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X I 1

• SUMMARY

The exp er im en ts o f  t h i s  t h e s i s  w ere concern ed  w ith  th e  in vo lvem en t  

o f  a b s c i s i c  a c id  (ABA) in  th e  c o n t r o l  o f  s to m a ta l c lo s u r e  fo l lo w in g  

w ater  s t r e s s .  The h y p o th e s is  t h a t  t h i s  c o n tr o l  i s  e x e r te d  in  a t r u ly  

horm onal manner was in tr o d u c e d  by  c o n s id e r in g  th e  e v id e n c e  im p lic a t in g  

w ilt - in d u c e d  ABA in  c e r t a in  p o s t - s t r e s s  s to m a ta l r e sp o n se s  in  r e la t io n  

t o  p r e s e n t  c o n c e p ts  o f  phytohorm one a c t io n .

The r e s u l t s  are p r e s e n te d  in  sev en  s e c t i o n s ,  each  d e a lin g  w ith  a 

s p e c i f i c  a sp e c t  o f  th e  i n v e s t i g a t i o n .  S e c t io n  1 was con cern ed  w ith  th e  

developm ent and c h a r a c t e r is a t io n  o f  ex p e r im en ta l system s whereby th e  

e f f e c t s  o f  ABA on stom ata  o f  i s o l a t e d  l e a f  ep id erm is segm ents o f  

C orm etvna oomnrun'is c o u ld  be s tu d ie d .  The im portance o f  such  f a c t o r s  

as th e  i o n ic  c o n te n t  o f  th e  in c u b a t io n  medium, th e  p h y s io lo g ic a l  s t a t e  

o f  th e  so u rce  l e a f  and m ethods o f  a p e r tu re  measurement w ere a s s e s s e d ,
- 3

S tom ata l o p en in g  c o u ld  be in f lu e n c e d  by add ing KCl t o  th e  b a s ic  10 mol m 

PIPES b u f f e r  (pH 6*8) in c u b a t io n  medium. L e v e ls  o f  th e  s a l t  g r e a te r
- 3th an  100 mol m l e d  t o  a p e r tu r e s  in  e x c e s s  o f  10 pm a f t e r  2 h ,  b u t when 

ABA t r e a t e d  (O 'l  mol m ^ ) , c lo s u r e  was n o t co m p le te . I f  segm ents were
—3f lo a t e d  on 50 m ol m KCl b u f f e r ,  adequate and r e p r o d u c ib le  op en in g  

was o b ta in e d , and when t r a n s f e r r e d  t o  A B A -contain ing  s o lu t i o n ,  r a p id  

( < 15 min) and com p lete  ( < 0 * 3  pm) s to m a ta l c lo s u r e  was o b se r v ed .

T h is medium was t h e r e fo r e  u sed  f o r  a l l  o th e r  e x p e r im en ts . A d d itio n  o f  

Ca^* t o  th e  medium was found t o  r e s u l t  in  c lo s u r e  o f  stom ata  and was 

n o t o th e r w ise  c a r r ie d  o u t .  S e n e sc e n t  le a v e s  y ie ld e d  segm ents w hich  

w ere l e s s  s e n s i t i v e  t o  ABA th an  th e  y o u n g e st  f u lly -e x p a n d e d  le a v e s  

n orm ally  u se d . P r io r  w a ter  s t r e s s  t o  in d iv id u a l  le a v e s  o r  w hole p la n t s  

o v er  s h o r t  ( 0 - 5  h ) and lo n g  (6  d) p e r io d s  r e s u l t e d  in  in h ib i t e d  s to m a ta l  

op en in g .

In  S e c t io n  2 ,  -^ ^ C -lab elled  ABA was p r e se n te d  t o  ep id erm is  t i s s u e  

f l o a t in g  on b u f f e r  s o lu t io n .  The su b seq u en t uptake o f  r a d i o a c t i v i t y  

was a ssa y e d  q u a n t i t a t iv e ly  and q u a l i t a t i v e l y  u s in g  th e  te c h n iq u e s  o f  

s c i n t i l l a t i o n  sp e c tr o m e tr y , TLC, and so lu b le-com pou nd  m icroau torad iograp h y , 

U p tak e, w h ich  was a fu n c t io n  o f  th e  p r e se n c e  o f  l i v i n g  c e l l s ,  appeared  

t o  o ccu r  in  such  a fa sh io n  t h a t  r a d i o a c t i v i t y  from ^^C-ABA accum u lated  

in  th e  guard c e l l  r e g io n . A p p rox im ately  5*9 fm ol ABA p e r  s to m a ta l
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com plex had been  ta k en  up a t  th e  t im e  o f  s to m a ta l c lo s u r e .  The e f f l u x  

o f  r a d i o a c t i v i t y  from  t i s s u e s  was r e l a t i v e l y  r a p id  and 3  e x p o n e n t ia l  

decay p h a ses  o f  e f f l u x  r a te  c o u ld  b e  d is t in g u is h e d  w ith in  2 h . T hese  

appeared t o  corresp on d  t o  e f f l u x  from  f r e e  sp ace  and l i v i n g  t i s s u e  

com partm ents. E f f lu x  was c o r r e la t e d  w ith  s to m a ta l r e -o p e n in g ,  

in d ic a t in g  t h a t  th e  ABA c o n te n t  o f  th e  t i s s u e  c o n t r o l le d  s to m a ta l  

op en in g  p o t e n t i a l .  The k i n e t i c s  o f  t h i s  r e -o p e n in g  were s im i la r  t o  

th o s e  o f  s tom ata  on e p id erm is  from  p r e - s t r e s s e d  l e a v e s .  These r e s u l t s  

were d is c u s s e d  in  r e la t io n  t o  p o s s ib le  t r a n sp o r t  r o u te s  fo r  endogenous  

ABA s y n t h e s is e d  in  t h e  m e so p h y ll.

S e c t io n  3 in v o lv e d  t h e  u se  o f  ®%b^ as a t r a c e r  f o r  k"̂ , th e  m ajor  

c a t io n  in v o lv e d  in  s to m a ta l m ovem ents. was ta k en  up by t i s s u e

in to  th e  guard c e l l  r e g io n ,  and b o th  th e  p a t te r n  o f  t h i s  uptake and th e  

r a te  o f  su b seq u en t e f f l u x  was found  t o  b e  a f f e c t e d  by ABA tr e a tm e n t.

When s u p p lie d  c o n t in u o u s ly ,  ABA r e s u l t e d  in  a lo w er  p r o p o r t io n a l uptake  

o f  ®̂ Rb"** in t o  t h e  guard c e l l  r e g io n .  The r a te  o f  e f f l u x  o f  th e  t r a c e r  

a f t e r  2 h uptake was in c r e a s e d  compared t o  c o n tr o ls  i f  t i s s u e  was th en  

p la c e d  in  A B A -con ta in in g  s o lu t i o n .  T h is e f f e c t  was c o n f in e d  t o  th e  f i r s t  

1 0 -1 5  min o f  e f f l u x ,  c o r r e la t in g  w ith  th e  tim e  ta k en  f o r  c lo s u r e  t o  o c c u r .  

These r e s u l t s  w ere d is c u s s e d  in  r e la t io n  t o  th e  mode o f  ABA a c t io n .

The fo u r th  s e c t io n  d e s c r ib e d  t h e  developm ent o f  a w h o le - le a f  

in c u b a tio n  sy ste m  w hich  was th e n  u se d  t o  exam ine th e  e f f e c t s  and 

movement o f  ^^C-ABA s u p p lie d  v t a  th e  t r a n s p ir a t io n  strea m . A u to ra d io 

g ra p h ic  e v id e n c e  in d ic a t in g  g u a r d - c e l l  up take o f  t h e  hormone c o r ro b o ra te d  

th e  c o n c lu s io n s  o f  S e c t io n  2 , In  a d d i t io n ,  i t  was p o s s ib le  t o  o b ta in  

* upper l i m i t  e s t im a t e s ’ o f  t h e  s e n s i t i v i t y  o f  Comm&Z'ina s tom ata  t o  ABA 

u t i l i s i n g  th e  a b i l i t y  o f  t h i s  p la n t  t o  y i e l d  ep id erm al p e e l s .  T h us, i t  

was found th a t  s i g n i f i c a n t  s to m a ta l c lo s u r e  c o u ld  be e f f e c t e d  by as  

l i t t l e  as 45*5 amol ABA p e r  s to m a ta l c o n p le x . Com plete c lo s u r e  (w ith in  

40 min) a p p a r e n tly  r e q u ir e d  o v e r  230 amol p e r  com plex.

S e c t io n  5 p r o v id e d  a m easure o f  th e  a b i l i t y  o f  Conrnetina  l e a f  

t i s s u e  t o  sjjn th e  s i s e  ABA d u rin g  a sh o r t- te r m  (0 -5  h) w a ter  s t r e s s .

L e v e ls  o f  th e  hormone e s t im a te d  by GLC-ECD r o s e  from  31 t o  178 ng p er  

gramme fr e s h  w e ig h t  a f t e r  3  h  in c u b a t io n  o f  t i s s u e  w h ich  had l o s t  10% 

o f  i t s  f r e s h  w e ig h t . I n v e s t ig a t io n  o f  o p tim a l ABA p u r i f i c a t io n  

p roced u res was a l s o  c a r r ie d  o u t .



X I V

An a ttem p t was made in  S e c t io n  6 t o  exam ine th e  u l t r a s t r u c t u r e  o f  

C orm etin a  e p id e r m is . P laam odesm atal ju n c t io n s  betw een  c e l l s  were  

ob serv ed  in  a l l  c e l l  w a l l s  e x c e p t  th o s e  betw een  guard c e l l s  and 

s u b s id ia r y  c e l l s .  The r e le v a n c e  o f  t h i s  f in d in g  in  r e la t io n  t o  i n t e r 

c e l l u l a r  t r a n s p o r t  r o u te s  and m echanism s was d is c u s s e d .

The se v e n th  and f i n a l  s e c t io n  d e s c r ib e d  th e  t r a n s p o r t  o f  r a d io 

a c t i v i t y  from  ABA in  t h e  phloem  sa p  o f  R io in u s  communis'. D o u b le - la b e l  

te c h n iq u e s  w ere u se d  t o  s tu d y  c o - t r a n s p o r t  o f  ABA and s u c r o s e . The 

hormone appeared  t o  b e  r e a d i ly  t r a n s lo c a t e d .  GLC-MS was u sed  t o  i d e n t i f y  

f r e e  ABA in  R io in u s  phloem  sa p .

In  t h e  G en era l D is c u s s io n  th e  r e s u l t s  w ere c o n s id e r e d  in  r e la t io n  

t o  th e  co n cep t o f  t h e  horm onal n a tu r e  o f  w i l t - in d u c e d  ABA a c t i o n ,  and 

areas o f  r e se a r c h  d e s e r v in g  o f  fu r th e r  a t t e n t io n  w ere i d e n t i f i e d .



GENERAL INTRODUCTION

Th-ÙB tJ ie a is  i s  c o n c e r n e d  w i t h  t h e  horm onal n a t u r e  o f  t h e  
i n v o l v e m e n t  o f  a h & o ie io  a c i d  (ABA) i n  s to m a ta l  c l o s u r e  f o l l o w i n g  
w i l t i n g .  To i n t r o d u c e  t h i s  them e i t  ap p ea rs  r e l e v a n t ^  t h e r e f o r e ^  
t o  d i s c u s s  p r e s e n t  c o n c e p t s  o f  p l a n t  hormones i n  g e n e r a l  b e f o r e  
a s s e s s i n g  c u r r e n t  know ledge  a b o u t  ADA i n  pcoR ^icu lar , T h i s  i s  
f o l l o w e d  hjj a s u r v e y  o f  t h e  e v id e n c e  i m p l i c a t i n g  w i l t - i n d u c e d .  ADA 
i n  c e r t a i n  s t o m a t a l  r e s p o n s e s , a n d  comments on th e  n a t u r e  and  
m echanism  o f  g u a rd  c e l l  movement. A c c o r d in g ly ^  th e  i n t r o d u c t i o n
i s  s p l i t  i n t o  f o u r  s e c t i o n s .

SECTION I .  THE PLANT HORMONES

Advanced c e l l u l a r  o rg a n ism s  i n t e g r a t e  and  c o r r e l a t e  t h e

r e l a t i o n s h i p s  b e tw e en  o r g a n s ,  t i s s u e s ,  eind c e l l s .  T h is  fu n d a m e n ta l  

r e q u i r e m e n t  f o r  c o m p le x i ty  o f  c o n s t r u c t i o n  and  f u n c t i o n  i s  a c h ie v e d  

d u r in g  t h e  p r o c e s s e s  o f  g ro w th ,  d e v e lo p m en t  and r e p r o d u c t i o n ,  and  i n  

r e s p o n s e  t o  changes  i n  t h e  e n v i r o n m e n t .  T h u s ,  t h e  e v o l u t i o n a r y  

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

o f  e f f i c i e n t  m echanism s w hereby  c o o r d i n a t i o n  can be  e f f e c t e d  ( B a r r i n g t o n ,  

1 9 6 4 ) .  I t  a p p e a r s  t h a t  t h e  n e rv o u s  and h o rm o n a l  sy s te m s  ha.ve e v o lv e d  

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

I n  p l a n t s , ho rm o n a l  c o n t r o l  i s  b e l i e v e d  t o  p r e d o m i n a t e , a l t h o u g h  

’n e r v e - l i k e ’ p l a n t  r e s p o n s e s  h av e  b e e n  d e s c r i b e d  ( S ib o o k a ,  I 9 6 9 ) .

From t h e  many m o le c u le s  known t o  be  s y n t h e s i s e d  by  p h o t o s y n t h e t i c  

o r g a n i s m s ,  i n d o l e  a c e t i c  a c i d ,  g i b b e r e l l i n s , c y t o k i n i n s , and  a b s c i s i c  

a c i d  h av e  b e e n  g iv e n  ' p l a n t  horm one ' s t a t u s  i n  t h e  l i t e r a t u r e ,  w i t h  

t h e  c l a s s i f i c a t i o n  o f  e t h y l e n e  d e b a t e d .  How ever, d e s p i t e  t h e  w e a l th  

o f  e x p e r i m e n t a l  work on t h e s e  compounds, l i t t l e  i n  t h e  way o f  u n e q u i 

v o c a l  e v id e n c e  f o r  p h y s i o l o g i c a l  r o l e s  o f  t h e  phy tohorm ones  h a s  

a c c u m u la te d .  In  t h i s  s e c t i o n  o f  t h e  i n t r o d u c t i o n  m ethods o f  e v a l u a t i n g  

p l a n t  hormone a c t i o n  a r e  d i s c u s s e d .

H i s t o r i c a l

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

a t t r i b u t e d  t o  B a y l i s s  and S t a r l i n g  ( 1 9 O2 , 1 9 0 4 ) .  From e x p e r im e n t s  

on a n im a ls  t h e y  deduced  t h a t  a  b l o o d - c a r r i c d  s e c r e t i o n  o f  t h e  i n t e s t i n a l  

w a l l  s t i m u l a t e d  p a n c r e a t i c  a c t i v i t y .  They s u g g e s t e d  t h a t  a  number o f
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a n im a l  r e f l e x e s  could, b e  e x p l a i n e d  b y  t h e  a c t i o n  o f  s p e c i f i c  o r g a n i c  

s u b s t a n c e s  p ro d u c e d  i n  one o rg a n  and  t r a n s p o r t e d  i n  t h e  b l o o d  s t r e a m  

t o  a  s i t e  o f  a c t i o n  i n  a n o t h e r .  S t a r l i n g  (1905) c h r i s t e n e d  t h e s e  

c h e m ic a l  m e s s e n g e rs  'h o r m o n e s ' ,  f rom  t h e  Greek h o r m a e in , t o  s t i m u l a t e .  

Huxley  (1935) r e c o n s i d e r e d  t h e  o r i g i n a l  hormone c o n c e p t  t a k i n g  i n t o  

a c c o u n t  l a t e r  i n f o r m a t io n  on t h e  v a r i e t y  o f  c h e m ic a l  c o n t r o l  fo u n d  in  

b i o l o g i c a l  s y s te m s .  He p r o p o s e d  t h e  g e n e r a l  t e r m  a c t i v a t o r s ,  d e f i n e d  

a s :  ' c h e m i c a l  s u b s t a n c e s  p ro d u c e d  by  t h e  o r g a n i s m s ,  w h ich  e x e r t

s p e c i f i c  f u n c t i o n s  i n  r e g a r d  t o  c o r r e l a t i o n  o f  d i f f e r e n t i a t i o n ' .  T h is  

i n c l u d e d  ' p a r a h o r m o n e s ' ,  ' c h e m i c a l  t r a n s m i t t e r s ' ,  ' c h e m o d i f f e r e n t i a t o r s ' 

and  ' c i r c u l a t o r y '  and  ' d i f f u s i o n '  ho rm ones . Tlie t i t l e  hormone  was 

r e s e r v e d  ' t o  c o v e r  a l l  c a s e s  i n  w h ich  t r a n s p o r t  from  t i s s u e  o f  p r o d u c t i o n  

t o  t i s s u e  o f  a c t i o n  i s  f o u n d ’ , w h a te v e r  t h e  means o f  t r a n s l o c a t i o n .

The g r e a t  1 9 th  c e n tu r y  p l a n t  p h y s i o l o g i s t s  ( e . g .  von G o e b e l ,

J o s t ,  S a c h s ,  P f e f f e r )  d i s c o v e r e d  t h a t  many a s p e c t s  o f  p l a n t  grow th  

i n v o l v e d  phenomena o f  c o r r e l a t i o n  and  i r r i t a b i l i t y .  C o n t r o v e r s y  

e x i s t e d  ( a s  i t  does i n  some c a s e s  now ), c o n c e r n in g  t h e  im p o r t  a n ce o f  

n u t r i t i o n a l  f a c t o r s  o r  t h e  a c t i o n  o f  ' f o r m a t i v e  s u b s t a n c e s '  c a r r i e d  

i n  t h e  ' s a p s ' .  I t  was t h r o u g h  t h e  s tu d y  o f  t r o p i c  m ovem ents , h o w e v e r ,  

t h a t  t h e  i d e a  o f  horm ones i n  p l a n t s  f i r s t  d e v e lo p e d .  Darvfin and Darwin 

( l 8 8 0 )  showed t h a t  i n  c o l e o p t i l e  p h o to t r o p i s r a  and  r o o t  g e o t r o p i s m ,  t h e  

r e g i o n s  o f  s t i m u lu s  p e r c e p t i o n  and  o f  a d ju s tm e n t  g row th  w ere  s p a t i a l l y  

s e p a r a t e d .  "The  ̂c o n c lu d e d :  'some i n f l u e n c e  i s  t r a n s m i t t e d  from  t h e

u p p e r  t o  lo w e r  p a r t ,  c a u s i n g  t h e  l a t t e r  t o  b e n d ' . L a t e r ,  B oyson- 

J e n s e n  (1913) showed t h a t  t h e  ' i n f l u e n c e '  c o u ld  c r o s s  a  wound gap and 

P a a l  ( 1 9 1 9 ) d e m o n s t r a t e d  t h a t  i t  w o u ld  p a s s  a  l a y e r  o f  g e l a t i n ,  b u t  

n o t  m ic a  n o r  p l a t i n u m  f o i l .  Went (1 9 2 6 ,  1927) c o n f i rm e d  t h e  c h e m ic a l  

n a t u r e  o f  t h e  ' i n f l u e n c e '  by  a l l o w i n g  i t  t o  d i f f u s e  from  i s o l a t e d  

c o l e o p t i l e  t i p s  i n t o  a g a r  b l o c k s ;  when t h e  b l o c k s  w ere  a s y m m e t r i c a l l y  

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

P a d l  i s  s a i d  t o  h av e  i n t r o d u c e d  t h e  c o n c e p t  o f  a  p l a n t  g row th  ho rm one , 

b u t  he u s e d  t h e  te rm  ' c o r r e l a t i o n  c a r r i e r ' .  I n  f a c t ,  F i t t i n g  (1 9 0 9 ,  

1 9 1 0 ) h a d  e a r l i e r  m e n t io n e d  t h e  word 'ho rm o n e ' t o  d e s c r i b e  a  s u b s t a n c e  

o r  s u b s t a n c e s  i n v o lv e d  i n  p o s t - f l o w e r i n g  phenomena o f  t r o p i c a l  o r c h i d s .  

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

i n  p l a n t  h o rm o n e s .



N o m e n c la tu r e and  Déf i n i t i o n

The word ' p)hytohormone * was i n t r o d u c e d  a t  an e a r l y  s t a g e  t o  

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

names have  s i n c e  been p r e f e r r e d  b y  s p e c i f i . c  a u t h o r s .  The g e n e r i c  

synonyms i n c l u d e :  P l a n t  r e g u l a t o r s ^  p l a n t  g row th  r e g u l a t o r s ,  p l a n t

gro w th  horm ones, p l a n t  g ro w th  s u b s ta n c e s  ( s e e -T u k e y  e t  a l ,  1 9 5 4 ) ,  and  

t h e  more e s o t e r i c  e rg o n s  ( L a r s e n ,  1 9 5 5 ) ,  b i o s  (Love and  LOve, 1 9 4 5 ) ,  

c o r r e l a t i o n  c a r r i e r s  ( P a â l ,  1919) snti s e m io c h e m io a ls  ( B i r c h ,  1 9 7 4 ) .

An a t t e m p t  was made t o  p r o p o s e  a  u n i fo r m  d e f i n e d  n o m e n c la tu r e  ( Tukey 

e t  a l , ,  1 9 5 1̂)5 b u t  ag re e m e n t  h a s  b e e n  by  no means u n i v e r s a l  ( L a r s e n ,

1955 ; A udus, 1 9 7 2 ) .

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

u s a g e  (Van O v e rb e ek ,  1 9 5 0 ) ,  due r e g a r d  must b e  made f o r  e s t a b l i s h e d ,  

e ty m o lo g i c a l  m ean ing  ( L a r s e n ,  1955) and s c i e n t i f i c  p r e c e d e n t  (Hux3.ey, 

1 9 3 5 ) '  The d e f i n i t i o n  o f  'h o rm o n e ' w hich  a p p e a r s  i n  W e b s t e r ' s  

D i c t i o n a r y  (1 9 6 1 ) i s :  ' a  s p e c i f i c  o r g a n i c  p r o d u c t  o f  l i v i n g  c e l l s

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

on t h e  a c t i v i t y  o f  c e l l s  r em o te  from  i t s  p o i n t  o f  o r i g i n ' , P in c u s  

and Thiruann (1948) c o n s i d e r e d  t h a t  a  ' p h y to h o rm o n e ' w as :  'a n  o r g a n i c

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

o r  o t h e r  p h y s i o l o g i c a l  f u n c t i o n s  a t  a  s i t e  rem o te  from  i t s  s i t e  o f  

a c t i o n ,  and a c t i v e  i n  m in u te  a m o u n t s ' .

A c c o rd in g  t o  t h e s e  d e f i n i t i o n s ,  man-made compounds n o t  known t o  

o c c u r  i n  p l a n t s  c a n n o t  b e  t e r m e d  ho rm o n es ,  an d  t h e  t e r m  ' p l a n t  

r e g u l a t o r s '  o r  ' p l a n t  g row th  r e g u l a t o r s '  v a s  p ro p o s e d  b y  Tukey e t  a l ,

( 1 9 5 4 ) t o  i n c l u d e  n a t u r a l  a n d  a r t i f i c i a l  compounds. They d e f i n e d  

r e g u l a t o r s  as 'o r g a n i c  c o m p o u n d s ' ,  o t h e r  t h a n  n u t r i e n t s ,  w h ich  i n  

s m a l l  omouiits p r o m o te ,  i n h i b i t  o r  o t h e r w i s e  m od ify  any p h y s i o l o g i c a l  

p r o c e s s  i n  p l a n t s ' .  H ow ever, t h i s  t e rm  was o b j e c t e d  t o  by  L a r s e n

( 1 9 5 5 ) ,  who c la im e d  t h a t  t h e  e s t a b l i s h e d  d e f i n i t i o n  o f  t h e  v e rb  t o  

r e g u l a t e  w as:  ' t o  a d j u s t  so  as t o  work a c c u r a t e l y  and r e g i f l . a r l y ' .

He m a i n t a i n e d  t h a t  many o f  t h e  man-made compounds d i d  n o t  f u l f i l  t h i s  

d e f i n i t i o n  i n  t h e i r  e f f e c t s  , and p ro p o s e d  th e  t e im s  g ro w th  siAbstance  

and g ro w th  hormone  t o  c o v e r  a r t i f i c i a l  and endogenous compounds 

r o s p e c t i v e . l y . L a t t e r l y ,  Cram (1976) h a s  d i s t i n g u i s h e d  t h e  t e rm s



r e g u l a t e  and c o n ta -o l ,  s t a t i n g  t h e  r e g u t a t i o n  s h o u ld  r e f e r  t o  ' a d j u s t m e n t  

w i t h  r e g a r d  t o  some l a w ,  s t a n d a r d  o r  r e f e r e n c e  V h e r cas c o n t r o l

d e s c r i b e s  i n  a more g e n e r a l  s e n s e :  ' t h e  e x e r c i s e  o f  r e s t r a i n t  o r

d i r e c t i o n  u p o n ' .  The t e r m  ' r e g u l a t e '  s h o u ld  t h u s  o n ly  be u s e d  t o  

d e s c r i b e  i.mmediate e f f e c t s  on s p e c i f i c  p r o c e s s e s .  As m ost e x p e r i m e n t a l  

p l a n t  sy s te m s  a r e  com plex , and  t h e  mode and  s i t e  o f  a c t i o n  o f  p h y to -  

horm ones l i t t l e  u n d e r s t o o d ,  t h e s e  r e s t r i c t i o n s  seem t o  f o r b i d  t h e  u se  

o f  t h e  t e r m  ' p l a n t  r e g u l a t o r s ' .

H ence , t h e  name p l a n t  g ro w th  s u b s ta n c e s  has  come i n t o  g e n e r a l  usa.ge 

( e . g .  Audus, 1 9 7 2 ) .  U n f o r t u n a t e l y ,  r e c e n t  e v id e n c e  s u g g e s t s  t h a t  t h e  

p l a n t  hormones and  r e l a t e d  s u b s t a n c e s  do n o t  a lw ays  o p e r a t e  th r o u g h  t h e  

c o n t r o l  o f  g row th  p e r  s e ,  o r  even  th r o u g h  a l l i e d  e f f e c t s  on d i f f e r e n t i a t i o n  

o r  c e l l  d i v i s i o n .  S e v e r a l  exam ples  o f  h o rm o n e -m e d ia te d  r e s p o n s e s  t o  

changes  i n  t h e  e n v iro n m e n t  n o t  i n v o l v i n g  grow th  have  b e e n  d e s c r i b e d  ( s e e  

V a a d ia ,  1 9 7 6 ) ,  and  t h e r e f o r e  u s e  o f  t h i s  t e rm  may be  m i s l e a d i n g .

M oreover ,  t o  u se  ' p l a n t  s u b s t a n c e s '  w ou ld  c l e a r l y  be  a b s u r d ,  and  w h i l s t  

t h e  s im p le  t e r m  ' p l a n t  ho rm one ' may be  a p p l i e d  t o  n a t u r a l l y  o c c u r r i n g  

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

p r e s e n t ,  no a d e q u a te  a g re e d  t e r m  f o r  compounds such  a,5 f u s i c o c c i n  and  

k i n e t i n  n o t  known t o  b e  n a t u r a l l y  s y n t h e s i s e d  by h i g h e r  p l a n t s .

The d i f f e r e n c e  b e tw e e n  hormones  and  v i t a m i n s  i s  i n d i s t i n c t  i n  some 

c a s e s  ( s e e  Audus, 19 7 2 ;  M o rto n , 1 9 7 4 ) .  One a p p ro a c h  i s  t o  s e p a r a t e  

t h e  tw o on t h e  b a s i s  o f  t y p e  o f  a c t i o n  ( P h i l l i p s ,  1971 )-  Thus F o lk e r s  e t  a l .  

( 1 9 6 9 ) d e f i n e d  0. v i t a m i n  a s  'a n  o r g a n i c  s u b s ta n c e  o f  n u t r i t i o n a l  n a t u r e  

p r e s e n t  i n  low c o n c e n t r a t i o n  as a  n a t u r a l  component o f  enzyme s y s t e m s ' 

w h ich  ' c a t a l y s e s  r e q u i r e d  r e a c t i o n s  and  may be d e r i v e d  e x t e r n a l l y  t o  

t h e  t i s s u e s  o r  by  i n t r i n s i c  b i o s y n t h e s i s ' .  V i tam in s  a r e  t h u s ,  

g e n e r a l l y ,  enzyme c o f a c t o r s ,  and  w h i l s t  hormones may a f f e c t  c e l l u l a r  

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

t h a n  a t  t h e  s i t e  o f  a c t i o n .  The v i t a m in  c o n c e p t  i s  more r e l e v a n t  

t o  t h e  h e t e r o t r o p h i c  a n im a l  and  lo w e r  p l a n t  g r o u p s ,  s i n c e  t h e s e  m ust 

t a k e  in  v i t a r j i n s  w i t h  fo o d .  H ow ever, a s p e c t s  o f  t h e  t r a n s l o c a t i o n  

o f  such  c o f a c t o r s  as n i c o t i n i c  a c i d ,  p y r id o x i n  and  th i f im in  be tw een  th e  

s h o o t  aiid r o o t s  o f  p l a n t s  a r e  ho rm ona l  ( s e e  T him ann, 1 9 4 8 ) .

Mer ( 1 9 6 8 ) d i s c u s s e d  t h e  c l a s s i f i c a t i o n  o f  I n h i b i t o r y  compounds, 

s t a t i n g  t h a t  a  t r u e  i n h i b i t o r  i n h i b i t s  a  p r o c e s s  n o r m a l ly  o c c u r r i n g
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r a t h e r  th o n  one s p e c i f i c a l l y  p ro m o te d  hy  a n o t h e r  s u b s t a n c e .  F o r  t h e  

l a t t e r  c a se  he s u g g e s t e d  t h e  t e r m  ’ c o u n t e r a c t  o n t ' .  L a r s e n  (1955) 

d e f i n e d  'g ro w th  i n h i b i t o r s '  as ' s u b s t a n c e s  w hich  r e t a r d  g row th  b o th  

i n  s h o o t  and  r o o t  c e l l s  and  have  no s t i m u l a t o r y  ra n g e  o f  c o n c e n t r a t i o n s ' 

S e v e r a l  a u th o r s  c o n s i d e r  t h e  i d e a  o f  ' i n h i b i t o r y  h o rm o n e s '  t o  b e  a 

c o n t r a d i c t i o n  i n  t e r m s , s i n c e  t h e  w ord  hormone i s  d e r i v e d  fzom t h e  

Greek ' t o  s t i m u l a t e '  ( P h i l l i p s ,  I 9 7 1 ).

J a c o b s 'B u i e s

N o tw i t h s t a n d in g  t h e  c o n t i n u i n g  c o n t r o v e r s y  o v e r  n o m e n c l a t u r e ,  

r e m a rk a b ly  l i t t l e  h a s  b e e n  p u b l i s h e d  on t h e  c r i t e r i a  by  w hich  a  

Bubstaizce can b e  c o n s i d e r e d  t o  b e  a  p l a n t  ho rm one , s u r e l y  a  c r u c i a l  

e le m e n t  i n  e x p e r i m e n t a l  d e s ig n  and  i n t e r p r e t a t i o n .  J a c o b s  (1959) 

f o r m u la t e d  a  s e t  o f  s i x  r u l e s ,  w i th  t h e  mnemonic P . E . S , I . G .S . ,  f o r  

c r i t i c a l  a p p r a i s a l  o f  t h e  q u e s t i o n :  'What s u b s ta n c e  c o n t r o l s  a  g iv e n

b i o l o g i c a l  p r o c e s s ? ' . O th e r  a u th o r s  have  d i s c u s s e d  i s o l a t e d  a s p e c t s  

o f  t h i s  p ro b le m  ( A udus , 19 7 2 ;  D e n n i s ,  1977 ; W a re in g ,  1977 ;  H i l lm a n ,  

1 9 7 8 ; and Reeve and  C r o z i e r ,  i n  p r e s s ) ,  b u t  no r e c e n t  c r i t i c a l  

r e v ie w  has  a p p e a r e d .

R u le  1 , P a r a l l e l i s m

T h is  r e q u i r e s  t h a t  a  h y p o t h e t i c a l  c o n t r o l l i n g  compound i s  shown 

t o  b e  'n o r m a l ly  p r e s e n t '  and  t h a t  ' t h e  amount o f  s t r u c t u r e  v a r i e s  in  

t h e  i n t a c t  organism , i n  p a r a l l e l  f a s h i o n  w i th  t h e  amoimt o f  c h e m ic a l '  . 

I n  r e c e n t  t im e s  e m phas is  h a s  b e e n  f i r m l y  p l a c e d  on t h e  d e m o n s t r a t io n  

o f  ' e n d o g e n e i t y ' .  I t  i s  i n c r e a s i n g l y  o b v io u s  t h a t  l e v e l s  o f  a 

compound i n  a  t i s s u e  n e e d  n o t  a lw ays  b e  r e l a t e d  t o  e f f e c t ,  a n d ,  as 

p r e v i o u s l y  m e n t io n e d ,  hormone a c t i o n  a p p e a r s  n o t  t o  be  c o n f i n e d ' t o  

t h e  phenomena o f  o r g a n o g e n e s i s  o r  g ro w th .

A t t e n t i o n  has  t h u s  moved t o  t h e  s t a n d a r d s  b y  w hich  s p e c i f i c  

orgf.uiic compounds a r e  ju d g e d  t o  e x i s t  i n  a p l a n t .  A t te m p ts  t o  s o lv e  

t h i s  p ro b le m ,  r a i s e d  b y  Van O verbeek  ( 1 9 5 0 ) ,  have  l e d  t o  t h e  u se  o f  

a d v a n ce d  p h y s ic o c h e m ic a l  t e c h n i q u e s  i n  t h e  s e a r c h  f o r  a d e q u a te  e v id e n c e  

(H i l lm a n ,  1 9 7 8 ) .  H ow ever, i t  i s  a .pparen t  t h a t  a b s o l u t e  c e r t a i n t y  in  

t h i s  c o n te x t  i s  i m p o s s i b l e ,  and t h a t  r e s u l t s  s h o u ld  bo h a n d le d  i n  a.



s t a t i s t i c a l  m anner (Reeve and  C r o z i e r ,  i n  p r e s s ) .  The l a t t e r  a u t h o r s ,

u s in g  t h e  c o n c e p ts  o f  i n f o r m a t io n  t h e o r ^ s  show t h a t  a b o u t  50 h i t s  o f

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

s t r u c t u r e  o f  an o r g a n ic  m o le c u le  o f  fo rm u la  C H O N  (be tw een  t h e  l i m i t sV w X y
100“ lH00 amu, x ,  y  < 6 ) .  They c o n c lu d e  t h a t  fu l. l-sc8x i mass s p e c t r o m e t r y  

i s  t h e  s o l e  a v a i l a b l e  t e c h n i q u e  t o  y i e l d  such  in  fo rm a t  in n  i n  a, s i n g l e  

t e s t .

Q u a n t i f i c a t i o n  o f  hormone l e v e l s  i s  n e c e s s a r i l y  l i n k e d  t o  

i d e n t i f i c a t i o n .  D e t e c t io n  sy s te m s  m ust b e  b o th  s e n s i t i v e  and s e l e c t i v e  

t o  s e p a r a t e  and q u a n t i i ty  t h e  l a r g e  num ber o f  compounds p r e s e n t  a t  low 

c o n c e n t r a t i o n s  i n  p l a n t  e x t r a c t s .  I t  f o l lo w s  t h a t  some a s s a y  m ethods 

su c h  as b i o a s s a y ,  rad io im m u n o assay  and  c o l o r i m e t r i c  t e s t s  l a c k  t h e  

r e q u i r e d  s e l e c t i v i t y  and  a c c u r a c y  r e q u i r e d  f o r  hormone a n a l y s i s . 

Q u a n t i f i c a t i o n  u s i n g  t h e s e  m ethods t h e r e f o r e  i n v o lv e s  a s su m p t io n s  t h a t  

t h e  m easu red  e n t i t y  i s  b o t h  t h e  compound e x p e c te d  and  a  s i n g l e  s u b s t a n c e .  

V Jh ils t  i t  i s  f e a s i b l e  t o  m easu re  s e n s i t i v i t y ,  s e l e c t i v i t y ,  a c c u r a c y  and 

p r e c i s i o n  f o r  a  g iv e n  s e r i e s  o f  t e c h n i q u e s ,  i t  i s  u n l i k e l y  t h a t  enougii 

i n f o r m a t io n  w i l l  be  a c c u m u la te d  u n l e s s  some form  o f  mass s p e c t r o m e t r i c  

v e r i f i c a t i o n  o f  m o le c u la r  i d e n t i t y  i s  o b t a i n e d  (Reeve and C r o z i e r ,  i n  

p r e s s ) .  U n f o r t u n a t e l y , mass s p e c t r o m e t i c  m ethods may l a c k  t h e  d e s i r e d  

s e n s i t i v i t y  f o r  m easurem ent o f  hormone l e v e l s  i n  in d iv id u a ] ,  p l a n t s  o r  

o r g a n s ,  and compromise may b e  n e c e s s a r y .  The a p p ro a c h  o f  ' s u c c e s s i v e  

a p p r o x im a t io n '  may be  a p p r o p r i a t e  (Reeve and C r o z i e r ,  i n  p r e s s ) .

Nozmially, hormone l e v e l s  a r e  a s s e s s e d  i n  s o l v e n t  e x t r a c t s  o f  t h e  

t i s s u e  o f  i n t e r e s t  w hich  a r e  t h e n  p u r i f i e d  u s in g  a  r a n g e  o f  t e c h n i q u e s .

As y e t ,  no s a t i s f a c t o r y  e v id e n c e  e x i s t s  t o  s u g g e s t  t h a t  e x t r a c t i o n  i s  

a  q u a n t i t a t i v e  p r o c e s s .  I n  p ig m e n te d  t i s s u e s  a  common c r i t e r i o n  u s e d  

i s  t h e  rem ova l  o f  a l l  c o lo u r  from  t h e  t i s s u e  (McDougal.l and H i l lm a n ,  

1 9 7 8 )* O th e rs  have  a n a ly s e d  t h e  hormone l e v e l s  i n  s u c c e s s i v e  e x t r a c t s  

from  a  b a t c h  o f  t i s s u e  t o  d e te r m in e  a ' p o i n t  o f  d i m i n i s h i n g  r e t u r n s ' .  

( Q u a r r i e ,  1978 ; Hemberg and T i l l b e r g ,  ] .9?8) . The u s e  o f  d i f f e r e n t  

s o l v e n t s  has  been  a s s e s s e d  (M ilbo rrow  and  Ma.llaby 1975 ; McDougal.l and. 

H i l ] m a n , 1978 ; Hemberg and  T i l l b e r g ,  1978) and m e th a n o l  a p p e a r s  t o  

be  m ost e f f i c i e n t .  M ilbo rrow  and M allaby  (1 9 7 5 ) ,  c a u t i o n e d  t h a t  

m e th a n o ly s i s  o f  c o n ju g a t e d  hormones m ig h t  o c c u r  i n  m e th a n o l  a t  a l k a l i n e  

pH. An a n a lo g o u s  h y d r o l y s i s  o f  c o n ju g a t e s  may a l s o  o c c u r  d u r in g  

p u r i f i c a t i o n  (B a n d u rs k i  and S c h u l z e ,  1 9 7 M • R em arkab le  i n c r e a s e s  i n
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e x b r a c t a b l e  g i b b e r e l l i n s  fou n d  when d e t e r g e n t s  w ere  u sed  i n  e x t r a c t i o n  

(Brow ning and  S a u n d e r s ,  1977) s u g g e s t  t h a t  a  p r o p o r t i o n  o f  t h e  hormone 

p o o l  i s  membrane bound :  i f  t h e  r e s u l . t  i s  v e r i f i e d  t h e n  t h i s  f r a c t i o n

may w e l l  be  ] ) h y s i o l o g i c a l l y  i m p o r t a n t .

A f t e r  e x t r a c t i o n ,  d i v e r s e  m ethods a r e  u s e d  t o  r e d u c e  t h e  number o f  

p o t e n t i a l l y  i n t e r f e r i n g  compounds (commonly a s s a y e d  as ' d iy  w e i g h t ' ) ,  

w h i l s t  r e t a i n i n g  t h e  compound o f  i n t e r e s t .  I n e v i t a b l y ,  t h e  e f f i c i e n c y  

o f  t h e s e  p r o c e s s e s  i s  n o t  p e r f e c t  and  ( o f t e n  v a r i a b l e )  p u r i f i c a t i o n  

l o s s e s  a r e  i n c u r r e d .  E f f i c i e n c y  s h o u ld  b e  e s t i m a t e d ,  i n  e v e ry  c a s e ,  

b y  t h e  u se  o f  an i d e n t i f i a b l e  p u r i f i c a t i o n  s t a n d a r d ,  w hich  s h o u ld  n o t  

b e  d i s t i n g u i s h e d  s i g n i f i c a n t l y  by  t h e  p u r i f i c a t i o n  p r o c e d u r e s .  T h is  

r e s t r i c t s  t h e  p o s s i b i l i t i e s  t o  i s o t o p i c a l l y  l a b e l l e d  i s o m e rs  o f  t h e  

compound o f  i n t e r e s t ,  w h ich  r e q u i r e  t o  be  d i s c r i m i n a t e d  and  q u a n t i f i e d  

o n ly  i n  t h e  f inad . s t a g e s .  I f  a  r a d i o a c t i v e  iso m e r  i s  u s e d ,  c a r e  must 

be  ta l te n  t h a t  t h e  m ethod o f  r a d i o a s s a y  i n c l u d e s  some s e l e c t i v e  p r o c e s s  

(Me Doug a l l  and H i l lm a n ,  1978) t o  a s s e s s  brealtdown d u r in g  p u r i f i c a t i o n .  

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

r i g o u r  t o  t h o s e  u s e d  f o r  hormone i d e n t i f i c a t i o n .

Even a f t e r  d e l i b e r a t i o n  o f  t h e  p ro b lem s  o f  hormone e x t r a c t i o n  and  

p u r i f i c a t i o n 5 a  t o p i c  o f  f u n d a m e n ta l  im p o r ta n c e  rem a in s  -  t h e  p h y s io 

l o g i c a l  s i g n i f i c a n c e  o f  any e s t i m a t e s  o f  hormone l e v e l s .  A l th o u g h  i t  

i s  assum ed t h a t  t h e  m o le c u la r  r e a c t i o n s  i n  w hich  horm ones may be  i n v o lv e d  

when a c t i n g  m u s t  b e  a f f e c t e d  b y  c o n c e n t r a t i o n  (A udus, 1 9 7 2 ) ,  e s t i m a t e d  

w hole  t i s s u e  hormone l e v e l s  p r o b a b l y  do n o t  e x p r e s s  . th e  c o r r e c t  

c o n c e n t r a t i o n .  T h u s ,  t h e  p l a n t  imy b e  se en  t o  b e  d i v i d e d  i n t o  

'c o m p a r tm e n ts '  i n  w h ich  hormone ' p o o l s '  have  a  c o n c e n t r a t i o n  p resum ab ly  

r e l a t e d  i n  some way t o  r e s p o n s e  ( s e e  D e n n is ,  1 9 7 7 ) .  T hese  may o p e r a t e  

a t  t h e  t i s s u e  l e v e l ,  o r  as seems more l i k e l y ,  a t  s u b c e l l u l . a r  l e v e l s .  

V a r io u s  a t t e m p t s  have  b e e n  made t o  i s o l a t e  o r g a n s ,  t i s s u e s  and  s u b -  

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

r e s u l t s ,  b u t  t h i s  may n o t  b e  o f  g r e a t  u s e  u n l e s s  much i s  known o f  t h e  

mode o f  a c t i o n  o f  t h e  horm one. I n  any c a s e ,  c o r r e l a t i o n s  b e tw e en  l e v e l s  

and t i s s u e  r e s p o n s e  do n o t  p ro v e  c a u s a t i o n  a l o n e ,  and m ust be  se en  as 

p a r t  o f  a  l a r g e r  g roup  o f  i n f o r m a t i o n .

I t  i s  a l s o  p o s s i b l e  t o  h y p o t h e s i s e  t h a t  hormone c o n c e n t r a t i o n  

p e r  s e ,  even i n  t h e  c o r r e c t  c o m p a r tm e n t ,  n e e d  n o t  be r e l a t e d  t o  e f f e c t .

I f  t r u e ,  t h e  s t a t u s  o f  su c h  a  compound as a 'c h e m i c a l  m e s s e n g e r '  w ould
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b e  i n  d o u b t .  Thus t i s s u e  r e s p o n s e  s e n s i t i v i t y  c o u ld  v a ry  w i t h ,  f o r  

i n s t a n c e ,  e n v i r o n m e n ta l  c o n d i t i o n s ,  and  a c o n s t a n t  c o n c e n t r a t i o n  o f  

hormone e l i c i t  a  d i f f e r e n t  r e s p o n s e .  A l t e m a t i v e ] . y , o n ly  c e r t a i n  

c e l l s  in  a  t i s s u e  may be  n o r m a l ly  r e s p o n s i v e  -  a  change i n  d i s t r i b u t i o n  

o f  hormone w i t h i n  a  t i s s u e  l e a d i n g  t o  r e s p o n s e .  Yet a  f u r t h e r  

p o s s i b i l i t y  t o  b e  c o n s id e r e d  i s  t h a t  m e ta b o l i c  r a t e s  a r e  i m p o r ta n t  i n  

r e s p o n s e  ( s e e  D e n n i s ,  1 9 7 7 ) ,  s i n c e  r a t e s  o f  hormone t u r n o v e r  c o u ld  

v a r y  w h i l e  t h e  f r e e  hormone p o o l  r e m a in e d  c o n s t a n t .  A t te m p ts  can be  

made t o  t e s t  t h e  above p o s s i b i l i t i e s  u s in g  exogenous compounds and  

t h e s e  w i l l  be  d i s c u s s e d  l a t e r .

The i d e a  o f  'c o m p e te n c e '  o r  ' t a r g e t  c e l l s '  (O s b o rn e ,  1977) i s  

a t t r a c t i v e  in  p l a n t s , as  i t  i s  f r e q u e n t l y  found  t h a t  g roups  o f  c e l l s  

r e s p o n d  t o  hormone a p p l i c a t i o n  r a t h e r  t h a n  w hole  o r g a n s .

R u le  2 . E x c i s i o n

T h is  r e q u i r e s  t h a t  t h e  s o u r c e  o f  a  p u t a t i v e  hormone be  rem oved t o  

'd e m o n s t r a t e  s u b s e q u e n t  a b s e n c e  o f  f o rm a t io n  o f  t h e  s t r u c t u r e ' -  p e rh a p s  

b e t t e r  m o d i f ie d  t o  s im p ly :  ' d e m o n s t r a te  l a c k  o f  e f f e c t ' .  T here  a r e

t h r e e  a p p ro a c h e s  t o  t e s t  t h i s  r u l e .  I n  t h e  f i r s t ,  t h e  t i s s u e  t h o u g h t  

t o  s y n t h e s i s e  t h e  hormone i s  e x c i s e d  ( e . g .  t h e  t i p  o f  a  c o l e o p t i l e )  

and t h e  e f f e c t  com pared t o  c o n t r o l s .  I n t o  a  s i m i l a r  c a t e g o r y  come 

t r e a t m e n t s  w hich  i n v o lv e  d i v e r s i o n  o f  t h e  t r a n s l o c a t i n g  s y s te m ,  l i k e  

b a r k  r i n g i n g  o r  u s e  o f  m ica  s l i p s .  The main p ro b le m  a s s o c i a t e d  w i t h  

b o th  t h e s e  m ethods i s  t h e  e f f e c t  o f  w ounding : i t  i s  Ion own t h a t  e th y l e n e

w hich h as  d r a m a t ic  e f f e c t s  on p l a n t  g row th  and d e ve lopm en t a t  low 

c o n c e n t r a t i o n ,  can  be  r e l e a s e d  by  i n j u r e d  c e l l s  ( s e e  A b e le s , 197^)* 

Removal o f  an o rg a n  w hich  i s  a  s o u r c e  o r  s in k  may a l s o  d i s r u p t  no rm al 

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

s y s te m s ,  t h e  phloem  c e r t a i n l y  i s  t u r g o r  d e p e n d en t  and  may be  ( a t  l e a s t  

t e m p o r a r i l y )  a f f e c t e d  by  o rg a n  e x c i s i o n  ( H a l l  and  M i l b u r n , 1 9 7 3 ) .  A 

s e c o n d  m ethod i s  t o  a p p ly  a ' s p e c i f i c '  i n h i b i t o r  o f  t h e  s y n t h e s i s  o f  

t h e  s u b s ta n c e  o f  i n t e r e s t .  Such a compound shoul.d  i d e a l l y  a c t  a t  t h e  

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

i d e n t i f y  t h e  pathw ay  p o s i t i o n  and  mode o f  i n h i b i t i o n .  C o m p l ic a t io n s  

i n c l u d e  l a c k  o f  s p e c i f i c i t y  i n  a c t i o n  and p r e c u r s o r  b u i l d - u p ,  b o th  o f  

w hich  may a l t e r  n o rm a l  c h a n n e l s  o f  m e ta b o l ism .  The p r e c u r s o r s  them 
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s e l v e s  mtiy a l s o  have  r e s i d u a l  ho rm ona l  a c t i v i t y .

G e n e t ic  m u ta n ts  p r o v id e  a  t h i r d  m ethod o f  ' r e m o v in g '  a  compound.

Of t h e s e ,  s i n g l e - g e n e  m u ta n ts  h a v in g  a  c o m p le te ly  i n a c t i v a t e d  s y n t h e s i s  

a r e  most u s e f u l .  Some m u ta n ts  may he  m u l t i - g e n e  o r  i n v o lv e  o n ly  

p a r t i a l  i n a c t i v a t i o n  o f  s y n t h e s i s :  t h u s  t h e  m u tan t  syndrome may

in v o lv e  t h e  d i s r u p t i o n  o f  s e v e r a l  pa thw ays  o r  may n o t  i n v o lv e  co m p le te  

l a c k  o f  e f f e c t .  S i m i l a r  c o n s t r a i n t s  c o n c e r n in g  p r e c u r s o r s  a p p l y , 

and  c l e a r l y  know ledge o f  t h e  m e t a b o l i c  p o s i t i o n ( s )  and t y p e ( s )  o f  t h e  

h l o c k ( s )  shouJ-d h e  a c q u i r e d .  A f u r t h e r  p ro b le m  may a p p ly  i f  t h e  'b l o c k e d '  

hormone i s  i n v o lv e d  i n  a  se q u e n c e  o f  d e v e lo p m e n ta l  phenomena b e c a u s e  

t h e  c u m u la t iv e  e f f e c t s  o f  l a c k  o f  hormone may n o t  a l lo w  g row th  o f  an 

a d e q u a t e ly  d e v e lo p e d  e x p e r i m e n t a l  p l a n t .

R u le  3  S u h s t i t u t i o n

'This c o v e rs  t h e  a p p l i c a t i o n  o f  s y n t h e t i c  hormone t o  t h e  p l a n t ,  

s u b s t i t u t i o n  o f  an o rg a n  by  s y n t h e t i c  compound, and  s u b s t i t u t i o n  o f  an 

o rg a n  b y  an e x t r a c t  o f  t h e  o r g a n .  R e a p p l i c a t i o n  o f  e x t r a c t s  o f  

o rg a n s  a f t e r  s u c c e s s i v e  d e g re e s  o f  p u r i f i c a t i o n  i s  a  c l a s s i c  m ethod 

o f  i n v e s t i g a t i n g  hormone i d e n t i t y ,  p a r t i c u l a r l y  i n  a n im a l  p h y s io lo g y  

(Wade, 1 9 7 8 ) .  How ever, a  m a j o r i t y  o f  t h e  e v id e n c e  o b t a i n e d  i n  r e c e n t  

y e a r s  a b o u t  p l a n t  hormones h a s  s im p ly  in v o lv e d  t h e  a p p l i c a t i o n  o f  

exogenous compounds. The r e s u i - t s  o f  such  ' e f f e c t o l o g y  ' t h o u g h ,  c a n n o t  

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

i f  a t  a l l ,  i n  t h e  p l a n t .

D i f f i c u l t y  has  b e e n  e x p e r i e n c e d  i n  hormone a p p l i c a t i o n  and  d o n a t i o n ,  

i t  b e in g  o f t e n  i m p r a c t i c a l  t o  a s s e s s  w h e th e r  a  compound has  r e a c h e d  t h e  

s i t e  o f  i n t e r e s t ,  a t  w hat c o n c e n t r a t i o n  i t  i s  p r e s e n t ,  t h e  e f f e c t s  o f  

o s m o t ic  and c h e m ic a l  f a c t o r s ,  and  t h e  c o n seq u e n c e s  o f  any w ounding 

w h ich  m ig h t  o c c u r .  N o rm ally  a  s u b s t a n c e  i s  a p p l i e d  i n  o r g a n ic  s o l v e n t  

s o l u t i o n ,  l a n o l i n  p a s t e ,  a g a r  b l o c k s  o r  b u f f e r  s o l u t i o n  t o  t h e  w hole  

o r  paz 't  o f  a  p l a n t  and  any e f f e c t  com pared t o  c o n t r o l s .  Q u a n t i t a t i v e  

e v id e n c e  s t r e n g t h e n s  t h e  overa l .1  c a s e  ( J a c o b s ,  1959) b u t  t h i s  i m p l ie s  

know ledge o f  t h e  hormone c o n c e n t r a t i o n  w i t h i n  t h e  p l a n t ,  w hich  i s  

u s u a l l y  n o t  a v a i l a b l e .  N e v e r t h e l e s s ,  t h e r e  i s  a  r a n g e  o f  c o n c e n t r a t i o n s
-.3

g e n e r a l l y  deemed t o  be  'h o r m o n a l '  -  ro u g h ly  from  0 .1  mol m ' dow iw tirds .
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I n  c a s e s  w here r a d i o a c t i v e  a n a lo g u e s  o f  a  hormone a r e  u s e d  i t  may o n ly  

be p o s s i b l e  t o  u s e  t h e  h i g h e s t  c o n c e n t r a t i o n s  o f  t h i s  r a n g e  as t h e  

s p e c i f i c  a c t i v i t y  i s  o f t e n  n o t  h ig h  enough t o  aJ.low s u b s e q u e n t  r a d i o -  

a s s a y ,  q u a n t i t a t i v e  o r  q u a l i t a t i v e .  N e v e r t h e l e s s ,  by f a r  t h e  g r e a t e s t  

p ro b le m  e n c o u n te r e d  i s  c o n c e rn e d  w i t h  w h e th e r  t h e  compound a c t u a l l y  

r e a c h e s  t h e  t i s s u e  c e l l s  o r  com partm ent o f  im p o r ta n c e .  T h is  i s  form d 

e s p e c i a l l y  i n  s t u d i e s  o f  s t r u c t u r e - f u n c t i o n  ( s e e  McWha e t  a t .  j, 1 9 7 f ) .

