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ABSTRACT

An e x i s t i n g  t e c h n iq u e  u s in g  R i c i n u s  communis f o r  s t u d y in g  th e  

t r a n s l o c a t i o n  o f  x e n o b io t i c s  i n  ph lo em  was m o d if ie d  i n  o r d e r  to  o b t a in  

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

a s  w e l l  as th e d i s t r i b u t i o n  o f  x e n o b io t i c s  i n  th e p l a n t .  The n o n - io n is e d  

c h e m ic a ls  t e s t e d ,  t h r e e  O -m e th y lc a rb a m o y lo x im e s ( i n c l u d i n g  a l d i c a r b  

s u lp h o n e  and o x a m y l) and t h r e e  p h e n y lu r e a s ,  s p a n n in g  a ra n g e  o f  l i p o p h i -  

l i c i t y  o f  lo g  Kqv =  - 0 . 5 7  to  + 2 . 2 7 ,  a l l  e n t e r e d  th e  phloem  f r e e l y .  How­

e v e r ,  o n ly  th e m ore p o l a r  c h e m ic a ls  w ere s u f f i c i e n t l y  r e t a in e d  i n  th e  

ph lo em  f o r  t r a n s l o c a t i o n  o v e r  lo n g  d is t a n c e s  to  o c c u r ,  i n d i c a t i n g  t h a t  

p o l a r  c h e m ic a ls  c r o s s  c e l l  membranes more s lo w ly  th a n  c h e m ic a ls  o f  

in t e r m e d ia t e  l i p o p h i l i c i t y ;  t h e s e  f i n d i n g s  s u b s t a n t ia t e  th e  ’ in t e r m e d ia t e  

p e r m e a b il i t y  h y p o t h e s is ’ o f  phloem  t r a n s l o c a t i o n  o f  n o n - io n is e d  x e n o b i o t i c s .  

H o w ever, the amount o f  c h e m ic a l r e a c h in g  o r  r e t a in e d  i n  th e  s in k  t i s s u e s ,  

e s p e c i a l l y  i n  th e r o o t ,  was v e r y  s m a ll even f o r  th e b e s t  p h lo e m - t r a n s lo c a t e d  

o f  th e  n o n - io n is e d  c h e m ic a ls  t e s t e d .

S t u d ie s  o f  th e  phloem  t r a n s l o c a t i o n  o f  a s e r i e s  o f  p h e n o x y a c e t ic  

a c i d s  (pK a ^  3 . 0 )  s p a n n in g  a ra n g e  o f  l i p o p h i l i c i t y  fro m  lo g  K ( u n d is s o ­

c i a t e d  a c i d s )  0 .0 6  to  4 .5 *  o f  f la m p ro p  (p K a  =  3 * 7 , lo g  Kqv  =  2 . 9 )  and  

m a le ic  h y d ra z id e  (p K a  =  5 . 6 ,  lo g  =  - 0 . 6 )  showed t h a t  m a le ic  h y d r a z id e  

and th e  p h e n o x y a c e t ic  a c id s  o f  in t e r m e d ia t e  l i p o p h i l i c i t y  ( l o g  K ^  2 . 0 ) 

w e re  th e  compounds b e s t  t r a n s l o c a t e d .  I n  c o n t r a s t  to  th e  p o l a r  n o n - io n is e d  

c h e m ic a ls ,  th e s e  a c id s  w ere s t r o n g l y  a c c u m u la te d  i n  l e a f  phloem  and w ere  

e f f i c i e n t l y  p h lo e m - t r a n s lo c a t e d  fro m  t r e a t e d  le a v e s  to  o t h e r  p a r t s  o f  th e  

p l a n t ,  a lth o u g h  o n ly  m a le ic  h y d r a z id e  was fo u n d  i n  a p p r e c ia b le  am ounts 

i n  r o o t s .  The m ost p o l a r  p h e n o x y a c e t ic  a c id s  a c c u m u la te d  i n  l e a f  phloem  

to  a lo w e r e x t e n t  th a n  th e  p h e n o x y a c e t ic  a c id s  o f  in t e r m e d ia t e  l i p o p h i l i ­

c i t y ;  the m ost l i p o p h i l i c  p h e n o x y a c e t ic  a c id  s t u d ie d  was s t r o n g ly  r e t a in e d  

a t  th e  s i t e  o f  a p p l i c a t i o n  i . e .  th e  h o llo w  p e t i o l e s  o f  th e  m ature l e a v e s ,
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due to  s t r o n g  p a r t i t i o n i n g  onto th e  t i s s u e  s o l i d s .  The e x t e n t  to  w h ic h  

th e  w eak a c id s  a c cu m u la te d  i n  l e a f  ph lo em  c o u ld  he r e a s o n a b ly  w e l l  

e x p la in e d  by th e  * io n  t r a p '  m echanism  o f  a c c u m u la t io n  o f  w eak a c id s  i n  

p l a n t  com partm ents o f  h ig h e r  pH. The e x t e n t  o f  a c c u m u la t io n  v a r i e d  w it h  

th e  pKa o f  th e  a c id s  and w it h  th e  r a t i o  o f  th e  p e r m e a b i l i t i e s  o f  th e  c e l l  

m em branes to  th e  u n d is s o c ia t e d  and d i s s o c i a t e d  fo rm s o f  th e  a c i d s .  T h is  

r a t i o  o f  p e r m e a b i l i t i e s  f o r  e a ch  a c i d  w as e s t im a t e d  i n  b a r l e y  r o o t  c e l l s  

a f t e r  m e a s u rin g  th e  a c c u m u la t io n  o f  th e  a c id s  by r o o t s  o f  i n t a c t  b a r l e y  

p l a n t s  fro m  b u f f e r e d  n u t r i e n t  s o l u t i o n  and a p p e a re d  to  be r e l a t e d  to  th e  

l i p o p h i l i c i t y  o f  th e  a c id  ( e x c e p t  f o r  f la m p r o p ) ,  w it h  m axim al v a lu e s  

f o r  th e  weak a c i d s  o f  in t e r m e d ia t e  l i p o p h i l i c i t y ;  th e  v a lu e  f o r  f la m p ro p  

was much lo w e r th a n  th o se  f o r  th e  p h e n o x y a c e t ic  a c id s  o f  s i m i l a r  l i p o p h i ­

l i c i t y ,  and t h i s  was c o n s is t e n t  w it h  th e  much l e s s e r  a c c u m u la t io n  o f  

f la m p ro p  i n  th e  l e a f  phloem  o f  R . com m unis. T h ese f i n d i n g s  i n d i c a t e  t h a t  

l i p o p h i l i c i t y  i s  n o t  th e s o le  f a c t o r  d e t e r m in in g  th e r a t i o  o f  the p e rm e a b i­

l i t i e s  o f  c e l l  m embranes to  th e u n d is s o c ia t e d  and d i s s o c i a t e d  fo rm s o f  

w eak a c i d s ,  b u t  th e  e x t e n t  to  w h ic h  w eak a c id s  a c c u m u la te  i n  l e a f  phloem  

d o e s a p p e a r to  he e x p l i c a b l e  i n  te rm s o f  t h i s  r a t i o  o f  p e r m e a b i l i t i e s  and

th e  pKa o f  th e  a c id s
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1 . GENERAL INTRODUCTION

1 . 1 .  I n t r o d u c t i o n

A lt h o u g h  th e  d e v e lo p m e n t o f m odern s y n t h e t ic  p e s t i c i d e s  h a s  

p r o v id e d  a c c e p t a b le  s o l u t i o n s  f o r  many c ro p  p r o t e c t i o n  p ro b le m s , t h e r e  

a r e  p e s t s  and d is e a s e s  n o t y e t  s a t i s f a c t o r i l y  c o n t r o l l e d .  Many o f  th e  

o u t s t a n d in g  p ro b le m s  i n  c ro p  p r o t e c t i o n  in v o lv e  th e  c o n t r o l  o f  s o i l -  

b o rn e  p e s t s  and d is e a s e s ;  s u c h  c o n t r o l  i s  d i f f i c u l t  b e c a u s e , i n  o r d e r  

t o  e n s u re  an a d e q u a te  c o n c e n t r a t io n  o f  th e  c h e m ic a l i n  t h e  r o o t  zo n e ,  

r e l a t i v e l y  l a r g e  am ounts o f  th e  c h e m ic a l need to  be in c o r p o r a t e d  in t o  

th e  s o i l  i n  an ’ o v e r k i l l ’ a p p ro a c h , w h ich  can be c o s t l y ,  w a s t e f u l  and  

e n v ir o n m e n t a lly  u n d e s ir a b l e .  T h u s, f o r  c o n t r o l l i n g  t h e s e  p e s t s  and  

d is e a s e s ,  t h e r e  a re  c l e a r  a d v a n ta g e s  i n  h a v in g  a c t i v e  compounds w h ic h  

w o u ld  be phloem  t r a n s l o c a t e d  downwards in  p la n t s  and c o u ld  t h e r e f o r e  

be a p p lie d  t o  th e  f o l i a g e  o f  c r o p s .  Q u o tin g  E d g in g to n  ( l 9 8 l ) :  'T h e

d is c o v e r y  o f  f u n g i c i d e s  t h a t  a re  t r a n s lo c a t e d  downwards i n  the phloem  

t o  c o n t r o l  r o o t - i n v a d i n g  p a th o g e n s i s  s o r e l y  n e e d e d ’ .

The d i s c o v e r y  o f  e f f e c t i v e  p h lo e m -m o b ile  f u n g i c i d e s ,  i n s e c t ­

i c i d e s  and n e m a t ic id e s  h a s  been a m a jo r g o a l o f  p e s t i c i d e  r e s e a r c h  f o r  

many y e a r s  b u t  p r o g r e s s  h a s  been s lo w , p r o b a b ly  b e c a u s e  o f  a g e n e r a l  

l a c k  o f u n d e r s t a n d in g  o f  th e  f a c t o r s  a f f e c t i n g  th e  u p ta k e  in t o  phloem

and s u b se q u e n t t r a n s l o c a t i o n  o f  x e n o b io t ic s ,  and b e c a u s e  o f  th e  p a u c it y

n
o f  e x p e r im e n t a l t e c h n iq u e s .

A num ber o f  x e n o b io t i c s  have been r e p o r t e d  to  be t r a n s lo c a t e d  

i n  phloem , m ost o f  w h ic h  a re  e i t h e r  p o la r  n o n - io n is e d  c h e m ic a ls  su ch  

a s oxamyl and a m i n o t r i a z o l e , o r weak a c id s  s u c h  a s  p h e n o x y a c e t ic  a c id  

a n a lo g u e s  and m a le ic  h y d r a z id e .  I t  has been p o s t u la t e d  t h a t  th e s e  

x e n o b io t i c s  a r e  t r a n s l o c a t e d  i n  phloem  as a r e s u l t  o f  t h e i r  p h y s ic o ­

c h e m ic a l p r o p e r t i e s ,  a lt h o u g h  t h i s  id e a  h a s n o t y e t  been c o n firm e d  

and th u s  h a s  n o t  b een u n a n im o u s ly  a c c e p t e d . I f  t h i s  p o s t u la t e  w ere
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c o n firm e d  and th e  p h y s ic o - c h e m ic a l  p r o p e r t i e s  r e q u ir e d  o f  a x e n o b io t ic  

to  be phloem  t r a n s lo c a t e d  c o u ld  be i d e n t i f i e d  i n  d e t a i l ,  th e  s e a r c h  

f o r  new e f f e c t i v e  p h lo e m -m o b ile  p e s t i c i d e s  w o uld  be h e lp e d .

1 . 2 .  L i t e r a t u r e  r e v ie w

1 . 2 . 1 .  P ath w ays o f  s o lu t e  t r a n s l o c a t i o n  i n  p la n t s

Two m ain path w ays e x i s t  f o r  th e t r a n s l o c a t i o n  o f  s o l u t e s  i n  

p l a n t s .  One o f  t h e s e  c o m p r is e s  th e  e x t r a - p r o t o p la s m ic  co n tin u u m  ( a p o p l a s t )  

o f  th e  p l a n t ,  in c l u d i n g  t r a n s f e r  o v e r  s h o r t  d is t a n c e s  th ro u g h  t h e  i n t e r ­

c e l l u l a r  s p a c e s  and o v e r lo n g  d is t a n c e s  th ro u g h  th e  xylem  v e s s e l s .  The 

se co n d  pathw ay c o m p ris e s  th e  c y t o p la s m a t ic  co n tin u u m  (s y m p la s t )  o f  th e  

p la n t ,  in c l u d i n g  c e l l - t o - c e l l  t r a n s f e r  o v e r s h o r t  d is t a n c e s  v i a  p la s m o -  

desm ata and o v e r  lo n g  d is t a n c e s  th ro u g h  th e  phloem  s ie v e  c e l l s .  The 

p re d o m in a n t d i r e c t i o n  o f f l u x  w i t h in  t h i s  system  i s  u s u a l l y  from  

p h o t o s y n t h e t i c a l l y  a c t i v e  s t r u c t u r e s ,  w h ich  s e rv e  a s  b u lk  s o u r c e s  o f  

c o n c e n t r a t e d  s o lu t e s  su c h  a s  c a rb o h y d ra t e ,  t o  s in k  r e g io n s  o f  v a r io u s  

k in d s  i n  w h ic h  t h e s e  s o lu t e s  a r e  consumed i n  g ro w th  o r  i n  e s t a b lis h m e n t  

o f new r e s e r v e s  ( C r a f t s  and C r i s p ,  1 9 71 ; P a t e , 1 9 7 5 ; M oorby, 1 9 8 l ) .

The xylem  v e s s e l s  c o n s i s t  o f  n o n - l i v i n g  c e l l s ,  th e  w a l l s  o f  

w h ic h  form  lo n g  u n in t e r r u p t e d  t u b e s ,  w h ic h  c a r r y  th e  t r a n s p i r a t i o n  

stre a m  from  th e  r o o t s  t o  th e  le a v e s .  S o lu t e s  a re  d is s o l v e d  i n  th e  

w a t e r and a re  d i s t r i b u t e d  o v e r  th e  p la n t  s h o o t .  The s u c t io n  e f f e c t  

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

f o r c e  f o r  x y le m  t r a n s p o r t .  I t  i s  g e n e r a l ly  a g re e d  t h a t  movement o f  

w a t e r and s o lu t e s  th ro u g h  th e  e p id e r m is  and c o r t e x  o f  th e  r o o t s  t a k e s  

p la c e  p r i m a r i l y  b y  m ass f lo w  and d i f f u s i o n  th ro u g h  th e  a p o p la s t .

A p o p la s t i c  movement th ro u g h  th e  en d o d e rm is i s  p re v e n t e d  by th e  d e v e lo p m e n t  

o f  th e  C a s p a r ia n  s t r i p  i n  t h e  w a l l s  o f  the endoderm al c e l l s .  T h is  s t r i p  

i s  fo rm ed b y th e  d e p o s it io n  o f  a band o f  s u b e r in  and l i g n i n  i n  th e  c e l l  

w a l l s  and a p p e a rs  t o  re d u c e  t h e  p e r m e a b il it y  o f  th e  w a l l s  t o  w a t e r and
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s o lu t e s  s in c e  i t  fo rm s a b a r r i e r  on a l l  b u t  th e  t a n g e n t ia l  w a l l s .

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

e n s u re  t h a t  m a t e r ia ls  o n ly  e n t e r  th e  xylem  a f t e r  movement t h ro u g h  th e  

s y m p la s t  o f  th e  r o o t s  ( R ic h a r d s o n ,  19 76 ; M oorby, 1 9 8 l ) .

I n  c o n t r a s t  t o  x y lem  t r a n s p o r t ,  th e  m echanism  o f phloem  

t r a n s p o r t  i s  s t i l l  th e  s u b j e c t  o f  some c o n t r o v e r s y .  T h e re  a r e  many 

h y p o th e s e s  a b o u t th e  p o s s i b l e  m echanism  o f t r a n s p o r t  i n  t h i s  sy ste m ,  

b u t  th e  m ost w id e ly  s u p p o rt e d  ( R ic h a r d s o n ,  19 76 ; C h r i s t ,  1 9 7 9 ) i s  

M u n c h 's  mass f lo w  h y p o t h e s is .  Munch ( 1 9 3 0 )  su g g e s te d  t h a t  t h e r e  i s  

a n  o s m o t ic a l ly  g e n e ra t e d  f lo w  o f s o l u t i o n  th ro u g h  th e phloem  c e l l s .

T h is  h y p o t h e s is  assum es t h a t  t h e r e  i s  a h ig h  c o n c e n t r a t io n  o f  s u c r o s e  i n  

th e  phloem  i n  t h e  s o u r c e  (d e v e lo p e d  le a v e s )  and t h a t  th e  plasm am em brane  

o f th e  phloem  c e l l s  i s  ^ e m ip e rm e a b le . W a ter t h e r e f o r e  moves o s m o t ic a l ly  

in t o  th e  phloem  c e l l s  from  th e  s u r r o u n d in g  t i s s u e s  and, b e c a u s e  th e  c e l l  

w a l l s  p r e v e n t  u n l im it e d  c e l l  e x p a n s io n ,  a h ig h  h y d r o s t a t ic  p r e s s u r e  i n  

th e  phloem  c e l l s  i s  e s t a b l i s h e d .  A t th e  same t im e , a lo w e r in g  o f  th e  

c o n c e n t r a t io n  o f  s u c r o s e  i n  th e  s in k  r e g io n s  ( f r u i t s  and g ro w in g  t i s s u e s  

o f  th e s h o o ts  and r o o t s ) ,  w here th e  a s s i m i l a t e s  a re  s t o r e d  o r  consum ed, 

r e s u l t s  i n  a lo w e re d  h y d r o s t a t ic  p r e s s u r e .  B e ca u se  o f  th e  g r a d ie n t s  

o f  h y d r o s t a t ic  p r e s s u r e  so c r e a t e d ,  t h e r e  w i l l  te n d  t o  be a m ass f lo w  

o f  s o lu t i o n  and d is s o l v e d  s o lu t e s  fro m  th e s o u rc e  to  th e  s in k  v i a  th e  

phloem , now a c c e p t e d  to  be v i a  th e  phloem  s ie v e  c e l l s .

The s e a r c h  f o r  a l t e r n a t i v e  m echanism s t o  e x p la in  phloem  

t r a n s p o r t  h a s a r i s e n  f o r  two r e a s o n s .  F i r s t l y ,  the d e g re e  to  w h ic h  

th e  s ie v e  p l a t e s  a r e  p o ro u s  i s  q u e s t io n e d  and, s e c o n d ly ,  c e r t a i n  

o b s e r v a t io n s  h a ve seemed to  i n v a l i d a t e  M u n c h 's  model ( M ilb u r n ,  1 9 7 5 )*  

S p a n n e r (1 9 5 8 )  s u g g e s te d  an e le c t r o - o s m o t ic  system , m e t a b o l i c a l l y  

m a in t a in e d ,  to  f a c i l i t a t e  movement o f w a te r and s o lu t e s  th ro u g h  th e  

s ie v e  p o r e s .  T h a in e  (1 9 6 1 ;  1969) p ro p o se d  a m echanism  o f phloem

t r a n s p o r t  i n v o l v i n g  p r o t o p la s m a t ic  s t re a m in g  a s s o c ia t e d  w it h  t r a n s -
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c e l l u l a r  s t r a n d s ,  t h e s e  s t r a n d s  b e in g  o b s e rv e d  to  t r a v e r s e  th e  s ie v e  

p l a t e s  i n  th e  phloem  o f  some s p e c ie s .  The p o s s i b l e  m echanism s o f  phloem  

t r a n s p o r t  h ave been d is c u s s e d  r e c e n t l y  b y  M oorby ( l 9 8 l ) .

On th e  b a s i s  o f th e  s y m p la s t - a p o p la s t  c o n c e p t  f o r  d e s c r i b i n g  

th e  t r a n s l o c a t i o n  o f  s o lu t e s  i n  p l a n t s ,  C r i s p  ( 1 9 7 2 )  d e f in e d  a s y m p la s t ic  

p e s t i c i d e  a s  one t h a t  can be a b so rb e d  b y  t h e  p la n t ,  p a s s  th ro u g h  th e  

plasm alem m a in t o  th e  l i v i n g  s v m p la s t ,  d i f f u s e  from  one c e l l  to  a n o t h e r t h ro u g h  

p la sm o d e sm a ta , and move a lo n g  w it h  th e  a s s i m i l a t e  stre a m  i n  th e  phloem  

t o  o t h e r  a r e a s  o f  th e  p l a n t .  He a l s o  d e f in e d  an a p o p la s t ic  p e s t i c i d e  

a s one t h a t  c a n  be a b so rb e d  by th e  p la n t  and i s  a lm o st e x c l u s i v e l y  

t r a n s p o r t e d  b y  th e  t r a n s p i r a t i o n  stre a m  w i t h in  th e  a p o p la s t  co n tin u u m .

P e t e r s o n  and E d g in g t o n  (1 9 7 6 ) gave th e  te rm  a m b im o b ile  t o  p e s t i c i d e s  

t h a t  ca n  be t r a n s p o r t e d  i n  b o th  s y s te m s .

1 . 2 . 2 .  U p tak e and t r a n s l o c a t i o n  o f  n o n - io n is e d  c h e m ic a ls  i n  p l a n t s .

P r e v io u s  s t u d ie s  h ave e s t a b l is h e d  t h a t  t r a n s l o c a t i o n  o f  n o n -  

io n is e d  c h e m ic a ls  to  th e  s h o o t s ,  f o l lo w in g  u p ta k e  by r o o t s ,  i s  a f f e c t e d  

by th e  l i p o p h i l i c i t y  o f  th e  c h e m ic a ls  (C ro w d y , 1 9 73 ; Shone and Wood,

1 9 7^ ; B r ig g s  e t  a l . ,  1976; 1 9 8 2 ).

The e f f i c i e n c y  o f t r a n s l o c a t i o n  o f  c h e m ic a ls  to  th e  sh o o ts

f o l lo w in g  u p ta k e  b y r o o t s  from  n u t r i e n t  s o l u t i o n  h a s b een c o n v e n ie n t ly

d e s c r ib e d  b y th e  T r a n s p ir a t i o n  S tream  C o n c e n t r a t io n  F a c t o r  (T S C F )

( R u s s e l l  and S h o r r o c k s ,  19 59 ) d e f in e d  a s :

C o n c e n t r a t io n  i n  t r a n s p i r a t i o n  stre a m
TSCF = -----------------------------------------------------------------------

C o n c e n t r a t io n  in  e x t e r n a l  s o lu t i o n

T h e se  a u t h o rs  in t r o d u c e d  t h i s  c o n c e p t  t o  d e s c r ib e  th e  e x t e n t  t o  w h ich  

n u t r i e n t s  a re  t r a n s f e r r e d  from  n u t r i e n t  s o l u t i o n  -snoFutd-on: to  p la n t  

s h o o t s .  Shone and Wood (1 9 7* 0  and s u b s e q u e n t ly  o t h e r a u t h o rs  have  

a d o p te d  t h i s  c o n c e p t  to  e x p re s s  th e e f f i c i e n c y  o f t r a n s l o c a t i o n  o f  

x e n o b i o t i c s .  The c o n c e n t r a t io n  i n  th e  t r a n s p i r a t i o n  stre a m  i s  u s u a l l y  

a s s e s s e d  i n d i r e c t l y  fro m  th e amount o f  c h e m ic a l a c c u m u la te d  i n  th e



s h o o t s  f o r  a known volum e o f  w a t e r t r a n s p i r e d .  The TSCF h a s a maximum 

v a lu e  o f  1 . 0  f o r  p a s s iv e  u p ta k e  and, a s  m easured  b y  t h i s  m ethod, i t  i s  

in d e p e n d e n t o f  tim e  i f  l o s s  o f a c c u m u la te d  c h e m ic a l due to  m e ta b o lism  

i s  ta k e n  in t o  a c c o u n t  (S hone and Wood, 1 9 7 ^ )*

S i m i l a r l y ,  Shone and Wood (1 9 7 * 0  e x p re s s e d  th e  e x t e n t  to  w h ic h  

a  c h e m ic a l i s  a c c u m u la te d  i n  r o o t s  a s  th e  R o o t C o n c e n t r a t io n  F a c t o r  

(R C F ) w h ere :

C o n c e n t r a t io n  i n  r o o t s
RCF = -------------- ---------------------------------------------------

C o n c e n t r a t io n  i n  e x t e r n a l  s o l u t i o n

T h e se  a u t h o rs  fo u n d  t h a t  th e  RCF o f some n o n - io n is e d  h e r b ic id e s  i n

b a r l e y  r o o t s  w ere c o r r e l a t e d  w it h  t h e i r  p a r t i t i o n  c o e f f i c i e n t s  in  o l i v e

o i l  /  w a te r o r n -d o d e c a n e /w a t e r  sy ste m s and, a s  w it h  t h e i r  T S C F 's ,

w ere g r e a t e r  f o r  l i p o p h i l i c  th a n  f o r  p o l a r  c h e m ic a ls .  B o th  RCF and

TSCF w ere shown to  be in d e p e n d e n t o f  th e  e x t e r n a l  c o n c e n t r a t io n  f o r

d i l u t e  s o l u t i o n s .

U s in g  s e r i e s  o f  0 -m e th y lc a rb a m o y lo x im e s  and s u b s t it u t e d  

p h e n y lu r e a s  s p a n n in g  a w ide ra n g e  o f  l i p o p h i l i c i t y  a s s e s s e d  u s in g  lo g  

K oW ( lo g a r it h m  o f  th e o c t a n - l - o l / w a t e r  p a r t i t i o n  c o e f f i c i e n t ) ,  B r ig g s  

e t  a l .  (1 9 8 2 )  i d e n t i f i e d  in  more d e t a i l  th e  e f f e c t  of l i p o p h i l i c i t y  o f

n o n - io n is e d  c h e m ic a ls  on t h e i r  a c c u m u la t io n  in  b a r l e y  r o o t s  and t r a n s -
\\

l o c a t i o n  to  th e  s h o o t s .  A c c u m u la t io n  i n  r o o t s  was a s c r ib e d  to  two p r o ­

c e s s e s : -  p a r t i t i o n i n g  o f  c h e m ic a ls  o n to  l i p o p h i l i c  r o o t  s o l i d s  and 

u p ta k e  in t o  th e  aqueous p h a se  i n  r o o t s  c o n t a in e d  in  th e  i n t e r c e l l u l a r  

s p a c e  and w i t h in  th e  r o o t  c e l l s .  The p a r t i t i o n i n g  p r o c e s s  was shown 

t o  be d om in an t f o r  l i p o p h i l i c  c h e m ic a ls ,  g i v in g  r i s e  to  la r g e  RCF 

v a l u e s .  A lth o u g h  th e se co n d  p r o c e s s  was th o u g h t to  o c c u r  f o r  a l l  

c h e m ic a ls ,  i t  c o u ld  be c l e a r l y  d e m o n stra te d  o n ly  f o r  p o l a r  c h e m ic a ls ,  

w h ic h  p a r t i t i o n  w e a k ly  to  r o o t  s o l i d s ,  im p ly in g  t h a t  t h e s e  c h e m ic a ls  

a r e  a b le  to  p e n e t ra t e  th e  c e l l  m em branes. T r a n s lo c a t io n  to  s h o o ts  was 

m axim al f o r  compounds w it h  in t e r m e d ia t e  l i p o p h i l i c i t y  i . e .  w it h  lo g
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K  rv 2 . 0 :  t h i s  was a s c r ib e d  to th e  e f f e c t  o f  l i p o p h i l i c i t y  o f  th e

ow

c h e m ic a ls  on t h e i r  p e rm e a tio n  r a t e s  th ro u g h  th e  membranes o f  th e  

endoderm al c e l l s ,  w it h  h ig h e s t  p e rm e a tio n  r a t e s  f o r  c h e m ic a ls  o f  

in t e r m e d ia t e  l i p o p h i l i c i t y .

B a r r e t  and A s h to n  (1 9 8 3 )  m o n ito re d  th e u p ta k e  o f  ^ * C -  

nap ro p am id e by r o o t  segm ents o f  m a ize  o v e r a p e r io d  o f  8 h and

s e p a r a t e d  th e  t o t a l  i n f l u x  i n t o  an e x c h a n g e a b le  f r a c t i o n  (co m po nen t

/;
t h a t  e lu t e d  fro m  th e  t i s s u e )  and a n o n -e x c h a n g e a b le  f r a c t i o n .  The

o v e r a l l  i n f l u x  was a t t r i b u t e d  t o  an i n i t i a l  p a s s iv e  d i f f u s i o n  s u p p le m e n t-
(/

ed w it h  tim e by b in d in g  o f  n a p ro p a m id e to  c e l l u l a r  co m p o n en ts. H ow ever,

t h i s  i n t e r p r e t a t i o n  s h o u ld  be v ie w e d  w it h  c a u t io n  s in c e  th e  a u t h o rs

n e g le c t e d  th e e f f e c t s  o f  m e ta b o lis m  o f  n a p ro p a m id e, and th e  sam p les

14
w ere s im p ly  o x id iz e d  to  r e l e a s e  CO^ w h ic h  was t ra p p e d  and c o u n te d .

I n  an e a r l i e r  p a p e r ( l 9 8 l ) ,  th e  a u t h o rs  r e p o r t e d  t h a t ,  f o l lo w in g  r o o t  

u p ta k e  f o r  8 h , a b o u t 40% o f  th e  t o t a l  r a d i o a c t i v i t y  i n  t h e  r o o t s  was 

n o t  e x t r a c t e d  and so  was n o t n a p ro p a m id e . T h e r e f o r e ,  a ssu m in g  t h a t  th e  

r a d i o a c t i v i t y  n o t e x t r a c t e d  was due to  r e t e n t io n  o f n a p ro p a m id e  m e t a b o lit e s  

i n  th e  t i s s u e ,  th e  n o n -e x c h a n g e a b le  f r a c t i o n  m ig ht h ave b een a r e s u l t  o f  

m e ta b o lism  o f n a p ro p a m id e r a t h e r  th a n  b in d in g  o f th e  p a r e n t  c h e m ic a l to  

c e l l u l a r  co m po nen ts.

B r ig g s  ejt a l . ( 1 9 8 3 )  e s t a b l is h e d  r e l a t i o n s h i p s  betw een l i p o p h i l i c i t y  

o f  n o n - io n is e d  c h e m ic a ls  and t h e i r  d i s t r i b u t i o n  i n  b a r l e y  s h o o t s  f o l lo w in g  

u p ta k e  by r o o t s .  The a u t h o r s  a s c r ib e d  th e  a c c u m u la t io n  o f  th e  c h e m ic a ls  

i n  th e  l e a f  b a s e s  o f  b a r l e y  ( r e f e r r e d  to  a s th e  stem ) to  a  r e v e r s i b l e  

p a r t i t i o n i n g  o f c h e m ic a l betw een th e stem t i s s u e  and th e  x y lem  s a p .

C o n s t a n t ,  maximum c o n c e n t r a t io n s  i n  stem s w ere r a p i d l y  a t t a in e d  f o r

/'
c h e m ic a ls  o f  lo g  K < 3> b u t  o n ly  more s lo w ly  f o r  more l i p o p h i l i c  o n e s.

O n ly  a f t e r  e q u i l i b r i u m  was a c h ie v e d  betw een c h e m ic a l e n t e r in g  th e stem

i n  th e  xylem  and th e  w h o le o f  th e  stem was c h e m ic a l e f f i c i e n t l y  t r a n s ­
it

p o r t e d  to  th e  l e a v e s .  By a n a lo g y  w it h  th e  RCF, the a u t h o r s  d e f in e d  a



Stem  C o n c e n t r a t io n  F a c t o r  (S C F ) a s :

C o n c e n t r a t i o n  in stem
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SCF
C o n c e n t r a t io n  i n  e x t e r n a l  s o lu t i o n

^  The SCF re m a in e d  e s s e n t i a l l y  c o n s t a n t  f o r  a t  l e a s t  96 h , im p ly in g  t h a t  

an y l o s s  o f c h e m ic a l by d e g ra d a t io n  i n  th e stem was made good by r a p i d  

e q u i l i b r a t i o n  w it h  th e  xylem  s a p .

^  U c h id a  (1 9 8 0 ) showed t h a t  t h e  d i s t r i b u t i o n  o f  d i a l k y l

l , 3 - d i t h i o l a n - 2 - y l i d e n e m a l o n a t e s  b etw een th e  u p p e r and lo w e r p a r t s  o f  

th e  s h o o ts  o f  r i c e  p la n t s  was d e te rm in e d  by l i p o p h i l i c i t y , th e  more 

l i p o p h i l i c  c h e m ic a ls  b e in g  more s t r o n g l y  r e t a in e d  b y  th e  lo w e r p a r t s

(i

o f  th e  s h o o t s .

P e r f u s i n g  stem s e c t io n s  w it h  s o l u t i o n s  o f  f u n g i c i d e s ,  B a ra k  

e t  a l . (1 9 8 3 b ) o b s e rv e d  t h a t  th e  more p o l a r  c h e m ic a ls  b ro k e  th ro u g h  

b e f o r e  th e  more l i p o p h i l i c  o n e s. Woody stem s o f  o ld e r  c o t t o n  and 

p e p p e r p la n t s  r e t a in e d  th e  c h e m ic a ls  more s t r o n g ly  th a n  y o u n g e r ones 

and t h e s e  d i f f e r e n c e s  w ere a s c r ib e d  to  th e  g r e a t e r  l i g n i n  c o n t e n t  o f  

woody t i s s u e s .  I n  p r e v io u s  p a p e r, B a ra k  e t  a l . (1 9 8 3 a )  fo u n d  s i g n i f i c a n t  

c o r r e l a t i o n  b etw een the e x t e n t  o f  th e  a d s o r p t io n  o f th e  c h e m ic a ls  on th e  

l i g n i n s  e x t r a c t e d  from  t h r e e  d i f f e r e n t  p la n t  s p e c ie s  and th e  lo g  o f  

th e  com pounds.

H u s s a in  ê fc a l . (19 7* 0 exam ined th e t r a n s l o c a t i o n  o f  0 , S -  

d i a l k y l  N - a lk y l- p h o s p h o r o a m id o t h io a t e s  a p p lie d  on c o t t o n  l e a f  

p e t i o l e s  to w a rd s  th e  c o r r e s p o n d in g  l e a f  b la d e s  and o b t a in e d  a p a r a b o li c  

r e l a t i o n s h i p  betw een movement and h y d r o p h i l i c i t y  a s s e s s e d  a s lo g  , 

a lt h o u g h  s t e r i c  e f f e c t s  were a ls o  s i g n i f i c a n t  f o r  N - a l k y l  s u b s t it u e n t s .

The t r a n s l o c a t i o n  c h a r a c t e r i s t i c s  o f  s e v e r a l  n o n - io n is e d  

p e s t i c i d e s ,  f o l lo w in g  f o l i a r  a p p l i c a t i o n ,  have been r e p o r t e d .

I n  e a r l y  s t u d ie s ,  w hole p la n t  a u t o r a d io g r a p h y ,  f o l lo w in g  

14
a p p l i c a t i o n  o f  C - l a b e l l e d  c h e m ic a ls  t o  d i f f e r e n t  p la n t  p a r t s ,  was u se d  

t o  a s s e s s  t r a n s l o c a t i o n  p a t t e r n s  o f  t e s t  compounds ( C r a f t s ,  1967; C r a f t s

and C r i s p ,  1 9 7 1 )*  B a se d  on h i s  own w o rk u s in g  t h i s  t e c h n iq u e  and on th e  

r e s u l t s  r e p o r t e d  b y  o t h e r  w o rk e r s ,  C r i s p  (1 9 7 2 )  c o n c lu d e d  t h a t  o rg a n o -
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p h o s p h o ru s  and ca rb am ate i n s e c t i c i d e s  s h o u ld  move away from  th e  s i t e  o f  

a p p l i c a t i o n  o n ly  b y  an a p o p la s t ic  r o u t e .

A lt h o u g h  th e  a u t o ra d io g ra p h y  t e c h n iq u e  h a s p r o v id e d  u s e f u l  

in f o r m a t io n  a b o u t t r a n s l o c a t i o n  p a t t e r n s  o f  t e s t  com pounds, i t  d o e s n o t  

g iv e  e i t h e r  q u a n t it a t i v e  d a ta  on movement o r any in f o r m a t io n  a b o u t  

m e ta b o lis m  o f  th e  c h e m ic a ls ,  w h ic h  may le a d  to  m i s i n t e r p r e t a t i o n  o f  th e  

r e s u l t s .  To overcom e t h i s  d i f f i c u l t y ,  m ethods t h a t  in v o lv e  r a d io c h e m ic a l  

a n a l y s i s  o f  th e  p la n t  t i s s u e s  f o r  th e  p a r e n t  c h e m ic a l h a v e  been more 

w id e ly  u se d  i n  t r a n s l o c a t i o n  s t u d ie s ,  th o ug h  a u t o ra d io g ra p h y  re m a in s  a  

u s e f u l  t e c h n iq u e  p r o v id in g  th e c h e m ic a l,  u n d e r t e s t  i s  s u f f i c i e n t l y  

s t a b le  i n  th e  t e s t  p la n t .

K i r b y  ( 1 9 7 2 )  re v ie w e d  th e  p r o g r e s s  made i n  s t u d y in g  th e  move­

ment o f  f u n g i c i d e s  i n  p la n t s  and c o n c lu d e d  t h a t  movement o f th e s e  

compounds i s  a c r o p e t a l  ( a p o p l a s t i c )  and n e v e r  th e  r e v e r s e .  E x p o rt  o f  

s y s t e m ic  f u n g i c i d e s ,  v i a  th e phloem , from  le a v e s  t o  o t h e r  o rg a n s h a s  

u s u a l l y  n o t been fo u n d , and i n  th e  fe w  c a s e s  o f  s y m p la s t ic  t r a n s p o r t  

from  le a v e s  and c o t y le d o n s  r e p o r t e d  h i t h e r t o  ( S o l e l  e t  a l . ,  19 73;  

W a l l e r s t e i n  e t  a l . ,  19 76 ; M a r t in  and E d g in g t o n , 1 9 8 l ) , th e  amounts 

in v o lv e d  w ere v e r y  s m a ll.

A lt h o u g h  th e  m a jo r it y  o f  e x i s t i n g  n o n - io n is e d  p e s t i c i d e s  a re  

n o t t r a n s lo c a t e d  i n  phloem , two p o la r  c h e m ic a ls ,  oxam yl and a m in o t r ia z o le , 

h a ve been r e p o r t e d  to  be p h lo e m -m o b ile .

S t u d y in g  th e  t r a n s l o c a t i o n  o f  th e  n e m a t ic id e  oxam yl i n  p o t a t o  

p l a n t s ,  P e t e r s o n  e_t slI . (1 9 7 8 )  o b s e rv e d  some movement o f  th e  c h e m ic a l  

fro m  t r e a t e d  m a tu re  l e a f l e t s  to  th e r e s t  o f th e  p l a n t ,  in c l u d in g  a p e x ,  

r o o t s  and o t h e r  u n t re a t e d  m ature l e a f l e t s .  T h ese r e s u l t s  in d ic a t e d  t h a t  

oxam yl i s  t r a n s lo c a t e d  out o f th e  t r e a t e d  l e a f  w it h  a s s i m i l a t e s ,  and 

le a k a g e  o u t of th e  phloem  to th e  t r a n s p i r a t i o n  stre a m  r e s u l t e d  i n  t r a n s ­

p o r t  o f  th e  c h e m ic a l to  o t h e r u n t r e a t e d  l e a f l e t s .  M a r t in  and E d g in g to n  

(1 9 8 1 )  t r e a t e d  young b a r le y  and so yb e an  p la n t s  w it h  oxam yl and, a lt h o u g h  

phloem  t r a n s p o r t  o f  oxam yl was c o n f irm e d , th e  r e s u l t s  w ere somewhat



v a r i a b l e  betw een th e  two s p e c i e s .  Oxamyl e x h ib it e d  p r i m a r i l y  a p o p l a s t i c  

t r a n s p o r t  (movement above th e  t r e a t e d  a r e a  w i t h in  th e  t r e a t e d  l e a f ) .

I n  b a r l e y ,  from  th e t o t a l  amount t r a n s lo c a t e d  a f t e r  3 d a y s , o n ly  2 .k %  

was fo u n d  i n  p a r t s  o f  th e  p l a n t  o t h e r  th a n  th e  t r e a t e d  l e a f .  I n  s o y b e a n ,  

th e  v a lu e  was 1 4 .6 ^  b u t o n ly  3 * 3 ^  v a s  fo u n d  i n  th e  r o o t s .  W rig h t  ejt a l .  

(1 9 8 0 )  fo u n d  o n ly  v e r y  s m a ll am ounts o f  oxam yl i n  erucumber r o o t s  f o l lo w in g  

f o l i a r  a p p l i c a t i o n  tho ugh nem atode c o n t r o l  w as o b s e rv e d , le a d in g  t h e s e  

a u t h o r s  t o  s u g g e s t  t h a t  th e  oxam yl c o u ld  n o t have b een  u n if o r m ly  d i s t r i b ­

u t e d  t h ro u g h o u t th e  r o o t s  b u t m ust h ave b een c o n c e n t ra t e d  a t  th e  nem atode  

f e e d in g  s i t e s .

C r a f t s  ( 1967) )  u s in g  an a u t o r a d io g r a p h y  t e c h n iq u e ,  r e p o r t e d

t h a t  a m in o t r ia z o le  ( A m it r o le )  was fo u n d  i n  a p p r e c ia b le  am ounts i n  r o o t s

o f  young so y b e a n  p la n t s  f o l lo w in g  a p p l i c a t i o n  to  c o t y le d o n ,  e p i c o t y l  o r

p r im a r y  l e a v e s .  H ow ever, a lt h o u g h  C h a m b e rla in  e t  a l .  (1 9 8 4 ) fo u n d  s m a ll

am ounts o f  th e  p a r e n t  compound i n  phloem  e x u d a te  from  th e  stem o f

R . com m unis f o l lo w in g  a p p l i c a t i o n  o f th e  c h e m ic a l in t o  th e  p e t i o l e  o f  a

m atu re  l e a f ,  o n ly  2 0 ^  o f  th e  t o t a l  r a d i o a c t i v i t y  m easured  i n  th e  e x u d a te

was p a r e n t  compound ( D r .  K e i t h  C h a m b e rla in , p e r s o n a l c o m m u n ic a t io n ).

F u rt h e rm o r e ,  M a s s in i  ( 1963) o b s e rv e d  t h a t  24 h a f t e r  a p p l i c a t i o n  o f  
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C - a m in o t r ia z o le  to  a l e a f  o f  F r e n c h  d w a rf bean o r tom ato s e e d l in g s ,  

m ost o f th e  r a d i o a c t i v i t y  e x t r a c t e d  from  th e  p la n t  was i n  th e  fo rm  o f  

p (3  - a m in o - 1 , 2 , 4 - t r i a z o l y l - l - ) o < / - a l a n i n e ;  when bean p la n t s  w ere t r e a t e d  

w it h  t h i s  m e t a b o lit e  by a l e a f  i n j e c t i o n  m ethod, th e d i s t r i b u t i o n  o f  th e  

r a d i o a c t i v i t y  was co m p a ra b le  t o  t h a t  fo u n d  i n  s i m i l a r  e x p e rim e n ts  w it h  

a m in o t r ia z o le .  T h u s, t r a n s l o c a t i o n  s t u d ie s  o f  a m in o t r ia z o le  i n  w h ic h  

th e  p la n t  t i s s u e s  a re  n o t a n a ly s e d  f o r  th e  p a r e n t  c h e m ic a l s h o u ld  be 

v ie w e d  w it h  c a u t io n .

1 . 2 . 3 *  U p ta k e  and t r a n s l o c a t i o n  o f  weak a c id s  i n  p l a n t s .
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1 . 2 . 3 . 1 . U p ta k e  o f  weak a c id s  by c e l l s  and p la n t  t i s s u e s .
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The u p ta k e  o f  weak a c i d s  b y  p la n t  c e l l s  h a s  been o f  g r e a t

i n t e r e s t  b e c a u s e  th e  p la n t  horm one i n d o l - 3 - y l  a c e t i c  a c id  ( lA A )  a s w e l l  

a s  s e v e r a l  weak a c id  h e r b i c i d e s  h a ve been shown to  a c cu m u la te  i n  p la n t

c e l l s  a g a in s t  a c o n c e n t r a t io n  g r a d ie n t .

T h e re  i s  known t o  be a p a s s iv e  com ponent i n  th e  u p ta k e  o f  

IA A  and o t h e r  weak a c id s  ( 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 ) ,  

b e n z o ic  a c i d  and n a p h t h y la c e t ic  a c i d )  in t o  s i n g l e - c e l l e d  a lg a e  a n d /o r  

s u s p e n s io n s  o f  t i s s u e  c e l l s ,  and t h i s  h a s  been a s c r ib e d  to  th e  d i f f u s i o n  

o f  th e  u n d is s o c ia t e d  a c id  a c r o s s  th e  c e l l  membranes (A lbaum  e t  a l . ,  1 9 3 7 ;  

W edding and E r i c k s o n ,  1 9 5 7 ; R u b e ry  and S h e ld r a k e ,  1 9 73 ; R a v e n , 1 9 7 5 )*

U p ta k e  b y the d i f f u s i o n  m echanism  i s  l i n e a r l y  r e l a t e d  to  th e  

c o n c e n t r a t io n  o f  th e  u n d is s o c ia t e d  a c i d ,  \d i ic h  i s  i t s e l f  a f u n c t io n  o f  

th e  pKa o f  th e  a c i d  and th e  pH o f  th e  s u r r o u n d in g  medium. A ssu m in g  

t h a t  u n d is s o c ia t e d  m o le c u le s  a re  th e  o n ly  perm ean t s p e c ie s ,  th e  

e q u i l i b r i u m  d i s t r i b u t i o n  o f a weak a c i d  betw een c e l l s  and s u r r o u n d in g  

s o l u t i o n  i s  g iv e n  b y (D a v so n  and D a n i e l l i ,  1 9 4 3; W edding and E r i c k s o n ,

1 9 5 7 ; R u b e ry  and S h e ld r a k e ,  1 9 7 3 )•

t o t a l  c o n c e n t r a t io n  o f  a c i d  i n s i d e  th e  c e l l s

t o t a l  c o n c e n t r a t io n  o f a c id  o u t s id e  th e c e l l s  1+ a n t i l o g  (p ® out g ^ ^ e“  pKa ) 

When th e  pH o f th e  s u r r o u n d in g  s o l u t i o n  i s  lo w e r th a n  t h a t  o f  th e  c e l l s ,  

th e  c e l l s  a c c u m u la te  weak a c i d s ;  th e  e q u a t io n  r e q u i r e s  t h a t  th e  c o n c e n t r a ­

t i o n  o f  th e  u n d is s o c ia t e d  a c id  s h o u ld  be th e  same i n s i d e  and o u t s id e  th e  

c e l l s .

