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ABSTRACT

A m i c r o - a s s a y  b a s e d  on t h e  g ro w th  i n h i b i t i o n  o f  r o o t  s e g m e n t s  

o f  Zea  n a y s  r o o t s  h a s  b e e n  d e s i g n e d  t o  i n v e s t i g a t e  t h e  r o o t  g ro w th  

i n h i b i t i n g  s u b s t a n c e s  p r e s e n t  i n  t h e  r o o t  t i p s  o f  Zea  m ays . Two 

m a j o r  g ro w th  i n h i b i t o r s  a r e  p r e s e n t  i n  t h e  a c i d  f r a c t i o n  o f  t h e  

e x t r a c t s  o f  r o o t  t i p s  o f  m a i z e .  One o f  them i s  p r i n c i p a l l y  

l o c a t e d  i n  t h e  r o o t  c a p .  T h i s  i n h i b i t o r ,  f rom  i t s  c h r o m a t o g r a p h i c  

p r o p e r t i e s  a s  w e l l  a s  a n t i t r a n s p i r a n t  a c t i v i t y  i s  s u s p e c t e d  t o  be  

A3A, T h i s  i n h i b i t o r  c a n n o t  move f a r  beyond  t h e  m e r i s t e m a t i c  z o n e ,  

Tlie o t h e r  m a j o r  i n h i b i t o r  i s  p r e d o m i n a n t l y  p r e s e n t  i n  t h e  m e r i s t e m  

a n d  a b s e n t  i n  t h e  c a p .  The c h e m i c a l  n a t u r e  o f  t h i s  i n h i b i t o r  i s  

unknown.  N e i t h e r  o f  t h e s e  s u b s t a n c e s  i s  lAA, whose  p r e s e n c e  i n  

m e r i s t e r n s  i s  s o m e t i m e s  i n d i c a t e d  by s m a l l  i n h i b i t i o n s  ( o r  

s t i m u l a t i o n s )  a t  t h e  Rf o f  m a r k e r  lAA, The t h i r d  i n h i b i t o r  w h ich  

i s  c o m p a r a t i v e l y  l e s s  a c t i v e  b u t  a p p e a r s  i n  t h e  a c i d  an d  n e u t r a l  

f r a c t i o n s  o f  t h e  t i p  e x t r a c t  i s  a l s o  p r e s e n t  i n  t h e  m e r i s t e m  and  

a b s e n t  i n  t h e  c a p .  T h i s  i n h i b i t o r  a l s o  p o s s e s s e s  t h e  a n t i -  

t r a n s p i r a n t  p r o p e r t y  l i k e  t h e  c a p  i n h i b i t o r  an d  i s  s u s p e c t e d  a s  

x a n t h o x i n .

P r o d u c t i o n  o f  t h i s  A E A - l ik e  c a p  i n h i b i t o r  i s  d e p e n d e n t  on 

l i g h t  and  i t s  p r o d u c t i o n  i s  m a x im a l  i n  t h e  r o o t  t i p s  s t i m u l a t e d  

i n  l i g h t .  I n  t h e  d a r k  g r e a t e r  c o n c e n t r a t i o n s  o f  t h e s e  two m a j o r  

i n h i b i t o r s  a r e  f o u n d  i n  t h e  l o w e r  h a l f  o f  a  s t i m u l a t e d  r o o t .  On 

t h e  o t h e r  h a n d ,  when r o o t s  a r e  s t i m u l a t e d  i n  t h e  p r e s e n c e  o f  l i g h t  

t h e  c a p  i n h i b i t o r  moves i n  t h e  u p p e r  h a l f  w h e r e a s  t h e  i n h i b i t o r  o f  

t h e  m e r i s t e m  i s  r e s t r i c t e d  i n  t h e  l o w e r  h a l f  o f  t h e  s t i m u l a t e d  

t i p s .  The i m p l i c a t i o n s  o f  t h e s e  f i n d i n g s  f o r  t h e  g e o t r o p i c  

r e s p o n s e s  o f  r o o t s  i s  b r i e f l y  d i s c u s s e d .
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CHAPTER I

INTRODUCTION

D arw in  ( I 8 8 0 ) o b s e r v e d  t h a t  t h e  s t i m u l u s  o f  g r a v i t y  was 

p e r c e i v e d  a t  t h e  r o o t  t i p  a n d  t h e n  t r a n s m i t t e d  b a c k  t o  t h e  r e g i o n  

w h e re  t h e  u n e q u a l  g rov / th  an d  t h e r e f o r e  t h e  c u r v a t u r e  o c c u r r e d .

W i th  t h e  d i s c o v e r y  o f  a u x i n  by Went i n  1926 i t  h a s  b e e n  r e a l i z e d  

t h a t  t h i s  s t i m u l u s  was h o r m o n a l  i n  n a t u r e  an d  l a t e r  on t h e  c l a s s i c a l  

Cholodny-V/en t  t h e o r y  o f  g e o t r o p i s m  was p r o p o s e d  by t h e s e  two a u t h o r s  

t h r o u g h  t h e i r  i n d e p e n d e n t  o b s e r v a t i o n s .  The f o l l o w i n g  mechan ism 

o f  h o r m o n a l  r e g u l a t i o n  i n  g e o t r o p i c a l l y  s t i m u l a t e d  r o o t  i s  

e n v i s a g e d  f rom t h e  b a s i c  p o s t u l a t e s  o f  t h e  C h o lodny -W en t  t h e o r y .

The r o o t  t i p  p r o d u c e s  an  a u x i n  a t  s u p r a - o p t i m a l  c o n c e n t r a t i o n  

f o r  i t s  g r o w t h .  D u r i n g  g e o t r o p i c  s t i m u l a t i o n  t h i s  n a t i v e  a u x i n  i s  

l a t e r a l l y  t r a n s p o r t e d  f rom t h e  t i p  t o  t h e  e x t e n d i n g  z o n e  w h e re  i t  

i s  a s y m m e t r i c a l l y  d i s t r i b u t e d ,  t h u s  c a u s i n g  t h e  u p p e r m o s t  p a r t  o f  

t h e  r o o t  t o  r e c e i v e  l e s s  a u x i n  ( a t  an  o p t i m a l  l e v e l )  an d  t h e  l o w e r ­

m o s t  p a r t  o f  t h e  r o o t  t o  r e c e i v e  a u x i n  a t  a  s t i l l  h i g h e r  t h a n  

o p t i m a l  c o n c e n t r a t i o n .  Owing t o  t h i s  u n e q u a l  d i s t r i b u t i o n  o f  t h e  

g r o w th  f a c t o r  t h e  u p p e r m o s t  p a r t  o f  t h e  r o o t  t i p  g row s  f a s t e r  

t h a n  t h a t  o f  t h e  l o w e r m o s t  r e s u l t i n g  i n  p o s i t i v e  c u r v a t u r e .

The Cholodny-V. 'ent  t h e o r y  i s  a p p a r e n t l y  s i m p l e ,  l o g i c a l  and  

h a s  g a i n e d  much o f  i t s  s u p p o r t  f rom  t h e  o b s e r v a t i o n s  o f  Hawker 

( 1 9 3 2 ) an d  B o y s e n - J e n s e n  ( 1 9 3 3 ) .  Hawker f o u n d  a  g r e a t e r  p o s i t i v e  

c u r v a t u r e  i n  t h e  u n s t i m u l a t e d  r o o t  o f  V i c i a  f a b a  by a p p l y i n g  

a u x i n s  e x t r a c t e d  f ro m  t h e  l o w e r  h a l f  o f  a  g e o t r o p i c a l l y  s t i m u l a t e d  

r o o t  t i p  t h a n  f rom  t h a t  o f  t h e  u p p e r  h a l f  o f  t h e  same r o o t  t i p ,  

t h u s  i n d i c a t i n g  a  g r e a t e r  a c c u m u l a t i o n  o f  a u x i n  i n  t h e  l o w e r  h a l f  

o f  t h e  r o o t .  I n  a  more  o r  l e s s  s i m i l a r  e x p e r i m e n t  B o y s e n - J e n s e n
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e x t r a c t e d  a u x i n s  on a g a r  b l o c k s  s e p a r a t e l y  f rom t h e  u p p e r  and  

l o w e r  h a l v e s  o f  t h e  h o r i z o n t a l  r o o t s  of  V i c i a  f a b a  and  a s s a y e d  

t h e i r  g r o w th  a c t i v i t i e s  by p l a c i n g  u n i l a t e r a l l y  on d e c a p i t a t e d  

Avena c o l e o p t i l e s .  The b l o c k  t h a t  was p r e v i o u s l y  i n  c o n t a c t  w i t h  

t h e  l o w e r  h a l f  o f  t h e  s t i m u l a t e d  r o o t  p r o d u c e d  a  g r e a t e r  

c u r v a t u r e  t h a n  t h a t  o f  t h e  u p p e r  h a l f .

C o n s i d e r i n g  t h e  w id e  r a n g i n g  l i t e r a t u r e  so  f a r ,  t h e r e  seems 

t o  be l i t t l e  d o u b t  t h a t  a  g r a d i e n t  o f  n e t  g r o w th  r e g u l a t i n g  a c t i v i t y  

i s  s e t  up  b e t w e e n  t h e  u p p e r  an d  l o w e r  h a l v e s  i n  h o r i z o n t a l  r o o t s .

B u t  t h e  c o n f l i c t i n g  e v i d e n c e  o f  t h e  p r e s e n c e  o f  a u x i n  a t  s u p r a -  

o p t i m a l  l e v e l  i n  r o o t  c a u s e d  some d o u b t s  on t h e  v a l i d i t y  o f  t h e  

C h o l o d n y - k e n t  t h e o r y  a s  h i I k i n s  ( 1 9 7 1 )  c l e a r l y  p o i n t e d  o u t  t h a t  

t h e  t h e o r y  c o u l d  o n l y  be  a p p l i c a b l e  t o  r o o t s  when a u x i n  i n  s u p r a -  

o p t i m a l  c o n c e n t r a t i o n s  w ou ld  be  f i r m l y  e s t a b l i s h e d .

C h o l o d n y ’ s  own work ( 1 9 2 6 )  an d  s e v e r a l  s u b s e q u e n t  o b s e r v a t i o n s  

( R u n n i n g ,  1928 \ K e e b l e  e t  a l . ,  19 2 9 ,  1931 ) a p p a r e n t l y  s u p p o r t  

t h e  s u p r a - o p t i m a l  c o n c e n t r a t i o n  o f  a u x i n  i n  r o o t s .  They o b s e r v e d  

a c c e l e r a t i o n  o f  g r o w th  o f  d e c a p i t a t e d  c o r n  r o o t  b u t  a  r e t a r d e d  

g r o w th  when t h e  r o o t  was r e h e a d e d  w i t h  t h e  same t i p  o r  t h e  s e v e r e d  

c o l e o p t i l e  t i p .  M o r e o v e r ,  t h e  l o n g i t u d i n a l  g r o w th  o f  t h e  r o o t  was 

fo u n d  t o  be  s u p p r e s s e d  i n  s e v e r a l  o b s e r v a t i o n s  when n a t u r a l  and  

s y n t h e t i c  a u x i n s  w e re  f u r t h e r  a p p l i e d  e x t e r n a l l y  ( N i e l s e n ,  193G; 

C h o lo d n y ,  1931» Kogl e t  a l . , 1 9 34 ;  Tli imann,  1 9 38 ;  L a n e ,  1938 ;  

M armer ,  1 9 37 ;  B o n n e r  a n d  K o e p f l i ,  1939 ;  A b e rg ,  1 9 3 2 ) .

R u f e l t  ( 1 9 3 7 ) u s i n g  i s o b i i t y r i c  a c i d s ,  w h ic h  a r e  c o n s i d e r e d

a s  a u x i n  a n t a g o n i s t s ,  p a r t i c u l a r l y  w i t h  i n d o l e - i s o b u t y r i c  a c i d ,
was i n c r e a s e d

f o u n d  c e l l  e l o n g a t i o n ^ b y  more  t h a n  lOO/o a s  w e l l  a s  a

s i g n i f i c a n t  n e g a t i v e  c u r v a t u r e  o f  w h e a t  r o o t s .  R u f e l t ’ s  e x p e r i m e n t  

e q u a l l y  s u g g e s t s  t h e  p r e s e n c e  o f  a u x i n  a t  s u p r a - o p t i m a l  l e v e l .  

B u p r a - o p t i m a l  c o n c e n t r a t i o n  o f  a u x i n  i n  w h e a t  r o o t  h a s  a l s o  b e e n
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o b s e r v e d  by L e x a n d e r  (1 9 3 3 )  a n d  Aberg  ( 1 9 3 7 ) .

However ,  Y o u n i s  ( 1 9 3 4 )  o b s e r v e d  t h a t  d e c a p i t a t i o n  o f  V i c i a

f a b a  r o o t  t i p s  a t  0 . 3 , 1 .0  o r  2 .0  mm b e h i n d  t h e  r o o t  a p e x  d i d  n o t

a c c e l e r a t e  t h e  g r o w th  o f  t h e  s tu m p .  He f u r t h e r  n o t e d  t h a t  t h e

g r o w th  o f  t h e  s tu m p s  r e h e a d e d  w i t h  t h e i r  own t i p s  was s i m i l a r  t o

t h a t  o f  u n r e h e a d e d  s t u m p s .  V a r d a r  and  Tozun ( 1 9 3 8 )  a l s o  f o u n d

t h a t  d e c a p i t a t i o n  c a u s e d  a  c h a r a c t e r i s t i c  r e t a r d a t i o n  i n  r o o t

e l o n g a t i o n  o f  L e n s  c u l i n a r i s  r o o t s .  On t h e  o t h e r  h a n d ,  when

t r e a t e d  w i t h  d i l u t e  a u x i n  s o l u t i o n s  a  s i g n i f i c a n t  a c c e l e r a t i o n  o f

g r o w th  o f  i n t a c t  s e e d l i n g  r o o t s  ( P o h l ,  1 9 3 1 ;  O chs ,  1 9 3 4 )  a n d  i n

r o o t  s e c t i o n s  (Audus  and  G a r r a r d ,  1933;  Audus and  D as ,  1 9 3 3 )  was 
t h e

o b s e r v e d .  I n t e n s e  o f  r o o t  s e c t i o n s  a s  s u g g e s t e d  by L a r s e n  ( I 96 I )  

t h e  e n d o g e n o u s  a u x i n  may be  p r e s e n t  a t a l o w e r  l e v e l  t h a n  t h a t  o f  

t h e  i n t a c t  s e e d l i n g  r o o t  t h u s  e n h a n c i n g  t h e  g r o w th  b u t  i n  t h e  

i n t a c t  r o o t  t h e  s i t u a t i o n  i s  c l e a r l y  c o n t r a d i c t o r y  t o  t h e  s u p r a -  

o p t i m a l  p r e s e n c e  o f  a u x i n .

Audus and  B ro v /n b r id g e  ( 1 9 3 7 )  f o u n d  t h a t  t h e  g r o w th  r a t e  o f  

b o t h  t h e  u p p e r  a n d  l o w e r  h a l v e s  o f  p e a  r o o t s  was a c c e l e r a t e d  by 

low c o n c e n t r a t i o n  o f  lAA a n d  i n h i b i t e d  by h i g h  c o n c e n t r a t i o n s .  

A ssum ing  much more  c o n c e n t r a t i o n  o f  a u x i n  i n  t h e  l o w e r  h a l f  d u r i n g  

g e o t r o p i c  s t i m u l a t i o n  a  m arked  i n h i b i t i o n  o f  g r o w th  was e x p e c t e d  

a p p l y i n g  even  l o w e r  c o n c e n t r a t i o n  o f  lAA, i n s t e a d  o f  p r o m o t i o n  o f  

g r o w th  a s  o b s e r v e d  by them.  Audus ( 1 9 3 9 )  h o w e v e r ,  h a s  p o i n t e d  o u t  

t h a t  i f  t h e  c o n c e n t r a t i o n  i s  a s s u m ed  t o  be  u n i f o r m  t h r o u g h o u t  t h e  

r o o t ,  t h e  am ount o f  lAA f o u n d  t o  be  p r e s e n t  i n  s e v e r a l  i n d e p e n d e n t  

i n v e s t i g a t i o n s  w o u ld  s u p p o r t  t h e  i d e a  t h a t  t h e  c o n c e n t r a t i o n  o f  

a u x i n  i s  s u p r a - o p t i m a l .

A c c o r d i n g  t o  W i l k i n s  ( 1 9 7 1 )  i f  t h e  a u x i n  c o n c e n t r a t i o n s  a r e  

s u p r a - o p t i m a l  t h e n  a  l a t e r a l  r e d i s t r i b u t i o n  o f  a u x i n  i n  t h e
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h o r i z o n t a l  r o o t  s h o u l d  d e c r e a s e  t h e  g ro w th  r a t e  i n  t h e  l o w e r  

h a l f  an d  t h e r e  s h o u l d  be  l i t t l e  o r  no o v e r a l l  c h a n g e  i n  t h e  g ro w th  

r a t e  o f  t h e  r o o t .  The r e s u l t s  o f  Audus an d  B rov /nb r idge  ( 1 9 3 7 )  and  

B e n n e t - C l a r k  e t  a l . ( 1 9 3 9 )  h a v e  shown t h a t  t h e r e  was a  m arked  o v e r ­

a l l  d e c r e a s e  i n  t h e  g ro w th  r a t e  o f  t h e  r o o t  f o l l o v / i n g  g e o t r o p i c  

s t i m u l a t i o n .  So ,  c o n s i d e r i n g  a l l  t h e  c o n t r a d i c t o r y  e v i d e n c e  

a v a i l a b l e  a t  p r e s e n t  t h e  o c c u r r e n c e  o f  s u p r a - o p t i m a l  c o n c e n t r a t i o n  

o f  a u x i n  i n  t h e  r o o t s  h a s  n o t  y e t  b e e n  e s t a b l i s h e d .

A n o t h e r  i m p o r t a n t  a s p e c t  o f  t h e  Cholodny-V/ent  t h e o r y  i s  t h e

l a t e r a l  d i s t r i b u t i o n  o f  a u x i n  i n  h o r i z o n t a l  r o o t s  d u r i n g  g e o t r o p i c

s t i m u l a t i o n .  'The e v i d e n c e s  so  f a r  a r e  t o o  m e ag re  and  a l s o

c o n f l i c t i n g  t o  e s t a b l i s h  t h e s e .  P i l e t  ( 1 9 6 4 )  f o u n d  a  weak p o l a r

movement o f  a p p l i e d  l a b e l l e d  lAA t o w a r d s  t h e  r o o t  t i p  o f  L e n s .

On t h e  o t h e r  h a n d .  Yeomans and  Audus (1 9 6 4 )  c o u l d  n o t  f i n d  any

e v i d e n c e  w h a t s o e v e r  o f  an  a c t i v e  p o l a r  t r a n s p o r t  o f  a u x i n  i n  V i c i a

f a b a  r o o t s .  K o n in g s  ( 1 9 6 7 ,  1 9 6 8 )  a p p l y i n g  l a b e l l e d  lAA t o  t h e

t i p s  o f  h o r i z o n t a l  p e a  r o o t s  f o u n d  a n  u n e q u a l  l a t e r a l  d i s t r i b u t i o n

o f  r a d i o a c t i v e  lAA i n  t h e s e  t i p s .  T h i s  d i s t r i b u t i o n  v a r i e d

a c c o r d i n g  t o  t h e  l e n g t h  o f  t h e  s e v e r e d  t i p .  M o r e o v e r ,  t h e

a p p l i c a t i o n  o f  some i n h i b i t o r s  s u c h  a s  c a f f e i c  a c i d ,  2 , 4 - d i c h l o r o -

p h e n o l ,  a n d  2 , 3 , 3 - t r i i o d o b e n z o i c  a c i d  p r e v e n t e d  t h e  g e o t r o p i c

c u r v a t u r e  a s  w e l l  a s  t h e  l a t e r a l  d i s t r i b u t i o n  o f  a u x i n  a c c o r d i n g

t o  t h e  d e g r e e  o f  i n h i b i t i o n .  From t h e s e  r e s u l t s  h e  c o n c l u d e d  t h a t

t h e  r o o t  c a p  c o n t r o l l e d  t h e  t r a n s v e r s e  d i s t r i b u t i o n  o f  a u x i n .

H ow ever ,  i n  t h e  c a s e  o f  m a iz e  a  s t r i c t l y  a c r o p e t a l  p o l a r i t y  i n

14t h e  movement o f  lAA v;as o b s e r v e d  u s i n g  lAA C. The o r i e n t a t i o n  

o f  t h e  s e g m e n t s  w i t h  r e s p e c t  t o  g r a v i t y  d i d  n o t  s i g n i f i c a n t l y  a f f e c t  

t h e  a c r o p e t a l  p o l a r  f l u x  o f  lAA ( S c o t t  an d  V / i l k i n s ,  1968 ;  W i l k i n s  

a n d  S c o t t ,  1968 ;  Bowen e t  a l . , 1972) .
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C h r o m a t o g r a p h i c  s t u d i e s ,  f o l l o w e d  by some s t a n d a r d  

b i o l o g i c a l  a s s a y s  r e v e a l  t h e  p r e s e n c e  o f  a  number  o f  g r o w t h  a c t i v e  

s u b s t a n c e s  i n  r o o t s .  Tliough t h e  p a t t e r n  o f  a c t i v i t i e s  o f  some o f  

t h e s e  a r e  f a i r l y  u n i f o r m  d u r i n g  a s s a y ,  t h e i r  e x a c t  c h e m i c a l  

n a t u r e s  a r e  n o t  y e t  e s t a b l i s h e d .  M o r e o v e r ,  i n t e r c o n v e r t i b i l i t y  

o f  some o f  t h e s e  s u b s t a n c e s  d u r i n g  e x t r a c t i o n  an d  c h r o m a t o g r a p h y  

a nd  a l s o  d u r i n g  e l u t i o n  and  r e c h r o m a t o g r a p h y  makes t h e  s i t u a t i o n  

more  co m p le x .  From t h e  c o m p l e t e  s u r v e y  o f  t h e  a u x i n s  o f  r o o t s  

t h r e e  m a j o r  a c t i v e  s u b s t a n c e s  a p p e a r  more o r  l e s s  r e g u l a r l y  i n  

t h e  c h ro m a to g ra m  s t u d i e d  so  f a r .  Tliese a r e  d e s i g n a t e d  a s  a c c e l e r a t o r  

a , i n h i b i t o r  p an d  t h e  l A A - l i k e  s u b s t a n c e .  The f i r s t  two w ere  

f i r s t  r e p o r t e d  by B e n n e t - C l a r k  and  K e f f o r d  ( 1 9 3 3 )  and  B e n n e t -  

C l a r k  e t  a l . ( 1 9 3 2 )  r e s p e c t i v e l y  an d  s u b s e q u e n t l y  d e t e c t e d  on 

s e v e r a l  o c c a s i o n s .

A c c e l e r a t o r  a moves more s l o w l y  t h a n  l A A - l i k e  s u b s t a n c e  on

t h e  ch ro m a to g ra m  and  p r o m o t e s  g r o w th  o f  c o l e o p t i l e  and  p e a  r o o t  
a t  c o n c e n t r a t i o n s

s e g m e n t o ^ r o u g h l y  c o r r e s p o n d i n g  t o  t h o s e  i n  t h e  e x t r a c t e d  t i s s u e ( l b e r g , 1957 ) 

I t  h a d  b e e n  t e n t a t i v e l y  s u g g e s t e d  a s  p - i n d o l e  p y r u v i c  a c i d  by 

Stowe and  Tliimann ( 1 9 3 4 ) .  H o u s l e y  an d  B e n t l e y  ( 1 9 3 ^ ) ,  on  t h e  o t h e r  

h a n d ,  i n t e r p r e t e d  i t  a s  a  n e u t r a l  s u b s t a n c e  o f  unknown c h e m i c a l  

n a t u r e .  Tl ie re i s  a  p o s s i b i l i t y  t h a t  t h i s  s u b s t a n c e  c o u l d  be  a  

t a i l  o f  lAA ( T e r p s t r a ,  1 9 3 3 ) .

I n h i b i t o r  p moves f a s t e r  i n  t h e  c h r o m a to g r a m ,  a b o v e  t h e  

l A A - l i k e  s u b s t a n c e .  I t  i n h i b i t s  b o t h  c o l e o p t i l e  a n d  r o o t  s e g m e n t  

g r o w t h ,  T o r r e y  ( 1 9 3 9 )  f o u n d  a  p o s i t i v e  c o l o u r  r e a c t i o n  w i t h  

S a l k o w s k i ' s  r e a g e n t  i n  t h e  r e g i o n  o f  i n h i b i t o r  p on t h e  c h r o m a t o ­

gram b u t  n e g a t i v e  r e a c t i o n  w i t h  E h r l i c h ' s  r e a g e n t .  H ow ever ,  t h e  

m a j o r  a c t i v e  s u b s t a n c e  i n  t h e  i n h i b i t o r  p c om plex  i s  now f o u n d  t o  

be  a b s c i s i c  a c i d  (ABA) ( R o b i n s o n  and  W a r e i n g ,  1964 ;  K i l b o r r o w ,  1 9 6 ? ) •



F o r  e x a m p le ,  i n  p e a  r o o t  e x t r a c t s  t h e  i n h i b i t o r  p c o n s i s t s  o f  

s e v e r a l  compounds  i n c l u d i n g  a b s c i s i c  a c i d  and  t r a n s - c i n n a m i c  

a c i d  ( T i e t z ,  1 9 7 1 ) .

The t h i r d  a n d  h i g h e s t  a c t i v i t y  i s  u s u a l l y  f o u n d  i n  t h e  

c h ro m a to g ra m  c l o s e  t o  t h e  Rf o f  a u t h e n t i c  lAA a n d  a c c o r d i n g  t o
o
A berg  ( 1 9 5 7 ) t h e r e  i s  l i t t l e  d o u b t  a s  t o  t h e  i d e n t i t y  o f  t h i s  

n a t i v e  s u b s t a n c e  w i t h  lAA, I t  i n v a r i a b l y  p r o m o t e d  t h e  g r o w th  o f  

c o l e o p t i l e  s e c t i o n s  an d  h a s  b e e n  shown t o  o c c u r  i n  b r o a d  b e a n  

r o o t s  i n  c o n c e n t r a t i o n s  i n h i b i t o r y  t o  t h e  e x t e n s i o n  o f  p e a  r o o t  

s e c t i o n s  ( L a l i i r i  an d  Audus,  I 96O).  H owever ,  B e n n e t - C l a r k  e t  a l . 

( 1 9 3 9 ) h a d  u s e d  a  s t a r c h  co lumn t o  s e p a r a t e  t h e  ’a p p a r e n t  lAA' 

f rom t h e  r o o t s  o f  V i c i a  f a b a  an d  f o u n d  no e v i d e n c e  t o  i d e n t i f y  i t  

w i t h  lAA. M o r e o v e r ,  c o m p a r in g  t h e  a c t i v i t y - d i l u t i o n  r e l a t i o n s h i p s  

o f  t h e  l A A - l i k e  s u b s t a n c e  an d  t h e  a u t h e n t i c  lAA i t  was f o u n d  t h a t  

t h e  a c t i v i t y  o f  t h e  f o r m e r  c h a n g e d  much more r a p i d l y  w i t h  d i l u t i o n  

t h a n  i n  t h e  c a s e  w i t h  a u t h e n t i c  lAA ( L a l i i r i  an d  Audus ,  I 96O).

B u r n e t t  e t  a l . ( I 9 6 3 ) u s i n g  s p e c t r o p h o t o  f l u o r i r a e t r y  a l s o  c o u l d  

n o t  p o s i t i v e l y  i d e n t i f y  t h i s  s u b s t a n c e  a s  lAA i n  V i c i a  f a b a .

D u l l a a r t  ( I 9 6 7 , 1 9 7 0 )  d e t e c t e d  lAA by c h r o m a t o g r a p h y  and  f l u o r e s c e n c e  

s p e c t r a  i n  n o n - n o d u l a t e d  r o o t s  o f  L u p i n u s  a n d  A ln u s  i n  a m o u n ts  

r a n g i n g  f rom 30 p g  t o  203 p g /K g  f r e s h  w t .  E l l i o t t  ( 1 9 7 1 ) ,  on  t h e  

o t h e r  h a n d ,  i d e n t i f i e d  a - N - m a l o n y l - D - t r y p t o p h a n  i n  r o o t s  o f  w h e a t  

s e e d l i n g s  b u t  was u n a b l e  t o  d e t e c t  lAA. R e c e n t l y ,  c o n s i d e r i n g  t h e  

c h r o m a t o g r a p h i c  p r o p e r t i e s  and  r e a c t i o n s  t o  c h r o m o g e n ic  s p r a y s  a s  

w e l l  a s  u s i n g  mass  s p e c t r o m e t r y  lAA h a d  b e e n  p o s i t i v e l y  i d e n t i f i e d  

i n  Zea mays r o o t s .  However t h i s  lAA was f o u n d  t o  be  l o c a l i z e d  

p r e d o m i n a n t l y  i n  t h e  s t e l e ,  w h e r e a s  a  l e s s  am ount o f  lAA was f o u n d  

i n  t h e  r o o t  t i p  (Greenwood e t  a l . , 1973 ;  B r i d g e s  e t  a l . , 1 9 7 3 ) .
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W h eth e r  o r  n o t  t h i s  l A A - l i k e  s u b s t a n c e  i s  t r u e  lAA, t h e

h o r m o n a l  mechan ism p e r t a i n i n g  t o  g e o t r o p i c  r e s p o n s e  o f  t h e  r o o t s

was p r i n c i p a l l y  c o n c e n t r a t e d  a r o u n d  t h i s  s u b s t a n c e .  Audus and

L a h i r i  (1 9 8 1 )  f o u n d  a  marked  i n c r e a s e  i n  t h e  c o n t e n t  o f  ’ A P ( i i ) ’

( l A A - l i k e  s u b s t a n c e )  d u r i n g  t h e  o n s e t  o f  c u r v a t u r e  o f  h o r i z o n t a l

r o o t s  o f  V i c i a  f a b a .  Tl i i s  i n c r e a s e  was p o s s i b l y  n o t  due t o  i t s

i n c r e a s e  f rom  an  i n a c t i v e  bound  s t a t e  b u t  was e i t h e r  s y n t h e s i z e d
from

de novo o r  may b e ^ a n o t h e r  a u x i n  p r e s e n t  i n  t h e  r o o t .  The g r a v i t y  

i n a u c e d  de novo p r o d u c t i o n  o f  an  e n d o g e n o u s  i n h i b i t o r  i n  t h e  

e x t e n d i n g  c e l l s  o f  t h e  r o o t s  h a d  a l s o  b e e n  s u s p e c t e d  by  Audus 

a n d  B r o w n b r id g e  ( 1 9 3 7 ) .  The c o m p l e t e  i n d e p e n d e n c e  o f  t h e  g ro w th  

a c t i o n s  o f  t h i s  i n h i b i t o r  and  o f  t h e  a p p l i e d  a u x i n s  s u g g e s t e d  t h a t  

i t  m i g h t  n o t  be  lAA o r  any  s i m i l a r  compound.

So ,  c o n s i d e r i n g  t h e  a b o v e  o b s e r v a t i o n s  a s  w e l l  a s  t h e  o v e r a l l  

d e p r e s s i o n  i n  t h e  g ro w th  r a t e  o f  g e o t r o p i c a l l y  s t i m u l a t e d  r o o t s  

o b s e r v e d  by Audus a n d  B ro w n b r id g e  (1 9 3 7 )  a n d  a l s o  by B e n n e t - C l a r k  

e t  a l .  ( 1 9 3 9 ) ;  p r e d o m i n a n t  a c r o p e t a l  p o l a r i t y  o f  movement o f  lAA 

when a p p l i e d  t o  i s o l a t e d  s e g m e n t s ,  t o g e t h e r  w i t h  t h e  r e c e n t  

o b s e r v a t i o n  o f  h i g h  lAA c o n t e n t  i n  t h e  s t e l e  s t r o n g l y  s u p p o r t  t h e  

c o n t e n t i o n  t h a t  a  s e p a r a t e  i n h i b i t o r  r a t h e r  t h a n  lAA i s  i n v o l v e d  

i n  c o n n e c t i o n  w i t h  t h e  g e o t r o p i c  r e s p o n s e  i n  r o o t .

