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ABSTRACT 

Leaf  d i scs  from v e g e t a t i v e  S t r e p t o c a r p u s  n o -  
b i l i s  p l a n t s  were c u l t u r e d  i n  v i t r o  i n  media 
w i t h  c y t o k i n i n  (BAP or K at  0 .35 mg. l~ l )  and 
aux i n  ( IAA ,  NAA or 2 ,4-D at  0 l m g . l - i ) .  Un- 
der s h o r t  days (8-h  p h o t o p e r i o d )  in  medium 
w i t h  IAA and BAP, f l o r a l  buds deve loped in  
I00% of  the c u l t u r e s ;  under  long days (16-h 
p h o t o p e r i o d )  on l y  shoots  were formed.  In me- 
dium w i t h  IAA and K, f l o w e r i n g  was reduced . 
F lowers  r a r e l y  formed in  medium c o n t a i n i n g  
NAA and K, bu t  r oo t s  deve loped p r o f u s e l y  . 
NAA + BAP promoted l e a f y  shoots  wh ich  r a r e l y  
f l o w e r e d  l a t e r .  The e f f e c t  o f  2 ,4-D was to 
i n h i b i t  f l o w e r i n g  c o m p l e t e l y  and to induce  
c a l l u s i n g  and f o r m a t i o n  of  te ra tomous s t r u c -  
t u r e s .  A b r e v i a t i o n s :  BAP = 6 - b e n z y l a m i n o p u r i  
he; K = k i n e t i n ;  IAA = i n d o l e a c e t i c  ac id :NAA 

n a p h t h a l e n e a c e t i c  a c i d ;  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  a c i d .  

INTRODUCTION 

The use of  in vitro t e c h n i q u e s  to s tudy  the 
f l o w e r i n g  process is  ve ry  c o n v e n i e n t  espe- 
c i a l l y  i n  spec ies  in  wh ich  t h i s  process is  
c o n t r o l l e d  by p h o t o p e r i o d i s m  a n d / o r  v e r n a l i -  
z a t i o n .  In f a c t ,  by us ing  such an exper imen-  
t a l  sys tem,  f l o r a l  i n d u c t i o n  and a l l  f u r t h e r  
events  a f t e r  the i n d u c t i v e  s t i m u l u s  can be 
made to occur  in  a s i n g l e  p l a n t  fragment such 
as a r o o t ,  stem segment,  or l e a f  p iece  ( 
N i t s c h  et al. 1970).  

Among the more s u i t a b l e  spec ies  to s tudy  i n  
vitro f l o w e r i n g  is  Streptocarpus nobilis, an 
A f r i c a n  g e s n e r i a d .  In t h i s  s h o r t - d a y  species, 
aspects  of  f l o w e r  i n d u c t i o n  i n  v i v o  were 
s t u d i e d  by N i t s c h  (1967 ) ,  Handro (1976 ) ,  Hart 
dro and Mon te i r o -Scanavacca  (1978 ) ,  and Sim- 
monds (1982) .  The i n  v i t r o  n e o f o r m a t i o n  of  
f l o w e r  buds in  l e a f  d i s cs  of  t h i s  spec ies  
were f i r s t l y  r e p o r t e d  by Ross in i  and N i t s c h  
(1966) .  A more e x t e n s i v e  paper was p u b l i s h e d  
in  1970 by R o s s i n i ,  where some c h a r a c t e r i s -  
t i c s  o f  i n  v i t r o  f l o w e r i n g  were s t u d i e d  as 
w e l l  as the e f f e c t s  o f  some growth  r egu ia  - 
t o r s .  Ha ndro (1977a) d e s c r i b e d  some h i s t o l o -  
g i c a l  aspects  o f  in vitro bud n e o f o r m a t i o n  
and a lso  the responses of  d i f f e r e n t  k inds of  
e x p l a n t s  subm i t t ed  to p h o t o p e r i o d i c  induc  - 
t i o n  (1977b) .  R e c e n t l y ,  Simmonds ( 1 9 8 2 )  

r e p o r t e d  the morphogene t i c  responses of  l e a f  
e x p l a n t s  c u l t u r e d  on media d i f f e r i n g  in  min-  
e ra l  c o m p o s i t i o n ,  sucrose and c y t o k i n i n  con- 
t e n t .  

Desp i te  a l l  the a v a i l a b l e  i n f o r m a t i o n ,  sev - 
e ra l  p o i n t s  r e l a t e d  to the c o n t r o l  o f  i n  v i -  
t r o  f l o w e r i n g  in  S. nobi~is remain unknown 
Th is  paper p r o v i d e s  a d d i t i o n a l  i n f o r m a t i o n  
on the i n  v i t r o  f l o w e r  i n d u c t i o n  i n  l e a f  
d i s cs  of  t h i s  s p e c i e s ,  m a i n l y  on the e f f e c t s  
o f  d i f f e r e n t  aux ins  on the o r g a n o g e n e s i s .  