S t u d y in g  th e  e f f e c t  o f  th e  b a t h in g  s o l u t i o n  pH o v e r th e  ra n g e  

from  4 t o  7 on th e  u p ta k e  o f  2 , 4 - D  by c e l l s  o f  th e  a lg a  C h l o r e l l a  

p y r e n o id o s a , W edding and E r i c k s o n  ( 1 9 5 7 )  fo u n d  t h a t  u p ta k e  was n o t l i n e a r l y  

c o r r e l a t e d  w it h  th e  p r o p o r t io n  o f  u n d is s o c ia t e d  m o le c u le s  i n  th e  b a t h in g  

s o l u t i o n .  I t  was s u g g e s te d  t h a t  2 , 4 - D  a n io n s  a ls o  p e n e t r a t e  th e  c e l l  

b u t a t  a r a t e  c o n s id e r a b ly  s lo w e r  th a n  th e u n d is s o c ia t e d  m o le c u le s .

By i n c o r p o r a t in g  a term  f o r  th e  p e r m e a b il i t y  o f  th e  c e l l  membrane to

2 , 4 - D  a n io n s  i n  th e  above e q u a t io n ,  th e  a u t h o rs  o b s e rv e d  t h a t  th e  u p ta k e



o f  2 , 4 —D o v e r th e  pH ra n g e  from  4 t o  7 a g re e d  v e i l  w it h  p r e d ic t e d  v a l u e s ,  

th e  p e r m e a b il it y  o f  th e  c e l l  membrane t o  2 , 4 - D  m o le c u le s  b e in g  a b o u t  

1 0 0 0  tim e s  as g r e a t  a s  th e  p e r m e a b il i t y  to  2 ,4 - D  a n io n s .

The p ro t o p la s m  o f  p la n t  c e l l s  i s  e l e c t r i c a l l y  n e g a t iv e  w it h  

r e s p e c t  to th e  b a t h in g  s o l u t i o n  and so , i f  th e  weak a c id  a n io n  can  

in d e e d  p e n e t ra t e  th ro u g h  th e  c e l l  membranes , n e t  a n io n  e f f l u x  w i l l  

o c c u r  down th e  g r a d ie n t  o f  e le c t r o c h e m ic a l  p o t e n t ia l  t h u s  r e d u c in g  

a c c u m u la t io n  of th e  a c i d  (AH + A ) i n s i d e  th e c e l l s  (R a v e n , 1 9 7 5 ) .  

F lu x  e q u i l ib r iu m  i s  a c h ie v e d  when t o t a l  i n f l u x  (AH + A ) i s  e q u a l  

t o  t o t a l  e f f l u x , ’ and a c c u m u la t io n  i s  d e s c r ib e d  b y th e  f o l lo w in g  

e q u a t io n  (R a v e n , 1 9 7 5 )•

H i + Hi FE/RT' + ■
P - 1 - eA

-FE/RT

p H  - pKa
.10 ° )

H o  - H o . u+i°PH° " PKax!AH+! f ^
P - 1 - eA

-FE/ R T

pH. - p K a  —p F /r t
.10 1 . e F E / R T )

w here P ^  and P ^_ a re  th e  p e r m e a b i l i t i e s  o f  a c id  and a n io n  r e s p e c t ­

i v e l y ,  E i s  th e  membrane p o t e n t i a l  (E ^  -  E q ) in  v o l t s ,  F  i s  th e  F a ra d a y  

c o n s t a n t  (9 6 4 79  co u lo m b s m ole * ) ,  R i s  th e  g as c o n s t a n t  ( 8 .3 1  j o u l e s  

°K  ̂ mole ^ ) , and T i s  th e  te m p e ra t u re  (°K). The e q u a t io n  i s  a ls o  

u se d  to  c a l c u l a t e  th e  v a c u o la r  c o n c e n t r a t io n s  o f  AH and A by  

s e q u e n t ia l  a p p l i c a t i o n  t o  th e  plasm alem m a and t o n o p la s t .  S t u d y in g  

th e  u p ta k e o f  IAA b y  c e l l s  o f  th e  a lg a  H y d r o d ic t io n  from  b a t h in g  

s o l u t i o n ,  R aven ( 1 9 7 5 )  m ea su red  c o n c e n t r a t io n s  o f th e  a u x in  i n  the  

v a c u o le  t h a t  a g re e d  w it h  c a l c u l a t e d  c o n c e n t r a t io n s  o b t a in e d  u s in g  known 

v a lu e s  f o r  th e  v a c u o la r  pH and p o t e n t i a l s  a c r o s s  th e  m em branes, and

*T

a ssu m in g  th e  c y t o p la s m  pH e q u a ls  to  7 and a ^ I A A ”  ^  *

The tran sm em b ran e t r a n s p o r t  o f  IAA and 2 ,4 -D  .a n io n s  by c e l l s  

o f  h ig h e r  p la n t s  h a s  b een  shown t o  in v o lv e  a ls o  a c a r r i e r - m e d ia t e d  

com ponent f o r  i n f l u x  and e f f l u x  (R u b e ry  and S h e ld r a k e ,  1 9 7^ ; R u b e ry ,  

1977* 1978; R aven and R u b e ry , 1 9 8 2 ),  w h ich  h a s been s u g g e s te d  to



25
u n d e r l i e  p o l a r  t r a n s p o r t  o f  th e s e  c h e m ic a ls .  H o w ever, th e  a b i l i t y  o f  

c e l l s  to  a c c u m u la te  w eak a c id s  i s  n o t  d e p e n d e n t on an u p t a k e  c a r r i e r ,  

and  k i n e t i c  s t u d ie s  p r o v id e d  no e v id e n c e  f o r  th e  p a r t i c i p a t i o n  o f  

c a r r i e r s  i n  th e  transm em brane t r a n s p o r t  o f  b e n z o ic  o r  n a p h t h y la c e t ic  

a c i d s  (R u b e ry , 1 9 7 7 ) .

D a rm sta d t e t . a l .  (1 9 8 3 )  s t u d ie d  th e  a b s o r p t io n  o f  2 , 4 - D  by  

m a iz e  r o o t  p r o t o p l a s t s  fro m  b a t h in g  s o l u t i o n  a t  two p H * s. 2 , 4 - D  a c c u ­

m u la t e d  to  t w ic e  and l 6 t im e s  th e  e x t e r n a l  c o n c e n t r a t io n  a t  pH 6 . 5  and  

4 .5 *  r e s p e c t i v e l y .  P r e d i c t i o n s  o f  t h e o r e t i c a l  2 ,4 - D  c o n c e n t r a t io n s  i n  

p r o t o p l a s t s  (a s s u m in g  t h a t  o n ly  th e u n d is s o c ia t e d  m o le c u le s  p erm eate  

t h r o u g h  th e  c e l l  m em branes) gave c o n c e n t r a t io n s  a b o u t t w ic e  lo w e r  

a t  pH 6 . 5  and t h r e e  t im e s  h ig h e r  a t  pH 4 . 5  th a n  th o se  o b s e rv e d .  I t  was 

s u g g e s t e d  t h a t  d e v ia t io n s  betw een p r e d ic t e d  and o b s e rv e d  c o n c e n t r a t io n s  

i n  th e  p r o t o p l a s t s  w ere th e  r e s u l t  o f  transm em brane movement o f  2 ,4 - D  

a n io n  b y  d i f f u s i o n  o r  b y  a s a t u r a b le  c a r r i e r .

U p take o f  weak a c id s  by r o o t s  and stem  segm ents h ave a ls o  

b e e n  in v e s t i g a t e d  by a num ber o f  a u t h o r s .  F o y  and Y am a g u ch i ( 1964) 

fo u n d  r a p i d  u p ta k e  o f  2 , 4 - D  by e x c is e d  b a r l e y  r o o t s  o v e r  an i n i t i a l  

p e r i o d  o f  30 m in u t e s , f o l lo w e d  by l o s s  b a ck  to  the s o l u t i o n .  I t  was 

s u g g e s t e d  t h a t  a c c u m u la t io n  d u r in g  t h a t  p e r io d  was m a in ly  due to  an 

a d s o r p t io n  p r o c e s s  and t h a t ,  s in c e  2 , 4 - D  c o u ld  be le a c h e d  o u t ,  i t  was 

a p p a r e n t ly  h e ld  by r a t h e r  weak b in d in g  f o r c e s .  D o n a ld s o n  e t . a l . ( 1 9 7 3 )  

s t u d ie d  th e  a b s o r p t io n  o f  2 , 4 - D  fro m  n u t r i e n t  s o l u t i o n  b y  e x c is e d  b a r le y  

r o o t s  and , b y  w a s h in g  th e  r o o t s  f o r  one h o u r f o l lo w in g  a b s o r p t io n ,  

d i v i d e d  t o t a l  a b s o r p t io n  in t o  two p h a s e s ,  e x c h a n g e a b le  and n o n -e x c h a n g e -  

a b l e .  I t  was s u g g e s t e d  t h a t  2 ,4 - D  i s  t a k e n  up by th e  r o o t s  by an  

a d s o r p t io n  m echanism  and t h a t  e n e rg y  i s  r e q u ir e d  to  m a in t a in  th e  

i n t e g r i t y  o f  th e  a d s o r b in g  s u r f a c e s  o f  th e  c e l l s .  H ow ever,

2 , 4 - D  was s t i l l  b e in g  l o s t  a f t e r  1 h , and th e a u t h o r s  s u g g e s te d  

t h a t  a l l  2 , 4 - D  i n  th e  r o o t  m ig h t be s lo w ly  e x c h a n g e a b le  and
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a s in g le  m echanism  o f  u p ta k e  m ig h t be in v o lv e d .  The s t u d ie s  m e n tio n e d  

a b o ve , d e a l in g  w it h  u p ta k e  o f  2 ,4 - D  by r o o t  sy ste m s, d id  n o t ta k e  in t o  

a c co u n t th e e f f e c t  o f  th e  pH o f  th e e x t e r n a l  n u t r i e n t  s o l u t i o n .

S t u d y in g  th e  u p ta k e  o f some h e r b i c i d e s  b y  b a r l e y  r o o t s ,  Shone  

and Wood (1 9 7 ^ )  fo u n d  t h a t  a c c u m u la t io n  o f 2 , 4 - D  i n  r o o t s  i s  d ep en d en t  

on th e  pH o f  th e  e x t e r n a l  n u t r i e n t  s o l u t i o n .  C o n c e n t r a t io n s  o f  2 ,4 - D  

i n  r o o t s  w ere 88 and 8 t im e s  h ig h e r  th a n  t h a t  i n  th e  n u t r i e n t  s o l u t i o n  

a t  pH 4 . 0  and 6 .5  r e s p e c t i v e l y .  U p tak e a t  pH 4 . 0  was re d u c e d  a t  lo w  

t e m p e ra t u re s  and b y  sodium  a z id e ,  w h ic h  l e d  th e  a u t h o rs  t o  s u g g e s t  t h a t  

u p ta k e  o f  2 , 4 - D  i s  in f lu e n c e d  b y  m e ta b o lis m . No a tte m p t was m a d e.to  

e x p la in  th e  d i f f e r e n c e s  i n  RCF v a lu e s  a t  pH 4 . 0  and 6 .5  i n  term s o f  

d i f f e r e n t  p e rm e a tio n  r a t e s  o f d is s o c ia t e d  and u n d is s o c ia t e d  fo rm s  

th ro u g h  c e l l  m em branes.

Z s o ld o s  and H au n o ld  (1 9 7 9 ) fo u n d  a s i m i l a r  e f f e c t  o f  th e  

n u t r i e n t  s o l u t i o n  pH on th e  u p ta k e  o f 2 ,4 - D  b y  e x c is e d  w heat r o o t s ,  

a lth o u g h  th e  r e s u l t s  w ere n o t e x p re s s e d  i n  term s o f  RCF v a l u e s .  The 

a u t h o rs  s u g g e s t e d  t h a t  2 ,4 - D  e n t e r s  th e  r o o t  c e l l s  r a p i d l y  a t  pH 4 . 0  

and m o s t ly  a s th e  u n d is s o c ia t e d  m o le c u le s ;  h o w ev er, th e  m a g n itu d e o f  

th e  o b s e rv e d  a c c u m u la t io n  was n o t f u r t h e r  a n a ly s e d .

U p tak e o f weak a c id s  by segm ents o f  stem h a s  a l s o  been shown 

to  be d ep en d en t on th e  pH o f  th e  b a t h in g  s o l u t i o n .  S a u n d e rs  et_ a l .

(1 9 6 5 a ) fo u n d  t h a t  stem  segm ents o f pea (P is u m  s a t iv u m ) a c cu m u la te

2 ,4 - D  a t  c o n c e n t r a t io n s  much h ig h e r  th a n  t h a t  i n  the b a t h in g  s o l u t i o n .  

A c c u m u la t io n  was h ig h e r  th e  lo w e r the pH and , b a se d  on th e  w ork o f  

W edding and E r i c k s o n  ( 1 9 5 7 )  m en tio n ed  e a r l i e r ,  th e  a u t h o r s  su g g e s te d  

t h a t  th e  g r e a t e r  p e r m e a b i l i t y  o f  th e  c e l l  membranes to  th e  u n d is s o c ia t e d  

m o le c u le s  th a n  t o  th e  a n io n s  o f  2 ,4 -D  c o u ld  have a c c o u n t e d  f o r  th e  r e s u l t s  

o b t a in e d . S t u d y in g  th e  u p ta k e  o f a s e r i e s  o f  c h lo r in a t e d  p h e n o x y a c e t ic  

a c id s  by stem  segm ents o f c o t t o n  ( Gossypium  h ir s u t u m ), S a u n d e rs  e t  a l . 

( 1965b ) fo u n d  la r g e  d i f f e r e n c e s  in  r a t e s  of u p ta k e  o f  t h e s e  c h e m ic a ls



fro m  s o l u t i o n s  b u f f e r e d  a t  pH 5*5* I t  was s u g g e s te d  t h a t  th e  a c id s  

w h ic h  p o s s e s s  p ro n o u n ce d  a u x i n - l i k e  p r o p e r t i e s  a re  a c c u m u la te d  l a r g e l y  

by a m echanism  w h ic h  i s  d i f f e r e n t  from  t h a t  r e s p o n s ib le  f o r  the u p ta k e  

o f th e  l e s s  a c t i v e  members o f  th e  g ro u p . I n  a s u b se q u e n t p a p e r from  

th e  same la b o r a t o r y ,  V e n is  and B lackm an  ( 1966) m easured  th e  u p ta k e  o f  

b e n z o ic  and 2 - c h lo r o b e n z o ic  a c id s  by stem  segm ents o f  p e a  (P .  s a t iv u m ) 

o v e r a ra n g e  o f  pH from  4 . 0  to  6 .5 *  U p ta k e  was h ig h e r  th e  lo w e r th e  pH, 

a lt h o u g h  u p ta k e  was n o t e n t i r e l y  c o r r e l a t e d  w it h  th e  c o n c e n t r a t io n  o f  

th e  u n d is s o c ia t e d  m o le c u le s  in  th e  b a t h in g  s o l u t i o n .

The f a c t  t h a t  c e r t a i n  c h l o r i n a t e d  p h e n o x y a c e t ic  and b e n z o ic  

a c id s  a c c u m u la te  i n  stem  segm ents le d  S m ith  (1 9 7 2 )  t o  i n v e s t i g a t e  th e  

im p o rta n c e  o f  an a c t i v e  t r a n s p o r t  system  f o r  2 ,4 -1 ) and 2 , 4 , 5 - T  

( 2 , 4 , 5 - t r ic h lo r o p h e n o x y a c e t i c  a c i d )  a c c u m u la t io n .  P arenchym a t i s s u e  

from  p o t a t o  t u b e r s  was t r e a t e d  w it h  i n h i b i t o r s  o f  o x i d a t i v e  p h o sp h o ry ­

l a t i o n  and o f  m em brane-bound ATP. A c c u m u la t io n  o f  2 , 4 - D  and 2 , 4 , 5 - T  

was shown to  be in d e p e n d e n t o f a v a i l a b l e  e n e rg y  a s i n f lu e n c e d  by th e s e  

i n h i b i t o r s .  L e c i t h i n - t r e a t e d  t i s s u e  a c c u m u la te d  th e c h e m ic a ls  to  a 

l a r g e r  e x t e n t ,  w h ic h  was a s c r ib e d  t o  p o s s i b l e  b in d in g  o f  th e  h e r b i c i d e s  

t o  th e  l e c i t h i n  m o ie t y . P e t e rs o n  and E d g in g to n  (1 9 7 6 )  fo u n d  t h a t  2 ,4 - D  

was c o n c e n t r a t e d  a b o u t s i x t e e n - f o l d  in  p o t a t o  t u b e r  d i s c s  from  a b a t h in g  

s o l u t i o n  a t  pH 5»3> b u t  no attem p t was made to  e x p la in  t h i s  r e s u l t .

1 . 2 . 3 * 2 .  T r a n s l o c a t i o n  i n  w hole p l a n t s .

M ost i n v e s t i g a t i o n s  in t o  th e  t r a n s l o c a t i o n  o f  weak a c id  

p e s t i c i d e s  i n  w h o le p l a n t s  have been c a r r i e d  out fo lio w rin g  f o l i a r  

a p p l i c a t i o n  of th e  c h e m ic a ls .

C r a f t s  ( 1967) in v e s t ig a t e d  th e  t r a n s l o c a t i o n  o f s e v e r a l  
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C - l a b e l l e d  h e r b i c i d e s  a p p lie d  e i t h e r  t o  a p r im a r y  l e a f ,  e p ic o t y l  o r  

c o t y le d o n  o f  young so yb e an  p la n t s  u s in g  a u t o ra d io g ra p h y  t o  d e t e c t  th e  

c h e m ic a ls .  A p p lie d  to  one c o t y le d o n ,  2 ,4 - D  moved a c r o p e t a l l y  th ro u g h  

th e  stem  to th e  e x p a n d in g  t r i f o l i a t e  l e a f  and sh o o t t i p  i n  m oderate

27
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c o n c e n t r a t io n ,  and th ro u g h  th e  J iy p o c o t y l t o  the r o o t s  i n  h ig h e r  co n ­

c e n t r a t i o n .  A p p lie d  to th e  e p i c o t y l ,  2 , 4 - D  moved e f f i c i e n t l y  b o th  

a c r o p e t a l l y  and b a s i p e t a l l y ;  i n  b o th  c a s e s ,  b o th  p r im a ry  le a v e s  w ere  

c o m p le t e ly  b y p a ss e d . A p p lie d  t o  one p r im a r y  l e a f ,  2 ,4 -D  moved to  th e  

t r i f o l i a t e  l e a f ,  th e  sh o o t apex and th e  r o o t s :  th e  o p p o s it e  p r im a r y

l e a f  was b y p a s s e d . When m a le ic  h y d r a z id e  was a p p lie d  to  one c o t y le d o n ,  

e p i c o t y l  o r p r im a ry  l e a f ,  b o th  c o t y le d o n s ,  b o th  p r im a ry  le a v e s  and a l l  

t r i f o l i a t e  le a v e s  w ere l a b e l l e d ;  b y  a u t o ra d io g ra p h y , th e  t r e a t e d  o rg a n s  

w ere l a b e l l e d  in t e n s e l y ,  th e  t r i f o l i a t e  le a v e s  and sh o o t a p ic e s  w ere  

s t r o n g ly  l a b e l l e d ,  and th e  u n t r e a t e d  c o t y le d o n s  and p r im a r y  le a v e s  w ere  

w e a k ly  l a b e l l e d .  I t  was c o n c lu d e d  t h a t  2 ,4 - D  i s  d i s t r i b u t e d  v i a  th e  

s y m p la s t  e x c l u s i v e l y ,  and m a le ic  h y d r a z id e  i s  d i s t r i b u t e d  p r i n c i p a l l y  

v i a  th e  s y m p la s t ,  b u t a s m a ll amount m ig r a t e s  to th e  xylem  and m oves i n  

th e  t r a n s p i r a t i o n  s tre a m . When th e  p r im a r y  l e a f  was t r e a t e d  w it h

2 , 4 - D ,  th e  o b s e rv e d  d a rk e n in g  o f  th e  stem  i n  th e a u t o ra d io g ra p h  l e d  th e  

a u t h o r  to  s u g g e s t  t h a t  th e  c h e m ic a l i s  l o s t  a lo n g  th e  a s s im il a t e  p a th  

and i s  s t r o n g ly  r e t a in e d  i n  t h e  a d ja c e n t  stem t i s s u e .

I t  i s  g e n e r a l l y  a c c e p t e d  t h a t  movement o f  f o l i a g e - a p p l i e d

weak a c id  h e r b ic id e s  o c c u r s  i n  th e  phloem  a lo n g  w it h  th e  a s s i m i l a t e s .

Radwan ei, a l . ( i 960) d e m o n stra te d  b y  a u t o ra d io g ra p h y  t h a t  th e phloem  i s

14
th e  p a th  o f  movement o f  f o l i a g e - a p p l i e d  C - l a b e l l e d  2 ,4 - D  i n  Y i c i a  fa b a .  

P i c k e r i n g  (1 9 6 5 , m e n tio n ed  b y  R o b e rt s o n  and K irk w o o d , 1 9 7 0 ),  in v e s t ig a t e d  

th e  f o l i a r  p e n e t r a t io n  pa th w a ys o f  2 , 4 - D  by a u t o ra d io g ra p h y  and fo u n d  t h a t  

i t  r e a d i l y  e n t e re d  th e  s y m p la s t  o f  c o t t o n  and bean le a v e s ,  w here i t  became 

h i g h l y  c o n c e n t ra t e d  i n  th e  p r o t o p la s m , s u b s e q u e n t ly  le a k in g  in t o  th e  

v a c u o le s  and s u r r o u n d in g  a p o p la s t .

A c c o r d in g  to  R o b e rt s o n  and K irk w o o d  ( 1 9 7 0 ) ,  weak a c id  h e r b i c i d e s  

a p p e a r to  move i n  phloem  as p a r e n t  compound and n o t c h e m ic a lly - b o u n d  t o  

s u g a r s .  The p r o p o r t io n  o f  h e r b i c i d e  m o le c u le s  u lt im a t e l y  r e a c h in g  th e  

s in k  t i s s u e s  i s  in f lu e n c e d  b y  th e  e x t e n t  o f a c c u m u la t io n  i n  parench ym a  

a d ja c e n t  to th e  s ie v e  tu b e s  and a l s o  by f i x a t i o n  a t ,  what he c a l l e d ,



o t h e r  m e t a b o lic  a l l y  n o n - a c t iv e  s i t e s .
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H a llm e n  and E l i a s s o n  ( 1 9 7 2 )  s t u d ie d  th e  u p ta k e , t r a n s l o c a t i o n  

14 ,
and m e ta b o lis m  o f  C - l a b e l l e d  4 - a m in o - 3 , 5 » 6- t r i c h l o r o p i c o l i n i c  a c id  

( p ic lo r a m )  and 2 ,4 - D  i n  s e e d lin g s  o f  w h ea t. The u p ta k e  o f  th e  h e r b i c i d e s  

th ro u g h  t h e  u p p e r s u r f a c e  o f th e  f i r s t  l e a f  was s lo w  b u t was a lm o st  

co m p le te  a f t e r  n in e  d a y s . P ic lo r a m  was t r a n s lo c a t e d  in t o  the stem  and  

u n t r e a t e d  le a v e s  to  a g r e a t e r  e x t e n t  th a n  2 , 4 - D .  O n ly  s m a ll f r a c t i o n s  

o f  th e  a c t i v i t y  w ere r e c o v e r e d  fro m  th e  r o o t s  and fro m  th e  n u t r i e n t  

s o l u t i o n .  P ic lo r a m  and 2 ,4 - D  fo rm ed  w a t e r - s o lu b le  c o n ju g a t e s  i n  th e  

t i s s u e s  and 2 , 4 - D  was a ls o  in c o r p o r a t e d  i n t o  an in s o l u b l e  f r a c t i o n  

c o m p ris e d  o f  c e l l  w a l l s  and p r o t e i n s .  The p e rc e n t a g e  o f th e  t o t a l  

a c t i v i t y  i d e n t i f i e d  a s th e  p a r e n t  a c id s  i n  th e  t r e a t e d  l e a f  d e c re a s e d  

r a p i d l y  and was l e s s  th a n  2 0 $  a f t e r  3 d a y s . The f a c t  t h a t  th e a c t i v i t y  

t h a t  t r a n s l o c a t e d  out o f th e  t r e a t e d  l e a f  re m a in e d  unchanged from  1 to  

9 d a y s le d  th e  a u t h o rs  t o  s u g g e s t  t h a t  th e  c h e m ic a ls  w ere t r a n s lo c a t e d  

a s th e  p a r e n t  a c i d s .  N e v e r t h e le s s ,  no s t im u la t io n  o f  t r a n s l o c a t i o n  

a s a r e s u l t  o f  c y c lo h e x im in e  p r e t r e a t m e n t  was o b s e rv e d  in  s p it e  o f th e  

f a c t  t h a t  th e  l e v e l  o f  f r e e  2 ,4 - D  was s u b s t a n t i a l l y  in c r e a s e d  i n  th e  

t r e a t e d  le a v e s  o f  th e t e s t  p l a n t s .

Long a n d  B a s le r  ( 1 9 7 4 )  s t u d ie d  th e t r a n s l o c a t i o n  o f  2 , 4 , 5 - T

and 2 , 4 - D  i n  b ean  (P .  v u l g a r i s ) s e e d l in g s ,  ^ C - l a b e l l e d  c h e m ic a ls  w ere

i n j e c t e d  in t o  t h e  c e n t r e  o f  th e  stem  a t  the c o t y le d o n a r y  node w it h  a

1 - j i l  s y r in g e .  C o n s id e r a b le  b a s i p e t a l  a s  w e l l  a s  a c r o p e t a l  t r a n s l o c a t i o n

o f  th e h e r b i c i d e s  was o b s e rv e d  from  th e  s i t e  o f  i n j e c t i o n .  A c r o p e t a l

t r a n s l o c a t i o n  o f  2 , 4 , 5 - T  t o  p r im a r y  le a v e s  was v e r y  r a p id  f o r  th e  f i r s t

14
2 h a f t e r  t r e a t m e n t ,  and d u r in g  th e  f o l lo w in g  h o u rs  th e  C d is a p p e a r e d

from  th e  p r im a r y  le a v e s .  A c r o p e t a l  t r a n s l o c a t i o n  o f  2 , 4 , 5 - T  to  th e

young s h o o ts  was s lo w  b u t c o n t in u o u s  up t o  24 h a f t e r  i n j e c t i o n .  I t

was s u g g e s te d  t h a t  2 , 4 , 5 - T  r a p i d l y  e n t e r e d  th e  p r im a ry  le a v e s  v i a  the

t r a n s p i r a t i o n  stre a m  and was s u b s e q u e n t ly  e x p o rt e d  i n  phloem  w it h  th e

a s s i m i l a t e s  t o  th e  young s h o o t s .  The t r a n s l o c a t i o n  p a t t e r n  o f  2 ,4 - D  

was v e r y  s i m i l a r  t o  t h a t  o f  2 , 4 , 5 - T .  From  th e  r e s u l t s  p re s e n t e d  by
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th e  a u t h o r s ,  l e s s  th a n  3% o f  th e  in j e c t e d  r a d i o a c t i v i t y  was fo u n d  in  

th e  r o o t s  72 h a f t e r  a p p l i c a t i o n  b u t a c o n s id e r a b le  f r a c t i o n  (a b o u t  

30% ) was fo und  i n  th e  n u t r i e n t  s o l u t i o n .  U n f o r t u n a t e ly ,  h o w ev er, th e  

r a d i o a c t i v i t y  fo u n d  in  th e  n u t r i e n t  s o lu t i o n  and i n  th e  p la n t  t i s s u e s  

was m easured  w it h o u t  s e p a r a t io n  o f  th e  p a r e n t  c h e m ic a ls  from  p o s s i b l e  

m e t a b o l it e s .

C o m p arin g  th e  t r a n s l o c a t i o n  o f  s e v e r a l  x e n o b io t ic s  i n  s e e d lin g s  

o f  so yb ean and b a r l e y  f o l lo w in g  f o l i a r  a p p l i c a t i o n  o f  th e  c h e m ic a ls ,

M a r t in  and E d g in g to n  ( l 9 8 l )  fo u n d  a p o p l a s t ic  and s y m p la s t ic  movement o f

2 , 4 - D ,  a lt h o u g h  th e  r e s u l t s  v a r i e d  somewhat betw een th e two s p e c ie s .

From th e t o t a l  amount t r a n s lo c a t e d  o u t o f  th e  t r e a t e d  a re a  6 h a f t e r  

a p p l i c a t i o n ,  th e  p r o p o r t io n  moved i n  th e  a p o p la s t  (a b o v e  t r e a t e d  a r e a  

i n  th e t r e a t e d  l e a f )  i n  b a r l e y  and soybean w ere 3 4 .9  and k .1 %  r e s p e c t i v e l y .  

A t t h a t  t im e , m ost o f  th e  2 , 4 - D  t h a t  moved i n  th e  s y m p la s t  (b e lo w  th e  

t r e a t e d  a r e a  and r e n a in d e r  o f  th e  p l a n t )  was fo u n d  i n  th e  lo w e r p a r t  o f  

th e  t r e a t e d  b a r l e y  l e a f  and i n  th e  stem o f  so yb e an , w h ic h  was a t t r i b u t e d  

to  p o s s i b l e  b in d in g  o f  2 , 4 - D  t o  c e l l u l a r  com po nents.

C r i s p  and L a rs o n  (1 9 8 2 )  in v e s t ig a t e d  th e e f f e c t  o f  r i n g  s u b -
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s t i t u e n t s  on t r a n s l o c a t i o n  and m e ta b o lism  o f  C - l a b e l l e d  p h e n o x y a c e t ic  

a c id  and s i x  a n a lo g u e s  i n  so y b e a n , f o l lo w in g  a p p l i c a t i o n  a t  t h r e e  

d i f f e r e n t  s i t e s : -  p r im a r y  l e a f ,  c o t y le d o n  and e p i c o t y l .  T r a n s lo c a t i o n  

was a s s e s s e d  b y  d e t e r m in in g  th e  c o n c e n t r a t io n  o f  th e parent a c id s  and  

m e t a b o lit e s  i n  d i f f e r e n t  p a r t s  o f  th e  p l a n t s .  F o llo w in g  a p p l i c a t i o n  

to  th e  p r im a r y  l e a f ,  th e  m ost p h lo e m -m o b ile  compounds w ere 4 - f l u o r o -  

and 4 - c h lo r o p h e n o x y a c e t ic  a c i d s ,  th o ug h  l e s s  th a n  &% o f  th e  a p p lie d  

amount was fo und  i n  r o o t s  48  h a f t e r  a p p l i c a t i o n .  2 ,4 - D  and 2 , 4 , 5 - T  

w ere phloem  t r a n s lo c a t e d  t o  a l e s s e r  e x t e n t  and t h e r e  was no s i g n i f i c a n t  

phloem  t r a n s p o r t  o f  2 - m e t h y l- 4 - c h lo r o p h e n o x y a c e t ic , 2 - c h lo r o p h e n o x y a c e t ic  

and p h e n o x y a c e t ic  a c i d s ,  th o u g h  t h e s e  a c id s  w ere a lm o st c o m p le t e ly  

m e t a b o lis e d  d u r in g  th e  e x p e r im e n t s .  S i m i l a r  r e s u l t s  w ere o b ta in e d



fro m  c o t y le d o n  and e p ic o t y l  t r e a t m e n t s .  I t  was s u g g e s te d  t h a t  m ono- 

p a r a - h a l o  s u b s t it u t e d  p h e n o x y a c e t ic  a c id s  a re  more phloem  m o b ile  b e c a u s e  

t h e y  a re  n o t  i n a c t iv a t e d  by r a p id  m e ta b o lis m  o r  by b in d in g  t o  r e c e p t o r  

p r o t e in s  f o r  p la n t  grow th r e g u l a t o r s .

T r a n s lo c a t i o n  o f  3 * 5 ”D and 2 , 4 - D  a f t e r  f o l i a r  a p p l i c a t i o n  was 

i n v e s t i g a t e d  b y  B u r r e l l  (1 9 8 2 )  i n  p o t a t o  p l a n t s .  3 ? 5 -D  was t r a n s lo c a t e d  

to  th e  t u b e r s  f a s t e r  and m e t a b o liz e d  l e s s  th a n  2 , 4 - D .  When th e  same 

am ounts o f  3 > 5 -D  and 2 ,4 -D  w ere a p p l ie d  t o  le a v e s ,  1 0 $  o f  th e  a p p lie d  

d o se o f  3 > 5 -D  re a c h e d  th e t u b e r s  a f t e r  4 d a y s  com pared w it h  2 $  o f  2 , 4 - D .  

The p r o p o r t io n  of the a p p lie d  3 ? 5 -D  t r a n s l o c a t e d  to  th e  t u b e r s  in c r e a s e d  

5- f o l d  o v e r  th e  f i r s t  8 d a ys o f  th e  e x p e r im e n t ; t h i s  in c r e a s e  p a r a l l e l e d  

th e  i n c r e a s e  i n  t u b e r  g ro w th . I t  was s u g g e s te d  t h a t  t r a n s l o c a t i o n  o f

3 , 5 - D  to  th e  t u b e r s  i s  m ost p r o b a b ly  a s s o c ia t e d  w it h  th e  flo w ' o f  c a rb o ­

h y d ra t e  .

The t r a n s l o c a t i o n  o f  weak a c id s  i n  w h o le  p l a n t s ,  f o l lo w in g  

u p ta k e  b y r o o t s ,  h a s been s t u d ie d  t o  a l e s s e r  e x t e n t  th a n  i t  h a s been  

f o l lo w in g  f o l i a r  a p p l i c a t i o n .

S t u d y in g  th e t r a n s l o c a t i o n  o f  s e v e r a l  h e r b i c i d e s  and a s y s t e m ic  

f u n g ic id e  t o  s h o o ts  o f  b a r le y  s e e d l in g s  f o l lo w in g  u p ta k e  by r o o t s  from  

n u t r i e n t  s o l u t i o n ,  Shone and Wood (1 9 7 4 )  fo u n d  t h a t ,  i n  c o n t r a s t  to  th e  

n o n - io n is e d  c h e m ic a ls ,  th e  c o n c e n t r a t io n  o f  2 , 4 - D  i n  th e  t r a n s p i r a t i o n  

stre a m  was s e v e r a l  t im e s h ig h e r  th a n  t h a t  i n  th e  n u t r i e n t  s o l u t i o n  a t  

pH 4 . 0 .  The TSCF v a lu e s  a t  pH 4 . 0  and 6 .5  w e re , r e s p e c t i v e l y ,  3 * 1 2  

and 0 . 1 4 .  10 M sodium  a z id e  was o b s e rv e d  t o  re d u c e  th e TSCF a t

pH 4 . 0  t o  u n i t y ,  -which s u g g e s te d  t h a t  a c c u m u la t io n  o f  2 , 4 - D  was i n ­

f lu e n c e d  b y  m e ta b o lis m .

14
The t r a n s l o c a t i o n  p a t t e r n  o f  r o o t - a b s o r b e d  C - l a b e l l e d  p ic lo r a m  

i n  young so y b e a n  p la n t s  was in v e s t ig a t e d  by G a u d ie l and V anden B o rn  

(1 9 7 9 )*  T h e y  showed b y means o f  a  stem  g i r d l i n g  t e c h n iq u e  t h a t  p ic lo r a m  

a p p l ie d  to  r o o t s  was r a p i d l y  t r a n s p o r t e d  v i a  th e  x y le m , m a in ly  t o  th e

31
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p r im a r y  l e a v e s .  Th ese le a v e s  a lm o st im m e d ia t e ly  e x p o rte d  m ost o f  th e

c h e m ic a l a g a in  v i a  th e ph lo em , p r i m a r i l y  to  th e  young a p i c a l  le a v e s .

A f t e r  4 h u p ta k e  from  n u t r i e n t  s o l u t i o n ,  no change in  d i s t r i b u t i o n  o f

r a d i o a c t i v i t y  to o k  p la c e  i n  p la n t s  l e f t  f o r  p e r io d s  o f up t o  2 d a y s .

Am ounts o f  r o o t - a b s o r b e d  p ic lo r a m  t r a n s l o c a t e d  from  sh o o ts  b a c k  t o  th e

r o o t s  i n  s p l i t - s t e m  p la n t s  w ere e x t re m e ly  s m a ll .  By u s in g  a m ic r o -

a n t o r a d io g r a p h y  t e c h n iq u e ,  O’ D onovan and V anden B o rn  ( l 9 8 l )  s t u d ie d

14
f u r t h e r  th e  d i s t r i b u t i o n  o f  C - l a b e l l e d  p ic lo r a m  i n  soybean f o l lo w in g

r o o t  u p t a k e .  The r e s u l t s  i n d ic a t e d  t h a t  th e  r a d i o a c t i v i t y  r e t a in e d  i n

th e  r o o t s  a p p e a re d  t o  be a s s o c ia t e d  m a in ly  w i t h  th e  p ro to p la s m  o f  th e

c o r t i c a l  c e l l s .  I n  th e stem , r a d i o a c t i v i t y  was p r e s e n t  i n  b o th  th e

xylem  and phloem  w it h  c o m p a r a t iv e ly  l i t t l e  movement in t o  th e  o t h e r

t i s s u e s .  C o n s id e r a b ly  m ore r a d i o a c t i v i t y  was p r e s e n t  i n  th e  y o u n g e r

a p i c a l  le a v e s  th a n  i n  th e  o ld e r  p r im a r y  l e a v e s .  I n  th e p r im a r y  le a v e s

th e  r a d i o a c t i v i t y  was p r e s e n t  o n ly  i n  th e  x y le m  v h e re a s  in  th e  a p i c a l

le a v e s  i t  was p r e s e n t  b o th  i n  phloem  and x y le m . I t  was s u g g e s te d  t h a t

14
th e  a p p a re n t  a b se n ce o f  C - l a b e l l e d  p ic lo r a m  i n  th e  phloem  o f  th e  p r im a r y  

le a v e s  i s  a r e s u l t  o f  a r a p i d  l o s s  o f  th e  c h e m ic a l th ro u g h  e x p o r t  to  th e  

a p i c a l  l e a v e s .

1 . 2 . 4 .  U p ta k e  and t r a n s l o c a t i o n  o f  c a t i o n i c  and z w i t t e r i o n i c  c h e m ic a ls  

P r i c e  e t  a l . ( 1 9 7 5 )  s t u d ie d  th e  x y le m  and phloem  t r a n s p o r t  o f  

1-m e t h y l p y r id in iu m  c h l o r i d e  and r e l a t e d  compounds a p p lie d  t o  w heat 

le a v e s .  The c h e m ic a ls  w ere a p p l ie d  m idway on th e  l e a f  b la d e  and t h e 

a c r o p e t a l  x y le m  and h a s i p e t a l  phloem  movement w ere m ea su red . The 1 -m e th y l 

p y r id in iu m  c a t i o n  and two r e l a t e d  c a t i o n i c  a n a lo g u e s  had l i t t l e  xylem  

m o b i l i t y  and m oderate phloem  m o b i l i t y ,  h u t  w ere s t r o n g ly  r e t a in e d  i n  th e  

t r e a t e d  a r e a .  R e t e n t io n  was s u g g e s te d  t o  o c c u r  in s id e  th e  c e l l s  due 

to  th e  n e g a t iv e  e le c t r o c h e m ic a l  p o t e n t i a l  f a v o u r in g  th e  c e l l  a c c u m u la t io n  

o f  c a t i o n s .  L e s s  r e t e n t i o n  i n  th e  t r e a t e d  a r e a ,  w h ic h  r e s u l t e d  i n  

g r e a t e r  phloem  and xylem  m o b i l i t y ,  was a c h ie v e d  by a d d in g  a c a r b o x y l
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g ro u p  i n  th e  p a r a  p o s i t i o n  o r a s u lp h o n ic  a c id  g ro u p  i n  t h e  m eta  

p o s i t i o n  o f  th e  p y r id in iu m  r i n g .  These s t r u c t u r e s  form  z w i t t e r i o n s ,  

and t h e i r  l e s s e r  r e t e n t io n  i n s i d e  th e  c e l l s  th a n  1-m e t h y l p y r id in iu m  was 

a s c r ib e d  t o  t h e i r  z e r o  n e t  c h a rg e  a t  p h y s i o l o g i c a l  pH.

R a d io a c t iv e  g ly p h o s a t e  [N -(p h o s p h o n o m e th y l) g l y c i n e ]  was r e p o r t e d  

b y  S p r a n k le  e t  a l . ( 1 9 7 5 )  t o  be a b so rb e d  b y le a v e s  o f  q u a c k g r a s s  (A g ro p y ro n  

r e p e n s ) and r e a d i l y  phloem  t r a n s lo c a t e d  to  u n t r e a t e d  s h o o t s  and rh iz o m e s .  

When th e  c h e m ic a l was a p p l ie d  to  one l e a f  o f  a s i n g l e  s h o o t ,  a b o u t 60$  

o f  th e  t r a n s l o c a t e d  r a d i o a c t i v i t y  was fo u n d  i n  th e  rh iz o m e  and i n  o t h e r  

u n t r e a t e d  s h o o t s .  M a r t in  and E d g in g to n  ( l 9 8 l )  o b s e rv e d  t h a t  g ly p h o s a t e  

was v e r y  e f f i c i e n t l y  phloem  t r a n s lo c a t e d  i n  b a r l e y  and p o t a t o  p l a n t s .

I t s  p a t t e r n  o f t r a n s p o r t  re s e m b le d  t h a t  o f  s u c r o s e  and , fro m  th e  t o t a l  

amount t r a n s lo c a t e d  from  th e  t r e a t e d  l e a f ,  m ost was fo u n d  i n  th e r o o t s .  

U p tak e o f  th e  c h e m ic a l b y  p o t a t o  t u b e r  t i s s u e  was s lo w  w h ile  u p ta k e  and 

t r a n s l o c a t i o n  w ere r a p i d ,  w h ic h  was a s c r ib e d  t o  p o s s i b l e  a c t i v e  m echanism s  

o f u p ta k e  i n  i n t a c t  p l a n t s  b e c a u se  o f  th e  s t r u c t u r a l  s i m i l a r i t i e s  o f  the  

c h e m ic a l w it h  a m in o a c id s .  U n lik e  2 , 4 - D ,  g ly p h o s a t e  was shown n o t  t o  

a c c u m u la te  a g a in s t  a c o n c e n t r a t io n  g r a d ie n t  i n  p o t a t o  t u b e r  t i s s u e .  I t  

was s u g g e s te d  t h a t  th e  s lo w  movement th ro u g h  c e l l  m em branes, a s  shown by  

th e  u p ta k e  o f  th e  c h e m ic a l b y  p o ta to  t u b e r  t i s s u e ,  m ig h t be a s s o c ia t e d  

w it h  th e  r e t e n t i o n  o f g ly p h o s a t e  i n  phloem  and c o n s e q u e n t t r a n s p o r t  

w it h  a s s i m i l a t e s .  I t  s h o u ld  be n o ted  t h a t  i n  t h e s e  s t u d i e s ,  m e ta b o lism  

o f  g ly p h o s a t e  was n o t a s s e s s e d  and th e  r a d i o a c t i v i t y  m e a su re d  i n  u n t r e a t e d  

p a r t s  o f  th e  p la n t s  was in t e r p r e t e d  a s b e in g  th e  p a r e n t  c h e m ic a l.

1 . 2 . 5 .  H y p o th e se s  d e s c r i b i n g  t r a n s l o c a t i o n  o f  x e n o b io t i c s  i n  phloem

1 . 2 . 5 - 1 -  N o n - io n is e d  c h e m ic a ls

A s m e n tio n e d  e a r l i e r ,  a p o p la s t ic  c h e m ic a ls  a re  c h a r a c t e r i s e d  

b y  b e in g  t r a n s p o r t e d  i n  th e  d i r e c t i o n  o f  th e  t r a n s p i r a t i o n  stre a m  w it h  

lo n g  d is t a n c e  t r a n s p o r t  o c c u r r in g  in  the x y le m . C h e m ic a ls  e x h i b i t i n g



an a p o p l a s t i c  p a t t e r n  o f  t r a n s p o r t  w ere th o u g h t to  be u n a b le  to  p e n e t r a t e  

th e  s e m i-p e rm e a b le  plasm alem m a o f th e s y m p la s t  and t h u s  to be c o n f in e d  

t o  th e  a p o p la s t  ( C r i s p ,  1 9 7 2 ) .  H ow ever, s e v e r a l  in d e p e n d e n t s t u d ie s  

h a ve shown t h a t  th e  s y m p la s t  i s  f r e e l y  a c c e s s i b l e  t o  many c h e m ic a ls ,  

i n c l u d i n g  t h o s e  t h a t  move i n  the a p o p la s t  b u t  n o t  i n  th e  s y m p la s t .

D o n a ld s o n  e t  a l . (1 9 7 3 )  fo u n d  t h a t  th e  a p o p l a s t ic  c h e m ic a l  

m onuron was t a k e n  up b y  b a r l e y  r o o t s  i n  am ounts i n d i c a t i n g  t h a t  th e  

c o n c e n t r a t io n  o f  the c h e m ic a l i n s i d e  th e  c e l l s  was s i m i l a r  t o  t h a t  i n  

th e  b a t h in g  s o l u t i o n .  P e t e rs o n  and E d g in g t o n  (1 9 7 6 )  exam ined th e  

u p ta k e  o f  s e v e r a l  a p o p la s t ic  p e s t i c i d e s  b y  p o t a t o  t u b e r  s l i c e s  and fo u n d  

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

th e  same c o n c e n t r a t io n  i n s i d e  th e  c e l l s  a s  i n  th e  b a t h in g  s o l u t i o n .  The 

q u e s t io n  r a i s e d  from  t h e s e  f i n d in g s  w a s : -  i f  some a p o p la s t ic  p e s t i c i d e s  

a re  p r e s e n t  i n  th e  s y m p la s t  o f  th e  p la n t ,  why do t h e y  n o t show e v id e n c e  

o f s y m p la s t ic  t r a n s p o r t ?  P e t e rs o n  and E d g in g t o n  (1 9 7 6 )  s u g g e s te d  t h a t  

i t  i s  b e c a u s e  t h e y  a re  n o t r e t a in e d  b y  th e  s y m p la s t  and, s in c e  t r a n s p o r t  

i n  th e  t r a n s p i r a t i o n  stre a m  i n  th e a p o p la s t  i s  much more r a p id  ( and  

u s u a l l y  o c c u r s  i n  th e  o p p o s it e  d i r e c t i o n ) ,  th e  p e s t i c i d e  te n d s  t o  move 

i n  th e  d i r e c t i o n  o f  th e  t r a n s p i r a t i o n  s tre a m .

P e t e r s o n  e t  a l .  (1 9 7 8 ) e x p la in e d  th e  t r a n s l o c a t i o n  o f  oxamyl 

from  a t r e a t e d  m ature l e a f  to  o t h e r  u n t r e a t e d  p a r t s  o f  p o ta to  p la n t s  

( i n c l u d i n g  a p e x , r o o t s  and o t h e r m ature l e a v e s )  a s b e in g  due t o  th e  

s lo w  r a t e  o f  oxam yl movement th ro u g h  c e l l  m em branes; t h i s  r a t e  was 

e s t im a t e d  f o l lo w in g  u p ta k e  o f  oxamyl b y  p o t a t o  t u b e r  d i s c s  from  s o l u t i o n  

and com pared w it h  th o se  o b ta in e d  w it h  o t h e r  a p o p l a s t i c  p e s t i c i d e s .  I t  

was s u g g e s te d  t h a t  once i n s i d e  th e  phloem  i n  th e  t r e a t e d  l e a f ,  th e  oxam yl 

i s  r e t a in e d  i n  th e  phloem  f o r  a lo n g  enough tim e  to be t r a n s p o r t e d  out  

o f th e  t r e a t e d  l e a f  w it h  th e  a s s i m i l a t e s .