I t  i s  o f t e n  n o t  known w h e th e r  an a p p l i e d  compouid w i t h o u t  e f f e c t  h a s  

m e re ly  n o t  p e n e t r a t e d  t o  t h e  r e l e v a n t  com partm ent ( p o s s i b l y  as a  

f u n c t i o n  o f  i t s  d i f f e r e n t  m o le c u la r  s t r u c t u r e ) , o r  i s  g e n u in e ly  i n a c t i v e .  

To some e x t e n t ,  r a d i o t r a c e r s  can  p r o v id e  e v id e n c e .  These  can a l s o  be  

‘ u s e d  t o  t e s t  t h e  p o s s i b i l i t y  t h a t  a  p o s i t i v e  r e s p o n s e  i s  n o t  due t o  

i n t e r n a l  m e ta b o l is m  o f  an anaJ.ogue t o  t h e  a c t i v e  s u b s t a n c e .

B e s id e s  r e s p o n s e  s e l e c t i v i t y ,  s e n s i t i v i t y  can  a l s o  be  exam ined  by  

E^-fplyii'ig exogenous compound: i f  d i f f e r e n t  c o n c e n t r a t i o n s  a r e  a p p l i e d ,

t h e  miniimua amount r e q u i r e d  t o  e l i c i t  r e s p o n s e  can  b e  e s t i m a t e d ,  

p a r t i c u l a r l y  i f  r a d i o c h e m i c a l s  o f  known s p e c i f i c  a c t i v i t y  a r e  u s e d .

A g a in ,  i t  i s  o f t e n  p resum ed  t h a t  t h e  compound h a s  r e a c h e d  t h e  com partm ent 

o f  i n t e r e s t .  A l s o ,  p o t e n t i a l  m e ta b o l i s m  needs  t o  be  exam ined . The 

r e s u l t s  o b t a i n e d  can be  c o r r e l a t e d  w i t h  endogenous hormone f lu x e s

A p p l i c a t i o n  o f  r a d i o l a b e l l e d  t r a c e r s  i s  a  t r a d i t i o n a l  m ethod o f  

ex a m in in g  b i o c h e m ic a l  pa thw ays  and  can  th u s  be  a d a p te d  f o r  work on 

hormone s y n t h e s i s  and  b reakdow n . Methods and a s s o c i a t e d  p rob lem s have  

b een  r e v ie w e d  by Brown and W e t te r  ( 1 9 7 2 ) .  A n e g l e c t e d  a s p e c t  i s  

i s o t o p e  d i s c r i m i n a t i o n  (Goad e t  # 2 .^ 1 9 7 2 ) ,  a l t h o u g h  e l e g a n t  u s e  has  

been  made o f  s t e r e o / r a d i o  i so m e rs  t o  y i e l d  i n f o r m a t io n  a b o u t  ^pathways 

( s e e  C o r n f o r t h ,  1 9 6 9 ) .  O th e r  a p p ro a c h e s  i n c l u d e  i s o t o p e  d i l u t i o n ,  

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

s t u d i e s  and u se  o f  i n h i b i t o r s  (Brown and W e t t e r ,  1 9 7 2 ) .  The main 

d i s a d v a n t a g e  i s  t h e  e f f e c t s  o f  a r t i f i c i a l l y - h i g h  c o n c e n t r a t i o n .  C e l l -  

f r e e  sy s tem s  may be  v a lu a b l e  mid t i s s u e  o f  s u i t a b l e  age and p h y s io lo g y  

shou].d b e  c h o sen .  I t  m ust a l s o  be  s t r e s s e d  t h a t  p h y s ic o c h e m ic a l  m ethods 

o f  m e t a b o l i t e  i d e n t i f i c a t i o n  o.re t o  b e  p r e f e r r e d .

In  a  s i m i l a r  f a s h i o n  t h e  c o n c e p t s  o f  enzyme k i n e t i c s  have  a l s o  

b e e n  ’ b o rrow ed ' f i ’orn b i o c h e m i s t r y  t o  a n a ly s e  hoimoTie e f f e c t s  ( k o s t e r  

e t  a l ,  j, 1 9 5 2 ). I t  i s  assum ed t h a t  a  c r u c i a l ,  p a r t  o f  hormone a c t i o n
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r e q u i r e s  hormone a c t i v o - s i t e  i n t e r a c t i o n  £uid t h a t  t h e  c o m iia ra t iv e  

p a r a m e te r s  and  w here  [ s j  = [^hormone] and r e a c t i o n  r a t e

= r e s p o n s e  r a t e )  a r e  r e l e v a n t .  T h is  s o - c a l l e d  ' M ic h a e l i s -M e n to n  

a p p r o a c h ' h a s  b e e n  c r i t i c i s e d  b e c a u s e  i t  o v e r  s i m p l i f i e s  t h e  sy s tem s  

i n v o lv e d  (A udus, 1 9 7 2 ) .  Such m ethods m igh t be  more u s e f u l  w ere  t h e  

s i t e  and mode o f  a c t i o n  o f  t h e  hormones ]inown.

R u le  U. I  e o l a t i o n

T his  r e q u i r e s  t h a t  as  much o f  t h e  r e a c t i n g  s y s te m  as  p o s s i b l e  

s h o u ld  be  i s o l a t e d  and t h e  e f f e c t  o f  t h e  c h e m ic a l  shown t o  b e  t h e  

same a s  i n  t h e  more i n t a c t  o rg a n is m .  The aim i s  t o  r e d u c e  t h e  

p r o b a l i i l i t y  t h a t  t h e  compound a c t s  p r i m a r i l y  on a n o th e r  p r o c e s s .  

U n f o r t u n a t e l y ,  i n t e r r e l a t i o n s  b e tw e en  o t h e r  sy s tem s  may c o m p l ic a t e  t h e  

a n a l y s i s  o f  r e s u l t s .  E x p l a n t s  have  o f t e n  b e e n  u s e d  in  phytohorm one 

s t u d i e s ,  b u t  d i s r u p t i o n  o f  a s p e c t s  o f  w hole  p l a n t  p h y s io lo g y  (such  

as  n u t r i e n t  and  w a t e r  s u p p ly )  and  t h e  e f f e c t  o f  w ounding  m ust be  

c o n s i d e r e d .  H ence , t h e  p h y s i o l o g i c a l  r e l e v a n c e  o f  many s t u d i e s  o f  

hormone t r a n s p o r t  o r  e f f e c t s  on segm en ts  and  e x p l a n t s  i s  r e s t r i c t e d .

R ule  9 . G e n e r a l i t y

T h is  i s  meant i n  t h e  s e n s e  t h a t  r e s u l t s  s h o u ld  b e  c o n f i rm e d  w i th  

o t h e r  s p e c i e s  ( o r ,  i f  a p p l i c a b l e ,  o t h e r  t y p e s  o f  o r g a n ) .  S e l e c t i o n  

o f  p a r t i c u l a r  s p e c i e s  ( o r  even  v a r i e t i e s )  f o r  s p e c i f i c  e x p e r im e n t s  

o f t e n  h a s  a d v a n ta g e s  and  may even b e  a  p r e r e q u i s i t e  f o r  c e r t a i n  s t u d i e s  ; 

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

o r  im p o s s ib l e .  I n  an e x tre m e  fo rm ,  r e s u l t s  may b e  v a r i e t y  o r  c u l t i v a r  

s p e c i f i c .

R u le  6. S p e c i f i c i t y

T i i s  r e f e r s  t o  t h e  r e q u i r e m e n t  t h a t  e f f e c t s  d e m o n s t r a te d  sh o u ld  

b e  r e s t r i c t e d  t o  a  s i n g l e  compound. Stud,y o f  m o le c u la r  s p e c i f i c i t y  

i n v o lv e s  co m p ar iso n  o f  t h e  e f f e c t s  o f  hormone a n a l o g u ^ e s , w hich have  

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

The p ro b le m  i s  s e e n  in  e x a g g e r a t e d  form i n  t h e  c a s e  o f  t h e  g i b b e r e l l i n s , 

o f  w hich  o v e r  f i f t y  have  b een  i d e n t i f i e d  (lieddon e t  d l .   ̂ 19TB).
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Ot h e r  C o n e id e v a t io i iG f o r  Uoiiiione Ac

I n  t h e  f o rm a t io n  o f  t h e  above r u l e s ,  Ja co b  (1999) d i d  n o t  u s e  t h e  

word 'h o r m o n e ' , I f  t h e  d e f i n i t i o n  o f  a  compound a f f e c t i n g  a  

b i o l o g i c a l  p r o c e s s  i n  p l a n t s  i s  t o  i n c l u d e  t h i s  w o rd ,  e x p a n s io n  o f  

h i s  g u i d e l i n e s  i s  r e q u i r e d .

T here  a r e  t h r e e  e x p l i c i t  e le m e n ts  t o  the, c o n c e p t  o f  hormone 

a c t i o n  o f  I b iy l i s s  and  S t a r l i n g :  s y n t h e s i s ^  trcm spoyrtj  and  e f f e c t .

P rob lem s a s s o c i a t e d  w i t h  t h e  d e m o n s t r a t io n  o f  hormone e n d o g e n e i ty  

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

hormone t r a n s p o r t ,  a n d ,  more g e n e r a l l y , t h e  c o n t r o l  o f  hormone l e v e l s  

a t  t h e i r  s i t e  o f  a c t i o n .  C l e a r l y ,  a  p a r t  o f  t h i s  c o n t r o l  i n v o lv e s  

r e l e a s e  and t r a n s l o c a t i o n  s y s t e m s ,  b u t  i t  i s  a x io m a t ic  t h a t  some 

f u r t h e r  a c t i o n  must o c c u r  i n  t h e  ' t a r g e t '  t i s s u e  f o r  t h e  m a n i f e s t a t i o n  

o f  e f f e c t s  (R ob inson  e t  a t . j ,  1971) »

I n  c o n t r a s t  t o  h i g h e r  a n i m a l s , w here  t h e  b l o o d s t r e a m  and ly m p h a t i c  

s y s te m  c o n s t i t u t e  w e l l - d e f i n e d  t r a n s l o c a t i n g  pa thw ays  b e tw e en  o rg a n s  

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

a c t i n g  sy s te m s  c a p a b le  o f  mass t r a n s f e r  ( d i s t i n c t  from  t h e  common 

p o s s i b i l i t y  o f  d i f f u s i o n ) .  These  a r e  t h e  ph lo em , xylem  and  s y m p l a s t i c  

pa thw ays  (E v a n s ,  1 9 7 6 ) .  F u r th e r m o r e ,  p l a n t  t i s s u e  d i f f e r e n t i a t i o n  i s  

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

t h o s e  o f  t r a n s l o c a t i n g  s y s te m )  t e n d  t o  merge and t h e  b a c k g ro u n d  parenchym a 

e x h i b i t s  d e g re e s  o f  s p e c i a l i s a t i o n  a c c o r d in g  t o  p o s i t i o n  ( E s a u ,  I 9 6 9 ) .

T h is  l e a d s  t o  d i f f i c u l t i e s  i n  t h e  p h y s i c a l  d i s t i n c t i o n  be tw een  a r e a s , 

and  c o n s e q u e n t ly  i n  t h e  i d e n t i f i c a t i o n  and  i s o l a t i o n  o f  s y n t h e s i s i n g  

and  r e s p o n d in g  c e n t r e s  as  w e l l  as  t h e  e x a m in a t io n  o f  hormone t r a n s p o r t .

Trcm&por t :  S p a t i a l  S é p a r a t i o n

Van O verbesk  ( I 9 9 O) commented t h a t  t h e  d i s t a n c e  b e tw een  s i t e s  o f  

phy tohorm one s y n t h e s i s  and  a c t i o n  m ig h t  v a ry  from  t h a t  b e tw e en  o rg a n s  

t o  t h a t  b e tw e en  m o le c u le s  w i t h i n  a  s i n g l e  c e l l .  T h is  open i n t e r 

p r e t a t i o n  d i v e r g e s  from  t h e  o r i g i n a l  B a y l i s s  and  S t a r l i n g  c o n c e p t .

I n d e e d ,  t h e  compounds c o n t r o l l i n g  p r o c e s s e s  w i t h i n  c e l l s  have  u s u a l l y  

b e e n  s p e c i f i c a l l y  nained u n d e r  t h e  v m b r e l l a  t e r m  ' i n t r a c e l l u l a r  a c t i v a t o r s '  

(HuxJ.cy, 19-39)' Exaiiiples a r e  m e s s e n g e r  and t r a n s f e r  RhA ( Ja c o b  and
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Monod, 1 9 6 1 ) ;  enzyme e f f e c t o r s  (Monod e t  d l , ^  I 9 6 3 ) and  t h e  naining 

o f  cAM^ as ’ s e c o n d  m e s s e n g e r ’ {Robison  e t  1 9 T l ) •

H u x le y ’s b i o l o g i c a l  a o t i v a t o v e  w ere  c l a s s i f i e d ,  a c c o r d in g  t o  

d i s t a n c e  and means o f  t r a n s p o r t . L o c a l  a c t i v a t o r s  a c t  on t h e  c e l l  

{ i n t r a c e l l u l a r  a c t i v a t o r s )  o r  t i s s u e  { r e g io n a l  a c t i v a t o r s )  i n  which 

t h e y  a r e  p r o d u c e d .  Hormones ( o r  d i s t a n c e  a c t i v a t o r s )  h av e  e f f e c t s  on 

t i s s u e s  and c e l l s  o t h e r  t h a n  t h o s e  i n  w h ich  t h e y  a r e  p ro d u c e d  and can 

b e  d i v i d e d  as d i f f u s i o j i  hormones  o r  c i r c u l a t o r y  hormones  a c c o r d in g  t o  

mode o f  t r a n s l o e  a t  i o n .

I n  p l a n t s ,  t h e  ' o rg a n -~ to -o rg a n ’ a c t i o n  o f  B a y l i s s  and  S t a r l i n g  i s  

r e s t r i c t i v e  i n  any c a s e ,  s i n c e  o n ly  f o u r  o rg a n s  a r e  r e c o g n i s e d .  These 

a r e :  s te m ,  l e a f ,  r o o t  and  r e p r o d u c t i v e  zones ( s e e  E s a u ,  I 9 6 5 ) . I t

seems more s u i t a b l e ,  b o th  from  m o rp h o lo g ic a l  and f u n c t i o n a l  c o n s i d e r a t i o n s  

t o  d i v i d e  p l a n t s  i n t o  t i s s u e s ^ ,  b a s e d  on t h e  dermal^, v a s c u la r ^  and  

f u n d a m e n ta l  s y s te m s ,  b u t  no s im p le  a l . l - p u r p o s e  d e f i n i t i o n  o f  t i s s u e  can 

be  g iv e n  ( E s a u ,  I 9 6 5 ) .

A c c o rd in g  t o  H u x le y 's  c l a s s i f i c a t i o n ,  some e v id e n c e  o f  t r a n s f e r  

o f  c h e m ic a l  b e tw e e n  t i s s u e s  i s  r e q u i r e d  t o  d e m o n s t r a te  t r u e  homnone 

a c t i o n .  The a p p ro a c h e s  t o  t h i s  t o p i c  i n  p l a n t  sy s te m s  can  be  

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

s h o u ld  be  shown t o  be  p r e s e n t  i n  t h e  t r a n s l o c a t i n g  s y s te m ,  F o r  t h i s ,  

i t  i s  n e c e s s a r y  t o  i s o l a t e  t h e  s y s te m  o r  sam ple  t h e  c o n t e n t s  o f  t h e  

t r a n s l o c a t i n g  c o n d u i t s .  A r a n g e  o f  m ethods have  b e e n  u s e d  t o  do t h i s  

f o r  t h e  ph loem  and  xylera and  s p e c i f i c  p ro b lem s  h av e  b e e n  r e v ie w e d  

r e c e n t l y  (Fensom , 1975 ;  M i lb u r n ,  1975 ;  P e e l ,  1 975 ;  ’̂ ^an D ie  and  Tammes, 

1 975 ;  Z i e g l e r ,  1 975 ;  K in g ,  1 97b ;  P a t e ,  1 9 7 6 ) .  I n  c o n t r a s t ,  few 

s p e c i f i c  m ethods a r e  known f o r  a n a l y s i s  o f  t h e  s y m p l a s t i c  sy s te m .

The ’ d i f f u s i o n ’ m ethod a l lo w s  c o l l e c t i o n  o f  s u b s t a n c e s  i n  a g a r  b l o c k s  

( s e e  D e n n i s ,  1 9 7 7 )5 b u t  i t  h a s  b e e n  q u e s t i o n e d  w h e th e r  t h i s  t y p e  o f  

t r a n s p o r t  i s  s y m p l a s t i c  ( G o ld s m i th ,  1977)*

O b v io u s ly ,  t h e  c r i t e r i a  u s e d  t o  i d e n t i f y  and  e s t i m a t e  t h e  l e v e l s  

o f  hormones i n  t h e  t r a n s p o r t  ’ f l u i d s '  s h o u ld  be  as r i g o r o u s  as f o r  

o t h e r  p l a n t  e x t r a c t s .  I n  p r a c t i c e ,  a  gen e ra l ,  l a c k  o f  c e l l . u l a r  

c o n t e n t s  c o n f e r s  an a d v a n ta g e :  e x t r a c t s  may n o t  n e e d  such  e x t e n s i v e

p u r i f i c a t i o n  as t h o s e  from  w hole  t i s s u e s .

A se co n d  m ethod i s  t o  d e m o n s t r a t e  t h e  t r a n s l o e a t i o n  o f  a p p l i e d
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com pounds, p r e f e r a b l y  b e tw e e n  known s i t e s  o f  s y n t h e s i s  and  a c t i o n .

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

t h e  r e l e v a n t  t r a n s l o c a t i n g  sy s te m . M ethods o f  a p p l i c a t i o n  a r e  

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

w i t h  t h e  e x c e p t io n  o f  xy lem  i n j e c t i o n ,  a r e  d i r e c t .  Much u s e  has  

b e e n  made o f  r a d i o a c t i v e l y - l a b e l l e d  compounds, b u t  i t  i s  im p o r t a n t  t o  

a n a ly s e  t h e  m o le c u la r  s t a t e  o f  t h e  l a b e l  a f t e r  t r a n s p o r t .

A t h i r d  g roup  o f  m ethods p r o v id e  an i n d i r e c t  a p p ro a c h .  An

a s s e s s m e n t  o f  mode o f  t r a n s p o r t  can  b e  made by  c o m p a r in g  t h e  r a t e  and

d i s t a n c e  o f  hormone t r a n s p o r t  w i th  t h a t  fo u n d  f o r  o t h e r  s o l u t e s  i n

t h e  sy s te m . T h u s ,  37% o f  a  p o p u l a t i o n  o f  s m a l l  o r g a n i c  m o le c u le s

w ould  d i f f u s e  1 mm ( i n  w a t e r  a t  20 C) i n  a p p ro x im a te ly  A .2 rain b u t

w ould  t a k e  r o u g h ly  7 h t o  t r a v e l  10 mm and 8 y e a r s  t o  move 1 m

( c a l c u l a t e d  from  F i c k ’ s Law, s e e  N o b e l ,  197^4). A c h a r a c t e r i s t i c  o f

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

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

m a i n t a i n  v e l o c i t y  in d e p e n d e n t  o f  d i s t a n c e  ( N o b e l ,  1 9 7 7 ) .  S y m p la s t i c

t r a n s p o r t  ( T y r e e ,  1970) a p p e a r s  t o  o c c u r  w i th  a  v e l o c i t y  o f  ro u g h ly

15 mm h ^ ( G o ld s m i th ,  I 9 6 9 ) .  T liis  t r a n s p o r t  may b e  p o l a r i s e d ,

i n d i c a t i n g  a  m e t a b o l i c  p r o c e s s  ( G o ld s m i th ,  196 9 ) .  I n  t h e  phloem
“1s o l u t e s  t r a v e l  a t  0 . 2 - 1 . 0  m h  ( N o b e l ,  1 9 7 7 ) .  Xylem t r a n s p o r t ,  

w h ich  i s  n o r m a l ly  to w a rd s  t h e  l e a v e s , o c c u r s  a t  r a t e s , d e p e n d in g  on 

e n v i r o n m e n t ,  o f  up t o  3 .6  m h ^ (N o b e l ,  1 9 7 7 ) .  Phloem  and xylem  

t r a n s p o r t  a r e  f r e q u e n t l y  d i s t i n g u i s h e d  b y  t h e  u se  o f  s te m  g i r d l e s  o r  

b a r k  r i n g i n g  t r e a t m e n t s  ( e . g .  H ock ing  e t  1 9 7 2 ) .  Movement o f

g a seo u s  compounds su ch  as e t h y l e n e  c o u ld  b e  b y  d i f f u s i o n  w i t h i n  

i n t e r c e l l u l a r  s p a c e s  o r  i n  c o n v e c t io n  c u r r e n t s  o u tw i th  t h e  p l a n t .

E th y le n e  i s  a l s o  s u r p r i s i n g l y  s o l u b l e  i n  p u re  w a t e r  ( c a .h o  mol m ^ a t  STP) 

and  may be  t r a n s l o c a t e d  l i k e  o t h e r  s o l u b l e  ho rm ones .

T re a tm e n ts  such  as a n o x ia  and  u se  o f  r e s p i r a t i o n  i n h i b i t o r s  can 

i n d i c a t e  t h a t  an a c t i v e  p r o c e s s  i s  i n v o lv e d .  S p e c i f i c  compounds 

( e . g .  TIBA f o r  lAA) mq r̂ a p p e a r  t o  i n h i b i t  t r a n s p o r t  by  c o m p e t in g  f o r  

s i t e s  ( G o ld s m i th ,  1 9 6 9 ) .

I n  c e r t a i n  c a s e s  i t  may b e  p o s s i b l e  t o  show t h a t  a  p a r t i c u l a r  

t i s s u e  does n o t  s y n t h e s i s e  hormone in  r e s p o n s e  t o  t r e a t m e n t  when 

i s o l a t e d ,  w h ereas  an a d j o i n i n g  t i s s u e  can .  I f  r e d i s t r i b u t i o n  o f
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horüione a f t e r  t r e a t m e n t  o f  t h e  i n t a c t  s y s te m  can be shown, i t  i s  

l o g i c a l  t o  assume movement o f  hormone be tw een  t h e  t i s s u e s  ( e . g .

L o v e y s , 1977)-  L ik e w is e ,  t r a n s i e n t  f l u x e s  o f  hormone i n  c o n n e c t in g  

t i s s u e s  w ould  g iv e  i n d i r e c t  e v id e n c e  o f  t r a n s p o r t .

A d e b a t a b l e  p o i n t  i s  t h e  e x t e n t  t o  w hich  phy tohorm ones  can be  

c o n s i d e r e d  t o  b e  ' c i r c u l a t i n g  h o r m o n e s ' .  Much a t t e n t i o n  h a s  b een  

g iv e n  t o  a s p e c t s  o f  ' s h o r t  d i s t a n c e '  p l a n t  honnone t r a n s p o r t ,  

p a r t i c u l a r l y  i n  t h e  c a s e  o f  lAA, and  G o ldsm ith  (1977)  h a s  d i s c u s s e d  

t h e  mechanism s w h ich  may b e  i n v o lv e d .  R e c e n t l y ,  i n t e r e s t  h a s  b e e n  

shown c o n c e r n in g  hormone t r a n s l o c a t i o n  i n  t h e  ' l o n g  d i s t a n c e '  t r a n s p o r t  

systerris -  ph loem  and xylem  (K in g ,  1 9 7 6 ) .  I f  t h e  ' d i f f u s i o n '  o f  

H uxley  i s  t a k e n  l i t e r a l l y ,  t h e n  s y m p l a s t i c  o r  o t h e r  a p p a i 'e n t ly  m e t a b o l i c  

modes o f  s h o r t - d i s t a n c e  t r a n s p o r t  m ust be c o n s id e r e d  ' c i r c u l a t o r y ' .

On t h e  o t h e r  h a n d ,  H uxley h i m s e l f  (1935) c l a s s i f i e d  p l a n t  grow th  hormones 

i n  t h e  ' d i f f u s i o n '  c a t e g o r y  -  p e rh a p s  due t o  l a c k  o f  i n f o r m a t io n  on 

t r a n s l o c a t i o n ,

D i f f i c u l t y  i n  i s o l a t i o n  o f  t h e  s i t e s  o f  s y n t h e s i s  and e f f e c t ,  

com bined  w i t h  d e a r t h  o f  know ledge  a b o u t  p r e c u r s o r  and  c a t a b o l i t e  

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

a  compound i s  t r a n s p o r t e d  i t s e l f  o r  as  a  m e t a b o l i t e .  T h u s ,  hormone 

c o n ju g a t e s  have  b e e n  h y p o t h e s i s e d  as t h e  t r a n s p o r t e d  m o i e t i e s  ( s e e  

W a re in g ,  1 9 7 7 ) ;  some g i b b e r e l l i n s  a r e  t r a n s l o c a t e d  w h i l s t  o t h e r s  a r e  

n o t  ( s e e  J o n e s ,  1 9 7 3 ) .  I t  i s  n o t  o b v io u s  i n  t h i s  c a s e  w h ich  m o le c u le  

s h o u ld  have  hormone s t a t u s :  t h e  t r a n s p o r t e d  compound, o r  t h a t  w h ich

may a p p e a r  t o  h av e  e f f e c t  a f t e r  m e ta b o l i s m  i n  t h e  r e s p o n d in g  t i s s u e .

D i r e c t  e f f e c t s  o f  p h y toho rm ones  on t h e  t r a n s p o r t  sy s te m s  them 

s e l v e s  have  b e e n  p o s t u l a t e d  ( W a re in g ,  1977) b u t  know ledge o f  s p e c i f i c  

r e s p o n s e s  i s  l i m i t e d  (M oorby, 1 9 7 7 ) .  I n d i r e c t  e f f e c t s  on s o u r c e  and 

s i n k  m e ta b o l is m  a r e  b e t t e r  docum ented  (M oorby , 1977)•

T r a n s p o r t  ; Te m pora l  S e p a r a t i o n

W h i l s t  i t  i s  c l e a r  t h a t  some e le m e n t  o f  s p a t i a l  s e p a r a t i o n  

b e tw e e n  s i t e s  o f  s y n t h e s i s  and  a c t i o n  i s  n e c e s s a r y  f o r  hormone a c t i o n  

as d e f i n e d  by H u x le y ,  a  c o r o l l a r y  o f  t h i s  i s  t h a t  tenrpora l  s e p a r a t i o n  

o f  a t i în u lu s  and  r e s p o n s e  m ust a l s o  o c c u r .  T h is  h a s  l e d  t o  t h e  

d i v i s i o n  o f  hormone r e s p o n s e s  i n t o  s e v e r a l  e v e n t s :  p e r c e p t i o n  o f
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s t i m u l u s ,  t r a n s f o r m a t i o n  o f  s t i m u lu s  i n t o  b i o c h e m ic a l  i n f o r m a t i o n ,  

t r a n s m i s s i o n  o f  i n f o r m a t io n  and r e s p o n s e  t o  i n f o r m a t i o n , The f i r s t  

two e v e n t s  a r e  o f t e n  g ro u p ed  as ' p r e s e n t a t i o n  t i m e ' .  A ' l a t e n t  

p e r i o d '  i s  c o n s id e r e d  t o  c o r r e l a t e  w i th  t r a n s l o c a t i o n  o f  c h e m ic a l  

m e s s e n g e r ,  f o l l o w e d  by  r e s p o n s e  d u r in g  t h e  ' r e a c t i o n  t i m e ' .  A l t h o u ^  

p a r t i a l l y  c o v e re d  by t h e  pca’d l l e l i Q m  o f  J a c o b s ,  temporo.1 s e p a r a t i o n  

o f  stimuOuis and e f f e c t  may b e  s e e n  as  a  con seq u en ce  o f  hormone a c t i o n .  

W areing  ( l9TT ) s t a t e d :  ' s p a t i a l  s e p a r a t i o n  o f  t h e  s i t e s  o f  g ro w th -

s u b s t a n c e  p r o d u c t i o n  and  a c t i o n  i s  n o t  an e s s e n t i a l  r e q u i r e m e n t  o f  

c o n t r o l  i n v o l v i n g  t e m p o r a l  m o d u l a t i o n ' ,  h o w e v e r ,a  s u b s t a n c e  c o r r e s p o n d in g  

t o  t h i s  d e s c r i p t i o n  w ou ld  p re su m a b ly  be  c l a s s i f i e d  as  a  l o c a l  a c t i v a t o r  

r a t h e r  t h a n  a  hormcme.

A s p e c ts  o f  t h e  t e m p o r a l  c o n t r o l  o f  hormone l e v e l s  h a v e  b e e n  

d i s c u s s e d  by  Audus (1972) and  W are ing  (1977)* Such c o n t r o l  r e s t s  

l a r g e l y  on t h e  r a t e s  o f  b i o s y n t h e s i s  and  r e l e a s e ,  t r a n s p o r t  f l u x ,  

and r a t e  o f  i n a c t i v a t i o n  o f  hormone a t  t h e  s i t e  o f  e f f e c t .  Tne 

k i n e t i c s  o f  hormone s y n t h e s i s  can be  s t u d i e d  by  m ethods p r e v i o u s l y  

d e s c r i b e d ,  b u t  t h e  i n f o r m a t io n  a c c u m u la te d  t h u s  f a r  does n o t  a l lo w  

e x t e n s i v e  s p e c u l a t i o n .  T h e re  have  b e e n  few i n v e s t i g a t i o n s  o f  l o a d i n g  

and  r e l e a s e  o f  horm ones i n t o  t h e  t r a n s l o c a t i n g  sy s te m s  , and i t  i s  n o t  

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

f o l l o w  w a te r  movement.

R e c e p to r s

A f u r t h e r  c h a r a c t e r i s t i c  o f  hormone a c t i o n  i s  t h e  u p ta k e  and 

r e c o g n i t i o n  o f  hormone m o le c u le s  b y  t a r g e t  t i s s u e .  S p e c i f i c  hormone 

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

w i th  hormones t o  g iv e  a com plex r e p r e s e n t i n g  an ' a c t i v a t e d  s t r u c t u r e '  

c a p a b le  o f  i n d u c i n g  t h e  p r im a ry  hormone r e a c t i o n  (Kende and G a r d n e r ,

1976) .  The c o n c e p t  h a s  fo u n d  p a r t i c u l a r  p r o o f  i n  t h e  c a se  o f  

mammalian s t e r o i d  horm ones (O 'M a lle y  and  M eans, 197^0* Kende and 

G ardne r  (1976) d i s c u s s e d  a s e t  o f  t h r e e  c r i t e r i a  t o  a s s e s s  t h e  

r e l e v a n c e  o f  p l a n t  hormone b i n d i n g  s t u d i e s .  T hese  w ere  :

( a )  r e c e p t o r s  s h o u ld  b e  fo u n d  p r i m a r i l y  i n  c e l l s  o f  t h e  

t a r g e t  t i s s u e s  and  n o t  i n  n o n - r e a c t i n g  z o n e s ,
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(b )  t h e  ' k i n e t i c  p a r a m e t e r s ' ( d i s s o c i a t i o n  c o n s t a n t ,  e t c . )  

o f  b i n d i n g  s h o u ld  b e  r e l a t e d  t o  d o s e / r e s p o n s e  pa ram ete i-s  

o f  t h e  b i o l o g i c a l  s y s te m ,  

and  ( c )  a  r e l a t i o n s h i p  shon].d b e  shown b e tw e en  hormone a n a lo g u e  

b i n d i n g  a b i l i t y  and t h e  b i o l o g i c a l  a c t i v i t y  o f  t h e  

a n a lo g u e  ( w i th  t h e  e x c e p t io n  o f  t h o s e  w hich  a r e  n o n 

c o m p e t i t i v e  i n h i b i t o r s ) .

S p e c i f i c  p rob lem s a r e  m o s t ly  r e l a t e d  t o  t h e  i n t e r p r e t a t i o n  o f  

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

' t h e  e x i s t e n c e  o f  n o n s p e c i f i c  b i n d i n g  s i t e s  i n  c e l l  e x t r a c t s  i s  a  

v e ry  r e a l  p o s s i b i l i t y ' , and  c o n c lu d e d  t h a t  no s i n g l e  r e c e p t o r  p r o t e i n  

f o r  any o f  t h e  p l a n t  hormones had  b e e n  i s o l a t e d .  N o t w i t h s t a n d i n g ,  

e x i s t e n c e  o f  s p e c i f i c  r e c e p t o r s  may b e  c o n s id e r e d  t o  b e  a  s i n e  qua  non  

f o r  hormone a c t i o n  (R o b iso n  e t  a l . , fX 9 7 l )  •

Genome and E nvironm en t

S t u d i e s  o f  phy tohorm ones  s h o u ld  a lw ays t a k e  i n t o  a c c o u n t  t h e  

p o s s i b l e  p e r m i s s i v e  and  c o n d i t i o n i n g  r o l e s  o f  genome and  e n v i ro n m e n t .  

Thus 5 h o r m o n e - c o n t r o l l e d  p r o c e s s e s  may n o t  b e  a b le  t o  p r o c e e d  w i t h o u t  

t h e  a p p r o p r i a t e  e n v i r o n m e n ta l  o r  g e n e t i c  s ig n a l . .  A l t e r n a t i v e l y ,  

a v a i l a b i l i t y  o f  n u t r i e n t s  and  e n e rg y  m ig h t  l i m i t  h o rm o n e -m e d ia te d  

de v e lo p m en t .  I n  phenomena c o n t r o l l e d  by  i r r a d i a t i o n ,  t h e  a c t i o n  

o f  phy tochrom e may b e  i m p o r t a n t  t o  t r i g g e r  t h e  s y n t h e s i s  o r  r e l e a s e  

o f  hormones (W a re in g ,  1 9 7 ? ) .

S u b s ta n c e s  and  Phenomena

Many o r g a n i c  compounds have  e f f e c t s  on p l a n t  s y s t e m s , Even 

when t h o s e  n o t  known t o  o c c u r  i n  p l a n t s  a r e  r e j e c t e d ,  t h e  t o t a l  i s  

h ig h  ( s t e w a r d  and  K r i k o r i a n ,  1 971 ;  G r o s s ,  197^)•  I t  seems a lm o s t  

a b s u r d ,  in  r e t r o s p e c t ,  t o  have  s e l e c t e d  from  t h i s  number f i v e  g roups  

o f  r e l a t e d  compounds f o r  r i g o r o u s  s t u d y ,  and y e t  h i s t o r i c a l  and 

m e th o d o lo g ic a l  r e a s o n s  f o r  t h i s  can  b e  i d e n t i f i e d .  I n  t h e  c a s e  o f  

lAA, t h e  e a r l y  i n t e r e s t  i n  t r o p i c  phenomena was a  fo c u s  f o r  s t u d y ;  

r e s e a r c h  on t h e  g i b b e r e l . l i n s  was g r e a t l y  a id e d  by t h e  a v a i l a b i l i t y  o f  

t h e  G A -producing  fun g u s  G i b b e r e l l a  f i y j i k u r o i j  s e v e r a l  dw arf  m u tan t



IB .

p l a n t s ,  and  some s e m i - s p e c i f i c  m e ta b o l i c  pa thw ay  i n h i b i t o r s ;  i n t e r e s t  

i n  c y t o k i n i n s  h a s  r e s u l t e d  from  t h e  fu n d a m e n ta l  n a t u r e  o f  t h e  p r o c e s s e s ,  

such  as  c e l l  d i v i s i o n  and  d i f f e r e n t i a t i o n ,  i n  w hich t h e y  a r e  s u p p o sed  

t o  a c t  ; w i th  e t h y l e n e  and  A33A, r e s e a r c h  h a s  b e e n  a c c e l e r a t e d  due t o  

c o m p a ra t iv e  e a s e  o f  p h y s ic o c h e m ic a l  i d e n t i f i c a t i o n .

F o r  o t h e r  s u b s t a n c e s ,  i t  i s  o f t e n  n o t  p o s s i b l e  from  t h e  a v a i l a b l e  

d a t a  a b o u t  b i o l o g i c a l  a c t i v i t y  ( u s u a l l y  f ro m 's im p le  and l i m i t e d  

b i o a s s a y s )  t o  t e l l  w h e th e r  a  g iv e n  compound m ig h t  d e s e r v e  'h o rm o n e ’ 

s t a t u s .  Tlie v a r i e t y  o f  o r g a n i c  moleci.iles h a v in g  e f f e c t s  i s  l a r g e  and  

f o r  p a r t i c u l a r  phenomena d e f i e s  n o m e n c la tu re  b a s e d  on s im p le  c h e m ic a l  

a f f i n i t y  ( M a c h l i s ,  1 9 7 2 ) .  Some s u b s t a n c e s  ap%)ear t o  b e lo n g  t o  t h e  

e x t e r n a l  a c t i v a t o r  c l a s s  o f  H ux ley  (1935) “  compounds w hich  d i f f u s e  

o r  p a s s i v e l y  a f f e c t  o t h e r  p l a n t s . T h i s  phenomenon h a s  b een  t e r m e d  

a l l e l o p a t h y  ( E v a n a r i ,  I 9 6 1 ) ,  and t h e  compounds i n v o lv e d  pherem ones  

( s e e  B i r c h ,  197^ )•  C la s s e s  o f  w a t e r - s o l u b l e  and v o l a t i l e  p l a n t  

pherom ones have  b e e n  d e s c r i b e d ,  b u t  i t  i s  doub tfu l ,  t h a t  e t h y l e n e  

n o r m a l ly  w orks i n  t h i s  m anner (A udus, 1 9 7 2 ) .

F o r  t h e  v a s t  m a j o r i t y  o f  s u b s t a n c e s ,  h o w e v e r ,  t h e r e  i s ,  a t  t h e  

moment, no s p e c i f i c  p h y s i o l o g i c a l  r o l e  p r o p o s e d .  I n  p a r a l l e l ,  t h e r e  

a r e  a  number o f  p h y s i o l o g i c a l  phenomena i n  w hich  a  c h e m ic a l  c o n t r o l  i s  

i m p l i c a t e d ,  b u t  f o r  w h ich  t h e  m o d u la t in g  compound i s  unknown o r  u n c e r t a i n .  

Exam ples (d e p e n d in g  on p o i n t  o f  v iew ) i n c l u d e  v e r n a l i s a t i o n ,  s e n e s c e n c e ,  

a p i c a l  d om inance , d i f f e r e n t i a t i o n ,  i n i t i a t i o n  o f  ca.nibial a c t i v i t y ,  and 

o t h e r s  ( s e e  Went and  Tliimann, 1 9 3 7 ;  Thim ann , 1 978 ;  A udus ,  1 9 7 2 ) .

P e rh a p s  t h e  b e s t  known i s  f l o w e r i n g ,  w here a ’ f l o r i g e n '  h a s  been  

p o s t u l a t e d  f o r  many y e a r s  ( s e e  A udus, 1972 ;  Z e e v a a r t , 1 9 7 6 ) .  O th e r  

named s u b s t a n c e s  w i t h o u t  d e f i n i t e  c h e m ic a l  i d e n t i t y  i n c l u d e  'wound 

h o r m o n e ' ,  ' l e p to h o r m o n e ' ( c a l l u s  g r o w t h ) ,  r h i z o c a l i n e  ( r o o t  f o r m a t i o n ) ,  

c a u l o c a l i n e  ( s t e m ,  bud  g r o w t h ) , ( s e e  Thimann, 1 9 7 8 ) ,  and  s e n e s c e n c e  

f a c t o r  (O sborne  e t  # 2 . ,  1 9 7 2 ) .

A s u g g e s t i o n  f r e q u e n t l y  made i s  t h a t  phenomena w hich  do n o t  seem 

t o  be  c o n t r o l l e d  by  a  s i n g l e  p l a n t  hormone m ig h t  b e  m o d u la te d  by a 

c o m b in a t io n  o f  hormones a c t i n g  i n  tandem  ( e . g .  K han, 1 9 7 5 ;  W a re in g ,

1 9 7 7 ) .  The nam ing o f  j o i n t  e f f e c t  o f  compounds on p h y s i o l o g i c a l  

p r o c e s s e s  h a s  c a u s e d  some c o n t r o v e r s y .  In  p a r t i c u l a r ,  t h e  t e r m  

i n t e r a c t i o n  was o b j e c t e d  t o  i n  c e r t a i n  c a s e s  by D rury  ( 1 9 6 9 ) ,  who
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f a v o u r e d  t h e  s t a t i s t i c a l  d e f i n i t i o n  o f  t h e  t e r in ,  and  s t a t e d  t h a t  

c la im e d  ' i n t e r a c t i o n s '  w ere  o f t e n  s t a t i s t i c a l l y  i n v a l i d .  The te rm s  

' c o u n t e r a c t i o n ' ,  ' a n t a g o n i s m ' ,  and  ' s y n e r g i s m '  have  a l s o  been u s e d  

(Mer, 1 9 6 8 ; A udus, 1 9 7 2 ) .  The p o s s i b i l i t i e s  t h a t  tw o o r  more 

compounds a c t  a t  t h e  same i n t r a c e l . l u l a r  s i t e ,  o r  t h a t  a  b a l a n c e  o f  

horm ones c o n t r o l s  t h e  o v e r a l l  p r o c e s s  a t  d i f f e r e n t  p o i n t s  o f  a c t i o n ,  

m ust b e  d i s t i n g u i s h e d  (A udus , 1 9 7 2 ) .  I h e  l a t t e r  i s  an e s t a b l i s h e d  

p r i n c i p l e  o f  a n im a l  e n d o c r i n o lo g y ,  as i s  t h e  a c t i o n  o f  a  hormone on 

t h e  S y n t h e s i s ,  s e c r e t i o n  o r  a c t i v i t y  o f  o t h e r  hormones ( F r y e ,  1 9 6 7 ) .

Summary

To su m m a rise ,  i f  hormonal  a c t i o n  i s  h y p o t h e s i s e d ,  a  s p a t i a l  

s e p a r a t i o n  o f  s y n t h e s i s  and  a c t i o n  m ust b e  shown. O th e r w is e ,  a  

compound may b e lo n g  t o  a n o th e r  o f  H u x le y 's  c a t e g o r i e s .  A d d i t i o n a l  

i n f o r m a t i o n  ab o u t  ho rm o n a l  a c t i o n  can  b e  o b t a i n e d  from  s t u d i e s  on 

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

r e c e p t o r s  i n  t h e  t a r g e t  t i s s u e .  Care  m ust b e  t a k e n  t o  e v a l u a t e  

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

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

p r o c e s s e s  t r a n s c e n d  t h e  b o u n d a r i e s  o f  even f u n c t i o n a l  d e f i n i t i o n s  such  

as H u x l e y 's .  N e v e r t h e l e s s ,  r e s e a r c h  i n  t h e  f i e l d  o f  p l a n t  p h y s io lo g y  

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

a p p e a ra n c e  from  a b o t a n i c a l  j o u r n a l  i n  t h e  C i t a t i o n  I n d e x  e n t r i e s  f o r  

H u x le y 's  1935 p a p e r  b e tw e e n  t h e  y e a r s  1967 t o  1977. O u tw ard ly  a t  

l e a s t ,  an o r d e r e d  a p p r a i s a l  o f  t h e  a fo r e m e n t io n e d  r u l e s  and  d e f i n i t i o n s  

does n o t  u s u a l l y  seem t o  have  b e e n  made b e f o r e  h o rm o n a l  a c t i o n  i s  

assum ed. T h is  may b e  due t o  t h e  m u l t i p l i c i t y  o f  phenomena w hich  

each  compound h a s  h y p o t h e s i s e d  t o  a c t .  I n  i n d i v i d u a l  p a p e r s ,  such  

d e d u c t io n s  have  o f t e n  r e s u l t e d  from  p o o r l y - c o n t r o l l e d  e x p e r im e n ts  

c o n c e r n in g  t h e  e f f e c t  o f  s u b s t a n c e  A on p r o c e s s  B; v e r y  i n f r e q u e n t l y  

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

o b s e r v e d  a r e  o f t e n  i l l - d e s c r i b e d  and known t o  b e  a f f e c t e d  by  many o t h e r  

c e l l u l a r  o r  e n v i r o n m e n ta l  p a r a m e t e r s .  I t  seems t h a t  i n t e l l i g e n t  

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

o f  r e s u l t s ,  b u t  a l s o  t h e  fu n d a m e n ta l  d e s ig n  o f  e x p e r im e n t s .
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M e th o d o lo g ic a l  and i n t e r p r e t a t i o n a , 1 p rob lem s a s s o c i a t e d  w i th  

t h e  ty p e  o f  i n v e s t i g a t i o n  r e q u i r e d  t o  d e m o n s t ra te  hormone a c t i o n  i n  

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

d e f i n i t i o n s  o f  t h i s  t y p e  o f  c o r r e l a t i o n .  The com ponents o f  phy tohorm one  

sy s te m s  and some o f  t h e  c o m p l i c a t in g  f a c t o r s  a r e  s im unarised  i n  F i g . 1 ,

I n  r e t r o s p e c t ,  t h e  ru3,es o f  J a co b  (3-959) u n d e r e s t i m a t e d  c e r t a i n  

p r o b le m s , b u t , as  y e t , no g e n e r a l  ag reem en t  h a s  been  r e a c h e d  on t h e  

c r i t e r i a  w hich  s h o u ld  b e  im posed  b e f o r e  hormone a c t i o n  i s  assum ed.

P l a n t  p h y s i o l o g i s t s  a r e  sti3.3. n o t  i n  a  p o s i t i o n  t o  e v a l u a t e  t h e  

im p o r ta n c e  o f  ho rm o n a l  sy s te m s  i n  g r o w th , d i f f e r e n t i a t i o n ,  and 

i r r i t a b i l i t y .

SECTION I I .  ABSCISIC ACID

The f i r s t  i s o l a t i o n  o f  a b s c i s i c  a c i d  (7J3A) from  p l a n t  m a t e r i a l  

was p e r fo rm e d  b y  a  g roup  o f  r e s e a r c h e r s  l e d  by  A d d i c o t t  a t  t h e  

U n i v e r s i t y  o f  C a l i f o r n i a .  I n  a  s e r i e s  o f  e x p e r im e n ts  th e y  i s o l a t e d  

and  s u b s e q u e n t ly  d e te r m in e d  t h e  s t r u c t u r e  o f  a  s u b s t a n c e  t h o u g h t  t o  be  

r e s p o n s i b l e  f o r  t h e  a b s c i s s i o n  o f  young  c o t t o n  f r u i t s  (L iu  and C a m s ,  

19 7 1 ;  Ohkuma c t  a t , ^  1 9 6 3 ,  1 9 6 5 ) .  P a r a l l e l  i n v e s t i g a t i o n s  i n  t h e  

U.K. i n t o  a  p o s t u l a t e d  hormone c a u s i n g  dormancy i n  d e c id u o u s  t r e e s  

and  a  g row th  i n h i b i t o r  p r e s e n t  i n  y e l lo w  l u p i n  f r u i t s  ( s e e  A d d ic o t t  

and  Lyon, I 9 6 9 , f o r  r e v ie w )  c u lm in a t e d  i n  t h e  i s o l a t i o n  o f  ABA from  

sycam ore  l e a v e s  ( C o r n f o r th  e t  a t , ^  1 9 6 5 a) and l u p i n  f r u i t s  ( C o r n f o r th  

e t  a t . y 1 9 6 6 ) .  The s t r u c t u r e  o f  n a t u r a l l y  o c c u r r i n g  ABA was c o n f i rm e d  

by  s y n t h e s i s  ( C o r n f o r th  e t  a 2 .  .,1 9 6 5 b ) .

A lth o u g h  t h e r e  h a s  b een  some v a r i a t i o n  i n  n o m e n c la tu r e  ( s e e  

A d d i c o t t  and Lyon, I 9 6 9 ; M ilb o r ro w ,  1 9 T M , t h e  name d b s o i a i o  a c i d  

i s  now ta k e n  t o  im ply  t h e  compound shown i n  F i g , 2 a ,  h a v in g  t h e  f u l l  

c h e m ic a l  name 3-methy3.~5“ ( 1 * “ h y d ro x y -7  ' - o x o -2  ' ^6 ' ,6 ' - t r i m e t h y (  " 2  ' "  

c y c l o h e x c n - l ' - y l ) - o t s , t r u M 8 , - 2 , 7 ,  p e n t a d i e n o i c  a c i d .  T ie  îtio lecu le  

i s  c a p a b le  o f  o p t i c a l  and g e o m e t r ic  i s o m é r i s a t i o n  and h a s  o t h e r  

remai-k ab 1 e p r o p e r t  i  es .

The asym m etr ic  c a rb o n  atom  a t  t h e  1 '  p o s i t i o n  c o n f e r s  o p t i c a l  

a c t i v i t y ;  ABA o b t a i n e d  from  p l a n t  s o u r c e s  r o t a t e s  p l a n e  p o l a r i s e d  

l i g h t  o f  w o v e le n g th  589 nm i n  a  d e x t r a r o t a t o r y  m anner ( C o r n f o r th  e t  a t . ,
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Jiiii.* 1-• Assemb l a g e  o f  t h e  Components o f  Phytohorm one A c t io n .

SITE
OF

SYI'ITHESIS

SIMPLE MODEL OF ACTION

STII-ÎULUS
PERCEPTION

TRANSPORT
SYSTEM

SITE
OF

RESPONSE

ANABOLITES

. ACTIVE /  
.MOIETY /

/

CATABOLITES
y

AN ABOLITES CATABOLITICS

^  ACTIVE 
MOIETY

RECEPTOR

RECEPTOR--HORM)NE
COMPLEX

PRIMARY REACTION

14ANIFESTATI0N OF 
RESTOKSE

{
I

FIŒDBACK

SUMMARY OF COMPLICATING FACTORS

( i )
R elevance o f  endogenous h o iTTione l e v e l o . 
C r ite r ia  Tor id e n t i f ic a t io n  and 

quant i  f i  c at i  o n .
P h y sica l sep a ra tio n  o f  s i t e s  o f  s y n th e s is  

and resp on se.
L o c a lity  and number o f p oo ls  
Compartmentation, s to r a g e , in a c t iv a t io n .
De novo sy n th e s is  or re lee .se  from s to r e .  
Rates o f  sy n th e s is  and m etabolism . 
'Cascade' e f f e c t s  ( a u t o c a t a ly s is ) .
Feedback, e f f e c t s  on sy n th e s is

( i i )
M odific a tio n  o f  re sp o n se .
P erm issive and c o n d itio n in g  e f f e c t s  o f  

environment and genome.
T issu e co m p eten ce -a b ility  t o  g iv e  

primary or overa .ll resp on se .
T issue s e n s i t i v i t y  to  stim ulus or s ig n a l .  
Other hormones & growth fa c to r s  e f f e c t in g  
response m a n ife s ta t io n .
Receptor a v a i la b i l i t y  & d is t r ib u t io n .
'T arget' t i s s u e s .

( i i i )
Transport system s.
A p op last, sym p last, phloem, 3tylem, o th ers. 
A ctive  or p a ss iv e  p r o c e s s e s .
D istan ce between s i t e s  o f  s y n th e s is  and 

response.
V e lo c ity  o f  tr a n sp o r t.
Molecul.ar s t a t e  o f  tran sp orted  m oiety . 
R elease and uptake by t i s s u e s ,  c e l l .a . 
H orm one-effects on tra n sp o rt sy stem s, 

sin k s and so u rces.

( iv )
R elevance o f  exogenous compounds.
Mode o f  a p p lic a t io n , wounding.
E ntiy in to  t i s s u e s ,  c e l l s ,  compartments. 
Concentration in  re lev a n t p o o l.
M etabolism o f  ap p lied  compound.
E ffe c ts  on o th er  system s.
E ffe c ts  o f  in h ib ito r s .

(v )
Relevance o f  e x c is io n  and i s o l a t i o n .

( v i )
S p e c i f ic i t y  & g e n e r a l i ty .
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1 9 6 6 ) .  A p p ly in g  t h e  Calm -  I n g o ld  -  P r e l o g  (1966) r u l e s ,  n a t u r a l  

ABA i s  (H')” S“A13A. C h e m ic a l ly  s y n t h e s i s e d  ABA, on t h e  o t h e r  h a n d , i s  

a  ra c c m ie  m ix tu re  o f  t h e  two o p t i c a l  e n a n t io m e rs  ( F i g s .  2a  and 2h) 

and t h u s  does n o t  r o t a t e  p l a n e  p o l a r i s e d  l i g h t .  I t  h a s  d i f f e r e n t  

p r o p e r t i e s  from n a t u r a l  ABA ( e . g .  m e l t i n g  p o i n t ) .  M ilborrow  (1977) 

h a s  r e v ie w e d  t h e  b i o l o g i c a l  a c t i v i t i e s  found  f o r  t h e s e  two i s o m e rs ,  

he s u g g e s t s  t h e  s i m i l a r i t y  g e n e r a l l y  found  may b e  due t o  a  s p a t i a l  

symmetiy o f  t h e  m o le c u le  ab o u t  t h e  1 '  c a rb o n ,  o r  a l t e r n a t i v e l y ,  t h a t  

t h e  h y d r o x y l  g roup  p l a y s  no p a r t  i n  ABA a c t i o n  in  c e r t a i n  s y s te m s .

G eom etr ic  i s o m é r i s a t i o n  o f  t h e  ABA m o le c u le  can  a l s o  o c c u r  by 

r e a r ra n g e m e n t  a t  t h e  u n s a t u r a t e d  b ond  b e tw een  t h e  se c o n d  and  t h i r d  

CEirbon atom. I t  i s  a  m a t t e r  o f  some d e b a te  w h e th e r  Z - tr a n s - P I ik  

(A-ABA, F ig .  2 c) o c c u rs  n a t u r a l l y  i n  p l a n t s .  The two i so m e rs  a r e  

i n t e r c o n v e j r t a b l e  on e x p o s u re  t o  v i s i b l e  and  u D . t r a - v i o l e t  r a d i a t i o n  

(M ousseron -  Canet &t a 2 . j l 9 6 6 ;  B en ton  e t  a t  1 971 ;  C iha  e t  a t , ,

1 9 7 7 )5  and  i t  i s  c o n c e iv a b le  t h a t  A-ABA i s  l o s t  d u r in g  e x t r a c t  

p u r i f i c a t i o n .  T h is  p o s s i b i l i t y  o f  d i f f e r e n t i a l  p u r i f i c a t i o n  

e f f i c i e n c i e s  f o r  t h e  two iso m e rs  s h o u ld  be  c o n s id e r e d  when u s in g  

s t a n d a r d s  d u r in g  p u r i f i c a t i o n .  Some a u th o r s  r e p o r t  t h e  p r e s e n c e  o f  

A-ABA in  e x t r a c t s  (M ilb o rro w ,  1 9 7 0 ;  Jo n e s  e t  a l . ,  1 9 7 6 ) ,  w h i l s t  

o t h e r s  ( a v o i d i n g  i r r a d i a t i o n  o f  e x t r a c t s )  do n o t  (G a sk in  and  M cM illan ,

1 9 6 8 ) .  The b i o l o g i c a l  a c t i v i t y  o f  t h e  g e o m e t r ic  i so m e rs  i s  a l s o  t h e  

s u b j e c t  o f  c o n t r o v e r s y .  M ilbo rrow  (197^) s u g g e s t e d  t h a t  a c t i v i t y  

o f  A-ABA and t r a n s  i so m e rs  o f  a n a lo g u e s  was due t o  r e a r r a n g e m e n t  when 

i l l u m i n a t i o n  was g iv e n  d u r in g  a s s a y .

