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i.

Sm iA B Y .

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

o n  th e  l e v e l  o f  / ^ - i n d o l y l a c e t i c  a c id  i n  p l a n t s  h a v e  n o t  

b e e n  f u l l y  s t u d i e d  i n  t h e  p a s t .  T h is  h a s  b e e n  m a in ly  d u e  

t o  th e  l a c k  o f  s e n s i t i v e  m e th o d s  f o r  th e  s e p a r a t i o n  and 

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

F o r  t h i s  r e a s o n , s e e d l i n g s  o f  p e a s ,b e a n s  a n d . s u n f lo w e r s  h a v e  

b e e n  t r e a t e d  w i th  2 ,4 - O ic h lo r o p h e n o x y a c e t ie  a c i d  ( 2 , 4 - D . ) ; 

w i th  th e  su p p o se d  a n t i - a u x i n  2 , 3 - $ - t r i - i o d o b e n z o i c  a c id  

(T IB A ); and  w i th  m a le ic  h y d r a z id e  ( i f i l ) , a  'g ro w th  r e g u l a t i n g  

s u b s t a n c e * . T h e se  s u b s ta n c e s  h a v e  b e e n  a p p l i e d  a t  n o n ­

t o x i c  l e v e l s , b u t  i n  s u f f i c i e n t  q u a n t i t i e s  t o  c a u s e  w e l l  

m ark ed  g ro w th  resj[x> nses. A lc o h o l ic  e x t r a c t s  o f  b o th  

t r e a t e d  and n o im a l p l a n t s  h a v e  b e e n  a n a ly s e d  b y  a  m e th o d  o f  

p a p e r  p a r t i t i o n  c h i o m a to g ra p h y , and  e s t i m a t i o n s  o f  th e  

q u a n t i t i e s  o f  a c t i v e  g ro w th  s u b s ta n c e s  d e te rm in e d  b y  a  

d i r e c t , s e n s i t i v e  b io a s s a y  o f  t h e  d e v e lo p e d  c h ro m a to g ra m .

i n d o l y l a c e t i o  a c id ,a n d  a  s e c o n d  i n h i b i t o r y  a c i d i c  

com pound h av e  b e e n  r e c o r d e d  i n  a l l  t i s s u e  e x t r a c t s .  A t 

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

d e t e c t e d  i n  c e r t a i n  t i s s u e s .  O nly  t h e  e f f e c t s  o f  

t r e a tm e n t s  o n  th e .IA A  l e v e l s  h a v e  b e e n  fo l lo w e d  i n  d e t a i l .

2 , 4 - 0 .  t r e a t m e n t  o f  p l a n t s  h a s  no d e t e c t a b l e  e f f e c t



11.

on  th e  l e v e l  o f  lAA i n  t h e  e x t r a c t s  o f  e i t i i e r  r o o t s  o r  

s h o o t s .  I t  i s  c o n c lu d e d  t h e r e f o r e  t h a t  2 ,4 -D . e x e r t s  i t s  

e f f e c t s  on  g ro w th  d i r e c t l y  and n o t  v i a  a  d i s t u r b a n c e  o f  

lAA m e ta b o l is m .

T h e re  a r e  i n d i c a t i o n s  t h a t  g ro v rth  o f  p e a  s e e d l in g s  

i n  m a le ic  h y d r a z id e  may s l i g h t l y  i n c r e a s e  th e  l e v e l  o f  lAA 

i n  t h e i i '  r o o t s , b u t  f u i  t h e r  w ork  i s  n e c e s s a r y .

G row th o f  p e a  s e e d l i n g s  i n  TIBA s o lu t io n s ,h o w e v e r ,  

c a u s e s  a  m ark ed  r e d u c t i o n  i n  th e  lAA c o n t e n t  o f  t h e  r o o t s .  

T he i m p l i c a t i o n s  o f  t l i i s  r e s u l t  i s  d i s c u s s e d  i n  r e l a t i o n  

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

t o  T IB A tre a tm e n t.
- i  -
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A cknow ledxem enta

I  am In d e b te d  to  P r o f e s s o r  L .J .A u d u s  f o r  

s u g g e s t in g  th e  p ro b le m ,a n d  f o r  h i s  a d v ic e  and 

c r i t i c i s m s  th r o u g h o u t  th e  i n v e s t i g a t i o n s .  I

a l s o  w ish  to  th a n k  D r .K .f .K e f f o r d  f o r  s u p p ly in g
«■

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

T he w ork was c a r r i e d  o u t  w i th  th e  a s s i s t a n c e  

o f  a  g r a n t  fro m  t h e  D ep a rtm en t o f  S c i e n t i f i c  and  

I n d u s t r i a l  R e s e a rc h .  (1 )$ 1  t o  1 9 5 4 ) .  . as
%
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IHTRODUCTION.

C h a r le s  D a rw in 's  c l a s s i c a l  i n v e s t i g a t i o n s  i n t o  th e  

t r o p i c  m ovem ents o f  p l a n t s , f o r m e d  th e  s t a r t i n g  p o i n t  o f  

e x t e n s iv e  r e s e a r c h  i n t o  th e  p h y s io lo g y  o f  t h e  horm one 

c o n t r o l  o f  p l a n t  g ro w th . He show ed t h a t  t h e  b e n d in g  o f  

a  C O le o p t i l e ,b r o u g h t  a b o u t  b y  u n i l a t e r a l  l i g h t ,w a s  due  to  

t h e  p e r c e p t i o n  o f  t h e  l i g h t  s t im u lu s  b y  t h e  t i p  and th e  

t r a n s m is s io n  fro m  t h i s  t i p  o f  a n  ' i n f l u e n c e '  w h ich  

s t i m u l a t e d  th e  g ro w in g  r e g io n  b e lo w . F o llo w in g  o n  fro m  

t h i s  w o iic ,P a a l and  B oding  d e m o n s tr a te d  t h a t  t h e  ' i n f l u e n c e '  

was a  c h e m ic a l  s u b s ta n c e ;  and i n  I 926  P .W .W ent i s o l a t e d  

t h i s  s u b s ta n c e  b y  a l lo w in g  i t  t o  d i f f u s e  i n t o  an  a g a r  

b lo c k ,w h ic h  c o u ld  t h e n  f u n c t i o n  a s  t h e  c o l e o p t i l e  t i p .

T h is  was th e  f i r s t  s e p a r a t i o n  o f  a  g ro w th  horm one fro m  a  

p l a n t , a n d  u t i l i z i n g  t h i s  te c h n iq u e ,W e n t w orked  o u t  a  

q u a n t i t a t i v e  t e s t  f o r  g ro w th  a c t i v e  s u b s ta n c e s  -  t h e  

A vena t e s t .  *

A f t e r  t h e s e  i n i t i a l  d i s c o v e r i e s , a t te m p ts  w ere  made 

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

s t i m u l a n t  p r e s e n t  i n  p l a i t  t i s s u e s .  D i r e c t  end i n d i r e c t  

e v id e n c e  e v e n tu a l ly  l e d  t o  th e  c o n c e p t  t h a t  P>- i n d o l y l a c e t i c  

a c id  (lAA) was th e  c h i e f  horm one p r e s e n t  i n  p l a n t s , a n d  t h a t



i t  p ro v id e d  th e  k ey  t o  th e  m echanism  o f  p l a n t  g ro w th .

T h is  o u t lo o k  is ,h o w e v e r ,w id e n in g  a s  o t h e r  n a t u r a l l y  

o c c u r r in g  a c t i v e  s u b s ta n c e s  a r e  d is c o v e r e d  and c h e m ic a l ly  

i d e n t i f i e d .

D e m o n s tra tio n  o f  t h e  p h y s i o l o g i c a l  p r o p e r t i e s  o f  

a u x in  (lAA) fo l lo w e d  r a p i d l y ;  i t  was fo u n d  to  b e  e s s e n t i a l  

f o r  g ro w th ,a n d  t o  b e  a b le  t o  i n h i b i t  o r  s t i m u l a t e  g ro w th  

d e p e n d in g  on  i t s  c o n c e n t r a t i o n .  I t  was shown t o  c o n t r o l  

a p i c a l  d o m in a n c e ,s t im u la te  th e  p r o d u c t io n  o f  a d v e n t i t i o u s  

r o o t s  and  to  be  th e  p r im a ry  f a c t o r  c o n t r o l l i n g  f r u i t  s e t  

and  th e  d ev e lo p m e n t o f  a b s c i s s i o n  l a y e r s  i n  p l a n t s .  The 

l e v e l  o f  a u x in  i n  p l a n t s  a l s o  seem ed t o  b e  a n  im p o r ta n t  

f a c t o r  i n  c o n t r o l l i n g  o rg a n  d i f f e r e n t i a t i o n .  (Skoog  & 

T s u i  1 9 4 8 . ) .

C h e m is ts  u se d  ^  - i n d o l y l a c e t i c  a c id -  a s  a  m o le c u la r  

m odel and s y n th e s i s e d  a  num ber o f  hom ologues w h ich  h ad  

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

a u x in . Compounds s u c h  a s  n a p h t h a le n e a c e t i c  a c id  (HAA) 

and 2 ,4 -D ic h lo ro p h e n o x y  a c e t i c  a c id  ( 2 ,4 - D . ) w ere shown t o  

s t i m u l a t e  and i n h i b i t  g r o w t h , s t im u l a t e  r o o t  p r o d u c t io n  and 

p r e v e n t  f r u i t  a b s c i s s i o n , a s  d id  I a a .  A l a r g e  num ber o f  

su c h  s u b s ta n c e s  w ere  d i s c o v e r e d , and  a l th o u g h  th e y  d i f f e r e d  

i n  c e r t a i n  o f  t h e i r  s p e c i f i c  p r o p e r t i e s , a l l  w ere  . 

c h a r a c t e r i s e d  b y  t h e i r  a b i l i t y , i n  low  c o n c e n t r a t i o n , t o  

's t i m u l a t e  th e  g ro w th  o f  s h o o t s , f r e e d  a s  f a r  a s  p o s s i b l e



from  t h e i r  n a t u r a l  a u x in  c o n t e n t ' i -  t h e  c r i t i c a l  p r o p e r ty  

o f  a  p l a n t  " a u x in " .  A uxins show a  d u a l  c o n t r o l  o v e r  a l l  

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

o r  i n h i b i t  a  p a r t i c u l a r  g ro w th  phenom enon, d e p e n d in g  on 

t h e i r  c o n c e n t r a t io n  i n  t l \e  t i s s u e s .  N o n - p h y s io lo g ic a l

c o n c e n t r a t io n s  o f  t h e s e  s y n t h e t i c  a u x in s  w ere fo u n d  to  be 

t o x i c  t o  p l a n t s , a n d  i t  becam e a p p a re n t  t h a t  t h i s  t o x i c i t y  

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

T h is  d i f f e r e n t i a l  s e n s i t i v i t y  t o  h ig h  c o n c e n t r a t i o n s  o f  

a u x in s  h a s  b e e n  e x p l o i t e d  i n  th e  c o n t r o l  o f  w eeds i n  

a g r i c u l t u i a l  c r o p s .

A num ber o f  th e  hom ologues vd iich  w ere  t e s t e d  a p p e a re d  

t o  a n ta g o n is e  t h e  e f f e c t  o f  a u x i n s , f o r  e x a m p le , in d o le  

i s o - b u t y r i c  a c id  (B u rs tro m  I 95 I ) , 1  n a p h th y lm e th y l  s u lp h id e  

a c e t i c  a c id  (A b e rg .1 9 5 1 ) and  2 , 3 , 5 - t r i - i o d o b e n z o i c  a c i d  

(TIB A ). T h ese  s u b s t a n c e s , known a s  a n t i  a u x in s  w ere shown 

t o  I n t i i b i t  a u x in  in d u c e d  g ro w th  and a l l e v i a t e  a u x in  

i n h i b i t i o n  (A b e rg .1 9 5 0 ) .  As th e  i n v e s t i g a t i o n  o f  th e  

a c t i v i t y  o f  c h e m ic a l com pounds w id e n e d ,a  num ber o f  

non -hom ologous s u b s ta n c e s  w ere t e s t e d .  s^^^e o f  t h e s e ,  

a l t h o u ^  n o t  h a v in g  th e  c r i t i c a l  s t i m u l a t o r y  p r o p e r ty  o f  

an  a u x in ,d id  h av e  e f f e c t s  on  o t h e r  p l a n t  g ro w th  phenom ena,
t

e . g .  M a le ic  h y d r a z id e  - (MH) «d iich  was fo u n d  t o  b r e a k  th e  ' 

a p i c a l  dom inance  o f  s h o o t s .  (B ehoene A H offm an I 9 4 9 ) .

" - As a  r e s u l t  o f  t h e s e  i n v e s t i g a t i o n s , a  v e r y  l a r g e



'A,

num ber o f  'p l a n t  g ro w th  r e g u l a t i n g  s u b a ta n o e s ' a r e  now 

know n. T h ese  h av e  v a r y in g  p h y s i o l o g i c a l  p r o p e r t i e s  and  a r e  

o f  v a r y in g  m o le c u la r  p a t t e r n s .  I t  i s  n o t  s u r p r i s i n g ,  

t h e r e f o r e , t h a t  i t  h a s  p ro v e d  im p o s s ib le  t o  c o n s t r u c t  a  

s im p le  th e o r y  t o  e x p l a in  th e  a c t i o n s  o f  a l l  t h e s e  s u b s t a n c e s .

I n  r e c e n t  y e a r s ,m o s t  o f  th e  s u g g e s t i o n s , f o r  t h e  mode o f  

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

a c t i v i t y  t o  m o le c u la r  s t r u c t u r e .  (Thim ann 1 )5 1 ;  V e ld s t r a  

1 9 5 3 ) . I t  i s  g e n e r a l l y  c o n s id e r e d  t h a t  t h e  p r im a ry  s t e p  

i n  th e  r e g u l a t i o n  o f  p l a n t  g i‘o w th ,b y  IA A ,in v o lv e s  i t s  

c o m b in a tio n  w ith  a  ' r e c e p t o r '  t o  fo rm  a n  a c t i v e  co m p lex .

The n a t u r e  o f  t h i s  ' r e c e p t o r '  i s  unknown -  t h e r e  i s  some 

e v id e n c e  f o r  t h e  f o rm a t io n  o f  a n  a u x i n / p r o t e i n  com plex  i n  

p l a n t s  ( B ie g e l  & G a ls to n  1953) and  some f o r  a  coenzym e 

A /a u x in  l i n k  u p . (L e o p o ld  1 9 5 4 ) . A l l  s y n t h e t i c  a u x in s
■

h av e  b a s i c  m o le c u la r  s i m i l a r i t i e s  t o  IAA and  th e y  a r e  

t h e r e f o r e , c o n s i d e r e d  t o  e x e r t  t h e i r  e f f e c t s  b y  ' f i t t i n g  I n '  

t o  t h e  sam e r e c e p t o r , a n d  h e n c e , i n  a  s e n s e ,s u p p le m e n t in g  

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

t h e  e f f e c t s  o f  th e s e  s y n t h e t i c  a u x in s  a r e  a t t r i b u t e d  t o  th e  

s e c o n d a ry  s t r u c t u r a l  p r o p e r t i e s  o f  t h e i r  n ib le c u le s .

-vSfe I n  t h e  same w e y ,th e  a n t a g o n i s t i c  a c t i o n  o f  some : f t

'a n t i - a u x i n s '  c a n  b e  e x p la in e d  b y  c o m p e t i t io n  w i th  IAA f o r  - ,  

t h i s  r e c e p t o r  s u i f a e e .  The m echanism  o f  a c t i o n  o f  th e  

non-homolQgouB g ro w th  s u b s ta h o e s  i s  m ore o b s c u re  and i s



p ro b a b ly  s p e c i f i c  to  ea ch  s u b s ta n c e .  Some a u x in  

a n t a g o n i s t i c  e f f e c t s , h e v e  h o w e v e r ,b e e n  c la im e d  f o r  m a le ic  

h y d ra z id e  (L eo p o ld  & K le in  1 $ 5 2 ) ,b u t  t h e s e  c a n n o t be 

e x p la in e d  by a  m u tu a l  c o m p e t i t io n  w i th  IAA f o r  a  r e c e p t o r  

s u r f a c e .

F o r many y e a r s  h o w e v e r ,a rg u m e n ts  h a v e  b een  p u t  

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

by a l t e r i n g  th e  l e v e l  o f  th e  n a t u r a l  a u x in  i n  p l a n t s ,  

ukoog ( 1 9 4 7 ) s u g g e s te d  t t i a t  t h e  a c t i o n  o f  2 ,4 -D . c o u ld  b e  

e x p la in e d  b y  th e  br in g in g  a b o u t  o f  a  r e l e a s e  o f  IAA from  

an  i n a c t i v e  p r o t e i n  co m p lex ,w h ic h  th e n  b e c a m e .a v a i la b le  t o  

p ro m o te  g ro w th . The s y n e r g i s t i c  e f f e c t  o f  c e r t a i n  IAA 

hom ologues h a s  a l s o  b ea n  g iv e n  a  s i m i l a r  e a q » la n a tio n . 

(Thim ann & B o n n e r, 19 4 8 ) .  D is tu rb a n c e s  o f  th e  n a t u r a l  

a u x in  m e ta b o lism  i n  p l a n t s  h a s  b een  s u g g e s te d  a s  th e  b a s e s  

f o r  th e  e f f e c t s  o f  a u x in  a n t a g o n i s t s , o f  b o th  th e  hom ologous 

(TIBA. A b e rg .1 9 5 3 ) and non-hom ologous (MB. A ndreae  1954 

and A beig  1953) t y p e s .

M ost o f  th e  s u p p o r t  f o r  th e s e  s u g g e s t io n s  h a s  b e e n

o f  an i n d i r e c t  n a t u r e , i n  t h a t  i t  h a s  b e e n  ju d g e d  on

e x t e r n a l  r e s p o n s e s  o f  p l a n t s , w i t h  no d i r e c t  a t te m p ts  to
*

m easu re  t h e i r  a u x in  c o n t e n t .  F o r  t h i s  r e a s o n  th e  p r e s e n t

Z'küi:-' -■ jss’i-: «

^   - - -
B inoe th e  commencement o f  th e  w o rk ,th e  r e s u l t s  o f
i n v e s t i g a t i o n s  o f  t h i s  k in d  h a v e  b e e n  p u b l i s h e d .
(H en d erso n  & D ee o e ,1 9 5 4 ; 6 e i n t r a u b , I 953 )  P l l e t , l 9 5 3 ;
F ra n s s o n  & ] p e 8 t a d , l 9 5 5 . ) .



vjorJc was s t a r t e d , f o u r  y e a r s  a g o .

The p ro b lem  was two f o l d , I n  t h a t  ( a )  a  m ethod  o f  

e x t r a c t i o n  o f  th e  a u x in  h a d  to  b e  e s t a b l i s h e d ;  and (b )  a  

m ethod  o f  q u a n t i t a t i v e  e s t i m a t i o n  o f  t h i s  a u x in ,d e v e lo p e d .

%  to  19 5 1 , t h e  s tu d y  o f  n a t u r a l l y  o c c u r r in g  a u x in s  

was l im i t e d  b y  th e  la c k  o f  s e n s i t i v e  m ethods f o r  th e  

s e p a r a t i o n  and c h e m ic a l I d e n t i f i c a t i o n  o f  t h e  v a r io u s  

f r a c t i o n s  o f  p l a n t  e x t i 'a c t s .  The a c t u a l  e x t r a c t i o n s  w ere  

c a r r i e d  o u t  w i th  a  w ide v a r i e t y  o f  s o lv e n t s  and t h e  f i n a l  

c o n c e n t r a t e d  e x t r a c t s  t e s t e d  a s  a  w h o le ,f o r  g ro w th  

a c t i v i t y , u s i n g  o n e  o f  a  num ber o f  b io a s s a y  t e c h n iq u e s  -  

m a in ly  th e  Avena c u r v a tu r e  t e s t .  (Thim ann A S k o o g ,1 9 4 0 ,1 9 4 2 ; 

A very  e t  a l , 1 9 4 0 ,1 9 4 1 ,1 9 4 2 ) . T he a c t i v i t y  o f  t h e s e  

e x t r a c ts ,s h o w n  by  th e  t e s t s , w a s  a t t r i b u t e d  to  IA A ,fo r  

v a r io u s  r e a s o n s  1 ( 1 )  M o le c u la r  w e ig h t e s t i m a t i o n  -  

d e te rm in e d  b y  d i f f u s i o n  r a t e s .  (K ram er .& W e n t,1 9 4 9 .) ;

(2 )  A cid  l a b i l e , a l k a l i  s t a b l e  c h a r a c t e r .  (B e rg e r  A A v e ry , 

1 9 4 4 . ) ;  (3 )  D isa p p e a ra n c e  o f  th e  m a j o r i t y  o f  th e  a c t i v i t y  

b y  t r e a tm e n t  w i th  IAA o x id a s e  ensym e. I t  was how ever 

r e a s o n a b le  t o  e x p e c t  an e x t r a c t  o f  p l a n t  t i s s u e s  t o  c o n t a in  

m ore th a n  one a u x i n ,q u i t e  e p a r t  fro m  th e  p o s s i b i l i t y  o f  

I n h i b i t o r s , w h ich  c o u ld  a f f e c t  t h e  a s s a y .  :  The v a l u e s - f o r  

g ro w th  a c t i v i t y  o b ta in e d  b y  t h e s e  m eth o d s w ere  t h e r e f o r e  

o f  l i t t l e  q u a n t i t a t i v e  u s e .

M ethods w hich  wei e  l a t e r  d e v e lo p e d  p ro v id e d  m eans o f
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s e p a r a t i o n  and s p e c i f i c  e s t im a t io n  o f  th e  v a i 'io u s  a c t i v e  

g ro w th  s u b s ta n c e s  p r e s e n t  i n  a  p l a n t  e x t r a c t .  T h ese  

m eth o d s in c lu d e d  c o u n te r  c u r r e n t  a n a l y s i s  (H o l le y  e t  a l .  

1$$1 ) ; p a p e r  io n o p h o r e s i s  ; colum n ( L i n s e r  1$$1 ) and p a p e r  

c h ro m a to g ra p h y , (B e n n e t-C la rk ,1 9 5 2 }  L ucJcw ill 19$2; 

T e r p s t r a , l 9 $ 3 . ) .

C h ro m a to g ia p h y , f i r s t  d e v e lo p e d  by T s w e tt  i n  1910 , 

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

c o n s t i t u e n t s  ,^ i r e s e n t  i n  v e r y  low  c o n c e n t r a t i o n s , from  

com plex  m ix tu r e s .  Such a  m eth o d  was i d e a l  f o r  th e  

i n v e s t i g a t i o n  o f  th e  com plex  e x t r a c t s  o b ta in e d  from  p l a n t  

t i s s u e s .  The c o lu m n ,o r  p a p e r  ch rom atog ram  c o u ld  be 

d iv id e d  i n t o  s e c t i o n s , t h e  c o n te n t s  e l u t e d  w ith  v a r io u s  

s o l v e n t s ,a n d  a  c o n c e n t r a t i o n  a c t i v i t y  c u rv e  o b ta in e d  w ith  

any  s u i t a b l e  a s ^ a y  t e c h n iq u e .  The Hp p o s i t i o n  o f  any  

a c t i v e  s u b s ta n c e s  c o u ld  th u s  be d e te rm in e d  and  com pared 

w ith  th o s e  o f  p u re  s y n t h e t i c  com pounds,w h ich  w ould  e n a b le  

t h e i r  c h e m ic a l n a t u r e  to  b e  d e te rm in e d  w ith  a  f a i r  d e g re e  

o f  c e r t a i n t y .  I f  th e y  w ere i n  s u f f i c i e n t l y  h ig h  

c o n c e n t r a t i o n s , s u b s t a n c e s ,o n c e  i d e n t i f i e d , c o u l d  b e  d e t e c t e d  

and e s t im a te d  c o l o r o m e t r i c a l l y  w ith  s u i t a b l e  a p r a y s .

P a p e r  p a r t i t i o n  c h ro m a to g ra j ;^ y ,in  p a r t i c u l a r , p r o v i d e d  a  

m ethod i n  vâiich  v e ry  s m a l l  am ounts o f  a c t i v e  s u b s ta n c e s  

c o u ld  be  d e a l t  w i th ,a s  d i r e c t  b io  a s s a y  o f  th e  ch rom atog ram s 

was p o s s i b l e .  B e n n e t-C la rk  e t  a l .  ( 1 9 )2 )  w ere  th e  f i r s t
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t o  d e s c r ib e  au ch  a  m e th o d ,u s in g  th e  Avena c o l e o p t i l e  

s t r a i g h t  g ro w th  t e s t  t o  a s s a y  ch ro iaa to g ram s o f  t h e  e t h e r  

e x t r a c t s  o f  p l a n t  t i s s u e .  The d e v e lo p e d  ch rom atog ram  was 

d r i e d , c u t  I n to  s q u a r e s ,a n d  e a c h  was t r a n s f e r e d  to  a  d i s h  

and m o is te n e d  w ith  s u c r o s e  s o l u t i o n .  S e c t io n s  w ere  grow n 

i n  th e s e  s o l u t i o n s  f o r  24 h o u r s , I n  th e  d a r k ,a n d  a t  21*’c .

The c o l e o p t i l e  s e c t i o n s  w ere  s e n s i t i v e  to  0*01  p a r t s  p e r  

m i l l i o n  (p « p .m .)  o f  ^  - I n d o l y l a c e t i c  a c id ,a n d  th e  

p r e s e n c e  o f  t h i s  and o t h e r  a c t i v e  com pounds on  th e  

c h ro m a to g ra m s ,c o u ld  b e  d e t e c t e d  b y  an  e f f e c t  on  t h e  g ro w th  

r e s p o n s e  o f  th e  s e c t i o n s .  I t  was h o p ed  to  d e v e lo p  a  

m ethod  o f  d i r e c t  b io a s s a y  o f  p a p e r  ch ro m ato g ram s w hich  

w ould  show a  g r e a t e r  s e n s i t i v i t y  t o  IAA and  so  i n c r e a s e  th e  

a c c u ra c y  o f  e s t im a t io n s  o f  t h i s  s u b s ta n c e  i n  p l a n t  e x t r a c t s  

The d ev e lo p m en t o f  c h ro m a to g ra p h ic  m eth o d s t h u s  made 

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

s u b s ta n c e s  p r e s e n t  i n  p l a n t  e x t r a c t s .  The re m a in in g  

p ro b lem  l ^ y  i n  th e  s e l e c t i o n  o f  a  m e th o d  o f  e x t r a c t i o n  o f  

th e s e  s u b s ta n c e s  from  p l a n t s , p a r t i c u l a r l y  IAA. The 

e x t i a c t i o n  o f  th e  l a t t e r  I s  c o m p lic a te d  b y  two f a c t o r s  -

( a )  T he q u e s t io n  o f  th e  'f o r m ' o f  t h e  a u x in  e x t r a c t e d  and 

e s t im a te d ,  and  th e  r e l a t i o n  o f  t h i s  t o  t h e  p h y s i o l o g i c a l l y  

a c t i v e  c o n c e n t r a t i o n  I n  th e  p l a n t ;

(b )  The l a b i l e  n a t u r e  o f  IAA and I t s  p o s s i b l e  l o s s  b y  

en z y m a tic  b reakdow n and p h o to l y s i s  d u r in g  th e  e x t r a c t i o n  

p r o c e s s e s .
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I t  i s  g e n e r a l l y  c o n s id e r e d  t h a t  th e  e x t r a c t a b l e  

a u x in  o f  a  p l a n t  i s  i n  two m a in  fo rm a , -  (1 )  Bound a u x in ,  

i n  w h ich  th e  a u x in  i s  c o m b in e d ,o r  ' f i x e d '  I n  some way t o  

fo rm  an  i n a c t i v e  co m p le x ,a n d  from  w hich  I t  c a n  b e  r e l e a s e d  

b y  v a i 'io u s  p r o c e s s e s ;  and  (2 )  F re e  a u x i n , ^ i c h  i s  th o u g h t  

t o  b e  th e  I A A ,p h y s io lo g ic a l ly  r e a c t i v e  w i th in  th e  p l a n t  a t  

t h e  tim e  o f  e x t r a c t i o n ,  (v an  O v e rb e e k ,1 ) 4 4 ;  and G o rd o n ,

1 9 5 3 ) .

The e x t r a c t i o n  m eth o d s w hich  h a v e  b e e n  d e v e lo p e d ,  

c a n  b e  b r o a d ly  d iv id e d  I n to  tw o g r o u p s , a c c o rd in g  t o  th e  

'f o r m ' o f  a u x in  e x t r a c t e d .  T h e re  a r e  m eth o d s « h ie h  r e l y  bn 

te c h n iq u e s  t o  b r in g  ab o u t t h e  r e l e a s e  o f  IAA fro m  c o iq ile x e s  

w i t h i n  th e  p l a n t .  T h ese  I n c lu d e  lo n g  te rm  e x t r a c t i o n s  o f  

p l a n t  t i s s u e s  w i th  a  v a r i e t y  o f  s o lv e n t s , ( A v e r y  e t  a l . l 9 4 0 ,  

1941  and  19 4 2 ) ;  h y d r o ly s e s  o f  t h e  t i s s u e s  w ith  s t r o n g  

a l k a l i , ( A v e r y , 1945 ) ;  and  en z y m a tic  d i g e s t i o n  t e c h n iq u e s .  

(Thim ann e t  a l ,1 9 4 2 ,  fu d k in B y l T * ) . ) . v^ - B s t lm a t io n s  o f  t h e  

a c t i v i t i e s  o f  s u c h  e x t r a c t s  g iv e  v a lu e s  o f  th e  ' t o t a l '

IA A ,bound * f r e e .  I t  seem s q u i t e  l i k e l y ,h o w e v e r , t h a t  t h e s e  

m e th o d s o f  e x t r a c t io n ,m n y  b r in g  a b o u t t h e  r e l e a s e  o f  IAA 

from  com plex  m o le c u le s  ,« h ic h  a r e  n o t  I n  f a c t  t h e  n a t u r a l  

p r e c u r s o r s  I n  p l a n t  m e ta b o lis m . T he e s t im a te d  y i e l d  o f  

a u x in  w ould  th e n  b e a r  no r e l a t i o n s h i p , e v e n  to  t h a t  

p o t e n t i a l l y  f u n c t i o n a l  I n  th e  p l a n t .  The e x t r a c t i o n s  o f  

' f r e e '  a u x in , I n  c o n t r a s t ,d e p e n d  o n  p r o c e s s e s  w h ich  p r e v e n t
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t h e  breakdow n o f  t h e  p l a n t  co m p lex es s u c h  a s  s h o r t  te rm  

e x t r a c t i o n s  a t  low  t e m p e r a tu r e s , (K ram er & v#ent , 19 4 9 ) ; 

p r e p a r a t o r y  b o i l i n g  o r  f r e e z i n g  ox th e  t i s s u e s , ( G u s t a f s o n ,  

1 9 4 1 , and v a n  O v erb eek , 1944) ; o r  by  th e  a d d i t i o n  o f  c e r t a i n  

enzyme i n h i b i t o r s .  T h ese  m eth o d s c la im  to  e x t r a c t  t h a t  

p o r t i o n  o f  th e  I A a , r e a c t iv e  i n  th e  p l a n t s  a t  t h e  tim e  o f  

e x t r a c t i o n .

The d i s t i n c t i o n  b e tw e en  ‘f r e e *  and ‘bound* IAA c a n  

n o t , h o w ev e r, b e  a  c l e a r - c u t  o n e ,a s  t h e r e  m u s t b e  a  s t a t e  o f  

e q u i l ib r iu m  b e tw e en  th e  n a t u r a l  p r e c u r s o r s  and  ' f r e e  a u x i n ' . 

Bound a u x in  may a l s o  in c lu d e  th e  p o s s i b l e  com plexes a t  t h e  

a c t u a l  g ro w th  c e n t r e .  T h e re  i s  no m ethod  w h ich  c a n  c la im  

t o  e x t r a c t  and e s t im a te  o n ly  t h a t  IAA vdiich  i s  p h y s i o l o g i c a l l y  

r e a c t i v e , a t  any  one t im e .  The o n ly  way t o  t a c k l e  t h i s  

p a r t i c u l a r  p ro b lem  seem ed to  l i e  i n  th e  a d o p t io n  o f  a  b a s i c  

m ethod  o f  e x t r  a c t i o n ,  t o  b e  c a r r i e d  o u t  u n d e r  c a r e f u l l y  

c o n t r o l l e d  c o n d i t i o n s , t o  g iv e  c o m p arab le  r e s u l t s  b e tw e en  

e x p e r im e n ts  ; th e  m ethod  t o  be  one w hich  l i m i t e d  a s  f a r  a s  

p o s s i b l e  th e  b reakdow n o f  com plex  c o m p o u n d s ,d u rin g  th e  

p r o c e s s .

