Node cultures as a mean o f  c lona l  propagation  f o r  Dendrobium 

was reported  by Ball and A r d i t t i  (1975) .  Slow sh oo t  mult ip l icat ion  

was not iced  in Dendrobium transperens is  when nodal sect ions  were

used as ‘ exp lants  (Honmode and Sehgal,  1991).

2 . 2 . 2 .  Somatic organogenesis ( ca l lu s  mediated)

When t issues  o ther  than meristems are  inoculated in v i t r o ,  somatic 

organogensis  is  o b s e r v e d  e i ther  d i r e c t l y  or through c a l lu s .  The
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growing potent ia l  o f  seed l ing  leaves  was demonstrated and they could  

thus be used to  obtain p lant le ts  in great numbers .  Champagnat et  j i k

(1970) used seed l ing  leaves  of  Catt leya  h y b r i d  to induce fur ther

g row th .  Young lea f  t ips  o f  Dendrobium, Epidendrum and Lae l io ca t t leya  

were  used by C h u r ch i l l  et  a k  (1970,  1971) to induce regenerat ion.

^  Loh et a k  (1975) w ere  a b le  to obtain'  p lant le ts  in 4 months 

from  lea f  t ip s  of  Aranda h y b r i d s .  By using lea ves  as exp lants  the 

damage to the  c lonal  plant could  be minimised or a v o id e d .  Another

study by Vij et  ̂ a k  (1984) using lea f  segments as a source  of  exp lants  

in R h y n c o s t y l i s  retusa showed that mature leaves  d id  not grow and 

became n e c r o t i c  w h i l e  th ose  obtained from ju v e n i l e  l e a v e s  o f  6 month

o ld  p lant le ts  growing _in v i t r o  d eve lop ed  PLBs in 4-7 weeks  depending 

on the growth  medium. Mathews and Rao (1985) o b s e r v e d  leaf  t ip 

regenerat ion when w h o le  lea f  explants were  used and among the i so lated  

lea f  pa rts ,  the  l e a f  base showed p r o l i f e r a t i o n .  The  a b i l i t y  o f  the 

ep iderm al  c e l l s  to regenerate  _in v i t r o  o f f e r e d  e x c i t in g  opportu nit ies  

to use ep id erm a l  p e e l  f o r  m icropropagat ing  o r c h i d s  (V i j  and Pathak, 

1990).

Most o r c h i d s  p ro d u ce  racemose in f l o re sc e n ce  and genera l ly  buds 

in the basal  reg ion of  the a x i s  remain dormant.  Rotor (1949) o b s e r v e d

that f l ow er  s ta lks  with buds  obtained from the m id d l e  port ion  o f  an 

in f l o r e s c e n c e  s e rv e d  as useful  materia l  in P h a la e n o p s i s . Tse  et  al .

( 1 9 7 1 ) ,  r e c o r d e d  poor  growth in f l o w e r  s ta lks  o f  Phalaenops is  as
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compared with Catt leya  and C ym b id ium . Intuwong and Sagawa ( 1973)

inoculated the in f lo res c en ce  p r im or d ia  (1 .5  cm long) o f  A s c o f in e t ia , 

N eosty l is  and V a sco s ty l i s  on l iq u id  medium after removing the bracts .

In a few weeks  abundant p r o l i f e r a t ion s  w ere  formed from hypoderm al  

t issues  o f  the  a x i s .  T issu es  were  trans ferred  in agar medium after 

4 months and seedl ings  ready  for  transplanting were  d e v e lo p e d  in 

15 months.  When pr i .mordia  from larger  in f lo resc en ce  w ere  used (3 .0

cm or more)  the ax is  elongation was ev iden t  and buds d e v e lo p e d  into 

small  f l o w e r s .  By a s im i lar  technique  p lant le ts  w ere  obtained within  

f i v e ,  months in Dendrobium, Phalaenopsis  and Vanda (Intuwong et a l . ,

1972; Singh and Sagawa, 1972 and Intuwong and Sagawa, 1974) .

In Paph ioped i lum  protocorm s have been repor ted  to be formed

sometimes on the ca l lus  w hich  d e v e lo p e d  on young in f l o re s c e n ce s ,  but

plantle ts  have  been d e r iv e d  from them only  in frequent ly  (Stewart and 

Button, 1975).  Yoneda (1986) was a b le  to obtain  p lant le ts  from both 

pr im ary  and secondary  in f l o r e s c e n c e  of  Phalaenopsis  h y b r i d s .  Singh

and Prakash (1984) s u c c e s s fu l ly  propagated  Thunia a lba  through th e  

use o f  f l o w e r  sta lk  cutt ings .  Lin (1986) recommended that the best  

t ime of  c o l l e c t in g  the exp lant  f o r  cu lture was fo l l ow in g  sta lk  formation 

and b e fo re  the  appearance  of  the f i r s t  f l o w e r .  Section from near and 

tip o f  the f l o w e r  stalk gave  best  results .

Attempts to cu lture  roo t  or rh izome t ips  or sect ions  have y ie ld e d  

a low rate  o f  su cc ess .  Beechay (1970) d is cu ssed  the  p o s s i b i l i t i e s  

o f  propagation  from aer ial  roots  and po inted  out that d i f f i c u l t i e s  might
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a r i s e  because of the ir  s p e c ia l  anatomical s tructures .  Explants  of  root  

t ip s  from Vanda seed l ings  _in v i t r o  (Goh, 1970) and m y c o r r h i z a e - f r e e  

root  t ips  (5 mm) from plants growing outdoors  (C h u rch i l l  j^t aj_., 1972) 

d e v e l o p e d  into  thin e t io la ted  s tructures .  Tanaka ^ t  jU .  (1976) were

a b le  to obtain '  ca l lu s ,  PLBs and plantle ts  from root  t ip explants  of

194 -  and 349 -  day o ld  seed l ings  of Phalaenopsis  grown _in v i t r o .

Mathews and Rao (1985) conducted  experiments  for  induction  of  organo

genesis  in Vanda root  e x p l a n t s .■ C hurch i l l  et_ a l .  (1972) repor ted  that 

Epidendrum root  segments grew into thin et io lated  elongated structures 

without produc ing  any c a l l i  or p lant le ts .

2 .3 . Media and media supplements

2 . 3 . 1 .  Media

The ty p e  o f  medium used was a c r u c ia l  fac tor  in determining 

success  ( C h u r c h i l l  et j d . ,  1971, 1972, 1973).  The  important media

used for  o r c h i d  t issue cu lture  are Knudson C (Knudson,  1946) ,  Murashige

and Skoog (1962) ,  Morel  (1965a) Vacin and Went (1949) and White ( 1943).

Of these ,  Vacin and Went and Knudson C are the popular  media used.

However,  th ere  are  re p o r t s  that Murashige and S k o o g ' s  medium was

more e f f e c t i v e  than Knudson C medium (Murashige  and Skoog,  1962).

D i fferent  s p e c ie s  o f  Dendrobium w ere  s u c c e s s fu l ly  cultured on

various  media .  Vacin and Went medium was found the best  by  many

inves t igators  (G i l l i l a n d ,  1958; Nimote and Sagawa, 1961; Sagawa and

Valmayor , 1966 ; Sagawa et a l . ,  1967; Kim et a l . ,  1970; Singh and
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Sagawa, 1972; Sanguthai and Sagawa, 1973 and Valmayor ,  1974).  Clonal 

propagation  o f  Dendrobium through meristem culture  by Sagawa and 

Sho j i  (1967) showed that explants  measuring 2 -4  c u b i c  mi l l im etre  from 

terminal or a x i l l a r y  buds of  D. ph a laen op s is  Jacquelyn  Thomas and 

o ther  ev ergreen  ty p e s ,  when cultured on Knudson 's  C media

p r o l i f e r a te d  and produced  numerous add i t ion a l  PLBs,  but when le f t

undisturbed  p lant le ts  were  fo rm ed .  Irawati  ^ t  a l . (1977) repor ted  

that the bes t  growth and s u rv iv a l  rates were  obtained when the 

a p i ca l  and a x i l l a r y  bud sect ions  of  Dendrobium James Stor ie  were  

cultured in m od i f ied  Knudson's  C medium.

Studies by Fernando (1979) on c lonal  propagation of Dendrobium 

Caeser Red Lip through meristem cu lture  revea led  that the best  

medium was m od i f ied  Vacin and Went (+4 ppm NAA) and the fo l l ow ing  

observa t ion s  w ere  made on the  exp la nts :  a) swel l ing  o f  the  explants

gave  r i s e  d i r e c t l y  to a s ing le  shoot  ( b )  the exp lant  expanded into

a green mass w hich  subsequent ly  grew into PLBs;  w h ic h ,  when f r a c t -  

ioned ,  gave  more  s im i lar  bod ies or ( c )  the ex plants d e v e l o p e d  into 

a s ing le  shoot  at the base of  which  PLBs d e v e lo p e d  later and gave  

r i s e  to p lan t le t s .  A c c o r d in g  to Soedjono (1988) Bayfolan was a new 

medium fo r  Dendrobium Walter Oumae and was ch ea per  than Vacin and 

Went medium. A p i c a l  mer istems o f  Cymbidium were  e x c i s e d  from young 

shoots  and inocu lated  on a l iq u id  medium. Cultures were  agitated fo r  

four w eek s .  PLBs were  p rod u ced  with in  2 i  months.  Many shoots
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d e v e lo p e d  when they  were  transferred  to the so l id  medium (Wimber,  

1963, 1965).

Wil fer t  (1966) suggested that t ra n s v e rs e ly  cut s e c to rs  p roduced  

more PLBs than - the v e r t i c a l l y  cut s e c to rs  when cultured in l iqu id  

medium in i t i a l l y  and then trans fer red  to an agar medium. T h is  was 

later conf irmed by Sagawa et_ al_. (1966) .  A c c o r d in g  to Bivins and

Hackett (1969) Knudson C medium was found to be best  fo r  PLB formation 

and subsequent p lantle t  development  in Cym bidium shoot  t ip cu lture .  

I ch ihaush i  and Kako (1977) repor ted  that Catt leya  shoot  t ips when 

cultured on a so l id  medium turned brown and d ied  eventual ly  due to 

p o ly p h e n o lo x id a s e  a c t i v i t y ,  which  was h ighest  at pH 6.5  and inh ib i ted  

at lower pH. Seed l ing  tip cultures of  Dendrobium pha laenops is

produced  better  results on MS medium supplemented with both n itrate

and ammonium than n itrate  alone (G andawid ja ja ,  1980).

Hasegawa and Goi (1987) repor ted  that shoot  t ip  cultures  of  

Cymbidium kan ran Makino,  produced  rh izomes  better  when cultured 

in Linsmaier and Skoog medium containing organic nutrients at l / 5 t h  

of  standard concentration plus 10 . p e r  cent coconut water .  A ccord ing  

to Scully  (1967) a x i l l a r y  buds from p seu dob u lbs  of  Catt leya f i r s t  

cultured in l iq u id  medium when trans fer red  to agar medium after 2 - 5  

weeks showed increase  in s i z e  in 4-10 w eeks .  The  a x i l l a r y  buds were 

s u b d iv id e d  into  smaller units and inoculated in f r e s h  medium. Two

months after subcultur ing p lantle ts  were  fo rm ed .
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Kunisaki et a l .  (1972) repor ted  increased  p r o l i f e r a t i o n  of  the 

a x i l l a r y  buds o f  Vanda Miss Joaquim and th ree  o ther  h y b r i d s  when 

cultured in a medium without  sucrose .  After  t ry ing  d i f f e r e n t  strength 

of  MS medium, Shimasaki and Uemoto (1987) repor ted  that the medium 

with a di lution of  l / 8 th gave best  results in the a x i l l a r y  bud culture 

of  Calanthe-

The  technique  of  culturing  leaves  from mature plants in shaken 

l iqu id  medium w hich  p rod u ced  rooted p lant le ts  or PLBs in i t ia l ly  and 

then p lant le ts  on transfer to so l id  medium was re f ined by C h u r ch i l l  

et  a l . (1973) .  M ic ro in f l o re s ce n ce  of Oncidium var icosum  (obta ined from 

a natural mutant, Baldin) when cultured  on l iq u id  Knudson medium, 

supplemented with 0.5 mg/1 NAA under 16 h p h o to p e r io d  and 25°C, 

produced  PLBs (Kerbauy,  1984b) .  Plant regeneration studies on 0 .  

varicosum by root  t ip cu lture  indicated  that the buds produced  from 

PLBs in VW medium with 15 per  cent CW when t ra ns fer red  to Knudson 

C medium resulted  in root  regenerat ion.  The  m od i f ied  MS medium 

containing l e s s e r  amounts o f  KNO^ and NH^NO^ than th ose  of  the or ig ina l  

MS medium was opt imal  f o r  the product ion  of  p lantle ts  from rhizomes 

of  C. kanran without auxins and cy tok in ins  (Shimasaki and Uemoto, 

1990>.

2 . 3 . 2 .  Growth regulators

Subsequent to the deve lopment  of  d i f fe ren t  media  f o r  o r c h id  

t issue cu lture ,  s e v e r a l  m odi f i ca t ions  were  made to the media by
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changing the  ingredients  and the ir  qual i ty  and quant ity .  The most 

important deve lopm ent  in the culture media  was the incorporat ion  of 

growth substaqces w hich  inc lude  auxin,  g i b e r e l l in s ,  cy tok in in s  etc.

When e x c i s e d  ap ices  of  Rhyncosty  l i s  gigantea were  cultured 

on a com pos i te  agar medium supplemented with NAA and coconut milk ,  

p lant le ts  could  be  produced  in 3 j  months but fo r  ca l lus  product ion

about 7 months were req u ired  (V a jrabhaya  and V a jrabhaya ,  1970). 

A ccord in g  to Steward annd Mapes (1971) shoot  apex of Cymbidium 

h y b r i d s  when grown in agar medium supplemented with coconut milk 

and NAA d e v e l o p e d  ca llus  w hich  was t rans ferred  to a l iqu id  medium 

of same com pos i t ion .  Free  c e l l  product ion  was better  when NAA was

rep laced  by 2 ,4 -D .  Studies by Kukulczanka (1976) on e f f e c t  of c y t o 

kinins and hormones on Cymbidium shoot  t ip cu lture showed that a 

phytohormonal  complex  (S-161) prevented p ro l i f e r a t i o n  of PLBs at low 

concentration ( 0 . 2  -  1 0 . 0  ppm) but there  was 10 0  per cent plant let

formation at 100 -  1000 ppm. Kim and Kako (1984) reported  that shoot

apices of  Cymbidium x Sazan ami ( c v .  Harunoumi) when cultured on 

so l id  MS medium with BA 0 .1  ppm, enhanced and NAA at 0 .5  ppm

in h ib i ted  leaf  elongation,  d i f fe rent iat ion  and formation of PLBs.

Kukulczanka (1985) studied the e f f e c t  o f  Biostinin on the

growth o f  mer is tematic  t i ssue  and protocorm formation of  Dendrobium 

and C ym b id iu m . He found that addit ion  of Biostinin resulted  in good

growth of the meristematic  t i ssue  of an intense green co lour and marked 

increase  in f r e s h  and dry  w eights .  The Biostinin^ l i k e  BA, increased
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the number o f  p ro to c o n n s  and l ik e  auxins ,  stimulated the formation 

o f  lea fy  shoots  and roots .

Gu et aK (1987) w ere  of  the opinion that PLBs,  and eventual ly 

p lant le ts ,  could  be prod uced  when shoot  t ips  from lateral  buds of 

Cymbidium pseudobu lbs  w ere  cultured in a m odi f ied  VW medium contain

ing BA w h i le  the addit ion  of  2 ,4 -D  or IAA had l i t t l e  or no e f f e c t .  

Honmode and Sehgal (1991) were  ab le  to produce  m ult ip le  shoots from 

shoot  t ips  of  R h y n c o s ty l i s  retusa when cultured in MS medium s u p p le 

mented with NAA (5 M) and Kinetin (20 q M ) . In o r d e r  to es ta b l i sh  

the asexual propagation time o f  P e r i s t e r ia  elata through tissue culture 

technique ,  the  shoot ap ices  with 2-3 internodes  from in v i t r o  ra ised  

seedl ings  w ere  cultured on MS medium with supplements l i k e  BAP and 

4 -p h e n y lu re a  to induce m ult ip le  shoots .  During enhanced a x i l l a r y  

branching ,  nearly  15-20 shoots  were p rod u ced  in 40-45 days  (Gayatri  

and Mahesha, 1991).

Kukulczanka and W ojc i c chow sk a  (1983) obtained good results  

on the d eve lopm ent  of la teral  buds on iso lated  shoots  of Dendrobium 

antennathum and D. pha laenops is  by treating the cultur ing medium with 

BA and peptone .  Shimasaki and Uemoto (1987) found that app l i ca t ion  

of  BA to explants  of  a x i l l a r y  buds of  Calanthe promoted shoot growth .

Under the influence  of  o r t h o c h lo r o p h e n o x y  ace t i c  a c id ,  ca l lus  

was obtained from Epidendrum leaf  t ips  and at opt imal  concentrat ion 

( 2  m g / 1 ) growth im p ro v e d ,  as ev iden ced  by an increase  in the dry  

weight  (Rudolph et  a l _ . , 1972).  Tanaka and Sakanishi (1977) were  ab le
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to produce  PLBs, and eventual ly  p lant le ts ,  from leaf  segments e x c i s e d  

from young shoots  d ev e lo p in g  on nodal f l o w e r  stem cutttings of a 

Phalaenopsis  am abi l is  h y b r i d ,  cultured in MS medium ;  supplemented 

with NAA 1 ppm, BA 10 ppm and adenine 10 ppm. For meristem t issue  

deve lopm ent  of  Cymbidium corm,  Reiner t -Mohr  or Knudson C medium 

was most s u i ta b le  and p ro tocorm s  formed best  on Prasad-M itra  medium 

containing kinetinl  adenine ,  vitamins B^, B^ and PP, IAA and NAA 

stimulated plant regeneration (Raskaukas et  j d . , 1989).

Vij et _al. (1991a) made attempts to assess the regenerat ive

potentia l  of  lea f  ep iderm is  ( p e e l s )  of  R h y n c o s ty l i s  r e tu sa . The ex plants 

com pr is ing  e x c l u s i v e l y  of ep iderm al  c e l l s  p e r i s h e d  within  2 weeks  

o f  inoculation when cultured in Mitra et-al ($9 7 $) med ium supplemented with 

auxins (IAA, IBA or 2 ,4 -D )  and cytok in ins  (KIN) and GA^. The explants  

with 2-3 under ly ing  l a y e r s  o f  c e l l s  p r o l i f e r a te d  in 3 weeks .  The

ca l lus  prod uced  were  i r r e g u la r ly  compact  with sev era l  growing points,  

y e l l o w  and caulogenic ,  when 2 ,4 -D  was supplemented in the medium. 

With kinetin as the medium supplement,  somatic em bryos  were

pro d u ce d ,  w h ic h  d e v e lo p e d  into PLBs and la ter  into plantlets  with 

2 -3  leaves  and 1-2 roots .

Transcinnamic ac id  in Knop 's  medium stimulated the development  

o f  dormant buds on P halaenops is  f l ow er  s ta lks  (Ball  and A r d i t t i ,  1975).  

A c c o r d in g  to Jambor-Benezer  et - a l . (1986) ,  buds from in f l o re s c e n ce

stem of  PL a m abi l is  soaked in 100 ppm BA fo r  1-3 hours and cultured 

i l l  v ^ ro 6 ave  best  results .  Vij et  al .  (1991b) repor ted  the m orphogenet ic
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response  of f l o r a l '  buds of  Dendrobium crepidatum and D. p i e r a r d i i  

in v i t r o . When cultured in Mitra j|t jd_. ' medium supplemented with 

2 g/1 p e p t o n e /y e a s t  ex t r a c t ,  1.0 -  2.5  mg/1 IAA/NAA and 1.0 mg/1

BAP/kinet in ,  the o ld e r  buds matured into a f l o w e r ,  whereas  the younger 

ones rever ted  to  v e g e ta t iv e  growth.  Flower  sta lk  sect ions of 

Phalaenopsis  and D o r i ta e n o p s i s , when cultured on m od i f ied  VW medium 

with BA 1 or 5 mg/1,  resulted  in formation of  PLBs on ep iderm is  and 

cut sur face  in 30 d a y s .  Advent it ious  buds were  formed and grew into 

p lant lets-  a fter  60 days  of  cu lture (Lin,  1986).  In another study Kim 

and Kako (1984) cul tured f l o r a l  parts  of  Cymbidium x Sazanami c v .  

Harunoumi on MS medium ( s o l id  or l i q u id )  supplemented with NAA and 

BA.

Sagawa e t  al_. (1966) could s u cc e s s fu l ly  p rod u ce  p lantlets  by 

culturing r o o t - t i p s  o f  Dendrobium Lady Hay and Dendrobium Jacquelyn 

Thomas on. m od i f ied  VW medium supplemented with 2 ,4 - D .  Stewart and 

Button (1978) op ined  that ca l lus  . could  be obtained from root t ip s  from 

plantle ts  of Epidendrum Obrienianum grown _in v i t r o  when 2 ,4 -D  was 

added to the medium. Vij et jH. (1987) repor ted  that root ' segments 

o f  R h y n c o s ty l i s  retusa (obta ined  from 38 week o ld  axen ic cu l tures )  

when cultured  in MS medium, supplemented with NAA or BA (1 mg/1) 

and 0 .2  per  cent AC, gave com plete  p lantle ts  with 2-3 l e a v e s  in 17-32 

w eek s .  Plantlets w ere  obtained at a fas ter  rate ( in 12 weeks)  i f  NAA 

alone was supplemented in the medium.
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Rhizome t ips  o f  Cymbidium g oer in g i i  and C. pumilum inoculated

on agar medium supplem ented  with KIN (10 mg/1)  and maintained in

the  dark gave  r i s e  to masses of  rh izomes  without shoot formation,

-3  ' -but when L -arg in ine  (10 M) was a dded ,  shoots  d e v e l o p e d  (Ueda and 

Tor ikata ,  1972).  Lee j it  al_. (1986) repor ted  that rhizomes of  Cymbidium 

kanran obtained from seed l ings  ra ised from surface  s t e r i l i z e d  seed s ,  

when cultured in M.5 medium containing high  NAA : BAP rat ios ,  the

growth  rate was enhanced.

Shimasaki  and.  Uemoto (1990) repor ted  that only vegeta t iv e

shoots resulted  from rhizomes cultured In v i t r o  when lower  NAA : 

BAP rat io  was used.  The  rhizomes were  induced from the a x i l s  of 

l e a v e s '  when shoots were  ex planted to medium containing high concent 

rations o f  NAA. Root formation of C.  kanran was inh ib i ted  by the

addit ion  of  e i th er  auxins or cy tok in ins  to the culture  media .

2 . 3 . 3 .  Media supplements

O rch id  growers  add , to the o r c h id  media an e x tra ord in a ry  

v a r i e t y  o f  ingredients  e i ther  fo r  seed germination or fo r  the fur ther  

g rowth of  the p lant le ts .  The  e f f e c t  is  real  but most d i f f i c u l t  to

s tudy ,  due to the chem ica l  c o m p le x i ty  of these  ingredients. .

Soediono (1983a) suggested a method fo r  saving contaminated 

t issue  culture  of  Dendrob ium. Callus ,  p lant le ts  and PLBs of Dendrobium 

( c v .  Tay Sweekeng) contaminated with unidenti f ied  fungi and bac ter ia  

w ere  d is in fe c ted  su cc e ss fu l ly  by  r ep ea ted ly  transferring  them to 50 ml
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of  cu lture  medium containing 2 .5  mg Benlate (50% Benomyl ,  5000 units 

o f  nystain,  8000 .units  P e n ic i l l in  G (B e n z y lp e n i c i l l in )  and 2 .5  mg 

Gentamycin.

Soedjono  (1988) repor ted  that in Dendrobium Walter Oumae best  

root  and shoot  growth were  obtained when Bayfolan medium was su p p le 

mented with coconut  water ,  sugar,  c h a rc o a l  and f i s h  emulsion.  The 

shoot  meristems o f  Cymbidium spp when cultured on MS or White media,  

supplemented with 10 per  cent  coconut water and NAA 5 mg/1^produced  

PLBs in 4 -6  months.  When these  were d i v i d e d  and subcultured  in 

l iqu id  medium containing same a d d i t iv e s  they formed new b r ig h t  green 

rose t te  of  PLBs within a month.  The rose t te  PLBs formed plantlets  

on White,  MS or VW b a s i c  l i q u id  media  with 10 per cent CW and 

cultured in a rotary  shaker .  Th is  suggested the p o s s i b i l i t y  of r e p e t i t i v e

mass of  c lonal  propagation  (Wang, 1988).