Methods o f  a n a l y s i s  o f  ABA have  been  r e c e n t l y  r e v ie w e d  by  M.ilborrow 

( 1 9 7 7 ) ;  S a u n d e rs  ( 1 9 7 8 ) ,  and Reeve and C r o z ie r  ( i n  p r e s s ) .  Many

a u th o r s  have  u s e d  b i o a s s a y  m ethods t o  q u a n t i f y  ABA lev e 3 .s .  These  a r e

m o s t ly  b a s e d  on t h e  ' i n h i b i t o r - 3 '  o f  B e n n e t -C la rk  and  K e f fo r d  ( 1 9 5 3 ) ,  

a  zone found  in  p a p e r  chrom atogram s o f  p l a n t  e x t r a c t s  w hich  i s  

i n h i b i t o r y  t o  Aveiia  c o l e o p t i l e  segm ent s t r a i g h t  g ro w th .  T h is  r e g io n  

was showi t o  c o n t a i n  ABA u s i n g  p h y s ic o c h e m ic a l  t e c h n i q u e s  ( C o r n f o r th  e t  a l . ,  

1 9 6 5 a ) . M ilbo rrow  ( 1 9 6 7 ) c la im e d  t h a t  ABA c o n t e n t s  o f  p l a n t  e x t r a c t s  

were s i m i l a r  when m ea su red  b y  o p t i c a l ,  r o t a t o r y  d i s p e r s io n ,  o r  by w heat 

embryo b i o a s s a y ,  b u t  o t h e r  a u th o r s  have  found  t h a t  p h y s j  c o c h e m ic a l  and



F i g. 2 . F i s c h e r  P r o j e c t i o n s  o f  ABA o,nd A naiop 'ues,

3 .

OH GOGH

a .  ( + ) “ABA ( w i th  n u m b er in g  s y s te m  
f o r  c a rb o n  s k e l e t o n )

CGGH

h . ( —) -ABA

GOGH

CHGG H

HG

d . X a n thox inc , A—ABA

GH CGGHG7

e .  P h a s e ic  a c i d

GH CGGH
HG'

f . D ih y d r o p h a s e ic  a c i d
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b i o a o s a y  e s t i m a t e s  d i f f e r  s u b s t a n t i a d l y  (L en ton  e t  a t - ^  19T2 ; Alvim  

e t  a t , ^  1 9 7 6 ) .  S a u n d e rs  ( I 9 7 O) s t a t e s  t l i a t  MSk r e p r e s e n t s  a  s m a l l  

f r a c t i o n  by w e ig h t  o f  t h e  i n h i b i t o r - 3 f r a c t i o n .  C e r t a i n l y ,  t h e  complex 

a p p e a r s  t o  c o n ta i n  many o t h e r  a c t i v e  compounds, such  as p h e n o l i c  and 

a l i p h a t i c  a c i d s ,  w hich  mi glut a f f e c t  b i o a s s a y  r e s p o n s e  ( e . g .  V arga  and 

F e re n c z y  1957 ;  H ous ley  and T a y l o r ,  1 9 5 8 ;  R obinson  and  W a re in g ,  1 9 6 ^ ;  

K e f e l i  and  K adyrov , 1971 ; S a u n d e r s ,  1 9 7 8 ) .  F u r th e r m o r e ,  o t h e r  

e t h e r - s o l u b l e  a c i d i c  p l a n t  hormones such  as  g i b b e r e l l i n s  may be  p r e s e n t  

and  i n t e r f e r e  w i th  t h e  b i o a s s a y  r e s p o n s e  t o  ABA ( C a r r  e t  a t .   ̂ 1 9 6 ^ ;  Coombe 

e t  a l . , ' 1 9 8 7 .'; Be Lfjnge, 1 9 7 1 ;  W are ing  and  S a u n d e r s ,  1 9 7 1 ) '  The

s to m a ta !  a p e r t u r e  b i o a s s a y  o f  Ogunkanmi e t  a t . , ( 1 9 7 3 ) seems t h e  m ost 

s e l e c t i v e ,  b e i n g  u n a f f e c t e d  by  o t h e r  horm ones. N e v e r t h e l e s s ,  t h e  

a c c u r a c y  o f  b i o a s s a y  r e s u l t s  m ust u l t i m a t e l y  depend  on t h e  p u r i f i c a t i o n  

p r o c e d u r e  u s e d .  T h is  may e x p l a i n  some o f  t h e  d i s c r e p a n c i e s  fo u n d  i n  

t h e  l i t e i ' a t u r e .

P h y s ic o c h e m ic a l  m ethods f o r  ABA d e t e r m i n a t i o n  a r e  t h u s  t o  b e  

p r e f e r r e d  ( S a u n d e r s ,  1 9 7 8 ) .  A g a in ,  i t  must be  e m p h a s ise d  t h a t  none  

g u a r a n t e e s  a b s o l u t e  i d e n t i f i c a t i o n  o r  q u a n t i f i c a t i o n . Methods w hich  

h av e  been  u s e d  and  t h e  l e a s t  amount o f  ABA r e q u i r e d  t o  q u a n t i f y  a  

r e s p o n s e  a r e  shown i n  T ab le  1 .

G p e c t r o p o l a r i m e t r y  ( o p t i c a l  r o t a t o r y  d i s p e r s i o n ,  ORD) and 

c i r c u l a r  d i c h r o i s m  ( C o r n f o r th  e t  a t  . ,  I 9 6 6 ; M ilb o r ro w ,  1 9 6 7 ) a r e  

m ethods w hich  u t i l i s e  t h e  o p t i c a l  p r o p e r t i e s  o f  t h e  ABA m o le c u le .

AJ.though r e a s o n a b ly  p r e c i s e  and  s e l e c t i v e  t h e s e  m ethods a r e  n o t  

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

p r e s e n t  i n  e x t r a c t s  ( A d d ic o t t  and  Lyon, 1 9 ^ 9 ;  S a u n d e r s ,  1 9 7 8 ) .

D avis  e t  a t . ■> ( I 9 6 8 ) and  L en ton  e t  a l  • 5 ( I 9 6 8 ) i n v e s t i g a t e d  

g a s - l i q u i d  c h ro m a to g ra p h y  (GLC) o f  t h e  m e th y l  e s t e r  o f  ABA (MeABA) 

u s i n g  f lam e i o n i s a t i o n  d e t e c t i o n .  S au n d e rs  (1978) d i s c u s s e s  t h e  

s t a t i o n a i y  column p a c k in g s  w hich  can  b e  u s e d .  A more s e n s i t i v e  

m ethod o f  d e t e c t i o n  i s  e l e c t r o n  cap tu i-e  d e t e c t i o n  (ECD) w hich was 

i n v e n t e d  by L ove lock  (1 9 5 8 ) .  I t  o p e r a t e s  on t h e  p r i n c i p l e  t h a t  t h e  

c o n d u c t i v i t y  o f  g a s e s  i n  an i o n i s a t i o n  chamber i s  v e r y  s e n s i t i v e  t o  

changes  i n  t h e  gas c o m p o s i t io n .  W ith im p o r t a n t  m o d i f i c a t i o n s  

(L o v e lo c k ,  1 9 6 3 ) ,  i t  can be  u s e d  in  c o n ju n c t io n  w i th  OLC t o  e s t i m a t e

i .e v e ls  o f  o r g a n ic  m o le c u le s  c o n t a i n i n g  c e r t a i n  e l e c t r o n - a t t r a c t  in  g
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T a b le  1 :  L i m i t s  o f  d e t e c M o n  o f  m n l aag  p h y s icoche in ica].

d o t e o t ovs  f o r  ABA.

Method o f  d e t e c t i o n L im i t  o f  d e t e c t i o n R e fe re n c e

O p t i c a l  R o ta to r y  D i s p e r s i o n 900 ng 1

C i r c u l a r  D ic h ro ism 200 ng 2

Flame I o n i s a t i o n  D e t e c t io n 10-100  ng 3

Mass S p e c t r o m e t ry  1 .  Scan 100 ng

2 . F ix e d  ^ /E 1 ng 4 ,9

E l e c t r o n  C a p tu re  D e t e c t io n 1-10  pg 6

UV S p e c t r o m e t ry  ( f i x e d  X) 100 pg 5

IR S p e c t r o m e t ry  ( sc o n ) 100 ng 5

R e f e r e n c e s ,  1 .  C o r n f o r th  e t  a l . ,  I 9 6 6 .

2 .  M ilb o r ro w , I 9 6 7 .

3 . L en ton  e t  a l . ,  I 9 6 8 .

. G askin  and  M acM illan ,  I 9 6 8 .

9 . Reeve and C r o z i e r ,  i n  p r e s s

6 .  S e e le y  and  P o w e l l ,  197P*
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s p e c i e s  su ch  as h a lo g e n s  and  c o n ju g a t e d  l^e to  g ro u p s  ( L o v e lo c k ,  I 9 6 1 ) .  

S e e le y  and P o w e l l  ( 1 9 7 0 ) ,  n o t i n g  t h a t  ABA h a d  two such  c o n ju g a t e d  

k e t o  g r o u p s ,  w ere  t h e  f i r s t  t o  u s e  ECD f o r  t h e  horm one. They o b t a i n e d  

ABA from  p u r i f i e d  a p p le  j u i c e  and c la im e d  l i m i t s  o f  d e t e c t i o n  o f  b e tw e en  

1 -1 0 0  p g ,  w i th  l i n e a r i t y  e x t e n d i n g  t o  1 ng . B e s id e s  i t s  low l i m i t  o f  

d e t e c t i o n ,  ECD h a s  good s e l e c t i v e  p r o p e r t i e s .  I n  p l a n t  e x t r a c t s ,  

w here  a s m a l l  amount o f  AJ3A may be  p r e s e n t  i n  an  e x c e s s  o f  w eak ly  

a b s o r b in g  m a t e r i a l ,  i t  can  be  p a r t i  c u ] .a r ly  u s e f u l .

A d d i t i o n a l  i n f o r m a t io n  can  be  o b t a i n e d  from  GLC-ECD ch ro m â togra,ms 

by e x p o s in g  t h e  sam ple  t o  UV i r r a d i a t i o n  f o r  a  p e r i o d  t o  c a u se  f o r m a t io n  

o f  A-ABA, w hich  i s  n o rm a l ly  s e p a r a t e d  b y  m ost GLC colmnns from  ABA 

(L e n to n  e t  d l  . ,  1 9 7 1 ;  S a u n d e r s ,  1 978 )-

Some w o rk e rs  have  a t t e m p t e d  t o  lo w e r  t h e  l i m i t s  o f  d e t e c t i o n  o f  

ECD f o r  a c i d i c  hormones by  fo rm in g  c h l o r i n a t e d  d e r i v a t i v e s  ( e . g .  B i t t n e r  

and  E v en -C h en , 1 9 6 5 ) ,  b u t  t h e  s e l e c t i v i t y  o f  t h e  d e t e c t o r  i s  r e d u c e d  

by  d é r i v â t i s a t i o n  o f  p r e v i o u s l y  u n d e t e c t e d  compounds.

A lth o u g h  th e  i n f o r m a t i o n  c o n te n t  o f  GLC-ECD t r a c e s  i s  low (ev e n  

w i t h  i s o m é r i s a t i o n  t e c h n i q u e s )  t h e  m ethod r e p r e s e n t s  v e r y  h ig h  

s e l e c t i v i t y  f o r  su c h  a  s im p le  sy s te m  (Reeve and C r o z i e r ,  i n  p r e s s ) ;  

s u c c e s s i v e  a p p ro x im a t io n  can  be  u s e d  t o  v e r i f y  a c c u r a c y .  The low 

l i m i t  o f  d e t e c t i o n  means t h a t  i n d i v i d u a l  p l a n t s , l e a v e s  o r  o rg a n s  

can  b e  a s s a y e d .  I n d e e d ,  B e a r d s e l l  and  Cohen (1975) d e v e lo p e d  a 

t e c h n i q u e  t o  e s t i m a t e  ABA l e v e l s  i n  125 mg sam p les  o f  l e a f  t i s s u e ,  and  

Q u a r r i e  (]_978) i n  sam p les  e q u iv a l .e n t  t o  30 mg l e a f  f r e s h  w e i g h t .

L i q u id  ch ro m a to g ra p h y  h a s  b e e n  u s e d ,  u s u a l l y  w i th  UV d e t e c t i o n  

f o r  a n a l y s i s  o f  ABA ( S w e e ts e r  and  V a t v a r s , 1 976 ;  C iha  c t  a t  . ,  1 9 7 7 )•  

The method, can  be  u s e d  f o r  p r e p a r a t i o n  p r i o r  t o  gas  ch ro m a to g rap h y -m ass  

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

i t  h a s  a  h ig h  sam ple  c a p a c i t y .

Mass s p e c t r o m e t r i c  m e th o d s ,  p a r t i c u J . a r l y  f u l l - s c a n  d e t e c t i o n  

(G a sk in  and M acM illan ,  I 9 6 8 ; Gray e t  a l . ,  1 9 7 ^ ) ,  p r o v id e  u n p a r a l l e l e d  

i n f o r m a t io n  a b o u t  ABA e x t r a c t s  (Reeve and C r o z i e r ,  i n  p r e s s ) .  Mass 

f rag rn en to g rap h y  (H il lm a n  e t  a l . ,  1974 ; Rai I t  on e t  d l  1974) h a s  

b e e n  u s e d  as a  s p e c i f i c  GLC d e t e c t o r  f o r  ABA, b u t  t h e  i n f o r m a t io n  

c o n te n t  i s  s i m i l a r  t o  t h a t  o f  GLC-FID t r a c e s  u n l e s s  s e v e r a l  i o n s  a re  

m o n i to re d  (Reeve and C r o z i e r  i n  p r e s s ) .  O th e r  h ig h  i n f o r m a t io n
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t e c h n i q u e s  u s e d  i n c l u d e  i n f r a - r e d  and n u c l e a r  m a g n e t ic  r e s o n a n c e  

s p e c t r a  ( s e e  M ilb o r ro w , 197^1 )• The common d i s a d v a n ta g e  o f  such  

m ethods i s  t h e  l a r g e  sam ple  s i z e  r e q u i r e d  f o r  a n a l y s i s .

U sing  p h y s ic o c h e m ic a l  m ethods 5 a  l a r g e  number o f  h i g h e r  p l a n t  

s p e c i e s  have  b e e n  shown t o  c o n t a i n  ABA. These  i n c l u d e  a n g io s p e r m s , 

gymiiosperms 5 a  f e r n ,  a  h o r s t a i l ,  and a  moss ( s e e  M ilb o r ro w , 1 9 7 4 ) .

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

and t h e  hormone has  b e e n  i d e n t i f i e d  i n  l e a v e s ,  r o o t s  and r e p r o d u c t i v e  

o rg a n s  (Ohkuma e t  a l . ,  1 9 6 5 ;  M ilb o r ro w ,  1 9 6 7 ) .

S h o r t l y  a f t e r  t h e  f i r s t  i s o l a t i o n  o f  ABA from  p l a n t  t i s s u e s ,  

two in d e p e n d e n t  s t u d i e s ,  u s i n g  ' i n h i b i t o r - 3 ’ e s t i m a t e s  o f  t h e  ho rm one , 

showed t h a t  t h e  a c t i v i t y  o f  t h i s  i n h i b i t o r y  zone i n c r e a s e d  a f t e r  

w i l t i n g  t h e  t i s s u e  u s e d  f o r  e x t r a c t i o n .  ( P u s t o v o i t o v a ,  1 9 6 7 , 1 970 ,

1972 ;  W rig h t ,  I 9 6 9 ) .  W rig h t  and H iron  ( I 9 6 9 ) ,  u s i n g  ORD, c o n f i rm e d  

t h a t  ABA l e v e l s  r o s e  some 7 0 - f o l d  a f t e r  a  w a t e r  s t r e s s .  They 

c o r r e l a t e d  t h i s  o b s e r v a t i o n  w i th  t h e  known s t i m u l a t i o n  by .ABA o f  

s t o m a t a l  c l o s u r e  ( M i t t e l h e u s e r  and Van S t e v e n i n k ,  1969) and t h e  

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

s t r e s s  ( s e e  M eidner  and  M a n s f i e l d ,  I 9 6 8 ) , and t h e i r  d i s c o v e r y  h as  

s i n c e  d o m in a te d  r e s e a r c h  on t h e  r o l e  o f  ABA i n  p l a n t s .  D i s c u s s io n  

o f  t h i s  a s p e c t  o f  ABA p h y s io lo g y  w i l l  be  r e s e r v e d  f o r  t h e  f o l l o w in g  

s e c t i o n .

The b i o s y n t h e s i s  and  m e ta b o l i s m  o f  ABA h a s  b e e n  r e v ie w e d  by 

M ilbo rrow  (1974) and  few a d d i t i o n s  t o % e  s u b j e c t  have  a p p e a re d  s i n c e .

From c o n s i d e r a t i o n  o f  t h e  m o le c u la r  s t r u c t u r e  o f  ABA ( e . g .  ^ e m in a l  

m e th y l  g r o u p s ,  d e g re e  o f  u n s a t u r a t i o n ) ,  i t  a p p e a r s  t o  have  a  t y p i c a l  

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

c l a s s i f i e d  as a  s e s q u i t e r p e n o i d .  R a d i o a c t i v e l y - l a b e l l e d  m e v a lo n ic  

a c i d  h a s  b e e n  i n c o r p o r a t e d  i n t o  ABA by  c e l l - f r e e  c h l o r o p l a s t  p r e p a r a t i o n s  

( M ilb o r ro w , 1 9 7 3 ) .  F a s t e r  r a t e s  o f  m e v a lo n a te  i n c o r p o r a t i o n  w ere

o b t a i n e d  when t h e  p r e p a r a t i o n  was l y s e d ,  s u g g e s t i n g  t h a t  ABA i s  n o r m a l ly  

form ed w i t h i n  t h e  c h l o r o p i a s t s  (M i11borrow , 1 9 7 3 ) .  However t h i s  may 

have  been  due t o  a  d i r e c t  e f f e c t  o f  t h e  osm oticum  u s e d  f o r  l y s i s .

B e t t e r  e v id e n c e  was o b t a i n e d  by Loveys (1977)»  wlio showed t h a t  ABA 

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

p r e s e n t  in  t u r g i d  l e a v e s .  Endogenous ABA. had  p r e v i o u s l y  b een  i d o i t i f i e d
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in  c h l o r o p l a s t  p r e p a r a t i o n s  ( R a i l t o n  e t  a l .  ̂ 1 9 î 4 ) ,  and. t h e  f a c t  

t h a t  ABA can he  s y n t h e s i s e d  by Avocado m esocarp  e t i o p l a s t s  (M ilb o r ro w ,  

1 9 7 3 ) and r o o t  sy s te m s  (W alton  e t  # 1 . ,  1976) s u g g e s t s  t h a t  AJ3A 

s y n t h e s i s  i s  a  p r o p e r t y  o f  p l a s t i d s  i n  g e n e r a l .  T h is  i s  c o n s i s t e n t  

w i th  o t h e r  t e r p e n o i d  pa thw ays  (Goodwin, 1 9 7 3 ) .

Two r o u t e s  o f  s y n t h e s i s  have  b e e n  p ro p o s e d .  The f i r s t  i n v o lv e s  

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

f a r i i e s y l  p y r o p h o s p h a te  and t h e n  by  f u r t h e r  e n z y m e -c a ta ly s e d  s t e p s  

t o  AJ3A, and t h e  s e c o n d  d e g r a d a t i o n  o f  t e t r a t e r p e n e  p ig m e n ts  i>ia x a n th o x i n .  

T a y lo r  and  Sm ith  ( 1 9Ô7 ) fo u n d  t h a t  t h e  c a r o t e n o i d  v i o l a x a n t h i n  gave 

r i s e  t o  an i n h i b i t o r  o f  c r e s s  g e r m in a t io n  a f t e r  s t r o n g  i l l u m i n a t i o n .

T h is  was l a t e r  i d e n t i f i e d  as x a n th o x in  ( F i g . 2d) w hich can be  c o n v e r t e d  

t o  ABA i n  v i v o  ( T a y lo r  and B urdon , 1 9 7 0 ,  1 9 7 3 ) .  N e v e r t h e l e s s ,  s e v e r a l  

p i e c e s  o f  e v id e n c e  f a v o u r  t h e  f i r s t  pathw ay : - l a b e l l e d  p h y to e n e

( a  c a r o t e n o i d  p r e c u r s o r )  was n o t  m e t a b o l i s e d  t o  g iv e  .ABA ( J e f f r i e s  1 9 7 2 ) ,  

and  known i n h i b i t o r s  o f  c a r o t e n o i d  b i o s y n t h e s i s  h a d  no e f f e c t  on 

m e v a lo n a te  i n c o r p o r a t i o n  i n t o  ABA.

The r a t e  o f  s y n t h e s i s  o f  ABA from  l a b e l l e d  m e v a lo n ic  a c i d  i n c r e a s e s  

d u r in g  t r e a t m e n t s  c a u s in g  low t u r g o r  ( M ilborrow  and  R o b in s o n ,  1 9 7 3 ) .

T h is  p r o b a b ly  a c c o u n ts  f o r  m ost o f  t h e  w i l t - i n d u c e d  ABA; r e l e a s e  from 

’b o u n d ' forms such  as  t h e  g lu c o s e  e s t e r  i s  p o s s i b l e ,  b u t  t h e s e  n o rm a l ly  

a c c o u n t  f o r  l e s s  t h a n  one t h i r d  o f  s h o o t  ABA c o n t e n t  (M ilb o r ro w ,  1 9 7 4 ) .

I t  h a s  b e e n  s u g g e s t e d  t h a t  'b o u n d '  ABA i s  a  r a p i d  s t o r a g e  o r  i n a c t i v a t i o n  

p r o d u c t  o f  w i l t - i n d u c e d  ABA (H iro n  and W rig h t ,  1 9 7 3 ) .

P h a s e i c  a c i d  (PA) and d ih y d r o p h a s e ic  a c i d  ( DPA) ( F i g s .  2e and 2 f )  

h av e  been  i d e n t i f i e d  as m a jo r  m e t a b o l i t e s  o f  ABA, b o th  from  s t u d i e s  o f  

m e ta b o l is m  o f  t h e  l a b e l l e d  hormone and from endogenous m easurem ents  

(W alton  and S o n d h e im e r ,  1 9 7 2 a ,  1972b ; W alton  o f  a Z . ,  1 973 ;  Loveys 

and K riedem ann 1 9 7 4 ;  H a r r i s o n  and W a l to n , 1 9 7 5 ) » S in c e  t h e s e  

m e t a b o l i t e s  have  low b i o l o g i c a l  a c t i v i t y ,  t h e  'DPA p a th w a y ' may have 

a  r o l e  i n  r e g u l a t i o n  t h e  h o rm ona l  a c t i v i t y  o f  ABA ( G i l l a r d  and W a l lo n ,

1 9 7 6 ) . R e s u l t s  o f  H a r r i s o n  and W alton (1975) s u g g e s t  t h a t  r a t e s  o f  

s y n t h e s i s  and m e ta b o l is m  o f  ABA b o th  r i s e  d u r in g  w a t e r  s t r e s s .  PA 

i n h i b i t s  p h o t o s y n t h e s i s ,  w h i l s t  ABA does n o t  (Kriedm ann and L ov ey s ,

1 9 7 5 )- I h e s e  a u th o r s  c o n s i d e r  t h a t  t h e  m e t a b o l i t e  may c o n t r o l  p h o to -  

s y n t h e t i c  r e s p o n s e s  t o  w a t e r  s t r e s s .
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M ilborrow  (1974) r e v ie w e d  t h e  b i o l o g i c a l  a c t i v i t y  o f  ABA m e t o b o l i t o s  

and. a n a lo g u e s .  I t  a p p e a r e d  t h a t  few had  a c t i v i t y  a p p ro a c h in g  t h a t  o f  

ABA i t s e l f  i n  t h e  a s s a y  sy s tem s  i n v e s t i g a t e d .  The m e ta b o l is m  r a t e s  

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

r a p i d l y .  E s s e n t i a l  r e q u i r e m e n ts  f o r  a c t i v i t y  a p p e a r e d  t o  b e  a co m p le te  

p e n t a d i e n e  s i d e  c h a in  i n  o i s t v a n a  c o n f i g u r a t i o n ,  h a v in g  a  c a rb o x y l  

group  o r  a  g roup  w hich c o u ld  be  c o n v e r t e d  t o  i t ,  i n  t h e  1 p o s i t i o n .

The r i n g  c o u ld  have  v a r i o u s  m o d i f i c a t i o n s  w i th o u t  e f f e c t ,  a lthoufjl i  a  

4 ' d o u b le  bond  e n h a n ce d  a c t i v i t y .  M ilborrow  s u g g e s t e d  t h a t  many a .c t iv e  

a n a lo g u e s  m iglit  w e l l  be  c o n v e r t e d  t o  ABA i n  v i v o .

The d a t a  m ost r e l e v a n t  t o  e f f e c t s  on s t o m a t a l  a c t i o n  w ere  p u b l i s h e d  

a f t e r  M ilborrow* s r e v ie w .  O rton  ai.id M a n s f i e l d ( 1974) , u s in g  t h e  

Commel i n a  s to m a ta l .  b i o a s s a y  o f  Ogunkanmi e t  d l -  » (1973)  o b t a i n e d  s i m i l a r  

r e s u l t s  t o  t h o s e  o f  McV/ha e t  d l - ^  ( 1 9 7 2 ) ,  a l th o u g b  t h e y  found  t h a t  t h e  

4 do u b le  bond  i n  t h e  s i d e  c h a in  c o u ld  b e  s u b s t i t u t e d  by  a t r i p l e  b o n d .

B e fo re  a s s e s s i n g  t h e  r o l e  o f  w i l t - i n d u c e d  ABA, i t  i s  n e c e s s a r y  t o  

c o n s i d e r  o t h e r  a s p e c t s  o f  p l a n t  p h y s io lo g y  f o r  w hich  ABA in v o lv e m e n t  

h a s  been  h y p o t h e s i s e d .  S p a c e ,  h o w e v e r ,  does n o t  p e r m i t  a  c o m p reh en s iv e  

r e v i e w , and t h i s  can be  o b t a i n e d  i n  s e v e ra l ,  a r t i c l e s  w h ich  w i l l  be  

c i t e d .

ABA was f i r s t  i s o l a t e d  i n  t h e  c o u r s e  o f  r e s e a r c h  on t h e  c o n t r o l  

o f  dormancy and a b s c i i s io n ,  so  i t  i s  n o t  s u r p r i s i n g  t h t i t  t h e s e  a s p e c t s  

f i g u r e  h i ^ l y  i n  t h e  l i t e r a t u r e .  I n d e e d ,  t h e  name a b s c i s i c  a c i d  im p l ie s  

a b s c i s s i o n  a c t i v i t y .  A d d ic o t t  and  W ia t r  (.1977) sum m arised  t h e  e f f e c t s  

o f  a b s c i s i c  a c i d  on a b s c i s s i o n ,  as d i d  M ilbo rrow  ( 1 9 7 4 ) .  The l a t t e r  

a u th o r  a rg u e d  t h a t  s i n c e  v e ry  h i g h  ABA c o n c e n t r a t i o n s  w ere  n e c e s s a r y  

t o  o b t a i n  e f f e c t s ,  t h e s e  u n p h y B io lo g ic a l  amounts m igh t s t i m u l a t e  

e t h y l e n e  p r o d u c t i o n .  E th y le n e  i s  v e ry  a c t i v e  i n  p ro m o t in g  a b s c i s s i o n  

( s e e  Abe3.es , 1974) and  enhanced  p r o d u c t i o n  o f  t h e  gas h a s  b e e n  shown 

f o l l o w i n g  ABA a p p l i c a t i o n  (Gertm an and F u c h s ,  1 9 7 2 ) .  N ever the3 .ess  , 

good c o r r e l a t i o n s  be tw een  ABA l e v e l s  i n  c o t t o n  f r u i t  and  d e h is c e n c e  

and p r e m a tu r e  a b s c i s s i o n  w ere  found, by  D avis  and  A d d ic o t t  (1 9 7 2 ) .

S eed  g e r m i l i a b i l i t y  was a l s o  a f f e c t e d  i n  i n v e r s e  r e l a t i o n s h i p  t o  ABA 

l e v e l s .  C o r r e l a t i o n s  b e tw e en  w a t e r  s t r e s s  and l e a f  f a l l  h av e  b een  

n o te d  ( M ilb o r ro w , .3 974) and a r o l e  f o r  s t r e s s - i n d u c e d  e t h y l e n e  h a s  

been  p ro p o se d  ( J a c k s o n  and O s b o rn e ,  1 9 7 0 ) .
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To some e x t e n t  t h e  o r i g i n a l  p o s t u l a t e d  r o l e  o f  ABA ( ’ d o r m in ')  

i n  dormancy h a s  b e e n  d i s c r e d i t e d  by  i . a t e r  phys icochem i c n im e a su re m e n ts  

o f  hormone c o n t e n t .  L en to n  e t  d l , ^  ( 1 9 7 2 ) ,  u s in g  GLC t e c h n i q u e s ,  

found  t h a t  an i n c r e a s e  i n  i n h i b i t o r - p  l e v e l s  i n  b i r c h  tw ig s  i n  r e s p o n s e  

t o  s h o r t - d a y  t r e a t m e n t ,  shown by E a g le s  and  W areing  ( 1 9 6 4 ) ,  was n o t  

due t o  i n c r e a s e d  ABA l e v e l s , b u t  r a t h e r  t o  an i n c r e a s e  i n  o t h e r  

i n h i b i t o r y  compounds. S i m i l a r l y ,  A lvim  e t  a Z . ,  1976) found  

d i s c r e p a n c i e s  b e tw e en  i n h i b i t o r - p  and ABA d e t e r m i n a t i o n s .  D i f f i c u l t y  

h a s  b e e n  e x p e r i e n c e d  i n  r e p e a t i n g  e a r l y  work w hich  s u g g e s t e d  ABA 

c o u ld  in d u c e  dorm ant buds  (H il lm a n  e t  a Z . ,  1 9 7 3 ) .  Some c o r r e l a t i o n s  

b e tw e en  ABA l e v e l s  and  dormancy have  b e e n  found  ( s e e  M ilb o r ro w ,  1 974 ;  

A lvim  e t  d l .  , 1 9 7 6 ) .  ABA c a u s e s  t h e  f o rm a t io n  o f  dorm ant ' t u r i o n s '  

i n  Lemna ( S t e w a r t ,  I 9 6 9 ) .

ABA i n h i b i t s  s e e d  g e r m in a t io n  i n  many s y s te m s .  I t s  e f f e c t s  on 

the. b a r l e y  a lu e r o n e  sy s te m  a r e  p r o b a b ly  t h e  m ost e x t e n s i v e l y  

i n v e s t i g a t e d  ( s e e  M ilb o r ro w ,  1 9 7 4 ) .  L e v e ls  o f  ABA may b e  c o r r e l a t e d  

w i t h  s t r a t i f i c a t i o n  ( s e e  M i lb o r ro w , 1974) and  A13A l e v e l s  o f  l e t t u c e  

' s e e d '  f e l l  3 0 - f o l d  a f t e r  24h i m b i b i t i o n  (McWha, 1 9 7 3 ) .  Kalm (1975) 

p ro p o s e d  t h a t  s e e d  dormancy was c o n t r o l l e d  by a b a l a n c e  o f  i n h i b i t o r ( s )  

and  ' p ro m o to r(  s ) ' . O f t e n ,  ABA h a s  b e e n  assumed t o  b e  t h e  i n h i b i t o r ,  

b u t  r e c e n t  e v id e n c e  s u g g e s t s  t h a t  s h o r t - c h a i n  f a t t y  a c id s  may be  

i m p o r ta n t  ( B e r r i e e A  a Z . ,  1975)*

I n h i b i t i o n  o f  w hole  p l a n t  grow th  o r  c o l e o p t i l e  and  r o o t  e x t e n s i o n  

i s  one o f  t h e  m ost f r e q u e n t l y  c i t e d  ABA e f f e c t s  ( M ilb o r ro w , 1974) , b u t  

t h e r e  i s  l i t t l e  d i r e c t  e v id e n c e  t o  s u g g e s t  c o n t r o l  o f  g row th  phenomena 

by  ABA. T here  i s  no knovm i n h i b i t o r  o f  ABA s y n t h e s i s  a v a i l a b l e  t o  

t e s t  t h e  e f f e c t s  o f  ABA rem o v a l  on g row th . C e r t a i n l y ,  f l a e c a ^  t h e  

w i l t y  to m a to  m u ta n t  w i t h  l o w e re d  ABA l e v e l s  does  n o t  e x l i i b i t  s p i n d l y  

g row th  (M ilb o r ro w ,  1 9 7 4 ) .  Simpson and S au n d e rs  (1972) found  no 

d i f f e r e n c e s  i n  t h e  ABA c o n t e n t s  o f  t a l l  and d w a rf  v a r i e t i e s  o f  p e a ,  

e i t h e r  t u r g i d  o r  w i l t e d .  Q u a r r i e  and J o n e s  (1977) compai'ed t h e  

e f f e c t s  o f  ABA a p p l i c a t i o n  and  w a t e r  s t r e s s  t r e a t m e n t s  on w heat g row th  

and found t h e y  w ere  s i m i l a r  i n  many r e s p e c t s .  I t  i s  p o s s i b l e  t h a t  

ABA e f f e c t s  on w hole  p l a n t  g row th  a r e  s e c o n d a ry  t o  e f f e c t s  on s tom a ta ] ,  

a p e r t ' iu ’e . However, r a p i d  changes  i n  c o l e o p t i l e  and- r o o t  grovfth upon 

ABA a p p l i c a t i o n  c a n n o t  be  e x p l a i n e d  i n  t h i s  way. M aird  (1977) has
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p o s t u l a t e d  a  common s i t e  f o r  h o m o n e  a c t i o n  i n  such  phenomena a t  t h e  

me mbrane 1ev e 1 ,

ABA h a s  b e e n  p r o p o s e d  as t h e  i n h i b i t o r  o f  r o o t  e x t e n s i o n  which 

u n d e rg o e s  l a t e r a l  t r a n s p o r t  i n  p o s i t i v e  r o o t  g e o t r o p i s m  ( s e e  W i l k in s ,

1 9 7 7 )5  b u t  t h e r e  i s  a  l a c k  o f  d i r e c t  e v id e n c e  c o n c e r n in g  such  t r a n s p o r t  

o f  a p p l i e d  /lBA. I n d e e d  H a r tu n g  (1976) found  upward  movement o f  l a b e l  

from  r a d i o a c t i v e  ABA r a t h e r  t h a n  t h e  e x p e c t e d  downward movement.

F u r th e r m o r e ,  t h e  r o o t s  o f  / Z a o e a  b e h a v e  i n  n o rm a l  f a s h i o n  ( I t a i  , p e r s  . coiimi. ) .  

X an th o x in  and  o t h e r  i n h i b i t o r s  have  b e e n  s u g g e s t e d  as  a l t e r n a t i v e s  t o  

ABA (W ain, 1977 ; D o r f f l i n g ,  1 9 7 8 ) .

ABA h a s  b e e n  i m p l i c a t e d  i n  t h e  c o n t r o l  o f  s e n e s c e n c e  (C o lq u h o u n ,

1974 ;  M ilb o r ro w , 1 9 7 4 ) ,  b u t  m ost e x p e r im e n ts  have  b e e n  c a r r i e d  o u t  on 

l e a f  d i s c  sy s tem s  r a t h e r  t h a n  w hole  p l a n t s .  AJ.though ABA h a s  e f f e c t s  

on p ig m en t  l o s s  from  r a d i s h  l e a f  d i s c s  w i t h i n  one d a y ,  o v e r  a  s i x - d a y  

p e r i o d  i t  a p p e a r s  t o  r e t a r d  c h l o r o p h y l l  d e g r a d a t i o n  ( Colqulioun and 

H il lm an  , 1 9 7 2 ) .  The ’ s e n e s c e n c e  f a c t o r '  o f  O sb o rn e ,  w hich  a c c e l e r a t e s  

l e a f  a g e in g ,  does n o t  a p p e a r  t o  b e  ABA (O sborne  e t  a l  . , 1 9 7 2 ) .

E th y le n e  may be  i m p o r t a n t  i n  c o n t r o l  o f  s e n e s c e n c e  (M ilb o r ro w ,  1 9 7 4 ) ,  

and  g i b b e r e l l i n s  have  a l s o  a  p o s s i b l e  r ô l e  (D a v ie s  e t  a l . ,  1977)*

E f f e c t s  o f  ABA have  a l s o  b e e n  n o t e d  on f r u i t  s e t  and  d e v e lo p m e n t ,  

f l o w e r i n g ,  membrane p e r m e a b i l i t y ,  g row th  s t i m u l a t i o n  and  a p i c a l  

dom inance (M l.lborrow , 1 9 7 4 ) .

T a k in g  i n t o  a c c o u n t  t h e  o f t e n  c o n t r a d i c t o r y  and  e q u iv o c a l  e v id e n c e  

c i t e d  above 3 and  t h e  c r i t e r i a  f o r  hormone a c t i o n  d i s c u s s e d  i n  t h e  f i r s t  

s e c t i o n ,  i t  a p p e a r s  t h a t  t h e  e v id e n c e  i m p l i c a t i n g  ABA i n  c o n t r o l  o f  

t h e s e  phenomena i s  p o o r .  Many e x p e r im e n ts  have  b e e n  d e s c r i b e d  i n v o l v i n g  

t h e  a p p l i c a t i o n  o f  h ig h  c o n c e n t r a t i o n s  o f  t h e  hormone : t h i s  o b v i o u s l y

h i ^ l y  a c t i v e  m o le c u le  may c o n s e q u e n t ly  p e n e t r a t e  t o  p o o l s  and 

com partm en ts  w here  i t  i s  n o t  n o r m a l ly  p r e s e n t ,  t o  a c t  i n  a  m anner 

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

t o  d e c id e  w h e th e r  e f f e c t s  d e s c r i b e d  a r e  d i r e c t  o r  i n d i r e c t ;  i n  many 

c a s e s  r e s p o n s e s  o b s e rv e d  can b e  r e i n t e r p r e t e d  i n  t h e  l i g h t  o f  s u b s e q u e n t  

know ledge o f  t h e  e f f e c t s  o f  w i l t i n g  on ABA l e v e l s  and  ABA in v o lv e m e n t  

i n  s t o m a t a l  movement and  io n  t r a n s p o r t .  Thus t h e  s m a l l  i n c r e a s e  i n  

s p in a c h  l e a f  ABA c o n te n t  f o l l o w i n g  ' l o n g - d a y '  t r e a t m e n t  may be  due t o  

s l i g h t  w i l t i n g  ( Z e e v a a r t ,  1971) ; t h e  r e d u c t i o n  i n  w hole  p l a n t  grow th
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a l t e r  ABA a p p l i c a t i o n  may b e  due t o  l a c k  o f  COg- f i x a t i o n  p r o d u c t s  

f o l l o w i n g  s t o m a t a l  c l o s u r e  ( Q u a r r i e  and J o n e s ,  1 9 7 7 ) »

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

ABA i n  p l a n t  r e c o v e r y  from s t r e s s  v i a  s to m a t a l  c lo e u i 'e  and  o t h e r  

e f f e c t s  w i l l  be  r e v ie w e d .

SECTION X I I ,  ABA, m TER STRESS AND STOMATAL RESPONSES

An a r e a  o f  p l a n t  p h y s io lo g y  w hich  h a s  s e en  much e x p a n s io n  i n  

r e c e n t  y e a r s  i s  t h a t  o f  phy tohorm one in v o lv e m e n t  i n  p l a n t  w a t e r  

r e l a t i o n s .  I n  p a r t i c u l a r ,  i t  h a s  become e v id e n t  t h a t  p l a n t s  have  

ho rm ona l  mechanisms b y  w h ich  t h e y  can  re s p o n d  t o  c o n d i t i o n s  o f  w a t e r  

d e f i c i t  s t r e s s .  T h is  s i l b j e c t  h a s  b een  re v ie w e d  b y  I t a i  and  B e n z io n i

(1 9 7 6 ) ,  V a a d ia  ( 1 9 7 6 ) ,  and  M a n s f i e ld  e t  a l ,  ( 1 9 7 8 ) ,  and i t  c l e a r  t h a t

two i m p o r ta n t  g roups  o f  compounds i n  t h i s  c o n te x t  a p p e a r  t o  be  t h e  

c y t o k i n i n s  and  ABA p l u s  r e l a t e d  compounds. A l a r g e  body o f  

i n f o r m a t i o n  h a s  accumu3.ated c o n c e r n in g  t h e  ho rm ona l r o l e  o f  ABA in  t h e  

m o d u la t io n  o f  p l a n t  r e s p o n s e s  t o  w a t e r  s t r e s s  v i a  e f f e c t s  on s t o m a t a l  

a p e r t u r e  and  t h e  f o l l o w i n g  5 l i n e s  o f  r e s e a r c h  have  c o n t r i b u t e d

s i g n i f i c a n t l y  t o  know ledge o f  t h i s  phenomenon.

1 .  The a f t e ^ i ^ e f f e c t s  o f  s t r e s s  on s to m a ta l  a p e r tu r e

A l a r g e  number o f  p a r a m e te r s  o f  p l a n t  grow th and deve lopm en t a r e  

a f f e c t e d  by w a t e r  s t r e s s  (K o z lo w s k i ,  I 9 6 8 ) and i t  h a s  been  known f o r  

many y e a r s  t h a t  f o l l o w i n g  s t r e s s ,  s to m a ta  a r e  s low  t o  r e c o v e r  f u l l  

a p e r t u r e  d e s p i t e  w a t e r i n g .  I n  t h e i r  r e s p e c t i v e  r e v i e w s ,  I l j i r i  (1957) 

and  H s ia o  (1973) c i t e  s e v e r a l  ex a m p les .

A number o f  s t u d i e s  have  i n d i c a t e d  t h a t  t h e r e  i s  a  l e a f  w a te r  

p o t e n t i a l  ( Y) t h r e s h o l d  above w hich  s to m a ta l  o p e n in g  rem a in s  r e l a t i v e l y  

c o n s t a n t ,  o t h e r  c o n d i t i o n s  b e in g  e q u a l .  Below t h i s  v a l u e ,  how ever ,  

l e a f  r e s i s t a n c e  h as  b een  shown t o  r i s e  s h a r p l y ,  i n c r e a s i n g  20 t o  30 f o l d  

f o r  a  d rop  in  Y o f  0 ,5  MPa ( s e e  H s i a o ,  1 9 7 3 ) .  The f a c t  t h a t  t h i s  

lo w e r in g  i n  s t o m a t a l  a p e r t u r e  c o n t i n u e d  a f t e r  a d e q u a te  w a t e r i n g  

i n d i c a t e d  t h a t  some p h y s i o l o g i c a l  a d a p t io n  h a d  t a k e n  p l a c e  (A llaw ay  

and  M a n s f i e ld  1 9 7 0 ) .  F i s c h e r  (1970) pJ.aced e p id e r m a l  s t r i p s  from  n on -

1 . Tl] rough  o u t  t h i s  t h e s i s ,  t h e  c o n t r a c t e d  p h r a s e  'w a t e r  s t r e s s '  i s  
to l l  en t o  im ply  'w a t e r  d e f i c i t  s t r e s s ' .
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s t r e s s e d  V i c ia  l e a v e s  on t h e  mesopliyJJ. o f  s t r e s s e d  l e a v e s  and v i c e  V ersa .  

S t r i p s  t i - f i n s f e r r e d  t o  s t r e s s e d  m e s o p h y l l  e x h i b i t e d  d e p r e s s e d  s to m a ta l  

o p e n in g ,  w h i l s t  s t r i p s  from  s t r e s s e d  l e a v e s  had  i n c r e a s e d  s to m a ta l  

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

a p p e a r  t o  a f f e c t  r e s p o n s e  o f  s to m a ta  t o  C O ^-free  a i r  o r  CO c o m p e n sa t io n  

p o i n t .  E a r l i e r ,  S t S l f e l t  ( 1 9 6 1 ) showed t h a t  m ild  w a t e r  s t r e s s  c o u ld  

r e v e r s e  s t o m a t a l  o p e n in g  e l i c i t e d  by CO,.yfree a i r ,  i n d i c a t i n g  an 

in d e p e n d e n c e  o f  t h e  two f a c t o r s .  F i s c h e r  ( l9 T 0 )  c o n c lu d e d  t h a t  a 

m a jo r  p a r t  o f  t h e  s to m a te i l  a d a p t i o n  t o  s t r e s s  l a y  i n  an e f f e c t  on t h e  

g u a rd  c e l l s .

The h y p o t h e s i s  t h a t  i n h i b i t i o n  o f  s t o m a t a l  o p e n in g  m ig h t  be  due t o  

w i l t - i n d u c e d  ABA was f i r s t  p ro p o s e d  b y  W righ t and H iro n  ( 1 9 6 9 ) who s t a t e d  

" . . . s o m e  o f  t h e  p h y s i o l o g i c a l  r e s p o n s e s  in d u c e d  by w a t e r  s t r e s s  i n  t h e  

f i e l d  ( t h a t  i s ,  t e m p o r a r i l y  r e d u c e d  grow th  r a t e ,  c l o s u r e  o f  s to m a ta  

and s o  on) m ig h t  b e  r e g u l a t e d  b y  an i n c r e a s e  i n  t h e  c o n te n t  o f  ( ± ) -  

a b s c i s i c  a c i d  ( s i c )  i n  t h e  p l a n t  t i s s u e s " .

A d a p t io n  t o  w a t e r  s t r e s s  has  many f a c e t s .  The i n i t i a l  r e a c t i o n s  t o  

su ch  s t r e s s e s  as l e a f  e x c i s i o n  a p p e a r  t o  be  m e c h a n ic a l  ( h y d r o p a s s iv e )  i n  

o r i g i n  ( s e e  M e id n e r ,  1965 ;  R a sc h k e ,  1 9 T 5 a ) • Thus s l i g h t  i n i t i a l  

s t o m a t a l  c l o s u r e  i s  o f t e n  f o l lo w e d  by  o p e n in g ,  a p p a r e n t l y  g o v e rn e d  b y  

r e l e a s e  o f  xy lem  t e n s i o n .  Only a f t e r  s e v e r a l  m in u te s  does s to m a t a l  

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

{ h y d r o a c t i v e ) . I n  t h e  l o n g e r  t e r r a  an o sm o tic  a d ju s tm e n t  may o c c u r

( H s ia o ,  1973 ; Dodoo, 1977)* C l e a r l y , t h e s e  f a c t o r s  must be 

c o n s id e r e d  i n  r e l a t i o n  t o  h y p o t h e s i s e d  r ô l e s  f o r  ABA,

2 . ABA e f f e c t s  on s to m a ta l  a p e r tu r e

The f i r s t  i n d i c a t i o n  t h a t  ABA m ig h t  a f f e c t  s t o m a t a l  movements 

came i n  a  s h o r t  com m unica tion  from  L i t t l e  and E i d t  ( 1 9 6 8 ) .  In  t h e  

c o u rs e  o f  e x p e r im e n ts  on t h e  e f f e c t s  o f  t h e  hormone on bud  b r e a k ,  t h e y  

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

a f t e w a r d s  5 M i t t e l h e u s e r  and Van S te v e n in c k  (1 9 6 9 ) r e p o r t e d  t h a t  ABA 

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

i n  s t o m a t a l  a p e r t u r e  and a  d e c r e a s e  i n  w a t e r  l o s s .  They c o n f i rm e d  

e a r l i e r  r e s u l t s  o f  L ivne  and V a a d ia  (1 9 6 5 ) t h a t  k i n e t  in  h a d  th e  o p p o s i t e  

e f f e c t .  M eidner  ( 1 9 6 7 ) h a d  shown t h a t  k i n e t i n  a p p e a re d  t o  a c t  by
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d e p r e s s i n g  i n t e r c e l l n l a r - s p a c e  CO^ l e v e l s ,  b u t  Jo n e s  and M a n s f i e ld  

( 1 9 7 0 ) showed t h a t  t h e  ABA e f f e c t  was n o t  due t o  changes  i n  l e a f  CO^ 

s t a t u s .  Fm’t h e r m o r e , H o r to n  ( 1 9 7 0 ) ,  u s in g  i s o l a t e d  e p id e r m a l  s t r i p s ,  

showed t h a t  w h i l s t  ABA p r e v e n t e d  s t o m a t a l  o p e n in g ,  k i n e t i n ,  b e n z y la -  

d e n in e  and GA  ̂ had  no s i g n i f i c a n t  e f f e c t .  T h is  e v id e n c e  s u g g e s t e d  

t h a t  ABA had  a d i r e c t  e f f e c t  on t h e  s t o m a t a l  a p p a r a t u s ,  w hereas  

k i n e t i n  a f f e c t e d  stom ata , i n d i r e c t l y .

M a n s f i e ld  and  J o n e s  (1971) i n i t i a t e d  work on t h e  mode o f  a c t i o n  

o f  ABA. They showed t h a t  ABA t r e a t m e n t  r e s u l t e d  i n  a  f a l l  i n  g u a rd  

c e l l  , o sm o t ic  p r e s s u r e ,  w h i l s t  t h e  v a lu e  f o r  t h e  s u b s i d i a r y  c e l l s  

r e m a in e d  c o n s t a n t .  U s in g  h i s t o c h e m i c a l  t e c h n i q u e s ,  t h e y  found t h a t  

t h e  numbers o f  s t a r c h  b o d i e s  i n c r e a s e d ,  and  p o ta s s iu m  io n  l e v e l s  

d e c r e a s e d ,  i n  g u a rd  c e l l s  on e p id e r m is  t r e a t e d  w i t h  t h e  horm one.

H o r to n  and Moran (1972) c o n f i rm e d  t h a t  ABA i n h i b i t e d  p o ta s s iu m  i n f l u x  

t o  g u a rd  c e l l s .  T h e s e ,  t h e n ,  w ere  s i m i l a r  e f f e c t s  t o  t h o s e  o b s e rv e d  

d u r in g  s t o m a t a l  c l o s u r e  c a u s e d  by  h ig h  CO  ̂ l e v e l s ,  d a r k n e s s ,  o r  

n a t u r a l  rhy thm s ( s e e  M eidner  and M a n s f i e ld ,  I 9 6 8 ) .

The in te r d e p e n d e n c e  b e tw een  00^, and ABA in  c a u s i n g  c l o s u r e  was 

f u r t h e r  i n v e s t i g a t e d  by Loveys e t  d l..  ( 1 9 7 3 ) ,  who showed t h a t  00^ 

t r e a t m e n t  d i d  n o t  a l t e r  w hole  l e a f  ABA l e v e l s  in  g r a p e . R aschke 

( 1975b )  n o t e d  t h a t  t h e  r e s p o n s e  t o  X anth ium  t o  ABA was d e p e n d en t  

on t h e  COg c o n c e n t r a t i o n  (a n d  v i c e  vevsa^  i n  h i s  e x p e r i m e n t s ) .  

M a n s f i e ld  (1 9 7 6 a ) fo u n d  a d e la y  i n  t h e  r e s p o n s e  o f  s to m a ta  t o  ABA in  

C O g-free  a i r  b u t  no  s t a t i s t i c a l  i n t e r a c t i o n  be tw een  ABA and  CO^.

He c o n c lu d e d  t h a t  t h e i r  mode o f  a c t i o n  was d i f f e r e n t ,  b u t  t h a t  t h e r e  

w ere  c o n d i t i o n s  i n  w hich  t h e y  c o u ld  m u tu a l ly  i n t e r f e r e .

ABA h a s  b e e n  shown t o  a f f e c t  s t o m a t a l  a p e r t u r e  when a p p l i e d  i n  

many waj^g. C lo s u re  h a s  been  n o t e d  when w hole  p l a n t s  w ere  s p ra y e d  

w i t h  ABA (Tal. and  I ra b e r ,  1 9 7 0 ) ,  when t h e  hormone was s u p p l i e d  t o  

e p id e r m is  t i s s u e  i n  b u f f e r  (W il lm er  e t  d l . ,  1 9 7 8 ) ,  a n d ,  most commonly, 

a f t e r  a p p l i c a t i o n  v i a  t h e  t r a n s p i r a t i o n  s t r e a m  ( M i t t e l h e u s e r  and Van 

S t e v e n i n c k ,  1 9 7 1 ) » A w ide  ra n g e  o f  s p e c i e s  a r e  a f f e c t e d  by  t h e  

hormone ( s e e  M ilb o r ro w , 1974; R a sc h k e ,  1 9 7 5 a ) .  L a n c a s t e r  e t  a l .  

( 1 9 7 7 ) r e p o r t e d  t h a t  s to m a ta  o f  one p l a n t ,  I'jupinus l u t e u s ^  seemed 

re m a rk a b ly  i n s e n s i t i v e  t o  ABA, a l t h o u g h  i t  d id  have  e f f e c t s .

The sp e e d  o f  t h e  c l o s i n g  r e a c t i o n  i n  m ost p l a n t s  r a n k s  w i t h  t h e  

f a s t e s t  known p l a n t  hormone r e s p o n s e s  (M ilb o rro w ,  1974) o c c u r r i n g
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w i t h i n  5"10 min i n  some sy s te m s  (Cummins e t  aZ-.j 1971 ;  K riedem ann

e t  a Z . ,  1 9 7 2 ) ,  M o reo v e r ,  v e ry  l i t t l e  ABA i s  r e q u i r e d  t o  e . ] . i c i t
~3a r e s p o n s e .  The hormone i s  a c t i v e  a t  100 nmol m ” (Ogunkamni e t  a Z . ,  

1 9 7 3 ) and  K riedem ann e t  a t ,  ( 1 9 7 2 ) ,  u s in g  r a d i o a c t i v e  ABA, c a l c u l a t e d  

t h a t  as l i t t l e  as 90 fm ol mm l e a f  a r e a  was p r e s e n t  in  F rench  hean  

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

A lth o u g h  e f f e c t s  o f  l e a f  s p r a y s  on a p e r t u r e  and t r a n s p i r a t i o n  

p e r s i s t  f o r  days (M iz ra l i i  e t  a ï .  1 9 7 4 ,  s h o r t - t e r m  t r a n s p i r a t i o n  

s t r e a m  a p p l i c a t i o n  e f f e c t s  w ere  r a p i d l y  r e v e r s i b l e  (Cummins, 1 9 7 3 ) .

T h is  was a p p a r e n t l y  n o t  due t o  m e ta b o l i s m ,  so Cummins c o n c lu d e d  t h a t  

some c o m p a r tm e n ta l i s a t i o n  h a d  o c c u r r e d ,  and  t h a t  n o n - e p id e rm a l  l e a f  

t i s s u e  may have a c t e d  a s  a  s i n k  f o r  t h e  horm one.

R ecen t  i n v e s t i g a t i o n s  on t h e  e f f e c t s  o f  ABA have  c o n c e n t r a t e d  on

i t s  mode o f  a c t i o n  and  t h e s e  a r e  r e v ie w e d  i n  t h e  n e x t  i n t r o d u c t o r y

s e c t i o n .  To sum m arise  t h e  above e v id e n c e ,  i t  seems t h a t  ABA 

a p p l i c a t i o n  can mimic some o f  t h e  ' h y d r o a c t i v e ' e f f e c t s  o f  w a te r  

s t r e s s  on s to m a t a l  a p e r t u r e .