I t  was th o u g h t  t h a t  d ev e lo p m e n t o f  a  c a r e f u l l y  

c o n t r o l l e d  e x t r a c t i o n  te c h n iq u e  o f  t h i s  ty p e ,a n d  

c h ro m a to g ra p h ic  s e p a r a t i o n  o f  th e  e x t r a c t s , f o l l o w e d  by  a  

s e n s i t i v e  b io a s s a y ,w o u ld  show up any  e f f e c t  o f  th e  

a p p l i c a t i o n  o f  g ro w th  s u b s ta n c e s  on  th e  n a t u r a l  a u x in
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c o n te n t  o f  p l a n t s :  t h e  'n a t u r a l  a u x in  c o n t e n t '  t o  be 

ta k e n  a s  t h a t  l e v e l  o b ta in e d  by  th e  p a r t i c u l a r  e x t r a c t i o n  

m ethod  u n d e r  s t a n d a r d i s e d  e x p e r im e n ta l  c o n d i t i o n s .

V i - f t .

...



METHODS.

1 . G row th o f  m a t e r i a l .

2 .  E x t r a c t io n  t e c h n iq u e s .

3 . M ethod o f  c h ro m a to g ra p h y  and p l a n t  
g ro w th  s u b s ta n c e  a s s a y .



Ic3..

1 . G row th o f  M a t e r i a l .

I n  th 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 ,p l a n t s  o f  

V ic ia  f a b a . f h a s e o lu s  v u l g a r i s  and B r a s s i c a  o l e r a c e a  w ere 

grow n f o r  p e r io d s  o f  up to  5 w eeks u n d e r  n o rm a l d a y l i g h t  

c o n d i t io n s  i n  a  g re e n h o u s e .

I n  th e  se co n d  s e r i e s  o f  e x p e r im e n ts  a l l  p l a n t s  w ere 

grow n i n  a  c o n s ta n t  te m p e r a tu r e  room w i th  a r t i f i c i a l  

i l l u m i n a t i o n .  The te m p e r a tu r e  was c o n s t a n t  a t  2$^C . and 

a  14 h o u r  d ay  was s u p p l i e d  b y  a  b an k  o f  f l u o r e s c e n t  tu b e s  

w h ich  g ave  a  l i g h t  i n t e n s i t y  o f  1 0 0 -2 0 0  f o o t - c a n d l e s .

The h u m id i ty  o f  th e  room was n o t  c o n t r o l l e d , b u t  re m a in e d  

a t  a p p ro x im a te ly  R .H . S e e d l in g s  o f  p e a s  ( P isum  

s a tiv u m  -  M e teo r)  and s u n f lo w e r  (H e l ia n th u s  a n n u u s) grow n 

u n d e r  th e s e  c o n d i t i o n s  f o r  p e r io d s  up  to  t h r e e  w eeks 

showed no  e t i o l a t i o n  and g ro w th  s p e a r e d  n o rm a l. S u n f lo w e r  

s e e d l in g s  w ere  grow n i n  s o i l  i n  wooden f l a t s ;  p e a s  w ere  

g e rm in a te d  and grow n f o r  tw o d a y s  i n  s a n d  and  i n  d a rk n e s s  

and th e n  t r a n s f e r r e d  t o  ta n k s  o f  a e r a t e d  t a p  w a t e r , t h e  

s e e d l in g s  b e in g  s u p p o r te d  b y  a  p e r f o r a t e d  p e rp e x  s h e e t  

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

h o o k s .
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2 .  E x t r a c t io n  t e c h n i q u e s .

A. M ethod s u s e d  f o r  th e  p r e l im in a r y  e x t r a c t i o n s  i -

I n  th e  f i r s t  s e r i e s  o f  e x p e r im e n ts , th e  p r im a ry  

s o lv e n t  o f  th e  p l a n t  t i s s u e  was g l a s s  d i s t i l l e d  w a te r ,  

fo l lo w e d  by  e x t r a c t i o n  o f  t h e  w a t e r / p l a n t  m ix tu r e  w ith  

e t h e r .  The l a t t e r  was f r e s h l y  d i s t i l l e d  o v e r  10% F e r ro u s  

s u l p h a t e , t o  rem ove a l l  t r a c e s  o f  p e r o x id e s  w h ich  h a d  b e e n  

shown to  a f f e c t  d e t e c t i o n  o f  / i  - i n d o l y l a c e t i c  a c i d .  

( S e ig e l  & W e in tra u b  1 9 5 2 ) .

D e t a i l s  o f  th e  b a s i c m e th o d . (M ethod l a . ) .

The p l a n t  t i s s u e  was h a r v e s t e d ,  th e  f r e s h  w e ig h t 

r e c o r d e d  and th e  m a t e r i a l  g ro u n d  up  i n  a  m o r ta r  w i th  a  

s m a l l  am ount o f  w ashed  and  s t e r i l i z e d  s a n d . The m ix tu r e  

was made up to  lO Q al. w i th  g l a s s  d i s t i l l e d  w a te r , lO Q n l .  o f  

e t h e r  was added and e x t r a c t i o n  a l lo w e d  t o  c o n t in u e  f o r  2 4  

h o u r s , i n  th e  d a rk  a t  + 5^G. The e t h e r  l a y e r  was rem oved  

and s t o r e d  a t  t h i s  te m p e r a tu r e ;  a  f u r t h e r  lOCm i. o f  e t h e r  

was added  t o  th e  b r e i  and  l e f t  f o r  8 h o u r s .  T h is  l a y e r  

was s e p a r a te d  o f f ,a d d e d  to  th e  f i r s t  and  th e  t o t a l  vo lum e 

o f  e t h e r  was e v a p o ra te d  down on  a  w a te r  b a t h  t o  

a p p ro x im a te ly  2 m l. A sam p le  o f  t h i s  c o n c e n t r a t e  was added  

t o  a  w e i r e d  f i l t e r  p a p e r  s t r i p ,w h i c h  was im m e d ia te ly  

r e -w e ig h e d  t o  g iv e  an e s t im a t io n  o f  t h e  q u a n t i t y , b u t  th e
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r a p i d  e v a p o r a t io n  o f  th e  e t h e r  made t h i s  a  v e r y  i n a c c u r a t e  

m easu rem en t. The g ro w th  a c t i v i t y  o f  t h e  s o l u t i o n  on th e  

s t r i p  was th e n  a s sa y e d  b y  th e  m e th o d  to  b e  d e s c r ib e d .

To in c r e a s e  t h e  a c c u ra c y  o f  th e  m easu rem en t o f  th e  

q u a n t i t y  o f  e x t r a c t  added  to  t h e  s t r i p , t h e  f i n a l  e t h e r  

e x t r a c t  was e v a p o ra te d  t o  d ry n e s s  and th e  r e s i d u e s  ta k e n  

up i n  2m l. o f  $% e t h y l  a l c o h o l .  S a n p le s  o f  t h i s  s o l u t i o n  

c o u ld  b e  m ore a c c u r a t e l y  w e ig h ed  on th e  f i l t e r  p a p e r  s t r i p s .

. A num ber o f  e x p e r im e n ts  w ere  c a r r i e d  o u t  u s in g  t h i s  

m ethod  o f  e x t r a c t i o n  b u t  th e  a s s a y e d  ch ro m ato g ram s g av e  

v e r y  v a r i e d  r e s u l t s .  I t  was th o u g h t  t h a t  p a r t  o f  t h i s  

v a r i a t i o n  was due to

( a )  D i f f e r e n t i a l  e f f e c t s  i n  th e  i n i t i a l  m a c e r a t io n  

o f  th e  t i s s u e s .

(b )  The lo n g  p e r io d  o f  e x t r a c t i o n  o f  t h e  w a te r / p u lp  

w i th  e t h e r  {32  h o u r s ) , d u r in g  vihich t im e  e n z y m a tic  r e l e æ e  

a n d /o r  b reakdow n o f  IAA c o u ld  o c c u r .

( c )  The s m a l l  sam p le  ta k e n  from  th e  f i n a l  

c o n c e n t r a t e  and th e  in a c c u r a c y  o f  t h e  m e th o d  o f  m easu rem en t 

o f  t h i s  q u a n t i ty ,w h ic h  m ean t t h a t  a  f a i r  c o m p a riso n  b e tw e en  

e x p e r im e n ts  c o u ld  n o t  b e  m ade.

A tte m p ts  w ere  t h e r e f o r e  made to  a l t e r  t h e  te c h n iq u e  t o  

re d u c e  th e  v a r i a t i o n .  ,

M ethod I b .

L a r g e r , q u a n t i t i e s  o f  t i s s u e  th a n  w ere  u se d  i n  th e  

p r e v io u s  e x t r a c t i o n s , w ere h a r v e s t e d  and b ro k e n  up  i n
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2 üQoal. o f  d i s t i l l e d  w a te r  + lO n l .  o f  e t h e r , f o r  tw o m in u te s ,  

i n  a  W are ing  B le n d e r .  The a^q u eo u s m ix tu re  was th e n  

m e c h a n ic a l ly  sh a k e n  w ith  100m l. o f  e t h e r  f o r  10  m in u te s ,a n d  

l e f t  f o r  14 h o u r s  a t  a f t e r  w h ich  tim e  th e  e t h e r  l a y e r

was rem oved . A f u r t h e r  100m l. o f  e t h e r  was a d d e d ,th e  f l a s k  

sh ak en  f o r  t e n  m in u te s  and th e  e t h e r  l a y e r  im m e d ia te ly  

rem oved and added  to  th e  f i r s t .  The t o t a l  e t h e r  e x t r a c t  

was e v a p o ra te d  down to  a  s m a l l  m e a su re d  q u a n t i t y  

( a p p ro x im a te ly  1m l . )  and h a l f  o f  t h i s  was p la c e d  on  a  f i l t e r  

p a p e r  s t r i p  and a s s a y e d  f o r  g ro w th  a c t i v i t y .

A num ber o f  e x t r a c t i o n s  w ere c a r r i e d  o u t  b y  t h i s  

m ethod  b u t  th e  r e s u l t s  w ere  s t i l l  v a r i a b l e .  The m ain  d is ­

a d v a n ta g e  was t h a t  th e  m e c h a n ic a l  s h a k in g  c a u s e d  a  s t a b l e  

e m u ls io n  to  f o m  a t  th e  w a t e r / e t h e r  s u r f a c e  so  t h a t  

co m p le te  re m o v a l o f  th e  e t h e r  e x t r a c t  was im p o s s ib le .

M ethod I c .

The m ain  te c h n iq u e  was as above b u t  th e  e m u lu s io n  was 

p a r t i a l l y  b ro k e n  up  b y  f i l t e r i n g  o f f  th e  p l a n t  m a t e r i a l  i n  

an  a tm o sp h ere  o f  e t h e r  j u s t  b e f o r e  re m o v a l o f  t h e  e t h e r  

l a y e r .

M ethod I d .

A f i n a l  m o d i f i c a t i o n  o f  th e  te c h n iq u e  was t r i e d  i n  an  

a t te m p t t o  p r e v e n t  th e  f o rm a t io n  o f  an e m u ls io n . The p l a n t  

m a t e r i a l  was f i l t e r e d  o f f  im m e d ia te ly  a f t e r  i t  h a d  b e e n  

m a c e ra te d  w i th  w a te r  i n  th e  b l e n d e r .  The f i l t r a t e  and  

r e s id u e  w ere  th e n  s e p a r a t e l y  e x t r a c t e d  w i th  e t h e r ,  th e
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f i l t r a t e  was shaken^ w ith  100m l. o f  e t h e r  and l e f t  f o r  14 

h o u r s  and th e  p l a n t  r e s id u e  was c o v e re d  w i th  100m l. o f  

e t h e r  f o r  th e  same p e r io d  o f  t im e .  The t o t a l  e t h e r  e x t r a c t  

was th e n  e v a p o ra te d  down as b e f o r e  and a s s a y e d  f o r  g ro w th  

a c t i v i t y .  T h is  t r e a tm e n t  d id  p r e v e n t  th e  f o rm a t io n  o f  an 

e m u ls io n ,b u t  i t  was c lu m sy  to  c a r r y  o u t  and t h e  r e s u l t s  

w ere no l e s s  v a r i a b l e .

As a  r e s u l t  o f  th e  f a i l u r e  o f  t h e s e  m e th o d s t o  

p ro v id e  a  s u i t a b l e  e x t r a c t  f o r  a s s  a y , th e y  w ere  abandoned  

f o r  a  m ethod  i n  w h ich  th e  i n i t i a l  s o lv e n t  was o rg a n ic  and 

i n  v h ic h  th e  p l a n t  m a t e r i a l  was rem oved and  d i s c a r d e d  

b e f o r e  th e  f i n a l  e x t r a c t i o n  w ith  e t h e r .

ft: -

:
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B. F i n a l  e x t r a c t i o n  m eU iod» 

o u S
N um erabîS m ethods o f  e x t r a c t i o n  o f  a u x in s  from  p l a n t  

t i s s u e  h ave  b ee n  d e s c r ib e d  i n  r e c e n t  l i t e r a t u r e , w h i c h  i n  

v a r io u s  ways h av e  a t te m p te d  to  p r e v e n t  c o n c u r r e n t  enzyme 

a c t i v i t y .  A m ethod  d e s c r ib e d  b y  B e n n e t-C la rk  e t  a l  (1 9 5 3 ) 

h ad  b een  shown to  g iv e  c o n s t a n t  r e s u l t s  and was a d a p te d  

f o r  f u t u r e  e x t r a c t i o n  e x p e r im e n ts .

D e ta i l s  o f  th e  t e c h n iq u e .

(1 ) The p l a n t  m a t e r i a l  was h a r v e s te d ,w e ig h e d  and  im m e d ia te ly  

f r o z e n  b y  p la c in g  i n  a  g l a s s  v e s s e l  i n  a  vacuum  f l a s k ,p a c k e d  

w i th  d ry  i c e .

(2 )  The f r o z e n  t i s s u e  was m a c e ra te d  i n  a  W aring  b le n d e r  

f o r  t h r e e  m in u te s  w i th  2$0m l. o f  a p p ro x im a te ly  a b s o lu te  

a l c o h o l .  ( I n  l a t e r  e x p e r im e n ts , th e  f r e s h  t i s s u e  was 

im m e d ia te ly  b ro k e n  up i n  a l c o h o l  ( k e p t  a t  w i th o u t  

p r i o r  f r e e z i n g . )

(3 )  The m a c e ra te d  t i s s u e  was e x t r a c t e d  w i th  th e  a l c o h o l  f o r  

24 h o u rs  a t  f iç p ro x im a te ly  O^C. -  i n  th e  i e e  box  o f  th e  

r e f r i g e r a t o r .  The p l a n t  r e s i d u e  was th e n  s e p a r a te d  o f f  

from  th e  a l c o h o l i c  e x t r a c t  b y  c e n t r i f u g i n g  a t  2 ,$ 0 0  r e v s ,  

p e r  m in u te ,a n d  was w ashed w ith  a  m in im a l am ount o f  f r e s h  

a lc o h o l ,w h ic h  was im m e d ia te ly  s e p a r a t e d  o f f  i n  t h e  same way 

and added to  th e  m ain  e x t r a c t  s o l u t i o n .

(4 )  The t o t a l  a l c o h o l i c  e x t r a c t  was c o n c e n t r a t e d  down b y  

vacuum d i s t i l l a t i o n , a t  a  te m p e r a tu r e  o f  2 8 -3 0 ^ 0 . The 

d i s t i l l a t i o n  was c a r r i e d  o u t  i n  dim l i g h t  f o r
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a p p ro x im a te ly  ij^ h o u rs  u n t i l  th e  volum e was re d u c e d  to  

ab o u t IQm l. The d i s t i l l a t i o n  f l a s k  was th e n  w ashed down 

w ith  d i s t i l l e d  w a t e r , t h e  s o l u t i o n  a c i d i f i e d  to  pH 3 w i th  

An a l a r  p h o s p h o r ic  a c id  and t r a n s f e r r e d  to  a  c o n t in u o u s  

l i q u i d  e x t r a c t o r .

(5 )  The a c i d i f i e d  aq u eo u s s o l u t i o n  was e x t r a c t e d  f o r  1 ^  

h o u rs  w ith  120n l#  o f  e th e r ,w h ic h  h a d  b e e n  f r e s h l y  d i s t i l l e d  

o v e r  10% F e r ro u s  s u l p h a t e .  A ro u g h  c a l c u l a t i o n  e s t im a te d  

t h a t  th e  t o t a l  e t h e r  volum e p a s s e d  f i v e  t im e s  th r o u g h  th e  

s o l u t i o n  i n  th e  e x t r a c t o r  d u r in g  t h i s  p e r io d .

(6 )  The e t h e r  s o l u t i o n  o b ta in e d  was e i t h e r  a s s a y e d  

d i r e c t l y , a s  i n  th e  f i r s t  e x t r a c t i o n  e x p e r im e n ts ,o r  was 

f u r t h e r  p u r i f i e d  by  s e p a r a t i o n  i n t o  n e u t r a l  and a c id i c  

f r a c t i o n s .  The a c id ic  s u b s ta n c e s  w ere  rem oved b y  s h a k in g  

th e  e t h e r  w ith  3 l o t s  o f  2 0 a l .  o f  $%, e t h e r  w ashed ,S od ium  

b ic a r b o n a te  s o l u t i o n .  The re m a in in g  e t h e r  s o l u t i o n ,  

c o n ta in in g  th e  n e u t r a l  s u b s ta n c e s  c o u ld  b e  c o n c e n t r a t e d  

down and a s s a y e d ,a t  l e a s t  i n  th e  n o n -g re e n  t i s s u e  e x t r a c t s ,  

w i th o u t  f u r t h e r  p u r i f i c a t i o n .

(7 )  The Sodium  b ic a r b o n a te  s o l u t i o n  was a c i d i f i e d  t o  3 

w i th  p h o s p h o r ic  a c id  and th e  a c i d i c  p l a n t  s u b s ta n c e s  

e x t r a c t e d  b y  s h a k in g  th e  s o l u t i o n  w i th  3 l o t s  o f  2 0  m l. o f  

f r e s h l y  d i s t i l l e d  e t h e r .  The l a t t e r  was w ashed  w i th  

d i s t i l l e d  w a t e r , ( a c i d i f i e d  w ith  3 d ro p s  o f  p h o s p h o r ic  a c id )  

and c o n c e n t r a t e d  down i n  a  w a te r  b a t h ,k e p t  a t  4 0 ^ 0 .

The f i n a l  c o n c e n t r a t e  ( a p p ro x im a te ly  1m l . )  w as added  t o
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th e  f i l t e r  p a p e r  s t r i p , f r o m  a  s t e r i l i z e d  p i p e t t e , a n d  th e  

s t r i p  was ru n  w ith  th e  i s o  p ro p y l/a m m o n ia  s o l v e n t , d r i e d  and 

a s s a y e d .

C o n d i t io n s  o f  t he  e x t r a c t i o n  ex p e rim en t s .

(1 )  G round g l a s s  a p p a r a tu s  was u s e d  f o r  a l l  th e  p r o c e s s e s ,  

80 t h a t  i t  c o u ld  b e  so a k e d  i n  a l c o h o l  and th o r o u g h ly  w ashed  

b e tw een  s u c c e s s iv e  e x p e r im e n ts .

(2 )  A f u l l  d u p l i c a t e  s e t  o f  g la s s w a r e  was e v e n tu a l ly  

o b t a i n e d , f o r  c o n t r o l  and t r e a t e d  e x t r a c t i o n s .

(3 )  The g ro w th  v e s s e l s  u s e d  f o r  th e  a s s a y  o f  th e  • 

ch rom atog ram s w ere  so a k ed  f o r  a t  l e a s t  24 h o u r s  i n  a l c o h o l ,  

w ashed  i n  t a p , t h e n  d i s t i l l e d  w a te r  and o v en  d r i e d  b e f o r e  

e a c h  e x p e r im e n t .

(4 )  To s t a n d a r d i s e  th e  c o n d i t i o n s  as much as p o s s i b l e ,  

sam p les  o f  p l a n t  t i s s u e  w ere  h a r v e s te d  and m a c e ra te d  w i th  

a l c o h o l  a t  a p p ro x im a te ly  t h e  same tim e  o f  d a y  i n  e a c h  

e x p e r im e n t •



3• M ethod o f  c h r o m a to g r i f c y  and p l a n t  g r o w th  s u b s t a n c e 
a s s a y .

The m ethod  o f  c l'iro raa tog raphy  was b a s e d  on t h a t  

d e s c r ib e d  by  B e n n e t-C la rk  e t  a l  ( 1 9 5 2 ) ,w i th  e l a b o r a t i o n  o f  

a  new b io a s s a y  te c h n iq u e  (Audus & T h re s h  1953)*

T e c h n iq u e  o f  c l iro ia a to g rap h y .

The chrom atogram  s t r i p s  w ere c u t  1 ^  in c h e s  b ro a d  by  

20  in c h e s  lo n g  from  V ^atm an*s Ho.2  p a p e r .  The f i n a l  e t h e r  

e x t r a c t  o f  p l a n t  t i s s u e  was e v a p o ra te d  t o  a  s m a l l  volum e 

and d ro p p e d  from  a  p i p e t t e  a lo n g  a  t r a n s v e r s e  n a rro w  b an d  

a b o u t 3 ^ ’ down from  th e  u p p e r  end  o f  th e  s t r i p  and a l lo w e d  

t o  d r y .  I n  some e x p e r im e n ts  i n  vjhich th e  f i n a l  e x t r a c t  was 

s l i g h t l y  w e t ,a n  i n f r a  r e d  lam p was u s e d  t o  sp e e d  up  t h e  

d ry in g  o f  th e  s p o t  on th e  papei*. T h is  e x c e s s iv e  h e a t i n g  

h o w ev e r,seem ed  i n  some c a s e s  t o  im pede t h e  r u n n in g  o f  th e  

s u b s ta n c e s  c o n ta in e d  i n  t h e  e x t r a c t s .

The s t r i p s  w ere  su sp e n d e d  i n  t h e  ta n k s  b e tw een  g l a s s  

r o d s  w i th  t h e i r  u p p e r  en d s  d ip p in g  i n t o  a  g l a s s  t r o u g h  and 

w ere  l e f t  t o  e q u i l i b r a t e  f o r  1  h o u r  w i th  th e  v a p o u rs  o f  th e  

p a r t i c u l a r  s o lv e n t  i n  th e  b a s e  o f  t h e  t a n k .  The s o lv e n t  

was p o u re d  in to  th e  t r o u g h  th ro u g h  a  s m a l l  h o le  i n  th e  g l a s s  

l i d  o f  th e  ta n k  and a llo w e d  to  ru n  down th e  s t r i p  f o r  

a p p ro x im a te ly  14 h o u rs  i n  th e  d a r k .  D u rin g  t h i s  t im e  th e  

s o lv e n t  t r a v e l l e d  a b o u t 12-14* ' d e p e n d in g  on s l i g h t
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v a r i a t i o n s  o f  te m p e ra tu r e  i n  th e  l a b o r a t o r y .

The s t r i p  was rem o v ed , and a f t e r  th e  p o s i t i o n  o f  t h e  

s o lv e n t  f r o n t  h ad  b ee n  laai’k e d  i t  was d r i e d  r a p i d l y  b y  

m eans o f  an  e l e c t r i c  f a n .  The c lirom atogram  was c u t  up i n t o  

a  num ber o f  t r a n s v e r s e  s t r i p s , U i e  num ber v a r y in g  w i th  t h e  

p a r t i c u l a r  n e e d s  o f  t h e  e x p e r im e n t .  Hach s t r i p  was 

w rapped  a ro u n d  a  g l a s s  s q u a r e ,c u t  from  a  m ic ro s c o p e  s l i d e  

and i n s e r t e d  i n t o  a  g l a s s  v e s s e l  2 *5cm. i n  d ia m e te r  and  

2cm . h ig h .  A known volum e o f  ^  s u c ro s e  i n  g l a s s  d i s t i l l e d  

w a te r  was added  t o  f lo o d  th e  f i l t e r  p a p e r  and p r o v id e  a  

g ro w th  medium f o r  th e  a s s a y  m a t e r i a l .

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  2mm. s e c t i o n s  c u t  

2mm. b e liin d  th e  t i p  o f  th e  j - d a y  o ld  M e teo r p e a  s e e d l i n g s .  

I t  h ad  b e e n  e s t a b l i s h e d  t h a t  s e c t i o n s  from  t h i s  zone  

showed th e  g r e a t e s t  e x te n s io n  g ro w th  i n  s u c r o s e  s o l u t i o n .  

( G a r r a r d ,19$ l ) . The p e a  s e e d s  w ere  so a k e d  i n  ru n n in g  

a e r a t e d  t a p  w a te r  f o r  24 h o u r s ,p l a n t e d  i n  s t e r i l i z e d  s a n d , 

m o is te n e d  w ith  d i s t i l l e d  w a te r  and grow n f o r  tw o d ay s  in ^  

a  c o n s ta n t  te m p era tu r-e  room a t  25*^0• The s e e d l in g s  w ere  

w aahed i n  d i s t i l l e d  w a te r , t h e  s e c t i o n s  c u t  b y  m eans o f  a  

s p e c i a l  g u i l l o t i n e , a n d  p l æ 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 is te n e d  w ith  ^  s u c r o s e .  H ot m ore th a n  a  100 

s e c t i o n s  w ere c u t  a t  a  t im e ,a s  d u r in g  th e  tim e  ta k e n  t o  

w eigh  a  l a r g e r  num ber an  a p p r e c ia b l e  am ount o f  g ro w th  

o c c u r r e d .  T en s e c t i o n s  w are  ta k e n  a t  random  from  th e



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

and w eig h ed  r a p i d l y  to  th e  n e a r e s t  o .Im g . on  a  m ic r o t o r s i o n  

b a la n c e .  The w eighed  s e c t i o n s  w ere  t r a n s f e r r e d  im m e d ia te ly  

to  th e  m o is te n e d  f i l t e r  p a p e r  s t r i p  i n  a  g ro w th  v e s s e l ,  

w h ich  was f i t t e d  w i th  a  c o rk  w ith  a  c e n t r a l  h o le  to  e n s u re  

f r e e  a e r a t i o n .  The v e s s e l s  w ere p la c e d  i n  an i n c u b a to r  i n  

t h e  d a rk  a t  2 y°C . and m easu rem en ts  w ere  ta k e n  a t  i n t e r v a l s  

d u r in g  th e  g ro w th  p e r io d .  The s e c t i o n s  w ere  rem oved , 

s u r f a c e  d r i e d  a n d /S e lg h e d  i n  th e  same o r d e r  as  i n  th e  

i n i t i a l  w e ig h in g s . The r a t i o  o f  g ro w th  o f  th e  t e n  s e c t i o n s  

on any one s t r i p , t o  th e  mean g ro w th  on  th e  c o n t r o l  s t r i p s  

was d e te rm in e d  and a  g ra p h  p l o t t e d  t o  show th e  r e l a t i o n  

b e tw een  th e  g ro w th  r e s p o n s e  and th e  p o s i t i o n  o f  th e  s t r i p  

on th e  ch ro m ato g ram . Two o r  t h r e e  c o n t r o l  s t r i p s  w ere  c u t  

from  each  ch rom atogram  above th e  o r i g i n a l  e x t r a c t  s p o t , t o  

t a k e  i n t o  a c c o u n t th e  p o s s i b l e  e f f e c t  o f  s o lv e n t  r e s i d u e s  

on th e  p a p e r .  W ith  t h e  s o lv e n t  u s e d  no s i g n i f i c a n t  e f f e c t  

o f  t h i s  n a t u r e  was o b s e rv e d .

The Rp v a lu e s  o f  a c t i v e  s u b s ta n c e s  on  th e  

ch rom atog ram  c o u ld  b e  d e te rm in e d  from  su c h  a  g r a p h .

G row th c o n d i t io n s  f o r  maximum s e n s i t i v i t y .

O nly  s m a ll  am ounts o f  a c t i v e  s u b s ta n c e s  w ere  l i k e l y  

to  b e  p r e s e n t  i n  p l a n t  e x t r a c t s , t h e  a s s a y  was t h e r e f o r e  

r e q u i r e d  to  be  as s e n s i t i v e  as p o s s i b l e .  Maximum g ro w th , 

w h ich  w ould g iv e  maximum s e n s i t i v i t y  c o u ld  b e  o b ta in e d  b y
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t h e  u se  o f  r e l a t i v e l y  l a r g e  vo lum es o f  s u c r o s e  i n  vdiich 

th e  a v a i l a b i l i t y  o f  t h e  g ro w th  medium w ould  n o t  b e  a 

l i m i t i n g  f a c t o r .  L a rg e  vo lum es o f  l i q u i d  c o u ld  n o t  be  

a p p l ie d  t o  th e  s t r i p s  from  ch ro m ato g ram s o f  p l a n t  e x t r a c t s  

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

r e d u c in g  th e  c h a n c e s  o f  d e t e c t i o n  and e s t im a t io n  o f  th e s e  

s u b s t a n c e s .  , E x p e r im e n ts  w ere t h e r e f o r e  c a r r i e d  o u t  t o  

d e te rm in e  th e  s m a l l e s t  volum e o f  s u c ro 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  th e  s e c t i o n s  i n  t h e  g ro w th  

v e s s e l s .

Q u a n t i t i e s  o f  s u c r o s e  from  0*1 t o  l* O a l .  w ere  added  

t o  th e  f i l t e r  p a p e r  s t r i p s  ( 1]^** x  *6$ * ' )  i n  th e  g ro w th  

v e s s e l s  and th e  p e r c e n ta g e  i n c r e a s e  i n  g ro w th  a f t e r  24  

h o u rs ,w a s  d e te rm in e d  b y  w e ig h in g . The r e s u l t s  a r e  show n 

i n  P i g . l .

V ery  l i t t l e  g ro w th  was o b ta in e d  i n  0 * lm l. o f  s u c r o s e ;  

t h e r e  was a  l i n e a r  i n c r e a s e  i n  g ro w th  w ith  i n c r e a s e  i n  th e  

volum e o f  s u c ro s e  up  to  "6m l. and optim um g ro w th  was 

o b ta in e d  w ith  0*7m l. Beyond t h i s  p o i n t  th e  g ro w th  

d e c l in e d  r a p i d l y  due to  w a te r  lo g g in g  o f  t h e  s e c t i o n s , a n d  

o n ly  a  40% in c r e a s e  was o b ta in e d  w ith  1-Q m l. o f  s u c r o s e .

At th e  optimum volum e a p p ro x im a te ly  140% i n c r e a s e  was 

reco rd ed ^  a n d  t h i s  was f e l t  to  b e  s u f f i c i e n t  to  a l lo w  

a c c u r a te  d e te r m in a t io n s  o f  r e s p o n s e s  to  g ro w th  s u b s t a n c e s .

T h ese  e x p e r im e n ts  w ere c o n t in u e d  o v e r  a  p e r io d  o f



3 j  771 1-------- i ---------7
VOLUME o r - k  L sue AOSE IN ML

Fig* i# Growth of p#a root oootlone la varying 
volUMO of suorooo oolatioa*



<24

48 h o u r s  and i t  was n o te d  t h a t  e v e n  w i th  0 '7 m l .  s u c r o s e ,  

o n ly  150 - 160% t o t a l  i n c r e a s e  i n  g ro w th  was o b t a i n e d .  

(jEücperiments c a r r i e d  o u t  a t  a  much l a t e r  d a t e  g av e  

a p p ro x im a te ly  an  100% i n c r e a s e ,  -  d u e  t o  im p ro v ed  

t e c h n i q u e . )  When l a r g e r  v o lu m es o f  s u c r o s e  w ere  u s e d  and 

th e  s e c t i o n s  grow n i n  p e t r i  d i s h e s  a  t o t a l  i n c r e a s e  o f  

2 2 0 - 230% o c c u r r e d ,s o  o b v io u s ly  th e  q u a n t i t y  o f  s u c r o s e  i n  

th e  v e s s e l s , i n  th e  l a t e r  s t a g e s  o f  g ro w th ,w a s  a  l i m i t i n g  

f a c t o r .  B ecau se  o f  t h i s  f a c t  t h e  g ro w th  p r o g r e s s  c u rv e  

o v e r  a  p e r io d  o f  48  h o u r s  was s t u d i e d  t o  d i s c o v e r  t h e  

o p t im a l  t im e  i n t e r v a l  t o  a l lo w  b e f o r e  t a k i n g  g ro w th  

m e a su re m e n ts . G roups o f  10 s e c t i o n s  w ere  w e ig h e d  and 

p la c e d  i n  e a c h  o f  a  s e r i e s  o f  g ro w th  v e s s e l s  w i th  0 *7n>l* 

o f  ^  s u c r o s e .  The s e c t i o n s  w ere  w e ig h ed  a f t e r  3 , 6 , 1 2 , 

2 3 , 2 8 , and 48  h o u r s .  The r e s u l t s  a r e  shown i n  F i g . 2 .