MATERIAL AND METHODS 

P lan t s  o f  S. n o b i l i s  were produced from 
seeds and m a i n t a i n e d  in  a v e g e t a t i v e  s t a t e  
in  a greenhouse under  16-h p h o t o p e r i o d  . 
P l an t s  w i t h  about  lO l e a f  p a i r s  were used as 
the source of  the e x p e r i m e n t a l  m a t e r i a l .  Leaf 
e x p l a n t s  were taken from between the 3rd and 
7th node from the shoot  apex. Leaves were 
s t e r i l i z e d  in  5% ca l c i um h y p o c h l o r i t e  f o r  5 
min ,  then r i n s e d  in  s t e r i l e  d i s t i l l e d  w a t e r .  
Leaf  d i scs  l cm in  d iame te r  and i n c l u d i n g  
the m i d r i b  were exc i sed  near the  p e t i o l e  wi th 
the a id  o f  a c o r k b o r e r  and placed on the me - 
dium w i t h  the a d a x i a l  s u r f a c e  upwards.  The 
basal  medium employed in  the expe r imen ts  was 
d e s c r i b e d  by Handro (1977a) .  Aux ins  such as 
IAA, NAA and 2,4-D when used were at  O. l  
mg. l  - l ,  and BAP and K a t  0.35 mg. l  - l  Be fore  
g e l l i n g  w i t h  0.8% D i f co  Bac to -Agar  the pH 
was a d j u s t e d  to 5 .5 .  The c u l t u r e s  were kept  
under e i t h e r  s h o r t  days (8-h p h o t o p e r i o d )  or 
long days (16-h p h o t o p e r i o d ) ,  at  28oc d u r i n g  
the l i g h t  p e r i o d ,  and 22oC in  the dark  pe- 
r i o d .  L i g h t  was s u p p l i e d  by P h i l i p s  Spec ia l  
Day L i g h t  f l u o r e s c e n t  tubes complemented by 
i n c a n d e s c e n t  lamps, g i v i n g  about  5000 l ux  of  
i n t e n s i t y .  T rea tments  were per formed w i t h  12 
c u l t u r e s  each and repea ted  at  l e a s t  once. 

RESULTS 

Number of short days for flowering - Leaf  
d i scs  from v e g e t a t i v e  p l a n t s  were c u l t u r e d  
in  the basal  medium supplemented w i t h  BAP and 
IAA, under 8-h p h o t o p e r i o d .  Every two days 
up to the 24th day, one se t  o f  12 c u l t u r e s  was 
t r a n s f e r r e d  to long days (16-h l i g h t ) .  A f t e r  
8 weeks o f  c u l t u r e  the r e s u l t s  were recorded  
(number o f  c u l t u r e s  t h a t  produced f l o w e r s ) .  
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Fig. l - Effect of the number of induct ive short days  
on f lower i n i t i a t i o n  in leaf  discs of S. n o b i l i s  
Results of two experiments. 

F ig .  l i n c l u d e s  the r e s u l t s  o f  two d i f f e r e n t  
e x p e r i m e n t s ,  showing t h a t  lO s h o r t  days were 
unab le  to induce  f l o w e r i n g  but  w i t h  12 s h o r t  
days some c u l t u r e s  f l o w e r e d .  With 24 s h o r t  
days a lmost  I00% of  c u l t u r e s  produced f l o w  ~ 
ers or f l o w e r  buds. T y p i c a l  c u l t u r e s  a f t e r  
long or s h o r t - d a y  t r e a t m e n t  are shown in  Fig. 
2 and 3. 