J u n i p e r  e t  a l . ( 1 9 6 6 )  o b s e r v e d  t h a t  g r a v i p e r c e p t i o n  o f  

m a iz e  r o o t  was l o s t  when t h e  r o o t  c a p  was c l e a n l y  d i s s e c t e d  o u t  

w i t h o u t  dam ag ing  t h e  q u i e s c e n t  c e n t r e  and  t h e  m e r i s t e m .  Tlie 

d e c a p p e d  r o o t s  w e re  a b l e  t o  grow h o r i z o n t a l l y  an d  t h e r e  w e re  no 

o v e r a l l  c h a n g e s  i n  t h e  g ro w th  r a t e  o f  t h e  i n t a c t  and  d e c a p p e d  

r o o t .  Tlie g r a v i p e r c e p t i o n  was  r e s t o r e d  when t h e  r o o t  c ap  

r e g e n e r a t e d  ( u s u a l l y  a f t e r  36 h o u r s ) .  T l i i s  r e m a r k a b l e  f i n d i n g  

was  s u b s e q u e n t l y  c o n f i r m e d  by G ib b o n s  an d  W i l k i n s  ( 1 9 7 0 )  and  

P i l e t  ( 1 9 7 1 ) .  H owever ,  P i l e t  ( 1 9 7 2 )  f o u n d  t h a t  t h e  r e m o v a l  o f



-13

t h e  c a p  s i g n i f i c a n t l y  e n h a n c e d  t h e  g ro w th  v e l o c i t y  o f  t h e  r o o t ,  

b u t  o n l y  d u r i n g  t h e  f i r s t  t h r e e  h o u r s  a f t e r  d e c a p p i n g ,  a f t e r  

w h ic h  t h e  g ro w th  v e l o c i t y  v/as t h e  same f o r  b o t h  i n t a c t  an d  d e ­

c a p p e d  r o o t s  a s  o b s e r v e d  by J u n i p e r  e t  a l . M o r e o v e r ,  e l i m i n a t i n g  

one  h a l f  o f  t h e  r o o t  c a p  an d  o r i e n t a t i n g  t h e  r o o t s  i n  an y  d i r e c t i o n  

w i t h  r e s p e c t  t o  g r a v i t y  a  l a r g e  p o s i t i v e  c u r v a t u r e  t o w a r d s  t h e  

r e m a i n i n g  h a l f  c a p  was o b s e r v e d  i n  e a c h  c a s e  (G ib b o n s  and  W i l k i n s ,  

1 9 7 0 ; Shaw and  V / i l k i n s ,  1 9 7 3 ) .  T h e s e  o b s e r v a t i o n s  f u r t h e r  i n d i c a t e  

t h e  p r e s e n c e  o f  a t  l e a s t  one g r o w th  i n h i b i t i n g  s u b s t a n c e  i n  t h e  

r o o t  c a p  w h ich  i s  c o n c e r n e d  w i t h  t h e  g e o t r o p i c  r e s p o n s i v e n e s s  o f  

t h e  r o o t .  The a c t i v i t y  o f  t h i s  g ro w th  i n h i b i t o r  may n o t  be  l i m i t e d  

t o  Zea r o o t s ,  a s  when t h e  r o o t  c a p s  w ere  p l a c e d  on t h e  t i p s  o f  

i n t a c t  l e n t i l  r o o t s  a  d e c r e a s e  i n  t h e  g r o w th  was o b s e r v e d  

( P i l e t ,  1 9 7 2 ) .

The n a t u r e  o f  t h i s  i n h i b i t o r  i s  s t i l l  unknown. H ow ever ,  

some u s e f u l  i n f o r m a t i o n  i n  t h i s  c o n n e c t i o n  h a s  b e e n  p r o v i d e d  by 

P i l e t  ( 1 9 7 1 , 1 9 7 2 ) who o b s e r v e d  t h a t  t h e  g e o t r o p i c  r e s p o n s i v e n e s s  

was l o s t  when t h e  r o o t  c a p  was r e p l a c e d  on a  d e c a p p e d  r o o t  a f t e r  

d i p p i n g  i n  an  o l e i c  a c i d  p r e p a r a t i o n ,  w h e r e a s  t h e  g e o t r o p i c  

r e s p o n s e  was r e s t o r e d  i f  t h e  c a p  was r e p l a c e d  i m m e d i a t e l y  on r o o t s  

w h ic h  h a d  b e e n  d i p p e d  i n  d i l u t e  R i n g e r  s o l u t i o n .  From t h i s  

e x p e r i m e n t  t h e  n a t u r e  o f  t h e  i n h i b i t o r  i n  t h e  c a p  i s  s u s p e c t e d  t o  

be  a  w a t e r  s o l u b l e  compound.

R e c e n t  m i c r o s u r g i c a l  e x p e r i m e n t s  o f  t h e  r o o t  a p e x  o f  m a iz e  

and  p e a  u s i n g  i m p e r m e a b le  b a r r i e r s  o f  m ica  f o i l  p r o v i d e d  some 

i n d i r e c t  e v i d e n c e  o f  b a s i p e t a l  movement o f  t h i s  i n h i b i t o r  f ro m  t h e  

a p e x  t o  t h e  e x t e n d i n g  zone  a s  w e l l  a s  p a r t l y  downward l a t e r a l  

t r a n s p o r t  o f  t h e  i n h i b i t o r  f rom  t h e  u p p e r  t o  t h e  l o w e r  h a l f  o f  

t h e  s t i m u l a t e d  r o o t s  (Shaw an d  W i l k i n s ,  1 9 7 3 ;  P i l e t ,  1 9 7 3 ) .
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The p r e s e n t  i n v e s t i g a t i o n  h a s  b e e n  u n d e r t a k e n  to  e v a l u a t e  

t h e  r e c e n t  i n d i r e c t  e v i d e n c e  o f  t h e  e x i s t e n c e  o f  an  i n h i b i t o r  

( o r  i n h i b i t o r s )  i n  t h e  r o o t  c a p .  I t  h a s  b e e n  f e l t  a  d i r e c t  

a p p r o a c h  t o  t h i s  p r o b l e m  i s  n e e d e d .  One o f  t h e  s e r i o u s  l i m i t a ­

t i o n s  i n  t h i s  c o n t e x t  i s  a  l a c k  o f  any  s u i t a b l e  a s s a y  m e th o d  

w h e re  maximum s e n s i t i v i t y  c a n  be  a c h i e v e d  u s i n g  m i n u t e  q u a n t i t i e s  

o f  f r e s h  s a m p l e s ,  t h u s  r e d u c i n g  t h e  l e n g t h y  an d  t e d i o u s  p r o c e d u r e  

o f  s a m p l i n g  a s  f a r  a s  i s  p r a c t i c a b l e ,  /m a t t e m p t  h a s  b e e n  made t o  

e s t a b l i s h  s u c h  a  m i c r o - a s s a y  t e c h n i q u e  and  u s i n g  t h i s  t e c h n i q u e ,  

t h e  g ro w th  r e g u l a t i n g  s u b s t a n c e s  p r e s e n t  i n  t h e  r o o t  t i p  a s  w e l l  

a s  c a p  h a v e  b e e n  t h o r o u g h l y  i n v e s t i g a t e d .  Ttie p r e s e n t  work  i s  

a  f u r t h e r  r e a s s e s s m e n t  o f  t h e  o b s e r v a t i o n  o f  Audus an d  L a l i i r i  

( 1 9 6 1 ) a s  t o  w h e t h e r  g r a v i t y  c a n  i n d u c e  an y  c h a n g e  i n  t h e  q u a l i t y  

and  q u a n t i t y  o f  t h o s e  g ro w th  r e g u l a t i n g  s u b s t a n c e s  i n  t h e  t i p  

d u r i n g  g e o t r o p i c  s t i m u l a t i o n .  A n o t h e r  a s p e c t  o f  t h e  p r e s e n t  

i n v e s t i g a t i o n  i s  t o  e s t a b l i s h  w h e t h e r  any  o f  t h e  g r o w th  r e g u l a t i n g  

s u b s t a n c e s  a r e  d i s t r i b u t e d  a s y m m e t r i c a l l y  d u r i n g  g e o t r o p i c  

s t i m u l a t i o n ,  a  c o n d i t i o n  demanded by t h e  c l a s s i c a l  C ho lodny-W ent  

t h e o r y .
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CIIAFTER I I

MATERIALS AND METHODS

T l i ro u g h o u t  t h e  p r e s e n t  i n v e s t i g a t i o n  t h e  young  s e m i n a l  r o o t s  

o f  Zea mays L.  ( v a r .  G o ld en  Bantam)  w ere  u s e d .  M a ize  v/as c h o s e n  

f o r  t h e  f o l l o w i n g  r e a s o n s .

( 1 )  C a r y o p s e s  o f  m a iz e  c a n  e a s i l y  be grown u n d e r  l a b o r a t o r y  

c o n d i t i o n s  and  g e r m i n a t i o n  i s  f a i r l y  u n i f o r m .

( 2 ) Tlie r o o t s  a r e  o f  a  r e a s o n a b l e  t h i c l c n e s s ,  c o n v e n i e n t  f o r  

s e g m e n t a t i o n  and  o t h e r  p u r p o s e s .

( 3 ) As i n  o t h e r  g r a s s e s  t h e  r o o t s  o f  m a iz e  a r e  c h a r a c t e r i z e d  by 

h a v i n g  a  d i s c r e t e  c a p  m e r i s t e m  an d  a  v e r y  w e l l - m a r k e d  b o u n d a r y  

b e t w e e n  t h e  c ap  eind t h e  r o o t  p r o p e r .  J u n i p e r  e t  a l .  ( I 9 6 6 ) 

o b s e r v e d  t h a t  i t  was p o s s i b l e  i n  m a i z e  t o  d e t a c h  t h e  i n t a c t  r o o t  

c a p  c l e a r l y  f rom  t h e  r e s t  o f  t h e  r o o t  t i p  w i t h o u t  c o n t a m i n a t i o n  

o f  m e r i s t e m a t i c  c e l l s .  T h i s  c o n d i t i o n  was f o u n d  t o  b e  a n  

a d v a n t a g e  f o r  t h e  p r e s e n t  i n v e s t i g a t i o n ,  w h e r e  t h e  s a m p l e s  o f  

r o o t  c a p s  a s  w e l l  a s  d e c a p p e d  r o o t  t i p s  h a d  b e e n  f r e q u e n t l y  u s e d  

f o r  e x t r a c t i o n  an d  a s s a y .

Growth  and  h a r v e s t i n g  o f  t h e  r o o t  m a t e r i a l s

C a r y o p s e s ,  a f t e r  t h o r o u g h  w a s h i n g  i n  w a t e r ,  w e re  soalced  i n  

a e r a t e d  r u n n i n g  w a t e r  a t  23°C f o r  24  h o u r s .  They w e re  t h e n  s p r e a d  

on a  g l a s s  h a l f - b r i c k  (2 0  x  20  x  5  cm) l i n e d  w i t h  m o i s t  2 - p l y  t i s s u e  

c l o t h .  The g l a s s  h a l f - b r i c k  was  c o v e r e d  by  a  g l a s s  p l a t e  and  

i n c u b a t e d  i n  t h e  d a r k  f o r  24 h o u r s .  A f t e r  24  h o u r s  when t h e  

r a d i c l e s  h a d  j u s t  em erged  t h e y  w ere  a r r a n g e d  on m o i s t  v e r m i c u l i t e  

i n  a  p l a s t i c  t r a y  (3 6  x  22 x 3 cm).  Two s u c h  t r a y s  c o n t a i n i n g  a 

h u n d r e d  c a r y o p s e s  i n  e a c h ,  w e re  f o u n d  s u f f i c i e n t  f o r  a  h u n d r e d  

r o o t  s a m p l e s .  When more r o o t s  w e re  n e e d e d  t h e  number  o f  t r a y s  v/as 

i n c r e a s e d  a c c o r d i n g l y .  The t r a y s  w ere  l e f t  i n  a  d a r k  c u p b o a r d
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a t  a  c o n s t a n t  t e m p e r a t u r e  o f  23°C f o r  a n o t h e r  t h r e e  d a y s .  V/hen 

t h e  s e m i n a l  r o o t s  w e re  a p p r o x i m a t e l y  6 -7  cm i n  l e n g t h  a  h u n d r e d  

( o r ,  more when n e e d e d )  h e a l t h y  r o o t s  w ere  s e l e c t e d .  T h e s e  r o o t s  

w e re  t h o r o u g h l y  w ashed  i n  w a t e r  and  f o u r  t y p e s  o f  r o o t  m a t e r i a l s  

w e re  h a r v e s t e d  f o r  p r i m a r y  i n v e s t i g a t i o n s .

(A) R oo t  c a p s  -  R oo t  c a p s  w e re  d i s s e c t e d  u n d e r  a  b i n o c u l a r  

m i c r o s c o p e  u s i n g  a  f i n e ,  s h a r p  r a z o r  b l a d e  t a k i n g  c a r e  a s  f a r  a s  

was p r a c t i c a b l e  n o t  t o  i n c l u d e  an y  o f  t h e  m e r i s t e m a t i c  t i s s u e  o f  

t h e  r o o t  p r o p e r .  U nder  a  b i n o c u l a r  m i c r o s c o p e  t h e  c a p  c o u l d  be  

e a s i l y  d i f f e r e n t i a t e d  f rom t h e  f a i r l y  o p a q u e  r o o t  a s  a  t r a n s l u c e n t  

r e g i o n .  I m m e d i a t e l y  a f t e r  r e m o v a l  f rom t h e  t i p ,  e a c h  c a p  was 

p l u n g e d  i n t o  a  s m a l l  p o l y t h e n e  v i a l  ( 2 . 5  x 1 . 5  cm) c o n t a i n i n g

1 ml o f  m e t h a n o l  c o o l e d  t o  -1 0 °C  i n  a  f r e e z i n g  m i x t u r e  o f  c a r d i c e

and  a c e t o n e .  A h u n d r e d  r o o t  c a n s  d i s s e c t e d  and  f i x e d  i n  t h i s  way 
V'ere m a c e r a t e d  u n d e r  m e th a n o l  u s i n g  a  s m a l l  mortOrq and p e s t l e  and  f i n a l l y  
e x t r a c t e d  i n  a  t o t a l  volume o f  1 0 -1 5  ml o f  m e th a n o l  f o r  24 h o u r s  a t  ^lO^^C 
i n  a  deep  f r e e z e .
(B) Root  t i p s  -  R o o t  t i p s  o f  5 mm l e n g t h  i n c l u d i n g  t h e i r  c a p s  w e re  

s e v e r e d  f rom t h e  r o o t s  w i t h  t h e  h e l p  o f  a  s p e c i a l l y  d e s i g n e d  

g u i l l o t i n e  ( F i g .  1 ) .  One h u n d r e d  r o o t  t i p s  w e re  c o l l e c t e d  i n  a  

p o l y t h e n e  t u b e  (6  x 1 . 5  cm) c o n t a i n i n g  5 ml o f  c h i l l e d  m e t h a n o l ,  

a s  a b o v e ,  and  w e re  a l s o  e x t r a c t e d  f o r  24 h o u r s  a t  - 1 0 * 0  i n  t h e  

d e e p  f r e e z e .  I n  a  few e x p e r i m e n t s  two h u n d r e d  t i p s  w e re  c o l l e c t e d ,  

f i x e d  i n  m e t h a n o l  and  e x t r a c t e d  i n  a  s i m i l a r  way.

(C) R oo t  t i p s  w i t h o u t  c a n s  -  One h u n d r e d  r o o t  t i p s  w i t h  t h e i r  c a p s  

r e m o v e d ,  w ere  a l s o  h a r v e s t e d  on s e v e r a l  o c c a s i o n s .  T h ese  

d e c a p p e d  t i p s  w ere  a l s o  f i x e d  i n  m e t h a n o l  a t  - 1 0 ° C an d  e x t r a c t e d  

f o r  24  h o u r s  a s  a b o v e .

(D) H a r v e s t i n g  o f  r o o t  m a t e r i a l s  f o r  s u c c e s s i v e  2 mm s e g m e n t s  -  

F o r  a n a l y s e s  o f  t h e  e x t r a c t  o f  s u c c e s s i v e  2 mm s e g m e n t s ,  d e c a p p e d  

r o o t s  o f  t h e  same a g e  an d  l e n g t h  a s  a b o v e  w e re  c h o s e n .  T h es e
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F i g ,  1 A v ie w  o f  t h e  g u i l l o t i n e  employed  f o r  o b t a i n i n g  

r o o t  s e g m e n t s .

By l o o s e n i n g  t h e  s c re w  *a '  b a r  *b ' c o u l d  be 

p u l l e d  i n  o r  o u t  w hich  e v e n t u a l l y  c o n t r o l l e d  

t h e  d i s t a n c e  b e tw e e n  t h e  p l a t e  'c*  an d  t h e  c u t t i n g  

b l a d e  n e a r e s t  t o  i t ,  t h u s  t h e  l e n g t h  o f  t h e  t i p  t o  

be  d e c a p i t a t e d  c o u l d  be  a d j u s t e d .  D e c a p i t a t e d  

s e g m e n t s  r e a d y  f o r  u s e  a r e  fo u n d  t o  be  l y i n g  

be tw ee n  t h e  b l a d e s .



\ 8 -

Fig.1
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r o o t s  w e re  s e r i a l l y  chopped  a t  2 mm i n t e r v a l s  s t r e t c h i n g  b a c k  

p r o x i m a l l y  up  t o  8 mm f rom t h e  c a p / m e r i s t e m  j u n c t i o n .  C a r e f u l  

a t t e n t i o n  was n e e d e d  i n  s a m p l i n g ,  i n  t h i s  l e n g t h y  p r o c e d u r e .

To a v o i d  any  c o n f u s i o n  t e n  r o o t s  a t  a  t i m e  were  c o m p l e t e l y  

s e g m e n t e d  u s i n g  t h e  same g u i l l o t i n e  and  t h e  s e g m e n t s  w e re  p l u n g e d  

i n t o  c h i l l e d  m e t h a n o l  i n  t h e i r  r e s p e c t i v e  v i a l s .  S am ples  o f  a  

h u n d r e d  s e g m e n t s  ea c h  w ere  s i m i l a r l y  e x t r a c t e d  f o r  2k  h o u r s  a t  

-1 0 °C  i n  t h e  deep  f r e e z e .

D i f f u s â t e s

D i f f u s â t e s  w ere  c o l l e c t e d  f rom  1 mm an d  2 mm t i p s  c u t  f rom 

t h e i r  i n t a c t  r o o t s .  They w ere  p l a c e d ,  c u t  s u r f a c e  downward,  on a  

k  mm t h i c k  1 . 5  p e r  c e n t  a g a r  d i s c  (made f rom  ’O x o i d ’ i o n  a g a r  N o .2)  

o f  4 cm d i a m e t e r .  The d i s c  was h e l d  i n  a  p e t r i  d i s h  o f  t h e  same 

d i a m e t e r  and  t h e  p e t r i  d i s h  was p l a c e d  c e n t r a l l y  i n  a  g l a s s  h a l f ­

b r i c k  l i n e d  w i t h  a  m o i s t  2 - p l y  t i s s u e  c l o t h  ( F i g . 2 A  an d  B ) .  T h i s  

was c o v e r e d  w i t h  a  s i m i l a r  h a l f  b r i c k  l i n e d  w i t h  m o i s t  t i s s u e  c l o t h .  

The e n t i r e  u n i t  was p l a c e d  i n  a n  i n c u b a t o r  a t  25®C i n  t h e  d a r k  f o r  

3 h o u r s .  A f t e r  i n c u b a t i o n  t h e  a g a r  was q u i c k l y  f r o z e n  w i t h  c h i l l e d  

m e t h a n o l  and  t h e  f r o z e n  a g a r  was m a c e r a t e d  u s i n g  m o r t a r  and  p e s t l e .  

T h i s  was s u b s e q u e n t l y  e x t r a c t e d  i n  m e t h a n o l  a s  f o r  d i s s e c t e d  c a p s  

and  t i p s .

F r a c t i o n a t i o n  o f  e x t r a c t

M a jo r  p r e c a u t i o n s  w ere  n e c e s s a r y  t o  m a i n t a i n  t h e  q u a l i t y  and  

q u a n t i t y  o f  t h e  t o t a l  e x t r a c t  d u r i n g  t h e  p e r i o d  o f  f r a c t i o n a t i o n .

A p o s s i b l e  l o s s  o f  e x t r a c t  d u r i n g  f r a c t i o n a t i o n  c o u l d  be  r e d u c e d  

u s i n g  s m a l l  g l a s s  v i a l s  and  a v o i d i n g  u n n e c e s s a r y  t r a n s f e r e n c e  o f  

t h e  e x t r a c t  f rom one v i a l  t o  t h e  o t h e r .  The f r a c t i o n a t i o n  was 

c a r r i e d  o u t  away f rom t h e  d i r e c t  l i g h t ,  and  w here  n e c e s s a r y ,  t h e  

v i a l s  w ere  c o v e r e d  w i t h  b l a c k  l i g h t - p r o o f  p o l y t h e n e  s h e e t s .





F i g .  2 C o l l e c t i o n  o f  d i f f u s â t e s  f rom t h e  r o o t  t i p .

A. P e t r i  d i s h  c o n t a i n i n g  t h e  a g a r  d i s c  h o l d i n g  

100 r o o t  t i p s .

B. V e r t i c a l  s e c t i o n  ( d i a g r a m m a t i c )  o f  i n c u b a t i o n  

c ham ber .  The p e t r i  d i s h  w i t h  r o o t  t i p s  i s  i n

‘ t h e  c e n t r e  o f  t h e  cham ber  ( f o r  d e s c r i p t i o n  s e e  

t h e  t e x t ) .
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F i g . 2

A ^av  disc

X 2
Rool l ip

Pelrldish

Glass half-brick

Lining of lissue clolh

Petridish wllh agan  
disc an d  root lip s

B



The e x t r a c t  was f r a c t i o n a t e d  f o l l o w i n g  t h e  c o n v e n t i o n a l  

method  o f  K e f f o r d  ( l9 5 5 )*  I n i t i a l l y  t h i s  was f i l t e r e d  t h r o u g h  a 

s i n t e r e d  g l a s s  f u n n e l  d i r e c t l y  i n t o  an e v a p o r a t i n g  f l a s k  (50  ml 

c a p a c i t y ) .  A f t e r  f i l t r a t i o n  t h e  r e s i d u e  was washed w i t h  10 ml o f  

m e th an o l  and t h e n  w i t h  10 ml o f  w a t e r .  Then t h e  e v a p o r a t i n g  f l a s k  

w i t h  t h e  f i l t r a t e  ( f i n a l  volume be tw ee n  25-30 ml ) was p l a c e d

i n  a  r o t a r y  f l a s h  e v a p o r a t o r  and  t h e  m e t h a n o l  was e v a p o r a t e d  

u n d e r  vacuum a t  A f t e r  r e m o v a l  o f  t h e  m e t h a n o l ,  t h e  a q u e o u s

r e s i d u e  was a c i d i f i e d  t o  pH5 w i t h  N/lO p h o s p h o r i c  a c i d  (S p .  g r .  , -v 

1 . 7 5 ) .  T h i s  was sha l i en  w i t h  t h r e e  s u c c e s s i v e  a l i q u o t s  o f  e t h e r  

( a p p r o x i m a t e l y  1 0 -1 5  ml each  a l i q u o t )  u s i n g  a  s m a l l  s e p a r a t i n g  

f u n n e l  (100  ml c a p a c i t y ) .  As e t h e r  t e n d s  t o  form p e r o x i d e s  w h ich  

d e s t r o y  many a u x i n s ,  p e r o x i d e - f r e e  e t h e r  was u s e d  t h r o u g h o u t ,  

a n d  t o  p r e v e n t  f u r t h e r  o x i d a t i o n  one o r  two d r o p s  o f  b u t y l a t e d  

h y d r o x y  t o l u e n e  ( O . I/o i n  e t h y l  a c e t a t e )  was a d d e d  t o  t h e  e x t r a c t  

a s  an  a d d i t i o n a l  p r e c a u t i o n .  The p o o l e d  e t h e r  f r a c t i o n s ,  h e n c e ­

f o r t h  c a l l e d  t h e  p r i m a r y  e t h e r  f r a c t i o n ,  f rom  above  w ere  t h e n  

p a r t i t i o n e d  a g a i n s t  NaHCC3 t o  remove  a c i d  a u x i n s .  H e re  a l s o ,  

t h e  e t h e r  f r a c t i o n  was s h a k e n  t h r e e  t i m e s  w i t h  b i c a r b o n a t e  

s o l u t i o n  and  t h e  p o o l e d  b i c a r b o n a t e  f r a c t i o n s  w ere  r e a c i d i f i e d  

t o  pH5 w i t h  p h o s p h o r i c  a c i d  a n d  r e p a r t i t i o n e d  a g a i n s t  e t h e r  a s  

a b o v e .  T h i s  e t h e r  f r a c t i o n  u s u a l l y  c o n t a i n s  a c i d  a u x i n s  w h e r e a s  

t h e  e t h e r  f r a c t i o n  a f t e r  s h a l i i n g  w i t h  b i c a r b o n a t e  u s u a l l y  c o n t a i n s  

n e u t r a l  a u x i n s .  B o th  a c i d  a n d  n e u t r a l  e t h e r  f r a c t i o n s  w ere  

e v a p o r a t e d  t o  d r y n e s s  i n  v acu o  an d  t h e n  e l u t e d  i n  0 , 5  ml o f  

m e t h a n o l  a n d s p o t t e d  s e p a r a t e l y  on c h ro m a to g r a m s .  On s e v e r a l  

o c c a s i o n s ,  t h e  p r i m a r y  e t h e r  f r a c t i o n  was e v a p o r a t e d ,  e l u t e d  and  

s p o t t e d  i n  a  s i m i l a r  way a s  m e n t i o n e d  a b o v e .

C h ro m a to g rap h y

H e t h a n o l i c  s o l u t i o n s  o f  a c i d  and  n e u t r a l  f r a c t i o n s  w ere  

s u b j e c t e d  t o  p a p e r  c h r o m a t o g r a p h y  on 25 x  8 cm s t r i p s  o f
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V/hatman N o . l  p a p e r  p r e w a s h e d  eac h  t i m e  i n  t h e  r u n n i n g  s o l v e n t ,  

ï h e  e n t i r e  e l u a t e  was a p p l i e d  a s  a  n a r ro w  t r a n s v e r s e  band  3 cm 

from one  end o f  t h e  p a p e r  and  a s c e n d i n g ,  c h r o m a t o g r a p h y  v/as 

p e r f o r m e d .  Chromatograms o f  m arked  lAA w ere  i n d e p e n d e n t l y  r u n  on 

eac h  o c c a s i o n .  T h re e  s u c h  p a p e r  s t r i p s  w ere  c h r o m a t o g r a p h e d  a t  a  

t i m e  i n  a  g l a s s  c h r o m a t o g r a p h i c  t a n k  (35 x 12 x 9 cm) ( F i g ,  3 ) .

The s t r i p s  were  hung  v e r t i c a l l y  by t h e  h o o k s  on a  h o r i z o n t a l  b a r  

w h ich  c o u l d  be  r a i s e d  and  l o w e r e d  by means o f  a  v e r t i c a l  m e t a l  

r o d  s o l d e r e d  on t o  t h e  h o r i z o n t a l  ba.r i n  t h e  m i d d l e .  The v e r t i c a l  

r o d  c o u l d  be a d j u s t e d  t o  any  d e s i r a b l e  l e n g t h  by means o f  a  s c r e w  

a b o v e  t h e  l i d  o f  t h e  t a n k .  P r i o r  t o  each  r u n  t h e  c h r o m a t o g r a p h i c  

t a n k  w i t h  t h e  p a p e r  s t r i p s  was e q u i l i b r a t e d  f o r  s i x  h o u r s  w i t h  

t h e  r u n n i n g  s o l v e n t .

T h r e e  t y p e s  o f  r u n n i n g  s o l v e n t ,  h e n c e f o r t h  c a l l e d  s o l v e n t  I ,

I I  a n d  I I I  w ere  u s e d  t h r o u g h o u t  t h e  i n v e s t i g a t i o n .  T h es e  w e r e :  

S o l v e n t  I  -  i s o p r o p a n o l : a m m o n i a  (S p .  g r . - 0 . 8 8 )  ; w a t e r  ( 1 0 : 1 : 1 )  

S o l v e n t  I I  -  i s o b u t a n o l  :  m e t h a n o l :  w a t e r  ( 7 5 : 1 0 : 1 5 )

S o l v e n t  I I I  -  i s o p r o p a n o l  : w a t e r  ( 4 : 1 ) .

Of t h e s e  t h r e e ,  b u t a n o l  s o l v e n t  i s  l e s s  v o l a t i l e  t h a n  t h e  

o t h e r  tw o ,  and  i t  was f o u n d  v e r y  d i f f i c u l t  t o  g e t  r i d  o f  t h e  

t r a c e s  o f  s o l v e n t  f rom t h e  c h r o m a to g r a m s .  T h e r e f o r e ,  t h e  i s o p r o p a n o l  

s o l v e n t s  w ere  p r e f e r r e d  i n  m o s t  c a s e s .

A f t e r  e q u i l i b r a t i o n  t h e  s t r i p s  w ere  d i p p e d  i n  t h e  s o l v e n t  and  

a l l o w e d  t o  r u n  e x a c t l y  10 cm f rom  t h e  p o i n t  o f  e x t r a c t  a p p l i c a t i o n .  

A f t e r  t h e  r u n ,  each  c h ro m a to g ra m ,  was d r i e d  by means o f  a  f a n  i n  

t h e  d a r k ,  and  two l o n g i t u d i n a l  c e n t r a l  s t r i p s  each  1 cm w id e  w ere  

c u t  f rom i t  ( F i g ,  4A),  Each s t r i p ,  t h u s  c o n t a i n e d  a p p r o x i m a t e l y  

one  t h i r d  o f  t h e  t o t a l  e x t r a c t  o f  a  h u n d r e d  t i p s ,  l o a d e d  on t h e  

c h ro m a to g ra m .  Tlie s t r i p s  w e re  u s e d  a s  r e p l i c a t e s  i n  t h e  s u b s e q u e n t  

a s s a y s .





F i g .  3  A v ie w  o f  t h e  g l a s s  c h r o m a t o g r a p h i c  t a n k .
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On s e v e r a l  o c c a s i o n s  t h e  e n t i r e  amount  o f  t h e  e x t r a c t  was 

a s s a y e d .  I n  t h i s  c a s e  t h e  m e t h a n o l i c  e l u a t e  was a p p l i e d  i n  a  

t r a n s v e r s e  b a n d ,  l e s s  t h a n  1 cm w i d e ,  3 cm f rom one end o f  t h e  

p a p e r  and  t h e  ch rom a tog ram  was r u n  f o r  15 cm f rom  t h e  o r i g i n  

( f o r  f i n e n e s s  o f  r e s o l u t i o n ) .  Then t h e  e n t i r e  c h ro m a to g ra m ,  

c o n t a i n i n g  t h e  t o t a l  e x t r a c t  was c u t  i n t o  a  s i n g l e  l o n g i t u d i n a l  

s t r i p  o f  a p p r o x i m a t e l y  1 cm w id e  ( F i g .  4B) .

I n  b o t h  c a s e s  t h e  l o n g i t u d i n a l  s t r i p s  w ere  a g a i n  d i v i d e d  

i n t o  t e n  o r  f i f t e e n  e q u a l  s q u a r e s ( i x l  cm). T hus ,  e ac h  s q u a r e  

r e p r e s e n t i n g  0 . 1  o r  0 . 0 7 5  o f  a n  E f  u n i t .  Each  s m a l l  s q u a r e  was 

s e p a r a t e l y  a s s a y e d  t o g e t h e r  w i t h  10 s q u a r e s  (1x1  cm) o f  s o l v e n t -  

w ashed  p a p e r  s e r v i n g  a s  c o n t r o l s  and  p r o v i d i n g  a  b a s e  l i n e  t o  

p e r m i t  t h e  c a l c u l a t i o n  o f  c o n f i d e n c e  l i m i t .  The c h ro m a to g ra m s  

w ere  a s s a y e d  i m m e d i a t e l y  a f t e r  d r y i n g .  However ,  when n e c e s s a r y ,  

t h e s e  w ere  s t o r e d  i n  a  vacuum d e s i c c a t o r ,  w ra p p e d  i n  a  b l a c k  

p o l y t h e n e  s h e e t  and  s t o r e d  a t  -10°C  i n  t h e  d e e p  f r e e z e .  The 

p o s i t i o n  o f  m a rk e r  lAA i n  t h e  ch rom a tog ram  was d e t e c t e d  by 

s p r a y i n g  i t  w i t h  E h r l i c h ' s  r e a g e n t .

A ssay

The a s s a y  t e c h n i q u e  em ployed  was d e s i g n e d  ( a )  t o  u s e  m a iz e  

r o o t  s e g m e n t s  t o  d e t e c t  and  m e a s u r e  t h e i r  own i n h i b i t o r s  and  

( b )  t o  r e d u c e  t h e  vo lume o f  a s s a y  medium t o  a  minimum, t h e r e b y  

i n c r e a s i n g  t h e  f i n a l  c o n c e n t r a t i o n  o f  t h e  a c t i v e  m a t e r i a l  and  

h e n c e  t h e  s e n s i t i v i t y  o f  t h e  a s s a y .

The a s s a y  m a t e r i a l  c o n s i s t e d  o f  2 ram s e g m e n t s  c u t  2 mm 

b e h i n d  t h e  t i p s  o f  t h e  2 - d a y  o l d  Zea mays ( v a r .  K e lv e d o n  3 3 )  r o o t s ,  

S e c t i o n s  from t h i s  zone  showed t h e  g r e a t e s t  e x t e n s i o n  o f  g r o w t h ,  

a p p r o x i m a t e l y  2 - 3  t i m e s  t h e i r  o r i g i n a l  l e n g t h ,  i n  0 . 5  p e r  c e n t  

s u c r o s e .
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F i g .  4 D iagram s  s h o w in g  t h e  p o s i t i o n  o f  e x t r a c t  a p p l i c a t i o n  

on c h r o m a t o g r a p h i c  p a p e r .  The d o t t e d  z o n e s  r e p r e s e n t  

t h e  a r e a  c o v e r e d  by t h e  e x t r a c t  a f t e r  d e s i r e d  l e n g t h  

o f  r u n n i n g ,

A, The e n t i r e  e x t r a c t  was s p o t t e d  i n  3 cm b an d  on

one end o f  t h e  p a p e r  an d  a l l o w e d  t o  r u n  10 cm

from t h e  o r i g i n  i , e ,  f rom t h e  p l a c e  o f  e x t r a c t

a p p l i c a t i o n .  A f t e r  t h e  r u n  t h e  c h ro m a to g ra m  was 

c u t  i n t o  t w e n t y  e q u a l  s q u a r e s  ( a s  shown i n  t h e  

f i g u r e )  t h u s  each  s m a l l  s q u a r e  r e p r e s e n t s 0-1 E f  

u n i t ,

B, Same e x c e p t  t h e  e x t r a c t  was s p o t t e d  i n  1 cm band

and  t h e  ch rom a tog ram  was a l l o w e d  t o  r u n  15 cm

from t h e  o r i g i n .  A f t e r  t h e  r u n  t h e  c h ro m a to g ra m

was c u t  i n t o  f i f t e e n  e q u a l  s q u a r e s  t h u s  e a c h  

s m a l l  s q u a r e  r e p r e s e n t s  0 ,075 E f  u n i t .
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C a r y o p s e s ,  t h o r o u g h l y  w ashed  and  s o a k e d  i n  a e r a t e d  w a t e r  

a t  25®C f o r  24 h o u r s  w ere  s p r e a d  on a  g l a s s  h a l f  b r i c k  a s  u s u a l ,  

l i n e d  w i t h  m o i s t  2 - p l y  t i s s u e .  T h i s  was c o v e r e d  w i t h  a  g l a s s  

p l a t e  and  p l a c e d  i n  t h e  i n c u b a t o r  a t  25®C i n  t h e  d a r k .  A f t e r  

48 h o u r s  when t h e  r a d i c l e s  w e re  a p p r o x i m a t e l y  6 -7  mm i n  l e n g t h ,

2 mm segm en ts  ( s t a r t i n g  a t  2 mm b e h i n d  t h e  ex t re m e  t i p  ) were  c u t  

f rom eac h  o f  a  hund red  su ch  r a d i c l e s

u s i n g  t h e  same g u i l l o t i n e .  Cut  s e c t i o n s  w ere  c o l l e c t e d  i n  

a  p e t r i  d i s h  on f i l t e r  p a p e r  m o i s t e n e d  w i t h  d i s t i l l e d  w a t e r .