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

re m a in e d  c o n s t a n t  o v e r  a  p e r io d  o f  24  h o u r s  b u t  th e n  

q u ic k ly  f e l l  t o  z e r o .  When th e  s e c t i o n s  w ere  grow n i n  an  

u n l i m i t i n g  s u p p ly  o f  s u c r o s e ,e x t e n s i o n  c o n t in u e d  f o r  60  

h o u r s  b u t  t h e  i n i t i a l  r a t e s  o v e r  t h e  f i r s t  24  h o u r s  w ere  

i n  no way d i f f e r e n t  i n  th e  two g ro w th  t e c h n iq u e s .

As a  r e s u l t  o f  th e s e  e x p e r im e n ts , i n  th e  f i n a l  a s s a y  

te c h n iq u e  a  s t a n d a r d  q u a n t i t y  o f  0 *7a l .  o f  ^  s u c r o s e  was 

ad d ed  to  e a c h  v e s s e l  and  g ro w th  r e c o r d e d  a f t e r  24  h o u r s .

I n  some e x p e r im e n ts  i n  w h ich  v e r y  n a rro w  s t r i p s  h a d  to .  b e
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c u t  from  th e  c liro raa tog rara  th e  volum e o f  s u c r o s e  was 

r e d u c e d  t o  0 *6m l.

C h o ice  o f  th e  s o lv e n t  and d e t e r m in a t io n  o f  Rp v a l u e s .

The c h o ic e  o f  th e  s o l v e n t  was g o v e rn e d  b y  th e  

f o l lo w in g  f a c t o r s  t

( a )  I t  h ad  to  b e  c o m p le te ly  v o l a t i l e , s o  t h a t  a l l  t r a c e s  

c o u ld  b e  d r iv e n  o f f  fro m  th e  ch ro m a to g ram  le a v in g  no t o x i c  

r e s i d u e s  t o  im p a ir  t h e  r o o t  s e c t i o n  g ro w th .

(b )  I t  h a d  to  p r o v id e  a  s u i t a b l e  s e p a r a t i o n  o f  t h e  

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

s u b s t a n c e s .

I n  th e  f i r s t  e x p e r im e n ts  2 , 4 -D ic h lo r o p h e n o x y a c e t ic  

a c id  ( 2 ,4 - D .)  was t h e  o n ly  s y n t h e t i c  g ro w th  s u b s ta n c e  an d  

^  - i n d o l y l a c e t l c  a c id  (lAA) t h e  o n ly  n a t u r a l  a u x in  t e s t e d  

c h r o m a to g r a p h ic a l ly .  A s to c k  s o l u t i o n  o f  1  p a r t  i n  a  

1 ,0 0 0  o f  t h e  ammonium s a l t  o f  2 ,4 - D . was made up  0 * 2 g . 

o f  th e  a c id  was s u sp e n d e d  i n  a p p ro x im a te ly  100m l. o f  

g l a s s  d i s t i l l e d  w a te r  i n  a  b e a k e r  and ammonium h y d r o x id e  

added  u n t i l  a  c l e a r  s o l u t i o n  was o b ta in e d .  The e x c e s s "  

ammonia was d r i v e n  o f f  b y  g e n t l y  w arm ing th e  s o l u t i o n  on  a  

w a te r  b a th ,w h e n  c o o l  i t  was made u p  t o  20C m l. and s t o r e d

t o  a  r e f r i g e r a t o r .  1  p a r t  t o  a  1 ,0 0 0  (lO"*^) o f  an  

a l c o h o l i c  s o l u t i o n  o f  lAA was a l s o  p r e p a r e d  f o r  th e  t e s t s .

To d e te rm in e  th e  a p p ro x im a te  Rp v a lu e s  o f  th e s e  

s u b s t a n c e s , a  s p o t  o f  a  known c o n c e n t r a t i o n  was p la c e d  on
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t h e  s t r i p  vAiieh was r u n  w i th  t h e  p a r t i c u l a r  s o l v e n t ;  

t h e  c lirom atogram  was t l ie n  d r i e d  and c u t  i n t o  10  t r a n s v e r s e  

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

The Bp v a lu e  o f  2 ,4 -D . was t e s t e d  w i th  a  w id e  r a n g e  

o f  s o l v e n t s , i n c l u d i n g  e t h y l  eu lcoho l o f  v a r y in g  s t r e n g t h s ,  

a t  a l k a l i n e  and a c id  pH v a lu e s  ; p r o p y l  a l c o h o l ;  and  100 

p a r t s  w a te r  s a t u r a t e d  b u t y l  a l c o h o l  w i th  10  p a r t s  ammonium 

h y d r o x id e .  A l l  g a v e  Bp v a lu e s  l y i n g  b e tw e e n  *7 and  *8 , 

w i th  s l i g h t l y  h i ^ e r  v a lu e s  w i th  w a te r  and  a l c o h o l .

The b u t y l  s o lv e n t  was l e s s  v o l a t i l e  and  i n  some e x p e r im e n ts  

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

g ro w th  th ro u g h o u t  th e  c h ro m a to g ia m .

The f i n a l  s o l v e n t  c h o s e n  was one s u g g e s te d  b y  

B e n n e t - C la r k , 100  p a r t s  i s o p r o p y l  a l c o h o l , 10  p a r t s  w a te r  

and 10  p a r t s  smmonium h y d r o x id e .  The a p p ro x im a te  v a lu e s  

f o r  2 ,4 - D . and X A A ,using t h i s  s o l v e n t  w ere  0*6  -  0*75 and  

0>3 -  0*4 r e s p e c t i v e l y .  I n  t h e s e  i n i t i a l  e x p e r im e n ts  

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

s o l v e n t  i n  t h e  b f^ e  o f  t h e  t a n k  b e f o i e  r u n n in g  so  r a t h e r  

v a r i a b l e  Bp v a l u e s  w ere  o b t a in e d .  M ore a c c u r a te  

d e t e r m in a t io n s  w ere  c a r r i e d  o u t ,b y  s t r i c t e r  c o n t r o l  o f  t h e  

e x p e r im e n ta l  t e c h n iq u e .  A s p o t  o f  a  known s o l u t i o n  was 

p la c e d  on  a  s t r i p  w h ich  was th e n  e q i l i b r a t e d  i n  th e  ta n k s  

f o r  1  h o u r .  The p ro p a n o l/a m m o n ia /w a te r  m ix tu r e  was p o u re d  

i n t o  th e  t r o u ^  and  th e  s t r i p  a l lo w e d  t o  r u n  f o r
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a p p ro x im a te ly  14 h o u r s  o v e r n i g h t . The ta n k s  w ere  k e p t  

i n  th e  d a r k  and i n  a s  u n ifo rm  a  te m p e r a tu r e  as p o s s i b l e  

i n  th e  l a b o r a t o r y .  The s t r i p s  w ere  rem o v ed , d r i e d  and 

m ark ed  i n t o  2 0  t r a n s v e r s e  p i e c e s  w h ich  w ere  th e n  a s s a y e d .  

The c h ro m a to g ra p h ic  g r a p h s  f o r  lAA and  2 ,4 - D . a r e  shown 

i n  F i g . 3 and  F i g . 4 .

The liy v a lu e  o f  2 ,4 -D . was 0*6$  and  o f  lAA 0 * 4 0 .

T h e re  was a  s l i g h t  s h i f t i n g  o f  t h e  v a lu e s  from  

e x p e r im e n t to  e x p e r im e n t due t o  v a r y in g  c o n d i t i o n s  o f  

t e m p e r a t u r e , e q u i l i b r a t i o n  tim e  and  p o s s i b l y  o f  t h e  

ammonium c o n c e n t r a t i o n  i n  th e  s o l v e n t  i n  t h e  b a s e  o f  t h e  

t a n k .  The Bp p o s i t i o n  o f  t l i e  UUi i n  t h e  a c t u a l  e x t r a c t i o n  

e x p e r im e n ts  was a lw ays c h e c k e d  b y  ru n n in g  a  p a r a l l e l  s t r i p  

w i th  a  s p o t  o f  10“ ^ lAA. The p o s i t i o n  o f  t h i s  s p o t  c o u ld  

b e  r a p i d l y  d e t e c t e d  b y  s p r a y in g  t h e  d r i e d  ch ro m a to g ra m  

w ith  a  m ix tu r e  o f  $ i  p e r c h l o r i c  a c i d ,$ 0  p a r t s , a n d  •0$M 

F e r r i c  c h l o r i d e , !  p a r t ;  when a  p in k  c o lo u r  d e v e lo p e d  i n  

t h e  lAA r e g io n .  T h is  s p r a y  g a v e  a  f a i n t  p in k  c o l o u r  w i th  

a  s p o t  o f  10*^ lA A ,b u t was u n a b le  t o  d e t e c t  $ x  10“^ 

s o l u t i o n .

I n  some o f  th e  e x p e r im e n ts , th e  i n h i b i t i o n  o f  t h e  

s e c t i o n s  c a u s e d  b y  th e  2 ,4 - D . was r e c o r d e d  o v e r  a  w id e  

a r e a  o f  th e  ch ro m a to g ram . T h is  was due t o  th e  l a r g e  

am ount o r i g i n a l l y  p la c e d  on th e  s t r i p ,  and made m ore 

o b v io u s  b y  th e  f a c t  t h a t  th e  r e s p o n s e  i t s e l f  w as p l o t t e d .
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As t h e  g ro w th  r e s p o n s e  was p r o p o r t i o n a l  to  t h e  lo g a r i t h m  

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

t h e  c u rv e  o v e r  th e  a c t i v e  r e g io n  o n  t h e  c liro m a to g ra m . I n  

s u b s e q u e n t  e x t r a c t i o n s  o f  2 ,4 - D . t r e a t e d  m a t e r i a l , t h e  

l a r g e  am ount o f  th e  com pound i n  t h e  f i n a l  c o n c e n t r a t e d  

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

s e c t i o n s  a lm o s t th r o u g h o u t  th e  c h ro m a to g ra m .

S p o ts  o f  m ix tu r e s  o f  lAA and 2 ,4 - D .  w ere  p l a c e d  on  

s t r i p s  and  ru n  w ith  th e  s o l v e n t .  The r e s u l t s  o f  tw o o f

t h e s e  e x p e r im e n ts  a re  show n i n  F i g s . 5 and 6 .  The fo rm e r
?•

was th e  r e s u l t  o f  an a s s a y  o f  a  ch ro m a to g ra m  o f  a  m ix tu r e  

o f  10”^  lAA and 10”^  2 , 4 - D . , and  th e  l a t t e r  o f  a  m ix t u r e  o f  

10*® lAA and 10“^  2 ,4 -D . I n  b o th  t h e r e  was a  c l e a r  

s e p a r a t i o n  o f  t h e  two com pounds and  ev e n  i n  th e  s e c o n d  t h e  

lAA was d e t e c t e d  w i th o u t  d i f f i c u l t y  a l th o u g h  a p p l i e d  i n  

s u c h  a  low  c o n c e n t r a t i o n .

As f a r  a s  t h e s e  tw o com pounds w ere  c o n c e rn e d  t h e  

m e th o d  p r o v id e d  a  m eans o f  t h e i r  s e p a r a t i o n  and  d e t e c t i o n  

f ro m  unknown s o l u t i o n s .

Two o t g e r  s y n t h e t i c  com pounds; m a le ic  h y d r a z id e  (MH) 

an d  2 ,3 , 5 - t r i - i o d o b e n z o i c  (TIBA) w e re  u s e d  i n  l a t e r  

e x p e r im e n ts .  P r e l im i n a r y  t e s t s  w ere  c a r r i e d  o u t  t o  

d e te rm in e  t h e i r  Rj, p o s i t i o n  w i th  th e  a le o h o l/e m m o n ia  

s o l v e n t .
p

A 1 0 “^ S to c k  s o l u t i o n  o f  t h e  ammonium s a l t  o f  TIBA



m i i t u M  O f  t ô *  4 * 0 *

IM

/• o .
Ay VALUC

H g .  5 .  C iu ro m to g n m  graph  o f  a  a lx t u r a  o f  2 , 4 -D .(% 0

and là X (10“^).



J

lOO

I
1-0 .

Ap VALU E.

fig. 6. of a alxturo of 2,4~D#(10 )
and lAd(l(F^)#



2 1

was p r e p a r e d  a s  f o r  2 ,4 - D . and  a  s p o t  o f  t h i s  s o l u t i o n  

was p la c e d  on  a  f i l t e r  p a p e r  s t r i p , r u n  w i th  t h e  s o l v e n t ,  

d r i e d  and  a s s a y e d  a s  i n  p r e v io u s  e x p e r im e n ts .  T he 

ch ro m a to g ram  g r a p h  p ro d u c e d  i s  shown i n  F i g . 7* The Eg, 

v a lu e  o f  TIBA v a s  b e tw e e n  *6 o an d  «70 .

M a le ic  h y d r a z id e  h a d  b e e n  show n to  b e  p r a c t i c a l l y  

i n s o l u l e  i n  w a te r  and was u s u a l l y  a p p l i e d  t o  p l a n t s  a s  t h e  

s o lu b l e  t r i - e t h a n o l e m i n e  s a l t .  2  g ram s o f  MH and 2*66  

g r a a s  o f  t r i - e t h a n o l a m i n e  ( e q u i v a l e n t  am o u n ts) w e re  ad d ed  

t o  a  s m a l l  volum e o f  g l a s s  d i s t i l l e d  w a te r .  T he com pound 

r a p i d l y  d i s s o l v e d  and  t h e  s o l u t i o n  was made u p  t o  2 o o m l. 

t o  g iv e  a  1 0  s t o c k  s o l u t i o n  o f  t h e  s a l t .  A sa m p le  o f  

t h i s  s o l u t i o n  w as t e s t e d  i n  th e  u s u a l  w ay t o  d e te r m in e  i t s  

Ep v a lu e  w i th  t h e  s o l v e n t .  T h re e  ch ro m a to g ra m s w ere  r u n  

an d  a s s i e d  b u t  n o  g ro w th  a c t i v i t y  was d e t e c t e d .  A 10*^ 

s o l u t i o n  o f  m a le ic  h y d r a z id e  was known t o  b e  c o m p le te ly  

t o x i c  t o  p e a  r o o t  s e c t i o n  g ro w th  s o  t h a t  t h e  com pound m u s t 

h av e  b e e n  a d s o rb e d  o n  to  t h e  p a p e r  t o  becom e i n e f f e c t i v e .  

T he Eg, v a lu e  o f  MR was d e te rm in e d  b y  s tu d y i n g  ch ro m a to g ram s 

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

a p p e a re d  a t  v a lu e s  b e tw e e n  «18 an d  «2$. XI D i l u t e

s o l u t i o n s  o f  t r i - e t h a n o l a m i n e  w e re  show n t o  h a v e  n o  e f f e c t  

on  s e c t i o n  g ro w th . 3

The p ro p a n o l/a m m o n ia /w a te r  s o l v e n t  w o u ld  t h e r e f o r e  

a l s o  g iv e  a d e q u a te  s e p a r a t i o n  o f  n a t u r a l l y  o c c u r r in g
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In c lo ly 3-a c e t i c  s c l d  and TIBA ( o r  MH) fro m  e x t r a c t s  o f  

p l a n t s  w h ich  h ad  b e e n  t r e a t e d  w i th  e i t h e r  o f  t h e s e  

com pounds. C hrom atogram s o f  m ix tu r e s  o f  s y n t h e t i c  lAA 

and TIBA (a n d  IfiH) w ere  r u n ^ to  ch e ck  t h e  p o s s i b i l i t y  o f  

m u tu a l  i n t e r f e r e n c e  r e s u l t i n g  i n  a l t e r e d  v a lu e s *  Fo 

su c h  e f f e c t s  w ere  r e c o r d e d , t h e  Rp va3.ues r e m a in in g  c o n s t a n t  

The r e l a t i o n s h i p  o f  t h e  g ro w th  r e s p o n s e s  o f  t h e  s e c t i o n s
t r i F a ^ B i r a ^ M a t r  a t i o i ^  l î ü î r  *7" .

A s e r i e s  o f  e x p e r im e n ts  w ere  c a r r i e d ,  o u t  w i th  a  r a n g e  

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

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

o f  p l a n t  e x t r a c t s *

I t  was im p o r ta n t  t o  d e te rm in e  i f  t h e r e  w ere  any  

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

s e c t i o n s  t o  th e s e  su b s  t a n c e s ,  u n d e r  t h e  c o n d i t i o n s  o f  t h e  

a s s a y ,a s  com pared  to  th o s e  o b ta in e d  when g ro w th  i n  an  

u n l im i t i n g  s u p p ly  o f  s u c ro s e *  The p r e s e n t  a s s a y  

te c h n iq u e  was d e v e lo p e d  t o  e s t im a te  t h e  y i e l d  o f  n a t u r a l  

a u x in  from  p l a n t  t i s s u e s , s o  t h a t  p a r t i c u l a r  e m p h a s is  w as 

l a i d  on th e  g ro w th  r e a c t i o n s  o f  th e  s e c t i o n s  . to  v a r y in g  

c o n c e n t r a t i o n s  o f  lAA.

A 10**^ aq u eo u s  s o l u t i o n  o f  th e  sod ium  s a l t  o f  lAA 

was p r e p a r e d  f o r  u s e  i n  t h e  t e s t s .  O.Img* o f  lAA was 

added  t o  c ^ p ro x im a te ly  $Oml* o f  d i s t i l l e d  w a te r  i n  a  

b e a k e r  w i th  t h e  c a l c u l a t e d  e q u i v a l e n t  am ount o f  a  N/1 0  

s o l u t i o n  o f  sod ium  h y d ro x id e *  The b e a k e r  was warm ed
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g e n t l y  u n t i l  a  c l e a r  s o l u t i o n  was o b ta in e d .  V/hen c o o l ,  

t h e  q u a n t i t y  was made up to  2 00  m l .  and  t h e  s o l u t i o n  s t o r e d  

i n  t i le  r e f r i g e r a t o r .  A 10“ ^ s to c k  s o l u t i o n  o f  t h e  

ammonium s a l t  o f  2 ,4 - D . was a l s o  made up  as  b e f o r e .

A s e r i e s  o f  d i l u t i o n s  o f  ÏAA and  2 ,4 - D . , f r o m  1  p a r t  

i n  1 0 “^ , t o  1  p a r t  i n  1 0 ~^ w ere  made up  i n  s u c r o s e .

A 0«7m l. sa m p le  from  e a c h  d i l u t i o n  was p l a c e d  i n  t h e  g ro w th  

v e s s e l  w i th  10  w e ig h e d  r o o t  s e c t i o n s .  The t o t a l  i n c r e a s e  

i n  w e ig h t was m e a su 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 ta g e  o f  th e  i n c r e a s e  o b ta in e d  when H ie s e c t i o n s  w ere  

grow n i n  s u c ro s e  a lo n e .

The c u r v e s  shown i n  F i g s . 8  and  9 w e re  d raw n fro m  th e  

a v e ra g e  v a lu e s  o f  a  l a r g e  num ber o f  e x p e r im e n ts .  (A p p e n d ix , 

T a b le s  I  and  n . ) .

The lAA c u rv e  show ed t h a t  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 ro w th  was o b ta in e d  i n  t h e  c o n c e n t r a t i o n s  o f  10" ^  an d  

1 0 " ^ ^ . T h e re  was a  p r o g r e s s iv e  i n c r e a s e  i n  i n h i b i t i o n  

b ey o n d  10“^ , and  th e  g ro w th  f e l l  t o  JOJS o f  th e  n o rm a l v a lu e  

i n  10“^ .  No s t i m u l a t i o n  was r e c o r d e d  w i t l i  2 ,4 - D .  W ith  

th e  l a t t e r  com pound, i n h i b i t i o n  b e g a n  a t  « ^ p r o x im a te ly  

1 0 " 9 ,a n d  o n ly  o f  n o rm a l g ro w th  was o b ta in e d  i n  a  10" ^  

s o l u t i o n  o f  2 ,4 - D . T h ese  g e n e r a l  r e s u l t s  w e re  s i m i l a r  t o  

t h o s e  o b ta in e d  when th e  r e s p o n s e s  o f  r o o t  s e c t i o n s  to  

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

u s in g  th e  p e t r i - d i s h  t e c h n iq u e .  An a t te m p t  was made t o
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i n c r e a s e  th e  s e n s i t i v i t y  o f  t h e  m eth o d  b y  u s in g  a  

p u r i f i e d  s u c r o s e  s o l u t i o n  f o r  th e  d i l u t i o n s  o f  t h e  two 

com pounds. A w e ig h ed  am ount o f  s u c r o s e  was d i s s o l v e d  i n  

a  s m a l l  vo lum e o f  g l a s s  d i s t i l l e d  w a te r  and sh a k e n  i n  a  

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

The s u c r o s e  s o l u t i o n  was f i n a l l y  s e p a r a t e d  o f f , warmed 

g e n t l y  t o  rem ove a l l  t r a c e s  o f  e t h e r , a n d  when c o o l , d i l u t e d  

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

e x p e r im e n ts  c o v e r in g  th e  c o n c e n t r a t i o n s  o f  lAA and  2 ,4 - D . 

fro m  10“ ^ ^  t o  1 0 " ^ .  The g ro w th  r e s p o n s e s  o f  t h e  s e c t i o n s  

t o  t h e s e  c o n c e n t r a t i o n s  m ade u p  i n  t h e  p u r i f i e d  medium 

d i d  n o t  d i f f e r  s i g n i f i c a n t l y  fro m  th o s e  o b ta in e d  when 

u s in g  th e  n o rm a l s u c r o s e .

The m a in  c o n c e rn  i n  t h e  p r o d u c t io n  o f  t h e s e  

c a l i b r a t i o n  c u rv e s  was t h e  a c c u ra c y  w i th  w h ich  th e y  c o u ld  

b e  u se d  to  e s t im a te  unknown c o n c e n t r a t i o n s ,  ( p a r t i c u l a r l y  

o f  lAA) i n  p l a n t  e x t r a c t s , u s i n g  a  s i n g l e  o b s e r v a t i o n  o f  a  

r e s p o n s e .  The c o e f f i c i e n t s  o f  v a r i a t i o n  w ere  w o rk ed  o u t  

fro m  t h e  d a t a  o f  t h e  lAA c u r v e .  D e te rm in a t io n s  show ed 

t h a t , o v e r  th e  r a n g e  4 f  c o n c e n t r a t i o n s  fro m  10"7  t o  1 0 " ^  

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

d i f f e r e n t  c o n c e n t r a t i o n s .  The m ean c o e f f i c i e n t  o f   ̂

v a r i a t i o n  o v e r  t h i s  r a n g e  was 7  4 $ ) .  From t h i s  any  s i n g l e  

a s s a y  d e p a r t i n g  m ore th a n  10 % fro m  t h e  m ean c o n t r o l  l e v e l  

c o u ld  b e  ta k e n  as an 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  an
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a c t i v e  g ro w th  s u b s t a n c e .  A h o r i z o n t a l  l i n e  a t  t h i s  

l e v e l  h a s  b e e n  draw n i n  a l l  t h e  c h ro m a to g ra p h s  t o  g iv e  a  

r a p i d  i n d i c a t i o n  o f  th e  s i g n i f i c a n c e  o f  th e  d i f f e r e n c e s  

o f  a s s a y s  from  th e  c o n t r o l  m ean . A t 1 0 "^  IA A ,th e  

a b s o lu te  v a r i a b i l i t y  d e c r e a s e d ,b u t  th e  c o e f f i c i e n t  o f  

v a r i a t i o n  in c r e a s e d ,d u e  to  th e  low  v a lu e  o f  th e  m ean 

g ro w th .

T h e re  was r e a s o n a b le  e x p e c t a t i o n  o f  b e in g  a b l e  to

d e t e c t  lAA a t  a  c o n c e n t r a t i o n  a s  low  a s  1 0 " ^ ,  as  t h i s  g av e

a  m ean s t i m u l a t i o n  o f  l8 « 4 4 % ,(fro m  10  r e s p o n s e s ) .  The

am ount c o u ld  n o t  b e  q u a n t i t a t i v e l y  e s t im a te d  as  s t i m u l a t i o n

c o u ld  be  e x p e c te d  from  c o n c e n t r a t i o n s  v a r y in g  from

3 X 1 0 " ^  t o  3 X 10”^®. C o n c e n t r a t io n s  o f  10~9  i a a

w ould  n o t  b e  d e t e c t e d  on th e  c h ro m a to g ra p h  as  t h e

c a l i b r a t i o n  c u rv e  c r o s s e d  th e  c o n t r o l  l i n e  a t  t h i s  p o i n t .

To overcom e t h i s , i t  w ould  b e  p o s s i b l e  t o  r u n  a  s e r i e s  o f

ch ro m a to g ram s u s in g  a  d i f f e r e n t  d i l u t i o n  o f  th e  f i n a l

e x t r a c t  on  e a c h .  The IAA c o n c e n t r a t i o n  w o u ld  th e n  b e

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

o f  th e  c o n c e n t r a t i o n  p r e s e n t  I n  t h e  o r i g i n a l  s o l u t i o n  «

m ade. I n  th e  a c t u a l  e x p e r im e n ts  w i th  p l a n t  e x t r a c t s , t h e

am ount o f  p l a n t  m a t e r i a l  u s e d  was su c h  a s  to  e x p e c t  a

q u a n t i t y  o f  IAA w h ich  w o u ld  l i e  on  th e  i n h i b i t o r y  p o r t i o n

o f  th e  c u r v e .  The s i g n i f i c a n t  i n h i b i t i o n  o f  g ro w th  b e g a n
-8

a t  a p p ro x im a te ly  a  10" s o l u t i o n  o f  IAA.
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The lo w e s t  q u a n t i t y  o f  2 ,4 - D . w h ic h  c o u ld  b e

d e t e c t e d  was a b o u t 3 x  1 0 *^^  so  th e  m e th o d  was n o t  so

s e n s i t i v e  f o r  t h i s  com pound as f o r  IAA.

The c h i e f  w eak n ess  o f  th e  m e th o d ,in  th e  e s t i m a t i o n

o f  IAA from  p l a n t  e x t r a c t s , l a y  i n  th e  f l a t n e s s  o f  th e
•8r e s p o n s e  c u rv e  b e tw e e n  th e  c o n c e n t r a t i o n s  o f  10* and

1 0 ~ 7 ,o v e r  w h ich  r e g io n  th e  m a j o r i t y  o f  th e  e x p e r im e n ta l
-8v a lu e s  l a y .  The m ean r e s p o n s e  a t  1 0 "  was 8 6 * 5 ^  o f  t h e  

c o n t r o l  g ro w th ,a n d  a t  lO "^  was 7 6 . 9 %̂  a  d i f f e r e n c e  o f  

l e s s  th a n  10i6. The n o rm a l v a r i a t i o n  o f  g ro w th  a t  a  f i x e d  

l e v e l  o f  c o n c e n t r a t i o n  c o u ld  t h e r e f o r e  c a u s e  w id e ly  v a r y in g  

e s t i m a t i o n s ,b a s e d  on  c a l c u l a t i o n s  f r m a . th e  c a l i b r a t i o n  

c u r v e .  A g u a rd  a g a i n s t  t h i s  e r r o r  was r e p i t l t i o n  o f  

e x p e r im e n ts .

Rough c a l i b r a t i o n  c u r v e s  w ere  a l s o  o b ta in e d  f o r  

m a le ic  h y d r a z id e  and  t r i - i o d o b e n z o i c  a c i d .  A s e r i e s  o f .  

d i l u t i o n s  o f  t h e  t r i - e t h a n o l s m i n e  s a l t  o f  M H,from 10~? t o  

10“^} and o f  th e  ammonium s a l t  o f  T IB A ,from  1 0 "3  t o  1 0 " 9 , 

w ere  made up i n  ^  s u c r o s e .  0 .y $ m l. s a m p le s  o f  e a c h  

w ere  a s s a y e d  b y  th e  r o o t  s e c t i o n  t e c h n i q u e , a s  f o r  IAA and

2 ,4 -D . The c a l i b r a t i o n  c u r v e s  shown i n  F i g s .  1 0  and  11  

w ere  d raw n fro m  th e  a v e ra g e  v a lu e s  o f  a  number, o f  a s s a y s .  

(A p p e n d ix ,T a b le s  Ï Ï Ï  & 1 7 . ) .  à:..,

The m a le ic  h y d r a z id e  c u r v e  ( F i g . 1 0 ) show ed t h a t  a  

3  X 1 0 " ^  s o l u t i o n  h a d  no e f f e c t  on s e c t i o n  g ro w th  b u t  t h a t
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a  10”^  s o l u t i o n  was ccH n p le te ly  t o x i c .  The r o o t  s e c t i o n s  

w ere  t h e r e f o r e  l e s s  s e n s i t i v e  t o  UR t h a n  w ere  A v ^ a  

c o l e o p t i l e  s e c t i o n s , w h ich  h a d  b e e n  shown (L e o p o ld  & K le in ,  

1 9 5 2 } t o  b e  i n h i b i t e d  b y  a  1 0 "7  s o l u t i o n  o f  t h e  com pound. 

The i n c r e a s e  i n  i n h i b i t i o n , w i t h  c o n c e n t r a t i o n , i n  t h e  

A vena t e s t  was m uch a l s o  m ore g r a d u a l  th a n  i n  t h e  p e a  r o o t  

a s s a y .  Ho s t i m u l a t i o n  o f  g ro w th  o f  t h e  r o o t  s e c t i o n s  was 

r e c o r d e d .

The TIBA c u rv e  ( F i g .  1 1 ) was draw n fro m  t h e  a v e ra g e s  

o f  o n ly  4  a s s a y s  a t  e a c h  c o n c e n t r a t i o n .  No s t i m u l a t i o n  o f  

g ro w th  was o b s e rv e d ;  i n h i b i t i o n  i n c r e a s e d  v e r y  r a p i d l y  

fro m  a  10 * ^  s o l u t i o n  w h ich  g a v e  3%  i n h i b i t i o n  o f  g ro w th  

t o  1 0 " ^ ,v d iic h  c a u s e d  7 5 ^  i n h i b i t i o n .  No g ro w th  o c c u r r e d  

i n  a  1 0 " ^  o f  TIBA. The a c t i o n  c u rv e  o f  t h i s  com pound i n  

f l a x  r o o t s  (A b e rg .1 9 5 3 ) show ed a  f l a t t o i i n g  o f  t h e  

i n h i b i t i o n  b e tw e e n  1 0 " ?  a n d  1 0 ~ ^ .  I t  was th o u g h t  t h a t  

t h e  l e t t e r  ’ s te p p e d *  c u r v e  was th e  r e s u l t  o f  t h e  r e s p o n s e  

o f  « h o le  r o o t s  t o  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  TIBA, se  

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

C  T h e se  c u rv e s  w ere  n o t  u s e d  f o r  e s t i m a t i o n s  o f  

c o n c e n t r a t i o n s  o f  TIBA and  MH i n  p l a n t  e x t r a c t s , b u t  w ere  

p ro d u c e d  t o  o b t a in  in f o r m a t io n  a b o u t t h e  r e l a t i v e  

e f f e c t i v e n e s s  o f  t h e s e  s u b s ta n c e s  on  s e c t i o n  g ro w th  an d  

w h o le  p l a n t  g ro w th . 3
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A ssay  o f  p l a n t  e x t r a c t s  ( w i th  r e f e r e n c e  t o  IAA and  
? ,4 - D .  o n l y . ) .

T he e r r o r s  in v o lv e d  i n  th e  a p p l i c a t i o n  o f  t h e  

c a l i b r a t i o n  c u r v e s  t o  th e  d i r e c t  a s s a y  o f  unknown 

c o n c e n t r a t i o n s  o f  IAA and  2 ,4 - D . h a v e  b e e n  d i s c u s s e d .

I t  seem ed l i k e l y  f u r t h e r  e r r o r s  w o u ld  a r i s e  i n  th e  

q u a n t i t a t i v e  e s t i m a t i o n  o f  t h e s e  s u b s t a n c e s  fro m  

ch ro m a to g ram s o f  p l a n t  e x t r a c t s , d u e  to  *-

( a )  D e c o m p o s itio n  o f  th e  a c t i v e  s u b s t a n c e s  d u r in g  th e  

a c t u a l  r u n n in g  o f  th e  ch ro m a to g ra m .

(b )  L ack  o f  c o m p le te  e q u i l i b r a t i o n  b e tw e e n  th e  g ro w th  

s u b s t a n c e  on  t h e  p a p e r  and  th e  s u c r o s e  s o l u t i o n  i n  t h e  

g ro w th  v e s s e l .  T h is  w ould  t e n d  t o  g iv e  e s t i m a t i o n s  w h ic h  

w e re  to o  h ig h ,o w in g  to  a  h ig h  l o c a l  c o n c e n t r a t i o n  o f  th e  

s u b s t a n c e s  on  th e  p a p e r  i n  d i r e c t  c o n t a c t  w i th  t h e  r o o t  

s e c t i o n s .