Effects of auxins on organogenesis - Three 
d i f f e r e n t  a u x i n s ,  IAA, NAA and 2,4-D at  0 . I  
mg. l  - I  were added to the basal  ~edium contain 
ing e i t h e r  K or BAP (0 .35  m g . l - l )  A controT- 
w i t h o u t  aux i n  was a lso  kept  in  c u l t u r e .  A l l  
c u l t u r e s  were m a i n t a i n e d  f o r  4 weeks under 
s h o r t  days then t r a n s f e r r e d  to long days 
The r e s u l t s  were recorded  a f t e r  6 weeks of  
c u l t u r e .  The responses f o r  the t h ree  aux ins  
used were marked ly  d i f f e r e n t :  when no aux i n  
was i n c o r p o r a t e d  to the medium, f l o w e r  buds 
were r a r e l y  fo rmed,  these t h a t  d id  were small 
in  s i z e ,  or deve loped l a t e .  In medium w i t h  
IAA + BAP, f l o w e r  buds deve loped in  the prox 
imal r e g i o n  o f  the m i d r i b ,  p roduc ing  severaT 
f l o w e r s ,  g e n e r a l l y  w i t h o u t  p r o d u c t i o n  of  veg 
e t a t i v e  buds ( F i g .  3 ) .  NAA + BAP promote~ 
r e g e n e r a t i o n  o f  smal l  v e g e t a t i v e  shoots  a l l  
around t h e  e x p l a n t ;  most of  them f l o w e r e d  
some weeks l a t e r .  When IAA was combined w i t h  
K, the number o f  f l o w e r  buds was reduced as 
compared w i t h  the e f f e c t  o f  BAP. On the other 
hand, NAA combined w i t h  K induced r o o t i n g  
a l l  around the e x p l a n t ,  and r a r e l y  f l o w e r s  
were produced in  t h i s  s i t u a t i o n  ( F i g .  4 ) .  

The e f f e c t s  o f  2,4-D were s i m i l a r  e i t h e r  
when combined w i t h  BAP or K, and under  s h o r t  
or long days.  With t h i s  t r e a t m e n t  l e a f  d i s cs  
formed a y e l l o w i s h  c a l l u s  on t h e i r  s u r f a c e  
and f u r t h e r m o r e  deve loped seve ra l  te ra tomous 
s t r u c t u r e s .  These s t r u c t u r e s  are of  two 
t ypes :  s h o o t - l i k e  w i t h  abnormal or reduced 
leaves  up to one c e n t i m e t e r  in  l e n g t h ,  or 
s m a l l e r  and t r a n s l u c e n t  b u d - l i k e  s t r u c t u r e s ,  
grouped or i s o l a t e d ,  i n t o  d i f f e r e n t  forms 
( c y l i n d e r s ,  b o t t l e s ,  bunches,  c lubs  e t c )  5'  
and r a r e l y  exceed ing  3 mm in  l e n g t h  ( F i g .  - 
7 ) .  Such s t r u c t u r e s  d id  not  deve lop  i n t o  f l o w  
ers or v e g e t a t i v e  shoots  and remained in their-  
o r i g i n a l  form and s i z e  u n t i l  the senescence 
of  the c u l t u r e s .  Even a f t e r  s e c t i o n i n g  and 
p r e l i m i n a r y  e x a m i n a t i o n  of  t h e i r  s t r u c t u r e  , 

the v e g e t a t i v e  or f l o r a l  na tu re  o f  the t e r a -  
tomata cou ld  not  be de te rm ined .  

DISCUSSION 

Almost  a l l  p r e v i o u s  r e p o r t s  on in vitro f l o w  
e r i n g  of  S. nobilis showed t h a t  the l a t t e ~  
i s  e a s i l y  ach ieved  by us ing  w e l l  d e f i n e d  
c o n d i t i o n s  o f  c u l t u r e ,  e s t a b l i s h e d  by Ross i -  
ni  (1970) .  These c o n d i t i o n s  i n c l u d e d  low 
m a c r o n u t r i e n t  medium (Knop) and the presence 
of  a c y t o k i n i n  and IAA. Our r e s u l t s  a lso  show 
ed t h a t  IAA is  necessary  f o r  a h igh  produc v 
t i o n  of  f l o r a l  buds. R e c e n t l y  SimmondS (1982) 
us ing  l e a f  e x p l a n t s  from induced p l a n t s  
r e p o r t e d  t h a t  IAA was i n h i b i t o r y  f o r  in v~- 
t r o  f l o w e r i n g .  Reports  found in  the  l i t e r a  - 
t u r e  (see Simmonds 1982) have shown t h a t  the 
e f f e c t s  o f  IAA on i n  v i t r o  f l o w e r i n g  are 
e i t h e r  i n h i b i t o r y  or s t i m u l a t o r y .  I t  i s  d i f -  
f i c u l t  to e x p l a i n  these c o n t r a d i c t o r y  resu l ts .  
Perhaps they  are due to the d i f f e r e n c e s  
between the e x p e r i m e n t a l  systems employed , 
i . e .  r o o t  or stem segments,  l e a f  p ieces  , 
t h i n  Ce l l  l a y e r s ,  e t c .  wh ich  o r i g i n a t e d  in  
some cases from v e g e t a t i v e ,  and in  o t he r s  
from f l o w e r i n g  p l a n t s .  