I n  a s u b se q u e n t p a p e r, T y re e  £ t  a l .  (1 9 7 9 )  term ed t h i s  id e a  

th e  in t e r m e d ia t e  p e r m e a b il i t y  h y p o t h e s is  and made some t h e o r e t i c a l
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a s s u m p t io n s  to  e x p la in  th e  phloem  m o b i l i t y  o f  c e r t a i n  x e n o b io t i c s  t h a t  

a re  n o t weak a c i d s ,  b a se d  on t h e i r  s lo w  p e rm e a tio n  r a t e s  t h ro u g h  c e l l  

m em branes. I t  was s u g g e s te d  t h a t  t h e r e  i s  an optimum p e r m e a b i l i t y  

t h a t  p e r m it s  g r e a t e s t  c i r c u l a t i o n  th ro u g h  th e  s y m p la s t  and a p o p la s t  

( i n c l u d i n g  phloem  and x y le m ) o f p l a n t s .  The optimum p e r m e a b i l i t y  was 

l a r g e  enough t o  a l lo w  s u b s t a n t i a l  p a s s iv e  p e rm e a tio n  in t o  phloem  s ie v e  

c e l l s  i n  th e  s o u rc e  l e a f  and y e t  was s m a ll enough to  r e t a i n  th e

c h e m ic a l s u f f i c i e n t l y  i n  th e  phloem  t o  p e r m it  phloem  t r a n s p o r t .  The 

optimum p e r m e a b i l i t y  was d e te rm in e d  b y  th e  v e l o c i t y  o f  sa p  f lo w  i n  

s ie v e  c e l l s ,  th e  r a d iu s  o f  th e  s ie v e  c e l l ,  t h e  o v e r a l l  le n g t h  o f  th e  

p la n t  and th e  le n g t h  o f  th e  s o u rc e  r e g io n  in  the l e a f .  I t  was a rg u e d  

t h a t  th e  p e r m e a b il i t y  o f c e l l  membranes to  oxam yl i s  n e a r  th e  optimum  

p e r m e a b i l i t y  u n d e r some e x p e r im e n t a l c o n d i t io n s .

C o lla n d e r  (1 9 5 9 )»  w o rk in g  w it h  c e l l s  o f  th e  a lg a  N i t e l l a  

m u c ro n a ta , c o n c lu d e d  t h a t  th e  r a t e  o f  movement o f  a compound t h ro u g h  

c e l l  mem branes i s  c o r r e l a t e d  w it h  i t s  o i l - w a t e r  p a r t i t i o n  c o e f f i c i e n t  . 

B r ig g s  j j t  a l . (1 9 7 6 )  fo u n d  t h a t  t r a n s l o c a t i o n  o f n o n - io n is e d  c h e m ic a ls  

to  s h o o ts  o f  b a r l e y ,  f o l lo w in g  u p ta k e  by r o o t s  from  s o l u t i o n ,  i s  g o v e rn e d  

by th e  l i p o p h i l i c i t y  o f  th e  c h e m ic a ls ,  w it h  e f f i c i e n c y  o f t r a n s l o c a t i o n  

( a s  T S C F) i n c r e a s i n g  s h a r p ly  above lo g  K = - 0 .5  to  a b ro a d  optimum  

a ro u n d  lo g  = 1*7 and d e c l i n i n g  s h a r p ly  above lo g  K = 3* T h ese  

o b s e r v a t io n s  le d  P e t e rs o n  jet a l .  (1 9 7 8 ) and s u b s e q u e n t ly  E d g in g t o n  ( l 9 8 l )  

t o  s u g g e s t  t h a t  p o la r  n o n - io n is e d  c h e m ic a ls  o t h e r  th a n  oxam yl s h o u ld  a ls o  

h ave s lo w  p e rm e a tio n  r a t e s  th ro u g h  membranes and th u s  s a t i s f y  th e  r e q u i r e ­

m ents o f  th e  in t e r m e d ia t e  p e r m e a b il i t y  h y p o t h e s is  o f  t r a n s l o c a t i o n  o f  

x e n o b io t i c s  i n  phloem . H o w ever, t h i s  h y p o t h e s is  h a s n o t y e t  been f u l l y  

s u b s t a n t ia t e d  and c u r r e n t l y  t h e r e  i s  l i t t l e  in f o r m a t io n  on w h ic h  to  a s s e s s  

i t s  a p p l i c a b i l i t y  to th e  phloem  t r a n s l o c a t i o n  o f p o la r  n o n - io n is e d  c h e m ic a ls  

i n  g e n e r a l .
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1 . 2 . 5 * 2 .  Weak a c id s

R e v ie w in g  th e  l i t e r a t u r e  on th e  phloem  t r a n s p o r t  o f  n a t u r a l  

a s s i m i l a t e s ,  p la n t  g ro w th  r e g u l a t o r s  and h e r b i c i d e s ,  C r i s p  (1 9 7 2 )  n o te d  

t h a t  m ost c h e m ic a ls  known to  be p h lo e m -m o b ile  have i n  common th e  

c a r b o x y l (-C 0 0 H ) f u n c t i o n a l  g ro u p . He s u g g e s te d  t h a t  an e f f e c t i v e  

p h lo e m -m o b ile  c h e m ic a l m ust be a weak a c i d .  He a ls o  s u g g e s te d  t h a t  

th e  in c o r p o r a t io n  o f  a c a r b o x y l g ro u p  i n t o  a p e s t i c i d e  m o le c u le  s h o u ld  

r e s u l t  i n  phloem  m o b i l i t y ;  t h i s  id e a  was named th e a c id  a c t i v a t i o n  

h y p o t h e s is . S u p p o r t in g  e v id e n c e  f o r  t h i s  id e a  was o b t a in e d  from  s t u d ie s  

o f th e  t r a n s l o c a t i o n  p a t t e r n s  o f  a m in o c a rb  ( 4 - d im e t h y la m in o - m - t o ly l  

m e th y lc a rb a m a te ) and o f  an a c id  a n a lo g u e , 4 - ( N - d im e t h y la m in o ) - m - t o ly lo x y -  

a c e t i c  a c id ,  i n  so y b e a n . A u t o ra d io g ra p h y  o f  w hole p l a n t s ,  f o l lo w in g  

a p p l i c a t i o n  o f th e  c h e m ic a ls  to  c o t y le d o n s  o r  p r im a ry  le a v e s ,  showed 

a m in o c a rb  t o  be a p o p la s t ic  w h e re a s th e  a c i d  a n a lo g u e  was shown t o  be 

s y m p l a s t ic .

O th e r a u t h o rs  h a v e  a ck n o w le d g e d  C r i s p 1s o b s e r v a t io n s  and 

f i n d i n g s ,  w h ic h  have been r e f e r r e d  t o  a s  th e  weak a c id  h y p o t h e s is  

(T y r e e  e t  a l . ,  19795 E d g in g t o n , 1981 ; C h a m b e rla in  e t  a l . ,  1 9 8 4 ).

C r i s p  (1 9 7 2 )  d id  n o t  attem p t an e x p la n a t io n  o f  th e  r o l e  o f  

th e  c a r b o x y l  g ro u p  w it h  r e g a r d  to  th e  phloem  m o b il it y  o f weak a c i d s .

He o n ly  s u g g e s te d  t h a t  th e  in c o r p o r a t io n  o f  a c a rb o x y l g ro u p  in t o  an 

i n s e c t i c i d e  m o le c u le  w o u ld  enhance i t s  a b i l i t y  to  perm eate c e l l  membranes 

and t o  e n t e r  th e  ph lo em . S u r p r i s i n g l y ,  h o w ev er, r e f e r r i n g  t o  C r i s p ’ s 

w o rk , T y re e  e t  a l .  (1 9 7 9 )  w ro t e : ’A c c o r d in g  to  t h i s  t h e o r y ,  weak a c id s

w h ic h  a re  i n  th e  u n d is s o c ia t e d  m o le c u la r  s t a t e  a t  lo w  pH a re  a b le  to  

d i f f u s e  th ro u g h  th e  plasm alem m a; th e  h ig h e r  pH o f  the phloem  c a u s e s  th e  

m o le c u le s  to  d i s s o c i a t e  and th e  p o la r  a n io n s  a re  u n a b le  to  d i f f u s e  b a ck  

t h ro u g h  th e  plasm alem m a. I n  t h i s  way a weak a c id  x e n o b io t ic  ca n  be

lo a d e d  in t o  th e  phloem  and t r a n s p o r t e d  aw ay’ . I t  a p p e a rs  a s  i f  T y re e  

e t  a l .  ( 1979 ) had i n  m ind some o f  th e  w o rk m en tio n ed  e a r l i e r  on a c c u m u la t io n  

o f  weak a c id s  by c e l l s .  G o ld s m it h  ( 1 9 7 7 )»  b a se d  on a p e r s o n a l com m uni-



c a t io n  from  A . R . S h e ld r a k e ,  w ro te : ’A c c u m u la t io n  o f  IAA i n  s ie v e  tu b e s

c o u ld  be th e  r e s u l t  o f  th e  u s u a l l y  h ig h e r  pH o f  th e s e  c e l l s  com pared to  

th e  s u r r o u n d in g  o n e s ' .

C r i s p  and Lo o k (1 9 7 9 )  s t u d ie d  th e  lo n g  d is t a n c e  phloem  t r a n s p o r t  

i n  so yb e an  p la n t s  o f  4 - c h lo r o p h e n o x y a c e t ic  a c id  and s i x  c l o s e l y  r e l a t e d  

b u t n o n - a c id ic  a n a lo g u e s , in c l u d i n g  e t h a n o l,  e t h y l am ine, k e to n e  and 

a c e t o x y  a n a lo g u e s .  O n ly  th e  a c id  was p h lo e m -m o b ile  and i t  was s u g g e s te d  

t h a t  weak o r g a n ic  a c id s  a re  a c t i v e l y  lo a d e d  in t o  th e  phloem  s ie v e  t u b e -  

com panion c e l l  co m p le x . T h is  s u g g e s t io n  was b a se d  on th e  w o rk b y  

E t h e r t o n  and R u b in s t e i n ( 1 9 7 8 ) ,  whose d a t a  on a c c u m u la t io n  o f  -a m in o -  

i s o b u t y r i c  a c id  i n  c o l e o p t i l e  c e l l s  o f  A ve n a  s a t i v a  f i t t e d  an am ino  

a c i d  -H + c a r r i e r  m e d ia te d  c o - t r a n s p o r t  m o d el, i n  w h ic h  t r a n s p o r t  i s  

c o n t r o l l e d  b y  b o th  th e  membrane p o t e n t i a l  and p ro to n  c o n c e n t r a t io n  

com ponents o f the c h e m ic a l p o t e n t ia l  d i f f e r e n c e  o f p r o t o n s  a c r o s s  th e  

c o l e o p t i l e  c e l l  m em branes.

E d g in g to n  ( l 9 8 l ) ,  vh o  i s  a c o - a u t h o r  o f  th e  p a p e r b y  T y re e  e t  a l . 

( 1 9 7 9 ) ,  r e f e r r e d  to  th e  w o rk m en tio n ed  above and w ro te : ’ C r i s p  and Look

( 1979 ) a t t r i b u t e  lo a d in g  o f  a c id s  in t o  th e  phloem  to  th e  io n  t r a p  t h e o r y .

A t  th e  pH o f  th e  a p o p la s t ,  a b o u t 5 -5 ?  weak a c id s  a re  o n ly  p a r t l y  io n is e d .  

The m o le c u la r  form  e a s i l y  d i f f u s e s  th ro u g h  th e  plasm alem m a o f  th e  phloem  

s ie v e  tu b e -c o m p a n io n  c e l l  com plex w here i t  i o n i s e s  a t  th e  a l k a l i n e  pH 

o f  th e p h lo em . S in c e  t h e  a n io n  ca n n o t e a s i l y  p a s s  b a ck  t h ro u g h  th e  

l i p o p h i l i c  membrane, i t  i s  t r a p p e d . T h e r e f o r e ,  weak a c i d s  a c cu m u la te  

a g a in s t  a g r a d ie n t  i n  th e  p h lo em ’ .

T h u s, i t  ca n  be c o n c lu d e d  t h a t  C r i s p  (1 9 7 2 )  f i r s t  n o te d  th e  

im p o rta n c e  o f  an a c id  g ro u p  a s p a r t  o f  a p h lo e m -m o b ile  m o le c u le .

F u r t h e r  s t u d ie s  b y  C r i s p  and c o - a u t h o r s  have su p p o rte d  t h i s  id e a  and 

h ave assum ed t h a t  weak a c i d s  e n t e r  th e  phloem  c e l l s  b y a c a r r i e r - m e d ia t e d  

p r o c e s s  a b le  to  r e c o g n is e  th e  a c id  g ro u p . F o r  re a s o n s  t h a t  a re  u n c e r t a in ,  

T y re e  e t  a l . (1 9 7 9 )  and E d g in g to n  ( l 9 8 l )  m is in t e r p r e t e d  C r i s p ’ s id e a  a b o u t  

e n t r y  o f  weak a c id s  i n  p h lo em .
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D e s p it e  th e  m is i n t e r p r e t a t i o n s ,  from  th e  e v id e n c e  shown p r e v i o u s l y  

on th e  a c c u m u la t io n  o f  weak a c id s  by c e l l s  ( l . 2 . 3 * l* )»  th e  p r i n c i p l e  

o f an ’ io n  t r a p ’ f o r  d e s c r i b i n g  the a c c u m u la t io n  o f  weak a c id s  i n  phloem  

a p p e a rs  t o  be c o r r e c t .  F u r t h e r  s u p p o rt  to  t h i s  id e a  was g iv e n  b y Ja c o b  

and Neumann ( 1982) ,  who s t u d ie d  the phloem  m o b i l i t y  o f  s e v e r a l  x e n o b io t i c s  

f o l lo w in g  a p p l i c a t i o n  t o  c o t y le d o n s  o f  S in a p is  a l b a . C a r b o x y l ic  a c id s  

a s  w e l l  a s  m a le ic  h y d r a z id e ,  a weak a c id  w it h  no c a r b o x y l g ro u p , w ere  

t r a n s l o c a t e d  i n  ph lo em . The p a r t i t i o n  c o e f f i c i e n t s  o f th e  compounds 

m o b ile  i n  phloem  w ere h ig h e r  a t  pH 8 .0  th a n  a t  pH 5»0 i n  c o n t r a s t  to  th e  

p a r t i t i o n  c o e f f i c i e n t s  o f  th e  x y le m -m o b ile  c h e m ic a ls  w h ic h  w ere s i m i l a r  

a t  b o th  p H s . T h e se  a u t h o rs  su g g e s te d  t h a t  weak a c id s  a re  a c cu m u la te d  

i n  th e  phloem  s ie v e  c e l l s  b y  an io n  t r a p p in g  m echanism  r e s u l t i n g  in  

e f f i c i e n t  t r a n s l o c a t i o n  o f  th e s e  c h e m ic a ls  i n  phloem . T h is  s u g g e s t io n  

was f u r t h e r  s u b s t a n t ia t e d  b y  Neumann e t  a l .  ( 1 9 8 5 ) )  who s t u d ie d  th e  phloem  

m o b i l i t y  o f  a w id e r  ra n g e  o f  x e n o b io t ic s  i n  *5. a l b a .

1 . 2 . 6 .  T e c h n iq u e s  f o r  d e t e rm in in g  c h e m ic a l c o n c e n t r a t i o n s in  phloem  sap  

I t  h a s lo n g  been known t h a t  phloem  e x u d a te s  ca n  be o b ta in e d  

from  c u t s  i n  th e  b a rk  o f  many s p e c ie s  o f t r e e s  (Zimm erm ann, i 960) o r from  

c u t s  i n  th e  i n f l o r e s c e n t  s t a l k s  o f Y u c c a  f l a c c i d a  (v a n  D ie ,  1968) b u t,  

f o r  d e t a i l e d  t r a n s l o c a t i o n  s t u d ie s  o f  x e n o b io t i c s  i n  ph lo em , th e  s e a r c h  

h a s  b een f o r  a s u i t a b l e  p la n t  w h ich  w i l l  p r o v id e  phloem  e x u d a t io n  u n d e r  

c o n t r o l l e d  la b o r a t o r y  c o n d i t io n s .  P la n t s  o f  th e  f a m ily  C u c u r b it a c e a e  

w i l l  y i e l d  a l i m i t e d  q u a n t it y  o f phloem  sap  from  th e  end o f  a c u t  stem o r  

p e t i o l e  b u t th e  e x u d a te  g e l s  r a p i d l y  ( H a l l  e t  a l . ,  I 9 7 I ) . Phloem  

e x u d a t e s  ca n  a l s o  be c o l l e c t e d  a f t e r  c u t t i n g  th e  s t y l a r  end o f  pods o f  

leg u m e s (P a t e  e t  a l . ,  1 9 7^ )*  Hoad (1 9 8 0 )  d e s c r ib e d  a m ethod f o r  

a s s e s s i n g  th e  phloem  t r a n s l o c a t i o n  o f  c h e m ic a ls  u s in g  po ds o f  l u p in  

( L u p in u s  a l b u s ) , w h ic h  a re  e x c is e d  fro m  th e  p la n t  and t h e i r  s t a l k s  p la c e d  

i n  s o l u t i o n  c o n t a in in g  th e  compounds u n d e r t e s t .  H o w ever, th e  v i r t u a l  

a b se n c e  o f  a t r a n s p i r a t i o n  stre a m  i n  th e  pod m akes t h i s  sy ste m  a r a t h e r
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s p e c i a l i s e d  one, w h ic h  may n o t r e p r e s e n t  the a b i l i t y  o f  t e s t  c h e m ic a ls  

t o  be phloem  t r a n s lo c a t e d  o v e r lo n g  d is t a n c e s  i n  w h o le  p l a n t s .  O th e r  

i n v e s t i g a t o r s  h ave u se d  a p h id  s t y l e t s  f o r  o b t a in in g  phloem  ex u d a te b u t,  

a c c o r d in g  to  H a l l  e t  a l . ,  ( l 9 7 l ) >  i t  i s  a d i f f i c u l t  t e c h n iq u e  to  p e rfo rm .  

N e v e r t h e le s s ,  b y  u s in g  s e v e re d  s t y l e t s  o f  th e  a p h id  T u b e r o la c h n u s  s a l ig n u s  

s i t e d  on b a rk  s t r i p s  o f -w illo w , P e e l (1 9 7 2 )  d e m o n stra te d  t h a t  2 ,4 - D ,  

2 - m e t h y l- 4 - c h lo r o p h e n o x y a c e t ic  a c id ,  2 , 4 , 5 - T ,  t r i c h l o r o a c e t i c  a c id  and 

m a le ic  h y d r a z id e  a c c u m u la te  i n  th e  phloem  s ie v e  c e l l s  a g a in s t  a co n ­

c e n t r a t io n  g r a d ie n t ,  f o r  th e  r a d i o a c t i v i t y  o f  th e  s t y l e t  e x u d a te  e x ce e d e d  

t h a t  o f  th e  b a t h in g  s o l u t i o n .  H ow ever, b e c a u s e  o f  th e  l a c k  o f phloem  

o r xylem  f lo w  i n  th e  b a rk  s t r i p s ,  t h i s  system  d o es n o t  p r o v id e  in f o r m a t io n  

a b o u t phloem  t r a n s l o c a t i o n  o f th e c h e m ic a ls  i n  w h o le  p l a n t s .

M ilb u r n  ( 1 9 7 0 )  d e m o n stra te d  t h a t  up t o  1 ml o f  phloem  sap ca n

be c o l l e c t e d  from  a s i n g l e  i n c i s i o n  i n  th e  stem  b a r k  o f  c a s t o r  o i l  p la n t s

( R i c i n u s  communis L . ) ,  and t h e re  i s  e v id e n c e  t h a t  t h i s  sa p  r e p r e s e n t s  a

t r u e  sam ple o f  th e  s i e v e - c e l l  c o n t e n t s  ( H a l l  e t  a l . ,  1 9 7 1 ; S m ith  and

M ilb u r n ,  1 9 8 0 ).  B a k e r e t  a l . (1 9 8 0 ) d e v e lo p e d  a  t e c h n iq u e  u s in g

R .com m un is to  a s s e s s  th e  u p ta k e o f  e x o g e n o u s ly  a p p l ie d  a m in o a c id s  in t o

p h lo em ; i n  t h i s  t e c h n iq u e  th e  h o llo w  o f  a p e t i o l e  i s  p e r f u s e d  w it h  a

s o l u t i o n  o f  th e  c h e m ic a l,  -whose c o n c e n t r a t io n  i s  th e n  d e te rm in e d  i n  phloem

e x u d a te  c o l l e c t e d  from  th e  stem im m e d ia te ly  b e n e a th  th e  t r e a t e d  p e t i o l e .

R e c e n t ly ,  C h a m b e rla in  jrfc a l .  (1 9 8 4 ) h ave a d a p te d  th e  t e c h n iq u e  o f  B a k e r

e t  a l . (1 9 8 0 ) t o  s t u d y  th e  phloem  t r a n s l o c a t i o n  o f  x e n o b i o t i c s .  A

14 3 ,s o l u t i o n  c o n t a in in g  th e  C - l a b e l l e d  t e s t  c h e m ic a l and H - s u c r o s e  (u s e d  a s  

a r e f e r e n c e  s t a n d a r d )  was p e r f u s e d  f o r  one h o u r t h ro u g h  th e  h o llo w  p e t i o l e  

o f  a  m ature l e a f  by means o f  a p e r i s t a l t i c  pump, and t r a n s l o c a t i o n  was 

m o n it o re d  o v e r a p e r io d  o f  6 h by c o l l e c t i n g  phloem  e x u d a te  from  an 

i n c i s i o n  i n  th e stem  b a rk  b e n e a th  th e  t r e a t e d  l e a f .  The b la d e  o f  th e  

t r e a t e d  l e a f  was e n c lo s e d  i n  a t r a n s p a r e n t  'P e r s p e x ’ box t o  re d u c e  

t r a n s p i r a t i o n .  The h e r b ic id e s  and p la n t  gro w th  r e g u l a t o r s  2 , 4 - D ,

3 j 5 -D , IA A , a m in o t r ia z o le  and m a le ic  h y d r a z id e  w ere m o d e r a t e ly  m o b ile  i n
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p h lo em . S m a ll am ounts o f  oxam yl w ere d e t e c t e d  i n  phloem  e x u d a te  w h i l s t

e t h ir i m o l  and t r ia d im e f o n  w ere n o t t r a n s lo c a t e d  i n  ph lo em . The

d i s t r i b u t i o n  o f  th e  c h e m ic a ls  i n  d i f f e r e n t  p a r t s  o f  t r e a t e d  p la n t s  was

n o t a s s e s s e d .  The a u t h o rs  p o in t e d  o u t s e v e r a l  a d v a n ta g e s  o f  t h i s  m ethod,
'\

o f  w h ich th e  m ost im p o rta n t  a r e : -  ( a )  th e  compounds may be a p p lie d  to  

th e  p la n t  v i a  th e  h o llo w  p e t i o l e ,  t h u s  a v o id in g  th e  c o m p lic a t io n  o f  a  

c u t i c u l a r  b a r r i e r ,  and ( b )  th e  r a d i o l a b e l l e d  com pounds i n  th e  phloem  

e x u d a te  a re  m ea su red  d i r e c t l y ,  and m e t a b o lic  o r c h e m ic a l breakdow n ca n  be 

d e t e c t e d  e a s i l y .  H ow ever, th e  t e c h n iq u e  r e q u i r e s  r a t h e r  la r g e  p la n t s  

( 7 5  cm t a l l )  and so th e  c o n c e n t r a t io n  o f  th e  c h e m ic a ls  i n  th e  v a r io u s  

p a r t s  o f  th e  p la n t  ca n n o t be e a s i l y  m e a su re d . F u rt h e rm o re , th e  c o n c e n t r a t ­

io n  o f  th e  t e s t  compound in  th e  phloem  e x u d a te  ca n n o t be com pared w it h  th e  

c o n c e n t r a t io n  i n  th e  t r e a t e d  l e a f  b e c a u s e  th e  e x u d a te  i s  l i k e l y  t o  c o n t a in  

phloem  sap  b o th  from  th e  t r e a t e d  l e a f  and from  u n t r e a t e d  l e a v e s .

1 .3 *  O b je c t iv e s

The m ain  o b j e c t iv e s  o f th e p r e s e n t  w o rk w ere t o  t e s t  c u r r e n t  

id e a s  on th e  t r a n s l o c a t i o n  o f x e n o b io t i c s  i n  phloem  and t o  i n v e s t i g a t e  

i n  d e t a i l  w h e th e r and i n  what m anner p h y s ic o - c h e m ic a l  p r o p e r t i e s  o f  

x e n o b io t i c s  d e te rm in e  t h e i r  movement and d i s t r i b u t i o n  i n  p l a n t s .

To t e s t  th e  in t e r m e d ia t e  p e r m e a b i l i t y  h y p o t h e s is  o f phloem  

t r a n s p o r t  o f  n o n - io n is e d  compounds and to c o n f ir m  t h a t  t h e i r  t r a n s l o c a t i o n  

i s  a d i r e c t  c o n se q u e n c e  of t h e i r  l i p o p h i l i c i t y ,  th e  t r a n s l o c a t i o n  i n  

phloem  o f  a s e r i e s  o f n o n - io n is e d  compounds s p a n n in g  a ra n g e  o f  l i p o ­

p h i l i c i t y  was in v e s t ig a t e d  i n  R . com m unis, u s in g  m o d if ic a t i o n s  of an 

e x i s t i n g  t e c h n iq u e  i n  o r d e r  t o  a c h ie v e  a more q u a n t it a t i v e  a p p ro a c h .

The ’ io n  t r a p ’ m echanism  p ro p o s e d  t o  e x p la in  th e  a c c u m u la t io n  

o f  weak a c id s  i n  phloem  was a l s o  t e s t e d  i n  R . com m unis. K now ledge o f  

th e  r e l a t i v e  p e r m e a b i l i t i e s  o f  th e  c e l l  membranes to  th e  u n d is s o c ia t e d  

and d i s s o c i a t e d  fo rm s o f  an a c id  i s  e s s e n t i a l  f o r  th e  u n d e r s t a n d in g  

o f  t h i s  m echan ism . The r a t i o  o f  t h e s e  p e r m e a b i l i t i e s  f o r  e a ch  o f  

s e v e r a l  weak a c i d s  was o b ta in e d  from  s t u d ie s  o f  th e  u p ta k e  o f  the



c h e m ic a ls  b y  r o o t s  and su b se q u e n t t r a n s l o c a t i o n  t o  s h o o t s  o f  b a r l e y .

A s e r i e s  o f weak a c id s  o f  d i f f e r i n g  l i p o p h i l i c i t i e s  and p K a ’ s was 

exam ined i n  o rd e r  to  i n v e s t i g a t e  th e  e f f e c t  o f th e se  p h y s ic o - c h e m ic a l  

p r o p e r t i e s  on th e  a c c u m u la t io n  and t r a n s l o c a t i o n  o f weak a c id s  in  ph lo em .

41
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2 .  MATERIALS AND METHODS

2 . 1 .  C h e m ic a ls  u se d  i n  t h i s  w ork
-• i

The - l a b e l l e d  c h e m ic a ls  u se d  i n  t h i s  w o rk a re  g iv e n  in

T a b le  1 . F la m p ro p , m a le ic  h y d ra z id e  and 2 , 4 - d ic h lo r o p h e n o x y a c e t ic  

a c i d  w ere o b t a in e d  from  S h e l l  I n t e r n a t i o n a l  C o . L t d . ,  IC N  P h a r m a c e u t ic a ls  

L t d .  and Amersham I n t e r n a t i o n a l ,  r e s p e c t i v e l y .  The o t h e r  c h e m ic a ls  w ere  

s y n t h e s is e d  b y  D r s .  G e o f f r e y  G. B r ig g s ,  R ic h a r d  H . B ro m ilo w  and K e i t h  

C h a m b e rla in  (R o th a m ste d  E x p e rim e n t a l S t a t i o n ) .  A l l  th e  c h e m ic a ls  had  

a r a d io c h e m ic a l  p u r i t y  o f  a t  l e a s t  96% a s  a s s e s s e d  b y  t h i n  l a y e r  chrom a­

t o g ra p h y .

2 . 2 .  M easurem en t o f  o c t a n - l - o l / w a t e r  p a r t i t i o n  c o e f f i c i e n t s

O e t a n - l - o l / w a t e r  p a r t i t i o n  c o e f f i c i e n t s  (K  ^  o f  th e  n o n - io n is e d  

c h e m ic a ls  had a lr e a d y  been m easured  ( B r ig g s  e_t a l . ,  1 9 8 2 ).  V a lu e s  f o r  

th e  weak a c id s  w ere o b t a in e d  by s ta n d a rd  p r o c e d u r e s  (L e o  e t  a l . , 19 71 ) 

u s in g  50 g e n t le  i n v e r s i o n s  o f  a g la s s  c e n t r i f u g e  tu b e  c o n t a in in g  th e  

two p h a se s  p r e - s a t u r a t e d  w it h  e a ch  o t h e r ,  fo llo w e d  b y  c e n t r i f u g i n g  a t
; (700  g ) .

2 5 0 0  r e v o l u t i o n s  p e r  m in u t e .( A p p r o p r ia t e  vo lum e r a t i o s  o f th e  two 

p h a se s  w ere u se d  a c c o r d in g  t o  p r e d ic t e d  v a lu e s  o f  ( D r .  G e o f f r e y  G.

B r i g g s ,  p e r s o n a l c o m m u n ic a t io n ). 0.5M  H^SO^ (0 .0 5 M  f o r  m a le ic  h y d r a z id e )  

and 0.1M  Na^CO^ aqu eo u s p h a se s  w ere u se d  f o r  m easurem en ts o f t h e  un­

d i s s o c i a t e d  and d i s s o c i a t e d  fo rm s r e s p e c t i v e l y  o f  t h e  a c i d s .  The i n i t i a l  

c o n c e n t r a t io n  o f  th e  c h e m ic a ls  i n  th e  aqueous p h a se  v a r i e d  fro m  20 t o  50  

Jig ml 1 .

14
C - l a b e l l e d  m a le ic  h y d ra z id e  and 4 -m e s y l P .O .A . w ere u se d  i n

t h e s e  d e t e r m in a t io n s ,  c o n c e n t r a t io n s  i n  th e  a q u eo u s p h a se b e f o r e  and

a f t e r  p a r t i t i o n  b e in g  m easured  by l i q u i d  s c i n t i l l a t i o n  c o u n t in g ;  th e

e f f e c t  o f  t r a c e  i m p u r i t i e s  on th e  m easured  K o f  t h e s e  c h e m ic a ls  w o uld
ow

be v e r y  s m a ll a s  t h e i r  c o n c e n t r a t io n s  i n  th e  two p h a se s  w ere v e r y  s i m i l a r .
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T a b l e  1. C h e m i c a l s  u s e d  in this w o r k

1. N o n - i o n i s e d  c h e m i c a l s

C h e m ic a la
M o le c u la r  

we i  g h t
L o g K 

& ow

a l d i c a r b  s u lp h o n e ch3so2.cch= no.co.nhch3 2 2 2 - 0 .5 7

c h 3

ox amyl

*

(CH3)2NCO.C = NO.CO.NHCH3 219 - 0 .4 7

sch3

3 -m e s y lp h e n y lu re a ^ ^ V - n h .c o .n h 2 214 - 0 .1 3

/CH3SO2

P h e n y lu re a nh.co.nh2 136 0 .8 0

4 - c h lo r o p h e n y lu r e a ci— nh.co.nh2 1 7 0 .3 1 .8 0

4 - c h lo r o b e n z a ld e h y d e  

0 -m e th y lc  arb a m o y lo x im e Cl— CH=N0.C0.NHCH3 2 1 2 .5 2 . 2 7

a . { * )  i n d i c a t e s  th e  p o s i t i o n  o f  th e  C-atom

b . K = o c t a n - l - o l / w a t e r  p a r t i t i o n  c o e f f i c i e n t  ( v a lu e s  

from  B r ig g s  e t  a l . ,  1 9 8 2 ).
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C o n c e n t r a t io n s  o f  th e o t h e r  more l i p o p h i l i c  a c id s  i n  th e  a qu eo u s p h a se

w ere m ea su red  b y  h ig h - p r e s s u r e  l i q u i d  c h ro m a to g ra p h y  on a co lum n o f

10 îm S p h e r is o r b  ODS, w it h  m eth an o l + 0.0 5M  c h l o r o a c e t i c  a c id  i n  w a te r

a s  e lu e n t  i n  th e  f o l lo w in g  p r o p o r t io n s :  30  + 70 (3 - m e t h y l- 4 -m e s y l P . O . A . ) ,

4 0 + 60 ( 4 - F  P .O .A . and 4 -C 1  P .O .A .)  and 60 + 4 0  ( 2 , 4 - D ,  3 , 5 - D  and

fla m p ro p  a c i d )  . The lo g  K q t̂ f o r  th e  u n d is s o c ia t e d  form  o f

4 - ( 2 , 4 - d ic h lo r o p h e n o x y )  P .O .A . was e s t im a t e d  from  H an sch  r e l a t i o n s h i p s

(L e o  e t  a l . ,  1 9 7 1 ) b y  D r .  G e o f f r e y  G. B r ig g s  ( p e r s o n a l  c o m m u n ic a t io n );

th e  v a lu e  f o r  th e  d i s s o c i a t e d  form  o f t h i s  a c i d  was m easured  u s in g  

14
C - l a b e l l e d  c h e m ic a l.

2 .3 *  U p ta k e  b y  r o o t s  and t r a n s l o c a t i o n  to  s h o o ts  o f  weak a c i d s  i n  b a r l e y

2 . 3 * 1 .  G row th o f b a r le y  s e e d lin g s

S e e d lin g s  o f b a r l e y  ( Hordeum v u lg a r e  c v .  G e o r g ie ) , g e rm in a te d  

on m o is t  t i s s u e  p a p e r, w ere t r a n s f e r r e d  to  a e r a t e d  h a l f  s t r e n g t h  H o a g la n d 's  

n u t r i e n t  s o l u t i o n  (H o a g la n d  and A rn o n , 1 9 5 0 ) .  S e e d lin g s  w ere i n d i v i d u a l l y  

s u p p o rte d  w it h  a p ie c e  o f foam i n  h o le s  i n  an alu m in iu m  p la t e  r e s t i n g  on 

a d a rk e n e d  b e a k e r  c o n t a in in g  n u t r i e n t  s o l u t i o n ,  and grown i n  a c o n t r o l l e d

e n v iro n m e n t cham ber w it h  a 1 6 -h  d ay ( l i g h t  i n t e n s i t y  10 k l x )  a t  2 0 °C  and

o —2 —1
8 - h  n ig h t  a t  16 C ( l i g h t  i n t e n s i t y  250 pm ol p h o to n s m s )

2 .3 * 2 .  U p ta k e  o f c h e m ic a ls

The e x p e r im e n t a l p r o c e d u re  was a d a p te d  from  B r ig g s  e t  a l .  (1982).  

T e n - d a y - o ld  p l a n t s  w ere t r a n s f e r r e d  t o  n u t r i e n t  s o lu t i o n  c o n t a in in g  th e  

c h e m ic a l u n d e r t e s t .  S ix  p la n t s  w ere i n d i v i d u a l l y  h e ld  i n  ru b b e r  bungs  

and f i t t e d  i n t o  h o le s  i n  an a lu m in iu m  p la t e  r e s t i n g  f l u s h  on a 6 .5 - c m -  

d ia m e t e r g l a s s  c r y s t a l l i s i n g  d is h  w it h  d a rk e n e d  s id e s .  T h is  d is h  

c o n t a in e d  th e  s o l u t i o n  (1 0 0  m l) o f  c h e m ic a l a t  an i n i t i a l  c o n c e n t r a t io n  

o f 5 JiM (2 0 0 0  t o  5000 dpm ml ^ ) . T r a n s p i r a t i o n ,  c o r r e c t e d  f o r  e v a p o r a t io n  

u s in g  an i d e n t i c a l  v e s s e l  w it h o u t  p l a n t s ,  was m easured b y w e ig h in g  th e



46
v e s s e l  and p la n t s  a t  th e  b e g in n in g  and end o f  e a ch  t e s t ,  vhen th e  co n ­

c e n t r a t io n  o f  th e  c h e m ic a l r e m a in in g  in  s o l u t i o n  v a s  a ls o  m easured  

( d u p l i c a t e  1 .0 m l a l i q u o t s ) .

U p ta k e  o f  2 ,4 - D  and 3 » 5 -D  v a s  in v e s t ig a t e d  a t  f i v e  pH ’ s (fro m  

pH 4 to  8 ) ,  w it h  two r e p l i c a t e s  (e a c h  o f  6 p l a n t s )  f o r  e a c h  pH. U p take  

o f  o t h e r  weak a c id s  was in v e s t ig a t e d  a t  pH 4 . 0  and 7*0 w it h  one r e p l i c a t e  

f o r  e a ch  pH. S o lu t i o n s  w ere b u f f e r e d  w it h  0.005M  c i t r i c  a c id  (pH  4 . 0  

and 5 * 0 ) ,  0.005M  sodium  d ih y d ro g e n  o rth o p h o s p h a te  (pH 6 .0  and 7 « 0 )  and 0 . 0 1M 

T R IS  [ 2 - a m in o - 2 - (h y d r o x y m e t h y l)  p r o p a n e - 1 , 3 - d i o l ]  f o r  t re a t m e n t s  a t  pH 8 . 0  . 

R e q u ir e d  pH v a lu e s  w ere o b t a in e d  by a d d in g  1.0M  NaOH o r HC1 and a f t e r  

1 2 , 24 and 36 h th e  pH’ s o f  th e  s o lu t i o n s  w ere ch e ck e d  and a d ju s t e d  i f  

n e c e s s a r y  by th e  same m eth od . T h is  p ro c e d u re  p r o v id e d  r e a s o n a b le  pH 

c o n t r o l ,  w it h in  -  0 . 2  u n i t e .  A t  pH 4 . 0 ,  some o f th e  c h e m ic a ls  w ere  

s t r o n g ly  ta k e n  up b y  th e  r o o t s  so t h a t  th e  c o n c e n t r a t io n  i n  th e  e x t e r n a l  

s o l u t i o n  d e c r e a s e d  r a p i d l y ,  and t h e r e f o r e  a f t e r  2 h th e  p la n t s  w ere  

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

A t  th e  end o f  th e  u p ta k e  p e r io d  (2 4  o r  48 h ) , s h o o ts  fro m  a l l  

th e  p la n t s  i n  one d is h  w ere c u t  o f f  and com bined, and th e r o o t s  b lo t t e d  

d r y ,  com bined and w e ig h e d . 20  ml a l i q u o t s  o f th e  e x t e r n a l  s o l u t i o n  

w ere ta k e n  t o  exam ine f o r  p o s s i b l e  d e g ra d a t io n  o f  c h e m ic a l i n  th e  n u t r i e n t  

s o l u t i o n .  P la n t  sa m p le s w ere s t o r e d  a t  -1 6 ° C  u n t i l  t h e y  c o u ld  be

a n a ly s e d .  T y p i c a l  r o o t  w e ig h t s  w ere O .lg  p e r  p l a n t ,  and t r a n s p i r a t i o n

1 . 0  ml p e r  p la n t  p e r  d a y .

2.3.3* D e g r a d a t i o n  of c h e m i c a l s

The r a t e  o f  d e g r a d a t io n  o f th e  c h e m ic a ls  i n  th e  s h o o t s  was 

e s t im a t e d  u s in g  g ro u p s o f  t h r e e  e x c is e d  s h o o t s  h e ld  i n d i v i d u a l l y  i n  

r u b b e r  bungs f i t t e d  i n t o  50-m l g la s s  v i a l s  c o n t a in in g  n u t r i e n t  s o l u t i o n  

w it h  t h e  c h e m ic a l u n d e r t e s t  (5  j iM, 2 0 0 0  t o  5000 dpm ml ^ ) .  R o o ts  w ere  

c u t  o f f  u n d e r w a te r im m e d ia t e ly  p r i o r  to  t r a n s f e r r i n g  th e  e x c is e d  s h o o ts  

t o  t r e a t e d  s o l u t i o n .  A f t e r  2 4 h , t r a n s p i r a t i o n  was m e a su re d , and s h o o ts
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from  one v i a l  w ere com bined and s t o r e d .  S h o o ts  from  th e  r e m a in in g  

two v i a l s  w e re  t r a n s f e r r e d  to  n u t r i e n t  s o l u t i o n  w it h o u t  c h e m ic a l,  and  

com bined s h o o t s  from  one v i a l  w ere t a k e n  f o r  a n a l y s i s  a f t e r  24 and 48 h .

2 . 3 * 4 .  C a l c u l a t i o n  o f r e s u l t s

V a lu e s  o f  R o ot C o n c e n t r a t io n  F a c t o r  (R C F ) and T r a n s p i r a t i o n  

S tre a m  C o n c e n t r a t io n  F a c t o r  (T S C F ) w ere c a l c u l a t e d  a s f o l lo w s :

amount (dpm ) i n  r o o t s  x  100
RCF =  — ........................................................................  ...........— -̂---------------------------------

w t. o f  r o o t s  ( g )  x co n e , o f  f i n a l  s o l u t i o n  (dpm ml ) x r e c o v e r y  ( °/o)

am ount (dpm ) i n  s h o o ts  x  100
TSCF = — --------------------------------------------------------------------------------------------------- -j----------------------------

w t. o f  w a t e r  t r a n s p i r e d  ( g )  x  co n e , o f  s o lu t io n (d p m  m l )  x  r e c o v e r y ( ^ )

The n u t r i e n t  s o lu t i o n  c o n c e n t r a t io n  u se d  i n  t h e  c a l c u l a t i o n  o f TSCF  

v a lu e s  was t h e  mean o f the i n i t i a l  and f i n a l  c o n c e n t r a t io n s  ( B r i g g s  e t  a l . ,  

1 9 8 2 ).  The TSCF v a lu e  c o r r e c t e d  f o r  d e g r a d a t io n  (T S C F q ) was c a l c u l a t e d  

from  th e  e x p e r im e n t a l v a lu e  (T S C F ^ ) m ea su red  a t  tim e ( t ) ,  u s in g  th e  

e s t im a t e  o f  th e  d e g ra d a t io n  r a t e  ( k )  o f  th e  c h e m ic a l i n  s h o o t s  a ssu m in g  

a c o n s t a n t  r a t e  o f u p ta k e  and d e g ra d a t io n  ( B r ig g s  _et a l . ,  1 9 8 2 ):

TSCT . t  . k
TSCT = ------------— -------

o . - t . k1 -  e

The d e g ra d a t io n  r a t e  was e s t im a t e d  a s f o l lo w s :  th e  amount o f

th e  c h e m ic a l ta k e n  up by e x c is e d  s h o o ts  ( s e e  2 . 3 * 3 *) p r i o r  t o  t r a n s f e r  

t o  c h e m i c a l - f r e e  s o lu t i o n  was c a l c u l a t e d  fro m  t h a t  ta k e n  up f o l lo w in g  

th e  2 4 - h  u p ta k e  p e r io d ,  a d ju s t e d  f o r  th e  vo lum e o f  w a te r t r a n s p i r e d .

From  th e  am ounts o f p a r e n t  c h e m ic a l r e c o v e r e d  24 and 48 h a f t e r  t r a n s f e r  

o f th e  e x c is e d  sh o o ts  t o  c h e m ic a l—f r e e  s o l u t i o n ,  th e  lo g a r it h m  o f  th e  

p e rc e n t a g e  o f  c h e m ic a l r e m a in in g  was p lo t t e d  a g a in s t  tim e  to  o b t a in  th e  

f i r s t - o r d e r  d e c a y  c o n s t a n t  i . e .  d e g r a d a t io n  r a t e  ( k ) .

2.3*5* P a r t i t i o n  of chemi c a l s  b e t w e e n  m a c e r a t e d  roots and w a t e r

R o o t s  fro m lO -d a y  o ld  b a r l e y  s e e d l in g s  w ere b lo t t e d  d r y  and

f r o z e n  i n  l i q u i d  n it r o g e n .  The f r o z e n  r o o t s  w ere c r u s h e d  t o  a  pow der 

w it h  a g l a s s  r o d .  D u p lic a t e  sam p les ( 0 . 2 g )  w ere f r e e z e - d r i e d  i n
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30-m l g l a s s  c e n t r i f u g e  t u b e s ,  and th e  r o o t  s o l i d s  sh a k e n  f o r  2 h w it h

14a 5 pM. s o l u t i o n  o f  th e  C - l a b e l l e d  compound, f o llo w e d  b y  c e n t r i f u g i n g  

f o r  10 m in u t e s  a t  2 5 0 0  r e v o l u t i o n s  p e r  m in u t e . S o lu t i o n s  w ere b u f f e r e d  

t o  th e  d e s ir e d  pH a s p r e v i o u s l y  d e s c r ib e d  ( 2 . 3 * 2 . )  and th e  pH a f t e r  

s h a k in g  was m e a su re d . A p p r o p r ia t e  v o lu m e s o f  s o l u t i o n  w ere c h o s e n  

a c c o r d in g  t o  e x p e c te d  v a lu e s  o f  p a r t i t i o n  o n to  m a c e ra te d  r o o t s  ( B r ig g s  

e t  a l . ,  1 9 8 2 ),  t a k in g  in t o  a c c o u n t  th e  pKa and o f  th e  a c id s  and  

th e  s o l u t i o n  pH. The amount o f  c h e m ic a l a d s o rb e d  b y  the r o o t  s o l i d s  

was c a l c u l a t e d  fro m  th e  change i n  s o lu t i o n  c o n c e n t r a t io n ,  m ea su red  b y  

l i q u i d  s c i n t i l l a t i o n  c o u n t in g  o f  d u p lic a t e  a l i q u o t s  ( 0 . 5  o r 1 . 0  m l) .

The p a r t i t i o n  c o e f f i c i e n t s  o f  the c h e m ic a ls  b etw een m a ce ra te d  r o o t s  and  

w a te r w ere c a l c u l a t e d  on th e  b a s i s  o f f r e s h  r o o t  w e ig h t s .