( c )  M ask ing  o f  o n e  s u b s ta n c e  b y  a n o th e r  w h ic h  h a d  a  

s i m i l a r  v a l u e .  T h is  c o u ld  b e  o v erco m e b y  u s e  o f  a  

d i f f e r e n t  d e v e lo p in g  s o l v e n t .

E x p e r im e n ts  w ere  c a r r i e d  o u t  t o  e s t a b l i s h  a  m e a s u re  

o f  t h e  f i r s t  tw o  o f  t h e s e  e r r o r s .  The p a p e r  s t r i p  was 

w e ig h e d  t o  t h e  n e a r e s t  «OSmg. on  a  s e n s i t i v e  a i r -d a m p e d  

b a l a n c e , a  s p o t  o f  known c o n c e n t r a t i o n  o f  IAA ( o r  2 ,4 - D . )  

w as ad d ed  and  th e  s t r i p  r e - w e ig h e d  im m e d ia te ly ,b e f o r e  an y  

e x t e n s iv e  e v a p o r a t io n  c o u ld  h a v e  t a k e n  p l a c e .  The 

ch ro m a to g ra m s w ere  r u n  w i th  t h e  s o l v e n t , d r i e d ,  and  c u t  up



i n t o  2 0  t r a n s v e r s e  p i e c e s .  O nly  t h a t  p a r t  o f  t h e  

ch ro m a to g ram  o v e r  t h e  a p p ro x im a te  Rp v a l u e  o f  t h e  

p a r t i c u l a r  com pound b e in g  t e s t e d , h a d  t o  b e  a s s a y e d .  T h e se  

s t r i p s  w ere  p la c e d  i n  th e  g ro w th  v e s s e l s  w i th  0*7C tal. o f  

s u c r o s e  and  t r e a t e d  i n  tw o w a y s . ,

(1 )  The s t r i p s  w ere  a s s a y e d  im m e d ia te ly  -  1 0  s e c t i o n s  

w ere  ad d ed  to  e a c h  v e s s e l , a n d  th e  p e r c e n ta g e  i n c r e a s e  i n  

g ro w th  r e c o r d e d  a f t e r  2 4  h o u r s .

( 2 )  T he s t r i p s  w ere  l e f t  w i th  t h e  s u c r o s e  s o l u t i o n  i n  th e  

g ro w th  v e s s e l s  f o r  18 h o u r s , i n  th e  d a r k  and  a t  room  

t e m p e r a t u r e , t o  a llo w  t im e  f o r  t h e  e q u i l i b r a t i o n  o f  th e  

a u x in  b e tw e e n  th e  p a p e r  and  th e  s u c r o s e  s o l u t i o n .  T he 

s t r i p s  w ere  th e n  a s s a y e d  n o r m a l ly .

By g r a p h s  w ere  d raw n  as  i n  F i g . 3 fro m  th e  r e s u l t s  

o f  t h e  a s s a y s .  The p e i-c e n ta g e  i n h i b i t i o n  o b ta in e d  a t  

e a c h  r e s p o n s e  p o i n t , ( i f  m ore th a n  o n e )  c o u ld  t h e n  b e  r e a d  

o f f  and  f i t t e d  i n t o  t h e  c a l i b r a t i o n  c u r v e .  T he 

c o n c e n t r a t i o n  o f  IAA ( o r  2 ,4 - D . )  w h ich  g a v e  t h i s  

i n h i b i t i o n  c o u ld  b e  n o t e d ,  and  a s su m in g  t h i s  t o  b e  u n ifo rm  

t h r o u ^ o u t  t h e  O'Tknl. o f  s u c r o s e , t h e  a c t u a l  am ount o f  

a u x in  c o u ld  b e  c a l c u l a t e d .  T hus an  i n h i b i t i o n  o f  24% 

w o u ld  i n d i c a t e  t h e  p r e s e n c e  o f  0  7 m l. o f  a  1 0 "7  s o l u t i o n  

o f  IAA ud iich  w o u ld  be e q u a l  t o  a  t o t a l  o f  'Q^Y*

A num ber o f  c h ro m a to g ra m s , to  w h ich  known am oun ts o f  

IAA ( o r  2 ,4 - D . )  h a d  b e e n  ad d ed  w ere  ( a )  a s s a y e d



38

im m e d ia te ly ,o r  (b )  a s s a y e d  a f t e r  th e  18 h o u r  e q u i l i b r a t i o n  

p e r io d  w i th  s u c r o s e .  S c a t t e r  d ia g ra m s  w e re  c o n s t r u c t e d  

o f  t h e  am ount o f  a u x in  e s t i m a t e d  fro m  th e  g ro w th  r e s p o n s e s  

o f  t h e  s e c t i o n s , a g a i n s t  th e  am ount known to  h a v e  b e e n  

added  to  th e  s t r i p s .  The g r a p h s  o f  t h e s e  r e s u l t s  f o r  

IAA and  2 ,4 -D . a r e  shown i n  F i g s .  12 and I 3 . ( D e t a i l s  -  

A p p e n d ix ,T a b le  F i g . 12 f o r  2 ,4 - D .  show ed t h a t  o v e r

t h e  r a n g e  s t u d i e d  t h e r e  w as a  l i n e a r  r e l a t i o n s h i p  b e tw e e n  

th e  e ^ q p e r im e n ta lly  e s t i m a t e d  am ount and  t h e  a c t u a l  known 

am oun t. A r e g r e s s i o n  c o e f f i c i e n t  was w o rk ed  o u t  f o r  t h e  

ad d ed  am ount on  th e  e s t im a te d  am ount and  g av e  a  v a l u e  o f  

*77* T h is  m ean t t h a t  t h e  am ount c a l c u l a t e d  fro m  t h e  

ch ro m a to g ram  g r a p h s  o f  unknown s o l u t i o n s  was ^0% h i ^ e r  

th a n  t h a t  ad d ed  t o  th e  s t r i p .  T h is  f a c t o r  was n o t  a l t e r e d  

b y  th e  I 8 h o u r  e q u i l i b r a t i o n  o f  th e  s t r i p s  w i th  s u c r o s e  

p r i o r  t o  a s s a y .  To o b t a i n  an  a c c u r a t e  e s t i m a t i o n  o f  t h e  

am ount o f  2 ,4 - D .  p r e s e n t  t h e  c a l c u l a t e d  v a l u e s  w o u ld  h a v e  

t o  b e  m u l t i p l i e d  b y  0*77* T he h ig h  v a l u e  o b t a i n e d  fro m  

t h e  a s s a y s  c o u ld  h a v e  b e e n  d u e  t o  th e  a d s o r p t i o n  o f  t h e

2 ,4 -D . on  t o  th e  p a p e r  w h ic h  w o u ld  g iv e  a  h ig h  l o c a l  

c o n c e n t r a t i o n  o f  th e  s u b s ta n c e  i n  d i r e c t  c o n t a c t  w i th  t h e  

r o o t  s e c t i o n s .  T h is  e r r o r  was n o t  r e d u c e d  b y  s t a n d i n g  

t h e  s t r i p s  w i th  t h e  g ro w th  m edium  b e f o r e  a s s a y .

The r e s u l t s  o f  a  s i m i l a r  s e r i e s  o f  e x p e r im e n ts  w i th  

IAA a r e  shown i n  F i g . 1 3 .
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The g r a p h  show ed t h a t  im m e d ia te  a s s a y  o f  th e  

c liro m ato g rara  g a v e  an e s t im a te d  v a lu e  w h ich  h a d  a  l i n e a r  

r e l a t i o n s h i p  t o  th e  knov/n am ount a d d e d . T he r e g r e s s i o n  

c o e f f i c i e n t s  w ere  w orked  o u t  fro m  t l ie  tw o s e t s  o f  r e s u l t s  

o b ta in e d  u n d e r  t i i e  tw o a s s a y  c o n d i t i o n s .  I f  a s s a y  o f  t h e  

s t r i p s  was c a r r i e d  o u t  im m e d ia te ly ,a  r e g r e s s i o n  c o e f f i c i e n t  

o f  0*995 was o b ta in e d ,w h ic h  m e a n t t h a t  t h e  e s t i m a t e d  am ount 

o f  a u x in  was a  d i r e c t  m e a s u re  o f  t l i e  q u a n t i t y  i n  t h e  

o r i g i n a l  s p o t  on  t h e  c liro m a to g ra m . I f  t h e  s t r i p s  w ere  

l e f t  to  e q u i l i b r a t e  w it i i  t h e  s u c r o s e  s o l u t i o n  b e f o r e  

a s s a y , t h e  r e g r e s s i o n  c o e f f i c i e n t  o f  t h e  ad d ed  on  t h e
value

e s t im a te d  am ount w o rk ed  o u t  to  a  volum e o f  4 * 2 8 . T h is  

i n d i c a t e d  t h a t  IAA was l o s t  d u r in g  t h e  e q u i l i b r a t i o n  

p e r i o d .  T h is  l o s s  was p o s s i b l y  due to  b a c t e r i a l  

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

th e  g ro w th  v e s s e l s .  S uch  p e r i o d s  o f  e q u i l i b r a t i o n  w ere  

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

im m e d ia te  a s s a y  o f  t h e  s t r i p s  g a v e  s u c h  an  a c c u r a t e  

m e a su re  o f  t h e  am ount o f  IAA i n  t h e  o r i g i n a l  s p o t  

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

ch ro m ato g ram  and t h a t  d i f f u s i o n  o f  t h e  a u x in  f ro m  t h e  

p a p e r  t o  t h e  s u c r o s e  s o l u t i o n  was r a p i d  and  c o m p le te .

I t  seem ed u n l i k e l y  t h a t  d e c o m i^ o s itio n  c o u ld  e x a c t l y  o f f ­

s e t  a d s o r p t i o n  on  th e  p a p e r , t o  g iv e  s u c h  a  b a la n c e d  

r e s u l t ;
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1 .  P r e l i i a i n a r y  e x t r a c t i o n  r e s u l t s .

T h is  s e r i e s  o f  e x p e r i m e n t s , i n  vfoich  th e  i n i t i a l  

e x t r a c t i o n  s o l v e n t  was w a te r ,g a v e  r e s u l t s  w h ic h  p ro v e d  t o  b e  

o f  q u a l i t a t i v e  v a lu e  o n ly .  T he r e s u l t s  d i d  h o w e v e r , 

e s t a b l i s h  t h a t  a c t i v e  g ro w th  s u b s t a n c e s  c o u ld  b e  d e t e c t e d  on  

ch ro m a to g ram s o f  p l a n t  e x t r a c t s , b y  t h e  t e c h n iq u e s  d e s c r i b e d .

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

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

( d e s c r ib e d  on  p .  43 -  p  /6 . )  and  t h e  Rp v a l u e s  o f  th e

g ro w th  a c t i v i t y  show n on th e  a s s a y e d  c h ro m a to g ra m s , a r e  g iv e n  

i n  T a b le  Ï .  (p -4 l)

G rap h s  o f  th e  a s s a y e d  ch ro m a to g ra m s fr< m  e x t r a c t i o n s

2 ,  3 ,  and  6 a r e  shown i n  F i g s . 1 4 , 1 5 , and  l 6 .

E x t r a c t i o n s  o f  t i s s u e , p r e v i o u s l y  t r e a t e d  w i th  2 ,4 - D .  

w ere  a l s o  a s s a y e d  f o r  g ro w th  a c t i v i t y .  I n  t h e  f i r s t  

e x p e r im e n t , t h e  u p p e r  s u r f a c e s  o f  t h e  f i r s t  p a i r  o f  t r u e  

l e a v e s ,o n  15  f o u r  w eek o ld  s u n f lo w e r  p l a n t s  w e re  p a i n t e d  w i t h  

a p p ro x im a te ly  5®1* o f  a  1 0 ”^  s o l u t i o n  o f  t h e  ammonium s a l t  

o f  2 ,4 - D . T h e se  an d  14 u n t r e a t e d  p l a n t s  w e re  l e f t  f o r  2 ^  

d a y s  and  t h e  s h o o ts  th e n  h a r v e s t e d  fro m  abo v e  t h e  t h i r d  p a i r  

o f  l e a v e s .  The t r e a t e d  p l a n t s  show ed t h e  t y p i c a l  2 ,4 - D .  

r e s p o n s e ;  t h e  l e a v e s , p a r t i c u l a r l y  t h o s e  ab o v e  th e  t r e a t e d  

zo n e  w ere  f o ld e d  b a c k  on  a  b e n t  s te m  and  t h e  e x p a n s io n  o f  

new l e a f  t i s s u e  was r e t a r d e d .  T he t r e a t e d  s a m p le  show ed a
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g r e a t e r  f r e s h  w e ig h t  p e r  p l a n t  (« é O g .)  th a n  th e  c o n t r o l  

( • 4 8 g . ) .  E x t r a c t i o n  o f  t h e  tw o sa m p le s  was c a r r i e d  o u t  b y  

m e th o d  I b  and  e a c h  a s s a y e d  f o r  a c t i v i t y .  B o th  c h ro m a to g ra m s 

show ed  a  s t i m u l a t i o n  o f  g ro w th  a t  an  Bp v a lu e  o f  0 » 4 $ ; t h e  

c o n t r o l  e x t r a c t  g a v e  s l i g h t  i n h i b i t i o n  a t  a  v a l u e  o f  0« 8 0  

and  th e  t r e a t e d  a  l a r g e  i n h i b i t o r y  w e a  b e tw e e n  *65 an d  

’ 8 0 . The l a t t e r  was o b v io u s ly  due  t o  2 , 4 - D . , b u t  a p a r t  f ro m  

t h i s  t h e r e  w e re  no s t r i k i n g  d i f f e r e n c e s  b e tw e e n  t h e  

a c t i v i t y  o f  t h e  tw o e x t r a c t s .  The ch ro m a to g ra m  g r a p h s  a r e  

shown i n  F i g . 1 7 .

T he e x p e r im e n t  was r e p e a t e d  w i th  a  s m a l l e r  num ber o f  

p l a n t s .  The a s s a y e d  ch ro m a to g ra m s show ed no a c t i v i t y , a p a r t  

f ro m  an  i n h i b i t o r y  s p o t  a t  an  Hj, o f  *75 i n  t h e  t r e a t e d  

e x t r a c t  -  due  t o  2 ,4 - D . T h is  l a c k  o f  a c t i v i t y  may h a v e  

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

An e x t r a c t i o n  o f  M e te o r  p e a  s e e d l i n g s ,w h i c h  h a d  b e e n  

t r e a t e d  w i th  2 ,4 - D . was co m p ared  w i th  o n e  o f  s i m i l a r  

c o n t r o l  p l a n t s .  Two d a y  o l d  p e a  s e e d l i n g s  w e re  t r a n s f e r r e d  

t o  t a n k s  o f  a e r a t e d  t a p  w a te r ;  a f t e r  12 d a y s  g r o w t h , t h e  

w a te r  i n  one  t a n k  was r e p l a c e d  b y  a  10“ ^  s o l u t i o n  o f

2 ,4 - D .  and  b o t h  s e t s  w ere  l e f t  f o r  a  f u r t h e r  tw o  d a y s .

T h e re  was l i t t l e  o b v io u s  e x t e r n a l  r e s p o n s e  o f  t h e  p l a n t s  t o  

t h i s  t r e a t m e n t ,  a p a r t  fro m  a  s l i g h t  t h i c k e n i n g  o f  t h e  m a in  

r o o t  and  s h o o t ,a n d  a  s lo w e r  l e a f  e x p a n s io n .  53*3g* o f

c o n t r o l  s h o o ts  an d  3 8 «$g . o f  t r e a t e d  ( i n c l u d i n g  c o t y le d o n s )
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w ere e x t r a c t e d  b y  m eth o d  Ib  and a s sa y e d  f o r  g ro w th  

a c t i v i t y .  The ch ro m ato g ram  o f  th e  c o n t r o l  e x t r a c t  show ed 

no a c t i v i t y  and th e  t r e a t e d  o n ly  show ed an  i n h i b i t o r y  s p o t  

i n  th e  2 ,4 -D . z o n e . ( F i g . l 8 ) .  T h is  r e s u l t  was q u i t e  

d i f f e r e n t  fro m  th e  f i r s t  e x t r a c t i o n  o f  p e a  t i s s u e .  ( B x p t . i . ) .

I n  t h i s  s e r i e s  o f  e x p e r im e n ts , th e  r e s u l t s  o f  a s s a y e d  

ch ro m a to g ram s o f  e x t r a c t s  fro m  s i m i l a r  t i s s u e  w ere  v e r y  

v a r i a b l e .  T h is  v a r i a b i l i t y  was p r o b a b ly  due t o  th e  

u n s t e r i l e  and r e l a t i v e l y  u n - u n ifo rm  c o n d i t i o n s  o f  th e  

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

on  th e  ch ro m a to g ram s was o f  an  o i l y  and p ig m e n te d  n a t u r e  

and t h i s  seem ed to  c a u s e  u n ev en  ru n n in g  o f  th e  s o l v e n t  

down th e  p a p e r  and p o s s i b l y  a c c o u n te d  f o r  th e  g e n e r a l  low  

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

was a b a n d o n e d ,b u t c e r t a i n  f a c t s  c o u ld  b e  draw n fro m  th e  

r e s u l t s .

1 .  The b lo a s s a y  te c h n iq u e  d e v e lo p e d  c o u ld  d e t e c t  a c t i v e  

g ro w th  s u b s ta n c e s  on th e  ch ro m ato g ram s o f  c o n c e n t r a t e d  

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

2 .  An a c t i v e  s u b s t a n c e ,w i th  an Rp v a lu e  r a n g in g  from  '-30 

t o  *4$ was d e t e c t e d  from  a l l  ty p e s  o f  t i s s u e s  e x t r a c t e d .

T h is  was p resu m ed  t o  b e  IAA b e c a u s e  o f  th e  s i m i l a r i t y  n f  i n  

t h e  Rp v a lu e  w i th  t h a t  o f  th e  p u re  com pound, and  b e c a u s e  i t  

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

- i n d o l y l a c e t i c  a c id  was t h e r e f o r e  d e t e c t e d  from  th e



g r e e n  t i s s u e  o f  p e a ,s u n f lo w e r ,d w a r f  and r u n n e r  b e a n s ,a n d  

fro m  th e  r o o t s  o f  p e a s .  A c c u ra te  e s t im a t io n s  o f  t h e  y i e l d s  

c o u ld  n o t  b e  m ade.

3- An i n h i b i t o r y  s u b s ta n c e  w i th  an  Bp v a lu e  b e tw e e n  *65 

and  *80 was d e t e c t e d  on ch ro m ato g ram s o f  a l l  t i s s u e  

e x t r a c t s , w i t h  t h e  e x c e p t io n  o f  th e  p e a  r o o t s .

4 .  A s t i m u l a t o r y  s u b s ta n c e  a t  an v a lu e  o f  *10 was a l s o  

d e t e c t e d , b u t  o n ly  from  r u n n e r  b e a n  s h o o t s .

5 . I n h i b i t i o n  o c c a s i o n a l l y  o c c u r r e d  on th e  f i r s t  and l a s t  

s t r i p s  o f  th e  a s s a y e d  c h ro n a to g ra m s . The fo rm e r  I n h i b i t i o n ,  

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

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

t o  p r e v e n t  th e  a b s o r p t io n  o f  th e  s u c r o s e  s o l u t i o n  by  th e  

f i l t e r  p a p e r .



—’ R e s u l t s o b ta ln e c t from  t h e f i n a l  e x t r a c t i o n  t e c h n iq u e .

A. U n t r e a te d  p l a n t s .

G row th s u b s ta n c e s  from  e x t r a c t s  o f  u n t r e a t e d  
p l a n t s .

The m a t e r i a l  u se d  was s h o o ts  o f  S u n flo v /e r  s e e d l i n g s  

g row n i n  th e  c o n s t a n t  te m p e r a tu r e  room . I n  th e  f i r s t  s e r i e s  

o f  e x p e r im e n ts , th e  e t h e r  e x t r a c t  was n o t  d iv id e d  i n t o  

a c i d i c  and n e u t r a l  f r a c t i o n s , b u t  th e  w hole was u s e d  f o r  

a n a l y s i s .  The d e t a i l s  and r e s u l t s  o f  th e  e x t r a c t i o n s  a r e  

show n i n  T a b le  Ï Ï ,  ( p .  4-6 ) .

T he g r o w th - a c t iv e  r e g io n s  on th e  ch ro m ato g ram s w ere 

g e n e r a l l y  s i m i l a r  to  th o s e  o b ta in e d  i n  th e  p r e l im in a r y  

e x t r a c t i o n s .  An a c t i v e  s u b s t a n c e ,w i th  an Rp v a lu e  b e tw e en  

•32  and *40 was d e t e c t e d  i n  a l l  t h e  e x p e r im e n ts ,w i th  t h e  

e x c e p t io n  o f  th e  24  h o u r  so a k e d  s e e d .  T h is  s u b s ta n c e  w as 

p resu m ed  to  b e  ^ - i n d o l y l a c e t i c  a c id .  (IA A ). Two o t h e r  

a c t i v e  s p o t s  o c c u r r e d  c o n s i s t e n t l y  on th e  ch ro m a to g ra m s,

( 1 ) a  com pound a t  an o f  *10  t o  *17 w h ich  c a u s e d

s t i m u l a t i o n  o f  s e c t i o n  g ro w th  and ( 2 ) one a t  an Rp o f  *6o

t o  *80 w h ich  b ro u g h t  ab o u t g ro w th  i n h i b i t i o n .  A f o u r t h  

a c t i v e  zone o c c a s i o n a l l y  a p p e a re d  -  an i n h i b i t o r y  s p o t  a t

an  v a lu e  o f  a p p ro x im a te ly  *90 . A t y p i c a l  g ra p h  o f  an

a s s a y e d  ch ro m ato g ram  o f  a  s h o o t  e x t r a c t  i s  shown i n  F l g . 1 9 .

T he y i e l d  o f  I A A ,c a lc u la te d  i n  Y p e r  k i lo g ra m  f r e s h
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w eigh t, was l e s s ^ i f  t h e  w hole o f  th e  p l a n t  above th e  s o i l  

was e x t r a c t e d  y th a n  i f  o n ly  t h a t  p a r t  o f  th e  p l a n t  above

th e  c o ty le d o n s ,  was u s e d .  The mean y i e l d  from  th e  w ho le
Y/

s h o o ts  ( S x p t s .2  -  5 ) was 1  »6ÿ^^kg. and from  th e  t i s s u e
V/

above th e  c o ty le d o n s  was 1 7 . 68^ % . (B x p ts .6  -  9 ) .  S a o p le s  

o f  12*6  and 13»4 gram s o f  c o ty le d o n s  o n ly , t a k e n  fro m  

18  d a y  o ld  S u n flo w e r  s e e d l in g s ,w e r e  e x t r a c t e d  and a s s a y e d . 

The ch rom atog ram  s t r i p  from  e a c h  was d iv id e d  i n t o  10  

t r a n s v e r s e  p i e c e s ;  num bers 2 - 5  w ere a s s a y e d  and  th e y  

show ed no i n d i c a t i o n  o f  g ro w th  a c t i v i t y .  I t  was c o n c lu d e d  

fro m  t l i e s e  e x p e r im e n ts  t h a t  th e  c o ty le d o n s  o f  S u n f lo w e rs  

c o n ta in e d  l i t t l e , o r  no lAA and b y  a c c o u n tin g  f o r  a  l a r g e  

pazH. b y  w e ig h t ,o f  a  g iv e n  sam p le  o f  w hole  s h o o ts , r e d u c e d  

t h e  y i e l d  o f  a u x in  w orked o u t  on a  Y p e r  k i lo g ra m  f r e s h  

w e ig h t  b a s i s .

Two e x t r a c t i o n s  o f  e t i o l a t e d  S u n flo w e r  s h o o ts  w ere  

m ade. ( f ix p t s . lO  & 1 1 ) .  The y i e l d s  o f  lAA w ere  g r e a t e r  th a n  

th o s e  o b ta in e d  from  g r e e n  s h o o ts  o f  th e  seme a g e ,b u t  age 

w as p o s s i b l y  n o t  a  fa ii*  b a s i s  f o r  c o m p a r iso n ,d u e  to  t h e  

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

d i f f e r e n t  e n v iro n m e n ta l  c o n d i t i o n s .  (The e t i o l a t e d  

s e e d l in g s  c o n s i s t e d  m a in ly  o f  an  e lo n g a te d  h y p o c o ty l  + 

C o ty le d o n s , w i th  p r a c t i c a l l y  no  l e a f  t i s s u e ) .  The s t i m u l a t i o n  

a t  an  Rp v a lu e  o f  *62 was i n t e r e s t i n g , b u t  n e e d e d  f u r t h e r  

i n v e s t i g a t i o n . ) .
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A sam ple  o f  ca b b ag e  t i s s u e  was e x tra c te d , and th e  

t o t a l  e t h e r  e x t r a c t  a s s a y e d  f o r  lAA a c t i v i t y .  The p l a n t s  

w ere  grow n i n  a  g r e e n h o u s e ,u n t i l  f o u r  le a v e s  w ere  w e l l  

d e v e lo p e d , th r e e  o u t e r  l e a v e s  w ere rem oved l e a v in g  th e  

' h e a r t '  o f  young t i s s u e .  A 21»5 gram  s a n p le  o f  t h i s  

t i s s u e  was e x t r a c t e d ,a n d  th e  e t h e r  c o n c e n t r a t e  d iv id e d  and 

r u n  on two ch ro m a to g ram s. O nly th e  lAA zo n es  w ere  a s s a y e d  

g i v in g  y i e l d s  o f  4 ? .4  and 5 0 .3  T /k g .  f r e s h  w e ig h t .

I n  a l l  t h e  e x t r a c t i o n s  o f  g r e e n  t i s s u e , i n  w h ich  th e  

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

ad d ed  to  th e  s t r i p s  c o n ta in e d  some o i l y  r e s id u e s  and 

p ig m e n t m a t t e r .  T h e s e ,a s  i n  th e  p r e l im in a r y  e x t r a c t i o n  

e x p e r i m e n t s ,o c c a s io n a l ly  im peded th e  even  ru n n in g  o f  th e  

s o lv e n t  an d  a f f e c t e d  th e  s e c t i o n  g ro w th  th ro u g h o u t  th e  

ch rom atog ram  a s s a y .  I n  f u t u r e  e x p e r im e n ts  th e  e t h e r  

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

te c h n iq u e  d e s c r ib e d ,a n d  i n  e x t r a c t i o n s  o f  g r e e n  t i s s u e , t h e  

a c i d i c  p o r t i o n s  o n ly  w ere  a s s a y e d , th e  p ig m e n ts  and o i l s  

r e m a in in g  i n  th e  n e u t r a l  f r a c t i o n .  I n  e x t r a c t i o n s  o f  r o o t  

t i s s u e , b o t h  c o u ld  b e  a s s a y e d  f o r  g ro w th  a c t i v e  s u b s ta n c e s .  

D e te c t io n  o f  a c i d i c  s u b s t a n c e s s

( a ) .  G reen  t i s s u e .

S u n flo w e r  s e e d l in g s  w ere  a g a in  u s e d  f o r  t h i s  se c o n d  

s e r i e s  o f  e x p e r im e n ts . The g ro w th  a c t i v i t i e s  o f  t h e  

ch ro m ato g ram s w ere  e s s e n t i a l l y  s i m i l a r  t o  th o s e  i n  th e



p r e v io u s  a s s a y s  -  s t i m u l a t i o n  o f  g ro w th  a t  an o f  *10, 

i n h i b i t i o n  a t  *30 t o  *45 and a seco n d  i n h i b i t o r y  s p o t  a t  

app i’o x im a te ly  •7 0 , T h ese  g ro w th  a c t iv e  s u b s ta n c e s  w ere  

a l l , t h e r e f o r e 5o f  an a c id ic  n a tu re *  In  o r d e r  to  econom ise  

on  t im e  and e f f o r t  m o st o f  th e  a n a ly s e s  i n  t h i s  s e r i e s  w ere 

on t h a t  p a r t  o f  th e  chrom atogram  c o n ta in in g  ( a s  assum ed) 

lAA. The ch rom atogram s w ere  m arked  i n t o  20  t r a n s v e r s e  

p i e c e s ,a n d  num bers 4 - 1 1  i n c l u s i v e l y  w ere a s s a y e d .

T a b le  ï ï f  g iv e s  th e  d e t a i l s  o f  th e  t i s s u e s  e x t r a c t e d  and  

th e  c a l c u l a t e d  y i e l d s  o f  lAA. ( p .  5*0 ).

The a v e ra g e  y i e l d  o f  4 «81 Y /k g .  f r e s h  w e ig h t o b ta in e d  

from  t h e s e  5 e x t r a c t i o n s  was h ig h e r  th a n  t h a t  o b ta in e d  from  

th e  a s s a y  o f  th e  w hole e t h e r  f r a c t i o n  o f  s i m i l a r  t i s s u e .

T h is  was p r o b a b ly  due t o  two f a c t o r s  *-

( i )  The g r e a t e r  b u lk  o f  p l a n t  t i s s u e  e x t r a c t e d  

g a v e  a  l a r g e r  q u a n t i t y  o f  lAA i n  th e  f i n a l  e x t r a c t .  Due 

to  t h e  sh a p e  o f  th e  c a l i b r a t i o n  c u r v e , t h i s  l e v e l  c o u ld  b e

m ore a c c u r a t e l y  m e asu re d  b y  th e  a s s a y  te c h n iq u e .

( i i )  The re m o v a l o f  th e  o i l  and p ig m e n ts  i n  th e  

n e u t r a l  f r a c t i o n ,g a v e  a  ’ c le a n e r*  e t h e r  c o n c e n t r a t e .  T h is  

r e s u l t e d  i n  a  m ore even  ru n n in g  o f  t h e  s o lv e n t  down th e

p a p e r  and  b e t t e r  s e c t i o n  g ro w th  i n  th e  a s s a y .

( b ) . R oot t i s s u e .

E x t r a c t io n s  o f  n o rm a l p e a  r o o t  t i s s u e  w ere  c a r r i e d  

o u t  and  th e  f i n a l  e t h e r  s o l u t i o n s  a s sa y e d  to  d e te rm in e  th e



TABLE I I I

a
5"0. 4

T is s u e  e x t r a c t e d Y ie ld  o f  lAA. 
Y g . / k g .  F.Wt.

18  d a y  S u n flo w e r  s h o o ts  
+ c o ty le d o n s .  5 6 *Qg. 9 .5 0

18  d a y  S u n f lo w e r  s h o o ts  
+ c o ty le d o n s .  5 0 »Og.

1

8*6o

18 d a y  S u n f lo w e r  s h o o ts  
+ c o ty le d o n s .  3 0 . Qg. 1 .6 5

D i t t o . 2 3 . 8g . 2 .5 0

D i t t o . 3 0 . 0g . 1 .8 0
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y i e l d s , i f  a n y ,o f  lAA and  to  d e t e c t  t h e  p r e s e n c e  o f  any  

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

I n  t h e  f i r s t  s e r i e s  o f  e x t r a c t i o n s , t h e  a c i d i c  e t h e r  

f r a c t i o n s  o n ly  w ere  a s s a y e d .  An a c t i v e  s u b s ta n c e  v / i th  an 

Rg, v a lu e  s i m i l a r  t o  fi-  i n d o l y l a c e t i c  a c id  was a g a in  

d e t e c t e d  fro m  a l l  e x t r a c t i o n s .  T he r e s u l t s  o f  a  num ber 

o f  i n d i v i d u a l  e x p e r im e n ts  a r e  shown i n  T a b le  g iv in g  t h e  

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

a c t i v e  s u b s ta n c e s  d e t e c t e d  on th e  c h ro m a to g ra m s . The
3 ,

ch ro m ato g ram  g r a p h s  o f  e x p e r im e n t a r e  shown i n  F i g . 2 0 . 

T a b le  V g iv e s  th e  a v e ra g e  y i e l d s  o f  lAA o b ta in e d  from  a  

num ber o f  e x t r a c t i o n s  o f  p e a  r o o t  t i s s u e  o f  v a r y in g  a g e s .

The a s s a y e d  ch ro m a to g ram s c o n s i s t e n t l y  show ed 

i n t i i b i t i o n  o f  g ro w th  a t  an Rg. v a lu e  o f  a p p r o x im a te ly  «7 0 . 

T h is  s u b s t a n c e , a l s o  d e t e c t e d  i n  th e  p ire v io u s  s h o o t  

e x t r a c t s ,w a s  p r o b a b ly  i d e n t i c a l  w i th  t h e  i n h i b i t o r y  

co m p o u n d ,o f s i m i l a r  Rg. v a lu e  r e p o r t e d  b y  B e n n e t - C la r k  (1 9 5 3 ) 

fro m  e t i o l a t e d  p e a ,b r o a d  b e a n  and  s u n f lo w e r  s e e d l i n g s ,  

fro m  t h e  r o o t s  o f  p e a ,b e a n  and  m a iz e  and  th e  rh iz o m e  o f  

A ^ o p o d iu m , ( c a l l e d  i n h i b i t o r  /^ ) .  A s e c o n d  i n h i b i t o r y  

com pound a t  an  Bp p o s i t i o n  o f  *90  was a l s o  d e t e c t e d  -  fro m  

a l l  t h e  young  r o o t  s a m p le s  ( 2 - 4  d a y s )  and  o c c a s i o n a l l y  

fro m  o l d e r  s a m p le s .