3 , W'l-Vt-'Lnduoed ABA and  c o r r e ï a t i o n s  w i t h  s to m a ta ï  a p e r tu r e

The p i o n e e r i n g  work o f  P u s t o v o i t o v a  and W righ t  w hich  showed t h a t

ABA was p ro d u c e d  i n  s h o o t s  d u r in g  w i l t i n g  ( P u s t o v o i t o v a ,  1967 ; 1 970 ;  

1972  ; W r ig h t ,  I 9 6 9 ; W rig h t  and H i r o n ,  I 9 6 9 ) was l a t e r  c o r r o b o r a t e d  

i n  many o t h e r  l a b o r a t o r i e s ,  u s in g  a  w ide  v a r i e t y  o f  p l a n t  s p e c i e s  and  

p l a n t  p a r t s .  A s e l e c t i o n  o f  r e p r e s e n t a t i v e  r e s u l t s  i s  shown in  

T a b le  2 .

P a r t i c u l a r  em phas is  h as  been  p l a c e d  on c o r r e l a t i o n s  be tw een  

s t r e s s ,  ABA l e v e l s ,  and. s t o m a t a l  a p e r t u r e - o r  l e a f  r e s i s t a n c e .  H iro n  

and  W righ t  (1973) d e s c r i b e d  a s t r e s s  t r e a t m e n t  i n  w hich  F ren ch  b e a n  

s e e d l i n g s  w ere  ex p o sed  t o  a  c o n t in u o u s  s t r e a m  o f  a i r  a t  33 C. The 

p l a n t s  were o b s e rv e d  f i r s t  t o  w i l t ,  and th e n  t o  g r a d u a l l y  r e c o v e r  f u l l  

t u r g o r .  D u r in g  t h e  s t r e s s ,  l e a f  r e s i s t a n c e  t o  a i r  f low  i n c r e a s e d  

r a p i d l y  a t  t h e  o n s e t  o f  w i l t i n g .  L e a f  ABA l e v e l s  w ere  e s t i m a t e d  by 

b i o a s s a y ,  and e x h i b i t e d  a  r e m a rk a b le  p a r a l l e l i s m  w i th  l e a f  r e s i s t a n c e .  

Leaves a t  d i f f e r e n t  s t a g e s  i n  t h e  s t r e s s  u e r e  e x c i s e d  and in c u b a t e d  

f o r  h h t o  s e e  w h e th e r  t h e  ABA--accumulating sy s te m  was ' s w i t c h e d '  on 

o r  o f f .  The r e s u l t s  i n d i c a t e d  t h a t  when in  a  w i l t e d  s t a t e ,  s y n t h e s i s
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Table  2: Compaiâaon o f  Enâoqenoue ABA L ev e ta  B e fo re  and

A f t e r  \‘k i t e r  S t r e s s e e .

R eference
P l a n t  M a te r ia l  T reatm en t g iv e n

used  f o r  s t r e s s
Endogenous l e v e l s ^ .  
fo u n d /  ug k g . f .w .  

mg m""3 f o r  n .u id s

C o n tro l  S t r e s s e d

Hiron and Pjtaeo'liiB warm a i r
W right (19T3) vuTgarta  l e a v e s  s t r e s s  (4 h) Uo 301

Hoad (19T3) R ic in u s  l e a v e s  w a te r  w i th h e ld  from
p l e n t s

Milborrow end E x c ise d  
Robinson Heliarnthus
(1973) r o o t s

30^ f .w .  l o s s

31

27

It 10 

85

Walton e t  a ï .  Roots from PEG 6000 -  0 .1  MPa
(1 9 7 6 ) whole P. V u lg a r is  s t r e s s  in  ro o t  medium 6

p l a n t s

Walton e t  a l .  E x c ise d
(1976) P, V u lg a r is  

r o o ts

30^ f .w .  l o s s 19

62

81

Davison and Xylem sap  from c o l l e c t e d  from
Young ( 1 9 7 2 ) many s p e c i e s  f i e l d

ranged  from 
0 .1  t o  10

Hoad (1975) Xylem sap  from PEG 1000 -  1 .2  î-ÎPa
H e lia n th u s  s t r e s s  in  r o o t  medium 1 .5 lo

Hoad ( 1 9 7 3 ) Phloem sap  from w a te r  w i th h e ld  from 
R'l.ci-nuG p l a n t s 1 0 5 * 900 #

Z e e v a a r t  Phloem sap  from w a te r  w i th h e ld  from
(1977) R ic in u a  p l a n t s  200 2300

*• Mean v a lu e s
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was h i g h ,  h u t  when t u r g i d ,  s y n t h e s i s  was low . J 'u r th e r m o r e , t h e  

ap jpa ren t  f r e e  ABA l e v e l  i n  ' r e c o v e r e d '  l e a v e s  d ro p p ed  d u r in g  t h e  

i n c u b a t i o n ,  i n d i c a t i n g  m e ta b o l i s m  o f  t h e  ABA. T h is  may have  b e e n ,  

a t  l e a s t  i n  p a i - t ,  c o n v e r s io n  t o  a  c o n ju g a t e  o f  some form .

L a r g e ly  from  t h e s e  r e s u l t s ,  M ilbo rrow  (197^) c o n s id e r e d  t h a t  

t h e r e  were t h r e e  p h a s e s  t o  t h e  r e g u l a t i o n  o f  ABA l e v e l s  d u r in g  s t r e s s : -

( i )  R a p id  s y n t h e s i s  t r i g g e r e d  hy t u r g o r  l o s s .

From t h e  r e s u l t s  o f  H iro n  and  W righ t  (3-973) he i n f e r r e d  t h a t  

ABA l e v e l s  s t a r t e d  t o  r i s e  s e v en  m in u te s  a f t e r  t r e a t m e n t .  K riedem ann 

e t  a l .  ( 1 9 7 2 ) o b t a i n e d  v a lu e s  f o r  t h e  l e a s t  arnount o f  ABA r e q u i r e d  

t o  c a u se  s t o m a t a l  c l o s u r e  and  com pared them t o  endogenous l e v e l s  o f  

t h e  hormone (b o th  on a  w hole  l e a f  h a s p s ) .  They c a l c u l a t e d  t h a t  a  

mere d o u b l in g  o f  l e a f  ABA. l e v e l s  w ou ld  be  r e q u i r e d  t o  c a u se  c l o s u r e .

I n  f a c t , l e v e l s  have  b e e n  fou n d  t o  r i s e  by up t o  f o r t y  t im e s  upon 

s t r e s s  (W righ t  and  H i ro n ,  I 9 6 9 , and  T a b le  2 ) .

( i i )  Feedl?ack i n h i b i t i o n  o f  s y n t h e s i s  when s u f f i c i e n t  ABA had  been  fo rm e d .

T h is  was s u p p o r te d  by  r e s u l t s  o f  M ilborrow  and  N oddle  ( 1 9 7O) who
«\

fo u n d  no b i o s y n t h e s i s  o f  ABA by  w i l t e d  p l a n t s  p r e v i o u s l y  f e d  o n & lo b e l le d  

a n a lo g u e  o f  t h e  horm one . How ever, H a r r i s o n  and  W alton (1975) p ro p o se d  

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

t h e  r e l a t i v e  r a t e s  o f  t h e s e  p r o c e s s e s  d e te rm in e d  t h e  ABA l e v e l .

( i i i )  Gradual lo w e r in g  o f  f r e e  ABA l e v e l s  a f t e r  t u r g o r  r e c o v e r y .

L e v e ls  o f  f r e e  ABA r e m a in in g  i n  p l a n t s  a f t e r  a  s t r e s s  seem t o

depend  on t h e  s t r e s s  g iv e n  and  t h e  p l a n t  s p e c i e s  b u t  may rem a in  e l e v a t e d  

f o r  d a y s .

L a t e r  s t u d i e s  on c o r r e l a t i o n s  b e tw e en  w hole  l e a f  ABA l e v e l s  and 

s t o m a t a l  c l o s u r e  h av e  n o t  r e v e a l e d  such  a c lo s e  r e l a t i o n s h i p  b e tw e en  

t h e  two p a r a m e te r s  as fou n d  by  H iro n  and  W righ t  (3.973) . I n  l o n g - t e r m  

s t r e s s  e x p e r im e n ts  (O-IO d ) , B e a r d s e l l  and  Cohen (1975) found  a 

d i s p r o p o r t i o n a t e  r i s e  in  l e a f  r e s i s t a n c e  com pared t o  w ho le  l e a f  ABA 

l e v e l s .  I n  s h o r t e r  e x p e r im e n t s  ( O - l  h ) , W alton  e t  a t ,  (3.977) found  

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

c l o s u r e  o c c u r r e d  a f t e r  a  s t r e s s .  5 h l a t e r ,  h o w e v e r ,  t h e  v a r i a b l e s  

w ere  w e l l  c o r r e l a t e d .  T h is  l e d  B e a r d s e l l  and Cohen (1975) and
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M a n s f i e ld  e t  a l ,  (1978) t o  p o s t u l a t e  t h a t  a  s m a l l ,  hub s i g n i f i c a n t ,  

r e d i s t r i b u t i o n  o f  ABA o c c u r r e d  upon s t r e s s ,  f o l l o w e d  by h i g h e r  

s y n t h e s i s  r a t e s .  So f a r ,  e v id e n c e  has  n o t  b e e n  f o r th c o m in g  t o  

s u p p o r t  t h i s  h y p o t h e s i s .  P o s s i b l e  h y d i 'o p a s s iv e  e f f e c t s  o f  w i l t i n g  

must be  t a k e n  i n t o  a c c o u n t  ( s e e  R a s c h k e ,  1 9 7 5 a ) .  C e r t a i n l y ,  s i n c e  

ABA seems t o  a f f e c t  t h e  s t o m a t a l  a p p a r a tu s  when a c t i n g  ( s e e  l a t e r  

d i s c u s s i o n ) , t h e n  t h e  l e v e l s  o f  ABA p r e s e n t  i n  t h e  e p i d e i m i s  must 

a  p r i o r i  b e  c o n s id e r e d  t o  be more im po ir tan t  than, t h o s e  o f  t h e  w ho le  

l e a f .  T h is  a p p ro a c h  was a d o p te d  by Loveys ( 1 9 7 7 ) who p r o v id e d  e l e g a n t  

e v id e n c e  on t h e  s i t e s  o f  ABA s y n t h e s i s  i n  l e a v e s  o f  Y i o i a ^ s  p l a n t  i n  

w hich  t h e  e p id e r m is  an d  m e so p h y l i  t i s s u e s  can be s e p a r a t e d .  I s o l a t e d  

. l e a f  e p id e r m is  was i n c a p a b l e  o f  ABA s y n t h e s i s  when s t r e s s e d ,  w h e re as  

i s o l a t e d  m e s o p h y l i  t i s s u e  d i d  s y n t h e s i s e  t h e  h o rm o n e . F u r th e r m o r e ,  

l e v e l s  o f  ABA w ere  e l e v a t e d  i n  e p id e r m is  removed from  s t r e s s e d  w hole  

l e a f  t i s s u e .  Loveys c o n c lu d e d  t h a t  t r a j i s p o r t  o f  w i l t - i n d u c e d  ABA 

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

c o r r e l a t e  t h i s  w i t h  s t o m a t a l  c l o s u r e .  O th e r  r e s u l t s  o f  Cummins (1973) 

and  Raschke (1 9 7 5 b ) a l s o  i n d i c a t e  an i n t r a - l e a f  c o m p a r tm e n ta t io n  o f  

ABA p o o l s .

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

e x i s t s  f o r  s t o m a t a l  c l o s u r e  i n  w a t e r  s t r e s s .  Z a b a d a l  (197^0 and  

B e a r d s e l l  and Cohen (1975) i n v e s t i g a t e d  t h e  T t h r e s h o l d  f o r  ABA p r o d u c t i o n ,  

and found  t h a t  l e v e l s  r o s e  a t  a  d i s t i n c t  p o i n t .  Raschke (1975&) n o t e d  

t h a t  b o th  Y and  t im e  o f  e x p o s u re  v a r i e d  in  t h e s e  e x p e r i m e n t s ,  so 

c o n f i r m a t i o n  was n e e d e d .  T h is  was p r o v id e d  by  W alton  e t  a l .  ( 1 9 7 7 ) .

They o b t a i n e d  a d i s t i n c t  t h r e s h o l d  f o r  ABA p r o d u c t i o n  a f t e r  e x p o s u re  

t o  d i f f e r e n t  Y f o r  2 h .  Brown e t  a l .  (1976) found  t h a t  p r e c o n d i t i o n i n g  

c o t t o n  p l a n t s  t o  w a t e r  s t r e s s  made them  l e s s  r e a c t i v e  i n  te rm s  o f  s t o m a t a l  

c l o s u r e  when d e s i c c a t e d ,  com pared t o  c o n t r o l s .  They p r e s e n t e d  e v id e n c e  

t h a t  an o sm o t ic  a d ju s tm e n t  h a d  o c c u r r e d  in  t h e  l e a v e s .  T h is  im p l ie s  

t h a t  i t  may be  m i s l e a d i n g  t o  r e l a t e  p t o  endogenous ABA, and  l e a f  

t u r g o r  may b e  more a p p r o p r i a t e .  I n  to m a to  p l a n t s  g iv e n  lo w e re d  w a t e r  

r e g im e s ,  Rasmussen (1976) fo u n d  t h a t  ABA l e v e l s  b e tw e en  c o n t r o l s  and 

t r e a t m e n t s  d id  n o t  d i f f e r  a f t e r  I 8 d .  T h is  iriay be  l i n k e d  t o  s e c o n d a ry  

lo n g - t e r m  a d ju s tm e n t  i n  t h e  p l a n t s .

ABA l e v e l s  have  a l s o  b e e n  found  t o  r i s e  as  a  r e s u l t  o f  a  num ber o f
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o t h e r  s t r e s s e s  b e s i d e s  d i r e c t  w a t e r  d e f i c i t  s t r e s s  e . g .  w a t e r l o g g i n g ,  

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

e x c e s s  s a l i n i t y ,  b o ro n  t o x i c i t y  and  f u n g a l  a t t a c k  ( s e e  M iz ra h i  and 

Richmond, 19 7 2 a ;  1972b; H iro n  an d  W r ig h t ,  1973 ;  M ilb o r ro w , I 9 7 I1 ;

B o u s s ib a  e t  a l .  ̂ 1 9 7 5 ) .  But a l l  o f  t h e s e  g e n e r a l l y  c a u se  a  r e d u c t i o n  

i n  l e a f  t u r g o r  by  i n c r e a s i n g  r o o t  o.f xylem r e s i s t a n c e  t o  w a t e r  f lo w . 

B o u s s ib a  e t  a l .  (1975) h y p o t h e s i s e d  t h a t  ABA m ig h t  c o n t r o l  p l a n t  

' c r o s s  a d a p t i o n '  t o  s t r e s s ,  t h e  phenomenon w hereby  p r i o r  s t r e s s  im proves  

o r  m o d i f ie s  r e a c t i o n  t o  l a t e r  a l t e r n a t i v e  s t r e s s .  T h u s ,  ABA a p p l i c a t i o n  

m o d i f ie d  r e s p o n s e  t o  s u b s e q u e n t  s t r e s s e s  (M iz ra l i i  and Richmond, 1 9 7 2 b ) .

To su m m a rise , w ho le  l e a f  ABA m easurem en ts  do n o t  a lw ays c o r r e l a t e  

w i t h  s t o m a t a l  movements o r  l e a f  r e s i s t a n c e  d u r in g  s t r e s s e s .  I n  a d d i t i o n  

t o  s h o r t - t e r m  h y d r o p a s s i v e  movements and l o n g - t e r m  o s m o t ic  a d ju s t i ï i e n t s , 

i n t e r - t i s s u e  p o o l i n g  e f f e c t s  m ust b e  c o n s id e r e d .

4. The b ù i l t y ^  m u ta n t  o f  tom ato

T a l  ( 1 9 6 6 ) d e s c r i b e d  a  to m a to  m u ta n t  f l a o o a  w h ich  S tubbe  p ro d u c e d  

by  X " i r r a d i a t i o n  o f  t h e  c u l t i v a r  R h e in la n d s  Ruhm. T h is  s i n g l e - g e n e  

m u ta n t  h a d  a p e rm a n e n t ly  w i l t y  a p p e a ra n c e  w hich T a l  showed t o  be  due 

t o  h ig h  l e v e l s  o f  t r a n s p i r a t i o n  c a u s e d  by open s to m a ta .  I t  d i d  n o t  

r e s p o n d  t o  s t r e s s  by  s to m a ta l  c l o s u r e  movements. S u b se q u e n t  

i n v e s t i g a t i o n s  by T a l  and h i s  c o -w o rk e rs  i n t o  t h e  r e a s o n s  f o r  t h i s  

e x c e s s i v e  s t o m a t a l  o p e n in g  r e v e a l e d  an i n a b i l i t y  t o  s y n t h e s i s e  ABA.

Im ber  &md T a l  ( 1 9 7 O) showed t h a t  ABA a p p l i e d  t o  f l a o o a  b o t h  as a  f o l i a g e  

s p r a y  and i n  t h e  r o o t  c u ] . tu re  s o l u t i o n  c o u ld  cau se  p h e n o ty p ic  r e v e r s i o n  

o f  t h e  m u ta n t  syndrom e, th o u g h  t h i s  was n e v e r  c o m p le te  even  a t  h ig h  

c o n c e n t r a t i o n s  o f  t h e  horm one . T a l  e t  a l .  (1970) n o t e d  t h a t  a n o th e r  

symptom o f  f7.acoa  was a  lo w e re d  r a t e  o f  r o o t  p r e s s u r e  e x u d a t io n  ( 0 .3 5  

o f  c o n t r o l ) .  M utant sa p  e x u d a te  h a d  a  h i g h e r  o s m o t ic  p o t e n t i a l  ( a a .2 x )  

t h a n  R h e in la n d s  Ruhm. These  p a r a m e te r s  c o u ld  a l s o  be a l t e r e d  t o  n e a r  

no rm a l  by  ABA a p p l i c a t i o n  ( T a l  and  Im b e r ,  1971 )• B io a s s a y  m easu rem en ts  

o f  'h o r m o n e - l i k e  a c t i v i t y '  w ere  c a r r i e d  o u t  by T a l  and  Im ber (.1970) and 

T a l  e t  a l .  (1970) w hich  i n d i c a t e d  t h a t  t h e  m u tan t  h a d  g r e a t l y  lo w e re d  

l e v e l s  o f  ABA-1ike a c t i v i t y ,  i n c r e a s e d  l e v e l s  o f  k i n e t i n - l i k e  a c t i v i t y  

and  i n c r e a s e d  l e v e l s  o f  a u x i n - l i k e  s u b s t a n c e s .  Due t o  p o s s i b l e  i n t e r 

f e r e n c e  be tw een  hormones i n  t h e  p l a n t  e x t r a c t s ,  t h e s e  a s s a y s  must  be
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c o n s id e r e d  u n r e l i a b l e ,  b u t  T a l  an d  Nevo (19T3) m ea su red  ABA by GLC-ECD 

and  c o n f i rm e d  t h a t  l e v e l s  i n  f t a e c a p l s n t B  w ere  r o u g h ly  1T?S o f  c o n t r o l s .  

Nevo and  Ta.1 (1973) i n v e s t i g a t e d  w h e th e r  t h i s  d i f f e r e n c e  was due t o  

h i g h e r  m e ta b o l is m  r a t e s  and d e m o n s t r a te d  t h a t  t h e  m u ta n t  h a d  a  d e c r e a s e d  

r a t e  o f  ABA s y n t h e s i s .  Tlie g e n e t i c  l e s i o n  was assum ed t o  be  b e tw e en  

f a r n e s y l  p y ro p h o s p h a te  and  ABA. O b v io u s ly  t h e  b l o c k  was n o t  c o m p le te ,  

s i n c e  some ABA was fou n d  i n  t h e  m u ta n t .  T h e i r  r e s u l t s  i n d i c a t e  t h a t  

ABA s y n t h e s i s  i s  c o n t r o l l e d  b y  a  s i n g l e  m a jo r  pa thw ay  ( i n  t o m a to ) .  To 

d a t e ,  no s t u d i e s  on m e v a lo n a te  i n c o r p o r a t i o n  have  been  p u b l i s h e d .

These m ig h t  r e v e a l  t h e  e x a c t  p o i n t  o f  l e s i o n  in  t h e  ABA s y n t h e s i s  pa thw ay  

from  p r e c u r s o r  b u i l d - u p .

On t h e  b a s i s  o f  t h e  b i o a s s a y  e s t i m a t e s  o f  hormone a c t i v i t y ,  i t  h a s  

b e e n  c o n c lu d e d  ( e . g .  T a l  and Nevo , 1973) t h a t  h ig h  l e v e l s  o f  a u x in  

and k i n e t i n - l i k e  a c t i v i t y  fo u n d  w ere  a  s e c o n d a ry  e f f e c t  o f  lo w e re d  ABA 

s y n t h e s i s .  I f  t h e s e  r e s u l t s  w ere  c o n f i rm e d  w i th  a p p r o p r i a t e  t e c h n i q u e s ,  

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

b e tw een  hormones i n  n o rm a l  p l a n t s .  I f  n o t ,  c a r e f u l  s tu d y  o f  t h e  m u ta n t  

m orphology and  h a b i t  may a l s o  i n d i c a t e  o r  deny r ô l e s  f o r  ABA i n  o t h e r  

p h y s i o l o g i c a l  phenomena ( e . g .  r o o t  w a t e r  and io n  up t  a lee, r o o t  g r o w th ) .

5 . O th e r  e f f e c t s  o f  ABA p o s s i b l y  r e l a t e d  t o  S t r e s s  Ad .aption

G lin k a  and  R e in h o ld  (1 9 7 1 ;  1972) have r e p o r t e d  t h a t  a p p l i c a t i o n  o f

ABA t o  p l a n t  t i s s u e s  i n c r e a s e s  t h e i r  p e r m e a b i l i t y  t o  w a t e r .  Ta.1 

e t  a l .  (1 9 7 0 ) n o t e d  t h a t  ABA t r e a t m e n t  r e s t o r e d  f l a o o a  r o o t  e x u d a t io n  

r a t e  and  G l in k a  (1973) d e m o n s t r a t e d  t h a t  an ABA-induced i n c r e a s e  i n  

r o o t  e x u d a t io n  r a t e  was l a o s t ly  due t o  an i n c r e a s e d  p e r m e a b i l i t y  t o  

w a t e r  o f  t h e  r o o t  mem branes. ABA a l s o  h a s  e f f e c t s  on io n  u p ta k e  and 

r e l e a s e  by r o o t s  ( s e e  P i tm a n  e t  a l . ,  1 9 7 4 a ) ,  b u t  t e m p e r a t u r e  and n u t r i e n t  

s t a t u s  can m od ify  r e s u l t s  ( a c c o u n t i n g  f o r  c o n f l i c t i n g  r e p o r t s  i n  e a r l i e r  

p u b l i c a t i o n s ) .

P i tm an  e t  a l .  (1 9 7 4 b ) showed t h a t  w i l t i n g  o f  b a r l e y  p l a n t s  c a u se d  

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

io n  u p t a k e ,  e f f e c t s  w hich  w ere  p a r a l l e l e d  by ABA t r e a t m e n t  and s u b s t a n 

t i a t e d  by o b s e r v a t i o n s  on f l a c c a  b e f o r e  and a f t e r  ABA t r e a t m e n t  (T a l  

e t  a l .  1 9 7 0 a  )• P itm an  e t  a l .  p o s t u l a t e  t h a t  ABA m igh t  a c t  a s  p a r t

o f  a  ' f i n e  c o n t r o l ’ o f  io n  t r a n s p o r t .
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I f  v i l t - i n d u c e d  A.BA can a f f e c t  r o o t s  d u r in g  s t r e s s  , t h e  q u e s t i o n  

a r i s e s  o f  i t s  o r i g i n  and  p o s s i b l e  movement t o  t h e  r o o t  from  t h e  s h o o t .

I t  m ust be  e m p h a s ise d  t h a t  a  s t r e s s  a p p l i e d  t o  any p a r t  o f  a  p l a n t  s h o u ld  

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

i n  t h e  xylem  c o n d u i t s ,  i . e .  a  warm a i r  s t r e s s  t o  t h e  l e a v e s  w i l l  a l s o  

s t r e s s  t h e  r o o t s .  A l th o u g h  i s o l a t e d  r o o t s  do s y n t h e s i s e  AL3A in  

r e s p o n s e  t o  a  s t r e s s  (W alton  e t  a l . ,  1 9 7 6 ) ,  t h e  l e v e l s  a t t a i n e d  in  t h e  

s h o r t  t e r m  a r e  s m a l l  com pared w i t h  t h o s e  o f  3.eaf t i s s u e  ( s e e  T a b le  2 ) .  

T r a n s p o r t  o f  ABA may o c c u r  f rom  t h e  s h o o t ,  b u t  t h e  r e s u l t s  o f  W alton 

e t  a l .  ( 1 9 7 6 ) ,  u s in g  ph loem  g i r d l i n g  do n o t  s u p p o r t  t h i s  c o n t e n t i o n  

o v e r  a  t r e a t m e n t  p e r i o d  o f  2 h .  Those o f  Hoad (1975) i n d i c a t e  t h e  

r e v e r s e  o v e r  t h e  same p e r i o d .  R e s u l t s  w i th  -ABA s u g g e s t  t h a t  

s h o o t - r o o t  t r a n s p o r t  can  t a k e  p l a c e  (H ocking  e t  a Z . j l 9 7 2 ) ,

ABA h a s  b een  fo u n d  i n  xylem  s a p  and r o o t  p r e s s u r e  e x u d a te  

(D av ison  and Young, 1972 ;  Hoad, 1 9 7 5 ) ,  and  i t s  o r i g i n  and p o s s i b l e  

p h y s i o l o g i c a l  f i m c t i o n  i s  o f  i n t e r e s t .  Some i n v e s t i g a t o r s  have  

p o s t u l a t e d  a  r ô l e  i n  bud  dorm ancy, o t h e r s  i n  grow th i n h i b i t i o n ,  b u t  

t h e  p o s s i b i l i t y  t h a t  i t  i s  i n v o lv e d  i n  t h e  w a t e r  r e l a t i o n s  o f  p l a n l s  has  

b e e n  l a r g e l y  n e g l e c t e d .  A f t e r  s t r e s s ,  t h e  ABA c o n c e n t r a t i o n  i n  s u n -
- Q  — 3

f lo w e r  r o o t  p r e s s u r e  e x u d a te  r o s e  t o  40 mg m (151  ymol m , Hoad,

1 9 7 5 ) ,  3 o r d e r s  o f  m ag n i tu d e  h i g h e r  t h a n  t h e  lo w e s t  known c o n c e n t r a t i o n  

t o  h a v e  e f f e c t  (Ogunkanmi e t  a l . ,  1 9 7 3 ) .  I n  v iew  o f  t h e  f a c t  t h a t  

ABA a p p l i e d  v i a  t h e  t r a n s p i r a t i o n  s t r e a m  h a s  d r a m a t ic  e f f e c t s  on s t o m a t a l  

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

p o s s i b i l i t y  o f  a  l o n g e r  t e r m  e f f e c t  o f  ABA i n  xylem  s a p  i s  i n t r i g u i n g .

A n o th e r  i n t e r e s t i n g  h y p o t h e s i s  i s  t h a t  w i l t i n g  m ig h t  c a u se  

i n c r e a s e d  l e v e l s  o f  ABA i n  s e e d s  o r  t h e  m a t e r n a l  t i s s u e s  o f  f r u i t .

ABA h a s  b een  i m p l i c a t e d  i n  s e e d  dormancy and w i l t - i n d u c e d  ABA may t h u s  

enhance  dormancy p r o p e r t i e s  o f  t h e  s e e d  and f r u i t .  I f  t h i s  o c c u rs  

d u r in g  d ro u g ji t  c o n d i t i o n s  t h e  a d v a n ta g e  t o  t h e  s e e d  i s  o b v io u s ,  b e i n g  

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

o v e r .  E v id e n ce  t h a t  t r a n s p o r t  o f  w i l t - i n d u c e d  ABA t o  g r a i n s  o c c u rs  

was o b t a i n e d  b y  G oldbach  and Goldbach (1977 )-

O th e r  Hoivnones and Coimyounds An S t r e s s  Adccption

B e s id e s  ABA, t h e  o t h e r  p l a n t  hormones have  a l l  b een  a s c r i b e d  r ô l e s
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i n  s t r e s s  a d a p t i o n .  U n f o r t u n a t e l y ,  endogenous measui^ernents may b e  

u n r e l i a b l e  and  e f f e c t s  u n s p e c i f i c .  P a r t i c u l a r  c a u t i o n  m ust be  

e x p r e s s e d  w i th  r e s p e c t  t o  r e s u l t s  w h ich  c o n c e rn  t h e  c y t o k i n i n s .

F i r s t l y ,  a n a l y s i s  o f  t h e  l e v e l s  o f  ' c y t o k i r i i n - l i k e  a c t i v i t y '  have  

g e n e r a l l y  b e e n  c a r r i e d  o u t  u s i n g  c a l l u s  g row th  b i o a s s a y s .  In  c o n t r a s t ,  

l e v e l s  o f  w i l t - i n d u c e d  ABA h av e  b e e n  m ea su red  u s i n g  a  v a r i e t y  o f  

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

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

h a s  a l r e a d y  b e e n  d i s c u s s e d ,  an d  M ilbo rrow  (1974) c i t e s  f o u r  r e f e r e n c e s  

i n  w hich  ABA i n h i b i t e d  c a l l u s  g ro w th .  T hus ,  u n l e s s  a d e q u a te  

p r e c a u t i o n s  w ere  taJcen t o  e n s u r e  t h a t  c y t o k i n i n s  and  I\BA w ere  

s e p a r a t e d  d u r in g  e x t r a c t  p u r i f i c a t i o n ,  t h e  r e s W l s  o f  c a l l u s  grovrth 

a s s a y s  may n o t  r e f l e c t  t r u e  c y t o k i n i n  c o n te n t s  o f  t i s s u e  d u r in g  s t r e s s ,  

b u t  r a t h e r  t h e  s p u r i o u s  e f f e c t  o f  w i l t - i n d u c e d  ABA. S e c o n d ly ,  w h i l s t  

s y n t h e t i c  ABA, i s o t o p e - l a b e l l e d  ABA and ABA ana log izes  have  b e e n  

a v a i l a b l e ,  t h i s  h a s  n o t  b e e n  so  f o r  t h e  endogenous g ro u p  o f  c y t o k i n i n s .  

I n  a d d i t i o n ,  t h e  s p e c i e s  d i s t r i b u t i o n  o f  compounds such  as z e a t i n  i s  

unknown. E x p e r im e n ts  on t h e  e f f e c t s  o f  c y t o k i n i n s  on s t r e s s - r e l a t e d  

phenom ena, such  as  t r a n s p i r a t i o n ,  have  f r e q u e n t l y  b e e n  c a r r i e d  o u t  

u s i n g  t h e  c h e m ic a l  6 - f u f u i y l a m i n o p u r i n e  ( k i n e t i n ) ,  w h ic h ,  a l t h o u g h  

r e l a t i v e l y  p o t e n t ,  has  ? iever b e e n  i s o l a t e d  from  p l a n t s .  I t  f o l lo w s  

t h a t  i n f e r e n c e s  from  t h e  a p p l i c a t i o n  o f  k i n e t i n  t o  p l a n t  sy s te m s  may be  

u n r e l i a b l e .  R e s e a rc h  on c y t o k i n i n  in v o lv e m e n t  i n  s t r e s s  a d a p t i o n  h a s  

t h e r e f o r e  b een  l i m i t e d  b y  t h e  t e c h n i q u e s  and  c h e m ic a ls  a v a i l a b l e  a,t t h e  

p r e s e n t  t i m e .

D e s p i t e  t h e s e  c a v e a t s ^  t h e  p o s s i b i l i t y  o f  t h e  in v o lv e m e n t  o f  o t h e r  

horm ones i n  s t r e s s  a d a p t i o n  c a n n o t  be  i g n o r e d .  S y n t h e t i c  c y t o k i n i n s  

a f f e c t  s to m a ta  i n d i r e c t l y  ( M e id n e r ,  I 9 6 7 ) and  a l s o  h av e  e f f e c t s  on 

r o o t  sy s te m s  ( T a l  e t  a l . ,  1970)*  lAA and  g i b b e r e l l i n s  a l s o  have

e f f e c t s  ( s e e  V a a d ia ,  1 9 7 6 ) ,  b u t  n o t  on s to m a ta  o f  i s o l a t e d  e p id e r m is  

t i s s u e  ( s e e  R a sc h k e ,  1 9 7 5 a ) .  Tiie c o n c e p t  o f  a  'horm one b a l a n c e '  w hich  

c o n t r o l s  p l a n t  w a t e r  r e l a t i o n s  h a s  b e e n  d i s c u s s e d  by many a u t h o r s .

A p a r t  from  t h e  s o - c a l l e d  'h o r m o n e s ' ,  two o t h e r  s e t s  o f  compounds 

have  b e e n  shown ( a )  t o  i n c r e a s e  i n  l e v e l s  d u r in g  w i l t i n g  and  (b )  t o  

h a v e  e f f e c t s  on s t o m a t a l  a p e r t u r e  i n  i s o l a t e d  s y s te m s .  These  a r e  aJ-l-  

t r o f i s  f a r n e s o l  (W e llb u rn  e t  a l . ,  1974) and s h o r t - c h a i n  f a t t y  a c id s
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(F e n to n  e t  a t . ,  1976 ;  W il lm e r  e t  a l . ,  1 9 7 8 ) .  At t h e  moment, 

r e l a t i v e l y  l i t t l e  i s  known o f  t h e  p h y s io lo g y  o f  t h e s e  compounds. 

R e le v a n t  m easu rem en ts  o f  f a r n e s o l  h a v e  been  r e s t r i c t e d  t o  Sorghum.

When a p p l i e d  t o  e p id e r m is  t i s s u e  b o t h  compounds seem t o  r e s u l . t  i n  

l o s s  o f  membrane i n t e g r i t y  and  even  g u a rd  c e l l  d e a th  (F e n to n  e t  a l .

1977 ;  W il lm er  e t  a l . ,  1 9 7 8 ) .  T hese  r e p o r t s  c o r r e l a t e  i n  an 

i n t e r e s t i n g  m anner w i t h  o b s e r v a t i o n s  o f  S t a l t e l t  ( 1 9 6 I )  and  A llaw ay  

and  M a n s f i e ld  (1970) t h a t  t h e  num bers o f  l i v i n g  g u a rd  c e l l s  in  

e p id e r m is  m a t e r i a l  w ere  lo w e r  i f  a  p r e v i o u s  w a t e r  s t r e s s  h a d  b e e n  

g i v e n .

X a n th o x in  h a s  b e e n  a t t r i b u t e d  a  r ô l e  i n  s t o m a t a l  c l o s u r e .

A l th o u g h  t h e  compound h a d  e f f e c t s  when f e d  v i a  t h e  t r a n s p i r a t i o n  

s tream i,  i t  d i d  n o t  a f f e c t  e p id e r m a l  s t r i p s  (R aschke  e t  a l . ,  1975) and 

l e v e l s  d i d  n o t  i n c r e a s e  a f t e r  w i l t i n g  ( Z e e v a a r t ,  1 9 7 4 ) .  N e v e r t h e l e s s ,  

i t  can  b e  m e t a b o l i s e d  t o  ABA (T ay l.o r  and  S u rd o n ,  1 9 7 3 ) .

L e v e ls  o f  e t h y l e n e  a r e  known t o  r i s e  d u r in g  w a t e r  s t r e s s  ( J a c k s o n  

and  O sb o rn e ,  1 9 7 0 ;  E l - B e l t a g y  and. H a l l ,  1974 ;  A h a r o n i , 1978) , b u t  

t h e  gas  h a s  a p p a r e n t l y  no e f f e c t s  on s t o m a t a l  a p e r t u r e  ( P a l l a g h y  and  

R a sc h k e ,  1 9 7 2 ;  E l - B e l t a g y  an d  H a l l ,  1 974 ;  A h a r o n i , 1 9 7 8 ) .

Does ABA a c t  'H o r m o n a l ly '  d u r in g  S t r e s s ?

H aving  r e v ie w e d  t h e  m ain  e v id e n c e  t h a t  ABA h a s  a  r ô l e  i n  s t o m a t a l  

r e s p o n s e s  t o  w a t e r  s t r e s s ,  i t  i s  now p o s s i b l e  t o  e v a l u a t e  w h e th e r  t h i s  

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

b i o l o g i c a l  phenom enon, and  more p r e c i s e l y ,  f o r  t r u e  hormone a c t i o n .

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

form  (T a b le  3 ) .  T h is  T a b le  w i l l  be c o n s id e r e d  i n  r e l a t i o n  t o  t h e  

e x p e r i m e n t a l  work o f  t h i s  t h e s i s  i n  t h e  G e n e ra l  D i s c u s s i o n .

SECTION I V. ABA AND STOMATAL mCHANI SMS

I n  t h e  p a s t  few y e a r s  a  num ber o f  a d v an ces  i n  o u r  know ledge o f  t h e  

means by  w hich  s to m a ta  open  and  c l o s e  have  been  made. Tnese  have  

b een  d i s c u s s e d  i n  s e v e r a l  r e c e n t  r e v ie w s  (M eidne r  and  W illm er  1975; 

R a s c h k e ,  1 9 7 5 a ;  1 9 7 6 ;  1 977 ;  Thomas, 1975 ; H s i a o ,  1 9 7 6 ) .  The
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T a b le  3 . Simsnary o f  E v id e n c e  t h a t  ABA C o n t r o l s  S to m a t a l  

A p e r tu r e  d u r i n g  VJater S t r e s s .

CRITERIcm OR RULE MAIN EVIDENCE

CORROBORATIVE
RFFFHENCES EVIDENCE (CE) AND 
REFERENCES CONTRA-INDICATI (MB( C l ) REFERENCES

1 .  PARALLELISM

(a)  CONFOUND PFESENT 
JN OFGANIStî

( a )  ABA PRESENT IN PLANTS 
( œ  IDENTIFICATION)

E .G . GASKIN AND 
MACMILLAN (1 9 6 8 )

( b )  FESPONSE, AMOUNT 
OF COMPOUND VAFÏ 
JN PAFALLBL FASHION

( b )  LEVELS OF ABA IN WHOLE E .G . HIRON AND 
PLANT PARALLELED RESPOtSE WRKffiT (1 9 7 3 )  
DURING AND AFTER STIMULUS

(CE) OTHER EXAMPLES OF 
RELATICMSHIP BETWEEN 
WILT-INDUCED ABA AND 
DROUGHT TOLERANCE

E .G .
LARQUE-SAAVEDRA 
AND WAIN
(197**; 1976 )

( C l )  WHOLE LEAF ABA 
LEVELS DID NOT ALWAYS 
PARALLEL RESPCMSE

E .G . BEARDSELL 
AND COHEN( 1975 ) 
WALTON ET AL. 
(1 9 7 7 )

2 .  EXCISION

IŒHOVE SOURCE OF 
COmOUND AND imMlWSTRATE 
LACK OF EFFECT

FLACCA. SINGLE-GENE MUTANT 
OF TOMATO RHEINDLAHD6 RHUM: 
LOW LEVELS ABA, PERMANENTLY 
OPEN STOMATA

TAL ( 1 9 6 6 ) ;  
TAL AND NEVO 
(1 9 7 3 ) - -

3 .  SUBSTITUTION

EXOGENOUS COfeOUND 
SUBSTITUTES FOR 
STIMULUS

k .  ISOLATIM

APPLIED ABA CAUSED STOMATAL 
CLOSURE

E .G . LITTLE AND 
EIDT ( 1 9 6 8 ) ;  
MITTELHEUSER AND 
VAN STEVENINCK 
( 1969 ) ;  TUCKER 
AND MANSFIELD 
( 1 9 7 1 ) ;  MIZRAHI 
e t  a l  .  (197**)

(C I)L ypj7?«S  LUTEUS 
HAD APPARENT LOW 
SENSITIVITY TO ABA

LANCASTER 
ET AL. (19T T )

ISOLATE REACTING SÎSTEM, 
œHONSTRATE EFFECT OP 
COMPOUND

EPIDERMAL SEOffiNTS AFFECTED 
BY ABA
GUARD CELL PROTOPLASTS 
SHRINK ON ABA TREATMENT

TUCKER AND 
MANSFIELD (1 9 7 1 )  
OGUNKANMI ET AL. 
( 1973 ) SCHNABL 
ET AL. ( 1978 )

5 .  GENERALITY

RESULTS CONFIRMED WITH 
SEVERAL SPECIES

MANY SPECIES EXHIBITED WILT- 
INDUCED ABA FORMATION, 
RESPOND TO ABA

SEE REFS. IN 
SECTION I I I  ALSO 
MILBORROW ( 197 I*) 
MANSFIELD ET AL.
( 1978 )

( C l )  BEE RULE 3 LANCASTER 
ET AL. ( 1977 )

6 .  SPECIFICITY

SINGLE ACTIVE COMPOUND FEW ABA ANALOGUES HAD 
ACTIVITY ON EPiraiRMAL 
SEGMENTS

ORTON AND 
MANSFIELD (l97**)

(CE) SAME SITUATION 
FOR OTHER BIOASSAY 
SYSTEMS

SEE
MILBORROW ( 197**)

f i. CRITERIA FOR HORMONE ACTICH (AFTER HUXLEY.

1 . SPATIAL SEPARATION

OF SITES OF SYNTHESIS 
AND RESPONSE

( a )  S ITE  OF ABA SYNTHESIS 
APPEARED TO BE 
PIASTIDS

MILBORROW ( 197**); 
HAILTOHET A L(197**); 
LOVEYS (1 9 7 7 )

( b )  S ITE  OF ACTION EPIDERMIS HORTON ( 1970 ) - -

2 .  TRANSPORT BETWEEN TISSUES

(SITES OF SYNTHESIS AND 
RESPONSE IN  DIFFERENT 
TISSUES)

ABA NOT SYNTHESISED BY 
ISOLATED EPIDERMIS DURING 
STRESS BUT APPEARS IN 
EPIDERMIS I F  ISOLATED AFTER 
STRESS TO WHOLE LEAF

LOVEXS (1 9 7 7 ) (CE) EPIDERMIS TISSUE 
PLACED OH STRESSED 
MESOPHYLL EXHIBITED 
DEPRESSED STOMATAL 
OPENING

FISCHER ( 1970 )

3 .  TEMPORAL SEPARATION

BETWEEN STIMULUS AND 
RESPONSE

k .  RECEPTORS

HYDROACTIVE STOMATAL 
CLOSURE OBSERVED AFTER 
DELAY FOLLOWING STRESS

SEE RASCHKE 
(1975A )

(CE) RATES OF ABA 
SYNTHESIS AND RESPONSE 
DELAY TIMES COMPARABLE

SEE
MILBORROW ( 197**)

EXISTENCE OF SPECIFIC 
RECEPTORS IN TARGET CELLS - - -
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f o l l o w i n g  commenta b r i e f l y  suiraiiariae t h e  l a t e n t  d i s c o v e r i e s  w i t h  

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

S to m a ta l  movements a r e  a  f u n c t i o n  o f  r e l a t i v e  c hanges  i n  t h e  

t u r g o r  o f  g u a rd  c e l l s  and  s u b s i d i a r y  o r  e p id e r m a l  c e l l s .  I n c r e a s e d  

g u a rd  c e l l  t u r g o r  r e s u l t s  i n  s t o m a t a l  o p e n in g  due t o  n o n -u n i fo rm  

e x t e n s i b i l i t y  i n  t h e  g u a rd  c e l l  w a l l  s t r u c t u r e  ( s e e  M eidner  and  W il lm e r  

1975 ; R a s c h k e , 1 9 7 5 a ) .  I t  i s  now a p p a re n t  t h a t  o. n e t  uptalce o f  

p o t a s s iu m  com bined w i t h  c h l o r i d e  i n f l u x  a n d /o r  m a l ic  a c i d  f o r m a t io n  i s  

l a i 'g e l y  r e s p o n s i b l e  f o r  a  r e d u c t i o n  i n  g u a rd  c e l l  s o l u t e  p o t e n t i a l  

w hich  l e a d s  t o  a  t u r g o r  i n c r e a s e .  In  a d d i t i o n ,  g u a rd  c e l l  p r o to n  

e x t r u s i o n  a p p e a r s  t o  be  i n v o lv e d  i n  t h e  m a in te n a n c e  o f  e l e c t r o n e u t r a l i t y .  

W h i l s t  o u r  know ledge o f  e n v i r o n m e n ta l  p a ra m e te r s  a f f e c t i n g  s t o m a t a l  

a p e r t u r e  i s  good an d  i n f o r m a t i o n  on t h e  e v e n ts  o f  movements i s  im p ro v in g  , 

o u r  know ledge o f  how t h e  o s m o t ic  changes  a r e  c o n t r o l l e d ,  i s  p o o r  a t  

p r e s e n t .  T h e re  i s  no  r i g o r o u s  e v id e n c e  t h a t  any singD.e p r o c e s s  c o n t r o l s  

a l l  t h e  o t h e r s ;  t h i s  means t h a t  f u r t h e r  s t u d i e s  o f  mechanism s a t  t h e  

m o le c u la r  l e v e l  c a n n o t  e a s i l y  b e  u n d e r t a k e n .  I t  seems t h a t  t h e  

fu n d a m e n ta l  p r o c e s s e s  a r e  membrane m e d ia te d .  Io n s  e n t e r i n g  o r  l e a v i n g  

g u a rd  c e l l s  m ust p a s s  t h e  plasmaleirnna and p r o b a b ly  a l s o  t h e  t o n o p l a s t ,  

s i n c e  p la sm o d e sm a ta  b e tw e e n  g u a rd  c e l l s  and e p id e r m a l  o r  s u b s i d i a r y  

c e l l s  a p p e a r  t o  be  s c a r c e  a t  m a t u r i t y  ( C a r r ,  1 9 7 6 ) .  M em brane-bound, 

c a t i o n - t r a n s p o r t i n g  ATPases  h a v e  b e e n  h y p o t h e s i s e d  i n  a n a lo g o u s  t h e o r i e s  

t o  t h o s e  in v o k e d  i n  s t u d i e s  o f  r o o t  and  a l g a l  c e l l  i o n  u p t a k e .  As 

y e t ,  d i r e c t  e v id e n c e  f o r  t h e s e  i s  e x t r e m e ly  t h i n .  I f  e n e r g y - r e q u i r i n g  

'pum ps' a r e  h y p o t h e s i s e d ,  t h e n  e n e rg y  a v a i l a b i l i t y  w ou ld  seem a  l i k e l y  

p o i n t  o f  c o n t r o l .  Even c o n s t a n t  m a i n t a i n e d  a p e r t u r e s  seem t o  r e q u i r e  

e n e rg y  e x p e n d i t u r e  t o  m a i n t a i n  u p t a k e - e f f l u x  e q u i l i b r i u m  (Penny and  

B o w lin g ,  1 9 7 4 ) . •

S to m a ta l  O pening

The e v id e n c e  f o r  g u a rd  c e l l  uptalce d u r in g  o p e n in g  came from  t h r e e  

main s o u r c e s .  I n  t h e  f i r s t  p l a c e ,  s o l u t i o n s  o f  p o t a s s iu m  s a l t s  w ere  

fo u n d  t o  c a u se  s t o m a t a l  o p e n in g  i n  e p id e r m a l  s t r i p s .  S t a i n i n g  t e c h n i q u e s  

r e v e a l e d  t h a t  t h i s  r e s u l t e d  i n  g u a rd  c e l l  u p ta k e  ( s e e  H s i a o ,  1 9 7 6 ) .  

S e c o n d ly ,  g u a rd  c e l l  o r  uptalco was r e l a t e d  t o  s t o m a t a l

a p e r t u r e  ( P i s c h e r , 1 9 7 2 ) ,  an d  t h i r d l y ,  o p e n in g  was q u a n t i t a t i v e l y  r e l a t e d
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t o  endogenous g u a rd  c e l l  K c o n t e n t  usine :  t h e  e l e c t r o n  m ic ro p ro h e  

(]Tumble mid R a sc h k e ,  1971) and  i o n - s e l e c t i v e  m i c r o c l e c t r o d e  (Penny and 

B o w lin g ,  1 9 7 4 ) .  I n  b o t h  t h e  se c o n d  and t h i r d  m e th o d s ,  e s t i m a t i o n  o f  

g u a rd  c e l l  c o n te n t  ( w i th  an a s s o c i a t e d  a n io n )  a c c o u n te d  f o r  o b s e rv e d  

i n c r e a s e s  i n  o s m o t ic  p o t e n t i a l  and  t u i ' g o r .

Two main a n io n s  have  em erged  as  c a n d id a t e s  f o r  t h e  n e u t r a l i s a t i o n  

o f  t h e  p o s i t i v e  c h a rg e  w h ich  w ou ld  o th e r w i s e  r e s u l t  from  K '̂ i n f l u x  t o  

g u a rd  c e l l s :  These a r e  C l and  m a la t e . I n c r e a s e s  i n  c h l o r i d e  io n

c o n c e n t r a t i o n s  h a v e  b e e n  o b s e r v e d  b y  h i s t o c h e m i c a l  m ethods and  t h e  

e l e c t r o n  m ic ro p ro b e  (Humble and  R a s c h k e ,  1971 ; R aschke  and  F e l l o w s ,

1 9 7 1 ) '  M a ia te  l e v e l s  i n c r e a s e d  i n  g u a rd  c e l l s  d u r in g  o p e n in g  (A l la w a y ,  

1 9 7 3 ) ,  and  a p p e a r e d  t o  b e  fo rm ed  b y  t h e  c a r b o x y l a t i o n  o f  p h o s p h o e n o l-  

p y r u v a t e  (PEP) a f t e r  s t a r c h  g l y c o l y s i s  (W il lm er  e t  a l . ,  1 9 7 3 ) .  [ . I n  

f a c t ,  g u a rd  c e l l  COg f i x a t i o n  (Shaw and  M acL ach lan , 19 5 4 ;  W il lm er  

e t  d l  . ,  1 9 7 3 ) does n o t  seem t o  i n v o lv e  p h o t o s y n t h e t i c  r e d u c t i o n  i n  t h e  

C a lv in  c y c l e  (R aschke  and  D i t t r i c h ,  1977 ;  Outlaw and  K ennedy, 1 9 7 8 ) .  

R a t h e r ,  c a r b o x y l a t i o n  o f  PEP o c c u r s .  As a  c o n s e q u e n c e ,  t h e  e p id e r m is  

i s  h e t e r o t r o p h i c  f o r  c a rb o n  and  a p p e a r s  t o  o b t a i n  s u g a r s  from  t h e  e p id e r m is  

( D i t t r i c h  and  R a s c h k e ,  1977a) .] R e c e n t  r e s u l t s  o f  O utlaw  and Lowry (1977) 

i n d i c a t e  t h a t  a t  l e a s t  i n  V i o ia ,  g u a rd  c e l l  c i t r i c  a c i d  l e v e l s  may a l s o  

r i s e  upon o p e n in g .  I n  t h e i r  t i s s u e ,  c i t r a t e  l e v e l s  w ere  q u a n t i t a t i v e l y  

as  i m p o r t a n t  as m a la t e . D i t t r i c h  and  Raschke ( 1977b) r e p o r t e d  t h a t  

c i t r i c  a c i d  was fo rm ed  from  a p p l i e d  l^ C -m a la te  i n  Com nelina  e p id e r m i s .  

R e s u l t s  o f  m ost a u t h o r s ,  h o w e v e r ,  s u g g e s t  t h a t  t h e  r i s e  i n  m a la te  l e v e l s  

a lo n e  i s  a d e q u a te  t o  com pensa te  f o r  t h e  c h a rg e  a s s o c i a t e d  w i t h  K n o t  

n e u t r a l i s e d  by  Cl ( e g .  S c h n a b l ,  1 9 7 8 ) .

The r e l a t i v e  im p o r ta n c e  o f  c h l o r i d e  and m a la te  a p p e a r s  t o  b e  

s p e c i e s  and n u t r i t i o n  d e p e n d e n t ,  Tlius Cl a c c o u n te d  f o r  0-20% o f  t h e  

K^ talcen up by g u a rd  c e l l s  o f  V i e i a  (Humble and R a s c h k e ,  1971) w h i l s t  

i n  Zea, Cl n e u t r a l i s e d  from  40-100% o f  t h e  k"*" t r a n s f e r r e d  from  

s u b s i d i a r y  c e l l s  d u r in g  o p e n in g  (R aschke  and F e l lo w s ,  1971)•  In  

o n i o n ,  w hich  h a s  no g u a rd  c e l l  s ta r c T i ,  Cl c o m p en sa ted  e n t i r e l y  f o r  

t h e  K^ i n f l u x  (S c h n a b l  and  Z i e g l e r ,  1977) and  t h e  s to m a ta  d i d  n o t  open 

i n  t h e  a b se n c e  o f  c h l o r i d e  ( S c h n a b l ,  1 9 7 8 ) .  I n  Y i c i a ,  s to m a ta  can 

open i n  t h e  a b se n c e  o f  c h l o r i d e  (R aschke  and Humble, 11.973) and van 

K i r k  and  R aschke (1978a)  showed t h a t  t h e  amount o f  m a la te  fo rm ed  i n  t h e
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e p id e r m is  v a r i e d  a c c o r d in g  t o  Cl s u p p ly .  Osmond (1 9 7 6 ) d e s c r i b e d  

t h r e e  docum ented  t y p e s  o f  r e g u l a t i o n  o f  m a la te  s y n t h e s i s  i n  r e s p o n s e  

t o  t h e  b a l a n c e  o f  i n o r g a n i c  i o n  u p t a k e .  These  w e re ;  c o n t r o l  by  

means o f  c y i:o so l  pH, f e e d b a c k  r e g u l a t i o n , and c o n t r o l  by  means o f  Cl 

c o n c e n t r a t i o n .  I t  i s  p o s s i b l e  t h a t  t h e s e  may a l l  o p e r a t e  i n  t h e  c a s e  

o f  guai 'd  c e l l  m a la te  f o r m a t i o n .

I f  p o t a s s iu m  i n f l u x  i s  n e u t r a l i s e d  t o  any e x t e n t  by  o r g a n i c  a n io n

f o r m a t i o n ,  t h e n  e i t h e r  t h e  g u a rd  c e l l  pH w i l l  f a l l ,  o r  H^ e x t r u s i o n

( o r  OH u p t a k e ) m ust o c c u r .  Numerous o b s e r v a t i o n s  h av e  i n d i c a t e d

t h a t  g u a rd  c e l l  s a p  pH r i s e s  d u r in g  o p e n in g  (M eidne r  and  M a n s f i e l d ,

1 9 6 8 ) ,  so t h e  l a t t e r  a l t e r n a t i v e  seems more l i k e l y .  E v id e n c e  f o r

t h i s  was o b t a i n e d  by R aschke  and Humble ( 1973) who showed t h a t  V i d a

g u a rd  c e l l s  e x c r e t e d  H^ i n t o  t h e  medium d u r in g  u p t a k e .  I n  t h e  
—

a b s e n c e  o f  Cl , t h e  amounts o f  H s e c r e t e d  by e p id e r m a l  s t r i p s  w ere  

some 10 t im e s  l a r g e r  t h a n  r e q u i r e d  f o r  an  o b s e rv e d  g u a rd  c e l l  pH 

r i s e ,  c o n f i r m in g  t h e  q u a n t i t a t i v e  im p o r ta n c e  o f  a n io n  s y n t h e s i s .

S e v e r a l  a u th o r s  have  s u g g e s t e d  t h a t  H e x t r u s i o n  and' c o n c o m i ta n t  

c y to p la s m ic  pH changes  a r e  t h e  p r im a r y  e v e n ts  o f  s t o m a t a l  movement 

( e . g .  R a sc h k e ,  1 9 7 5 a ,  S m ith  and  R aven , 1 9 7 6 ) .