The c o n t a i n e r  f o r  t h e  a s s a y  c o n s i s t e d  o f  a  s e r i e s  o f  

r e c t a n g u l a r  c a v i t i e s  (1  x 1 x 0 . 6  cm) c u t  i n  a  s l a b  o f  1 cm t h i c k  

p e r s p e x .  T h e re  w ere  a l t o g e t h e r  3^  r e g u l a r l y  a r r a n g e d  c a v i t i e s  

p e r  u n i t  ( F i g .  3 A ) ,  w hich  s u f f i c e d  f o r  t h e  a s s a y  o f  t h e  two 

r e p l i c a t e d  ch ro m a to g ram  s t r i p s  o f  a  t o t a l  o f  tw e n t y  s q u a r e s  and  

t h e  t e n  c o n t r o l  s q u a r e s  ( o r ,  f i f t e e n  s q u a r e s  and  t e n  c o n t r o l  

s q u a r e s )  a t  a  t i m e .

Growth  c o n d i t i o n s  f o r  maximum s e n s i t i v i t y

As m e n t i o n e d  e a r l i e r  by Audus and  T h r e s h  ( 1 9 5 3 ) ,  maximum 

s e n s i t i v i t y  o f  t h e  r o o t  s eg m en t  a s s a y  c o u l d  be  o b t a i n e d  by u s i n g  

r e l a t i v e l y  l a r g e  vo lu m es  o f  s u c r o s e ,  so  t h a t  t h e  a v a i l a b i l i t y  o f  

t h e  g ro w th  medium w ou ld  n o t  be a  l i m i t i n g  f a c t o r .  T h i s  c o n d i t i o n  

w ou ld  n o t  be  a p p l i c a b l e  h o w e v e r ,  i n  t h e  p r e s e n t  i n v e s t i g a t i o n  a s  

v e r y  s m a l l  am oun ts  o f  a c t i v e  s u b s t a n c e s  w ere  l i k e l y  t o  be p r e s e n t  

i n  a  h u n d r e d  r o o t  c a p s  o r  t o o t  t i p s ,  and  u n l i m i t e d  s u p p l y  o f  g ro w th  

medium i n c r e a s i n g  a  g r e a t e r  d i l u t i o n  o f  g ro w th  f a c t o r s  w ou ld  

d e f i n i t e l y  l i m i t  t h e  p o s s i b i l i t y  o f  d e t e c t i o n .  On t h e  o t h e r  h a n d ,  

t h e  l e n g t h y  p r o c e d u r e  o f  s a m p l i n g  would  e q u a l l y  l i m i t  t h e  u s e  o f  

l a r g e  am oun ts  o f  e x t r a c t a b l e  r o o t  m a t e r i a l  f o r  r o u t i n e  a n a l y s e s .  

Hence  t h e  main o b j e c t i v e  o f  t h e  p r e s e n t  a s s a y  t e c h n i q u e ,  a s  

m e n t i o n e d  b e f o r e ,  was t o  a c h i e v e  maximum s e n s i t i v i t y  o f  t h e  r o o t
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F i g ,  5 D iag ram s  and  p h o t o g r a p h  o f  t h e  a p p a r a t u s  u s e d  f o r

m i c r o - a s s a y  o f  r o o t  g ro w th  i n h i b i t o r s .

A. P l a n  o f  p e r s p e x  v i a l  u n i t .

B. V e r t i c a l  s e c t i o n  o f  i n c u b a t i o n  cham ber  an d  

p e r s p e x  v i a l  u n i t .

C. A v iew  o f  t h e  p e r s p e x  g ro w th  v i a l  c o n t a i n i n g  

t h r e e  r o o t  s e g m e n t s  (2  ram) i n  e a c h  c a v i t y  p r i o r  

t o  i n c u b a t i o n .  (Top f i f t e e n  c a v i t i e s  c o n t a i n i n g  

t h e  c h ro m a to g ram  s q u a r e s  an d  t h e  b o t t o m  t e n  

c o n t a i n i n g  t e n  c o n t r o l  s q u a r e s  f rom  one  o f  t h e  

e x p e r i m e n t s . )
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s e g m e n t s  ( u s e d  f o r  a s s a y )  i n  minimum vo lum es  o f  g ro w th  medium 

so  t h a t  a  d e p e n d a b l e  p i c t u r e  o f  a u x i n  a c t i v i t y  c o u l d  be  o b t a i n e d  

u s i n g  a  s m a l l  s a m p le  o f  r o o t  m a t e r i a l .  E x p e r i m e n t s  w e re  t h e r e f o r e  

c a r r i e d  o u t  t o  d e t e r m i n e  t h e  minimum volume o f  s u c r o s e  w h ich  

w ould  s u p p o r t  a  s a t i s f a c t o r y  g ro w th  o f  t h e  s e c t i o n s  i n  t h e  

c a v i t i e s  o f  t h e  p e r s p e x  v i a l .

F i v e  d i f f e r e n t  vo lum es  o f  s u c r o s e  ( 0 , 5 / 0  s t a r t i n g  f rom 0 , 0 3
p a p e r

t o  0 ,1 3  ml were  a d d e d  t o  t h e  s q u a r e d  f i l t e r ^ s t r i p s  ( 1 x 1  cm) i n  

t h e  c a v i t i e s  o f  t h e  p e r s p e x  v i a l .  I t  was o b s e r v e d  (W alk e r  e t  a l , 

1 9 5 8 ) t h a t  t h e  v a r i a n c e  o f  t h e  mean i s  d e c r e a s e d  more by t h e  

number o f  r e p l i c a t i o n s  ( s a m p l e s )  t h a n  by i n c r e a s i n g  t h e  number o f  

s e c t i o n s  p e r  v i a l .  M o re o v e r ,  t o o  many s e c t i o n s  i n  t h e  c a v i t y  o f  

t h e  g ro w th  v i a l  v/ere l i k e l y  t o  i m p a i r  g ro w th  a s  a v a i l a b i l i t y  o f  

w a t e r  would  be  a  l i m i t i n g  f a c t o r .  I n  v iew  o f  t h i s ,  t h r e e  r o o t  

s e g m e n t s ,  were  s e l e c t e d  a t  random and  w ere  p l a c e d  on f i l t e r  

p a p e r  s t r i p s  i n  t h e  c a v i t i e s  and  t h e  p e r c e n t a g e  i n c r e a s e  i n  l e n g t h  

was d e t e r m i n e d  a f t e r  24 h o u r s .  Each volume was u s e d  f i v e  t i m e s  

on e a c h  o c c a s i o n  and  t h e  mean p e r c e n t a g e  o f  g ro w th  o b t a i n e d  f rom 

f o u r  s u c h  o c c a s i o n s  i s  p r e s e n t e d  g r a p h i c a l l y  i n  F i g ,  6,  The 

p e r c e n t a g e  i n c r e a s e  i n  l e n g t h  on each  o c c a s i o n  a l o n g  w i t h  a n a l y s i s  

o f  v a r i a n c e  i s  shown i n  T a b l e  1 i n  t h e  A p p en d ix ,

As shown i n  the  f igure maximum g ro w th  o f  t h e  r o o t  s e c t i o n s  

( a b o u t  1 7 ) was o b t a i n e d  i n  0 , 0 3  ml o f  s u c r o s e .  From t h i s  p o i n t ,  

w i t h  t h e  i n c r e a s e  i n  vo lum e ,  t h e  g ro w th  d e c l i n e d ,  p o s s i b l y  due t o  

w a t e r  l o g g i n g  o f  t h e  s e c t i o n s .  I n  O.O3 ml o f  s u c r o s e  t h e  

a v a i l a b i l i t y  o f  g ro w th  medium was a  l i m i t i n g  f a c t o r ,  t h u s  h i n d e r i n g  

t h e  maximum r e s p o n s e .  A p p a r e n t l y  t h e  v a r i a t i o n s  o f  g ro w th  f rom 

0 ,0 3  ml up t o  0 , 1  ml w ere  l i t t l e  b u t  s i g n i f i c a n t  a s  e v i d e n c e d  f rom 

t h e  a n a l y s i s  o f  v a r i a n c e  t a b l e  ( T a b l e  I B ) ,  H e re  t h e  v a l u e  o f  t h e
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F i g ,  6 Growth c u r v e  o f  m a iz e  r o o t  s e g m e n t s  i n  v a r y i n g  

vo lum es  o f  s u c r o s e  s o l u t i o n .
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mean s q u a r e  v a r i a n c e  f o r  r e s i d u a l  was s i g n i f i c a n t l y  g r e a t e r  

t h a n  t h a t  due t o  t h e  s am p le  v a r i a n c e  i n d i c a t i n g  t h e  f i t n e s s  o f  

t h e  a s s a y .  The o c c a s i o n  v a r i a n c e  was a l s o  s i g n i f i c a n t l y  h i g h ,  

w h ich  was p e r h a p s  a t t r i b u t e d  t o  t h e  b i o l o g i c a l  v a r i a b i l i t y  o f  t h e  

r o o t  m a t e r i a l s  u s e d  i n  t h e  a s s a y .

I n  a  s e c o n d  s e r i e s  o f  e x p e r i m e n t s  t h e  g ro w th  p r o g r e s s  c u r v e ,  

o v e r  a  p e r i o d  o f  48 h o u r s ,  was s t u d i e d  t o  f i n d  t h e  o p t i m a l  t i m e  

i n t e r v a l  t o  a l l o w  b e f o r e  t h e  f i n a l  r e c o r d i n g  o f  g r o w th .  I n  t h e  

p e r s p e x  g row th  v i a l ,  t h r e e  r o o t  s e c t i o n s  w i t h  0 .0 3  ml o f  0.3?o 

s u c r o s e  ( t h e  o p t i m a l  volume o b t a i n e d  from t h e  above  e x p e r i m e n t )  

w e re  p l a c e d  i n  eac h  c a v i t y  and  t h e  l e n g t h s  w e re  m e a s u re d  a f t e r  3 ,

6 ,  12 ,  24 and  43 h o u r s .  F i v e  r e p l i c a t i o n s  w ere  r u n  eac h  t i m e  on 

eac h  o c c a s i o n .  The mean p e r c e n t a g e  o f  g ro w th  a t  d i f f e r e n t  t i m e  

i n t e r v a l s  on f o u r  o c c a s i o n s  i s  shown i n  F i g , 7 ,  The mean g ro w th  

d a t a  a t  d i f f e r e n t  t i m e s  on e a c h  o c c a s i o n  a l o n g  w i t h  t h e  a n a l y s i s  

o f  v a r i a n c e  a r e  shown i n  T a b l e  2 ( A p p e n d i x ) ,

A p r o g r e s s i v e  i n c r e a s e  i n  g r o w th ,  i n  a  more o r  l e s s  l i n e a r  

o r d e r ,  was o b t a i n e d  o v e r  a  p e r i o d  o f  24 h o u r s  a f t e r  w h ich  t h e  

g r o w th  f e l l  t o  z e r o .  H e re  maximum g row th  was o b t a i n e d  a t  24  h o u r s .

As a  r e s u l t  o f  t h e s e  two e x p e r i m e n t s ,  i n  t h e  f i n a l  a s s a y  each  

c h rom a tog ram  s t r i p  was m o i s t e n e d  w i t h  0 ,0 3  ml o f  0,3>® s u c r o s e  

and  t h r e e  r o o t  s e c t i o n s  w ere  p l a c e d  on t h e s e  ch ro m a to g ram  s t r i p s  

i n  eac h  c a v i t y  o f  t h e  g ro w th  v i a l  ( F i g ,  3C ) ,

With  s u c h  s m a l l  vo lum es  o f  a s s a y  medium, c o n s i d e r a b l e  p r e ­

c a u t i o n s  w ere  n e c e s s a r y  t o  p r e v e n t  volume ( a n d  h e n c e  c o n c e n t r a t i o n )  

c h a n g e s  due t o  e v a p o r a t i o n .  The p e r s p e x  s l a b  was t h e r e f o r e  

c o v e r e d  by a  g l a s s  p l a t e  and  t h e  w ho le  u n i t  was p l a c e d  i n  a  g l a s s
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F i g .  7 Growth c u r v e  o f  m a iz e  r o o t  s e g m e n t s  a t  d i f f e r e n t  

t i m e  i n t e r v a l s  i n  o p t i m a l  volume ( 0 . 0 3  m l )  o f  

0,3?o s u c r o s e  s o l u t i o n .
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h a l f - b r i c k  w i t h  a  g r o u n d  r i m ,  i n t o  w hich  a  q u a n t i t y  ( a p p r o x i m a t e l y  

100 ml)  o f  NaCl s o l u t i o n  o f  c o n c e n t r a t i o n  i s o t o n i c  w i t h  t h e  0 , 5  

p e r  c e n t  s u c r o s e  h a d  b e e n  p o u r e d .  The g l a s s  h a l f - b r i c k  was 

c o v e r e d  w i t h  a  g r o u n d  g l a s s  p l a t e  ( F i g ,  5 3 )  and  i n c u b a t e d  i n  t h e  

d a r k  a t  25®C.

A f t e r  24 h o u r s  e i t h e r  t h e  r o o t  s e g m e n t s  w ere  m e a s u re d  d i r e c t l y  

by a  t r a v e l l i n g  m i c r o s c o p e  o r  shadow g r a p h s  o f  t h e  r o o t  s e g m e n t s  

( F i g ,  8) were  made w i t h  a  p h o t o g r a p h i c  e n l a r g e r  and  t h e  l e n g t h s  

o f  s e g m e n t s  s u b s e q u e n t l y  m e a s u r e d ,  A s i g n i f i c a n t  d i f f e r e n c e  i n  

t h e  p e r c e n t a g e  o f  g ro w th  o v e r  t h e  c o n t r o l s  was talc en a s  i n d i c a t i n g  

t h e  p r e s e n c e  o f  a c t i v e  s u b s t a n c e s  i n  t h e  c h ro m a to g ra m s .

F o r  t h e  a s s e s s m e n t  o f  s e n s i t i v i t y  o f  t h e  p r e s e n t  a s s a y  

t e c h n i q u e  a  p r e l i m i n a r y  e x p e r i m e n t  on r o o t  s e g m e n t  g ro w th  i n  a  

r a n g e  o f  c o n c e n t r a t i o n s  o f  lAA was p e r f o r m e d ,  A s e r i e s  o f  d i l u t i o n s  

o f  lAA s t a r t i n g  f rom 10” \ l  t o  10” ^^M v/as made up  i n  0,5/o s u c r o s e .  

F i v e  s a m p l e s  o f  0 , 0 5  ml q u a n t i t i e s  f rom e a c h  d i l u t i o n  w e re  p l a c e d  

i n  t h e  c a v i t i e s  o f  t h e  g ro w th  v i a l  on s q u a r e d  ( 1 x 1  cm) f i l t e r  

p a p e r  w i t h  t h r e e  2 mm r o o t  s e g m e n t s  i n  e a c h ,  a s  b e f o r e .  As t h e r e  

w ere  a l t o g e t h e r  e i g h t  d i f f e r e n t  c o n c e n t r a t i o n s  o f  lAA two p e r s p e x  

v i a l s  w ere  u s e d  ( f o u r  c o n c e n t r a t i o n s  i n  e a c h  v i a l )  and  t h e  r o o t  

s e c t i o n s  o f  t h e s e  two s e t s  w e re  i n c u b a t e d  i n  i d e n t i c a l  c o n d i t i o n s .  

The f i n a l  l e n g t h s  o f  t h e  r o o t  s e c t i o n s  w e re  m e a s u re d  a f t e r  

24 h o u r s  and  e x p r e s s e d  a s  a  p e r c e n t a g e  o f t h e  i n c r e a s e  o b t a i n e d  

f rom t h e  mean c o n t r o l  g ro w th  o f  r o o t  s e g m e n t s  i n  0 ,0 5  ml o f  

s u c r o s e  a l o n e .  The e x p e r i m e n t  was r e p e a t e d  on f o u r  o c c a s i o n s  and  

t h e  mean p e r c e n t a g e  o f  g ro w th  i n  each  c o n c e n t r a t i o n  h a s  b e e n  

b r o u g h t  t o g e t h e r  i n  T a b l e  3 (A p p e n d ix )  and  t h e  c u r v e  h a s  b e e n  

p r e s e n t e d  i n  F i g ,  9*



- 40 -



F ig ,  8 Photographs  o f  th e  o r i g i n a l  shadow g ra p h s  of  th e  

r o o t  segments a f t e r  24 h o u r s  o f  growth .

A. Growth of  t h e  r o o t  segments i n  t e n  chromatogram 

s q u a r e s .

B. Same i n  c o n t r o l  s q u a r e s
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F i g .  9 The c u r v e  shows t h e  g ro w th  ( a s  p e r c e n t  o f  c o n t r o l )  

o f  m a ize  r o o t  s e g m e n t s  i n  d i f f e r e n t  c o n c e n t r a t i o n s  

o f  lAA.
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The lAA c u r v e  showed t h a t  a  l i t t l e  s t i m u l a t i o n  o f  g ro w th

was o b t a i n e d  i n  t h e  c o n c e n t r a t i o n s  o f  lO” ^^  an d  10 Around

- 910 M t h e  g row th  was n o t  v e r y  c o n s i s t e n t .  M o re o v e r ,  a  n u l l  p o i n t  

o f  g ro w th  r e s p o n s e  m i g h t  be  o b t a i n e d  a r o u n d  t h i s  c o n c e n t r a t i o n .  

However ,  a  s t e a d y  and  c o n s i s t e n t  i n h i b i t i o n  o f  g ro w th  b e g a n  a t  

a p p r o x i m a t e l y  10"^M o f  lAA and  t h e  g row th  f e l l  t o  h(f/o o f  t h e  

n o r m a l  v a l u e  i n  10 S i .  The s i g n i f i c a n c e  o f  t h e  r e s u l t s  i s  

e v i d e n c e d  from t h e  a n a l y s i s  o f  v a r i a n c e  t a b l e  p r e s e n t e d  i n  

T a b l e  3H. C o n s i d e r i n g  t h e  t h r e s h o l d  o f  i n h i b i t i o n  a r o u n d  lO" M, 

i t  was e s t i m a t e d  t h a t  s u c h  an  a s s a y  s h o u l d  be  c a p a b l e  o f  d e t e c t i n g  

q u a n t i t i e s  o f  lAA p e r  ch ro m a to g ram  segm en t  o f  t h e  o r d e r  o f  50 pg .

S t o m a t a l - a p e r t u r e  t e s t

F o r  p r e l i m i n a r y  d e t e c t i o n  o f  a b s c i s i c  a c i d  (A B A ) - l i k e  

compounds on t h e  ch ro m a to g ram  t h e  s t o m a t a l  a p e r t u r e  t e s t  o f  

W i l lm e r  and  M a n s f i e l d  ( I 9 Ô9 ) was f o l l o w e d .  The e p i d e r m a l  s t r i p s  

f rom t h e  l e a v e s  o f  Commelina communis L. w e re  u s e d  f o r  t h i s  

p u r p o s e .  Commelina p l a n t s  w e re  grown i n  t h e  g r e e n h o u s e  f o r  6 weeks 

and  t h e  h e a l t h y  p l a n t s  s e l e c t e d  w ere  k e p t  i n  d a r k n e s s  a t  25°C f o r  

12 h o u r s ,  p r i o r  t o  u s e ,  t o  e n s u r e  t h a t  t h e  s t o m a t a  w e re  i n  a  c l o s e d  

c o n d i t i o n  a t  t h e  b e g i n n i n g  o f  t h e  e x p e r i m e n t .  P l a n t s  w ere  

s u f f i c i e n t l y  w a t e r e d  when k e p t  i n  t h e  d a r k  t o  p r e v e n t  any  i n c r e a s e  

o f  A B A - lev e l  w i t h i n  t h e  p l a n t  due t o  w i l t i n g .  The e p i d e r m a l  s t r i p s  

w ere  d e t a c h e d  w i t h  t h e  h e l p  o f  f i n e  f o r c e p s  f rom  t h e  a b a x i a l  

s u r f a c e s  o f  t h e  f u l l y  e x pande d  young  l e a v e s  o f  more o r  l e s s  u n i f o r m  

s i z e .  U s u a l l y  two t o  t h r e e  s t r i p s  w ere  t a k e n  o u t  f rom  eac h  l e a f  

an d  f l o a t e d  on 0 . 0 1  M c i t r a t e  b u f f e r  a t  pll 5*5 i n  a  w a t c h g l a s s .

A l l  m a n i p u l a t i o n s  w e re  c a r r i e d  o u t  i n  a  dim l i g h t  and  a f t e r  

s t r i p p i n g ,  t h e  w a t c h g l a s s  was c o v e r e d  w i t h  a  b l a c k  p o l y t h e n e  s h e e t  

u n t i l  t h e  v i a l s  w e re  r e a d y  f o r  i n c u b a t i o n  ( s e e  b e l o w ) .
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The e n t i r e  a c i d  f r a c t i o n  f rom  two h u n d r e d  t i p s  (5 mm) was 

l o a d e d  a s  a  2 cm band  on t h e  ch rom a togram  and  t h e  c h rom a tog ram  

was r u n  e x a c t l y  10 cm from t h e  p o i n t  o f  o r i g i n  i n  s o l v e n t  I .

The ch rom a tog ram  was t h e n  d r i e d  and  d i v i d e d  l o n g i t u d i n a l l y  i n t o  

two e q u a l  s t r i p s  ( e a c h  c o n t a i n i n g  t h e  e x t r a c t  o f  a p p r o x i m a t e l y  

100 t i p s ) .  One s t r i p  was a s s a y e d  u s i n g  t h e  r o o t - s e g m e n t  a s s a y  

method  d e s c r i b e d  a b o v e .  The o t h e r  s t r i p  was s e g m e n t e d  i n t o  t e n  

s q u a r e s  o f  1 x  1 cm. Each s e g m e n t  a l o n g  w i t h  c o r r e s p o n d i n g  c o n t r o l s  

( f ro m  t h e  s o l v e n t  washed  p a p e r )  w ere  e l u t e d  i n  1 . 5  ml o f  0 , 0 1  M 

C i t r a t e  b u f f e r  a t  pH 5 . 5  (Ogunkanmi e t  a l  ̂ 1973)  i n  a  s m a l l  g l a s s  

v i a l  ( 2  X 2 cm) f o r  3 h o u r s  a t  5°C i n  t h e  d a r k .  E p i d e r m a l  s t r i p s  

w ere  i n c u b a t e d  i n  t h e  e l u a t e s  f o r  3 h o u r s  i n  t h e  i n o c u l a t i n g  

cham ber  ( s e e  b e l o w ) .  To a l l o w  s u f f i c i e n t  t i m e  f o r  m e a s u r i n g  t h e  

s t o m a t a l  a p e r t u r e  t h e  e n t i r e  e x p e r i m e n t  was done  i n  two s t a g e s .

I n  t h e  f i r s t  p l a c e ,  h a l f  o f  t h e  ch rom a tog ram  s q u a r e s  ( f ro m  0 -  

0 . 5  E f  u n i t )  w i t h  t h r e e  c o n t r o l s  w ere  e l u t e d ,  w h i l e  e x a c t l y  

90  m i n u t e s  l a t e r ,  ( a p p r o x i m a t e l y  e q u a l  t o  t h e  t i m e  t a k e n  f o r  

m e a s u r i n g  t h e  s t o m a t a l  a p e r t u r e s  o f  8 s t r i p s )  t h e  e l u t i o n  o f  t h e  

s e c o n d  s e t  from t h e  r e m a i n i n g  f i v e  ch rom a tog ram  s q u a r e s  ( f ro m  

0 . 6  -  1 . 0  Rf  u n i t )  p l u s  c o n t r o l s  was s t a r t e d .  Thus t h e  two 

t i m i n g s  were  a d j u s t e d  i n  s u c h  a  way t h a t  i d e n t i c a l  c o n d i t i o n s  f o r  

t h e  e l u t i o n s  and  i n c u b a t i o n s  a t  t h e  two s t a g e s  w ere  m a i n t a i n e d .

The i n o c u l a t i n g  cham ber  was a  r e c t a n g u l a r  p e r s p e x  box (45  x 

37 X 6 cm) d i v i d e d  i n t o  two c o m p a r t m e n t s ,  each  45 x 37 x  2 . 5  cm, 

by a  p e r s p e x  p a r t i t i o n .  C oo l  w a t e r  was c i r c u l a t e d  i n  t h e  u p p e r  

c o m p ar tm e n t  w h i l e  a  s t r e a m  o f  a i r  b u b b l e d  t h r o u g h  2NK0H s o l u t i o n  

i n  a  s e r i e s  o f  P e t t e n k o f f e r  t u b e s  and  f i n a l l y  t h r o u g h  l i m e  w a t e r  

was p a s s e d  t h r o u g h  t h e  l o w e r  c om par tm e n t  w here  t h e  v i a l s  c o n t a i n i n g  

t h e  e p i d e r m a l  s t r i p s  were  p l a c e d  d u r i n g  t h e  p e r i o d  o f  i n c u b a t i o n  

( F i g ,  1 0 ) .  The e n t i r e  box was h e l d  on a  g l a s s  p l a t e  on t h e  t o p  o f
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F i g .  10 D ia g ra m m a t i c  s e c t i o n a l  v ie w  o f  t h e  s e t  up  f o r  t h e  

s t o m a t a l - a p e r t u r e  a s s a y  ( f o r  d e s c r i p t i o n  s e e  t h e  

t e x t ) .
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another wooden box having two windows in its side walls. The 

illumination during the period of incubation was provided by two 

light sources, a tungsten lamp (l^OW) above the perspex chamber 

and four 15-W warm white fluorescent tubes placed in the wooden 

box, beneath the glass plate supporting the chamber (Tucker and 

Mansfield 1971)* Air was blown from the fan through the window 

of the wooden box to cool the bottom of the unit.

After incubation J>0 stomatal apertures of one strip from 

each vial, selected at random were measured under oil immersion.

A significant decrease in width of the stomatal aperture from 

that of the controls indicated the presence of ABA-like substances 

in the chromatogram.

Experiments on geotropic stimulation

The r o o t s  w e re  s u b j e c t e d  t o  g e o t r o p i c  s t i m u l a t i o n  i n  o r d e r  

t o  f i n d  o u t  any  q u a l i t a t i v e  and  q u a n t i t a t i v e  c h a n g e s  o f  t h e  g row th  

s u b s t a n c e s  o c c u r r i n g  u n d e r  t h e  s t i m u l u s  o f  g r a v i t y  a s  w e l l  a s  t o  

f i n d  o u t  any  d i f f e r e n t i a l  d i s t r i b u t i o n  o f  t h e  g ro w th  s u b s t a n c e s  

i n  t h e  u p p e r  and  l o w e r  h a l v e s  o f  t h e  t i p s  i n  t h a t  c o n d i t i o n .  F o r  

t h i s  p u r p o s e  c a r y o p s e s ,  t h o r o u g h l y  washed  and  s o a k e d  i n  a e r a t e d  

w a t e r  a t  2 5 ®C w ere  a r r a n g e d  i n  row s  on h a l f - b r i c k s  l i n e d  w i t h  

m o i s t  2 - p l y  t i s s u e  and  i n c u b a t e d  i n  t h e  d a r k  a t  2 5 ° C f o r  48 h o u r s  

a s  f o r  t h e  m a t e r i a l s  o f  a s s a y .  A f t e r  48 h o u r s  when t h e  r a d i c l e s  

w e re  4 -5  mm i n  l e n g t h ,  t h e y  w ere  washed i n  d i s t i l l e d  w a t e r  and  

w ere  a r r a n g e d  i n  two rows  p i n n e d  t h r o u g h  t h e i r  e ndospe rm s  on a  

c o r k  mat ( 1 0 . 5  x 1 0 . 5  cm) l i n e d  w i t h  f i l t e r  p a p e r  ( F i g .  1 1 ) .

Each c o r k  m a t ,  t h u s  h e l d  1 2 - 1 4  s e e d l i n g s ,  w i t h  t h e i r  r a d i c l e s  

p o i n t i n g  downward t h e y  w ere  p l a c e d  v e r t i c a l l y  i n  a  p e r s p e x  box 

(1 3  X 15 X 5 cm) c o n t a i n i n g  a  s m a l l  q u a n t i t y  o f  d i s t i l l e d  w a t e r  

so  t h a t  t h e  r o o t s  w ere  v e r t i c a l .
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F i g .  11  A v iew  o f  t h e  p e r s p e x  box  w i t h  c o r k  mat s u p p o r t i n g

t h e  s e e d l i n g s ,  u s e d  f o r  g ro w in g  t h e  s e e d l i n g  i n
for

a  v e r t i c a l  p o s i t i o n  a s  w e l l  a s ^ s t i r a u l a t i o n  e x p e r i ­

m e n t s ,  One d a y - o l d  s e e d l i n g s  w ere  a r r a n g e d  i n  two 

row s  on a  c o r k  mat l i n e d  w i t h  f i l t e r  p a p e r .  The 

c o r k  mat was t h e n  p l a c e d  i n  a  v e r t i c a l  p o s i t i o n  i n  

t h e  box ,  A s m a l l  am ount o f  w a t e r  i n  t h e  box  was 

u s e d  f o r  g r o w th  o f  t h e  s e e d l i n g s  a s  w e l l  a s  t o  

m a i n t a i n  t h e  h u m i d i t y  i n s i d e .
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Fig.11
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(A) S t i m u l a t i o n  i n  t h e  d a r k

I n  t h e  f i r s t  s e r i e s  o f  e x p e r i m e n t s  t h e s e  p e r s p e x  b o x e s  w i t h  

t h e  c o r k  m a ts  w ere  k e p t  i n  t h e  d a r k  a t  2 5 ° C f o r  a n o t h e r  24  h o u r s ,  

a f t e r  w h ich  t h e  r o o t s  w ere  r e a d y  f o r  s t i m u l a t i o n .  I t  may be  

m e n t i o n e d  t h a t  i n  d a r k n e s s  a  g r e a t e r  p r o p o r t i o n  o f  r o o t s  ( a b o u t  

60 p e r  c e n t )  grew i n  any  d i r e c t i o n  even  s o m e t im e s  h o r i z o n t a l l y  -  

i n s t e a d  o f  g ro w in g  v e r t i c a l l y  downwards ( F i g .  12A) .  To s t i m u l a t e  

t h e  r o o t s  ( o n l y  t h o s e  w h ich  w ere  grown v e r t i c a l l y )  i n d i v i d u a l  m a ts  

were  t u r n e d  t h r o u g h  90° i n  a  p r e d e t e r m i n e d  s e q u e n c e  ( F i g .  1 2 0 ) .

The r o o t s  w ere  t h e n  s t i m u l a t e d  f o r  5^ m i n u t e s  and  a f t e r  s t i m u l a t i o n  

t h r e e  t y p e s  o f  r o o t  m a t e r i a l  w ere  h a r v e s t e d .

( 1 )  A h u n d r e d  r o o t  t i p s  o f  5 mm l e n g t h  w ere  h a r v e s t e d  u s i n g  t h e

g u i l l o t i n e  a s  b e f o r e .

( 2 )  Roo t  c a p s  (1 0 0 )  w ere  d i s s e c t e d  u n d e r  a  b i n o c u l a r  m i c r o s c o p e .

( 3 )  A h u n d r e d  r o o t  t i p s  o f  5 mm l e n g t h  w ere  d i s s e c t e d  i n t o  two

e q u a l  h a l v e s  -  u p p e r  and  l o w e r  u s i n g  a  s h a r p  r a z o r  b l a d e .  I t

s h o u l d  be  m e n t i o n e d  i n  t h i s  c o n n e c t i o n  t h a t  among t h e  v a r i o u s  

m e c h a n i c a l  d e v i c e s  u s e d  f o r  d i s s e c t i n g  t h e  t i p s  i n t o  two e q u a l  

h a l v e s ,  none  p r o v e d  e n t i r e l y  s u c c e s s f u l .  However ,  t h i s  was 

e v e n t u a l l y  p e r f o r m e d  f r e e - h a n d  w i t h  a  r e a s o n a b l e  amount o f  a c c u r a c y  

by u s i n g  a  r a z o r  b l a d e .  C a r e f u l  a t t e n t i o n  was n e e d e d  so  t h a t  t h e  

o r i e n t a t i o n  o f  r o o t s  was n o t  c o n f u s e d  d u r i n g  d i s s e c t i o n .  To a v o i d  

t h i s  eac h  r o o t  t i p  was d i s s e c t e d  w h i l e  a t t a c h e d  t o  t h e  c o r k  mat

i n  t h e  f o l l o w i n g  way.