The y i e l d s  o f  lAA w ere  w orked  o u t  o n  a  Y g .  p e r  

k i lo g r a m  f r e s h  w e ig h t  an d  Y g .  p e r  100  r o o t  b a s e s .  The



TABLE IV .

5-a

j T is s u e  e x t r a c t e d
!
1

Y ie ld  o f  lAA Bp v a l u e s  o f
o t h e r  a c t i v e  
s u b s t a n c e s  
( + ) “ s t i m u l a t i o n  
( - ) “ i n h i b i t i o n

Y g ./k g .
F .W t.

_____  _____ J

Y g ./ lo o
r o o t s

, . .  J
1
i

. 2 - d a y  M e te o r  p e a  
r o o t s .
(2  ch ro m a to g ra m s)

•0043
•0042

• 7 0 ( - )
• 7 0 ( - )

• 9 0 ( - )
• 9 0 ( - )

. 4 - d a y  M e te o r  p e a  
r o o t s . •0034 • 7 0 ( - ) • 9 0 ( - )

1

. 4 - d a y  M e te o r  p e a  
r o o t s .
(2  ch ro m a to g ra m s)

•0074
•0049

• 7 0 ( - )
• 7 0 ( - )

• 9 0 ( - )

• 9 0 ( “ )

. 7 - d a y  M e teo r  p e a  
r o o t s .
(2  c h ro m a to g ra m s)

•63
•83

•0135
•0146

• 7 0 ( - )
• 7 0 ( - )

. 7 -d a y  M e te o r  p e a  
r o o t s . • 74 •027  

________________ !
• 7 0 ( - ) • 9 0 ( - )
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TABLE £ .  'pea-

No. o f fpei-aqe Y ield o f  lAA
Age. exoeriiàën ts. Y  g ,./kg.. P .w t. Y g .p e r 100 ro o ts .

I
j 2 days. 2 .

r - ----------------

•0043

4 days. 4 .
.

•00613

7 days. 5 . •59 •015

8 days. 4 . •43 •0156

9 days. 2 . •58 .0315

10 days. 3 . 1-30 •043

11 days. 1. •8o •056

12 days. 3 . 1 -0 •056
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y ie ld  c a lc u la te d  on th e  number o f  ro o ts  showed a marked 

in c re a se  w ith  in c re a se  in  age o f  the  e x tra c te d  sam ple, 

p a r t i c u la r ly  from 2 - 7  days. U nfo rtu n ate ly  th e  w eights 

o f th e  young ro o t samples (2 - 4 ) were n o t re c o rd e d ,b u t the 

y ie ld s  o f  lAA worked ou t on a f re s h  w eight b a s is  a lso  tended  

to  in c re a se  w ith  th e  age o f  the  sam ple. T his does however, 

se rv e  to i l l u s t r a t e  th e  problems which a r is e  when comparing 

y ie ld s  o f  lAA from t i s s u e s  o f v a ry in g  ages, e t c . V a r ia tio n

in  th e  basés f o r  c a lc u la t io n  cou ld  p o ss ib ly  re v e rse  th e  

r e s u l t s .  In  th e se  p a r t i c u la r  experim en ts,concern ing  th e  

age o f  ro o ts ,p o s s ib ly  th e  y ie ld  should  have been worked out 

on a p er m eristem  b a s i s ,a s  l a t e r a l  ro o ts  r a p id ly  developed 

over th e  p e rio d  o f  tim e s tu d ie d  ( 2 - 7  d ay s . ) .

In  th e  second s e r ie s  o f ro o t  e x t r é t i o n s , th e  e th e r  

f r a c t io n s  c o n ta in in g  th e  n e u tr a l  substances were assayed . 

Samples o f  th e  ro o ts  o f 8 , 9 and 11 day o ld  pea se e d lin g s  

were run  on chrom atogram s,but th e  on ly  a c t i v i t y  recorded  

was in h ib i t io n  o f  grow th a t th e  s t a r t i n g  l in e ,a n d  occasio n ­

a l l y  a t  th e  so lv e n t f r o n t .

The e f f e c t s  o f  ac id  and a lk a lin e  h y d ro ly ses  on th e  grow th 
a c t iv i t y  o f p la n t t i s s u e  e x t r a c t s .

The s t a b i l i t y  o f  n a tu ra l  grow th substances to  a c id  and 

a lk a l in e  tre a tm e n ts ,h a s  been used in  th e  p a s t as a method to  

a id  in  t h e i r  id e n t i f i c a t io n .  In d o le a c e tic  a c id  was shown 

to  be destro y ed  by h o t a c id ,b u t to  be r e s i s t a n t  to  h o t 

a lk a lin e  tre a tm e n t. f re - tr e a tm e n t o f  t i s s u e s  w ith  nikni-t



h a s  in d e e d  b e e n  u s e d  t o  o b t a i n  ' t o t a l '  a u x in  y i e l d s  b y  

c a u s in g  i t s  r e l e a s e  fro m  h y p o t h e t i c a l  i n a c t i v e  p r e c u r s o r s .

I t  was im p o r ta n t  t o  t e s t  th e  e f f e c t s  o f  a c i d  and  a l k a l i n e  

t r e a t m e n t s  on th e  a c t i v i t y  o f  p l a n t  e x t r a c t s , t o  o b t a i n  some 

i n f o r m a t i o n  as  t o  t h e  n a t u r e  o f  t h e s e  a c t i v e  s u b s t a n c e s .  

M ethod o f  t r e a t m e n t :

The a l c o h o l i c  e x t r a c t i o n  o f  t h e  t i s s u e  sa m p le s  was 

d i s t i l l e d  down t o  a p p r o x im a te ly  1 0 m l. T he d i s t i l l a t i o n  

f l a s k  was w ash ed  dovoi w i th  d i s t i l l e d  w a te r  and t h e  s o l u t i o n  

th e n  d i v i d e d  i n t o  tw o  e q u a l  v o lta n e s .  The f i r s t  was 

im m e d ia te ly  e x t r a c t e d  w i th  e t h e r , t h e  s e c o n d  was b o i l e d  

u n d e r  a  r e f l u x  c o n d e n s e r  w i th  a  s p e c i f i c  a c i d  ( o r  a l k a l i )  

f o r  a  c e r t a i n  p e r i o d  o f  t im e  p r i o r  t o  t h e  e t h e r  e x t r a c t i o n .

I n  t h e  f i r s t  tw o  e x p e r im e n ts  th e  e t h e r  e x t r a c t , a s  a  w h o le , 

w as a s s a y e d ,b u t  i n  t h e  r e m a in d e r  o f  t h e  e x t r a c t i o n s  t h e  

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

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

A num ber o f  e x p e r im e n ts  w e re  c a r r i e d  o u t , u s i n g  

v a r y in g  t i s s u e s  and  v a r y in g  h y d r o ly s in g  a g e n t s .  T h e se  

t r e a t m e n t s  m a in ly  a f f e c t e d  t h e  y i e l d s  o f  lAA o f  t h e  

i n h i b i t o r  a t  t h e  v a lu e  o f  ^ p r o x i m a t e l y  *70 . ( I n h i b i t o r  

/3 ) ,  D e t a i l s  o f  t h e  h y d r o l y s e s  a r e  show n i n  T a b le  

( p .  5 6  ) g i v i n g  t h e  c a l c u l a t e d  y i e l d s  o f  lAA i n  Y p e r  

k i lo g r a m  o r  Y  p e r  100 r o o t s ;  and  t h e  y i e l d s  o f  ^  e x p r e s s e d  

i n  T  g .  e q u i v a l e n t s  o f  lAA p e r  k i lo g r a m : . ( o r  p e r  1 00  r o o t s . ) .
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G raphs o f  th e  a s s a y e d  chrom atogr-acis o f  e x p e r im e n ts  1 ,  3 ,

5 and 8 a r e  shown i n  F i g s . 21  -  2 4 .

A lk a l in e  h y d r o ly s e s  b r o u g h t  ab o u t an  i n c r e a s e  i n  th e  

y i e l d  o f  th e  com pound, p resu m ed  to  b e  lA A ,from  t h e  r o o t  

t i s s u e  and a l s o  from  th e  f i r s t - e x p e r i m e n t  w i th  g r e e n  t i s s u e .  

T h is  r e s u l t  s u p p o r te d  t h e  a s su m p tio n  t h a t  t h e  com pound 

w as / 3 - i n d o l y l a c e t i c  a c i d ,  and a l s o  a g re e d  w i th  a  l a r g e  

num ber o f  r e p o r t s  i n  th e  l i t e r a t u r e  o f  i n c r e a s e d  g ro v rth  

a c t i v i t y  o f  p l a n t  e x t r a c t s  a f t e r  h o t  a l k a l i n e  t r e a t m e n t .

The i n c r e a s e  o f  lAA i n  th e s e  e x p e r im e n ts  m u s t h a v e  b e e n  

from  an a l c o h o l  s o l u b l e  'p r e c u r s o r '  ( s ) e x t r a c t e d  from  

th e  p l a n t  t i s s u e .  D e te rm in a t io n  o f  th e  q u a n t i t y , a f t e r  

s u c h  t r e a t m e n t ,h a s  b e e n  p u t  f o rw a r d  a s  a  m eans o f  e s t im a t in g  

t h e  ' t o t a l '  a u x in  c o n te n t  o f  a  t i s s u e .  L i t t l e  v a lu e  c a n  

b e  p la c e d  on  s u c h  m e a s u re m e n ts ,a s  i t  c a n n o t  b e  known w h e th e r  

t h i s  a l c o h o l  s o l u b l e  'p r e c u r s o r '  ( s ) i s  t h e  n a t u r a l  s o u r c e  

o f  lAA i n  th e  m e ta b o lis m  o f  th e  p l a n t .

A lk a l in e  h y d r o ly s e s  a l s o  b ro u g h t  a b o u t an i n c r e a s e  

i n  th e  am ount o f  th e  i n h i b i t o r  .  ( e x c e p t  e x p e r im e n t

1 0 . ) .  The am ount o f  t h e  i n c r e a s e  v a r i e d , b u t  was g r e a t e s t  

i n  t h e  f i r s t  tw o s u n f lo w e r  s h o o t  e x p e r im e n ts .  The y i e l d  

o f  i n  ..th e se  tw o e x p e r im e n ts  was i n c r e a s e d  b y  a p p ro x im a te ly  

150  and 4 0  t im e s  r e s p e c t i v e l y .  The a p p e a ra n c e  o f  t h e  

i n h i b i t e d  r o o t  s e c t i o n s  o v e r  t h e  /S gone o f  t h e s e  l a t t e r  

ch ro m a to g ram s was v e r y  c h a r a c t e r i s t i c , t h e  s e c t i o n s  b eco m in g
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V ery  y e l lo w  i n  c o lo u r  and m a rk e d ly  c u r l e d .

A cid  h y d r o ly s e s  o f  r o o t  e x t r a c t s , u s i n g  2 5 m l. o f  

s y ru p y  p h o s p h o r ic  a c id  p ro v id e d  f u r t h e r  p r o o f  t h a t  Ih e  

a c t i v e  com pound a t  an  Eg, o f  *40 was i n d o l y l a c e t i c  a c id .

The a s s a y e d  ch ro m ato g ram s o f  t h e s e  h y d r o ly s e d  e x t r a c t s  

show ed no a c t i v i t y  o v e r  t h i s  z o n e ; t h e  u n t r e a t e d  h a lv e s  o f  

t h e  e x t r a c t s  g iv in g  th e  u s u a l  a c t i v i t y .  ( F i g . 2 4 ) .

I f  at o r  N H y d ro c h lo r ic  a c id  was u se d  .h o w e v e r, an
15“  100

i n c r e a s e d  y i e l d  o f  lAA was r e c o r d e d .  ( F i g .2 3 ) .

A cid  h y d r o ly s e s ,u s in g  b o th  d i l u t e  h y d r o c h lo r i c  and 

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

i n h i b i t o r , f r o m  s h o o t  and  r o o t  t i s s u e .

The t h r e e  h y d r o ly s in g  a g e n ts  w ere  u se d  i n  b la n k  

e x t r a c t i o n s , i . e . t h e  f u l l  e x t r a c t i o n  p r o c e s s ,w i th o u t  any  

p l a n t  t i s s u e .  The o h ro m ato g ram s w ere  a s s a y e d  i n  t h e  u s u a l  

way to  d e t e m i n e  i f  th e  c h e m ic a ls  th e m s e lv e s  c o n ta in e d  an y  

g ro w th  a c t i v e  i m p u r i t i e s .  The e x t r a c t i o n s  w i th  sod ium  

h y d ro x id e  and  p h o s p h o r ic  a c id  p ro d u c e d  n e g a t iv e  

c h ro m a to g ra m s ,a p a r t  from  a  s l i g h t  i n h i b i t i o n  o f  g ro w th  a t  

t h e  o r i g i n a l  s p o t  l e v e l , w i t h  th e  fo rm e r  s o l u t i o n .  The 

h y d r o c h lo r ic  a c id  b la n k  h o w e v e r ,g a v e  a  ch ro m ato g ram  g ra p h  

sh o w in g  l8% i n h i b i t i o n  o f  g ro w th  a t  an  Eg, o f  *70. T h is  

may m ean t h a t  an  i n h i b i t o r  c a n  be  p r e s e n t  i n  sa m p le s  o f  

BCl and d u e  c o n s i d e r a t i o n  s h o u ld  b e  g iv e n  t o  t h i s  b e f o r e  

em p lo y in g  th e  a c id  as  a  h y d r o ly s in g  a g e n t .
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x a s tlm a tio n  o f  th e  i n d o l y l a c e t i c  a c id  co n t e n t .

The a c t i v e  s u b s ta n c e  w i th  an Hj. o f  £ç> prox im etely  

w h ich  was d e t e c t e d  on th e  ch ro m ato g ram s o f  a l l  t i s s u e  

e x t r a c t s  was assum ed t o  b e  lA A jon th e  f o l lo w in g  g ro u n d s t

(a )  I t  was p r e s e n t  i n  t h e  a c id  f r a c t i o n  o f  t l ie  e t h e r  

e x t r a c t i o n s , a n d  i t s  Rj, v a lu e  w i th  t h e  is o p ro p y l/a m m o n ia /  

w a te r  s o l v e n t  c o in c id e d  w i th  t h a t  o f  t h e  p u re  c h e m ic a l .

(b )  The r e a c t i o n  o f  t h i s  compound t o  a c id  and a l k a l i n e  

t r e a tm e n t  a g re e d  w i th  t h e  known c h e m ic a l  p r o p e r t i e s  o f  

s y n t h e t i c  lAA.

( c )  T h is  i n h i b i t o r y  a r e a  on th e  ch ro m ato g ram s was o f t e n  

p re c e d e d  b y  a  s t i m u l a t i o n  o f  th e  s e c t i o n  g ro w th . T h is  

c o u ld  be  e x p la in e d ,  i f  t h e  com pound was IA A ,by a  t a i l i n g  o f  

t h e  s p o t ;  a s  low  c o n c e n t r a t i o n s  o f  lAA h a v e  b e e n  shown t o  

s t i m u l a t e  r o o t  s e c t i o n  g ro w th .

The p u rp o s e  o f  t h e s e  e x p e r im e n ts  was t o  o b t a i n  % 

e s t im a te s  o f  t h e  y i e l d s  o f  lAA fro m  t i s s u e  e x t r a c t i o n s .

The r e s u l t s  show ed a  w id e  v a r i a t i o n  i n  t h e s e  e s t i m a t i o n s ,  

and  i t  was im p o r ta n t  to  d e te rm in e  how much o f  t h i s  was d u e  

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

m uch t o  e r r o r s  i n  e x t r a c t i o n  and  a s s a y .

I n  a  num ber o f  e x p e r im e n t s , th e  f i n a l  a c i d i c  e t h e r  

e x t r a c t s  w e re  d iv id e d  i n t o  tw o e q u a l  p o r t i o n s  and  e a c h  h a l f  

a s s a y e d  s e p a r a t e l y  t o  g iv e  t h e  y i e l d s  o f  lAA^ T he r e s u l t s  

a r e  shown i n  T a b le  V ÎT , w h ere  A and B r e p r e s e n t  t h e  *
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r e p l i c a t e  a s s a y  v a l u e s ,  ( p .  6f . ) .  By u s in g  t h e  f i g u r e s  

from  t h e s e  r e p l i c a t e d  a s s a y s  i t  was p o s s i b l e  t o  g e t  a  

d i r e c t  m e asu re  o f  t h e  a s s a y  e r r o r , q u i t e  a p a r t  f ro m  th e  

v a r i a t i o n s  due  to  p l a n t  sa m p le s  and e x t r a c t i o n s ,  

( c o l l e c t i v e l y  c a l l e d  th e  'o c c a s i o n  e r r o r ' ) .  An a n a l y s i s  

o f  v a r ia n c e  was c a r r i e d  o u t  on  th e  lo g a r i t h m ic  v a lu e s  o f  

t h e s e  f i g u r e s  and th e  r e s u l t s  show n i n  T a b le  VIÏÏ . (p. ) .

The a n a l y s i s  show ed t h a t  t h e  o c c a s io n  e r r o r  was v e r y  

much l a r g e r  th a n  th e  a s s a y  e r r o r  and was h i g h l y  s i g n i f i c a n t .  

T he s m a l l  a s s a y  e r r o r  c o u ld  h a v e  b e e n  e x p e c te d  fro m  th e  

r e s u l t s  o b ta in e d  when c h ro m a to g ra p h ic  e s t i m a t i o n s  o f  lAA 

fro m  p u re  s o l u t i o n s  w ere  shown to  b e  a  d i r e c t  m e a su re  o f  t h e  

q u a n t i t y  added  t o  t h e  s t r i p .

The l a r g e  o c c a s i o n a l  e r r o r  c o u ld  p o s s i b l y  h a v e  b e e n  

a t t r i b u t e d  t o  v a r i a b l e  a c t i v i t y  o f  p l a n t  enzym es c a u s in g  

d e s t r u c t i o n  o f  XAA d u r in g  th e  e x t r a c t i o n .  The e x t r a c t i o n  

te c h n iq u e  i t s e l f , i . e .  m a c e r a t io n  o f  f r e s h  t i s s u e  w i th  

a l c o h o l  act + 5*C . s h o u ld  h a v e  p r e v e n te d  s u c h  a c t i v i t y .  An 

e x p e r im e n t h o w ev e r,w as  c a r r i e d  o u t , i n  w h ich  a  known q u a n t i t y  

o f  lAA was ad d ed  to  m a c e r a te d  t i s s u e  p r i o r  t o  e x t r a c t i o n  

and a s s a y .  I t  w as th o u g h t  t h a t  e s t i m a t i o n  o f  t h e  q u a n t i t y  

o f  lAA r e c o v e r e d  w ou ld  g iv e  some i d e a  o f  th e  l o s s  d u r in g  

t h e  e x t r a c t i o n  p r o c e s s .

Two sa m p les  o f  th e  s h o o ts  o f  18 d a y  o ld  S u n f lo w e r  

s h o o ts  (fro m  above th e  c o ty le d o n s )  w ere  w e ig h e d  and e a c h
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s e p a r a t e l y  m a c e ra te d  w i th  a l c o h o l .  2 *5m l. o f  a  10“^ 

s o l u t i o n  o f  ÏAA was im m e d ia te ly  added  to  one s a m p le . B o th  

w ere  s u b s e q u e n t ly  e x t r a c t e d  b y  th e  n o rm a l te c h n iq u e  and th e  

f i n a l  a c id ic  e t h e r  c o n c e n t r a t e  from  ea c h  e x p e r im e n t 

d iv id e d  i n t o  tw o e q u a l  p o r t io n s ,w h ic h  w ere  ru n  and a s s a y e d  

i n  th e  u s u a l  w ay. The c o n t r o l  sam ple  (4 0  g r a m s ,f r e s h  

w e ig h t)  g av e  y i e l d s  o f  *428 and *540 T  g .  on th e  two 

c h r o m a to g ra m s ,i .e .  a t o t a l  y i e l d  o f  *968 Y g .  The 

'sam ple  + lAA' (46  g r a m s , f r e s h  w e ig h t)  g av e  y i e l d s  o f  1*213 

and  1 -7 4 0  Y g .  i . e .  a t o t a l  o f  2 .9 5 3  Y g -  o f  lAA. I f  no  

s y n t h e t i c  lAA h ad  b e e n  added  to  t h e  l a t t e r  e x t r a c t , t h e  

y i e l d  o f  n a t u r a l  lAA w ould  h av e  b e e n  o f  th e  o r d e r  o f  1 V ; 

t h i s  l e f t  a 1*953 T r e c o v e r y  o f  th e  2*5  Y added  

a p p ro x im a te ly  an  8 (% r e c o v e r y .  T h is  r e s u l t  s u g g e s te d  t h a t  

t h e  l o s s  o f  lAA due t o  e n z y m a tic  b re a k d o w n ,o r  p o s s i b l y  

a d s o r p t io n  on to  c e l l  p r o te in s ,w a s  r e l a t i v e l y  s m a l l .

An e x p e r im e n t was a l s o  c a r r i e d  o u t  i n  w h ich  two 

sam p les  o f  t i s s u e  w ere  e x t r a c t e d  on th e  same d a y ; t o  g iv e  

some i n d i c a t i o n  w h e th e r  t h i s  o c c a s io n  e r r o r  c o u ld  b e  

a t t r i b u t e d  to  a c t u a l  d i f f e r e n c e s  i n  th e  lAA c o n t e n t  o f  

p l a n t  sam p les  grow n a t  d i f f e r e n t  t i m e s ,o r  s im p ly  to  

v a r i a t i o n s  i n  t h e  e x t r a c t i o n  e f f i c i e n c y .  I t  w ould  b e  

assum ed t h a t  tw o sa m p le s  o f  t i s s u e  ta k e n  a t  th e  same tim e  

from  a  b a t c h  o f  s e e d l in g s  w ould  c o n t a in  th e  same am ount o f  

lAA.
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6 4 -0  gram  and  72 0  gram  sa m p les  ta k e n  from  a  b a tc h  

o f  l 8  d a y  o ld  S u n flo w e r  s e e d l in g s  w ere e x t r a c t e d  and 

a s s a y e d ,a n d  g av e  y i e l d s  o f  1*31 Y g .  and 8*5 V g .  o f  lAA 

p e r  k i lo g ra m  f r e s h  w e i g h t , r e s p e c t i v e l y .  T h is  r e s u l t  

s u g g e s te d  t h a t  th e  o c c a s io n  e r r o r  c o u ld  b e , a t  l e a s t  p a r t l y  

a t t r i b u t e d  t o  v a r i a t i o n s  i n  th e  e x t r a c t i o n  e f f i c i e n c y .

The reason for the large occasion error was still 
not fully unexplained,but it was evident from these results 
that to obtain comparisons of the yields of XAA from normal 
and untreated tissue samples,both extractions would have to 
be carried out on the same day.

The mean indolylacetic acid content of the four 
tissues was calculated and recorded at the foot of Table 
VÎÏ. As would be expected,the lAA contents of the 
different species,with the exception of pea roots and bean 
shoots,were significantly different at the 5$ level.
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B. G row th s u b s t a n c e s  d e t e c t e d  from  e x t r a c t s  o f  
t r e a t e d  p l a n t s i~

i»  The e f f e c t  o f  2 .4 -D lc h lo ro p h e n o x y  a c e t i c  a c i d .

V a r io u s  t i s s u e s , a n d  v a r io u s  m e th o d s o f  a p p l i c a t i o n  

w ere u se d  to  s tu d y  th e  e f f e c t  o f  2 ,4 -D . on  th e  lAA c o n t e n t  

o f  p l a n t s t

( a )  B ro ad  b ean s*  A 0*1% s o l u t i o n  o f  th e  ammonium s a l t  

was p a i n t e d  on  th e  upper" s u r f a c e s  o f  th e  lo w e s t  p a i r  o f  

l e a v e s .  Symptoms o f  e p i n a s ty  and l e a f  c u r l  a p p e a re d  a f t e r  

24 h o u r s .  Sam ples f o r  e x t r a c t i o n  w ere  ta k e n  fro m  above 

t h e  t r e a t e d  z o n e .

(b )  S u n flo w e r  s e e d l in g s *  l 8  t o  3 0  d a y  o ld  s e e d l i n g s  w ere  

t r e a t e d  e i t h e r  b y  p a i n t i n g  th e  c o t y l e d o n s ,o r  t h e  lo w e s t  

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

s a l t  o f  2 ,4 - D . a t  c o n c e n t r a t i o n s  o f  e i t h e r  O 'l # ,  0*01%. 

T h ese  s o l u t i o n s  p ro d u c e d  t h e  t y p i c a l  r e s p o n s e s  i n  t h e  

s h o o t s , ( l e a f  curli% %  and  e p in a s ty )  24  t o  48  h o u r s  a f t e r  

a p p l i c a t i o n .
v'J A’: tv aA. A K  ̂ '■'••if

( c )  P e a  s e e d l in g s *  The s e e d l in g s  w ere g e rm in a te d  i n  s a n d
,js. "h# f-' A ,A t . - —Aa- «ioA- V

f o r  tw o d a y s  and th e n  t r r m s f e r r e d  t o  w a te r  c u l t u r e  t a n k s .
"r ««sSTirVLVA , «i , • A «i A*
Che h a l f  o f  th e  sa m p le  was grow n i n  t a p  w a te r ,w h i l e  th e  

se c o n d  h a l f  was grow n i n  s o l u t i o n s  o f  t h e  ammonium s a l t  o f  

2 ,4 -D . o f  c o n c e n t r a t io n s  r a n g in g  fro m  0*1  t o  0*5 ppm.

The s e e d l in g s  w ere  th e n  grow n u n d e r  t h e s e  c o n d i t i o n s  i n



t h e  c o n s t a n t  te m p e r a tu r e  room f o r  6 - 1 0  d a y s , a f t e r  « h lc h  

t im e  th e  r o o t s , o r  I n  some e x p e r im e n ts , th e  s h o o ts ,w e re  

h a r v e s t e d  and e x t r a c t e d .  The e f f e c t  o f  2 ,4 -D . a t  t h e s e  

c o n c e n t r a t io n s  was to  r e d u c e  th e  e x te n s io n  o f  t h e  m a in  

an d  l a t e r a l  r o o t s  (7 5 ^  i n h i b i t i o n )  and to  i n c r e a s e  th e  

num ber o f  l a t e r a l  r o o t s  b y  a p p ro x im a te ly  6 W . The n e t  

r e s u l t  was a  d e d u c t io n  i n  t h e  f r e s h  w e ig h t o f  r o o t  t i s s u e  

fo rm e d ,to  a b o u t 6 o  -  1Q» o f  t h e  c o n t r o l s .  T h e re  was no 

v i s i b l e  e f f e c t  o f  t h e s e  t r e a tm e n t s  on th e  s h o o t  g ro w th .

The r e s u l t s  o f  a s s a y s  o f  th e  a c id ic  e t h e r  f r a c t i o n s  

o f  e x t r a c t s  o f  c o n t r o l  and t r e a t e d  t i s s u e s  a re  g iv e n  I n  

T a b le  2^.^ G rap h s  o f  t y p i c a l  r e s u l t s  f o r  S u n flo w e r  s h o o ts  

and P e a  r o o t s  a r e  shown i n  P i g s .2 $ ,  2 6 ,and  2 7 .

A num ber o f  th e  e x p e r im e n ts  w i th  S u n flo w e r  t i s s u e  

f a i l e d , d u e  to  th e  l a r g e  q u a n t i t y  o f  2 ,4 -D . i n  t h e  f i n a l  

e t h e r  e x t r a c t  o f  t r e a t e d  m a t e r i a l .  T h is  ' t a i l e d *  down th e  

ch ro m a to g ra m s, c a u s in g  i n h i b i t i o n  o f  s e c t i o n  g ro w th  

t h r o u ^ o u t  th e  a s s a y  and  so  p r e v e n te d  d e t e c t i o n  an d  

e s t im a t io n  o f  lAA. A t y p i c a l  g ra p h  o f  s u c h  an  e f f e c t  i s  

shown i n  F l g .2 8 .  I n  a l l  t h e s e  e x p e r im e n ts  t h e  i n h i b i t o r y  

a r e a  on th e  c h ro m a to g rsm s , d u e  t o  2 ,4 -D . was v e r y  w id e .

To s a f e g u a r d  a g a i n s t  t h i s  e f f e c t  e i t h e r  ( a )  t h e  b u lk  o f  

t r e a t e d  p l a n t  m a t e r i a l  w o u ld  h a v e  h a d  to  b e  r e d u c e d ,  o r  (b )  

t h e  c o n c e n t r a t i o n  o f  2 ,4 - D . lo w e re d . The fo rm e r  w ou ld  

h a v e  re d u c e d  th e  a c c u ra c y  o f  t h e  e s t im a t io n  o f  t h e  lAA
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c o n t e n t ,a n d  th e  l a t t e r  w ould  h a v e  r e d u c e d  th e  e f f e c t  on  

t h e  p l a n t , a n d  t h e r e f o r e  t h e  e f f e c t , i f  a n y ,o n  th e  a u x in  

c o n t e n t .  B eca u se  o f  t h i s  d i f f i c u l t y  o f  s t r i k i n g  a  b a la n c e  

b e tw e en  on e f f e c t i v e  c o n c e n t r a t i o n  o f  2 ,4 -D . and  one t h a t  

w ould  n o t  c a u s e  s t r e a k i n g  down th e  c h ro m a to g ra m s ,th e  

m a j o r i t y  o f  th e  l a t e r  e iq ^ e rim en ts  w ere  c a z r i e d  o u t  on  th e  

m ore s e n s i t i v e  r o o t  t i s s u e .

The c iiro m ato g ra ias  o f  th e  c o n t r o l  and  t r e a t e d  t i s s u e  

e x t r a c t s  w ere  a s s a y e d  th ro u g h o u t  t h e i r  l e n g t h s .  A f t e r  t h e  

f i r s t  few  e x p e r im e n ts  i t  was n o t i c e d  t h a t  t h e  i n h i b i t i o n
on the control chcomckfrojrcimg

o f  t h e  s e c t i o n s  a t  an  Bp p o s i t i o n  o f  a p p ro x im a te ly  •7Qj,ha& 

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

h av e  b e e n  d u e  t o  a  c a r r y  o v e r  o f  2 ,4 -D . on  th e  g la s s w a r e ,  

a s  a  ecuomon e x t i  a c t i o n  a p p a r a tu s  was u s e d  f o r  b o th  s a m p le s . 

A b la n k  e x tx * a e tio n  was c a r r i e d  o u t  w i th  th e  « ^ p a r a tu s ,  

c l e a n e d  as  f o r  e x p e r im e n ta l  u s e .  The a s s a y  o f  t h i s  

ch ro m ato g rsm  d i d  show i n h i b i t i o n  i n  t h e  2 ,4 -D . zo n e .

A c o m p le te  d u p l i c a t e  s e t  o f  «appara tus was im m e d ia te ly  

o b ta in e d  and u s e d  f o r  t h e  c o n t r o l  e x t r a c t i o n s .  ( A l l  

g la s s w a r e  was w ashed  i n  w a te r  and  so ak ed  i n  a lc c d io l  f o r  a t  

l e a s t  24  h o u r s  b e tw e e n  e z q > e r im e n ts .) .

The r e s u l t s  g iv e n  i n  T a b le  ^  a g a in  show ed a  w id e  

o c c a s io n  t o  o c c a s io n  v a r i a t i o n  i n  t h e  lAA c o n te n t  o f  a l l  

t h e  t i s s u e s .  Thex'e w ere  i n d i c a t i o n s  o f  d i f f e r e n c e s  i n  t h e  

fluYiw c o n te n t  o f  t h e  d i f f e r e n t  t i s s u e s , b u t  no a p p a re n t
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e f f e c t  o f  2 ,4 -D . on  t h i s  c o n t e n t .  I n  o r d e r  t o  a n a ly s e  

th e  e f f e c t  o f  2 ,4 - D . , i t  was t h o u ^ t  j u s t i f i a b l e  t o  t a k e  

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

d i f f e r e n c e s  i n  a g e s  an d  m e th o d s  o f  t r e a t m e n t .  I f  t h i s  

s u b s ta n c e  was e x e r t i n g  i t s  e f f e c t  v i a  lAA l e v e l s  t h e n  t h i s  

s h o u ld  b e  a p p a re n t  u s in g  m a t e r i a l s  o f  a l l  eg es  and  w i th  

a l l  t r e a t m e n t s .