Steward and Mapes (1971) were  ab le  to p ro d u ce  callus  from 

shoot  apex of Cymbidium h y b r i d s  by culturing them in a medium 

supplemented with coconut m i lk ,  Soediono  (1983b) suggested that VW 

medium with 15 per  cent ‘ CW was su i tab le  fo r  in it ia l  cu lture of  shoot

t ips  of  Dendrobium c v .  Jacquel ine  Thomas 'W h i t e 1, and a lso  for  rapid

p r o l i f e r a t i o n  of PLBs and p lant le t  format ion .  Accord ing  to Kim et al .

(1970) buds e x c i s e d  from Dendi obium b u lbs ,  as w e l l  as those  from 

leaf  a x i l s  cultured on VW l iq u id  medium, supplemented with 15 per  

cent coconut water ,  p rod u ced  PLBs in 4-5 weeks  and plan-tiets in 8 

weeks .
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The PLBs obtained through in v i t r o  culture, of  seed l ing  leaf  

segments o f  Phalaenopsis  spp were  cultured on media  containing peptone 

or  t ryptone  o f  var ious  concentrat ions .  Segments from d o rsa l  parts  of

PLBs,  formed plantle ts  w h i l e  those  from basal  parts  p rod uced  no plant

lets  (Amaki and Higuchi,  1989).

A study was conducted on c lonal propagation  of  sarcanthine  

o r c h i d s  by  a s e p t i c  cu lture  in in f l o re s c e n ce  by  Intuwong and Sagawa 

(19 73 ) .  This  study has shown that in f l o r e s c e n c e  1.5 cm or l ess  from 

sarcanthine o r c h i d s  could  be su cc e ss fu l ly  induced in a sep t ic  cu lture  

to p r o l i f e r a t e  and d i f f e r e n t ia te  into p lan t le t s .  M odi f ied  VW medium

with su cr ose ,  CW, potato e x t r a c t  and homogenized banana w ere  used 

fo r  contro l  of  growth and deve lopment .  The  PLBs obtained from m i c r o 

in f l o re s c e n ce  o f  Oncidium varicosum when cultured in Knud s o n ' s  medium 

containing 60 g/1 banana, 10 g/1 sucrose ,  0 .8  per cent agar and 1 g/1 AC 

and 27.8  mg/1 Fe EDTA, f l o w e r in g  o cc u rred  after 8-9 months of

culture ,  compared with plants growing under natural  condit ions  

(Kerbauy,  1984b) In another study by Kerbauy (1984a) on' plant regener 

ation of  0 . var icosum by means o f  root  t ip ■ cu lture  indicated  that 

ca l lus  p r o l i f e r a t i o n  was h ighest  (16 per cent) in roo t  t ips  cul tured 

on VW medium supplemented with 15 per cent coconut water .

2 .4 . _In vitro  rooting

Although a number o f  plants root  spontaneously in cu lture ,

Shoots'  of  most s p e c i e s  m ult ip l ied  _in v i t r o  lack  a root  system.  Rooting
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with or without a rooting hormone or.  by  treating the shoots  as 

conventional cuttings after removal from s t e r i l e  cu ltures  (Yeoman, 1986).  

A l l  cy tok in ins  in h ib i t  root ing,  and BA w hich  is w id e ly  used fo r  shoot 

m u lt ip l i ca t ion ,  does  so p a r t i c u la r ly  s t rong ly ,  even a fter  transfer to 

cy tok in in  f r e e  medium. Since auxin is  essentia l  f o r  root  in it iat ion ,  

m a jor i ty  o f  stage III media  contains auxin as a supplement .  Severa l  

r e s e a rc h e rs  have  shown that _m v i t r o  rooting can su cc e ss fu l ly  be 

a ch iev ed  by reducing sa lt  concentrations in the media ,  p a r t i cu la r ly  

MS, w hich  contain high sa lt  concentrat ions .  Honmode and Sehgal (1991) 

repor ted  good rooting in shoots  obtained Jri v i t r o  from nodal  sections 

o f  Dendrobium transperens is  in MS medium containing IBA (5 M) . 

NAA favoured root induction in half  strength MS medium in P e r i s t e r ia  

elata Hook (Gayatr i  and Mahesha,  1991).

2 .5 . Planting out and acclimatization

Accl imat izat ion  is necessa ry  in tile case  o f  m icrop ropagated  

plants because _m v i t r o  plant  materia l  is not adopted for  in v i v o  

condit ions  (Brainerd  and Fuchigami,  1981).  The success  in a cc l im a t iz a t 

ion of  m icrop ropagated  plants is  l a rge ly  dependant upon not only the 

p o s t - t r a n s fe r  growth con d i t ion s ,  but also upon the p r e - t r a n s fe r  culture  

condit ion  ( Z i v , 1986).  T issu e  cultured plants are v e r y  p o o r ly  adapted

to r e s i s t  the  low r e la t i v e  humidity ,  h igher  l igh t  l e v e l s  and more 

v a r ia b le  temperatures p re v a i l in g  outs ide  (Wainwright,  1988).
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Light ,  temperature and re la t ive  humidity are  the three  major

fa c to r s  to be contro l led  during acc l imat izat ion .  Hu and Wang (1983)

suggested a p e r io d  of  humidity acc l imat izat ion  f o r  the newly t ransferred  

p lant le ts .  Rajmohan (1985) repor ted  the use of  p l a s t i c  m ic r o s c o p e  

c o v e r s  f o r  maintaining 90-100 per  cent r e la t i v e  humidity and obtained 

55-60 per cent s u r v iv a l  o f  in v i t r o  prod uced  ja ck  p lant le ts .

Thorough washing o f  the p lant le ts  to remove  the traces  of

nutrient medium and s t e r i l i s in g  the pott ing mixture  el iminated serious  

prob lem s  o f  fungal infection (Anderson,  1980).  P h y s i c a l ,  chemical  and

b io lo g i c a l  p r o p e r t i e s  of the pott ing mixture  is  a lso  important in the 

establ ishment  of  _in v i t r o  regenerated plantle ts  when planted out.

O rch id s  are not grown in o rd in a ry  so i l  mixturesas other p lants.

Since the ir  roots  need plenty  of  a ir  around them at all t imes ,  sp e c ia l  

o r c h id  mixes  are usually used which  would p r o v i d e  support  to the 

plant,  supp ly  water and nutrients to the  roots and p r o v i d e  enough 

a ir  fo r  the roots  to breathe .  The  commonly used mater ials  for  potting

o r c h i d s  are f i r  and red wood bark ,  p ie ces  o f  c o r k b a r k ,  tree  fern ,

osmunda fe r r  root ,  sphagnum moss,  g ra v e l  and coconut- f i b r e .  Cha rcoa l ,  

t ree  fern f i b r e ,  and red burnt b r i c k s  are  the  main potting media  used 

fo r  o r c h id  growing in- Kerala.  In a study on post - transp lantat ion

growth of Dendrobium h y b r i d  seedl ings  in community p o ts ,  Kumar (1991) 

has repor ted  that maximum s u rv iv a l  and opt imal  growth of  shoots 

and roots w ere  in a media  having r u b b e r - s e e d  husks ,  c o c o n u t -s h e l l
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p ie ce s  and g r a v e l .  The growth was as .good as seen in tree fern,

c h arcoa l  and burnt b r i c k  p i e c e s .  The morta l i ty  rate was high and

poor  o v e r a l l  growth of  seedl ings  was re c o rd e d  when grass  root moss 

and wood shavings  were  used as the pott ing medium. Coconut husk,

though recommended by o r c h id  g rowers  in Kerala (Abraham and

Vatsala,  1981) being v e r y  cheap and found in plenty in South India,  

was found to be unsat isfactory  because of  the poor adhering  c a p a c i ty  

o f  the roots to- the husk.
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MATERIALS AND METHODS

The present  invest igat ions  on the  s tandardisat ion o f  exp lants  

f o r  in v i t r o  propagation in Dendrobium s p p .  were  c a r r i e d  out at the 

Plant T issue  Culture L a b o ra to ry ,  attached to the A l l  India C o -ord inated  

F lo r i cu l tu re  Improvement P r o je c t  (AICFIP),  Co l lege  of  Hort iculture ,  

Ve l lan ikkara ,  during 1990— '91 .  The  d e ta i ls  regard ing the experimental  

method and analy t ica l  techniques  adopted  are  presented  s t e p - w i s e  

in th is  c h a p te r .

In, the present  study in v i t r o  propagation through enhanced 

re lease  o f  a x i l l a r y  buds and somatic organogenesis  ( ca l lu s  mediated) 

(Murashige ,  197*0 .were attempted using d i f f e r e n t  e x p la n ts .  The d i f f e r e n t  

stages in v o lv e d  are  i l lustrated  in Fig .  1.

2 .1 .  The species

The exp lants  for  the  study were  c o l l e c t e d  from three  important 

s p e c ie s  o f  Dendrobium, v i z . ,  D. f im br ia tu m , D. moschatum and D. 

n o b i l e . The  sa lient  features of  these  s p e c ie s  are  presented  in Tab le  1.

2 . 2 .  The ex plants

The d e ta i l s  o f  d i f f e r e n t  types  o f  e x p l a n t s ' used f o r  the study 

are  given in T a b le  2>



Explant

fs------------

Stage 1 

Stage 2  -  

Stage 3 -  

Stage k -

Fig.  1. In v i t r o  c lon ing  p r o c e d u r e  in o r c h i d s

Culture
es ta b l i sh m en t

In v i t r o  
rooting

induct ion -> Organogenesis

Plant ing  
o u t  and 
evaluation

Stage I'  -S tage  2 ----------------------------^ ----- Stage 3 ---------------------------------- Stage  ^

P h y s i o l o g i c a l  p re c o n d i t i o n in g  o f  the  exp lant  and e x p l a n t ’ es tab l ishm ent  

Induction o f  a x i l l a r y  s h o o t s / c a l l u s  mediated  organogenesis  and rapid  m u lt ip l i ca t ion  
In v i t r o  root ing  and a cc l im a t iz a t ion  

Planting out and evaluation



T a b le  1. Salient features  o f  th e  th ree  Dendrobium sp p .  u t i l ise d  f o r  in v i t r o  cu ltu r e  stu d ies

Character D. f imbriatum Lindl ,  
ocu lata  Hook f .

D. moschatum 5w. D. n o b i l e  L in d l .

Pseudobulbs

Leaves

Inf lorescence

75 .0  -  150.0 cm long ,  
taper ing  towards  apex

S e v e r a l ,  10.0 -  15 .0  cm x
1 .5  -  2 ,8  cm s i z e ,  ob lon g  
lanceo la te ,  acuminate in shape

Produced  on lea fy  or 
l e a f l e s s  p s e u d o b u lb s ,  
l a t e r a l ,  pendulous ,  7-12 
f l o w e r e d

90.0 -  180.0 cm x
1 . 0  -  1 . 2  cm, tere te ,  
s t r ia te ,  pointed towards  a p ex

Severa l ,  a lternate  10.0 -
15.0 cm x 3.5 cm, acute or 
fa int ly  notched

10.0 -  30.0 cm long,
15 f l ow ered

30.0 -  60 .0  cm long,  
turning y e l l o w  on m atur i ty ,  ■ 
la te r a l ly  c o m p r e s s e d ,  narrow 
at the b ase

S e v e r a l ,  8 . 0 -  12.0 cm x
2 .5  -  3 .0  cm ob long ,  apex  
unequally  l o b e d

F a s c i c l e s  o f  1-4 f l o w e r s

Flowers 5 .0  -  7 .5  cm a c r o s s ,  b r i g h t  
y e l l o w ,  s e p a ls  b r o a d l y  ob lon g ,  
rounded e n t i r e ,  p e t a l s  b r o a d e r ,  
l i p  o r b i c u l a r ,  f im b r i a t e  
p u b escen t  and hav ing  la rge  
o r b i c u l a r  patch  o f  dark  
r e d d i s h  brown at the  b a s e .

5 .0  -  '7.0 cm a c r o s s ,  orange 
ye l low  co lo red  and f ragrant .  
Sepals  3.0 cm long,  b r o a d ly  
ovate ,  obtuse ,  l ip  lanceo late ,  
Anter ior part  v e r y  ha iry  
in s id e  and on the outer 
sur face .  Base with two d a r k  
maroon b lo tc h es  •

5 .0  -  7 .0  cm a c r o s s ,  w h i te  
with deep  p u r p le  t inge,  
h ig h ly  v a r i a b l e ,  ra re ly  pure  
w h i te .  L ip  t r a n s v e r s e ly  
ovate  -  o b lo n g ,  pu b escen t ,  
with a ce n tr a l  b l o t c h  of 
v e r y  d e e p  p u r p le ,  surrounded 
by broad  margin of  y e l l o w  
or w h i te

Flowering time A p r i l - M a y May-June A pr i l

Source :  Pradhan (1979)
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T a b le  2 . Explants used fo r  _in v i t r o  cu l ture  studies  o f  Dendrobium spp .

Route Explant

*
Enhanced re lease  of Shoot  t ip
a x i l l a r y  buds A x i l l a r y  bud 

In f lo res cen ce  stalk

**
Somatic organogenesis 
(c a l lus  mediated )

Shoot tip 

A x i l l a r y  bud
Leaf ( t ip  por t ion ,  m id d le  port ion ,  
base with sheath)

In f lo res cen ce  stalk

Root segments ( from Meikis)
Whole lea f  ( f rom culture)

Root ( f rom culture)

*Al l  the  s p e c i e s  o f  Dendrobium were  used 
**Only D. moschatum was used
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2 . 2 . 1 ,  C o l le c t ion  and preparat ion  of explants

The explants  fo r  cu lture  were  c o l l e c t e d  from healthy  plants

growing in the o rch idar ium  attached to the AICFIP, Co l lege  of  Hort i 

cu lture ,  Ve l lan ikkara .  Tne explants  were  e x c i s e d  from the plants using 

surgical  b la d es .

For shoot  t ip and a x i l l a r y  bud exp lants ,  the leaves  were  

removed and the stem washed with running tap water .  The stem was 

in i t ia l ly  cleaned with'  teep o l  solution f o l l o w e d  by a treatment with 

Bavist in  0 .2  per  cent for  ha l f  an hour.  It was then washed thoroughly  

with d i s t i l l e d  water and cut into sect ions  having two to three  nodes 

e a c h .

In the case  of  l e a v e s ,  the in d iv id u a l  w h o le  lea f  was washed 

with teepol  solution f o l l o w e d  by washings with d i s t i l l e d  water .  After

blott ing  the lea ves  between f o ld s  of  t i ssue  pa p er ,  they were  s crubbed  

with cotton w o o l  wetted with a l c o h o l .

Aer ia l  roots  from k e ik i s  were  e x c i s e d  fo r  root  cu lture.  They

were  cleaned thoroughly  with teepo l  so lut ion ,  fo l l ow ed  by washings

with d i s t i l l e d  water .

The in f l o re s c e n ce  s ta lk s  . after e x c i s in g  from the plants were

in i t ia l ly  cleaned under running tap water .  After draining,  they were  

s c r u bb ed  with a ch eese  c lo th  wetted with 95 per cent e thy l  a l c o h o l .  

The  bracts  were  removed and the nodes e x p o s e d .
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2 . 2 . 2 .  Standard isation of surface  s te r i l i za t ion  methods

The  d e ta i l s  of  the chem ica ls  used fo r  the sur face  s te r i l i za t ion  

of  the explants  are g iven  in the T a b le  3. Observat ions  were  made 

on the percentage  contamination and s u rv iv a l  on ten cultures  each 

after three  weeks  of  cu ltur ing .

2 .3 .  The media

The cu lture  media  used for the study were  KC (Knudson,  1946),  

MS (Murashige and Skoog,  1962) and VW (Vacin and Went, 1949). The 

chemical  com pos i t ion  of the  media  are g iven in T a b le  4.

The  chem ica ls  used for  prepar ing  the cu lture  media  were  of  

analy t ica l  grade  from B r it ish  Drug House (BDH),  S isco  Research 

L aborator ies  (SRL),  Merck or Sigma.

Standard p roc ed u res  (Gamborg and Shyluk,  1981) were  fo l low ed

fo r  the preparat ion  of  MS media .  Stock solutions  o f  major and minor 

nutrients were  prep ared  f i r s t  by d i s s o lv in g  the' requ ired  quantity 

o f  chem ica ls  in double  glass  d i s t i l l e d  water and w ere  stored under 

re f r igera ted  condit ions  in amber c o lo r e d  b o t t le s .  The  s tock  solution

of  nutrients were  prep ared  f r e s h  ev ery  four w e e k s .a n d  that of  v i tamins ,  

aminoac ids  and phytohormones  were  prep a r ed  f r e s h  e v e r y  week .

S p e c i f i c  quantities o f  the s tock  solutions  o f  chem ica ls  and

phytohormones  w ere  p ipet ted  out into a 1000 ml b e a k e r .  Sucrose and
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T a b le  3. Standard isation  of  surface  s te r i l i za t ion  of  ex plants in 
Dendrobium spp .

Explant Steri lant Concenrat-  
ion (%)

Duration 
( m i n )

*
Shoot t ip Bleaching pow der  (Cl) 4.00 10

Mercuric  c h l o r i d e 0.05 10

i  f 0 . 1 0 10

I  i 0 . 2 0 10
Sodium h y p o c h lo r i t e 4.00 20

9 9 4.00 30

A x i l l a r y  bud Bleaching powder  (Cl) 4.00 10
M ercur ic  c h l o r i d e 0.05 10

9 9 0 . 1 0 10
9 i 0 . 2 0 10

Sodium h y p o c h l o r i t e 4.00 20
9 9 4.00 30

*■#
Leaf segments Bleaching pow der  (Cl) 4.00 10

M ercur ic  c h l o r i d e 0.05 3
9 9 0 . 1 0 3
9 i 0 . 2 0 3

Sodium h y p o c h lo r i t e 4.00 2 0
9 9 4.00 30

**
Root segments Bleaching powder  (Cl) 4.00 10

Mercur ic  c h l o r i d e 0.05 10
J I 0 . 1 0 10

)  9 0 . 2 0 10
Sodium- h y p o c h lo r i t e 4.00 20

9 9 4.00 30
**
In f lo rescen ce Bleaching powder  (Cl) 4 .00 10

■ stalk Mercur ic  c h l o r i d e 0.05 10
9 9 0 . 1 0 10
9 9 0 . 2 0 10

Sodium h y p o c h lo r i t e 4 .00 20
9 9 4.00 30

*AU the th re e  s p e c ie s  were  used 
**Only D. moschatum was used
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T ab le  4. Chem ical com posit ion  of the m edia

Chemical   Quantity (mg/1)_________________
KC MS VW -

Major elements

Ca(PO^ ) 2 

CaCl2 .2H20  

C a(N03) 2.4H20 

F e r r i c  c i t r a te  

FeSCT.H 0

k n o 3

k h 2 p o 4

MgS04.7H20
, (n h 4 ) 2s ° 4

NH4N03 

Na2 . EDTA

1000

25

250

250

250

27.8

1900

170

370

1650

37.3

200

28

525

250

250

500

Minor elements

CoC12 . 6H2 0

CuS04 ..5H20

h 3 b o 3

KI

MnSO^

Na2Mo04.2H20

ZnSO„

7.5

0.025

0.025

6 . 2

0.83

22.3

0.25

8 . 6

Organic constituents

Glyc ine  

Myo~inos itol  

Nicot in ic  acid  

P y r id o x in e  HC1 

Thiamine HC1

2 . 0  

1 00  

0.5 

. 0 .5  
0 . 1

7

Sucrose
Agar

2 0 . 0 0  g

9.00 g
30.00 g

6 . 0 0  g
2 0 . 0 0  g

9.00 g
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in os i to l  were  added f r e s h  and d i s s o l v e d .  The  volume was then made 

upto about 1000 ml by  adding double  g lass  d i s t i l l e d  water .  The  pH 

o f  the solution was adjusted  using an e le c t r o n ic  pH meter with 0 .1  

N HCl or 0 .1  N NaOH. Agar was then added to the medium and the 

f inal  volume was made up e x a c t l y  to 1 0 0 0  ml.

The solution was then melted by keeping in a water bath,  

maintained at a temperature  o f  9 0 -9 5 °C. The medium (@ 15 ml) was 

poured hot to the oven s t e r i l l i z e d  culture  v e s s e l s  w h ich  w ere  p rev iou s ly  

rinsed  tw ice  with d oub le  glass  d i s t i l l e d  water .  The containers with 

the  medium w ere  then t ig h t ly  plugged with  non -ab sorb ent  cotton wool  

p lugs .  Corning brand test  tubes and con ica l  f la sks  w ere  the  containers  

u s e d .

For the  preparat ion  of  VW and KC media,  f r e s h  weights o f  

the ch em ica ls  w ere  taken in requ ired  quantity and d i s s o l v e d  in double  

d i s t i l l e d  w ater .  After add i t ion  of  su crose  and phytohormones ,  the 

vo lume was made up.

In o r d e r  to ensure a sep t ic  cond it ion  of  the  medium, the 

containers plugged with cotton were  autoc laved  fo r  15-20 min at 15 p s i  

p re ssu r e  and 121°C temperature (Dodds  and R ob ert ,  1982).  After 

s t e r i l i za t ion ,  the cu lture  v e s s e l s  were  immediate ly  trans ferred  to the 

cu l ture  room.
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2 .4 . Preparation and inoculation of explants

All  the inoculation operat ions  w ere  ca r r ie d  out under p e r f e c t  

a s e p t i c  cond it ions  in a 'K len z a id s '  laminar air  f low ca b in e t .

The explants  a fter surface  s te r i l i z a t i o n  w ere  rinsed four  to

f i v e  t imes with s t e r i l e  d i s t i l l e d  w ater .  They  wefer  then t rans ferred  

to  s t e r i l e  f i l t e r  paper  p laced  o ver  s t e r i l e  p e t r i d i s h  in o r d e r  to b lo t  

the e x c e s s  m ois ture .  The  s t e r i l i z e d  explants  w ere  fu r th er  reduced

in s ize  using s t e r i l i z e d  s c a l p e l  and f o r c e p s .

The explants  p rep ared  for  inoculation are shown in Plate 1. 

For shoot, t ip ,  about *3-5 mm long apex port ion  was e x c i s e d .  To get 

the  a x i l l a r y  bud,  two o b l iq u e  inc is ions  w ere  made into the stem,

one above  and one below the a x i l l a r y  bud,  so as to meet at about 

o n e - th i r d  to o n e -h a l f  of  the  stem. For culturing of  l e a v e s ,  sections

o f  about 5 mm of  the t ip ,  m id d le  port ion  and base with sheath were

made.  For in f l o re s c e n ce  cu lture ,  about 40 mm long sec t ions ,  including  

a node was e x c i s e d .  For roo ts ,  5-10 mm long t ip s  were  used.  The

explants  were  then inoculated into the cu lture  medium.

The  cotton  wool  plug of the culture  v e s s e l  was removed and 

the v e s s e l  neck was f i r s t  f lamed o ver  a gas burner kept  in the chamber 

The s t e r i l e  e x p la n ts ,  w ere  q u i c k ly  transferred into the medium, using

s t e r i l i z e d  f o r c e p s .  The  neck o f  the  cu lture  v e s s e l  was once again

flamed and the cotton wool  plug q u ick ly  r e p la c e d .



Plate  1. Explants prep ared  for  inoculation
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w here  they were  incubated at a temperature  of  27 ± 2°C. A r t i f i c i a l  

i l lumination was p r o v id e d  using coo l  w h i te  f lu orescen t  lamps.  The 

l ight  intensi ty  was maintained at 2000 lux .  Photoper iod  was f i x e d  

as 16 h per  day which  was regulated by  a diurnal t imer .

2 .5 . Season of ex plant collection on culture establishment

The establ ishm ent  of ex plants c o l l e c t e d  f r o m - f i e l d  grown plants 

va r ied  with the season of t h e i r  c o l l e c t i o n .  An experiment  was t h e r e fo r e  

conducted to s tandard ise  the best  season of  exp lant  co l l e c t i o n  in w hich

culture establ ishment  was more and contamination rate the minimum.