S to m a ta l  C lo s u r e

I n  e s s e n c e ,  t h e  e v e n t s  o f  c l o s u r e  c a u s e d  by  d a r k n e s s ,  r h y th m s ,  o r  

h i g h  COg c o n c e n t r a t i o n ,  seem t o  b e  t h e  r e v e r s e  o f  t h o s e  o f  o p e n in g  

(M eidner  and M a n s f i e l d ,  1 9 6 8 ) .  T hus ,  c l o s i n g  and  o p e n in g  may r e s u l t  

i n  a  ’ s h u t t l e ’ o f  io n s  b e tw e en  g u a rd  c e l l s  and  s u b s i d i a r y  o r  e p id e r m a l  

c e l l s .  E v id e n c e  f o r  t h i s  was o b t a i n e d  i n  Zea  b y  R aschke  and  F e l lo w s  

( 1 9 7 1 ) and  i n  C orm elina  by  Penny and  B ow ling  (1974) and  Penny e t  a l .  

(1 9 7 6 ) .  In  b o th  s p e c i e s ,  movement o f  Cl a c c o u n te d  f o r  a b o u t  4o% o f  

t h e  K*̂  t a k e n  up by  g u a rd  c e l l s  on a v e r a g e .  B ow ling  (1976)  h y p o t h e s i s e d  

t h a t  movement o f  m o n o v a le n t  m a la te  m ig h t  o c c u r  b e tw e en  g u a rd  and  

e p id e r m a l  c e l l s  i n  C om nelina .  The m a la te  e f f l u x  d a t a  o f  D i t t r i c h  and 

R aschke (1977b) and  van K i r k  and R aschke  (1978b) p r o v id e d  l i m i t e d  

e v id e n c e  f o r  t h i s .  In  C o m m lin a ,  t h e  t o t a l  e p id e r m a l  l e v e l  o f  m a l a te  

d i d  n o t  change w h e th e r  s to m a ta  w ere  open o r  c lo s e d  (B o w lin g ,  1 9 7 6 ) ,  b u t  
in  V i d a ,  c o n te n t s  d i d  a l t e r  a c c o r d in g  t o  a p e r t u r e  (A l la w a y , 1973 ; van 

K i rk  and  R asch k e ,  1 9 7 8 a ) .  A l s o ,  ^ ^ C -m a la te  i n c o r p o r a t i o n  i n t o  s t a r c h  

was g r e a t e r  in  t h e  d a rk  t h a n  i n  c o n d i t i o n s  c o n d u c iv e  t o
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o p e n in g  (W illm er  and  R u t t e r ,  1 9 7 7 ) .  These  r e s u l t s  s u g g e s t  t h a t  

B o w lin g ’ s h y p o t h e s i s  i s  n o t  w h o l ly  c o r r e c t .

R e s u l t s  o f  Humble and H s ia o  ( l 9 7 0 ) ,  u s in g  ^^Hlb**'as a  t r a c e r  f o r  

K , i n d i c a t e d  t h a t  K e f f l u x  from  g u a rd  c e l l s  o c c u r s  d u r in g  c l o s u r e  

in d u c e d  by d a r k n e s s .  These  s t u d i e s ,  and  t h o s e  o f  R aschke and c o -w o rk e rs  

c i t e d  a b o v e , w ere  c a r r i e d  o u t  u s i n g  e p id e r m a l  s t r i p s  f l o a t i n g  on 

s o l u t i o n ;  i t  s h o u ld  b e  rem em bered t h a t  t r a n s f e r  b e tw e e n  c e l l s  may b e  

s h o r t - c i r c u i t e d  i n  such  s y s te m s .  On t h e  o t h e r  h a n d ,  e x t r a c e l l u l a r  

i o n  s t o r a g e  s i t e s  have  b een  h y p o t h e s i s e d  (S te v e n s  and  M a r t in ,  1977 ;

E. M acR obbie , p e r s .  comm.). R e s u l t s  o f  S a f t n e r  and  R aschke (1978)

i n d i c a t e  t h a t  t h e  io n  exchange  c a p a c i t y  o f  t h e  g u a rd  c e l l  w a l l  i s  

l a r g e .

Ef f e c t s  o f  ABA

E a r l y  o b s e r v a t i o n s  o f  t h e  mode o f  a c t i o n  o f  ABA ( e g .  M a n s f i e ld  

and J o n e s  3.971) r e v e a l e d  a  s i m i l a r i t y  i n  t h e  e v e n t s  o f  c l o s u r e  t o  t h o s e  

o b t a i n e d  by o t h e r  m eans. T h is  h a s  n o t  b e e n  c o n t r a d i c t e d  by l a t e r  

r e s e a r c h .  I n d e e d ,  ABA i s  o f t e n  u s e d  as  an  e x p e r i m e n t a l  t o o l  t o  

o b t a i n  c l o s e d  s to m a ta  ( e g .  D i t t r i c h  and  R asch k q ,  1977h ; van K i rk  and 

R a sc h k e ,  1 9 7 8 b ) .  I t  t h u s  seems t h a t  e f f e c t s  o f  ABA a r e  s i m i l a r ,  

b u t  f a s t e r ,  t h a n  t h o s e  c a u s e d  b y  o t h e r  f a c t o r s .  S in c e  ABA-induced 

c l o s u r e  o c c u r s  r e l a t i v e l y  q u i c k l y  ( 5“ 10  m in ) ,  t h e  g u a rd  c e l l s  m ust 

d i s p o s e  o f  a c c u m u la te d  s o l u t e s  r a p i d l y .  R e c e n t  r e s u l t s  o f  MacRobbie 

e t  d l  . ( 1 9 7 8 ) d e m o n s t r a te d  t h a t  e f f l u x  o f  ^^Rb’̂ 'from p r e l o a d e d  g u a rd  

c e l l s  was t r a n s i e n t l y  h i g h e r  d u r i n g  c l o s u r e  c a u se d  b y  ABA. S t u d ie s  

o f  D i t t r i c h  and  R aschke (1977b) showed t h a t 'm a l a t e  e f f l u x  was h i g h e r  

a f t e r  ABA t r e a t m e n t  (5  m in) t h a n  a f t e r  a  d a rk n e s s  t r e a t m e n t  (30  min) 

w hich  a l s o  c a u se d  c l o s u r e .  The hormone may a f f e c t  t h e  p a s s i v e  

p e r m e a b i l i t y  o f  t h e  g u a rd  c e l l  plasmalerama t o  t h o s e  and o t h e r  s o l u t e s .  

A 3 . te rn a t iv e  s i t e s  o f  a c t i o n  i n c l u d e  i n h i b i t i o n  o f  g u a rd  c e l l  i o n  

u p ta k e  and a c t i v a t i o n  o f  an e f f l u x  pump ( H s ia o ,  1976) and  M arre  (1977) 

h a s  s u g g e s t e d  t h a t  ABA m ig h t  i n h i b i t  Ĥ  e f f l u x  pumps s e n s i t i v e  t o  

f u s i c o c c i n .  How ever, i n h i b i t i o n  o f  io n  u p t  alee o r  e f f l u x  seems i n 

c o n s i s t e n t  w i th  r a p i d  a c t i o n  ( H s ia o ,  1 9 7 6 ) .  N e v e r t h e l e s s ,  i t  i s  

p o s s i b l e  t h a t  ABA a c t s  a t  s e v e r a l  g u a rd  c e l l  s i t e s .
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T here  i s  a l s o  l i m i t e d  e v id e n c e  t h a t  t h e  hormone may a c t  a t  

s e v e r a l  c e l l  s i t e s  i n  t h e  e p id e r m i s .  ResuJ-ts o f  Penny and Bow ling  (19T4) 

i n d i c a t e d  t h a t  a c t i v e  nptalce  o f  K h y  ep ide r^oa l c e l l s  o c c u r r e d  a f t e r  

c l o s u r e ,  a l t h o u g h  t h e i r  m ethods have  b e e n  d i s p u t e d  b y  Moody and  Z e i g l e r  

( 1 9 7 8 ) .  I t a i  and  M eidne r  ( l 9 7 8 a ;  1978b) h y p o t h e s i s e d  t h a t  ABA-induced

c l o s u r e  i n v o lv e d  t h e  e p id e r m a l  c e l l s .  They c o n f i rm e d  e v id e n c e  o f  

M a n s f i e ld  and  Jo n e s  ( l 9 7 l )  and  H o r to n  and  Moran (1972) t h a t  t h e  hormone 

a f f e c t e d  s o l u t e  u p ta k e  and  d i s t r i b u t i o n  b e tw een  e p id e r m a l  and  g u a rd  

c e l l s .  C lo s u re  d id  n o t  o c c u r  i f  e p id e r m a l  and s u b s i d i a r y  c e l l s  w ere  

k i l l e d ,  b u t  t h i s  i s  n o t  c o n c lu s i v e  s i n c e  t h e  e f f e c t s  o f  e p id e rm is  

t u r g o r  r e l a t i o n s  m ust be c o n s i d e r e d  ( S q u i r e  and M a n s f i e l d ,  1 9 7 2 ) .

To su m m a rise ,  t h e  symptoms o f  ABA-induced stom ataJ . c l o s u r e  a p p e a r  

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

o n ly  f a s t e r .  However, t h e r e  i s  a  p a u c i t y  o f  u n e q u iv o c a l  i n f o r m a t i o n .  

ABA seems t o  a f f e c t  membrane p e r m e a b i l i t y  b u t  may a c t  a t  s e v e r a l  s i t e s .
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hiATim iALS AND METHODS

PLANT m T E R IA L

The e x p e r im e n ts  r e p o r t e d  i n  t h i s  t h e s i s  w ere  c a r r i e d  o u t  u s i n g  

two p l a i t  s p e c i e s :  C om netina c o m n m is  L. axid. R i c i n i u s  aonm unis  L.

v a r ,  G ib s o n i i .

P l a n t s  o f  C. commwiis  L. w ere  grown from  s e e d  i n i t i a l l y  s u p p l i e d  

hy D r .  C. W il lm er  ( S t i r l i n g  U n i v e r s i t y ,  U .K .) and  s u h s e c p ie n t ly  c o l l e c t e d  

from  p l a n t s  w hich  w ere  a l lo w e d  t o  f l o w e r .  These  w ere  r i p e n e d  in  d ry  

c o n d i t i o n s  a t  room t e m p e r a t u r e  f o r  t h r e e  o r  more m onths p r i o r  t o  so w ing . 

A p p ro x im a te ly  20 se e d s  w ere  p l a n t e d  1 -5  mm deep i n  a  125 nm r im  

d i a m e te r  p o t .  C o l e o p t i l e  em ergence  to o k  p l a c e  a f t e r  7 -10  d and 

s e e d l i n g s  w ere  t r a n s f e r r e d  t o  i n d i v i d u a l  p o t s  (lOO o r  125 mm) a . f t e r  

l 4  d . I f  p l a n t e d  i n  100 mm p o t s ,  t h e  s e e d l i n g s  w ere  t r a n s f e r r e d  t o  

125 mm p o t s  a f t e r  a  f u r t h e r  l 4  d . S t a k in g  o f  p l a n t s  was c a r r i e d  o u t  

a b o u t  1 month a f t e r  s e e d l i n g  em ergence  and p l a n t s  w ere  u s e d  f o r  

e x p e r i m e n t a t i o n  a f t e r  t h i s  t im e  and  b e f o r e  f l o w e r i n g  commenced {c a .  7 

weeks a f t e r  p o t t i n g ) .  Such p l a n t s  h a d  from  6 -9  f u l l y  expanded  l e a v e s  

on t h e  l e a d i n g  s te m . B r a n c h in g  was f r e q u e n t ,  a p i c a l  dom inance b e i n g  

l o s t  a f t e r  3 -4  l e a v e s  h a d  e x panded  f u l l y .  M ature  p l a n t s  th u s  h a d  

3 -6  b r a n c h e s  y i e l d i n g  l e a v e s  o f  c om parab le  a r e a  and  p h y s i o l o g i c a l  a g e .

P l a n t s  o f  A. communis v a r ,  G ib s o n i i  w ere  grown from  s e e d  (Daggs 

L t d . ,  U .K .) s t o r e d  a t  4 C b e f o r e  u s e  and  p l a n t e d  c a .  15 mm d e e p ,  one 

p e r  100 o r  125 mm p o t .  The c o ty l e d o n s  a p p e a re d  above s o i l  s u r f a c e  

a f t e r  l 4  d . I f  grown i n  100 ram p o t s ,  t h e  s e e d l i n g s  w ere  t r a n s f e r r e d  

t o  125 mm p o t s  a f t e r  primcrry l e a f  e x p a n s io n .  P l a n t s  w ere  u se d  when 

1 -2  a l t e r n a t e  l e a v e s  h a d  e x p a n d ed .

S eed  and  p l a n t s  o f  b o th  s p e c i e s  w ere  grown i n  a  s t a n d a r d  com post

( p e a t  : s a n d : lo a m ,  1 : 1 : 1 ;  by v o lu m e ) c o n t a i n i n g  e i t h e r  John  I n n e s  Base

(L in d s e y  and K e s te v e n  F e r t i l i s e r s  L t d . ,  3 .2  kg  m o r  Osmokote

c o n t r o l l e d - r e l e a s e  f e r t i l i s e r  ( S i e r r a  Chem ical E urope B .V . ,  H e e r l e e n ,
“ 3H o l l a n d ,  1 .1  kg  m ) .  W a te r in g  was c a r r i e d  o u t  tw ic e  d a i l y  a t  OoOO 

and I 7OO h .  O n ce -w eek ly ,  D isons  P a rk s  g e n e r a l  p u r p o s e  l i q u i d  f e e d  

( D is o n s ,  C am bridge , U .K .)  was a p p l i e d  a t  t h e  m a n u f a c t u r e r ' s recommended 

d i l u t i o n .  A1.1 t h e  p l a n t s  u s e d  w ere  grown i n  a  g l a s s h o u s e .
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T e m p era tu re  was n o t  s t r i c t l y  c o n t r o l l e d  b u t  n i g h t  h e a t i n g  was p r o v id e d

i n  w i n t e r  and  t h e  h o u s e s  w ere  w e l l  v e n t i l a t e d  on summer d n y s . Between

Sep tem ber  and  A p r i l ,  s u p p le m e n ta ry  i l l u m i n a t i o n  was g iv e n  f o r  l 6 li

d a i l y  from  A t l a s  K o lo r lu x  400 W MBPR/U h i g h - p r e s s u r e  m ercu ry  v a p o u r

lam ps p l a c e d  800 imn a p a r t  1 m above bench  h e i g h t . The i r r a d i a n c e

from  t h e s e  la m p s ,  i n  t h e  b a n d  400-1000 mn, v a r i e d  from  5*“10 W m " a t  p o t
- 2h e i g h t  t o  20 -4 0  W m ' a t  u p p e r  l e a f  canopy h e i g h t  f o r  m a tu re  Commelina  

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

i l l u m i n a t i o n  from  t h e s e  lam ps i s  g iv e n  by W ri te  (3.973) .

The f o l l o w i n g  p e s t i c i d e s  w ere  u s e d  a t  i r r e g u l a r  i n t e r v a l s  as 

r e q u i r e d .

A. D raza  S lu g  K i l l e r  (May and  B aker  L t d . ,  Dagenham, U .K .)

B. L i q u id  M a la th io n  ( f o r  a p h i d s ) ,  Murphy C hem ica ls  L t d . ,

^ t .  A lbans  5 U.K.

C. Ganmiexane Smoke G e n e r a to r  ( f o r  a p h id s )  IC I  P l a n t  P r o t e c t i o n  

D i v i s i o n ,  F e r n h e r s t ,  U.K.

D. M o re s tan  Smoke G e n e r a to r  ( f o r  Red s p i d e r  m i t e ) ,  FBI L t d . ,

Watham Cros s , U.K.

Specim en p l a n t s  w ere  i d e n t i f i e d  a t  t h e  s p e c i e s  l e v e l  {C orm elina )  and  

V a r i e t a s  l e v e l  { R io in u s )  u s i n g  t h e  f o l l o w i n g  m a c r o - c h a r a c t e r i s t i c s  

( B a i l e y ,  1 9 2 5 ) .

C o m ie l in a  comrmmis L.

A. C ap su le  t w o - c e l l e d  and f o u r - s e e d e d .

B. F lo w er  s i z e  g r e a t e r  t h a n  12 ram a c r o s s .

C. Stems e r e c t  e x h i b i t i n g  l i t t l e  a d v e n t i t i o u s  r o o t i n g .

R i c i n u s  communis L. v a r .  G i b s o n i i

A. S t r i p e d  s e e d  c o a t  m a rk in g s .

B. O val c o ty le d o n  s h a p e .

C. Shape and d i s t r i b u t i o n  o f  n e c t a r i n e s  on p e t i o l e s .

CHEMICALS AND GLASSWARE

( i )  Gases

C jc linder  ga.ses w ere  s u p p l i e d  by  B .O .C . ,  G lasgow, U.K. and  B.O .C . S p e c i a l  

G a se s ,  London, U.K. The s u p p l i e r ’ s s p e c i f i c a t i o n s  w ere  as f o l l o w s :
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'A i r '  was c o l l e c t e d  n e a r  P o lm n d ie ,  Glasgow and had  o, CO^ c o n c e n t r a t i o n  o f  

o a .3 0 0  vpm. ' C O , f r e e  a i r '  was made from l i q u i d  n i t r o g e n  and  oxygen .

The oxygen c o n t e n t  o f  t h e  gas  was 1 9 .5  ± 1 ,5% . O th e r  impui’i t i e s  

t e s t e d  (CO, NO^ and  t o t a l  l iy d ro c a rh o n s  ) w ere  a l l  l e s s  t h a n  1 vpm. 

'N i t r o g e n '  u s e d  was o x y g e n - f r e e  g r a d e .

( i i )  S o l v e n t s

W ater  was g l a s s - d i s t i l l e d  and  s t o r e d  i n  p o l y e t h y l e n e  t a n k s .  M ethano l  

was s u p p l i e d  ' p u r i s s i m a '  g ra d e  hy  B e v e r id g e  L t d . ,  E d in b u rg h ,  U.K.

S o l v e n t s  s u p p l i e d  i n  drums ( e . g .  d i e t h y l  e t h e r )  w ere  a lw ays  r e d i s t i l l e d ;  

e t h y l  a c e t a t e  was a lw ays  f r e s h l y  r e d i s t i l l e d  b e f o r e  u s e .  O th e r  

s o l v e n t s  w ere  u s e d  as s u p p l i e d .

( i i i )  G enera l c h e m ic a l s

G e n e ra l  l a b o r a t o r y  c h e m ic a l s  w ere  s u p p l i e d  b y ;

H opkins  & W i l l i a m s ,  L t d . ,  Chadw ell H e a th ,  U .K . ,

May & B a k e r  L t d . , Dagenham, U .K . , 

and  B.D.H. L t d . ,  P o o l e ,  U.K.

(±)~ABA (G rade 1 ,  95 + % p u r i t y )  was s u p p l i e d  by  Sigma C hem ical Co.

L t d . ,  S t .  L o u i s ,  U .S .A.

( i v )  R adio  c h e m ic a ls

The r a d i o c h e m i c a l s  u s e d  a r e  l i s t e d  i n  T a b le  4. S p e c i f i c  a c t i v i t i e s  

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

The s p e c i f i c  a c t i v i t y  o f  t h i s  compound was e s t i m a t e d  by  t r a n s f e r r i n g  

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

known w e i g h t .  The s o l v e n t  was e v a p o r a t e d  u n t i l  t h e  w e ig h t  o f  t h e  

c o n t a i n e r  was c o n s t a n t  t o  t h e  n e a r e s t  20 pg. Ttie w e ig h t  d i f f e r e n c e  

was th e n  u s e d  t o  c a i . c u l a t e  t h e  s p e c i f i c  a c t i v i t y  a ssu m in g  100% p u r i t y .
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Ra d i  o c h emi c a l S u p p l i e r
S u p p l i e r ' s 
B a tc h
D o s ig n a t io n

S p e c i f i c  
A c t i v i t y  
TBq m o l" l

( ± )—2—l^C—ABA R a d io c h e m ic a l  C e n t r e ,  
An]ersham, U.K.

Code CFA.557 0 .2 2 5 7

( ± ) “ 2-l''C-ABA New E n g la n d  N u c l e a r ,  
B o s to n ,  U .S .A .

L o t  882-210 1 .3 2 8

( ± ) “ G~%-ABA Ra d i  o ch emi. c a l  C e n t  r e  , 
Amer sham, U.K.

Code TRQ.7O2 1 7 .1 6 8

( l , 2 ) - 3 h - n -
h e x a d ec a n e  

1~  ̂^
h e x a d e c a n e : j S e v e r a l

b a t c h e s V a r ie d

GGRbCl It Code 133BA 

3BA

V a r ie d
due t o  s h o r t  
t ; o f  8 6 pt)

2
U-3 T c - s u c r o s e II Code CFB4 

B a tc h  56 0 .3 1 8 2

R a d io c h e m ic a l  p u r i t y  o f  2-^^C-ABA and  G-%-ABA was e s t i m a t e d  by  TLC 

i n  a p p r o p r i a t e  s o l v e n t  sy s te m s  a t  v a r i o u s  i n t e r v a l s  d u r in g  t h e  u s e  o f  

t h e  c h e m ic a l .  A s i n g l e  p e a k  c o n t a i n i n g  o v e r  95% o f  e x t r a c t e d  r a d i o 

a c t i v i t y  was found  i n  a l l  c a s e s .  C hem ica l  p u r i t y  was n o t  d i r e c t l y  

a s s e s s e d .

The R a d io c h e m ic a l  C e n t re  e s t i m a t e s  o f  t h e  c h e m ic a l  and r a d io c h e m ic a l ,  

p u r i t y  o f  l a b e l l e d  n - h e x a d e c a n e  w ere  i n  e x c e s s  o f  97%- No e s t i m a t e s  

o f  p u r i t y  o f  ^^RbCl w ere  a v a i l a b l e .  The R a d io c h e m ic a l  C e n t re  e s t i m a t e  

o f  t h e  r a d i o c h e m i c a l  p u r i t y  o f  U -^ ^ C -s u c ro s e  was 99%*

(v )  Glas3Waj‘e

G la ssw a re  was r o u t i n e l y  w ashed  by s o a k in g  i n  warm ' d i l u t e '  P y ro n e g  

(D iv e r s e y  L t d . ,  C o c k f o s t e r s , U .K .)  d e t e r g e n t  s o l u t i o n ,  s c o u r i n g  w i t h  a 

b o t t l e  b r u s h  an d  r i n s i n g  i n  t a p  w a t e r .  G la s sw a re  r e t a i n e d  f o r  work 

i n v o l v i n g  r a d i o a c t i v i t y  was w ashed  by  s t e e p i n g  i n  ' s t r o n g '  P y ro n eg
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s o l u t i o n  f o r  a t  l e a s t  24 h ,  r i n s e d  w i t h  t a p  w a t e r ,  rew a sh e d  as p e r

r o u t i n e  g l a s s w a r e ,  and  r i n s e d  w i th  m e th a n o l  a f t e r  d r y in g .

EXPERIMENTAL mTIlODS

G enera l  e x p e r i m e n ta l  c o n d i t i o n s

A l l  e x p e r im e n t s  on l i v e  p l a n t  m a t e r i a l  w ere  p e r fo rm e d  in . .a  1 0 .4  m  ̂

w a l k - i n  g.rowth room. T h is  h a d  two s i d e  b e n c h es  each  e q u ip p e d  w i t h  a  

b a n k  o f  f i v e  1 .5  m 80 W w h i t e  f l u o r e s c e n t  t u b e s  ( A t l a s  L t d . ,  G lasgow , 

U.K. Emd Omega Lampworks L t d . ,  S t o c k p o r t ,  U.K.) p l a c e d  6 5O mm above 

bench  h e i g h t .  The room was i l l u m i n a t e d  f o r  16  h d a i l y  (0800 -2400  h ) . 

Tlie a i r  i n  t h e  room was c i r c u l a t e d  and  m a i n t a i n e d  a t  23 ± 1 .5  C. 

H u m id ity  was u n c o n t r o l l e d  b u t  was g e n e r a l l y  i n  t h e  r e g i o n  60-80% RH.

The a i r  was f r e q u e n t l y  c hanged  b y  l e a v i n g  t h e  d oo r  open f o r  e x te n d e d  

p e r i o d s  o u tw i th  e x p e r i m e n t a l  t i m e s ,

P l a n t s  w ere  t r a n s f e r r e d  t o  t h e  g row th  room from  t h e  g l a s s h o u s e  

one o r  more days b e f o r e  u s e  i n  e x p e r i m e n t s .  W a te r in g  was c a r r i e d  o u t  

a s  i n  t h e  g l a s s h o u s e  u n l e s s  o t h e r w i s e  s t a t e d .  O th e r  e x p e r i m e n t s ,  

e . g .  hormone p u r i f i c a t i o n ,  w ere  c a r r i e d  o u t  i n  a  l a b o r a t o r y  a t  a m b ie n t  

t e m p e r a t u r e s  [c a .  2 0 -2 5  0 . )

Most e x p e r im e n ts  w ere  r e p e a t e d  a t  l e a s t  t w i c e .  I f  n o t ,  t h i s  

f a c t  i s  m e n t io n e d  i n  t h e  t e x t .

T r e a tm e n t  o f  p l a n t  m a t e r i a /

( i )  P r e p a r a t io n  o f  e p id e r m a l  t i s s u e

E p id e r m is  t i s s u e  f o r  i n c u b a t i o n  s t u d i e s  : E p id e rm a l  s t r i p s  w ere

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

t h e  apex . The f o l l o w i n g  p r o c e d u r e  was a d o p te d  t o  o p t im is e  e p id e r m a l  

c e l l  v i a b i l i t y  and  m in im ise  m e s o p h y l i  c e l l  c o n ta m in a t io n .

The chosen  l e a f  was f i r s t  c u t  w i t h  a  r a z o r  b l a d e  i n t o  s t r i p s  o f  

m anageab le  w id th  ( 3 -4  mm). T h is  was u s u a l l y  done b e tw e en  t h e  p a r a l l e l  

m a jo r  v e in s  o f  t h e  l e a f  ( F i g . 3 ) ,  s i n c e  ru p tm re  o f  t h e  e p id e r m a l  s t r i p  

a n d /o r  m eso p h y l i  c o n ta m in a t io n  was o f t e n  o b s e rv e d  d u r in g  p e e l i n g  a t  

p o i n t s  w here v e in s  c r o s s e d  t h e  s t r i p s .  Two l e a f  s t r i p s  c o u ld  be

o b t a i n e d  from  each  l e a f ,  one each  s i d e  o f  t h e  m id r ib .  D u r in g  p e e l i n g  

o f  e p id e r m is  from  t h e  f i r s t  o f  t h e s e ,  t h e  r e s t  o f  t h e  l e a f  was p l a c e d
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a d a x i a l  s u r f a c e  u p ,  on d i s t i l l e d  w a t e r ,  t o  p r e v e n t  d e s i c c a t i o n .

H aving  o b t a i n e d  a  l e a f  s t r i p ,  a  r a z o r  c u t  was iriade a t  t h e  l e a f  t i p  

end th ro u g h  t h e  u p p e r  e p id e r m is  w i t h o u t  damaging th e  lo w e r  e p id e r m i s .

The ’ t a b '  t h u s  c r e a t e d  was p u l l e d  v e r t i c a J . l y  away from  t h e  m e s o p h y l i  

t i s s u e  u s in g  tw e e z e r s  ( F i g . ^ ) .  A f t e r  p e e l i n g ,  t h e  e p id e r m a l  s t r i p s  

w ere  c u t  i n t o  s q u a r e s  o r  o t h e r  s h a p e s  f o r  i d e n t i f i c a t i o n  (= s e g m e n ts ) .

Tills  t i s s u e  was m a n ip u la t e d  u s i n g  t w e e z e r s .  When l a r g e  numbers o f  

segm en ts  were r e q u i r e d  t h o s e  a l r e a d y  p e e l e d  w ere  f l o a t e d  on d i s t i l l e d  

w a t e r  p r i o r  t o  u s e .  The d i s t r i b u t i o n  o f  segm ents  be tw een  t r e a t m e n t s  

from  such  a ' p o o l '  was assum ed t o  be random, ( d e s i g n a t e d  'R ' in  f i g u r e  

l e g e n d s ) .  I f  i n c u b a t i o n  o f  s t r i p s  was s t a g g e r e d  b e tw e e n  t r e a t m e n t s ,  

t h e  a l l o c a t i o n  was non-random  as  d i f f e r e n t  l e a v e s ,  a l t h o u g h  p h y s io 

l o g i c a l l y  e q u i v a l e n t ,  w ere  u s e d  f o r  each  b a t c h  o f  t i s s u e  r e q u i r e d  

( d e s i g n a t e d  'NR' i n  f i g u r e  l e g e n d s ) .

I n  o r d e r  t o  t e s t  t h e  r e l a t i o n s h i p  be tw een  e p id e r m a l  c e l l  v i a b i l i t y  

and  m eso p h y l i  c o n ta m in a t io n  t h e  a n g le  o f  p e e l i n g  ( h e r e  d e f i n e d  as t h e  

a n g le  be tw een  t h e  s e p a r a t i n g  t i s s u e s )  f o r  d i f f e r e n t  l e a f  s t r i p s  was 

v a r i e d  from  a b o u t  0 .1  - 3 .0 5  r a d  ( 5 - 1 7 5 ^ ) .

E p id e rm is  t i s s u e  f r o m  p r e t r e a t e d  l e a v e s  : E p id e rm is  f o r  e x p e r im e n ts

i n v o l v i n g  p r e t r e a t e d  l e a v e s  (on o r  o f f  p l a n t )  was rem oved as above w i t h  

t h e  e x c e p t io n  o f  t h a t  w h ich  was r e q u i r e d  f o r  r a d i o a s s a y  by  s c i n t i l l a t i o n  

s p e c t r o m e t r y ,  where s e v e r a l  m o d i f i c a t i o n s  w ere  em ployed . F i r s t l y ,  

t h e  w id th  o f  l e a f  s t r i p s  was c a r e f u l l y  m easu red  (n o rm a l ly  7 mm); 

s u b s e q u e n t  c u t s  a t  r i g t i t  a n g le s  t o  t h e  l e n g t h  o f  t h e  e p id e r m a l  s t r i p  

w ere  r e s t r i c t e d  t o  7 ,  l 4 , o r  21 mm t o  y i e l d  segm en ts  o f  a r e a  a p p ro x im a te ly  

50 , 100 , o r  150  mm̂  r e s p e c t i v e l y .  Where u s e d ,  m e s o p h y l i  p l u s  u p p e r  

e p id e r m is  t i s s u e  c o r r e s p o n d e d  t o  t h e  lo w e r  e p id e r m is  t i s s u e  rem oved from  

t h e  l e a f  s t r i p .  Wlien b o t h  s i d e s  o f  t h e  la m in a  w ere  sa m p le d ,  t h e  s e co n d  

was p l a c e d  b e tw e en  m o is t  'K le e n e x '  t i s s u e  d u r in g  s a m p l in g  o f  t h e  f i r s t .

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

g r e a t e r  th a n  no rm al i n  o r d e r  t o  l i m i t  f u r t h e r  t h e  p o s s i b i l i t y  o f  meso- 

p h y l l  c o n ta m in a t io n .  I f  e p id e r m a l  t i s s u e  was r e q u i r e d  f o r  s t o m a t a l  

a p e r t u r e  m easu rem en t,  t h i s  was rem oved from a r e a s  a d j a c e n t  t o  t h o s e  

sam p led  and  e i t h e r  f r e e z e - d r i e d  o r  m easu red  im m e d ia te ly .
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'Dead' e p id o v m is  t i s s u e :  'D e a d ' e p id e r m is  m a t e r i a l  was o b t a i n e d  by

t h e  ' f ro e z e - “th a w ' m ethod . T i s s u e  was p l a c e d  u n d e r  l i q u i d  n i t r o g e n  

f o r  5” 10  3 and thaw ed  by  p l a c i n g  i n  d i s t i l l e d  w a t e r .

F r e e z e - d r y i n g  o f  e p id e r m i s :  E p id e rm a l  t i s s u e  w h ich  was f r e e z e - d r i e d

f o r  a u to r a d io g r a p h y  a n d / o r  f i x i n g  o f  s t o m a t a l  a p e r t u r e  was f i r s t  

a p p l i e d  t o  s l i d e s  su b b ed  u s i n g  t h e  f o l l o w i n g  m ethod . M e th a n o l-  

r i n s e d  s l i d e s  w ere  d ip p e d  i n  s u b b in g  s o l u t i o n  (5  g g e l a t i n  d i s s o l v e d  

c o m p le te ly  i n  10  ̂ h o t  w a t e r  b e f o r e  a d d in g  0 .5  g chromium p o ta s s iu m  

s u l p h a t e )  and  a l lo w e d  t o  d r y . Subbed s l i d e s  w ere  s t o r e d  i n  boxes  a t  

4 C. E p id e rm is  was f l o a t e d  on a s m a l l  d rop  o f  w a t e r  on t h e  s l i d e .

The f l u i d  was t h e n  rem oved w i t h  a  p i e c e  o f  'K le e n e x '  t i s s u e .  The 

s l i d e  with, s t r i p  a t t a c h e d  was t h e n  q u i c k l y  imm ersed i n  l i q u i d  n i t r o g e n  

( - 1 9 6  C) and l e f t  u n t i l  f r e e z e - d r y i n g  i n  an Edwards F re e z e  D ry e r  Model 

EF2 (Edwards Higli Vacuum, C raw ley , U .K .) .  S l i d e s  w ere  t r a n s f e r r e d  t o  

t h e  chamber a f t e r  p r e c o o l i n g  t h e  c o i l  t o  - 3 0  C. F r e e z e - d r y i n g  was 

t h e n  c a r r i e d  f o r  a t  l e a s t  3 h and  n o r m a l ly  12 h o r  m ore . F r e e z e - d r i e d  

m a t e r i a l  was s t o r e d  i n  p e r s p e x  bo x es  c o n t a i n i n g  anh y d ro u s  s i l i c a  g e l .

( i i )  S t a i n i n g  o f  e p id e r m a l  t i s s u e

F e u t r a i  Red:  E p id e rm a l  m a t e r i a l  was f l o a t e d  on 1 kg  m  ̂ aqueous

s o l u t i o n  o f  n e u t r a l  r e d  i n d i c a t o r  f o r  2~k m in , and  was t h e n  t r a n s f e r r e d  

t o  d i s t i l l e d  w a t e r  f o r  a  v a r i a b l e  p e r i o d .  To s tu d y  u p ta k e  o f  t h e  dye 

by e p id e r m a l  c e l l s  ( i . e .  n o n - s u b s i d i a r y  c e l l s )  t h e  s t r i p  was exam ined  

m i c r o s c o p i c a l l y  a f t e r  a  r i n s e  o f  a b o u t  2 min. In  t h e  c a se  o f  s u b s i d i a r y  

o r  g u a rd  c e l l s  t h i s  p e r i o d  was e x te n d e d  t o  5 -2 0  m in .

C e l l s  w hich  t o o k  up dye a p p e a r e d  p a l e  p u r p l e  i n  c o lo u r  and  t h o s e  

w h ich  d i d  n o t  w ere  o r a n g e - r e d  (W il lm er  and M a n s f i e l d ,  I 9 6 9 ) .  Such 

c e l l s  w ere  d e s i g n a t e d  ' a l i v e '  and  'd e a d '  r e s p e c t i v e l y .  E s t im a t i o n  

o f  t h e  p r o p o r t i o n  o f  l i v e  t o  dead  c e l l s  was made by  c o u n t in g  t h e  number 

o f  t h e s e  c e l l s  whose o u t l i n e  b i s e c t e d  an e y e p ie c e  g r a t i c u - l e  a t  lOOx 

m a g n i f i c a t i o n .  E s t i m a t i o n  o f  t h e  p r o p o r t i o n  o f  s t o m a t a l  com plexes 

w i th  no  l i v i n g  s u b s i d i a r y  c eJ .ls  was made by c o u n t in g  t h e  number o f  l i v e  

and  dead  com plexes i n  h a l f  t h e  f i e l d  o f  v iew  a t  lOOx m a g n i f i c a t i o n .

The p r o p o r t i o n  o f  l i v i n g  g u a rd  c e l l s  was e s t i m a t e d  i n  t h e  same way.
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S e v e r a l  o f  t l ie  above e s t i m a t e s  w ere  combined f o r  each se g m e n t .

Uptake o f  n e u t r a l  r e d  dye by  t h e  s t o m a t a l  com plex as  a  f u n c t i o n  o f  

t im e  was s t u d i e d  b y  p h o to g ra p h y  o f  s l i d e - m o u n te d  segm en ts  a t  v a r i o u s  

i n t e r v a l s  a f t e r  s t a i n i n g .

Evœ%'s Blue '.  E p id e rm a l  m a t e r i a l  was f l o a t e d  on a d rop  o f  aqueous 

s o l u t i o n  o f  E v a n 's  B lue  ( 2 .5  kg m ) p l a c e d  on a s l i d e .  A c o v e r  s l i p  

was a p p l i e d  and  e x c e s s  dye rem oved u n d e r  g e n t l e  i i r e s s u r e  w i t h  a  

'K le e n e x '  t i s s u e .  A c c o rd in g  t o  G a f f  and  O kongo-ogo la  ( I 97 I ) ,  t h e  

dye i s  n o t  t a k e n  up by l i v i n g  p ro to p la s m ^  b u t  p e n e t r a t e s  t h e  c e l l  w a l l  

i f  t h e  c o n te n t s  a r e  r u p t u r e d  o r  d e a d .  C o n s e q u e n t ly ,  c e l l s  w hich  

r e m a in e d  c o l o u r l e s s  w ere  d e s i g n a t e d  ' a l i v e '  and t h o s e  w hich  a p p e a r e d  

b l u e  w ere  s a i d  t o  be  ' d e a d ' .  E s t im a t i o n  o f  t h e  p r o p o r t i o n s  o f  l i v i n g  

c e l l s  was by t h e  same m ethod u s e d  w i t h  n e u t r a l  r e d .

( i i i )  I n o u h a t io n  C o n d i t io n s  f o r  E p id e rm a l  Segm en ts

I n  a l l  i n c u b a t i o n  e x p e r i m e n t s ,  a  r i g i d  t i m e t a b l e  was a d h e re d  t o .  

S o l u t i o n s  w ere  p r e - i n c u b a t e d  i n  t h e  grow th  room f o r  O .5  h s t a r t i n g  

b e tw e en  1130  -1215  h .  T h is  a l lo w e d  e q u i l i b r a t i o n  o f  t h e  medium, i n  

te rm s  o f  t e m p e r  a t  ui 'e  and  CO^ c o n c e n t r a t i o n ,  b e f o r e  a d d in g  e p id e r m is  

t i s s u e ,  w hich  was t h e r e f o r e  p l a c e d  i n  b u f f e r  from  1200-12^5  h .  I f  

s t a g g e r e d  i n c u b a t i o n s  w ere  r e q u i r e d  by  t h e  e x p e r i m e n t a l  d e s i g n , 

s t a g g e r e d  p r e i n c u b a t i o n s  w ere  em ployed .

fvTO i n c u b a t i o n  sy s te m s  w ere  u s e d  i n  t h e s e  e x p e r im e n t s :  t h e  m ethod

u s e d  i n  i n d i v i d u a l  c a s e s  i s  shown i n  t h e  f i g u r e  l e g e n d s .

— 6 3S y s te m  1: I n  t h i s  m ethod , 20 x 10 m b u f f e r  s o l u t i o n  was p l a c e d
- 6 3

i n  a  25 X 10  m g l a s s  p e t r i  d i s h  300 mm below  a bank  o f  f l u o r e s c e n t

lam ps on a  b o a r d  c o v e re d  w i t h  B e n c h k o te .  At t h i s  l e v e l  t h e  d i r e c t
—  2

i r r a d i a n c e  in  t h e  b a n d  tOO-1000 nm l a y  be tw een  16 -19  W m . C O ^-free  

a i r  was b u b b le d  th ro u g h  t h e  s o l u t i o n  u s in g  hypoderm ic  n e e d le s  a t  a  

r a t e  o f  1 .7  x 10  ^m^ s  ̂ ( s e e  F i g . 5 ) .  Up t o  12 d i s h e s  w ere  u s e d  p e r  

e x p e r i m e n t .

S y s  tem  2: T h is  m ethod was p r e f e r r e d  f o r  work w i th  r a d i o a c t i  ve s o l u t i o n s

a s  a e r a t i o n  was n o t  c a r r i e d  o u t  and  t h e r e f o r e  s p l a s h i n g  and v a p o u r
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F i  g . 5. I n c u b a t i o n  o f  Kpiclorma] Segm e n t s ; Gys tcm 1

The p e t r i  d i s h  was y j  mm i n  d i a m e te r

F i g . 6 . I n c u b a t i o n  o f  w hole  l e a v e s .

The p e r s p e x  box was 110 mm lo n g .
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—6 3
p r o d u c t i o n  w ere  m in im is e d .  5 x 10  m s o l u t i o n ,  v a s  i n c u b a t e d  i n  

a  v e i l  o f  a  c l e a r  p e r s p e x  6 - v e l l e d  L in b ro  M u l t i - d i s h  (L in b ro  

S c i e n t i f i c  C o . ,  I n c . ,  Hainden, U .S .A . ) .  The v e i l s  v o re ,  c o v e re d  v i t h  

a  p e r s p e x  l i d  and  p l a c e d  on c a r t r i d g e  p a p e r  on a s l o v  o r b i t a l  s h a k e r  

(G allenkam p L t d . ,  London, U .K . ) .  T h is  v a s  p l a c e d  su ch  t h a t  t h e  

d i s h e s  r e c e i v e d  t h e  same i r r a d i a n c e  as  t h o s e  o f  s y s te m  1 .

When t r a n s f e r  from  d i s h  t o  d i s h  v a s  r e q u i r e d  f o r  t r e a t e d  e p id e r m is  

t i s s u e ,  e q u i v a l e n t  d i s t u r b a n c e  v a s  g iv e n  t o  t h e  c o n t r o l  t i s s u e ,  

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

Uptake o f  l a b e l  by e p id e r m a l  s t r i p s :  Uptake o f  l a b e l l e d  ABA o r

v a s  exam ined  by  f l o a t i n g  e p id e r m a l  t i s s u e  on b u f f e r  s o l u t i o n  c o n t a i n i n g  

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

rem oved from  t h e  t i s s u e  b y  a  s u i t a b l e  r i n s i n g  p r o c e d u r e .  E p id e rm a l  

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

E f f l u x  o f  l a b e l  f ro m  e p id e r m a l  s t r i p s :  E f f l u x  o f  l a b e l  from  e p id e r m a l

t i s s u e  i n c u b a t e d  as  above as a  f u n c t i o n  o f  t im e  v a s  s t u d i e d  by  

s e q u e n t i a l l y  t r a n s f e r r i n g  segm en ts  b e tv e e n  e f f l u x  s o l u t i o n s .  The 

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

u p ta k e  medium. 500 mra  ̂ v a s  a l l o v e d  p e r  e p id e r m a l  s t r i p .  The amount 

o f  l a b e l  e f f l u x  v a s  e s t i m a t e d  by  r a d i o a s s a y  o f  t h e  e f f l u x  medium.

Comparison o f  t h e  e f f l u x  o f  ^^Rb from  s t r i p s  i n  s o l u t i o n s  o f  

b u f f e r  and  b u f f e r  v i t h  ABA v a s  made by t r a n s f e r r i n g  s t r i p s  t o  d i s h e s  

c o n t a i n i n g  t h e s e  s o l u t i o n s  ( s y s te m  l )  and sa m p l in g  t h e  s o l u t i o n s  by

m i c r o p i p e t t e  a t  v a r i o u s  i n t e r v a l s .  S in c e  t h e  volume sam p led  v a s  

200  mm̂  from  

v a s  g iv e n  by

200  mm̂  from  an i n i t i a l  t o t a l  o f  10  x  10  ^ m^ , t h e  c u m u la t iv e  e f f l u x

T = C (50 -  n) -I- T. C. n  n____________ 1- n ___ r

a r e a  o f  t i s s u e

v h e r e  n = no o f  sam ples  t a k e n ,  T̂  ̂ = c u m u la t iv e  e f f l u x  a t  n t h  sam ple  

C^ = r a d i o a c t i v i t y  i n  i t h  s a m p le ,  Ĉ  ̂ = r a d i o a c t i v i t y  i n  n t h  sam p le .
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Free-spaoG  iH n s in g :  The f r e e  s p a c e  r i n s i n g  p e r i o d  was c a l c u l a t e d

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

F o r  l ’̂ C"ABA t r e a t e d  t i s s u e ,  t h e  r i n s i n g  t r e a t m e n t  c o n s i s t e d  

o f  6 x 15 s w a s h e s  i n  b u f f e r  u s i n g  i n c u b a t i o n  s y s te m  2 .

I n  t h e  c a s e  o f  GGpb, t h e  r i n s i n g  t r e a t m e n t  v a r i e d :  t h e  t o t a l

r i n s e  t im e  i s  n o t e d  i n  f i g u r e  l e g e n d s .  G e n e r a l l y ,  segm en ts  w ere  

f l o a t e d  on b u f f e r  ( s y s te m  2 ) f o r  s e v e r a l  m in u te s  and  t h e n  subm erged  

i n  f r e s h  b u f f e r  s o l u t i o n  t o  remove l a b e l  on t h e  c u t i c l e  s u r f a c e  fo i '  

t h e  r e m a in d e r  o f  t h e  r i n s e  p e r i o d .

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

e x c e p t io n  o f  t r a c e r  c o n t e n t ,  t o  t h a t  u s e d  f o r  i n c u b a t i o n .  500  mm3 

b u f f e r  p e r  segm en t was a l lo w e d  i n  e a c h  r i n s e .

( i v )  S o l u t i o n s  u s e d  f o r  i n c u b a t i o n  o f  e p id e r m a l  t i s s u e

T hese  s o l u t i o n s  w ere  made up f rom  s t o c k  b u f f e r  s o l u t i o n s  as 

r e q u i r e d  and u s e d  once  o n l y .  S to c k  s o l u t i o n s  b a s e d  on PIPES o r  MES 

(B.D.H. l t d . ,  P o o l e ,  U .K .)  w ere  a d j u s t e d  t o  t h e  c o r r e c t  pH w i t h  KOH 

b e f o r e  m aking up t o  volum e. The pH was t h e n  r e c h e c k e d .  A l l  s t o c k  

s o l u t i o n s ,  p a r t i c u l a r l y  t h o s e  c o n t a i n i n g  .ABA, w ere  r e p l a c e d  r e g u l a r l y  

and  w ere  s t o r e d  a t  room t e m p e r a t u r e  i n  a c t i n i c  g l a s s  b o t t l e s .  Tlie 

f o l l o w i n g  b u f f e r  sy s te m s  w ere  u s e d .

PIPES/KCL pH 6 ,8  b u f f e r :  T hese  w ere  b a s e d  on 10 mol m  ̂ PIPES pH 6 .8

and made from  t h e  f o l l o w i n g  s t o c k  s o l u t i o n s  :

A. 500 mol m"^ KOI i n  10 mol m“  ̂PIPES, pH 6 . 8 ,

B. 10 mol m"^ PIPES, pH 6 . 8 .
- 3  - 3   ̂ ^

C. 0 . 2  mol m ABA i n  10 mol m P IPE S , pH fo. 8 .

As e x am p le ,  a  s o l u t i o n  o f  100 mol m  ̂ K C l/lO  mol m  ̂ P I P E S /0 .3,
-  3mol m ABA was made from  s to c k  s o l u t i o n s  A, B, and  C in  t h e  p r o p o r t i o n s  

2 : 3 : 5  ( v / v ).
When c o ld  RbCl was u s e d  i n s t e a d  o f  KOI, t h e  s o l u t i o n s  w ere  made

_  3 q
up from  a  500 mol m pbC l i n  10 mol m" PIPES pH 6 .8  s t o c k  s o l u t i o n

i n  p l a c e  o f  s o l u t i o n  A. C a lc ium  and  s t r o n t i u m  v e r e  s u p p i i e d  as

c h l o r i d e s  and s o l u t i o n s  'of t h e  s a l t s  w ere  made by s e r i a l  d i l u t i o n  o f  a
-  3 . -  3 -  3

1 mol m s to c k  s o l u t i o n  c o n t a i n i n g  50 mol m KOI and  10 mol m

PIPES a t  pH 6 . 8 .
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FIVES/Ma pH 6 ,8  b u f f e r :  The PIPES/NaNO^ b u f f e r  sy s te m  o f

Ogimkotuiii e t  aZ. (1 9 7 3 ) was u s e d .  T h is  was a l s o  b a s e d  on 10  mol

PIPES pH 6 . 8 . I n c u b a t i o n  s o l u t i o n s  w ere  made from  t h e  same s to c k

s o l u t i o n s  as  above b u t  w i t h  500  mol m  ̂ NaNO i n s t e a d  o f  500  mol in" ^
3

KCl. S o l u t i o n s  c o n t a i n i n g  d i f f e r e n t  c o n c e n t r a t i o n s  o f  ABA w ere  made 

by  s e r i a l  d i l u t i o n .

MES pH 4 .5  h i i f f e r  s o t u t i o n :  T h is  b u f f e r  was u s e d  f o r  t h e  s e l e c t i v e

k i l l i n g  o f  c e l l s  i n  e p id e r m is  t i s s u e  ( S q u i r e  and  M a n s f i e l d ,  1 9 T 2 ) . 

KCl was n o t  added .

C i t r a t e  pH 5 ,5  b u f f e r  s o tu t - io n :  10 mol m. C i t r a t e  b u f f e r  a t  pH 5 « 5
-  3 .

c o n t a i n i n g  10 mo], m KCl (W il lm er  e t  a Z . ,  1978) made from  c i t r i c  

a c i d  and  Wa^ c i t r a t e  s t o c k  s o l u t i o n s  (1 0 0  mol m i n  t h e  a p p ro x im a te  

p r o p o r t i o n  3 :7  ( v /v )  d i l u t e d  t e n  t im e s  w i th  d i s t i l l e d  w a t e r .  ABA 

was d i s s o l v e d  i n  t h e  s o l u t i o n  a t  a  c o n c e n t r a t i o n  o f  0 . 1  mol m

(v )  P r e p a r a t io n  o f  w hole  l e a v e s

L e a f  m a t e r i a l :  Leaves  w ere  o b t a i n e d  from  m a tu re  p l a n t s  w i t h  s e v e ra l ,

b r a n c h e s .  H e a l th y  f i r s t  o r  s e c o n d  f u l l y  expanded  l e a v e s  n e a r e s t  t o  

t h e  a p ic e s  w ere  s e l e c t e d .  A f t e r  d e t a c h in g  a  l e a f  w i t h  some 50 mm o f  

s te m  be low  t h e  p o i n t  o f  i n s e r t i o n ,  t h e  p o r t i o n  o f  s te m  above t h e  l e a f  

was e x c i s e d  and t h e  en d  o f  t h e  lo w e r  p a r t  c u t  r a p i d l y  w i th  a  r a z o r  

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

o f  a i r  em bolism  o c c u r r i n g  i n  xylem c o n d u i t s  due t o  t h e  r e l e a s e  o f  xylem  

t e n s i o n  ( J .A .  M i lb u m ,  p e r s . comm.). The s tem  was th e n  t r im m ed  t o  

Ho mm. Care was t a k e n  n o t  t o  dampen t h e  l a m in a  d u r in g  t h i s  p r o c e d u r e .

I n c u b a t i o n  o f  l e a v e s  : L eaves  w i t h  HO mm s tem  a t t a c h e d  w ere  i n c u b a t e d

by p l a c i n g  t h e  s tem  i n  v i a l s  o f  d i s t i l l e d  w a t e r  o r  aqueous  J\BA s o l u t i o n
- 6  3

i n s i d e  p e r s p e x  chambers I 50 x 10 rn in  volume ( F ig .  6 ) ,  th ro u g l i  w hich  

a i r  o r  C O y-free  a i r  o f  h ig h  h u m id i ty  was p a s s e d .

In  o r d e r  t o  i n c r e a s e  t h e  h u m id i ty  o f  t h e  gas s u p p l y ,  i t  was f i r s t  

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

t h e  b a s e  o f  t h e  p e r s p e x  b o x e s  v i a  hypoderm ic  n e e d l e s .  ■ The b o t to m  o f

each  chamber was l i n e d  w i th  damp 'K le e n e x '  t i s s u e  and a  p e r s p e x  l i d  was
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p l a c e d  on to p  o f  t h e  box  i n  such  a  way t h a t  t h e  gas s u p p l i e d  p a s s e d

o v e r  t h e  l e a f  b e f o r e  l e a v i n g  t h e  cham ber. The gas f lo w  r a t e  was
• - 6 3 " ]  — 1

r e g u l a t e d  a t  2 '5  x  10  m s ' chamber , w hich  was a p p r o x im a te ly  one

chamber volume p e r  m in u te .  The bo x es  w ere  p l a c e d  on a  g la s s  p l a t e  and

s e a l e d  w i th  'B l u - t a c k '  ( B o s t i k  L t d . ,  L e i c e s t e r ,  U .K . ) ,  Up t o  15

chambers were i n  u se  a t  any g iv e n  t im e .

A l l  e x p e r im e n t s  u s in g  t h i s  m ethod  were c a r r ie d ,  o u t  be tw een

1000"13H0 h .  I f  t r a n s f e r  o f  l e a v e s  from  c o n t r o l  t o  t r e a t m e n t  s o l u t i o n s

was r e q u i r e d ,  u n t r e a t e d  l e a v e s  w ere  g iv e n  e q u i v a l e n t  d i s t u r b a n c e .

( v i )  W a t e r s  t r e s s  T r e a tm e n ts

S h o r t - t e r m  s t r e s s e s  (0—5 h ) : F o r  s h o r t - t e r m  s t r e s s e s ,  t r e a t m e n t s

m ea su red  by  f r e s h  w e ig h t  l o s s  w ere  u s e d .  Leaves w ere  rem oved from  w e l l -  

w a te r e d  p l a n t s  i n  t h e  g re e n h o u s e  and  w e ighed  i n  t h e  l a b o r a t o r y .  C o n t r o l  

b a t c h e s  w ere  im m e d ia te ly  p l a c e d  i n  c l e a r  p o ly th e n e  b ags  from  w hich  t h e  

a i r  was removed by  s u c t i o n  b e f o r e  s e a l i n g .  T r e a t e d  l e a v e s  w ere  p l a c e d  

on a  t o p - l o a d e r  b a l a n c e  and  d r i e d  u n t i l  10% f r e s h  w e ig h t  l o s s  h a d  

o c c u r r e d .  A h a i r  d r y e r  ( a i r s t r e a m  t e m p e r a t u r e  < 35 C) p l a c e d  1 m 

from  t h e  l e a v e s  was u s e d  t o  a c c e l e r a t e  t h i s  p r o c e s s .  A f t e r  r e d u c in g  

f r e s h  w e i g h t ,  t h e  s t r e s s e d  l e a v e s  w ere  b ag g ed  on a  s i m i l a r  f a s h i o n  t o  

c o n t r o l s .  S e t s  o f  c o n t r o l  and  t r e a t m e n t  l e a v e s  w ere  . l e f t  i n  t h e  b ags  u n d e r  

f l u o r e s c e n t  l i g h t i n g  ( 5~10 W m i n  t h e  b a n d  HOO-IOOO nm) f o r  1 , 3  and.