An a n a l y s i s  o f  v a r i a n c e  was c a r r i e d  o u t  on  th e  d a t a
>.70

and  th e  r e s u l t s  a r e  g iv e n  i n  T a b le  X ./ T h is  show ed t h a t

t h e r e  was no e f f e c t  o f  2 ,4 -D . t r e a t m e n t  o n  th e  y i e l d s  o f  

lAA fro m  any  o f  th e  m a t e r i a l s ;  a s  b o th  t h e  t r e a tm e n t  an d  

t h e  m a t e r i a l / t r e a t m e n t  v a r i a n c e s  w ere  s m a l l e r  th a n  th e  

r e s i d u a l  e r r o r .  P a r t  o f  t h e  r e s i d u a l  e r r o r  c o u ld  b e

a t t r i b u t e d  t o  t h e  a s s a y  i t s e l f , w h ich  a s  shown i n  T a b le  V l l I  

w as o f  th e  o r d e r  o f  *008 . T h is  s t i l l  l e f t  an  e r r o r  o f

*025  w h ich  c o u ld  b e  a t t r i b u t e d  to  p l a n t  se rap le  d i f f e r e n c e s

and  v a r i a b l e  e x t r a c t i o n  e f f i c i e n c y .

The o c c a s io n  v a r i a n c e , i . e .  t h a t  d u e  t o  t h e  d a y  to

d a y  f l u c t u a t i o n s  i n  lAA y ie ld s ,w a s  s i g n i f i c a n t  a t  t i i e  1%,,

l e v e l .  T h is  c o u ld  a l s o  b e  a t t r i b u t e d  t o  i n h e r e n t  

d i f f e r e n c e s  i n  t h e  p l a n t  sa m p le s  on  s e p a r a t e  o c c a s io n s  

a n d /o r  t o  v a r i a t i o n s  i n  t h e  e x t r a c t i o n  e f f i c i e n c y .  The  ̂

f a c t  t h a t  t h i s  o c c a s io n  v a r i a n c e  w as,h o w ev er,m u ch  l a r g e r  

th a n  t h e  r e s i d u a l  e r r o r  d i d  s u g g e s t  t h a t  i t  m ig h t  b e  due 

m a in ly  t o  a c t u a l  d i f f e r e n c e s  i n  t h e  q u a n t i t y  o f  lAA ( r e s e n t

: - f : "  ' - m e  '
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TABLE X.

Analysis of variance of log in conc. lAA in Y g./kg.F.Wt.

g a u M e  Of 
V a r ia n c e

Sum o f  
S q u a re s

.. .. .... . .
Oe.t?rees---
Freedom

r ----1
Mean s a u a r e  
^ v a r ia n c e

r-
V a r ia n c e

r a t i o

M a te r i a l 5*317 3 1-772 53.69
; ’■

O c c a s io n 2 34 18 •130 3.94
I

T re a tm e n t
-

•0035 1
-

•0035

M a t e r i a l /
T re a tm e n t •031 3 *00103

R e s id u a l
e r r o r .596 18 •033

-t; : ' \ :>:',

- -■
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i n  b o tc h e s  o f  s i m i l a r  t i s s u e , e x t r a c t e d  on  s e p a r a t e d  d a y s .

No o t h e r  c o n s i s t e n t  e f f e c t s  o f  2 ,4 - D .  w ere  r e c o r d e d  

on  th e  c tiro m ato g ram s o f  t h e  a c i d i c  f r a c t i o n s .  The l e v e l s  

o f  th e  i n h i b i t o r  ^  c o u ld  n o t  b e  e s t im a te d  fro m  th e  

ch ro m a to g ra m s o f  th e  t r e a t e d  e x t r a c t s , a s  2 ,4 - D . i t s e l f  h a d  

a  s i m i l a r  By  v a l u e .

A num ber o f  e x p e r im e n ts  w ere  c a r r i e d  o u t , i n  v h ic h  

c o n t r o l  and t r e a t e d  r o o t s  w ere  e x t r a c t e d  and  th e  n e u t r a l  

e t h e r  f r a c t i o n s  a s s a y e d .  I n  a l l  th e  e x p e r im e n t s , t h e  

t r e a t m e n t  c o n s i s t e d  o f  g ro w in g  th e  r o o t s  f o r  v a r y in g  

p e r io d s  o f  t im e  i n  a  0*3  Ppm» s o l u t i o n  o f  t h e  ammonium 

s a l t  o f  2 ,4 -D . The r e s u l t s  o f  t h e  a s s a y s  a r e  shown i n  

T a b le  B , a n d  a  t y p i c a l  g r a ^  i n  F i g . 2 9 .

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

s p o t  l e v e l  on  th e  ch ro m a to g ram s o f  b o th  c o n t r o l  an d  t r e a t e d  

e x t r a c t s .  T h is  a c t i v i t y  h a d  b e e n  r e c o r d e d  i n  p r e v io u s  

a s s a y s  o f  c o n t r o l  r o o t  e x t r a c t s .  I n  a d d i t i o n  t o  t h i s ,  

h o w e v e r , s l i ^ t  s t i m u l a t i o n  was o c c a s i o n a l l y  r e c o r d e d  a t  an  

Rp o f  «20 and  s l i g h t  i n h i b i t i o n  a t  t h e  s o l v e n t  f r o n t .  The 

ch ro m a to g ram s o f  t h e  t r e a t e d  r o o t  e x t r a c t s  show ed a  w id e  

i n h i b i t o r y  s p o t  a t  an  Rp r a n g in g  fro m  >4 t o  « 7 ,w h ic h  w as 

n o t  r e c o r d e d  fro m  th e  c o n t r o l  c h ro m a to g ra m s . As t h e s e  

Bp v a lu e s  w e re  n e a r  t o  2 , 4 - D . , i t  warn s u s p e c te d  t h a t  t h e s e  

s p o t s  w ere  d u e  t o  r e s i d u a l  2 ,4 - D . l e f t  i n  th e  n e u t r a l  

f r a c t i o n  a s  a  r e s u l t  o f  in c o m p le te  s e p a r a t i o n  f ro m  th e
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a c id  f r a c t i o n .  T h is  was t e s t e d  b y  m a c e r a t in g  a  sam p le  o f  

c o n t r o l  t i s s u e  and im m e d ia te ly  fuieHnQ t o  i t ,  0» 1 m l. o f  a  

1 0 "^  s o l u t i o n  o f  2 ,4 -D . E x t r a c t io n  was th e n  c a r r i e d  o u t  

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

Ko t r a c e  o f  g ro w th  a c t i v i t y  a t  an  Rp v a lu e  b e tw e en  *4 an d  

•7  was shown on  t h e  ch ro m ato g ram  o f  t h e  n e u t r ^  f r a c t i o n .  

T h is  i n h i b i t o r y  s p o t  m u s t t h e r e f o r e  h a v e  b e e n  d u e  t o  a  

n e u t r a l  s u b s ta n c e  p ro d u c e d  i n  th e  l i v i n g  r o o t s  b y  th e  a c t i o n  

o f  2 ,4 - D .

■ ' ■ ' ■ i l l *  y - -  k i f f t . : ' " ' ,

' . - Vv y . ' : 'W # #  # .

'7h* r": '. %

Am; A # #  k k  ''k k  fk  Æ, A?;:

■■ ynii'ftà yy
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2 .  The e f f e c t  o f  a a l e l c  h y d r a z ld a .  (jlffl).

The a s s a y  c u r v e ,o b t a in e d  w i th  i n c r e a s i n g  

c o n c e n t r a t i o n s  o f  r a a le ic  h y d r a z id e  ( F ig .  10) show ed a  60S  

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

1000  p .p .m . When tw o  d a y  o l d  p e a  s e e d l in g s  w ere

t r a n s f e r e d  i n t o  c u l t u r e  t a n k s  c o n t a in i n g  a  s o l u t i o n  o f  MS 

a t  t h i s  c o n c e n t r a t i o n , r o o t  g ro w th  was c o m p le te ly  i n h i b i t e d ;  

i n d i c a t i n g  t h a t  w h o le  s e e d l i n g s  w ere  much m ore s e n s i t i v e  t o  

t h i s  compound th a n  th e  a s s a y  r o o t  s e c t i o n s .  P e a  s e e d l in g s  

wears t h e r e f o r e  grow n i n  m ore d i l u t e  s o l u t i o n s  -  1 0  t o  

5 0  p .p .f f l .  T en r o o t s  w ere  t a k e n  a t  random  from  noarmal 

and  t r e a t e d  sam p les  o f  th e  s e e d l in g s ,a n d  th e  l e n g th s  o f  t h e  

p r im a ry  and l a t e r a l  r o o t s , t o g e t h e r  w i th  t h e  num bers o f  

l a t e r a l s  p e r  r o o t , r e c o r d e d .  T he m ean e f f e c t s  o f  m a le ic

h y d r a z id e  o n  th e s e  c h a r a c t e r s  a r e  g iv e n  i n  T a b le  ( p i s ) .  

P h o to g ra p h s  o f  1 0  d a y  o l d  r o o t s  i n  c o n t r o l^  and  t r e a tm e n t  

(2 0  p .p .m . )  t a n k s  a r e  shown i n  F i g , 3 0 .

The l e n g th  o f  t h e  p r im a ry  r o o t  was r e d u c e d  b y  g ro w th  

i n  U H ,at a l l  c o n c e n t r a t i o n s  s t u d i e d .  The p e r c e n ta g e  

i n h i b i t i o n  o b ta in e d  i n  a  2 0  p.pwm. s o l u t i o n  i n c r e a s e d  w i th  

i n c r e a s e  i n  t h e  d u r a t i o n  o f  t h e  t r e a t m e n t , i . e .  25)6 

i n h i b i t i o n  a f t e r  5  d a y s  t r e a t m e n t , b u t  6l%  a f t e r  1 1  d a y s .

The l e n g th  o f  t h e  l a t e r a l  r o o t s  was a l s o  re d u c e d  b y  g ro w th
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C one.
m

p .p .m .

1000

50

50

3 0

20

20

20

20

10

TABLE m  

P e a  ZM ots.

Dura t ­
io n  ô f  
t r e a t -  
fflen t.

% I n h i b i t i o n  o f  T r e a te d  B oo ts

4  d a y s

5 "

7 "

6 "

L en g th  
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i n  M Hjbut t h e  p e r c e n ta g e  i n h i b i t i o n  was n o t  c o r r e l a t e d  

w i th  th e  d u r a t i o n  o f  t h e  t r e a t m e n t , a t  any one c o n c e n t r a t i o n .  

50  and 30  p .p .m .  s o l u t i o n s  p r e v e n te d  l a t e r a l  r o o t  f o r m a t io n ;  

2 0  and 10  p .p .m .  s o l u t i o n s  h a lv e d  th e  num bers o f  l a t e r a l s  

p ro d u c e d  co m pared  to  c o n t r o l  s e e d l i n g s , a s  w e l l  a s  r e d u c in g  , 

t h e i r  l e n g t h .  I n  one  e x p e r im e n t , t h e  p e a  s e e d l in g s  w ere  

n o t  t r a n s f e r r e d  i n t o  a  2 0  p .p .m . s o l u t i o n  o f  MH u n t i l  th e y  

w ere  t h r e e  d a y s  o l d .  S am p les  ta k e n  a f t e r  6 d ay s  f u r t h e r  

g ro w th  show ed no r e d u c t io n  i n  th e  l a t e r a l  r o o t  num ber 

co m p ared  t o  a  sam p le  o f  c o n t r o l  r o o t s .  L a t e r a l  r o o t s , i n  

c o n t r o l  s e e d l in g s ,a p p e a r e d  on th e  t h i r d  d a y  a f t e r  

g e r m in a t io n ,s o  t h a t  t h e s e  r e s u l t s  i n d i c a t e d  t h a t  M E ,a p p lie d  

i n  t h e  se c o n d  d a y ,p r e v e n te d  ( o r  r e d u c e d )  t h e  e m e rg e n c e / 

i n i t i a t i o n  o f  l a t e r a l  r o o t s .

th e n  th e  t i s s u e s  w ere  h a r v e s t e d  and  m a c e ra te d  i n  t h e  

b le n d e r  i t  was n o t i c e d  t h a t  th e  MH t r e a t e d  r o o t s  w ere  much 

'h a rd e r*  and  m ore r e s i s t a n t  t o  th e  m a c e r a t io n  th a n  t h e  

c o n t r o l s .  T h is  s u g g e s te d  t h a t  g ro w th  o f  t h e  s e e d l i n g s  i n  

UH h a d  a f f e c t e d  th e  r o o t  h i s t o l o g y .

S o lu t io n s  o f  10  and 2 0  p .p .m .  w ere  u s e d  f o r  t h e  

e x t r a c t i o n  e x p e r im e n ts .  S e r i e s  o f  c o n t r o l  and t r e a t e d  

r o o t  sa m p le s  w ere  h a r v e s t e d  and e x t r a c t e d  on th e  same d a y  

an d  th e  a c id i c  e t h e r  f r a c t i o n s  a s s a y e d  as  i n  p r e v io u s  

e x p e r im e n ts .  The d e t a i l s  and r e s u l t s  a r e  g iv e n  i n  

T a b le  and g ra p h s  o f  a s s a y e d  ch ro m a to g ram s i n  F i g s .3 1  and

3 2.
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TABLE XÎII. 
Pea roots.

K ang.
d C m .

a e r a t ­
io n  o f

lAA
T s . / J ck F.Wt.

INHIBITOR B . 
I M  5 T f f . / k g .  F .W t.

k iE iS * treat­
m e n t.

C o n t r o l T r e a te d C o n t r o l T r e a te d

10 12  d a y s •9 1 2 .0 1 5 -9 1 0 .9

2 0 1 0  ” •52 1*65 1 .8 4 2 .9 2

2 0 10  " •18 •2 0 14*8 Too h ig h  
t o

estimate |
• 1'

2 0 5 " •74 •37 1 .6 5 -1 5  j
1

2 0 6  " •18 '97 3 .4 4 2 .0 5  ;
______ ... 4^

Mean •506
______

1^04 5 .6 9 5 . 2 5 ^ ”|

i s m m
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M a le ic  h y d r a z id e  h a d  an  v a lu e  o f  b e tw e e n  *15 an d  

*25 w i th  t h e  p ro p a n o l /a n m o n ia  s o l v e n t , b u t  a t  t h e  d o s e s  

em ployed  i n  t h e s e  e s g je r lm e n ts  i t  c o u ld  h a v e  no  e f f e c t  o n  

t h e  g ro v fth  o f  t h e  a s s a y  s e c t i o n s .  The l e v e l  o f  I n h i b i t o r  

c o u l d  t h e r e f o r e  b e  d e te r m in e d  fro m  th e  a s s a y e d  

c liro m ato g ram s o f  t r e a t e d  and  c o n t r o l  e x t r ^ t s , i n  a d d i t i o n  

t o  t h e  l e v e l  o f  i n d o l y l a c e t i o  a c i d .  B was e x p r e s s e d

i n  lAA H y  g . / k g .  f r e s h  w e ig h t .

The r e s u l t s  a g a in  show ed  a  l a r g e  o c c a s io n  ( o r  d a y  to  

d a y )  v a r i a t i o n  i n  t h e  I M  c o n t e n t ,  an d  t o  an  e v e n  g r e a t e r  

e x t e n t  i n  t h e  l e v e l  o f  i n h i b i t o r  B . F o u r  o u t  o f  t h e  

f i v e  e x p e rh n e n ts  show ed an  i n c r e a s e  i n  t h e  y i e l d  o f  lAA 

fro m  t r e a t e d  r o o t s , a n d  th e  m ean c o n t e n t  f o r  t r e a t e d  r o o t s  

was tw ic e  t h a t  o f  t h e  c o n t r o l s . (T a b le  X I Î D. A " t "  t e s t  

on t h e  d a t a  show ed th e  d i f f e r e n c e  t o  b e  a lm o s t  s i g n i f i c a n t ,  

b u t  o b v io u s ly  f u r t h e r  w ork  was n e c e s s a r y .  No c o n s i s t e n t  

e f f e c t  o f  MH o n  t h e  q u a n t i t y  o f  c o u ld  b e  d e t e c t e d  -

t h e  s m a l l  d i f f e r e n c e s  b e tw e e n  t h e  m ean q u a n t i t y  i n  c o n t r o l  

and  t r e a t e d  r o o t s  was n o t  s i g n i f i c a n t .

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

o f  c o n t r o l  and  t r e a t e d  (2 0  p .p m i .  MH) r o o t  e x t r a c t s  w e re  

a s s a y e d  f o r  g ro w th  a c t i v i t y .  The ch ro m a to g ra m s o f  b o th  

c o n t r o l  and  t r e a t e d  e x t r a c t s  show ed  s l i g h t  i n h i b i t o r y  a r e a s  

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

a d d i t i o n  t o  t h e s e , t h e  ch ro m a to g ram s o f  th e  n e u t r a l  e x t r a c t s
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o f  t h e  t r e a t e d  r o o t s  show ed s l i g h t  i n h i b i t i o n  a t  a n  Rg, o f  

• 5 . T he p e r c e n te g e  i n h i b i t i o n  was much l e s s  t h a n  t h a t  

o b ta in e d  i n  a  s i m i l a r  p o s i t i o n  on  th e  ch ro m a to g ra m s o f  t h e  

n e u t r a l  e t h e r  e x t r a c t s  o f  2 ,4 - D . t r e a t e d  r o o t s .  F u r t h e r  

w ork  was a g a in  c a l l e d  f o r  t o  e s t a b l i s h  t h e  d e v e lo p m e n t o f  

a  n e u t r a l  i n h i b i t o r  i n  UH t r e a t e d  p e a  r o o t s .

■ j. xvm >i . '

' - . j ivr,/ -/V.--

r . .. .. .. .re:'/.,-;.:

T .-;?'"./..''. g;. %.%#:

fe
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3 .  The e f f e c t  o f  2 ,  3 ,  J - t r i - l o d o b e n z p i c  a c id  (T IB A ).

Two d a y  o l d  p e a  s e e d l i n g s  w ere  t r a n s f e r e d  t o  

c u l t u r e  t a n k s  and g row n  f o r  6 - 9  d a y s  i n  ( a )  t a p  w a te r ,a n d  

(b )  TIBA s o l u t i o n s  o f  10  an d  30  G row th o f  s e e d l i n g s

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

t h e  num ber and  l e n g t h  o f  l a t e r a l  r o o t s  and  i n  th e  g i r t h  o f  

t h e  p r im a ry  r o o t s . The m o s t s t r i k i n g  e f f e c t  was h o w ev er 

on t h e  g ro w th  *fona* o f  t h e  r o o t  s y s t e m ,a s  th e  l a t e r a l  

r o o t s  and t o  some e x t e n t  t h e  p r im a r y  r o o t s  g rew  u p w a rd s .

( T h is  e f f e c t  i s  show n i n  F ig .3 3 * )*  The o v e r a l l  e f f e c t  w as 

a  r e d u c t i o n  i n  t h e  f r e s h  w e ig h t  o f  t h e  r o o t  t i s s u e , e . g .  th e  

f r e s h  v j e i ^ t  o f  a  sa m p le  o f  r o o t s  g row n  f o r  7  d u y s  i n  a  

1 0  p .p .r a .  s o l u t i o n  o f  TIBA was 7 0 % t h a t  o f  an  e q u a l  n ix ab er 

o f  c o n t r o l  r o o t s  o f  th e  seme a g e .  7 The s h o o t s  o f  th e  p e a  

s e e d l in g s  w e re  u n a f f e c t e d  a t  a l l  c o n c e n t r a t i o n s .

S am p les  o f  r o o t  t i s s u e  fro m  c o n t r o l  and  t r e a tm e n t  

t a n k s  w ere  h a r v e s t e d , e x t r a c t e d  and  th e  a c i d i c  e t h e r  

f r a c t i o n s  a s s a y e d  a s  i n  t h e  2 ,4 - D . e x p e r im e n ts .  D e t a i l s

an d  r e s u l t s  o f  t h e s e  e x p e r im e n ts  a r e  shown i n  T a b le  X l l ÿ . XIV.. 

and  a  t y p i c a l  p a i r  o f  g r a p h s  i n  F i g , 3 4 .

I n  a l l  t h e  e x p e r im e n ts  i t  eyppeared t h a t  t r e a t m e n t  o f  

r o o t s  w i th  TIBA c a u s e d  a  m ark ed  r e d u c t i o n  i n  t h e i r  lAA 

c o n t e n t .  ( T h is  e f f e c t  w as e v e n  m o re  s t r i k i n g  i f  t h e  lAA 

y i e l d s  o f  c o n t r o l  and t r e a t e d  s a m p le s  w e re  co m p ared  on



TABLE X IV. 

P e a  r o o t s .

81.

D u ra t io n Conc e n t r e t i e n lAA c o n t e n t T a . / k s . F . W A  1
o f

t r e a t m e n t * C o n t r o l T r e a t e d

6 d ^ y s  ,k-.,. 1-3 •0002*

7 d a y s •0002*

7 d a y s # 1 . ^ 0 #
. .  . . .  :

i  *5®

8  d a y s 1* 4 0 •35

9 d a y s 1 0 •77 •0001*
■ ■ - -i,

8 d a y s 30 •$ 1 0  ^  
o r  *01

S t i m u l a t i o n  on  ch ro m ato g ram ,

No r e s p o n s e  on c h ro m a to g ra n .
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w  T im #
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a Y g .  per 100  root basis.). In three out of the six 
experiments the lAA was reduced from an inhibitory to a 
stimulatory level,and consequently estimation could only 
be approximate. In one expeiiment,no lAA was detected 
in the treated sample,but this could possibly have been due 
to the presence of an approximately 10“^ solution,where the 
assay curve for this substance cuts the control level.
In spite of these difficulties in the estimations,there 
could be no doubt that TIBA had dramatically reduced the 
lAA level in the roots of pea seedlings.

The neutral ether fractions of three of these 
extractions were also assayed for growth activities. Apart 
from a sli^t inhibition at the original spot level,no 
activity was recorded from the chromatograms of either the 
control or treated root extracts.
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DISCUSSION.

I n  t h e  a s s e s s m e n t  o f  t h e  q u a l i t a t i v e  and q u a n t i t a t i v e  

a s p e c t s  o f  t h e  e x p e r im e n ta l  r e s u l t s , i t  i s  im p o r ta n t  t o  

r e a l i z e  t h e  l i m i t a t i o n s  o f  t h e  m e th o d s  em p lo y ed , and  th e  

c r i t i c i s m s  w h ich  c a n  b e  l e v e l l e d  a g a i n s t  th e m .

C o n s id e r in g  t h e  q u a l i t a t i v e  a s p e c t s  f i r s t ;  t h e  

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

s u b s t a n c e s  p r e s e n t  i n  p l a n t s , i n c l u d e d  (1 )  e x t r a c t i o n  o f  t h e  

p l a n t  s u b s t a n c e s ;  (2 )  c h ro m a to g ra p h ic  s e p a r a t i o n  o f  t h e  

e x t r a c t e d  s u b s t a n c e s ,a n d  f i n a l l y  (3 )  d e t e c t i o n  o n  th e  

d e v e lo p e d  ch ro m a to g ra m s b y  th e  r o o t  a s s a y  m e th o d .

The e x t r a c t i o n  t e c h n iq u e  s e t s  a  l i m i t  o n  t h e  

s u b s ta n c e s  d e t e c t e d , i n  t h a t  th e y  m u s t a l l  b e  a l c o h o l  

s o l u b l e .  T he m a c e r a t io n  and  e x t r a c t i o n  p r o c e s s e s  may b r i n g  

a b o u t  t h e  b reak d o w n  o f  t h e  a c t i v e  com pounds w h ich  a r e  

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

p r o d u c t s  m a y ,o r  m ay n o t  b e  g ro w th  a c t i v e .  A c t iv e  s u b s t a n c e s  

w h ich  a r e  h i g h l y  p h o to  o r  t h e r m o - l a b i l e  w o u ld  b e  p a r t i a l l y  

l o s t  d u r in g  t h e  e x t r a c t i o n  p r o c è s s e s , some o f  w h ich  a r e  

c a r r i e d  o u t  i n  t h e  l a b o r a t o r y , a t  t e m p e r a tu r e s  u p  t o  3 0  C .

T he c h ro m a to g ra p h ic  s e p a r a t i o n  o f  t h e  g ro w th  s u b s t a n c e s  

p r e s e n t  i n  t h e  f i n a l  e t h e r  c o n c e n t r a t e  i s  d e p e n d e n t  o n  th e  ; 

c h o ic e  o f  t h e  s o l v e n t .  T he a m m o n ia /iso  p r o p y l /w a te r  s o l v e n t  

was u s e d  i n  a l l  t h e  e x p e r im e n ts  end  w as t e s t e d  f o r
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s u i t a b i l i t y  t o  s e p a r a t e  i n d o l y l a c e t i c  a c i d  a n d  s y n t h e t i c

2 , 4 - D ic h lo r o p h e n o x y - a c e t ic  a c i d , h r  T IB A ). I t s  p o t e n t i a l i t i e s  

f o r  th e  co m p lex  p l a n t  e x t r a c t s  a r e  unknown and  i t  may w e l l  

b e  t h a t  some a c t i v e  com pounds a r e  n o t  s e p a r a t e d  w i th  t h i s  

s o l v e n t .  S in c e  th e  com mencement o f  t h e  w o r k , i t  h a s  b e e n  

show n t h a t  t h e  p r e s e n c e  o f  am m onia i n  t h e  d e v e lo p in g  s o l v e n t  

c a n  b r in g  a b o u t  i n t e r c o n v e r s i o n  o f  c e r t a i n  com pounds. 

( N i t « î h , l 9 5 5 ) .

f i n a l l y , t h e  a s s a y  te c h n iq u e  i t s e l f  s e t s  a  l i m i t a t i o n  

on  th e  d e t e c t i o n  o f  g ro w th  a c t i v e  s u b s t a n c e s .  T he d i f f e r e n t  

t e s t s  em ployed  v a r y  i n  t h e i r  s e n s i t i v i t y  t o  g ro w th  a c t i v e  

s u b s t a n c e s , f o r  exam ple  p e a  r o o t s  a r e  v e r y  m uch l e s s  

s e n s i t i v e  t o  in d o le  a c e t o n i t r i l e  t h a n  A vena e o l e o p t i l e  

s e c t i o n s .  ( B e n t le y  & B i c k l e , l 9 $ 2 ) . T h e re  i s  a l s o  t h e  

p o s s i b i l i t y  t h a t  a c t i v e  cm apounds may b e  f i r m l y  a d s o rb e d  on  

th e  c h ro m a to g ra p h ic  s t r i p , a n d  th e y  w o u ld  n o t  t h e n  b e  

d e t e c t e d  t h e  a s s a y  m e th o d . An ex am p le  o f  t h i s  

a d s o r p t i o n  h a s  b e e n  d e m o n s tr a te d  w i th  s y n t h e t i c  m a le ic  

h y d r a z i d e ,w h ich  c o u ld  n o t  b e  d e t e c t e d  o n  c h ro m a to g ra m s , 

a l th o u g h  p r e s e n t  i n  t o x i c  c o n c e n t r a t i o n s .

A c c e p tin g  th e  ab o v e  l i m i t a t i o n s  and  c r i t i c i a a s  o f  

t h e  m e th o d s ,a t  l e a s t  5 a c t i v e  s u b s t a n c e s  w ere  d e t e c t e d  o n  

t h e  ch ro m a to g ra m s o f  p l a n t  t i s s u e  e x t r a c t s t

T he a c t i v e  a c i d i c  s u b s t a n c e , a t  an  Bp v a l u e  o f  *35? 

w h ic h  w as d e t e c t e d  i n  a l l  t h e  t i s s u e  e x t r a c t s  ( w i th  t h e
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e x c e p t io n  o f  t h e  s u n f lo w e r  s e e d s )  was assum ed  t o  b e  

jo - i n d o l y l  a c e t i c  a c i d .  lAA was t h o r o f or o ' r e c o r d e d  tvom  

t h e  g r e e n  s h o o ts  o f  p e a s , s u n f lo w e r s ,c a b b a g e s ,d w a r f  and 

r u n n e r  b e a n s ,a n d  fro n t t h e  e t i o l a t e d  s h o o t s  o f  s u n f lo w e r s  

and r o o t s  o f  p e a s .  The u b iq u i t o u s  p r e s e n c e  o f  t h i s  

com pound a g r e e s  w i th  th e  l i t e r a t u r e .

A s e c o n d  a c i d i c  co m p o u n d ,a lw ay s i n h i b i t o r y ,w a s  a l s o  

d e t e c t e d  i n  a l l  t h e  p l a n t  e x t r a c t s .  T h is  s u b s t a n c e  h a d  an  

a v e ra g e  Rp v a l u e  o f  «6 $ w i th  t h e  p ro p a n o l/a m m o n ia  s o l v e n t .

I t  was r e c o r d e d  i n  t h e  e x t r a c t s  o b t a in e d  b y  t h e  p r e l i m i n a r y  

and  f i n a l  e x t r a c t i o n  t e c h n iq u e s ,a n d  was p r o b a b ly  i d e n t i c a l  

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

b y  B e n n e t - C ia r k  (1 9 5 3 ) fro m  e t i o l a t e d  p e a ,b r o a d  b e a n  and 

s u n f lo w e r  s e e d l i n g s , fro m  t h e  r o o t s  o f  p e a ,b e a n  an d  m a iz e  

end  th e  rh iz o m e s  o f  A egopodium . ( I n h i b i t o r  /S. ) .

An a t te m p t  was made t o  d e te r m in e  t h e  g ro w th  

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

o f  t h i s  i n h i b i t o r  /3 . 2 2 5  g ram s o f  t h e  r o o t s  o f  9  d a y

o l d  p e a  s e e d l i n g s  w ere  e x t r a c t e d  i n  2  s e p a r a t e  s e m p le s .

T he a c i d i c  e t h e r  f r a c t i o n s  w e re  c x a b in e d  and  p l a c e d  on  a  

2 "  w id e , f i l t e r  p«@>er s t r i p .  T he l a t t e r  was r u n  i n  t h e  

u s u a l  m a n n e r ,d r ie d  an d  o u t  i n t o  tw o  ( I ^  0  t o  «45 an d  *45 t o  

*9 0 ) .  T he lo w e r  p o r t i o n  .w as r e s e t  i n  t h e  c h ro m a to g ra p h y  

t a n k  and  r u n  a g a in  w i th  t h e  s o l v e n t .  T he l a t t e r  was a l lo w e d  

t o  r u n  o f f  t h e . s t r i p , i n t o  a  t e s t  t u b e ,a n d  t h e  e l u a t e
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c o l l e c t e d  a f t e r  24  h o u r s .  T h is  s o l u t i o n  was e v a p o r a te d  

t o  d r y n e s s , t a k e n  u p  i n  2 m l. o f  ^  s u c r o s e ,a n a  a  s e r i e s  o f  

d i l u t i o n s  made and a s s a y e d  i n  t h e  g ro w th  v e s s e l s  b y  t h e  

r o o t  s e c t i o n  t e c h n iq u e .  The g ro w th  c u r v e  o b ta in e d  was 

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

c o n c e n t r a t i o n s  o f  2 , 4 - 0 . , sh o w in g  no s t i m u l a t i o n  o f  s e c t i o n  

g ro w th . T h is  was a  s i m i l a r  r e l a t i o n s h i p  t o  t h a t  show n b y  

K e f fo r d  ( 1 9 5 5 ) f o r  i n h i b i t o r  B , u s in g  t h e  e o l e o p t i l e  

a s s a y  t e c h n iq u e .  T h is  com pound i s  t h e r e f o r e  n o t  an  

a u x in .  I t  i s  r e s i s t a n t  t o  a c id  and a l k a l i  t r e a t m e n t , a n d  

i t  g iv e s  no  c o l o u r  w i th  th e  i n d o le  s p r a y .  T h is  n e g a t iv e  

r e s p o n s e  i s  n o t  c o n c l u s i v e , a s  t h e  c o n c e n t r a t i o n  on  t h e  

ch ro m a to g ram  may h a v e  b e e n  to o  low  t o  r e a c t  w i t h  t h e  

s p r a y .  D e s p i te  i t s  r e g u l a r  o c c u r r e n c e  i n  p l a n t s , n o t h i n g  

i s  known o f  t h i s  com pound, b ey o n d  t h e  f a c t  t h a t  i t  i s  an  

a c i d i c , s t a b l e  i n h i b i t o r .