Explants were  c o l l e c t e d  fo r  th is  pu rp ose  from 3anuary -December  1990. 

Data pertaining to the m eteoro log ica l  parameters  during th is  p e r i o d  

are presented in T ab le  5.

Shoot t i p ,  a x i l l a r y  bud and leaves  were, c o l l e c t e d  fo r  this

p u rp ose  from uniform s ized  f i e l d  grown plants  during each month and 

cultured in VW medium. Observat ions  on the percentage  of cu ltures 

contaminated and percentage  of  cultures  s u r v iv e d  were  re c o rd e d  after 

three  weeks  of  cultur ing .  As the in f lo res c en ce  sta lk  was not a v a i la b l e  

in a l l  the seasons,  standardisat ion  of  the season of  c o l l e c t i o n  was 

not attempted in th is  ex plant.

The cu ltu re  v e s s e ls  w ere  then tra n s ferred  to a cu lture  room



T a b le  5. M eteor o log i c a l  parameters  o f  the experimental  s ite at the  C o l lege  of  H o r t icu l tu re ,  Ve l lanikkara  
f o r  the p e r io d  from January to December,  1990

Mean temperature Mean Rainfa l l  Number Mean
Month  ( ° C ) ____________  r e l a t i v e  (mm) of  sunshine

Maximum Minimum hum id ity  ra iny  (hours)
(%) days

January 33.5 2 0 . 8 50 3.5 0 9.0
February 34.9  ■ 21.9 58 0 . 0 0 1 0 . 0

March 36.0 23.8 64 4 .4 1 9.7
A p r i l 35 .8 25.4 68 38.8 2 8.3
May 31.5 24.1 82 583 .9 18 4.5
June 29 .7 23.3 85 467.3 25 3.4
July 28.4 22.5 8 8 759.3 28 2.4

August 29.0 23.0 85 356.4 2 2 2.5

September 30.7 23.4 79 ■ 87.5 8 6 . 2

October 31.9 23.2 80 . 313 .3 12 6.5
November 31.2 2 2 . 6 74 69.8 3 6 . 0

December 32.3 23.1 59 1 . 8 0 1 0 . 2
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2 .6 . The routes

2 . 6 . 1 .  Enhanced re lease  of a x i l l a r y  buds

2 . 6 . 1 . 1 .  Explant ch o i c e

The explants  used fo r  the enhanced re lease  of  a x i l l a r y  buds 

are  g iven in T a b le  2. A t r ia l  was conducted  for  screen ing var ious

exp lants  o f  Dendrobium fo r  initiating  enhanced re lease  of a x i l l a r y  

buds .  Shoot t i p s ,  a x i l l a r y  buds and in f lo res c en ce  s ta lks  w ere  cultured  

in VW basal  medium. Observat ions  w ere  re corded  on the percentage  

of  response  from ten cu ltures  after three  weeks  of  cultur ing .  Based 

on the o b s e r v a t io n s ,  fu r th er  studies  w e re  conducted using a x i l l a r y  

bud as the exp lan t .

Culture es tabl ishm ent  (Stage 1 )

The t r ia l s  for  the cu l ture  es tabl ishment  were  ca r r i e d  out using

a x i l l a r y  buds of  D. f im br ia tu m , D. moschatum and D. n o b i le  in KC,

MS and VW media  supplemented with auxin (NAA 0 .5 ,  1 .0 ,  1.5 ppm)

and cy tok in in  (BA 0 .5 ,  1 .0 ,  1.5 ppm) in a l l  p o s s i b l e  combinations ,

re p l i ca te d  f i v e  t imes.

O bservat ions  on number o f  days taken for  bud in it iat ion (P la te  2) 

and bud elongation (P la te  3) were  re c o rd e d  a fter  three  weeks  of  cu l tu r 

ing.

2 . 6 . 1 . 2 .  Shoot p ro l i f e r a t i o n  (Stage 2)

A l l  the t r ia ls  in Stage 2 were  conducted  on MS and VW m edia .  ■



Plate 2. Bud initiation

Plate  3. Bud elongation
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Explants  used fo r  the  induct ion of  a x i l l a r y  shoots  were  elongated

shoots  (1 -2  cm in length) from Stage 1. Details  of  the standardisat ion  

o f  b a s i c  p r o l i f e r a t i o n  medium ut i l iz ing  auxins (NAA) and cy tok in ins  

(BA, KIN) are  presented  in T a b le  6 .

O bservat ions  on the percentage  o f  cultures  d ev e lop in g  shoots

and number o f  shoots p rod uced  per  cu l ture  w ere  re c o rd e d  on f i v e

re p l i ca t i o n s  after three  weeks  of  cultur ing .

Standard isat ion  of  medium supplements

Studies w ere  conducted to determine the e f f e c t  o f  CW on p r o l i 

ferat ion  of  shoots  from a x i l l a r y  buds of  th ree  Dendrobium s p p .  by

adding CW at the rate o f  0, 5, 10 and 15 per  cent.  VW medium contain

ing NAA 2 ppm and BA 3 ppm was used fo r  the s tudy .

O bservat ions  on percentage  of  cu l ture  s u r v iv a l  and number of

shoots  p rod u ced  per  cu lture  ' from f i v e  rep l i ca t ion s  were  re c o rd e d  after 

th ree  weeks of  cultur ing .

E f fec t  o f  continuous subculturing on the mult ip l icat ion  rate

Regular subculturing o f  the p r o l i f e r a t e d  shoots  on the medium 

containing high concentration  of  BA was found to increase  the number 

o f  shoots  per  cu lture .  T h e r e fo r e  a t r ia l  was conducted  to assess  the

m ult ip l icat ion  rate of shoots ,  on continuous subcultur ing  at three  weeks 

in terva l  in ten s e r ia l  subcu ltures .
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T a b le  6 . Standard isation of basal  p ro l i f e r a t ion  media

Mediaum Explant  Treatment

MS A x i l l a r y  bud 5 l e v e l s  of  BA (1,  2 \  3, 4, 5 ppm)
and 3 x 3  combinations of  NAA (1,  2 , 
3 ppm) and BA (3,  4, 5 ppm)

VW , ,  - d o -

VW , ,  5 l e v e l s  of  KIN (1,  2,  3, 4, 5 ppm)
and 2 x 4  combinations of  NAA (1,
2 ppm) and KIN (2,  3, 4, 5 ppm)
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VW medium containing NAA 2 ppm + BA 3 ppm + CW 15 per 

cent  was used fo r  the s tu d y .  Cultures d e r i v e d  from a x i l l a r y '  buds 

o f  th ree  Dendrobium s p p .  were  used:

Observat ions  were r e c o r d e d  on the number of  shoots  produced  

per  culture and the percentage  increase  in the number of shoots  o v e r  

the in it ia l  cu lture  in four cu lture  tubes per  subculture .

2 . 6 . 1 . 3 .  In v i t r o  rooting (Stage 3)

T r ia ls  on the j n  v i t r o  rooting w ere  conducted in VW- medium 

as w e l l  as in ha l f  and fu l l  strength MS medium. In d iv idua l  shoots  

having  2 -3  cm length e x c i s e d  from shoot  p ro l i f e r a t in g  cultures  of  D. 

f imbriatum and D. moschatum were  u t i l i sed  as explants  f o r  these  t r i a l s .  

Two auxins (IBA and NAA) at two l e v e l s  (2 and 4 ppm) each were  

t r i e d  independent ly  for root ing.

O bservat ions  on the percentage  o f  cu ltures  showing root  in i t ia t 

ion,  number o f  days  requ ired  f o r  roo t  in it iat ion ,  number of  roots 

prod uced  per  shoot  and nature o f  roots  were  re c o rd e d  on f i v e  cu ltures  

a f ter  three  weeks  o f  cu ltur ing .

Standardisation of medium supplements

Effect  o f  var ious  medium supplements on root ing  of  Dendrobium 

fimbriatum e x c i s e d  from shoot  p ro l i f e r a t i o n  cultures  was studied in 

the best  medium i d e n t i f i e d .  Ths  d e ta i ls  o f  var ious  compounds and 

th e ir  l e v e l s  tested  are as f o l l o w s .
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Medium supplement L ev e l  (%)

Sucrose 1.5- 3 .0 ,  4 .5 ,  6.0

AC 0 .1 0 ,  0 .2 5 ,  0 .5 0 ,  1.00

Observat ions  w ere  re c o rd e d  on f i v e  re p l i ca t i o n s  a fter three  

weeks of  culturing on the  percentage  o f  cultures in it iat ing  roo ts ,  

number o f  days  req u ired  fo r  root  in i t iat ion ,  number of  roots produced  

per  shoot  and nature of  roots

The f o l l o w in g  ob se rv a t io n s  were  r e c o r d e d  on the growth para 

meters of D. f imbriatum and D. moschatum at the time of planting 

out.

Plant he ight

Length from the c o l l a r  region to the tip o f  the p lant le t  was 

measured and e x p r e s s e d  in cm.

Number, of  l eaves  per plant

The total  number o f  l eaves  borne by a p lant le t  was counted 

and r e c o r d e d .

Length of  the longest  lea f

The length was taken from the base  to the tip of  the leaf

and e x p r e s s e d  in cm.



Number of  roots  per plant

The tota l  number of roots  per p lant le t  was counted and r e c o r d e d .

Average  length of the root

Length of  the  root  was measured from the c o l l a r  region to 

the tip and the mean length,  was e x p r e s s e d  in cm.

2 . 6 . 1 . 4 .  Planting out and acc l imat izat ion  (Stage 4)

The plug o f .  the cu lture  v e s s e l  was removed and a weak solution 

o f  Bavistir) (0 .05  per cent) was added to the cu lture  v e s s e l ,  shaken 

gently and a l lowed to stand fo r  10-15 minutes.  Then the rooted p la nt -  

lets with 5 -8  l ea ves  and 15-20 roots were taken out from culture  

v e s s e l s  with the help  o f  f o r c e p s .  The  agar adhering  to the roots 

were  c om p le te ly  removed by thorough washing with d i s t i l l e d  water .

In o r d e r  to study the e f f e c t  of  the potting media  on the growth 

of  plants the plant lets  were  planted in pott ing media:

1. Coconut husk

2. Br ick  : ch a rc oa l  ( 1 :1  v / v )

3. Charcoa l  alone

The. coconut  husk was. beaten w e l l  to remove  the hard outer 

la yer  and to loosen the  f ib r o u s  mater ia l .  The  husk was then soaked 

in water f o r  24 hours .  They were  then squeezed w e l l  to remove any 

e x c e s s  water and arranged in two la y e r s  in a t ray .  A h o le  was then 

made in the husk with a g lass  rod and the plantlets were  planted .
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The b r i c k  and c h a rc o a l  p ieces  used were  of  the  s ize  between 

2 and ' 4 mm.

The potting  media  a fter  wetting w ere  autoclaved- at 15 p s i  f o r  

20 min. to make i t  f r e e  from s o i l  borne  pathogens.  Small c lay  pots  

(d iameter  8  cm) or a small  p la s t i c  bowl  with  su f f i c ien t  ho les  fo r  

drainage w ere  used fo r  f i l l i n g  the media .  The  containers  were  

drenched  with a weak solution (0.05 per cent) o f  Bavist in .  The p lant -  

le ts  w ere  then planted in the potting media  and su b je c ted  to p o s t 

planting treatments

Standard isation of  hardening treatments

In o r d e r  to acc l im at ize  the p lantle ts  produced  in v i t r o ,  a t r ia l  

to s ta ndard ise  the hardening treatments was ca r r i e d  out.  The plant lets  

w ere  su b je c ted  to  the  f o l l ow in g  p o s t - t r a n s fe r  treatments.

1. Keeping in open

2. Keeping in the culture  room

3. Cover ing  the plants and pots  with p l a s t i c  c o v e r  with ho les  for 
tw o  weeks

4. Cover ing  the plants and pots  with a m ic r o s c o p e  c o v e r  f o r  two 

weeks  (Rajmohan, 1985 and Reghunath,  1989)

5 .  Cover ing  the plants with p la s t i c  c o v e r  fo r  three  days

The c o v e r s  were  removed  and the  p lantle ts  w ere  kept  under 

p a rt ia l  shade  condit ions  for  a longer p e r i o d .  The plant le ts  were  exposed  

to the  sunlight  g r a d u a l l y . Water was s p ra y e d  frequ en t ly  to preven t
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the p lant le ts  from d ry in g .  Observat ions  were  made on percentage of

p lant le t '  s u r v iv a l  after a month of planting out.

2 . 6 . 2 .  Somatic organogenesis ( ca l lus  mediated)

2 . 6 . 2 . 1 .  Explant c h o i c e

The explants  used for  in it iating  ca l lus  are given in Tab le  2.

Culture establ ishment (Stage 1)

Addit ion  of CW to the basal  medium had a d e s i r a b l e  e f f e c t

on the p ro l i f e r a t i o n  of  ca l lus  (Goh, 1970, 1973; Goh ^ t  al ,  1975).  

T h ere fo re  the  explants  were  cultured in Vacin and Went medium modified  

with 150 per cent CW supplemented with 3 x 2  l e v e l s  o f  NAA 

(1 ,  2, 4 ppm) and BA (1 ,  2 ppm ).

Observat ions  were  re c o rd e d  on the  percentage  of cu lture

establ ishm ent  from ten cultures  after four weeks of cu lturing .

2 . 6 . 2 . 2 . Callus  ini t iat ion and organogenesis  (Stage 2 )

The t r ia l s  were  conducted  in m od i f ied  VW medium supplemented

with 2 ,4 -D  at four l e v e l s  (0.-5, 1 .0 ,  2 .0  and 4.0 p p m ) .  The explants

showing response  in the cu lture  es tabl ishm ent  were  used fo r  the 

s t u d y .

The fo l l ow in g  ob se rv a t io n s  were r e c o r d e d .
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Percentage of  cultures  in it iat ing ca llus  (P)

After four weeks  of culturing,  the number o f  cultures  showing 

response  out o f  ten cultures  was noted and re corded  as percentage.

Growth of the ca l lus  (G)

It was assessed  based on a v isua l  rating (w ith  s co r e  1 to 

the smallest  and s c o r e  4 to the largest  c a l l u s ) .  The mean s co r e  was 

e x p r e s s e d  as the growth s c o r e .

Callus Index (Cl)

It was computed by mult ip ly ing  per cent explants  init iat ing

ca l lus  (P)  with the growth s co r e  (G ).

Nature of the  ca l lus

The co lour  and the  nature ( f r i a b l e ,  b r i t t l e ,  l o o s e ,  compact

e t c . )  o f  the ca l lus  were  noted and r e c o r d e d .

As th ere  was no fur ther  d i f fe ren t ia t ion  of  the ca llus  due to 

d ry in g ,  the study was not pursued..

2 . 6 . 3 .  S tat is t i ca l  analys is

The data generated from the var ious  exper iments  were  sub jected  

to s ta t i s t i ca l  analys is  in com ple te ly  randomised des ign ,  w h erev er

n e ce ssa ry ,  fo l l ow in g  Panse and Sukhatme (1985) .
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RESULTS

The results  generated from the _im v i t r o  propagation studies  

of ■ Dendrobium s p p .  through enhanced r e le a s e  of  a x i l l a r y  buds and 

somatic organogenesis ( ca l lu s  mediated) conducted  at the Plant T issu e  

Culture L ab ora tory  . attached to the All  India Co -ord inated  F lor icu l ture  

Improvement  P r o je c t ,  Co l lege  of  Hort iculture ,  Ve l lan ikkara ,  are presented  

in this  c h a p t e r .

4 . 1 .  Surface sterilization

T.he resu l ts  o f  the t r ia l  on the s tandardisat ion  of sur face  

s te r i l i z a t i o n  o f  var ious  exp lants  used fo r  the study are  presented  

in T a b le  7.

Of the var ious  ster i lants  t r i e d ,  m ercur ic  c h l o r i d e  (a l l  l e v e l s )  

gave  better  resu lts  than sodium h y p o c h l o r i t e  and b leach ing  p o w d e r .  

The low est  rate  of contamination and the h ighes t  percentage  of explant  

su r v iv a l  was o b s e r v e d  when the  explants  were  treated with 0 . 1  per 

cent m ercur ic  c h l o r i d e  fo r  10 minutes. The  rate of  contamination at 

this  l e v e l  was only 10 per cent^ each ,  in shoot  t ip ,  a x i l l a r y  bud and 

leaf  exp lan ts .  The in f l o re s c e n ce  stalk and root  segments,  on the other 

hand showed 20 and 40 per  cent contamination,  r e s p e c t i v e l y .  The  

cu lture  s u r v iv a l  was 50, 80, .20 ,  40 and 40 per cent,  r e s p e c t i v e l y ,

in shoot  t ip ,  a x i l l a r y  bud f  in f l o r e s c e n c e  sta lk ,  lea f  segments and 

root  segments.
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Table  7. Standardisation of surface sterilization in various explants of Dendrobium

Basal medium -  VW

Explant Sterilant Concent
ration***

(#}

Duration
(min)

Contami
nation

(*)

Survival 
(% culture 

a l ive )

*
Shoot tip Bleaching powder (C l) 4.00 10 100 0

M ercuric  ch lo r id e 0.05 10 50 10

j  i 0.10 10 10 50 -

9 r 0.20 10 50 10
Sodium h y p o ch lo r i te 4.00 20 70 0

9 J 4.00 30 80 O'

A x i l la ry Bleaching powder (C l) 4.00 10 100 0
bud Mercuric  ch lo r id e  , 0.05 10 60 20

J J 0.10 10 10 80

i 9 0.20 10 40 30
Sodium h y p och lo r ite 4.00 20 80 10

t 9 4.00 30 80 0
**
I n f l o r e s - Bleaching powder (C l) 4,0.0 10 100 10
cence
stalk M ercuric c h lo r id e 0.05 10 60 20

J  9 0.10 10 20 20

9 9 0.20 10 50 10
Sodium h y p o ch lo r i te 4.00 20 80 0

9 9 4.00. 30 80 0
• m

Leaf
segments

Bleaching powder (C l) 
M ercuric ch lo r id e

4.00

0.05
10

3
100

40
0

10
9 9 0.10 3 10 40
9 9 0.20 3 20 20

Sodium h y p och lo r ite 4.00 20 50 0
9 9 ■ 4.00 30 50 0

* *
Root Bleaching powder (Cl) 4.00 10 100 0

M ercuric  ch lo r id e 0.05 10 60 20
9 9 0.10 10 40 40
J i 0.20 10 50 30

Sodium h y p o ch lo r i te 4.00 20 70 0
9 9 4.00 30 70 0

Culture p eriod  -  three weeks
•Average o f  ten observations  each of D, f imbriatum, D. moschatum and D. nobile

••Average o f  ten rep lica tion s  o f D. moschatum
***M ercuric  c h lo r id e  on w /v  basis 

Sodium h y p o ch lo r i te  on v / v  basis



Use of  sodium h y p o c h l o r i t e  and b leaching  p ow d er  resulted  in 

v e r y  high contamination rate  and low s u r v iv a l  percentage .  Bleaching

or d i s c o lo r a t i o n  of  the  explants  a lso  resulted  when sodium

h y p o c h l o r i t e  or b leaching  powder  was used.

*1.2. Season of ex plant collection on culture establishment

Data pertaining to the influence of  season on ex plant c o l le c t ion

and culture  es tab l ishm ent  of  the three  s p e c ie s  of Dendrobium in VW

medium a r e .presented  in T a b le  8 and Fig .  2.

The resu lts  ind icated  that during the per iod  from January to 

June the contamination rate was the low est  and the exp lant  s u rv iv a l  

was the h ig h e s t ,  compared to the pe r io d  from July to December in 

a l l  the explants-  t r i e d .  The  explant  co l l e c t i o n  during A p r i l  resulted

in the lo w e s t  contamination rate and the h ighes t  exp la nt  su rv iv a l  in 

shoot  t ip (40 and 30 per  cent,  r e s p e c t i v e l y ) ,  a x i l l a r y  bud (10 and 

90 per  cent,  r e s p e c t i v e l y )  and lea f  segments (10 and 20 per cent,  

r e s p e c t i v e l y ) .

4 . 3 .  Enhanced r e l e a s e  o f  a x i l l a r y  buds

4 . 3 . 1 .  Explant c h o i c e

Data re c o rd e d  from the  tr ia l  conducted  f o r  screening the 

var ious  exp lants  of  Dendrobium fo r  in it iat ing  enhanced re lease  of 

a x i l l a r y  buds are presented in T a b le  9 .
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T ab le  S. Influence o f  season o f  c o l le c t io n  o f  ex p la n ts  on esta b l ish m en t  of cu ltu re  in Dendrobium
Basal medium : VW

* S h o o t t i p * A x i l l a r y ■ bud "* *Leaf segments
Month Contami

nation
(%)

S u rv iv a l  
(96 c u l t 
ures 
a l i v e )

Contami
nation

(* )

S u rv iv a l  
(% c u l t 

. ures  
a l i v e )

Contami
nation

(%)

S u rv iva l  
(9a c u l t 
ures 
a l i v e )  ,

19,90

January 60 10 40 60 40 0

February 60 10 40 60 50 0

March 50 10 40 60 2 0 2 0

A p r i l 40 30 1 0 90 10 2 0

May 50 2 0 2 0 80 70 20

June 60 1 0 30 70 60 10

July 70 10 . 60 40 1 0 0 0

August 70 0 50 50 1 0 0 0 '

September 70 1 0 40 60 70 10

October 80 10 50 50 80 0

November 1 0 0 0 90. 10 1 0 0 0

December 1 0 0 0 90 10 1 0 0 0

Culture p e r io d  - 
* A v e r ag e  of  ten 
**A verage  of  ten

■ T h ree  weeks
re p l i ca t i o n s  each  of D. f imbriatum,  
re p l i ca t i o n s  o f  D. moschatum

D. moschatum and D. n o b i l e



F ig .  2 .  Influence o f  season o f  c o l l e c t io n  o f  ex p la n ts  on cu lture
estab lish m en t in Dendrobium s p p .

Months

S h o o t  tip ■”  Axi l lary  Bud ....... Leaf
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Tab le  9. Response  of  var ious  explants  of  Dendrobium on initiating  
a x i l l a r y  bud re lease

Basal medium : VW

Hxplant Cultures ex h ib i t in g  
shoot  pro l i ferat ion*

Shoot t ip 10

A x i l l a r y  bud 100

In f lorescence  stalk** 0

* Average  o f  ten rep l i ca t ions
**0 n ly  one s p e c ie s  (D. moschatum) was tried
0 -  No response
Culture p e r io d  -  three  weeks  N- »

c

r *
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The results  indicated  that the a x i l l a r y  bud explant  was the 

most su i tab le  where in  all the cultures  initiated shoot  p ro l i f e r a t ion ,

as compared to shoot t ip ( 1 0  per cent) and in f lo res c en ce  stalk  ( 0

per  c e n t ) .  T h e r e fo r e  further  t r ia l s  w ere  conducted using a x i l la ry

buds as the exp lant .

4 . 3 . 2 .  Culture establ ishment (Stage 1)

Data perta ining to the e f f e c t  of d i f fe rent  l e v e l s  of NAA and 

BA in the KC, MS and VW media in the three  s p e c ie s  o f  Dendrobium

are furnished in Tables 10, 11 and 12.

Al l  the surv iv ing  explants  started swel l ing  of  the buds (bud 

initiation)  within a p e r io d  ranging from 9 to 50 d a y s ,  depending on 

the media and the combination of  growth regulators  used.

4 . 3 . 2 . 1 .  Ef fect  of  KC medium

All  the combinations  of  NAA and BA recorded  bud init iat ion

and elongation in this  medium (T a b le  10) .  Signif icant d i f f e r e n c e  could  

be not iced  between d i f f e r e n t  combinations tr ied  in a l l  the s p e c i e s  

of Dendrobium e x c e p t  for  bud elongation In D. n o b i l e .