5 h .  The t im e  t a k e n  f o r  r e d u c i n g  f r e s h  w e ig h t  was i n c l u d e d  i n  t r e a t m e n t  

t i m e s .

L o n g - te r m  s t r e s s e s  ( 0 -5  d ) : F o r  l o n g - t e r m  s t r e s s e s ,  t r e a t m e n t s  w hich

i n v o lv e d  r e d u c i n g  o r  w i t h h o l d i n g  w a t e r  from p o t t e d  p l a n t s  w ere  u s e d .  

I n d i v i d u a l  w a t e r i n g  r e g im e s  a r e  d e s c r i b e d  w i th  t h e  r e l e v a n t  e x p e r im e n t .

( v i i )  T r a n s p o r t  o f  R a d i o - t r a c e r s  i n  th e  Phloem Sap o f  R i c in u s  

These  e x p e r im e n ts  w ere  c a r r i e d  o u t  i n  t h e  grow th  room. The

a d a x i a l  s u r f a c e  o f  f i r s t  o r  s e c o n d  a l t e r n a t e  l e a v e s  o f  R i c in u s  s e e d l i n g s  

was a b ra d e d  g e n t l y  w i th  A l o x i t e  O p t i c a l  Sm ooth ing  Powder (The 

Carborundum C o . ,  L t d . ,  M a n c h e s te r ,  U .K .)  on an a r e a  o f  a p p ro x im a te ly  

10 mm d i a m e le r ,  u s i n g  damp c o t t o n  w o o l .  A b ra s io n  was. s to p p e d  when 

an th o c y f in in  p ig m e n ts  ( p r e s e n t  i n  g la n d  c e l l s  o f  t h e  e p id e r m is )  w ere
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o b s e rv e d  t o  have  b e e n  rem oved . The a r e a  was w ashed  w i th  d i s t i l l e d  

w a t e r ,  d r i e d  and  th e n  u s e d  f o r  t h e  a p p l i c a t i o n  o f  t r a c e r s  i n  one o f  

t h e  f o l l o w i n g  ways :

A. A 2 mm t h i c k ,  10 mm d ia m e te r  c y l i n d e r  o f  1.3% ( v / v  

a g a r  c o n t a i n i n g  G- -ABA was appl.i ed  t o  t h e  a b ra d e d  

l e a f  s u r f a c e  and  c o v e re d  w i t h  a  15  mm d i a m e te r  g l a s s  

c o v e r s l i p .

B. A 25 mm3 d rop  o f  aqueous  s o l u t i o n  o f  t r a c e r ( s )  (w i th  o r  

w i t h o u t  b u f f e r )  was a p p l i e d  t o  t h e  ab ra d e d  l e a f  s u r f a c e

by  m i c r o p i p e t t e  and  c o v e re d  w i th  a  20  mm s q u a r e  f i l m

o f  p o l y e t h y l e n e .

A 5 "1 0  mm l a t e r a l  b a r k  i n c i s i o n  was t h e n  made im m e d ia te ly  and 

t h e  phloem  sa p  c o l l e c t e d  i n  g l a s s  m i c r o c a p i l l a r y  t u b e s  o r  i n  m e th a n o l-  

r i n s e d  g l a s s  p i p e t t e s  o f  s u i t a b l e  s i z e .  The t im e  o f  c o l l e c t i o n  and 

volume c o l l e c t e d  (w here  r e l e v a n t )  w ere  n o t e d .  I n  some c a s e s  two o r  

more a s c e n d in g  l a t e r a l  i n c i s i o n  w ere  made. F u l l  d e t a i l s  o f  t h e  l e a f  

a b r a d e d ,  m ethod o f  t r a c e r  a p p l i c a t i o n ,  a c t i v i t y  o f  t r a c e r ( s )  a p p l i e d ,  

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

f i g u r e  l e g e n d s .

F o r  a n a l ly s is  o f  t h e  m o le c u la r  s t a t e  o f  t r i t i u m  l a b e l  from 

l a b e l l e d  ABA p r e s e n t  i n  t h e  s a p ,  t h e  e x u d a te  was a d j u s t e d  t o  pH 2 w i t h

1 k.mol m  ̂ HCl and  p a r t i t i o n e d  tw i c e  a g a i n s t  e t h y l  a c e t a t e  ( l  x 5 volumes

1 x 1  v o lu m e ) .  The e t h y l  a c e t a t e  was e v a p o r a te d  from  t h e  combined 

f r a c t i o n s  and t h e  sam ple  u s e d  f o r  TLG a n a l y s i s .

C i r c u l a t i o n  o f  l a b e l  from  a p p l i e d  /VBA i n t o  t h e  xylem  s a p  was 

s t u d i e d  by c o l l e c t i n g  r o o t  p r e s s u r e  e x u d a te  u s i n g  t h e  m ethod o f  

W ie r in g a  and  B akhu is  (195T)*

The e f f e c t  o f  a b r a s i o n  on c e l l  s t r u c t u r e  and l e a f  anatomy was 

exam ined  by  p r e p a r i n g  s e c t i o n s ,  f o r  l i g h t  m ic r o s c o p y ,  o f  a b ra d e d  and 

c o n t r o l  a r e a s  o f  l e a f .

( v i i i )  S i l i o o n e  R ubber  S tom atc il  I m p r e s s io n s

F l e x ic o  ' S i l f l o '  s i l i c o n e  im p r e s s io n  m a t e r i a l  and  ' S i l f l e x '  

c a t a l y s t  ( J .  & S. D av is  L t d . ,  London, U .K .) i n  t h e  p r o p o r t i o n  1 0 :1  

( v / v )  w ere  m ixed t h o r o u g h ly  w i t h  a  p l a s t i c  s p a t u l a .  The f l u i d  was



65.
a p p l i e d  g e n t l y  t o  t h e  l e a f  s u r f a c e  ( g e n e r a l l y  a b a x i a l ) , a l l o w e d  t o  

h a rd e n  f o r  s e v e r a l  m i n u t e s ,  and t h e n  p e e l e d  o f f .  A ' p o s i t i v e '  was 

made by a p p ly i n g  t h e  im p r e s s io n  t o  a  t h i n  l a y e r  o f  N o .Y c l e a r  n a i l  

v a r n i s h  (B o o ts  L t d . ,  N o t t in g h a m ,  U .K .)  c o a te d  on a  s l i d e .  The 

v a r n i s h  was t h e n  a l lo w e d  t o  d ry  t h o r o u g h ly  ( 0 .5  h )  b e f o r e  p e e l i n g  

awo '̂- t h e  im p r e s s i o n .  T ie  p o s i t i v e  was v iew ed  by  l i g h t  m ic ro s c o p y ,  

c a r e  b e i n g  t a k e n  t o  e n s u re  t h a t  t h e  s t o m a t a l  t h r o a t  was in  f o c u s .

M easurem ents

( i )  E s t i m a t i o n  o f  s t o m a t a l  cqperture and e p id e r m a l  se g m e n t  a re a s

S to m a ta l  a p e r t u r e s  on l i v e  e p id e r m is  t i s s u e ,  f r e e z e - d r i e d  

e p id e r m is  and  from  s t o m a t a l  i m p r e s s io n s  w ere  m easu red  by  l i g h t  

m ic ro s c o p y .  A m a g n i f i c a t i o n  o f  HOOx was em ployed  and  t h e  p o r e  

t h r o a t  w id th  ( a t  i t s  w i d e s t  p o i n t )  was e s t i m a t e d  by  e y e p ie c e  g ra t ic u 3 .e  

t o  t h e  n e a r e s t  0 .  Y5 As a  g e n e r a l  r u l e , 23 m easu rem en ts  from  each

o f  two o r  t h r e e  segm en ts  w ere  com bined f o r  each  mean shown. The 

t o t a l  number o f  a p e r t u r e  m e a s u re m e n ts ,  n ,  and  num ber o f  r e p l i c a t e  

s e g m e n ts ,  s ,  i s  shown i n  i n d i v i d u a l  f i g u r e  l e g e n d s .

I n  o r d e r  t o  ' r a n d o m i s e '  o b s e r v a t i o n s  and y e t  a c h ie v e  sp eed y  

m ea su rem e n t ,  a  comprom ise m ethod  was u s e d  w hereby  f i v e  g ro u p s  o f  

f i v e  s to m a ta  w ere  m ea su red  from  i n d i v i d u a l  segm en ts  by  ' random ' move

ment o f  t h e  s t a g e .  S to m a ta  a t  t h e  edges  w ere  n o t  u s e d .  I f  an 

a s s i s t a n t  w ro te  down v e rb  a l ly - c o m m u n ic a te d  m e a s u re m e n ts ,  t h e  e s t i m a t i o n  

o f  50  a p e r t u r e s  c o u ld  b e  c o m p le te d  i n  90  s .

When segm ent a r e a s  w ere  r e q u i r e d ,  t h e y  w ere  e s t i m a t e d  by  e y e p ie c e  

g r a t i c u l e  a t  25x  m a g n i f i c a t i o n  and  w ere  a c c u r a t e  t o  t h e  n e a r e s t  Ü.1 rmn̂  

VJiien r e q u i r e d ,  e s t i m a t e s  o f  c o n ta m in a t in g  m eso p h y l l  c e l l s  w ere  o b t a i n e d  

from  s e v e r a l  c o u n ts  i n  h a l f  t h e  f i e l d  o f  v iew  a t  lOOx m a g n i f i c a t i o n .

( i i )  R a d io a s s a y

L i q u i d  s c i n t i l l a t i o n  sp e c tro m e t i^y  \ R a d i o a c t i v i t y  i n  sam p les  was 

m ea su red  u s i n g  a  P a c k a r d  3300 l i q u i d  s c i n t i l l a t i o n  s p e c t r o m e t e r ,

20 X 10 ®m̂  p l a s t i c  v i a l s  (A. & J .  B e v e r id g e  L t d . ,  E d in b u rg h ,  U .K .) 

w ere  u s e d  w i t h  10 x 30 m s c i n t i l l a t i o n  c o c k t a i l  ( ' s c i n t i l l a n t ' ) .
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(a) E s t i m a t i o n  o f  a n d  ^^6  a c - t i v i t y

S e i n t i t t a n  t s

Two t y p e s  w ere  u s e d :

A. h Kg m 'PPO ( 2 , 5 " d ip l i e n y lo x a z o le )  i n  t o l u e n e .

B. Two p a r t s  A p l u s  one p a i ' t  T r i t o n  X-100

( a . & J ,  B e v e r id g e  L t d . ,  E d in b u rg h ,  U .K . ) .

S c i n t i l l a n t  A was u s e d  w i t h  t o l u e n e - s o l u b l e  o r g a n i c  s o l v e n t  

sam p les  and  s c i n t i l l a n t  B w i t h  aqueous  sa m p le s ,

C oio iting  e f f i o i e n o y :  The e f f i c i e n c y  o f  c o u n t in g  was e s t i m a t e d

u s i n g  t h e  A u to m a tic  E x t e r n a l  S t a n d a r d  ( A .E .S . )  f e a t u r e  o f  t h e  s p e c t r o 

m e t e r .  Tliis was c a l i b r a t e d  f o r  each  s c i n t i l l a n t  u s i n g  ^H -hexadecane 

o r  l^ C -h e x a d e c a n e  i n  t h e  f o l l o w i n g  m anner.

A p l a s t i c  v i a l  was w e ig h ed  t o  t h e  n e a r e s t  10 yg and  r e w e ig h e d  

a f t e r  a d d in g  c a .  20  o f  l a b e l l e d  h e x a d e c a n e .  S c i n t i l l a n t  was added  

im m e d ia te ly .  The t h e o r e t i c a l  amount o f  r a d i o a c t i v i t y  p r e s e n t  was 

c a l c u l a t e d  from  t h e  w e ig h t  d i f f e r e n c e  u s in g  t h e  s p e c i f i c  a c t i v i t y  o f  

t h e  h e x a d e c a n e .  The v i a l  was t h e n  c o u n te d  in  t h e  r e l e v a n t  c h a n n e l ( s )  

on t h e  s p e c t r o m e t e r  and  t h e  A .E .S .  r a t i o  n o t e d .  G r e a t e r  d e g re e s  o f  

q u e n c h in g  (an d  t h e r e f o r e  lo w e r  A .E .S .  r a t i o s )  w ere  o b t a i n e d  by  a d d in g  

d ro p s  o f  a  m e th a n o l  e x t r a c t  o f  F re n c h  b e a n  l e a v e s  t o  t h e  v i a l .  The 

c o u n t i n g  e f f i c i e n c y  was c a l c u l a t e d  a t  e ach  A .E .S .  r a t i o  from  t h e  

f o r m u l a ,

E f f ic ie n c y  = Ço™t , o b t ainea
t h e o r e t i c a l  a c t i v i t y  p r e s e n t

The r e l a t i o n s h i p  b e tw een  A .E .S .  r a t i o  and e f f i c i e n c y  was e s t i m a t e d  by 

f i t t i n g  t h e  p o i n t s  o b t a i n e d  t o  l e a s t  s q u a re  c u rv e s  u s i n g  an. HP6 T 

c a lc u 3 .a to r  ( H e w le t t  P a c k a r d ,  C o r v a l l i s ,  U .S .A . ) .  L i n e a r ,  e x p o n e n t i a l ,  

l o g a r i t h m i c  and. power c u rv e s  ( o f  e q u a t i o n  y “ + b , y  = a e ^ ^ ,

y  -  a  I n x  4- b and y = ax^ r e s p e c t i v e l y ,  w here  y  = e f f i c i e n c y  and 

X "  A .E .S .  r a t i o ,  o < x ,  y < l )  w ere  f i t t e d  and  t h a t  g i v i n g  t h e  h i g h e s t  

c o e f f i c i e n t  o f  c o r r e l a t i o n  a c c e p t e d .

C a l c u l a t i o n  o f  r a d i o a c t i v i t y  p r e s e n t  p e r  v i a l :  The f a c t o r y  p r e - s e t

channcds  w ere  u s e d  t o  o b t a i n  ^H, and d o u b l e - l a b e l  e f f i c i e n c y  c u rv e s
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f o r  t h e  d i f f e r e n t  s c i n t i l l a n t s .  The r a d i o a c t i v i t y  p r e s e n t  i n  each  

v i a l  c o u n te d  was t h e n  c a l c u l a t e d  u s in g  a  programme f o r  t h e  HP6T 

c a l c u l a t o r  w hich  u t i l i s e d  t h e  e f f i c i e n c y  cu i 'ves  and  t h e  f o l l o w i n g  

fo rm u la e  ;

T r i t i u m

r a d i o a c t i v i t y  ~ c o u n t s  i n  c h a n n e l  -  b g _

e f f i c i e n c y  in  c h a n n e l

Carbon 14

r a d i o a c t i v i t y  =

D o u b t e ~ t a b e t t i n g

r a d i o a c t i v i t y  =

r a d i o a c t i v i t y

i s o t o p e  r a t i o  -

c o u n ts  i n  c h a n n e l  -  b g 

e f f i c i e n c y  i n  C c h a n n e l

c o u n ts  i n  H) c h a n n e l  -  b g

e f f i c i e n c y  in^'^C( ^H) c h a n n e l

c o u n ts  i n  c h a n n e l  -  bg  _ r a d i o a c t i v i t y

e f f i c i e n c y  i n  ■̂ H( c h a n n e l  i s o t o p e  r a t i o

e f f i c i e n c y  in  c h a n n e l

e f f i c i e n c y  in  c h a n n e l

The e f f i c i e n c y  c u rv e s  u s e d  i n  t h e s e  a n a ly s e s  a r e  i l l u s t r a t e d  i n  

F ig u r e  %. B ackground  (bg )  was o b t a i n e d  by  u s i n g  s c i n t i l l a n t  o n ly  

i n  t h e  v i a l s .  I t  d i d  n o t  v a ry  s i g n i f i c a n t l y  w i t h  quench .

Sample p r e p a r a t i o n

I f  r e q u i r e d ,  sam p les  w ere  p r e p a r e d  by  r e n d e r i n g  them  s o l u b l e  i n

e i t h e r  a  s u i t a b l e  o r g a n i c  s o l v e n t  o r  w a t e r .  R a d i o a c t i v i t y  was e x t r a c t e d

from  e p id e r m a l  segm en ts  by  p l a c i n g  t h e  t i s s u e  i n  a  s c i n t i l l a t i o n  v i a l  
•** G o

w i t h  10  m m e th a n o l  o r  m e th a n o l  : e t h e r  ( l : l .  v / v )  m ix tu r e  f o r  3 h o r  

m ore . The somie p r o c e d u r e  was u s e d  f o r  s e c t i o n s  o f  p l a s t i c  TLC p l a t e s .
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F i  g . T- E f f i c i e n c y  Curves  Used f o r  S c i n t i l l a t i o n  S n e c t r o m e t ^

&
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C III
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r
A .E .S .  r a t i o

&
g

•H O 
• H tH (H
M

0

b.

A .E .S .  r a t i o

F o r  Curves u se d  s e e  f o l l o w i n g  p a g e .
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F ig .  'f. E f f i c i e n c y  Curves  Used f o r  S c i n t i l l a t i o n  S p e c t ro m e t ry

a .  S i n g le  L a t e l  C a l c u l a t i o n s .

S c i n t i l l a n t s  A, B a s  t e x t  C = A l  1 x 10 m" MeOH; E t^ O . 

E cp ia tions  u s e d : -

A .E .S .  = 0 .^ 5  -  0*8 ' { A,B,C y  == 0 - 9 5 Î  + 0 '1Ü 5 I n x ,  r  = 0 -9 6 9 , n IT

14
y = 1 -09  + 0*277 I n x ,  r  -  0 * 996 , n = l 7

A .E .S .  = 0 -  0*^5 ^ B y = 0*9^i9 -i* 0*170 I n x ,  r  == 0*991 , n = 3^

y  = 0 987  0 218  I n x ,  r  = 0 9 9 2 , n = 16

A .E .S .  = 0*^9 -  0*8 { A,B,C y  = 0 '0 9 e ^ ' ^ * ,  r  = 0*998 , n = 17

 ̂ A .E .S .  -  0 -  0*U9 i  ̂  ̂0*23e^'  ̂ , r  = 0 * 992 , n ^ 29
LB  y  = 0 '0 3 e ^ ' ^ * ,  r  = 0 *9 9 8 , n = 37

B . Double L a b e l  C a l c u l a t i o n s .

Only s c i n t i l l a n t s  A, B u s e d  

E q u a t io n s  f o r  b o t h ; -

( A .E .S .  = 0* L -  0*69  y  = 0*720x "  0 * 2 7 ,  r  -  0 * 996 , n = 17

 ̂ L A .E .S .  = 0*69  - 0 * 8  y  = 1*396% -  0 *7 0 1 , r  = 0*999 , n = It

i n  3 h ( 1 ^ C ) [ a .E .S .  = 0 *U -  0*8  y  = 0 *686% -  0 *0 9 , r  = 0 *9 9 8 , n 22

I s o t o p e  r a t i o | A . E . S ,  -- 0*^4 -  0*8 y ~ 9 '0 9 ^ x ^  r  = 0 * 995 , n = 9
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(h) E st 'L m ation  o f  ^'^Eb a o t i v v b y  

S G iM ti/L tan t

^ " e m is s io n  was c o u n te d  u s i n g  t h e  C erenkov  r a d i a t i o n  p ro d u c e d  

by  t h i s  i s o t o p e  i n  w a t e r .  H ence . 10 x lO "^ d i s t i l l e d  w a t e r  was 

added t o  each  sam ple  a s  s c i n t i l l a n t .

C o u n t in g  e f f i c i e n c y

As t h e  compound u s e d  f o r  and %  A .E .S .  r a t i o  d e t e r m i n a t i o n s  

d i d  n o t  p ro d u c e  s i g n i f i c a n t  C erenkov  r a d i a t i o n  i n  w a t e r ,  t h i s  m ethod 

was n o t  u s e d  f o r  e f f i c i e n c y  d e t e r m i n a t i o n s .  I t  was assum ed t h a t  t h e  

v a r i a b i l i t y  i n  q u e n c h in g  b e tw e e n  sam p les  was n e g l i g i b l e .  Tlie optimum 

e f f i c i e n c y  in  t h e  'h i g h  e n e r g y '  c h a n n e l  was fou n d  by  u s i n g  a  sam ple  

o f  ®°RbCl o f  known a c t i v i t y  and  m a x im is in g  t h e  c o im ts  o b t a i n e d  by 

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

e f f i c i e n c y  o b t a i n e d  was 0 .3 8  a t  1 0 0 % a m p l i f i c a t i o n  w i th  t h e  window 

s e t  a t  3 0 0 -1 0 0 0  u n i t s .

C a l c u l a t i o n  o f  r a d i o a c t i v i t y  p r e s e n t  p e r  v i a l  

T h is  was c a l c u l a t e d  from

 ...................  c o u n ts  i n  h ig h  energ\^ c h a n n e l  -  bgr a d i o a c t i v i t y  = ---------------------- "-----------^ -----------------------
0 .3 8

Sample p r e p a r a t io y i

I f  n e c e s s a r y ,  sam p les  i re re  p r e p a r e d  by  r e n d e r i n g  them  s o l u b l e

i n  w a t e r .  F o r  s e g m e n ts ,  t h i s  was a c h ie v e d  by  a d d in g  lOOwi^ p e r c h l o r i c

a c i d  t o  t h e  t i s s u e  in  each  v i a l  f o r  3 h  o r  more p r i o r  t o  t h e  a d d i t i o n  
“ 6 3

o f  10  X 10  m HgO.

Allowœice. f o r  r a d i o a c t i v e  decdy

Owing t o  t h e  s h o r t  h a l f - l i f e  o f  ^^Rb ( 1 8 .6 6  d ) , a l lo w a n c e  was 

made f o r  t h i s  i n  t h e  c a l c u l a t i o n  o f  t h e  a c t i v i t y  p r e s e n t  i n  so .T u tions  

a t  any g iv e n  t im e .  The e q u a t i o n

was u s e d ,  w here  A^ = o r i g i n a l  o r  r e f e r e n c e  amount o f  a c t i v i t y ,
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A.̂ . ~ a c t i v i t y  r e m a in in g  a t  t im e  t ,  A = decay  c o n s t  m it  ( f o r  = 0 .0 3 7 1 5

d"-'- o r  0 .0 0 1 5 5  1 ” ■*■)•

M icro a u to r a d io  grtophy

The m ic r o a u t o r a d i o g r a p h i c  t e c h n i q u e  was a  m o d i f i c a t i o n  o f  t h a t  

o f  W il lm er  e t  a t .  (1 9 7 3 ) .

( a )  A p p l i c a t i o n  o f  p h o to g r a p h ic  f i l m

P i e c e s  o f  Kodak P a n -P  18 DIN/50 ASA f i l m  (35 % 20 mm) w ere  c u t  i n  

t h e  d a r k . H ie  e m u ls io n  s i d e  was a p p l i e d  d i r e c t l y  t o  t h e  t i s s u e  and 

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

t h e  subbed  s l i d e  w i t h  f r e e z e - d r i e d  t i s s u e ,  20 mm w id th  ' S e l l o t a p e '  

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

p r i o r  t o  f i l m  a p p l i c a t i o n  b e c a u s e  s t a t i c  s p a r k i n g  o c c u r r e d  as i t  was 

u n p e e le d .  C o n t r o l s  f o r  p o s i t i v e  and n e g a t i v e  chemography w ere  a lw ays 

i n c l u d e d .  T ha t  f o r  p o s i t i v e  chemography c o n s i s t e d  o f  u n l a b e l l e d  

t i s s u e  with, unex p o sed  f i l m .  F o r  n e g a t i v e  chem ography, e x p o sed  f i l m  

was u s e d  w i t h  u n l a b e l l e d  t i s s u e .  T a p e re d  s l i d e s  w ere  p l a c e d  i n  a 

c a r d b o a r d  o r  p l a s t i c  l i g h t - t i g h t  box  and c o v e re d  w i t h  b l a c k  p o l y th e n e  

a n d /o r  alumi.niura f o i l  t o  e x c lu d e  l i g h t .

■(b) E xp o su re

E xp o su re  o f  m ic r o a u t o r a d i o g ra p h s  was c a r r i e d  o u t  a t  -1 5  C. The 

e x p o s u re  p e r i o d  was c a l c u l a t e d  from  e s t i m a t e s  o f  t h e  amount o f  r a d i o 

a c t i v i t y  in  t h e  t i s s u e  on t h e  b a s i s  t h a t  l a t e n t  image fo rm a t io n  was

g o v e rn e d  by  an i n v e r s e  r e l a t i o n s h i p  be tw een  t i s s u e  r a d i o a c t i v e  c o n t e n t  

and  e x p o s u re  t im e .  Thus t i s s u e  r a d i o a c t i v i t y , in  Bq mta , m u l t i p l i e d  

by  e x p o s u re  t i m e ,  i n  d a y s ,  was p r e d i c t e d  t o  e q u a l  a  c o n s t a n t ,  K, f o r  

o p t im a l  e x p o s u re .  E m p i r i c a l  e v id e n c e  s u g g e s t e d  t h a t  K -  4 .5  d Bq mm 

was s a t i s f a c t o r y  f o r  g - e m i s s i o n .  Tliis v a lu e  was a l s o  found  t o

h o l d  f o r  ^^Rb 3- e m i s s i o n .  E x p o su re  t im e s  t h e r e f o r e  v a r i e d  from days 

t o  months b e tw een  e x p e r im e n t s  d e p e n d in g  upon t h e  e s t i m a t e d  r a d i o a c t i v e  

c o n te n t  o f  t h e  t i s s u e .

( c )  D eve lopm en t  P r o t o c o l

In  d a r k n e s s ,  t h e  l i g h t - t i g h t  box  was opened and a. r a z o r  b l a d e  uscd
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t o  c u t  t h e  t a p e  b e tw e en  t h e  s l i d e s .  The p i e c e s  o f  f i l m  w ere  rem oved 

and a  number o f  n o t c h e s  c u t  i n  t h e  s i d e  w i th  s c i s s o r s  f o r  i d e n t i f i c a t i o n .  

I h e  f i l m  was t h e n  p l a c e d  i n  a  b e a k e r  a l t e r  b e n d in g  o v e r  t h e  c o r n e r s  t o  

p r e v e n t  a d h e s io n  i n  s o l u t i o n .  The s l i d e s  w ere  s t o r e d  s e p a r a t e l y  i n  an 

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

p l a c e d  o v e r  t h e  b e a k e r  an d  he ld ,  i n  p l a c e  w i th  an e l a s t i c  b a n d .  D eve lop 

ment and f i x i n g  was cao’r i e d  o u t  i n  t h e  b e a k e r 'w i t h  PQ U n i v e r s a l  d e v e lo p e r  

and  Hypam f i x e r  ( I l f o r d  L t d . ,  I l f o r d ,  U .K .)  f o l l o w i n g  t h e  m a n u f a c t u r e r ' s  

recommended p r o c e d u r e .  The f i l m  was s u b s e q u e n t ly  r i n s e d  f o r  a t  l e a s t  

30 min i n  t a p  w a t e r  and d r i e d .

( H i )  A n a l y s i s  o f  m o l e c u la r  s t a t e  o f  t r a c e r s

R a d io c h e m ic a l  p u r i t y  and  t h e  m o lecu l.a r  s t a t e  o f  r a d i o a c t i v e l y  

l a b e l l e d  compounds was exam ined  u s i n g  t h i n  l a y e r  c h ro m â togra.phy i n  

a p p r o p r i a t e  s o l v e n t  s y s te m s .

TLC was c a r r i e d  o u t  a t  20 ± 1 C i n  s e a l e d  g l a s s  t a n k s  l i n e d  w i th
_ 6 3

b l o t t i n g  p a p e r  and  c o n t a i n i n g  150 x 10 m' s o l v e n t .  ’P o ly g ra m ’

50 X 200 mm p l a s t i c  TLC p l a t e s  p r e c o a t e d  w i th  0 .2 5  mm g y p su m -f re e  

s i l i c a  g e l  w ere  u s e d .  An a l i q u o t  o f  r a d i o a c t i v e  sam ple  i n  a  s u i t a b l e  

v o l a t i l e  o r g a n i c  s o l v e n t  ( e . g .  d i e t h y l  e t h e r ,  m e th a n o l ,  e t h y l  a c e t a t e )  

was a p p l i e d  as  a  s p o t  o r  s t r e a k  20 ram from  t h e  b a s e  o f  t h e  p l a t e .  

S t a n d a r d s  w ere  a p p l i e d  i n  two w ays .

A. As d i s t i n c t  s p o t s  s e p a r a t e d  by  a l o n g i t u d i n a l  s c o r e  

i n  t h e  s u p p o r t  medium.

B. S t a n d a r d  was i n c o r p o r a t e d  i n t o  t h e  sam ple  a p p l i c a t i o n  

s o l v e n t  as t h e  d o u b l e - l a b e l  a n a lo g u e  e . g .  ^^C -ABA 

s t a n d a r d  w i t h  -  l a b e l l e d  sa m p le .

Tlie TLC s o l v e n t  was a l lo w e d  t o  run  t o  a  t r a n s v e r s e  s c o r e  I 60 mm 

from  t h e  o r i g i n .  A f t e r  d r y in g  t h e  p l a t e ,  i t  was c u t  i n t o  20  e i g h t -  

m i l l i m e t r e  segm en ts  w hich  w ere  a s s a y e d  by  l i q u i d  s c i n t i l l a t i o n  

s p e c t r o m e t r y .

R e s u l t s  w ere  e x p r e s s e d  a s  p e r c e n t  o f  to to J -  r e c o v e r e d  r a d i o a c t i v i t y  

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

r e c o v e r e d  i s  n o t e d  i n  t h e  f ig t i i ’e l e g e n d .
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( i v )  D i f f u s i v e  R e s i s t a n c e  M easurem ents

These m easu rem en ts  w ere  c a r r i e d  o u t  u s i n g  a  L i - c o r  L i  20S 

D i f f u s i v e  R e s i s t a n c e  M e te r  ( L i - c o r  L t d . ,  L i n c o l n ,  U .S .A . ) .

C a l i b r a t i o n .  T h is  was c a r r i e d  o u t  a c c o r d in g  t o  t h e  m a n u f a c t u r e r ' s  

i n s t r u c t i o n s  i n  a  c l e a r  c e l l u l o i d  cage  i n  which damp t i s s u e s  h a d  b e e n  

p l a c e d .  R ead ings  w ere  n o t  t a k e n  u n l e s s  t h e  h u m id i ty  was g r e a t e r  t h a n  

9 0 % Rli, o r  i f  t h e  t e m p e r a t u r e  o f  t h e  g row th  room d i f f e r e d  by  more t h a n  

0*5 C from  27  C. P o i n t s  o b t a i n e d  a t  t h i s  t e m p e r a t u r e  w ere  c o n v e r t e d  

t o  25  C - e q u iv a l e n t  r e a d i n g s  u s i n g  t h e  s u p p l i e d  c o n v e r s io n  c u r v e .

R e a d in g s ,  M easurem ents  o f  t r a n s i t  t im e  w ere  ta l t e n  w i t h  a  s to p - w a tc h  

t o  t h e  n e a r e s t  0 . 1  s .  L e a f  and  am b ien t  t e m p e r a t u r e s  w ere  n o t e d .

T r a n s i t  t im e s  w ere  c o n v e r t e d  t o  25 C ™ equiva len ts  and  t h e  r e s i s t a n c e  

e s t i m a t e d  from  t h e  c a l i b r a t i o n  c u r v e .  C onductance  was c a l c u l a t e d  

as t h e  r e c i p r o c a l  o f  r e s i s t a n c e ,

( v )  C h lo r o p h y l l  c o n t e n t  o f  C o rm el in a  l e a v e s

R e l a t i v e  s e n e s c e n c e  o f  C o rm elin a  l e a v e s  was e s t i m a t e d  by  

m e a s u r in g  l e a f  c h l o r o p h y l l  c o n t e n t .  As m ic ro m e te r  m easu rem en ts  

i n d i c a t e d  t h a t  l e a f  t h i c k n e s s  d i d  n o t  v a r y  s i g n i f i c a n t l y  a f t e r  e x p a n s i o n ,  

c h l o r o p h y l l  l e v e l s  w ere  m e a su re d  and  e x p r e s s e d  p e r  u n i t  a r e a  o f  l e a f .

L e a f  d i s c s  ( 5 3 .5  mm^) w ere  t a k e n  by  c o rk  b o r e r  and  b o i l e d  i n  

m e th a n o l  f o r  15 m in . The volume o f  m e th a n o l  was made up t o  2 x 10 ^m'" 

and  t h e  a b s o r p t i o n  s p e c t r u m  m ea su red  u s i n g  a Pye Unicam SP8OOO UV 

R e c o rd in g  S p e c t r o p h o to m e te r  (10 mm p a t h l e n g t h , 0 - 1 .0  s c a l e ) .  The 

a b s o rb a n c e  (A) a t  665  and  6 5O nm was m easu red  and u s e d  t o  c a l c u l a t e  

t h e  t o t a l  c h lo ro p h y l ] .  c o n te n t  from

t o t a l  c h l o r o p h y l l  = 2 5 .5  + ^ . 0  A^^^

( S e s t a k  e t  1971s a f t e r  MacKinney, 1 9 ^ 1 ) .

I n  e x p e r im e n t s  w here  e p id e r m is  t i s s u e  was t a k e n  t o  a s s a y  s t o m a t a l  

r e a c t i o n  t o  ABA, sam p les  o f  l a m in a  f o r  c h l o r o p h y l l  e s t i m a t i o n  w ere  

t a k e n  from  t h e  o p p o s i t e  s i d e  o f  t h e  m id r ib .  F o r  t h i s  r e a s o n ,  o n ly  

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

w ere  u s e d .
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( v i )  M easurem ent o f  i r r a d i a t i o n

An O p to m ete r  L ig h t  M e a s u r in g  I n s t r u m e n t  Model l̂OX ( U n i te d  

D e t e c t o r  T ech n o lo g y  I n c . ,  S a n t a  M onica ,  U .S .A .)  was u s e d  w i t h  t h e  

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

( v i i )  H w n id i t i f  M easurem ent

R e l a t i v e  h u m id i ty  was m ea su red  u s i n g  a  0-100% h a i r  hy g i 'o m e te r  

( F i s c h e r  L t d . ,  D re h a c k ,  W. Germany). When lo n g - t e r m  m easu rem en ts  o f  

t e m p e r a t u r e  and  h u m id i ty  w ere  r e q u i r e d  a  t h e r m o -h y g r o g ra p h  ( C a s s e l l a  

L t d . ,  I,on don , U. K. ) was u s e d .

( v i i i )  E s t i m a t i o n  o f  endogenous  ABA. c o n t e n t  o f  Cornmelina t i s s u e  

E x t r a c t i o n  and  p u r i f i c a t i o n  o f  t h e  m e t h a n o l - s o l u b l e  A B A -co n ta in in  g

f r a c t i o n  o f  f r e e z e - d r i e d  C o w T ie H n a t is su e  was c a r r i e d  o u t  u s i n g  t h e  

p r o c e d u r e  i l l u s t r a t e d  i n  s i m p l i f i e d  form  as a  f lo w  d ia g ra m  i n  P i g . 8 . 

I n d i v i d i a l  s t e p s  r e q u i r i n g  e l a b o r a t i o n  a r e  m arked  w i th  an a s t e r i s k  and  

d e t a i l s  o f  t h e s e  s t a g e s  a r e  g iv e n  b e lo w .  At a l l  s t a g e s  i n  t h e  p r o c e d u r e  

t h e  e x t r a c t s  w ere  k e p t  away from  d i r e c t  s u n l i g h t .  Sam ples w ere  s t o r e d  

b e tw e en  o p e r a t i o n s  a t  A C,

E x t r a c t i o n :  F r e e z e - d r i e d  t i s s u e  was e x t r a c t e d  w i t h  m e th a n o l

( a p p r o x i m a te l y  10x f r e s h  w e i g h t ,  v/w) a t  U C. The s o l v e n t  was 

r e p l a c e d  tw i c e  a t  2 U h i n t e r v a l s  and  t h e  3 e x t r a c t s  w e re  t h e n  com bined  

f o r  p u r i f i c a t i o n .  B la n k  e x t r a c t s  (m e th a n o l  o n ly )  w ere  added  a t  t h i s  

p o i n t .

P u r i f i c a t i o n  s ta n d a r d :  A s t a n d a r d  o f  2 -  -ABA was added  t o  t h e

p o o le d  m e th a n o l  e x t r a c t s  o f  e ach  sa m p le .  T h is  c o n s i s t e d  o f  an amount 

o f  l a b e l l e d  ABA r o u g h ly  e q u i v a l e n t  t o  t h e  e s t i m a t e d  ABA c o n t e n t  o f  t h e  

t i s s u e  ( c a l c u l a t e d  b o t h  from  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  s ta n d a i 'd
—1 o —10 .2 2 5 7  TBq mol = 0 .8 5 5  Bq ng an d  from  p u b l i s h e d  o r  p r e v i o u s l y  

o b t a i n e d  e s t i m a t e s  o f  ABA c o n t e n t ) .  E q u i v a l e n t  sam p les  w ere  ta l i e n  f o r  

r a d i o a s s a y  a t  t h e  t im e  o f  a d d i t i o n  and  a t  t h e  end  o f  t h e  p u r i f i c a t i o n  

an e s t i m a t e  o f  t h e  t o t a l  amount o f  r a d i o a c t i v i t y  r e m a in in g  i n  t h e  

e x t r a c t  was made: t h e s e  two f i g u r e s  w ere  u s e d  t o  e s t i m a t e  t h e

p u r i f i c a t i o n  e f f i c i e n c y .

■ S o l v e n t  r e m o v a l:  S o l v e n t s  w ere  rem oved from  e x t r a c t s  by e i t h e r

o f  two m e th o d s .  F o r  l a r g e  sam p les  ( > 5 n d ) ,  t h e  s o l v e n t  was rem oved 

by r o t a r y  f i l m  e v a p o r a t i o n  a t  <H0 C, w h i l s t  s m a l l e r  sam p les  w ere  

d r i e d  u n d e r  a  s t r e a m  o f  n i t r o g e n .
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—  3
p// 8.0 b u f f er :  66.7 niol m pH 8 .0  phosphate b u f fe r  was used.

This was prepared from 66 ,7  mol m " monosodium phosphate and 66 .7  mol m~''

d i s odium p h o s p h a te  s o l u t i o n s  i n  t h e  p r o p o r t i o n  2 6 * 2 :1  ( v / v ) .  Sam ples

were t a k e n  up i n  b u f f e r  by s c o m û n g  t h e  e v a p o r a t i o n  v e s s e l  u s in g
“ 6 3

m e t h a n o l - r i n s e d  b o i l i n g  a to n e s  w i t h  10 x  10 m b u f f e r .  T h is  was
r-G 3

r e p e a t e d  tw i c e  t o  g iv e  30 x 10 m b u f f e r .

Vacuwn f i l t r a t i o n :  This was c a r r ie d  out on e x tr a c ts  in  b u f fe r
- 6  3

s o l u t i o n  u s i n g  W hatm an's N o . l  f i l t e r  p a p e r .  A ' c h a s e '  o f  10 x 10 m 

b u f f e r  was g i v e n .

PVP a o lu im s  : T hese  w ere  p r e p a r e d  from  PVP powder ( P o l y c l a r  AT -

p o l y v i n y l  p y r o l l i d o n e .  Sigma C hem ica l  Co. L t d . ,  S t .  L o u i s ,  U .S .A .)

w hich  was w ashed  once  w i t h  w a t e r  and t w i c e  w i t h  pH 8 .0  p h o s p h a te

b u f f e r  t o  remove f i n e s .  5 mm o f  g l a s s  b e a d s  (Uo mesh) w ere  p l a c e d
- “ 6 3

on t h e  s i n t e r  o f  a  150 x  10 m P y r e x  g l a s s  m erc u ry  f i l t e r  t u b e

( s i n t e r  p o i o s i t y  1 ,  h e i g h t  210 mm, I . D .  30 mm) and  60 mm PVP l a y e r e d
- 6  3

on t o p ,  Coliumis w ere  t h e n  washed, w i t h  100 x 10 m p h o s p h a te  b u f f e r .

Sam ples ( i n  b u f f e r )  w ere  a l l o w e d  t o  ru n  th r o u g h  t h e  column b e f o r e
—6 3 —6

b e i n g  e l u t e d  w i t h  a  f u r t h e r  100 x 10 m b u f f e r .  The f i r s t  20 x  10

m  ̂ e l u a t e  was d i s c a r d e d  and  t h e  n e x t  60  x  10  ̂ m^ e l u a t e  c o l l e c t e d  find

r e t a i n e d .  Columns w ere  u s e d  once o n ly .

To t e s t  column e f f i c i e n c y  and o t h e r  e l u t i o n  c h a r a c t e r i s t i c s ,

sam p les  o f  b u f f e r  c o n t a i n i n g  G - ’ -ABA w ere  p a s s e d  t h r o u g h  t h e  column
- 6  3

and e ] .u te d  w i t h  b u f f e r ,  2 x  10 m sam p les  w e re  c o l l e c t e d  f o r  

r a d i o a s s a y .

P a r t i t i o n :  P a r t i t i o n  o f  s o l v e n t s  was c a r r i e d  o u t  su c h  t h a t

a d e q u a te  m ix in g  and  s e p a r a t i o n  o f  p h a s e s  o c c u r r e d .  I n  i n v e s t i g a t i o n s  

o f  t h e  e f f i c i e n c y  o f  s e p a r a t i o n ,  G - 3tj; -ABA was i n c o r p o r a t e d  i n t o  t h e  

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

a f t e r  p a r t i t i o n .  Where e x t r a c t s  o f  p l a n t  t i s s u e  w ere  r e q u i r e d  f o r  

d ry  w e ig h t  d e t e r m i n a t i o n s .  T hese  w ere  o b t a i n e d  b y  e x t r a c t i n g  100 g 

R ic in u s  l e a v e s  and  p u r i f y i n g  t h e  e x t r a c t  t o  t h e  f i r s t  sam ple  a c id ’i ^ i c i t i o n  

s t a g e . 30 g f .  w . - e q u i v a l e n t s  o f  t h e  e x t r a c t  i n  pH 8 .0  b u f f e r  w ere

u s e d .  The pH was t h e n  a d j u s t e d  u s i n g  HCl and KOH t o  2 . 0 ,  J | . 0 ,  o r  8 . 0 .

' A r t i f i c i a l '  ph loem  s a p  was made from  15% (w /v )  s u c r o s e  i n  w a t e r ,  end 

was a d j u s t e d  t o  pH 2 w i t h  HCl. P a r t i t i o n  was c a r r i e d  o u t  u s i n g  e q u a l
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volumes i n  each  p h a s e .T o  d e te r m in e  d ry  w e ig h t  s e p a r a t i o n  e f f i c i e n c i e s ,  

d r y  w e ig h ts  o f  sam p les  w ere  d e te r m in e d  h y  h e a t i n g ,  f r e e z e - d i y i n g  o r  

vacuum d e s i c c a t i o n ;  c a r b o n i s a t i o n  was s p e c i f i c a l l y  a v o id e d .  I n  

s e p a r a t e  d e t e r m i n a t i o n s ,  r a d i o a c t i v e  ABA was i n c o r p o r a t e d  i n  t h e  

b u f f e r  s o l u t i o n s ,  and  t r a c e r  s e p a r a t i o n  e f f i c i e n c i e s  d e te r m in e d  by 

s a m p l in g  a l t e r  p a r t i t i o n ,  c a r e  b e i n g  t a k e n  t o  a v o id  c h e m ilu m in e sc e n c e  

r a d i o a s s a y  a r t i f a c t s .

The f o l l o w i n g  vaJ.ues w ere  d e te r m in e d  f o r  t h e  s o l v e n t s  n - h e x a n e , 

d i e t h y l  e t h e r ,  c h lo r o f o r m ,  e t h y l  a c e t a t e  and  w a t e r  s a t u r a t e d  b u t a n o l  

( a f t e r  F i f i e l d  and  K e a le y ,  1 9 7 5 ) ,  a ssu m in g  t h a t  e q u i l i b r i u m  h a d  b e e n  

r e a c h e d  a f t e r  p a r t i t i o n ,  and  t h a t  r a d i o a c t i v i t y  m ea su red  r e p r e s e n t e d  

ABA, l l ie  d i s t r i b u t i o n  o f  d ry  m a t t e r  o r  t r a c e r  b e tw e e n  t h e  aqueous 

and  o r g a n i c  p h a s e s  was g iv e n  b y :

D i s t r i b u t i o n  r a t i o ,  D ~ ---------  ,

w here  (CA) = t o t a l  c o n c e n t r a t i o n  o f  a l l  form s o f  s o l u t e  A, o = o r g a n i c  

p h a s e ,  aq  -  aqueous p h a s e ,

t h u s  D = ^
ABA _. . .  . ,  / \ DW  ̂ \r a d i o a c t i v i t y  ( a q )  dry  w e ig h t  (aq )

The e f f i c i e n c y  o f  e x t r a c t i o n  o f  s o l u t e s  from  t h e  a q ueous  p h a s e  t o  

t h e  o r g a n ic  was g iv e n  b y

e f f i c i e n c y ,  E = ---------   p  >
(D + V V " ^ )  aq o

•w here  V r e p r e s e n t s  t h e  volume o f  t h e  r e l e v a n t  p h a s e .  S in c e  V V = 1
D G.q o

i n  t h e s e  e x p e r i m e n t s ,  E = —— . The r e l a t i v e  s e p a r a t i o n  o f  *ABA from

t h e  b u l k  o f  t h e  e x t r a c t  was c a l c u l a t e d  u s i n g  t h e  .D v a l u e s  f o r  /BA and

d iy  w e ig h t  d i s t r i b u t i o n .  T h u s ,

^  .  ^ABAs e p a r a t i o n  f a c t o r  g "  ----------
h . w

DE 52 co lw w 'is:  lihatman ' s DE 52 powder was p r e p a r e d  b y  a c i d / b a s e

p r e c y c l i n g  i n  t h e  m anner a d v i s e d  by  t h e  m a n u f a c t u r e r .  30 mm was l a y e r e d
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o v e r  5 imn g l a s s  b e a d s  (^ 0  mesh) p l a c e d  on t h e  s i n t e r  o f  a  8 % 10 ^

P y re x  m e r c m y  f i l t e r  t u b e  ( s i n t e r  p o r o s i t y  1 ,  h e i g h t  100 mm, I .D .

10 mm). The e x t r a c t  i n  w a t e r  was p a s s e d  th ro iq ^ i  t h e  coliann and
- 6  3

f o l l o w e d  w i t h  25 x 10 m w a t e r .  T h is  e l u a t e  was d i s c a r d e d .  The

A B A -c o n ta in in g  f r a c t i o n  was e l u t e d  w i th  35 x 10 500 mol ni  ̂ haSO^.

A l l  t h e  e l u a t e  was r e t a i n e d .  Columns w ere  u s e d  once  o n ly .

To t e s t  column e f f i c i e n c y  and  e l u t i o n  c h a r a c t e r i s t i c s ,  a  sam ple

o f  2“ l^C -  ABA i n  5 x 10 m w a t e r  was p a s s e d  th r o u g h  t h e  column and
- 6  3 - 6  3 - 3

f o l l o w e d  by  25 x  10 m w a t e r  and  50 x 10 m 500 mol m NaSO, .
- 6  3 ^

3 -5  X 10 m sam p les  o f  e l u a t e  w ere  c o l l e c t e d  f o r  r a d i o a s s a y .

M é th y la t io n :  M ethy l d e r i v a t i v e s  o f  s t a n d a r d s  and  e x t r a c t s  w ere

p r e p a r e d  u s i n g  e t h e r i a l  d ia z o m e th a n e  e m p loy ing  a  s m a l l - s c a l e  m ethod

s i m i l a r  t o  t h a t  o f  S c h le n k  and G e l le n n a n  ( I 9 6 0 ) .

E q u a l  p a r t s  o f  W i t r o s a n  powder ( b i s -  m e t h y l ,  n - n i t r o s o t e r e p h t h a i a m i d e ,

Du P o n t  (UK) L t d . , London , U .K .)  e th y l e n e  g l y c o l  and  d i e t h y l  e t h e r  w ere

p l a c e d  i n  a  250 x  10 m r e a c t a n t  f l a s k  f i t t e d  w i t h  a  5 mm I .D .

d e l i v e r y  t u b e .  A s m a l l  amount o f  s t r o n g  sod ium  h y d r o x id e  s o l u t i o n

was added  and t h e  b o t to m  o f  t h e  f l a s k  p lu n g e d  i n t o  a  b e a lœ r  o f  h o t

w a t e r .  The d iaz o m e th a n e  gas  p ro d u c e d  was c o l l e c t e d  o v e r  i c e d  d i e t h y l

e t h e r  t o  g iv e  a  y e l lo w  s o l u t i o n .  The r e a c t i o n  was s to p p e d  by  t h e

a d d i t i o n  o f  a c e to n e  t o  t h e  r e a c t i o n  m i x t u r e .  L a t t e r l y ,  D i a z a ld

( n - m e th y l“? 7 . - n i t r o s o - p - to lu e n e  s u lp h o n a m id e , A l d r i c h  C hem ica l  Co. L t d . ,

G i l l in g h a m ,  U .K .)  was u s e d  i n  t h e  p l a c e  o f  N i t r o s a n .

A l i q u o t s  o f  e t h e r i a l  d iaz o m eth a n e  w ere  added  t o  each  sa m p le .  The

v i a l s  w ere  s t o p p e r e d  and a l lo w e d  t o  s t a n d  f o r  o v e r  1 h b e f o r e  e v a p o r a t i n g

t h e  s o l v e n t  u n d e r  a  s t r e a m  o f  n i t r o g e n .  T h is  was r e p e a t e d  o n c e ;  i f

t h e  y e l lo w  c o lo u r  o f  t h e  s o l u t i o n  rem a in e d  a f t e r  1 h i t  was assum ed t h a t

d iaz o m eth a n e  was p r e c e n t  i n  e x c e s s ,  and  no more was a d d e d .

TLC: The TLC p e r f o r m e d  was u s e d  f o r  b o t h  p r e p a r a t i v e  and

a n a l y t i c a l  p u r p o s e s .  E x t r a c t s  w ore  s t r e a k e d  20 mm from  t h e  b a s e  o f

200 X 200 mm g l a s s - b a c k e d  0 .2 5  mm s i l i c a  g e l  p l a t e s  (Camlab L t d . ,

C am bridge , U .K .) and  ru n  t h r o u g h  150 mm u s in g  F?~hexane : e t h y l  a c e t a t e

( 1 : 1 .  v /v )  as s o l v e n t .  O th e r w is e ,  c o n d i t i o n s  w ere  a s  e l s e w h e r e

d e s c r i b e d .

To t e s t  t h e  r a d i o c h e m i c a l  p u r i t y  o f  th e  % .m r if ic a t io n  s t a n d a r d ,  

p l a t e s  were examined on a  TLC p l a t e  s c a n n e r  (Mode.1 RTLS-IA; P an ax
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Equipm ent L t d . ,  R e d h i l l ,  U .K . ) .  The s u p p o r t  and s t a t i o n a r y  p h a se  

a t  t l ie  Rf c o r r e s p o n d in g  t o  t h e  m e th y la t e d  s t a n d a r d  (R f  “ oa . 0 ' - 0 .5 )  

was s c r a p e d  o f f  and  t h e  e x t r a c t  e l u t e d  w i th  M -h e x a n e -e th y l  a c e t a t e  

( 1 : 1 ,  v /v )  w hich  was s u b s e q u e n t ly  e v a p o r a t e d .

GLC-ECD: A n a ly ses  o f  MeA]3A l e v e l s  i n  m e th y la t e d  sam p les  were

c a r r i e d  o u t  u s in g  a  P e r k in - E lm e r  F I 7 gas c h ro m a to g rap h  ( P e r k i n - S lm e r ,

L t d . ,  B e a c o n a f i e l d ,  U .K .) f i t t e d  w i th  FID and  ECD d e t e c t o r s ,  GLC 

was p e r fo rm e d  i s o t h e r m a l l y  a t  230 t o  2h0 C on a i m  ( g in c h  I . D . )  

s t a i n l e s s  s t e e l  column p a c k e d  w i t h  2g% XFl- 6 0  ( 2 - c y a n o e th y lm e th y l  

s i l i c o n e )  on Chromas o rb  G AW DMCS 80-100 mesh (1596 p l a t e s  min ^ ' ) .

The coluimi e l u a t e  was s p l i t  9 : 1  b e tw een  th e  FID and  ECD d e t e c t o r s  and  

gas f low  r a t e s  w ere  k e p t  c o n s t a n t  (583 mm̂  s '̂) a t  t h e  f o l l o w i n g  

p r e s s u r e s  ;

A. C a r r i e r  gas ( o x y g e n - f r e e  n i t r o g e n )  278  KPa,

B. A i r  (FID) I 65 KPa,

C. Hydrogen (FID) 97  KPa,

D. Make up gas  -  o x y g e n - f r e e  n i t r o g e n  (ECD) 165  KPa.

The ECD d e t e c t o r  i n c o r p o r a t e d  a N i^ S g - s o u rc e  and  was o p e r a t e d  a t  

275  C i n  p u l s e  6 mode.

The r e s p o n s e s  o f  b o th  d e t e c t o r s  w ere  r e c o r d e d  on 200 mm c h a r t
—1p a p e r  moving a t  6OO mm h , Pealc a r e a s  w ere  e s t i m a t e d  by  a  t r i a n g u l a t i o n  

m ethod (W eyers, 1975)*

E s t i m a t i o n  o f  t h e  ABA c o n t e n t  o f  t i s s u e s  was made by  c om par ison  o f  

t h e  peak, a r e a s  o b t a i n e d  w i t h  s t a n d a r d s  and s a m p le s ,  a d ju s tm e n t  f o r  

d i l u t i o n  b e f o r e  i n j e c t i o n ,  a d ju s tm e n t  f o r  sam ple p u r i f i c a t i o n  e f f i c i e n c y ,  

an d  c o n s i d e r a t i o n  o f  t i s s u e  w e ig h t .

A t t e n u a t i o n  l i n e a r i t y  was t e s t e d  b y  i n j e c t i n g  c o n s t a n t  amounts o f  

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

l i n e a r i t y  was t e s t e d  by i n j e c t i n g  d i f f e r e n t  amounts o f  MeABA o f  Me- '^C- 

ABA and  e x p r e s s i n g  peak  a r e a s  r e l a t i v e  t o  a  s p e c i f i c  a t t e n u a t i o n  s e t t i n g .

D e t a i l s  o f  a t t e n u a t i o n  s e t t i n g  and  o t h e r  p a r a m e te r s  d i f f e r i n g  from  

t h e  above a r e  g iv e n  i n  t h e  exam ples  c o n s i d e r e d .

Mass S p e c tr o m e tr y

kn  AEl MS- 3 0  w i th  a  WF-055 a t t a c h m e n t  ( M u l t i - p e a k  M o n ito r )  was 

u sed  t o  d e t e c t  ABA i n  e x t r a c t s  o f  R ic in u s  phloem  e x u d a te .
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- 6  3
10 X 10 m sa p  was a c i d i f i e d  t o  pH 2 w i t h  HCl and  p a r t i t i o n e d

a g a i n s t  e t h y l  a c e t a t e  (3 x 2 x 10 ra ) .  The com bined  o r g a n i c  l a y e r s

w ere  d r i e d  and  t a k e n  up i n  d i e t h y l  e t h e r .  The r e s i d u e  was rem oved 

by  f i l t r a t i o n  and  t h e  e x t r a c t  m e t h y la t e d .