2 . 4 .  T r a n s l o c a t i o n  s t u d ie s  i n  R i c i n u s  communis

2 . 4 . 1 .  G row th o f  R . communis

S e e d s o f  R i c i n u s  communis L .  v a r  G i b s o n i i  ( N i c h o l s )  w ere  

g e rm in a te d  i n  m o is t  v e r m i c u l i t e .  5 - t o  6 - d a y - o ld  s e e d l in g s  w ere  

i n d i v i d u a l l y  f i t t e d ,  b y  u s in g  foam ru b b e r  p i e c e s ,  in t o  8 x 8 cm 

(tw o h a lv e s  8 x 4 cm w it h  a p p r o p r ia t e  h o le s )  d a rk e n e d  'P e r s p e x ' p ie c e s  

r e s t i n g  on a d a rk e n e d  4 0 0 -m l b e a k e r c o n t a in in g  a e r a t e d  n u t r i e n t  s o l u t i o n  

( h a l f - s t r e n g t h  H o a g l a n d 's ) . P la n t s  w ere grown i n  a  g la s s h o u s e  a t  

2 5 - 3 0 °C u n d e r n a t u r a l  l i g h t  sup plem ented  (1 6  h  p e r  d a y ) b y  h ig h  p r e s s u r e  

m e rc u ry  lam ps (40CR 7), w it h  r e l a t i v e  h u m id it y  o f  8 0 - 9 0 ^ .

The e x p e rim e n t s  w ere c a r r i e d  o u t u s in g  4 - t o  5 - ^ e e k - o ld  p l a n t s ,  

from  w h ic h  th e  p a i r  o f  c o t y le d o n s  and p r im a r y  le a v e s  had been c u t  o f f  

2 o r 3 d a y s b e f o r e .  T e s t  p la n t s  had one p a i r  o f  d e v e lo p e d  (m a tu re )  

le a v e s  and a d e v e lo p in g  a p i c a l  l e a f  whose a r e a  was a p p r o x im a t e ly  one 

q u a r t e r  t o  one t h i r d  t h a t  o f  e a ch  d e v e lo p e d  l e a f  ( F i g u r e  l ) . The 

a v e ra g e  w e ig h t s  ( -  s t a n d a rd  e r r o r ,  p = 0 . 0 5 )  o f  th e  v a r i o u s  p la n t  p a r t s  

w e re : th e  two m a tu re  le a v e s  (5 * 8  -  0 .5 g »  c o m p r is in g  4 . 5  -  0 .4 g  f o r  th e



l e a f  b la d e s  and 1 . 3  -  0 .2 g  f o r  th e p e t i o l e s ) ,  a p i c a l  l e a f  ( 0 . 9  -  0 . 3 g ) 5 

u p p e r h a l f  o f  stem ( l . 6  -  0 . 3 g ) ? lo w e r h a l f  o f  th e  stem ( l . 9  -  0 . 4 g )  and 

r o o t s  ( 5 . 3  -  0 . 5 g ) . The t r a n s p i r a t i o n  r a t e  o f  th e  t e s t  p la n t s  was 

t y p i c a l l y  4 5  -  5 ml p e r  d a y . T e s t  c h e m ic a ls  w ere e i t h e r  a p p l ie d  t o  r o o t  

v i a  th e  n u t r i e n t  s o lu t i o n  o r w ere i n j e c t e d  in t o  th e  h o llo w r p e t i o l e s  of 

m ature l e a v e s .  G e n e r a l ly ,  two r e p l i c a t e s  ( p l a n t s )  w ere c a r r i e d  o u t f o r  

e a c h  t re a t m e n t  b u t ,  i f  good a g reem e n t betw een th e  two was n o t o b t a in e d ,  

a t h i r d  r e p l i c a t e  was c a r r i e d  o u t.

Figure 1. Plant of R. communis as used in the tests.
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2 . 4 . 2 .  U p ta k e  o f  c h e m ic a ls  b y r o o t s

I n  t h e s e  e x p e r im e n t s , t e s t  p la n t s  e a c h  h e ld  i n  a 'P e r s p e x ’ 

p la t e  w e re  t r a n s f e r r e d  i n d i v i d u a l l y  to  d a rk e n e d  4 0 0 -m l g l a s s  b e a k e rs  

c o n t a in in g  n u t r i e n t  s o l u t i o n  (3 6 0  m l) t r e a t e d  w it h  th e  c h e m ic a l u n d er  

t e s t .  A s th e  n o n - io n is e d  c h e m ic a ls  had lo w  s p e c i f i c  a c t i v i t y  ( ^ 0 . 2 5  

^ iC i jumol ^ ) , th e y  w ere a p p l ie d  a t  an i n i t i a l  c o n c e n t r a t io n  o f  10 jiM 

(5 0 0 0  t o  7000 dpm m l" 1 ) i n  o r d e r  t h a t  th e  p o l a r  c h e m ic a ls ,  w h ic h  w ere  

t r a n s l o c a t e d  t o  th e  s h o o t s  to  a lo w  e x t e n t ,  c o u ld  be a c c u r a t e l y  m e a su re d .  

4 - F  P .O .A . and 3 ? 5 - 0  c a u s e d  w i l t i n g  symptoms when a p p lie d  a t  10 jiM 

( n u t r i e n t  s o l u t i o n  pH 4 . 0 )  b u t th e  o r i g i n a l  s p e c i f i c  a c t i v i t y  o f  th e  

weak a c i d s  was s u f f i c i e n t l y  h ig h  f o r  them to  be a p p lie d  a t  an i n i t i a l  

c o n c e n t r a t io n  o f  1 jjM (2 0 0 0  -  3000 dpm ml ) ,  w h ic h  d id  n o t c a u se  

p h y t o t o x ic  sym ptom s. S o lu t i o n s  t r e a t e d  w it h  weak a c id s  w ere b u f f e r e d  

a s p r e v i o u s l y  d e s c r ib e d  f o r  b a r l e y  ( 2 . 3 . 2 . )  and r e p la c e d  a f t e r  3 h by a 

f r e s h  s o l u t i o n  a t  th e  o r i g i n a l  c o n c e n t r a t io n  f o r  c h e m ic a ls  s t r o n g ly  ta k e n  

up by r o o t s .  F o r  p e r io d s  of u p ta k e lo n g e r  th a n  48 h, th e  s o l u t i o n  was 

r e p la c e d  a t  t h i s  tim e  b y  a f r e s h  one c o n t a in in g  th e  c h e m ic a l a t  th e  

o r i g i n a l  c o n c e n t r a t io n .

T r a n s p i r a t i o n  was a s s e s s e d  b y  w e ig h in g  th e  b e a k e r and th e  p la n t  

a t  th e  b e g in n in g  and end o f  e a ch  t e s t ,  when th e  c h e m ic a l c o n c e n t r a t io n  

re m a in in g  i n  s o l u t i o n  was a ls o  m easured ( l . O  ml a l i q u o t s ) .  The 'P e r s p e x '  

p la t e  was t i g h t l y  h e ld  onto th e  b e a k e r w it h  b la c k  ta p e  i n  o r d e r  to  a v o id  

l o s s  o f  w a t e r from  th e  n u t r i e n t  s o lu t io n  b y  e v a p o r a t io n .

A t  th e  end o f  th e  u p ta k e  p e r io d ,  a f t e r  c o l l e c t i o n  o f phloem  

e x u d a te  fro m  th e  u p p e r and lo w e r stem , s h o o ts  w ere d iv id e d  in t o  le a v e s  

( i n c l u d i n g  th e  p e t i o l e s  and a p i c a l  l e a f ,  th o u g h  i n  some e x p e rim e n ts  w it h  

th e  n o n - io n is e d  c h e m ic a ls  and i n  a l l  e x p e rim e n t s  w it h  th e  weak a c id s  

th e  a p i c a l  l e a f  was a n a ly s e d  s e p a r a t e ly )  and stem , w h ich  was s e p a ra t e d  

i n t o  u p p e r and lo w e r h a lv e s .  The c a t e g o r y  ' a p i c a l  l e a f  in c lu d e d  

th e  u p p e rm o st stem  t i s s u e  above the u p p e r m a tu re  l e a f ,  th e  a p i c a l  bud
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and th e  a p i c a l  l e a f .  A f t e r  c o l l e c t i o n  o f  x y lem  e x u d a te , th e  r o o t s  

w ere b lo t t e d  d r y  and s t o r e d ,  t o g e t h e r  w it h  o t h e r  p la n t  p a r t s ,  a t  -1 6 ° C  

u n t i l  th e  sa m p le s c o u ld  be a n a ly s e d .

The d i s t r i b u t i o n  o f c h e m ic a ls  was a l s o  in v e s t ig a t e d  i n  p la n t s  

t h a t ,  a f t e r  r o o t  u p ta k e  f o r  24 h , w ere t r a n s f e r r e d  t o  c h e m i c a l- f r e e  s o l u t i o n  

f o r  a f u r t h e r  p e r io d  o f  24 h . T h re e  h o u rs  a f t e r  t r a n s f e r ,  th e  c h e m ic a l-  

f r e e  s o l u t i o n  was renew ed t o  p r e v e n t  u p ta k e  o f  c h e m ic a ls  r e le a s e d  from  th e  

r o o t s .

2 . 4 . 3 *  I n j e c t i o n  o f th e  c h e m ic a ls  in t o  th e  p e t i o l e s

A s o l u t i o n  o f e a c h  c h e m ic a l i n  d i s t i l l e d  w a t e r was g e n t ly  in j e c t e d  

in t o  th e h o llo w  p e t i o l e  of th e  m ature le a v e s  u s in g  a 1 0 -^ il m ic r o s y r in g e .  

E a ch  p e t i o l e  was i n j e c t e d  w it h  e q u a l v o lu m e s ( 6 - 8  j i l )  o f  s o l u t i o n .  

N o n - io n is e d  c h e m ic a ls  w ere u se d  a t  t h e i r  o r i g i n a l  s p e c i f i c  a c t i v i t y ,  

c o n c e n t r a t io n s  o f  10 mM (5 0 0 0  to  7000 dpm p i  b e in g  r e q u ir e d  f o r  th e s e  

c h e m ic a ls  to  be a c c u r a t e l y  m easured  i n  phloem  e x u d a t e s .  4 - F  P .O .A . was 

shown t o  c a u s e  s l i g h t  w i l t i n g  symptoms when i n j e c t e d  a t  10 mM and so th e  

weak a c id s  w ere i n j e c t e d  a t  2 -  3 mM (5 0 0 0  t o  70 0 0  dpm p i  ^ ) . The pH 

o f th e  s o l u t i o n s  was a p p ro x im a t e ly  5*5 (m e a su re d  by u s in g  pH i n d i c a t o r  

p a p e r )  f o r  a l l  c h e m ic a ls  e x c e p t  4 - ( 2 , 4 - d ic h lo r o p h e n o x y )  P . O . A . , w h ic h  was 

s u f f i c i e n t l y  s o lu b le  o n ly  a t  s l i g h t l y  a l k a l i n e  pH.

I n  some e x p e r im e n t s , th e  t im e - c o n c e n t r a t io n  p r o f i l e s  o f  c h e m ic a ls  

i n  phloem  e x u d a te  from  th e  u p p e r and lo w e r stem  im m e d ia t e ly  a f t e r  i n j e c t i o n  

o f  th e  c h e m ic a ls  in t o  th e  p e t i o l e s  w ere i n v e s t ig a t e d  b y c o n t in u o u s ly  

c o l l e c t i n g  th e  e x u d a te s  o v e r a  p e r io d  o f  6 -  8 h , w ith  th e  e x u d a te s  

c o l l e c t e d  o v e r e a c h  h o u r ly  i n t e r v a l  b e in g  a n a ly s e d  s e p a r a t e ly .

I n  m ost e x p e r im e n t s , 24 o r 72 h a f t e r  i n j e c t i o n  o f  th e  c h e m ic a ls  

in t o  th e  p e t i o l e s ,  phloem  ex u d a te was c o l l e c t e d  from  th e  u p p e r and lo w e r  

stem and th e n  the s h o o ts  w ere d iv id e d  a s d e s c r ib e d  p r e v i o u s l y  i n  th e  

e x p e r im e n t s  f o l lo w in g  u p ta k e  b y  r o o t s ,  e x c e p t  t h a t  th e  p e t i o l e s  w ere  

s e p a r a t e d  fro m  th e  m ature l e a f  b la d e s .  X ylem  e x u d a te  was g e n e r a l l y
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c o l l e c t e d  and d u p lic a t e  a l i q u o t s  (1 0 0  m l) o f  th e  n u t r i e n t  s o l u t i o n  w ere  

t a k e n  f o r  a n a l y s i s  o f  c h e m ic a l.

I n  s t u d ie s  o f th e  t r a n s l o c a t i o n  o f  c h e m ic a l from  one m ature  

l e a f  t o  th e  o t h e r,  the m a tu re  l e a f  c l o s e r  to th e  a p i c a l  l e a f  was t r e a t e d  

w it h  th e  c h e m ic a l v i a  i n j e c t i o n  in t o  th e  p e t i o l e  and th e  p e t i o l e  o f th e  

o p p o s it e  n o n - t r e a t e d  m a tu re  l e a f  was s t e a m - g ir d le d .

2 . 4 . 4 .  C o l l e c t i o n  o f phloem  and x y lem  e x u d a te s

To a s s e s s  th e c o n c e n t r a t io n  o f c h e m ic a ls  i n  the phloem  o f  

t r e a t e d  p l a n t s ,  the c o n t e n t s  o f  phloem  s ie v e  c e l l s  w ere o b t a in e d  by  

l i g h t l y  c u t t i n g  the stem b a rk  u s in g  a r a z o r  b la d e .  ' V ’ shaped c u t s  

w ere made i n  l i n e  w ith  th e  o ld e r  p e t i o l e .  The phloem s ie v e  c e l l  

c o n t e n t s  ( r e f e r r e d  to  a s phloem  e x u d a te ) w ere c o l l e c t e d ,  u s in g  5 0 -  o r  

1 0 0 - p l  c a p i l l a r y  t u b e s , fro m  two d i f f e r e n t  r e g io n s  o f th e stem i . e .  a 

lo w e r c u t  ( l - 2  cm above th e  stem b a s e ) and an u p p e r c u t  ( 2 - 3  cm below  th e  

p e t i o l e ) .  I n  F ig u r e  1, th e  c a p i l l a r y  t u b e s  w ere p la c e d  in  l i n e  w it h  th e  

y o u n g e r p e t i o l e  b u t t h i s  was a m is t a k e  d u r in g  th e  p r e p a r a t io n  o f  th e  

p h o t o g ra p h . D epending on th e  s i z e  o f p l a n t ,  u p p e r and lo w e r c u t s  w ere  

1 0 - 1 2  cm a p a r t .  T y p i c a l  r a t e s  o f e x u d a t io n  from  each c u t  v a r i e d  from  

7 5  t o  100 p i  p e r h o u r, w it h  a t o t a l  o f 100 -  150 ^ il b e in g  c o l l e c t e d  from  

e a c h  c u t  i n  most e x p e rim e n ts  e x c e p t  i n  t h o s e  s e t  up to  in v e s t i g a t e  th e  

t im e - c o n c e n t r a t io n  p r o f i l e s  o f  th e  c h e m ic a ls  i n  th e e x u d a te s  im m e d ia t e ly  

a f t e r  i n j e c t i o n  in t o  th e  p e t i o l e s .  When new c u t s  w ere n e c e s s a r y  to  

m a in t a in  s a t i s f a c t o r y  e x u d a t io n ,  th e y  w ere p e rfo rm e d  a c o u p le  o f m i l l i ­

m e tre s  above th e o r i g i n a l  c u t .

X ylem  exudate was o b t a in e d  a f t e r  c h o p p in g  o f f  th e  stem 2 cm 

above th e  r o o t s .  The b a r k  on th e  re m a in irg  stump was p e e le d  o f f  and, 

b y  u s in g  a s le e v e  o f r u b b e r  t u b in g ,  a g l a s s  tu b e was p la c e d  i n  t i g h t  

c o n t a c t  w it h  th e  re m a in in g  p a r t  o f th e  p l a n t .  Xylem  ex u d a te was 

o b t a in e d  b y  s u c t io n  a f t e r  c o n n e c t in g  th e  o t h e r  end o f th e  g l a s s  tu b e  

w it h  a s o u r c e  o f n e g a t iv e  p r e s s u r e  (30  cm o f  m e rc u ry ) and was s u b s e q u e n t ly
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t r a n s f e r r e d  t o  c a p i l l a r y  t u b e s .  T y p i c a l  r a t e  o f e x u d a t io n  was 0 . 2  -  

0 . 3  ml p e r  h o u r, b u t was l e s s  f o r  p la n t s  h a v in g  the n u t r i e n t  s o l u t i o n  

m a in t a in e d  a t  pH 4 . 0 .

Phloem  and x y lem  e x u d a te s  w ere t r a n s f e r r e d  d i r e c t l y  from  

c a p i l l a r y  tu b e s  to  a 6 . 0 -cm -w id e  band on a s i l i c a  g e l 60 

t h i n  l a y e r  ch ro m a to g ra p h y  p l a t e .  The w a t e r was e v a p o ra t e d  u n d e r an a i r  

stre a m  i n  a fume c u p b o a rd  p r i o r  to  d e v e lo p in g  th e  p la t e  i n  t h e  a p p r o p r ia t e  

s o lv e n t  sy ste m .

2 . 4 .5 *  D e g ra d a t io n  o f  c h e m ic a ls

The r a t e  o f  d e g r a d a t io n  of th e c h e m ic a ls  i n  R . com m unis was 

e s t im a t e d  fro m  th e  am ounts o f  p a re n t  c h e m ic a l r e c o v e r e d  24 and 72 h  

a f t e r  p e t i o l e  i n j e c t i o n .  The lo g a r it h m  o f  th e  p e rc e n t a g e  o f  c h e m ic a l  

re m a in in g  was p lo t t e d  a g a in s t  tim e to  o b t a in  th e  f i r s t - o r d e r  c o n s t a n t  

d e c a y  c o n s t a n t  ( k ) . 4 - c h lo r o p h e n y lu r e a  was n o t s u f f i c i e n t l y  s o lu b le  

i n  w a te r t o  be i n j e c t e d  in t o  th e  p e t i o l e s  a t  a c o n c e n t r a t io n  co m p a rab le  

to  th e o t h e r  n o n - io n is e d  c h e m ic a ls ,  and so th e  d e g r a d a t io n  r a t e  was 

e s t im a t e d  b y  f i r s t  a c c u m u la t in g  th e  c h e m ic a l i n  sh o o ts  o v e r  a 24 h p e r io d  

o f  u p ta k e  b y  r o o t s  and t h e n  m o n it o r in g  th e  su b se q u e n t d e c l i n e  24 and 48 h  

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

c h e m ic a l i n i t i a l l y  p r e s e n t  f o l lo w in g  th e  2 4 - h  u p ta k e  p e r io d  was c a l c u l a t e d  

from  th e  TSCF.

2 . 4 . 6 .  U p ta k e  o f  weak a c id s  by segm ents o f  stem

Stem s from  4 - t o  5 -w e e k - o ld  p la n t s  w ere s l i c e d  i n t o  2mm segm ents  

u s in g  a r a z o r  b la d e .  R ando m ly s e le c t e d  segm ents ( l . O  g ) w ere th e n  

t r a n s f e r r e d  t o  a 5 0 -m l c o n i c a l  f l a s k  c o n t a in in g  a s o l u t i o n  (4 0  m l) o f
A I ^

th e  C - l a b e l l e d  c h e m ic a l ( l  to  2 jiM, 20 0 0  to  5000 dpm ml ) ,  th e  s o l u t i o n

b e in g  b u f f e r e d  t o  t h e  d e s ir e d  pH as p r e v i o u s l y  d e s c r ib e d  ( 2 . 3 . 2 . ) .  The

f l a s k s  w ere th e n  t r a n s f e r r e d  t o  a t h e r m o s t a t ic a l l y  c o n t r o l l e d  w a te r b a th  

+ o
m a in t a in e d  a t  30 -  0 . 5  C .
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A f t e r  8 h , th e  segm ents w ere s e p a r a t e d  from  th e  s o l u t i o n  b y  

f i l t r a t i o n  th ro u g h  a c o t t o n  w ool p lu g ,  b lo t t e d  d ry  w it h  t i s s u e  p a p e r  

and re w e ig h e d . The s o l u t i o n  pH a t  th e  end o f  e a ch  t e s t  was m ea su red ,  

a s  was th e  c o n c e n t r a t io n  of th e  c h e m ic a l re m a in in g  i n  s o l u t i o n  ( d u p l i c a t e  

1 . 0  m l a l i q u o t s ) .  E x p e rim e n ts  w ere c a r r i e d  o u t i n  d u p l i c a t e .  The 

u p ta k e  o f e a ch  c h e m ic a l from  s o l u t i o n  a t  pH 4 . 0  was a l s o  in v e s t ig a t e d  

a f t e r  24 h u p t a k e .

2 . 4 . 7 *  Steam  g i r d l i n g  o f  p e t i o l e s

I n  some e x p e rim e n ts  i t  was d e s ir e d  t o  p r e v e n t  th e  phloem  

t r a n s l o c a t i o n  o f  c h e m ic a ls  from  m ature le a v e s  and t h i s  wra s  a c c o m p lis h e d  

b y  steam  g i r d l i n g  th e  p e t i o l e s .  The steam  g i r d l i n g  t e c h n iq u e  was 

a d a p te d  from  t h a t  u se d  b y  G a u d ie l and V anden B o rn  (1 9 7 9 )  bo g i r d l e  

th e  l e a f  p e t i o l e  o r stem  o f young so yb e an  p l a n t s .  One h o u r p r i o r  to  

r o o t  t r e a t m e n t ,  e a c h  p e t i o l e  was g i r d l e d  w it h  a  10 se c o n d  b u r s t  ( 5  

s e c o n d s  t o  e a c h  s i d e )  o f  steam  from  a P a s t e u r  p ip e t t e  c o n n e c te d  to  a 

steam  s o u r c e .  The p i p e t t e  t i p  was b ro u g h t to  a d is t a n c e  o f  a b o u t 1 cm 

fro m  th e  p e t i o l e  and th e  le n g t h  of p e t i o l e  beyond th e  t r e a t e d  a re a  

( l  cm lo n g )  was p r o t e c t e d  b y p l a s t i c  t u b in g .  S u ch  t re a t m e n t  was shown 

to  k i l l  th e  t i s s u e  i n  th e  t r e a t e d  a r e a ,  b u t th e  t r a n s p i r a t i o n  r a t e  and 

t u r g i d i t y  o f  t r e a t e d  le a v e s  w ere n o t d r a s t i c a l l y  a f f e c t e d  o v e r  a p e r io d  

o f  48 h . H o w ever, g i r d l e d  p e t i o l e s  w ere u n a b le  to  s u p p o r t  t h e  w e ig h t  

o f  th e  l e a f  b la d e ,  so t h a t  t r e a t e d  le a v e s  had to  be s u p p o rt e d  b y  a  w ir e  

fr a m e .

2 . 4 . 8 .  A u t o r a d io g r a p h y

D i s t r i b u t i o n  p a t t e r n s  o f c h e m ic a ls  w i t h in  th e  m a tu re  l e a f

b la d e s  f o l lo w in g  u p ta k e  b y  r o o t s  o r p e t i o l e  i n j e c t i o n  w ere a s s e s s e d

b y  a u t o r a d io g r a p h y .  The p e t i o l e s  w ere i n j e c t e d  as d e s c r ib e d  p r e v i o u s l y

( 2 . 4 . 3 . )  e x c e p t  f o r  th e  vo lum e i n j e c t e d ,  w h ic h  was d o u b le d  f o r  th e  weak

14
a c i d s  i n  o r d e r  to i n c r e a s e  th e amount o f  C - l a b e l l e d  c h e m ic a ls  t r a n s ­
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lo c a t e d  to th e l e a f  b la d e s .  F o r  th e  same re a s o n , c o n c e n t r a t io n s  o f  

4 - F  P .O .A .,  3 , 5 - D ,  m a le ic  h y d r a z id e  and a l d i c a r b  su lp h o n e  i n  th e  n u t r i e n t  

s o l u t i o n  w ere d o u b le  th o s e  d e s c r ib e d  p r e v i o u s l y  ( 2 . 4 . 2 . ) ;  th e  co n ­

c e n t r a t io n s  o f  4 - c h lo r o p h e n y lu r e a  and fla m p ro p  w ere u n ch a n g ed . L e a f  

sa m p le s  w ere c o l l e c t e d  f o l lo w in g  r o o t  u p ta k e  f o r  24 h ( n u t r i e n t  s o l u t i o n  

a t  pH 4 . 0  f o r  th e weak a c i d s ) ,  o r 24 h  a f t e r  p e t i o l e  i n j e c t i o n .

The l e a f  b la d e s  w ere s e p a r a t e d  fro m  th e p e t i o l e s ,  r e s t e d  f l a t  

on a ’ P e r s p e x ’ p la t e  (2 5  x  19 cm) and th e n  c o v e re d  w it h  a s h e e t  o f  

c e llo p h a n e .  An X - r a y  f i l m  (K o d a k ^  X—Omat S ; 24 x 18 cm) was p la c e d ,  

f a c i n g  the u p p e r s u r f a c e  o f th e  l e a f  b la d e s ,  onto th e c e llo p h a n e  s h e e t .  

The f i l m  was k e p t  i n  c l o s e  and u n ifo rm  c o n t a c t  w ith  th e  le a v e s  by u s in g  

a se co n d  ’ P e r s p e x ’ s h e e t  on to p  o f  th e  f i l m .  The two p l a t e s  w ere f i r m l y  

h e ld  to  e a ch  o t h e r b y  u s in g  s e l l o t a p e  a lo n g  th e  e d g e s, w h ic h  p re v e n t e d  

th e  l e a f  t i s s u e  from  d r y in g  o u t o v e r th e  p e r io d s  o f s t o ra g e  i n  th e  deep  

f r e e z e  ( 3  to  8 m o nths) u n t i l  th e  f i l m s  c o u ld  be d e v e lo p e d . The p la t e s  

w ere w rapped w it h  d a rk  p a p e r  t o  p r o t e c t  th e  f i l m  a g a in s t  th e  l i g h t .  A 

m a tu re  l e a f  c o n t a in in g  an e s t im a t e d  r a d i o a c t i v i t y  o f  3 0 ,0 0 0  dpm r e q u ir e d  

a t  l e a s t  3 m onths o f  e x p o s u re  to  g iv e  a re a s o n a b le  d e f i n i t i o n .

2 .5 «  A n a l y t i c a l  m ethods

2 . 5 . 1 .  E x t r a c t io n  p r o c e d u r e s

R o ot o r sh o o t s a m p le s  o f  b a r l e y  p la n t s  w ere m a ce ra te d  w it h  

5 t o  10 ml p o r t io n s  o f  a c e t o n e  i n  a g l a s s  m o rta r and p e s t l e ,  and th e  

e x t r a c t s  w ere f i l t e r e d  t h ro u g h  c o t t o n  w ool in t o  100-m l v o lu m e t r ic  

f l a s k s .  M a le ic  h y d r a z id e ,  4 -m e s y l P .O .A . and 3 -m e t h y l-4 -m e s y l P .O .A .  

w ere n o t e f f i c i e n t l y  e x t r a c t e d  u s in g  a c e to n e  and m eth anol was used  

in s t e a d .  E x t r a c t io n  was re p e a t e d  s e v e r a l  t im e s  and th e  f l a s k  c o n t e n t s  

w e re th e n  made up t o  v o lu m e . D u p l ic a t e  20  ml a l iq u o t s  w ere r o t a r y  

e v a p o ra t e d  to  d ry n e s s  a t  a b a t h  t e m p e ra t u re  n o t e x c e e d in g  4 5 ° C  (room  

te m p e ra t u re  f o r  4 -ra e s y l P .O .A . , a s  l o s s  o f  r a d i o a c t i v i t y  was o b s e rv e d
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h u t ,  b e c a u s e  o f th e  la r g e  amount o f c o - e x t r a c t e d  m a t e r ia l  from  th e  

m a tu re  l e a f  b la d e  and r o o t  s a m p le s , s m a l le r  a l i q u o t s  (1 0  m l) w ere t a k e n  

fro m  th e  v o lu m e t r ic  f l a s k s  c o n t a in in g  t h e s e  sam p les i n  o r d e r  t o  a v o id  

o v e r lo a d in g  o f  t . l . c .  p l a t e s .  D u r in g  th e  i n i t i a l  s t a g e  o f  th e  s t u d ie s  

w it h  R . com m unis, d u p l ic a t e  a l i q u o t s  o f  th e  e x t r a c t s  w ere ta k e n  b u t ,  

due t o  th e  l a r g e  number o f  sa m p le s  d u r in g  th e  l a t e r  s t a g e ,  s in g l e  

a l i q u o t s  w ere u s u a l l y  t a k e n .

C h e m ic a ls  w ere e x t r a c t e d  fro m  n u t r i e n t  s o l u t i o n  b y  p a r t i t i o n i n g  

s o l u t i o n  a l i q u o t s  w it h  d ic h io ro m e t h a n e  ( t h r e e  t im e s ,  e q u a l v o lu m e s ).  

E x t r a c t i o n  o f  weak a c id s  was p re c e d e d  b y  a c i d i f i c a t i o n  o f  th e  s o l u t i o n  

t o  pH < 1 . 0  w it h  c o n c e n t r a t e d  HC1 . The o r g a n ic  p h a se  was f i l t e r e d  

w it h o u t  d r y in g  (Na^SO^ was shown to  r e t a i n  some o f  th e  weak a c i d s )  and  

th e  com bined o r g a n ic  p h a se s  w ere r o t a r y  e v a p o ra te d  to  d r y n e s s .  M a le ic  

h y d r a z id e  c o u ld  n o t be e f f i c i e n t l y  e x t r a c t e d  by th e  o r g a n ic  s o lv e n t s  

t r i e d  and so 20  ml a l i q u o t s  o f th e  n u t r i e n t  s o l u t i o n  w ere r o t a r y  

e v a p o ra t e d  t o  d r y n e s s  a t  a b a th  te m p e ra t u re  o f a ro u n d  8 0 ° C .

2 . 5 « 2 .  T h in  l a y e r  ch ro m a to g ra p h y  ( t . l . c . )

F o llo w in g  r o t a r y  e v a p o r a t io n  o f  th e  e x t r a c t s ,  th e  r e s id u e s  

w ere t r a n s f e r r e d  i n  a l i t t l e  a c e to n e  (m e th a n o l f o r  c h e m ic a ls  e x t r a c t e d  

w it h  m e t h a n o l) to  a 4 .0 -c m -w id e  band on a s i l i c a  g e l 60 GF^j-^ t . l . c .  

p l a t e  (6 .0 - c m - w id e  band f o r  r e s i d u e s  from  le a v e s  o f  R . co m m un is).

P a s t e u r  p i p e t t e s  w ere u se d  to  t r a n s f e r  th e  r e s id u e s  on to  t . l . c .  p l a t e s .  

U n l a b e l l e d  compounds w ere u se d  a s  m a rk e rs .  P la t e s  c o n t a in in g  e x t r a c t s  

fro m  le a v e s  w ere d e v e lo p e d  i n i t i a l l y  i n  d ie t h y l  e t h e r  f o r  th e  weak a c i d s ,  

i n  o r d e r  t o  move m ost o f  i n t e r f e r i n g  c o lo u r e d  c o - e x t r a c t s  f a r  away from  

t h e  com pounds. The s o lv e n t  sy ste m s u se d  a re  l i s t e d  i n  T a b le  2 .

B an d s o f  s i l i c a  g e l c o n t a in in g  th e  p a r e n t  c h e m ic a l w ere o b s e rv e d  u n d e r  

an u l t r a v i o l e t  lam p and s c r a p e d  i n t o  10 ml a l iq u o t s  o f  s c i n t i l l a t i o n
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C h e m ic a ls

Rj, v a lu e s in  s o lv e n t  sy ste m 3, in d ic a t e d

A B C D

4 - c h io r o b e n z a ld e h y d e
0 -m e th y lc a rb a m o y lo x im e 0 . 7 2

3 - m e s y lp h e n y lu r e a 0 .1 8

ox am yl 0 .3 3

a l d i c a r b  s u l  phone 0 .3 8

p h e n y lu re a 0 .4 0

4 - c h lo r o p h e n y lu r e a 0 .4 5

fla m p ro p 0 .4 3

2 , 4 - D 0 .5 4

3 , 5 - D 0 .5 4

4 - F  P .O .A . 0 .4 5

4 - C l  P .O .A . 0 .5 0

4 - ( 2 , 4 - d i c h l o r o - 0 .4 7
ph en o x y) P .O .A .

4 -m e s y l P .O .A . 0 .3 0

3 - m e t h y l- 4 -m e s y l P .O .A . 0 .3 5

m a le ic  h y d r a z id e 0 .4 2

a . S o lv e n t  s y s te m s :

A . d ie t h y l  e t h e r .

B . d i e t h y l  e t h e r :  a c e to n e  ( 4 : l ) .

C . h e x a n e : e t h y l  a c e t a t e :  a c e t i c  a c i d  ( 9 : 4 : l ) .

D . e t h y l  a c e t a t e :  m e th a n o l: a c e t i c  a c i d  ( 30 : 6: 1 ) .



c o c k t a i l  f o r  r a d i o a c t i v i t y  c o u n t in g .  A l d i c a r b  su lp h o n e  c o u ld  n o t be 

lo c a t e d  on t . l . c .  p la t e s  u n d e r th e  U .V . lam p, and so oxam yl was u se d  a s  

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

(R p ) o f  a l d i c a r b  su lp h o n e  i n  r e l a t i o n  t o  o x a m y l's  was a s s e s s e d  by  

s p r a y in g  r e f e r e n c e  p l a t e s  w it h  0 .5 %  2 , 6 - d ib r o m o - p - b e n z o q u in o n e - 4 - c h lo r im in e  

i n  c y c lo h e x a n e  f o llo w e d  b y  h e a t in g  t o  1 1 0 °C  f o r  15 m in u t e s ,  when th e  

com pounds a p p e a r a s brow n s p o t s  on a p a le  b a ck g ro u n d  ( B r ig g s  £ t  a l . ,  1 9 8 2 ) .

2 .5 * 3 *  L i q u i d  s c i n t i l l a t i o n  c o u n t in g .

The s c i n t i l l a t i o n  c o c k t a i l  u se d  d u r in g  the i n i t i a l  p a r t  o f  

t h i s  w o rk was p r e p a re d  b y  m ix in g  one p a r t  o f  T r it o n  X -1 0 0  w it h  two p a r t s  

o f  a t o lu e n e  s o l u t i o n  o f  b u t y l-P B D  (8 g  1 and PBBO ( 0 . 5 g  1 ^ ) .  

S u b s e q u e n t ly  a  co m m e rcia l c o c k t a i l  ( S c in t r a n ^  -  c o c k t a i l  T; BDH C h e m ic a l  

L t d . )  was u s e d . Ten ml o f  c o c k t a i l  w ere g e n e r a l l y  u se d  i n  sam p les  

c o n t a in in g  aqueous s o l u t i o n  ( l . O  m l) o r s i l i c a ,  and th e  sam p les w ere  

c o u n te d  i n  a K o n t ro n -B e t a m a t ic  s c i n t i l l a t i o n  c o u n t e r .  E f f i c i e n c y  o f  

c o u n t in g  was d e te rm in e d  b y  th e  e x t e r n a l  s t a n d a rd  m ethod and th e  r e s u l t s  

w ere e x p re s s e d  i n  d i s i n t e g r a t i o n s  p e r  m in u te  (d p m ).

2 . 5 * 4 .  E f f i c i e n c i e s  o f  th e  a n a l y t i c a l  p r o c e d u re s

E f f i c i e n c i e s  o f th e  a n a l y t i c a l  p r o c e d u re s  w ere a s s e s s e d  b y  

14
a d d in g  known amounts o f  C - l a b e l l e d  c h e m ic a ls  to  d u p l ic a t e  sam p les o f  

u n t r e a t e d  p la n t  t i s s u e ,  n u t r i e n t  s o l u t i o n  and a r t i f i c i a l  phloem  sap  

(10%  s u c r o s e  i n  d i s t i l l e d  w a t e r )  and w ere g e n e r a l l y  b e t t e r  th a n  80%

(73%  f o r  m a le ic  h y d r a z id e  fro m  le a v e s  o f  R . co m m u n is). A l l  th e  r e s u l t s
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w e re c o r r e c t e d  f o r  th e  e f f i c i e n c y  o f  r e c o v e r y .
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3 .  RESULTS AND DISCUSSION

3 . 1 .  T r a n s lo c a t i o n  o f  n o n - io n is e d  c h e m ic a ls  i n  R . communis

3 . 1 . 1 .  T r a n s lo c a t i o n  f o l lo w in g  u p ta k e  by r o o t s

C o n c e n t r a t io n s  o f th e  c h e m ic a ls  i n  t h e  v a r i o u s  p la n t  

p a r t s ,  i n  phloem  e x u d a te  from  th e  u p p e r and lo w e r p a r t s  o f  th e  stem , 

and i n  th e  x y le m  f o l lo w in g  u p ta k e  b y  r o o t s  a r e  shown i n  F ig u r e  2 .  The  

c o n c e n t r a t io n s  a re  e x p re s s e d  r e l a t i v e  to  th o se  i n  th e  n u t r i e n t  s o l u t i o n ;  

th e  c o n c e n t r a t io n  i n  th e  n u t r i e n t  s o l u t i o n  a t  th e  end o f  th e  u p ta k e  

p e r io d  was u se d  t o  e x p re s s  the c o n c e n t r a t io n  i n  r o o t s ,  a s  th e  c h e m ic a l i n  

r o o t s  e q u i l i b r a t e s  r a p i d l y  w it h  th e  e x t e r n a l  s o l u t i o n ,  and th e  a v e ra g e  

c o n c e n t r a t io n  i n  th e  e x t e r n a l s o l u t i o n ,  w h ic h  d id  n o t  d i f f e r  more th a n  

1 0 $  from  th o s e  a t  th e  b e g in n in g  and end o f  th e  u p ta k e  p e r io d ,  was u se d  t o  

e x p re s s  th e  c o n c e n t r a t io n s  i n  th e  s h o o t p a r t s ,  phloem  e x u d a te s  and x y le m .  

The c o n c e n t r a t io n s  i n  xylem  a s s e s s e d  from  th e  am ounts o f  c h e m ic a l a c c u m u l­

a te d  i n  th e  s h o o t s ,  c o r r e c t e d  f o r  d e g r a d a t io n ,  f o r  a m ea su red  amount o f  

t r a n s p i r a t i o n  w ere u se d  r a t h e r  th a n  th o s e  m easured  i n  the xylem  sap  

c o l l e c t e d  from  r o o t  stum p s, a s  th e  l a t t e r  w ere h ig h e r  e s p e c i a l l y  f o r  th e  

m ore p o l a r  c h e m ic a ls .  The f lo w  r a t e  o f th e  xylem  sa p  c o l l e c t e d  fro m  

r o o t  stum ps was a b o u t e ig h t  t im e s  lo w e r th a n  th e  n o rm a l r a t e  i n  i n t a c t  

p la n t s  ( t h e  l a t t e r  b e in g  a b o ut 4 5  ml p e r  d a y ) ,  and so i t  i s  assum ed  

t h a t  t h i s  a llo w e d  more tim e f o r  th e  c h e m ic a ls  t o  c r o s s  th e  r o o t  e n d o d e rm is  

and e n t e r  th e  x y lem  v e s s e l s ,  th u s  g i v i n g  r i s e  to  c o n c e n t r a t io n s  o f th e  

c h e m ic a ls  i n  th e  x y lem  e x u d a te s h ig h e r  t h a n t h o s e  i n  th e  xylem  o f  i n t a c t  

p l a n t s .  The c o n c e n t r a t io n s  i n  r o o t s  and i n  xylem  e x p re s s e d  a s d e s c r ib e d  

above r e p r e s e n t  r e s p e c t i v e l y  the RCF and TSCF v a lu e s  w h ic h , t o g e t h e r  w it h  

th e  r a t i o  o f  c h e m ic a l c o n c e n t r a t io n  i n  phloem  e x u d a te  from  th e  u p p e r stem  

t o  t h a t  i n  th e  x y le m , a re  g iv e n  i n  T a b le  3»
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F ig u r e  2 .
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C o n c e n t r a t io n s  o f n o n - io n is e d  c h e m ic a ls  in  th e  v a r io u s  

p a r t s  o f R . communis p la n t s  a f t e r  ( u n le s s  o t h e rw is e  s t a t e d )  

24 h u p ta k e by r o o t s  from  n u t r i e n t  s o lu t i o n  (sh a d e d  a r e a s )  

and f o l lo w in g  s u b se q u e n t t r a n s f e r  f o r  24 h to  c h e m ic a l- f r e e  

s o lu t io n  (u n sh a d e d  a r e a s ) .  The c a t e g o ry  ’ le a v e s '  in c lu d e s  

th e p e t i o l e s  and th e a p i c a l  l e a f .



6l
T a b le  3* U p ta k e  b y r o o t s  ( a s  R C F ) , t r a n s l o c a t i o n  in t o  th e  sh o o ts  

( a s  T S C F ), and d i s t r i b u t i o n  o f  n o n - io n is e d  c h e m ic a ls  i n  

phloem  and xylem  o f  R . com m unis.

C h e m ic a l k a Tim e RCF TSCF P h i oem ^/X yl em

(p e r d a y ) U ) c o n c e n t r a t io n  r a t i o

a l d i c a r b  su lp h o n e 0 .0 7 24 0 . 5 5 0 .0 8 6 .4
lo g  K  = - 0 . 5 7ow

48 0 . 5 7 0 .1 0 7 . 7

96 0 .5 8 0 .1 0 2 0 .0

ox amyl 0 .3 9 24 0 .5 4 0 .0 9 3 .8
lo g  K = - 0 . 4 7o v

4 - c h lo r o p h e n y lu r e a 0 .0 7 24 1 .4 0 0 .5 8 1 . 2
lo g  K  = 1 .8 0  

o v
72 1 .4 3 0 .5 2 1 .1

4 - c h lo r o b e n z a ld e h y d e  
0 -m e t h y lc a rb a m o y l-

0 .9 6 24 2 .6 1 0 .7 4 1 .1

-o x im e 72 2 .5 3 0 .7 1 1 .1
lo g  K  = 2 .2 7  & ov

a . D e g ra d a t io n  r a t e  o f  th e  c h e m ic a ls  i n  th e p la n t  sh o o ts

b . C o n c e n t r a t io n  i n  phloem  e x u d a te  fro m  th e  u p p e r stem
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The RCF and TSCF v a lu e s  o f  th e  c h e m ic a ls  i n  R. communis w ere  

c o n s t a n t  w it h  tim e  and co m p a ra b le  to  th o s e  o b t a in e d  by B r ig g s  £ t  a l .

(1 9 8 2 )  i n  b a r le y ,  w h ic h  i s  i n  a g reem e n t w it h  th e s u g g e s t io n  by t h e s e  

a u t h o rs  t h a t  th e  r o l e  o f  l i p o p h i l i c i t y  o f  n o n - io n is e d  c h e m ic a ls  on 

t h e i r  u p t a k e .b y  r o o t s  and t r a n s l o c a t i o n  t o  s h o o t s ,  as d e s c r ib e d  on page  

1 8 , i s  o f  g e n e r a l a p p l i c a t i o n  to  many p la n t  s p e c ie s .

A l l  c h e m ic a ls  t e s t e d  w e re  fo u n d  i n  th e  phloem  e x u d a te s  f o l lo w in g  

u p ta k e  by r o o t s ,  i n d i c a t i n g  t h a t  th e  phloem  s ie v e  c e l l s  a re  f r e e l y  a c c e s s ­

i b l e  t o  b o th  p o la r  c h e m ic a ls  and t o  t h o s e  of in t e r m e d ia t e  l i p o p h i l i c i t y .

The p o la r  c h e m ic a ls  a l d i c a r b  s u lp h o n e  ( l o g  = - 0 . 5 7 )  and oxam yl 

( l o g  K = - 0 . 4 7 )  w ere p r e s e n t  i n  phloem  ex u d a te from  th e  u p p e r stem  a t  

much h ig h e r  c o n c e n t r a t io n s  th a n  i n  th e x y le m , the c o n c e n t r a t io n  o f  a l d i c a r b  

s u lp h o n e  in  th e  phloem  e x u d a te  i n c r e a s i n g  w it h  tim e and r e a c h in g  20 t im e s  

th e  c o n c e n t r a t io n  i n  th e  xylem  a f t e r  96 h o f  u p ta k e . T h is  in c r e a s e  i n  

c o n c e n t r a t io n  o f a l d i c a r b  s u lp h o n e  i n  th e  phloem  exu d ate w it h  tim e  

p a r a l l e l e d  th e  in c r e a s e  i n  c o n c e n t r a t io n  i n  the le a v e s ,  th e c o n c e n t r a t io n  

i n  th e  stem i n c r e a s i n g  o n ly  s l i g h t l y  ( s e e  F ig u r e  2), i n d i c a t i n g  t h a t  th e  

p o l a r  c h e m ic a ls  a re  phloem  t r a n s l o c a t e d  from  th e  le a v e s  in t o  th e  stem .

I n  c o n t r a s t ,  th e  two c h e m ic a ls  o f  in t e r m e d ia t e  l i p o p h i l i c i t y  4 - c h l o r o -  

p h e n y lu re a  ( l o g  = 1 . 8 0 )  and 4 - c h lo ro b e n z a ld e h y d e  ^ -m e th y lc a rb a m o y lo x im e  

( l o g  K qv = 2 . 2 7 )  w ere fo und  a t  th e  same c o n c e n t r a t io n s  i n  th e  phloem  

e x u d a te  and i n  th e  xylem  a t  a l l  s a m p lin g  t im e s  (T a b le  3 )>  i n d i c a t i n g  

t h a t  th e se  c h e m ic a ls  a re  n o t phloem  t r a n s lo c a t e d  from  le a v e s  and t h a t  

t h e y  e n t e r  th e  phloem  i n  t h e  stem  o n ly  d i r e c t l y  from  th e  a d ja c e n t  t i s s u e .

I n  o r d e r  to  c o n f ir m  t h a t  o n ly  th e  p o la r  c h e m ic a ls  a re  phloem

t r a n s lo c a t e d  from  l e a v e s ,  th e  c o n c e n t r a t io n s  o f the c h e m ic a ls  i n  th e
(

phloem  e x u d a te s from  p la n t s  t r e a t e d  f o r  24 h w ere com pared w it h  t h e i r  

c o n c e n t r a t io n s  in  t h e  e x u d a te s  fro m  p la n t s  t h a t ,  a f t e r  u p ta k e  f o r  24 h ,  

w ere t r a n s f e r r e d  to  c h e m i c a l- f r e e  s o l u t i o n  f o r  a su b se q u e n t p e r io d  o f



24 h . A s show n i n  F ig u r e  2 ,  f o l lo w in g  t r a n s f e r  to  c h e m ic a l- f r e e  

s o l u t i o n ,  th e  c o n c e n t r a t io n s  o f  th e  two p o l a r  c h e m ic a ls  a l d i c a r b  

su lp h o n e  and oxam yl i n  the phloem  e x u d a te s  w e re  s i m i l a r  to  th o s e  i n  

th e  e x u d a te s  fro m  p la n t s  p r i o r  t o  t r a n s f e r ;  th e  c o n c e n t r a t io n s  i n  

le a v e s  f o l lo w i n g  t r a n s f e r  d im in is h e d  s l i g h t l y ,  p re s u m a b ly  due t o  

d e g r a d a t io n ,  and th e  amounts i n  th e  stem  w ere re d u c e d  b y  more th a n  

h a l f .  I n  c o n t r a s t ,  v e r y  l i t t l e  o f  th e  two c h e m ic a ls  o f  in t e r m e d ia t e  

l i p o p h i l i c i t y  w ere fo und in  stem s o r i n  th e  phloem  e x u d a te s  a f t e r  t r a n s f e r ,  

a lt h o u g h  c o n c e n t r a t io n s  i n  le a v e s  re m a in e d  h ig h ,  d e m o n s t ra t in g  t h a t  t h e y  

a re  o n ly  x y le m -m o b ile  and n o t p h lo e m -m o b ile .