F i r s t ,  a  m i c r o s c o p e  s l i d e  was i n t r o d u c e d  b e t w e e n  t h e  r o o t  and 

t h e  c o r k  mat.  Then one h o r i z o n t a l  i n c i s i o n  was made i n  t h e  m i d d le  

o f  t h e  r o o t ,  s l i g h t l y  above  t h e  5 mm t i p  r e g i o n  v / i th  a  f i n e  r a z o r  

b l a d e .  The b l a d e  was t h e n  p l a c e d  i n  t h e  i n c i s i o n  an d  p u l l e d  

s t e a d i l y  t o w a r d s  t h e  t i p  ( F i g .  1 3 ) .  I n  t h i s  way,  more o r  l e s s  

two e q u a l  h a l v e s  w ere  o b t a i n e d .
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F i g ,  12 Growth  o f  t h e  s e e d l i n g s  (A) i n  t h e  d a r k  and  (B)  i n  

t h e  l i g h t ,  (C) F o r  s t i m u l a t i o n  t h e  i n d i v i d u a l  c o r k  

mat ( f ro m  B) was r o t a t e d  a t  9 0 ° .



*



-  5 4  -

Fig.12
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F i g .  13  D iagram s h o w i n g  t h e  r e l a t i v e  p o s i t i o n s  o f  t h e  

r o o t  t i p ,  s l i d e  an d  c o r k  mat b e f o r e  s p l i t t i n g  

i n t o  two h a l v e s .
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Fig.13
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S i m i l a r  s a m p l e s  o f  r o o t  m a t e r i a l  w ere  h a r v e s t e d  f rom t h e  

r o o t s ,  k e p t  v e r t i c a l  i n  i d e n t i c a l  c o n d i t i o n s  and  w ere  u s e d  a s  

c o n t r o l s .  A l l  h a r v e s t i n g s  w ere  done i n  a  dim d i f f u s e  l i g h t  and  

c a r e f u l l y  a d j u s t i n g  t h e  t im e  so  t h a t  t h e  e x p o s u r e  t o  l i g h t  was 

m i n im a l  i n  each  c a s e ,

(B) S t i m u l a t i o n  i n  l i g h t

I n  a  s e c o n d  s e r i e s  o f  e x p e r i m e n t s  t h e  p e r s p e x  b o x e s  w i t h  t h e  

c o r k  m a ts  h o l d i n g  t h e  2 - day o l d  s e e d l i n g s  w e re  k e p t  i n  d i f f u s e  

l i g h t  f o r  a n o t h e r  24 h o u r s .  The d i f f u s e  l i g h t  s o u r c e  was t h e  

r e f l e c t i o n  f rom a  w h i t e  s u r f a c e  i l l u m i n a t e d  by a  80 -W f l u o r e s c e n t  

t u b e  p l a c e d  a t  a  d i s t a n c e  o f  1 m e t r e ,  so  t h a t  l i g h t  on t h e  s u r f a c e  

o f  t h e  r o o t s  was a p p r o x i m a t e l y  5 - 1 0  f o o t  c a n d l e s .  I n  t h e  p r e s e n c e  

o f  l i g h t  a b o u t  8 0 -90  p e r  c e n t  o f  t h e  r o o t s  w ere  grown v e r t i c a l l y  

i n  c o n t r a s t  t o  t h e  d a r k  grown r o o t s  ( F i g .  12B) .  The r o o t s  w ere  

s t i m u l a t e d  f o r  50 m i n u t e s  as  above  and  s i m i l a r  s a m p l e s  o f  r o o t  

m a t e r i a l s ,  e x c e p t  t h e  r o o t  c a p s  w ere  h a r v e s t e d .

A l l  r o o t  m a t e r i a l s  w ere  i m m e d i a t e l y  p l u n g e d  i n t o  m e t h a n o l  

a t  -10®C a s  b e f o r e  and  e x t r a c t e d  f o r  24 h o u r s  a t  - 1 0 ° C i n  a  deep  

f r e e z e .  The e x t r a c t i o n s  w ere  f r a c t i o n a t e d  f o l l o w i n g  t h e  same 

p r o c e d u r e  m e n t i o n e d  ab o v e  an d  o n l y  t h e  a c i d  e t h e r  f r a c t i o n s  w ere  

c h r o m a t o g r a p h e d  and  a s s a y e d  by r o o t  s egm en t  a s s a y  t e c h n i q u e .

P r e l i m i n a r y  d e t e c t i o n  o f  t h e  g ro w th  r e g u l a t i n g  s u b s t a n c e s  u s i n g  

some s p r a y i n g  r e a g e n t s

I t  was n o t  i n t e n d e d  t o  i d e n t i f y  c r i t i c a l l y  t h e  n a t u r e  o f  t h e  

a c t i v e  s u b s t a n c e s  p r e s e n t  i n  t h e  r o o t  t i p  o f  Zea mays . However,  

a t t e m p t s  h a v e  b e e n  made f o r  p r e l i m i n a r y  d e t e c t i o n  o f  some o f  t h e s e  

s u b s t a n c e s  u s i n g  s e v e r a l  s p r a y  r e a g e n t s .  T hese  r e a g e n t s  w ere  

e i t h e r  s p r a y e d  on p a p e r  c h ro m a to g ram s  o r  on t h i n  l a y e r  chrom atogram s,  

IHiere t h i n  l a y e r  c h ro m a to g ram s  w ere  p e r f o r m e d  t h e  m e t h a n o l i c  elue. tes
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o f  t h e  a c t i v e  z o n e s  f rom t h e  p a p e r  ch rom a togram  w ere  a p p l i e d  

s e p a r a t e l y  on a  20 x ^ cm t h i n  l a y e r  p l a t e  ( 0 . 2 5  mm). The 

ch rom a tog ram  was r u n  i n  Benzene  : E t h y l  a c e t a t e  : a c e t i c  a c i d  (65  

3 3 •d)  s o l v e n t .  The p l a t e s  w ere  d r i e d  by means o f  a  f a n ,  and  t h e  

f o l l o w i n g  s p r a y i n g  r e a g e n t s  w ere  u s e d  to  i d e n t i f y  t h e  i n d o l e s  and  

p h e n o l s .

( 1 )  E h r l i c h ' s  r e a g e n t  f o r  t h e  d e t e c t i o n  o f  i n d o l e s  ( u s e d  i n  

p a p e r  c h r o m a t o g r a p h y ) -  2 gms o f  p - d i m e t h y l a m i n o b e n z a l d e h y d e  i n  a  

m i x t u r e  o f  20 ml HGl (Sp .  g r .  1 . I 8 ) and 80 ml e t h a n o l .

( 2 ) 3 a l k o w s k i * s  r e a g e n t  f o r  t h e  d e t e c t i o n  o f  i n d o l e s  ( u s e d  i n  

p a p e r  c h r o m a to g r a p h y )  -  a  m i x t u r e  o f  1 ml o f  0 . 5H F eC l^  and

50  ml o f  33  p e r  c e n t  (W/V) HCIO4 .

( 5 ) Sodium n i t r i t e / c o b a l t  n i t r a t e  s p r a y  f o r  t h e  d e t e c t i o n  o f

p h e n o l s  ( u s e d  i n  t h i n  l a y e r  c h r o m a t o g r a p h y )  -  sod ium n i t r i t e  

( 4 . 4  gra) was d i s s o l v e d  i n  10 ml o f  w a t e r  an d  t o  i t ,  2 . 6  gm o f  

c o b a l t  n i t r a t e  d i s s o l v e d  i n  2 ml o f  g l a c i a l  a c e t i c  a c i d  was added  

and  made up t o  10 ml w i t h  d i s t i l l e d  w a t e r .  Tl i i s  was d i l u t e d  w i t h  

an  e q u a l  volume o f  g l a c i a l  a c e t i c  a c i d  and  was f u r t h e r  d i l u t e d  

w i t h  an  e q u a l  volume o f  w a t e r  ( B h a t i a  ^  a 2 ,  1 9 7 1 ) .

P r e s e n t a t i o n  o f  t h e  r e s u l t s

I n  t h e  c a s e  o f  eac h  r o o t  s eg m en t  a s s a y ,  t h e  a v e r a g e  f i n a l  

g ro w th  o f  t h e  s e c t i o n s  was e x p r e s s e d  a s  p e r  c e n t  o f  g ro w th  o v e r

c o n t r o l  s e c t i o n s  s i m p l y  by d i v i d i n g  t h e  mean s e c t i o n  g ro w th  o f

eac h  t r e a t m e n t  by t h e  mean o f  t o t a l  s e c t i o n  g ro w th  o f  c o n t r o l s ,  

t i m e s  100 .  The s i g n i f i c a n c e  o f  t h e  r e s u l t s  was t e s t e d  by 

d e t e r m i n i n g  t h e  s t a n d a r d  d e v i a t i o n  (CT) o f  t h e  g r a n d  mean o f  

c o n t r o l  s a m p l e s  u s i n g  t h e  f o r m u l a  -

n - 1
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w h e r e ,

X = mean g ro w th  o f  s e c t i o n s  i n  each  c o n t r o l  s am p le  

n  = t o t a l  number  o f  c o n t r o l  s a m p le s

F i d u c i a l  l i m i t ,  i . e . ,  t  ( 2 . 2 6 2 )  x  O  e x p r e s s e d  a s  p e r  c e n t  

o f  X o r  g r a n d  mean f o r  a l l  c o n t r o l  s a m p l e s  was t a k e n  a s  t h e  

l i m i t s  o f  s i g n i f i c a n c e  a t  t h e  0 . 0 5  p r o b a b i l i t y  l e v e l .  On 

h i s t o g r a m s  e x p r e s s i n g  t h e  r e s u l t s  o f  a s s a y ,  t h e s e  s i g n i f i c a n t  

d e v i a t i o n s  a r e  marked  w i t h  b l a c k  a r e a s .
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CHAPTER I I I

RESULTS

Analysis of the acid ether fraction in the methanolic extract 

of different root samples of Zea mays:

A. Root cap

The i n d i v i d u a l  a s s a y s  ( F i g .  14 B-F) o f  t h e  a c i d  f r a c t i o n  o f  

t h e  m e t h a n o l i c  e x t r a c t  o f  r o o t  c a p s  show a u n i f o r m i t y  o f  c h a r a c t e r  

and  t h i s  h a s  been  t a k e n  a s  j u s t i f i c a t i o n  f o r  co m b in in g  t h e  r e s u l t s  

i n  F i g .  14  A, w here  t h e  sums o f  a l l  s i g n i f i c a n t  g row th  r e s p o n s e s  

f o r  f i v e  such  ch ro m a to g ram s  a r e  p l o t t e d  a g a i n s t  t h e  c o r r e s p o n d i n g  

Rf v a l u e s .  I t  i s  e v i d e n t  f rom t h e  f i g u r e s  t h a t  one m a jo r  a c t i v e  

s u b s t a n c e  r u n n i n g  b e tw e e n  Rf 0 . 5  t o  0 . 7  ( i n  s o l v e n t  l )  was p r e s e n t  

i n  t h e  ch rom a tog ram .  T h i s  s u b s t a n c e  i n h i b i t i n g  t h e  r o o t  s egm en t  

g ro w th  ( a r o u n d  30/j o f  c o n t r o l s )  a p p e a r e d  c o n s i s t e n t l y  on a l l  f i v e  

o c c a s i o n s .  T h i s  s u b s t a n c e ,  h e n c e f o r t h  c a l l e d  t h e  ' c a p  i n h i b i t o r *  

was u n l i k e l y  t o  be lAA w hich  r a n  b e tw e e n  Rf 0.2 t o  0 . 5 5  i n  t h i s  

s o l v e n t .  I n  o n l y  one  o u t  o f  f i v e  e x t r a c t s  s l i g h t  i n h i b i t i o n  ( a b o u t  

25>y o f  c o n t r o l  ; F i g .  l 4  D) was o b s e r v e d  a t  t h e  Rf o f  lAA. On two 

o t h e r  o c c a s i o n s  t h e r e  were  i n d i c a t i o n s  o f  a n o t h e r  i n h i b i t o r  be tw een  

Rf 0-0.1 ( F i g s .  14  C and l 4  D).  O c c a s i o n a l l y  s t i m u l a t i o n  o f  g row th  

was o b s e r v e d  c l o s e  t o  t h e  ' c a p  i n h i b i t o r ' a t  s l i g h t l y  l o w e r  Rf 

v a l u e s  ( F i g s .  14  E and  14 F ) .  O t h e r w i s e ,  t h e r e  was no i n d i c a t i o n  

o f  any  g row th  p r o m o t i n g  s u b s t a n c e  o r  ' a c c e l e r a t o r *  p r e s e n t  i n  t h e  

ch ro m a to g ram .

B. Root tip

Extracts of the complete 5 mm tips (Fig. 15)?  on the other 

hand, showed the presence of two major zones of constant inhibition. 

One of these coincided with the Rf of the * cap inhibitor* (between 

0 . 4  to 0 . 7 ) .  The other inhibitor, henceforth called the 'raeristera



F i g .  14  Chrom atogram s  o f  e t h e r  s o l u b l e  a c i d  f r a c t i o n  o f  t h e

e x t r a c t s  o f  r o o t  c a p s  ( r u n n i n g  s o l v e n t  -  i s o p r o p a n o l :  

a m m o n i a : w a t e r ) .  A p p r o x i m a t e l y  one  t h i r d  o f  t h e  

t o t a l  e x t r a c t  o f  100 c a p s  h a s  b e e n  a s s a y e d ,

A, C o m p o s i t e  d i a g ra m  f rom  f i v e  s e p a r a t e

c h r o m a to g r a m s  s h o w in g  t h e  g r o w th  a c t i v e  

r e g i o n s .

B-F Chrom a tog ram s  o f  f i v e  i n d i v i d u a l  a s s a y s  o f  

t h e  a b o v e .
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Fig. 15 Chromatograms of ether soluble acid fraction of

the extracts of 5 mm root tips (running solvent - 

isopropanol: ammonia:wat er). Approximately one 

third of the total extract of 100 tips has been 

assayed,

A, Composite diagram from five separate chromato* 

grams showing the growth active regions,

B-F Chromatograms of five individual assays of 

the above.
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inhibitor’ corresponded with the minor inhibitor at Rf 0-0,1 of 

the root cap, A third inhibitor, which will be called the 

'inhibitor-3*, running at the solvent front (between Rf 0,8-1,0) 

exerted a much smaller action and did not appear so consistently 

(appearing in two out of the five extracts - see Figs, 13 B and 

15 B)# Wo activity was observed corresponding to the lAA region 

on the chromatogram. Here also stimulation of growth was 

occasionally observed on either side and close to the 'cap 

inhibitor' (Figs, I3 C, I5 D and I3 F),

C, Root tip without can

On three occasions extracts of decapped root tips were 

analysed (Fig, I6 ), In these extracts only the 'meristem inhibitor' 

was present in any amount and appeared consistently. Traces of the 

\:ap inhibitor' also appeared regularly on all three occasions. In 

only one extract little promotion of growth was observed around 

the Rf of marker lAA (Fig, I6 A) otherwise, no other active 

substances were found to be present,

D, Serial 2 mm segments

Analyses of the extracts of four successive 2 mm segments of 

the root, stretching back proximally from the cap/meristem junction 

are presented in Figs, 17 to 20, Among two figures in each number 

the top one (A) represents the composite diagram derived from the 

three successive observations for each segment and the figure 

below (B) is a typical chromatogram from one occasion.

In the first segment (nearest to the cap), as evidenced from 

the figures (17 A and 17 B), the two major inhibitors were present 

in significant amounts. No other active substances were found to 

be present except on one occasion where slight promotion of growth 

(Fig, 17 B) was observed close to the 'cap inhibitor'.
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F i g .  16  Chrom atogram s  o f  t h e  e t h e r  s o l u b l e  a c i d  f r a c t i o n  

o f  t h e  e x t r a c t  o f  100 t i p s  w i t h o u t  c a p  ( r u n n i n g  

s o l v e n t  -  i s o p r o p a n o l : a m m o n i a : w a t e r ) .  A p p r o x i m a t e l y  

one  t h i r d  o f  t h e  t o t a l  e x t r a c t  o f  100 t i p s  h a s  b e e n  

a s s a y e d ,

A, C o m p o s i t e  d i a g ra m  f rom  t h r e e  s e p a r a t e  

c h r o m a to g r a m s ,

B-D Chrom a tog ram s  o f  t h r e e  i n d i v i d u a l  a s s a y s  o f  

t h e  a b o v e .



-7-1-

Fig.16

lAA

501• «-*
§ ,  • »->> 
CO

' « ■

§

100

150
C/D

130 r

^  120

O 100

0 0.2 0.4 0.6

Rf

J L
0.8 1.0



Fig .16 CConld.}

130 r

°  120

O
-v->
c
Q)
(D

100

80

60

40

TAA.

t r ^

130

1
100

o

80

5

L I J
o 0.2 0.4

R f
0.6 0.8 1.0



- 7 3 -



F i g .  17 Chrom atogram s  o f  a c i d  e t h e r  f r a c t i o n  o f  t h e  e x t r a c t  

o f  t h e  f i r s t  2 mm s e g m e n t s  ( 1 0 0 )  n e x t  to t h e  r o o t  

cap  ( r u n n i n g  s o l v e n t  -  i s o o r o p a n o l : a m m o n i a : w a t e r ) .  

One t h i r d  o f  t h e  t o t a l  e x t r a c t  h a s  b e e n  a s s a y e d ,

A, C o m p o s i t e  d i a g ra m  f rom t h r e e  s e p a r a t e  

c h r o m a to g r a m s .

B. A t y p i c a l  ch ro m a to g ra m  f rom one  o f  t h e  

t h r e e  o c c a s i o n s .
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I n  t h e  s e c o n d  and  t h e  t h i r d  s u c c e e d i n g  se g m e n t s  ( F i g s .  l 8  

and  1 9 ) t n e  ’ cap  i n h i b i t o r '  a p p e a r e d  i n c o n s i s t e n t l y  i n  t h e  

c h r o m a to g r a m s ,  h o w e v e r , i n  t h e s e  two s eg m en ts  t h e  ’m e r i s t e m  

i n h i b i t o r ’ a p p e a r e d  r e g u l a r l y .  B e s i d e s  t h e s e  two i n h i b i t o r s ,  on 

one o c c a s i o n ,  s t i m u l a t i o n  o f  g rowth  was o b s e r v e d  i n  t h e  p o s i t i o n  

o f  t h e  ’ i n h i b i t o r - 3 ’ (b e tw e e n  Rf 0 . 9  t o  l . O )  i n  t h e  e x t r a c t  o f  t h e  

s e c o n d  s e g m e n t  ( F i g .  18 B),  O c c a s i o n a l l y  p r o m o t io n  a s  w e l l  a s  

i n h i b i t i o n  o f  g row th  were  n o t i c e d  a t  t h e  Rf o f  lAA i n  t h e  e x t r a c t s  

o f  t h e s e  two s e g m e n t s .

I n  t h e  p r o x i m a l  segment  ( a b o u t  8 mm away f rom t h e  r o o t  c a p )  

no t r a c e  o f  t h e  ’ cap  i n h i b i t o r *  v/as d e t e c t e d  ( F i g .  2 0 ) .  H e re  o n l y  

t h e  ’ m e r i s t e m  i n h i b i t o r ’ a p p e a r e d  c o n s i s t e n t l y .  As i n  p r e v i o u s  

s e g m e n t s  s t i m u l a t i o n  o f  g row th  c o r r e s p o n d i n g  to  t h e  R fs  o f  t h e  

* i n h i b i t o r - 3 ' and  lAA were  o b s e r v e d  on s e v e r a l  o c c a s i o n s ,

ï i i e  o b s e r v a t i o n s  so  f a r  s u g g e s t  t h a t  two m a jo r  a c t i v e  ac id s , ,  

b o t h  i n h i b i t i n g  t h e  r o o t  s egm ent  growth  a r e  p r e s e n t  i n  t h e  r o o t  

t i p  o f  m a i z e .  Cf t h e s e  two t h e  ’ cap  i n h i b i t o r *  i s  p r e d o m i n a n t l y  

p r e s e n t  i n  t h e  r o o t  cap  and . .

t h e  ’m e r i s t e m  i n h i b i t o r ’ , on t h e  o t h e r  h a n d ,  i s  t h e  main  

i n h i b i t o r  o f  t h e  m e r i s t e m a t i c  t i s s u e .  O t h e r  i n h i b i t o r s ,  i . e .  t h e  

’ i n l i i b i t o r - 3 ' and  one c o r r e s p o n d i n g  t o  t h e  Rf o f  lAA a r e  l e s s  a c t i v e  

and  a p p e a r  s p o r a d i c a l l y .  None o f  them seems t o  be  p r e s e n t  i n  t h e  

r o o t  c a p .

F.  D i f f u s â t e s

• A n a l y s e s  o f  d i f f u s â t e s  c o l l e c t e d  f rom t h e  e x t r e m e  1 and  2 mm 

t i p s  ( i n c l u d i n g  c a p )  a r e  p r e s e n t e d  i n  F i g s ,  21 and  22 ,  I n  d i f f u s â t e s  

f rom  t h e  1 mm t i p ,  t h e  ’ cap  i n h i b i t o r ’ was p r e s e n t  i n  s i g n i f i c a n t  

am o u n ts  on t h e  t h r e e  o c c a s i o n s  ( F i g s ,  21 B, 21 D and  21 F ) ,  On t h e  

o t h e r  two o c c a s i o n s ,  th ough  t h e  i n h i b i t i o n  was n o t  s i g n i f i c a n t  up
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F i g .  18 C hromatograms  o f  a c i d  e t h e r  f r a c t i o n  o f  t h e  e x t r a c t  

o f  t h e  s e c o n d  2 mm s e g m e n t s  ( 1 0 0 ) n e x t  t o  t h e  f i r s t  

s egm en t  ( r u n n i n g  s o l v e n t  -  i s o p r o p a n o l : ammonia : 

w a t e r ) .  One t h i r d  o f  t h e  t o t a l  e x t r a c t  h a s  been  

a s s a y e d ,

A, C o m p o s i t e  d i a g ra m  f rom t h r e e  s e p a r a t e  

c h r o m a t o g r a m s .

B, A t y p i c a l  c h ro m a to g ra m  f rom on e  o f  t h e  

t h r e e  o c c a s i o n s .
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F i g .  19 Chrom a tog ram s  o f  a c i d  e t h e r  f r a c t i o n  o f  t h e  e x t r a c t  

o f  t h e  t h i r d  2 mm s e g m e n t s  ( lOO) n e x t  t o  t h e  s e c o n d  

s e g m e n t  ( r u n n i n g  s o l v e n t  -  i s o p r o p a n o l : a m m o n i a :  

w a t e r ) .  One t h i r d  o f  t h e  t o t a l  e x t r a c t  h a s  b e e n  

a s s a y e d .

A. C o m p o s i t e  d i a g ra m  f rom  t h r e e  s e p a r a t e  

c h r o m a t o g r a m s .

B. A t y p i c a l  c h r o m a to g r a m  f rom one  o f  t h e  

t h r e e  o c c a s i o n s .
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F i g .  20 C hrom a togram s  o f  a c i d  e t h e r  f r a c t i o n  o f  t h e  e x t r a c t  

o f  t h e  f o u r t h  2 mra s e g m e n t s  ( 1 0 0 )  n e x t  t o  t h e  t h i r d  

s e g m e n t  ( r u n n i n g  s o l v e n t  -  i s o p r o p a n o l : am m onia : 

w a t e r ) .  One t h i r d  o f  t h e  t o t a l  e x t r a c t  h a s  b e e n  

a s s a y e d ,

A, C o m p o s i t e  d i a g r a m  f rom  t h r e e  s e p a r a t e  

c h r o m a t o g r a m s ,

B, A t y p i c a l  c h ro m a to g ra m  f rom one  o f  t h e  

t h r e e  o c c a s i o n s .
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t o  t i i G  li r .i i tiS o f  c o n f i d e n c e ,  y e t  a  d é p r e s s i o n  o f  g ro w th  i n  t h e  

r e l e v a n t  d f s  i n d i c a t e d  i t s  e x i s t e n c e  i n  t h e  c h ro m a to g ram .  On 

one  o c c a s i o n ,  ( I ' i g ,  21 s l i g h t  p r o m o t i o n  o f  g row th  was o b s e r v e d  

b e t w e e n  h f  O . h - 0 . 5 .  ']]he ' r a e r i s t e m  i n h i b i t o r '  a p p e a r e d  t w i c e  i n

t h e  d i f f u s â t e s  ( F i g s . 21 C and  21 F) w h i l e  no t r a c e s  o f  t h e  

' i n h i b i t o r - 3 '  was o b s e r v e d .  However,  on one o c c a s i o n  ( F i g .  21 3)  

a l i t t l e  promiOtion o f  g ro w th  was o b s e r v e d  b e tw ee n  Rfs  0 . 9 - 1 . 0 .  

S i m i l a r l y ,  no g r o w th  a c t i v i t y  was s e e n  i n  t h e  r e g i o n  o f  lAA . e x c e p t  

on o n e  o c c a s i o n  w h e re  s t i m u l a t i o n  o f  g row th  v/as o b s e r v e d  a t  

s l i g h t l y  h i g h e r  b u t  c l o s e  t o  t h e  F f  o f  lAA ( F i g .  21 F ) .

On t h e  o t h e r  h a n d ,  i n  t h e  d i f f u s â t e s  o f  2 mm r o o t  t i p s  w here  

t h e  c u t  s u r f a c e  was m e r i s t e m a t i c  t i s s u e ,  no t r a c e s  o f  t h e  ' c a p  

i n h i b i t o r '  was o b s e r v e d  e x c e p t  a  l i t t l e  s t i m u l a t i o n  o f  g ro w th  a t  

F f  C . h - ü . 3  on one  o c c a s i o n  ( F i g .  22 3 ) .  The ' m e r i s t e m  i n h i b i t o r '  

a p p e a r e d  c o n s i s t  en t i e r  and  i n  c o n s i d e r a b l e  am oun ts  i n  a l l  t h r e e  

c h r o m a t o g r a m s .  On two o c c a s i o n s  ( F i g s .  22 3 and  22 C) s l i g h t  

i n h i b i t i o n  was o b s e r v e d  i n  t h e  p o s i t i o n  c o r r e s p o n d i n g  t o  t h a t  o f  

lAA. The ' i n h i b i t o r - 3 '  was n o t  o b s e r v e d  on any  one o f  t h e  

ch.ro rna t o g r a m s .

A n a l y s e s  o f  t h e  d i f f u s â t e s  a s  w e l l  a s  t h e  e x t r a c t s  o f  t h e  

s e r i a l  2 mm r o o t  s e g m e n t s  c l e a r l y  i n d i c a t e  t h a t  t h e  ' c a p  i n h i b i t o r '

i s  m a i n l y  p r e s e n t  i n  t h e  cap b u t  i t s  p r o g r e s s i v e  f a l l  o f  c o n c e n t r a t i o n

i n t o  t h e  e x t e n d i n g  zone i m p l i e s  i t s  b a s i p e t a l  movement t h e r e  from __

p r o d u c t i o n  c e n t r e s  i n  t h e  cap* .

I t  seemed  p r o b a b l e  t h a t  s e v e r a l  a c t i v e  s u b s t a n c e s  may be  

p r e s e n t  i n  t h e  same F f  i n  one  p a r t i c u l a r  s o l v e n t  s y s t e m  -  a  

s i t u a t i o n  w h ic h  o f t e n  a r i s e s  due  t o  i n s u f f i c i e n t  r e s o l u t i o n  o f  die 

c h r o m a to g r a m .  F o r  t h i s ,  t h e  a c i d  e t h e r  f r a c t i o n  o f  t h e  e x t r a c t  o f  

2ÜÜ r o o t  t i p s  was  s e p a r a t e l y  a p p l i e d  on t h e  p a p e r  a s  a  2 cm band





F i g ,  21 Chrom a tog ram s  o f  a c i d  e t h e r  f r a c t i o n  o f  t h e

d i f f u s â t e s  c o l l e c t e d  f rom  a  h u n d r e d  1 mm t i p s  

( r u n n i n g  s o l v e n t  -  i s o p r o p a n o l : a m m o n i a : w a t e r ) .  

One t h i r d  o f  t h e  t o t a l  d i f f u s â t e s  h a s  b e e n  

a s s a y e d .

A, C o m p o s i t e  d i a g ra m  f rom  f i v e  s e p a r a t e  

c h r o m a t o g r a m s .

B-F I n d i v i d u a l  c h r o m a to g r a m s  f rom e a c h  

o c c a s i o n .
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F i g ,  22 C hrom a togram s  o f  a c i d  e t h e r  f r a c t i o n  o f  t h e  

d i f f u s â t e s  c o l l e c t e d  f rom  a h u n d r e d  2mm t i p s  

( r u n n i n g  s o l v e n t  -  i s o p r o p a n o l : am m onia : wat  e r ), 

One t h i r d  o f  t h e  t o t a l  d i f f u s â t e s  h a s  b e e n  

a s s a y e d ,

A, C o m p o s i t e  d i a g r a m  f rom  t h r e e  s e p a r a t e  

c h r o m a t o g r a m s ,

B-D I n d i v i d u a l  c h r o m a to g r a m s  f rom e a c h  

o c c a s i o n .
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and allowed to run up to I5 era in the solvents I, II and III. Each 

chroraatograra was then longitudinally halved into two enual strins 

(each strip tnus containing approximately 100 root tip—extract)•

One of the half—strips was assayed following the usual procedure 

while the other half was sprayed with Ehrlich's reagent on one 

occasion and with Salkowski’s reagent on the other occasion. The 

results of the observations are presented below.

F. Chromatogram of the root-tin extract using solvent I.

In s p i t e  o f  b e t t e r  r e s o l u t i o n  (15 era) and  a  c o m p a r a t i v e l y  

g r e a t e r  am ount o f  t h e  e x t r a c t  a s s a y e d ,  t h e  a c t i v i t y  s p e c t r u m  o f  

t h e  g r o w th  s u b s t a n c e s  i n  t h e  s o l v e n t  I was v i r t u a l l y  i d e n t i c a l  a s  

b e f o r e .  A t y p i c a l  c h ro m a to g ram  i s  p r e s e n t e d  i n  Fig. 25 A. The 

• c a p  i n h i b i t o r '  and  t h e  ' r a e r i s t e m  i n h i b i t o r ' w ere  a l w a y s  p r e s e n t  

i n  t h e  e x t r a c t ,  w h e r e a s  i n l i i b i t i o n  i n  t h e  r e g i o n  o f  lAA was n o t i c e d  

o c c a s i o n a l l y .  However ,  ' i n h i b i t o r - 5 *  was a b s e n t  i n  a l l  t h e  

o b s e r v a t i o n s ,  h o n e  o f  t h e  a c t i v e  z o n e s  w ere  E h r l i c h - p o s i t i v e  

w h e r e a s  a  d e e p  p u r p l e  c o l o u r  a p p e a r e d  i n  t h e  Rf c o r r e s p o n d i n g  t o  

t h e  ' c a p  i n h i b i t o r ' a f t e r  s p r a y i n g  w i t h  S a l k o w s k i ' s  r e a g e n t .

G. Chroraatograra of the root-tin extract using solvent II.

I n  t h e  s e c o n d  s o l v e n t  s y s t e m  owing t o  t h e  c l o s e  Rf v a l u e s  o f  

t h e  a c t i v e  s u b s t a n c e s ,  a  c o n t i n u o u s  zone  o f  i n h i b i t i o n  was f r e q u e n t l y  

o b t a i n e d  f rom  Rf  0 . 2 5  t o  C.C5 ( F i g .  25 B ) .  However ,  r e p e a t i n g  t h e  

e x p e r i m e n t ,  two m a j o r  p e a k s  o f  i n h i b i t i o n  w ere  r e v e a l e d .  The f i r s t  

a c t i v e  z o n e  f e l l  b e tw e e n  R fs  0 . 2 5  t o  0 . 4 5 ,  s l i g h t l y  be low  t h e  

p o s i t i o n  o f  lAA ( m a r k e r  lAA i n  t h i s  s o l v e n t  r a n  be tw e e n  R f s  0 . 4 - 0 . 5 ) .  

ho  c o l o u r  r e a c t i o n  was o b t a in e d ,  i n  t h i s  zone  and  t h i s  c o u l d  p o s s i b l y  

be  t h e  ' r a e r i s t e m  i n h i b i t o r ' .  The s e c o n d  a c t i v e  zone  w hich  a p p e a r e d  

b e t w e e n  R f s  0 . 5 - 0 . 8 5 ,  j u s t  ab o v e  lAA and g a v e  a  p o s i t i v e  c o l o u r  

r e a c t i o n  w i t h  S a l k o w s k i ' s  r e a g e n t  i n d i c a t e d  i t s  i d e n t i t y  w i t h  t h e  

' c a p  i n h i b i t o r ' .  On two o u t  o f  t h r e e  o c c a s i o n s ,  s i g n i f i c a n t  i n l i i b i t i o n
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F i g ,  23  C hrom a togram s  o f  a c i d  e t h e r  f r a c t i o n  o f  t h e  e x t r a c t  

o f  r o o t  t i p s  (5  mm). C hrom a togram s  r u n  i n  d i f f e r e n t  

s o l v e n t s  an d  t h e  e n t i r e  e x t r a c t  o f  a  h u n d r e d  r o o t  

t i p s  h a s  b e e n  a s s a y e d .

A. R u n n in g  s o l v e n t  -  i s o p r o p a n o l : a m m o n i a : w a t e r

B. R u n n in g  s o l v e n t  -  i s o b u t a n o l : m e t h a n o l : w a t e r

C. R u n n in g  s o l v e n t  -  i s o p r o p a n o l : w a t e r
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v;as o b t a i n e d  i n  t h e  o r i g i n  o f  ch rom a tog ram  ( b e tw e e n  Rf 0 - 0 . 1 ) .