A l i q u o t s  o f  t h i s  e x t r a c t  w ere  s u b j e c t e d  t o  GLC-MS a n a l y s i s  u n d e r

t h e  f o l l o w i n g  c o n d i t i o n s .

GLC: 2 .7 ^  m g l a s s  column (5 i n c h  I . D . )  c o n t a i n i n g  2% OV-210

on Gas Chrom Q, 100 -120  mesh s u p p o r t .  O p e r a t i n g  t e m p e r a t u r e

230  C i s o t h e r m a l .  Flow r a t e  666 mm̂  s ( h e l i u m ) .

.MS: S o u rc e  t e m p e r a t u r e  250 C, e l e c t r o n  c u r r e n t  4 ,  r e s o l v i n g

power 3 0 0 0 , s e p a r a t o r  t e m p e r a t u r e  235 C.

Hexadeu t e r o  MeABA ( p r e p a r e d  by V. M ath, Glasgow U n i v e r s i t y )  was 

i n c o r p o r a t e d  as i n t e r n a l  s t a n d a r d .  Base p eak s  o f  MeAB/\(m/e I 9 0 ) and 

h e x a d e  u t e r o  MeABA (m/e 19^0 w ere  u s e d  f o r  d e t e c t i o n  p u r p o s e s  and fuü.l s p e c t ru m  

s c a n s  w ere  a.lso c a r r i e d  o u t ,

( i x )  M icros  copy

Sam ple p r e p a r a t io n :  P l a n t  m a t e r i a l  w hich  r e q u i r e d  s e c t i o n i n g

p r i o r  t o  l i g l i t  m ic r o s c o p y ,  and t i s s u e  f o r  e l e c t r o n  m ic r o s c o p y ,  w ere  

p r e p a r e d  by a  m ethod common f o r  b o t h  t e c h n i q u e s .

Segm ents o f  t i s s u e  w ere  f i x e d  f o r  12 -2h  h  i n  3% g l u t e r a l d e h y d e  
— 3

(w /v )  i n  50 mol m sod ium  c a c o d y l a t e  b u f f e r ,  pH 7“ ^U and  t h e n  r i n s e d  

i n  b u f f e r  a lo n e .  The m a te r i a l ,  was p o s t - f i x e d  i n  2% osmic a c i d  i n  

b u f f e r  (w /v )  f o r  3 -12  h ,  f o l l o w e d  by  d e h y d r a t io n  througlri a  s e r i e s  o f  

a c e to n e  s o l u t i o n s  (25-100% , v / v ) .  The t i s s u e  was t h e n  i n f i l t r a t e d  

w i t h  a  1 : 1  ( v / v )  a c e t o n e : r e s i n  s o l u t i o n  o v e r n i g h t  and  t h e  a c e to n e  

a l lo w e d  t o  e v a p o r a t e .  At t h i s  s t a g e  t h e  r e s i n  m ix tu r e  c o n s i s t e d  o f :

Epon ( E p ik o te )  r e s i n ,  A r a l d i t e  (CY212) epoxy  r e s i n ,  and  DDSA ( d o d c c e n y l  

s u c c i n i c  a n h y d r id e )  h a r d e n e r  ( a l l  s u p p l i e d  by TAAB L a b o r a t o r i e s  L t d . ,

R e a d in g ,  U .K . ) ,  i n  t h e  a p p ro x im a te  p r o p o r t i o n s  3 : 2 : 5  (w /w ) . T i s s u e  

was t h e n  p l a c e d  i n  100% r e s i n  f o r  4 h and s u b s e q u e n t ly  embedded in  

r e s i n  t o  w hich  1.5% w/w o f  t h e  a c c e l e r a t o r  DMP30 ( 2 , ^ , 6 ,  t r i d i m e t h y l -  

a m in o m e th y lp h e n o l , TAAB L abs .  L t d . )  h a d  b een  ad d e d .  P o l y m e r i s a t i o n  

was t h e n  c a r r i e d  o u t  f o r  3 d a t  60  C.
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S o o tio n -in g  and  S t a in i n g

L ig h t  rn iarcs copy ; 2 pm s e c t i o n s  w ere  c u t  u s i n g  an  LKB llOOO

Py ram i tome (LK B-Produlcter A.B, StocJUDolm, Sw eden), and  s t a i n e d  w i t h  

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

E le c tr o n  m ic r o sc o p y  : S e c t i o n s  were c u t  w i th  g la .ss  k n iv e s  on

an LKB U l t ro to m e  I I I  t y p e  88 OIA. The t h i c k n e s s  o f  s e c t i o n s  was 

e s t i m a t e d  a t  b e tw e en  6O--9 O nm u s i n g  t h e  I n t e r f e r e n c e  C o lo u r  I n d e x  

( ' S i l v e r '  s e c t i o n s ) .  S e c t i o n s  w ere  s t a i n e d  f o r  0 . 5  h i n  u r a n y l  

a c e t a t e  s o l u t i o n  and  t h e  same p e r i o d  i n  l e a d  c i t r a t e  s o l u t i o n .

P h o to m ic ro sc o p y

L ig h t  m ic ro sc o p y  : S l id e - m o u n te d  s e c t i o n s  w e re  p h o to g ra p h e d

u s i n g  a Z e i s s  P h o to m ic ro s c o p e  I I  ( C a r l  Z e i s s ,  O b e rk o c ^ e n ,  West Germany) 

o r  a ;  L e i t z  O r th o p la n  m ic ro s c o p e  w i t h  O rthom at cam era  (E. L e i t z  L t d . ,  

London, U .K .) .  T hese  m ic r o s c o p e s  w ere  a l.so  u s e d  f o r  p h o to g ra p h y  o f  

m ic r o a u t o r a d i o g r a p h s .  The f i l m s  u s e d  were I l f o r d  P an -F  and  Kodachrome

6 k .

E le c tr o n  m ic ro sc o p y  : S e c t i o n s  w ere  m ounted  on c o p p e r  g r i d s

coa ted , w i t h  2% c o l l o d i n  s o l u t i o n  (w /v)  i n  amyl a c e t a t e .  E l e c t r o n  

m ic ro sc o p y  was c a r r i e d  o u t  on AEI EM6b E l e c t r o n  M ic ro sco p e  (GEC-AEI 

E l e c t r o n i c s  L t d . ,  H ar low , U .K .)  by  M rs , D e n ise  L eake .

COMPUTATION

( i )  HP67 C a lc u la to r  (H e w le tt  P a c ka rd  L td .: , C oriya lliS :, U . S . A . ) .

C a l c u l a t i o n  such  as l e a s t  s q u a r e s  cu rv e  f i t t i n g  and  s t a t i s t i c a l  

a n a l y s i s  o f  d a t a  was p e r fo rm e d  u s i n g  t h e  m a n u f a c t u r e r ' s  programme 

c a r d s .  O th e r  r e p e a t e d  c a l c u l a t i o n s  w ere  c a r r i e d  o u t  u s i n g  s p e c i a l l y  

w r i t t e n  program m es. The f o l l o w i n g  e q u a t i o n s  w ere  u s e d  f o r  s t a t i s t i c a l  

c a l c u l a t i o n s .

mean x n 1

t \ 1̂ /s t a n d a r d  e r r o r  (8 . E . )  = “  /  n
^ n - r
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. .  X -  V ' d
72/ i  1  +%yf -  n y'

-X y — %

(b )  t  -'

w i th  11̂  -F -  2 d e g r e e s  o f  f reedom

r _̂_
_— ^

1  •- H

n  -  2

w i t h  n -  2 d e g re e s  o f  f reed o m

w here  x ^ ,  y^ = o b s e r v a t i o n s

n ( x )  = no .  o f  o b s e r v a t i o n s  ( i n  g ro u p  x)

d “  h y p o t h e s i s e d  d i f f e r e n c e  b e tw e en  means

T. = sum o v e r  i  ”  1 -  n

r  “  c o e f f i c i e n t  o f  c o r r e l a t i o n  ( s e e  T a b le  5)

C u r v e - f i t t i n g ,  s e e  T a b le  5*

( H )  NUMAC co m p u ter

/ u ia ly s e s  o f  d a t a  from  t r a c e r  e f f l u x  e x p e r im e n t s  was c a r r i e d  o u t  

by  a  c o m p u t e r - a s s i s t e d  l e a s t  s q u a r e s  f i t t i n g  p r o c e s s  ( H i p k in s ,  1978) 

on t h e  N e w c a s t le  U n iv e r s i ty - G la s g o w  U n i v e r s i t y  1ÊM c o m p u te r .  The 

programme u s e d  was p ro d u c e d  b y  Dr. P .  R o se n b e rg  o f  Glasgow U n i v e r s i t y  

Com puting S e r v i c e .  T h is  f i t t e d  d a t a  p o i n t s  ( x ^ ,y ^ )  b y  l e a s t  s q u a re s  

t o  c o m b in a t io n s  o f  e x p o n e n t i a l  f u n c t i o n s  o f  t h e  fo rm

“ bxy = ae

In  t h i s  c a s e ;  y  = Ln e f f l u x  r a t e  (pBq mm ^ s ^ ) ,  x = e f f l u x  t i m e ( s ) .  

The maximum number o f  f u n c t i o n s  was 3 and  t h e  n o m in a l  u p p e r  l i m i t  o f  

i t e r a t i o n s  f o r  each  f i t  200 . A w e i g h t i n g  e q u i v a l e n t  t o  x ‘ was g iv e n  

t o  each  y v a lu e .
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EESULTS

PRESENTATION OF RESULTS

'H iis  t h e s i s  p r e s e n t s  t h e  r e s u l t s  o f  an i n v e s t i g a t i o n  on t h e  h o rm ona l  

r o l e  o f  ABA i n  t h e  r e g u l a t i o n  o f  s t o m a t a l  a p e r l ' .u re .  S e v e r a l  a p p ro a c h e s  

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

s p e c i e s  Comue7-ina oom nunis  and  R ilo in u s  com m unis. F o r  t h i s  r e a s o n  t h e  

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

a n d  D i s c u s s i o n .

S e c t i o n  1 .  E x p e r im e n ts  on E p id e rm a l  Segm ents I .  D evelopm ent and  

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

S e c t i o n  2 . E x p e r im e n ts  on E p id e rm a l  Segm ents I I .  U p ta k e ,  

d i s t r i b u t i o n  and  M e ta b o l ism  o f  ABA,

S e c t i o n  3* ’ E x p e r im e n ts  on E p id e rm a l  Segm ents I I I .  Use o f  ^®Rb''

a s  t r a c e r  f o r  K .

S e c t i o n  4 . E x p e r im e n ts  on w hole  l e a v e s .

S e c t i o n  5- Endogenous ABA i n  C om netina .

S e c t i o n  6. T r a n s p o r t  o f  ABA i n  R ic in u s ,

S e c t i o n  I . E l e c t r o n  m ic ro s c o p e  s t u d i e s  o f  CommeVina.

GRAPES AND TABLES

The axes  o f  e a c h  g ra p h  i l l u s t r a t e d  a r e  a c com pan ied  w i t h  t h e  

q .u a n t i ty  m e a s u re d ,  a  s o l i d u s  ( / ) ,  an d  t h e  u n i t s  u s e d  i n  t h e  g ra p h  

( e . g .  M .S .A , /  ym -  Mean s t o m a t a l  a p e r t u r e  i n  hm ). Tiie same c o n v e n t io n  

( M o r r i s ,  197^0 was u s e d  i n  t a b l e  h e a d i n g s .

B a rs  p a s s i n g  th r o u g h  sym bols  on g ra p h s  r e p r e s e n t  2 s t a n d a r d  e r r o r s .  

T hese  w ere  o m i t t e d  when t h e  r a d i u s  o f  t h e  g ra p h  sym bol e x c e e d e d  t h e  s i z e  

o f  t h e  s t a n d a r d  e r r o r .  R a th e r  t h a n  m aking  a s s u m p t io n s  a b o u t  t h e  

e x p e c t e d  t r e n d  o f  t h e  d a t a ,  g r a p h  p o i n t s  were j o i n e d  w i th  s t r a i g h t  l i n e s ,  

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

ST A T IST ICS

P r o b a b i l i t i e s  (0 < P < l )  g iv e n  v i t} i  t  o r  r  v a l u e s  r e p r e s e n t  t h e  

p r o b a b i l i t y  t h a t  t h e  s t a t i s t i c  w ou ld  b e  o b t a i n e d  due t o  chance  v a r i a t i o n .  

F o r  t h e  p u rp o s e  o f  t h o s e  t e s t s  t h e  d a t a  w ere  assum ed  t o  have  a  Normal 

d i s t r i b u t i o n ,  and  i n  t h e  c a s e  o f  t - t e s t s  b e tw e e n  m oans , t h e  sam ple  

v a r i a n c e s  w ere  assum ed t o  be  e q u a l .
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SECTION' 1.

■ EXPERIMENTS ON EFIDEEMAI SECMNITS I , ' 'DEVELOPMENT 'AND 

CHARACTERISATION OF EXPERIMENTAL SYSTEMS

INTRODUCTION

T h is  s e c t i o n  r e p o r t s  t h e  r e s u l t s  o f  e x p e r im e n t s  d e s ig n e d  t o  

e s t a b l i s h  sy s te m s  f o r  t h e  studÿ- o f  t h e  a c t i o n  o f  ABA on s to m a ta .

The m ethods u t i l i s e d  i n v o lv e d  t h e  i s o l a t i o n  o f  e p id e r m is  m a t e r i a l  and 

t h e  s u b s e q u e n t  i n c u b a t i o n  o f  segm en ts  o f  a b a x i a l  e p id e r m is  in  b u f f e r  

s o l u t i o n s . T h is  a p p ro a c h  h a s  b e e n  u s e d  i n  many s t u d i e s  o f  s t o r a a t a l  

a c t i o n  ( s e e  M e id n e r  and  W i l lm e r ,  19T5; R a sc h h e ,  1 9 7 5 a ;  H s i a o ,  I 9 7 6 ) ,  

b u t  t h e r e  h a s  b e e n  l i t t l e  d i s c u s s i o n  c o n c e r n in g  t h e  m a t e r i a l s  an d  

m ethods commonly em ployed . The i n t r o d u c t i o n  t o  t h i s  s e c t i o n  t h e r e 

f o r e  b r i n g s  t o g e t h e r  i n f o r m a t i o n  a b o u t  t h e  u se  o f  e p id e r m a l  segm en ts  

d i s p e r s e d  th ro u g l io u t  s e v e r a l  p a p e r s  an d  r e v i e w s ,  w i t h  r e g a r d  t o  t h e  

m ethods l a t e r  i n v e s t i g a t e d .

One o f  t h e  f i r s t  p ro b le m s  e n c o u n te r e d  was t h e  c h o ic e  o f  p l a n t  

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

a l l  s o u r c e s  g iv e  m a t e r i a l  w h ich  i s  s u i t a b l e  f o r  s p e c i f i c  e x p e r i m e n t s .  

F a c t o r s  o f  im p o r ta n c e  a r e  sum m arised  i n  T a b le  6 . E x a m in a t io n  o f  

t h e s e  c h a r a c t e r i s t i c s  f o r  s e v e r a l  s p e c i e s  l e d  t o  t h e  c h o ic e  o f  t h r e e  

p o t e n t i a l  e x p e r i m e n t a l  p l a n t s  Comme'lina aomnun'isj T u t ip a  g e s n a r la n a  

and  V ie ia  fd b a .  E p id e rm is  c o u ld  b e  removed r e l a t i v e l y  e a s i l y  from  

l e a v e s  o f  t h e s e  s p e c i e s  an d  t h e i r  s t o m a t a l  p o r e s  w ere  l a r g e  when op en .

A l th o u g h  t u l i p  e p id e r m is  h a d  good e x p e r i m e n t a l  c h a r a c t e r i s t i c s ,  

t h i s  s p e c i e s  was r e j e c t e d ,  p r i m a r i l y  b e c a u s e  i t  c o u ld  n o t  b e  o b t a i n e d  

y e a r - r o u n d ,  b u t  a l s o  b e c a u s e  o f  i t s  l e a f  m orpho logy .

V icYa  e p id e r m is  h a s  b e e n  u se d  i n  many s t u d i e s .  W il lm e r  e t  oX. 

( 1 9 7 3 ) s t a t e d  t h a t  i t  had  h i g h e r  d e n s i t i e s  o f  a d h e r i n g  m e s o p h y l l  c e l l s  

and  t r i chômes t h a n  e i t h e r  C om netina  o r  t u l i p .  WiDlmer and M a n s f i e ld  

(1 9 6 9 ) a l s o  r e p o r t e d  t h a t  t h e  r e s p o n s e s  o f  V ïcXa  s to m a ta  on e p id e r m a l  

s t r i p s  w ere  l e s s  p r e d i c t a b l e  t h a n  t h o s e  o f  two C om netina  s p e c i e s  u n d e r  

t h e i r  e x p e r im e n ta l ,  c o n d i t i o n s .  F u r th e r m o r e ,  l a r g e  a r e a s  o f  e p id e r m is  

w ere  fo iujd  t o  be  d i f f i c u l t  t o  m a n ip u la t e  ( p e r s o n a l  o b s e r v a t i o n ) .
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T a b le  6 : I m p o r ta n t  F a c to r s  ( n o t  r a n k e d )  i n  t h e  Choice o f  P l a n t
M a t e r i a l  f o r  E p id e rm a l  Segment S t u d i e s .

F a c t o r

E s t a b l i s h e d  P l w i t  M atem la l

S to m a ta l  B e h a v io u r  

A v a i l a b i l i t y

L e a f  A rea

Mode o f  L e a f  I n s e r t i o n  

S to m a ta l  D i s t r i b u t i o n

L e a f  C u t i c l e

Glooids and  T rich â m es

E p id e rm a l C e l l  S u r v iv a l  and  
M e so p h y ll  C on tcon ina tion  a f t e r  
rem ova I

E ase o f  P e e l in g

E ase  o f  H a n d lin g

Type o f  S to m a ta l  Corrplex

S i s e  o f  S to m a ta l  Pore

Guard C e l l  B io d h e m ie tr y

Comment /Exairiple ( s )

Few s p e c i e s  have  w e l l  c h a r a c t e r i s e d  
r e s p o n s e s ,  exam ples  a r e  Cormnelinaj, 
V ic ia .

C.A.M. p l a n t s  h av e  abnorm al 
s t o m a t a l  rh y th m s .

M a t e r i a l  from  b u lb o u s  o r  d e c id u o u s  
s p e c i e s  n o t  r e a d i l y  a v a i l a b l e  
t h r o u g h o u t  t h e  y e a r .

A f f e c t s  p e e l i n g  m ethods ; c o n t r o l s  
maxi.raum a r e a  o f  e p id e r m is  a v a i l a b l e  
p e r  l e a f .

I m p o r ta n t  i n  t r a n s p i r a t i o n  s t r e a m  
d o n a t io n  e x p e r im e n t s .

Some s p e c i e s  am ph is to raa tous  , 
o t h e r s  h y p o s to m a to u s .

P ro n o u n c ed  c u t i c l e  may a i d  segm ent 
f l o t a t i o n .

May n o t  be  d e s i r a b l e  i n  m e ta b o l is m  
e x p e r im e n ts  as m e t a b o l i c a l l y  a c t i v e .  
May make some o b s e r v a t i o n s  d i f f i c u l t ,

Both  f a c t o r s  a p p a r e n t l y  s p e c i e s  
d e p e n d e n t .

S p e c ie s  d e p e n d e n t  ; may even  va.ry 
w i th  Var. and c v .

I n c l u d e s  f a c t o r s  such  as ' r i g i d i t y '  
o f  s e g m e n ts ,  e a s e  o f  f l o t a t i o n .

P r e s e n c e  o f  m o r p h o lo g ic a l  s u b s i d i a r y  
c e l l s  may b e  i m p o r t a n t .

S h o u ld  be  l a r g e  t o  m in im ise  m e a su re 
ment i n a c c u r a c i e s .

May v a r y ,  e . g .  o n io n  g u a rd  c e l l s  
do n o t  s t o r e  s t a r c h  (S c h n a b l  and 
Z e i g l e r ,  1 9 7 7 ) .
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F o r  t h e s e  r e a s o n s ,  V ic ia  was a l s o  r e j e c t e d .  Commclina oommwtis p l a n t s  

c o u ld  h e  grown a l l  y e a r  .I'rom s e e d  and  t h e y  d i s p l a y e d  l e a f  g row th  from  

e x te n d e d  s t e m s ,  which m eant t h a t  l e a v e s  o f  s i m i l a r  p h y s i o l o g i c a l  ages  

couJ..d h e  o b t a i n e d  from  b r a n c h e s  o f  a  s i n g l e  p l a n t .  S e c t i o n s  o f  s tem  

cou].d b e  rem oved w i th  a  l e a f  t o  p r o v id e  c o n v e n ie n t  means o f  s o l u t i o n  

up ta lçe . Com metina  was t h e r e f o r e  c h o sen  as t h e  e x j j e r im e n ta l  p l a n t  f o r  

t h e s e  s t u d i e s .  The s t o m a t a l  com plex  o f  t h i s  s p e c i e s  ( F i g , 9) i n v o lv e s  

t h e  g u a rd  c e l l s  and  s i x  s u b s i d i a r y  c e l l s  (W il lm e r  and M a n s f i e l d ,  196 9 ) 

w h ich  a r e  a p p a r e n t l y  im p o r t a n t  f o r  g u a rd  c e l l  f u n c t i o n  ( S q u i r e  and 

M a n s f i e l d ,  1972 ; Penny and B o w lin g ,  1 9 7 ^ i Penny e t  a t*   ̂ 1 975 ;  Penny 

e t  a l .   ̂ 1 9 7 6 ) .  Com metina  e p id e r m a l  segm en ts  h av e  b e e n  u s e d  i n  many 

i n v e s t i g a t i o n s  o f  s t o m a t a l  p h y s io lo g y  (W illm er  and M a n s f i e l d ,  I 9 6 9 ) and  

fo rm ed  t h e  b a s i s  o f  a  s e n s i t i v e  b i o a s s a y  f o r  ABA (Ogankanmi e t a l * o  1973)

S e c o n d a ry  problems; o c c u r r e d  w i t h  t h e  c h o ic e  o f  p e e l i n g  m ethod  and  

i n c u b a t i o n  sy s te m . Removal o f  e p id e r m is  i s  an o b v io u s  p o i n t  o f  c o n t r o l  

o f  t h e  q u a l i t y  o f  e x p e r i m e n t a l  m a t e r i a l  u s e d .  The m ethod em ployed  i n  

t h i s  t h e s i s  was a d o p te d  f rom  t h a t  o f  T r a v i s  and  M a n s f i e ld  ( p e r s .  comm.). 

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

S e v e r a l  p o s t - p e e l i n g  t e c h n i q u e s  t o  modi:Py t h e  i s o l a t e d  e p id e r m is  t i s s u e  

h av e  b e e n  d e s c r i b e d :  R aschke  and  F e l lo w s  ( l 9 7 l )  r e d u c e d  t h e  e x t e n t  o f

m e s o p h y l l  c o n ta m in a t io n  i n  Zea  by  a  s e r i e s  o f  r i n s e s ;  A llaw ay  end  

H s i a o , ( 1 9 7 3 } p r e p a r e d  V ic ia  e p id e r m is  by  c r u s h in g  i t  ( ' r o l l i n g ' )  so  

t h a t  g u a rd  c e l l s  w ere  t h e  o n ly  v i a b l e  c e l l s ;  S q u i r e  and M a n s f i e ld  

( 1 9 7 2 ) d e s c r i b e d  a  low  pH b u f f e r  t r e a t m e n t  t o  a c h ie v e  t h e  same e f f e c t  

w i t h  C o m n etin a . None o f  t h e s e  m ethods was u s e d  r o u t i n e l y  i n  t h e s e  

e x p e r i m e n t s , a l t h o u g h  t h e  l a t t e r  t e c h n i q u e  was em ployed  i n  one 

p a r t i c u l a r  c a se  .

I s o l a t e d  e p id e r m a l  segm en ts  a r e  u s u a l l y  f l o a t e d  on s o l u t i o n s ,  

c u t i c l e  u p ,  f o r  e x p e r i m e n t a t i o n .  The n a t u r e  o f  t h e  medium on w hich 

segm en ts  a r e  i n c u b a t e d  d e f i n e s  t o  a  g r e a t  e x t e n t  t h e  r e a c t i o n  o f  t h e  

s to m a ta  t o  v a r i o u s  s t im u l- i  (Humble and H s i a o ,  1 969 ;  W il lm e r  and 

M a n s f i e l d ,  I 9 6 9 ) .  The a d v e n t  and  u s e  o f  z w i t t e r i o n i c  b u f f e r s  h a v in g  

low membrane p e r m e a b i l i t y  (Good e t  a t .  ̂ i 9 6 0 ) was a s i g n i f i c a n t  

advance  s i n c e  t h e i r  u s e  p r e v e n t s  t h e  chance  o f  b u f f e r  e f f e c t s  on g u a rd  

and  e p id e r m a l  c e l l  m e ta b o H sm . T h is  p o s s i b i l i t y  i s  most manked i n  

t h e  c a s e  o f  c i t r a t e  and  p h o s p h a te  b a s e d  b u f f e r  s y s te m s :  c i t r a t e  i s  a
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F i g . 9* D iagram  o f  Com m etina  B to m a ta l  Complex.

\

1 . Guard c e l l
2 .  I n n e r  l a t e r a l  s u b s i d i a r y  c e l l
3 . T e r m in a l  s u b s i d i a r y  c e l l
4̂. O u te r  l a t e r a l  s u b s i d i a r y  c e l l  

5 . E p id e rm a l  c e l l

The c e l l s  num bered 1-^f i n  t h e  f i g u r e  c o n s t i t u t e  one s t o m a t a l  complex
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c l o s e  m e t a b o l i t e  o f  m a l a t e ,  an i m p o r t o n t  a n io n  i n  s t o m a t a l  t u r g o r  

i n c r e a s e s ,  and  may i t s e l f  bo i m p l i c a t e d  (O utlaw  and  Lowry, 1 9 7 7 ) ,  

w h i l s t  p h o s p h a te  i s  known t o  be  i n v o lv e d  i n  m e t a b o l i c  i n t e r c o n v e r s i o n s  

w hich  may be  f u n d a m e n ta l  t o  s t o m a t a l  a c t i o n  ( F u i j i n o ,  I 9 6 7 ).

The e f f e c t s  o f  t h e  i o n i c  c o n t e n t  o f  t h e  i n c u b a t i o n  medium have  

b e e n  exam ined  th o r o u g h l y  due t o  t h e  d i s c o v e r y  o f  t h e  in v o lv e m e n t  o f  

a l k a l i  m e ta l  c a t i o n s  i n  s t o m a t a l  o p e n in g  (Humble and  H s i a o ,  I 9 6 9 ;

-W illm er and  M a n s f i e l d ,  1 9 ^ 9 j F i s c h e r  1972 ; A llaw ay  and  H s ia o ,  1 9 7 3 ) .  

The o b s e r v a t i o n  t h a t  i n c l u s i o n  o f  KCl i n  t h e  medium l e d  t o  s to m s . ta l  

o p e n in g  gave r i s e  t o  t h e  d i s c o v e r y  t h a t  K* i s  t a k e n  up b y  g u a rd  c e l l s  

d u r in g  o p e n in g .  In  V i d a  Bb a n d ,  K^ w ere  t h e  o n ly  m o n o v a le n t  c a t i o n s  

w h ich  a l lo w e d  o p e n in g  a t  low c o n c e n t r a t i o n s  ( 0 -2 0  inol m i n  t h e  

s y s te m  u s e d  by Humble and  H s ia o  ( I 9 6 9 ) .  At h i g h e r  c o n c e n t r a t i o n s  

\ c a ,  200 mol m " )  m ost a lk a l . i  m e t a l  i o n s  r e s u l t e d  i n  o p e n in g .  I n  

C om netina j and  Ha"* a l lo w e d  o p e n in g  a t  67 mol m ^ (W il lm e r  and  

M a n s f i e l d ,  I 9 6 9 ) . D iva] .en t  c a t i o n s  seem t o  i n h i b i t  s t o m a t a l  o p e n in g  

i n  e p id e r m a l  segm ent s y s t e m s ,  as  does  NHp (Humble and  H s i a o ,  1 969 ;  

W il lm er  and M a n s f i e l d ,  1 9 6 9 ) .  T h is  h a s  l e d  t o  some c o n f u s i o n  a b o u t  

t h e  u s e  o f  Ca^^ i n  m ed ia  t o  m a i n t a i n  membrane i n t e g r i t y  and  io n  

s e l e c t i v i t y .

The pH o f  t h e  medium i s  an i m p o r t a n t  f a c t o r  s i n c e  g u a rd  c e l l  s a p  

p r o to n  c o n c e n t r a t i o n s  a l t e r  d u r in g  s t o m a t a l  m ovem ents. I t  i s ,  h o w e v e r ,  

v e ry  d i f f i c u l t  t o  s e p a r a t e  pH and  i o n i c  e f f e c t s  (W il l ia m s  and S h i p to n ,  

1 9 9 0 ) .  The b u f f e r i n g  c a p a c i t y  o f  t h e  s o l u t i o n s  u s e d  may p r e v e n t  o r  

d e la y  g u a rd  c e l l  pH c h a n g e s .  T h e re  i s  a  s c h o o l  o f  t h o u g h t  w hich  

p r o p o s e s  t h a t  t h e y  s h o u ld  n o t  b e  u s e d  f o r  t h i s  r e a s o n .  On t h e  o t h e r  

h a n d ,  i n  p l a n t  hormone s t u d i e s ,  t h e  a c i d i c  n a t u r e  o f  t h e s e  compounds 

may g iv e  a s p u r i o u s  pH e f f e c t  i f  b u f f e r s  a r e  n o t  u s e d .  A lso  o f  

r e l e v a n c e  h e r e  i s  t h e  f a c t  t h a t  weak a c i d  d i s s o c i a t i o n  i s  lo w e re d  a t  

low pH v a l u e s ,  w hich  w ou ld  f a v o u r  a c i d  uptalce by c e l l u l a r  membr&mcs o r  

h y d ro p h o b ic  p r o t e i n  s i t e s  (Ogunkanmi e t  a Z . ,  1 9 7 3 ) ,  p o s s i b l y  l e a d i n g  

t o  en h a n ce d  s t o m a t a l  s e n s i t i v i t y  t o  ABA a t  low pH.

I n  g e n e r a l ,  CO^ -  f r e e  a i r  h a s  b e e n  b u b b le d  t h r o u g h  t h e  i n c u b a t i o n  

medium. T h is  e n c o u ra g e s  s t o m a t a l  o p e n in g ,  rem oves r e s p i r a t o i y  CO^ and 

p ro d u c e s  m ix in g  o f  t h e  s o l u t i o n  (W il lm er  and  M a n s f i e l d ,  1969 ;  Ogunkanmi
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e t  a l . ^  1 9 7 3 ) .  I l l u m i n a t i o n  o f  t h e  e p i de rm is  t i s s u e  t e n d s  t o  f a v o u r  

s t o m a t a l  o p e n in g ,  w h i l s t  d a r k e n in g  o f t e n  c a u se s  p a r t i a l  c lo s u i 'e  ( e . g .  

W il lm e r  and  M a n s f i e ld ,  I 9 6 9 ) .  B o th  r e s p o n s e s  a p p e a r  t o  depend  on t h e  

medium u s e d .  T here  has  b e e n  l i t t l e  i n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  

t e m p e r a t u r e  on a p e r t u r e  i n  e p id e r m is  s t r i p  s y s te m s .  On w hole  p l a n t s ,  

t h e  optimum a p p e a r s  t o  be  from  39~^5 0 ( s e e  M eidner  and  M a n s f i e l d ,  1 9 6 8 ). 

Most e x p e r im e n ts  w i t h  e p id e r m a l  s t r i p s  have  b e e n  c a r r i e d  o u t  i n  t h e  

r a n g e  29-39  C.

C o n s id e r in g  t h e  above f a c t o r s ,  an i n c u b a t i o n  s y s te m  b a s e d  on t h e  

’ Good' b u f f e r  PIPES was c h o s e n .  T h is  b u f f e r  was u s e d  by  Ogunkanmi 

e t  a t ,  ̂ ( 1 9 7 3 ) s a s  t h e  b a s i s  o f  an  im proved  a n t  i t  r a n  s p i r a n t  b i o a s s a y .  

A lthougti  t h e y  found  t h a t  c i t r a t e  b u f f e r  (pH 9 . 9 ) r e s u l t e d  i n  g r e a t e r  

s t o m a t a l  s e n s i t i v i t y ,  i n  t h e s e  s t u d i e s  PIPES (pH 6 . 8 ) was f a v o u r e d ,  

f i r s t l y  f o r  i t s  i n e r t n e s s  and  im p e r m e a b i l i t y  (Good e t  a t  .  ̂ I 9 6 6 ) ,  and  

s e c o n d ly ,  b e c a u s e  g r e a t e r  s o l u b i l i t y  o f  ABA w ould  b e  a c h ie v e d  a t  h i g h e r  

pH -  a  p r o p e r t y  w h ich  w ou ld  a l lo w  t h e  u s e  o f  h ig h  c o n c e n t r a t i o n s  o f  

r a d i o a c t i v e  ABA. E x p e r im e n ts  w ere  c a r r i e d  o u t  t o  d e te r m in e  t h e  

optimum KCl c o n c e n t r a t i o n  f o r  b o t h  s t o m a t a l  o p e n in g  and  s u b s e q u e n t  

c l o s u r e  by ABA t o  b e  a c h i e v e d .  Two i n c u b a t i o n  m ethods ( s e e  M a t e r i a l s  

and  M ethods) w ere  d e v e lo p e d  t o  s u i t  t h e  t y p e s  o f  e x p e r im e n t  l a t e r  

c a r r i e d  o u t . These  i n v o lv e d  a e r a t i o n  w i th  COg -  f r e e  a i r  and  no 

a e r a t i o n .  The r e s p o n s e s  o f  s to m a ta  i n  t h e s e  sy s te m s  w ere  c h a r a c t e r i s e d  

u n d e r  v a r i o u s  c o n d i t i o n s .

E s t i m a t i o n  o f  s t o m a t a l  a p e r t u r e  on e p id e r m a l  segm en ts  h a s  

g e n e r a l l y  b e e n  by  m ic ro sc o p y  u s i n g  an e y e p ie c e  g r a t i c u l e  and  t h i s  

m ethod was n o r m a l ly  u s e d  i n  t h i s  t h e s i s .  V a r io u s  m ethods have  b e e n  

d e s c r i b e d  t o  ' f i x '  a p e r t u r e s :  F i s c h e r  ( 1 9 6 8 ) m ounted  t h e  segm en ts  i n

im m ers ion  o i l ,  w h ich  was s a i d  t o  m a i n t a i n  a p e r t u r e s  f o r  a t  l e a s t  30 m in . 

A m ethod  o f  f i x i n g  a p e r t m 'e  by  f r e e z e - d r y i n g  was d e v e lo p e d  t o  p r o v id e  

a  p e rm a n en t  r e c o r d .  T h is  was u s e d  i n  e x p e r im e n ts  w here  t i m i n g  d i d  n o t  

a l l o w  m easui’em ents from  l i v e  t i s s u e .

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

e x p e r im e n t s  Oaas m in im is e d  as  f a r  as  p o s s i b l e ;  s p e c i f i c  e x p e r im e n ts  

w ere  a l s o  c a r r i e d  o u t  t o  i d e n t i f y  p a r a m e te r s  o f  i m p o r ta n c e .  T h u s ,  t h e  

e f f e c t s  o f  s t o m a t a l  rhy thm s w ere  r e d u c e d  by  c a r r y i n g  o u t  a l l  e x p e r im e n t s  

a t  a  p a r t i c u l a r  t im e  o f  day . E f f e c t s  o f  t h e  w a t e r  r e l a t i o n s  o f  p i  w i t s
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w ere  i n v e s t i g a t e d  by a n a l y s i n g  s t o m a t a l  o p e n in g  o f  e p id e r m a l  s t r i p s  

a f t e r  w a t e r  s t r e s s e s  t o  t h e  w hole  p l a n t .  F o r  a l l  o t h e r  e x p e r im e n ts  

c a r e  was t a k e n  t o  g iv e  t h e  same w a t e r i n g  t r e a t m e n t  t o  a l l  p l a n t s  u s e d .  

W a te r in g  r e g im e s  and  e q u i l i b r a t i o n  t r e a t m e n t s  w ere  s t r i c t l y  a d h e re d  t o  

The e f f e c t s  o f  l e a f  age on r e s p o n s e s  o f  s to m a ta  on e p id e r m is  w ere  a l s o  

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

a g e .  The c h i e f  pm rpose o f  t h e  f o l l o w i n g  s e r i e s  o f  e x p e r im e n t s  was

t h e r e f o r e  t o  d e v e lo p  an o p t im a l  s y s te m  f o r  a n a l y s i s  o f  t h e  e f f e c t s  o f  

ABA on Commetina  e p i d e r m i s ,  b a s e d  on t h e  above suimnary o f  c r i t i c a l  

f a c t o r s .

RESULTS AND DISCUSSION

E x p e r im e n t t . t  E f f e c t s  o f  R e e l in g  T e c h n iq u e  on E p id e rm a l C e lt  S u r o iv a t  

a n d  M e so p h y tt C o n ta m in a tio n .

T h is  e x p e r im e n t  was d e s ig n e d  t o  i n v e s t i g a t e  t h e  i n f l u e n c e  o f  t h e  

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

The b a s i c  p e e l i n g  p r o c e d u r e  (F ig .U )  was u s e d ,  b u t  t h e  a n g le  o f  p e e l i n g  

was v a r i e d  b e tw e e n  s t r i p s .  F o r  e a c h  s t r i p  a  c o n s t a n t  a n g le  o f  0*1 -  3*05 

r a d  (5 -  1 7 5 °)  was u s e d .  The s t r i p s  w ere  c u t  i n t o  segm en ts  and  

e p id e r m a l  c e l l  s u r v i v a l  a s s a y e d  u s in g  e i t h e r  n e u t r a l  r e d  o r  E v a n 's  b l u e .  

M esophy ll  c o n ta m in a t io n  was a l s o  e s t i m a t e d .  The r e s u l t s  a r e  shown in  

F i g . 10 . S in c e  t h e  p e e l i n g  a n g le  was n o t  p r e c i s e l y  m e a s u re d ,  t h e  two 

v a r i a b l e s  a r e  p l o t t e d  a g a i n s t  e a c h  o t h e r .  As a ro u g h  g u id e  t o  p e e l i n g  

a n g l e s ,  a p p r o x im a te ly  9 0 ^ e p id e r m a l  c e l l  s u r v i v a l  was o b t a i n e d  a t  

0 r a d ,  1 0 ^ a t  3 r a d  and  50 -  6o% w i t h  a v e r t i c a l  p e e l i n g  a n g l e .

I t  i s  c l e a r  from  F i g . 10 t h a t  t h e r e  i s  a  p o i n t  a t  w h ich  m e so p h y l l  

c o n ta m in a t io n  d r a m a t i c a l l y  i n c r e a s e s .  T h is  i s  p r e s u m a b ly  r e l a t e d  t o  

t h e  s t r e s s  r e q u i r e d  t o  b r e a k  m e s o p h y l l - e p id e r m is  c e l l u l a r  c o n n e c t i o n s .

I n  te rm s  o f  an 'o p t im u m  p e e l i n g  a n g l e ’ i t  seemed t h a t  v e r t i c a l  p e e l i n g  

( 1*6  r a d )  gave t h e  b e s t  e p id e r m a l  c e l l  s u r v i v a l  f o r  t h e  minimum o f  

c o n ta m in a t io n .  I n  v iew  o f  t h e s e  r e s u l t s ,  t h e  p r o c e d u r e  f o r  s t r i p p i n g  

e p id e r m is  was n o r m a l ly  t o  p e e l  v e r t i c a l l y . I n  c a s e s  w bere  m e s o p h y l l  

c o n ta m in a t io n  was s p e c i f i c a l l y  t o  b e  a v o id e d  (u p ta k e  and m e ta b o lism
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F i g . 10. E p id e rm a l  C e l l  S u r v i v a l  and. Mesoph y l l  Contami n a t i o n  on 

E p id e rm is  T i s s u e  P e e l e d  a t  D i f f e r e n t  A n g le s .
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A pprox im a te  p e e l i n g  a n g l e / d e g r e e s

Open c i r c l e s  ; 
C lo s e d  c i r c l e s  :

E v a n ’ s b l u e  
N e u t r a l  r e d

P o i n t s  b a s e d  on 5 f i e l d s  o f  v iew ( l * h 6 mm"̂ ) .
T o ta l  f o r  l i v i n g  e p id e r m a l  c e l l  d e t e r m i n a t i o n  was o u . 300. The g raph  
i s  t h e  c o m b in a t io n  o f  r e s u l t s  from two r e p e a t s  o f  t h e  same experim en i 
One v a lu e  o b t a i n e d  i s  n o t  i n c l u d e d  s i n c e  i t  was o f f  t h e  s c a l e  u s e d  
(x  = 8 5 ’ ^%, y “ T9 c e l l s  mm'-P '
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s t u d i e s ) ,  a  p e e l i n g  a n g le  o f  a b o u t  1 .7 5  r a d  (lOO°) was u s e d .  T hese  

r e s u l t s  w ere  o b t a i n e d  w i t h  p l a n t  m a t e r i a l  s i m i l a r  t o  t h a t  u s e d  in  o t h e r  

e x p e r im e n t s  (n am e ly ,  t h e  f u l l y  expanded  l e a f  c l o s e s t  t o  t h e  apex  on 

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

o r  s e n e s c e n t  l e a v e s  f r e q u e n t l y  y i e l d e d  e p id e r m is  w i th  a h ig h  m e s o p h y l l  

d e n s i t y .  On some s e g m e n ts ,  c o n ta m in a t io n  o c c u r r e d  w here  v e in s  c r o s s e d  

t h e  e p id e r m a l  s t r i p .  I n  p r a c t i c e ,  t h e r e f o r e ,  each  e p id e r m a l  segm ent 

was v i s u a l l y  o b s e rv e d  b e f o r e  u p ta k e  and  m e ta b o l is m  s t u d i e s  and  t h o s e  

w i t h  o b v io u s  con ta iT iina tion  r e j e c t e d .

The c r i t e r i o n  o f  dye u p ta k e  as an i n d i c a t o r  o f  c e l l  a c t i v i t y  i s  

q u e s t i o n a b l e , b u t  n e u t r a l  r e d  u p ta k e  was a lw a ys  c o r r e l a t e d  w i th  m ic ro 

s c o p ic  o b s e r v a t i o n s  o f  c y to p la s m ic  s t r e a m i n g  an d  p r o t o p l a s t  i n t e g r i t y  

when t h e s e  w ere  made. D i f f i c u l t y  was e x p e r i e n c e d  i n  a s s a y i n g  f o r  

s u b s i d i a r y  and  g u a rd  c e l l  s u r v i v a l  w i t h  E v a n ’s b l u e  d y e ,  and n e u t r a l  

r e d  was c o n s e q u e n t ly  u s e d  f o r  su c h  d e t e r m i n a t i o n s .

I t  s h o u ld  b e  e m p h a s ise d  t h a t  a l t h o u ^  e p id e r m a l  c e l l  s u r v i v a l  was 

fo u n d  t o  v a r y  b e tw e e n  8*2  -  9 2 *9 % t h e  p r o p o r t i o n  o f  l i v i n g  g u a rd  and  

s u b s i d i a r y  c e l l s  ( s e e  F i g . 9) was a lw ays  c l o s e  t o  1 0 0 %, T h is  f a c t  

may b e  a  c r i t i c a l  d i f f e r e n c e  b e tw e e n  Comnetino. e p id e r m is  m a t e r i a l  

an d  t h a t  from  s p e c i e s  w i t h o u t  a  s t o m a t a l  com plex . The r e l a t i v e  

im p o r ta n c e  o f  e p id e r m a l  and  s u b s i d i a r y  c e l l  s u r v i v a l  i n  s t o m a t a l  o p e n in g  

was exam ined  i n  e x p e r im e n t  1 *2 .

E x p e r im e n t 1 .2  E f f e c t s  o f  PIPES (pH 6 ' 8 )  and  MES (pH 4 ' 8) B u f f e r s  on 

S to m a ta l  O pen ing  and  S u r v iv a l  o f  C e l l s  on E p id e rm a l  

S e g m e n ts .

S q u i r e  and M a n s f i e ld  (1972) d e m o n s t r a te d  t h e  e f f e c t s  o f  s u b s id i a r y ’’ 

c e l l  d e a th  on s t o m a t a l  a p e r t u r e .  A f t e r  low pH t r e a t m e n t s  w h ich  k i l l e d  

a l l  t h e  c e l l s  o f  t h e  e p id e r m is  e x c e p t  t h e  g u a rd  c e J l s , t h e  s to m a ta  

w ere  found  t o  be  open . I t a i  and  M eidner  (1978b)show ed  t h a t  s t o m a t a l  

c l o s u r e  on e p id e r m a l  segm en ts  i n  t h i s  s t a t e  d i d  n o t  o c c u r  when ABA was 

a p p l i e d .  In  v iew  o f  t h e  im p o r ta n c e  o f  s u b s i d i a r y  c e l l  p r e s e n c e  f o r  

s to m a ta l .  r e a c t i o n ,  t h e  v i a b i l i t y  o f  c e l l s  o f  Comneiina, e p id e r m is  was
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i n v e s t i g a t e d  d u r in g  i n c u b a t i o n  i n  t h e  ch o sen  medium (lO  mol m'"^ PIPES 

pH 6 •8 ) .

F i g . 11 i l l u s t r a t e s  t h e  e f f e c t s  o f  i n c u b a t i o n  in  t h i s  b u f f e r  and 

i n  10 mol ra MES pH ip 5 on s t o r a a t a l  a p e r t u r e  o v e r  4 h . The low pH

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

S q u i r e  and  M a n s f i e ld  ( 1 9 7 2 ) .  A p e r tu r e s  i n  PIPES n a rro w e d  s l i g h t l y  

d u r in g  i n c u b a t i o n .  The e f f e c t s  o f  t h e  tw o b u f f e r  t r e a t m e n t s  on c e l l  

v i a b i l i t y  i s  p r e s e n t e d  i n  F ig .1 .2 .  The p r o p o r t i o n  o f  l i v i n g  g u a rd  

c e l l s  ( F ig .1 2 c )  was u n a f f e c t e d  by  e i t h e r  t r e a t m e n t  and  r e m a in e d  c l o s e  

t o  100%. The s m a l l  num bers o f  dead  g u a rd  c e l l s  fo u n d  a p p e a r e d  t o  be  

t h o s e  i n j u r e d  d u r in g  m a n i p u l a t i o n  o f  t h e  segm en ts  w i t h  t w e e z e r s .  Both  

e p id e r m a l  c e l l  s u r v i v a l  ( F i g .1 2 a )  an d  t h e  number o f  s t o m a t a l  com plexes 

w i t h  one o r  more v i a b l e  s u b s i d i a r y  c e l l  ( F ig .1 2 b )  d e c l i n e d  d u r in g  MES 

t r e a t m e n t  b u t  r e m a in e d  r e l a t i v e l y  c o n s t a n t  d u r in g  PIPES t r e a t m e n t ,  

i n d i c a t i n g  t h a t  t h e  PIPES i n c u b a t i o n  h a d  no i n j u r i o u s  e f f e c t s  on t h e  

e p id e r m a l  s e g m e n ts .  I t  i s  o f  i n t e r e s t  t o  compare t h e  t i m i n g  o f  e p id e r m a l  

an d  s u b s i d i a r y  c e l l  d e a th  i n  MES b u f f e r  as i n d i c a t e d  by F i g s .  12 a  and b 

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

S u b s i d i a r y  c e l l  d e a th  as e s t i m a t e d  b y  t h e  '% l i v i n g  c o m p le x e s ’ b o r e  

g r e a t e r  r e l a t i o n  t o  t h e  k i n e t i c s  o f  o p e n in g  th a n  d id  e p id e r m a l  c e l l  

d e a th .  T h u s ,  a l t h o u g h  c o n s i d e r a b l e  epideiTûal. c e l l  d e a th  h a d  o c c u r r e d  

a f t e r  1 h i n  MES, t h e  mean s t o m a t a l  a p e r t u r e s  on segm en ts  i n c u b a t e d  

i n  t h e  two m edia  w ere  n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( t  -  1 * 2 4 ,  P > 0 * 1 ) .

T h is  c o n t e n t i o n  was s u p p o r t e d  by  o b s e r v a t i o n s  o f  i n d i v i d u a l  s to m a ta  

s u r r o u n d e d  by e i t h e r  dead  o r  l i v i n g  s u b s i d i a i y  c e l l s  ( F i g . 13) w here  

i t  was found  t h a t  s t o m a ta  w ere  a lm o s t  t o t a l l y  c l o s e d  i f  s u r r o u n d e d  by 

l i v i n g  c e l l s .  F ig .1 2 b  shows t h a t  i n  t h i s  e x p e r i m e n t ,  t o t a l  s u b s id ia ry -  

c e l l  d e a th  was n o t  o b t a i n e d  even  a f t e r  4 h MES t r e a t m e n t .  T h is  may

have  been  due t o  t h e  p l a n t  m a t e r i a l  o r  m ethod o f  p e e l i n g .  V a r i a b i l i t y

i n  t h e  e f f e c t s  o f  some b u f f e r  t r e a t m e n t s  was a l s o  n o t e d  by  S q u i r e  and 

M a n s f i e ld  (1 9 7 2 ) .

D egrees  o f  o p e n in g  i n  M E S - t r e a te d  segm en ts  w ere  f o u n d ,  d e p e n d in g  

on t h e  number o f  l i v i n g  c e l l s  i n  t h e  com plex. A smaJ.l e f f e c t  o f  

a b se n c e  o f  l i v i n g  e p id e r m a l  c e l l s  was n o t e d  i n  PIPES -  t r e a t e d ,  segm en ts  

t o  r e s u l t  i n  a  s l i g h t  s t o m a t a l  o p e n in g  o].though t h i s  was n o t  q u a n t i f i e d .

I f  t h e  meru'i a p e r t u r e  o b t a i n e d  on e p id e r m a l  s t r i p s  e x p o s e d  t o  MES f o r
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F ig . 11. E f fe c t  o f  Incubation in PIPES ___
Stomatal Aperture o f  Epidermal Segme n t s .
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Open c i r c l e s ;  PIPES pH 6*8 treatm en t.

Closed c i r c l e s :  MES pH 4 ' 5̂ treatm ent

System 1 , R, N = 50, s = 3.

■0

@

<)



F i g . 12. E f f e c t  o f  I n c u b a t i o n  i n  P IF FS n.ncl . Hl'IS Buf f e r s  oii
V ia .b i l i t y  o f  Cel l s  o f  Epi de rim 11. Bogiiien t  s .
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Open c i r c l e s ;  PIPES jjH 6 -8  t r e a t m e n t ;  

C lo sed  c i r c l e s :  pp t r e a t m e n t

System  1 :  a .  R, n ~ 1^ 0 ,  s -- 3
b . R 5 n “  300 , s = 3
c .  R, n = 300 , 3 "  3

n v a lu e s  a p p ro x im a te .

% comp].exes w i t h  one o r  more s u ] ) s id i a r y  c e i l  a . i iv c .
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F i g . 13. E f fe c t  o f  V i a b i l i t y  o f  Guard C e lls  on Stomatal Aperture

N eu tra l-red  

A.

t r e a te d  euiderinis ( 2 U0 x)

Stomatal- complex where a l l  su b s id ia ry  c e l l s  have taken up the s ta in :  
pore c lo se d .

B. Stomatal complex where no su b s id ia ry  c e l l s  have taken up the s t a in :  
pore open {ca.  8*3 ym).

C. Stomatal complex where on ly  inner l a t e r a l  su b s id ia ry  c e l l s  have taken  
up th e  s ta in :  pore p a r t ia l . ly  open {ca, 3*1 ym).



98 .

d i f f e r e n t  p e r i o d s  was com pared t o  t h e  l i v i n g  c o m p l e x e s ' ,  a  l i n e a r  

r e l a t i o n s h i p  was fo u n d  ( F i g . l U ) .  S q u i r e  and  M a n s f i e l d  (1972) 

c o n s i d e r e d  t h i s  e f f e c t  t o  b e  due t o  a l t e r e d  tu j ;g o r  r e l a t i o n s h i p s  i n  t h e  

e p id e r m is  and  a l s o  d e s c r i b e d  an enhancem en t  o f  g u a rd  c e l l  s o l u t e  u p ta l te  

a f t e r  s u b s i d i a r y  c e l l  d e a th .  They s u g g e s t e d  t h a t  t h e  s u b s i d i a r y  c e l l s  

m ig h t  f u l f i l  a  r e g u l a t o r y  f u n c t i o n  i n  t h e  s u p p ly  o f  io n s  t o  t h e  g u a rd

c e l l s ,  and  a l s o  t h a t  t h e  g u a rd  c e l l  plasm alemm a a d j a c e n t  t o  t h e  i n n e r

l a t e r a l  s u b s i d i a r y  c e l l  ( s e e  F i g . 9) m ig h t  t a k e  up m ost o f  t h e  i o n s  

w h ich  a c c u m u la te d  in  g u a r d  c e l l s .

The r e s u l t s  o f  t h i s  e x p e r im e n t  c o n f i r m  and  e x t e n d  t h e  o b s e r v a t i o n s  

o f  S q u i r e  and  M a n s f i e l d  ( 1 9 7 2 ) .  No d e l i t e r i o u s  e f f e c t s  o f  t h e  PIPES

medium on c e l l  s u r v i v a l  w ere  o b s e r v e d .

E x p e r im e n t t ' 3  E f f e c t  o f  KC'i C o n c e n tra tio n , on S to m a ta l  O pening,

I n  o r d e r  t o  exam ine t h e  e f f e c t s  o f  ABA on s t o m a t a l  c l o s u r e ,  a

t r e a t m e n t  was r e q u i r e d  w h ic h  r e s u l t e d  i n  m a i n t a i n e d  s t o m a t a l  o p e n in g

d u r in g  t h e  e x p e r i m e n t a l  p e r i o d .  T h is  c l e a r l y  was n o t  p r o v id e d  by

10 mol m PIPES a lo n e  ( F i g . 1 1 ) .  Many a u th o r s  h a d  r e p o r t e d  t h a t  t h e

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

o p e n in g  i n  e p id e r m a l  seg m en ts  ( s e e  H s a io ,  1 9 7 ^ ) '  S in c e  t h i s  e f f e c t

was s p e c i f i c  t o  some d e g re e  f o r  (Humble and H s a io ,  1 9 6 9 ;  W il lm e r

and  M a n s f i e l d ,  I 9 6 9 ) ,  end  i n  v iew  o f  t h e  a p p a r e n t  im p o r ta n c e  o f  t h i s

n a t i o n  i n  no rm a l  s t o m a t a l  o p e n in g  (Humble and  R a sc h k e ,  1 9 7 1 ) » t h e
- 3e f f e c t s  o f  a d d i t i o n  o f  KCl t o  t h e  10 mol m PIPES b u f f e r  w ere

i n v e s t i g a t e d .  F ig .  15 i l l u s t r a t e s  t h e  r e s u l t s  o f  a 3 h i n c u b a t i o n  in
- 3

PIPES s o l u t i o n s  c o n t a i n i n g  25 ~ 300 mol m KCl on s to m ia ta l  a p e r t u r e .