A u t o ra d io g ra p h s  o f th e  m a tu re  l e a f  b la d e s  f o l lo w in g  u p ta k e  o f  

a l d i c a r b  s u lp h o n e  and 4 - c h lo r o p h e n y lu r e a  b y  r o o t s  f o r  24 h ( F ig u r e  3 ) 

showed t h a t  b o th  c h e m ic a ls  w ere r a t h e r  u n if o r m ly  d i s t r i b u t e d  i n  th e  l e a f  

b la d e s ,  w it h  l e s s  c h e m ic a l b e in g  p r e s e n t  i n  and a d ja c e n t  to  th e  v e in s  

t h a n  i n  th e  i n t e r v e i n a l  s p a c e s .  T h i s  i n d i c a t e s  t h a t  t h e s e  c h e m ic a ls  

le a v e  and r e - e n t e r  th e  t r a n s p i r a t i o n  stre a m  d u r in g  p a s sa g e  th ro u g h  th e  

l e a f  and so move t o  the t e r m i n i i  o f  th e  m in o r xylem  v e s s e l s  i . e .  th e  

i n t e r v e i n a l  s p a c e s  i n  d ic o t s ,  th e  lo w e r  c o n c e n t r a t io n s  i n  and a d ja c e n t  

t o  th e  v e in s  b e in g  c lo s e  to  t h a t  i n  th e  t r a n s p i r a t i o n  s tre a m . I n  

m o n o co ts, w h ere th e m ain v e i n s  i n  t h e  le a v e s  a re  p a r a l l e l  and v e r y  c lo s e  

t o g e t h e r ,  p r e d o m in a n t ly  x y le m -m o b ile  c h e m ic a ls  move to  th e  t i p  o f  th e  

la m in a  e . g .  f e n a r i m o l , benom yl and oxam yl i n  b a r l e y  ( M a r t in  and  

E d g in g t o n , 1 9 8 l ) .
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a l d i c a r b  s u lp h o n e

4 - c h lo r o p h e n y lu r e a

F ig u r e  3« A u t o r a d io g r a p h s  s h o v in g  th e d i s t r i b u t i o n  of a l d i c a r b

su lp h o n e  and 4 - c h lo r o p h e n y lu r e a  v i t h i n  th e l e a f  b la d e s  

o f  R . communis a f t e r  24 h u p ta k e  by r o o t s  from

n u t r i e n t  s o l u t i o n .



65

3 . 1 . 2 .  T r a n s lo c a t i o n  f o l lo w in g  i n j e c t i o n  i n t o  p e t i o l e s

The r o l e  o f  l i p o p h i l i c i t y  of n o n - io n is e d  c h e m ic a ls  i n  

d e t e r m in in g  t h e i r  t r a n s l o c a t i o n  i n  phloem  was b e t t e r  d e m o n stra te d  b y  

e x p e rim e n t s  in  w h ic h  th e  c h e m ic a ls  w ere i n j e c t e d  in t o  th e  p e t i o l e s  o f  

t h e  m ature le a v e s .

24 and 72 h a f t e r  i n j e c t i o n ,  th e  c h e m ic a ls  w ere fo u n d  m o s t ly  

i n  th e  m ature l e a f  b la d e s  ( F ig u r e  4 ) .  P h e n y lu r e a  and 3 - m e s y lp h e n y lu r e a  

w ere v e r y  s t a b le  i n  th e  p la n t ,  w it h  more th a n  8 5^  o f th e  am ounts i n j e c t e d  

b e in g  r e c o v e r e d  24 h a f t e r  p e t i o l e  i n j e c t i o n ;  th e  f i r s t - o r d e r  d e c a y  

c o n s t a n t  ( k )  o f  th e  o t h e r  c h e m ic a ls  a re  g iv e n  on page 63 . A u t o r a d io g r a p h s  

o f  th e  m ature l e a f  b la d e s  24 h a f t e r  i n j e c t i o n  of a l d i c a r b  su lp h o n e  and  

p h e n y lu r e a  in t o  th e  p e t i o l e s  ( F ig u r e  5 ) showed t h a t  t h e s e  c h e m ic a ls  w ere  

r a t h e r  u n if o r m ly  d i s t r i b u t e d  i n  th e  b la d e s ,  w it h  h ig h e r  c o n c e n t r a t io n s  

i n  th e  i n t e r v e i n a l  s p a c e s .  These d i s t r i b u t i o n s  w ere s i m i l a r  to th o se  

o b s e rv e d  f o l lo w in g  u p ta k e  o f a l d i c a r b  su lp h o n e  and 4 - c h lo r o p h e n y lu r e a  

b y  r o o t s ,  sa v e  f o r  s l i g h t l y  h ig h e r  c o n c e n t r a t io n s  o b s e rv e d  i n  th e  l e a f  

m a rg in s  f o l lo w in g  i n j e c t i o n  in t o  p e t i o l e s .  The o t h e r  c h e m ic a ls  w o uld  

be e x p e c te d  to  be s i m i l a r l y  d i s t r i b u t e d  i n  th e  l e a f  b la d e s  and, s in c e  

th e  stem phloem  was shown t o  be f r e e l y  a c c e s s i b l e  to  b o th  p o l a r  c h e m ic a ls  

and to th o se  o f  in t e r m e d ia t e  l i p o p h i l i c i t y ,  th e  c o n c e n t r a t io n  o f  a l l  

c h e m ic a ls  i n  phloem  i n  the l e a f  b la d e s  was e x p e c te d  t o  be s i m i l a r  to  

t h e i r  c o n c e n t r a t io n  i n  th e l e a f  b la d e  i t s e l f .  T h u s, b y  co m p a rin g  th e  

c o n c e n t r a t io n  o f  th e  c h e m ic a ls  i n  phloem  e x u d a te  w it h  t h e i r  c o n c e n t r a t io n  

i n  th e  l e a f  b la d e s ,  th e  r e t e n t io n  o f  th e c h e m ic a ls  i n  phloem  c o u ld  be 

a s s e s s e d  ( F ig u r e  6 ) .  The d a ta  f o r  4 - c h lo r o p h e n y lu r e a ,  w h ic h  was n o t  

s u f f i c i e n t l y  s o lu b le  i n  w a te r to be i n j e c t e d  in t o  th e  p e t i o l e s  a t  th e  

same c o n c e n t r a t io n  a s  th e o th e r c h e m ic a ls ,  w ere o b t a in e d  b y a p p ly in g  

th e  c h e m ic a l to th e  n u t r i e n t  s o l u t i o n  f o r  24 h fo llo w e d  by 24 h in  c h e m ic a l-  

f r e e  s o l u t i o n  t o  move a l l  th e  c h e m ic a l t c  th e le a v e s  ( F ig u r e  2 ) .
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F ig u r e  4 .  D i s t r i b u t i o n  o f  n o n - io n is e d  c h e m ic a ls  i n  R . communis 

24 and 72 h a f t e r  i n j e c t i o n  o f  th e  c h e m ic a ls  in t o  the  

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

p h e n y lu r e a

F ig u r e  5» A u t o r a d io g r a p h s  sho w ing th e  d i s t r i b u t i o n  of a l d i c a r b  

su lp h o n e  and p h e n y lu re a  w i t h in  th e  l e a f  b la d e s  o f  R .  

communis 24 h a f t e r  i n j e c t i o n  o f  th e  c h e m ic a ls  in t o

th e  p e t i o l e s .
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lo g  K & 0¥

F ig u r e  6 . R e l a t i o n s h i p  betw een th e  l i p o p h i l i c i t y  o f  n o n - io n is e d

c h e m ic a ls  and t h e i r  r e t e n t io n  i n  phloem  o f  R . com m unis. 

C o n c e n t r a t io n s  i n  th e  stem  phloem  e x u d a te s  and i n  th e  

l e a f  b la d e s  w ere m easured 24 h a f t e r  i n j e c t i o n  o f  th e  

c h e m ic a ls  i n t o  th e  p e t i o l e s  ( 4 - c h lo r o p h e n y lu r e a  a p p lie d  

v i a  u p ta k e  b y  r o o t s ,  see t e x t ) .  V e r t i c a l  b a r s  in d ic a t e  

th e  ra n g e  f o r  th e  r e p l i c a t e s .
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A l d i c a r b  su lp h o n e  was th e  c h e m ic a l b e s t  r e t a in e d  i n  phloem , 

b e in g  p r e s e n t  i n  phloem  ex u d a te from  th e  u p p e r c u t  a t  l^ffo o f  th e  

c o n c e n t r a t io n  i n  th e  l e a f  b la d e s ,  and d e c r e a s in g  to  53% i n  th e  ex u d a te  

fro m  th e  lo v e r  c u t .  The d is t a n c e  betw een th e  l e a f  b la d e  and th e  u p p e r  

c u t ,  a lo n g  th e  p e t i o l e  and p a r t  o f  th e  u p p e r stem , was s i m i l a r  to  t h a t  

b etw een th e  u p p e r and lo w e r c u t s  a lo n g  th e  stem  (1 0  -  12 cm) and  

c o m p a ra b le  r e t e n t i o n  o f  th e  c h e m ic a ls  i n  phloem  a lo n g  th e  p e t i o l e  and 

stem  was o b s e rv e d . R e t e n t io n  i n  phloem  d e c r e a s e d  a s l i p o p h i l i c i t y  

in c r e a s e d  and th e  c h e m ic a ls  o f  in t e r m e d ia t e  l i p o p h i l i c i t y  w ere l o s t  so  

q u i c k l y  t h a t  none was fo u n d  i n  phloem  e x u d a t e s .  The c o n c e n t r a t io n  

r a t i o s  o f  a l d i c a r b  s u lp h o n e  and oxam yl b etw een  phloem  e x u d a te s  and l e a f  

b la d e s  72 h a f t e r  p e t i o l e  i n j e c t i o n  w e re  v e r y  s i m i l a r  t o  th o se  a f t e r  

2k  h .

B r ig g s  e t  a l .  (1 9 8 2 ) e x p la in e d  th e  v a r i a t i o n  o f  TSCF o f  n o n -  

i o n i s e d  c h e m ic a ls  i n  b a r l e y  a s b e in g  due t o  th e  e f f e c t  o f  l i p o p h i l i c i t y  

o f th e  c h e m ic a ls  on t h e i r  p e im e a tio n  r a t e s  t h ro u g h  th e  membranes o f  th e  

en d o d erm al c e l l s  i n  th e  r o o t s ,  w it h  p o l a r  c h e m ic a ls  ( l o g  K < 0 )  

p e rm e a t in g  t h ro u g h  membranes o n ly  s lo w ly  and c h e m ic a ls  o f  in t e r m e d ia t e  

l i p o p h i l i c i t y  ( l o g  K qv  ^  2 . 0 )  h a v in g  th e  h ig h e s t  p e rm e a tio n  r a t e s .  

T h e r e f o r e ,  o u r f i n d i n g s  p r o v id e  good e v id e n c e  f o r  th e  in t e r m e d ia t e  

p e r m e a b i l i t y  h y p o t h e s is  (T y re e  e t  a l . ,  1 9 7 9 ) o f  phloem  t r a n s p o r t  o f

x e n o b io t i c s  i . e .  m ost x y le m -m o b ile , n o n - io n is e d  compounds d i f f u s e  f r e e l y  

i n t o  th e  phloem  b u t  o n ly  compounds t h a t  h a v e  lo w  p e rm e a tio n  r a t e s  th ro u g h  

c e l l  membranes a re  s u f f i c i e n t l y  r e t a in e d  i n  phloem  to  be t r a n s lo c a t e d  

o v e r  lo n g  d is t a n c e s .  I n  a d d it io n ,  th e  f i n d i n g s  p r e s e n t e d  h e re  i n d i c a t e  

t h a t  th e a b i l i t y  o f  n o n - io n is e d  c h e m ic a ls  to be t r a n s lo c a t e d  i n  phloem  i s  

a d i r e c t  c o n se q u e n ce  o f  t h e i r  l i p o p h i l i c i t y ,  w it h  o n ly  p o l a r  c h e m ic a ls  

( l o g  K < 0 )  b e in g  phloem  t r a n s lo c a t e d  o v e r  r e l a t i v e l y  lo n g  d is t a n c e s .
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C h e m ic a ls  o f  in t e r m e d ia t e  l i p o p h i l i c i t y  r a p i d l y  e sc a p e  o u t o f  th e  phloem  

s ie v e  c e l l s  and a r e  sw ept b a c k  t o  th e  le a v e s  v i a  th e  x y le m , so t h a t  t h e s e  

c h e m ic a ls  a re  n o t phloem  t r a n s lo c a t e d  from  th e  m ature l e a v e s  in t o  th e  

stem (t h e  x y lem  f lo w  r a t e  i n  th e  t e s t  p la n t s  was e s t im a t e d  to  be ab o ut  

4 0  tim e s h ig h e r  th a n  t h a t  i n  th e  p h lo e m ). The d i f f e r e n t  r a t e s  a t  w h ic h  

t h e  c h e m ic a ls  w e re  shown to  le a v e  th e  phloem  s u p p o rt s  th e  b a s i c  a s s u m p tio n  

o f  the in t e r m e d ia t e  p e r m e a b i l i t y  h y p o t h e s is ,  nam ely  t h a t  l o s s  o f  c h e m ic a ls  

from  phloem  i s  m a in ly  b y  d i f f u s i o n  a c r o s s  th e  plasm alem m a and n o t th ro u g h  

th e  p la sm o d e sm a ta l c o n n e c t io n s .

A lt h o u g h  th e  p o l a r  c h e m ic a ls  w ere s u f f i c i e n t l y  r e t a in e d  i n  phloem  

t o  be phloem  t r a n s l o c a t e d  from  th e  m atu re  le a v e s ,  e s c a p e  o u t o f  th e  phloem  

and movement b a ck  to  th e  m a tu re  le a v e s  v i a  th e xylem  r e s u l t e d  i n  v e r y  

s m a ll c o n c e n t r a t io n s  o f t h e s e  c h e m ic a ls  i n  th e  stem and r o o t  t i s s u e s  

( F ig u r e  4 ) .  E v id e n c e  f o r  t h i s  was o b t a in e d  from  a n o t h e r  e x p e rim e n t  

i n  w h ic h  a l d i c a r b  s u lp h o n e  was i n j e c t e d  in t o  th e  p e t i o l e  o f  one m atu re  

l e a f  and th e  amount t r a n s lo c a t e d  in t o  th e  o t h e r m atu re  l e a f ,  whose 

p e t i o l e  was s t e a m - g ir d le d  t o  p r e v e n t  a n y  phloem  t r a n s p o r t ,  was m e a su re d .  

A p p ro x im a t e ly  1 0 ^  o f  th e  a l d i c a r b  su lp h o n e  r e c o v e r e d  fro m  th e  w hole  

p la n t  was fo u n d  i n  th e  n o n - t r e a t e d  m ature l e a f  a f t e r  48 h , d e m o n s t ra t in g  

th e  r e c y c l i n g  o f  th e  c h e m ic a l i n  th e  w h ole p la n t .  A ssu m in g  t h a t  an  

e q u a l amount a l s o  r e t u r n e d  to  th e  t r e a t e d  l e a f ,  th e n  t o g e t h e r  w it h  the  

amount fo u n d  i n  t h e  r e s t  o f  the p la n t  a t  l e a s t  3 3 ^  o f  th e  a l d i c a r b  

su lp h o n e  i n  th e  l e a f  b la d e  was e x p o rt e d  o v e r 48 h .

The t im e - c o n c e n t r a t io n  p r o f i l e  o f  a l d i c a r b  s u lp h o n e  i n  th e  

phloem  e x u d a te s  c o l l e c t e d  c o n t in u o u s ly  o v e r a p e r io d  o f  8 h im m e d ia te ly  

a f t e r  i n j e c t i o n  i n t o  p e t i o l e s  showed t h a t  a l d i c a r b  s u lp h o n e  a p p e a re d  

i n  th e  e x u d a te s  c o l l e c t e d  d u r in g  th e  f i r s t  h o u r and in c r e a s e d  s l i g h t l y  

i n  c o n c e n t r a t io n  w it h  t im e , w it h  c o n c e n t r a t io n s a p p a r e n t ly  l e v e l l i n g  

o u t a f t e r  a b o u t 6 h ( F i g u r e  7 ) •  A f t e r  6 h , th e  c o n c e n t r a t io n s  i n  th e
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e x u d a te s  w ere a b o u t h a l f  t h o s e  i n  th e  e x u d a te s from  o t h e r  p la n t s  24 h  

a f t e r  i n j e c t i o n  i n t o  th e  p e t i o l e s .  A p a r a l l e l  e x p e rim e n t i n  w h ic h  

a s i n g l e  p la n t  was s a c r i f i c e d  a t  2 , 4  and 6 h a f t e r  i n j e c t i o n  in t o  th e  

p e t i o l e s  showed t h a t  th e  amount of a l d i c a r b  su lp h o n e  i n  th e  l e a f  b la d e s  

in c r e a s e d  s t e a d i l y  and , a f t e r  6 h , th e  amount o f  a l d i c a r b  su lp h o n e  i n  

th e  l e a f  b la d e s  was a b o u t h a l f  t h a t  24 h a f t e r  i n j e c t i o n  ( p e r s o n a l  

co m m u n ic a tio n , D r .  R ic h a r d  H. B ro m ilo w  and M r. M ark R . W i l l i a m s ) .  T h is  

i n d i c a t e s  t h a t  e n t r y  o f  a l d i c a r b  su lp h o n e  in t o  th e  phloem  o c c u r s  p r e ­

d o m in a n t ly  i n  th e  l e a f  b la d e s  and n o t  d i r e c t l y  i n  th e  p e t i o l e s .

I t  i s  w o rth  c o n s id e r in g  w h e th e r c o n c e n t r a t io n s  o f  th e  c h e m ic a ls  

i n  th e  phloem  e x u d a te s  r e p r e s e n t  th o s e  in  th e  phloem  s ie v e  c e l l s  o f  i n t a c t  

p l a n t s .  T y p i c a l l y  75 p i  o f  phloem  ex u d ate was c o l l e c t e d  p e r  h o u r fro m  

e a c h  i n c i s i o n  e n t e r in g  p e rh a p s  3 0 ^  o f  th e s ie v e  c e l l s  a ro u n d  th e  stem ; 

t h i s  r a t e  o f  f lo w  i s  p r o b a b ly  much g r e a t e r  th a n  i n  i n t a c t  p l a n t s .  

K a l l a r a c k a l  and M ilb u r n  (1 9 8 4 ) r e p o r t e d  a much h ig h e r  s p e c i f i c  m ass  

t r a n s f e r  o f  s u c r o s e  i n  e x u d in g  th a n  i n  i n t a c t  p e d u n c le s  o f  R . communis 

and a t t r i b u t e d  th e  r e s u l t s  t o  r e l e a s e  o f  the t u r g o r  p r e s s u r e  i n  th e  s ie v e  

c e l l s  a s w o u ld  be e x p e c te d  b y  th e  Munch p r e s s u r e - f lo w  h y p o t h e s is  o f  

phloem  t r a n s p o r t .  E nh an ced  phloem  f lo w  r a t e s  i n  o u r e x p e rim e n t s  m ig h t  

c a u s e  c h e m ic a l c o n c e n t r a t io n s  i n  th e  phloem  e x u d a te s  to be re d u c e d  by  

d i l u t i o n  i f  e n t r y  in t o  th e  l e a f  phloem  i s  r a t e - l i m i t i n g ,  o r  a l t e r n a t i v e l y  

t o  be in c r e a s e d  i f  e n t r y  in t o  th e  l e a f  phloem  i s  n o t r a t e - l i m i t i n g  b u t  

r e t e n t i o n  i n  phloem  d e t e rm in e s  t r a n s p o r t ,  a s t h e r e  w o u ld  be l e s s  tim e  f o r  

c h e m ic a ls  to  e s c a p e  o u t o f th e  phloem  a s f lo w - r a t e s  in c r e a s e d .  When 

10 x 10 p i  s e q u e n t ia l  a l i q u o t s  o f  phloem  ex u d ate w ere c o l l e c t e d ,  24 h  

a f t e r  i n j e c t i o n  o f a l d i c a r b  su lp h o n e  in t o  p e t i o l e s ,  t h e y  a l l  c o n t a in e d  

v e r y  s i m i l a r  am ounts o f th e  c h e m ic a l and th u s one ca n  be c o n f id e n t  t h a t  

t h e  phloem  s a n p le s  (1 0 0  -  150 p i )  c o l l e c t e d  i n  m ost o f  th e  e x p e rim e n ts  

w e re r e p r e s e n t a t i v e  o f  th o s e  i n  i n t a c t  p la n t s .  H o w ever, i n  th e  

e x p e r im e n t s  w h ere phloem  e x u d a te  was c o l l e c t e d  c o n t i n u o u s ly  f o r  6 -  8 h,
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F ig u r e  7* T im e - c o n c e n t r a t io n  p r o f i l e  o f  a l d i c a r b  su lp h o n e  in  phloem  

e x u d a te  from  th e  u p p e r ( • )  and lo w e r ( o )  stem o f  R. 

com m unis a f t e r  i n j e c t i o n  of th e  c h e m ic a l in t o  th e  p e t i o l e s .  

V e r t i c a l  b a r s  i n d i c a t e  th e  ra n g e  f o r  the r e p l i c a t e s .
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i t  i s  n o t  c e r t a i n  t h a t  th e  l a t e r  sa m p le s t a k e n  d u r in g  t h i s  p e r i o d  a re  

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

U s in g  an a u t o ra d io g ra p h y  t e c h n iq u e ,  C r a f t s  ( 1 9 6 ? )  r e p o r t e d  t h a t  

a m in o t r ia z o le  was fo und  i n  a p p r e c i a b le  am ounts i n  r o o t s  o f young soybean  

p l a n t s  f o l lo w in g  a p p l i c a t i o n  to  c o t y le d o n ,  e p i c o t y l  o r p r im a r y  l e a v e s .  

L i c h t n e r  (1 9 8 3 )  m easured  th e  K  o f  a m in o t r ia z o le  a t  v a r io u s  pH’ s and  

fro m  th e  r e s u l t s  he o b t a in e d  th e  lo g  K  o f  a m in o t r ia z o le  i s  a b o u t - 0 . 8 7  

o v e r  th e  pH ra n g e  5 t o  8 . T h is  v a lu e  o f  l o g  K i s  n o t v e r y  d i f f e r e n t  

fro m  t h a t  o f  a l d i c a r b  su lp h o n e  ( l o g  = - 0 . 5 7 ) »  and so th e  o b s e r v a t io n  

r e p o r t e d  h e re  t h a t  a l d i c a r b  su lp h o n e  i s  fo u n d  i n  v e r y  s m a ll am ounts i n  

r o o t s  i s  a p p a r e n t ly  i n  c o n t r a s t  to  th e  o b s e r v a t io n  b y  C r a f t s  ( 1967) w it h  

a m in o t r ia z o le .  H o w ever, as d is c u s s e d  p r e v i o u s l y  (p ag e 2 2 ) ,  i t  i s  l i k e l y  

t h a t  a m in o t r ia z o le  i s  t r a n s lo c a t e d  p r e d o m in a n t ly  a s an a la n in e  d e r i v a t i v e .

M a r t in  and E d g in g to n  ( l 9 8 l )  r e p o r t e d  t h a t  f o l lo w in g  a p p l i c a t i o n  

t o  a band a c r o s s  th e  c e n t r e  o f one o f th e  u n i f o l i a t e  le a v e s  o f  young  

so yb e an  p l a n t s ,  f e n a r im o l ( l o g  K = O .6 7 ) was phloem  t r a n s lo c a t e d  t o  an 

e x t e n t  s i m i l a r  to  t h a t  o f  oxam yl, w it h  benom yl ( l o g  K = - 0 . 2 l )  b e in g  

phloem  t r a n s l o c a t e d  to  a much l e s s  e x t e n t .  H ow ever, th e  s t u d ie s  d id  

n o t  in v o lv e  a n a l y s i s  o f  th e  p la n t  t i s s u e s  f o r  th e  p a r e n t  c h e m ic a ls  and 

th e  g iv e n  lo g  K o f  benom yl i s  f a r  lo w e r  th a n  t h a t  p r e d ic t e d  from  

H a n sc h  r e l a t i o n s h i p s  i . e .  1 .5  ( D r .  G e o f f r e y  G. B r ig g s ,  p e r s o n a l  

c o m m u n ic a t io n ).

A lt h o u g h  th e  l i t e r a t u r e  on t r a n s l o c a t i o n  o f  p o l a r  n o n - io n is e d  

c h e m ic a ls  i s  v e r y  l i m i t e d ,  t h e r e  h a s  n o t  b een an y u n e q u iv o c a l r e p o r t  o f  

s u c h  c h e m ic a ls  n o t b e in g  t r a n s lo c a t e d  i n  p h lo em . M o re o v e r, n o n - io n is e d  

c h e m ic a ls  o f  in t e r m e d ia t e  l i p o p h i l i c i t y  h ave o n ly  been fo u n d  t o  be m o b ile  

i n  x y le m . Th us th e  f i n d i n g s  p r e s e n t e d  h e re  r e l a t i n g  th e  l i p o p h i l i c i t y  

o f  th e  s t u d ie d  c h e m ic a ls  w it h  t h e i r  a b i l i t y  t o  be t r a n s lo c a t e d  i n  phloem  

may be o f  g e n e r a l a p p l i c a t i o n  to  n o n - io n is e d  c h e m ic a ls .
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U p ta k e  b y  r o o t s  and t r a n s l o c a t i o n  t o  s h o o ts  o f  weak a c id s  

i n  b a r le y

3 . 2 . 1 .  O c t a n - l - o l / w a t e r  p a r t i t i o n  c o e f f i c i e n t s  (K  ) and p K a ’ s o f  

th e  weak a c i d s .

The o c t a n - l - o l / w a t e r  p a r t i t i o n  c o e f f i c i e n t s  ( a s  lo g  K ^ )  and  

p K a ’ s o f  th e  weak a c id s  a re  shown i n  T a b le  4 .  The p h e n o x y a c e t ic  a c id s  

(p K a  rv> 3 . 0 ) spann ed  a ra n g e  o f  l i p o p h i l i c i t y , w it h  lo g  K q̂ t v a lu e s  f o r  th e  

u n d is s o c ia t e d  fo rm  o f t h e s e  a c id s  v a r y in g  fro m  0 .0 6  t o  4 .5 »  The un­

d i s s o c i a t e d  and d i s s o c i a t e d  fo rm s o f  f la m p ro p  (p K a  = 3 * 7 )  had lo g  

v a lu e s  s i m i l a r  to  th o se  o f 2 ,4 -D  and 3 » 5 - D. M a le ic  h y d r a z id e  was th e  

w e a k e s t a c i d  (p K a  = 5 * 6 5 ) and a ls o  th e  m ost p o l a r  o f  th e  weak a c id s  

s t u d ie d ,  th e u n d is s o c ia t e d  form  h a v in g  lo g  K qv  = - 0 . 6 .  W here m e a su re d ,  

t h e  a n io n s  w ere 3 . 1  t o  3*4 lo g  u n i t s  more p o l a r  th a n  th e  r e s p e c t iv e  

u n d is s o c ia t e d  a c i d s .  T h is  d i f f e r e n c e  i s  a l i t t l e  l e s s  th a n  th e  v a lu e  

o f  4 . 0  lo g  u n i t s  s t a t e d  by Leo  ejb a l .  ( l 9 7 l )  to  o c c u r  g e n e r a l l y

b etw een th e  u n d is s o c ia t e d  and d i s s o c i a t e d  fo rm s of weak a c i d s .

3 . 2 . 2 .  E f f e c t  o f  th e  n u t r i e n t  s o l u t i o n  pH on u p ta k e  and t r a n s l o c a t i o n  

o f  2 ,4 - D  and 3 ? 5 -D .

The m easured  RCF and TSCF v a lu e s  o f  2 ,4 - D  and 3 > 5 -D  f o l lo w in g  

u p ta k e  f o r  24 and 48  h from  s o lu t i o n  o f  d i f f e r e n t  pH’ s a re  g iv e n  i n  

T a b le  5 and F ig u r e s  8 and 9* The v a lu e s  r e p r e s e n t  means o f  two 

e x p e r im e n t s  (6  p la n t s  p e r  e x p e r im e n t ).

The RCF and TSCF v a lu e s  w ere m a rk e d ly  a f f e c t e d  b y  th e  n u t r i e n t  

s o l u t i o n  pH, b o th  b e in g  g r e a t l y  in c r e a s e d  a s  th e  pH d e c r e a s e d .  A t  pH 

v a l u e s  above 4 . 0 ,  RCF and TSCF v a lu e s  w ere f a i r l y  s i m i l a r  fro m  24 to  48 h ,  

i n d i c a t i n g  t h a t  e q u i l ib r iu m  was r a p i d l y  a t t a i n e d .  F u r t h e r  e v id e n c e  f o r  

t h i s  was o b t a in e d  b y  m o n it o r in g  th e  d e c r e a s e  i n  c o n c e n t r a t io n  o f th e  

c h e m ic a ls  i n  t h e  n u t r i e n t  s o l u t i o n  a t  pH 4 . 0 ;  i n  t h i s  c a s e ,  a f t e r  a 

r a p i d  d e c r e a s e  i n  c o n c e n t r a t io n  d u r in g  th e  f i r s t  p e r io d  o f  3 h , th e
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T a b le  4 .  V a lu e s  o f  log; K and pKa f o r  th e  weak a c id s& ow

C h e m ic a l lo g  K 
6 ow

pKa

u n d is s o c ia t e d
fo rm

d i s s o c i a t e d
form

4 -m e s y l P .O .A . 0 .0 6
a

3 . 1 °

3 - m e t h y l- 4 - m e s y l P .O .A . 0 .5 4 - 3 . 0 d

4 - F  P .O .A . 1 .6 4 - 3 . l d

4 - C l  P .O .A . 2 . 2 5 - 3 . l d

3 , 5 - D 2 .9 0 - 0 . 2 4 2 . 8 4 e

2 , 4 - D 2 .8 4 - 0 . 2 5 2 . 8 7 e

4 - ( 2 , 4 - d ic h lo r o p h e n o x y )  P .O .A . 4 . 5 1 .1 0 3 . 0 d

fla m p ro p 2 .9 0 - 0 . 4 0 3 . 7 0 f

m a le ic  h y d r a z id e - 0 . 6 3 - 5 .6 5 ®

a . M is s in g  v a lu e s  i n d i c a t e  t h a t  lo g  K v a lu e s  w ere n o t m easured
ow

b . C a lc u la t e d  v a lu e  ( s e e  2 . 2 . )

c .  M e a su re d  b y t i t r a t i o n  (M r. M ark R . W il l ia m s ,  R o tham sted  E x p e r im e n t a l
S t a t i o n )

d . C a l c u l a t e d  v a lu e s  b a se d  on th e  w o rk b y  P e r r i n  e t  a l . ,  19 8 1.

e . K en n e d y  and S t e w a rt  ( 1 9 8 0 ) .

f .  M e a su re d  b y  th e  s o l u b i l i t y  m ethod ( D r .  R ic h a r d  H. B ro m ilo w ,
R o th am sted  E x p e rim e n t a l S t a t i o n ) .

g . M i l l e r  and W h ite  ( 1 9 5 6 ) .



c o n c e n t r a t io n  in  t h e  n u t r i e n t  s o l u t i o n  chang ed  v e r y  l i t t l e .  A t  

pH 4 . 0 ,  h o w e v e r, b o th  th e  RCF and TSCF v a lu e s  d im in is h e d  from  24 to  

48 h  i n d i c a t i n g  t h a t  the r o o t  c e l l s  w ere u n a b le  to  m a in t a in  t h e i r  

i n t e r n a l  pH (t h e  e f f e c t  o f  th e  pH i n s i d e  th e  c e l l s  on u p ta k e  o f th e  

c h e m ic a ls  i s  d is c u s s e d  b e lo w ).

The c h e m ic a ls  b eh aved  s i m i l a r l y ,  a lth o u g h  2 , 4 - D  showed some­

w hat lo w e r RCF and h ig h e r  TSCF v a lu e s  th a n  3 55 -D . RCF v a lu e s  o b t a in e d  

b y  Shone and Wood ( 1 9 7 0  f o r  2 , 4 - D  i n  b a r l e y  w ere c o n s id e r a b ly  h ig h e r  

(8 8 .4  and 8 .0 7  a t  pH 4 . 0  and 6 .5  r e s p e c t i v e l y )  th a n  th e  v a lu e s  o b t a in e d  

i n  t h i s  s t u d y .  H o w ever, Shone and Wood assum ed t h a t  a l l  t h e  r a d i o ­

a c t i v i t y  fo und  in  r o o t s  was 2 , 4 - D .  S in c e  we fo und  t h a t  t h i s  c h e m ic a l  

i s  n o t  v e r y  s t a b le  i n  s h o o t s  o f  b a r l e y ,  m e ta b o lism  i n  r o o t s  i s  a ls o  

l i k e l y  t o  be s i g n i f i c a n t  a n d , i f  th e  m e t a b o lit e s  a re  r e t a in e d  i n  th e  

r o o t s ,  th e n  m easurem ents o f  th e  t o t a l  r a d i o a c t i v i t y  i n  r o o t s  w i l l  le a d  

to  an o v e r e s t im a t io n  o f  RCF v a lu e s .  The TSCF v a lu e s  o b t a in e d  f o r  

2 , 4 - D  i n  t h i s  s tu d y  ( 4 . 1  a t  pH 4 . 0  and 0 .0 6  a t  pH 6 . 0 )  w ere n o t v e r y  

d i f f e r e n t  from  th o se  o f  Shone and Wood (3 * 1  a t  pH 4 . 0  and 0 .1 4  a t  pH 6 . 5 )

The p a r t i t i o n  c o e f f i c i e n t s  o f  2 , 4 - D  and 3 ? 5 -D  b etw een m a ce ra te d  

r o o t s  and n u t r i e n t  s o l u t i o n  a t  pH 4 . 0  w ere n o t m e a s u ra b le

(K m a c e ra te d  r o o t s / v a t e r  < 0 ’ 2 )>  w h ic h  Was exP e c t e d  s in c e  th e  l i p o p h i l i c  

u n d is s o c ia t e d  m o le c u le s  a re  p r e s e n t  i n  v e r y  s m a ll c o n c e n t r a t io n  i n  com­

p a r i s o n  t o  t h a t  o f  th e  p o l a r  d i s s o c i a t e d  m o le c u le s  (p K a ’ s ^  3 * 0 ) .  The  

l a r g e  a c c u m u la t io n  o f  t h e s e  c h e m ic a ls  i n  r o o t s  o f  i n t a c t  p la n t s  i s  t h u s  

n o t  due t o  p a r t i t i o n  o n to  th e  r o o t  s o l i d s ,  a s h a s been shown to  e x p la in  

t h e  la r g e  a c c u m u la t io n  o f l i p o p h i l i c  n o n - io n is e d  c h e m ic a ls  ( B r ig g s  e t  a l . 

1 9 8 2 ),  b u t m ust be due to  th e  a c c u m u la t io n  w it h in  t h e  p ro to p la s m  o f  th e  

c e l l s .  T h is  a c c u m u la t io n  a g a in s t  a c o n c e n t r a t io n  g r a d ie n t  and th e  

r e s u l t i n g  v a lu e s  o f  TSCF g r e a t e r  th a n  u n i t y  a t  pH 4 . 0  m ust be an e n e rg y  

r e q u i r i n g  p r o c e s s .

A s m en tio n ed  p r e v i o u s l y  i n  th e  l i t e r a t u r e  r e v ie w ,  e n t r y  o f  weak
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T a b le  5« R o o t C o n c e n t r a t io n  F a c t o r s  (R C F ) and T r a n s p i r a t i o n  S tre am  

C o n c e n t r a t io n  F a c t o r s  (T S C F ) f o r  th e  u p ta k e  o f  2 , 4 -  and 

3 , 5 - d ic h lo r o p h e n o x y a c e t ic  a c id s  by r o o t s  o f  b a r l e y  from  

n u t r i e n t  s o lu t i o n s  o f  d i f f e r e n t  pH.

pH tim e
2 ,4 -D 3 ,5 -D

0 0 RCF TSCF a  0 RCF TSCF a  0

4 . 0 24 3 3 . 0 4 .1 4 2 4 . 5 4 .2 4
48 2 4 .5 2 .7 8 1 8 .0 3 . 2 5

5 - 0 24 7 .1 0 0 .4 9 6 .4 1 0 .72
48 6 .6 5 0 .5 8 6 .1 4 0 .6 6

6 .0 24 2 .7 0 0 .0 6 1 .5 6 0 .1 1
48 2 .1 6 0 .0 5 1 . 3 5 0 .1 2

7 . 0 24 0.92 0 .0 4 0 .6 0 0 .0 5
48 1 .1 1 0 .0 4 0.62 0 .0 5

8 .0 24 0 .7 1 0 .0 3 0 . 5 3 0 .0 4
48 0 .6 8 0 .0 3 0 .5 4 0 .0 4

v a lu e s  c o r r e c t e d  f o r  d e g r a d a t io n  (k  = 0 .8 5  and  

0 .6 8 d  f o r  2 ,4 -D  and 3 » 5 “ D r e s p e c t i v e l y ) .

a .
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F ig u r e  8 . R e l a t io n s h ip  b etw een th e  a c c u m u la t io n  o f  2 , 4 -  and 3 > 5 -  

d ic h lo r o p h e n o x y a c e t ic  a c id s  b y b a r l e y  r o o t s  (e x p r e s s e d  

a s th e  R o o t C o n c e n t r a t io n  F a c t o r  a f t e r  24 h u p t a k e ) and  

th e  pH o f  th e  n u t r i e n t  s o l u t i o n .  2 ,4 -D  ( o )  and 3 j 5 -D  ( • ) •  

V e r t i c a l  b a r s  i n d i c a t e  th e  ra n g e  o f th e r e p l i c a t e s .
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F ig u r e  9* R e l a t io n s h ip  b etw een th e  t r a n s l o c a t i o n  o f  2 , 4 -  and 3 > 5 -  

d ic h lo r o p h e n o x y a c e t ic  a c id s  t o  b a r l e y  sh o o ts  f o l lo w in g  

u p ta k e  by r o o t s  (e x p r e s s e d  a s  th e  T r a n s p ir a t i o n  S tream  

C o n c e n t r a t io n  F a c t o r  a f t e r  24 h u p t a k e ) and th e  pH o f  

th e  n u t r i e n t  s o l u t i o n .  2 ,4 - D  ( o )  and 3 ? 5 -D  ( • ) .  

V e r t i c a l  b a r s  i n d i c a t e  th e  ra n g e  f o r  th e  r e p l i c a t e s .



a c i d s  in t o  p la n t  c e l l s  h a s been shown to  be p r i m a r i l y  b y  d i f f u s i o n  o f

th e  u n d is s o c ia t e d  a c id s ,  w h ic h  p e rm e a te  membranes much more r a p i d l y  t h a n

th e  r e s p e c t i v e  a n io n s .  Once i n s i d e  the c e l l ,  d i s s o c i a t i o n  o c c u r s  and

th e  a n io n s  a r e  u n a b le  to  d i f f u s e  o u t a g a in  v e r y  r e a d i l y ,  th u s  le a d in g  to

a c c u m u la t io n  o f  weak a c id s  i n s i d e  th e  c e l l s  when th e  pH o f  th e  b a t h in g

s o l u t i o n  i s  lo w e r  th a n  t h a t  of th e  p ro t o p la s m  ( s e e  1 . 2 . 3 . 1 ) .  The

m a g n itu d e  o f th e  a c c u m u la t io n  by t h i s  ’ io n  t r a p ’ m echanism  ca n  be

p r e d ic t e d  k n o w in g  th e  p h y s ic o - c h e m ic a l  p a ra m e t e rs ,  and t h i s  was done

u s in g  a r e c e n t  form  o f  th e  ’ io n  t r a p ’ e q u a t io n  g iv e n  b y  R aven (1 9 7 5 ) *

The p r e d ic t e d  a c c u m u la t io n s  i n  c e l l s  f o r  weak a c id s  o f  d i f f e r i n g

p K a ’ s ,  from  a b a t h in g  s o l u t i o n  o f  pH 5*0? a s  a f u n c t io n  o f  th e  r a t i o  o f  th e

p e r m e a b i l i t i e s  o f  th e  c e l l  membranes to  th e  u n d is s o c ia t e d  and d i s s o c i a t e d

fo rm s o f  th e  a c i d s ,  a re  shown i n  F ig u r e  1 0 . The v a c u o le  and c y t o p la s m

w ere assum ed t o  o ccu p y  90^  and 1 0 $  o f  th e  c e l l u l a r  vo lum e r e s p e c t i v e l y

( S u t c l i f f e ,  1 9 79 ; D a rm sta d t £ t  al . ,  1 9 8 3 ) and t h e i r  pH ’ s to  be 5* 5  and

7 - 0  r e s p e c t i v e l y  (R o b e rt s  e t  a l . , 19 80; G o ld s m it h  a t  a l_ . , 1 9 8 l)  . The

plasm alem m a p o t e n t i a l  was assum ed t o  be - 0 . 1 2 V  (R a v e n , 1 9 75 ; G o ld s m ith

e t  a l . ,  1 9 8 l ) .  The l i t e r a t u r e  v a lu e s  f o r  th e  t o n o p la s t  p o t e n t ia l  a re

r a t h e r  u n c e r t a i n  b u t a re  a l l  lo w  i . e .  , E r J  - 0 . 0 2  V (R a v e n , 1 9 7 5 :c y t . v a c . v i s i s ,

K u r k d jia n a n d  B a r b ie r - B r y g o o , 1 9 8 3 ) so t h a t  th e  d i s t r i b u t i o n  o f  th e  a c id s  

b etw een c y t o p la s m  and v a c u o le  was c a l c u l a t e d  n e g le c t in g  th e  t o n o p la s t  

p o t e n t i a l  ( t h e  e q u a t io n  r e q u ir e s  a v a lu e  # 0 and -1 0 ~ ^ V  was u s e d ) .

_4
The e f f e c t  of a change i n  th e  t o n o p la s t  p o t e n t i a l  fro m  - 0 . 0 2  t o  - 1 0  V 

i s  t o  d e c r e a s e  t h e  p r e d ic t e d  v a lu e s  o f  a c c u m u la t io n ,  th e  e x t e n t  b e in g  

g r e a t e r  th e  lo w e r th e  pKa and th e  lo w e r th e  r a t i o  o f  th e  p e r m e a b i l i t i e s  o f

th e  c e l l  membranes t o  th e  u n d is s o c ia t e d  and d i s s o c i a t e d  fo rm s o f  the

2
a c i d  (b y  a f a c t o r  o f  2 f o r  a weak a c i d  o f  pKa = 3 and P tTT/ P , -  = 10 b u t

AH A

th e  e f f e c t  i s  l e s s  th a n  2 0 $  f o r  a c id s  w it h  P . tt/ P . -  ^  l o \
AH A

80

From  F ig u r e  10, i t  can be se e n  t h a t  a c c u m u la t io n  o f  an a c id  o f  

pK a 5 .6  e . g .  m a le ic  h y d r a z id e  i s  r a t h e r  i n s e n s i t i v e  to  th e  p e r m e a b i l i t y
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F ig u r e  1 0 . R e l a t i o n s h i p  betw een t h e o r e t i c a l  v a l u e s  o f  a c c u m u la t io n  

i n s i d e  c e l l s  o f  weak a c id s  o f  d i f f e r e n t  pK a’ s ,  from  a 

b a t h in g  s o lu t i o n  o f pH 5 * 0 , and th e  r a t i o  o f  th e  perm ea­

b i l i t i e s  o f  the c e l l  membranes to  th e  u n d is s o c ia t e d  and 

d i s s o c i a t e d  fo rm s of th e  a c i d s .  See t e x t  f o r  f u r t h e r

d e t a i l s .
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r a t i o ,  w h e re a s a c c u m u la t io n  o f  a c id s  o f  pKa 3 * 0  e . g .  2 ,4 - D  and 3 ? 5 -D

5
i s  v e r y  s e n s i t i v e  and i s  v e r y  l a r g e  f o r  p e r m e a b i l i t y  r a t i o s  above 10 .

To c a l c u l a t e  th e  r a t i o s  of th e  p e r m e a b i l i t i e s  o f  the membranes 

to  th e  u n d is s o c ia t e d  and d i s s o c i a t e d  fo rm s o f  th e  a c id ,  i t  i s  n e c e s s a r y  

to  know th e  p r o p o r t io n  o f  a c c u m u la te d  a c i d  t h a t  i s  p r e s e n t  i n  th e  p r o t o ­

p la sm  o f  th e  r o o t  c e l l s .  W a te r i n  th e  f r e e  s p a c e  a c c o u n t s  f o r  a b o u t  

2 0 $  of th e  r o o t  w e ig h t (S h o n e and Wood, 1 9 7 3 )?  and so th e  c h e m ic a l i n  

th e  f r e e  s p a c e  c o n t r ib u t e s  a b o u t 0 . 2  t o  t h e  R CF a t  a l l  pH’ s .  S in c e  

p a r t i t i o n  o f 2 ,4 - D  and 3 ? 5 -D  on to  r o o t  s o l i d s  was shown to  be n e g l i g i b l e ,  

th e  amount o f  c h e m ic a l i n  th e  p rp t o p la s m  ca n  t h u s  be ta k e n  to  be th e  

RCF l e s s  0 . 2 .  U s in g  t h i s  v a lu e ,  ta k e n  fro m  th e  u p ta k e  e x p e rim e n ts  a t  

pH 5 .0  a t  \ d iic  h pH the r o o t  c e l l s  w ere assum ed t o  be a b le  to  m a in t a in  

t h e i r  i n t e r n a l  pH, and a ss u m in g  t h a t  t h e  f r e e  sp a c e  was a t  th e  pH o f  

th e  b a t h in g  s o l u t i o n ,  v a l u e s  o f  th e  p e r m e a b i l i t y  r a t i o s  w ere e s t im a t e d  

fro m  F ig u r e  1 0 . The e s t im a t e d  r a t i o s  P ^ g /P ^ -  ^o r  2 ,4 -D  and 3 ? 5 -D  

( p K a ^ 3 )  w ere 5 « 6 x  10^ and 4 . 5  x 10^ r e s p e c t i v e l y .
'T

W edding and E r i c k s o n  ( 1 9 5 7 )  e s t im a t e d  a v a lu e  o f  1 . 1  x 10^  

f o r  2 ,4 - D  i n  N i t e l l a  c e l l s ,  b u t t h e s e  a u t h o r s  d id  n o t in c lu d e  th e  p la s m a -  

lemma p o t e n t i a l  in  t h e i r  c a l c u l a t i o n s ,  c o n s id e r a t io n  o f  w h ic h  w o u ld  h ave  

le d  to  a h ig h e r  v a lu e  f o r  th e  p e r m e a b i l i t y  r a t i o .  L a rg e  p e r m e a b il i t y

r a t i o s  have a l s o  been fo u n d  f o r  o t h e r  weak a c i d s .  A ssu m in g  a p e r m e a b il i t y

r a t i o  o f  1 0 J , Raven ( 1 9 7 5 )  c a l c u l a t e d  a c o n c e n t r a t io n  o f IAA i n  the v a c u o le  

o f  H y d r o d ic t y o n  t h a t  a g re e d  w it h  e x p e r im e n t a l ly  o b s e rv e d  v a lu e s  h u t ,  

b a se d  on d a t a  p ro d u ce d  b y  o t h e r  a u t h o rs  on IA A  p e rm e a tio n  t h r o u g h  l i p i d  

b i l a y e r s  i n  v i t r o  and on m easurem ents o f  membrane c o n d u c ta n c e , R aven  

and R u b e ry  (1 9 8 2 )  c o n c lu d e d  t h a t  th e  p e r m e a b i l i t y  r a t i o  was a t  l e a s t  1 0 ^ .