In D. f im br ia tum . Tg (NAA 1.5 ppm + BA 1.0 ppm) re c ord ed

minimum number of  days  for  bud in it iat ion (31) w h ich  was on par 

with T 3 (NAA 0 .5  ppm + BA 1.5 ppm ) ,  T& (NAA 1.0 ppm + BA 1.5 

ppm) and T^ (NAA 1.5 ppm + BA 1.5 ppm) and s ign i f i can t ly  super ior

to a l l  o ther  treatments.  T 2 (NAA 0.5  ppm + BA 1.0 ppm) re corded



T ab le  10. E f f e c t  of  d i f fe re n t  l e v e ls  o f  NAA and BA on the cu ltu re  e s ta b l is h m e n t  in Dendrobium sp p .
Basal medium -  KC 
Explant -  A x i l l a r y  bud

Period (d a y s ) f o r  cu l tu r e  establishment*
1 reatment

D. f i m b r i a t u m D. moschatum D. n o b i l e

Bud in i 
t iation

Bud elon
gat ion

Bud ini  
t iat ion

-  Bud- elon 
gation

-  Bud in i 
t iation

Bud e l o n 
gation

1. NAA 0.5 ppm + BA 0.5 ppm 49 59 48 48 37 52

2 . > f + BA 1 . 0 ppm 55 58 47 50 . 51 48

3. 3 t BA 1.5 ppm 38 54 43 48 46 50

4. NAA 1 . 0 ppm + BA 0.5 ppm 46 48 37 41 48 42

5. f ) + BA 1 . 0 ppm 47 6 8  ' 33 39 50 46

6 . J 5 + BA 1.5 ppm 35 62 37 45 39 43

7. NAA 1.5 ppm + BA 0.5 ppm 44 49 32 36 46 47

8 . > 3 + BA 1 . 0 ppm 31 38 31 35 31 39

9. ) 9 + BA 1.5. ppm 39 40 34 39 43 49

CD (0 .05 ) 8 .70 4 .50 2 . 2 2 1 . 1 0 6.78 NS

SEm± 3.03 1.60 0 .8 0 0.37 2.40 2 .9 0

*Values taken as a verage  o f  f i v e  r e p l i c a t i o n s
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maximum number o f  days  (55) for  bud initiation w hich  was on p a r '

with T j  (NAA 0 .5  ppm + BA 0 .5  ppm) and (NAA 1.0 ppm + BA

1.0 p p m ) .  For bud elongation a lso  Tg (NAA 1.5 ppm + BA 1.0 ppm)

re c o rd e d  the minimum number of days  (38) w hich  was on par with 

Tg (NAA 1.5 ppm + BA 1 .'5 ppm ) .  (NAA 1.0 ppm + BA 1.0 ppm)

rec ord ed  the maximum number of days ( 6 8 ) which  was s igni f icant ly  

d i f fe ren t  from all  other treatments.

For bud initiation'  in D. moschatum, T 0 (NAA 1.5 ppm + BA
—  — —    -  O

1.0 ppm) took minimum number of  days  (31) and was on par with 

(NAA 1.0 ppm + BA 1.0 ppm) and T 7 (NAA 1.5 ppm + BA 0.5

ppm).  Maximum duration (48 days)  was o b s e r v e d  in (NAA 0 .5  ppm 

+ BA 0 .5  ppm) w hich  was on par with (NAA 0 .5  ppm + BA 1 . 0 

p p m ) .  In the case  of  bud elongation,  Tg (NAA 1.5 ppm + BA 1.0 ppm) 

was s ign i f i cant ly  super ior  to other treatments and was on par with 

T y  (NAA 1.5 ppm + BA 0 .5  p p m ) .  T^ (NAA 0.5  ppm + BA 1.0 ppm) 

re corded  maximum number of days  and was s ign i f i cant ly  d i f fe rent  from 

all  o ther treatments.

With regard to D. n o b i le  Tg (NAA 1.5 ppm + BA 1.0 ppm) 

took the sh or tes t  duration (31 da ys )  for  bud initiation which  was

s ign i f i cant ly  super ior  to a l l  o ther treatments. T 2 (NAA 0.5  ppm +

BA 1.0 ppm) re corded  51 days  which was the longest per iod  fo r  bud

ini t iat ion and was on par with alt o thers  e x c e p t  T & (NAA 1.0 ppm

+ BA 1.5 ppm) Tg (NAA ] . 5  ppm + BA 1.0- ppm) and Tg (NAA 1.5

ppm + BA 1.5 pp m ) .  T h e re  was no s igni f i cant  d i f f e r e n c e  between the

treatments tried for bud elongation.
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4 . 3 . 2 . 2 .  Effect  of MS medium

Data pertaining to the cu lture establ ishment in MS medium are

presented in T a b le  11. Signif icant d i f fe rences  were  obtained in all the

three  spec ie s  with respec t  to both bud initiation and bud elongation.

In the case  of bud initiation in D. f im br ia tu m . minimum number 

o f  days (25) was re corded  by T g (NAA 1.5 ppm + BA 1.0 ppm) which

was on par with T^ (NAA 0.5 ppm + BA 1.5 ppm ),  T^ (NAA 1,0 ppm

+■ BA 0.5 p p m ) ,  T^ (NAA 1.0 ppm + BA 1.5 ppm ),  T y  ' (NAA 1.5 ppm

+ BA 0.5  ppm) and T^ (NAA 1.5 ppm + BA 1.5 ppm) and maximum

by T^ (NAA 1.0 ppm + BA 1.0 ppm) (46 days)  w h ich  was on par

with T j  (NAA 0.5  ppm + BA 0.5  ppm) and T^ (NAA 0 .5  ppm + BA

1.0 ppm ) .  Tg (NAA 1.5 ppm + BA 1.0 ppm) re c ord ed  the minimum

number of  days  (38) for  bud elongation,  was on par with T^ (NAA

1.0 ppm + BA 0.5  ppm) and s ign i f i cant ly  super ior  to al l other treat

ments.  Maximum number of  da ys  (69) was re corded  by T 1 (NAA 0 .5  

ppm + BA 0 .5  ppm) w hich  was on par with T^ (NAA 0 .5  ppm + BA

1.0 ppm) and T^ (NAA 1.0 ppm + BA 1.0 pp m ) .

In f). moschatum, Tg (NAA 1.5 ppm + BA 1,0 ppm) re c ord ed

minimum number of  days  for  both bud init iat ion and elongation ( 9  and

30 days } r e s p e c t i v e l y )  and was s ign i f i cant ly  super ior  to al l o ther 

treatments.  Longest duration was recorded  by T (NAA 0.5  ppm + BA

0 .5  ppm) for  bud initiation (48 days)  and by T^ (NAA 1.0 ppm +

BA 0.5  ppm) for bud elongation (76 d a y s ) ,  w h ich  w ere  s ign i f i cant ly

d i f fe ren t  from all  o ther treatments.



T a b l e  11. Effect  o f  d i f f e r e n t  l e v e l s  o f  NAA and BA on the cu lture  es tabl ishment  in Dendrobium s p p .
Basal medium -  MS 
Explant  -  A x i l l a r y  bud

T reatment
Per iod (d a y s )  for culture  establ ishment*

D. f im bria tum D. moschatum D. n o b i l e

Bud i n i 
t iat ion

Bud elon
gation

Bud ini 
t iation

Bud elon
gation

Bud i n i 
t iat ion

Bud e lon 
gation

1 . ’ NAA 0.5 ppm + BA 0.5 ppm 45 69 48 64 44 47

2 . , , + BA 1 . 0 ppm 40 63 42 48 37- 63

3. , , + BA 1.5 ppm 32 54 42 50 42 53

4.  NAA 1.0 ppm + BA 0.5 ppm 25 47 37 76 41 64

5- , , + BA 1 . 0 ppm 46 67 32 45 34 73

6 . , , + BA 1.5 ppm 30 53 23 51 33 51

7. NAA 1.5 ppm + BA 0.5 p>cn 32 57 25 48 45 67

8 . , , + BA 1 . 0 ppm 25 38 9 30 27 33

9.  , , + BA 1.5 ppm ^ 0 53 26 45 33 45

CD (0 .05 ) 9 .20 '10.69 5.40 7.97 2 . 60 8 . 1 0

SEm± 3.21 3.73 1.90 2.78 0.91 2 .8 3

*V alu es  taken as average of f i v e  rep l ica t ion s
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In 13. n o b i i e  a l so ,  Tg (NAA 1.5 ppm + BA 1.0 ppm) was s ign i 

f i cant ly  super ior  to a l l  o ther  treatments and took only 27 and 33 

d ays  f  r e s p e c t i v e ly  for  bud initiation and elongation.  Maximum number 

o f  days  fo r  bud in it iat ion (45) was re c ord ed  by (NAA 1.5 ppm

+ BA 0.5  ppm) which  was on par with (NAA 0 .5  p p m . + BA 0 .5  

ppm ) .  For _ bud elongation (NAA 1.0 ppm + BA 1.0 ppm) re corded

the longest duration ( 7 3  days )  which  was on par with T^ (NAA 1.5 

ppm + BA 0 .5  p p m ) .

4 . 3 . 2 . 3 .  E f fect  of VW medium

Establ ishment of  cu ltures  occurred  in all the nine combinations 

o f  NAA and BA tr ied  fo r  al l  the s p e c ie s  of Dendrobium in this

medium. Data perta ining to the ob serva t ion s  re corded  are  presented

in Tab le  12.

For bud initiation in D. f imbriatum Tg (NAA 1.5 ppm + BA

1.0 ppm) re c o rd e d  the minimum number o f  days  . (24) and was on par 

with Tg (NAA 1,0 ppm + BA 1.5 p pm ) .  Maximum number of  days  (50) 

fo r  bud init iation  was re corded  by T^ (NAA 0.5  ppm + BA 1.0 pDm)

w hich  was oh par with T j  (NAA 0.5  ppm + BA 0 .5  ppm) and T^ (NAA

1.0 ppm + BA 1.0 p p m ) .  With resp ec t  to the per iod  taken fo r  bud

elongation a lso  Tg (NAA 1.5 ppm + BA 1.0 ppm) was su p er io r  to other 

treatments (33 days )  and was on par with T^ (NAA 1.5 ppm + BA

1.5 p p m ) .  Maximum number of days  (63) was taken by  T? (NAA 1.0 

ppm + BA 1.0 ppm) w h ich  was s ign i f i cant ly  d i f fe ren t  from all  o ther  

treatments.



T ab le  12. E f fe c t  o f  d i f f e r e n t  l e v e l s  o f NAA and BA on the cu lture  e s ta b l ish m e n t  in D endrobium  s p p .

Basal medium -  VW 
Explant  -  A x i l l a r y  bud

Treatment
Period (d a y s )  fo r cu l tu r e  es tab l ishm ent*

D. f imbriatum D. moschatum ’ D. n o b i l e

Bud i n i -  Bud elon- 
t iat ion gation

Bud ini  
t iation

-  Bud e lon
gat ion

Bud in i 
t iation

Bud e lo n 
gation

1. NAA 0 . 5 ppm + BA 0 .5 ppm 45 54 46 45 42 35
2 . f + BA 1 . 0 ppm 50 53 43 50 46 43
3. J + BA 1.5 ppm ' 33 49 37 40 41 45
4. NAA 0 ppm + BA 0.5 ppm 41 43 47 35 43 34
5. ) + BA 1 . 0 ■ppm 42 63 50 45 45 41
6 . + BA 1.5 ppm 26 57 31 47 34 38
7.. NAA 1 . 5 ppm + BA 0.5 ppm 39 44 37 48 41 42
8 . + BA 1 . 0 ppm 24 33 21 31 28 32
9. + BA 1.5 ppm 34 35 29 4.5 38 44

CD (0 .05 ) 8 .62 4.50 9 .72 6 . 0 1 7.07 7 .80
SEm± 3.01 1.57 3.39 2 . 1 0 2.50 2 .7 2

^Values taken as average  o f f i v e  r e p l i c a t io n s
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With regard to D. moschatum minimum number of days ( 2 1 ) 

was recorded  by Tg (NAA 1.5 ppm + BA 1.0 ppm) for  bud initiation

which '  was on par with (NAA 1.0 ppm + BA 0 .5  p p m ) .  For bud 

init iat ion the maximum number of days (50) was re corded  by (NAA

1.0 ppm + BA 1.0 ppm) w hich  was on par with (NAA 0.5  ppm

+ BA 0 .5  ppm) f (NAA 0 .5  ppm + BA 1.0 ppm) and (NAA 1.0 

ppm + BA 0 .5  ppm ) .  T 2 (NAA 0.5  ppm + BA 1.0 ppm) recorded  the 

maximum number of  days  (50) for bud elongation and was s igni f i cant ly  

d i f fe rent  from (NAA 0 .5  ppm + BA 1.5 ppm ) ,  (NAA 1.0 ppm

+ BA 0.5  ppm) and Tg (NAA 1.5 ppm + BA 1.0 ppm ) .

In the case  of D. n o b i l e , Tg (NAA 1,5 ppm + BA 1.0 ppm) 

re corded  the minimum number of  days  for  bud initiation and elongation

(28 and 32, r e s p e c t i v e l y ) .  It was on par with Tg (NAA 1.0 ppm + 

BA’ - 1.5 ppm) for bud init iat ion and with T^ (NAA 0 .5  ppm + BA 0 . 5

p p m ) ,  T^ (NAA 1.0 ppm + BA 0.5  ppm) and Tg (NAA 1.0 ppm + BA

1.5 ppm) f o r  bud elongation.  Maximum number of days  (46) was recorded 

by 7 ^  (NAA 0.5  ppm + BA 1.0 ppm) for bud initiation and T^ (NAA 

0.5  ppm + BA 1.5 ppm) (45) fo r  bud elongat ion.

4 . 3 . 2 . 4 .  Comparative  performance  of Dendrobium s p p .  on d i f fe ren t  
cu lture  media

Data perta ining to the performance  of the three  sp e c ie s  of 

Dendrobium (D. f r im b r ia tum . D. moschatum and D_. n o b i l e ) on the three  

culture media  (KC, MS and VW) with respec t  to the cu lture  

establ ishment of  the a x i l l a r y  bud explant are presented in Table  13.
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T a b le  13. Comparative  performance  of Dendrobium sp p .  on d i f fe rent  
culture media

Explant -  A x i l l a r y  bud 
NAA 1.5 ppm + BA 1.0 ppm

M edium /spec ies Period  (d a y s ) fo r  cu lture  establ ishment*

Bud in it iat ion Bud elongation

KC

D. f imbriatum 31 38
D. moschatum 31 35
D. n o b i le 31 42

MS

D. f imbriatum 25 38
D. moschatum 9 30
D. n o b i le 27 33

VW

D. f imbriatum 24 33
D. moschatum 21 31
D. n o b i le 28 32

CD (0 .05 ) 3.61 7.14
SEm± 1.26 2.50

^Values taken as average of  f i v e  rep l i ca t ion s
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D. moschatum in MS medium was found to be s ign i f i cant ly  superior 

to a l l  other treatments with resp ec t  to the duration for  bud initiation 

(9 d a y s ) .  T h i s  was f o l l o w e d  by D. f imbriatum and D_. moschatum in 

VW ^medium which  were  on par with each o ther ,  re cord in g  a duration 

o f  24 and 21  d a y s ,  r e s p e c t i v e l y .  The  longest  per iod  fo r  bud in it iat ion  

(31 days ,  each) was taken by all  the three  s p e c i e s  on KC medium.

Bud elongation o ccurred  within the  minimum number of  days 

(30) in D. moschatum in MS medium, which  was on par with all the 

three  s p e c ie s  t r ied  in VW medium, with D. moschatum in KC medium 

and . with D. n o b i l e  in MS medium. Maximum number of  days  (42) was 

re c ord ed  by D. n ob i le  in KC medium /  w h ich  was on par with D. 

f imbriatum and D. moschatum .in KC medium and with D. f imbriatum 

in MS medium.

4 .3 . 3 .  Shoot p ro l i fe ra t ion  (Stage 2)

■Data perta ining to the observa t ion s  re corded  on the s tandard 

isation of  basal  p r o l i f e r a t ion  medium ut i l i s ing  auxins and cy tok in ins  

are presented in Tables  14 and 15.

4 . 3 . 3 . 1 .  E f fect  o f  MS (h a l f  strength of  inorganic sa lts)  medium

In the t r ia ls  conducted during the  in it ia l  cu l tures ,  leaf  t ip 

n e c r o s i s  was o b s e r v e d  when the medium had fu l l  strength of  both 

inorganic sa lts  and organic growth fa c to r s  (P late  4 ) .  T h e re fo r e ,  for  

further  subcultures  MS medium containing half  the strength inorganic 

sa lts  and fu l l  strength of organic  growth fa c to r s  was used.



Plate  4 .  Comparison of  fu l l  strength ( l e f t )  and half strength ( r igh t )  
MS on shoot  pro l i f e r a t i o n  y showing leaf  tip n ecros is  in the 
former

Plate  5. E f fec t  o f  NAA 2 ppm + BA 5 ppm ( l e f t )  and NAA 2 ppm 
+ BA 3 ppm (right-) on shoot  p ro l i fe ra t ion  of D. f imbriatum 
in i  MS
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The e f f e c t  of  LiA alone or in combination with NAA was s i g n i f i 

cant on the induction o f  mult ip le  shoots ,  in all the three  s p e c ie s  

of  Dendrobium tried (T a b le  14) .

In D. f im br ia tum , T ^  (NAA 2 ppm + BA 5 ppm) was s i g n i f i 

cantly super ior  to al l  other treatments producing  5 .6  shoots  on average,  

but was on par with T ^  (NAA 2 ppm + BA 3 p p m ) ,  T ^  (NAA 2 ppm

+ BA 4 ppm) and T ^  (NAA 3 ppm + BA 5 ppm ) .  Minimum number of

shoots ( 1 . 0 ) was re c o rd e d  by T^ (con tro l )  w hich  was on par with 

T^ (BA 1 p pm ) ,  T^ (BA 2 ppm) and T,. (BA 4 p p m ) .

In D. moschatum, maximum number of  shoots ( 5 .8 )  was re c ord ed

by T ^  (NAA 2 ppm + BA 5 ppm) which  was on par with (NAA

2 ppm + BA 3 ppm) and s ign i f i cant ly  super ior  to al l o ther  treatments. 

The  minimum number of shoots (1 .0 )  was re corded  by  T ^ (con tro l )  w hich  

was on par with T^ (BA 2 ppm) and T^ (BA 4 ppm ).

In D. n o b i l e , maximum number o f  shoots  (5 .0 )  was produced  

by T ^ 2 (NAA 2 ppm + BA 5 ppm) w hich  was on par with T ^  (NAA

2 ppm + BA 3 ppm ),  T ^  (NAA 2 ppm + BA 4 ppm) and T ^  (NAA

3 ppm + BA 4 ppm) and s ign i f i cant ly  super ior  to al l o ther treatments. 

T j  ( c ontro l )  re c ord ed  the minimum number of  shoots ( 1 . 0 ) per  cu lture .

Though maximum number o f  shoots  in a l l  the three  s p e c i e s

was produced by T ^  (NAA 2 ppm + BA 5 ppm ),  the  1 shoots were

com pressed  and often malformed in appearance  (P late  5 ) .  Though T ^

(NAA 2 ppm + BA 3 ppm) was on par with T 12  (NAA 2 ppm + BA



' Basal  medium -  7  MS
Explant -  A x i l l a r y  bud

T a b le  14. E f fe c t  o f  BA alone and in com bination  w ith  NAA on m u lt ip le  sh o o t  form ation in Dendrobium  s p p .

Treatment D. f im bria tum D. moschatum D. n o b i l e

Percentage  o f  
cultures 
d e v e lo p in g  
shoots

S h o o t s /
c u l tu r e

Percentage  of 
cu ltures  
d e v e l o p in g  
shoots

S h o o ts /
cu l ture

Percentage  of  
cu ltures  
d e v e lo p in g  
shoots

S h o o t s /
c u l tu r e

1. Control 1 0 0 1 . 0 1 0 0 1 . 0 1 0 0 1 . 0

2. BA 1 ppm 1 0 0 1 . 2 1 0 0 2 .4 1 0 0 2 . 0

3. BA 2 ppm 1 0 0 2 . 0 1 0 0 2 . 0 1 0 0 2 . 0

4. BA 3 ppm 1 0 0 2 . 8 1 0 0 2 . 6 1 0 0 3 .0

' 5.  BA 4 ppm 1 0 0 2 . 2 1 0 0 1 . 2 1 0 0 2 .4

6 . BA 5 ppm 1 0 0 2 . 8 1 0 0 3.0 1 0 0 3 .0

7. NAA 1 ppm + BA 3 ppm 1 0 0 3 .8 1 0 0 2 .4 1 0 0 2 . 0

8 . , , ' + BA 4 ppm ■100 3 .2 1 0 0 2 . 8 1 0 0 2 .4

9- , , + BA 5 ppm 1 0 0 3 .8 1 0 0 3.0 1 0 0 3 .0

10. NAA 2 ppm + BA 3 ppm 1 0 0 5 .4 ' 1 0 0 4.8 1 0 0 4 .2

1 1 . , , + BA 4 ppm 1 0 0 5 .0 1 0 0 4.0 1 0 0 4 .0

1 2 . , , + BA 5 ppm 1 0 0 5 . 6 1 0 0 5 .8 1 0 0 5.0

13. NAA 3 ppm + BA 3 ppm 1 0 0 3 .0 1 0 0 3.0 1 0 0 3 .4

14. , , + BA 4 ppm 1 0 0 3 .0 1 0 0 3.4 1 0 0 3 .8

15. , , + BA 5 ppm 1 0 0 4 .4 , 100 4.0 1 0 0 3 .2

CD ( 0 . 0 5 )  
SEm±

1 .30
0 .4 5

1.30
0.50

1.50
0 .5 2

Values taken as average  o f  f i v e  r e p l i c a t io n s
Culture  p e r io d  -  th r e e  w eeks
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5 ppm ) ,  the  shoots produced  were  normal and h ea l th y .  The  number 

of  shoots  produced  by this  treatment in D. f im br ia tu m , D. moschatum

and D. n o b i le  were  5 .4 ,  4 .8  and 4 .2 ,  r e s p e c t i v e l y .  A l l  the 15 t rea t 

ments re c o rd e d  cent per  cent cu lture  p ro l i f e r a t i o n .

4 . 3 . 3 . 2 .  E f fect  o f  VW medium

In the tr ia l  conducted  using VW as the basal  medium the

e f f e c t  o f  BA alone or in combination with NAA was s igni f i cant  on the

induction of  m ult ip le  shoots  in a l l  the three  s p e c i e s ,  as ev iden ced

from T a b le  15.

In D. f imbriatum maximum number of  shoots (2 7 .8 )  was p rod u ced  

by T ^  (NAA 2 ppm + BA 5 ppm) w h ich  was s ign i f i cant ly  super ior

to a l l  o ther  treatments.  The  minimum number of shoots  (1 .0 )  was

recorded  by T^ ( c o n t r o l )  which  was on par with T^ (BA 1 ppm ),

T^ (BA 2 p pm ) ,  T^ (BA 4 p p m ) ,  T^ (NAA 1 .ppm + BA 2. ppm ),  T^

(NAA 1 ppm + BA if- p p m ) ,  T  ̂(NAA 1 ppm + BA 5" ppm) and T^ ^

(NAA 2 ppm + BA 2  pp m ) .

In D. moschatum, T ^  (NAA 2 ppm + BA 5 ppm) re c ord ed

maximum number of shoots (13 .0 )  per cu lture which  was on par with

^ 1 2 (NAA 2 ppm + BA 3 p p m ) . T^ (con tro l )  produced minimum number 

of  shoots  ( 1 . 0 ) per  culture  and was on par with a l l  o ther  treatments,  

e x c e p t  T4  (BA 3 p p m ) ,  T fi (BA 5 p p m ) ,  1  u  (NAA 2 ppm + BA 3 

ppm ) ,  T 13  (NAA 2 ppm + BA 4 ppm) and T 1 4  (NAA 2 ppm + BA 5 p pm ) .



T ab le  15. E ffect o f  BA alone and in com b in a tion  with NAA on m u lt ip le  sh oot  form ation in D endrobium  s p p .