T h i s  v/as mo.rked a s  t h e  ' I n h i b i t o r - ^ A ' , S l i g h t  i n h i b i t i o n  was a l s o  

o b s e r v e d  once  i n  t h e  s o l v e n t  f r o n t  (Rf O . b - l . O ) .  T h i s  i n h i b i t o r  

was p r o b a b l y  e q u i v a l e n t  t o  t h e  ’ i n h i b i t o r - 3 ’ . Due t o  o v e r l a p p i n g  

o f  t h e s e  two m a j o r  i n h i b i t o r s  a r o u n d  t h e  lAA r e g i o n  o f  t h e  

c h r o m a t o g r a m ,  t h e  l a t t e r ,  i f  p r e s e n t ,  i s  d i f f i c u l t  t o  d e t e c t  u s i n g  

t h i s  s o l v e n t  s y s t e m ,

H. Chromator^ram o f  t h e  r o o t - t i p  e x t r a c t  u s i n g  s o l v e n t  I I I .

The a c t i v i t y  s p e c t r u m  o f  t h e  c h rom a tog ram  o b t a i n e d  u s i n g  

s o l v e n t  I I I  was more o r  l e s s  i d e n t i a l  w i t h  t h a t  o b t a i n e d  u s i n g  

s o l v e n t  I ,  ( F i g .  25 I ) .  H ere  a l s o  one o f  t h e  m a jo r  i n h i b i t o r y  z o n e s  

was r e s t r i c t e d  t o  t h e  o r i g i n  o f  t h e  c h rom a tog ram  b e t w e e n  Rf 0 - 0 . 1  

an d  t h i s  was p r o b a b l y  i d e n t i c a l  w i t h  t h e  ’m e r i s t e m  i n h i b i t o r * .  The 

o t h e r  m a j o r  i n h i b i t o r ,  w h ich  v;as b h r l i c h - n e g a t i v e  b u t  S a l k o w s k i -  

p o s i t i v e  and  p o s s i b l y  i d e n t i c a l  w i t h  t h e  ' c a p  i n h i b i t o r ’ a p p e a r e d  

b e t w e e n  Rf 0 . 6 - 0 . 8 5 .  I n  t h i s  s o l v e n t  s y s t e m  a n o t h e r  i n h i b i t o r  

a p p e a r e d  c o n s i s t e n t l y  on a l l  t h r e e  o c c a s i o n s  a  l i t t l e  b e lo w  t h e  

p o s i t i o n  o f  m a r k e r  lAA, w hich  r a n  be tw ee n  Rf 0 . 5 - 0 . 4 5 .  Compar ing  

w i t h  t h e  m a j o r  i n h i b i t o r s  i t s  a c t i v i t y  was s u b s t a n t i a l l y  low .  T h i s  

i n h i b i t o r  o r  t h e  ’ i n h i b i t o r - W  was p r e s u m a b l y  n o t  lAA, a s  f r e q u e n t l y  

s t i m u l a t i o n  o f  g r o w th  was o b s e r v e d  b e tw ee n  Rf 0 , 5 - 0 . Ap, s l i g h t l y  

a p a r t  f rom t h e  a b o v e  i n h i b i t o r y  zone  and  c l o s e  t o  t h e  p o s i t i o n  o f  lAA,

I n  t h e  n e x t  e x p e r i m e n t ,  t h e  e l u a t e s  f rom t h e  a c t i v e  z o n e s  o f  

t h e  ch ro m a to g ra m  i n  one  s o l v e n t  w ere  r e c h r o m a t o g r a p h e d  i n  t h e  

o t h e r  s o l v e n t  t o  com pare  f u r t h e r  t h e  a c t i v e  z o n e s  i n  d i f f e r e n t  

s o l v e n t  s y s t e m s .  F o r  t h i s ,  i n  t h e  f i r s t  p l a c e ,  t h e  a c i d  e t h e r  

f r a c t i o n  o f  200 r o o t  t i p s  was s p o t t e d  a s  a  2 cm b a n d ,  an d  a l l o w e d  

t o  r u n  15 cm a s  b e f o r e ,  i n  t h e  s o l v e n t  I I .  Tlie ch ro m a to g ram  was 

t h e n  d i v i d e d  i n t o  two l o n g i t u d i n a l  s t r i p s  one o f  w n icn  was s p r a y e d  

w i t h  S a l k o w s k i ’ s  r e a g e n t .  From t h e  a r e a  o f  t h e  c o l o u r  r e a c t i o n ,  

w h ic h  u s u a l l y  a p p e a r e d  b e tw e e n  R f s .  0 . 5 - 0 » ^5} t h e
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c o r r e s p o n d i n g  r e g i o n  o f  t h e  o t h e r  h a l f  was c u t  o u t  and  e l u t e d  i n  

5 ml o f  m e t h a n o l  f o r  24  h o u r s  a t  -10 °C .  'The n e x t  m a j o r  a c t i v e  

z o n e ,  j u s t  be low  t h e  c o l o u r e d  a r e a  (Rf  0 . 2 - 0 . 5 ) ,  was a l s o  c u t  o u t  

and  e l u t e d  i n  m e t h a n o l  i n  a  s i m i l a r  way. T hese  two e l u a t e s  were  

s e p a r a t e l y  r e c h r o m a t o g r a p h e d  i n  t h e  o t h e r  two s o l v e n t s .  The 

r e s u l t s  w e re  p r e s e n t e d  i n  F i g s .  24  A and  24 B.

R e c h r o m a t o g r a p h y  o f  t h e  e l u a t e s  f rom Rf 0 , 5 - 0 . 8 5  o f  s o l v e n t  I I  

i n d i c a t e d  i t s  i d e n t i t y  w i t h  t h e  i n h i b i t o r s  c o r r e s p o n d i n g  t o  t h e  

Rf 0 . 5 - 0 . 7  o f  s o l v e n t  I  ( F i g .  24  A) and  Rf 0 . 5 5 - 0 . 8 5  o f  s o l v e n t  I I I  

( F i g ,  24  C) .  Til e s  e a c t i v e  s u b s t a n c e s  w ere  i d e n t i c a l  w i t h  t h e  ’ cap  

i n h i b i t o r ’ and  w ere  l i k e l y  t o  be one s i n g l e  s u b s t a n c e  i n h i b i t i n g  

r o o t  g r o w t h .  On t h e  o t h e r  h a n d ,  e l u a t e s  f rom  Rf 0 , 2 - 0 . 5  o f  

s o l v e n t  I I  when r e c h r o m a t o g r a p h e d  i n  t h e  s o l v e n t  I  c o n t a i n e d  one 

m a j o r  i n h i b i t o r  o r  t h e  ’m e r i s t e m  i n h i b i t o r ’ ( a t  Rf 0 - 0 . 1 )  and  t r a c e s  

o f  lAA a n d  t h e  ’ c ap  i n h i b i t o r ’ ( F i g .  24 B ) .  Whereas  two d i f f e r e n t  

i n h i b i t o r y  z o n e s ,  s l i g h t l y  a p a r t ,  w ere  o b t a i n e d  when t h e  same was 

r e c h r o m a t o g r a p h e d  i n  s o l v e n t  I I I  ( F i g .  24  D).  The one b e t w e e n  

Rf  0 - 0 , 1  c o u l d  p o s s i b l y  be  ’m e r i s t e m  i n h i b i t o r ’ and  t h e  o t h e r  a t  

Rf  0 , 2 - 0 , 2 5  m i g h t  be  t h e  ’ i n l i i b i t o r - 4 ’ w h ich  a p p e a r e d  c o n s i s t e n t l y  

i n  t h i s  s o l v e n t .

A c o m p a r a t i v e l y  c l e a r  p i c t u r e  v/as o b t a i n e d  when t h e  e l u a t e s  

f rom Rf 0 - 0 , 2  ( o r ,  t h e  ’m e r i s t e m  i n h i b i t o r ’ ) and  0 , 5 - 0 . 7  ( o r ,  t h e  

’ c a p  i n h i b i t o r ’ ) o f  s o l v e n t  I  w e re  s i m i l a r l y  r e c h r o m a t o g r a p h e d  i n  

s o l v e n t  I I .  H e re  t h e  ’ cap  i n h i b i t o r ’ a p p e a r e d  b e tw e e n  Rf 0 . 5 - 0 . 7  

i n  t h e  i s o b u t a n o l  s o l v e n t  ( F i g .  24  F) w h e r e a s  t h e  ' m e r i s t e m  i n h i b i t o r ’ 

a p p e a r e d  b e tw e e n  Rf  0 . 2 5  — 0 . 4 5  a l o n g  w i t h  t r a c e s  o f  lAA ( i d e n t i f i e d  

f rom  i t s  p r o m o t i o n  o f  g ro w th  i n  t h e  p o s i t i o n  o f  m a rk e r  lAA : ü i g .  24  B) 

On one  o c c a s i o n  o n l y  a  s l i g h t  p r o m o t i o n  o f  g ro w th  was o b s e r v e d  i n  

t h e  s o l v e n t  f r o n t .  However ,  i n  r e p e a t  e x p e r i m e n t s  t h i s  was fo u n d  

t o  be  a b s e n t .
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F i g ,  24 .  R e c h r o m a to g r a p h y  o f  t h e  e l u a t e s ,

A, E l u a t e s  f rom Rf 0 , 5  -  O. 8 5  o f  t h e  c h ro m a to g r a m ,

r u n  i n  i s o b u t a n o l  s o l v e n t  i s  r e c h r o m a t o g r a p h e d  

i n  i s o p r o p a n o l : a m m o n i a ; w a t e r  s o l v e n t .

B, S i m i l a r  r e c h r o m a t o g r a p h y  o f  t h e  e l u a t e s  f rom

Rf 0 . 2 - 0.5.

C, E l u a t e s  f rom Rf 0 , 5  -  O. 8 5  o f  t h e  c h r o m a t o ­

g ram ,  r u n  i n  t h e  a b o v e  s o l v e n t  i s  r e c h r o m a t o ­

g r a p h e d  i n  i s o p r o p a n o l : w a t e r  s o l v e n t .

D, S i m i l a r  r e c h r o m a t o g r a p h y  o f  t h e  e l u a t e s  f rom 

Rf 0 . 2  -  0 . 5 .

E, E l u a t e s  f rom Rf 0 -  0 . 2  o f  t h e  c h r o m a to g r a m ,  

r u n  i n  i s o p r o p a n o l : a m m o n i a : w a t e r  s o l v e n t  i s  

r e c h r o m a t o g r a p h e d  i n  i s o b u t a n o l  s o l v e n t .

F ,  S i m i l a r  r e c h r o m a t o g r a p h y  o f  t h e  e l u a t e s  f rom

Rf 0 . 5  -  0 . 7 .
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As m e n t i o n e d  e a r l i e r  T o r r e y  (1959)  f o u n d  a p o s i t i v e  c o l o u r  

r e a c t i o n  w i t h  S a lk o v / s k i  ' s  r ea j ; ;en t  i n  t h e  r e g i o n  o f  i n h i b i t o r  j3 on 

t h e  c h r o m a to g r a m ,  b u t  n e g a t i v e  r e a c t i o n  was o b s e r v e d  w i t h  E h r l i c h ' s  

r e a g e n t .  Along w i t h  t h i s  o b s e r v a t i o n  a  c l o s e  s i m i l a r i t y  o f  t h e  

k f  v a l u e  o f  i n h i b i t o r  {3 ( J e n k i n s  and  S h e p h e r d ,  1972)  w i t h  t h a t  o f  

t h e  ' c a p  i n h i b i t o r '  i t  was s u s p e c t e d  t h a t  t h e  ' c a p  i n h i b i t o r '

c o u l d  p o s s i b l y  be  i n h i b i t o r  p.

J u d g i n g  f rom t h e  k f  a l o n e  i t  would  n o t  be w i s e  t o  c o n c l u d e  

a n y t h i n g  a b o u t  t h e  o c c u r r e n c e  o f  lAA on t h e  c h ro m a to g ram .  I t  was 

o b s e r v e d  t h a t  lAA c o u l d  p ro m o te  r o o t  g row th  i n  some s p e c i e s  a t  

c o n c e n t r a t i o n s  o f  1 0 “ ^ t o  10“ '̂’ p a r t s / 1 0 ^  (Audus and  D as ,  1 9 5 5 ) .  

h e r e  a l s o  o c c a s i o n a l  p r o m o t i o n  a s  w e l l  a s  i n h i b i t i o n  o f  g ro w th  i n  

t ' l e  p o s i t i o n  o f  m a r k e r  lAA on t h e  ch rom a togram  t e m p te d  one  t o  

i d e n t i f y  t h i s  s u b s t a n c e  a s  lAA. However ,  f rom i t s  s p o r a d i c  

o c c u r r e n c e  and  low a c t i v i t y  i t  c o u l d  be c o n c l u d e d  t h a t  lAA, i f  

p r e s e n t ,  m i g h t  be  i n  a  s u b s t a n t i a l l y  low amount i n  t h e  r o o t  t i p .

Ho t h i n g  l i k e  ' a c c e l e r a t o r  a '  was d e t e c  te 'd i n  any  one  o f  t h e  

c h r o m a to g r a m s  so  f a r .  P r o m o t i o n  o f  g ro w th  vrhich was f r e q u e n t l y  

o b s e r v e d  a r o u n d  t h e  k f s  o f  t h e  ' c a p  i n h i b i t o r '  and  t h e  ' i n h i b i t o r - 3 '  

m i g h t  p o s s i b l y  be  due  t o  t a i l i n g  o f  t h e  i n l i i b i t o r  r e s u l t i n g  i n  

s t i m u l a t i o n  o f  g r o w th  a t  a  low c o n c e n t r a t i o n  a s  o b s e r v e d  i n  t h e  

c a s e  o f  lAA.

At t h i s  s t a g e  t h e  n a t u r e  o f  t h e  ' m e r i s t e m  i n h i b i t o r '  was n o t  

known. No p o s i t i v e  c o n c l u s i o n  c o u l d  be  drawn w h e t h e r  t h i s  s u b s t a n c e  

was one  o r  more t h a n  one  i n h i b i t o r  o v e r l a p p i n g  i n  t h e  same k f  o f

t h e  c h r o m â t ograi'H.

A summary o f  a l l  t h e  i n h i b i t o r s  i n  t h e  r o o t  t i p  a r e  p r e s e n t e d  

i n  T a b l e  1 b e l o w .  Those  w h ich  a p p e a r e d  i n c o n s i s t e n t l y  i n  t h e  

c h r o m a to g r a m  a r e  m arked  ' * ' .



-  i o l  -

T a b l e  1

Name h f  i n  s o l v e n t  I Rf i n  s o l v e n t  I I Rf i n  s o l v e n t  I I I

Cap i n h i b i t o r c . p —Ü . 7 0 . 6- 0 . 8 3 C . 6 - 0 . 8 5

l i e r  i s  tern i n h i b i t o r 0 - 0 . 1 0 . 2 - 0 . 4 5 0 - 0 . 15

I M - l i k e  s u b s  t a n c  e * 0 . 2 - 0 . 3 0 . 4 - 0 . 5 0 . 3 5 - 0 . 4

I n h i b i t o r - 3 * 0 . 8 - 1 . 0 0 . 8- 1 . 0 0 . 9 - 1 . 0

I n h i b i  bor-4A* h a y  be  merged 0 —0 * 1 Kay be  merged
w i t h  t h e w i t h  t h e
m e r i s t e m m e r i s t e m
i n h i b i t o r i n h i b i t o r

I n h i b i t o r - 4 B - - 0 . 2 - 0 . 3

S i n c e  t h e  m a in  com ponent  o f  i n h i b i t o r  p h a s  b e e n  e s t a b l i s h e d  

t o  be  a b s c i c i c  a c i d  CABA) ( H o b in s o n  and  V.’a r e i n g ,  IS'6^ ;  l i i l b o r r o v / ,  

1 9 6 7 ) an d  a s  t h e  ' c a p  i n h i b i t o r ' ,  i n  t h i s  c a s e ,  was more l i k e l y  t o

be i n h i b i t o r  p , t h e  i n v e s t i g a t i o n  was n e x t  d i r e c t e d  t o w a r d s  t h e

p r e l i m i n a r y  i d e n t i f i c a t i o n  o f  t h e  c h e m i c a l  n a t u r e  o f  t h e  ' c a p  

i n h i b i t o r '  w i t h  t h a t  o f  ABA. F i r s t  t h e  Hf v a l u e  o f  a u t h e n t i c  ABA 

was c o m p ared  w i t h  t h a t  o f  t h e  ' c a p  i n l i i b i t o r ' .  F o r  t h i s ,  two

s e p a r a t e  c h r o m a to g r a m s  c o n t a i n i n g  5 P-1 o f  10 -  ABA ( s u p p l i e d  by

' S i g m a ' )  w ere  r u n  i n  s o l v e n t  I  an d  I I  r e s p e c t i v e l y .  'These two 

c h r o m a t o g r a m s  w ere  a s s a y e d  and  t h e  a c t i v i t y  o f  a u t h e n t i c  ABA was 

f o u n d  t o  be i n  t h e  same p o s i t i o n  on t h e  c h ro m a to g ram  c o r r e s p o n d i n g  

t o  t h e  ' c a p  i n h i b i t o r  ( F i g .  26)  • H ere  a l s o  a  s i g n i f i c a n t  s t i m u l a t i o n  

o f  g r o w th  was o b s e r v e d  a t  s l i g h t l y  h i g h e r  Rf b u t  c l o s e  t o  t h e  zone 

o f  i n h i b i t i o n  f u r t h e r  c o n f i r m i n g  t h a t  t h e  t a i l i n g  o f  t h e  ' c a p  

i n h i b i t o r '  m i g h t  p o s s i b l y  p r o m o t e  g ro w th  a t  t h e  l o w e r  c o n c e n t r a t i o n  

a s  i n  lAA. A d i l u t i o n  r e s p o n s e  c u r v e  o f  ABA f u r t h e r  s u p p o r t e d  

t h i s  c o n t e n t i o n .
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F i?*  25 Growth o f  m a i z e  r o o t  s e r m e n t s  i n  d i f f e r e n t

c o n c e n t r a t i o n s  o f  -  ABA.
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I .  R e n u i t  o f  d i l u t i o n  r e s p o n s e  c u r v e  o f  ABA

A s e r i e s  o f  d i l u t i o n s  o f  1 ABA from lO " ^  t o  10 ” ^K w ere  made 

i n  m e t h a n o l .  To overcom e w a t e r  s o l u b i l i t y  d i f f i c u l t i e s ,  t h e  

m e t h a n o l i c  s o l u t i o n s  w ere  d i r e c t l y  a p p l i e d  on s q u a r e d  f i l t e r  p a p e r  

( l  X 1 cm) w hich  a f t e r  r e m o v a l  o f  a l l  s o l v e n t s  were  u s e d  i n  t h e  same 

way a s  i n  lAA. P a p e r s  s i m i l a r l y  p r e t r e a t e d  w i t h  m e t h a n o l  w e re  

em ployed  a s  c o n t r o l s .  The e x p e r i m e n t  was r e p e a t e d  on t h r e e  

o c c a s i o n s  and  t h e  mean p e r c e n t a g e  o f  g row th  i n  eac h  c o n c e n t r a t i o n  

h a s  b e e n  b r o u g h t  t o g e t h e r  i n  T a b l e  k  ( A p p e n d i x ) .

A s i g n i f i c a n t  p r o m o t i o n  o f  g ro w th  ( a b o u t  120^4 was o b t a i n e d  i n
n

t h e  c o n c e n t r a t i o n s  o f  lO"  M ABA ( P i g ,  2 5 ) ,  From t h i s

c o n c e n t r a t i o n  a  p r o g r e s s i v e  i n c r e a s e  i n  i n h i b i t i o n  o c c u r r e d  and  t h e  

g r o w th  f e l l  by a b o u t  45^ o f  t h e  n o r m a l  v a l u e  a t  10

Thus  a  c l o s e  s i m i l a r i t y  o f  g ro w th  a c t i v i t i e s  o f  t h e  a u t h e n t i c

ABA an d  t h e  ' c a p  i n h i b i t o r '  p r o m p t e d  a  more s p e c i f i c  t e s t  f o r  t h e

de  L e c t i o n  o f  ABA-1ike s u b s t a n c e  i n  t h e  r o o t  t i p  e x t r a c t .  F o r  t h i s

s t o m a t a l - a p e r t u r e  a s s a y  ( s e e  p a g e  4 4  ) was u s e d .

J .  R e s ^ r l t s  o f  s t o m a t a l - a p e r t u r e  a s s a y

F i g .  27 i n c l u d e s  t h e  r e s u l t s  o f  t h e  s t o m a t a l - a p e r t u r e  a s s a y .

Of t h e  two f i g u r e s  on each  o c c a s i o n  t h e  t o p  one r e p r e s e n t s  t h e  

r e s u l t  o f  r o o t  s e g m e n t  a s s a y  and  t h e  b o t t o m  one f o r  t h a t  o f  

Commelina s t o m a t a - c l o s u r e  a s s a y  f rom t h e  same r o o t  t i p  e x t r a c t .  

Com p a r in g  t h e  two a s s a y s  i t  was e v i d e n t  t h a t  o f  t h e  two m a j o r  p e a k s  

o f  s t o m a t a - c l o s u r e  a c t i v i t y ,  o b t a i n e d  f rom t h e  l a t t e r  a s s a y ,  one 

c o r r e s p o n d e d  w i t h  t h e  ' c ap  i n h i b i t o r *  and  t h e  r e m a i n i n g  one 

c o r r e s p o n d e d  w i t h  t h e  ' i n l i i b i t o r - 3 ’ • T hese  two p e a k s  w e re  e x a c t l y  

i n  t h e  same R f s  c o r r e s p o n d i n g  w i t h  t h e  r o o t  s eg m en t  a s s a y ,  i n d i c a t i n g  

t h a t  t h e s e  two i n h i b i t o r s  h a v e  s i m i l a r  a n t i t r a n s p i r a n t  p r o p e r t i e s .

I n  F i g .  27 A t h e  i n h i b i t i o n  o f  t h e  * i n h i b i t o r - 3 ' was n o t  up  t o  t h e
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F i g .  26  C hrom a togram s  o f  10 m o l a r  e q u i v a l e n t  o f  -  A3A

(3  Til) r u n  i n  d i f f e r e n t  s o l v e n t s  a s s a y e d  by r o o t

s e g m e n t  a s s a y  shov/ing  i t s  r e l a t i v e  p o s i t i o n  on

t h e  c h r o m a to g r a m .

A. i s o p r o p a n o l : am m onia : w a t e r  s o l v e n t

B. i s o b u t a n o l : m e t h a n o l : w a t e r  s o l v e n t
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F i g .  27 S t o m a t a l  a p e r t u r e  a s s a y  o f  t h e  c h r o m a to g r a m s  o f

t h e  a c i d  e t h e r  f r a c t i o n .  E x t r a c t  o f  two 

h u n d r e d  r o o t  t i p s  h a s  b e e n  a p p l i e d  on t h e  

c h ro m a to g ra m  an d  h a l f  o f  t h e  e x t r a c t  h a s  b e e n  

a s s a y e d  by t h e  r o o t  s e g m e n t  a s s a y  w h i l e  t h e  

c o r r e s p o n d i n g  o t h e r  h a l f  h a s  b e e n  a s s a y e d  by 

s t o m a t a l  a p e r t u r e  a s s a y  ( r u n n i n g  s o l v e n t  -  

i s o p r o p a n o l : a m m o n i a : w a t e r ) .

A-G R o o t  s e g m e n t  a s s a y s  on t h r e e  o c c a s i o n s .

A ' - O '  C o r r e s p o n d i n g  s t o m a t a l  a p e r t u r e  a s s a y s  

on t h r e e  o c c a s i o n s  sh o w in g  t h e  p e a k s  o f  

s t o m a t a  c l o s u r e  a c t i v i t i e s  on t h e  

c h ro m a to g r a m .
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F i g ,  28  A ss ay  o f  c h r o m a to g r a m s  o f  a u t h e n t i c  x a n t h o x i n  

(1 0  p, l o f  X/'o) i n  d i f f e r e n t  s o l v e n t s  s h o w in g  

Rf v a l u e .  A. i s o p r o p a n o l : a m m o n i a : w a t e r  

s o l v e n t ,  B. i s o b u t a n o l : m e t h a n o l : w a t e r  s o l v e n t .
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l i r n i t o  o f  c o n f i d e n c e  b u t  h e r e  t o o ,  t h e  p r e n e n c e  o f  t h e  same was 

i n d i c a t e d  by t h e  s t o m a t a - c l o s u r e  a c t i v i t y .  i l i i s  was p r o b a b l y  

due t o  r . r e a t e r  s e n s i t i v i t y  o f  t h e  l a t t e r  a s s a y .

Of t h e s e  two i n h i b i t o r s ,  h a v i n g  a n t i t r a n s p i r a n t  p r o p e r t i e s ,  

one  c o r r e s p o n d i n g  t o  t h e  h f  o f  t h e  ’ cap  i n h i b i t o r '  may v e r y  w e l l  

be  A3A i t s e l f .  'flie i d e n t i t y  o f  t h e  o t h e r  s u b s t a n c e  i n  t h e  r e l e v a n t  

Hf o f  t h e  ' i n h i b i t o r - 3 '  was s p e c u l a t i v e  a t  t h i s  s t a g e .

X a n t h o x i n ,  a n e u t r a l  g ro w th  i n h i b i t o r  and  a  c l o s e  r e l a t i v e  o f  

AhA h a d  b e e n  r e p o r t e d  t o  h a v e  an  Rf v a l u e  o f  0 .8 5  i n  s o l v e n t  I  

( T a y l o r ,  1 9 6 ? )  w h ich  was v e r y  c l o s e  to  Rf 0 , 9 - 1 . 0  f o r  t h i s  unknown 

compound .  T h i s  s u b s t a n c e  h a s  b e e n  fo u n d  i n  a  number  o f  p l a n t  

s p e c i e s  and  o c c u r s  a t  c o n c e n t r a t i o n s  s i m i l a r  t o  c o n c e n t r a t i o n s  o f  

A3A ( Z i r n  e t  a l . ,  1 9 7 2 ) .

do f a r  a s  t h e  Rf v a l u e  was c o n c e r n e d  a u t h e n t i c  x a n t h o x i n *  

a p p e a r e d  i n  a s i m i l a r  p o s i t i o n  on t h e  ch ro m a to g ram  c o r r e s p o n d i n g  

t o  t h e  ' i n h i b i t o r - 5 '  ( F i g s .  23 A and  28 3 )  w h ich  w a s - b e t w e e n  

Rf C . 0 - 1 . 0  i n  b o t h  s o l v e n t s .  However ,  b e i n g  a  n e u t r a l  i n h i b i t o r  

i t  was f o u n d  d e s i r a b l e  t o  a n a l y s e  t h e  n e u t r a l  e t h e r  f r a c t i o n  o f  t h e  

e x t r a c t  b e f o r e  any  f u r t h e r  c h a r a c t e r i z a t i o n  o f  t h i s  a c t i v e  s u b s t a n c e ,  

a p p a r e n t l y  s u s p e c t e d  a s  b e i n g  x a n t h o x i n ,  was made.

A n a l y s i s  o f  t h e  n e u t r a l  e t h e r  f r a c t i o n  i n  t h e  m e t h a n o l i c  e x t r a c t  

o f  r o o t  t i p s ;

L i k e  a c i d  e t h e r  f r a c t i o n ,  no c o n s i s t e n t  p i c t u r e  was o b t a i n e d  

when t h e  n e u t r a l  e t h e r  f r a c t i o n  o f  t h e  r o o t  t i p  e x t r a c t  was a s s a y e d .  

The r e s u l t s  o f  s i x  i n d i v i d u a l  a s s a y s  and t h e  c o m p o s i t e  d i a g ra m  

d e r i v e d  f rom them w ere  p r e s e n t e d  i n  F i g .  29 .  As shown f rom t h e

* a  g e n e r o u s  g i f t  f rom Dr .  H . F .  T a y l o r
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F i g .  29 Ch rom a tog ram s  o f  n e u t r a l  e t h e r  f r a c t i o n  o f  t h e  

e x t r a c t  o f  t h e  r o o t  t i p s  (5  mm). One t h i r d  o f  

t h e  t o t a l  e x t r a c t  o f  a  h u n d r e d  r o o t  t i p s  h a s  

b e e n  a s s a y e d  ( r u n n i n g  s o l v e n t  -  i s o p r o p a n o l :  

a m m o n i a : w a t e r ) .

A, C o m p o s i t e  d i a g r a m  f ro m  s i x  s e p a r a t e  

c h r o m a t o g r a m s ,

B-G I n d i v i d u a l  c h r o m a to g r a m s  f rom  e a c h  

o c c a s i o n .
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F i g .  30  A and  B c h r o m a to g r a m s  o f  n e u t r a l  e t h e r  f r a c t i o n  

o f  t h e  e x t r a c t  o f  a  h u n d r e d  r o o t  c a p s  sh o w in g  

t h e  a b s e n c e  o f  any  s i g n i f i c a n t  g r o w th  a c t i v e  

r e g i o n s .  One t h i r d  o f  t h e  t o t a l  e x t r a c t  h a s  

b e e n  a s s a y e d .  R u nn ing  s o l v e n t  -  i s o p r o p a n o l :  

a m m o n i a : w a t e r .  F i d u c i a l  l i m i t s  a r e  1 9 . 7 9  Eind 

6 . 3 S i^er c e n t  i n  t h e  c a s e  o f  A an d  B 

r e s p e c t i v e l y .
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c o i n p o s i t o  d i a g r a m , t i i r e e  a c t i v e  z o n e s  were  p r e s e n t  i n  t h e  

cxiromatogram o f  t h e  n e u t r a l  e t h e r  f r a c t i o n .  l i ie  f i r s t  a c t i v e  zo n e ,  

due t o  a n  i n h i b i t o r ,  was r e s t r i c t e d  t o  t h e  o r i g i n  o f  t h e  

c h r o m a to g r a m  b e t w e e n  l î f  0 - 0 . 1 .  T h i s  i n h i b i t o r  a p p e a r e d  i n  t h r e e  

o u t  o f  s i x  e x t r a c t s  ( F i g s .  29 0 ,  29 F and  29 G).  'flie s e c o n d  

a c t i v e  zone  f e l l  b e t w e e n  Rf 0 . 3 - 0 . 7 *  T h i s  s u b s t a n c e  a l s o  i n h i b i t o r y  

t o  r o o t  s e g m e n t  g r o w t h ,  a p p e a r e d  o n l y  on two o c c a s i o n s  ( F i g s .  29 C 

and  29 F ) . Tlie t h i r d  a c t i v e  zone  a p p e a r e d  more o r  l e s s  r e g u l a r l y  

( f i v e  o u t  o f  s i x  e x t r a c t s )  i n  t h e  s o l v e n t  f r o n t  b e tw e e n  R f s  0 . 7 - 1 . 0 .  

i i e r e  i n h i b i t i o n  a s  w e l l  a s  p r o m o t i o n  o f  r o o t  s eg m en t  g ro w th  was 

o b t a i n e d  i n  v a r y i n g  a m o u n ts .  Rone o f  t h e s e  s u b s t a n c e s  w ere  fo u n d  

t o  bo p r e s e n t  i n  t h e  r o o t  c ap  ( F i g s .  30 A and  30 E ) .

I f  x a n t h o x i n  i s  e x p e c t e d  t o  be  p r e s e n t  i n  t h e  n e u t r a l  f r a c t i o n ,  

i t s  p r o b a b l e  p o s i t i o n  i n  t h e  ch rom a tog ram  would  be b e t w e e n  Rf 0 . 7 - 1 . 0 .  

To f i n d  o u t  w h e t h e r  t h i s  a c t i v e  zone  c o r r e s p o n d s  w i t h  t h a t  o f  t h e  

' i n h i b i t o r - 3 '  i n  t h e  a c i d  e t h e r  f r a c t i o n ,  a  s i m i l a r  s t o m a t a l -  

a p e r t u r e  a s s a y  was c a r r i e d  o u t  w i t h  t h e  n e u t r a l  e t h e r  f r a c t i o n .

The r e s u l t  p r e s e n t e d  i n  F i g .  31 was c o n c l u s i v e .  On b o t h  o c c a s i o n s  

d i s t i n c t  pea l i s  o f  s t o m a t a - c l o s u r e  a c t i v i t y  w ere  o b t a i n e d  a t  

R fs  u . 7 - 1 . 0  c o r r e s p o n d i n g  t o  t h e i r  i n h i b i t o r y  a c t i v i t y  i n  t h e  r o o t  

s e g m e n t  a s s a y s  t h u s  i n d i c a t i n g  t h e  i d e n t i t y  o f  t h i s  n e u t r a l  

i n h i b i t o r  w i t h  t h a t  o f  t h e  ' i n h i b i t o r - 3 ' .  T h i s  s u b s t a n c e  c o u l d  be 

x a n t h o x i n ,  th o u g h  t h e  a n t i t r a n s p i r a n t  p r o p e r t y  o f  x a n t h o x i n ,  

u n t o  t h e  t i m e  o f  w r i t i n g ,  was n o t  c l e a r l y  e s t a b l i s h e d .