U s in g  th e same p r o c e d u r e ,  th e  p e r m e a b i l i t y  r a t i o s  f o r  2 ,4 - D  and

3 , 5 - D  w ere e s t im a te d  from  th e  o b s e rv e d  RCF v a lu e s  a t  pH 4 . 0 .  The

4 4
e s t im a t e d  v a lu e s  were 1 .4  x 10 and 1 .1  x 10 , r e s p e c t i v e l y .  T h ese v a lu e s  

a re  ab o ut 5 t im e s  lo w e r th a n  th o s e  e s t im a t e d  a t  pH 5 . 0 .  I t  i s  l i k e l y

t h a t ,  even d u r in g  th e f i r s t  p e r io d  o f  24 h , th e  e x t e r n a l  pH 4 . 0  c a u s e s



th e  i n t e r n a l  pH to  d e c r e a s e  t o  a c e r t a i n  e x t e n t ,  w h ic h  w o uld  r e s u l t  i n  

l e s s  a c c u m u la t io n  a n d , t h e r e f o r e ,  th e  e s t im a t e d  p e r m e a b il i t y  r a t i o  w o uld  

be l e s s .  The RCF v a lu e s  m easured  a t  pH ’ s 6 .0  and above w ere h ig h e r  th a n  

th o s e  p r e d ic t e d  fro m  th e  p e r m e a b il i t y  r a t i o s  e s t im a t e d  fro m  th e  RCF  

v a lu e s  a t  pH 5 * 0 . T h is  may be b e c a u s e  th e  aqueous p h a se i n  th e  f r e e  

sp a ce  o f  th e r o o t s  was p o s s i b l y  lo w e r t h a n  t h a t  i n  th e  e x t e r n a l  s o l u t i o n  

a s a r e s u l t  o f  th e  p ro to n -p u m p in g  m echanism , w h ic h  m a in t a in s  th e  a p o p la s t  

o f  r a p i d l y  g ro w in g  t i s s u e s  a t  pH l e v e l s  o f  a b o u t 5»0 ( C l e la n d ,  1 9 7 3 )*

I t  i s  w o rth  m e n t io n in g  t h a t ,  w h e re a s l i t e r a t u r e  v a lu e s  o f  c y t o ­

p la sm  pH a re  f a i r l y  c o n s i s t e n t  ( < ^ 7 * 0 ), o t h e r  a u t h o rs  h ave g iv e n  

d i f f e r e n t  v a lu e s  f o r  th e  v a c u o la r  pH and f o r  th e  p r o p o r t io n  o f  th e  

c e l l u l a r  vo lu m e o c c u p ie d  b y  th e  v a c u o le ,  i . e .  pH = 6 .0  (.K u rk d j.ia n  and 

B a r b i e r - B r y g o o , 1 9 8 3) and 9 5 $  o f th e  c e l l u l a r  volum e (G o ld s m it h ,  1 9 7 7 )-  

The p r e d ic t e d  a c c u m u la t io n  o f  th e a c id s  a ssu m in g  d i f f e r e n t  c o m b in a t io n s  

o f  v a c u o la r  pH and vo lu m es o c c u p ie d  b y  v a c u o le  and c y to p la s m  i s  shown 

i n  T a b le  6 . The a ss u m p tio n  o f  a  v a c u o la r  pH = 5*5 (9 0 $  o f  c e l l  v o lu m e )  

g iv e s  r i s e  t o  v a lu e s  o f  p r e d ic t e d  a c c u m u la t io n  t h a t  a re  c l o s e s t  t o  th e  

a v e ra g e  o f  th o s e  c a l c u l a t e d  u s in g  th e  f o u r  d i f f e r e n t  c o m b in a t io n s  and 

so  th e  c h o ic e  o f a v a c u o la r  pH = 5*5 (9 0 $ )  i s  j u s t i f i e d .

I t  seems f e a s i b l e  to  c o n c lu d e  t h a t  th e  u p ta k e  o f  2 , 4 - D  and 

3 ,5 -D  by b a r l e y  r o o t s  ca n  be e x p la in e d  b y  th e  ' i o n  t r a p ’ m echanism  

w it h  no need  t o  in v o k e  th e  in v o lv e m e n t o f  s p e c i f i c  c a r r i e r s .  Shone and 

Wood ( 1 9 7 ^ )  o b s e rv e d  t h a t  b o th  RCF and TSCF o f  2 ,4 - D  i n  b a r l e y ,  f o l lo w in g  

u p ta k e  fro m  s o l u t i o n  a t  pH 4 . 0 ,  w ere m a rk e d ly  re d u c e d  b y  10 sodium  

a z id e  and s u g g e s te d  t h a t  a c c u m u la t io n  o f 2 , 4 - D  by r o o t s  i s  in f lu e n c e d  

by m e t a b o lis m . H ow ever, i t  i s  l i k e l y  t h a t  sodium  a z id e  i n h i b i t s  the  

e n e rg y -d e p e n d e n t p r o c e s s  r e q u ir e d  f o r  m a in te n a n c e  o f  th e  i n t e r n a l  pH 

o f  t h e  c e l l s  r a t h e r  th a n  a s p e c i f i c  c a r r i e r  m echanism  o f  t r a n s p o r t  o f  

2 , 4 - D  t h ro u g h  c e l l  m em branes. The p o s s i b l e  r o l e  o f s p e c i f i c  c a r r i e r s  

i n  a c c u m u la t io n  b y c e l l s  and phloem  t r a n s p o r t  o f  weak a c id s  i s  d is c u s s e d

83



T a b le  6 . P r e d ic t e d  a c c u m u la t io n  o f weak a c i d s  i n  c e l l s ,  fro m  a b a t h in g  

s o l u t i o n  o f  pH 5*0> a ssu m in g  d i f f e r e n t  v a lu e s  f o r  th e  v a c u o la r  

pH, p e rc e n t a g e  o f  th e  c e l l u l a r  vo lu m e o c c u p ie d  b y  th e  v a c u o le  

and c y t o p la s m , pKa o f  th e a c i d  and r a t i o  o f  th e  p e r m e a b i l i t i e s  

of th e  c e l l  membranes t o  th e  u n d is s o c ia t e d  and d i s s o c i a t e d  

fo rm s o f  th e  a c i d .
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R a t ic

101

o f p e r m e a b i l i t i e s

2 1 4  10 10^ 10

( W PA-

105

.)

! 06

V a c u o le :  pH = 5* 5  (9 0 $ )  
C y to p la s m : pH = 7* 0  ( 1 0 $ )

pKa = 3 - 0 0 .0 3 0 . 1 7 0 . 7 0 2 .6 9 8 .8 2 1 2 .1 8
pKa = 3 - 7 0 .10 0 .4 8 1 . 66- 6.60 11.26 1 2 .1 7
pKa = 5 - 6 0 .4 9 1.68 3 .0 5 3 .3 4 3 - 3 7 3 -3 8

V a c u o le :  pH = 5 - 5  (9 5 $ )  
C y to p la s m : pH = 7*0 ( 5 $ )

pKa =  3 . 0 0 .0 3 0 . 1 7 0.62 1 .8 7 5 .5 8 7.6 0
PK a  = 3* 7 0.10 0 .4 0 1 .2 4 4 .9 1 8 .7 0 9 .4 4
pKa = 5*6 0 .16 0 .9 6 1 .8 7 2.06 2 .0 9 2 .0 9

V a c u o le :  pH = 6 .0  (9 0 $ )  
C y to p la s m : pH = 7*0 ( 1 0 $ )

pKa = 3 - 0 0 .0 3 0.20 1.2 2 4 . 5 7 1 3 .3 1 1 8 .0 5
pKa = 3 - 7 0 .1 1 0 .7 4 2 .9 8 1 0 .1 3 1 6 .7 1 1 7 .9 9
pKa = 5*6 0 .7 1 2 .3 6 4 .1 8 4 . 5 6 4 .6 1 4 .61

V a c u o le :  pH = 6 .0  (9 5 $ )  
C y to p la s m : pH = 7*0 ( 5 $ )

pKa = 3*0 0.03 0.20 1 .1 8 3-86 1 0 .3 2 1 3.8 0
pKa = 3 - 7 0.10 0 .7 2 2 .6 3 7.9 6 1 2 .8 0 1 3 .7 4
pKa = 5*6 0 .16 I .96 3 . 3 7 3 .7 1 3 . 7 1 3 .7 1



i n  m ore d e t a i l  i n  S e c t io n  3 * 3 * 2 .2 .
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The in c r e a s in g  c o n c e n t r a t io n  o f  2 ,4 - D  and 3 ? 5 -D  fo u n d  i n  th e  

t r a n s p i r a t i o n  strea m  a s  th e  s o l u t i o n  p H ’ s d e c re a s e d  p a r a l l e l e d  th e  

ch a n g e s i n  RCF v i t h  pH. The f o l lo w i n g  r e g r e s s io n  was e s t a b l is h e d  f o r  

2 , 4 - D  a f t e r  u p ta k e  b y r o o t s  f o r  24 h  : -

RCF = 7 .6 2  x  TSCF + 1 .6 2  ( r  =  0 .9 9 * * )  

and f o r  3 ? 5 -D

RCF = 5*61 x  TSCF + 0 .9 3  ( r =  f ) .9 9 * * )

T h is  p r o p o r t i o n a l i t y  b etw een RCF and TSCF v a lu e s  i n d i c a t e  t h a t  th e s e  

c h e m ic a ls  i n  th e  r o o t s  w ere a v a i l a b l e  f o r  t r a n s f e r  t o  th e  x y le m , th o ug h  

t h e i r  movement a c r o s s  th e  e n d o d e rm is  was r a t h e r  i n e f f i c i e n t  a s  c o n c e n t r a t ­

io n s  i n  th e  t r a n s p i r a t i o n  stre a m  w ere o n ly  a b o u t 10$  o f  t h o s e  i n  th e  

r o o t  c o r t i c a l  c e l l s .

3 . 2 . 3 .  U p ta k e  and t r a n s l o c a t i o n  o f o t h e r  weak a c id s .

The m easured RCF and TSCF v a lu e s  o f  a s e r i e s  o f  weak a c id s  

and o f  a n o n - io n is e d  c h e m ic a l,  4 - c h lo r o p h e n y lu r e a ,  a f t e r  24 h u p ta k e  

fro m  n u t r i e n t  s o lu t i o n  o f  pH ’ s 4 . 0 ,  5* 0  and 7*0 a re  shown i n  T a b le  7*

The e x t e n t  to  w h ic h  4 - c h lo r o p h e n y lu r e a  was ta k e n  up b y  r o o t s  and su b ­

s e q u e n t ly  t r a n s lo c a t e d  to  s h o o ts  was v i r t u a l l y  u n a f f e c t e d  b y  th e  e x t e r n a l  

s o l u t i o n  pH, and th e  m ea su red  RCF and TSCF v a lu e s  w ere s i m i l a r  to  th o se  

o b t a in e d  b y B r ig g s  e t  a l .  ( 1 9 8 2 ) .  I n  c o n t r a s t ,  b o th  RCF and TSCF v a lu e s  

f o r  th e  weak a c id s  g e n e r a l l y  in c r e a s e d  a s  th e  n u t r i e n t  s o l u t i o n  pH 

d e c r e a s e d ,  a s  o b se rv e d  f o r  2 , 4 - D  and 3 > 5 -D , tho ugh th e  e x t e n t  o f  t h i s  

e f f e c t  v a r i e d  c o n s id e r a b ly  am ongst th e  weak a c id s .

The m easured RCF v a lu e s  f o l lo w in g  u p ta k e  from  s o l u t i o n  o f  pH 4 . 0  

o r 5* 0  w ere h ig h e s t  f o r  th e  p h e n o x y a c e t ic  a c id s  whose u n d is s o c ia t e d  fo rm s  

w e re  o f  in t e r m e d ia t e  l i p o p h i l i c i t y  i . e .  lo g  K qv^ 2 . 0  and f o r  th e  m ost 

l i p o p h i l i c  weak a c id  s t u d ie d ,  4 - ( 2 , 4 - d ic h lo r o p h e n o x y )  P .O .A . ( l o g  K qv = 4 . 5 ) .  

The p h e n o x y a c e t ic  a c id s  o f  in t e r m e d ia t e  l i p o p h i l i c i t y  had a l s o  th e  h ig h e s t
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T a b le  7* R o o t C o n c e n t r a t io n  F a c t o r s  and T r a n s p ir a t i o n  S tre a m  C o n c e n t r a t io n

F a c t o r s  o f  w eak a c id s  and o f  a n o n - io n is e d  c h e m ic a l a f t e r  24 h  

u p ta k e  from  n u t r i e n t  s o l u t i o n s  o f  d i f f e r e n t  pH.

C h e m ic a l

k a

( p e r  d a y ) pH4 .0

RCF

p H 5 .0 pH 7r0

TSCF b 0

pH 4 .0  p H 5 .0 p H 7 .0

4 - m e s y l P .O .A . 0 .1 1 2 .6 2 1 .1 2
c

0 . 1 2 0 .0 4
c

3 - m e t h y l—4 -m e s y l P .O .A . 0 .0 8 6 .8 9 1 .7 4 0 .8 6 0 .2 0 0 .0 8 0 .0 4

4 - F  P .O .A . 0 . 2 2 6 7 .9 8 .6 0 0 .5 1 3 .9 5 0 .8 6 0 .0 4

4 - C l  P .O .A . 0 . 3 1 7 1 .6 1 1 .6 0 .5 8 3 . 7 0 0 .9 1 0 . 0 5

3 , 5 - D 0 .6 8 2 4 . 5 6 .4 1 0 .6 0 4 .2 4 0 .7 2 0 . 0 5

2 , 4 - D 0 .8 5 3 3 . 3 7.6 2 0 .8 3 4 .1 4 0 .4 9 0 .0 4

4 - ( 2 , 4 - d ic h l o r o p h e n o x y )

P .O .A . O .56 5 5 . 5 2 6 .0 4 .8 0 0 .2 3 0 .1 5 0 .0 4

m a le ic  h y d r a z id e 0 .0 8 2 . 7 3 2 .1 4 0 .5 3 0 .0 4 0 .1 3 0 . 0 2

fla m p ro p 1 . 3 d 5 . 1 6 2 .2 0 0 .7 3 d d d

4 - c h lo r o p h e n y lu r e a
e

2 . 1 1
c

1 .9 6 0 .4 8
c

0 .4 9

a .  D e g r a d a t io n  r a t e  o f c h e m ic a l in  the p la n t  s h o o t s

b . V a lu e s  c o r r e c t e d  f o r  d e g r a d a t io n

c .  M is s in g  v a l u e s  i n d i c a t e  t h a t  th e y  w ere n o t m ea su red

d . D e g r a d a t io n  o f  the c h e m ic a l was v e r y  f a s t ,  so t h a t  th e  h a l f  

l i f e ,  and c o n s e q u e n t ly  th e  TSCF v a lu e s ,  c o u ld  n o t be 

p r o p e r l y  a s s e s s e d

e . D e g r a d a t io n  r a t e  i s  s u f f i c i e n t l y  s m a ll i n  b a r l e y  s h o o ts  

to  be n e g le c t e d  i n s o f a r  a s  c o r r e c t i o n  o f  th e  TSCFg^ i s  

c o n c e rn e d  ( B r i g g s  e t  a l . ,  1 9 8 2 ).
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TSCF v a l u e s ,  much h ig h e r  th a n  th o s e  f o r  4 - ( 2 , 4 - d ic h lo r o p h e n o x y )  P .O .A .  

a lt h o u g h  t h e i r  RCF v a lu e s  w ere c o m p a ra b le . I n  c o n t r a s t  to  th e  o t h e r  

w eak a c i d s ,  m ost o f  th e  4 - ( 2 , 4 - d ic h lo r o p h e n o x y )  P .O .A . i n  th e  r o o t s  was 

s t r o n g l y  p a r t i t i o n e d  on to  th e  r o o t  s o l i d s  ( F ig u r e  l l ) , p a r t i t i o n  onto  

m a c e ra te d  r o o t s  b e in g  o n ly  s l i g h t l y  l e s s  th a n  u p ta k e  b y  r o o t s  o f i n t a c t  

p l a n t s .

U s in g  th e  same a p p ro a c h  p r e v i o u s l y  d is c u s s e d  f o r  2 , 4 - D  and 3>5-D >  

th e  r a t i o s  o f  th e  p e r m e a b i l i t i e s  o f  t h e  c e l l  membranes t o  th e  u n d is s o c ia t e d  

and d i s s o c i a t e d  fo rm s o f  th e  weak a c i d s  w e re  e s t im a t e d  from  th e  RCF v a lu e s  

o b t a in e d  a t  pH 5*0 (T a b le  8 ) .  The v a l u e s  o f  t h i s  p e r m e a b i l i t y  r a t i o

v a r i e d  o v e r n e a r l y  t h r e e  o r d e r s  o f  m a g n itu d e , and was g r e a t e s t  f o r  th e  

a c id s  whose u n d is s o c ia t e d  fo rm s w ere o f  in t e r m e d ia t e  l i p o p h i l i c i t y  i . e .  

lo g  *>» 2 . 0  ( F ig u r e  1 2 ) .  I n  t h e i r  w o rk on u p ta k e  by r o o t s  and t r a n s ­

l o c a t i o n  t o  th e  s h o o ts  o f  n o n - io n is e d  c h e m ic a ls  b y  b a r l e y ,  B r ig g s  e t  a l . 

( 1 9 8 2 )  s u g g e s t e d  t h a t  c h e m ic a ls  o f  l o g  2 . 0  h ave th e  h ig h e s t

p e rm e a t io n  r a t e s  th ro u g h  c e l l  m em branes. T h e r e f o r e  i t  a p p e a rs  a s  i f  

th e  p e r m e a b i l i t y  r a t i o  o f c e l l  mem branes t o  th e  u n d is s o c ia t e d  and d i s s o c i a ­

t e d  fo rm s o f  weak a c id s  i s  g o v e rn e d  b y  th e  p e r m e a b il it y  to  th e  u n d is s o c ia t e d  

a c i d .  The e s t im a t e d  p e r m e a b i l i t y  r a t i o  f o r  fla m p ro p  was much l e s s  th a n  

t h a t  f o r  3 , 5 - D ,  a lt h o u g h  th e  two a c i d s  h a ve s i m i l a r  lo g  K ’ s .  I t  c o u ld  

be t h a t  th e  e x t r a  b e n z o y l g ro u p  i n  th e  fla m p ro p  a n io n  m asks th e  e f f e c t  

o f  th e  c h a rg e  o f  th e  m o le c u le  and so f la m p r o p  a n io n s  w o uld perm eate th e  

m em branes more r a p i d l y  th a n  3 » 5 -R  a n io n s .  H ow ever, t h i s  e x p la n a t io n  

l a c k s  e x p e r im e n t a l e v id e n c e .

The lo w  p e r m e a b il i t y  to th e  a n io n s  a p p e a rs  t o  be l a r g e l y  due 

t o  t h e i r  c h a rg e ; f o r  exam ple th e  a n io n  o f  4 - ( 2 , 4 - d ic h lo r o p h e n o x y )  P .O .A .,  

d e s p i t e  h a v in g  a lo g  o f  1 . 1 0 ,  d id  n o t  perm eate membranes w e ll  as  

in d i c a t e d  b y  th e  lo w  TSCF ev en  a t  pH 7 * 0 .  The r a t i o  o f  th e  p e r m e a b i l i t i e s  

o f  th e  c e l l  membranes to  th e  u n d is s o c ia t e d  and d is s o c ia t e d  fo rm s o f  t h i s  

l i p o p h i l i c  a c i d  c o u ld  n o t be e s t im a t e d  b e c a u s e ,  as d is c u s s e d  a b o ve , t h i s
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c h e m ic a l was shown t o  p a r t i t i o n  s t r o n g l y  o n to  th e  r o o t  s o l i d s  ( F ig u r e  l l )  

so t h a t  th e  amount o f  c h e m ic a l i n  the p ro t o p la s m  c o u ld  n o t be a c c u r a t e l y  

e s t im a t e d .
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E x t e r n a l  s o lu t i o n  pH

F ig u r e  1 1 . E f f e c t  o f  the b a t h in g  s o lu t i o n  pH on th e  u p ta k e  o f  

4 - ( 2 , 4 - d ic h lo r o p h e n o x y )  p h e n o x y a c e t ic  a c id  by r o o t s  

o f  b a r le y :  ( • ) ,  r o o t s  o f  i n t a c t  p l a n t s ;  ( o ) ,  

m a c e ra te d  r o o t s  ( r e s u l t s  e x p re s s e d  on a f r e s h  w e ig h t  

b a s i s ) .



T a b le  8 . R a t io s  o f  th e  p e r m e a b i l i t i e s  o f  th e  membranes o f  b a r l e y  

r o o t  c e l l s  t o  th e  u n d is s o c ia t e d  and d i s s o c i a t e d  fo rm s o f  

weak a c i d s .  V a lu e s  w ere c a l c u l a t e d  from  th e  m easured  

a c c u m u la t io n  o f  th e  a c id s  i n s i d e  the c e l l s  a f t e r  24 h  

u p ta k e  fro m  s o l u t i o n  o f  pH 5*0

90

C h e m ic a l lo g  K 
& ow

( u n d is s o c .  fo rm )

P e r m e a b il it y  r a t i o

(pah/pa“)

p h e n o x y a c e t ic  a c id s  
(pKa~ 3.o)

3 -m e s y l P .O .A . 0 .0 6 1 .4  x 103

3 - m e t h y l- 4 - m e s y l P .O .A . 0 .5 4 3 . 2  x 103

4 - F  P .O .A . 1 .6 4 1 .0  x 10 3

4 - C l  P .O .A . 2 .2 5 4 . 0  x 1 0 3

3 , 5 - D 2.90 4 . 5  x 104

2 ,4 -D 2 .8 4 5 . 6  x 104

m a le ic  h y d r a z id e  
(pK& = 5 - 6 )

- 0 . 6 3 1 .8  x 102

fla m p ro p
(pKa = 3 - 7 )

2.90 1 . 0  x 103
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lo g  K ( u n d is s o c ia t e d  fo rm )

F ig u r e  1 2 . R e l a t i o n s h i p  betw een l i p o p h i l i c i t y  o f  weak a c id s  and th e

r a t i o  o f  th e  p e r m e a b i l i t i e s  o f  th e  c e l l  membranes t o  t h e i r  

u n d is s o c ia t e d  and d i s s o c i a t e d  fo rm s . P h e n o x y a c e t ic  a c id s  

( • ) ,  m a le ic  h y d r a z id e  ( o )  and fla m p ro p  ( & ) .
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3 .3 *  T r a n s lo c a t i o n  o f  weak a c id s  i n  R . communis

3 . 3 . 1 .  T r a n s lo c a t i o n  f o l lo w in g  u p ta k e  b y  r o o t s

3 * 3 * 1 .1 .  I n t a c t  p la n t s

The s t u d ie s  o f u p ta k e  o f  th e weak a c id s  by b a r l e y  r o o t s  from  

n u t r i e n t  s o lu t i o n s  o f  d i f f e r e n t  pH showed t h a t  th e  pH g r a d ie n t  a c r o s s  

th e  c e l l  membranes i s  th e  d r i v i n g  f o r c e  f o r  th e a c c u m u la t io n  o f  th e  

a c id s  i n s i d e  th e  c e l l s .  The pH i n s i d e  th e  phloem  s ie v e  c e l l s  

(  8 .0  -  0 . 1  a c c o r d in g  t o  o u r own pH m easurem ents o f  phloem  e x u d a te  from  

R . com m unis) i s  h ig h e r  th a n  t h a t  i n  t h e  s u rr o u n d in g  t i s s u e  and so th e  

o b s e rv e d  t r a n s l o c a t i o n  o f  some weak a c id s  i n  phloem  h a s b een p o s t u la t e d  

t o  be e x p l i c a b l e  b y th e  ' i o n  t r a p ’ m echanism .

Our i n i t i a l  a p p ro a c h  t o  e x a m in in g  the a c c u m u la t io n  and t r a n s ­

l o c a t i o n  o f  th e  weak a c i d s  i n  phloem  was t o  in v e s t ig a t e  t h e i r  b e h a v io u r  

i n  i n t a c t  p la n t s  ( i . e .  p e t i o l e s  n o n - g ir d le d )  o f  R . communis f o l lo w in g  

u p ta k e  b y  r o o t s .  The a c c u m u la t io n  o f  th e weak a c id s  by r o o t s  ( a s  RCF 

v a l u e s ) ,  t r a n s l o c a t i o n  to  th e s h o o t s  ( a s  TSCF v a lu e s )  and r a t i o  betw een  

t h e i r  c o n c e n t r a t io n s  i n  ph lo em  e x u d a te  and xylem  a re  g iv e n  i n  T a b le  9«

The c o n c e n t r a t io n s  i n  x y lem  w ere a s s e s s e d  from  th e  t o t a l  am ounts o f  

c h e m ic a l a c c u m u la te d  i n  th e  s h o o t s ,  c o r r e c t e d  f o r  d e g r a d a t io n ,  f o r  a 

m easured  amount o f t r a n s p i r a t i o n .  The c o n c e n t r a t io n s  o f th e  c h e m ic a ls  

i n  the v a r io u s  p la n t  p a r t s ,  i n  phloem  ex u d a te from  th e  u p p e r and lo w e r  

stem  and i n  xylem  a f t e r  24 h  u p ta k e  b y r o o t s  from  n u t r i e n t  s o l u t i o n  o f  

pH 4 . 0 ,  and i n  some c a s e s  f o l lo w i n g  su b se q u e n t t r a n s f e r  f o r  24 h to  

c h e m i c a l- f r e e  s o l u t i o n ,  a r e  shown i n  F ig u r e  1 3 . S i m i l a r l y ,  th e  c o n ­

c e n t r a t io n s  a f t e r  u p ta k e  fro m  s o l u t i o n  o f pH 5»0 a re  g iv e n  i n  F ig u r e  1 4 .

The c o n c e n t r a t io n s  a r e  e x p r e s s e d  r e l a t i v e  to th o se  i n  th e  n u t r i e n t  s o l u t i o n  

a s  d e s c r ib e d  f o r  th e  n o n - io n is e d  c h e m ic a ls  ( 3 * 1 . 1 . ) ?  th e  a v e ra g e  n u t r i e n t  

s o l u t i o n  c o n c e n t r a t io n  d id  n o t  d i f f e r  by more th a n  10$  from  t h o s e  a t  th e  

b e g in n in g  and end o f  th e  u p t a k e  p e r io d .
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T a b le  9* U p take b y  r o o t s  ( a s  R C F ) , t r a n s l o c a t i o n  t o  s h o o ts  ( a s  T S C F ),  

and d i s t r i b u t i o n  o f  weak a c i d s  i n  phloem  and xylem  o f  

R . communis

C h e m ic a l k a

( p e r  d a y )

N u t r i e n t
s o l u t i o n

pH

Tim e RCF TSCF Phloem  /x y le m  
c o n c e n t r a t io n  

r a t i o

3 , 5 - D 0 .1 6 4 . 0 24 1 2 .3 1 .4 8 1 0 .2

5 . 0 24 5 . 0 0 .5 4 7 . 0

4 - F  P .O .A . 0 .2 4 4 . 0 24 1 8 .2 1 .1 0 8 .2

5 . 0 24 6 .2 0 .4 8 6 . 7

5 . 0 72 5 . 7 0 .4 3 1 4 .9

m a le ic  h y d ra z id e 0.26 4 . 0 24 2 . 7 0 .1 3 3 2 . 3

5 . 0 24 2 . 2 0 .0 9 3 5 .0

5 . 0 72 2 .6 0 .1 2 8 2 .5

fla m p ro p 0 .1 5 4 . 0 24 4 .8 1 .1 0 1 . 1

5 . 0 24 1 .9 0 .4 0 1 . 1

a . D e g ra d a t io n  r a t e  o f  th e  c h e m ic a ls  i n  th e  p la n t  s h o o ts

b . C o n c e n t r a t io n  i n  phloem  e x u d a te  from  u p p e r stem
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4-fluorophenoxyacetic acid
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maleic hydrazide

F ig u r e  1 3 . C o n c e n t r a t io n s  o f weak a c id s  in  th e  v a r io u s  p a r t s  o f  

R . communis p la n t s  a f t e r  24 h u p ta k e  by r o o t s  from  

n u t r i e n t  s o l u t i o n  o f pH 4 . 0  (sh a d e d  a r e a s )  and f o l lo w in g  

s u b se q u e n t t r a n s f e r  f o r  24 h t o  c h e m i c a l- f r e e  s o l u t i o n  

(u n sh a d e d  a r e a s ,  4 - f lu o r o p h e n o x v a c e t ic  a c id  and fla ra p ro p  

o n l y ) .  N ote th e d i f f e r e n t  s c a le  f o r  the p h e n o x v a c e t ic

a c i d s .
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Q 3,5-dichlorophenoxyacetic acid 
o r

4-fluorophenoxyacetic acid

6

4

2

0

flamprop maleic hydrazide
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4-fluorophenoxyacetic acid 
(72h uptake)

maleic hydrazide 
(72h uptake)
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F ig u r e  14 . C o n c e n t r a t io n s  o f weak a c id s  in  the v a r io u s  p a r t s  o f

R. communis p la n t s  a f t e r  ( u n le s s  s t a t e d  o t h e r w is e )  24 h 

u p ta k e  by r o o t s  from  s o lu t i o n  o f pH 5*0 (sh a d e d  a r e a s )  

and f o l lo w in g  su b se q u e n t t r a n s f e r  f o r  24 h to  c h e m ic a l-

f r e e  s o lu t i o n  (u n sh a d e d  a r e a s ,  f o r  3 » 5 - d ic h lo r o p h e n o x y a c e t ic  

a c id  and m a le ic  h y d ra z id e  o n l y ) .
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The v a lu e s  o f  RCF and TSCF o f  3 > 5 -D  and 4 - F  P .O .A . a t  pH 4 . 0  w ere  

c o n s id e r a b ly  lo w e r t h a n  th o se  m easured  i n  b a r l e y  b u t th e  v a lu e s  w ere f a i r l y  

s i m i l a r  a t  pH 5 . 0 ,  i n d i c a t i n g  t h a t  th e  r o o t  c e l l s  o f  R . communis a re  l e s s  

a b le  t o  m a in t a in  t h e i r  i n t e r n a l  pH th a n  th e  r o o t  c e l l s  o f  b a r l e y  when 

th e  e x t e r n a l  s o l u t i o n  pH i s  4 . 0 .  The RCF v a lu e s  o f  f la m p ro p  and m a le ic  

h y d r a z id e  f o r  an e x t e r n a l  s o lu t i o n  o f  pH 4 . 0  w ere n o t  so d i f f e r e n t  from  

th o s e  i n  b a r l e y  b u t t h e s e  c h e m ic a ls  w ere l e s s  s t r o n g l y  a c c u m u la te d  th a n  

3 , 5 - D  and 4 - F  P .O .A . and so t h e i r  RCF v a lu e s  a t  pH 4 . 0  w o u ld  he e x p e c te d  

to  he l e s s  s e n s i t i v e  to  chang es in  t h e  i n t e r n a l  pH o f  th e  c e l l s .

I n  c o n t r a s t  t o  i t s  r a p id  breakdow n in  b a r l e y ,  f la m p ro p  was 

s u f f i c i e n t l y  s t a b le  i n  c a s t o r  o i l  p la n t s  t h a t  i t s  t r a n s l o c a t i o n  to th e  

s h o o t s  c o u ld  be a s s e s s e d .  The TSCF v a lu e s  o f  fla m p ro p  w ere f a i r l y  

s i m i l a r  t o  th o s e  o f 3 > 5 -D , a lt h o u g h  th e  l a t t e r  a c c u m u la te d  i n  r o o t s  to  

a g r e a t e r  e x t e n t .  A s s u g g e ste d  p r e v i o u s l y ,  fla m p ro p  a n io n s  may p erm eate  

c e l l  m em branes m ore r a p i d l y  than do th o s e  o f  o t h e r  weak a c id s  o f  com­

p a r a b le  l i p o p h i l i c i t y .  T h u s, a lt h o u g h  3 > 5 -D  i s  a c c u m u la te d  i n  r o o t s  

t o  a g r e a t e r  e x t e n t  th a n  fla m p ro p , th e  g r e a t e r  f a c i l i t y  w it h  w h ic h  

fla m p ro p  a n io n s  p e rm e ate c e l l  m em branes, i n  t h i s  c a s e  th e  endoderm al 

c e l l s ,  g iv e s  r i s e  t o  s i m i l a r  TS C F’ s f o r  th e  two c h e m ic a ls .

The c o n c e n t r a t io n s  o f m a le ic  h y d r a z id e ,  4 - F  P .O .A . and 3 » 5 -H  

i n  phloem  e x u d a te s  fro m  th e  u p p e r stem  w ere much h ig h e r  th a n  t h e i r  

c o n c e n t r a t io n s  i n  x y le m  (T a b le  9 )* H o w ever, t h e s e  m easurem en ts do n o t  

d i s t i n g u i s h  b etw een c h e m ic a l movement to  phloem  from  th e  le a v e s  o r from  

th e  a d ja c e n t  stem  t i s s u e ,  i n  w h ic h  t h e  c o n c e n t r a t io n  o f  th e  c h e m ic a ls  

was i n  e q u i l ib r iu m  w it h  t h e i r  c o n c e n t r a t io n  i n  x y le m . N e v e r t h e le s s ,  

th e  p h lo e m /x y le m  c o n c e n t r a t io n  r a t i o s  shown i n  T a b le  9 do i n d i c a t e  t h a t  

th e  io n is e d  fo rm  o f  t h e s e  c h e m ic a ls ,  \ d iic h  i s  th e  fo rm  a lm o s t  e x c l u s i v e l y  

p r e s e n t  i n  th e  phloem  s ie v e  c e l l s ,  p e rm e a te s th e  c e l l  membranes s u f f i c i e n t l y  

s lo w ly  f o r  th e  c h e m ic a ls  to  be r e t a in e d  i n  phloem  a g a in s t  a  c o n c e n t r a t io n  

g r a d ie n t  w it h  r e s p e c t  to  t h e i r  c o n c e n t r a t io n  i n  x y le m . The p h lo e m /x y le m
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c o n c e n t r a t io n  r a t i o s  o f 4 - F  P .O .A . and m a le ic  h y d r a z id e  in c r e a s e d  fro m  

24 t o  72 h , -which m ig h t be a t t r i b u t e d  to  an in c r e a s e  i n  c o n c e n t r a t io n  

o f  th e s e  c h e m ic a ls  i n  the m ature le a v e s .  The p h lo e m /x y le m  c o n c e n t r a t io n  

r a t i o s  o f f la m p ro p  w ere c lo s e  t o  one, w h ic h  p r o v id e s  e v id e n c e  t h a t  t h i s  

c h e m ic a l d o es n o t  a c c u m la t e  i n  phloem  w it h  r e g a r d  t o  i t s  c o n c e n t r a t io n  i n  

x y le m .

The r e s u l t s  p r e s e n t e d  i n  F ig u r e s  13 and 14 show t h a t  th e  

c o n c e n t r a t io n s  o f  3 » 5 -D  and 4 - F  P .O .A . i n  th e  a p i c a l  d e v e lo p in g  l e a f  

a re  much h ig h e r  th a n  i n  th e  m a tu re  le a v e s ,  i n d i c a t i n g  t h a t ,  f o l lo w in g  

u p ta k e  by r o o t s ,  t h e s e  c h e m ic a ls  a r e  t r a n s p o r t e d  v i a  th e  x y lem  to th e  

m a tu re  le a v e s ,  fro m  w h ic h  t h e y  a r e  r e a d i l y  phloem  t r a n s lo c a t e d  t o  th e  

a p i c a l  l e a f .  E v id e n c e  f o r  t h i s  i s  p re s e n t e d  l a t e r .

I n  th e  e x p e r im e n t s  f o l lo w in g  r o o t  u p ta k e  f o r  24 h , a  la r g e  

p r o p o r t io n  o f  th e  t o t a l  3 95 —1̂  and 4 - F  P .O .A . t r a n s lo c a t e d  to  th e  s h o o ts  

was fo und  i n  th e  stem , i n d i c a t i n g  t h a t  th e se  c h e m ic a ls  a re  s t r o n g ly  

r e t a in e d  by the stem t i s s u e .  When p la n t s  t r e a t e d  f o r  24 h w ere t r a n s f e r r e d  

t o  c h e m i c a l- f r e e  s o l u t i o n  f o r  a  f u r t h e r  p e r io d  o f  24 h , th e  c o n c e n t r a t io n  

o f  3 > 5 -D  and 4 - F  P .O .A . i n  th e  stem  and r o o t s  re m a in e d  h ig h .  The co n ­

c e n t r a t io n  o f  t h e s e  c h e m ic a ls  i n  phloem  exu d ate was c o m p a ra b le  t o  o r ev en  

lo w e r th a n  t h a t  i n  th e  a d ja c e n t  stem  t i s s u e ,  i n  s p i t e  o f th e  h ig h e r  pH 

i n s i d e  th e  phloem  s ie v e  c e l l s .  T h ese p o in t s  w i l l  be d is c u s s e d  i n  more 

d e t a i l  s u b s e q u e n t ly  ( 3 *3 *2 . 2 . ) ,  i n  th e  l i g h t  o f th e  r e s u l t s  o b t a in e d  fro m  

o t h e r  e x p e rim e n ts  w it h  t h e s e  c h e m ic a ls .

The d i s t r i b u t i o n  o f m a le ic  h y d ra z id e  i n d i c a t e s  t h a t  t h i s  c h e m ic a l  

i s  a l s o  phloem  t r a n s l o c a t e d  from  th e  m ature le a v e s  t o  th e  a p i c a l  d e v e lo p ­

in g  l e a f .  I n  c o n t r a s t  t o  th e  p h e n o x y a c e t ic  a c i d s ,  th e  c o n c e n t r a t io n  o f  

m a le ic  h y d r a z id e  i n  th e  phloem  e x u d a te s  was much h ig h e r  th a n  in  th e  

a d ja c e n t  stem  t i s s u e .

F la m p ro p  was much l e s s  r e t a in e d  b y  the stem  t i s s u e  th a n  w ere
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th e  p h e n o x y a c e t ic  a c id s  and a l s o  much l e s s  re a c h e d  th e  a p i c a l  d e v e lo p in g  

l e a f .

A u t o r a d io g r a p h s  o f th e  m a tu re  l e a f  b la d e s  f o l lo w in g  u p ta k e  o f  

th e  weak a c id s  b y  r o o t s  f o r  24 h  ( F i g u r e  1 5 ) showed t h a t , i n  c o n t r a s t  t o  

th e  n o n - io n is e d  c h e m ic a ls ,  4 - F  P .O .A . was p r e s e n t  m a in ly  i n  and

a d ja c e n t  to  th e  v e i n s ,  i n d i c a t i n g  t h a t  t h e  same f a c t o r s  d e t e r m in in g  th e  

r e t e n t io n  o f  4 - F  P .O .A . i n  th e  stem  a l s o  d e te rm in e  i t s  r e t e n t io n  i n  th e  

l e a f  c e l l s .  The d i s t r i b u t i o n  o f  3 , 5 - D  was v e r y  s i m i l a r  t o  t h a t  o f  

4 - F  P .O .A . b u t  th e  a u t o r a d io g r a p h  i s  n o t  shown b e ca u se  th e  b a ck g ro u n d  

was to o  d a r k .  M a le ic  h y d r a z id e  and fla m p ro p  w ere more u n if o r m ly  

d i s t r i b u t e d  i n  th e  l e a f  b la d e s  i n d i c a t i n g  t h a t  th e s e  c h e m ic a ls  a re  n o t  

as s t r o n g ly  r e t a in e d  b y  th e  l e a f  c e l l s  a s  th e  two p h e n o x y a c e t ic  a c i d s ;  

th e  c o n c e n t r a t io n  o f  m a le ic  h y d r a z id e  i n  th e  i n t e r v e i n a l  s p a c e s  was 

s i m i l a r  to  t h a t  i n  th e  v e in s  w h ic h  was p r o b a b ly  b e c a u se  o f  r e d i s t r i b u t i o n  

o f m a le ic  h y d r a z id e  i n  th e  le a v e s  v i a  th e  phloem .

3 * 3 * l - 2 .  P e t i o l e - g i r d l e d  p la n t s

4 - F  P .O .A . and 3 , 5 - D  w ere s t r o n g l y  r e t a in e d  i n  th e  stem t i s s u e  

f o l lo w in g  u p ta k e  b y  r o o t s  ( s e e  3 * 3 • ! • ! • )  • In  o rd e r  to  i n v e s t i g a t e  

w h e th e r t h e s e  c h e m ic a ls  a c c u m u la te  i n  th e  stem t i s s u e  d i r e c t l y  from  th e  

t r a n s p i r a t i o n  s tre a m , we s e t  up e x p e r im e n t s  in  w h ich  th e phloem  t r a n s ­

lo c a t i o n  o f  th e  c h e m ic a ls  from  th e  m a tu re  le a v e s  was sto p p e d  by steam  

g i r d l i n g  th e  p e t i o l e s .  The d i s t r i b u t i o n  o f  th e se  two p h e n o x y a c e t ic  

a c id s  and m a le ic  h y d r a z id e  i n  s h o o ts  o f  th e  t e s t  p l a n t s ,  f o l lo w in g  

u p ta k e  b y  r o o t s  f o r  24 h , i s  shown i n  T a b le  10 .

The a p i c a l  l e a f  o f  p la n t s  w it h  p e t i o l e - g i r d l e d  m atu re  le a v e s  

a c c u m u la te d  much l e s s  c h e m ic a l th a n  t h a t  o f  i n t a c t  p la n t s .  S i m i l a r  

r e s u l t s  w ere o b t a in e d  b y  G a u d ie l  and V anden B o rn (1 9 7 9 ) who s t u d ie d  

th e  a b s o r p t io n  and d i s t r i b u t i o n  o f  r o o t - a p p l ie d  p i  c l  o r am (4 - a m in o - 3 , 5 , 6 -  

d i c h l o r o p i c o l i n i c  a c i d )  i n  i n t a c t  so y b e a n  p la n t s  and i n  p la n t s  whose  

p r im a r y  l e a f  p e t i o l e s  w ere steam —g i r d l e d .  The r e s u l t s  i n d i c a t e  t h a t
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4 - f lu o r o p h e n o x y a c e t ic  a c id

m a le ic  h y d ra z id e

F ig u r e  1 5 . A u t o ra d io g ra p h s  sho w ing th e  d i s t r i b u t i o n  o f 4 - f lu o r o p h e n o x y ­

a c e t i c  a c id ,  m a le ic  h y d r a z id e  and fia m p ro p  w it h in  th e l e a f  

b la d e s  o f R . communis a f t e r  24 h u p ta k e  by r o o t s  from  

n u t r i e n t  s o lu t i o n  o f pH 4 . 0

(continued on the next page)
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F ig u r e  15 ( c o n t d . )

fla m p ro p



T a b le  1 0 . D i s t r i b u t i o n  o f  355- d ic h lo r o p h e n o x y a c e t ic  a c i d ,

4 - f lu o r o p h e n o x y a c e t ic  a c i d  and m a le ic  h y d r a z id e  i n  

p e t i o l e - g i r d l e d  p la n t s  o f  R . communis a f t e r  24 h  

u p ta k e  b y  r o o t s  from  n u t r i e n t  s o l u t i o n  o f  pH 4 . 0  

o r 5 * 0 .
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C h e m ic a l c o n c e n t r a t io n s  r e l a t i v e  t o S t e m /x y l em

C h e m ic a l th o s e  i n th e  n u t r i e n t  s o l u t i o n c o n c e n t r a t io n  r a t i o

M a tu re A p i c a l U p p er Low er U p p e r Lo w er

le a v e s l e a f stem stem stem stem

3 , 5 - D
(pH  5 . 0 )

1 . 3 0 .8 6 .8 6 .8 1 0 .7 8 .3

4 - F  P .O .A .  
(pH  4 . 0 )

3 . 1 2 . 1 1 0 .9 7 - 5 9 - 3 6 .4

M a le ic  h y d r a z id e  
(pH  5 - 0 )

0 . 5 0 . 3 0 .4 0 . 3 2 .4 2 . 2
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m ost o f  th e  3 , 5 - D >  4 - F  P .O .A . and m a le ic  h y d r a z id e  fo u n d  i n  th e  a p i c a l  

l e a f  o f  i n t a c t  p l a n t s  a f t e r  24 h u p ta k e  h y  r o o t s  i s  a r e s u l t  o f  phloem  

t r a n s p o r t  fro m  th e  m a tu re  le a v e s .  H ow ever i f ,  a s  p o s t u la t e d  by E s c h r i c h  

( 1 9 6 7 ) ,  sap ca n  f lo w  i n  o p p o s it e  d i r e c t i o n s  i n  p a r a l l e l  l o n g i t u d i n a l  

s ie v e  c e l l s  i n  th e  stem  and t r a n s f e r  o f  sa p  b etw een t h e s e  c e l l s  ca n  ta k e  

p la c e  v i a  a n a sto m o se s o r l a t e r a l  s ie v e  c e l l s ,  th e n  some phloem  t r a n s p o r t  

o f th e  c h e m ic a ls  to  th e  a p i c a l  l e a f  i n  i n t a c t  p l a n t s  o f  R . communis c o u ld  

o c c u r  a ls o  d i r e c t l y  fro m  th e  stem , th o u g h  phloem  f lo w  fro m  th e  m ature  

le a v e s  w o u ld  s t i l l  be r e q u ir e d  f o r  t h i s  t o  o c c u r .  C h e m ic a l r e a c h in g  

th e  a p i c a l  l e a f  i n  p e t i o l e - g i r d l e d  p l a n t s  i s  l i k e l y  t o  h a ve been t r a n s ­

lo c a t e d  t h e r e  e x c l u s i v e l y  v i a  the x y le m ; th e  c o n c e n t r a t io n s  o f  th e  

c h e m ic a ls  w ere somewhat lo w e r i n  th e  a p i c a l  l e a f  th a n  i n  th e  m ature  

le a v e s  (T a b le  1 0 ) ,  i n d i c a t i n g  t h a t  t r a n s p i r a t i o n  p e r  gram o f  t i s s u e  i s  

h ig h e r  i n  th e  m a tu re  l e a v e s .