B asa l  medium -  VW 
Explant  -  A x i l l a r y  bud

T reatment
D. f im br ia tu m D. moschatum D. n o b i l e

Percentage  of  
cu l tures  
d e v e l o p i n g  
shoots

S h o o t s /
cu l ture

Percentage of  
cultures  
d e v e lo p in g  ' 
shoots

S h o o ts /
cu lture

Percentage
cu ltures
de v e lo p in g
shoots

of S h o o t s /
c u l t u r e

1 . Control 1 0 0 1 . 0 1 0 0 1 . 0 1 0 0 1 . 0

2 . BA 1 ppm 1 0 0 2 . 2 1 0 0 2 . b 1 0 0 3 .0

3. BA 2 ppm 1 0 0 3.4 1 0 0 l . S 1 0 0 2 . 8

4. BA 3 ppm 1 0 0 8 .4 1 0 0 5 .2 1 0 0 5 . 6

5. BA _4 ppm 1 0 0 3.0 1 0 0 3.2 1 0 0 2 . 6

6 . BA 5 ppm 1 0 0 8 .4 1 0 0 5.4 1 0 0 4 . 6

7. NAA 1 ppm + BA 2 ppm 1 0 0 2 . 0 1 0 0 1.4 1 0 0 2 . 8

8 . > > + BA 3 ppm 1 0 0 1 0 . 2 1 0 0 4.0 1 0 0 6 . 4

9. ! > + BA 4 ppm 1 0 0 3 .2 100 2.4 1 0 0 3 .0

1 0 . > ! + BA 5 ppm 1 0 0 2 . 8 1 0 0 2 . 8 1 0 0 3 .0

1 1 . NAA 2 ppm + BA 2 ppm 1 0 0 3.0 10 0 2 . 2 1 0 0 6 . 0

1 2 . > j + BA 3 ppm 1 0 0 18.8 10 0 1 0 . 8 1 0 0 7 . 6

13. > > + BA 4 ppm 1 0 0 16.0 10 0 6.4 1 0 0 5 . 2

14. ) J + BA 5 ppm 1 0 0 27.8 1 0 0 13.0 1 0 0 1 0 . 2

CD (0 .05) 6 .3 0 3.98 2 .0 3

SEm± 2.2 3 1.42 0 .7 3

Values taken as a vera ge  o f  f i v e  re p l ica t io n s
C ulture  p e r io d  -  th re e  w eeks
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Tab le  16. Comparative  per formance of  Dendrobium s p p .  on m ult ip le  
shoot  formation

Explant -  A x i l l a r y  bud 
NAA 2 ppm + BA 3 ppm

T rea tm ent /spec ies Percentage of cultures 
deve lop ing  shoots  '

S hoots /
culture*

MS

D. f imbriatum 100 5 .4
D. moschatum 100 4 .8
D. n o b i le 1 0 0 4.2

VW

D. f imbriatum 1 0 0 18.8
D. moschatum 10 0 . 1 0 . 8

D. n o b i le 1 0 0 7 .6

CD (0 .05 ) 3.60
SEm± 1.23

*Values taken as average of f i v e  rep l ica t ion s
Culture p er iod  -  th ree  weeks
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In the ca se  o f  D-. n o b i l e , (NAA 2 ppm + BA 5 ppm)

rec ord ed  maximum number of  shoots  ( 1 0 , 2 ) and was s ign i f i cant ly  

super ior  to a l l  other treatments.  ( c o n t ro l )  re corded  lowest  number 

o f  shoots (1 -0 )  per culture  which  was on par with (BA 1 pp m ) ,

T 3 (BA 2 pp m ) ,  T5 (BA 4 ppm ) ,  T ? (NAA 1 ppm + BA 2 p pm ) ,  T g 

(NAA 1 ppm + BA 4 ppm) and T .̂q (NAA 1 ppm + BA 5 ppm ) .

The shoots  produced  by (NAA 2 ppm + BA 5 ppm) were

com pressed  and unhealthy .  (NAA 2 ppm + BA 3 pp m ) ,  w hich

was on par with (NAA 2 ppm + BA 5 ppm) in D. moschatum and

was next  to T ^  (NAA 2 ppm + BA 5 ppm) in D. f imbriatum and D. 

n o b i le  produced  normal and healthy shoots .  D. f im br ia tum , D.

moschatum and D. n o b i le  re c o rd e d  18.8 ,  10.8 and 7 .6  shoots  per

cu l tu r e , ,  r e s p e c t i v e l y ,  as influenced by T ^  (NAA 2 ppm + BA 3 

p p m ) .

4 . 3 . 3 - 3 .  Comparative  performance  of  Dendrobium spp in d i f f e r e n t  media

Data perta ining to the com parat ive  performance  of the three  

s p e c ie s  o f  Dendrobium on m ult ip le  shoot  production in the two media 

are given in T ab le  16. When the number  of  healthy  shoots  produced  

in MS (h a l f  strength) and VW media w ere  c o n s id e r e d ,  a treatment 

combination of  NAA 2 ppm + BA 3 ppm p rov ed  to be the b es t  for 

the three  s p e c ie s  of  Dendrobium.
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Tab le  16. Comparative performance  of  Dendrobium s p p .  on m ult ip le  
shoot  formation

Explant -  A x i l l a r y  bud 
NAA 2 ppm + BA 3 ppm

T reatm ent /spec ies Percentage of  cultures 
deve lop ing  shoots

S h oo ts /
culture*

MS

D. f imbriatum 1 0 0 5 .4
D. moschatum 10 0 4 .8
D. n o b i le 1 0 0 4.2

VW

D. f imbriatum 10 0 18.8
D. moschatum 10 0 1 0 . 8

D. n o b i le 1 0 0 7 .6

CD (0 .05 ) 3.60
SEm± 1.23

*Values taken as average of f i v e  rep l ica t ion s
Culture p er iod  -  th ree  weeks
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Maximum number o f  shoots  (18 .8 )  was produced  by D. f imbriatum 

in VW medium, w hich  was s ign i f i cant ly  super ior  to al l  other 

treatments t r i e d .  D. n o b i le  in MS { h a l f ,  strength) medium recorded  

minimum number o f  shoots  ( 4 . 2 )  which  was on par with the shoots 

produced  by  D. f imbriatum and D. moschatum in MS (h a l f  strength) 

medium and D. n o b i le  in VW medium.

The results  o f  the study conducted on the  p ro l i f e r a t ion  of 

shoots revea led  that the per formance  of  a l l  the three  sp e c ie s  was 

better  in VW medium. Hence for  further  t r ia ls  VW was used as the 

basal  p ro l i f e r a t i o n  medium.

4 . 3 . 3 , 4 .  E f fec t  o f  KIN alone and in combination with NAA

Data on the independent  influence of.  KIN and that in com binat 

ion with NAA on the number of  shoots  produced  per cu lture and the 

percentage  o f  cu ltures d ev e lop in g  shoots  are presented in T ab le  17.

In D. f im b r ia tu m , T ^  (NAA 2 ppm + KIN 5 ppm) re c o rd e d  

the  maximum number of  shoots  (6 .4 )  which was on par with T ^  (NAA 

2 ppm + KIN 3 ppm) and was s ign i f i cant ly  super ior  to al l  other t rea t 

ments.  Minimum number of  shoots  (1 .0 )  was produced  by T ( c on tro l )  

w h ich  was on par with T^ (KIN 1 p p m ) .

In the case  of  D. moschatum, T j  (NAA 2 ppm + KIN 5 ppm) 

re c ord ed  a maximum o f  5 .6  shoots per culture  and was on par. with 

T i 0  (NAA 1 ppm + KIN 5 p pm ) .  T^ (contro l )  r e c o rd e d  the low est



T ab le  17. E f fe c t  o f  KIN alone and in com bination with NAA on m u lt ip le  sh o o t  form ation  in Dendrobium s p p .

Basal medium -  VW 
Explant  -  A x i l l a r y  bud

T reatment
D. f imbriatum D. moschatum D. n o b i le

Percentage
cu ltures
d ev e lop in g
shoots

of  Shoots,  
culture

Percentage of  S h o o t s /  
cultures  cu l tu r e  
deve lop ing  
shoots

Percentage
cu l tures
d e v e l o p in g
shoots

of S h o o t s /
cu l ture

1 . Control 1 0 0 1 . 0 100 1 . 0 1 0 0 1 . 0

2 . KIN 1 ppm 1 0 0 1 . 8 100 1 . 2 ■100 1 . 2

3. KIN 2 ppm 1 0 0 2 . 8 100 2 .4 1 0 0 2 . 0

4. KIN 3 ppm 1 0 0 3 .6 10 0 2 . 8 1 0 0 2 .4

5. KIN 4 ppm 1 0 0 3.2 10 0 2 .4 1 0 0  , 2 . 2

6 . KIN 3 ppm 1 0 0 4.2 100 3 .2 1 0 0 3.0

7. NAA 1 ppm + KIN 2 ppm 1 0 0 3.0 100 2 . 6 1 0 0 2 . 6

8 . ,  , + KIN 3 ppm 1 0 0 3.0 100 2 .4 1 0 0 4 .4

9. 9 9 + KIN 4 ppm 1 0 0 3.0 10 0 3 .0 1 0 0 2 . 6

1 0 . t  9 + KIN 5 ppm 1 0 0 3 .2 10 0 4 .8 1 0 0 3 .4

1 1 . NAA 2 ppm + KIN 2 ppm 1 0 0 4.0 100 5 .0 1 0 0 4 .0

1 2 . T S + KIN 3 ppm 1 0 0 6 . 0 1 0 0 5 . 2 1 0 0 4 .6

13. t  9 + KIN 4 ppm 1 0 0 3.8 100 4 .4 1 0 0 3.0

14. ” + KIN 5 ppm 1 0 0 6 .4  _ 100 5 .6 1 0 0 5 .8

CD ( 0 . 0 5 )  

SEm±

1.70

0.60

1.40 

0 .4 9

1 . 2 2

0 .4 3

Values taken as average  o f  f i v e  r e p l i c a t io n s
Culture p e r io d  -  th re e  weeks
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number o f  shoots  (1 .0 )  w hich  was on par with (KIN 1 pp m ) ,

(KIN 2 p pm ) ,  (KIN 4 ppm) and T g (NAA I ppm + KIN 3 p p m ) .

With re s p e c t  to D. n o b i l e , (NAA 2 ppm + KIN 3 ppm)

rec ord ed  maximum number, of shoots  ( 5 - 8 ) ,  w hich  was on par with 

T ^2 (NAA 2 ppm + KIN 3 ppm) and was s ign i f i cant ly  super ior  to al l 

o ther treatments.  ( c o n t ro l )  produced  only 1 . 0  shoot  per  cu lture

w hich  was on par with (KIN 1 ppm ) ,  (KIN 2 ppm) and

(KIN 4 p p m ) .

A l l  the 14 treatments showed cent per  cent cu lture

p ro l i fe ra t ion  fo r  al l  the three  s p e c i e s .

A com para t ive  e f f e c t  o f  d i f f e r e n t  sources o f  cytok in ins  (BA

and KIN) on the number of  shoots  per culture in Dendrobium spp

is  presented in Fig.  3.

4 . 3 . 3 . 5 .  E f fec t  of  medium supplement

Data on the percentage  of  culture^ d ev e lop in g  shoots  and number 

o f  shoots per  cu l ture ,  as influenced by the l e v e l s  of  CW are .presented 

in T a b le  18.

Df the var ious  l e v e l s  of  CW tr ied  ( 0 ,  5, 10 and 15%), that

at 15 per  cent  re corded  the h ighest  values in a l l  the three  s p e c ie s  

w h ich  was on par with CW at 10 per cent in D. f imbriatum and D. 

n o b i le .  1°  D. moschatum it  was s ign i f i cant ly  su p er io r  to al l  o ther



Fig. 3. Effect of sources of cytokinins on the number of shoots
per culture in Dendrobium spp.
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T a b le  18. E ffe c t  o f  coconut water on shoot p r o l i fe r a t io n  in Dendrobium  sp p .

Medium -  VW + NAA 2 ppm + BA 3 ppm 
Explant  -  A x i l l a r y  bud ’

T reatment
D. f imbriatum D. moschatum D. n o b i le

Percentage of  
cultures 
deve lop ing  
shoots

S h o o t s /
cu lture

P ercentage  of  , 
cu l tures  
d e v e l o p in g  
shoots

S h o o t s /
cu l tu re

Percentage of  
cultures 
deve lop ing  
shoots

S h o o t s /
cu l tu r e

CW 0 % 10 0 1 2 . 0 1 0 0 8 . 8 1 0 0 4 . 6

/ ,  5 % 1 0 0 1 2 . 6 1 0 0 9 .4 10 0 5 .8

, , 10 96 100 15.6 1 0 0 13.4 10 0 7 .0

5J 15 % 1 0 0 19.0 1 0 0 18.0 1 0 0 8 . 0

CD (0 .0 5 ) 4 .62 .4 .21 . 2. 17

SEm± 1.54 1.40 0 .7 3

Values taken as a verage  o f  f i v e  re p l i ca t i o n s  
Culture  p e r i o d  -  t h r e e  weeks
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treatments.  The lowest  number of  shoots was produced  by CW at 0 

l e v e l  w h ich  was on par with CW at 5 per cent in all the three  

s p e c ie s  o f  Dendrob ium.

The number of shoots  produced  per  cu lture by CW at 15 per 

cent in D. f im b r ia tu m , D. moschatum and Ch n o b i le  were  19.0,  18.0

and 8 .0 ,  r e s p e c t i v e l y .  The  p ro l i fe ra t ion  of cu ltures  in all  the three  

s p e c ie s  o f  Dendrobium was cent per cent.

4 . 3 . 3 . 6 . E f fect  o f  continuous subculturing

In a t r ia l  conducted to assess  the rate of increase  or d e cr e ase  

in the mult ip l icat ion  of  shoots  in a x i l l a r y  bud ex plants of  D. f i b r ia t u m , 

-D. moschatum and D. n o b i l e  consequent  on continuous subcultur ing 

at three  week interva l  i t  was found that the rate of  mult ip l icat ion  

increased in a l l  the subcultures starting from the th ird  subculture '  

(T a b le  19 and Fig.  4 ) .

The percentage  of  increase  in number of  shoots  o ver  the in it ia l  

cu lture  a lso  increased  and the maximum values  (44 .44 ,  29.63  and

26.10 ,  r e s p e c t i v e l y )  w ere  obtained at the seventh and eighth 

subcultures  f o r  D. f im br ia tum , at the  eighth subculture  f o r  D. 

moschatum and at the seventh and eighth subcultures  for  D. n o b i l e .  

During the course  of  the ten subcultures,  number o f  shoots  with 

re ference  to the in it ia l  cu lture  increased  from 6 . 7 5  to 9 . 7 5  at the 

seventh subculture  in D. f im br ia tum , from 6.75 to 8.75 at the eighth
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T a b le  19. Influence of continuous sub-cu l tur ing  on the  mult ip l icat ion  
rate of shoot  ex plants e x c i s e d  from the in it ia l  shoot 
p ro l i fe r a t in g  cultures  .

Medium -  VW + NAA 2 ppm + BA 3 ppm + CW 15% 
Explant  -  A x i l la r y  bud

Culture Time Shoots /cu l ture*

D. f imbriatum D. moschatum D. n o b i le

1 ,  0 6.75 ( - ) 6.75 ( - ) 5.75 ( - )
2 3 6.75 ( 0 . 0 ) 6.75 ( 0 . 0 ) 5.75 ( 0 . 0 )

3 6 7.50 ( 1 1 . 1 1 ) 7.25 (7 .41 ) 6.25 (8 .70 )

. 4 9 7.75 (14 .81 ) 7.00 (3 .70 ) 6 . 0 0 (4 .35 )
5 12 7.75 (14 .81) 7.50 ( 1 1 . 1 1 ) 6.50 (13 .04 )

6 15 9.00 (33.33) 8 . 0 0 (18 .52 ) 7.00 (21 .74 )

7 18 9.75 (44.44) 8.25 ( 2 2 . 2 2 ) 7.25 (26 .10 )
8 21 9.75 (44.44) • 8.75 (29 .63 ) 7.25 (26 .10 )
9 24 ,9.25 (37.03) 8 .50 (25 .93 ) 7 .00 (21 .74 )

10 27 9.00 (33 .33 ) 8 . 0 0 (18 .52 ) 6.75 (17 .39 )

Mean 8.33 7.70 6.60

CD (0 .05 ) NS NS NS
SEm± 0.71 0.67 0.60

* Values taken as average  of  four rep l i ca t ions

Values in parenthes is  in d ica te  the percentage  of in crease  of  shoots 
o v e r  .the in i t ia l  culture



F ig .  4 .  E f fe c t  o f  continuous subculturing on th e  p e r c e n ta g e  in c r e a s e  o f  s h o o ts  o v e r  the
in i t ia l  c u l tu r e  in Dendrobium s p p .
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subculture  in D. moschatum and from 5.7!) to 7.25 at the seventh 

subculture  in D. n o b i l e .  The variations in the m ult ip l icat ion  rate

among subcultures  were  not s igni f i cant .

From the var ious  t r ia ls  pursued on the p ro l i f e r a t i o n  of shoots 

in a x i l l a r y  bud explant  o f  the three  s p e c ie s  o f  Dendrobium, D. 

f imbriatum was found to respond w e l l  compared to D. moschatum and 

D. n o b i le  (P la te  6 ) .  In D. n o b i l e , the rate of  m ult ip le  shoot format

ion was low .  The shoots produced were a lso  short  and d id  not have

a healthy appearance.  T h e r e fo r e  D. n o b i le  was not used for further 

studies .

4 . 3 . 4 .  Jn v i t r o  rooting (Stage 3)

Data perta ining to the results of  the t r ia ls  conducted to stand

a r d is e  the media ,  concentrat ion of  auxins (NAA , IBA) and medium

supplements f o r  rooting of  shoots produced  ^n v i t r o  in the two

s p e c ie s  o f  Dendrobium are presented in Tables  20, 21, 22 and 23.

4 . 3 . 4 . 1 . ,  Ef fect  of  auxins and media

The results  of the tria l  conducted using two auxins (NAA,

IBA) at two l e v e l s  (2 and 4 ppm) in three  media (MS hal f  strength,

MS full  strength and VW) are presented in T a b le  20. The treatments 

d i f f e r e d  s ign i f i cant ly  in r e s p e c t  o f  the rooting of  shoots  produced

in v i t r o .



Plate 6 Comparative  per formance  of [lie Mi roe s p e c ie s  of 
Dendrobium {f rom left  to right)  -  D. f imbriatum, 
D. moschatum and D. n o b i le





T a b le  20. E ffe c t  o f  auxins (NAA and IBA) and media on the root in g  of D endrobium  shoots  p ro d u ce d  _in v i t r o

D. fimbriatum D. moschatum

Treatment Root in i t 
iation {%)

• Days fo r  
root  in i 
t iation

R oots /
shoot

Root in i t 
iation (%)

Days for 
root  i n i 
t iation

R o o t s /
s h o o t

Nature of roots

1. MSa + NAA 2 ppm 1 0 0 27 5.0 1 0 0 28 3 .2 Very s h o r t  t th ick  roots

2. MSa + NAA 4 ppm 1 0 0 27 5.2 1 0 0 25 5 .0 S h o r t ; t h i c k  roots

3. MSa + IBA 2 ppm 1 0 0 28 6 . 0 1 0 0 28 5 .8 Short ,  thin long roots

4. MSa + IBA 4 ppm 1 0 0 27 7.2 1 0 0 28 6 6 Long,  th in ,  f i b ro u s  
roots

5. MS*3 + NAA 2 ppm 1 0 0  . 27 6 . 2 1 0 0 26 4 .2 S h o r t ; t h i c k  roots

6 . MS^ + NAA 4 ppm 1 0 0 25 6 . 6 1 0 0 24 5 .0 T h i c k ^ lo n g  roots

7. MS*3 + IBA 2 ppm 1 0 0 24 7.8 1 0 0 25 6 . 0 Short ,  thin roots

8 . MS*3 + IBA 4 ppm 1 0 0 21 8 . 2 1 0 0 24 . 7 . 4 L o n g , f i b r o u s  roots

9. VW + NAA 2 ppm 30 37 2 . 8 30 34 3 .2 Very shorty th ick  roots

10. VW + NAA 4 ppm 35 40 3 .6 . 40 35 3.0 Short^thick  roots

11. VW + IBA 2 ppm 33 46 2.4 2 0 33 2 . 0 Short ,  thin,  f i b r o u s  
roots

12. VW + IBA 4 ppm 30 35 2.4 30 30 2 . 0 Long,  th in ,  f i b r o u s  
roots

CD (0 .0 5 ) 3.92 1.75 3.21 1.80
SEm± 1.40 0.62 1.14 0 .64

Values taken as a vera ge  o f  f i v e  r e p l i c a t i o n s
a -  Medium containing f u l l  concentrat ion  of  both inorganic sa l ts  and organic  g row th  f a c t o r s  
b -  Medium containing h a l f  concentrat ion  of  inorganic  sa lts  and f u l l  concentrat ion  o f  organic  growth fa c to r s
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f imbriatum, T„  (MS + 1BA 4 ppm) re c o rd e d  the minimum number
' —  O  •

of  days (21) which  was on par with (MS*3 + IBA 2 ppm) and

sign i f i cant ly  super ior  to o th e r s .  (VW + IBA 2. ppm) took the

maximum number of days  (46) and was on par with (VW + NAA

2 p p m ) .

In D. moschatum a lso ,  Tg (MS*5 + IBA 4 ppm) recorded  the 

sh or tes t  duration (24 d a ys )  for root  initiation w hich  was on par 

with T2 (MSa + NAA 4 ppm ) ,  1  ̂  (MSb + NAA 2 pp m ) ,  (MSb +

NAA 4 ppm) and (MSb + IBA 2 ppm) and s ign i f i cant ly  super ior

to o th ers .  (VW + NAA 4 ppm) re corded  the maximum duration

of  35 days  w hich  was on par with (VW + NAA 2 ppm) and

(VW + IBA 2 ppm ) .

The cu ltures  initiating  roots were  cent per cent in MS medium 

(b o th  fu l l  and hal f  s t rength ) .  In VW medium, it  was only 20-40 per

cent.  The roots produced  were ,  in general ,  thin,  long,  white  and

f ib ro u s  in the medium containing IBA compared to NAA, w hich  produced 

short  t h i ck  roo ts .

In D. f imbriatum Tg (MS + IBA 4 ppm) produced  maximum

number of  roots  (8 -2 )  w hich  was on par with T^ (MSa + IBA 4 pp m ) ,

Tg (MS + NAA 4 ppm) and T^ (MSb + IBA 2 ppm) and s ign i f i cant ly

super ior  to a l l  other treatments.  T n  (VW + IBA 2 ppm) produced

the minimum number of  roots  (2 .4 )  and was on par with T„ (VW +
9

With regard to the days taken Tor initiation ot roots in D.
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NAA 2 ppm ) ,  T 10 (VW + NAA 4 ppm) nntl T  (VW + IBA 4 Dpm).

Comparative  performance  of NAA and IBA at two l e v e l s  each on }

Ms medium is shown in Plates 7 and 8 .

In D. moschatum a lso  T„ (MS*3 + IBA 4 ppm) re c o rd e d  maximum— ■ ■■    O
r  ^

number of  roots ( 7 . i f ) w h ich  was on par with. (MS + IBA 2 ppm ) ,
a h(MS + IBA if ppm) and (MS + IBA 2 ppm) and s ign i f i cant ly

superior to a l l  other treatments.  (VW + IBA 2 ppm) re c ord ed

the : minimum number of  roots (2 -0 )  and was on par with .(MS

+ NAA 2 ppm ) ,  (VW + NAA 2 ppm ),  (VW + NAA 4 ppm) and

T 12  (VW + IBA 2 pp m ) .

From the studies  it  was found that Tg (MS + IBA 4 ppm)

e x c e l l e d  a l l  o ther treatments in re s p e c t  o f  number of  roots produced  

per  shoot and the number o f  days taken, fo r  root  initiation in both 

the s p e c i e s .  This  treatment was c l o s e l y  f o l low ed  by^ and was on

par with ' T y  (MS*3 + IBA 2 ppm ).  At T g (MS*3 + IBA if ppm ) ,  D.

f imbriatum rec ord ed  the maximum number of  roots ( 8 . 2 ) in minimum

number of days  ( 2 1 ) compared to .  D. moschatum w hich  re c ord ed  only

7 .  if roots per  culture in 24 da ys .

O bservat ions  w ere  made on the growth parameters  of D. 

f imbriatum and 13. moschatum at the ■ time of  planting out and the

data are  presented  in T a b le  21.