I n  one  o f  t h e  s t o m a t a l  a p e r t u r e  a s s a y s  ( F i g .  31 B) a  c o n s i d e r a b l e  

am oun t  o f  s t o m a t a - c l o s u r e  a c t i v i t y  was f o u n d  i n  t h e  Rf 0 . 4 - 0 . 3 #  A lso  

i n  t h e  c o r r e s p o n d i n g  r o o t  s e g m e n t  a s s a y  a  l i t t l e ,  b u t  s i g n i f i c a n t  

i n h i b i t i o n ,  was f o u n d  i n  t h e  same Rf .  Tl i is  m i g h t  be  t h e  i a e n t i c a l  

s u b s t a n c e  w i t h  t h a t  o f  t h e  ' c ap  i n h i b i t o r ' .  I f  t h i s  h a p p e n e d  t o  be  

p o s i t i v e  t h e n  o f  t h e  t h r e e  i n h i b i t o r s  i n  t h e  n e u t r a l  f r a c t i o n ,  two
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F i g .  31  S t o m a t a l  a p e r t u r e  a s s a y  o f  t h e  c h r o m a to g r a m s  o f

n e u t r a l  e t h e r  f r a c t i o n .  E x t r a c t  o f  two h u n d r e d  

r o o t  t i p s  h a s  b e e n  a p p l i e d  on t h e  c h ro m a to g ra m  

an d  h a l f  o f  t h e  e x t r a c t  h a s  b e e n  a s s a y e d  by r o o t  

s e g m e n t  a s s a y  w h i l e  t h e  c o r r e s p o n d i n g  o t h e r  h a l f  

h a s  b e e n  a s s a y e d  by s t o m a t a l  a p e r t u r e  a s s a y  

( r u n n i n g  s o l v e n t  -  i s o p r o p a n o l : ammonia : w a t e r ) .

A and  B R oo t  s e g m e n t  a s s a y s  on two o c c a s i o n s ,

A and  B ' C o r r e s p o n d i n g  s t o m a t a l  a p e r t u r e  a s s a y s  

two o c c a s i o n s  s h o w i n g  t h e  p e a k s  o f  

s t o m a t a  c l o s u r e  a c t i v i t i e s  on t h e  

c h r o m a to g r a m .
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o f  them ( o n e  b e t w e e n  Rf 0 . 4 - 0 . 7  and  t h e  o t h e r  b e t w e e n  Rf o , 7 - 1 , 0 ) ,  

may b e  i d e n t i c a l  w i t h  t h a t  o f  t h e  ' c a p  i n h i b i t o r '  and  t h e  ' i n h i b i t o r - 3 '  

r e s p e c t i v e l y .  T h e i r  a p p e a r a n c e  i n  b o t h  t h e  f r a c t i o n s  was p o s s i b l y  

due t o  i n c o m p l e t e  s e p a r a t i o n  o f  t h e s e  f r a c t i o n s .  The o c c a s i o n a l  

i n h i b i t o r y  a c t i v i t y  i n  t h e  o r i g i n  o f  t h e  ch ro m a to g ra m  m i g h t  a l s o  be 

due  t o  t h e  p r e s e n c e  o f  t h e ' m e r i s t e m  i n h i b i t o r ' ,  w h ich  a p p e a r e d  i n  

t h e  n e u t r a l  f r a c t i o n  owing t o  s i m i l a r  i n c o m p l e t e  p a r t i t i o n i n g  o f  

two e t h e r  f r a c t i o n s .  However, i t  i s  a l s o  p o s s i b l e  t h a t  t h i s  

i n h i b i t i o n  was p a r t l y  due t o  an o i l y  s u b s t a n c e ( s h o v m  by a g r e a s y  

h a l o  a round  t h e  i n i t i a l  s p o t )  as  o b s e r v e d  by  T h r e s h  ( 1956 ) .  T h i s  

was n o t  p r e s e n t  i n  t h e  a c i d  e x t r a c t .

Due t o  s m a l l  q u a l i t a t i v e  d i f f e r e n c e s  i n  t h e  g row th  s u b s t a n c e s  

i n  t h e  a c i d  and  n e u t r a l  f r a c t i o n s  o b t a i n e d  so  f a r  and  a t  t h e  same 

t i m e  a s s u m i n g  a p o s s i b l e  l o s s  o f  g ro w th  s u b s t a n c e s  d u r i n g  

p a r t i t i o n i n g  o f  t h e s e  two f r a c t i o n s  t h e  f i n a l  i n v e s t i g a t i o n  was 

p e r f o r m e d  t o  a s s a y  t h e  p r i m a r y  e t h e r  f r a c t i o n  ( b e f o r e  p a r t i t i o n i n g )  

o f  t h e  e x t r a c t s  o f  t h e  c a p  a s  w e l l  a s  s e r i a l  2 mm s e g m e n t s ,  s t r e t c h i n g  

b a c k  p r o x i m a l l y  f rom t h e  c a p / m e r i s t e m  r e g i o n  a s  b e f o r e .  T h i s  

i n v e s t i g a t i o n  was f o u n d  t o  be  n e c e s s a r y  t o  g i v e  a  c o m p r e h e n s i v e  

a c c o u n t  o f  a l l  t h e  e t h e r  s o l u b l e  i n h i b i t o r s  p r e s e n t  i n  t h e  r o o t  t i p .  

A ss a y  o f  eac h  r o o t  s e g m e n t ,  a s  w e l l  a s  each  r o o t  c ap  s a m p l e  was 

r e p e a t e d  on t h r e e  c o n s e c u t i v e  o c c a s i o n s .  As shown be low  a  c l e a r  

a nd  more o r  l e s s  c o n s i s t e n t  p i c t u r e  was o b t a i n e d  i n  ea c h  c a s e .

A n a l y s i s  o f  t h e  p r i m a r y  e t h e r  f r a c t i o n  i n  t h e  m e t h a n o t i c  e x t r a c t  

o f  d i f f e r e n t  r o o t  m a t e r i a l s ;

A. R o o t  cap

F i g .  32  r e p r e s e n t s  t h e  c o m p o s i t e  d i a g ra m  (A) and  a  t y p i c a l  

c h r o m a to g r a m  (B) r e s p e c t i v e l y .  On a l l  o f  t h e  t h r e e  o b s e r v a t i o n s ,  

o n l y  t h e  ' c a p  i n h i b i t o r '  was f o u n d  t o  be  p r e s e n t  and  t n i s  was i n
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' i g .  32  C h rom a tog ram s  o f  t h e  p r i m a r y  e t h e r  f r a c t i o n  o f  

t h e  e x t r a c t  o f  r o o t  c a p s  (ICO) ( r u n n i n g  s o l v e n t  

-  i s o p r o p a n o l  : ammonia : w a t e r  ) .  Tlie e n t i r e  

am ount o f  t h e  e x t r a c t  h a s  b e e n  a s s a y e d .

A. C o m p o s i t e  d i a g r a m  f rom t h r e e  s e p a r a t e  

c h r o m a t o g r a m s .

B. A t y p i c a l  c h ro m a to g ra m  f rom one  o f  t h e  

t h r e e  o c c a s i o n s .
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a c c o r d a n c e  w i t h  t h e  p r e v i o u s  o b s e r v a t i o n s .  H e r e ,  on two o c c a s i o n s  

s t i m u l a t i o n  o f  g ro w th  was f o u n d  i n  t h e  Rf o f  t h e  'm e r i s t e m  i n h i b i t o r *  

an d  t h a t  o f  lAA, S i m i l a r  p r o m o t i o n  o f  g ro w th  was a l s o  o b s e r v e d  

o n l y  on one  o c c a s i o n  i n  t h e  r e g i o n  o f  t h e  * i n h i b i t o r - 3 ' .  P r o m o t i o n  

o f  g r o w th  o f  t h e s e  i n h i b i t o r s  a t  low c o n c e n t r a t i o n s  m i g h t  p o s s i b l y  

be due  t o  c o n t a m i n a t i o n  o f  t h e  ' m e r i s t e m a t i c  t i s s u e * .

B, F i r s t  2 mm s e g m e n t

I n  t h e  f i r s t  2 mm s e g m e n t  n e x t  t o  t h e  cap  t h e  ' c a p  i n h i b i t o r *  

was p r e s e n t  a l m o s t  i n  t h e  same amount a s  shown i n  F i g . 33 .  The 

' m e r i s t e m  i n h i b i t o r *  a p p e a r e d  i n  o n l y  one e x t r a c t  w h e r e a s  lAA 

a p p e a r e d  on two o c c a s i o n s .  O c c a s i o n a l l y  s t i m u l a t i o n  a s  w e l l  a s  

i n h i b i t i o n  w ere  f o u n d  t o  o c c u r  i n  t h e  Rf o f  t h e  * i n h i b i t o r - 3 * . 

A n o t h e r  i n h i b i t o r  a p p e a r e d  more o r  l e s s  c o n s t a n t l y  b e tw e e n  Rf 0 . 2 - 0 . 3 .  

T h i s  s u b s t a n c e  m i g h t  be e q u i v a l e n t  to  t h e  * i n h i b i t o r - 4 *  i n  s o l v e n t  

I I I .

C, S econd  2 mm s e g m e n t

H e r e  t h e  'm e r i s t e m *  and  t h e  ' c a p  i n h i b i t o r *  w ere  p r e s e n t  i n  a l l  

t h r e e  o b s e r v a t i o n s ,  b u t  t h e  a c t i v i t y  o f  t h e  l a t t e r  i n h i b i t o r  was 

c o m p a r a t i v e l y  l e s s  t h a n  t h a t  o f  t h e  p r e v i o u s  segm en t  ( F i g ,  3 4 ) .

The * i n h i b i t o r - 3 *  a l s o  a p p e a r e d  i n  a l l  t h e  e x t r a c t s .  No a c t i v i t y  

was f o u n d  i n  t h e  Rf o f  lAA w h e r e a s  s l i g h t  i n h i b i t i o n  was o b s e r v e d  

o n c e  i n  t h e  p o s i t i o n  o f  t h e  * i n h i b i t o r - 4 * ,

D, T h i r d  2 mm s e g m e n t

I n  t h i s  s e g m e n t  t h e  a c t i v i t y  o f  t h e  ' m e r i s t e m  i n h i b i t o r *  was 

f o u n d  t o  be  m ax im al  ( F i g .  3 5 ) .  T h i s  i n h i b i t o r  was p r e s e n t  i n  

c o n s i d e r a b l e  a m o u n t s .  On t h e  o t h e r  h a n d ,  t h e  a c t i v i t y  o f  t h e  ' c a p  

i n h i b i t o r *  was c o m p a r a t i v e l y  lo w ,  t h o u g h  t h i s  i n h i b i t o r  was fo u n d  

t o  b e  p r e s e n t  i n  a l l  t h r e e  e x t r a c t s .  lAA an d  t h e  *i n n i b i t o r —3 

a p p e a r e d  s p o r a d i c a l l y ,  b u t  t h e  * i n h i b i t o r —4* was t o t a l l y  a b s e n t .
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F i g .  33 Chrom a togram s  o f  t h e  p r i m a r y  e t h e r  f r a c t i o n  o f  t l ie  

f i r s t  2 mm s e g m e n t s  ( 1 0 0 )  n e x t  t o  t h e  r o o t  c a p  

( r u n n i n g  s o l v e n t  -  i s o p r o p a n o l : ammonia : w a t e r ) .

The e n t i r e  am ount o f  t h e  e x t r a c t  h a s  b e e n  a s s a y e d .

A. C o m p o s i t e  d i a g ra m  f rom t h r e e  s e p a r a t e  

c h r o m a t o g r a m s .

B. A t y p i c a l  ch ro m a to g ra m  from one  o f  t h e  

t h r e e  o c c a s i o n s .
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F i g .  34  Chrom a togram s  o f  t h e  p r i m a r y  e t h e r  f r a c t i o n  o f  

t h e  e x t r a c t  o f  t h e  s e c o n d  2 mm s e g m e n t s  ( lOO) 

n e x t  t o  t h e  f i r s t  s e g m e n t  ( r u n n i n g  s o l v e n t  -  

i s o p r o p a n o l : a m m o n i a ; w a t e r ) .  Tlie e n t i r e  am ount 

o f  t h e  e x t r a c t  h a s  b e e n  a s s a y e d ,

A. C o m p o s i t e  d i a g ra m  f rom t h r e e  s e p a r a t e  

c h r o m a to g r a m s .

B, A t y p i c a l  c h ro m a to g ram  from one  o f  t h e  

t h r e e  o c c a s i o n s .
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F i g .  35 Chrom atogram s  o f  t h e  p r i m a r y  e t h e r  f r a c t i o n  o f  

t h e  e x t r a c t  o f  t h e  t h i r d  2 mm s e g m e n t s  ( lOC)  

n e x t  t o  t h e  s e c o n d  s e g m e n t  ( r u n n i n g  s o l v e n t  -  

i s o p r o p a n o l : am monia : w a t e r ) .  The e n t i r e  amount 

o f  t h e  e x t r a c t  h a s  b e e n  a s s a y e d ,

A, C o m p o s i t e  d i a g ra m  f rom t h r e e  s e p a r a t e  

c h r o m a t o g r a m s .

3 ,  A t y p i c a l  c h ro m a to g ra m  from one  o f  t h e  

t h r e e  o c c a s i o n s .
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F i g .  36  Chrom a togram s  o f  t h e  p r i m a r y  e t h e r  f r a c t i o n  o f  

t h e  f o u r t h  2 mm s e g m e n t  (ICO) n e x t  t o  t h e  t h i r d  

s e g m e n t  ( r u n n i n g  s o l v e n t  -  i s o p r o p a n o l : ammonia ; 

w a t e r ) .  The e n t i r e  amount o f  t h e  e x t r a c t  h a s  

b e e n  a s s a y e d ,

A, C o m p o s i t e  d i a g ra m  f rom t h r e e  s e p a r a t e  

o c c a s i o n s ,

B, A t y p i c a l  c h ro m a to g ra m  f rom one  o f  t h e  

t h r e e  o c c a s i o n s .
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S,  F o u r t h  2 mm s e g m e n t

I n  t h e  more m a t u r e d  t i s s u e ,  t r a c e s  o f  t h e  ' c a p  i n h i b i t o r *  w e re  

o b t a i n e d  o c c a s i o n a l l y .  The ' m e r i s t e m  i n h i b i t o r '  was f o u n d  on a l l  

t h r e e  o c a s s i o n s ,  t h o u g h  i t s  a c t i v i t y  was f o u n d  t o  be  s l i g h t l y  l e s s  

t h a n  t h a t  o f  t h e  p r e v i o u s  s e g m e n t  ( F i g ,  3 6 ) ,  H e r e  a l s o  lAA a p p e a r e d  

s p o r a d i c a l l y  w h e r e a s  t h e  ' i n h i b i t o r - 3 '  a p p e a r e d  c o n s i s t e n t l y  sind 

i t s  a c t i v i t y  was f o u n d  t o  be  maximum i n  a l l  t h e  s e g m e n t s .  The 

' i n h i b i t o r - 4 '  was a b s e n t  i n  t h i s  s e g m e n t .

The f o l l o w i n g  f a c t s  c an  be e s t a b l i s h e d  f rom t h e  r e s u l t s  

o b t a i n e d  so  f a r ,

( 1 )  The ' c a p  i n h i b i t o r '  i s  t h e  o n l y  e t h e r  s o l u b l e  g ro w th  a c t i v e  

s u b s t a n c e  p r e s e n t  i n  t h e  r o o t  c a p  o f  Zea mays . J u d g i n g  f rom  i t s  

p o s i t i o n  on t h e  ch ro m a to g ra m  and  i t s  a n t i t r a n s p i r a n t  p r o p e r t y  i t  

may v e r y  w e l l  be  ABA,

( 2 )  The ' m e r i s t e m  i n h i b i t o r '  i s  t h e  m a jo r  i n h i b i t o r  p r e s e n t  i n  

t h e  m e r i s t e m  and  i n  t h e  m a t u r e  r e g i o n  o f  t h e  r o o t  t i p .  T h i s

s u b s t a n c e  i s  p r e s u m a b l y  n o t  an  i n d o l e  compound a s  i t  i s  n e g a t i v e

t o  an y  one  o f  t h e  c o l o u r  r e a c t i o n s  f o r  i n d o l e .  H owever ,  e l u a t e s  o f  

t h i s  s u b s t a n c e  f rom t h e  p a p e r  ch ro m a to g ram  when r e c h r o m a t o g r a p h e d  

by t h e  t h i n  l a y e r ,  g a v e  r i s e  t o  two s e p a r a t e  f a i n t  y e l l o w  c o l o u r a ­

t i o n s  when s p r a y e d  w i t h  sod ium  c o b a l t i n i t r i t e  ( s e e  p a g e  58 ) ,  One 

o f  t h e  c o l o u r e d  z o n e s  r e s t r i c t e d  t o  t h e  o r i g i n  o f  t h e  c h ro m a to g ra m ,  

an d  t h e  o t h e r  s l i g h t l y  a b o v e  i n d i c a t i n g  i t  may c o n t a i n  two o r  more 

p h e n o l i c  s u b s t a n c e s .  As no f u r t h e r  e x p e r i m e n t s  h a v e  b e e n  done  t o  

c h a r a c t e r i z e  t h i s  s u b s t a n c e  i t s  t r u e  c h e m i c a l  n a t u r e  i s  y e t  t o  be 

r e s o l v e d ,

(3 ) No p o s i t i v e  c o l o u r  r e a c t i o n  was o b t a i n e d  i n  t h e  p o s i t i o n  o f  

lAA h o w e v e r ,  f rom i t s  g ro w th  a c t i v i t y  and  t h e  Rf v a l u e  i t  i s

s u s p e c t e d  a s  b e i n g  lAA. I t  i s  a b s e n t  i n  t h e  c ap  b u t  a p p e a r s

s p o r a d i c a l l y  i n  t h e  w ho le  r o o t  t i p  e x t r a c t s .
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( 4 )  Tlie ’ i n h i b i t o r - 3 ’ i s  a l s o  p r e s e n t  i n  t h e  r o o t  t i p  e x t r a c t  

e x c e p t  i n  t h e  r o o t  c a p s .  T h i s  s u b s t a n c e  h a s  s i m i l a r  a n t i t r a n s p i r a n t  

p r o p e r t i e s  t o  t h e  ’ c a p  i n h i b i t o r ’ . From i t s  p o s i t i o n  on t h e  

c h ro m a to g ra m  i t  i s  s u s p e c t e d  t o  be x a n t h o x i n  th o u g h  t h e  a n t i t r a n s ­

p i r a n t  p r o p e r t y  o f  x a n t h o x i n  i s  n o t  y e t  e s t a b l i s h e d .

( 3 )  N o t h i n g  i s  known a b o u t  t h e  c h e m i c a l  n a t u r e  o f  t h e  ’ i n h i b i t o r - 4 ’ 

t h o u g h  i t  i s  a l w a y s  p r e s e n t  i n  t h e  m e r i s t e m a t i c  r e g i o n  o f  t h e  r o o t  

t i p .  However ,  i t s  a c t i v i t y  i s  l e s s  t h a n  t h a t  o f  t h e  o t h e r  i n h i b i t o r s ,  

w h ic h  c o n s i s t e n t l y  a p p e a r e d  i n  t h e  e x t r a c t .

R e s u l t s  o f  t h e  a s s a y  o f  r o o t  m a t e r i a l s  a f t e r  g e o t r o p i c  s t i m u l a t i o n :

A. S t i m u l a t i o n  i n  t h e  d a r k

I n  t h e  d a r k ,  r o o t  t i p s  o f  t h e  v e r t i c a l l y  grown r o o t s  c o n t a i n e d  

p r e d o m i n a n t l y  t h e  ' m e r i s t e m  i n h i b i t o r '  ( F i g ,  3 7 ) .  The ' c a p  i n h i b i t o r ' 

was a p p a r e n t l y  a b s e n t  i n  t h r e e  o u t  o f  f o u r  e x t r a c t s  ( o r ,  i f  p r e s e n t  

i t s  a c t i v i t y  was n o t  s i g n i f i c a n t  up  t o  t h e  l i m i t s  o f  c o n f i d e n c e ) .  On 

o n l y  one  o c c a s i o n  ( F i g .  37 D) a  l i t t l e  i n h i b i t i o n  was f o u n d  i n  t h e  

r e l e v a n t  Rf v a l u e  o f  t h e  ' c a p  i n h i b i t o r '  an d  on a n o t h e r  o c c a s i o n  

s l i g h t  p r o m o t i o n  o f  g ro w th  was o b s e r v e d  i n  t h e  same p o s i t i o n  

( F i g ,  37 B ) ,  The ' m e r i s t e m  i n h i b i t o r ' ,  on t h e  o t h e r  h a n d  a p p e a r e d  

c o n s i s t e n t l y  and  i t s  c o n s i d e r a b l e  a c t i v i t y  was n o t i c e d  on  a l l  t h e  

f o u r  c h r o m a to g r a m s .  The o t h e r  i n h i b i t o r s  a p p e a r e d  s p o r a d i c a l l y .

A f t e r  30 mins  o f  s t i m u l a t i o n  an  i n c r e a s e d  p r o d u c t i o n  o f  t h e  

' c a p  i n h i b i t o r '  was o b t a i n e d  ( F i g ,  37 A ' ) .  T h i s  o b s e r v a t i o n  was 

c o n s i s t e n t  on a l l  o c c a s i o n s .  T h i s  i n c r e a s e d  p r o d u c t i o n  was 

p r e s u m a b l y  due t o  t h e  g r a v i t a t i o n a l  s t r e s s  a s  o b s e r v e d  e a r l i e r  by 

Audus an d  L a h i r i  ( l $ 6 l ) .  H owever ,  t h e r e  was no m arked  d i f f e r e n c e  

i n  t h e  a c t i v i t y  o f  t h e  ' m e r i s t e m  i n h i b i t o r '  i n  t h e  s t i m u l a t e d  r o o t  

t i p s  when com pared  w i t h  t h a t  o f  t h e  v e r t i c a l  r o o t s .  H e re  a l s o  t h e  

o t h e r  i n h i b i t o r s  a p p e a r e d  i n c o n s i s t e n t l y  i n  t h e  c h ro m a to g ra m .
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F i g .  37 C o m p a r i so n  o f  t h e  c h ro m a to g ra m s  o f  t h e  a c i d  e t h e r  

f r a c t i o n  f rom  v e r t i c a l  and  s t i m u l a t e d  r o o t s  (1 0 0  

r o o t  t i p s  i n  ea c h  c a s e )  i n  s t r i c t l y  i d e n t i c a l  

c o n d i t i o n s  i n  t h e  d a r k .

A. C o m p o s i t e  d i a g ra m  f rom  f o u r  s e p a r a t e

c h r o m a to g r a m s  o f  t h e  e x t r a c t  o f  v e r t i c a l  

r o o t  t i p s  r u n  i n  i s o p r o p a n o l : a m m o n i a :  

w a t e r  s o l v e n t .

B-E Chrom a tog ram s  o f  f o u r  i n d i v i d u a l  a s s a y s  o f  

r o o t  t i p s  o f  t h e  a b o v e ,

A' C o m p o s i t e  d i a g r a m  f rom  s i m i l a r  f o u r  s e p a r a t e  

c h r o m a to g r a m s  o f  t h e  e x t r a c t s  o f  r o o t  t i n s  

f rom  t h e  s t i m u l a t e d  r o o t s ,

B ’ - E ’ Chrom a tog ram s  o f  f o u r  i n d i v i d u a l  a s s a y s  

o f  r o o t  t i p s  f rom  c o r r e s p o n d i n g  

s t i m u l a t e d  r o o t s .
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A g r e a t e r  p r o d u c t i o n  o f  t h e  *cap i n h i b i t o r '  i n  t h e  s t i m u l a t e d

r o o t  was f u r t h e r  e v i d e n t  f rom t h e  a s s a y  o f  t h e  r o o t  caps .  The r o o t

c a p s  f rom t h e  v e r t i c a l  r o o t s  c o n t a i n e d  l e s s  o f  t h i s  i n h i b i t o r  when

co m p ared  w i t h  t h a t  o f  t h e  s t i m u l a t e d  r o o t  c a p s  ( F i g .  3 8 ) .  On

s e v e r a l  o c c a s i o n s  t h e  ' c a p  i n h i b i t o r *  was a p p a r e n t l y  a b s e n t  i n  t h e

c a p s  o f  t h e  v e r t i c a l  r o o t s .

I n  t h e  n e x t  e x p e r i m e n t  e x t r a c t s  o f  t h e  two e q u a l  h a l v e s  o f  t h e

5 mm r o o t  t i p  w ere  a s s a y e d  t o  f i n d  o u t  any  a s y m m e t r i c  d i s t r i b u t i o n

o f  t h e  a c t i v e  s u b s t a n c e s  d u r i n g  g e o t r o p i c  s t i m u l a t i o n  i n  t h e  d a r k .

The r e s u l t s  o f  t h i s  e x p e r i m e n t  a r e  p r e s e n t e d  i n  F i g ,  39 .

I n  s t i m u l a t e d  r o o t  t i p s ,  t h e  a c t i v i t y  o f  t h e  ' c a p  i n h i b i t o r *

i n  t h e  l o w e r  h a l f  o f  t h e  r o o t  t i p  was s i g n i f i c a n t l y  g r e a t e r  on 
o u t  o f  f i v e

f o u i y ^ o c c a s i o n s ,  i n d i c a t i n g  i t s  g r e a t e r  c o n c e n t r a t i o n  i n  t h e  l o w e r  

h a l f  t h a n  t h a t  o f  t h e  u p p e r  h a l f .  A s i m i l a r  d i f f e r e n t i a l  d i s t r i b u ­

t i o n  was o b t a i n e d  i n  t h e  c a s e  o f  ' i n h i b i t o r - 3 *  w hich  a p p e a r e d  

c o n s i s t e n t l y  i n  t h e s e  s a m p l e s  o f  r o o t  t i p s .  However ,  f rom  t h e  

a s s a y  o f  t h e  a c i d  e t h e r  f r a c t i o n  a l o n e  i t  i s  d i f f i c u l t  t o  j u d g e  

t h e  d i s t r i b u t i o n  o f  t h i s  i n h i b i t o r  u n l e s s  t h e . p r i m a r y  e t h e r  f r a c t i o n  

o f  t h e s e  two h a l v e s  h a v e  b e e n  a n a l y s e d .  On one  o c c a s i o n  ( F i g .  39 F) 

a  s i g n i f i c a n t  l e v e l  o f  i n h i b i t i o n  was o b s e r v e d  i n  t h e  p o s i t i o n  o f  

lAA i n  t h e  u p p e r  h a l f .  I n  t h e  c a s e  o f  t h e  ' r a e r i s t e m  i n h i b i t o r *  no 

a p p r e c i a b l e  d i f f e r e n c e  i n  t h e  a c t i v i t y  was  o b t a i n e d  i n  t h e s e  two 

h a l v e s  o f  t h e  r o o t  t i p .

On t h e  o t h e r  h a n d ,  c h ro m a to g ra m s  o f  t h e  two h a l v e s  o f  t h e  

v e r t i c a l  r o o t  t i p  r e v e a l e d  more o r  l e s s  i d e n t i c a l  p a t t e r n s  o f  

d i s t r i b u t i o n  o f  t h e  i n h i b i t o r s  ( F i g ,  4 0 ) .

B. S t i m u l a t i o n  i n  l i g h t

VHien com pared  w i t h  t h e  v e r t i c a l  r o o t  t i p s  i n  t h e  d a r k ,  a  

g r e a t e r  am ount o f  t h e  ' c a p  i n h i b i t o r '  was f o u n d  i n  t h e  t i p s  o f  t h e
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F i g ,  38  C om pa r i son  o f  t h e  c h ro m a to g ra m s  o f  t h e  a c i d  e t h e r

f r a c t i o n  o f  r o o t  c a p s  ( lOO) f rom v e r t i c a l  and  

s t i m u l a t e d  r o o t s  i n  s t r i c t l y  i d e n t i c a l  c o n d i t i o n s  

i n  t h e  d a r k ,

A, C o m p o s i t e  d i a g ra m  f rom f o u r  s e p a r a t e  

c h ro m a to g ra m s  o f  t h e  e x t r a c t s  o f  r o o t  

c a p s  f rom  v e r t i c a l  r o o t  t i p s  r u n  i n  

i s o p r o p a n o l : ammonia ; w a t e r  s o l v e n t .

3 an d  C C hrom a togram s  o f  two o f  t h e  i n d i v i d u a l  

a s s a y s  o f  r o o t  c a p s  f rom  v e r t i c a l  r o o t s .

A* C o m p o s i t e  d i a g ra m  f rom  s i m i l a r  f o u r

s e p a r a t e  c h ro m a to g ra m s  o f  t h e  e x t r a c t s  

o f  r o o t  c a p s  f rom t h e  s t i m u l a t e d  r o o t s .

B* and  Ĉ  R e s u l t s  o f  two o f  t h e  i n d i v i d u a l

a s s a y s  o f  r o o t  c a p s  f rom t h e  s t i m u l a t e d  

r o o t s .
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F i g .  39 Com par ison  o f  t h e  c h r o m a to g r a m s  o f  a c i d  e t h e r

f r a c t i o n s  o f  u p p e r  and  l o w e r  h a l v e s  o f  r o o t  t i p  

from r o o t s  s t i m u l a t e d  i n  t h e  d a r k .  On eac h  

o c c a s i o n  a  h u n d r e d  r o o t  m a t e r i a l s  h a v e  b e e n  

a s s a y e d .

A. C o m p o s i t e  d i a g ra m  f rom  f i v e  s e p a r a t e

c h r o m a to g r a m s  r u n  i n  i s o p r o p a n o l ; a m m o n i a ;  

w a t e r  s o l v e n t  sh o w in g  t h e  g r o w th  a c t i v e  

r e g i o n s  i n  t h e  u p p e r  h a l f  o f  r o o t  t i p s  

f rom s t i m u l a t e d  r o o t s .

B-F R e s u l t s  o f  f i v e  i n d i v i d u a l  a s s a y s  o f  

t h e  a b o v e .

A' C o m p o s i t e  d i a g ra m  f rom  f i v e  s i m i l a r  

s e p a r a t e  c h ro m a to g ra m s  o f  t h e  e x t r a c t  

o f  l o w e r  h a l f  o f  r o o t  t i p s  from 

s t i m u l a t e d  r o o t s .

3* -  F* C hrom a togram s  o f  c o r r e s p o n d i n g  

f i v e  i n d i v i d u a l  a s s a y s  o f  t h e  a b o v e .
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F i g .  ko C o m p a r i so n  o f  t h e  c h r o m a to g r a m s  o f  a c i d  e t h e r

f r a c t i o n  o f  t h e  two e q u a l  h a l v e s  o f  r o o t  t i p s  

grown i n  v e r t i c a l  p o s i t i o n .  On e a c h  o c c a s i o n  

t h e  e x t r a c t  o f  a  h u n d r e d  r o o t  m a t e r i a l s  h a s  

b e e n  u s e d .
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v e r t i c a l l y  grown r o o t s  i n  t h e  p r e s e n c e  o f  l i g h t  ( F i g s . 4 l  A t o  4 l  D).  

T l i i s  may be due t o  t h e  e f f e c t  o f  l i g h t  e n h a n c i n g  t h e  p r o d u c t i o n  o f  

t h i s  i n h i b i t o r .  A s i m i l a r  c o m p a r i s o n  w i t h  t h e  d a r k  grown v e r t i c a l  

r o o t  t i p s  showed a  s l i g h t  i n c r e a s e  i n  l A A - l i k e  s u b s t a n c e  i n  t h e  

i l l u m i n a t e d  r o o t  t i p s .  However ,  no d i f f e r e n c e  i n  t h e  a c t i v i t y  o f  

t h e  ' m e r i s t e m  i n h i b i t o r '  was o b s e r v e d  i n  v e r t i c a l  r o o t s  grown e i t h e r  

i n  t h e  d a r k  o r  i n  t h e  p r e s e n c e  o f  l i g h t .

When com pared  w i t h  t h e  r o o t s  e i t h e r  s t i m u l a t e d  i n  t h e  d a r k  o r  

grown i n  a  v e r t i c a l  p o s i t i o n  i n  t h e  p r e s e n c e  o f  l i g h t  a  m ax im al  

am oun t  o f  t h e  c ap  i n h i b i t o r  c o n t e n t  was f o u n d  i n  t h e  r o o t  t i p s  

s t i m u l a t e d  i n  t h e  p r e s e n c e  o f  l i g h t  (F ig s .  4 l  A' t o  41 D *) .

On t h e  o t h e r  h a n d ,  no a p p r e c i a b l e  d i f f e r e n c e  i n  g ro w th  a c t i v i t y  

was o b s e r v e d  i n  t h e  c a s e  o f  t h e  ' m e r i s t e m  i n h i b i t o r '  i n  s t i m u l a t e d  

and  v e r t i c a l  r o o t  t i p s  i n  l i g h t .  On two o c c a s i o n s  a  l i t t l e  i n c r e a s e  

i n  i n h i b i t i o n  was f o u n d  i n  t h e  p o s i t i o n  o f  lAA i n  t h e  v e r t i c a l  r o o t  

t i p s  ( F i g s .  41 C and  4 l  D) com pared  w i t h  t h a t  o f  t h e  s t i m u l a t e d  

t i p s .  T h e r e  w ere  no t r a c e s  o f  ' i n h i b i t o r - 3 '  i n  t h e  i l l u m i n a t e d  

r o o t s  ( e i t h e r  grown i n  a  v e r t i c a l  p o s i t i o n  o r  s t i m u l a t e d )  e x c e p t  

i n  o n e  e x t r a c t  o f  t h e  v e r t i c a l  r o o t s  ( F i g .  41 C) ,

C o n t r a r y  t o  t h e  p r e v i o u s  o b s e r v a t i o n  i n  t h e  p r e s e n c e  o f  l i g h t  

t h e r e  was a g r e a t e r  a c c u m u l a t i o n  o f  t h e  ' c a p  i n h i b i t o r *  i n  t h e  u p p e r  

h a l f  o f  t h e  r o o t  t i p  ( F i g s .  42 A t o  42 F) w h e r e a s  t h e  l o w e r  h a l f  

c o n t a i n e d  more o f  t h e  ' m e r i s t e m  i n h i b i t o r *  ( F i g s .  42 A* t o  42 F ')^

T l i i s  u n u s u a l  an d  u n e q u a l  d i s t r i b u t i o n  o f  t h e s e  two i n h i b i t o r s  was 

v e r y  c o n s i s t e n t  on a l l  f i v e  o c c a s i o n s .  A s i m i l a r  and  r e l a t i v e l y  

c l e a r  p i c t u r e  was o b t a i n e d  u s i n g  s o l v e n t  I I  ( F i g ,  4 3 ) .  Moreover^

t h e  c o m p o s i t e  d ia g ra m  ( F i g .  4 3 ) s u g g e s t s  t h a t  i n  t h e  

l i g h t  t h e  r e d i s t r i b u t i o n s  o f  t h e  two i n h i b i t o r s  due t o  g r a v i t y  a r e  

" c o m p l e m e n t a r y " ,  t h e r e  b e i n g  r o u g h l y  t h e  same d e g r e e  o f  asymmetry o f  t h e  

' m e r i s t e m  i n h i b i t o r *  t o w a r d s  t h e  lo w e r  s i d e  a s  i s  shown by  t h e  ' c a p  
i n h i b i t o r *  t o w a r d s  t h e  u n n e r  s i d e .
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Fig. 4 l Comparison of the chromatograms of the acid ether 

fraction of a hundred root tips from vertical and 

stimulated roots in strictly identical condition 

in presence of light. On each occasion the entire 

extract of 100 root samples has been assayed.