The c o n c e n t r a t io n  r a t i o s  o f th e  c h e m ic a ls  b etw een  stem  t i s s u e  and  

x y le m , a s  g iv e n  i n  T a b le  1 0 , show t h a t  4 - F  P .O .A . and a c cu m u la te  i n

th e  stem t i s s u e  t o  a much h ig h e r  c o n c e n t r a t io n  th a n  i n  th e  x y le m . F o llo w ­

in g  u p ta k e  by r o o t s  fro m  a s o lu t i o n  o f  pH 5 - 0  f o r  48  h , th e  ste m /x y le m  

c o n c e n t r a t io n  r a t i o s  o f  3 ? 5 -D  w ere 1 1 . 7  and 7 * 6 , r e s p e c t i v e l y ,  f o r  th e  

u p p e r and lo w e r stem . T h ese v a lu e s  a re  v e r y  s i m i l a r  t o  th o s e  m easured  

a f t e r  24 h ( 1 0 . 7  and 8 . 3 ) i n d i c a t i n g  t h a t  e q u i l i b r i u m  betw een th e  c o n ­

c e n t r a t io n  o f  th e  c h e m ic a l i n  xylem  and i n  th e  stem  t i s s u e  i s  a t t a in e d  

w it h in  24 h .

A ssu m in g  th e  c o n c e n t r a t io n  o f  th e  c h e m ic a ls  and th e  pH i n  th e  

stem i n t e r c e l l u l a r  sp a c e  t o  be th e  same a s  t h o s e  i n  th e  xylem  sap  

(m ea su red  pH 5*6 -  O . l ) ,  and the p e r m e a b i l i t y  r a t i o  (P ^ g ./P ^ _) t o  be 

th e  same a s  t h o s e  e s t im a t e d  i n  b a r l e y  r o o t s ,  th e  p r e d ic t e d  stem a c cu m u la ­

t i o n  o f  th e  c h e m ic a ls  b y  R a v e n 's  e q u a t io n  was c o n s id e r a b ly  s m a lle r  th a n  

th e m easured  v a l u e s .  T h u s, i f  th e  a s s u m p tio n s  made a r e  c o r r e c t ,  th e
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pH i n  th e  i n t e r c e l l u l a r  s p a c e  i n  th e stem  t i s s u e  w ould h a v e  to  be lo w e r  

th a n  t h a t  i n  th e  xylem  s a p .  The p la n t  horm one i n d o l e a c e t i c  a c i d  i s  

c a p a b le  o f  s t im u la t in g  c e l l  e n la rg e m e n t and i t  i s  known t o  a c t i v a t e  a  

plasm a-m em brane h y d ro g e n —io n  pump t h a t  r e d u c e s  th e  pH o f  th e  c e l l  w a l l  

fro m  n e a r n e u t r a l i t y  i n  s lo w ly  g ro w in g  t i s s u e s  t o  pH 5*0 o r  l e s s  i n  

r a p i d l y  g ro w in g  t i s s u e s  ( C l e la n d ,  1 9 7 5 ; M c N e il e t  a l . , 1 9 8 4 ).  T h e re ­

f o r e ,  th e  a ss u m p tio n  o f  a  lo w e r  pH i n  th e  stem a p o p la s t  th a n  i n  th e  

x y lem  sap i s  n o t u n r e a l i s t i c .  The r e q u ir e d  i n t e r c e l l u l a r  p H 's  to  

m atch p r e d ic t e d  and o b s e rv e d  r a t i o s  o f th e  c o n c e n t r a t io n s  o f  th e  c h e m ic a ls  

i n  th e  stem  t i s s u e  and i n  th e  x y le m , r e s p e c t i v e l y  f o r  th e  u p p e r and lo w e r  

stem , a r e :  4 . 8  -  0 . 1  and 4 . 9  -  0 . 1  ( 3 ? 5 - H ),  4 . 9  -  0 .1  and 5*1 -  0 .1

( 4 - F  P . O . A . ) and 4 . 4  -  0 . 5  and 5*0 -  0 .6  (m a l e i c  h y d r a z id e ) ;  th e  pH 

e s t im a t e s  from  th e  r e s u l t s  w it h  m a le ic  h y d r a z id e  a re  v e r y  s e n s i t i v e  to  

s m a ll v a r i a t i o n s  i n  th e  s te m /x y le m  r a t i o  and a re  th e l e a s t  r e l i a b l e  v a l u e s .

M easurem en ts o f  a c c u m u la t io n  o f  3 » 5 -D  and 4 - F  P .O .A . b y  stem  

segm ents o f  R . communis a f t e r  8 h u p ta k e  from  b a t h in g  s o l u t i o n s  o f  

pH 4 . 0  and 5*0 showed th e  f o l lo w in g  r a t i o s  o f  c o n c e n t r a t io n s  r e s p e c t i v e l y  

i n  th e  stem  t i s s u e  and i n  th e  b a t h in g  s o l u t i o n :  7 .6  and 2 . 8  f o r  3 > 5 -D ;

9 .0  and 3*0 f o r  4 - F  P .O .A . V a lu e s  o b t a in e d  a f t e r  24 h u p ta k e  from  a 

s o l u t i o n  o f  pH 4 . 0  w ere s i m i l a r  to  t h o s e  o b t a in e d  a f t e r  8 h  u p t a k e .

S in c e  th e  a v e ra g e  a p o p la s t  pH i n  th e  stem i n  i n t a c t  p la n t s  was e s t im a t e d  

t o  he a b o u t 5 * 0 , b o th  3 » 5 -H  and 4 - F  P .O .A . a c cu m u la te d  i n  stem  segm ents  

fro m  a b a t h in g  s o l u t i o n  o f  pH 5* 0  t o  a much l e s s e r  e x t e n t  th a n  i n  th e  

stem  o f i n t a c t  p l a n t s .  I t  i s  l i k e l y  t h a t  th e  lo w e r a c c u m u la t io n  o f  

t h e s e  c h e m ic a ls  b y  stem  segm ents i s  b e c a u s e  th e  stem  c e l l s  a re  no lo n g e r  

a b le  to  m a in t a in  t h e i r  n o rm a l pH when segm ents o f  stem a re  p la c e d  i n  

s o l u t i o n  o f  pH 4 . 0  o r 5 * 0 .

3 * 3 * 2 . T r a n s lo c a t i o n  f o l lo w in g  i n j e c t i o n  in t o  p e t i o l e s

The r e s u l t s  fro m  e x p e rim e n t s  in  w h ic h  the weak a c i d s  w ere  

a p p l ie d  to  th e  r o o t s  v i a  t h e  n u t r i e n t  s o l u t i o n  p r o v id e d  u s e f u l  in fo r m ­



104

a t io n  a b o u t th e  b e h a v io u r  o f  th e s e  c h e m ic a ls .  H ow ever, th e  e f f i c i e n c y  

o f  phloem  t r a n s p o r t  of t h e s e  c h e m ic a ls  from  th e  m ature le a v e s  t o  th e  

lo w e r p a r t s  o f  th e  p la n t  c o u ld  n o t be p r o p e r l y  a s s e s s e d .  By i n j e c t i n g  

th e  c h e m ic a ls  in t o  th e  h o llo w  p e t i o l e s  o f  th e  m ature le a v e s ,  m ore 

in f o r m a t io n  a b o u t th e  t r a n s l o c a t i o n  o f  th e  weak a c id s  i n  phloem  was 

o b t a in e d .

3 . 3 * 2 . 1 .  T im e - c o n c e n t r a t io n  p r o f i l e s  o f  weak a c id s  i n  stem  phloem

im m e d ia t e ly  a f t e r  i n j e c t i o n  in t o  p e t i o l e s .

By m o n it o r in g  th e  c o n c e n t r a t io n  o f th e  c h e m ic a ls  i n  phloem  

e x u d a te  o v e r a p e r io d  o f s e v e r a l  h o u rs  im m e d ia t e ly  f o l lo w in g  th e  

i n j e c t i o n  o f  th e  c h e m ic a ls  in t o  th e p e t i o l e s ,  p r o f i l e s  o f  c h e m ic a l  

c o n c e n t r a t io n  i n  phloem  e x u d a te  w ere o b t a in e d  ( F ig u r e  1 6 ) .

The p r o f i l e s  o f  3 > 5 -D  and 4 - F  P .O .A . c o n c e n t r a t io n s  i n  phloem  

e x u d a te  fro m  th e  u p p e r stem  w ere r a t h e r  s i m i l a r  and w ere c h a r a c t e r i s e d  

b y  a p u ls e ,  w it h  h ig h e s t  c o n c e n t r a t io n s  o c c u r r i n g  2 t o  3  h a f t e r  i n j e c t i o n  

i n t o  th e  p e t i o l e s .  A p a r a l l e l  e x p e rim e n t i n  w h ic h  a s i n g l e  p la n t  was 

s a c r i f i c e d  e a c h  h o u r f o r  1 -  6 h a f t e r  i n j e c t i o n  in t o  th e  p e t i o l e s  showed 

a s t e a d y  in c r e a s e  i n  th e  amount o f 3 » 5 -B  i n  th e  m ature l e a f  b la d e s  (D r .  

R ic h a r d  H. B ro m ilo w  and M r. M ark R . W il l ia m s ,  p e r s o n a l c o m m u n ic a t io n s ).  

T h is  i n d i c a t e s  t h a t  d u r in g  th e  f i r s t  h o u rs  a f t e r  i n j e c t i o n ,  e n t r y  o f  

3 , 5 - B  d i r e c t l y  from  th e  p e t i o l e s  in t o  th e  phloem  was im p o rt a n t  i n  

d e t e r m in in g  i t s  c o n c e n t r a t io n  i n  phloem  i n  th e  stem . The c o n c e n t r a t io n  

o f  3 > 5 -D  and 4 - F  P .O .A . i n  th e  e x u d a te s  d e c r e a s e d  m a rk e d ly  from  th e  u p p e r  

t o  th e  lo w e r stem , i n d i c a t i n g  t h a t  th e s e  c h e m ic a ls  a r e  n o t w e l l  r e t a in e d  

i n  ph lo em . T h is  o b s e r v a t io n  c o n t r a d ic t s  th e  id e a  t h a t  c a r b o x y l i c  weak 

a c id s  a re  s t r o n g l y  r e t a in e d  i n s i d e  th e  phloem  ( C r i s p ,  1 9 7 2 ) .

W ith  r e g a r d  to  th e  fo rm  i n  w h ic h  t h e s e  a c id s  e s c a p e  o u t o f  

th e  ph lo em , i t  i s  d i f f i c u l t  to d i s t i n g u i s h  b etw een the movement o f  

u n d is s o c ia t e d  and d i s s o c i a t e d  fo rm s . A lt h o u g h  th e  u n d is s o c ia t e d  

m o le c u le s  o f  t h e s e  a c id s  perm e ate th e  c e l l  membranes much m ore r e a d i l y
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Tim e a f t e r  i n j e c t i o n  ( h )

F ig u r e  1 6 . Tim e—c o n c e n t r a t io n  p r o f i l e s  o f weak a c id s  in  phloem

ex u d a te from  u p p e r ( * ) . a n d  lo w e r ( o )  stem o f  R . communis 

a f t e r  i n j e c t i o n  o f  th e  c h e m ic a ls  in t o  th e  p e t i o l e s .  

V e r t i c a l  b a r s  i n d i c a t e  th e  ra n g e  f o r  th e  r e p l i c a t e s .
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th a n  th e  d i s s o c i a t e d  m o le c u le s ,  a t  pH 8 .0  th e  c o n c e n t r a t io n  o f  th e  

d i s s o c i a t e d  m o le c u le s  i s  a b o u t 10 t im e s  h ig h e r  th a n  t h a t  o f  th e  

u n d is s o c ia t e d  m o le c u le s ,  and th e  e f f e c t  o f  th e  n e g a t iv e  e l e c t r o - c h e m ic a l  

p o t e n t i a l  i n s i d e  th e  phloem  s ie v e  c e l l s  i n  r e l a t i o n  t o  th e  a d ja c e n t  

a p o p la s t  i s  to in c r e a s e  th e  r a t e  w it h  w h ic h  th e  d i s s o c i a t e d  m o le c u le s  

e s c a p e  out o f  th e  ph lo em . When th e  c o n c e n t r a t io n  g r a d ie n t  o f  3 > 5 -D  

i n  th e  phloem  e x u d a te s  a lo n g  th e  stem was g r e a t e s t ,  i t  was c o m p a ra b le  

to  t h a t  o f p h e n y lu re a  ( s e e  3 * 1 * 2 . ) .  From  th e  w ork b y  B r ig g s  e t  a l .

( 1 9 8 2 ) ,  th e  u n d i s s o c ia t e d  fo rm  o f 3 ? 5 - B  i s  e x p e c te d  t o  p e rm e a te  th ro u g h  

c e l l  membranes a t  a s i m i l a r  r a t e  t o  p h e n y lu r e a  ( l o g  v a lu e s  a b o u t one 

u n i t  h ig h e r  o r lo w e r r e s p e c t i v e l y  th a n  th e  optimum v a lu e  f o r  p e rm e a tio n  

i  • g  • ^  2 . 0 )  b u t 3 , 5 - D  i s  p r e s e n t  in  phloem  s ie v e  c e l l s  a lm o s t  e n t i r e l y  

9 9 -9 9 9 $ ) as th e  d i s s o c i a t e d  m o le c u le ,  i n d i c a t i n g  t h a t  th e  e s c a p e  o f 3 > 5 -D  

a n io n s  p r o b a b ly  p la y s  an im p o rt a n t  r o l e  i n  th e  l o s s  o f  3 j 5 -D  from  th e  

ph lo em .

The c o n c e n t r a t io n  o f  3 > 5 -D  and 4 - F  P .O .A . i n  phloem  e x u d a te  from  

th e  lo w e r stem  d id  n o t  ch an g e s i g n i f i c a n t l y  w it h  t im e , d e s p i t e  th e  d e c r e a s e  

i n  c o n c e n t r a t io n  o f  th e  c h e m ic a ls  i n  th e  e x u d a te  from  th e  u p p e r stem . I t  

i s  p o s s ib l e  t h a t ,  a s t h e  c o n c e n t r a t io n  i n  phloem  i n  t h e  u p p e r stem  s t a r t e d  

t o  d e c r e a s e ,  th e  re q u ire m e n t  o f  c h e m ic a l b y  th e  u p p e r stem  t i s s u e  to  

r e a c h  e q u i l ib r iu m  w it h  t h e  phloem  d im in is h e d  and , a s a r e s u l t ,  th e  co n ­

c e n t r a t io n  o f  th e  c h e m ic a ls  i n  phloem  no lo n g e r  d e c re a s e d  so  s t e e p ly  

a lo n g  th e  stem . I f  t h i s  w e re  th e  c a s e ,  d e s p i t e  th e d e c r e a s e  i n  c o n c e n t r a t ­

io n  i n  phloem  i n  th e  u p p e r stem , th e c o n c e n t r a t io n  i n  phloem  i n  th e  lo w e r  

stem  w o uld  re m a in  f a i r l y  c o n s t a n t .

The p r o f i l e  o f  m a le ic  h y d ra z id e  was d i f f e r e n t  fro m  th o s e  o f  

4 - F  P .O .A . and 3 » 5 -D . The c o n c e n t r a t io n s  o f  m a le ic  h y d r a z id e  i n  th e  

e x u d a te s  fro m  th e  u p p e r and lo w e r stem w ere f a i r l y  s i m i l a r  a t  a l l  t im e s ,  

i n c r e a s i n g  d u r in g  th e  f i r s t  two h o u rs  and d e c r e a s in g  v e r y  s lo w ly  d u r in g  

th e  s u b s e q u e n t h o u r s .  The a b se n ce  o f  a g r a d ie n t  i n  th e  phloem  c o n ­
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c e n t r a t i o n  o f  m a le ic  h y d r a z id e ,  even d u r in g  th e f i r s t  h o u r when 

p re s u m a b ly  th e  stem t i s s u e  was n o t s a t u r a t e d  w it h  th e c h e m ic a l,  in d i c a t e s  

t h a t  m a le ic  h y d r a z id e  i s  w e l l  r e t a in e d  i n  ph loem . R e t e n t io n  o f  m a le ic  

h y d r a z id e  i n  phloem  i s  l i k e l y  to  be r e l a t e d  to  th e v e r y  lo w  p e rm e a tio n  

r a t e s  th ro u g h  m em branes, and c o n s e q u e n t ly  v e r y  lo w  r a t e s  o f  e s c a p e  out  

o f  ih e  ph lo em , o f  b o th  u n d is s o c ia t e d  and d i s s o c ia t e d  fo rm s o f m a le ic  

h y d r a z id e  ( f r e e  a c id  lo g  = - 0 . 6 ,  pKa = 5 * 6 ) .

The p r o f i l e s  o f  3 , 5 - $  and m a le ic  h y d ra z id e  c o n c e n t r a t io n s  in  

phloem  e x u d a te  from  th e  u p p e r stem w ere v e r y  s i m i l a r  to  t h o s e  o b t a in e d  

by C h a m b e rla in  e t  a l .  ( 1 9 8 4 ) ,  who a p p lie d  th e c h e m ic a ls  b y  p e r f u s io n  

in t o  th e  p e t i o l e  o f  a m a tu re  l e a f  and m o n ito re d  t h e i r  c o n c e n t r a t io n  i n  

phloem  e x u d a te  c o l l e c t e d  fro m  a s i n g l e  p o in t  i n  the stem im m e d ia t e ly  

b e lo w  th e  t r e a t e d  p e t i o l e .

The p r o f i l e  o f  a p o l a r  p h e n o x y a c e t ic  a c id ,  4 -m e s y l P .O .A .

( l o g  = 0 . 06 ) ,  was a l s o  somewhat d i f f e r e n t  from  th o se  o f  p h e n o x y a c e t ic  

a c i d s  o f  in t e r m e d ia t e  l i p o p h i l i c i t y .  B e in g  a p o la r  c h e m ic a l,  e n t r y  in t o  

th e  phloem  was e x p e c te d  to  be s lo w , w h ic h  was c o n firm e d  by th e  r e l a t i v e l y  

lo w  c o n c e n t r a t io n  i n  phloem  when e x p re s s e d  a s a f r a c t i o n  o f th e  t o t a l  

amount i n j e c t e d .  U n e x p e c t e d ly ,  h o w e v e r, th e  c o n c e n t r a t io n  in  phloem  

e x u d a te  c o l l e c t e d  d u r in g  t h e  f i r s t  h o u r was h ig h e r  th a n  t h o s e  i n  sub ­

se q u e n t h o u r s ,  w h ic h  may be a s c r ib e d  to  th e  t y p i c a l l y  s lo w e r  r a t e  o f  

e x u d a t io n  d u r in g  th e  f i r s t  h o u r ,  a l lo w in g  more c h e m ic a l t o  e n t e r  th e  

phloem  p e r  u n i t  o f  t im e . A s i m i l a r  e f f e c t  was n o t o b s e rv e d  w it h  the  

o t h e r  c h e m ic a ls  b e c a u s e  t h e y  e n t e r  th e  phloem  more r a p i d l y  ( 3 , 5 - D  and 

4 - F  P .O .A . h ave lo g  K ' s c l o s e r  to  th e  optimum v a lu e  f o r  p e rm e a tio n  

th ro u g h  membranes and th e  p o l a r  m a le ic  h y d ra z id e  h a s a much h ig h e r  pK a) 

and t h e r e f o r e  th e e f f e c t  o f  th e  phloem  f lo w  r a t e  on t h e i r  c o n c e n t r a t io n s  

i n  phloem  i s  l i k e l y  to be l e s s .  The c o n c e n t r a t io n  g r a d ie n t  o f  th e  

4 -m e s y l P .O .A . i n  phloem  a lo n g  th e  stem  was n o t as s t e e p  a s  i t  was f o r
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3 , 5 - D  and 4 - F  P .O .A .,  and th e  g r a d ie n t  was f a i r l y  c o n s t a n t  t h ro u g h o u t  

th e  e x p e rim e n t .

3 . 3 . 2 . 2 .  D i s t r i b u t i o n  o f  th e  weak a c id s  i n  t r e a t e d  p l a n t s .

The d i s t r i b u t i o n s  o f  the weak a c id s  i n  th e  p l a n t s ,  24 and 72  h 

a f t e r  p e t i o l e  i n j e c t i o n ,  a re  shown i n  F ig u r e  17* The amount o f  c h e m ic a l  

re m a in in g  i n  th e  p e t i o l e s  v a r i e d  c o n s id e r a b ly .  The amount fo u n d  i n  th e  

p e t i o l e s  24 h a f t e r  i n j e c t i o n ,  e x p re s s e d  a s th e p e rc e n t a g e  o f  th e  t o t a l  

r e c o v e r e d ,  i s  p lo t t e d  i n  F ig u r e  18 as a f u n c t io n  o f lo g  K o f  th e  

u n d is s o c ia t e d  form  o f  t h e  a c i d s .  P o la r  p h e n o x y a c e t ic  a c id s  l a r g e l y  

re m a in e d  i n  th e p e t i o l e s ,  i n d i c a t i n g  t h a t  t h e s e  c h e m ic a ls  move fro m  th e  

h o llo w  o f  th e  p e t i o l e  i n t o  th e  v a s c u l a r  t i s s u e s  (p hlo em  and x y le m ) o n ly  

v e r y  s lo w ly .  A s d is c u s s e d  e a r l i e r ,  p o la r  c h e m ic a ls  perm e ate c e l l  membranes 

s lo w ly  a n d , b e c a u s e  th e  p h e n o x y a c e t ic  a c id s  w ere p r e s e n t  i n  th e  t i s s u e  

m a in ly  a s  th e  d i s s o c i a t e d  fo rm  w h ich  w o uld  perm eate th e  membranes a t  a  

s i g n i f i c a n t l y  lo w e r r a t e  th a n  th e  r e s p e c t iv e  d i s s o c i a t e d  fo rm , th e  p o l a r  

p h e n o x y a c e t ic  a c id s  w ere e x p e c te d  to e n t e r  th e  c e l l s  i n  th e  p e t i o l e s  

( i n c l u d i n g  th e  phloem  s ie v e  c e l l s )  v e r y  s lo w ly .  The s lo w  t r a n s f e r  o f  

t h e s e  c h e m ic a ls  from  t h e  h o llo w  o f  th e  p e t i o l e s  in t o  th e  xylem  v e s s e l s  

i n d i c a t e s  th e  p r e s e n c e  o f  a b a r r i e r  in  th e  a p o p la s t ic  r o u t e  betw een  

th e  two co m p a rtm en ts, b u t  i t  i s  n o t c l e a r  w h e th e r t h i s  b a r r i e r  a f f e c t s  

th e  a p o p l a s t i c  movement o f  some c h e m ic a ls  more th a n  o t h e r s .  D e s p it e  

b e in g  a p o l a r  weak a c i d ,  m a le ic  h y d ra z id e  moved from  th e  p e t i o l e s  more 

r e a d i l y  t h a n  th e  p o l a r  p h e n o x y a c e t ic  a c i d s ;  t h i s  i s  a t t r i b u t e d  t o  th e  

much g r e a t e r  p r o p o r t io n  o f th e  h y d ra z id e  p r e s e n t  i n  th e  t i s s u e  a s  th e  

u n d is s o c ia t e d  m o le c u le  due t o  i t s  h ig h e r  pK a, th e c e l l  m em branes b e in g  

much more p e rm e a b le  t o  th e  u n d is s o c ia t e d  th a n  t o  th e d i s s o c i a t e d  fo rm  

o f  th e  a c i d s .

The p h e n o x y a c e t ic  a c id s  o f  in t e r m e d ia t e  l i p o p h i l i c i t y  re m a in e d  

i n  th e  p e t i o l e s  to  a  much l e s s e r  e x t e n t  th a n  th e  p o la r  p h e n o x y a c e t ic



a c i d s ,  i n d i c a t i n g  t h a t  th e  h ig h e r  p e rm e a tio n  r a t e s  t h ro u g h  c e l l  

membranes o f  th e  u n d is s o c ia t e d  form  o f  th e fo rm e r a c id s  r e s u l t  i n  more 

e f f i c i e n t  t r a n s f e r  in t o  th e  v a s c u l a r  t i s s u e s .  F la m p ro p , a n o t h e r  weak 

a c id  o f  in t e r m e d ia t e  l i p o p h i l i c i t y ,  was a l s o  r e a d i l y  t r a n s l o c a t e d  from  

th e  p e t i o l e s  b u t ,  u n l ik e  th e  p h e n o x y a c e t ic  a c i d s ,  was fo u n d  l a r g e l y  i n  

th e  m a tu re  l e a f  b la d e s .

The m ost l i p o p h i l i c  a c id  s t u d ie d ,  4 - ( 2 , 4 - d ic h lo r o p h e n o x y )  P . O . A .,  

was s t r o n g l y  r e t a in e d  i n  th e  p e t i o l e s ,  t h i s  r e t e n t io n  b e in g  a s c r ib e d  to  

p a r t i t i o n i n g  o f  th e  c h e m ic a l onto th e  t i s s u e  s o l i d s  a s o b s e rv e d  f o r  

b a r l e y  r o o t s  (p a g e  89 ) .  S t ro n g  r e t e n t i o n  o f  d i c l o f o p  2 - [ 4 - ( 2 , 4 -  

d ic h lo r o p h e n o x y )  phenoxy] p r o p io n i c  a c i d  , a n o th e r v e r y  l i p o p h i l i c  

weak a c id ,  i n  th e  a b ra d e d  t re a t m e n t  zone o f o a t and so yb e an  le a v e s  h a s  

b ee n  r e p o r t e d  by H a l l  e t  ( 1 9 8 2 ) ,  b u t  t h e s e  a u t h o rs  d id  n o t  a tte m p t

t o  e x p la in  th e  r e s u l t s .

The e x t e n t  to  w h ic h  th e  p h e n o x y a c e t ic  a c id s  w ere phloem

t r a n s l o c a t e d  f o l lo w in g  p e t i o l e  i n j e c t i o n  was a ls o  c o n t r o l l e d  b y th e  lo g

K o f  th e  u n d is s o c ia t e d  fo rm  o f th e  a c i d s .  The r e l a t i o n s h i p  betw een  
ow

th e  p e rc e n t a g e  o f  th e t o t a l  c h e m ic a l r e c o v e r e d  t h a t  was fo u n d  i n  th e  

a p i c a l  l e a f ,  stem , r o o t s  and n u t r i e n t  s o l u t i o n ,  24 h a f t e r  i n j e c t i o n  in t o  

p e t i o l e s ,  and th e  lo g  o f  th e  a c i d s  i s  shown i n  F ig u r e  1 9 . The 

p h e n o x y a c e t ic  a c id s  o f in t e r m e d ia t e  l i p o p h i l i c i t y  a re  s e e n  t o  be b e s t  

phloem  t r a n s l o c a t e d ,  th o u g h  i t  i s  d i f f i c u l t  to  d i s t i n g u i s h  betw een phloem  

t r a n s p o r t  fro m  th e p e t i o l e s  and fro m  th e  m ature l e a f  b la d e s .  T r a n s ­

l o c a t i o n  o f  t h e s e  a c id s  t o  th e  phloem  s in k s  i s  fa v o u re d  b o th  b y  t h e i r  

r e a d y  e n t r y  in t o  th e phloem  from  th e  h o llo w  o f  th e p e t i o l e  and , a s w i l l  

be d is c u s s e d  l a t e r ,  by t h e i r  more e f f i c i e n t  a c c u m u la t io n  i n  phloem  s ie v e  

c e l l s  i n  th e  le a v e s .

I n  t h e i r  s tu d y  on t r a n s l o c a t i o n  o f  a s e r i e s  o f  p h e n o x y a c e t ic  

a c i d s  i n  so yb e an  (s e e  page 30 ) ,  C r i s p  and L a rs o n  (1 9 8 2 ) c o n c lu d e d  t h a t  

phloem  t r a n s l o c a t i o n  of th e  a c id s  was n o t c o r r e la t e d  w it h  t h e i r  lo e  K
ow
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F ig u r e  1 8 . R e l a t i o n s h i p  b etw een  l i p o p h i l i c i t y  o f  weak a c id s  and t h e i r

r e t e n t i o n  i n  th e  p e t i o l e s  o f  R . communis 24 h a f t e r  i n j e c t i o n  

o f  th e  c h e m ic a ls  in t o  th e  p e t i o l e s .  P h e n o x y a c e t ic  a c id s  ( • ) ,  

m a le ic  h y d r a z id e  ( o )  and fla m p ro p  ( ^ ) . V e r t i c a l  b a r s  

i n d i c a t e  th e  ra n g e  f o r  th e  r e p l i c a t e s .
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lo g  ( u n d is s o c ia t e d  form )

F ig u r e  1 9 . R e l a t io n s h ip  b etw een th e  l i p o p h i l i c i t y  o f p h e n o x y a c e t ic

a c i d  a n a lo g u e s  and th e  e x t e n t  o f  t h e i r  phloem  t r a n s l o c a t i o n  

from  le a v e s  o f  R .  communis 2k  h  a f t e r  i n j e c t i o n  o f  th e  

c h e m ic a ls  i n t o  th e  p e t i o l e s .  The t o t a l  amount o f  c h e m ic a l  

fo u n d  i n  t h e  ph loem  s in k s  ( a p i c a l  l e a f ,  stem , r o o t s )  and 

n u t r i e n t  s o l u t i o n  i s  e x p re s s e d  a s  a p e rc e n ta g e  o f  th e  t o t a l  

c h e m ic a l r e c o v e r e d  fro m  th e  p l a n t .  V e r t i c a l  b a r s  i n d ic a t e  

th e  ra n g e  f o r  th e  r e p l i c a t e s .



o r pK a, t h e  v a lu e s  o f  'w hich w ere n o t g i v e n .  H ow ever, th e  a c i d s  th e y  

s t u d ie d  h a v e  v e r y  s i m i l a r  c a l c u l a t e d  p K a ’ s ( ^ 3 * 0 ,  a c c o r d in g  t o  P e r r i n  

e t  a l . , 1 9 8 1 ) so t h a t  an a p p r e c ia b le  e f f e c t  o f  th e  pKa o f  th e  a c id s  on 

t h e i r  t r a n s l o c a t i o n  i n  phloem  w o u ld  n o t  he e x p e c t e d . F u rt h e rm o re ,  

p h e n o x y a c e t ic , 2 - c h lo r o - p h e n o x y a c e t ic  and 2 - m e t h y l- 4 - c h lo r o p h e n o x y a c e t ic  

a c i d s  w ere a lm o st c o m p le t e ly  m e t a b o lis e d  d u r in g  th e  e x p e rim e n t so t h a t  

t h e i r  b e h a v io u r  c o u ld  n o t he p r o p e r ly  a s s e s s e d .  Among th e  re m a in in g  

a c i d s ,  th e  p e rc e n t a g e  o f  th e  t o t a l  r e c o v e r e d  t h a t  was phloem  t r a n s lo c a t e d  

fro m  th e  t r e a t e d  p r im a ry  l e a f  was h ig h e r  f o r  4 -C 1  P .O .A . and 4 - F  P .O .A .

( l o g  s ~  2 . 0 )  th a n  f o r  2 , 4 - D  ( l o g  = 2 . 8 )  and 2 , 4 , 5 - T  ( c a l c u l a t e d  

lo g  = 3 . 5 ,  D r .  G .G . B r ig g s ,  p e r s o n a l c o m m u n ic a t io n ), w h ic h  i s  i n  

a g reem e n t w it h  o u r r e s u l t s .

The d i s t r i b u t i o n  p a t t e r n s  o f  t h e  c h e m ic a ls  i n  p la n t s  24 and  

72 h a f t e r  i n j e c t i o n  in t o  th e  p e t i o l e s  showed t h a t  th e  p h e n o x y a c e t ic  

a c id s  o f  in t e r m e d ia t e  l i p o p h i l i c i t y  w ere phloem  t r a n s lo c a t e d  m a in ly  t o  

th e  a p i c a l  l e a f  and u p p e r stem  ( F ig u r e  1 7 ) . Leakag e out o f  th e  phloem  

and r e t e n t i o n  i n  th e  stem t i s s u e  r e s u l t e d  i n  a s te e p  c o n c e n t r a t io n  g r a d ie n t  

down t h e  stem , and v e r y  l i t t l e  o f  t h e s e  c h e m ic a ls  was fo u n d  i n  r o o t s .  The  

h ig h  c o n c e n t r a t io n s  of th e  c h e m ic a ls  i n  th e  u p p e r stem t i s s u e  p r o b a b ly  

r e s u l t e d  fro m  t h e i r  h ig h  c o n c e n t r a t io n s  i n  phloem  d u r in g  th e  f i r s t  h o u rs  

a f t e r  i n j e c t i o n ,  r a p id  movement from  th e  phloem  o c c u r r in g  i n t o  th e  

a d ja c e n t  stem  t i s s u e .  A lt h o u g h  th e  c o n c e n t r a t io n s  i n  th e  e x u d a te  from  

th e  u p p e r stem  w ere shown t o  d e c r e a s e  s h a r p ly  a f t e r  th e  f i r s t  h o u rs  

f o l lo w i n g  i n j e c t i o n  ( 3 * 3 * 2 . 1 . ) ,  c o n c e n t r a t io n s  i n  th e u p p e r stem  t i s s u e  

24 h  a f t e r  i n j e c t i o n  w ere s t i l l  m uch h i g n e r  th a n  th o se  i n  th e  lo w e r stem  

t i s s u e .  T h is  i n d i c a t e s  t h a t ,  a lt h o u g h  t h e s e  c h e m ic a ls  move r a p i d l y  

fro m  th e  phloem  i n t o  th e  a d ja c e n t  stem  t i s s u e ,  th e r e t u r n  movement from  

th e  stem  t i s s u e  in t o  th e  phloem  i s  v e r y  s lo w . A s w i l l  be d is c u s s e d  

s u b s e q u e n t ly ,  th e s e  c h e m ic a ls  a re  e x p e c t e d , a c c o r d in g  to  th e  e q u a t io n
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g iv e n  b y  R a ve n  ( 1975)5  t o  a c cu m u la te  i n  t h e  phloem  s ie v e  c e l l s  i n  th e  

m a tu re  le a v e s  to  c o n c e n t r a t io n s  h ig h e r  th a n  t h o s e  i n  the a d ja c e n t  t i s s u e .  

H o w ever, c o n c e n t r a t io n s  i n  th e  e x u d a te  fro m  th e  u p p e r stem w ere in d e e d  

lo w e r t h a n  t h o s e  i n  th e  a d ja c e n t  stem  t i s s u e  ( s e e  T a b le  l l ) . T h is  

p r o v id e s  f u r t h e r  e v id e n c e  f o r  th e s lo w  r e l e a s e  o f  t h e s e  c h e m ic a ls  from  

th e  u p p e r stem  in t o  th e  d e s c e n d in g  phloem  s a p , w h ic h  c o n t a in s  r e l a t i v e l y  

l i t t l e  o f  t h e s e  c h e m ic a ls  com ing from  t h e  le a v e s  24 h a f t e r  i n j e c t i o n .

The s lo w  r e l e a s e  o f  t h e s e  c h e m ic a ls  fro m  th e  stem  t i s s u e  in t o  th e  

a d ja c e n t  phloem  i s  i n  l i n e  w it h  th e  o b s e rv e d  l a c k  o f  phloem  a c c u m u la t io n  

o f 3 , 5 - D  and 4 - F  P .O .A .,  w it h  r e g a r d  t o  t h e i r  c o n c e n t r a t io n  i n  th e  u p p e r  

stem  t i s s u e ,  f o l lo w in g  u p ta k e  b y  r o o t s  ( 3 . 3 * 1 . 1 . ) *  A p p a r e n t ly  i n  th o se  

e x p e r im e n t s ,  th e  c o n c e n t r a t io n  o f  th e  c h e m ic a ls  i n  the m ature le a v e s  was 

n o t s u f f i c i e n t l y  h ig h  t o  r e s u l t  i n  a c o n c e n t r a t io n  i n  phloem  i n  th e  

u p p e r stem  h ig h e r  th a n  th e  c o n c e n t r a t io n  i n  th e  u p p e r stem t i s s u e ,  th e  

l a t t e r  b e in g  a t  e q u i l ib r iu m  w it h  th e  c o n c e n t r a t io n  i n  th e x y le m .

Movement o f th e p h e n o x y a c e t ic  a c i d s  o f  in t e r m e d ia t e  l i p o p h i l i c i t y  

fro m  th e  stem  t i s s u e  in t o  th e  m ature le a v e s  v i a  th e  xylem  was shown to be 

a l s o  v e r y  s lo w . When 3 j 5—33 was i n j e c t e d  i n t o  th e  m id d le  s e c t io n  o f th e  

stem  o f  p e t i o l e - g i r d l e d  p l a n t s ,  8 8 .8 $  o f  th e  t o t a l  r e c o v e r e d  24 h  a f t e r  

i n j e c t i o n  was s t i l l  fo und  i n  th e  stem  ( w i t h  9 «8 $  i n  th e m a tu re  le a v e s  

and 1 . 4 $  i n  th e  a p i c a l  l e a f ) .  H o w ever, th e  s lo w  r e l e a s e  o f  t h e s e  

c h e m ic a ls  fro m  th e  stem t i s s u e  in t o  th e  x y le m  was p r o b a b ly  s u f f i c i e n t  to  

re d u c e  th e  p r o p o r t io n  o f  c h e m ic a l r e c o v e r e d  t h a t  was fo u n d  i n  th e  stem a t  

72  h  com pared to  t h a t  a t  24 h  a f t e r  p e t i o l e  i n j e c t i o n .  Movement o f th e  

c h e m ic a ls  o u t o f  th e  a p i c a l  l e a f  was n o t  e x p e c t e d  s in c e  le a v e s  do n o t  

e x p o r t  phloem  sap  u n t i l  t h e y  a re  a p p r o x im a t e ly  o n e - q u a r t e r  to  o n e - h a lf  

o f  t h e i r  f u l ly - e x p a n d e d  s i z e  (H o p k in s o n , 1 9 6 4 );  as a r e s u l t  o f  th e  

c o n t in u o u s  phloem  t r a n s p o r t  o f  th e  c h e m ic a ls  i n t o  th e  a p i c a l  l e a f ,  th e  

p r o p o r t io n  o f  th e  t o t a l  c h e m ic a l r e c o v e r e d  t h a t  was fo und  i n  th e  a p i c a l
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l e a f  in c r e a s e d  fro m  24 to  72 h  a f t e r  i n j e c t i o n  ( F ig u r e  1 7 )  •

The d i s t r i b u t i o n  o f  th e  p h e n o x y a c e t ic  a c id s  o f  in t e r m e d ia t e  

l i p o p h i l i c i t y  f o l lo w in g  i n j e c t i o n  in t o  th e  p e t i o l e s  re s e m b le d  t h a t  

o b s e rv e d  b y o t h e r  a u t h o r s  f o r  su c h  c h e m ic a ls  f o l lo w in g  f o l i a r  a p p l i c a t i o n  

to  d i f f e r e n t  p la n t  s p e c ie s  ( s e e  1 . 2 . 3 « 2 . ) .  The o b s e rv e d  b e h a v io u r  d o es  

n o t  a p p e a r to be r e s t r i c t e d  to  p h e n o x y a c e t ic  a c id s  s in c e  p ic lo r a m  ( f r e e  

a c i d  lo g  K  = 1 . 1  ( c a l c u l a t e d  v a lu e  b y  D r .  G e o f f r e y  G. B r i g g s ,  p e r s o n a l  

c o m m u n ic a tio n ) and pK a = 3* 6  (The P e s t i c i d e  M a n u a l))  was r e a d i l y  phloem  

t r a n s lo c a t e d  fro m  d e v e lo p e d  le a v e s  o f  w heat (H a llm e n  and E l i a s s o n ,  1 9 8 2 )  

and so y b e a n  ( G a u d ie l  and V and en B o rn , 1 9 7 9 ) b u t o n ly  v e r y  l i t t l e  o f  th e  

c h e m ic a l w as fo und  i n  r o o t s .  S tro n g  r e t e n t i o n  o f t h e s e  a c i d s  by th e  

stem  t i s s u e  was fo u n d  b u t g e n e r a l l y  no e x p la n a t io n  f o r  t h i s  r e t e n t io n  

w as o f f e r e d .  M a r t in  and E d g in g to n  ( l 9 8 l )  s u g g e s te d  t h a t  t h e  s t ro n g  

r e t e n t i o n  o f  2 ,4 - D  b y  t h e  stem  o f  so yb ean p l a n t s ,  f o l lo w in g  a p p l i c a t i o n  

o f  th e  c h e m ic a l t o  th e  p r im a r y  l e a f ,  i s  a r e s u l t  o f  b in d in g  o f  2 ,4 - D  to  

c e l l u l a r  co m po nen ts. H o w ever, th e  a c c u m u la t io n  o f  3 » 5 -D  and 4 - F  P .O .A .  

b y  th e  stem  o f p e t i o l e - g i r d l e d  p la n t s  f o l lo w in g  u p ta k e  b y  r o o t s  ( 3 . 3 - 1 . 2 . ) ,  

a s  w e l l  a s  t h e i r  a c c u m u la t io n  by r o o t s  o f  b a r l e y  and R .  com m unis, c o u ld  

be a c c o u n t e d  f o r  by th e  ’ i o n - t r a p ’ m echanism , w h ic h  d o e s n o t  in v o lv e  

b in d in g  o f  th e s e  a c id s  t o  c e l l u l a r  com ponents n o r th e  p a r t i c i p a t i o n  o f  

c a r r i e r s  i n  t h e i r  movement th ro u g h  membranes (t h e  p o s s i b l e  e x is t e n c e  o f  

membrane c a r r i e r s  f o r  t h e s e  c h e m ic a ls  i s  d is c u s s e d  below T) .

Long and B a s l e r  ( 1 9 7 4 )  su g g e s te d  t h a t  th e b e h a v io u r  o f  2 ,4 -D  

and 2 , 4 , 5 - T  i s  s p e c i f i c  f o r  I A A - l i k e  h e r b i c i d e s ,  w it h  t h e i r  d i s t r i b u t i o n  

i n  p l a n t s  b e in g  c o n t r o l l e d  b y  c a r r i e r - m e d ia t e d  t r a n s p o r t  o f  t h e s e  c h e m ic a ls  

t h ro u g h  m em branes. H o w e ver, a lth o u g h  t h e r e  i s  some e v id e n c e  t h a t  th e  

tran sm em b ran e t r a n s p o r t  of I M  and 2 ,4 -D  i n v o lv e s  a l s o  s a t u r a b le  c a r r i e r -  

m e d ia te d  com ponents f o r  i n f l u x  and e f f l u x ,  th e  e x t e n t  t o  w h ic h  th e s e  a c id s  

a re  a c c u m u la te d  b y  c e l l s  i s  g e n e r a l ly  a g re e d  to  be g o v e rn e d  p r i m a r i l y  b y  

th e  ’ io n  t r a p ’ m echanism  (R u b e ry  and S h e ld r a k e ,  19 74 ; G o ld s m it h ,  1 9 77;
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R u b e ry , 1 9 77; 19 78 ; 19 8 0 ; R aven  and R u b e r y ,  1 9 8 2 ). The o v e r a l l  e f f e c t  

o f  membrane c a r r i e r s  f o r  t h e s e  a c id s  i s  s u g g e s te d  to  be a r e d u c t io n  in  

th e  a c c u m u la t io n  by th e  ’ io n  t r a p ’ m echanism  (R u b e ry , 19 80; R aven  and  

R u b e ry , 1 9 8 2) and so i t  i s  u n l i k e l y  t h a t  th e  s t ro n g  r e t e n t io n  o f  th e  

p h e n o x y a c e t ic  a c id s  o f  in t e r m e d ia t e  l i p o p h i l i c i t y  by th e  stem  t i s s u e  o f  

R . communis i s  a r e s u l t  o f  a c a r r i e r - m e d ia t e d  m echanism  o f  t r a n s p o r t  

o f  t h e s e  a c id s  th ro u g h  m em branes. The r a p i d  e f f l u x  o f  t h e s e  a c id s  from  

th e  phloem  s ie v e  c e l l s  a lo n g  th e  stem  i s  a l s o  u n l i k e l y  t o  be a r e s u l t  o f  

c a r r i e r - m e d ia t e d  t r a n s p o r t  t h ro u g h  m em branes b e ca u se  when th e  c o n c e n t r a t io n  

o f  3 » 5 -D  and 4 - F  P .O .A . i n  th e  u p p e r stem  ex u d a te a f t e r  i n j e c t i o n  in t o  th e  

p e t i o l e s  was m axim al ( F ig u r e  1 6 ) ,  i t  was o v e r  300 t im e s  h ig h e r  th a n  th e  

c o n c e n t r a t io n  o f endogenous IAA ( 0 . 0 6  ^.M) m easured i n  phloem  ex u d a te  

fro m  th e  stem o f  R . com m unis ( H a l l  and B a k e r,  1 9 7 2 ).

L i t t l e  in f o r m a t io n  i s  a v a i l a b l e  on th e  k i n e t i c s  o f  th e  c a r r i e r -  

m e d ia te d  t r a n s p o r t  o f  IAA and 2 ,4 - D  t h ro u g h  membranes. S t u d y in g  th e  

u p ta k e  o f  th e s e  a c id s  by s u s p e n s i o n - c u lt u r e d  crown g a l l  c e l l s ,  R u b e ry  

(1 9 7 8 )  r e p o r t e d  h a l f - s a t u r a t i o n  c o n c e n t r a t io n s  o f  ab o ut 1 |j,M f o r  t h e i r  

c a r r i e r - m e d ia t e d  u p ta k e  fro m  s o l u t i o n  a t  pH 5 * 0 . K i n e t i c s  o f  th e  c a r r i e r -  

m e d ia te d  e f f l u x  o f t h e s e  a c id s  have n o t been e s t a b l is h e d .  I n  th e  s t u d ie s  

o f u p ta k e  by r o o t s  and s u b se q u e n t t r a n s l o c a t i o n  o f 2 ,4 -D  and 3 » 5 -D  to  

s h o o ts  o f  b a r le y ,  th e  c o n c e n t r a t io n  o f  t h e s e  a c id s  i n  th e  x y lem  re m a in e d  

p r o p o r t io n a l  to t h e i r  c o n c e n t r a t io n  i n  th e  r o o t  c e l l s ,  i n  w h ic h  th e  

c o n c e n t r a t io n s  v a r i e d  fro m  2 . 5  t o  120 p,M d e p e n d in g  upon th e  e x t e r n a l  

s o l u t i o n  pH (s e e  3 * 2 . 2 . ) ;  t h i s  i n d i c a t e s  t h a t  e f f l u x  o f  2 , 4 - D  and 3> 5-D  

from  th e r o o t  c e l l s  i n t o  t h e  xylem  i s  u n l i k e l y  to  be c a r r i e r - m e d ia t e d  

o v e r t h i s  ra n g e  o f c o n c e n t r a t io n s  ( f o r  c o m p a riso n , the c o n c e n t r a t io n s  o f  

th e  p h e n o x y a c e t ic  a c id s  o f  in t e r m e d ia t e  l i p o p h i l i c i t y  i n  th e  u p p e r stem  

o f R . communis 24 h a f t e r  i n j e c t i o n  i n t o  th e  p e t i o l e s  w ere 4 pM f o r  3 ? 5 -D  

and 9 (J.M f o r  4 - F  P .O .A . and 4 -C 1  P . O . A . ) .