A t h i r d  s u b s ta n c e ,w h ic h  was s t i m u la to r y ,w a s  

o c c a s i o n a l l y  r e c o r d e d  a t  an  Bp v a lu e  o f  a p p r o x im a te ly  

*1 5 . T h is  s u b s t a n c e  was d e t e c t e d  fro m  r u n n e r  b e a n  t i s s u e  

o n ly ,  i n  t h e  p r e l i m i n a r y  e x t r a c t i o n  e x p e r im e n ts . I t  was 

o c c a s i o n a l l y  d e t e c t e d  o n  t h e  ch ro m a to g ra m s o f  t h e  a c i d i c  

e t h e r  f r a c t i o n s  o f  e x t r a c t s  ( r a p i d  t e c h n iq u e )  fro m  

s u n f lo w e r  s h o o t s .  I n  c o n t r a s t  t o  t h e  32$  s t i m u l a t i o n  

r e c o r d e d  fro m  t h e  r u n n e r  b e a n  t i s s u e , a t  t h i s  Bp v a l u e ;  i n  

t h e  s u n f lo w e r  e x t r a c t s  i t  was r a r e l y  m ore th a n  10% and
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o f t e n  n o t  s i g n i f i c a n t .  No a c t i v i t y  was show n i n  t h i s  

p o s i t i o n  on  th e  a s s a y e d  ch ro m a to g ra m s o f  th e  a c i d i c  e t h e r  

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

com pound ( a lp h a )  was d e m o n s t r a te d  b y  B e n n e t - C la r k  (1 9 5 2 ) ,  

a t  t h i s  Rp p o s i t i o n  on t l i e  ch ro m a to g ram s o f  e x t r a c t s  o f  

e t i o l a t e d  s h o o ts  and  r o o t s , a n d  was shown t o  h a v e  

c o n s i d e r a b l e  r o o t  g ro w th  p ro m o tin g  a c t i v i t y .  I t  seem s 

l i k e l y  t h a t  i s  i d e n t i c a l  w i th  t h e  com pound d e t e c t e d

i n  t h e s e  e x p e r im e n ts .  I n d o le  p y r u v ic  a c i d  {IPyA)  h a s  

b e a n  r e p o r t e d  fro m  th e  e x t r a c t s  o f  sw e e t c o m  (S to w e & 

T h im a n n ,1 9 5 4 ) and  t h i s  h a s  an  Bp v a lu e  o f  *15 w i th  t h e  

p ro p a n o l/a m m o n ia  s o l v e n t .  K e f f o r d  (1 9 5 5 ) s u g g e s te d  t h a t ,

duo t o  th e  c h ro m a to g ra p h ic  e v i d e n c e , t h e  s t i m u l a t o r y

com pound c o u ld  b e  IP yA . The f a c t  t h a t  i n  t h i s  s e r i e s  o f  

e x p e r im e n t a ,  t h e  com pound i s  s p a s m o d ic a l ly  r e c o r d e d ,  

s u g g e s t s  t h a t  th e  a c t i v i t y  a t  an  Bp o f  *15 m ig h t  b e  d u e  

t o  IP y A ,a s  th e  l a t t e r  com pound i s  known t o  b e  c h e m ic a l ly  

u n s t a b l e  and t o  u n d e rg o  s p o n ta n e o u s  b i'sakdow n . The 

i d e n t i f i c a t i o n  o f  IPyA i n  a  v a r i e t y  o f  t i s s u e s  w o u ld  b e  

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

i n t e r m e d i a t e s  i n  t h e  p i* o d u c tio n  o f  XAA fro m  t r y p to p h a n e .  .

(G o rd o n ,1 9 5 4 ) .

A f o u r t h  zone o f  a c t i v i t y , i n h i b i t i o n  o f  g ro w th  a t  

an  Bp v a lu e  o f  *90 was r e c o r d e d  fro m  a l l  t h e  c h rc m a to g ra n s  

o f  th e  a c i d i c  e t h e r  f r a c t i o n s  o f  e x t r a c t s  o f  y o ung
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r o o t s  (3  -  4 ^  d a y s  o l d ) . S i m i l a r  a c t i v i t y  was r e c o r d e d  

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

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

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

t h e  ch ro m a to g ra m s o f  t h e  a c i d i c  e t h e r  f r a c t i o n s  w ere  

a s s a y e d ,s o  t h a t  i t  c o u ld  n o t  b e  c e r t a i n  w h e th e r  t h e  

s u b s ta n c e  d e t e c t e d  was a c i d i c  o r  n e u t r a l .  I n d o le  a c e to  

n i t r i l e  ( lA R ) ,a  n e u t r a l  com pound,w as r e p o r t e d  b y  J o n e s  

e t  a l  ( 1 9 5 2 ) t o  b e  p r e s e n t  i n  l a r g e  q u a n t i t i e s  i n  m em bers 

o f  t h e  C r u c i f e r a e , and  u s in g  t h e  p ro p an o V am m o n ia  s o l v e n t  

i t  was shown t o  h a v e  an  v a lu e  c l o s e  t o  t h e  s o l v e n t  

f i 'o n t .  T h ey  a l s o  d e m o n s t r a te d  t h a t  q u a n t i t i e s  o f  t h i s  

co m pound ,w h ich  c o u ld  b e  d e t e c t e d  b y  th e  A vena e o l e o p t i l e  

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

t h e  e t h e r  e x t r a c t s .  I t  seem ed  p o s s i b l e  t h e n , t h a t  t h e  

a c t i v i t y  a t  Rp *90  on  t h e  ch ro m a to g ra m s o f  t h e  a c i d i c  

e t h e r  f r a c t i o n s  o f  young  r o o t s ,w a s  due  t o  r e s i d u a l ,  

n e u t r a l  IAN. C b f o r t u n a t e l y  t h e  n e u t r a l  e t h e r  f r a c t i o n s  

o f  t h e s e  e x t r a c t i o n s  h a d  b e e n  d i s c a r d e d .  C o n t r a r y  t o  

t h i s  s u g g e s t i o n ,  ( a )  th e  n e u t r a l  f r a c t i o n  o f  o l d e r  r o o t s ,  

a l th o u g h  o c c a s i o n a l l y  sh o w in g  a c t i v i t y  a t  t h e  a c t u a l  

s o l v e n t  f r o n t , d o  n o t  show an y  a c t i v i t y  a t  an  Bg o f  *9 0 ; 

and  (b )  p e a  r o o t  s e c t i o n s  a r e  r e l a t i v e l y  i n s e n s i t i v e  t o  

I  AN. A ro u g h  t e s t  show ed t h a t  a  s o l u t i o n  o f  1  p .p .m . 

o f  IAN i n  ^  o f  s u c r o s e  h a d  no e f f e c t  o n  t h e  g ro w th  o f
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r o o t  s e c t i o n s , and a  1 0  p .p .m .  s o l u t i o n  c a u s e d  a  22;^ 

i n h i b i t i o n  o f  g ro w th . I t  seem s u n l i k e l y  H i e n , t h a t  a  

d e t e c t a b l e  q u a n t i t y  o f  IAN c a n  be  l e f t  i n  th e  e t h e r , f r o m  

w h ich  t h e  n e u t r a l  s u b s t a n c e s  h a v e  b e e n  s u p p o s e d ly  rem o v ed . 

I t  i s  l i k e l y  t h e r e f o r e , t h a t  t h i s  i s  an  a c i d i c , i n h i b i t o r y  

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

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

I n h i b i t i o n  o f  g ro w th  w as a lw ay s r e c o r d e d  a t  t h e  

s t a r t i n g  l i n e  o f  c h ro ra a to g ra n 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  o f  a l l  e x t r a c t i o n s .  I t  was a l s o  o c c a s i o n a l l y  

d e t e c t e d  on t h e  ch ro m a to g ra m s o f  t h e  a c i d i c  f r a c t i o n .

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

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

e x t r a c t s  ( p a r t i c u l a r l y  o b v io u s  w i th  n e u t r a l  e t h e r  

c o n c e n t r a t e s ) . T h e se  s u b s ta n c e s  do n o t  move o n  th e  p a p e r ,  

and  may h a v e  d i r e c t  t o x i c  e f f e c t s  on  g ro w th , and  a l s o  s e e n  

t o  a f f e c t  th e  a d s o r p t i o n  o f  th e  n u t r i e n t  s u c r o s e  s o l u t i o n  

b y  th e  p a p e r .

T he e f f e c t s  o f  a c i d  and  a l k a l i n e  h y d r o ly s e s  on  t h e  

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

p a r t i c u l a r  e m p h a s is  on lAA and  i n h i b i t o r  B

A lk a l in e  h y d r o ly s e s  ( w i th  Sodium  h y d r o x id e )  b r o u g h t

a b o u t i n c r e a s e d  y i e l d s  o f  i n d o l y l a c e t i c  a c i d  and  i n h i b i t o r
-

0  ,f ro m  p e a  r o o t s  and  s u n f lo w e r  s h o o t s .  T h e se  

i n c r e a s e s  m u s t h a v e  b e e n  d u e  t o  r e l e a s e  fro m  a l c o h o l
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s o l u b l e  p l a n t  co m p o u n d s. An i n c r e a s e d  y i e l d  o f  a u x in ,  

f o l lo w in g  a l k a l i n e  h y d r o l y s i s  h a s  b e e n  w id e ly  r e p o r t e d  i n  

t h e  l i t e r a t u r e  (A v e ry  e t  a l . 1 9 4 1 ,1 9 4 2 )  and i s  e v id e n c e  

f o r  t h e  p r e s e n c e  o f  'bound*  a u x in  i n  t h e  p l a n t .  T he 

i n c r e a s e  i n  /B i s  i n t e r e s t i n g , a s  i t  i n d i c a t e s  t h e  

n e c e s s i t y  f o r  c a u t i o n  when c o n s id e r in g  th e  i n c r e a s e d  

y i e l d s  o f  * au x in *  fro m  w h o le  e x t r a c t s  o f  h y d r o ly s e d  p l a n t  

t i s s u e s , i . e .  e x t r a c t s  w h ich  h a v e  n o t  b e e n  a n a ly s e d  b y  

c l iro m a to g ra p h ic  m e th o d s .

H y d ro ly s e s  o f  t h e  a l c o h o l i c  e x t r a c t s  o f  r o o t s  w i th

s y ru p y  p h o s p h o r ic  a c i d ,c a u s e d  th e  l o s s  o f  i n d o l y l a c e t i c

a c i d .  P u re  lAA i s  known t o  b e  d e s t r o y e d  b y  h o t  a c i d

t r e a t m e n t , s o  t h a t  t h i s  r e s u l t  i s  c h e m ic a l  e v id e n c e  f o r

t t i e  i d e n t i f i c a t i o n  o f  t h i s  a c t i v e  co m p o u n d ,a s  lAA.

When N an d  H h y d r o c h lo r i c  a c id  was u s e d  a s  t h e  
10 100

h y d r o ly s in g  a g e n t ,h o w e v e r ,a n  i n c r e a s e d  y i e l d  o f  t h i s  

lAA was d e t e c t e d  o n  t h e  c h ro m a to g ra m s . T h e re  h a v e  b e e n  

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

a c t i v i t y  o f  p l a n t  t i s s u e s , f o l lo w in g  e » ld  h y d r o l y s e s ,  

(S k o o g ,1 9 4 7 ; L a r s e n , I 95 I )  b u t  t h i s  h a s  b e e n  s u g g e s te d  as 

b e in g  d u e  t o  r e l e a s e  o f  an  a c i d  s t a b l e  a u x i n ,n o t  lAA.

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

d u e  t o  t h e  c o n c e n t r a t i o n  d i f f e r e n c e s  o f  t h e  tw o  a c id  

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



9/.

o f  tw o  c h e m ic a l  r e a c t i o n s t

(1 )  R e le a s e  o f  lAA fro m  a  a l c o h o l  s o l u b l e  p l a n t  

p r e c u r s o r ( s ) .

(2 )  D e s t r u c t io n  o f  IA A ,by  a c id  t r e a t m e n t .

W ith  th e  « g ) p l ic a t io n  o f  r e l a t i v e l y  d i l u t e  h y d r o l y s i s

(N and  H HCl) , t h e  f i r s t  r e a c t i o n  d o m in a te d  o v e r  th e  
10 100

s e c o n d , r e s u l t i n g  i n  an  i n c r e a s e d  y i e l d  o f  lAA. I f  m ore  

d r a s t i c  t r e a t m e n t  was % )p lie d  ( s y r u p y  p h o s p h o r ic  a c id )  

t h e  d e s t r u c t i o n  o f  lAA c o m p le te ly  d o m in a te d  o v e r  i t s  

r e l e a s e , a n d  n o n e  was t h e r e f o r e  d e t e c t e d  i n  t h e  h y d r o ly s e d  

e x t r a c t .  B x p e r im e n ts  s h o u ld  h a v e  b e e n  c a r r i e d  o u t , u s i n g  

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

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

a c i d  t y p e .

H y d ro ly s e s  w i th  e i t h e r  HCl o r  p h o s p h o r ic  a c i d  

r e s u l t e d  i n  an  i n c r e a s e d  y i e l d  o f  0  f ro m  r o o t s  and  

s h o o t s .  T h is  com pound i s  t h e r e f o r e  r e l e a s e d  fro m  a l c o h o l  

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

i s  s t a b l e  u n d e r  a l l  t r e a t m e n t s .

C o n s id e r a t i o n  o f  t h e  q u a n t i t a t i v e  a s p e c t s  o f  t h e  

r e s u l t s  i s  m ore co m p le x . I t  i s  im m e d ia te ly  a p p a r e n t  when 

e s t i m a t i o n s  o f  a u x in  q u a n t i t i e s  a r e  m a d e , th a t  t h e r e  i s  a  

l a r g e  d a y  t o  d a y  v a r i a t i o n  i n  t h e  y i e l d s  o f  JLAA fro m  

s i m i l a r  t i s s u e s .  T he v a r i a t i o n  d u e  t o  t h e  a s s a y  te c h n iq u e  

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



be d u e  t o  I n h e r e n t  d i f f e r e n c e s  i n  t h e  lAA c o n t e n t  o f  

s i m i l a r  t i s s u e s , g row n  a t  d i f f e r e n t  t im e s ,a n d  /  o r  t o  

v a r i a t i o n s  i n  th e  e x t r a c t i o n  e f f i c i e n c y .  I n  r e l a t i o n  

t o  t h i s  p r o b l e m , i t  i s  im p o r ta n t  t o  c o n s id e r  t h e  'n a tu r e *  

o f  t h e  a u x in  t h a t  i s  e x t r a c t e d  and  e s t i m a t e d .  I t  h a s  

b e e n  g e n e r a l l y  a c c e p te d  t h a t  a u x in s  e x t r a c t e d  fro m  p l a n t s  

c o u ld  come fro m  t h r e e  s o u r c e s  :

(1 )  From a  p r e c u r s o r , ( o r  p r e c u r s o r s )  w h ich  i s  i n  i t s e l f  

i n a c t i v e .  T h is  p r e c u r s o r  m ay r e p r e s e n t  t h e  n a t u r a l  

s o u rc e  o f  a u x in  i n  t h e  p l a n t , b u t  c o u ld  i n c l u d e  o t h e r  

s u b s ta n c e s ,w h ic h  u n d e r  c e r t a i n  e x p e r im e n ta l  c o n d i t i o n s  

m ig h t  b r e a k  up t o  r e l e a s e  lAA.

(2 )  F re e  a u x in .

(3 )  H y p o th e t i c a l  a u x in  co m p lex  a t  t h e  g ro w th  c e n t r e .

The e x t r a c t i o n  te c h n iq u e  u s e d  c la im s  t o  p r e v e n t  

an y  r e l e a s e  o f  I M  fro m  t h e  f i r s t  c a t e g o r y ,  and  t o  rem ove 

o n ly  th e  ' f r e e '  a u x in  fro m  p l a n t  t i s s u e s .  T he n a t u r e  

o f  t h e  t h i r d  p o s s i b l e  s o u r c e  i s  u n k n o w n ,so  t h a t  th e  

e f f e c t  o f  t h i s  e x t r a c t i o n  m e th o d  i s  p r o b l e m a t i c a l .  T he 

v a r i o u s  a u x in  fo rm s  m u s t b e  i n  a  s t a t e  o f  dynam ic  

e q u i l i b r iu m ,s u c h  as  t -

p r e c u r s o r  -— ^ F r e e  a u x in  — > C o n p le x  a t  — ^  6RCSÜTH 
, I g ro w th  c e n t r e ,

destroyed. r

an d  i t  i s  d i f f i c u l t  t o  s e e  how th e  m e asu rem e n t o f  o n e
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f o r m , s t r i c t l y  s e p a r a t e d  fro m  t h e  o t h e r , i s  p o s s i b l e .  The 

e x t r a c t i o n  m e th o d  em p lo y ed  m i ^ t  a f f e c t  t h e  b a l a n c e  o f  

t h i s  'e q u a t i o n * .  I t  m u s t h o w ev er b e  a c c e p te d  t h a t  t h e  

t e c h n i q u e ,a s  f a r  as  c a n  b e  a s c e r t a i n e d ,d o e s  e x t r a c t  o n ly  

t h e  ' f r e e  a u x i n ' .  T he r e l a t i o n  o f  t h i s  a u x in  e x t r a c t e d  

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

i n  t h e  p l a n t , i s  unknow n.

A n o th e r  p ro b le m  w h ic h  e m e r g e s , in  t h e  c o m p a r is o n  o f  

lAA y i e l d s  o f  t i s s u e s , i s  t h e  c h o i c e  o f  th e  b a s i s , o n  w h ic h  

t o  p l a c e  t h e  e s t i m a t i o n s  -  i . e .  p e r  g ram  f T e s h  w e i ^ t ;  

p e r  p l a n t ;  o r  p o s s i b l y  p e r  r a e r is te m . T h is  seem ed 

p a r t i c u l a r l y  im p o r ta n t ,w h e n  c o m p a r in g  y i e l d s  fro m  t r e a t e d  

and c o n t r o l  p l a n t s , i n  w h ich  t h e  f r e s h  w e ig h t  p e r  p l a n t  

was a l t e r e d  b y  th e  t r e a t m e n t .

A t h i r d  p ro b le m  i n  t h e  e s t i m a t i o n s  o f  lAA y i e l d s  

i s  t h e  p o s s i b l e  e f f e c t  o f  « iz y m e s ,c a u s in g  t h e  b reak d o w n  

o f  t h i s  com pound i n  t h e  m a t e r i a l  p r i o r  t o  e x t r a c t i o n  an d  

d u r in g  th e  a c t u a l  e x t r a c t i o n  p r o c e s s e s .

T he o n e  way t o  t a c k l e  t h e s e  p ro b le m s  w as t o  a d o p t  

a  c a r e f u l l y  c o n t r o l l e d  e x t r a c t i o n  t e c h n i q u e ,w h ic h  l i m i t e d  

a s  f a r  a s  p o s s i b l e  r e l e a s e  o f  b o u n d  a u x in  an d  e n z y m a tic  

b rea k d o w n , an d  t o  u s e  a  s t a n d a r d  m e th o d  o f  e s t i m a t i o n , s o  

t h a t  co m p ariscm s c o u ld  b e  m ade.

R e a l i z i n g  t h e  c r i t i c i s m s  w h ic h  c a n  be  l e v e l l e d  

a g a i n s t  t h e  m e th o d s  e m p lo y e d ,c e r t a i n  f a c t s , c o n c e r n in g  

t h e  y i e l d s  o f  lAA (w o rk ed  o u t  o n  a  f r e s h  w e ig h t  b a s i s )



o re  d raw n fro m  t h e  r e s u l t s :

(1 )  The c o ty le d o n s  o f  2 -  3  w eek o l d  s u n f lo w e r  s e e d l i n g s  

c o n t a i n  l e s s  ( p o s s i b l y  n o n e )  lA A ,th a n  t h e  s h o o t s .

( 2 )  Young r o o t s  (3  -  d a y s )  c o n t a i n  l e s s  a u x in  th a n  

o l d e r  o n e s  ( 8 - 1 2  d a y s )  « T h is  a g r e e s  w i th  t h e  r e s u l t s  

o f  P i l e t  ( 1 9 5 3 ) w o rk in g  w i th  t h e  r o o t s  o f  L e n ^ u l i n a r i s .  

T he i n c r e a s e  i s  p o s s i b l y  c o r r e l a t e d  w i th  th e  d e v e lo p m e n t 

o f  l a t e r a l  r o o t s , a s  a p i c e s  seem  t o  b e  t h e  p r im a r y  l o c i  

o f  a u x in  f o r m a t io n .

( 3 ) T h e re  w as no  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  y i e l d s  o f  

lAA fro m  b e a n  s h o o t s ,p e a  s h o o ts  o r  p e a  r o o t s , b u t  t h e s e  

d i f f e r e d  s i g n i f i c a n t l y  £ r o a  s u n f lo w e r  an d  c a b b a g e  

s e e d l i n g s .  The l a t t e r  a l s o  d i f f e r e d  s i g n i f i c a n t l y  from  

t h e  s u n f lo w e r  en d  g a v e  t h e  h i g h e s t  y i e l d s  o f  XAA.

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

a s  f o l lo w s  I -

i *  The e f f e c t  o f  t h e  a p p l i c a t i o n  of  2 , 4 - D ic h lo ro p h e n œ c v  
_  a c i d : "

The t r e a t m e n t  o f  p l a n t s  w i th  t h e  s y n t h e t i c  a u x in ,

2 , 4 - 0 . , a t  c o n c e n t r a t i o n s  w h ic h  b r i n g  a b o u t m a rk e d

r e s p o n s e s  i n  t h e  r o o t  an d  s h o o t ,s h o w  no  c o n s i s t a i t  e f f e c t

o n  t h e  lAA l e v e l s  a s  e s t i m a t e d  an d  c a l c u l a t e d , o n  a  f r e s h

w e ig h t  b a s i s .  T h e se  f a c t s  s u p p o r t  t h e  v ie w  t h a t  2 , 4 - 0 .  i s

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

i n d i r e c t l y , v i a  a  d i s t u r b a n c e  o f  lAA m e ta b o l is m . An

a l t e r a t i o n  i n  t h e  l e v e l  o f  lA A ,n e c e s s a ry  t o  ev o k e  s u c h



r e s p o n s e a  w o u ld  h a v e  b e e n  c l e a r l y  d e t e c t a b l e .  T h is  

d i r e c t  a c t i o n  o f  2 ,4 - D .  w o u ld  e x p l a i n  t h e  c l o s e  p a r a l l e l  

b e tw e e n  th e  r e s p o n s e s  b r o u g h t  a b o u t  b y  2 ,4 - D .  and  lAA.

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

m ech an ism  i n  t h e  p l a n t  c o n t r o l l i n g  t h e  l e v e l  o f  f r e e  

au x i n : -  i f  2 ,4 - D . f i t s  i n t o  t h e  sam e r e c e p t o r s  a t  t h e  

g ro w th  c e n t r e , t h e n  w hen a p p l i e d  i n  h ig h  c o n c e n t r a t i o n s  

i t  w o u ld  b e  e x p e c te d  t h a t  th e  l e v e l  o f  XAA w o u ld  b u i l d  

\g) ( ' e q u a t i o n ' ) .  No i n c r e a s e  i s  d e t e c t e d ,w h ic h  s u g g e s t s  

t h a t  when a  s y n t h e t i c  a u x in  i s  a p p l i e d  t o  a  p l a n t , i n  a  

h ig h  c o n c e n t r a t i o n , e i t h e r  r e l e a s e  o f  lAA fro m  t h e  

p r e c u r s o r  i s  r e d u c e d ,o r  i t s  b reak d o w n  i s  s t i m u l a t e d .

The w e l l  known d i f f e r e n c e s  i n  t h e  r e s p o n s e s  o f  

p l a n t s  t o  h ig h  l e v e l s  o f  a p p l i e d  lAA an d  2 ,4 - D . m ay b e  

e x p la in e d  b y  t h e  s e c o n d a ry  d i f f e r e n c e s  i n  m o le c u la r  

s t r u c t u r e  a s  th e  2 ,4 - D .  w o u ld  n o t  be  lo w e re d  i n  t h e  

p l a n t , e i t h e r  b y  'b i n d i n g '  t o  p r o te in a c e o u s  p l a n t  p r o d u c t s ,  

o r  b y  e n z y m a tic  d e s t r u c t i o n .  The f a c t  t h a t  t r e a t m e n t  o f  

p l a n t s  w i th  lAA *  2 ,4 - D .  p ro d u c e s  a  lo w e re d  re sp < m se  

t h a n  a p p l i c a t i o n  o f  2 ,4 - D .  a lo n e  (H i tc h c o c k  & Zimm erman, 

1 9 5 2 ) , c o u ld  b e  a c c o u n te d  f o r  b y  c o m p e t i t i o n  o f  lAA w i t h

2 ,4 - D .  f o r  t h e  g ro w th  c e n t r e s . . A ssum ing t h e  XAA 

m o le c u le s  w o u ld  b e  m ore s u c c e s s f u l , t h e  2 ,4 - D . w o u ld  b e  

p a r t l y  e x c lu d e d  fro m  t h e  g ro w th  c e n t r e , a n d  t h e  i n h i b i t i o n ,  

d u e  t o  t h e  i n a b i l i t y  o f  t h e  s y n t h e t i c  a u x in  t o  f u n c t i o n
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n o r m a l ly  i n  t h e  w h o le  g ro w th  'c y c l e * , w o u ld  b e  r e d u c e d .

The e x p e r im e n ts  i n d i c a t e d  h o w e v e r , th a t  t h e  a p p l i e d

2 ,4 - D .  i t s e l f  u n d e rg o e s  some c h a n g e  i n  t h e  p l a n t  c e l l ,  

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

T h is  s u b s ta n c e  m ay b e  an  i n h i b i t o r , o r  an  i n a c t i v e  n e u t r a l  

s u b s t a n c e , e i t h e r  c o n v e r t e d  b a c k  i n t o  2 ,4 - D . d u r in g  th e  

c h ro m a to g ra p h ic  a n a l y s i s , o r  b y  t h e  r o o t  g ro w th  a s s a y .

(T he v a l u e  i s  c l o s e l y  s i m i l a r  t o  t h a t  o f  2 , 4 - D . ) .

T he n e u t r a l  s u b s t a n c e  i s  fo z u e d  b y  e n z y m a tic  a c t i v i t y  o f  

t h e  l i v i n g  c e l l  and  i s  n o t  fo u n d  i n  m ix tu r e s  o f  2 ,4 - D . 

w i th  t i s s u e  h o m o g e n a te s . L e a p e r  and  B is h o p  ( I 95 I )  h a v e  

s u g g e s te d  t h a t  t h e  p h e n o x y a c e t io  a c id s  az*e c o n v e r t e d  t o  

q u in o n e s  i n  t h e  p l a n t , a n d  q u in o n e e  a r e  i n  g e n e r a l , h i ^ l y  

t o x i c .  U n f o r tu n a t e ly  i t  i s  n o t  known how s u c h  com pounds 

w ou ld  r e a c t  t o  e x t r a c t i o n  and  c h ro m a to g ra p h ic  a n a l y s i s .

T he r e s u l t s  o b ta in e d  a r e  d i r e c t l y  o p p o se d  to  t h o s e  

r e p o r t e d  b y  W e in tra u b  ( 1 9 5 3 ) o f  a  lo w e r  a u x in  c o n t e n t  i n  

t h e  b u d s  o f  2 ,4 - D . t r e a t e d  p l a n t s ;  and t o  t h e  r e s u l t s  o f  

H e n d e rso n  an d  D eese (1 9 5 4 )  w h ich  show a  lo w e r  a u x in  

c o n t e n t  i n  2 ,4 - D .  t r e a t e d  b e a n ,p e a  an d  s u n f lo w e r  s e e d l i n g s ,  

an d  an  i n c r e a s e  i n  t h e  y i e l d  o f  a u x in  fro m  2 ,4 - D .  t r e a t e d  

o a t  s e e d l i n g s .  B o th  s e t s  o f  r e s u l t s  w ere  o b t a i n e d  u s in g  

t h e  W ent A vena t e s t , \ d i i c h  m e a n t t h a t  t h e  w h o le  p l a n t  

e x t r a c t  was a s s a y e d ,w i th o u t  s e p a r a t i o n  o f  i t s  p o s s i b l e  

c ( m s t i t u e n t s .  A lth o u g h  2 ,4 - D .  h a s  b e e n  shown t o  b e



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

may h a v e  a f f e c t e d  t h e  a s s a y , s o  t h a t  t h e  v a l i d i t y  o f  t h e s e  

r e s u l t s  i s  d o u b t f u l .

T he r e p o r t s  b y  Q o M a c re  ( I 9 4 9 ) o f  s t i m u l a t i o n  o f  

t h e  lAA o x id a s e  enzym e ( p r e p a r e d  f ro m  e t i o l a t e d  p e a  

e p i o o t y l s )  b y  2 ,4 - D .  w e re  l a t e r  show n b y  h im  (G o ld a c r e  

e t  a l . 1 9 5 3 ) t o  b e  d u e ,n o t  t o  t h e  2 ,4 - D .  i t s e l f , b u t  t o  a  

•2*^ im p u r i t y  o f  2 , 4 - d i c h lo r o p h e n o l  ( D .C .P . ) .  I t  seem s 

p o s s i b l e  t h a t  th e  r e p o r t  b y  H e n d e rso n  an d  D eese  (1 9 5 4 )  

t h a t  2 ,4 - D .  i n c r e a s e s  t h e  d e s t r u c t i o n  o f  lAA a d d e d  i n  

v i t r o  t o  s e c t i o n s  o f  p e a  e p i c o t y l  and  s u n f lo w e r  h y p o c o t y l ,  

m ig h t  b e  d u e  t o  an  a c c e l e r a t i n g  e f f e c t  o f  a  DCP im p u r i t y  

on  th e  lAA o x id a s e  s y s te m  o f  t h e  s e c t i o n s .

2 .  T he e f f e c t  o f  a p p l i c a t i o n  o f  m a le ic  h y d r a z i d e t

M a le ic  h y d r a z id e  was f i r s t  r e p o r t e d  a s  a  g ro w th  

i n h i b i t o r  b y  S ch o en e  a n d  H offm an ( I 9 4 9 ) . S in c e  t h a t  d a t e  

t h e  r e p o r t s  o f  t h e  v a r i o u s  e f f e c t s  o f  m a le ic  h y d r a z id e  on  

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

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

w h ic h  h a v e  l i t t l e  e f f e c t  on  e x t e n s io n  g ro w th  -  show n b y  

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

t o  t h e  com pound t h a n  t h e  r o o t  s e c t i o n s , a n d  t h a t  t h e  m a in  

e f f e c t  on  th e  f o rm e r  i s  s u p p r e s s io n  o f  l a t e r a l  r o o t s .

I t  h a s  a l s o  b e e n  show n t h a t  m a le ic  h y d r a z i d e ,  ( 1 ) p r o lo n g s  

do rm ancy  (W ittw e r  an d  S h arm a 1 9 5 0 ) i (2 )  s u p p r e s s e s
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f l o w e r in g  (H ic k e l l ,X 9 5 3 »  S t r u k m e y e r , l 9 5 3 )}  ( 3 )  rem o v es  

a p i c a l  d o m in a n c e , (N a y lo r  and  D a v ie s ,1 9 5 0 ) ;  ( 4 )  in d u c e s  

f o r m a t io n  o f  a b s c i s s i o n  l a y e r s , ( A e in t r a u b  e t  a l , 1 9 5 2 ) ;  

an d  ( 5 ) show s a  c o m p e t i t iv e  a n ta g o n is m  o f  I a a  a c t i o n  i n  

t h e  s t a n d a r d  p e a  a i d  A venp t e s t s  (L e o p o ld  an d  K l e i n , 1 9 5 2 ) 

an d  o f  t h e  i n h i b i t o r y  a c t i o n  o f  IAA i n  p e a  r o o t s  (L e o p o ld  

an d  K l e i n , 1 9 5 2 ) an d  i n  f l a x  r o o t s , ( A b e r g , 1 9 5 3 ) .

The l a s t  t h r e e  e f f e c t s  o f  MH c o u ld  b e , p r e s tm a h ly , 

b r o u ^ t  a b o u t b y  a  lo w e r in g  o f  t h e  IAA l e v e l , a n d  h a v e  

c a u s e d  m a le ic  h y d r a s id e  t o  b e  te rm e d  an  ' a n t i  a u x in * .

I t  seam s u n l i k e l y  t h e  a n t i  a u x in  a c t i o n  c o u l d  b e  b r o u g h t  

a b o u t  b y  a  m u tu a l  m o le c u la r  c o m p e t i t i v e  a c t i o n  w i th  IAA 

f o r  g ro w th  r e c e p t o r s , b e c a u s e  o f  t h e  n o n -h o m o lo g o u s  

s t r u c t u r e  o f  UK. The c l a im  t h a t  m a le ic  h y d r a z id e  

s t i m u l a t e s  t h e  r a t e  o f  IAA d e s t r u c t i o n  ( i n  v i t r o )  b y  t h e  

IAA o x id a s e  enzym e ( A n d r e w ,1 9 5 4 ) i n d i c a t e s  t h e  p o s s i b i l i t y  

t h a t  t h e  a n t a g o n i s t i c  e f f e c t  i s  a n  i n d i r e c t  o n e ,m e d ia te d  

v i a  IAA m e ta b o l i c  en z y m es . ( A b e rg ,1 9 5 3 ) .