Plate 7

Plate 8

. E f fe c t  o f  NAA 2 ppm ( l e f t )  and 4 ppm ( r ig h t )  on the in 
v i t r o  rooting of  shoots  of  D. f imbriatum in y MS

. E f fect  o f  IBA 2 ppm ( l e f t )  and 4 ppm ( r ig h t )  on the in v i t r o  
rooting  of  shoots  of  D. f imbriatum in {  MS





T a b le  21. E f f e c t  o f  auxins {NAA and IAA) and m ed ia  on the  growth  parameters of. Dendrobium spp .
Explant :  A x i l l a r y  bud

Treatment

D. f imbriatum D. moschatum

Plant
h e ig h t
(cm)

No. of
l e a v e s /
shoot

Length 
o f  the 
longest  
lea f  
(cm)

R o o t s /
sh oot

A v e r a g e  
length 
o f  the  
root  
(cm)

Plant
he ight
(cm)

No. of
l e a v e s /
shoot

Length 
of the 
longest 
leaf 
(cm)

Roo ts /
shoot

Average  
length 
of the 
root  
(cm)

1 . MSa+NAA 2 ppm 2 . 60 6 . 6 1.40 8 .4 0 .70 2 . 2 2 5 .0 0 .96 5 .2 0 .60

2 . " + NAA 4 ppm 3.00 8 . 2 1.70 1 0 . 0 0 .80 3 .08 5 .8 1 . 0 0 1 0 . 6 0.62

3. " + IBA 2 ppm 3 .64 1 0 . 2 2.04 16.0 1 . 0 0 3.30 5 .0 1 . 2 0 16.4 1.14

4. " + IBA 4 ppm 5 .9 6 10.4 2 . 6 6 18.6 1.80 5 .72 7 .2 1.98 2 1 . 0 1.54

5. MS^+NAA 2 ppm 2.50 6 . 8 1.28 8 . 0 0 .80 2 .98 5 .0 0.82 1 0 . 6 0 .56  .

6 . " +NAA 4 ppm 2-96 8 . 2 2 . 0 2 1 0 . 2 1.04 2 . 6 6 7 .4 1.08 1 1 . 0 0.74

7. " +IBA 2 ppm 5 .9 4 1 1 . 0 2.54 21.4 1.92 3 .36 9 .0 1.92 18.2 1.24

8 . " +IBA 4 ppm 7 .00 16.0 2 .98 36.2 2.82 5.84 1 2 . 0 2.72 2 2 . 0 1.99

CD (0 .0 5 ) 0 .4 3 1.90 0 . 2 2 2 .50  ■ 0 . 2 2 0.64 0 . 6 8 0.41 1.60 0 . 2 2

SEm± 0 .05 0.92 0 . 0 1 1.65 0 . 0 1 0.04 0 .1 3 0.04 0.80 0 . 0 1

Values taken as a vera ge  o f  f i v e  re p l i c a t i o n s  at the  time o f  p lant ing  out 
Culture p e r i o d :  Six weeks
a -  Medium containing fu l l  strength o f  both  inorganic  s a l t s  and o r g a n ic  growth fa c to r s  
b -  Medium containing ha l f  strength o f  inorganic  sa l ts  and f u l l  s trength  of o rgan ic  growth fa c to r s
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Plant height

The treatments exer ted  s igni f i cant  influence on the growth 

parameters s tudied  in both the s p e c i e s .

In D. f imbriatum Tg (MS*3 + IBA 4 ppm) re c o rd e d  the maximum 

plant he ight  (7 .00  cm) and was s ign i f i can t ly  super ior  to a l l  o ther  

treatments. The  low est  he ight  (2 .50  cm) was re c o rd e d  by (MS*3

a

+ NAA 2 ppm) which  was on par with (MS + NAA 2 ppm ).

With r e s p e c t  to D. moschatum, the ta l les t  plants  (5 .84 cm) 

were  o b s e r v e d  in Tg (MS*3 + IBA Ifr ppm) which  was on par with 

T^ (MS +, IBA 4. ppm) and s ign i f i cant ly  super ior  to a l l  other  t rea t 

ments.  The  minimum plant he ight  (2 .22  cm) was re c o rd e d  by T^ (MSa 

+ NAA 2 p p m ) .  Th is  was on par with T^ (MS*3 + NAA 4 ppm) and 

s ign i f i cant ly  d i f f e r e n t  from all o ther treatments.

Number o f  l eaves  'per shoot

The number o f  l ea ves  produced  per shoot a lso  d i f f e r e d  s i g n i f i 

cantly as influenced by  the  treatments.  In D. f imbriatum it  was the 

maximum (1 6 .0 )  at Tg (MS*3 + IBA 4 ppm) which  was s ign i f i ca nt ly  

super ior  to a l l  o ther  treatments and the minimum number of  leaves  

( 6 . 6 ) was re c o rd e d  at T^ (M5a + NAA 2 ppm) w h ich  was on par with 

T2 (MSa + NAA 4 p p m ) ,  T5 (MS*3 + NAA 2 ppm) and T fi (MSb + -NAA 

4 ppm ) .
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In D. moschatum, Tg (MS + IBA 4 ppm) re c o rd e d  the

maximum number of  leaves  per  shoot  ( 1 2 . 0 ) w h ich  was s ign i f i cant ly  

super ior  to a l l  o ther treatments.  Minimum number of  leaves  (5 ,0 )  

per  shoot was re c ord ed  by (MS + NAA 2 ppm) w hich  was on

par with (MSa + IBA 2 ppm) and (MS*3 + NAA 2 p p m ) .

Length of  the longest leaf

The treatment d i f f e r e n ce s  were  s igni f i cant  in influencing the

length of  the longest  l ea f .  In D, f imbriatum Tg (MS*3 + IBA 4 ppm)

r e c o rd e d  the maximum leaf  length (2 .9 8  cm) and was s igni f icant ly  

super ior  to a l l  o ther  treatments. (MS*3 + NAA 2 pp m ) ,  record ing  

the  minimum leaf  length of 1.28 cm, stood on par with Tj  (MSa + 

NAA 2 ppm ).

D. moschatum r e c o r d e d  the maximum leaf  length of 2.72 cm

in Tg (MS*3 + IBA 4 ppm) w hich  was s ign i f i cant ly  super ior  to al l  

o ther  treatments.  Minimum lea f  length (0 .82  cm) was re corded  by 

T^ (MS*3 + NAA 2 ppm) which  was on par with T j  (MS3  + NAA 2

p p m ) ,  T 2 (MS3  + NAA 4 p p m ) ,  T3 (MS3 ' + IBA 2 ppm) and Tfi (MS*3

+ NAA 4 p p m ) .

Number of  roots per shoot

The number of  roots  produced  a lso  d i f f e r e d  s ign i f i cant ly

among the  treatments.  The  maximum number of roots  (36 .2 )  in D. 

f imbriatum was re c o rd e d  by Tg (MS + IBA H ppm) which  was

s ign i f i cant ly  super ior  to a l l  o ther treatments.  Only 8-0 roots per
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shoot  was re corded  by (MS + NAA 2 ppm) w hich  was on par

with (MS3  + NAA 2 p p m ) , . T 2 (MS3 i NAA H ppm) and (MSb

+ NAA 4 ppm) and s ign i f i cant ly  lower than other treatments.

In D, moschatum, Tg (MSb + IBA 4 ppm) re corded  the

maximum number of  2 2 . 0  roots per  shoot  and was on par with

(M5a + IBA 4 ppm ) .  The  minimum number (5 .2 )  of  roots per shoot

was re corded  by (MSa + NAA 2 ppm) w hich  was s ign i f i cant ly

d i f fe rent  from all other  treatments.

Average  length of the roots

The average  length of  roots d i f f e r e d  s ign i f i cant ly  as influenced

by the treatments.  In D. f im br ia tum , Tg (MSb + IBA 4 ppm) was

s ign i f i cant ly  super ior  to a l l  other treatments,  r e c ord in g  a root length

of 2.82 cm. T j  (MSa + NAA 2 ppm) re c o rd e d  the minimum root length

(0 .70  cm) and was on par with T2 (MSa + NAA 4 ppm) and T^ (MSb

+ NAA 2 p p m ) .

In [0. moschatum, maximum root length (1 .99  cm) was o b s e r v e d  

in Tg (MS + IBA 4 ppm) which  was s ign i f i cant ly  superior  to al l

other treatments.  T^ (MSb + NAA 2 ppm) re c ord ed  the minimum root 

length o f  0 .56  cm and was on par with T^ (MSa + NAA 2 ppm ) ,  T2

(MSa + NAA 4 ppm) and T & (MSb + NAA U ppm)

The a bo v e  studies  on rooting ind icated  that D. f imbriatum 

responded bet ter than D. moschatum in resp ec t  of  the growth
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parameters of  the p lant le t .  Hence further  studies w ere  re s t r i c te d  

to D. f im b r ia tu m .

3 . 2 .  E f fect  of  medium supplements

Data pertaining to the e f f e c t  of var ious  compounds other than

growth regulators  on the rooting of  shoots  produced  _fn v i t r o  in D. 

f imbriatum are presented  in Tables 22 and 23.

Effect  of sucrose

Data perta ining to the results o f  the t r ia ls  conducted  to study

t h e . e f f e c t  o f  sucrose  on the number of  days  taken fo r  root initiation

and the number of  roots produced  per shoot _m v i t r o  are  presented 

in Tab le  22.

The treatments d i f f e r e d  s ign i f i ca nt ly  with re sp e c t  to the days  

taken fo r  roo t  in it iat ion .  Among the four l e v e l s  o f  sucrose  t r i e d ,  

that at 1.5 Xper cent re c o rd e d  the minimum number of  d ays  (20) for 

root initiation and was on par with sucorse  at 3.0 and 4 .5  per cent.

Maximum days  (26) for  root  init iat ion was taken by sucrose  at 6.0

per  cent.

With regard to number of  roots  produced  per shoot a lso  the

treatments d i f f e r e d  s ig n i f i ca n t ly .  Sucrose  at 1.5 per cent re c o rd e d  

the h ighes t  va lue (9 .4 )  w hich  was s ign i f i cant ly  su p er io r  to a l l  other

treatments (P la te  9 ) .  Sucrose  at 6 .0  per  cent r e c o r d e d  the least

value (4 .6 )  and was on par with that at 4.5  per  cent.



T ab le  22. E ffe ct  o f  su cr o se  on th e  rooting  o f  sh oo ts  prod u ced  _in v i t r o  in Dendrobium fim bria tu m

Medium :  ̂ MS + BA 4 ppm

Treatment Root in i t ia t ion  
(%)

Days f o r  root  
in i t ia t ion

Roots /shoot Nature o f  r oo ts

Sucrose  1.5% 1 0 0 20 9.4 Long, thin,  w h i te  roots

, ,  3.0% 1 0 0 21 6.4 Long,  thin,  w h i t e  roots

, ,  4.5% 1 0 0 24 3.6 Short ,  th in ,  w h i te  roots

, ,  6 . 0 % 1 0 0 26 4.6 Very short  th in ,  w h i te  
roots

CD (0 .05 ) 4 .00 1.60
SEm± 1.33 0.53

Values taken as average of  f i v e  replicETions 
Culture  p e r i o d  -  th r e e  weeks



Plate 9. E f fect  of  sucrose  1.5 per cent a n d  6 .0 per  cent ( L & f t )
on jm v i t r o  root ing of shoots  o f  D. f imbriatum in 7  MS

Plate 10. Ef fect  o f  act ivated  ch a rcoa l  1.0 per  cent ( l e f t )  and 0.
per  cent  ( r ig h t )  on _in v i t r o  rooting of  shoots o f  D
fimbriatum in 2 MS —





83

Cent per  cent rooting was o b s e r v e d  at al l  the l e v e l s  of  su cr ose

t r i e d .

Effect  of  AC

The data resulting  from the t r ia l  conducted employ ing AC 

as a medium supplement fo r  rooting o f  shoots  produced  in v i t r o  are 

presented in T a b le  23.

The treatments e x h ib i t e d  s ign i f i cant  d i f f e r e n c e s  with re sp e c t  

to the p e r io d  taken fo r  root  initiation as well  as the number o f  roots 

pro d u ce d .  In re sp e c t  of the per iod  taken for  root in it iat ion,  minimum 

days (19) was re c o rd e d  by AC at 0.10 per  cent w h ich  was s ign i f i can t ly  

superior  to a l l  other treatments.  AC at 1.00 per cent  took the maximum 

number of  d a ys  (28) f o r  root  in i t iat ion ,  w hich  was s ign i f i cant ly  

d i f fe rent  from al l  o ther treatments.

As regards  the number of roots  produced per shoot (P late  10) ,  

AC at 0.10  per  cent r e c o r d e d  the h ighest  value (9 .6 )  which  was on 

par with that at 0.25 per cent.  Minimum number of roots was 

re c ord ed  by AC at 1 . 00 per  cent ( 6 . 6 ) w h ich  was on par with that 

at 0.50 per  cent.

A l l  the four l e v e l s  of  AC r e c o r d e d  cent per  cent root in i t ia t 

ion.

The e f f e c t  of  su cr o se  and AC on root  initiation and number 

o f  roots prod uced  in D. f imbriatum is shown in Fig .  5.



T a b le  23. E ffect  o f  a ct iv a ted  ch a rco a l  on the root in g  o f  sh oo ts  p.roduced _in v i t r o in D. fimbriatum

' Medium : i  MS + BA 4 ppm

Treatment Root initiation
• (%) ■

Days f o r  root 
init iat ion

R o o t s / s h o o t Nature of roots

AC 0.10% 1 0 0 19 9 .6 S hort ,  t h i c k ,  w h i te  roots

, ,  0.25% 1 0 0 24 8 . 2 Short ,  t h i c k ,  greenish  
w h i te  roots

, ,  0.50% 1 0 0 25 7 .4 Short ,  t h i ck ,  greenish  
w h i te  roots

, ,  1 . 0 0 % 1 0 0 28 6 . 6 Short ,  t h i c k ,  greenish  
w h i te  roots'

CD ( 0 . 0 5 ) 2 .8 2 1.53
SEm±, 0 .94 0.51

Values taken as avera ge  of  f i v e  r e p l i c a t i o n s  
Culture p e r io d  -  th ree  weeks



F ig .  5 .  E f fect  o f  s u cr o s e  and ac t ivated  charcoa l  on roo t  in it iat ion 
and number o f  roots  prod u ced  in D. f imbriatum

Days for root initiation No.of roots

Sucrose  (%)

A c t iva ted  c h a r c o a l  (%)
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The s ize  of  the p lantlets  that Were ready for  planting out 

in Dend robium fimbriatum and D. moschatum is shown in Plates 11 

and 12. Both the potting media and the hardening (p o s t - t r a n s f e r )  

treatments were  found to influence the surv iva l  of  the plant lets  of 

both the s p e c i e s .

Potting media

The most su i tab le  potting medium was found to be 1:1 ( v / v )

mixture o f  b r i c k  and ch arcoa l  p ie ce s  (T a b le  24 ) .  It re corded  maximum
/

su rv iv a l  o f  p lantle ts  in both D. f imbriatum (70 per  cent) and D. 

moschatum (40 per c e n t ) .  Charcoal  reg is tered  minimum percentage 

o f  s u r v iv a l  in both D. f imbriatum and D. moschatum (20 per cent,  

e a c h ) .  T h e  plantlets  d id  not s u r v iv e  in coconut husk in both the 

s p e c i e s .

Hardening treatments

The results  o f  the tr ia l  conducted to study the e f f e c t  of  

pos t - t r a n s fe r  hardening treatments on the s u rv iv a l  o f  p lant lets  are 

presented in Tables  25 and Plates 13, 14 and 13.

Cover ing  the plants with p la s t i c  sheet for three  days  and 

keeping  in shade  re c o rd e d  the h ighes t  su rv iv a l  percentage in D. 

f imbriatum (60 per  cent) and D. moschatum (40 per c e n t ) .  T h is  was 

fo l l ow ed  by cover in g  of  plants with- p l a s t i c  sheet  with ho les  and

Planting out and acclim atization



Plate 11. Plantlet ready for planting out -  D. fimbriatum

Plate 12. P lant let  ready fo r  planting out -  D. moschatum
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Tab le  2 b .  Influence of  potting media on the s u r v iv a l  o f  the in v i t r o  
p lantle ts  o f  Dendrobium

Potting medium
Surv iva l  of p lantle ts  (%)

D. f imbriatum D. moschatum

Coconut husk 0 0

Brick  : Charcoal  ( 1 :1 ) 70 40
Charcoal 20 20

Tab le  25. Influence of hardening treatments on 
in v i t r o  p lant le ts  of  Dendrobium

the su rv iva l  of the

P os t - t ra n s fe r  treatment
Surv ival o f  p lantle ts  (96)

D. f imbriatum D. moschatum

Keeping in open 0 0

Keeping in cu lture room 20 0

Cover ing  the plants and pots 
with p la s t i c  sheet  with holes  
f o r  two weeks

30 30

Cover ing  the plants and pots 
with a m ic r o s c o p e  c o v e r  fo r 30 20
two weeks

Cover ing  the plants with
p la s t i c  sheet  for three  days  60 40
and keeping in the shade



Plate 5. E f fect  of  p o s t - t r a n s fe r  hardening treatments -  kept  in 
open





Plate 14. Effect  of  p o s t - t r a n s fe r  hardening treatments -  cover ing  with 
p la s t i c  c o v e r  *

Plate 15. E f fect  o f  p o s t - t r a n s fe r  hardening treatments -  cover ing  with 
m ic r o s c o p e  c o v e r
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cov e r in g  with a m ic r o s c o p e  co v e r  for  two weeks .  In both the t rea t 

ments,  D. f imbriatum recorded  30 per  cent su rv iv a l  o f  the p lant le ts ,

each .  D. moschatum rec ord ed  30 and 20 per cent,  r e s p e c t i v e l y .  The 

plant lets  did not s u r v iv e  when kept in' the open.

4 . 4 .  Somatic organogenesis

4 . 4 . 1 .  Explant c h o i c e

The results  ol the trial  cunducLed lor screening  of various 

explants  of  Dendrobium s p p .  for  initiating  ca l lus are presented

in Tab le  26.

Of the var ious  explants  t r i e d ,  root (a er ia l  as well  as from 

culture) segments showed the maximum response  (60 and 50 per  cent,

r e s p e c t i v e l y ) .  Th is  was fo l l o w e d  by leaf  (m id d le  port ion  of mature 

leaf  as w e l l  as whole  lea f  from culture,  re corded  40 and 20 per cent, 

r e s p e c t i v e ly )  and in f l o r e s c e n c e  stalk (20 per cen t ) .  The  shoot tip

and a x i l l a r y  bud did  not respond .  The base with sheath of  the leaf 

exp lants ,  though rec ord ed  10 per cent  response ,  showed n ecros is  

and gradual ly  d r i e d .

4 . 4 . 2 .  Culture establ ishment (Stage 1 )

The results  of  the t r i a l s  conducted  to study the culture 

establ ishment as influenced by the combination of auxin (NAA) and 

cytok in in  (BA) in m od i f ied  VW medium in Dendrobium moschatum are 

presented in T a b le  27.
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Tab le  2 6 . Response of  var ious  explants  of Dendrobium moschatum on
init iat ing ca l lus  ~

Basal medium: VW

Explant Response (%)*

** .
Shoot t ip 0

* *
A x i l l a r y  bud 0

In f lorescence  stalk 20

Leaf

Tip  port ion 0

M idd le  portion 40

Base port ion  (w i th  sheath, 10

Whole leaf  ( f rom culture) 20

Root

Aer ia l 60

From culture 50

* Average of ten replications
**A11 the three species were used



Table 27.  Effect of different le v e ls  of NAA and BA on the culture establishment  of various explants
of Dendrobium moschatum

Basal medium -  VW

Culture e s t a b l i s h m e n t  (96)*
Treatment

L e a f
M idd le  
portion 
of mat
ure leaf

Whole
lea f
from
culture

R o o t
A e r ia l From

culture

In f l o r e s e n c e
stalk

NAA 1 ppm + BA 1 ppm 10 0  ' . 2 0 , 0

f  J + BA 2 ppm ■ 10 0 10 0

NAA 2  ppm .+ BA 1 ppm 20 10 40 10

J f + BA 2 ppm 10 10 2 0 0

NAA U ppm + BA 1 ppm 30 '  10 50 30

» > + BA 2 ppm 10 10 20 2 0

* Values taken as average of  ten r e p l i c a t i o n s  
Culture p e r i o d  -  four weeks
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4 . 4 . 2 . 1 .  Leaf segments 

M idd le  portion  of mature leaf

Increase in s i z e  (sw e l l ing )  of  the explant  was o b se rv e d  at 

a l l  the treatment combinations .  At NAA 4 ppm + BA 1 ppm, the

establ ishment of cultures  was 30 per cent.

Leaf from culture

The explants  e x h i b i t e d  swel l ing at the treatment combinations 

invo lv ing  NAA 2 or 4 ppm with BA 1 or 2 ppm. The es tab l ishm ent -  

of  culture re corded  at these  four combinations was 10 per cent, each.

4 . 4 . 2 . 2 .  Root segments 

Aer ia l  root

The  maximum percentage  of cu lture  es tabl ishm ent  recorded  

was 50 per  cent at the treatment combination of NAA 4 ppm + BA

1 ppm. Thickening  of  the ex plant at the tip was o b s e r v e d  at this

l e v e l .  Culture establ ishment  was the minimum (10 per  cent) at the 

combination of NAA 1 ppm + BA 2 ppm.

Root from culture

The roots obtained from culture were short  and t h i c k .  Further 

thickening of  the root segments resu lted in the treatment combination 

o f  NAA 4 ppm + BA 1 ppm. Establ ishment of cultures  at this l e v e l

was re corded  as 30 per cent .  At the treatment combinations of  NAA



Plate

Plate  17

6 ' *he m id d le  *  « » «  —  re  le a ,

Callus formation in jn  vitro leaf (whole), of D. moschatum
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1 ppm + BA 1 ppm, NAA 1 ppm + BA 2 ppm and NAA 2 ppm + BA

2  ppm, culture  establ ishment could not be obta ined .

4 .4 .  2 .3 .  In f lorescence  stalk

Culture establ ishment was the maximum at the  combination 

o f  NAA 2 ppm + BA 1 ppm, NAA 4 ppm + BA 1 ppm and NAA 4 ppm

+ BA 2 ppm. The percentage of  response  at these  l e v e l s  was re c ord ed  

as 20 per  cent,  each .  Treatment combinations having NAA 1 ppm +

BA 1 ppm and NAA 1 ppm + BA 2 ppm recorded  the minimum value

( 0  per  cen t ) .

4 .4 . 3 .  Callus induction and organogenesis (Stage 2)

The explants  from the culture  es tabl ishment  were  tried fo r

callus induction and organogenesis in m odi f ied  VW medium supplemented 

with 2 ,4 -D  at var ious  l e v e l s  ( 0 .5 ,  1 .0 ,  2 .0  and 4 .0  pp m ) .  The

results  are presented in T a b le  28 and Fig.  6 ' .

4 . 4 . 3 . 1 .  Leaf segments

M idd le  port ion  of the mature leaf

Thickening o f  the explant  was o b s e r v e d ,  e s p e c ia l l y  at the

base.  They e x h ib i t e d  w ater -soaked  appearance  (P la te  16) .  Maximum 

percentage of  cultures init iat ing ca l lus  (40) was re c ord ed  at 2,4 -D

2.0  ppm. The  percentage  o f  cultures  initiating ca l lus  at 2 ,4 -D  1.0

ppm was the minimum (0 per  c e n t ) .  Further d i f fe rent iat ion  of  the

ca l lus  was not o b s e r v e d .



Table 28. Effect of 2 ,4-D on the induction and growth of callus in various explants of Dendrobium moschatum
Basal medium -  VW

Treatment
Leaf Root

In floresen ce  sta lk
M idd le  port ion  o f 

mature lea f
Whole lea f  

from culture Aeria l From cu 1 t u r  e

Cultures
in itiat
ing
callus

w

Growth
score

(G)

Callus
index
(Cl)

Cultures
in i t ia t 
ing
ca llu s

( % )

Growth
s c o r e

(G)

Callus
index
(Cl)

Cultures
in it ia t 
ing
callus

(.*)

Growth
score

(G)

Callus 
index 
(Cl) .