A. Composite diagram from three separate

chromatograms of the extract of root tips 

from the vertical roots run in isopropanol: 

ammonia :water solvent.

B-D Individual chromatograms of three individual

assays of the above.

A' Composite diagram from similar three

separate chromatograms of the extract of 

root tips from the stimulated roots.

B'-D’ Results of three individual assays.
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F i g .  42 C o m p a r i so n  o f  t h e  c h r o m a to g r a m s  o f  a c i d  e t h e r

f r a c t i o n  o f  u p p e r  and  l o w e r  h a l v e s  o f  r o o t  t i p s  

f rom  s t i m u l a t e d  r o o t s  i n  t h e  p r e s e n c e  o f  l i g h t .  

On each  o c c a s i o n  t h e  e n t i r e  e x t r a c t  o f  a  

h u n d r e d  r o o t  m a t e r i a l s  h a s  b e e n  a s s a y e d ,

A, C o m p o s i t e  d i a g ra m  f rom  f i v e  s e p a r a t e

c h r o m a to g r a m s  r u n  i n  i s o p r o p a n o l : a m m o n i a ;  

w a t e r  s o l v e n t  s h o w in g  t h e  a c t i v e  r e g i o n s  

i n  u p p e r  h a l v e s  o f  t h e  s t i m u l a t e d  r o o t s ,  

B-F  C hrom a togram s  o f  f i v e  i n d i v i d u a l  a s s a y s  

o f  t h e  a b o v e ,

A' C o m p o s i t e  d i a g ra m  f rom  s i m i l a r  f i v e

s e p a r a t e  c h r o m a to g r a m s  o f  t h e  e x t r a c t  

o f  l o w e r  h a l v e s  o f  r o o t  t i p s  f rom 

s t i m u l a t e d  r o o t s ,

B ’ -  F ’ C hrom a tog ram s  o f  c o r r e s p o n d i n g  f i v e  

i n d i v i d u a l  a s s a y s  o f  t h e  a b o v e .
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F i g .  43 C o m p a r i s o n  o f  t h e  c h ro m a to g ra m s  o f  a c i d  e t h e r

f r a c t i o n  o f  u p p e r  and  l o w e r  h a l v e s  o f  r o o t  t i p s  

f rom s t i m u l a t e d  r o o t s  i n  p r e s e n c e  o f  l i g h t .  On 

ea c h  o c c a s i o n  t h e  e n t i r e  e x t r a c t  o f  a  h u n d r e d  

r o o t  m a t e r i a l s  h a s  b e e n  a s s a y e d ,

A. C o m p o s i t e  d i a g ra m  f rom  f o u r  s e p a r a t e

c h r o m a to g r a m s  r u n  i n  i s o b u t a n o l : m e t h a n o l :  

w a t e r  s o l v e n t  s h o w in g  t h e  a c t i v e  r e g i o n s  

i n  u p p e r  h a l v e s  o f  t h e  s t i m u l a t e d  r o o t  

t i p s .

B-E C hrom a tog ram s  o f  t h e  f o u r  i n d i v i d u a l  

a s s a y s  o f  t h e  a b o v e .

A' C o m p o s i t e  d i a g ra m  f rom s i m i l a r  f o u r

s e p a r a t e  c h r o m a to g r a m s  o f  t h e  e x t r a c t  

o f  l o w e r  h a l v e s  o f  r o o t  t i p s  f rom  

s t i m u l a t e d  r o o t s .

B* -  E* Chrom a tog ram s  o f  c o r r e s p o n d i n g  f o u r  

i n d i v i d u a l  a s s a y s  o f  t h e  a b o v e .
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CHAPTER IV

DISCUSSION

B e f o r e  d i s c u s s i n g  t h e  r e s u l t s  i n  d e t a i l ,  i t  i s  n e c e s s a r y  t o  

p o i n t  o u t  t h a t  t h e  name " i n h i b i t o r ” u s e d  i n  t h e  p r o c e e d i n g  c h a p t e r  

( a n d  a l s o  i n  t h e  s u c c e e d i n g  p a g e s )  r e p r e s e n t s  t h e  a c t i v e  z o n e s  on 

t h e  ch ro m a to g ra m  w h ich  a p p e a r  more o r  l e s s  r e g u l a r l y  and  u n i f o r m l y  

b e t w e e n  p a r t i c u l a r  Rf v a l u e s  an d  a r e  c h o s e n  t e n t a t i v e l y  f o r  t h e  

e a s e  o f  d e s c r i p t i o n .  They a r e  n o t  i n t e n d e d  t o  r e p r e s e n t  s i n g l e  

s u b s t a n c e s .

The p r e s e n t  i n v e s t i g a t i o n  r e v e a l s  t h e  p r e s e n c e  o f  two m a j o r  

e t h e r  s o l u b l e  g r o w th  i n h i b i t o r s  i n  t h e  a c i d  f r a c t i o n  o f  t h e  

e x t r a c t s  o f  t h e  e x t r e m e  5 nim t i p s  o f  young  s e m i n a l  r o o t s  o f  Zea 

ma y s . One o f  t h e s e ,  t h e  ' c a p  i n l i i b i t o r ' ,  i s  p r i n c i p a l l y  l o c a t e d  

i n  t h e  r o o t  c a p  an d  f rom i t s  c h r o m a t o g r a p h i c  p r o p e r t i e s  i t  

r e s e m b l e s  i n h i b i t o r  p , a  common g ro w th  a c t i v e  s u b s t a n c e  f r e q u e n t l y
o

r e p o r t e d  t o  be  p r e s e n t  i n  r o o t s  ( s e e  t h e  r e v i e w  o f  A b e rg ,  1 9 5 7 ) .  

T h i s  i s  p o s s i b l y  t h e  same s u b s t a n c e  ' A I ( i i ) ' ,  o b t a i n e d  i n  p e a  

r o o t s  by Audus and  G unn ing  ( 1 9 5 8 )  and  a l s o  be L a h i r i  and  Audus 

( i 9 6 0 ) i n  V i c i a  f a b a . From t h e  r e c h r o m a t o g r a p h y  o f  t h e  e l u a t e s  o f  

t h i s  a c t i v e  s u b s t a n c e ,  u s i n g  t h r e e  d i f f e r e n t  s o l v e n t  s y s t e m s  i t  

a p p e a r s  t o  be a  s i n g l e  s u b s t a n c e  r a t h e r  t h a n  a  com plex  o f  

i n h i b i t o r s  a t  t h e  same Rf ,

The main  a c t i v e  com ponent  o f  i n h i b i t o r  |3 h a s  a l r e a d y  b e e n  

e s t a b l i s h e d  t o  be ABA. The ' c a p  i n h i b i t o r '  h a s  a  s i m i l a r  Rf 

v a l u e  w i t h  t h e  a u t h e n t i c  ABA ( F i g .  26)  an d  a l s o  p o s s e s s e s  a n t i -  

t r a n s p i r a n t  a c t i v i t y ,  a  s p e c i f i c  and  c h a r a c t e r i s t i c  p r o p e r t y  o f  

ABA. Thus i t  i s  t e m p t i n g  t o  c o n c l u d e  t h a t  t h e  ' c a p  i n h i b i t o r *  

c o n t a i n s  p r e d o m i n a n t l y  t h i s  s u b s t a n c e .  However ,  c o n t r a r y  t o  t h e
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a u t h e n t i c  ABA, t h e  ' c a p  i n h i b i t o r ' ,  on t h e  o t h e r  h a n d ,  y i e l d s  a  

d i s t i n c t  p u r p l e  c o l o u r a t i o n  w i t h  S a l k o w s k i ' s  r e a g e n t .  T h i s  

d i f f e r e n t i a l  r e a c t i o n  to w a r d s  t h i s  c h ro m o g e n ic  s p r a y  s u g g e s t s  t h a t  

t h i s  zo n e  o f  i n l i i b i t i o n  may c o n t a i n  o t h e r  s u b s t a n c e s  i n  a d d i t i o n  

t o  ABA. D o r f f l i n g  (1 9 7 2 )  i n  a  r e c e n t  r e v i e w  on ABA m e n t i o n e d  t h a t  

one  s h o u l d  be v e r y  c a r e f u l  n o t  t o  i n t e r p r e t s  t h e  o c c u r r e n c e  and  

q u a n t i t a t i v e  v a r i a t i o n  o f  i n h i b i t o r  p i n  t e r m s  o f  ABA, a s  i n h i b i t o r  

P i s  n o t h i n g  e l s e  t h a n  t h e  u n p u r i f i e d  f r a c t i o n  o f  a  one  d i m e n s i o n a l  

c h r o m a to g r a m  w h ich  i s  i n h i b i t o r y  i n  some b i o a s s a y s .  F o r  i n s t a n c e ,  

i n  p e a  r o o t  e x t r a c t s ,  i n h i b i t o r  p c o n s i s t s  o f  s e v e r a l  compounds  

i n c l u d i n g  t r a n s - c i n n a m i c  a c i d  an d  ABA ( T i e t z ,  1 9 7 1 ) . So ,  t h e  

c o l o u r  r e a c t i o n  o b t a i n e d  h e r e  may be  a t t r i b u t e d  t o  o t h e r  s u b s t a n c e s  

p r e s e n t  i n  t h e  same Rf  w i t h  ABA w hich  i s  n o t  s e p a r a b l e  by t h e  

p r e s e n t  method  o f  c h r o m a t o g r a p h y .  T liis  n e e d s  a  f u r t h e r  c r i t i c a l  

i n v e s t i g a t i o n .  S i n c e  t h e  work was c o m p l e t e d  ABA h a s  b e e n  i d e n t i f i e d  

i n  t h e  c a p s  o f  m a iz e  r o o t s  grown i n  l i g h t  by W i l k i n s  an d  Wain ( 1 9 7 4 ) ,

The o t h e r  m a j o r  i n h i b i t o r ,  o r  t h e  ' m e r i s t e m  i n h i b i t o r ' i s  

p r e s e n t  a l l  a l o n g  t h e  r o o t  t i p  e x c e p t  i n  t h e  r o o t  c a p  and  t h e r e  i s  

a  s l i g h t  i n d i c a t i o n  t h a t  i t s  c o n c e n t r a t i o n  i s  c o n s i d e r a b l y  h i g h e r ,  

a p p r o x i m a t e l y  5 - 6  mm away f rom  t h e  a p i c a l  e x t r e m i t y  ( F i g .  5 5 ) .

Tlie n a t u r e  o f  t h i s  s u b s t a n c e  i s  unknown a n d  w h e t h e r  o r  n o t  t h i s  

i n h i b i t i n g  zone  i s  a t t r i b u t a b l e  t o  one  s i n g l e  s u b s t a n c e  o r  an  

i n h i b i t o r  com plex  i s  e q u a l l y  u n c e r t a i n  a t  t h i s  s t a g e .  I t  may 

c o n t a i n  one  o r  more p h e n o l i c  s u b s t a n c e s  ( s e e  p a g e  136).

The ' i n h i b i t o r - 5 ' , f r e q u e n t l y  a p p e a r e d  i n  t h e  a c i d  a n d  n e u t r a l  

f r a c t i o n s  o f  t h e  e x t r a c t  ( b u t  c o n s i s t e n t l y  a p p e a r e d  i n  t h e  p r i m a r y  

e t h e r  f r a c t i o n )  i s  a l s o  f o u n d  a l l  a l o n g  t h e  r o o t  t i p  e x c e p t  i n

t h e  r o o t  c a p .  I t s  a c t i v i t y  i s ,  h o w e v e r ,  s u b s t a n t i a l l y  low 

c o m p ared  t o  t h e  o t h e r  two i n h i b i t o r s .  J u d g i n g  f rom t h e  Rf v a l u e



a l o n e  t h i s  s u b s t a n c e  i s  s u s p e c t e d  t o  be x a n t h o x i n  ( F i g .  2 8 ) ,  a  

n e u t r a l  i n h i b i t o r  an d  a c l o s e  r e l a t i v e  of ABA w h ich  i s  f o u n d  t o  

o c c u r  i n  s e v e r a l  p l a n t s  a t  c o n c e n t r a t i o n s  s i m i l a r  t o  c o n c e n t r a t i o n s  

o f  ABA ( F i r n  e t  a l . , 1 9 7 2 ) .  T h i s  s u b s t a n c e  a l s o  p o s s e s s e s  a n t i -  

t r a n s p i r a n t  a c t i v i t y  l i k e  ABA, th o u g h  t h e  a n t i t r a n s p i r a n t  p r o p e r t y  

o f  x a n t h o x i n  i s  y e t  t o  be  e s t a b l i s h e d .  F i r n  an d  R a s c h k e  (1 9 7 3 )  

h a v e  o b s e r v e d  t h a t  x a n t h o x i n  s u p p l i e d  v i a  t h e  t r a n s p i r a t i o n  s t r e a m  

c a u s e s  a  r a p i d  c l o s u r e  o f  s t o m a t a  i n  w h e a t ,  o a t ,  b a r l e y  an d  b e a n s .  

Txie s p e e d  an d  m a g n i t u d e  o f  t h e  r e s p o n s e  a r e  s i m i l a r  t o  t h a t  f o u n d  

f o l l o w i n g  t h e  a p p l i c a t i o n  o f  t h e  same c o n c e n t r a t i o n  o f  ABA t o  t h e  

same t i s s u e ,  o o ,  t h e r e  i s  a  p o s s i b i l i t y  t h a t  x a n t h o x i n  p e r  s e  i s  

a c t i v e ,  h o w e v e r ,  t h e  p o s s i b i l i t y  o f  a  r a p i d  and  e f f i c i e n t  

c o n v e r s i o n  o f  x a n t h o x i n  t o  ABA i n  t h e  ab o v e  t i s s u e s  c a n n o t  be  

e x c l u d e d .  From t h e  r e c e n t  s t u d y  o f  mass s p e c t r o m e t r y  by S t a n b u r y  

( s e e  Kundu and  A udus ,  1974)  x a n t h o x i n  i s  f o u n d  t o  b e  p r e s e n t  i n  t h e  

bullc  e x t r a c t  o f  m a iz e  r o o t s .  T h i s  o b s e r v a t i o n  i s  a t  v a r i a n c e  w i t h  

t h e  f i n d i n g s  o f  W i l k i n s  and  Wain (1 9 7 4 )  who w ere  u n a b l e  t o  d e t e c t  

any  x a n t h o x i n  i n  Zea  mays r o o t s .  On t h e  o t h e r  h a n d ,  t h e y  f o u n d  

a n o t h e r  compound 6 - m e t h o x y - 2  b e i f o x a z o l i n e ,  a  compound h a v i n g  

c e r t a i n  c h r o m a t o g r a p h i c  p r o p e r t i e s  s i m i l a r  t o  x a n t h o x i n  f rom  t h e  

w h o le  m a iz e  r o o t s  b u t  n o t  i n  t h e  c a p .

No s i g n i f i c a n t  g ro w th  a c t i v i t y  was o b t a i n e d  i n  t h e  r e g i o n  o f  

lAA i n  t h e  ch ro m a to g ra m  o f  t h e  c a p  e x t r a c t ,  i n d i c a t i n g  i t s  a b s e n c e  

i n  t h e  r o o t  c ap  ( F i g s ,  14  an d  5 2 ) .  I t s  a p p e a r a n c e  i n  one  o f  t h e  

c a p  e x t r a c t s  ( i n d i c a t e d  by t h e  i n h i b i t i o n  o f  g r o w th  a t  t h e  same Ef  

o f  a u t h e n t i c  IAÂ : F i g .  14 D) i s  v e r y  l i k e l y  due  t o  t h e  c o n t a m i n a ­

t i o n  o f  t h e  s a m p l e s  o f  t h e  r o o t  c a p s  by t h e  m e r i s t e m a t i c  t i s s u e .

I n  t h e  whole r o o t  t i p s ,  g row th  a c t i v i t y  i n  t h e  p o s i t i o n  o f  ,
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IAA a p p e a r e d  s p o r a d i c a l l y .  Assuming t h i s  s u b s t a n c e  i s  lAA, from 

s u c h  a c t i v i t y  on chromatogram t h e  lAA c o n t e n t  ( b a s e d  on t h e  

c a l i b r a t i o n  c u rv e  p r e s e n t e d  i n  P i g .  9 )  t h e  r o o t  t i p  i s  

o f  t h e  o r d e r  o f  10 t o  10 ^ii e q u i v a l e n t  p e r  53 r o o t  t i p s .

C a l c u l a t i o n s  b a s e d  on t h e  f r e s h  w e i g h t  t h i s  comes t o  a b o u t  3 . 3  n g /k g  

( f r e s h  w e i g h t  o f  100 t i p s  i s  0 . 7 5  gm) w hich  i s  s u b s t a n t i a l l y  low.  

R e c e n t l y  lAA h a s  b e e n  p o s i t i v e l y  i d e n t i f i e d  i n  m a ize  r o o t  by 

Greenwood e t  a l . (1 9 7 5 )  b u t  t h i s  lAA i s  p r i n c i p a l l y  l o c a t e d  i n  t h e  

s t e l e .  They h a v e  e s t i m a t e d  t h e  lAA c o n t e n t  o f  d i f f e r e n t  r e g i o n s  

o f  m a iz e  r o o t  u s i n g  t h e  Avena c o l e o p t i l e  s t r a i g h t  g ro w th  b i o a s s a y  

w h ich  shows t h a t  t h e  s t e l e  c o n t a i n s  a b o u t  142 p g / k g ,  w h e r e a s  2 - 5  mm 

r o o t  t i p s  c o n t a i n  a p p r o x i m a t e l y  11 p g / k g  o f  lAA. R i v i e r  and  P i l e t  

( 1 9 7 4 )  u s i n g  mass f r a g m e n t o g r a p h y  f o u n d  a b o u t  5 6 5 .6  -  l 6 . 2  p ,g /kg  

f r e s h  w e i g h t  o f  I/vA p r e s e n t  i n  t h e  r o o t  cap  o f  m a i z e .  I f  t h i s  

f i g u r e  i s  t a k e n  i n t o  a c c o u n t  t h e n  t h e  p r e s e n c e  o f  lAA m us t  show up 

i n  t h e  a s s a y .  The r e a s o n  f o r  s u c h  a  d i s c r e p a n c y  i s  y e t  t o  be  

r e s o l v e d .

For a long time the hormonal mechanism behind the geotropisra 

of the root has been based on the Cholodny-V/ent theory. However, 

the presence of supra-optimal concentration of lAA in root tips, 

the basic condition necessary to establish the theory is still 

controversial. A major objection of this theory came from 

the results of Audus and Brownbridge (1 9 5 7 )  who found a marked 

overall decrease in growth rates of both upper and lower 

halves of pea root following geotropic stimulation. They also 

found that during downward curvature of pea roots, when 

according to the Cholodny-Went theory the lower half of the 

tip was supposed to contain auxin at much more supra-optimal levels, 

the growth rate of both the upper and lower halves of the root is 

promoted by low concentration of lAA. This observation posed a
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s e r i o u s  c h a l l e n g e  o f  t h e  d i r e c t  p a r t i c i p a t i o n  o f  lAA i n  r o o t  

g e o t r o p i s m .  With t h e  above  f i n d i n g s ,  a c r o p e t a l  p o l a r i t y  i n  t h e  

movement o f  lAA i n  r o o t s  and  a  g r e a t e r  c o n c e n t r a t i o n  o f  lAA i n  t h e  

s t e l e r  r e g i o n  o f  r o o t  r a t h e r  t h a n  t h e  t i p ,  i n d i c a t e  t h e  p a r t i c i p a ­

t i o n  o f  a  s e p a r a t e  i n h i b i t o r  m e d i a t i n g  t h e  g e o t r o p i s m  o f  r o o t s .  

D e c a p p i n g  e x p e r i m e n t s  w i t h  m a iz e  r o o t s  by J u n i p e r  e t  a l . ( I 9 6 6 ) ,  

i n d i r e c t l y  b u t  c o n v i n c i n g l y ,  p r o v e s  t h a t  t h e  r o o t  c a p  i s  t h e  

p o s s i b l e  s o u r c e  o f  t h i s  i n h i b i t o r .  T h i s  o b s e r v a t i o n  was s u b s e q u e n t l y  

c o n f i r m e d  by G ib b o n s  and  W i l k i n s  (1 9 7 0 )  and  P i l e t  ( 1 9 7 1 ) .  They 

rem o v e d  one h a l f  o f  t h e  r o o t  c a p  i n  m a iz e  by m i c r o s u r g e r y  and  

o r i e n t a t i n g  them e i t h e r  v e r t i c a l l y  o r  h o r i z o n t a l l y  f o u n d  t h e  

d e v e l o p m e n t  o f  l a r g e  c u r v a t u r e s  t o w a r d s  t h e  r e m a i n i n g  h a l f  c a p ,  

r e g a r d l e s s  o f  t h e  o r i e n t a t i o n  o f  t h e  r o o t  w i t h  r e s p e c t  t o  g r a v i t y .  

T hese  f i n d i n g s  f u r t h e r  s u g g e s t  t h a t  t h e  r o o t  c a p  i s  t h e  s o u r c e  o f  

a t  l e a s t  one g ro w th  i n h i b i t i n g  s u b s t a n c e  r e s p o n s i b l e  f o r  t h e  

g e o t r o p i c  r e s p o n s e .  A n o th e r  i m p o r t a n t  o b s e r v a t i o n  was by S c o t t  and  

W i l k i n s  ( i 9 6 0 ) who f o u n d  t h a t  t h e  p r i m a r y  r o o t  o f  m a iz e  grown i n  

t o t a l  d a r k n e s s  d i d  n o t  e x l i i b i t  a  p o s i t i v e  g e o t r o p i c  r e s p o n s e .  

F u r t h e r m o r e ,  t h e  a p i c a l  r e g i o n  o f  m a ize  r o o t  h a s  b e e n  shown t o  be  

i n v o l v e d  i n  t h e  r e s p o n s e  o f  r o o t s  t o  w h i t e  l i g h t ,  w i t h  r e m o v a l  o f  

r o o t  c a p  c o m p l e t e l y  e l i m i n a t i n g  t h e  l i g h t  i n d u c e d  i n h i b i t i o n  o f  

r o o t  e l o n g a t i o n  ( W i l k i n s  an d  Wain,  1 9 7 4 ) ,  C o r r e l a t i n g  a l l  t h e  

a b o v e  i n f o r m a t i o n ,  i t  i s  l o g i c a l  t o  c o n c l u d e  t h a t  t h e  r o o t  c a p  i s  

t h e  s o u r c e  o f  a  g r o w th  i n h i b i t i n g  f a c t o r  an d  p l a y s  a  c r i t i c a l  r o l e  

i n  g e o t r o p i c  r e s p o n s e  a n d / o r  p e r c e p t i o n  t o  w h i t e  l i g h t .  I n  t h e  

s u c c e e d i n g  p a r a g r a p h s  t h e  p o s s i b l e  r o l e  o f  t h e  ' c a p  i n h i b i t o r '  -  

w h ich  i s  t h e  o n l y  e t h e r  s o l u b l e  i n h i b i t o r  p r e s e n t  i n  t h e  r o o t  cap  

o f  m a i z e ,  h a s  b e e n  d i s c u s s e d  i n  c o n n e c t i o n  w i t h  t h e  r o o t  g e o t r o p i s m .

T h i s  d i s c u s s i o n  i s  b a s e d  m a i n l y  on t h e  a s s u p t i o n  t h a t  t h e  c h e m i c a l  

n a t u r e  o f  t h e  ' c a p  i n h i b i t o r '  i s  ABA,
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When t h e  r o o t s  a r e  grown i n  a  s t r i c t l y  v e r t i c a l  p o s i t i o n  i n  

t h e  d a r k  t h e  cap  i n h i b i t o r  i s  e i t h e r  a b s e n t  o r  p r e s e n t  i n  a  

s u b s t a n t i a l l y  low am ount ( F i g .  j S  A).  However i t s  p r o d u c t i o n  i s  

a u g m e n te d  i n  i l l u m i n a t e d  v e r t i c a l  r o o t s  ( F i g .  4 l  A) .  T h i s  c l e a r l y  

s u g g e s t s  t h a t  t h e  p r o d u c t i o n  o f  t h i s  i n h i b i t o r  i s  l i g h t  d e p e n d e n t .  

The l i g h t  d e p e n d e n t  p r o d u c t i o n  o f  i n h i b i t o r   ̂ h a s  a l s o  b e e n  

o b s e r v e d  by Masuda (1 9 o 2 )  and  r e c e n t l y  a  s i m i l a r  p r o d u c t i o n  o f  ABA 

i n  t h e  r o o t  cap  by W i l k i n s  and  Wain ( 1 9 7 4 ) .  The i n t r i c a t e  

m echan ism  b e h i n d  t h e  l i g h t - i n d u c e d  ABA s y n t h e s i s  i n  p l a n t s  i s  n o t  

c l e a r .  E i t h e r  l i g h t  i n t e n s i t y  d i r e c t l y  o r  r e s u l t i n g  w a t e r  s t r e s s  

due t o  w i l t i n g  o r  b o t h  s i m u l t a n e o u s l y  a c c o u n t  f o r  i n c r e a s i n g  ABA 

l e v e l  i n  t h e  i l l u m i n a t e d  t i s s u e s  ( D d r f f l i n g ,  1 9 7 2 ) .

G r a v i t y ,  on t h e  o t h e r  h a n d ,  i n d u c e s  t h e  p r o d u c t i o n  o f  t h e  

• c a p  i n h i b i t o r '  even  i n  t h e  d a r k  ( F i g .  3o A ' )  and  t h i s  p r o d u c t i o n  

i s  m a x im a l  when t h e  r o o t s  a r e  s t i m u l a t e d  i n  t h e  p r e s e n c e  o f  l i g h t .  

The i d e a  o f  g r a v i t y  i n d u c e d  h o r m o n a l  p r o d u c t i o n  i s  n o t h i n g  new.

Audus and  B rov /nb r idge  (1 9 5 7 )  s u s p e c t e d  de novo p r o d u c t i o n  o f  

i n h i b i t o r  u n d e r  t h e  s t i m u l u s  o f  g r a v i t y .  D i r e c t  e v i d e n c e  o f  t h i s  

i s  f rom  t h e  o b s e r v a t i o n  o f  Audus and  L a h i r i  ( I 96 I )  who f o u n d  an  

' e x p l o s i v e  p r o d u c t i o n '  o f  A F ( i i )  ( l A A - l i k e  s u b s t a n c e )  a f t e r  

4C m i n u t e s  o f  s t i m u l a t i o n  i n  V i c i a  f a b a  r o o t  t i p s .  How g r a v i t y  

i n f l u e n c e s  t h e  p r o d u c t i o n  o f  t h i s  i n h i b i t o r  i s  s p e c u l a t i v e  a t  t h i s  

s t a g e .  A b r i e f  r e v i e w  o f  some of t h e  c u r r e n t  f i n d i n g s  i s  n e c e s s a r y  

t o  o u t l i n e  t h e  p r o b a b l e  mechanism o f  g r a v i t y  i n d u c e d  i n h i b i t o r  

p r o d u c t i o n  i n  t h e  r o o t  t i p s  o f  m a i z e .

R e c e n t l y  t h e r e  h a s  been  more o r  l e s s  c o n c l u s i v e  e v i d e n c e  t h a t  

s e d i m e n t i n g  a m y l o p l a s t s  a r e  t h e  o r g a n e l l e s  d i r e c t l y  a c t e d  on by 

g r a v i t y  and  a r e  t h e r e f o r e  c o n s i d e r e d  a s  g r a v i t y  s e n s o r s  p a r t i c u l a r l y  

i n  t h e  r o o t  t i p  c e l l s  ( S c h a c h a r ,  1967;  I v e r s e n ,  1969 ;  B ar low  and  

Grundwag,  1 9 7 4 ) .  C o n v i n c i n g  p r o o f  o f  t h i s  came f rom  t h e  work o f
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I v e r s e n  ( I 9 6 9 ) who f o u n d  t h a t  t h e  r o o t s  o f  L e p id iu m  s a t i v um a f t e r  

i n c u b a t i n g  i n  s o l u t i o n s  c o n t a i n i n g  4 . 3  x 10” ^H g i b b e r e l l i c  a c i d  and  

k i n e t i n  a t  3 5 ° G f o r  29 h o u r s ,  t h u s  c a u s i n g  a  c o m p l e t e  d i s a . p p e a r -  

a n c e  o f  s t a r c h  f rom  t h e  a m y l o p l a s t  o f  t h e  r o o t  c ap  c e l l s ,  when 

g e o t r o p i c a l l y  s t i m u l a t e d  f o r  30  m i n u t e s  and  t h e n  r o t a t e d  on a  

k l i n o s t a t  a t  2 1 * 0 ,  showed no t r a c e  o f  c u r v a t u r e  a f t e r  60 m i n u t e s  

o f  r o t a t i o n .  C o n t r o l  r o o t s  s i m i l a r l y  p r e t r e a t e d  a t  3 5 ° G i n  w a t e r  

h a d  c u r v e d  t o  22° a f t e r  60 m i n u t e s .  However t h e r e  w ere  no 

s u b s t a n t i a l  c h a n g e s  i n  t h e  g ro w th  r a t e  o f  t h e  t r e a t e d  and  c o n t r o l  

s e e d l i n g s  d u r i n g  t h a t  p e r i o d .  h h en t h e  hormone  t r e a t e d  s e e d l i n g s  

a r e  i l l u m i n a t e d ,  f o r m a t i o n  o f  s t a r c h  i n  t h e  a m y l o p l a s t s  t o o k  

p l a c e  a f t e r  2 0 - 2 4  h o u r s  and  t h e  g e o t r o p i c  r e s p o n s i v e n e s s  was 

r e s t o r e d  a t  t h e  same t i m e ,  B a r lo w  (19 7 4 )  o b s e r v e d  t h a t  t h e  

r e m o v a l  o f  t h e  cap  f rom  t h e  r o o t  t i p  o f  Zea i m m e d i a t e l y  s t i m u l a t e s  

t h e  d e v e l o p m e n t  o f  a m y l o p l a s t s  i n  t h e  q u i e s c e n t  c e n t r e  an d  r e m a i n ­

i n g  a p i c e s  an d  t h e  g r a v i t y  s e n s i t i v i t y  r e a p p e a r e d  w e l l  b e f o r e  t h e  

r e g e n e r a t i o n  o f  t h e  new cap  w h ich  i s  n o t  c o m p l e t e  u n t i l  a f t e r  3 - 4  

d a y s .  T h i s  f i n d i n g  f u r t h e r  s u g g e s t s  t h a t  t h e  a m y l o p l a s t s  a r e  t h e  

d i s t i n c t  o r g a n e l l e s  r e l a t e d  t o  t h e  g e o s e n s i t i v i t y  o f  r o o t s .

The s e d i m e n t i n g  a m y l o p l a s t s  i n  t h e  n e x t  r e a c t i o n  s e q u e n c e  

somehow o r  o t h e r  e x e r t  a  m e c h a n i c a l  p r e s s u r e  on some o t h e r  c e l l  

com ponen t  o r  c e l l  s u r f a c e  t h u s  c a u s i n g  t h e  r e l e a s e  o f  t h e  i n h i b i t o r ,  

T h i s  c e l l  com ponent  may be t h e  e n d o p l a s m i c  r e t i c u l u m  a s  s u g g e s t e d  

by B i e v e r s  and  Volkmanns  (1 9 7 2 )  o r  a s  s u g g e s t e d  by Audus ( 1 9 7 1 )  

t h a t  t h e  a m y l o p l a s t s  d i r e c t l y  e x e r t  a  m e c h a n i c a l  p r e s s u r e  on t h e  

membranes  a l o n g  t h e  t a n g e n t i a l  l o n g i t u d i n a l  w a l l s  o f  t h e  c a p  c e l l s  

t h u s  r e l e a s i n g  t h e  i n h i b i t o r .  T h e re  i s  a n o t h e r  p o s s i b i l i t y  

s u g g e s t e d  by B ar low  (1 9 7 4 )  t h a t  t h e  s e d i m e n t i n g  a m y l o p l a s t s  them­

s e l v e s  may be  t h e  s o u r c e  o f  t h i s  i n h i b i t o r  a s  t h e  g e o t r o p i c



■“ 184 —

r e s p o n s e  i n  Zea  mays i s  r e c o v e r e d  b e f o r e  a new cap  s t a r t s  t o  

r e g e n e r a t e .  W he the r  t h e  A B A -l ike  c a p  i n h i b i t o r  i s  p r o d u c e d  i n  

t h e  a m y l o p l a s t s  i s  n o t  known b u t  c e l l - f r e e  p r e p a r a t i o n s  o f  t h e  

c h o l o r o p l a s t s  a r e  c a p a b l e  o f  ABA s y n t h e s i s  f rom m e v a l o n i c  a c i d  a s  

h a s  a l r e a d y  b e e n  d e m o n s t r a t e d  by H i l b o r r o w  (1 9 7 4 )  i n  Avocado 

f r u i t s .