( n  t h e  o t h e r  h a n d , t h e  f i r s t  tw o  e f f e c t s , c m  f lo w e r in g  

an d  d o rm a n c y ,re s e m b le  m o re  t h e  a c t i o n  o f  an  a u x in ,  t h a n  

t h a t  o f  a n  a n t i  a u x in .  I t  s h o u ld  h o w e v e r ,b e  r e a l i z e d  t h a t  

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

d o rm an cy  i s  n o t  c o n t r o l l e d  b y  w x i n  l e v e l s .  (N em b@ rg,l9 5 2 , 

1 9 $ 4 . ) .  T he im p o r ta n c e  o f  t h e  r o l e  o f  a u x in  i n  f l o w e r  

i n i t i a t i o n  i s  a l s o  i n  d o u b t ,e n d  i t  c w  o n ly  b e  s a i d  t h a t



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

low  a u x in  c o n t e n t  an d  v i c e  v e r s a .

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

c a u s e s  m e ta b o l ic  a n d  h i s t o l o g i c a l  d i s t u r b a n c e s . I n c r e a s e  

i n  s u c r o s e  h a s  b e e n  r e p o r t e d  ( N a y lo r  and  D a v ie s , 1 9 5 0 ) ,  

i n c r e a s e  i n  p o ly s a c c h a r i d e s  ( C u r r i e r  e t  a l . 1 9 5 1 ) an d  

c o l l a p s e  o f  p h lo em  t u b e s .  ( G r e u l a c h ,1 9 5 1 ) .

I n  s p i t e  o f  t h e  ' a n t i  au x in *  a c t i o n  o f  m a le ic  

h y d r a z i d e ,p r e v i o u s  i n v e s t i g a t i o n s  h a v e  shovm  i t  t o  h a v e  

n o  e f f e c t  on  t h e  IAA l e v e l  i n  t h e  p l a n t .  P i l e t  (1 9 5 4 ) 

show ed i t  t o  h a v e  no  e f f e c t  on  t h e  IAA l e v e l  o f  t h e  r o o t s  

o f  L e n s  c u l i n a r i s , an d  B ra u n  (1 9 5 4 ) r e p o r t e d  t h a t  MH 

i n h i b i t e d  p l a n t  tu m o u r g r o w th ,b u t  d i d  n o t  a l t e r  t h e  IAA 

l e v e l .  I n  th e  p r e s e n t  i n v e s t i g a t i o n s  on  p e a  r o o t s , w i t h  

c o n c e n t r a t i o n s  s u f f i c i e n t  t o  i n h i b i t  b o th  m e r i s t e m a t i c  

an d  e x t e n s i o n  g r o w t h , d i s t i n c t  i n d i c a t i o n s  o f  a  r a i s e d  

IAA l e v e l  w e re  o b t a in e d .

I t  i s  s u g g e s te d  t h a t  t h e  a n t a g o n i s t i c  e f f e c t s  o f  

m a le i c  h y d r a z id e  a r e  due  t o  a  b lo c k in g ,m a y  b e  e n z y m a t ic ,  

o f  th e  f r e e  a u x in  — > g ro w th  r e c e p t o r  p r o c e s s , n o t  a  

m o le c u la r  c o m p e t i t i v e  a c t i o n  f o r  t h e  r e c e p t o r s .  I f  t h i s  

e f f e c t  i s  c o u p le d  w i th  a  d i s t u r b a n c e  o f  t h e  m e ta b o l i c  

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

t r e a t e d  p e a  r o o t s .

T h e re  was some e v id e n c e  f o r  t h e  p r o d u c t i o n  o f  a X !
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n e u t r a l  i n h i b i t o r , i n  t h e  m a le ic  h y d r a z id e  t r e a t e d  r o o t s .  

F u r t h e r  w ork  i s  n e c e s s a r y  t o  e s t a b l i s h  t h i s , b u t  i t  may 

b e  im p o r ta n t  i n  r e l a t i o n  t o  t h e  g ro w th  i n h i b i t o r y  a c t i o n  

o f  m a le ic  h y d r a z i d e , and  to  i t s  e f f e c t s  on  d o rm an cy .

T h e re  seem s l i t t l e  d o u b t  t h a t  m a le ic  h y d r a z i d e , 

l i k e  o t h e r  g ro w th  r e g u l a t o r y  s u b s tc n c e s  e x e r t s  a  num ber 

o f  d i f f e r e n t  a c t i o n s , d e p e n d in g  on i t s  c o n c e n t r a t i o n  and  

t h e  t i s s u e  i n  w h ich  i t  i s  p r e s e n t .

3 . The e f f e c t  o f  t h e  a p p l i c a t i o n  o f  2 ,3 - 5  t r i - i o d o b en z o ic

The r e s u l t s  show ed a  m ark ed  r e d u c t i o n  i n  t h e  y i e l d  

o f  IAA fro m  th e  t r e a t e d  p e a  r o o t s .  T h is  e f f e c t  o f  TIBA, 

a t  t h e s e  n o n - to x ic  l e v e l s  w ou ld  e x p l a i n  a  num ber o f  th e  

p h y s i o l o g i c a l  a c t i v i t i e s  o f  t h i s  com pound on  p l a n t s *

(1) i t s  general inhibition  of extension growth in  

intemodes (Galston,1947; )nyder,1949.); (2) the fact

that i t  induces abscission (Galston,I947; Weinstraub e t  

a l .1952; ( 3 ) the suppression of apical dominance that 

has been reported, (Galston,1947) ; and ( 4 )  stimulation of 

flow ering ,if the idea that flowering i s  associated with 

low auxin le v e ls , is  accepted. TIBA antag<mises the

action o f  IAA in  th e  A vena t e s t  (Galston,1947) and in  th e
*

i n h i b i t i o n  o f  r o o t  g ro w th  (A b e rg ,1 9 5 3 ; -A berg  a n d - J o h n a c a , 

1955> . T h is  c o u ld  b e  e x p la in e d  e i t h e r  b y  m o le c u la r  

c o m p e t i t iv e  a c t i o n , o r  b y  a  r e d u c t i o n  i n  IAA l e v e l , i f  t h i s
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I s  c a u s e d  b y  en h a n ce d  d e s t r u c t i o n  b y  t i s s u e  en zy m es .

T he a n ta g o n ism  b y  IA A ,o f t h e  e f f e c t  o f  TIBA o n  a b s c i s s i o n  

c a n  b e  s i m i l a r l y  e x p l a in e d .  The r a t h e r  u n u s u a l  b lo c k in g  

e f f e c t s  o b s e rv e d  o n  IAA t r a n s p o r t  i n  s w e e t p o t a t o  

p e t i o l e s  (K u s e ,1 9 5 3 ) c a n  a l s o  b e  e x p la in e d  i f  t h e  lo w e r in g  

o f  a u x in  l e v e l s  b y  TIBA i s  due  t o  a  d e s t r o y i n g  a c t i o n ,  

w h ic h  c o u ld  b e  l o c a l i s e d  i n  t h e  TIBA t r e a t e d  zo n e  o f  t h e  

p e t i o l e .

H o w e v e r ,th e re  a r e  a  num ber o f  w e l l  a u t h e n t i c a t e d  

a c t i o n s  o f  TIBA v h ic h  c a n n o t  b e  s o  e x p l a i n e d .  One i s  i t s  

s y n e r g i s t i c  a c t i o n  on IAA a c t i v i t y  a t  low  c o n c e n t r a t i o n s  

i n  th e  A vena c y l i n d e r  t e s t  and  p e a  t e s t , ( T h i m a n n  a n d  

B o n n e r , l9 4 8 )  an  a c t i o n  w h ic h  i s  su p p o s e d  t o  u n d e r l i e  t h e  

s m a l l  a u x in  a c t i v i t y  c la im e d  f o r  t h i s  com pound. (T h im ann  

and  B o n n e r ,1 9 4 8 ; M u ir  en d  H a n s c h , l9 5 1 ) . I t  w i l l  n o t  

e x p l a i n  t h e  s m a l l  s y n e rg is o is  o f  IAA i n  t h e  i n h i b i t i o n  o f  

r o o t  g ro w th . (A b e rg ,1 9 5 3 {  A b erg  and  J S«t s s en ,1 9 5 5 ) .  T he 

c o n c e n t r a t i o n  o f  TIBA u s e d  i n  t h e  p r e s e n t  e x p e r im e n ts  

(1 0  p .p a n .  = 2  X 10“ ^U) was o f  t h e  s a n e  o r d e r  a s  th o s e

w h ic h  g a v e  g ro w th  s t i m u l a t i o n s  an d  IAA s y n e rg is m s  i n  

c o l e o p t i l e s  an d  p e a  e p i c o t y l s  (Thim am i a n d  B o n n e r ,1 9 4 8 ; 

M u ir  an d  H e m s c h ,l9 5 l)  an d  th o s e  v â iic h  g a v e  a n ta g o n ism s  

o f  r o o t  g ro w th  i n h i b i t i o n  b y  IAA. (A b e rg , 1 9 5 3 ) .  I n  

r o o t s  h o w e v e r , th e  s y n e z g i s t i c  a c t i o n  on  en d o g en o u s  a i r r i»  

t h a t  h a s  b e e n  c la im e d  b y  A b e r g , ta k e s  p l a c e  a t  a  lo w e r
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c o n c e n t r a t i o n .  I t  i s  p o s s i b l e  t h e r e f o r e  t h a t  i n  t h e s e  

r e s p o n s e s  t o  TZBA we h a v e  y e t  a n o th e r  ex am p le  o f  t h e  

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

b o th  s y n e rg is m s  and  a n ta g o n is m s  s e t t i n g  i n  a t  a  m uch 

lo w e r  c o n c e n t r a t i o n  l e v e l  i n  th o s e  o rg a n s  th a n  i n  

c o l e o p t i l e s  an d  e p i c o t y l s .  I n  t h i s  i n v e s t i g a t i o n , o n l y  

r o o t s  s u b j e c t e d  t o  a n t a g o n i s t i c  c o n c e n t r a t i o n s  w ere  

s t u d i e d .  F u r t h e r  e x p e r im e n ts  on  b o th  s h o o t s  and r o o t s  

w i th  a  w id e ly  e x te n d e d  r a n g e  o f  TIBA c o n c e n t r a t i o n s  a r e  

n e e d e d  t o  e l u c i d a t e  t h i s  p o s s i b l e  d o u b le  a c t i o n .

A b e r g , in  h i s  s t u d i e s  o f  t h e  a c t i o n  c u r v e  o f  TIBA 

i n  f l a x  r o o t s  (A b e rg , 1 9 5 3 ) and  p e a  r o o t s  ( A borg  an d  

J8 n o o o n } 1 9 5 ^ ) d i s t i n g u i s h e d  t h r e e  d i s t i n c t  TIBA a c t i o n s .  

(S e e  F i g . 35 )*  I n h i b i t i o n  i n  low  c o n c e n t r a t i o n s

( 1 0 ~^ t o  10“ ^ )  i s  p o s t u l a t e d  a s  due  t o  s y n e rg is m  o f  

n a t u r a l  a u x in  (p re su m e d  p r e s e n t  i n  s u p r a - o p t im a l  

c o n c e n t r a t i o n s ) .  I f  t h i s  i s  t r u e , t h e n  a t  t h i s  l e v e l  t h e  

d e p r e s s in g  e f f e c t  o f  TIBA o n  t h e  IAA c o n t e n t  o f  r o o t s  i s  

n o t  b e i n g  e x e r t e d ;  o th e r w is e  a  s t i m u l a t i o n  r a t h e r  t h a n  

an  i n h i b i t i o n  o f  r o o t  g ro w th  w o u ld  b e  e x p e c te d .  ' A 

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

c o n c e n t r a t i o n s  was s u p p o s e d  t o  b e  d u e  t o  a  b a la n c e  b e tw e e n  

t h e  s y n e r g i s t i c  e f f e c t  an d  an  a n t a g o n i s t i c  e f f e c t  w h ic h  

s e t s  i n  a t  t h e s e  h i g h e r  c o n c e n t r a t i o n s .  T h is  c o r r e s p o n d s
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t o  t h e  c o n c e n t r a t i o n s  u s e d  i n  t h e  c u r r e n t  e x p e r im e n ts ,  

and  c o u ld  b e  e x p la in e d  b y  t h e  p a r t i a l  d i s a p p e a r a n c e  o f  

n a t u r a l  IA A ,in d u c e d  b y  t h i s  TIBA c o n c e n t r a t i o n .  I f  t h i s  

was t h e  o n ly  e f f e c t  o f  T IB A ,one w o u ld  e x p e c t  th e  g ro w th  

i n h i b i t i o n  t o  b e  r e v e r s e d ,a n d  t h e  c u rv e  t o  r i s e  t o  an d  

e v e n  e x c e e d  t h e  c o n t r o l  l e v e l .  A b erg  e x p l a in s  t h e  

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

p o i 't i o n  o f  t h e  c u r v e , i n  te rm s  o f  a  r ^ i d  o n s e t  o f  

" tœ c lc i ty "  a t  t h e  h i g h e r  c o n c e n t r a t i o n s .

T h is  p r e s e n t s  a  p i c t u r e  o f  a  t r i p l e  a c t i o n  o f  

TIBA b a s e d  l a r g e l y  on  i n d i r e c t  e v id e n c e .  T hus i t s  

su p p o s e d  s y n e r g i s t i c  i n t e r a c t i o n  i n  low  c o n c e n t r a t i o n s  

w i th  IA A ,is  b a s e d  on  t h e  v e r y  s m a l l  s y n e r g i s t i c  e f f e c t s  

o b ta in e d  w i th  e x t e r n a l l y  a p p l i e d  IAA. S u ch  s m a l l  

e f f e c t s  c o u ld  n o t  e x p l a in  t h e  s u b s t a n t i a l  TIBA i n h i b i t i o n s  

o b s e rv e d  i n  t h e s e  low  c o n c e n t r a t i o n s .  T he e x p l a n a t i o n  

f o r  t h e  c u r v e , a l s o  assu m es t h a t  th e  e f f e c t i v e  

c o n c e n t r a t i o n s  o f  en d o g e n o u s  IAA i n  r o o t s  a r e  s u p r a -  

o p t im a l ,w h ic h  d o e s  n o t  a p p e a r  a lw a y s  t o  b e  th e  c a s e .
simpler

A ssum ing t h i s  t o  b e  s o , a  s i m i l a r  e x p l a n a t i o n  o f  t h e  

s te p p e d  c u r v e  o f  A berg  ( F i g . 3 5 ) c a n  b e  p u t  f o r w a r d ,o n  a  

b a s i s  o f  th e  TIBA e f f e c t  r e p o r t e d  h e r e :

I n  t h e  a b s e n c e  o f  T IB A ,th e  r o o t  g row s a t  a  c e r t a i n  

r a t e ,w h i c h  i s  d e te r m in e d  b y  th e  l e v e l  o f  n a t u r a l  IAA, 

w h ich  m ay b e  ( i n  t h e  c a s e  o f  f l a x  r o o t s )  e i t h e r  a t  an
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v o n c e n t r c t i o n  o f  XIBA i n  ra c les  p e r  l i t r e

E f f e c t  o f  XIBA on r o o t  g r o w th  o f  f l a x  s e e d l i n g s

( a f t e r  A b er g , 1 9 5 3 J

Fig# 35» The *#tepped* c a l ib r a t io n  ourve fo r  TIBA 

ueittg w hole f l u  ro o ts»
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o p t im a l  o r  s u b - o p t im a l  l e v e l .  When TIBA i s  a p p l i e d  i n  

i n c r e a s i n g  c o n c e n t r a t i o n s  t h i s  en d o g en o u s  IAA i s  lo w e re d  

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

c u r v e  (A ) . T he r o o t  g ro w th  f a l l s  t o  t h e  • p l a t e a u '  

r e g i o n  o f  t h e  c u r v e  ( B ) , w h ic h  m u s t c o r r e s p o n d  t o  a  p o i n t  

w h ere  n o  IAA i s  l e f t  t o  e n t e r  t h e  g ro w th  c o m p le x . C I t  i s  

im p o r ta n t  t o  r e a l i z e  t h a t  t h e  f l e x  and  p e a  r o o t  t e s t s ,  

w h ic h  h a v e  shown t h i s  TIBA a c t i v i t y  c u rv e  a r e  c a r r i e d  o u t  

o v e r  a  shoz*t p e r io d  o f  t im e ;  a s  a ssu m in g  t h i s  p l a t e a u  

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

a  z e r o  c o n c e n t r a t i o n  o f  lA A ,one q u e s t i o n s  t h e  s ta te m e n t  

"n o  a u x in ,n o  g r o w th " .  ^  W ith  f u r t h e r  i n c r e a s e  i n  TIBA 

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

t o x i c  a c t i o n  o f  t h e  com pound s e t s  i n , g i v i n g  t h e  t h i r d  

p o r t i o n  o f  t h e  a c t i v i t y  c u r v e  (C ) .

O n ly  tw o  a c t i o n s  o f  TIBA a r e  n e c e s s a r y  t h e r e f o r e  

t o  g iv e  t h i s  s te p p e d  c u r v e :

1 .  A d i r e c t  i n h i b i t i n g  a c t i o n  i n  h ig h  c o n c e n t r a t i o n s .

2 .  An a c t io n ,w h ic h  g r e a t l y  r e d u c e s  t h e  l e v e l  o f  'f r e e *  

a u x in  s e t t i n g  i n  a t  a  m uch lo w e r  c o n c e n t r a t i o n .  T h is  

c o u ld  b e  d u e  e i t h e r  t o  a  b lo c k in g  o f  XAA s y n t h e s i s , o r  a  

s t i m u l a t i o n  o f  i t s  b reak d o w n . The l a t t e r  seem s u n l i k e l y ,  

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

IAA o x id a s e  enzym e. ( G o ld a c re , Q a ls to n  and  W e in t r a u b ,1 9 5 3 ) .

O b v io u s ly  t h e  above e x p l a n a t i o n  o f  t h e  s te p p e d  

a c t i v i t y  c u r v e  o f  T IB A ,in v o lv e s  m any s u p p o s i t i o n s , a n d  a
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c a r e f u l  s tu d y  o f  t h e  r e l a t i o n s h i p  b e tw e e n  lAA l e v e l s  and 

v a r i o u s  TIBA t r e a t m e n t  c o n c e n t r a t i o n s  i s  n e e d e d .

Tb.e s j T i e r g i s t i c  a c t i o n  o f  TIBA w i th  a u x in s  a p p l ie d  

e x t e r n a l l y  t o  t h e  c o l e o p t i l e , e p i c o t y l  and  r o o t  a r e  

p ro b a b ly  q u i t e  u n r e l a t e d  t o  th e  tw o  e f f e c t s  p o s t u l a t e d  

(1  and  2 ) and i t s  c a u s e  s t i l l  r e m a in s  a  m y s te r y .

The g ro w th  o f  p e a  s e e d l i n g s  i n  s o l u t i o n s  o f  TIBA 

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

r o o t , i n  t h a t  t h e  p r im a r y  end  t h e  l a t e r a l  r o o t s  t e n d  t o  

g row  u p w a rd s . The f a c t  t h a t  s u c h  an  a l t e r e d  r e s p o n s e  

i s  c o u p le d  w i th  a  lo w e r in g  o f  t h e  l e v e l  o f  lA A ,i n d i c a t e s  

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

m o v em en ts . I t  i s  r e p o r t e d  b y  L e o p o ld  (1 9 5 5 ) t h a t  

G e ig e r  -  H über and  HUber fo u n d  t h a t  r e p e a t e d  d e c a p i t a t i o n  

o f  r o o t s ,w h ic h  lo w e rs  th e  a u x in  c o n t e n t , a l s o  c a u s e s  them  

t o  grow  u p w a rd s .

T h ese  r e s u l t s  a r e  f u r t h e r  e v id e n c e  t h a t  t r o p i c  

m ovem ents a r e  b r o u g h t  a b o u t b y  d i f f e r e n t i a l  a u x in  l e v e l s  

i n  t h e  p a r t ic u la r *  o r g a n .
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SimiARY.

i»  D e te c t io n  and e s t i m a t i o n  o f  a c t i v e  g ro w th  

s u b s ta n c e s  i n  p l a n t  m a t e r i a l  in v o lv e d  th e  d e v e lo p m e n t 

and s t a n d a r d i s a t i o n  o f  t h e  f o l lo w in g  te c h n iq u e s  t -

( i )  d e t r a c t i o n . P r e l im i n a r y  i n v e s t i g a t i o n s  

show ed t h a t  w a te r  was u n s a t i s f a c t o r y  a s  a  p r im a r y  

s o l v e n t  end  i t  v,as r e p l a c e d  b y  a n  e s t a b l i s h e d  t e c h n iq u e  

u s in g  a tlc o h o l e x t r a c t i o n  f o l lo w e d  b y  e t h e r .  The e t h e r  

e x t r a c t  c o u ld  b e  d iv id e d  i n t o  a c i d i c  and  n e u t r a l  

f r a c t i o n s .

( i i )  C h ro m a to g ra p h ic  s e p a r a t i o n . An am m onia/ 

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

s a t i s f a c t o r y  c h ro m a to g ra p h ic  s e p a r a t i o n  o f  i n d o l e  a c e t i c  

a c i d  fro m  ( a )  2 ,4 -D ic h lo ro p h e n o x y  a c e t i c  a c i d ,  (b )  M a le ic  

h y d r a z id e ,a n d  ( c )  2 , 3 , 5 ,T r i - io d o b e n z o ic  a c i d .  ,

( i i i )  D e te c t i o n  and  E s t i m a t i o n . A d i r e c t  b io a s s a y  

o f  t h e  p a p e r  ch ro m a to g ram  was d e v e lo p e d  u s in g  th e  p e a  

r o o t  s e c t i o n  t e c h n i q u e .  .

The r e l a t i o n s h i p  o f  t h e  g ro w th  r e s p o n s e  o f  th e  r o o t  

a s s a y  to  v a r y in g  c o n c e n t r a t i o n s  o f  lAA, 2 , 4 - D . , TIBA and  

W a le ic  h y d r a z id e  w as d e te r m in e d .  I t  was sh o v n  t h a t  t h e  

a s s a y  d e t e c t e d  lAA a t  a  c o n c e n t r a t i o n  a s  low  a s  1 0 * ^

( 1 0 “ ^ p .p  JB .)  .
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B ls tiin a tio n s  w ere  m ade o f  t h e  r e l i a b i l i t y  o f  t h e  

com bined  c l iro m a to g ra p h ic  and r o o t  a s s a y  m e th o d s  f o r  

e s t i m a t i o n s  o f  lAA i n  unknown s o l u t i o n s .  I t  was fo u n d  

t l i a t  im m e d ia te  a s s a y  o f  a  ch ro m a to g ram  o f  an  lAA s o l u t i o n  

g a v e  an  e s t i m a t i o n  w h ich  was a  d i r e c t  m e a su re  o f  t h e  

q u a n t i t y  o r i g i n a l l y  ad d ed  t o  t h e  p a p e r .

2 . E v a lu a t io n  o f  t h e  g ro w th  s u b s t a n c e s  p r e s e n t  i n  

n o rm a l p l a n t  t i s s u e s  g a v e  t h e  f o l lo w in g  r e s u l t s  *-

( i )  A t l e a s t  f i v e  a r t i v e  s u b s ta n c e s  w ere  r e c o r d e d  

T he e x t r a c t s  c o n s i s t e n t l y  c o n ta in e d  lAA a t  an  v a l u e  

b e tw e e n  0*30  and 0 *4 5 , and  an  i n h i b i t o r  a t  an  v a lu e  

b e tw e e n  0*60  an d  0*75  ( /S ) •

( i i ) - T h e re  w ere  s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  

t h e  lAA y i e l d s  fro m  d i f f e r e n t  s p e c i e s  and  fro m  d i f f e r e n t  

t i s s u e s  o f  th e  sam e s p e c i e s .  I n  a d d i t i o n  t h e r e  was a  

w id e  d a y  t o  d a y  v a r i a t i o n  i n  t h e  y i e l d  o f  lAA fro m  

s i m i l a r  t i s s u e s  w h ich  w as n o t  d u e  to  e r r o r s  i n  t h e  a s s a y  

t e c h n iq u e .

( i i i )  A lk a l in e  h y d r o ly s e s  o f  t h e  a l c o h o l i c  p l a n t  

e x t r a c t s  b r o u g h t  a b o u t an  i n c r e a s e  i n  t h e  y i e l d  o f  lAA 
and  t h e  i n h i b i t o r  /è .  A c id  h y d r o ly s e s  c a u s e d  an  

in c r e a s e  i n  t h e  y i e l d  o f  >3 and e i t h e r  i n c r e a s e d  t h e  

y i e l d  o f  lA A ,o r  d e s t r o y e d  th e  lAA p r e s e n t  i n  t h e  e x t r a c t .  

I t  was s u g g e s te d  t h a t  t h e  l a t t e r  d i f f e r e n t i a l  e f f e c t  was
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d u e  t o  d i f f é r e n c e s  i n  t h e  s t r e n g t h s  o f  t h e  a c id s  u s e d .

3 . E s t im a t io n s  w ere  made o f  t h e  g ro w th  s u b s t a n c e s  i n  

p l a n t s  w h ic h  h a d  b e e n  t r e a t e d  w i th  2 ,4 - D . ,  U a le ic  

h y d r a z id e  and TIBA t -

( i )  T re a tm e n t w i th  2 ,4 -D ic h lo ro p h e n o x y  a c e t i c  

a c id  h a d  no  e f f e c t  o n  th e  lAA y i e l d  o f  s h o o ts  o r  r o o t s .  

T h is  w as t a k e n  a s  e v id e n c e  t h a t  2 ,4 - D . h a s  a  d i r e c t  

a c t i o n  on  g r o w th ,n o t  one  m e d ia te d  v i a  an  a l t e r e d  l e v e l  

o f  lAA w i th in  th e  p l a n t .

The 2 ,4 - D .  t r e a t m e n t  c a u s e d  th e  p r o d u c t io n  o f  a  

n e u t r a l  i n h i b i t o r  i n  p e a  r o o t s .

( i i )  T re a tm e n t w i th  M a le ic  h y d r a z id e  a p p e a r e d  t o  

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

was n e c e s s a r y  t o  e s t a b l i s h  t h i s  e f f e c t .  No c o n s i s t e n t

e f f e c t  on  t h e  l e v e l  o f  t h e  i n h i b i t o r  /3 w as d e t e c t e d .

T h e re  w e re  a g a in  i n d i c a t i o n s  o f  t h e  p r o d u c t io n  o f  

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

t h a t  d e t e c t e d  i n  t h e  2 ,4 - D .  t r e a t e d  r o o t s .

( i i i )  T re a tm e n t  w i th  2 , 3 , 5  T r i - io d o b e n z o ic  a c id  

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

T h is  r e s u l t  c o u ld  e x p l a i n  a  num ber o f  t h e  e f f e c t s  o f  

TIBA t r e a t m e n t  o n  w h o le  p l a n t s .  I t  i s  s u g g e s te d  t h a t  

TIBA a f f e c t s  t h e  m e ta b o l is m  o f  lAA.
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TABLE 1 .

C a lib ra tio n  R esu lts ; GrowUi expressed as a 
percentage o f c o n tro l a f t e r  24 fa!oure.~

In d o ly la c e tic  ac id

1
p.p.m .

• 1 
p.p«m.

*01 '
p .p .m .

•0001
Pep.ia*

-00001 ! -000001 
p.p .m . i p .p .m .

i 24.80 84*80 86-50 123*8 126-2 106-2
j

35-75 80.00 75-60 127-6 105.2 114*4

28.00I 85*80 86-00 125*2 110-8 108.2
! 49.25 78*40 90*00 111*5 119*0 lC^-0
i 57-ÔÜ 66*40 86-60 103.8 130.2 101-0
1 48.60 82*40 83*50 94-0 135-0 104-5

49.40 84*50 113-0 107.2 108-4
52.10 82.50 102-0 109-5 103.2

78*00
-

115-5 114-8
79-00 125*8 92-8
71-20
72.80 !Î
64.30

1t
1

-

73*00
68*00
79.50 !1

............. ._.J_.. ..........



TABLE I I .

C a l i b r a t i o n  R e s u l t s :  G row th ex  r e s s e d  a s  a  
p e r c e n ta g e  o f  c o n t r o l  a f t e r  24 h o u r s .

2 ,4 - lM .c h lo ro p h w w x y a c e t ic  a c i d .

"1  r  r '
•  1 

p # p .m .

25*60  ; 5 7 -8 0

2 4 -8 0  i 4 4 -3 0

2 3 -7 0 4 6 -8 5

2 6 * 8 0  j 52*75

20*15  ; 2 5 *60

1 5 -8 0  j 3 7 -8 0

2 4 * 1 0  j 39*20
1
11 3 7 -0 0
I
11 2 5 -6 0
I 4 4 * 1 0

f

•01 
p .p .m .

9 2 .3 5

8 6 *50

7 1 -3 5

7 1 -8 5

78*00

71-75
72*80

9 4 .7 5

*0001
p .p .m

106*00  

108*20  

8 7 .2 0  

9 4 * 9 0  

8 0 .0 0

7 9 -5 0

8 0 .7 5

7 7 -0 0

1 1 3 -5 0

6 9 -0 0

85*00
7 4 * 5 0

8 6 -0 0

8 4 -0 0
8 4 -0 0
86-00

112-00

110-00
8 3 -1 0
8 0 * 8 0
92*50

-00001 
p .p .m .

108-30

101-20

103*80

9 0 * 1 0

91* 2 0

9 5 -0 0

96*50

9 1 .5 0

-000001
p .p .m

110-00 

1 0 5 -0 0  

9 8 -0 0  

1 0 3 -0 0  

8 8 -6 0  

8 9 .6 0  

112-10 

92*00  

86-00 
8 0 * 1 0  

9 3 -5 0

8 0 -0 0



TABLS m .

C a l i b r a t i o n  R é s u l t a :  Q row to  e x p r e s s e d  a s  a  
p e r c e n ta g e  o f  c o n t r o l  a ^ t e r  24  fao u re .

M a le ic  h y d r a z id e

r
5000

]...... ...... .....
1  3000 lo c o 1 700 500

—  ..—  

3 0 0 100
p .p .m . p .p .m . p .p .m . p .p .m . p .p .m . j P 'P * fa . p .p .m .

1 1 -3 0 2 9 .4 0 56*60 7 1 -6 0 8 8 -6 0

!j
1 100*20 1 0 0 -2 0

1 1 -2 0 2 9 -6 0 56*60 7 3 -0 0
•

8 9 -5 0 1 0 3 -5 0 1 0 3 -5 0

1 0 -8 0 2 7 .7 0

11
!

---------------------

64 *20

56*60

61*50

6 9 -8 0 7 8 -1 0 9 6 -5 0
1
I

!

i

9 6 -5 0

1

,|



TABLS I V .

C a l i b r a t i o n  R é s u l té »  g ro w th  ext»*e8 s e d  a s  a  
p e r c e n t ag e  o r  c o n t r o l  af t ë ï ^ 4  h o u r s

2 . 3 . 5  t r i - i o d o b e n a o i c  a c i d .

100*0 ! 10*0 [ 1 - 0 [ -1 0 •0 1 • ü ü l
: p .p . in . 1 p .p .m . 1 p .p .m . 1 p .p .m . p .p .m . p .p .m .
t

i!! 1 

1 15*60  j 69*00

1
t

i
1

8 3*00 9 7 -8 0 9 9 .5 0 1 0 3 .0 0

19*10  1 7 2 -0 0 8 6 -2 0 9 1 -4 0 9 0 -0 0 9 7 *00

2 1 * 4 0  i! 7 4 '6 o 7 6 -8 0
f

9 0 -6 0 1 0 2 -5 0 1 0 1 -5 0

18*70  j
!

1

7 2 -0 0 8 2 -2 0 9 1 -5 0 1 0 1 -2 0 9 8 -6 0

___ i



TABLE V .

Actual and expei'lacntalXv calculated quantities 
of lAA on the chromatogram strlpa.

Quantity of lAA in Y  g. .

Ass
technique Actual

I strips
I equilibrated
j
i f o r  Id hours •14

•06
•007
•024

1*21
1-00
1*52

997

Strips
used 1*12 1 * 7 0

immediately
•117
•062
•101
•181



TABLE V I.

A c tu a l  and  e x p e r im e n ta l ly  c a l c u l a t e d  q u a n t i t i e s  
o f  2 , 4 -D . on  th e  ch ro m a to g ram  s t r i p e .

Q u a n t i ty  o f  2 ,4 - D .  i n  Ygw- .

A ssay
-  - -  ■ - — 1

te c h n iq u e ̂ . .M,
A c tu a l E x p e r im e n ta l

S t r i p s •99 1 *0$
1*07 1* 2 0

e q u i l i b r a t e d 1 -0 8 1*46

f o r  18  h o u r s . •65 •89
•087 •1 6 $

1 -6 4 2 * 1 0
•72 1 - 1$

S t r i p s •85 •99
1 •98 1*43

u s e d •64 1*068
im m e d ia te ly . •91 •75

•83 •6 0
•10$ •128
*11 •3 1
•15 •14
•017 •01$