To unde rs tand  such c o n t r a d i c t o r y  r e s u l t s  S' 
p a r t i c u l a r l y  the i n  v i t r o  f l o w e r i n g  of  . 
n o b i l i s ,  we must c o n s i d e r  the p o s s i b i l i t y  t h a t  
there may be i n h e r e n t  d i f f e r e n c e s  i n - e x p l a n t s  
taken from e i t h e r  induced or v e g e t a t i v e  plants. 
I f  t i s s u e s  from v e g e t a t i v e  p l a n t s  are p laced 
i n t o  a c u l t u r e ,  in  the o v e r a l l  process of  i n  
v i t r o  f l o w e r i n g  t h ree  s teps must occur :  a) 
a wound r e a c t i o n  a t  the cu t  su r f aces  of  the 
e x p l a n t  v a r y i n g  a c c o r d i n g  to the aux i n  in  
the medium (see A i t c h i s o n  e t  a l .  1977, Yeo - 
man and Forche 1979) ;  b) the p h o t o p e r i o d i c  
s t i m u l u s  r e c e i v e d  by phy tochrome,  thus l ead -  
ing to a l t e r a t i o n s  in  c e l l  me tabo l i sm ,  and 
c o n d i t i o n i n g  a p e c u l i a r  k ind of  morphogenesis 
(see Smith 1975) ;  c) the r e g e n e r a t i o n  of  a 
bud from newly  m e r i s t e m a t i c  or d e d i f e r e n -  
t i a t e d  t i s s u e s  (see R e i n e r t  e t  a l .  1977, Han 
dro 1977a).  These s teps must occur  i n  p a r t  
c o n c o m i t a n t l y ,  and exogenous l y  added growth  
subs tances  cou ld  be e i t h e r  s t i m u l a t o r y  or 
i n h i b i t o r y  depending on the phase of  the cul  
t u r e .  As demons t ra ted  i n  t h i s  paper a c l e a t  
r e l a t i o n s h i p  e x i s t s  between the number of  
i n d u c t i v e  s h o r t  days and the f l o w e r i n g  res - 
ponse of  l e a f  d i s c s .  Thus,  the p h y s i o l o g i c a l  
and b i o c h e m i c a l  c o n d i t i o n s  of  a l e a f  d i s c  
cou ld  be q u i t e  d i f f e r e n t  on the f i r s t  day of  
c u l t u r e  compared to the f i f t h  or the t h i r -  
t e e n t h  day. S ince s tep b o c c u r r e d  p r e v i o u s l y  
in  the induced p l a n t s  and s i nce  the condi  - 
t i o n s  of  the e x p l a n t  a t  the onse t  of  c u l t u r e  
m igh t  be d i f f e r e n t ,  d i f f e r e n t  responses are 
c o n d i t i o n e d .  

Thus,  a b e t t e r  approach to the in te rpre ta t ion  
o f  the process o f  i n  v i t r o  f l o w e r i n g  m igh t  
be the s e q u e n t i a l  i s o l a t i o n  of  the d i f f e r e n t  
s teps d u r i n g  the t ime of  c u l t u r e ,  e s p e c i a l l y  
f o r  the purpose of  s t u d y i n g  the e f f e c t s  of  
g rowth  r e g u l a t o r s .  

Regard ing the e f f e c t  o f  o t h e r  aux ins  such as 
NAA and 2,4-D wh ich  have never  been used in  
s.  n o b i l i s  c u l t u r e s ,  they  produced char  - 
a c t e r i s t i c  morphogene t i c  responses but  i n h i b  
i t e d  f l o w e r i n g .  The r o o t - i n d u c i n g  c a p a c i t y  
o f  NAA is  w e l l  known and the occu r rence  of  
te ra tomous o r g a n - l i k e  s t r u c t u r e s  such as 
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Fig. 2 - IAA-treated cu l tu re ,  under long days. Fig. 3 - IAA-treated cu l tu re ,  under 

short  days. Fig. 4 - A rare NAA-treated cu l tu re  that  produced f lowers.  Fig. 5-7 

2:4-D-t reated cul tures showing teratomous st ructures.  
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those produced in 2 ,4 -D- t rea ted  cu l t u res  are 
o c c a s i o n a l l y  repor ted in the l i t e r a t u r e  (e .  
g. Braun 1959; Bowes 1971, 1975). However in 
these cases, they were not induced by 2,4-D. 
S i m i l a r  responses were not found in l e a f  
discs ofStreptocarpus x hybridus t rea ted  
w i th  2,4-D; t h i s  auxin poor ly  s t imu la ted  root 
and bud fo rma t i on ,  when compared wi th  other  
aux ins  (Apelgrenn and Heide 1972). Although 
2,4-D has a high capac i ty  of inducing em - 
bryo ids or embryo- l i ke  s t r uc tu res  (see Evans 
e t  a l .  1981) such s t ruc tu res  were never 
observed in our c u l t u r e s .  
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