T h u s, th e o b s e rv e d  b e h a v io u r  o f th e  p h e n o x y a c e t ic  a c i d s  o f  

in t e r m e d ia t e  l i p o p h i l i c i t y  a p p e a rs  t o  be d e te rm in e d  m a in ly  b y  th e
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’ io n  t r a p ’ m echan ism , a lth o u g h  th e  r a p i d  l o s s  of t h e s e  a c id s  from  the  

phloem  s ie v e  c e l l s  i n t o  th e a d ja c e n t  &tem t i s s u e  and t h e i r  v e r y  s lo w  

s u b s e q u e n t movement t h e re fro m  t o  o t h e r  p a r t s  o f  the p la n t  a r e  n o t  

r e a d i l y  e x p l i c a b l e .

A s d is c u s s e d  p r e v io u s l y ,  th e  two m ore p o la r  and th e  m ost 

l i p o p h i l i c  p h e n o x y a c e t ic  a c id s  s t u d ie d  w ere phloem  t r a n s lo c a t e d  to  a 

much l e s s e r  e x t e n t  th a n  th e  p h e n o x y a c e t ic  a c id s  o f in t e r m e d ia t e  l i p o -  

p h i l i c i t y .  The c o n c e n t r a t io n s  o f  4 -m e s y l P .O .A . and 3 - m e t h y l- 4 - m e s y l  

P . O . A .,  th e  m ost p o l a r  p h e n o x y a c e t ic  a c i d s ,  i n  the phloem  e x u d a te  from  

th e  u p p e r stem  24 and 72 h a f t e r  p e t i o l e  i n j e c t i o n  w ere n o t  so d i f f e r e n t  

fro m  t h o s e  o f p h e n o x y a c e t ic  a c id s  o f in t e r m e d ia t e  l i p o p h i l i c i t y  (s e e  

T a b le  l l ) . H o w ever, th e  c o n c e n t r a t io n s  o f th e  l a t t e r  a c id s  w ere much 

h ig h e r  d u r in g  th e  f i r s t  h o u rs  a f t e r  i n j e c t i o n  and th u s  t h e y  w ere phloem  

t r a n s lo c a t e d  t o  a much g r e a t e r  e x t e n t .  A lt h o u g h  v e r y  l i t t l e  o f  the  

p o l a r  p h e n o x y a c e t ic  a c id s  was fo und  i n  r o o t s ,  th e  c o n c e n t r a t io n  g r a d ie n t  

o f  t h e s e  a c id s  a lo n g  th e  stem , b oth i n  th e  t i s s u e  and i n  th e  phloem  

e x u d a t e s , was n o t a s  s t e e p  a s  i t  was f o r  th e  p h e n o x y a c e t ic  a c id s  o f  

in t e r m e d ia t e  l i p o p h i l i c i t y ,  i n d i c a t i n g  t h a t  th e  p o la r  p h e n o x y a c e t ic  

a c i d s  a re  n o t so r a p i d l y  l o s t  from  th e  ph lo em . 24 h a f t e r  p e t i o l e  

i n j e c t i o n ,  th e  c o n c e n t r a t io n  o f  th e  p h e n o x y a c e t ic  a c id s  i n  phloem  e x u d a te  

fro m  th e  u p p e r stem was h ig h e r  th a n  i n  th e  a d ja c e n t  stem  t i s s u e ,  b u t  

th e  c o n c e n t r a t io n s  w ere r a t h e r  s i m i l a r  72 h a f t e r  i n j e c t i o n ,  i n d i c a t i n g  

t h a t  i t  t a k e s  a  lo n g  tim e  f o r  e q u i l ib r iu m  t o  be a t t a in e d  b etw een th e  

c o n c e n t r a t io n  o f  t h e s e  c h e m ic a ls  i n  phloem  and i n  th e  w h o le  o f  th e  

a d ja c e n t  stem  t i s s u e  ( s e e  T a b le  l l ) .  The s t e e p  c o n c e n t r a t io n  g r a d ie n t  

o f  4 - ( 2 , 4 - d ic h lo r o p h e n o x y )  P .O .A . a lo n g  th e  stem , b o th  i n  th e  t i s s u e  and 

i n  phloem  e x u d a te , i n d i c a t e s  t h a t  t h i s  c h e m ic a l i s  l o s t  fro m  th e  phloem  

r a p i d l y  and i s  r e t a in e d  by the a d ja c e n t  stem  t i s s u e  due to  p a r t i t i o n i n g  

o n to  th e  t i s s u e  s o l i d s .

The d i s t r i b u t i o n  p a t t e r n s  o f  m a le ic  h y d r a z id e  show t h a t ,  a lt h o u g h  

m a le ic  h y d r a z id e  moved fro m  th e  p e t i o l e s  s lo w ly ,  i t  was r e a d i l y  phloem
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t r a n s lo c a t e d  fro m  th e m a tu re  le a v e s .  The c o n c e n t r a t io n s  o f  m a le ic  

h y d r a z id e  i n  phloem  e x u d a te  from  th e  u p p e r and lo w e r stem  w ere s i m i l a r  

and w ere a b o u t 7 t im e s  g r e a t e r  th a n  t h a t  in  th e  stem t i s s u e  ( s e e  T a b le  l l ) .  

A s a r e s u l t ,  m a le ic  h y d r a z id e  was fo u n d  i n  a p p r e c ia b le  am ounts i n  th e  

r o o t s  and le a k a g e  out o f th e  r o o t s  r e s u l t e d  in  a p p r e c ia b le  am ounts o f  

m a le ic  h y d r a z id e  b e in g  fo u n d  a l s o  i n  t h e  e x t e r n a l  n u t r i e n t  s o l u t i o n .  

E f f i c i e n t  phloem  t r a n s l o c a t i o n  o f m a le ic  h y d r a z id e  to  r o o t s ,  f o l lo w in g  

a p p l i c a t i o n  t o  p r im a r y  le a v e s  o f  so y b e a n  ( C r a f t s ,  1967) and o f  S i n a p s is  

( J a c o b  and Neumann, 1 9 8 2 ),  h a s a lr e a d y  b een r e p o r t e d .

F la m p ro p  moved r e a d i l y  fro m  th e  p e t i o l e s  b u t was fo u n d  a lm o st  

e n t i r e l y  i n  th e  m ature l e a f  b la d e s  i n d i c a t i n g  i n e f f i c i e n t  t r a n s p o r t  in  

ph lo em . A lt h o u g h  fla m p ro p  h a s lo g  K q v  and pKa v a lu e s  co m p a ra b le  to  

t h o s e  o f  3 j 5 -D , th e  b e h a v io u r  o f  th e  tw o c h e m ic a ls  was q u it e  d i f f e r e n t .

A s s u g g e s te d  e a r l i e r ,  th e  d i s s o c i a t e d  m o le c u le s  o f f la m p ro p  a p p e a r to  

p erm eate th e  c e l l  membranes more r e a d i l y  th a n  do th e  d i s s o c i a t e d  m o le c u le s  

o f  3 > 5 -D  and so  th e  r e t e n t i o n  o f  f la m p ro p  a n io n s  i n  phloem  i s  i n s u f f i c i e n t  

f o r  th e  c h e m ic a l to be e f f i c i e n t l y  phloem  t r a n s lo c a t e d .

A lt h o u g h  th e p h e n o x y a c e t ic  a c i d s  o f  in t e r m e d ia t e  l i p o p h i l i c i t y  

w ere shown to e n t e r  t h e  phloem  d i r e c t l y  from  th e  p e t i o l e s  d u r in g  the  

f i r s t  h o u rs  a f t e r  i n j e c t i o n ,  t h e i r  c o n c e n t r a t io n  in  th e  u p p e r phloem  

a p p e a re d  t o  be c o r r e l a t e d  w it h  t h e i r  c o n c e n t r a t io n  in  th e  m ature l e a f  

b la d e s  fro m  24 h o n w ard s, s in c e  th e  r a t i o  betw een th e  c o n c e n t r a t io n  o f  

t h e s e  c h e m ic a ls  i n  u p p e r phloem  and i n  th e  m ature l e a f  b la d e s  was f a i r l y  

c o n s t a n t  fro m  24 to  72 h a f t e r  i n j e c t i o n .  S u ch  a c o r r e l a t i o n  o c c u r r e d  

a l s o  f o r  m a le ic  h y d r a z id e  ( s e e  T a b le  l l ) .

I n  c o n t r a s t  to th e  n o n - io n is e d  c h e m ic a ls ,  th e  c o n c e n t r a t io n  o f  

th e  p h e n o x y a c e t ic  a c id s  o f  in t e r m e d ia t e  l i p o p h i l i c i t y  and o f  m a le ic  

h y d r a z id e  i n  phloem  e x u d a te  fro m  th e  u p p e r stem  was s e v e r a l  t im e s  g r e a t e r  

th a n  t h a t  i n  th e  m ature l e a f  b la d e s ,  i n d i c a t i n g  a c c u m u la t io n  o f  th e s e  

c h e m ic a ls  i n  th e  phloem  o f  m atu re  le a v e s .
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T a b le  1 1 . C o n c e n t r a t io n s  o f  th e  v e a k  a c id s  in  phloem  e x u d a te  from

R . communis 24 and 72 h  a f t e r  i n j e c t i o n  in t o  th e  p e t i o l e s .

C o n c e n t r a t io n s  a re  e x p r e s s e d  r e l a t i v e  to  th e  t o t a l  am ounts  

i n  th e  p l a n t  and to  th e  c o n c e n t r a t io n s  i n  p l a n t  t i s s u e s .

C h e m i c a l k 3
(per day)

Time
(h)

Cone, in the e x u d a t e ( d p m . m l  ^).100

Tot a l  c h e m i c a l  recovered(dpm)

Upper stem L o wer stem 
e x u d a t e  exu d a t e

C o n c e n t r a t i o n  ratios 

U p p e r  s tem e x u d a t e  Upper s t e m  e x u d a t e  

M a t u r e  leaf blades Upper s t e m  t i s s u e

4 - m e s y l  P.O.A. 0.23 24 8.9 4.3 1.3 2.0
72 4.6 2.7 1.3 1.3

3 - m e t h y l - 4 - m e s y l - P . O . A . 0.21 24 10.9 5.3 1 . 0 2.4
72 6.0 3.3 0.8 1 . 0

4-F P.O.A. 0.24 24 19.6 5.9 7.4 0.8
72 16.4 6.0 7.3 0.9

4-Cl P.O.A. 0.28 24 13.8 3.8 8.9 0.8
72 12.1 4.7 7.2 1 . 0

3 , 5-D 0.16 24 14.4 3.8 2.3 0.9
72 8.7 3.5 1.7 1.3

4- (2,4 - d i c h l o r o p h e n o x y ) 0.23 24 1 . 0 1.1 0.2' 0.9
P.O.A. 72 1.4 1.1 0.2 1.3

f l a m p r o p 0.15 24 0.4 0.06 0.02 3.4
72 0.3 0.07 0.02 3.6

m a l e i c  h y d r a z i d e 0.26 24 43.6 39.3 10.4 8.7
72 25.2 23.8 10.6 7.3

a. Degradation rate of the chemicals in the plant shoots.



The d i s t r i b u t i o n  o f  3 > 5 -D  and m a le ic  h y d ra z id e  i n  th e  m atu re  

l e a f  b la d e s  24 h a f t e r  i n j e c t i o n  o f  th e  c h e m ic a ls  in t o  th e  p e t i o l e s  i s  

sh o vn  i n  F ig u r e  2 0 . 3 » 5 -D  was more u n if o r m ly  d i s t r i b u t e d  i n  th e  m ature

l e a f  b la d e s  f o l lo w in g  i n j e c t i o n  in t o  th e  p e t i o l e s  th a n  f o l lo w in g  u p ta k e  

b y  r o o t s  f o r  24 h , w h ere 3 > 5 -D  was p r e s e n t  m a in ly  i n  th e  t i s s u e  a d ja c e n t  

t o  th e  v e i n s .  M o st o f th e  3 > 5 -D  fo u n d  i n  th e  m ature le a v e s  f o l lo w in g  

i n j e c t i o n  in t o  th e  p e t i o l e s  i s  l i k e l y  to  h a ve been t r a n s l o c a t e d  t h e r e  

d u r in g  th e  i n i t i a l  p a r t  o f  th e  24 h p e r i o d ,  w hereas f o l lo w in g  u p ta k e  b y  

r o o t s ,  m ost o f  th e  3 > 5 -D  was p r o b a b ly  t r a n s lo c a t e d  t o  th e  le a v e s  d u r in g  

th e  l a t t e r  p a r t  o f  t h e  24 h  p e r io d ,  a f t e r  s a t u r a t io n  o f  th e  stem . T h u s ,  

th e  more u n ifo rm  d i s t r i b u t i o n  o f  3 > 5 -D  i n  th e  m ature l e a f  b la d e s  f o l lo w in g  

i n j e c t i o n  in t o  th e  p e t i o l e s  i n d i c a t e s  t h a t ,  a lth o u g h  th e  3 j 5 - D  r e a c h in g  

th e  le a v e s  i s  i n i t i a l l y  a c c u m u la te d  by th e  c e l l s  a d ja c e n t  t o  th e  x y le m ,  

th e  c h e m ic a l i s  s u b s e q u e n t ly  more u n if o r m ly  d i s t r i b u t e d  o v e r  th e  l e a f  

b la d e .  The d i s t r i b u t i o n  o f m a le ic  h y d r a z id e  i n  th e  l e a f  b la d e s  f o l lo w in g  

i n j e c t i o n  in t o  th e  p e t i o l e s  was v e r y  s i m i l a r  to  t h a t  f o l lo w in g  u p ta k e  b y  

r o o t s ,  w it h  th e  c h e m ic a l b e in g  u n if o r m ly  d i s t r i b u t e d  i n  th e  m ature l e a f  

b l a d e s .

By u s in g  th e  e q u a t io n  o f  R a v e n , an attem p t was made t o  e s t im a t e  

th e  a c c u m u la t io n  o f  weak a c id s  i n  phloem  s ie v e  c e l l s  w it h  r e g a r d  to t h e i r  

c o n c e n t r a t io n  in  th e  a d ja c e n t  l e a f  c e l l s .  The r a t i o  o f  th e  c o n c e n t r a t io n s  

o f  th e  c h e m ic a ls  b etw een phloem  s ie v e  c e l l s  and a p o p la s t  was c a l c u l a t e d  

a ssu m in g  th e  plasm alem m a p o t e n t i a l  o f  t h e s e  c e l l s  = - 0 . 1 2 V  and th e  phloem  

sa p  pH = 8 . 0 .  The r a t i o  of th e c o n c e n t r a t io n s  o f th e  c h e m ic a ls  betw een  

l e a f  c e l l s  and a p o p la s t  w as c a l c u l a t e d  a s  f o r  r o o t  c e l l s  o f  b a r l e y  ( 3 . 2 . 2 . )  

and th e  a ss u m p tio n s  made w e r e : -  plasm alem m a p o t e n t ia l  = - 0 . 1 2 V ,  t o n o p la s t  

p o t e n t i a l  = - 1 0  ^V , c y t o p la s m  pH = 7*0 {10%  o f  c e l l u l a r  v o lu m e ), v a c u o la r  

pH = 5*5 (90%  o f c e l l u l a r  v o lu m e ).  The r a t i o  o f  th e  c o n c e n t r a t io n s  o f  

th e  c h e m ic a ls  betw een phloem  s ie v e  c e l l s  and l e a f  c e l l s  was c a l c u l a t e d  

b y  d i v i d i n g  th e phloem  s i e v e  c e l l s / a p o p l a s t  r a t i o  and th e  l e a f  c e l l s /  

a p o p la s t  r a t i o .  A s  w o u ld  be e x p e c t e d , th e  r a t i o  c a l c u l a t e d  t h i s  way

122



123

3 , 5 - d ic h lo r o p h e n o x y a c e t ic  a c id

jn a le ic  h y d r a z id e

F ig u r e  2 0 .  A u t o ra d io g ra p h s  s h o v in g  th e  d i s t r i b u t i o n  o f  3 » 5 - d i c h l o r o ­

p h e n o x y a c e t ic  a c id  and m a le ic  h y d r a z id e  i n  th e  l e a f  b la d e s  

o f  R . communis 2k h a f t e r  i n j e c t i o n  o f  th e c h e m ic a ls  

in t o  th e  p e t i o l e s .
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was in d e p e n d e n t o f  th e  v a lu e  ta k e n  f o r  th e  a p o p la s t  pH. I t  i s  assum ed  

t h a t  th e  s p e c i f i c  s u r f a c e  ( s u r f a c e / v o lu m e )  o f  c o n t a c t  b etw een  phloem  

s ie v e  c e l l s  and b u lk  o f  th e  l e a f  t i s s u e  i s  s u f f i c i e n t l y  l a r g e  f o r  th e  

a c c u m u la t io n  o f  th e  c h e m ic a ls  i n  le a v e s  t o  be in d e p e n d e n t o f b o th  th e  

phloem  f lo w  r a t e  and th e  r a t e  o f  e n t r y  o f  t h e  c h e m ic a ls  i n t o  phloem .

C u rv e s  i n  F ig u r e  21  show th e  p r e d ic t e d  v a l u e s  f o r  a c i d s  o f  pKa 3 * 0 ,

3 * 7  and 5 . 6 ,  f o r  d i f f e r e n t  p e r m e a b il it y  r a t i o s  o f th e  m em branes t o  th e  

u n d is s o c ia t e d  and d i s s o c i a t e d  form s o f  th e  a c i d s .  The p o in t s  on th e  

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

e x u d a te  from  u p p e r stem  t o  t h a t  in  th e  m a tu re  l e a f  b la d e s  m easured  24 h  

a f t e r  i n j e c t i o n  o f  th e  c h e m ic a ls  in t o  th e  p e t i o l e s ;  t h i s  r a t i o  b e in g  

p lo t t e d  a c c o r d in g  t o  th e  r a t i o  o f  p e r m e a b i l i t i e s  o f  th e  c e l l  membranes 

to  th e  u n d is s o c ia t e d  and d is s o c ia t e d  fo rm s  o f  th e  a c id  e s t im a t e d  from  

th e  m ea su red  a c c u m u la t io n  o f  th e  c h e m ic a ls  i n  r o o t s  o f  b a r l e y  a f t e r  24 h  

u p ta k e  fro m  s o l u t i o n  o f  pH 5 .0  ( 3 . 2 . 3 * ) •

The m ea su red  c o n c e n t r a t io n  o f  m a le ic  h y d r a z id e  i n  th e  u p p e r  

phloem  i s  l i k e l y  to  be v e r y  s i m i l a r  to  i t s  c o n c e n t r a t io n  i n  phloem  i n  

th e  l e a f  b la d e s ,  s in c e  th e  c h e m ic a l i s  w e l l  r e t a in e d  i n  p h lo em . The 

m ea su red  c o n c e n t r a t io n  o f m a le ic  h y d ra z id e  i n  th e  l e a f  b la d e s  i s  a ls o  

l i k e l y  t o  be a f a i r l y  good e s tim a te  o f  i t s  c o n c e n t r a t io n  i n  th e  l e a f  

c e l l s ,  s in c e  m a le ic  h y d ra z id e  was u n if o r m ly  d i s t r i b u t e d  w i t h in  the b la d e s  

a s  o b s e rv e d  b y  a u t o r a d io g r a p h y  ( F ig u r e  2 l ) .  F u rt h e rm o re , a ssu m in g  t h a t  

th e  l e a f  c e l l s  a c c o u n t  f o r  80$ o f  the l e a f  w e ig h t  and t h a t  th e  a p o p la s t  

(pH  = 5 - 5 )  o c c u p ie s  th e  re m a in in g  2 0 $ , th e  e q u a t io n  g iv e n  b y  R aven  

p r e d i c t s  t h a t  th e  c o n c e n t r a t io n  o f m a le ic  h y d r a z id e  i n  th e  l e a f  c e l l s  

i s  8 5 $  o f  th e  m easured  c o n c e n t r a t io n  i n  th e  l e a f  t i s s u e  ( t h e  c o n c e n t r a t io n  

i n  th e  phloem  s ie v e  c e l l s  i s  n e g le c t e d  b e c a u s e  th e  vo lum e o f  th e  l e a f  

b la d e  o c c u p ie d  b y  t h e s e  c e l l s  i s  v e r y  s m a l l ) .  A s ca n  be se e n  on 

F ig u r e  2 1 ,  th e  m easured  c o n c e n t r a t io n  r a t i o  o f  m a le ic  h y d r a z id e  i n  phloem  

e x u d a te  fro m  th e  u p p e r stem and in  th e  m a tu re  l e a f  b la d e s  a g r e e s  r e a s o n a b ly  

w e l l  w it h  th e  p r e d ic t e d  v a lu e ,  i n d i c a t i n g  t h a t  th e  a c c u m u la t io n  o f  t h i s
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lo g  r a t i o  o f  p e r m e a b i l i t i e s  ( P ^ /P ^ -* )

F ig u r e  2 1 .  A c c u m u la t io n  o f  weak a c id s  i n  phloem  s ie v e  c e l l s  i n  le a v e s  o f  

R . com m unis. C u rv e s  show th e  p r e d ic t e d  a c c u m u la t io n  f o r

weak a c id s  h a v in g  d i f f e r e n t  p K a T s and th e  c e l l  membranes 

h a v in g  d i f f e r e n t  r a t i o s  o f  p e r m e a b i l i t ie s  to  th e  un­

d i s s o c i a t e d  and d i s s o c i a t e d  fo rm s o f th e  a c i d s ;  th e  p o in t s  

show th e  o b s e rv e d  a c c u m u la t io n  o f p h e n o x y a c e t ic  a c i d  

a n a lo g u e s , pKa m  3 - 0  ( • ) ,  and o f  m a le ic  h y d r a z id e ,  pKa =

5 - 6  ( o ) ,  24 h a f t e r  i n j e c t i o n  o f  th e c h e m ic a ls  i n t o  th e  

p e t i o l e s .  V e r t i c a l  b a r s  in d i c a t e  th e ra n g e  f o r  th e  

r e p l i c a t e s .  S ee t e x t  f o r  d e t a i l s .
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c h e m ic a l i n  phloem  i s  w e l l  e x p la in e d  b y  th e  p h y s ic o - c h e m ic a l  a p p ro a c h  m ade.

The a c c u m u la t io n  o f th e  p h e n o x y a c e t ic  a c id s  i n  phloem  i n  th e  

le a v e s  i s  m ore d i f f i c u l t  t o  i n t e r p r e t  b e c a u s e  3 , 5 - D  was shown n o t to  be 

a s  u n if o r m ly  d i s t r i b u t e d  i n  the l e a f  b la d e s  a s  m a le ic  h y d r a z id e .  F u r t h e r ­

m o re, th e  p h e n o x y a c e t ic  a c id s  s t u d ie d  w ere shown n o t t o  be w e ll  r e t a in e d  

i n  ph lo em , so t h a t  t h e i r  c o n c e n t r a t io n  i n  phloem  e x u d a te  fro m  th e  u p p e r  

stem  i s  l i k e l y  to  be lo w e r th a n  t h a t  i n  phloem  s ie v e  c e l l s  i n  th e  l e a f  

b la d e s .  N e v e r t h e le s s ,  th e  a c c u m u la t io n  o f th e  p h e n o x y a c e t ic  a c id s  i n  

ph loem  i n  th e  le a v e s  was b o th  p r e d ic t e d  and o b s e rv e d  t o  be h ig h e s t  f o r  

th e  a c i d s  o f  in t e r m e d ia t e  l i p o p h i l i c i t y .  A lt h o u g h  fla m p ro p  was e x p e c te d  

t o  a c c u m u la te  i n  phloem  i n  the le a v e s  t o  a b o u t 5 t im e s  th e  c o n c e n t r a t io n  

i n  th e  le a v e s ,  th e  m easured  c o n c e n t r a t io n  o f fla m p ro p  i n  phloem  ex u d a te  

fro m  th e  u p p e r stem  was o n ly  0 .0 2  o f  th e  l e a f  c o n c e n t r a t io n s ,  i n d i c a t i n g  

t h a t  fla m p ro p  i s  r a p i d l y  l o s t  from  th e  ph loem  a lo n g  th e  p e t i o l e s .

I n  c o n t r a s t  to th e s u g g e s t io n  b y  o t h e r  w o rk e rs  ( C r i s p ,  1 9 72 ;

C r i s p  and L o o k , 19 79 ; C r i s p  and L a r s o n ,  1 9 8 2 ),  th e  a c c u m u la t io n  o f  th e  

weak a c id s  i n  phloem  i n  th e  le a v e s  a p p e a rs  n o t  t o  be a c a r r i e r - m e d ia t e d  

m ech a n ism . C a r r i e r s  have been p o s t u la t e d  t o  p a r t i c i p a t e  i n  th e  u p ta k e  

o f  s u c r o s e  ( G ia q u in t a ,  19 8 3) and a m in o a c id s  (E t h e r t o n  and R u b in s t e in ,

1 9 7 8 ) in t o  th e phloem  s ie v e  c e l l s .  The r e s u l t s  s u p p o rt  th e  a l t e r n a t i v e  

s u g g e s t io n  b y  T y re e  e t  a l . ( 1 9 7 9 ) ,  f u r t h e r  a n a ly s e d  by J a c o b  and Neumann 

(1 9 8 2 ) and Neumann e t  a l . ( 1 9 8 5 ) ,  t h a t  weak a c i d s  a c cu m u la te  i n  phloem  

s ie v e  c e l l s  b y  th e  ’ io n  t r a p ’ m echan ism . T h u s , e n t r y  o f  weak a c id s  

i n t o  phloem  s ie v e  c e l l s  o c c u r s  p r i m a r i l y  b y  d i f f u s i o n  o f  th e  u n d i s s o c i a t ­

ed a c i d s ;  a t  th e  h ig h e r  pH o f  t h e s e  c e l l s ,  weak a c id s  a re  more e x t e n s iv e ­

l y  d i s s o c i a t e d  and, b e c a u se  t h e  a n io n s  d i f f u s e  th ro u g h  membranes much more 

s lo w ly  t h a n  th e  r e s p e c t iv e  u n d is s o c ia t e d  a c i d s ,  weak a c id s  a re  a c cu m u la te d  

i n s i d e  th e  phloem  s ie v e  c e l l s .  The e x t e n t  t o  w h ic h  th e  weak a c id s  

a c c u m u la t e d  i n  phloem  i n  th e  le a v e s  c o u ld  be r e a s o n a b ly  w e l l  e x p la in e d  b y  

th e  ’ io n  t r a p '  e q u a t io n  p ro p o se d  by R a ve n  ( 1 9 7 5 )  and, a s  e x p e c te d  from
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c h e m ic a l i n  phloem  i s  w e l l  e x p la in e d  b y  th e  p h y s ic o - c h e m ic a l a p p ro a c h  m ade.

The a c c u m u la t io n  o f  th e  p h e n o x y a c e t ic  a c id s  i n  phloem  i n  th e  

le a v e s  i s  more d i f f i c u l t  t o  i n t e r p r e t  b e c a u s e  3 , 5 - D  was shown n o t  to  be 

a s  u n if o r m ly  d i s t r i b u t e d  i n  th e  l e a f  b la d e s  a s  m a le ic  h y d r a z id e .  F u r t h e r ­

m o re, th e  p h e n o x y a c e t ic  a c id s  s t u d ie d  w ere shown n o t to  be w e l l  r e t a in e d  

i n  p h lo em , so t h a t  t h e i r  c o n c e n t r a t io n  i n  phloem  ex u d a te fro m  th e  u p p e r  

stem  i s  l i k e l y  to  be lo w e r th a n  t h a t  i n  phloem  s ie v e  c e l l s  i n  th e  l e a f  

b la d e s .  N e v e r t h e le s s ,  th e  a c c u m u la t io n  o f th e  p h e n o x y a c e t ic  a c id s  i n  

phloem  i n  th e  le a v e s  was b o th  p r e d ic t e d  and o b s e rv e d  t o  be h ig h e s t  f o r  

th e  a c id s  o f  in t e r m e d ia t e  l i p o p h i l i c i t y . A lt h o u g h  fla m p ro p  was e x p e c te d  

t o  a c c u m u la te  i n  phloem  i n  th e  le a v e s  t o  a b o ut 5 t im e s  th e  c o n c e n t r a t io n  

i n  th e  l e a v e s ,  th e  m ea su red  c o n c e n t r a t io n  o f fla m p ro p  i n  phloem  e x u d a te  

fro m  th e  u p p e r stem was o n ly  0 .0 2  o f  th e  l e a f  c o n c e n t r a t io n s ,  i n d i c a t i n g  

t h a t  fla m p ro p  i s  r a p i d l y  l o s t  from  th e  phloem  a lo n g  th e  p e t i o l e s .

I n  c o n t r a s t  to th e  s u g g e s t io n  b y  o t h e r w o rk e rs  ( C r i s p ,  1 9 72 ;

C r i s p  and L o o k , 1979; C r i s p  and L a r s o n ,  1 9 8 2 ),  th e  a c c u m u la t io n  o f  th e  

weak a c id s  i n  phloem  i n  th e  le a v e s  a p p e a rs  n o t t o  be a c a r r i e r - m e d ia t e d  

m ech a n ism . C a r r i e r s  h a v e  been p o s t u la t e d  to  p a r t i c i p a t e  i n  th e  u p ta k e  

o f  s u c r o s e  ( G ia q u in t a ,  1 9 8 3 ) and a m in o a c id s  (E t h e r t o n  and R u b in s t e in ,

1 9 7 8 ) in t o  th e phloem  s ie v e  c e l l s .  The r e s u l t s  s u p p o rt  th e a l t e r n a t i v e  

s u g g e s t io n  b y  T y re e  £ t  al_. ( 1 9 7 9 ) ,  f u r t h e r  a n a ly s e d  b y  Ja c o b  and Neumann 

(1 9 8 2 ) and Neumann e t  a l . ( 1 9 8 5 ) ,  t h a t  weak a c id s  a c cu m u la te  i n  phloem  

s ie v e  c e l l s  b y  the ’ io n  t r a p ’ m echan ism . T h u s, e n t r y  o f  weak a c id s  

i n t o  phloem  s ie v e  c e l l s  o c c u r s  p r i m a r i l y  b y  d i f f u s i o n  o f  th e  u n d i s s o c i a t ­

ed a c i d s ;  a t  the h ig h e r  pH o f  t h e s e  c e l l s ,  weak a c id s  a re  more e x t e n s iv e ­

l y  d i s s o c i a t e d  and, b e c a u s e  t h e  a n io n s  d i f f u s e  th ro u g h  membranes much m ore 

s lo w ly  th a n  th e  r e s p e c t iv e  u n d is s o c ia t e d  a c i d s ,  weak a c id s  a re  a c c u m u la te d  

i n s i d e  th e  phloem  s ie v e  c e l l s .  The e x t e n t  t o  -which th e  weak a c id s  

a c c u m u la te d  i n  phloem i n  th e  le a v e s  c o u ld  be re a s o n a b ly  w e ll  e x p la in e d  b y  

t h e  ’ io n  t r a p '  e q u a t io n  p ro p o se d  by R aven ( 1 9 7 5 )  and, a s  e x p e c te d  from



t h i s  e q u a t io n ,  th e  e x t e n t  o f  a c c u m u la t io n  v a r i e d  w it h  th e  pKa o f  th e  

a c id s  and th e  r a t i o  o f  th e  p e r m e a b i l i t i e s  o f  th e  c e l l  m em branes t o  th e  

u n d is s o c ia t e d  and d i s s o c i a t e d  fo rm s o f  th e  a c id s .

The a b i l i t y  o f  t h e  wreak a c id s  to a c cu m u la te  i n  phloem  i n  th e  

le a v e s  d id  n o t  n e c e s s a r i l y  r e s u l t  in  e f f i c i e n t  t r a n s p o r t  o f  th e  c h e m ic a ls  

to  th e  r o o t s .  A lt h o u g h  th e  p h e n o x y a c e t ic  a c id s  o f in t e r m e d ia t e  l i p o -  

p h i l i c i t y  w ere r e a d i l y  phloem  t r a n s lo c a t e d  f o l lo w in g  p e t i o l e  i n j e c t i o n ,  

v e r y  lo w  c o n c e n t r a t io n s  o f  t h e s e  c h e m ic a ls  w ere fo und i n  th e  r o o t s .  

A lt h o u g h  th e  o b s e rv e d  s t r o n g  r e t e n t io n  o f t h e s e  c h e m ic a ls  b y  t h e  stem  

t i s s u e  p r e v e n t e d  them from  b e in g  e f f i c i e n t l y  t r a n s lo c a t e d  to  th e  r o o t s ,  

t h i s  was a r e s u l t  o f  t h e i r  i n a b i l i t y  to  be w e l l  r e t a in e d  i n  th e  phloem  

s ie v e  t u b e s  i n  th e  f i r s t  p l a c e .  The r a t e  o f  l o s s  o f f la m p ro p  fro m  the  

phloem  a lo n g  th e  p e t i o l e s  was p re su m a b ly  s o  r a p id  t h a t  th e  c o n c e n t r a t io n  

o f  t h i s  c h e m ic a l i n  phloem  e x u d a te s  from  th e  u p p e r stem  was o n ly  a v e r y  

s m a ll f r a c t i o n  o f  i t s  e x p e c te d  c o n c e n t r a t io n  i n  phloem  i n  t h e  l e a f  b la d e s .  

On th e  o t h e r  h an d , m a le ic  h y d r a z id e  was shown to be w e l l  r e t a in e d  i n  

phloem  and t o  be t r a n s lo c a t e d  i n  a p p r e c ia b le  amounts t o  th e  r o o t s ,  

i n d i c a t i n g  t h a t  e f f i c i e n t  phloem  t r a n s p o r t  t o  th e  r o o t s ,  f o l lo w in g  

p e t i o l e  i n j e c t i o n ,  ca n  o n ly  be a c h ie v e d  b y  weak a c id s  t h a t  a re  w e l l  

r e t a in e d  i n  ph lo em .

A lt h o u g h  th e  above id e a  a p p e a rs  to  be o b v io u s , th e  e x p la n a t io n  

o f th e  r e t e n t i o n  o f  th e weak a c id s  i n  phloem  i s  no t so c l e a r .  The 

r e s u l t s  from  e x p e rim e n ts  i n  w h ic h  th e g r a d ie n t  i n  phloem  c o n c e n t r a t io n  

o f th e  c h e m ic a ls  was a s s e s s e d  im m e d ia te ly  a f t e r  p e t i o l e  i n j e c t i o n ,  when 

p re s u m a b ly  th e  c e l l s  a d ja c e n t  to th e  phloem  w ere n o t s a t u r a t e d  w it h  th e  

c h e m ic a ls ,  showed t h a t  m a le ic  h y d ra z id e  ( l o g  = - 0 . 60 ) was w e l l  

r e t a in e d  i n  p h lo em . Among th e  p h e n o x y a c e t ic  a c id s ,  ii-m e s y l P .O .A .

( l o g  K = 0 . 0 6 )  showed a l e s s e r  g r a d ie n t  d u r in g  th e f i r s t  h o u rs  a f t e r  

i n j e c t i o n  th a n  d id  th e  p h e n o x y a c e t ic  a c id s  o f  in t e r m e d ia t e  l i p o p h i l i c i t y .  

T h e se  r e s u l t s  s u p p o rt  th e  id e a  t h a t  v e r y  p o l a r  weak a c id s  move o u t o f

127



128

th e  phloem  s ie v e  c e l l s  v e r y  s lo w ly ,  th o u g h  th e  p re d o m in a n t fo rm  i . e .  

u n d is s o c ia t e d  o r d i s s o c i a t e d ,  i n  w h ic h  weak a c id s  e sc a p e  o u t o f  th e  

phloem  s ie v e  c e l l s  i s  u n c e r t a i n .  F u r t h e r  r e s e a r c h  to w a rd s a b e t t e r  

u n d e r s t a n d in g  o f th e  r e t e n t io n  o f  weak a c id s  i n  phloem  i s  n e e d e d .
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3 * 4 . C o n c lu s io n s

The e x p e r im e n t a l p r o c e d u r e s  d e s c r ib e d  u s in g  R . communis 

p r o v id e  a v a lu a b le  method f o r  o b t a in in g  a q u a n t it a t i v e  d e s c r i p t i o n  

o f  th e  t r a n s l o c a t i o n  i n  phloem  o f  x e n o b io t i c s  and o f  th e  f a c t o r s  

c o n t r o l l i n g  t h e i r  d i s t r i b u t i o n  i n  th e  p l a n t .  S t r e s s  was l a i d  on th e  

d e t e r m in a t io n  o f p a r e n t  compound i n  t h e  t e s t s ,  a s  m easurem ents o f  

r a d i o a c t i v i t y  a lo n e  ca n  be m is le a d in g  e s p e c i a l l y  f o r  r a p i d l y  m e t a b o lis e d  

c h e m ic a ls .  I t  i s  e x p e c te d  t h a t  th e  c o n c lu s io n s  re a c h e d  u s in g  R . communis 

a s  a m odel p la n t  w i l l  be o f  g e n e r a l a p p l i c a t i o n  t o  o th e r p la n t  s p e c ie s ,  

th o u g h  th e  a d d it io n a l  e f f e c t s  o f  c u t i c u l a r  p e n e t r a t io n  m ust be ta k e n  i n t o  

c o n s id e r a t io n  when c h e m ic a ls  a re  a p p l ie d  a s  f o l i a r  s p r a y s .

The s i x  n o n - io n is e d  c h e m ic a ls  t e s t e d ,  t h r e e  s u b s t it u t e d  

p h e n y lu r e a s  and t h r e e  0 -m e th y lc a rb a m o y lo x im e s  s p a n n in g  a ra n g e  o f  

l i p o p h i l i c i t y  fro m  lo g  - 0 . 5 7  to  2 . 2 7 , w ere a l l  f r e e l y  a b le  to  d i f f u s e  

p a s s i v e l y  in t o  th e  phloem  o f  R . co m m un is. P o la r  compounds ( l o g  K < 0 )  

had th e  lo w e s t  TSCF f o r  u p ta k e  b y  r o o t s  and w ere the b e s t  r e t a in e d  i n  

ph lo em , i n d i c a t i n g  t h a t  t h e s e  c h e m ic a ls  h a v e  th e  lo w e s t  p e rm e a tio n  r a t e s  

th ro u g h  c e l l  m em branes. R e t e n t io n  i n  phloem  in c r e a s e d  a s  lo g  K  

d e c r e a s e d  i n  t h i s  s e r i e s  o f  c h e m ic a ls ,  and o n ly  th e  p o la r  c h e m ic a ls  w ere  

t r a n s p o r t e d  i n  phloem  o v e r m o d e ra t e ly  lo n g  d is t a n c e s .  T h e se  f i n d in g s  

s u b s t a n t ia t e  th e  in t e r m e d ia t e  p e r m e a b i l i t y  h y p o t h e s is  o f  t r a n s l o c a t i o n  

i n  phloem , and a d d i t i o n a l l y  c o n f ir m  t h a t  l i p o p h i l i c i t y  d e te rm in e s  

p e rm e a tio n  r a t e s  th ro u g h  c e l l  m em branes, w it h  o n ly  p o la r  c h e m ic a ls  b e in g  

s u f f i c i e n t l y  r e t a in e d  i n  phloem  f o r  t r a n s p o r t  to  o c c u r .  H ow ever, th e  

u s e f u ln e s s  o f s u c h  p o l a r  n o n - io n is e d  c h e m ic a ls  f o r  p e s t  and d is e a s e  

c o n t r o l  in  t h e  r o o t s  and d e v e lo p in g  new le a v e s  f o l lo w in g  s y m p la s t ic  

t r a n s p o r t  from  f o l i a r  a p p l i c a t i o n  may be l i m i t e d ,  as th e  am ounts o f  

ev en  th e  b e s t  p h lo e m - t r a n s lo c a t e d  o f  o u r c h e m ic a ls  fo und  i n  th e s e  s in k  

r e g io n s  w ere s m a ll com pared t o  t h o s e  a c h ie v a b le  w it h  th e weak a c id  

m a le ic  h y d r a z id e ,  tho ug h th e  b e h a v io u r  o f  n o n - io n is e d  c h e m ic a ls  w h ic h  a re
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The a c c u m u la t io n  o f weak a c id s  o f  d i f f e r e n t  p K a ’ s and o f  

d i f f e r e n t  l i p o p h i l i c i t i e s  b y  r o o t s  o f  b a r le y  and R . communis from  

s o lu t i o n s  a t  d i f f e r e n t  pH ’ s c o u ld  be a c c o u n t e d  f o r  b y  th e  ’ io n  t r a p ’ 

m echanism . E f f i c i e n c y  o f  t r a n s l o c a t i o n  to  th e  s h o o t s  was p r o p o r t io n a l  

to  th e  c o n c e n t r a t io n  o f  th e  c h e m ic a ls  i n  th e  c o r t i c a l  c e l l s  o f  th e  r o o t s .  

The e s t im a t e d  r a t i o  o f  th e  p e r m e a b i l i t ie s  o f  th e  r o o t  c e l l  membranes t o  

th e  u n d is s o c ia t e d  and d i s s o c i a t e d  fo rm s o f  th e  a c id s  v a r i e d  o v e r s e v e r a l  

o r d e rs  o f  m a g n itu d e and , am ongst a s e r i e s  o f p h e n o x y a c e t ic  a c id s  

(pK a 3 ) ,  was g r e a t e s t  f o r  compounds whose u n d is s o c ia t e d  fo rm  was o f  

in t e r m e d ia t e  l i p o p h i l i c i t y  i . e .  lo g  K ^  2 .  T h is  r a t i o  o f  p e r m e a b i l i t i e  

o f th e  c e l l  membranes t o  b o t h  fo rm s o f fla m p ro p , w h ic h  i s  n o t  a phenoxy­

a c e t i c  a c i d ,  was much lo w e r  th a n  t h a t  e s t im a t e d  f o r  p h e n o x y a c e t ic  a c id s  

o f co m p a ra b le  l i p o p h i l i c i t y ,  i n d i c a t i n g  t h a t  i t  i s  n o t  p o s s i b l e  t o  

p r e d i c t  th e  v a lu e  o f  t h i s  p a ra m e te r from  th e  l i p o p h i l i c i t y  o f  th e  c h e m ic a l  

a lo n e .

S t u d ie s  o f  th e  t r a n s l o c a t i o n  i n  phloem  o f  th e  weak a c i d s  i n  

R . communis showed t h a t  th e  p h e n o x y a c e t ic  a c id s  o f in t e r m e d ia t e  

l i p o p h i l i c i t y  and m a le ic  h y d r a z id e  (p K a = 5 . 6 ,  lo g  K q v ( u n d is s o c ia t e d  

a c i  d ) =  - 0 . 6 )  w ere b e s t  t r a n s lo c a t e d  i n  phloem . I n  c o n t r a s t  t o  th e  

p o la r  n o n - io n is e d  c h e m ic a ls ,  th e s e  a c id s  w ere s t r o n g l y  a c c u m u la te d  i n  

phloem  i n  th e  le a v e s  and w e re  e f f i c i e n t l y  phloem  t r a n s lo c a t e d  fro m  

t r e a t e d  l e a v e s  to  o t h e r  p a r t s  o f th e  p la n t ,  a lt h o u g h  o n ly  m a le ic  h y d ra z id e  

was fo u n d  i n  a p p r e c ia b le  am ounts i n  r o o t s .  The p h e n o x y a c e t ic  a c id s  o f  

in t e r m e d ia t e  l i p o p h i l i c i t y  w ere shown t o  e sc a p e  out o f  th e  phloem  s ie v e  

c e l l s  r a p i d l y  and to be s t r o n g ly  r e t a in e d  b y th e  stem  t i s s u e  so t h a t  

v e r y  l i t t l e  o f  t h e s e  a c i d s  was t r a n s lo c a t e d  to th e  r o o t s .  The re a s o n  

f o r  th e  r a p i d  e sc a p e  o f  t h e s e  a c id s  from  th e  phloem  i n t o  t h e  stem  t i s s u e  

and v e r y  s lo w  s u b se q u e n t movement th e re fro m  v i a  th e  x y lem  o r  phloem  

re m a in s  u n c le a r  and r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n .  The m ore p o la r
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p h e n o x y a c e t ic  a c id s  a c c u m u la te d  i n  phloem  i n  th e  le a v e s  to  a l o v e r  

e x t e n t  t h a n  th e  p h e n o x y a c e t ic  a c id s  o f  in t e r m e d ia t e  l i p o p h i l i c i t y ;  th e  

m ost l i p o p h i l i c  p h e n o x y a c e t ic  a c i d  s t u d ie d  was s t r o n g ly  r e t a in e d  i n  th e  

s i t e  o f  a p p l i c a t i o n  i . e .  th e  h o llo w  p e t i o l e s  o f  th e  m ature l e a v e s ,  due 

to  s t r o n g  p a r t i t i o n  onto th e  t i s s u e  s o l i d s .

The e x t e n t  to -which t h e  weak a c i d s  w ere a ccu m u la te d  i n  phloem  

i n  th e  le a v e s  c o u ld  be r e a s o n a b ly  w e l l  e x p la in e d  by the ’ io n  t r a p 1 

m echan ism , w it h  th e  pH g r a d ie n t  b etw een  ph lo em  s ie v e  c e l l s  (pH  ^ 8 . 0 )  

and s u r r o u n d in g  t i s s u e  b e in g  th e  d r i v i n g  f o r c e  f o r  th e  a c c u m u la t io n .

The e x t e n t  o f  a c c u m u la t io n  w as shown t o  v a r y  w it h  th e  pKa o f  th e  a c id s  

and w it h  th e  r a t i o  o f  th e  p e r m e a b i l i t i e s  o f  c e l l  membranes to  th e  un­

d i s s o c i a t e d  and d is s o c ia t e d  fo rm s o f  th e  a c i d s ,  t h i s  r a t i o  o f  p e r m e a b i l i t ­

i e s  f o r  e a c h  a c id  b e in g  e s t im a t e d  i n  b a r l e y  r o o t  c e l l s .  F la m p ro p  

a c c u m u la te d  i n  phloem  i n  th e  le a v e s  t o  a much lo w e r e x te n t th a n  th e  

p h e n o x y a c e t ic  a c id s  o f  co m p a ra b le  l i p o p h i l i c i t y ,  c o n s is t e n t  w it h  th e  

much lo w e r r a t i o  o f th e p e r m e a b i l i t i e s  o f  c e l l  membranes to  th e  un­

d i s s o c i a t e d  and d is s o c ia t e d  fo rm s o f f la m p r o p . These f i n d i n g s  i n d i c a t e  

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

p e r m e a b i l i t i e s  o f  c e l l  membranes t o  th e  u n d is s o c ia t e d  and d i s s o c i a t e d  

fo rm s o f  t h e  a c id s ,  b u t th e  e x t e n t  to  w h ic h  weak a c id s  a c cu m u la te  i n  

phloem  i n  th e  le a v e s  a p p e a rs  to  be e x p l i c a b l e  i n  term s o f t h i s  r a t i o  o f  

p e r m e a b i l i t i e s  and th e pKa o f  th e  a c i d .
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