Cultures
in it ia t 
ing
callus

W

Growth
score

(G)

Callus
index
(C l)

Cultures
in it ia t 
ing
ca llu s

( * )

Growth
sco re
(G)

Callus 
ind ex 
(Cl)

2 ,4 -D  0 .5  ppm 20 0 0 0 0 0 40 1 40 0 0 0 0 0 0

, ,  1.0 ppm 0 0 0 0 0 0 20 1 20 20 1 20 0 0 0

, ,  2 .0  ppm ' 40 0 0 20 1 20 80 1 80 80 3 240 - 20 1 20

, ,  4 .0  ppm 20 0 0 ' 40 1 40 60 1 60 60 1 60 0 0 0

Values taken as average of ten rep lica tions  
Culture per iod  -  four weeks



F ig .  6 .  E f f e c t  o f  2 ,4 -D  on ca l lu s  induction  in v a r io u s  e x p la n ts  o f  D. moschatum

Culture
ML -  Mature Leaf LC -  Leaf from Culture
RC -  Roots from Culture  IS -  In f lorescence  Stalk

AR -  A e r ia l  Root



Plate 1

Plate  17

6 '  ^̂ IsThTL0* the POrti°" 04 r.

Callus  formation in hi v i t r o  lea f  (whole ) ,  o f  D. moschatum
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Maximum percentage  of  cu ltures  initiating callus (P la te  17)

was re c ord ed  at 2 ,4 -D  4 .0  ppm (Cl = 40 ) .  2 ,4 -D  at 0 .5  ppm and

1 . 0  ppm r e c o r d e d  no ca l lus  init iat ion.

4 . 4 . 3 . 2 .  Root 

Aer ia l  root

Maximum ca l lusing  (Cl = 80) was recorded  at 2 ,4-D  2 .0  ppm.

The c a l l u s ’ produced was greenish  ye l l o w  in co lour and poor ly  attached

(P late  18) .  Minimum cal lus ing  (Cl = 20) was re corded  at 2 ,4 -D  1.0 

ppm.

Root from culture

, The treatment having 2 ,4 -D  4.0  ppm resulted in maximum

callus ing (Cl = 240) of the exp lant .  The  callus produced  was l ight 

green in co lour  and compact  (Plate  19) .  The ca l lus ing  was absent 

at 2 ,4 -D  0 .5  ppm.

4 . 4 . 3 . 3 .  In f lo rescen ce  stalk

In genera l , '  the response  of  the  explant to callus induction 

was p oor .  2 ,4 -D  at 2 .0  ppm alone e x h ib i t e d  ca l lusing  of  the explant  

(P late  20) ,  w h ich  was 20 per  cent (Cl = 2 0 ) .

Leaf from culture



Plate 18. Callus formation in aerial root segment of D. moschatum

Plate  19. Callus formation in root segment from culture o f  D. moschatum





Plate 20.  Callus formation in the infioresence stalk of D. moschatum
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DISCUSSION

The present  invest igat ions  on the  standardisat ion  of  ex plants 

for  hi v i t r o  propagation in Dendrobium s p p .  w ere  c a r r i e d  out at the 

Plant T issue  Culture L a b ora tory ,  attached to the A l l  India  C o -ord inated  

F lo r i cu l tu re  Improvement P ro je c t  (AICFIP),  Co l lege  o f  Hort iculture ,  

Ve l lanikkara ,  during 1990-91.  The results  o f  the study are d is cu ssed  

in th is  c h a p te r .

Orch ids  c o m p r ise  an unique group of  p lants .  Taxonomical ly

th e y  represent  the  most h ig h ly  e v o lv e d  fam i ly  among monocoty ledons  

with 600-800 genera and 25 ,000-35 ,000  s p e c i e s  (Garay,  1960).  They 

e x h i b i t  an i n c r e d i b l e  range .of d i v e r s i t y  in s i z e ,  shape  and co lour  

,of t h e i r  f l o w e r s .  The long l i f e  span o f  o r c h id  f l o w e r s ,  sometimes 

upto se v e ra l  months,  a l so  contr ibutes  to the  p opu lar i ty  o f  the f l o w e r s .

The length o f  time taken fo r  c lonal propagation by using b a c k -  

bu lbs  or top cuttings has been a ser ious  drawback  in the o r c h i d  

in d u stry .  A ccord in g  to Blowers  (1964) ,  depending on the k in d ,  it  

takes about ten years  to cu l t iv a te  from s ix  to a dozen g o o d - s i z e d  

prop agu les .  In addit ion  to this^  a l l  the cu l t ivated  o r c h id s  , be ing 

com p lex  h y b r i d s ,  are  h igh ly  heterozygous  and there  is  v e r y  l i t t l e  

hope  of  breed ing  pure l ines  out of them. On the o ther  hand, the

new technique  of  t issue  cu lture  makes it  p o s s i b l e  to mult ip ly  unlimited

number o f  d e s i r a b le  c lones  as i s  done fo r  carnation,  r o ses  and
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chrysanthemum. When there  is  a need to m a ss -propagate  a new h y b r id  

or v a r ie ty  within a short  pe r io d  of  t ime,  t issue  cu l ture  is  the  only 

method current ly  a v a i la b le .  Apart from the need fo r  mass propagation 

o f  d e s i re d  c lones ,  t i ssue  culture  technique  is  used to f r e e  ex is t ing  

h y b r i d s  or c lones  from d is e a s e .

The present  investigat ions ca r r ie d  out were  mainly aimed at 

to study the response  o f  d i f fe rent  explants  to the enhanced re lease  

of  a x i l l a r y  buds .  Attempts were also made fo r  s tandardis ing  techniques  

f o r , inducing somatic organogenesis ( c a l lu s  mediated) from meristematic  

parts  o f  c lona l  plant mater ia l .

Of the  var ious  s p e c ie s  grown in the orch idar ium  at the Co l lege  

o f  Hort icu lture ,  Vel lanikkara,  D. f im br ia tu m , D. moschatum' and D.

n o b i l e  e s ta b l i s h e d  wel l  and were  a v a i la b l e  in p le n ty .  Hence e x p la n ts .  

for  the  present  invest igat ions  were  taken from these  th ree  s p e c i e s .

India  has a v e r y  large  v a r ie ty  of  o r c h id s  and majori ty  o f  

them are  nat ive  of  t r o p i c a l  region.  They are found in abundance in

the States o f  Assam, Meghalaya,  West Bengal,  Karnataka and Kerala.  

In Kerala,  some o f  the o r c h id  genera w hich  are  of high ornamental  

va lues  are  A r ac h n is , C a t t l e y a , Cymbidium, Dendrobium, Oncid ium, 

P a p h io p e d i lu m , Phaelaenops is  and Vanda. The  genus Dendrobium occup ies  

the major area under o r c h id  cu l t iva t ion .  It is  an important genus

fo r  the o r c h id  cut f l o w e r  industry  and is  found to per form wel l

under the c l im a t ic  cond it ions  of  Kerala.
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value  to be propagated  _m v i t r o , both through seed and t issue culture .  

M ic rop rop a g a t ion _ requ ires  that the organs and t issues  be c a r r i e d  

through a sequence  of s teps  in w hich  d i f f e r e n t ia l  cu ltural  and e n v iron 

mental condit ions  are p r o v i d e d .  T h e se  steps have  been indicated 

in Fig.  1 as d i f fe ren t  Stages with Stage 1 being p h y s i o l o g i c a l  p r e 

condit ioning of  the exp lant  and cu lture  es tab l ishm ent ,  Stage, 2 rapid

mult ip l icat ion  of  shoots  through increased  a x i l la r y  branching ,  Stage 

3 _in v i t r o  rooting and hardening o f  in v i t r o  ra ised plants and Stage 

4. planting out and acc l imat izat ion  and transplantation to f i e ld  

condit ions  (Murashige,  1974).

The plants grown under f i e l d  condit ions  accumulate lot  of  s o i l  

and dust .  T h is  necess i ta tes  a thorough and e f f e c t i v e  surface  s t e r i l i z a t 

ion o f  exp lants  be fo re  cultur ing .  In the  present  s tud ies ,  after deta i led

sur face  s t e r i l i za t ion  exper im ents ,  it  was found necessary  to 

s tandard ise  the  c h em ic a ls ,  duration and p r o c e d u r e  o f  treatment, 

separate ly  fo r  each exp lant .

Of the var ious  s ter i lants  t r i e d ,  m ercur ic  c h l o r i d e  at a l l  the 

l e v e l s  {0 .0 5 ,  0.10 and 0 .2  per cent) was found to g iv e  better

s te r i l i za t ion  o f  explants  than sodium h y p o c h l o r i t e  or b leaching  

powder.* Though in l i t e r a tu r e  use o f  sodium h y p o c h l o r i t e  is more 

common (Reghunath,  1989) in the present  studies  it  was found to 

be  l e s s  e f f i c i e n t  than m ercu r ic  c h l o r i d e .  The  least  rate  of  contaminat

ion and the maximum percentage  o f  exp lant  su rv iv a l  were  obta ined ,

O rch id s  are one o f  the  few f low er ing  plants  o f  commercia l
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when treated with m ercur i c  c h l o r i d e  0 . 1  per cent,  f o r  al l  the explants  

t r i e d .

The month or season of  ex plant co l l e c t i o n  was found to have 

some influence  on the percentage  contamination of  the cu lture  and 

rate of  su rv iv a l  of  the exp lants .  T h is  is la r g e ly  because of  the 

a v a i la b i l i t y  o f  congenial  condit ions  fo r  the growth o f  certain  m ic r o 

organisms.  A pre l im inary  study was made in this  regard and was 

found that the  per iod  from January to June re c ord ed  l e a s t  contamination 

rate and maximum s u r v i v a l .  T h is  may be  because of  l e s se r  rainfa ll  

and humidity condit ions  p r e v a i l e d  during this  p e r io d  which  were 

not congenial  for  the growth of  microorgan ism s.

Among the d i f f e r e n t  explants  t r ied  for  in it iat ing enhanced 

re lease  o f  a x i l l a r y  buds,  a x i l l a r y  bud explant  was found to g i v e  

maximum response  (100 per  cent) under culture con d i t ion s .  Though 

the shoot  t ip re c o rd e d  10  per  cent s u r v iv a l ,  the shoots  or ig inat ing 

from them gradual ly  d r ie d  up and fa i led  to s u r v i v e  when subcultured .  

In a s imilar  s tudy ,  Kim _et_ a l . (1970) reported  that the percentage

o f  su rv iv a l  o f  a x i l l a r y  buds was h igher  than terminal buds in 

Dendrobium p h a la e n o p s i s . Node cultures as a means of  c lonal  prop agat 

ion. fo r  Dendrobium was a lso  repor ted  by Ball  and A r d i t t i  (1975).  

These  re p o r t s  and the present  study in d ica te  that f o r  the product ion

o f  c lonal p lant le ts  from a x i l l a r y  buds are more su i tab le  than from shoot  

t ip .
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In genera l ,  VW medium was found to have  a better influence 

on the culture  establ ishment .  It was found to be the best  in Dendrobium 

fimbriatum and D. moschatum The VW medium for  cu ltur ing  o f  d i f f e r e n t  

s p e c ie s  o f  Dendrobium was suggested to be the best  by many i n v e s t i 

gators (G i l l i l a n d ,  1958; Nimote and Sagawa, 1961; Sagawa and Valmayor,  

1966; Sagawa _et a l . ,  1967; Kim et a l . ,  1970; Singh and Sagawa, 1972; 

Sanguthai and Sagawa, 1973 and Valmayor,  1974).  Fernando (1979) 

a lso  re p o r te d  that the best  medium fo r  the c lona l  propagation  o f  

Dendrobium Caeser Red Lip was m od i f ied  VW. The success  in the 

use o f  VW medium indicated  that requirements of mineral  elements 

for  most of the o r c h id s  are r e la t iv e ly  s imple  compared  to those  for 

h igher  p lants .

However,  Murashige and ' Skoog (1962) were o f  the opinion that 

MS medium was more e f f e c t i v e  than KC medium for  o r c h id  t issue  

culture .  T h is  was found to be  in l ine  with r e s p e c t  to the culture 

es tabl ishm ent  of  the a x i l l a r y  bud of D. moschatum in the present 

invest igat ion .

Though KC medium was a lso  suggested by various  w orkers  

(Sagawa and S h o j i ,  1967; Irawati  aj^., 1977) for  c lonal  propagation

o f  Dendrobium, in the present  s tudy ,  i t  was not found to be 

e f f e c t i v e ,  KC medium took the longest duration for cu lture  e s t a b l i s h 

ment, compared  to MS and VW media.
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The fa v o u ra b le  e f f e c t s  of a x i l l a r y  bud burst ing and m ult ip le  

shoot  product ion  by cy tok in ins  had been repor ted  by Murashige (1974 ) .  

In the present  studies  a lso ,  an increase  in the product ion  of  shoots  

was not iced  due to the app l ica t ion  of  BA in a l l  the  three  s p e c ie s

of  Dendrobium t r i e d .  The  rep or ts  o f  Kukulczanka and Woj c i c ch ow sk a  

(1983) are  a lso  on s imi lar  l in es .  They  o b s e r v e d  that app l i ca t ion  

o f  BA to the a x i l l a r y  buds increased the shoot pro l i f e r a t i o n  in D. 

antennathum and D. p h a la e n o p s i s . Similar results  were  obtained in 

Calanthe by  Shimasaki and Uemoto (1987) too .

Murashige (1974) a lso  reported  that app l i ca t ion  o f  BA at

higher  l e v e l  had a de leterious ,  e f f e c t  on shoot  growth .  T h is  was 

found to be true in the present  invest igat ion .  Shoots on 2 ppm NAA 

and 3 ppm BA had a hea l thy  appearance ,  e x h ib i t in g  co n s id e r a b le

v igour ,  rap id  shoot  growth and wel l  expanded l e a v e s .  When 5 ppm 

BA was added to the medium, shoot  product ion  was further  enhanced,  

but the shoots  were  sh o r t  and possessed  small  l e a v e s .  Similar

ob serv a t ion s  were  r e c o r d e d  in Halesia Carolina on shoot  pro l i f e r a t i o n  

as influenced by higher  l e v e l s  o f  BA (Brand and L ineberger ,  1986).

In the  present  study ,  addit ion of  KIN was found to favour 

mult ip le '  shoot  product ion  pa r t i cu la r ly  at h igher  l e v e l s .  Honmode and 

Sehgal (1991) a lso  op ined  that add it ion  of  KIN to the culture 

medium enhanced m ult ip le  shoot formation in shoot  t ip s  o f  R h y n c o s ty -  

_Us re tusa . Higher l e v e l s  o f  KIN h ow ev er ,  d id  not a f fe c t  the 

growth o f  sh oo ts .



The e f f e c t  of  cy tok in in  on ti ssue  or ^  oTgara^cullure may vary  

accord ing  to the pa rt icu lar  compound used ,  the t y p e  of  cu lture and 

the v a r ie ty  o f  plant from which  it  was d e r iv e d  (George  and Sherrington,  

1984),. A s p e c i f i c  cy tok in in  is  f requent ly  o b s e r v e d  to be  more e f f e c t i v e  

in shoot t ip  cuitures  of  many s p e c i e s .  A x i l l a r y  bud pro l i fe rat ion  

o f  Castanea was promoted by  BAP whereas  KIN had no e f f e c t  (George 

and Sherrington,  1984).

In the present  s tud ies ,  though addit ion  of  KIN increased  

the  product ion  of  m ult ip le  shoots ,  the rate o f  mult ip l icat ion  compared 

to  BA was l ow .  Increase  in the concentrat ion of BA/KIN resulted 

in co r resp on d in g  increase  in the number of  shoots  p ro d u ce d ,  although 

the growth of  shoots  was inh ib i ted  at h igher  l e v e l s  o f  BA.

Auxin added to the medium h e lps  to n u l l i fy  the s u p p r e ss iv e  

e f f e c t  o f  high  cy tok in in  concentration  on a x i l l a r y  shoot growth 

(Lundergan and danick ,  1980) .  In the present  studies a lso  addit ion  

o f  NAA to the  medium containing BA or KIN was found to inf luence 

the a x i l l a r y  shoot growth .  Matsui et al_. (1970) repor ted  that increase  

in number of  shoots in Cymbidium was o b s e r v e d  when cultured  in 

a medium containing NAA and BA. A h igher  concentrat ion of NAA and 

BA induced maximum p ro l i f e r a t i o n  of  shoots  in Catt leya  (Kusumoto,  

1979). Honmode and Sehgal (1991) were  a b le  to p ro d u ce  mult ip le  shoots 

from shoot t ips  o f  Rhyncosty l is ,  retusa when cultured  in MS medium 

containing NAA (5 ppm) and KIN (20 p p m ) .
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It was not iced  during the course  of  the study that the shoots  

formed in MS medium often produced  necro t i c  l e a v e s .  The  leaves  

started dry in g  from the  d is ta l  end w hich  gradual ly  spreaded  down 

through the leaf  margins.  It was suspected  that the leaf  t ip dry ing  

was caused by certain  inorganic components of MS medium which  were 

present  e i ther  at a tox ic  l eve l  or d e l i c i e n t  l e v e l .  On reducing the 

concentration of  inorganic sa lts  in the medium to half^ the symptoms 

d i sa p p e a r e d ,  indicat ing  the l e v e l  of  inorganic sa lts  in MS medium 

to be t o x i c .  Similar observat ion s  were  made by severa l  other 

workers  and they have recommended the use of hal f  or one fourth 

strength of  MS inorganic sa lts  (Anderson,  1980; Mikami et al_., 1985; 

I lahi  and Oabeen, 1987).

Addit ion  of  CW to  the culture  medium was found to have a 

ben e f i c ia l  e f f e c t  in the product ion  of  PLBs and p lant le t  formation 

in Dendrobium (Soediono ,  1983b;  Kim et al_., 1970).  In the present

invest igat ion ,  CW at four d i f fe ren t  l e v e l s  were used and that- at 15 

per . cent was found to be  more e f f e c t i v e .  The b en e f i c ia l  e f f e c t  of 

CW is undoubted ly  related to its growth regulator content,  the most 

important being the cy tok in ins  (Letham, 1974; Vanstaden and Drewes,  

197^).

Ef fect  o f  s e r ia l  subcultur ing of  an exp lant  s tock  continuously 

fo r  a longer pe r io d  o f  time was a lso  tr ied  and it  was found that 

when subcultur ing was done at a f requency  o f  once in three  weeks ,  

the number of  shoots produced  per cu lture  v e s s e l  increased  at a
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and D. n o b i le ,  r e s p e c t i v e l y .  Increase  in m ult ip le  shoot  product ion  

continued from the f i r s t  subculture onwards .  S evera l  w orkers  had 

reported  increased  shoot mult ip l icat ion  rate ach ieved  through continuous 

subculturing.  It is  supposed  that continuous subcultur ing m odi f ies  

the p h y s i o l o g i c a l  state o f  the plant in such a way that it favours  

rev i ta l i sa t ion  of  innate  dormant v egeta t iv e  buds (L i tz  and Conover ,  

1978; Franclet ,  1979; David,  1982).

Stage 3 in v o lv es  d_e novo  regeneration of advent it ious  roots 

from the shoots  produced in Stage 2 . In the present  s tudies ,  various  

fa c to rs  of root ing,  v i z . ,  basal  medium, auxins and other medium 

supplements were  s tan d ard ised .  MS (h a l f  strength) medium having  

IBA 4 ppm was the best  with r e s p e c t  to root ini t iat ion in maximum 

number of cultures  with in  the  shortes t  t ime.  On an average  8 and 

7 roots  w ere  produced  in 21 and 24 days  in D. f imbriatum and D. 

moschatum, . r e s p e c t i v e l y .  The  f indings o f  Honmode and Sehgal (1991) 

a lso  agree with th is .

Sucrose  had a lready  been recognised  (Chong and Pua, 1985)

as a source  of  energy as w el l  as a fa ctor  fo r  osmoregulation for  

opt imising the rooting respon se .  Based on th i s ,  t r i a l s  for  in v i t r o  

rooting was conducted and it  was found that sucrose  at lesser  concent

ration (1 .5  per  cent) gave maximum number o f  roots  (9 .4 )  in minimum

number of  days  (20) in D. f im br ia tu m . Advantage o f  low er  concentrat

ion of  su crose  in root ing is  in conf irm ity  with the f indings  of

M atei l le  and Fonce l le  (1988).

mean rate of 8 .3 ,  7 .7  and 6 .6 ,  in D. f im br ia tu m , D. moschatum
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The • fa v o u ra b le  e f f e c t  o f  AC in rooting had been repor ted  by 

many w orkers  (Wang and Huang, 1976; Banks and Hackett ,  1978; 

Reghunath,  1989).  In the  present  study,  AC at 0 .1  per cent prpduced

maximum number of  roots ( 9 .7 )  in minimum number of  days  (1 9 ) .  

Stimulation o f  root growth has been a s c r ib e d  to ch a r c o a l  absorbing  

in h ib i to r y  substances  (prevent ing  t issue b lack en in g ) ,  absorbing  auxins

or to its  e f f e c t  in darkening the cu lture  medium.

In v i t r o  rooting o f  shoots  (Stage 4) was the most labour' 

intens ive  part  o f  micropropagat ion  (Debergh and Maene, 1981).  During

the course  o f  present study too it was found that the  in v i t r o  rooting

o f  in d iv idu a l  shoots  after separation from the m ult ip le  shoot c lu s te r

was both time and labour consuming.  Keeping the p lant le t  in the same

medium fo r  another two weeks  after init iat ion of roots resulted in

better s u r v iv a l  percentage than transferr ing  o f  the  plantlets  into 

the  pott ing medium soon after the product ion of  a l l  roots .  Similar

ob se rv a t io n s  were  made in banana by Bhaskhar (1991).

The potting medium having ch a rcoa l  and b r i c k  p ieces  was

found to be better compared to coconut husk.  The plant lets  when

planted in the coconut husk medium showed w i l t in g .  Kumar (1991) 

also repor ted  about a s imi lar  o b s e r v a t io n .  He was of  the  opinion

that the fa i lu re  o f  the p lantlets  to s u r v iv e  may be  due to poor

adhering  ca p a c i ty  o f  roots  to the husk.



Hardening the in v i t r o  ra ised  p lantle ts  so as to make them 

adapt to the outs ide  environment is  a c r i t i c a l  p r o c e s s  due to the ir  

anatomical and p h y s i o l o g i c a l  p e c u l i a r i t i e s . ' Of the var ious  hardening 

methods t r ied  in the present  s tudies ,  c o ver in g  the plantlets fo r  three  

days  with p la s t i c  sheet  and then keeping under p a r t ia l  shade  was 

found to be e f f e c t i v e .  Rajmohan (1985) and Reghunath (1989) repor ted  

that cover ing  the p lantle ts  with a transparent  m ic r o s c o p e  c o v e r  with 

intermittent c o ld  water s p r a y s  was a lso  e f f e c t i v e .  But in the present  

invest igat ions ,  i t  was found t h a t ; hardening of  p lant le ts  by cover ing  

with  m icro s c o p e  c o v e r  and then gradual ly  expos ing  to  natural  c o n d i t 

ions was not e f f e c t i v e  in the establ ishment of the p lantle t .

The most rem arkable  advantage of  the method of  produc ing  

sh o o t s /p la n t le t s  through enhanced re lea se  o f  a x i l l a r y  buds is the 

genet ic  s ta b i l i ty  of  the plantlets  p ro d u ce d .  But when the rate of 

plant mult ip l icat ion is  concerned ,  somatic organogenesis ( ca l lus  

m e d ia te d /d i r e c t )  and em bryogenes is  are reported  to have greater  

potent ia l i t ies  than a x i l l a r y  bud re lease  method.  However ,  the 

p r in c ip a l  disadvantage  of  this method , compared to c lona l  propagation,  

is  the genetic  var ia t ion  deve lop in g  in many o f  its  component c e l l s .

In the present  studies  attempts w ere  made to induce somatic organo

genesis  ( ca l lus  mediated) in Dendrobium moschatum. Of the var ious

exp lants ,  v i z . ,  l ea f  segments (mature lea f ,  and from culture)  root
i >'

segments (aer ia l  and from culture)  in f l o re s c e n ce  sta lk ,  shoot  t ip and 

a x i l l a r y  bud tr ied  fo r  in it iat ing  ca l lus ing ,  root  segments gave maximum

104



105

response .  Though promising  results  were  obtained in ca llus  or c a l l o id  

formation,  subsequent plant regeneration could  not be ob ta ined .