On t h e  w h o le ,  t h e  g r a v i t a t i o n a l  s t r e s s  a s  w e l l  a s  i l l u m i n a t i o n ,  

i n c r e a s e  t h e  amount  o f  t h e  ' c a p  i n h i b i t o r '  t o  a  maximal  l e v e l  t o  

m e d i a t e  t h e  g e o t r o p i c  r e s p o n s e  i n  h o r i z o n t a l  r o o t s .  I n  t h e  d a r k ,  

s y n t h e s i s  o f  ABA i s  h i n d e r e d  and  t h e  amount o f  t h e  i n h i b i t o r  d o e s  

n o t  r e a c h  t h a t  l e v e l .  T h i s  may be  one o f  t h e  p o s s i b l e  r e a s o n s  f o r  

t h e  a b s e n c e  o f  c u r v a t u r e  o f  t h e  s t i m u l a t e d  r o o t s  o f  m a iz e  i n  t h e  

d a r k .

P i o n e e r i n g  work o f  Hawker (1 9 3 2 )  c l e a r l y  i n d i c a t e d  t h a t  t h e  

l o w e r  h a l f  o f  t h e  t i p  o f  t h e  s t i m u l a t e d  r o o t  o f  Zea mays c o n t a i n e d  

more i n h i b i t o r  t h a n  t h a t  o f  t h e  u p p e r  h a l f  o f  t h e  t i p .  R e c e n t  

m i c r o s u r g i c a l  e x p e r i m e n t s  by Shaw and  Wil lc ins  (1 9 7 3 )  an d  F i l e t  

( 1 9 7 5 ) i n d i c a t e  t h a t  t h e  p o s i t i v e  g e o t r o p i c  r e s p o n s e s  o f  t h e  

p r i m a r y  r o o t s  o f  Zea mays and  Fisum s a t i v u m  s e e d l i n g s  d e p e n d  upon  

a t  l e a s t  one i n h i b i t i n g  f a c t o r  w h ich  a r i s e s  i n  t h e  r o o t  c a p  and  

w h ich  moves b a s i p e t a l l y  t h r o u g h  t h e  a p e x  i n t o  t h e  e x t e n d i n g  z o n e .

The downward c u r v a t u r e  c a u s e d  by r e s t r i c t i n g  t h e  s u p p l y  o f  t h i s  

i n h i b i t o r  t o  t h e  u p p e r  h a l f  o f  t h e  g r o w in g  zone  o f  a  h o r i z o n t a l  

r o o t  i s  g r e a t e r  t h a n  t h e  upw ard  c u r v a t u r e  c a u s e d  by r e s t r i c t i n g  

t h e  s u p p l y  o f  i n h i b i t o r  t o  t h e  l o w e r  h a l f ,  r e g a r d l e s s  o f  w h e t h e r  

t h e  r e s t r i c t i o n  i s  a c h i e v e d  by t h e  i n s e r t i o n  o f  a  u n i l a t e r a l  

b a r r i e r  (m i c a  f o i l )  i n t o  t h e  u p p e r  o r  l o w e r  h a l f  o f  t h e  r o o t  j u s t  

b e h i n d  t h e  c a p ,  o r  by t h e  r e m o v a l  o f  e i t h e r  t h e  u p p e r  o r  l o w e r  

h a l f  o f  t h e  r o o t  c a p .  T hese  f i n d i n g s  s u g g e s t  t h a t  t h e  g r a d i e n t
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i n  t h e  c o n c e n t r a t i o n  o f  an  i n h i b i t o r  o r  i t s  e f f e c t i v e n e s s  i s  

e s t a b l i s h e d  i n  t h e  g r o w in g  zone  o f  g e o t r o p i c a l l y  s t i m u l a t e d  r o o t s  

o f  Zea mays . However ,  t h e s e  o b s e r v a t i o n s  a r e  d i f f i c u l t  t o  

c o r r e l a t e  w i t h  my f i n d i n g s  f o r  t h e  f o l l o w i n g  r e a s o n s .

I n  t h e  f i r s t  p l a c e ,  I  h a v e  shown t h e  i n h i b i t o r  c o n t e n t  o f  t h e  

l o w e r  h a l f  o f  t h e  r o o t  t i p  t o  be  g r e a t e r  t h a n  t h a t  o f  t h e  u p p e r  

h a l f  an d  t h u s  e s t a b l i s h i n g  a  c o n c e n t r a t i o n  g r a d i e n t  b e t w e e n  t h e  

two h a l v e s  o f  t h e  t i p ,  o n l y  when t h e  r o o t s  a r e  s t i m u l a t e d  i n  t h e  

d a r k  ( F i g .  39)* B u t  on ce  a g a i n ,  i t  m us t  be  m e n t i o n e d  t h a t  t h e  

c u r v a t u r e  d o e s  n o t  t a k e  p l a c e  i n  t h e  d a r k  p a r t i c u l a r l y  i n  Zea  mays 

r o o t s .

S e c o n d l y ,  i n  l i g h t  a f t e r  h a l f  an  h o u r  o f  s t i m u l a t i o n  an  

u n u s u a l  d i s t r i b u t i o n  o f  t h e  i n h i b i t o r s  ta l i  e s  p l a c e .  H e re  t h e  ' c a p  

i n h i b i t o r '  moves i n t o  t h e  u p p e r  h a l f  w h e r e a s  t h e  ' m e r i s t e m  i n h i b i t o r *  

i s  m a i n l y  r e s t r i c t e d  t o  t h e  l o w e r  h a l f  o f  t h e  h o r i z o n t a l  r o o t  t i p  

( F i g s .  42 and  4 3 ) .  T h i s  movement o f  t h e  c a p  i n h i b i t o r  t o w a r d s  t h e  

u p p e r  h a l f  i s  d e f i n i t e l y  l i g h t  d e p e n d e n t .  A s i m i l a r  d i s t r i b u t i o n  

o f  ' A P ( i i ) '  i n  t h e  .upper  h a l f  o f  t h e  s t i m u l a t e d  r o o t s  o f  V i c i a  f a b a  

h a s  a l s o  b e e n  r e p o r t e d  by L a h i r i  ( 1 9 3 9 ) .

A l l  t h e  a b o v e  o b s e r v a t i o n s  a r e  q u i t e  c o n t r a r y  t o  t h e  c l a s s i c a l  

h o r m o n a l  r e d i s t r i b u t i o n  t h e o r y  o f  r o o t  g e o t r o p i s m .  H owever ,  t h e  

p r e s e n t  f i n d i n g s  an d  t h e  o b s e r v a t i o n s  o f  Shaw an d  W i l k i n s  (1 9 7 3 )  end  

P i l e t  ( 1 9 7 3 )  c a n  be  c o r r e l a t e d  i n  s e v e r a l  w ays .  One e x p l a n a t i o n
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c o u l d  be  t h a t  t h e  ' c a p  i n h i b i t o r *  i s  n o t  d i r e c t l y  i n v o l v e d  i n  

p r o d u c i n g  t h e  c u r v a t u r e .  T h i s  i n h i b i t o r  a f t e r  r e a c h i n g  t h e  u p p e r  

h a l f  i s  c o n v e r t e d  t o  a n o t h e r  g ro w th  f a c t o r  ( a n  i n h i b i t o r ) ,  w h ich  

i s  t h e n  t r a n s p o r t e d  l a t e r a l l y  downwards i n t o  t h e  e x t e n d i n g  zone  

t h u s  i n c r e a s i n g  i t s  c o n c e n t r a t i o n  i n  t h e  l o w e r  h a l f  r e s u l t i n g  i n  

c u r v a t u r e .  The p o s i t i v e  c u r v a t u r e  i n  a  h o r i z o n t a l  r o o t  i s  

a t t r i b u t a b l e ,  a t  l e a s t  i n  p a r t ,  t o  a  downward l a t e r a l  t r a n s p o r t  o f  

i n h i b i t o r  f rom t h e  u p p e r  t o  t h e  l o w e r  h a l f  o f  t h e  Zea mays r o o t s  

h a s  a l s o  b e e n  s u s p e c t e d  by Shaw and  W i l k i n s  ( 1 9 7 3 ) .  The l a t t e r
O-S

i n h i b i t o r  i n  t h a t  c a s e  m us t  show up i n  t h e  a s s a y ,  a n d ^ t h e  'm e r i s t e m  

i n h i b i t o r *  i s  t h e  o n l y  i n h i b i t o r  p r e s e n t  i n  t h e  e x t e n d i n g  z o n e  i n  a  

r e a s o n a b l e  c o n c e n t r a t i o n  f o r  s u c h  a  r e s p o n s e ;  i t  i s  t e m p t i n g  t o  

b e l i e v e  t h a t  t h e  m e r i s t e m  i n h i b i t o r  a s  a  w h o le  ( o r ,  one  o f  i t s  

c o m p o n e n t s )  i s  t h e  p r o d u c t  o f  s u c h  a  c o n v e r s i o n .  T h e r e  i s  n o t  much 

v a r i a t i o n  i n  t h e  c o n t e n t  o f  t h e  ' m e r i s t e m  i n h i b i t o r *  i n  t h e  

v e r t i c a l  a s  w e l l  a s  s t i m u l a t e d  r o o t s  e i t h e r  i n  t h e  d a r k  o r  i n  t h e  

p r e s e n c e  o f  l i g h t .  However ,  i t s  g r e a t e r  c o n c e n t r a t i o n  i n  t h e  l o w e r  

h a l f  ( i n  a  r e c i p r o c a l  amount o f  t h e  ' c a p  i n h i b i t o r *  i t  moved t o  t h e  

u p p e r  h a l f  ( F i g .  4 3 ) )  f u r t h e r  s u p p o r t s  t h i s  c o n t e n t i o n .  I n  t h e  d a r k  

grown v e r t i c a l  r o o t s ,  t h e  a b s e n c e  o f  t h e  ' c a p  i n i i i b i t o r *  b u t  t h e  

p r e s e n c e  o f  t h e  ' m e r i s t e m  i n h i b i t o r '  c a n  be  i n t e r p r e t e d  a s  a  t o t a l  

c o n v e r s i o n  o f  t h e  c ap  i n h i b i t o r  a l r e a d y  p r e s e n t  i n  t h e  t i s s u e  b e f o r e  

p l a c i n g  them i n  t h e  d a r k .  H owever ,  why t h e  cap  i n h i b i t o r  moves t o  

t h e  u p p e r  h a l f  i n  l i g h t  i s  d i f f i c u l t  t o  e x p l a i n  a t  t h i s  s t a g e  and  

n e e d s  f u r t h e r  e x p e r i m e n t a t i o n .

A n o t h e r  p o s s i b i l i t y  p o s t u l a t e d  by Shaw an d  W i l k i n s  (1 9 7 3 )  i s  

t h a t  t h e  r o o t  a p e x  may be  a  s o u r c e  o f  f a c t o r s  w h ich  i n t e r a c t  w i t h  

t h e  r e g u l a t o r s  f rom t h e  cap  to  e f f e c t  an  i n h i b i t i o n  o f  c e l l  

e l o n g a t i o n  i n  t h e  g ro w in g  z o n e .  Thus t h e  c a p  i n h i b i t o r  i n s t e a d  o f  

b e i n g  i t s e l f  c o n v e r t e d  t o  t h e  m e r i s t e m  i n h i b i t o r  a c t i v a t e s  t h e
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t h e  m e r i s t e m  i n h i b i t o r  p r e s e n t  i n  t h e  g ro w in g  z o n e .  T h i s  seems 

i m p r o b a b l e  a s  t h e  ' m e r i s t e m  i n h i b i t o r '  i t s e l f  i s  an  i n h i b i t o r  

p e r  s e .

A l l  t h e  ab o v e  e x p l a n a t i o n s ,  n e e d l e s s  t o  s a y  a r e  e x t r e m e l y  

s p e c u l a t i v e .  Tlie r o l e  o f  t h e  i n h i b i t o r - 3  c a n  o n l y  be  g u e s s e d  a t  

t h i s  s t a g e .  T a y l o r  and  Burden  (1 9 7 3 )  d e m o n s t r a t e d  v e r y  h i g h  

i n c o r p o r a t i o n  l e v e l s  o f  2 - ^ J  - c i s , t r a n s - x a n t h o x i n  i n t o  ABA 

i n  t h e  s h o o t  s e g m e n t s  o f  to m a to  and  d w a r f  b e a n s .  From t h i s  

o b s e r v a t i o n  t h e y  s u g g e s t e d  t h a t  p l a n t s  c a n  s y n t h e s i z e  ABA e i t h e r  

f rom a  s e s q u i t e r p e n o i d  p r e c u r s o r  ( m e v a l o n i c  a c i d )  o r  v i a  t h e  

o x i d a t i o n  o f  a  x a n t h o t h o p h y l l  d e p e n d i n g  u pon  s u c h  f a c t o r s  a s  p l a n t  

s p e c i e s ,  p h y s i o l o g i c a l  a g e  o f  t h e  t i s s u e ,  and  e n v i r o n m e n t a l  

c o n d i t i o n s .  Such c o n v e r s i o n  may t a k e  p l a c e  i n  t h e  r o o t  t i p s  o f  

m a i z e .  However ,  t h i s  p o s s i b i l i t y  i s  b a s e d  on t h e  a s s u m p t i o n  t h a t  

t h e  i n h i b i t o r - 3  i s  x a n t h o x i n .  I n  t h a t  c a s e  x a n t h o x i n  h a s  some 

i n d i r e c t  r o l e  i n  r o o t  g e o t r o p i s m .  R e c e n t  s t u d i e s  by W i l k i n s  e t  a l . 

( 1 9 7 4 ) h a v e  shown t h a t  a  10  p.K s o l u t i o n  o f  x a n t h o x i n  c a n  i n h i b i t  

r o o t  g ro w th  o f  w h e a t  s e e d l i n g s  by up t o  83?» i n  t h e  d a r k  b u t  i s  

l e s s  e f f e c t i v e  i n  l i g h t .  'This  means t h a t  i n  t h e  p r e s e n c e  o f  

x a n t h o x i n  t h e r e  i s  no  s i g n i f i c a n t  e f f e c t  o f  l i g h t  on g r o w t h .  

I m p l i c a t i o n s  o f  t h e  above  o b s e r v a t i o n s  a r e  f a r  r e a c h i n g  i n  t h e  

c o n t e x t  o f  t h e  p r e s e n t  i n v e s t i g a t i o n  u n l e s s  t h e  c h e m i c a l  n a t u r e  

o f  t h e  i n h i b i t o r - 3  i s  f u l l y  i d e n t i f i e d .

I n  summing u p ,  t h e  p r e s e n t  i n v e s t i g a t i o n  d o e s  n o t  r e v e a l  t h e  

c o m p l e t e  c h e m i c a l  n a t u r e  o f  t h e  i n h i b i t o r s  p r e s e n t  i n  t h e  r o o t  

t i p s  o f  Zea mays.  U n t i l  t h e i r  c h e m i c a l  i d e n t i f i c a t i o n s  a r e  c o m p l e t e  

t h e  a c t u a l  h o r m o n a l  mechanism b e h i n d  t h e  r o o t  g e o t r o p i s m  c a n n o t  be
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f u l l y  e n v i s a g e d .  However ,  t h e  p r e s e n t  o b s e r v a t i o n ,  once  a g a i n ,  

c l e a r l y  i n d i c a t e s  t h a t  t h e  g e o t r o p i s m  o f  r o o t  i s  n o t  m e r e l y  t h e  

r e d i s t r i b u t i o n  o f  a u x i n  i n  t h e  r o o t  t i p  u n d e r  t h e  g r a v i t a t i o n a l  

s t r e s s  a s  p o s t u l a t e d  by t h e  c l a s s i c a l  C holodny-W ent  t h e o r y .

F u r t h e r  i n v e s t i g a t i o n s  on t h i s  p r o b le m  a r e  b e i n g  a c t i v e l y  

p e r s u e d  i n  s e v e r a l  l a b o r a t o r i e s .  W ha teve r  t h e  ou tcome o f  t h e s e  

i n v e s t i g a t i o n s  t h e  r e s u l t s  o f  t h e  p r e s e n t  e x p e r i m e n t s  h a v e  th ro w n  

f u r t h e r  d o u b t  on t h e  p a r t i c i p a t i o n  o f  lAA i n  t h e  g e o t r o p i c  r e s p o n s e  

o f  r o o t .
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1 .  A m i c r o - a s s a y  b a s e d  on t h e  g ro w th  i n h i b i t i o n  o f  r o o t  

s e g m e n t s  o f  Zea mays r o o t s  h a s  b e e n  d e s i g n e d  t o  i n v e s t i g a t e  t h e  

r o o t  g ro w th  i n h i b i t i n g  s u b s t a n c e s  p r e s e n t  i n  t h e  r o o t  t i p s  o f  

Zea  m ays . T h i s  m i c r o - a s s a y  i s  s e n s i t i v e  t o  30 pg o f  lAA.

2 .  The e n d o g e n o u s  i n h i b i t o r s  i n  r o o t s  h a v e  b e e n  s t u d i e d  

u s i n g  p a p e r  c h r o m a t o g r a p h i c  m e th o d s  and  u s i n g  t h r e e  d i f f e r e n t  

s o l v e n t  s y s t e m s .

3 .  The c h ro m a to g ra m  o f  t h e  a c i d  e t h e r  f r a c t i o n  o f  t h e  r o o t  

t i p  e x t r a c t  r e v e a l s  t h e  p r e s e n c e  o f  two m a j o r  g ro w th  i n h i b i t i n g  

s u b s t a n c e s .  One o f  them i s  p r i n c i p a l l y  l o c a t e d  i n  t h e  c ap  and  

t h e  o t h e r  i s  p r e s e n t  i n  t h e  m e r i s t e m  and  a b s e n t  i n  t h e  c a p .

4 .  The c ap  i n h i b i t o r  a p p e a r s  i n  t h e  r e l e v a n t  p o s i t i o n  o f  

a b s c i s i c  a c i d  on t h e  c h ro m a to g ram  and  p o s s e s s e s  t h e  s t o m a t a -  

c l o s u r e  p r o p e r t y  e v i d e n c e d  f rom  t h e  a n t i t r a n s p i r a n t  a s s a y .  T h i s  

o b s e r v a t i o n  s u g g e s t s  t h a t  t h e  ' c a p  i n h i b i t o r '  c o n t a i n s  p r e d o m i n a n t l y  

t h i s  s u b s t a n c e .

3 .  A n a l y s e s  o f  t h e  e x t r a c t s  o f  s u c c e s s i v e  2 mm s e g m e n t s  

s t r e t c h i n g  back  p r o x i m a l l y  f rom  t h e  c a p / m e r i s t e r a  j u n c t i o n  a s  w e l l  

a s  t h e  d i f f u s i o n  s t u d i e s  i n d i c a t e  t h a t  t h e  ' c a p  i n h i b i t o r '  c a n n o t  

move f a r  beyond  t h e  m e r i s t e m .

6 .  The ' m e r i s t e m  i n h i b i t o r '  on t h e  o t h e r  h a n d ,  i s  p r e s e n t  a l l  

a l o n g  t h e  m e r i s t e m .  The n a t u r e  o f  t h i s  s u b s t a n c e  i s  n o t  known.

T h i s  s u b s t a n c e  may be  a  com plex  o f  i n h i b i t o r s  i n  t h e  same Rf and  

p o s s i b l y  c o n t a i n s  two p h e n o l i c  s u b s t a n c e s .
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7 .  T h e r e  i s  no i n d i c a t i o n  o f  t h e  p r e s e n c e  o f  lAA i n  t h e  

r o o t  c a p .  However i t s  p r e s e n c e  i n  t h e  m e r i s t e m  i s  s o m e t im e s  

i n d i c a t e d  by s m a l l  i n h i b i t i o n s  ( o r  s t i m u l a t i o n s )  a t  t h e  

c h a r a c t e r i s t i c  Hf o f  lAA. J u d g i n g  f rom i t s  a c t i v i t y  t h e  amount  

o f  lAA p r e s e n t  i n  t h e  r o o t  t i p s  seems t o  be o f  t h e  o r d e r  o f  3*0 

n g / k g  f r e s h  w e i g h t .

8.  A n o t h e r  i n h i b i t o r ,  a p a r t  f rom  t h e  m a j o r  i n h i b i t o r s  i s  

a l s o  p r e s e n t  c o n s i s t e n t l y  i n  t h e  m e r i s t e m  b u t  i s  n o t  d e t e c t e d  

i n  t h e  c a p .  From i t s  p o s i t i o n  on t h e  c h ro m a to g ram  i t  r e s e m b l e s  

x a n t h o x i n .  ' f l i is  s u b s t a n c e  a l s o  p o s s e s s e s  t h e  a n t i  t r a n s p i r a n t  

p r o p e r t y  l i k e  t h e  ' c a p  i n h i b i t o r ' .

9 .  When t h e  r o o t s  a r e  grown i n  s t r i c t l y  v e r t i c a l  p o s i t i o n  

i n  t h e  d a r k ,  t h e  cap  i n h i b i t o r  i s  f o u n d  t o  be  a b s e n t ;  b u t  i t  i s  

p r e s e n t  i n  t h e  r o o t s  grown v e r t i c a l l y  i n  t h e  p r e s e n c e  o f  l i g h t .

T h e re  i s  n o t  much v a r i a t i o n  i n  t h e  c o n t e n t  o f  t h e  ' m e r i s t e m  

i n h i b i t o r ' u n d e r  e i t h e r  o f  t h e s e  c o n d i t i o n s .

10 .  Then t h e  r o o t s  a r e  s t i m u l a t e d  i n  t h e  p r e s e n c e  o f  l i g h t  

a  maximum p r o d u c t i o n  o f  t h e  ' cap  i n h i b i t o r ' i s  f o u n d ,  w h ich  i s  

c o n t r a r y  t o  t h e  low c a p  i n h i b i t o r  c o n t e n t  o f  s i m i l a r  t i p s  s t i m u l a t e d  

i n  t h e  d a r k .

11 .  I n  t h e  d a r k ,  a  g r e a t e r  c o n c e n t r a t i o n  o f  b o t h  t h e  

i n h i b i t o r s  a r e  f o u n d  t o  be  i n  t h e  l o w e r  h a l v e s  o f  t h e  s t i m u l a t e d  

t i p s .  I n  t h e  p r e s e n c e  o f  l i g h t ,  on t h e  o t h e r  h a n d  t h e  ' cap  

i n h i b i t o r '  moves t o  t h e  u p p e r  h a l f  o f  t h e  s t i m u l a t e d  t i p  w h e r e a s  

t h e  c o n c e n t r a t i o n  o f  t h e  m e r i s t e m  i n h i b i t o r  i s  f o u n d  t o  be  g r e a t e r  

i n  t h e  l o w e r  h a l f .
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T a b l e  1

A, P e r c e n t  i n c r e a s e  i n  l e n g t h  o f  t h e  r o o t  s e g m e n t s  a f t e r

24 h o u r s  o f  i n c u b a t i o n  i n  d i f f e r e n t  v o lu m es  o f  s u c r o s e .

Each f i g u r e  r e p r e s e n t s  t h e  mean s e g m e n t  g ro w th  f rom f i v e

r e p l i c a t i o n s  on each o c c a s i o n .

Volume o f  s u c r o s e  _ __ 
i n  ml . 0 .0 5 0 .0 7  0 .1 0 0 .1 5

O c c a s i o n  1 1 3 6 .0 0 1 8 5 .5 0 1 7 8 .0 0  1 6 9 .5 0 1 4 5 . 0 0

O c c a s i o n  2 1 3 1 .0 0 1 7 6 .0 0 1 5 9 .0 0  1 8 8 .5 0 1 4 0 . 0 0

O c c a s i o n  3 1 3 1 .3 0 1 7 1 . 0 0 1 6 8 .0 0  1 4 0 . 5 0 1 2 4 . 0 0

O c c a s i o n  4 1 4 6 . 5 0 1 5 7 .0 0 1 5 8 .0 0  1 4 7 . 0 0 1 4 0 . 5 0

Mean 1 4 1 . 2 5 1 7 2 .3 7 1 6 5 .7 5  1 6 1 .3 7 1 3 7 .3 7

B. T a b l e o f  t h e  a n a l y s i s o f  v a r i a n c e  o f  t h e  g ro w th d a t a

p r e s e n t e d  i n  *A ' ,  The s i g n i f i c a n t  v a l u e s  a t  5/^

p r o b a b i l i t y  l e v e l  a r e m arked  w i t h  *♦*.

S o u r c e  o f  
v a r i a n c e

D e g r e e s  o f  
f r e e d o m

T o t a l  sum 
o f  s q u a r e s

Mean s q u a r e  
v a r i a n c e

V a r i a n c e  
r a t i o  (F

O c c a s i o n 3 6 .3 6 6 6 2 . 1 2 2 2 2 . 1 813 *

Volume 4 2 2 .9 0 8 9 5 .7 2 7 2 5 . 887 2 *

O c c a s i o n  X 
vo lum e 12 9 .1 7 4 5 0 . 7 6 4 5 0 .7 6 5 7

Sample
v a r i a n c e 80 1 5 .9 6 3 7 0 .1 9 9 5 0 .2 0 5 0

R e s i d u a l 200 1 9 4 .5 9 0 1 0 .9 7 2 9

T o t a l 299 2 4 9 .0 0 3 8
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A.

T a b l e  2

P e r c e n t  i n c r e a s e  i n  l e n g t h  o f  t h e  r o o t  s e g m e n t s  i n  o p t i m a l

volume o f s u c r o s e  a t d i f f e r e n t  t i m e  i n t e r v a l s .  Each f i g u r e

r e p r e s e n t s t h e  mean s e g m e n t g ro w th  f rom f i v e  r e p l i c a t i o n s

on eac h  o c c a s i o n .

Time i n  h o u r s 3 6 12 24 48

O c c a s i o n  1 4 9 .5 0 8 4 . 0 0 1 0 8 .0 0 1 6 6 .5 0 1 5 8 .5 0

O c c a s i o n  2 3 3 . 0 0 1 0 0 .5 0 1 2 7 . 0 0 1 7 7 .3 0 1 7 8 .5 0

O c c a s i o n  3 3 8 .5 0 7 5 . 5 0 1 1 7 .0 0 1 5 1 .0 0 1 5 5 .0 0

O c c a s i o n  4 4 4 .5 0 8 8 . 0 0 1 2 4 . 5 0 1 6 1 .5 0 1 6 3 .0 0

Mean 4 6 . 3 7 8 7 .0 0 1 1 9 .1 2 1 6 4 . 1 2 1 6 3 .7 5

B, T a b l e  o f  t h e  a n a l y s i s  o f  v a r i a n c e  o f  t h e  g ro w th  d a t a  

p r e s e n t e d  i n  *A*. The s i g n i f i c a n t  v a l u e s  a t  5/^ 

p r o b a b i l i t y  l e v e l  a r e  m arked  w i t h  ' ♦ » ,

S o u r c e  o f  
v a r i a n c e

O c c a s i o n

Hour

O c c a s i o n  X 
Hour

Sample
v a r i a n c e

R e s i d u a l

D e g re e  o f  T o t a l  sum Kean s q u a r e  V a r i a n c e  
f r e e d o m  o f  s q u a r e s  v a r i a n c e  r a t i o  (F )

3

4

12

80

200

3 .8 3 8 6

2 45 .0 5 8 1

1 .7 3 3 8

2 5 .3 2 1 3

5 8 .2 9 7 6

1 .9 5 2 8

6 1 .2 6 4 5

0 . 0 0 1 4

0 .3 1 6 5

0 .2 9 1 4

6 . 7 0 1 4 *

2 1 0 .2 4 1 9 *

0 . 0 0 4 8

1 .0 8 6 1

T o t a l 299 3 3 6 .2 7 1 4
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T a b l e  3

A, Growth  o f  t h e  r o o t  s e g m e n t s  i n  d i f f e r e n t  c o n c e n t r a t i o n s  o f  

lAA ( g r o w t h  e x p r e s s e d  a s  % o f  c o n t r o l ) .  Each f i g u r e  

re%Dresent6 t h e  mean s e g m e n t  g ro w th  f rom f i v e  r e p l i c a t i o n s  

on ea c h  o c c a s i o n ,

SET I

Log c o n c e n t r a -  4 5 6  
t i o n s  i n  m o l a r -7

SET I I  

“ 9 —10 -1 1

O c c a s i o n 1 4 2 . 2 6 5 4 .2 9 7 4 .5 7 8 1 .0 9 8 9 .1 2 8 5 .2 6

O c c a s i o n 2 3 9 . 2 0 4 7 . 8 4 7 0 . 1 4 7 9 .1 3 9 6 .0 8 1 0 2 .4 9

O c c a s i o n 3 4 1 .5 7 5 2 . 0 5 7 1 . 1 6 8 0 .1 4 8 8 .9 7 1 0 6 .0 4

O c c a s i o n 4 44 . 8 3 6 1 .2 0 7 5 . 8 0 8 6 . 1 2 9 4 .1 8 1 0 7 .8 2

Mean 4 1 . 9 6 5 3 . 8 4 7 2 . 9 1 8 1 .6 2 9 2 .0 8 9 3 .3 8

B, T a b l e  o f  t h e  a n a l y s i s  o f  v a r i a n c e  o f  t h e  g ro w th  d a t a

p r e s e n t e d  i n  *A*, The s i g n i f i c a n t  v a l u e s  a t  p r o b a b i l i t y  

l e v e l  a r e  m arked  w i t h  ***.

S o u r c e  o f  
v a r i a n c e

D e g re e  o f  
f r e e d o m

T o t a l  sum 
o f  s q u a r e s

Mean s q u a r e  
v a r i a n c e

V a r i a n c e  
r a t i o  (F )

O c c a s i o n 3
I
I I

3 .0 3 4 9
2 ,9 0 1 6

1 ,0 1 8 3
0 ,9 6 7 2

4 , 4 5 2 5 *
3 . 5 6 2 4 *

C o n c e n t r a ­
t i o n 4 I

I I
9 7 .3 3 8 8

5 . 6 5 4 1
2 4 , 3 8 4 7  

1 , 4 1 3 5
1 0 6 , 6 2 3 0 *

5 , 2 0 6 2 *

O c c a s i o n  X 
c o n c e n t r a ­
t i o n

12 I
I I

0 .6 1 8 3
2 .3 4 5 7

0 ,0 5 1 5
0 ,1 9 5 4

0 ,2 2 5 2
0 ,7 1 9 7

Sample
v a r i a n c e 80 I

I I
1 6 . 0 2 4 1
2 1 .5 5 3 2

0 .2 0 0 3
0 , 2 6 9 4

0 .8 7 8 5  
0 .9 9 2 2

R e s i d u a l 200 I
I I

4 5 . 7 5 4 2
5 4 .3 1 7 0

0 ,2 2 8 7
0 ,2 7 1 5

T o t a l 299
I
I I

1 6 2 .9 8 8 5
8 6 .7 7 1 6
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T^ihle 4

A. Growth  o f  r o o t  s e g m e n t s  i n  d i f f e r e n t  c o n c e n t r a t i o n s  o f  

-  ABA ( g r o w t h  e x p r e s s e d  a s  % o f  c o n t r o l ) .  Each f i g u r e  

r e p r e s e n t s  t h e  mean s e g m e n t  g row th  f ro m  f i v e  r e p l i c a t i o n s  

on each  o c c a s i o n .

Log c o n c e n t r a ­
t i o n s  i n  m o l a r - 3  - 4 - 5 - 6 -7 - 8

O c c a s i o n  1 4 3 , 1 0  3 0 , 3 4 8 5 .1 7 1 0 0 .3 4 1 1 4 , 1 3 1 0 3 ,1 7

O c c a s i o n  2 5 0 , 9 2  6 3 ,5 6 9 2 ,1 9 1 0 7 .8 0 1 2 4 , 9 0 1 1 3 ,6 0

O c c a s i o n  3 4 7 .3 8  3 8 .1 2 8 7 ,3 2 9 0 .0 8 1 2 1 ,7 6 9 5 . 5 9

Mean 4 7 .1 3  5 7 . 3 4 8 8 .2 7 9 9 . 4 0 1 2 0 .2 6 1 0 3 .4 3

3,  T a b l e  o f t h e  a n a l y s i s  o f  v a r i a n c e o f  t h e g ro w th  d a t a

p r e s e n t e d i n  t a b l e  'A*, Tlie s i g n i f i c a n t v a l u e s  a t 5/^

p r o b a b i l i t y  l e v e l  a r e  m arked  w i t h I * . ,

S o u r c e  o f  D e g r e e s  o f  T o t a l  sum Mean s q u a r e V a r i a n c e
v a r i a n c e f r e e d o m  o f  s q u a r e s v a r i a n c e r a t i o  (F )

O c c a s i o n 2 2 6 , 6 l 4 6 1 3 . 3073 28 , 2 1 7 3 *

C o n c e n t r a ­
t i o n 6 1 7 7 ,1 6 9 4 2 9 .5 2 8 2 62 , 6128*

O c c a s i o n  X
c o n c e n t r a ­ 12 5 .2 2 8 5 0 , 4357 0 .9 2 3 8
t i o n

Sample
v a r i a n c e 84 2 3 . 1 4 1 5 0 , 2754 0 .5 8 3 9

R e s i d u a l 210 9 9 .0 3 9 8 0 . 4716

T o t a l  314  3 3 1 .1 9 3 8
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