After  s tandardis ing  the explant ,  the  basal  medium fo r  ca llus ing 

was s ta n d ar d ised .  VW medium m od i f ied  by the  addit ion  of  CW was 

found to  be id e a l .  CW, was commonly added  to stimulate ca llus  or

protocorm formation (Goh, 1970, 1973; Goh et al_., 1975).  Taking

VW as the basal  medium, deta i led  t r ia l s  were  conducted  and l e v e l s  

.of auxins (NAA, 2 ,4 -D )  and cytok in ins  (BA) w ere  s tan d ard ised .  As 

a resu l t ,  a basal  ca l lus  p ro l i f e r a t ion  medium was formulated .  In the 

present  s tud ies ,  2 ,4 -D  was found to be the best  for  ca l lus  induction,  

pa r t i cu la r ly  at 2 .0  ppm. The use o f  2 ,4 -D  in ca l lus  induction by

culturing o f  root t ips  have  been repor ted  by  Sagawa £ t  al .  (1966) 

in Dendrobium and Stewart and Button (1978) in Epidendrum.

Response of  the explants  to ca l lus  formation was genera lly 

p o o r .  Out o f  the total  ca l lus  index ass igned (CI=,400) none o f  the 

explants  could  re cord  a Cl value h igher  than 240.  In the present  

s tudies  it  was not iced that though treatments in vo lv in g  2 ,4 -D  had 

p rod uced  pro fuse ,  greenish  white ,  f r i a b l e  ca l lu s ,  they gradually

d r ied  up and fa i l e d  to s u r v iv e  when subcu ltured .  Initiation of 

organised  deve lopm ent  in the ca l lus  in v o lv e s  a s h i f t  in metabolism. 

Iden t i f icat ion  of  the areas of  metabol ism in v o lv e d  in this  s h i f t  as 

wel l  as determination of the ro le  o f  var ious  phytohormones and other  

interact ing metabo l i tes  may help  to  fur ther  increase  the  rate o f  c a l l u s 

ing and subsequent  organogenesis (T h o r p e ,  1980).
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As somatic  organogenesis is useful  to generate var iants ,  fur ther  

e f f o r ts  may be made to im prove  the ca l lus  p rod uct ion ,  to increase  

the rate o f  organogenesis and to a c h ie v e  better s u r v iv a l  rates when 

planted out.

The current  use of  t issue  cu lture  technique  in other c rop s  

is  a consequence  of the success  in o r c h i d s .  The success  of  cultures 

on re la t iv e ly  s imple  media  indicated  a greater degree  of a d a p ta b i l i t y ,  

as wel l  as an a b i l i t y  to s y n th es ize  the ir  own needs,  in o r c h id s  through 

evolut ion,  w h ich  is  manifested in the p o o r ly  d e v e l o p e d  se e d s .  With 

further  exper im ents ,  many t issues ,  including young aer ia l  roots^ could 

be used as ex plant m ater ia ls .  Much need to be done,  on anther 

(h a p lo id )  and p r o to p la s t  culture ,  which are of  not only academic

interest  but a lso  o f  p r a c t i c a l  importance .  Many o r c h id  h y b r i d s ,  

p a r t i c u la r ly  intergener ic  h y b r i d s ,  are  in fe r t i l e .  Establ ishment of 

haplo id  cu l tures ,  f o l l o w e d  by d i p l o i d i z a t i o n , would not only res tore  

f e r t i l i t y  but a lso  would segregate  the various  ch a r a c t e r i s t i c s  w hich  

may be s e le c ted  for  fu r th er  h y b r id iz a t i o n  programmes.  The success  

o f  p r o to p la s t  cu lture could  lead to somatic h y b r id iz a t i o n  w hich  would 

c reate  new forms not seen in nature.

There  is  need in o r c h id  t i ssue  culture f o r  research  w h ich

spans explant  to mature plant.  To p rod u ce  large  number of  p lant le ts  

w hich  mature at the  same time,  d i r e c t  em bryogenes is  or

em bryogenes is  from callus  on suspension cultures may be a v i a b l e
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path way.  The rapid destruct ion  of natural  habitats of o r c h id  s p e c ie s  

as well  as h e te ro z y g o s i ty  and high c o s t  o f  maintenance of breeding,  

stock  make it  important to d ev e lop  r e l i a b l e  methods  for  germplasm 

storage too.
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SUMMARY

Invest igations  were  carr ied  out at the Plant T issue  Culture 

L ab ora tory ,  attached to the All  India Co-ord inated  F lor i cu l ture  

Improvement  P ro je c t  (AICFIP),  Co l lege  of  Hort iculture ,  Ve l lanikkara  

to s ta n dard ise  the ex plants for  v i t r o  propagation  in Dendrobium 

sp p .  The  sa lient  f indings  of  the study are presented in this  c h a p te r .

Of the various sterHants t r i e d ,  mercur ic  c h l o r i d e  gave better 

results than sodium h y p o c h lo r i t e  or b leaching  pow der .  Dipping for 

10 minutes in m ercur ic  c h l o r i d e  at 0 . 1  per cent gave the lowest  rate 

o f  contamination and the h ighest  percentage of  exp lant  s u r v iv a l .

The  most ideal  per iod  for co l l e c t i o n  of shoot  t ip ,  ■ a x i l l a r y  

bud and lea f  explants  was A p r i l ,  during which  pe r io d  the rate of 

culture  contamination was the lowest  and the ex plant su rv iv a l  the 

h ighest .

The best  suited explant  for  initiating  enhanced re lease  of  

a x i l l a r y  buds  was a x i l l a r y  bud which  gave  cent per cent shoot  p r o l i 

fe rat ion ,  compared to shoot  t ip and in f lo rescen ce  s ta lk .

The exp lants  w h ich  were  not contaminated ,  started swel l ing  

o f  the buds (bud init iat ion)  within a per iod  ranging from 9 to 50 

days ,  depending  on the media and the combination of  growth regu lators .

In the culture es tabl ishment ,  the KC medium supplemented 

with NAA 1.5 ppm + BA 1.0 ppm^ took the minimum number of  days



109

for  bud initiation and bud elongation,  compared to all  other treatment 

combinations .  The  p e r i o d s  taken for  bud initiation and bud elongation 

at this l e v e l  were  31 and 38, 31 and 35 and 31 and 39 d a ys ,  r e s p e c t 

i v e l y ,  in Dendrobium f im bria tum , D. .moschatum and D. n o b i l e .

In the case  of  MS medium a lso ,  the  treatment combination 

o f  NAA 1.5 ppm + BA 1.0 ppm recorded  the minimum number of days 

f o r  bud in it iat ion and bud elongation among all the treatment combinat

ions .  D. f im br ia tu m , D. moschatum and D. n o b i le  re corded  25 and 

38, 9 and 30 and 27 and 33 da ys ,  r e s p e c t i v e ly ,  for  bud initiation

and elongation.

W i t h . r e s p e c t  to VW medium, fo r  the bud ini t iat ion and bud 

elongation,  NAA 1.5 ppm + BA 1.0 ppm took the sh o r te s t  durat ion.  

The days  taken for  bud initiation and bud elongation at this l eve l  

in D. f im b r ia tu m , D. moschatum and D. n ob i le  were  24 and 33, 21 

and 31 and 28 and 32 d a y s ,  r e s p e c t i v e l y .

In a com parat ive  study on the performance  o f  the three  s p e c ie s  

o f  Dendrobium in d i f fe ren t  cu lture media ,  D. moschatum in MS medium 

e x h ib i t e d  bud in it iat ion and bud elongation within the shor tes t  per iod  

of  9 and, 30 d a y s ,  r e s p e c t i v e l y .  Th is  was fo l lowed  by D. f imbriatum 

and D. moschatum in VW medium for bud init iat ion and all  the three 

spec ies  o f  Dendrobium in VW medium for  bud elongat ion.  The longest  

duration f o r  bud ini t iat ion and elongation in all  the three  s p e c ie s  

o f  Dendrobium was reg is tered  in KC medium.
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The elongated buds from the e s ta b l i sh e d  cultures  were  e x c i s e d  

and cultured for shoot  p r o l i f e r a t i o n  in d i f fe rent  media ,  supplemented 

with NAA and BA/KIN at var ious  l e v e l s .  Wide variation  in the 

p ro l i fe ra t ion  of shoots  was not iced .

In MS (ha l f  strength) medium, the e f f e c t  of  BA alone and

in combination with NAA' was'  s ign i f i cant  in the induction of m ult ip le  

shoots ,  in a l l  the three  s p e c ie s  of  Dendrobium. Maximum number of  

shoots was re c o rd e d  in the treatment combination of  NAA 2 ppm + 

•BA 5 ppm in al l  the s p e c i e s .  The number of  shoots  produced at this 

l e v e l  in D. f imbr iatum, D. moschatum and D. n o b i le  were  5 .6 ,  5 .8

and 5 .0 ,  r e s p e c t i v e l y .  Though the maximum number of  shoots was 

produced at this  l e v e l ,  the shoots were  com pressed  and often 

malformed in appearance .  The  treatment combination of  NAA 2 ppm 

+ BA 3 pp m ,  which  was on par with NAA 2 ppm + BA 5 ppm, on the-, 

o ther hand, produced  normal and hea l thy  shoots .  The  number of

shoots  produced by th is  treatment in D. f im br ia tu m , D. moschatum 

and D. n o b i l e  were  5 .4 ,  4 .8  and 4 .2 ,  r e s p e c t i v e l y .  The lowest

number of shoots  ( 1 . 0 ) was recorded  by the contro l  in all  the three  

s p e c i e s .

In VW medium a lso  the  treatment combination of  NAA 2 ppm 

+ BA 5 ppm recorded  the maximum number of shoots  per cu lture  in

al l  the three  s p e c i e s  of  Dendrobium. The shoots  produced at this

treatment combination were  2 7 .8 ,  13.0 and 10.2,  r e s p e c t i v e l y ,  in D.

f imbriatum, 3̂. moschatum and D. n o b i l e .  Though the number of shoots
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produced at this  l e v e l  was the h ighest ,  they w ere  compressed  and 

malformed in a p p e a r a n c e , compared to the shoots produced  at NAA

2 ppm + BA 3 ppm, w hich  was on par with NAA 2 ppm + BA 5 ppm.

T h e '  number of  shoots  produced in D. ' f imbr iatum, D. moschatum and 

D. n o b i le  at th is  l e v e l  (NAA 2 ppm + BA 3 ppm) was 18 .8 ,  10.8

and 7 .6 ,  r e s p e c t i v e l y .  Minimum number of  shoots ( 1 .0 )  was produced  

by the contro l  treatment in all  the three  s p e c i e s .

In a com pa ra t ive  study on the performance  of the three  s p e c i e s  

o f  Dendrobium in d i f f e r e n t  culture media on shoot  p ro l i f e r a t i o n ,  D. 

f imbriatum in VW medium was s ign i f i cant ly  super ior  to al l other treat

ments,  r e c ord in g  the maximum of  18.8 shoots  per cu lture .  D. n o b i l e

in MS (h a l f  strength) medium recorded  the minimum number of  shoots 

( 4 . 2 ) .

The  study on the  e f f e c t  of KIN alone or in combination with 

NAA in VW medium, on the number of  shoots produced  per cu l tu re / 

revea led  that the combination of NAA 2 ppm + BA 5 ppm was the

most e f f e c t i v e  treatment.  The number o f  shoots  produced  at this l e v e l  

was 6 .4 ,  5 .6  and 5 .8 ,  r e s p e c t i v e ly ,  in D. f im br ia tum , D. moschatum

and D. n o b i l e . In a l l  the three  s p e c i e s  the minimum number of shoots  

( 1 . 0 ) was re c o rd e d  by the con tro l .

Addit ion  of  CW at 15 per cent was found to be b e n e f i c ia l  

on the p ro l i f e r a t i o n  o f  shoots  in a l l  the  three  s p e c i e s .  D. f imbriatum,  

D. moschatum and D. n o b i le  re c ord ed  19.0 ,  18,0 and 8 .0  shoots  per

culture ,  r e s p e c t i v e l y ,  at th is  l e v e l .
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From, the study conducted to assess the rate of  growth in 

the mult ip l icat ion  of  shoots  in a x i l l a r y  bud explants  o f  the three  

sp e c ie s  of  Dendrobium f consequent on continuous subcultur ing  at three  

week in te rv a l ,  i t  was found that there  was increase  in all  the 

subcultures ,  starting from the third  subculture.  The number of  shoots 

produced per culture with re ference  to the in it ia l  cu lture  increased 

from 6.75 to 9.75 in D. f imbriatum, in seventh subculture ,  from 6.75 

to 8.75 in ]3. moschatum, in eighth subculture  and from 5.75 to 7.25

in D. n ob i le  in eighth subculture .

In a l l  the t r i a l s  conducted on shoot  p ro l i fe ra t ion  of the 

a x i l la ry  bud ex plant,  D. f imbriatum was found to respond w e l l ,  

f o l l ow ed  by D. moschatum. D. n ob i le  produced the lowest  number

of  shoots .  The shoots produced  were  short  and unhealthy too.

The results  o f  the  tr ia ls  conducted on the _im v i t r o  rooting

of  shoots  in D. f imbriatum and D. moschatum, employing  MS ( fu ll  

and half  strength)  and VW media,  supplemented with auxins (NAA,

IBA) at two l e v e l s  (2,  4 ppm ) ,  revea led  that MS ' (ha l f  strength)

with IBA 4 ppm performed better compared to all  o ther  treatments.

At this  treatment l e v e l ,  cent per  cent rooting of  cultures was 

r e c o r d e d .  The minimum number of  days  (21 and 24, in D. f imbriatum

and D. moschatum, r e s p e c t i v e l y )  fo r  root init iat ion and the maximum 

number of  roots  (8 .2  and 7 .4 ,  in D. f imbriatum and D. moschatum,

r e s p e c t i v e ly )  was re c o rd e d  at this l e v e l .
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With re s p e c t  to the growth parameters ,  v i z . ,  plant height ,  

number o f  l eaves  produced  per shoot ,  length of the longest  leaf ,

number of  roots per  shoot  and average  length of  the root ,  MS (h a l f

strength) + IBA 4 ppm gave better response  compared to all other

treatments. The  response  of  D. f imbriatum in MS (h a l f  strength) +

IBA 4 ppm was better than p .  moschatum.

Addit ion  o f  sucrose  to the medium for inducing rooting of 

the shoots  produced v i t r o  was found to be e f f e c t i v e ,  e s p e c ia l l y  

at the lower  l e v e l s .  Sucrose  at 1.5 per cent took the minimum number 

of  days  ( 2 0 ) f o r  root  initiation and recorded  the maximum number

of roots per shoot (9 .4 )  in D. f im b r ia tu m .

Act ivated  ch a rcoa l  was found to influence the _in v i t r o  rooting

of  shoots  in D. f im b r ia tu m . AC at lower l e v e l  was more  e f f e c t i v e

than that at h igher  l e v e l .  AC 0.1 per cent re corded  the minimum

number of days  (19) fo r  root  initiation and produced maximum number 

of  roots  ( 9 . 6 )  per  shoot  compared to AC at 1.00 per cent.

Of the var ious  explants tr ied  for  somatic organogenesis

( ca l lus  mediated) root segments (a er ia i  and from culture)  re corded

the  maximum percentage of  response  (60 and 50 per  cent,

r e s p e c t i v e l y )  compared to a l l  other explants  t r i e d .

In the culture  es tabl ishment ,  the maximum percentage of 

response  in d i f fe ren t  explants  was re c o rd e d  by ‘ the treatment combinat

ion of NAA 4 ppm + BA 1 ppm. At this l e v e l ,  the root segments (aer ia l
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as well  as from culture)  e x h ib i t e d  the h ighest  value (50 and 30 per 

cent,  r e s p e c t i v e l y )  f o l l ow ed  by leaf ( m id d le  port ion of mature l e a f ) ,  

where  the response  was 30 per  cent.

With regard to ca l lus induction,  the  medium containing 2 ,4 -D  at 

2.0 ppm was found to be the best  among the four l e v e l s  t r i e d .  Maximum 

callus ing (Cl = 240) was recorded  for root segments ( from culture)  

at this l e v e l ,  f o l l ow ed  by aeria l  root  (Cl = 8 0 ) .  The response  o f .  

in f lo res c en ce  stalk  to ca l lus  was,  in' general ,  poor .
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APPENDIX

Abstract  o f  analys is  of  var iance  fo r  the e f f e c t  of  d i f f e r e n t  treatments

SI.
No,

Character Treatment
MSS

Error
MSS

L ev e l  of 
s i g n i f i 
cance

1 2 3 4 5

Enhanced re lease  of 
a x i l l a r y  buds

1 Period  ( d a y s )  for  cu lture  
establ ishment

a KC medium .

i Bud ini tiation

D. f imbriatum 289.76 45.87 1%

D. moschatum 217.90 3.00 1%

D. n o b i le 199.96 27.93 1%

ii Bud elongation

D. f imbriatum 486.90 12.32 1%

D. moschatum 149.83 0 . 6 8 1%

D. n ob i le 69.14 40.69 NS

b MS medium

i Bud initiation

D. f imbriatum 321.00 51.41 1%

D. moschatum 731.77 17.74 1%

D. n o b i le 191.61 4.12 5%

i i Bud elongation

D, f imbriatum 488.74 69.42 1%

D. moschatum 826.51 38.59 1%

D. n o b i le 803.85 40.00 1%

Contd.
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1 2 3 4 5

c VW medium

i Bud in it iat ion

D. f imbriatum 381.99 45.17 1%

D. moschatum 463.27 57.40 1%

D. n o b i le 167.40 30.38 196

ii Bud elongation

D. . fimbriatum 486.90 12.32 1%
D. moschatum 193.99 21.94 1%
D. n o b i le 116.06 36.87 1.96

d Comparat ive  performance  
of Dendrobium spp on 
d i f fe rent  cu lture  media

i Bud initiation 237.27 7.91 196
i i Bud elongation 82.56 30.96 196

2 Shoot p ro l i fe ra t ion

a MS (h a l f  strength) medium 

Number of  sh o o t s / c u l tu r e

D. f imbriatum 9.85 1 . 0 2 196

D. moschatum 7.99 1 . 2 0 196
D. n o b i le 5.35 1.37 196

b VW medium

Number of  sh o o t s / c u l tu r e

D. f imbriatum 314.42 25.01 196
D. moschatum 45.23 1 0 . 1 0 1%
D. n o b i le 30.01 2 .63 196

c Comparative  performance 
o f  Dendrobium spp in 
d i f f e r e n t  media

Number of  s h o o t s / c u l tu r e 153.92 7.51 1%

Contd .



i i i

KIN alone and in 
combination with NAA

Number o f  s h o o t s / cu l tu re

D. fimbriatum 1 0 . 0 2 1.80 1%

D. moschatum 9.90 1 . 2 0 1%

D. n o b i le 8 . 2 0 0.99 1%

Medium supplement 
( CW )

Number o f  s h o o t s / c u l tu r e

D. fimbriatum 51.60 11.90 596
D. moschatum 90.47 9.84 1%
D. n o b i le 10.85 2.63 5%

Continuous subculturing 
in VW medium

Number of  sh o o t s / c u l tu r e

D. f im br ia tu m . 

D. moschatum 
D. n o b i le

3 _In v i t r o  rooting 

a Media and auxins 

i. Days f o r  root  in it iat ion

D. f imbriatum 

D. moschatum

ii  Number o f  r o o t s / cu l tu r e

J3. f imbriatum 

D. moschatum 

i i i  Growth parameters 

Plant he ight

D. f imbriatum 

D. moschatum

5.40 

2.11

1.40

178.38

73.83

21.51

16.11

16.40

9.35

2.54

2.26

1.58

9.70

6.51

1.93

2.03

1.93

0.25

NS

NS

NS

1%

1%

1%

1%

1%

1%

Contd.



iv

1 2 ' 3 4 5

Number o f  l e a v e s / s h o o t  

D. f imbriatum 46.17 2.05 1%

D. moschatum 128.80 0.28 1% ■

Length of  the longest  leaf  

D, f imbriatum 1.87 0.03 1%

D. moschatum 2.25 0.10 1%

Number o f  r o o t s / c u l tu r e  

D. f imbriatum 453.77 3.70 ' 1%
0 . moschatum 174.88 1.72 1%

A verage  length of  the root 

D. f imbriatum 2.83 0.03 1%

D. moschatum 1.30 0.03 1%

b

i
Medium supplements 

Sucrose

Days f o r  root  initiation 37.92 8.90 5%
Number of r o o ts / cu l tu r e 21.40 1.43 1*

i i AC

Days for root  initiation 79.67 4.43 1% '
Number o f  r o o t s / c u l t u r e 8 .20 1.30 1%
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ABSTRACT

Invest igat ions  w ere  c a r r i e d  out at the Plant T issu e  Culture 

Laboratory  attached to Al l  India Co-ordinated-'  F lo r i cu l tu re  

Improvement P ro je c t  (AICFIP),  Co l lege  o f  Hort iculture ,  Ve l lanikkara ,  

during 1990-^1 to s tan dard ise  the explants  for  in v i t r o  propagation 

in Dendrobium spp .

The explants  used f o r  the study were  shoot  t ip ,  a x i l l a r y  

bud,  in f l o re sc e n ce  s ta lk ,  lea f  segments and root  segments. The s p e c i e s  

o f ' Dendrobium used were  D. f imbr iatum, D. moschatum and D. n o b i l e . 

For culture es tabl ishment ,  p ro l i f e r a t i o n  of  s h o o t / c a l lu s  and _in v i t r o

rooting s tud ies ,  d i f f e r e n t  sources  of  auxins (NAA t IBA, 2 ,4 -D )  and 

cy tok in ins  (BA, KIN) w ere  used with KC, MS a n d /o r  VW media.

In a l l  the  exp la nts ,  surface  s t e r i l i za t ion  using 0 .1  per cent

m ercur ic  c h l o r i d e  fo r  10 minutes was found to be  the b es t .  The  explants  

c o l l e c t e d  during A p r i l  r e c o r d e d  the minimum rate o f  contamination 

and the maximum s u r v iv a l  percentage .  A x i l l a r y  bud was found to

be the idea l  explant  f o r  enhanced re lease  of  a x i l l a r y  buds .

For Dendrobium moschatum, MS medium with the  treatment 

combination of  NAA 1.5 ppm + BA 1.0 ppm was found to be e f f e c t i v e  

in influencing ea r ly  bud in it iat ion  and elongation,  but f o r  D. f imbriatum 

and D. n o b i l e , VW medium containing NAA 1.5 ppm +' BA 1.0 ppm

was found to be the best .



When the  cultures  were  sub jected  to shoot  . p r o l i f e r a t i o n ,  VW 

medium containing NAA 2 ppm + BA 3 ppm gave maximum number of  

shoots in D. f imbriatum ( 1 8 . 8 ) ,  D. moschatum (1 0 .8 )  and D. n o b i le  

( 7 . 6 ) .  The shoots  produced  at this l e v e l  were  w e l l  elongated and 

hea l thy .  The  p ro l i f e r a t i o n  of  shoots a lso  increased  when NAA 2 ppm 

+ KIN 3 ppm were  used in VW ‘ medium, but the number of  shoots  

produced w a s :  low,  compared  to NAA 2 ppm + BA 3 ppm. BA was 

found to be more e f f i c i e n t  than KIN fo r  the induction of a x i l l a r y  

shoots .

Addit ion  o f  CW (15%) into the basal  p ro l i f e r a t i o n  medium

increased  the number o f  shoots  in a l l  the three  s p e c ie s  o f  Dendrobium. 

A x i l la r y  shoots  produced  per  culture v e s s e l  increased  at a mean rate 

o f  8 .3 ,  7 .7  and 6 .6  shoots  per subculture  in D. f im br ia tum , D.

moschatum and D. n o b i l e , r e s p e c t i v e l y .

For _in v i t r o  root ing,  MS (h a l f  strength) medium containing 

IBA 4 ppm was found to be the best .  Addit ion  o f  sucrose  at 1.5

per  cent and AC at 0.10 per  cent enhanced the r o o t i n g ' of  the shoots 

produced _m v i t r o .

Of the  var ious  ex plants tried f o r  somatic organogenesis  ( ca l lus  

m ed ia ted ) ,  root  segments (a e r ia l  as w e l l  as from culture)  was found

to be the best  explant  in initiating c a l lu s .  In the  cu lture  e s t a b l i s h 

ment, sw e l l ing  o f  the exp lant  was" o b s e r v e d  in m od i f ied  VW medium 

containing NAA 4 ppm + BA 1 ppm. As regards  ca l lus  induction,  2 ,4 -D  

at 2 ,0  ppm in m odi f ied  VW medium was found to be better for  al l

the exp lan ts .  Maximum ca l lus ing  (Cl = 240) was o b s e r v e d  in root

from culture .  Efforts  to induce organogenesis  were  not success fu l .