A 3 h i n c u b a t i o n  p e r i o d  was c h o sen  b e c a u s e  o t h e r  s t u d i e s  i n d i c a t e d  

t h a t  a p e r t u r e s  a t t a i n e d  from  i n i t i a i . l y  c l o s e d  s to m a ta  r e a c h e d  a  maximum 

b e tw e en  P-U h (W il lm er  and  M a n s f i e l d ,  I 9 6 9 ; S q u i r e  and. M a n s f i e l d ,  1 9 7 2 ) .

A p e r tu r e s  b e tw e en  I 8 and  21 ym r e p r e s e n t e d  t h e  w i d e s t  p o s s i b l e  

o p e n in g s ;  a t  su ch  a p e r t u r e s  t h e  s t o m a t a l  o r i f i c e  was c i r c u l a r  i n  

a p p e a r a n c e .  S q u i r e  and  M a n s f i e l d  (1972) s u g g e s t e d  t h a t  w ide  o p e n in g s  

fo u n d  a t  h ig h  s a l t  c o n c e n t r a t i o n s  m ig h t ,  a t  l e a s t  in  p a r t ,  b e  due t o  

p l a s m o ly s i s  o f  s u b s i d i a r y  c e l l s .  T h i s  e f f e c t  was o b s e rv e d  i n  t h e s e
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Fi g . lU . R e l a t i on s h i p  Between S u b s i d i a r y C e l l  Su r v i v a l  and

S to m a ta l  A p e r tu r e  a f t e r  MES T r e a t ment .

&

cn
'à

0

40 100

l i v i n g  s u b s i d i a r y  c e l l s *

P o i n t s  w ere  o b t a i n e d  from  two s e p a r a t e  e x p e r i m e n t s ,  
o f  l e a s t - s q u a r e s  f i t  i s  shown, h a v in g  t h e  e q u a t i o n :

y = -  0 * 0 5 6 5  X + 6*1598; 

r  = 0*9771 (p < 0 *0 0 1 )

D e t a i l s  o f  m easurem ent same as F i g .1 2 b ,

The l i n e

se e  F i g . 12.



F iK ,1 5 .  E f f e c t  o f  KCl C o n c e n t r a t i o n  on 8 t g n m t a ] _ n .  

PIPES B u f f e r .
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System  1 ,  NR, n = 50 , s = 2 .
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s t u d i e s  i n  t h e  s h o r t  t e r jn  (O -  30 m in) w i t h  segm en ts  s t a i n e d  v i t h  

n e u t r a l  r e d  a f t e r  i n c u b a t i o n  i n  KCl c o n c e n t r a t i o n s  above 100 mol 

A th o ro u g h  i n v e s t i g a t i o n  o f  t h i s  e f f e c t  was n o t  made.

—2Eccpem-ment 1 , 4 E f f e c t s  o f  0*1 inoZ m ABA on S to rn a ta t Apertux^e a t  

D i f f e r e n t  KCl C o n c e n tr a t io n s ,

I n v e s t i g a t i o n s  c o n c e r n in g  t h e  e f f e c t  o f  %~ABA on s t o m a t a l
» .  O

a p e r t u r e  u s in g  t h e  PIPES/lOO mol m NalfOg b u f f e r  s y s te m  o f  Ogunkanmi 

e t  a t  . (1973) r e v e a l e d  t h a t  a l t h o u g h  ABA c a u s e d  s t o m a t a l  c l o s u r e  i f  

a p p l i e d  ah ovo u sq u e  ad  maZa i n  t h e  medium, t h e  hormone d i d  n o t  c a u se  

c l o s u r e  when a p p l i e d  a f t e r  o p e n in g  h a d  o c c u r r e d  (T a b le  7 ) .

T a b le  7• E f f e c t s  o f  ^H~ABA on S tom a taZ  A p e r tu r e  When A p p Z ie d  

i n  PITES/ZOO rnoZ NoHO^,

T re a tm e n t  M.G,A. { S . E . ) / y r a

Se r i e s  1 S e r i e s  2

C o n t r o l  5 .3 9  (0 . 3 1 ) 5 '6 o  ( 0 .2 8 )

3 n -A B A -tre a te d  0 .0 3  ( 0 « l6 )  9*70 (O' U^)
( O ' l  mol m” 3)

S e r i e s  1 : C o n t in u o u s  a p p l i c a t i o n  f o r  3 h ;  Sys tem  1 ,  NR, n = 7 9 ,  s = 3.

S e r i e s  2: 1 h a p p l i c a t i o n  a f t e r  3 h  p r e - o p e n in g  t r e a t m e n t  f l o a t i n g

l e a v e s  on w a t e r  t h r o u g h  w hich  COp-  r e d u c e d  a i r  was b u b b le d  

( I t a i  e t  a Z ,  1978 ) ;  Sys tem  1 ,  NR, n -  2 9 ,  s = 1 .

F o r  t h i s  r e a s o n ,  t h e  e f f e c t s  o f  ABA on O ' l  mol m ^ w ere  i n v e s t i g a t e d

a t  t h e  d i f f e r e n t  KCl c o n c e n t r a t i o n s  w h ich  had b e e n  u s e d  i n  E x p e r im en t  1*3

Two t r e a t m e n t s  w ere  u s e d ,  t h e  f i r s t  i n v o l v i n g  c o n s t a n t  i n c u b a t i o n  w i th

o r  w i t h o u t  ABA f o r  3 h ,  and  t h e  s e c o n d  i n v o l v i n g  t r a n s f e r  t o  ABA-

c o n t a i n i n g  o r  c o n t r o l  s o l u t i o n s  f o r  1 h a f t e r  3 h in  b u f f e r  (T a b le  8 ) .

The p e r c e n ta g e  c l o s u r e s  c a u se d  by ABA i n  b o th  t r e a t m e n t s  ( s e r i e s  1 and 2)
-  3

w ere  s i m i l a r :  t h e  hormone h a d  v i r t u a l l y  no e f f e c t  a t  200 and  300 mol ra
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KCl and  h a d  i t s  g r e a t e s t  p e r c e n t a g e  r e d u c t i o n  a t  29 and  90 mol m 

Wlien e x p r e s s e d  as n e t  a j i e r t u i ’e r e d u c t i o n  due t o  .ABA t r e a t m e n t  ( F i g . l 6 )  , 

t h e  r e s u l t s  o f  s e r i e s  2 i l l u s t r a t e  t h a t  t h e  e f f e c t  o f  A13A was g r e a t e s t
— ^  « - O '

a t  90 and 100 mol m KCl. The e f f e c t  a t  29 mol m was n o t  l a r g e

b e c a u s e  t h e  i n i t i a l  o p e n in g  was s m a l l  a t  t h i s  c o n c e n t r a t i o n  ( F i g . 1 9 ) .
■~3B u f f e r  c o n t a i n i n g  90 mol m KCl was s e l e c t e d  t o  i n v e s t i g a t e  f u r t h e r  

t h e  e f f e c t s  o f  ABA; t h i s  c o n c e n t r a t i o n  o f  t h é  s a l t  a l lo w e d  a d e q u a te  

and  r e p r o d u c i b l e  o p e n in g  w h i l s t  e n s u r i n g  s e n s i t i v i t y  i n  te rm s  o f  

c l o s u r e .

C e r t a i n  c o r r e l a t i o n s  b e tw een  ABA e f f e c t s  and  s a l t  c o n c e n t r a t i o n s

were  a l s o  n o t e d  by  W il lm e r  e t  a Z . ,  ( 1 9 7 6 ) ,  who showed t h a t  s t o m a t a l

c l o s u r e  d i d  n o t  a lw ays  o c c u r  when t h e  hormone was i n c l u d e d  i n  m ed ia

c o n t a i n i n g  h i g h  KCL c o n c e n t r a t i o n s  (300  mol m ^ ) . T h is  seem ed t o  be

d e p e n d e n t  b o t h  on t h e  b u f f e r  u s e d  and  t h e  i n i t i a l  s t a t e  o f  t h e  s to m a ta .

In  t h e  l i g h t  o f  t h e s e  r e s u l . t s ,  t h e  f a i l u r e  t o  o b t a i n  s t o m a t a l  c l o s u r e

w i t h  ABA on e p id e r m a l  s t r i p s  o f  L u p in u s  lu te u s  r e p o r t e d  by  L a n c a s t e r

e t  a t . ,  ( 1 9 7 7 ) s may have  b e e n  due t o  t h e  h i ^  KCl c o n c e n t r a t i o n s  (300 
3 \mol m ) t h a t  t h e y  u s e d  and  n o t  n e c e s s a r i l y  t o  i n s e n s i t i v i t y  o f  t h e  

s p e c i e s  t o  ABA.

E x p e r im e n t 1*5 E f f e c t s  o f  ABA a t  0-1  m ot m ^ on S to m a ta  o f  E p id e rm a l  

Seg m en ts  in c u b a te d  i i t  SO m ot m ^ K C t/P IP E S.

“ 3H av ing  c h o sen  b u f f e r  c o n t a i n i n g  90 mol m KCl, i t  was n e c e s s a r y

t o  c h a r a c t e r i s e  f u r t h e r  t h e  r e s p o n s e s  o f  s to m a ta  and  t h e  e f f e c t s  o f

ABA. F i g . 17  d e m o n s t r a t e s  t h e  r e s u l t s  o f  a  2 h  i n c u b a t i o n  o f  segm en ts
“ 3i n  t h i s  medium w i t h  and  w i t h o u t  0*1 mol m ABA. S to m a ta  on segm en ts  

i n c u b a t e d  i n  b u f f e r  a lo n e  o pened  t o  c a  8 ym a f t e r  2 h .  T h is  was fo u n d  

t o  b e  r e p e a t a b l e ,  an.d su c h  o p e n in g s  w ere  m a in ta in e d  f o r  a t  l e a s t  a  

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

o b s e r v e d ,  an e f f e c t  a l s o  shown i n  o t h e r  s t u d i e s  ( e . g .  W il lm e r  and 

M a n s f i e l d ,  196 9 ) .  T h is  may h av e  b een  due t o  b u f f e r  e f f e c t s  ( e . g .  

t o x i c i t y )  o r  t o  n a t u r a l  s t o m a t a l  r h y th m s . In  o r d e r  t o  r e d u c e  t h e  

l a t t e r  p o s s i b i l i t y ,  a l l  e x p e r im e n t s  w ere  c a r r i e d  o u t  a t  t h e  smne t im e  o f  

on p l a n t s  e q u i l i b r a t e d  i n  a  s im i la i -  m anner .  A 2 h i n c u b a t i o n  i n  90 mol 

m ^ KCl/PlPES was a d o p te d  as a  s t a n d a r d  p r o c e d u r e  f o r  o b t a i n i n g  e p id e r m a l
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F i « . l 6 . R educt lion in  S t o m a ta l  A p e r tu r e  Caused "by 0 "1 mol m

ABA a t  D i f f e r e n t  KCl C o n c e n t r a t i o n s .
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D e t a i l s  as  in  T a b le  8 , S e r i e s  2.
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F ig .  1 7 . S to m a ta l  R esponses  in  50 mol m KCl/PIPES B u f f e r .

d

ca

Time/rain

■3
Open c i r c l e s  : b u f f e r  a lo n e

C lo se d  c i r c l e s :  b u f f e r  p l u s  0*1 mol m ABA.
System  1 ,  R, n ~ 50 ,  s = 2 .
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segm en ts  w i th  open  s tomato,.

S to m a ta  re m a in e d  c l o s e d  d u r in g  2 h when ABA t r e a t e d  ( F i g . 1 7 ) ,  an 

e f f e c t  p r e d i c t a b l e  from t h e  r e s iL l t s  o f  T a b le  8 . The s e r i e s  2 r e s u l . t s  

o f  t h i s  T a b le  a l.so  s u g g e s t e d  thtvb s t o m a t a l  c l o s u r e  w ould  o c c u r  w i t h i n  

1 h i n  t h i s  sy s te m . The p r e c i s e  k i n e t i c s  o f  t h i s  c l o s u r e  a r e  

i l l u s t r a t e d  i n  F i g .1 8 .  C lo s u re  commenced w i t h i n  5 min an d  was co m p le te  

by  15 m in. T h is  s p e e d  o f  r e a c t i o n  t o  ABA i s  c o m p a t ib le  w i t h  r e p o r t e d  

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

t o  w ho le  l e a v e s  (e  .g .K ried .em ann e t  a t .  ̂ 1 972 ;  R a sc h k e ,  1975b; R aschke 

e t  a t  . ,  1 9 7 5 ) .  S to m a ta l  r e - o p e n i n g  d i d  n o t  o c c u r  w i t h i n  50 m in .

E ojperim ent !• 6 E f f e c t  o f  Inouba.t-ion  Metl'iod on S to m a ta l  A p e r tu r e s  

A t t a i n e d  i n  50 m ot m ^ K C t/P IP E S.

A l l  t h e  r e s u l t s  d e s c r i b e d  i n  E x p e r im e n ts  1*2 -  1*5 w ere  o b t a i n e d  

u s i n g  I n c u b a t i o n  S ystem  1 ,  w h ich  i n v o l v e d  i l l u m i n a t i o n ,  and a e r a t i o n  

o f  t h e  medium w i t h  CO2-  f r e e  a i r .  I n  o r d e r  t o  c a r r y  o u t  c e r t a i n  

e x p e r im e n t s  w i th  86pp (%ee R e s u l t s  S e c t i o n  3 ) ,  i t  was t h o u g h t  d e s i r a b l e  

t o  m in im is e  s p l a s h i n g  and  v a p o r i s a t i o n  o f  i s o t o p e  -  c o n t a i n i n g  s o l u t i o n s .  

F o r  t h i s  r e a s o n ,  t h e  e f f e c t  o f  n o n - a e r a t i o n  (S ys tem  2) on s t o m a t a l  

a p e r t u r e s  and r e a c t i o n  t o  ABA was i n v e s t i g a t e d .  The e f f e c t  o f  p l a c i n g  

t h e  i n c u b a t i o n  d i s h e s  u n d e r  c a r d b o a r d  boxes  ( ' d a r k n e s s ’ ) was a l s o  

exam ined .

F ig ,  1 9a  shows t h a t  s to m a ta  a t t a i n e d  w id e r  a p e r t iu r e s  i n  System  1 

t h a n  i n  System  2. I n  t h e  p a i ' t i c i l a r  e x p e r im e n t  i l l u s t r a t e d  i n  F ig .  19a  

( l ' 6 ' l )  t h e  d i f f e r e n c e  b e tw e en  mean a p e r t u r e s  a t  2 h was n o t  s t a t i s t i c a l l y  

s i g n i f i c a n t  (T a b le  9 ) •  H ow ever, i n  a  r e p e a t  (1*6*2)  t h e  d e v i a t i o n  

was s i g n i f i c a n t .

T a b le  9 . C om parison o f  M. S , A .  A t ta i n e d  in  Two T n c u b a tio n  S y s te m s

M .S.A. ( S . E . ) /  pm.

System  1 _____  S y s t e m_2________ ip___________ P

E x p e r im en t  1*6*1 8*53(0*3h)  7*69(0*38) 1*66 >0*05

E x p e r im en t  1*6*2 7*16 (0*27)  5*^9(0*26)  ^*37 <0*001



lOT,

- ■ 5

F ig .  1 8 . E f f e c t  o f  O ' l  mol m ABA on S to m a ta l  /Vperturo  i n  

50 mo], m. ^ KCl/PIPES B u f f e r  as a  F u n c t io n  o f  Time.

9

a
cn
S

Time /m in

S to m a ta  v e r e  p r e - o p e n e d  i n  50 mol m KCl/PIPES b u f f e r  f o r  2 li 
b e f o r e  t r a n s f e r  o f  segm en ts  t o  b u f f e r  a lo n e  (open  c i r c l e s )  o r  
b u f f e r  p l u s  0*1 jiiol m“ 3 y\BA ( c l o s e d  c i r c l e s ) .  S ys tem  1 ,  R , n~50. 
8 = 2 .
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E f f e c t s  o f  A e r a t i o n ,  D a r k n e s s ,  and ABA on

S to m a ta l  A p e r tu r e s  A t t a i n e d  mol m KCl/PIPES

CO

a
to

0

&

.<>

0

<>

<>

Î-.

 $

0 T
T im e/ h

b

Open sym bols : 
C lo se d  sym bols 
C i r c l e s  : 
S q u a re s  :

Open c i r c l e s :  
C lo se d  c i r c l e s  
Arrow :

s y s te m  1 . 
s y s te m  2 .
n o rm a l  i l l u m i n a t i o n . 
n o t  i l l u m i n a t e d .

b u f f e r  a l o n e .
b u f f e r  p l u s  0 .1  mol m ABA 
p o i n t  o f  t r a n s f e r  t o  ABA s o l u t i o n

- 3

and b R, n ~ 5 0 , s = 1 .
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The t r e n d  o f  t h e s e  r e s u l t s  t h e r e f o r e  c o n f i rm e d  t h e  o b s e r v a t i o n s  

o f  W il lm e r  and  M a n s f i e ld  ( I 9 8 9 ) c o n c e r n in g  t h e  e f f e c t s  o f  COpp' f r e e  

a i r .  The e f f e c t s  o f  d a rk n e s s  i n  b o t h  sy s te m s  was a  r e d u c t i o n  i n  

s t o m a t a l  a p e r t u r e  w h ich  was h i g h l y  s i g n i f i c a n t  ( f o r  E x p e r im e n t  1*6*1 

a t  2 h ;  System  1 t  -  8 *8 6 ; System  2 t  -  1T*40. F o r  b o t h , ?  < 0*01) 

Tliis  a g a in  c o r r o b o r a t e d  r e s u l . t s  o f  W il lm e r  and  M a n s f i e l d ,  and  a l s o  

i n d i c a t e d  t h a t  t h e  50 mol m KCl/PIPES medium allow ed, s t o m a t a l  

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

t o o ,  was d e p e n d e n t  on KCl c o n c e n t r a t i o n  was n o t  exami.ned.

The ABA-induced c l o s u r e  shown i n  F ig .1 9 b  o b t a i n e d  w i t h  Sys tem  2 

a p p e a r e d  t o  be  as r a p i d  and  c o m p le te  as  t h a t  o b t a i n e d  w i t h  System  1 

( F i g . 1 8 ) ,  s o ,  d e s p i t e  t h e  d i f f e r e n c e s  i n  a p e r t u r e s  o b t a i n e d  u s i n g  t h e  

two s y s te m s .  Sys tem  2 IMas a d o p te d  f o r  f u r t h e r  e x p e r im e n t s  when r e q u i r e d ,

E x p e r im e n t !• 7 E f f e c t s  o f  C a lc ium  and S tr o n t iu m  C h lo r id e s  on 

S to m a ta l  A p e r tu r e ,

D i v a l e n t  c a t i o n s  a r e  known to '  b e  in h ib i to r^ '-  t o  s t o m a t a l  o p e n in g

( s e e  commentary i n  S e c t i o n  I n t r o d u c t i o n ) ,  b u t  t h i s  e f f e c t  i s  b o t h

s p e c i e s  (W il lm er  and  M a n s f i e l d ,  1 9 6 9 )5  and medium ( F i s c h e r ,  1972)

d e p e n d e n t .  S in c e  t h e  u s e  o f  c a lc iu m  i n  t h e  i n c u b a t i o n  medium h a s  b e e n

a d v o c a te d  t o  p r e s e r v e  membrane f u n c t i o n  ( H s a io ,  1976) t h e  e f f e c t s  o f
“ 3t h i s  io n  on s t o m a t a l  a p e r t u r e s  i n  50 mol m “ KCL/Pipes b u f f e r  was 

exam ined  ( F i g . 2 0 ) .  E f f e c t s  o f  s t r o n t i u m  w ere  a l s o  o f  i n t e r e s t  

b e c a u s e  t h i s  c a t i o n  i s  t h e  d ecay  p r o d u c t  of^*^Rb d i s i n t e g r a t i o n .  I t  

was t h u s  n e c e s s a r y  t o  s e e  w h e th e r  s t r o n t i u m  c a u s e d  s t o m a t a l  c l o s u r e ,  

and i f  s o ,  w h e th e r  t h e  e f f e c t i v e  c o n c e n t r a t i o n s  w ere  c l o s e  t o  t h o s e  

c a l c u l a t e d  t o  be  p r e s e n t  in®^Rb"^ s o l u t i o n s .

2. mol m Ca i s  commonly added  t o  t i s s u e  i n c u b a t i o n  m ed ia  

( E p s t e i n ,  1 9 7 2 ) ,  b u t  from  F i g . 20 i t  w ould  be i m p o s s ib l e  t o  carr} ' o u t  

i n v e s t i g a t i o n s  o f  ABA e f f e c t s  i n  b u f f e r  c o n t a i n i n g  t h i s  c o n c e n t r a t i o n  

s i n c e  t h e  s to m a ta  w ou ld  aJ lready  be  c l o s e d .  F u r th e r m o r e ,  c e l l  a c t i v i t y  

seem ed t o  b e  u n a f f e c t e d  by  l a c k  o f  c a lc iu m ,  b o t h  i n  t e rm s  o f  v i a b i l i t y  

( F ig .  1 2 ) ,  and  a b i l i t y  t o  f u n c t i o n  ( F i g , l 8 ) ,  i n  t h e  t im e  p e r i o d s  u s e d .  

C a lc ium  Vas t h e r e f o r e  n o t  i n c o r p o r a t e d  i n  t h e  medium f o r  t h e s e  r e a s o n s .
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The f a c t  t h a t  s t r o n t i u m  h a d  e f f e c t s  r e s e m b l in g  t h o s e  o f  c a lc iu m  

v a s  p e rh a p s  u n s u r p r i s i n g  i n  v iew  o f  t h e i r  c h e m ic a l  s i m i l a r i t y .  Given 

t h a t  t h e  R a d io c h e m ic a l  C e n t re  ^^RbCl s o u rc e  s o l u t i o n  v a s  f r e e  o f  8 r^ ' 

from  s o u r c e s  o t h e r  than. d e c a y ,  t h e  c a l c u l a t e d  s t r o n t i u m  c o n c e n t r a t i o n

i n  t y p i c a l  v o r k i n g  s o l u t i o n s  v a s  o f  t h e  o r d e r  o f  O ' l  -  1 pmol m ^ a f t e r  

one ^^Rb h a l f - l i f e .  S in c e  even Out mmol m ^ SrCl c a u s e d  v i r t u a l l y  no 

a p e r t u r e  r e d u c t i o n  ( F i g . 2 0 ) ,  i t  v a s  th o u  girt u n l i k e l y  t h a t  S r  fo rm ed  by  

d ecay  v o u l d  have  p h y s i o l o g i c a l  e f f e c t s .

E cx^erim ent !• 8 E f f e c t s  o f  th e  P h y s io lo g ic a l  S t a t e  o f  th e  L e a f  on 

R e sp o n se s  o f  S to m a ta  J .  S e n e s c e n c e .

E x p e r im e n ts  1*8 and 1*9 v e r e  c a r r i e d  o u t  t o  e v a l u a t e  p h y s i o l o g i c a l

f a c t o r s  i n  t h e  r e s p o n s e s  o f  s to m a ta  from  e p id e r m a l  s e g m e n ts .  F o r

E x p e r im e n t  1*8 a C o rm elin a  p l a n t  h a v in g  s u i t a b l e  ’ g r e e n ’ , ’y e l l o v g r e e n ’

and ' y e l l o v '  l e a v e s  on t h e  same b r a n c h  v a s  s e l e c t e d .  At t h e  t im e  o f

p e e l i n g ,  t h r e e  sam p les  o f  l a m in a  v e r e  t a k e n  from  e a ch  l e a f  f o r

c h l o r o p h y l l  a  + b a s s a y  and  t v o  sam p les  o f  e p id e r m is  f o r  i n c u b a t i o n

i n  b u f f e r .  The b u f f e r  s y s te m  c h o se n  f o r  t h i s  e x p e r im e n t  v a s  t h a t

o f  Ogunkanmi. e t  a t*   ̂ ( 1 9 7 3 ) ,  b e c a u s e  t h e i r  m ethod gave p a r t i a l  s to m a ta .1

o p e n in g s  a t  c e r t a i n  ABA c o n c e n t r a t i o n s .  F ig .  21 shovs  t h a t  t h e

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

s t u d i e s )  a t  t h e  ABA c o n c e n t r a t i o n s  u s e d  v e r e  s i m i l a r  t o  t h o s e  o b t a i n e d

by  Ogunkanmi e t  # 7 . ( 1 9 7 3 ) .  Hove v e r ,  t h e  r e s p o n s e  c u rv e  va,s r a t h e r

more s ig m o id a l  i n  n a t u r e :  Ogunkanmi e t  #7 .-  a c h ie v e d  l i n e a r i t y  s p a n n in g
“ 1  “ 5 “ 3\f o u r  de c ad e s  o f  ABA c o n c e n t r a t i o n  (10  -  10 mol m ) ,  v h i l s t  i n  t h i s

4 *“2 — li 3s tu d y  r e s p o n s e s  v e r e  o n ly  l i n e a r  b e tw e e n  10 -  10 mol m . D i f f e r e n c e s

in  amount o f  c l o s u r e  b e tv e e n  l e a v e s  v e r e  g r e a t e s t  a t  a ro u n d  5 0 % c l o s u r e ,
a 4 * **̂3v h i c h  v a s  o b t a i n e d  v i t h  1 mmol m ABA. The s e n e s c e n t  l e a v e s  r e s p o n d e d  

t o  a  l e s s e r  d e g re e  t o  ABA t r e a t m e n t  ( F i g . 2 1 ;  T a b le  1 0 ) .
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F ijy .21 : S t o m ata l  R e sponses  o f  E p i d e r mal B e m e n 1 8_ _ f J ' e  

D i f f e r o n t  S t a g e s  o f  S e n e s c e n c e .
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T a b le  1 0 . C 'h to r o p h y tt  C o n te n ts  ond  S to m a ta l  R e sp o n se s
— 3

i n  1 mmol m '' ABA.

1 s t  e x panded  ’ g r e e n ’ 3 9 5 ( 5 '8 ) 5 *0 5 ( 0 *2 6 )

H h  e x p a n d ed  ' y e l l o w - g r e e n ' 1 5 9 ( 2 *3 ) 6 *h2 (0 *3 U)

5 t h  expanded  ’y e l l o w ’ 33 (6*0 )  6*17(0*32)

The d i f f e r e n c e  b e tw e en  t h e  mean s t o m a t a l  r e s p o n s e s  t o  ABA o f  t h e  

’ g r e e n ’ and  ’y e l l o w ’ l e a v e s  was s t a t i s t i c a l l y  s i g n i f i c a n t  ( t  ~ 2 " TO,

P < 0 * 0 1 ) .

Tlie above e x p e r im e n t  was n o t  r e p e a t e d  i n  t h e  same fo rm . H ow ever,

r e s p o n s e s  o f  l e a v e s  h a v in g  d i f f e r e n t  c h l o r o p h y l l  c o n t e n t s  w ere  com pared  
*'■ 3u s i n g  1 mmol m ABA a lo n e  an d  s i m i l a r  r e s u l t s  w ere  o b t a i n e d .  I n  

s e v e r a l  c a s e s  t h e  r e s p o n s e s  o f  ’v e r y  s e n s e c e n t '  l e a v e s  t o  /iBA a t  t h i s  

c o n c e n t r a t i o n  w ere  e x t r e m e ly  s m a l l .  I t  t h u s  a p p e a r s  t h a t  t h e  s e n s i t i v i t y  

o f  s to m a ta  on Commel'ina e p id e r m is  t o  ABA a l t e r s  d u r in g  l e a f  s e n e s c e n c e .  

T h is  v i n d i c a t e d  t o  some d e g re e  t h e  c h o ic e  o f  y o u n g ,  h e a l t h y  l e a f  m a t e r i a l  

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

R aschke  and  Z e e v a a r t  (1976)  exam ined  ABA c o n t e n t s  and  s t o m a t a l  

c o n d u c ta n c e  o f  X m th v u m  l e a v e s  as r e l a t e d  t o  a g e in g .  They fo u n d  t h a t  

s t o m a t a l  s e n s i t i v i t y  t o  ABA was s i m i l a r  i n  a l l  ages  o f  l e a v e s ,  i n  

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

a l t e r a t i o n s  fo u n d  i n  ConmeVina a r e  d e b a t a b l e .  M easurem en ts  o f  w hole  

p l a n t  t r a n s p i r a t i o n  r a t e s ,  n o rm a l  ABA c o n t e n t s  o f  l e a v e s  and  e p id e r m a l  

t u r g o r  r e l a t i o n s h i p s  a r e  r e q u i r e d  b e f o r e  c o n c lu s i o n s  can  be  made. A 

f u r t h e r  p o s s i b i l i t y  w h ich  m ust be  e n t e r t a i n e d  i s  t h a t  t h e  o b s e r v e d  

e f f e c t s  a r e  an a r t i f a c t  o f  t h e  p e e l i n g  p r o c e s s .  I n  e x p e r im e n t  1*1 i t  

was n o t e d  t h a t  e p id e r m is  from  s e n e s c e n t  l e a v e s  was fo u n d  t o  b e  h e a v i l y  

c o n ta m in a te d  w i th  m e s o p h y l l .  The r e s u l t s  o f  F i g . l b  i n d i c a t e  t h a t  

s u r v i v a l  o f  e p id e r m a l  c e l l s  a f t e r  p e e l i n g  may i n f l u e n c e  s u b s e q u e n t  

a p e r t u r e  m e a su rem e n ts .  The v i a b i l i t y  o f  c e l l s  o f  e p id e r m is  from



l l ) l ,

s e n e s c e n t  l e a v e s  was n o t  a s s a y e d ,  T h is  may t h u s  be  mi i m p o r ta n t  

f a c t o r  f o r  f u t u r e  s t u d y .

E x p e r im e n t ! • 9  E f f e c t s  o f  th e  V h y s io lo g ic a l  S t a t e  o f  th e  L e a f  on 

R e sp o n se s  o f  S to m a ta  I I ,  heater S t a t u s ,

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

on s t o m a t a l  b e h a v io u r  o f  w ho le  p l a n t s ,  and  F i s c h e r  ( l9 7 0 )  n o t e d  r e s u l t s  

o f  s t r e s s i n g  t h e  d o n o r  p l a n t  on s t o m a t a l  a p e ib u r e  o f  e p id e r m a l  s t r i p s  

s u b s e q u e n t ly  o b t a i n e d .  D e s p i t e  t h e  acknow ledged  im p o r ta n c e  o f  p r i o r  

s t r e s s  as  a  f a c t o r  i n  e x p e r im e n t s  w i t h  e p id e r m is  i n c u b a t i o n  sy s te m s  

( e . g .  O rton  and  M a n s f i e l d ,  1 9 7 b ) ,  t h e r e  a p p e a r  t o  be  no r e p o r t e d  

e v a l u a t i o n s  o f  i t s  e f f e c t s  on segm ent s t o m a t a l  b e h a v i o u r .

The p r o c e d u r e s  n o m a l l y  a d o p te d  f o r  t h i s  t h e s i s  t o  a v o id  undue 

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

â t  l e a s t  1  d ,  and  t o  w a t e r  t o  s o i l  c a p a c i t y  tw i c e  d a i l y  t h r o u g h o u t  

t h e i r  l i f e s p a n .  S t r e s s e s  due t o  r o o t  c o o l i n g  and  o v e r w a te r in g  w ere  

a v o id e d  by  u s i n g  w a t e r  a t  room t e m p e r a t u r e  and  e n s u r i n g  a d e q u a te  

d r a i n a g e .  In  t h i s  e x p e r im e n t ,  s t r e s s e s  w ere  in d u c e d  by  a l t e r i n g  t h e  

w a t e r i n g  reg im e  and  b y  w i l t i n g  d e ta c h e d  l e a v e s .

L o n g - te rm  s t r e s s e s  w ere  a p p l i e d  by  t r a n s f e r r i n g  p l a n t s  from  t h e  

g r e e n h o u s e ,  w a t e r i n g  t o  s o i l  c a p a c i t y ,  and t h e n  g i v i n g  each  p l a n t  a
—u. ̂  ^

d a i l y  dose  (midd.ay) o f  0 ,  2 0 ,  bO, 60 o r  80 x 10 m"̂  t a p  w a t e r  f o r  6 d .

The p o s i t i o n s  o f  t h e  f i v e  p l a n t s  w ere  a l t e r e d  d a i l y  u s i n g  a  random  

number t a b l e .  The h i g h e s t  dose  g iv e n  was a p p r o x im a te ly  e q u a l  t o  s o i l  

c a p a c i t y  and  t h e  p l a n t  w a t e r e d  w i t h  t h i s  amount was t u r g i d  and  h e a l t h y ,  

w h i l s t  t h e  p l a n t  g iv e n  no w a t e r  e x h i b i t e d  l e a f  c u r l i n g  and  f l a c c i d i t y  

by  a b o u t  day 3* At t h e  t im e  o f  p e e l i n g ,  l e a f  c o n d u c ta n c e  was m easu red . 

C onduc tance  (mm se c  ^ ( S . E . ) ,  n = 3) f e l l  from 1 7 '5  ( l ' 6 8 ) a t  80 x 10 ^ 

m^ d ^ p o t  and  0 * 3 6 ( 0 *0 6 ) a t  60  10  ^ m^ d ^  p o t  ^ t o  be low  0* 2 8  a t

a l l  o t h e r  r e g im e s .  The s t r e s s  t h u s  h a d  a  g r e a t  e f f e c t  on s t o m a t a l  

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

a t t a i n e d  by  s to m a ta  on e p id e r m a l  segm en ts  from  l e a v e s  o f  t h e  s t r e s s e d  

p l a n t s  ( F i g . 2 2 ) .  F i g .2 2 a  shows t h a t  e p id e r m is  from  t h e  p l a n t  g iv e n
— q

80 X10  m‘ d a i l y  gave r e s p o n s e s  s i m i l a r  t o  ’bhose fo u n d  w i th  e p id e r m is
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a .  F i g u r e s  a t  r i g h t  o f  3 h p o i n t s  c o r r e s p o n d  t o  c a t e r i n g  reg im e 
( 10” 6 d“ -̂ p o t “ l ) .  'fwo s e t s  o f  f i g u r e s  a r c  o m i t t e d  f o r  c l a r i t y ,  
System  1 ,  R, n = 50 , s ~ 2 .

b . ■ A p e r tu r e  o t t a i n e d  a f t e r  2 h i n c u b a t i o n .
System  1 ,  R» n -- 50 , s = 2 ,  i n c u b a t i o n .
Medium 50 mol m"-  ̂ K C l/PIPES.
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f rom  o t h e r  u n s t r e s s e d  p l a n t s  ( e . g .  F i g s .  17 and 1 9 ) ,  w h i l s t  t h e  o t h e r  

t r e a t m e n t s  r e s u J . t e d  i n  lo w e r  a p e r t u r e s  b e in g  a t t a i n e d .  C a l c u l a t i o n  

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

f i t  o f  t h e  mean r e s p o n s e s  a f t e r  2 h i n c u b a t i o n  ( t h e  d a t a  shown i n  

F i g .2 2 b )  i n d i c a t e d  t h a t  t h e  e f f e c t  o f  t h e  s t r e s s  was s i g n i f i c a n t  

{y “ 2*11 P 0*08Ut X, r  = 0 * 9 7 2 ,  P < 0 * 0 l ) ,  However, a  number o f  

f a c t o r s  m igh t h av e  c o n t r i b u t e d  t o  t h i s  e f f e c t . '  L o n g - te rm  o s m o t ic  

and o t h e r  c hanges  may have  o c c u r r e d ,  as w e l l  as  a l t e r a t i o n s  i n  hormone 

s t a t u s  and o t h e r  p o s s i b i l i t i e s .  I n  o r d e r  t o  r e s t r i c t  t h e  chance  o f  

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

was g iv e n  in  t h e  s h o r t - t e r m .  T h is  i n v o lv e d  v a r i o u s  w i l t i n g  t r e a t m e n t s  

a p p l i e d  t o  l e a v e s  from  t u r g i d  p l a n t s .

The d e t a i l s  o f  t h e  s h o r t - t e r m  w i l t i n g  s t r e s s  a r e  g iv e n  i n  t h e  

M a t e r i a l s  and M ethods s e c t i o n .  At t h e  end  o f  t h e  t r e a t m e n t  i n c u b a t i o n  

t h r e e  l e a v e s  w ere  s e l e c t e d  a t  random  and e p id e r m is  rem oved. Segm ents 

w ere  p l a c e d  in  50 mol m KCl/PIPES an d  a p e r t u r e  m easu rem en ts  made 

a f t e r  1 and  2 h  ( F i g . 23)* D a ta  f o r  b o t h  a s s a y  i n c u b a t i o n  t im e s  w ere  

o f  s i m i l a r  fo rm : e p id e r m is  from  w i l t e d  l e a v e s  gave lo w e r  s t o m a t a l

a p e r t u r e s  t h a n  t h a t  from  ' c o n t r o l '  l e a v e s .  F o r  t h e  2 h  a s s a y ,  even 

t h e  means w h ich  w ere  c l o s e s t  (5  h  t r e a t m e n t  i n c u b a t i o n )  w ere  s i g n i f i c a n t l y  

d i f f e r e n t  ( t  = 5*19, P .< 0 O O l). The l e n g t h  o f  t h e  t r e a t m e n t  i n c u b a t i o n  

d i d  n o t  seem t o  a f f e c t  a p e r t u r e s  o f  e p id e r m is  from  w i l t e d  l e a v e s ,  t h e s e  

w ere  u n i f o r m ly  low . I t  d i d  seem t o  h av e  an e f f e c t  on t h e  c o n t r o l  v a lu e s  

o b t a i n e d  a f t e r  2 h i n c u b a t i o n ,  how ever .  C a l c u l a t i o n  o f  t h e  c o r r e l a t i o n  

c o e f f i c i e n t  f o r  t h e  0 ,  1 ,  3 and  5 h  c o n t r o l  mean a p e ib u r e s  (2  h )  r e v e a l e d  

a  s i g n i f i c a n t  downward t r e n d  w i t h  t im e  o f  t r e a t m e n t  i n c u b a t i o n  

(y  = U*88 “ 0*68 X , r  -  0 * 9 7 6 ,  P < 0 * 0 2 ) .  T h is  e f f e c t  was th o u g l i t  t o  

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

t r e a t m e n t  i n c u b a t i o n  p e r i o d ,  w h ich  was e x a c e r b a t e d  w i t h  i n c r e a s i n g  t im e .  

T h is  was s l i g h t  when com pared w i th  t h e  e f f e c t  o f  w i l t i n g .

I t  m ust b e  e m p h a s ise d  t h a t  t h e s e  r e s u l t s  a lo n e  do n o t  n e c e s s a r i l y  

i n d i c a t e  t h a t  a  ho rm o n a l  i n f l u e n c e  on s t o m a t a l  a p e ib u r e s  o c c u r r e d .  They 

do show how im p o r t a n t  t h e  w a t e r  s t a t u s  o f  e x p e r i m e n t a l  p l a n t s  m ust be 

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

may t h u s  e x p l a i n  some o f  t h e  v a r i a t i o n  i n  r e s u l t s  fo u n d  b e tw een  

e x p e r i m e n t s .  The above e x p e r im e n t s  w ere  n o t  r e p e a t e d .  F u r t h e r
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i n v e s t i g a t i o n s j p o s s i b l y  i n v o l v i n g  e p id e r m is -m e o o p h y l l  t r a n s f e r  

o p e r a t i o n s  com bined v i t h  a p p r o p r i a t e  s t r e s s  t r e a t m e n t s ,  i n  e x p e r im e n t s  

s i m i l a r  t o  t h o s e  o f  F i s c h e r  ( l9 T 0 )  , a r e  r e q u i r e d ,  b e f o r e  c o n c lu s io n s  

a b o u t  t h e  n a t u r e  o f  t h e  i n f l u e n c e  o f  s t r e s s  on s u b s e q u e n t  s t o m a t a l  

o p e n in g  can be  made.

E ssperim ent 2 ' 1 0  C o n p a riso n  o f  M ethods o f  S tom ata l- A p e r tu r e

M easurem en t.

I n  v iew o f  t h e  c o r r e l a t i o n s  b e tv e e n  s t r e s s ,  l e a f  c o n d u c ta n c e ,  and  

e p id e r m a l  segm ent a p e r t u r e  a t t a i n m e n t  shown i n  E x p e r im e n t  1 * 9 ,  i t  v a s  

o f  i n t e r e s t  t o  exam ine t h e  r e l a t i o n s h i p  b e tv e e n  a p e r t u r e s  fo-oiid on 

i s o l a t e d  e p id e r m is  t o  t h o s e  m ea su red  on t h e  w hole  p l a n t  p r i o r  t o  

p e e l i n g .  I t  v a s  a l s o  r e q u i r e d  t h a t  t h e  f r e e z e - d r ^ ' i n g  a p e i t u r e  

f i x a t i o n  m ethod v a s  a s s a y e d  a g a i n s t  a p e r t u r e  b e f o r e  f r e e z i n g .  A c c o rd in g ly ,  

an e x p e r im e n t  v a s  s e t  up t o  compare a p e r t u r e s  m ea su red  on w hole  l e a v e s  

( s i l i c o n e  im p r e s s io n  m ethod  -  S I ) ,  t h o s e  o b t a i n e d  i)7 im ediately  a f t e r  

p e e l i n g  ( e p i d e r m a l  segm en t  -E B ) ,  and  t h o s e  o b t a i n e d  from  f r e e z e - d r i e d  

e p id e r m is  (FDE). R a t h e r  t h a n  c a r r y  o u t  a  complex 3"-vay c o m p a r is o n ,  

t h e  i n d i v i d u a l  m ethods v e r e  com pared i n  p a i r s ,  v i t h  m easu rem en ts  from  

b o t h  b e i n g  made from  t h e  same l e a f  on a d j a c e n t  p i e c e s  o f  e p id e r m i s .

A v a r i e t y  o f  a p e r t u r e s  v a s  o b t a i n e d  by  t r e a t i n g  lea .ves  v i t h  C Q ^ -fre e  

a i r  03" d a r k n e s s .  The t h r e e  g ra p h s  o b t a i n e d  a r e  shown i n  F i g . 2 4 .

I h e  c u rv e s  shown v e r e  f i t t e d  by  l e a s t  s q u a re s  l i n e a r  r e g r e s s i o n ,  and 

i n  a l l  c a s e s  gave s i g n i f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t s  (P < O'OOl)

The c o m p a r iso n  b e tv e e n  s t o m a t a l  a p e r t u r e  on l e a v e s  im m e d ia te ly  

b e f o r e  p e e l i n g  v i t h  a p e r t u r e s  on f r e s h l y  p e e l e d  e p id e r m is  (<  h min) 

shown i n  F i g .2 4 a  r e v e a l e d  an a lm o s t  o n e - t o - o n e  r e l a t i o n s h i p :

ES = 0*974 SI + 0* 3 3 0 ,  r  -  0 *9 8 7 .

The s lo p e  o f  t h i s  c u rv e  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from u n i t y  

( t  = -  0 *6 2 3 , P > 0 *2 5 ) ,  i n d i c a t i n g  t h a t  t h e  p e e l i n g  p r o c e s s  h a d  l i t t l e  

e f f e c t  on s t o m a t a l  ape^dn ires .  I n  c o n t r a s t ,  f r e e z e - d r y i n g  e p id e r m is
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appeæ red  t o  c a u se  a  r e d u c t i o n  i n  s t o m a t a l  a p e r t u r e :  i n  b o th  F i g s .  2ha

and 2 lic t h e  s lo p e  o f  t h e  r e g r e s s i o n  l i n e  v a s  s i g n i f i c a n t l y  l e s s  t h a n  

o n e .  Thus:

FDE = 0*542 S I  + 0*224 r  ~ 0*931 

( f o r  b = 1 , t  = -  T 'Y T, P < 0 *0 0 1 )

and  FDE "  0^675 ES T 0* 8 7 6  r  = 0*951

( f o r  b = 1 , t  "  - 5 *1 5 , P < 0 *0 0 1 )

The r e a s o n  f o r  t h i s  r e d u c t i o n  i n  a p e r t u r e s  upon f r e e z i n g  may h av e  

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

B e c a u se  o f  t h e  h ig h  c o r r e l a t i o n  c o e f f i c i e n t s ,  h o w e v e r , i t  was c o n c lu d e d  

t h a t  a p e r t u r e s  e s t i m a t e d  from  f r e e z e - d r i e d  m a t e r i a l  gave a r e l i a b l e  

and f i x e d  i n d i c a t i o n  o f  t h e  s t a t e  o f  o p e n in g  b e f o r e  f r e e z i n g .  

M a in te n a n c e  o f  s t o m a t a l  a p e r t u r e  i n  open s to m a ta  a f t e r  d r y in g  was a l s o  

n o t e d  by  Humble and Rashke ( l 9 7 l )  and  I t  a i  and  M eidne r  (1978b \  b u t  no  

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



121

SE a n : ON 2 .

EXPERIMENTS ON EPIDEEmL SEGMENTS I I .  UPTAKE,, 

DISTRIBUTION, AND hmTABOLISM OF ABA

INTRODUCTION

S e v e r a l  a u th o r s  have  c o n c lu d e d  t h a t  t h e  s i t e  o f  ABA a c t i o n  i s  t h e  

g u a r d  c e l l  ( e . g .  H o r to n  an d  M oran, 1 972 ;  M eidner  and  W i l lm e r ,  1975 ;  

R a sc h k e ,  19 7 5 a ;  M eidner  and  S h e r r i f f ,  1 9 7 6 ) ,  an i n f e r e n c e  w hich  was 

p r i m a r i l y  b a s e d  on two s e t s  o f  e v id e n c e .  F i r s t l y ,  a lthough , s e v e r a l  

p l a n t  horm ones a f f e c t e d  t r a n s p i r a t i o n  when a p p l i e d  t o  w hole  p l a n t s  o r  

l e a v e s  (V a a d ia ,  1 9 7 6 ) ,  o n ly  ABA a f f e c t e d  s to m a ta  on i s o l a t e d  ep id .er in is  

t i s s u e  ( H o r to n ,  1 971 ;  T u c k e r  and  M a n s f i e l d ,  1971 ;  Ogunkanmi e t  a l , ,

1 9 7 3 ) .  S e c o n d ly ,  more d e t a i l e d  s t u d i e s  i n d i c a t e d  a  r an g e  o f  g u a rd

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

e f f e c t s  o f  s t o m a t a l  c l o s u r e  ( s e e  S e c t i o n  IV o f  G e n e ra l  I n t r o d u c t i o n ) .

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

c l o s i n g  movements ( S q u i r e  and  M a n s f i e l d ,  1972 ;  I t a i  a n d .M e id n e r ,  1 9 7 8 a ;  

19 7 8 b )  b u t  i t  was n o t  c l e a r  from  t h e  r e s u l t s  o f  I t a i  and  M eidner  w h e th e r  

ABA a f f e c t e d  s u b s i d i a r y  c e l l s  d i r e c t l y .

The i m p o r t a n t  e x p e r im e n t s  o f  Loveys (1977) e s t a b l i s h e d  an endogenous 

movement o f  ABA b e tw e en  m e s o p h y l l  and  e p id e r m a l  t i s s u e s  d u r in g  s t r e s s  : 

i t  t h u s  a p p e a re d  t h a t  t h e  g u a rd  c e l l s  ( o r  s to m a ta l  com plex  as a  w h o le )  c o u ld  

b e  v iew ed  as ’t a r g e t  c e l l s ’ f o r  ABA u n d e r  c e r t a i n  e n v i r o n m e n ta l  

c o n d i t i o n s .  D e s p i t e  L o v e y s '  c o n t r i b u t i o n ,  h o w e v e r ,  l i t t l e  i n f o r m a t i o n  

was a v a i l a b l e  ab o u t  d i s t r i b u t i o n  o r  movement o f  ÂBA y ) i th in  t h e  e p id e r m i s .  

T h e re  a p p e a r e d  t o  b e  tw o a p p ro a c h e s  a v a i l a b l e  t o  i n v e s t i g a t e  t h i s  

p ro b le m . I n  t h e  f i r s t ,  endogenous  hormone m easu rem en ts  w ou ld  be  r e q u i r e d  

f o r  i n d i v i d u a l  t y p e s  o f  c e l l  w i t h i n  t h e  e p id e r m is .  T h is  was r e j e c t e d  

as  b e i n g  o u tw i th  t h e  s c o p e  o f  c u r r e n t  m e th o d o lo g y .  A s e c o n d  m ethod  

in v o l v e d  t h e  s tu d y  o f  u p ta k e  and  movement o f  exogenous ( r a d i o a c t i v e )  ABA 

w i t h i n  e p id e r m is  t i s s u e ,  and  t h i s  was a d o p te d .

The e x p e r im e n t s  o f  t h i s  s e c t i o n  i n v e s t i g a t e d  ABA u p ta k e  by Comnelino, 

e p id e r m a l  s e g m e n ts ,  and  t h e  m ethod  u s e d  was s im p ly  t o  p r e s e n t  t h e  r a d i o 

a c t i v e  hormone i n  t h e  b u f f e r  s y s te m  d e v e lo p e d  i n  S e c t i o n  1 .  F u r t h e r  

s t u d i e s  on t h e  i n t e r c e l l u l a r  d i s t r i b u t i o n  o f  t h e  hormone w ere  made u s i n g
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m ic r o a u t o r a d i o g r a p h y , an d  t h e  p h y s i o l o g i c a l  r e l a t i o n s h i p s  be tw een  u p ta k e  

and  c l o s u r e  w ere  a s s e s s e d .

RESULTS AND DISCUSSION

E x p e r im e n t 2. I E f f l u x  C h a r a o te r i s t i c a  o f  R a d v o a c tiV 'tty  fi'om  ^^C"ABA. 

A p p l ie d  t o  E p id e rm a l S eg m en ts ,

The i n t e n d e d  s tu d y  o f  ABA u p ta k e  by  e p id e r m a l  t i s s u e  f l o a t i n g  i n

b u f f e r  s o l u t i o n  c o n t a i n i n g  r a d i o a c t i v e  ABA (O ’l  mol m ^ 2-^'+C“ABA i n

50  mol m ‘ KCl/PIPES) gave r i s e  t o  an im m ed ia te  p ro b le m ,  w h ich  was t h e

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

s p a c e .  S im ple  ' b l o t t i n g '  o f  e p id e r m a l  segm en ts  was n o t  s a t i s f a c t o r y ,

owing t o  t h e  h ig h  s p e c i f i c  a c t i v i t y  o f  t h e  l^^C-ABA s o l u t i o n  (22*6 Bq mm ^ ) .

I t  was d e c id e d  t h a t  a  r i n s i n g  p r o c e d u r e  was r e q u i r e d  t o  remove e x c e s s

s o l u t i o n  from  t h e  s t r i p s .  Two p r o c e d u r e s  p r o v id e d  i n f o r m a t i o n  on f r e e

s p a c e  e f f l u x .  I n  t h e  f i r s t ,  t h e  u p ta k e  p e r i o d  was s h o r t ,  as was t h e

e f f l u x  t i m e ,  r e s u l t i n g  i n  a  low amount o f  i n f o r m a t i o n .  In  t h e  s e c o n d ,

u p ta l te  was a l lo w e d  f o r  1 h ( s e e  E x p e r im e n t  2 .2 )  and e f f l u x  was s t u d i e d

o v e r  a  2 h p e r i o d .  T h is  y i e l d e d  f u r t h e r  i n f o r m a t io n  on t h e  u p ta k e

p r o c e s s  as w e l l  as d a t a  on r a p i d  f r e e  s p a c e  e f f l u x .

I n  o r d e r  t o  s tu d y  e f f l u x  a f t e r  u p ta k e  f o r  a  s h o r t  p e r i o d ,  an

e p id e r m a l  segm ent was p l a c e d  i n  t h e  ^*^C-ABA s o l u t i o n  f o r  10 s and  t h e n

g iv e n  12 s e q u e n t i a l  15 s w ashes  i n  2 x 10 ^ m ^ 50 mol m ^ KCl/PIPES

b u f f e r .  R a d i o a c t i v i t y  p r e s e n t  i n  e ach  wask an d  i n  t h e  e p id e r m a l  segm ent

was t h e n  a n a l y s e d .  T h is  was r e p e a t e d  once and  t h e  r e s u d l s  o b t a i n e d  a r e

shown i n  T a b le  11.

I t  was c l e a r  t h a t  a  m a jo r  p o r t i o n  o f  t h e  r a d i o a c t i v i t y  was rem oved

in  t h e  f i r s t  few 15 s r i n s e s .  C h a r a c t e r i s a t i o n  o f  e f f l u x  o f  l a b e l  from

t i s s u e  i n c u b a t e d  i n  ^'^C-ABA medium f o r  1 h was c a r r i e d  o u t  in  a  s i m i l a r

m anner .  Four  segm en ts  ( t o t a l  a r e a  44 * 8 nmi  ̂ ) w ere  p l a c e d  i n  t h e  s o l u t i o n
_6 o

f o r  1 b ,  rem oved , and  t h e n  t r a n s f e r r e d  th ro u g h  a s e r i e s  o f  2 % 10 m
“ 3r i n s e ' s o l u t i o n s  c o n t a i n i n g  n o n - r a d i o a c t i v e  ABA ( O . l  mol m ABA i n  50 mol

m ^ K C l/P IP E S ) .  T r a n s f e r  t o o k  p l a c e  a f t e r  t h e  f o l l o w i n g  e f f l u x  t im e s  

15 s 60  s ( x 3 ) ,  300  s ( 3 1 ) ,  600  s ( 3 2 ) ,  1200 s ( 3 3 ) .  R a d i o a c t i v i t y



123.

T a b le  1 1 ; E f f l u x  o f  R a d i o a c t i v i t y  fro m  E p id e rm a l Segm en ts

% t o t a l  r e c o v e r e d

Wash
No, Segment 1 Segment 2

1 9 3 .8 9 4 .2

2 5 .7 3 .5
3 0 . 0 0 . 2

k 0 . 0 0 . 0

5 0 . 0 0 . 2

6 0 . 0 0 . 6

7 0 . 0 0 . 0

8 0 . 0 0 . 1

9 0 . 0 0 . 0

10 0 . 0 0 . 0

11 0 . 0 0 . 0

12 0 . 0 0 . 2

T i s s u e 0 . 5 0 .9

T o t a l
Bq.

1 8 , 1 1 5 . 8

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

e f f l u x  r a t e  p l o t t e d  a g a i n s t  t h e  m id - t im e  o f  t h e  r e l e v a n t  r i n s e  ( P i g , 2 5 ) '  

The r a t e  o f  e f f l u x  o f  s o l u t e s  i n  s im p le  model sy s te m s  f o l lo w s  an 

e x p o n e n t i a l  decay  p a t t e r n  ( s e e  Balter  and  H a l l ,  1975) o f  t h e  form

y  ~ ae  w here  a  ~ o r i g i n a l  c o n c e n t r a t i o n ,
b = decay  c o n s t a n t .

A s e m id c g p lo t  o f  such  d a t a  s h o u ld  t h e r e f o r e  be  l i n e a r .  The p o i n t s  

shown i n  F i g . 25 c l e a r l y  d i d  n o t  f a l l  i n  a  s t r a i g h t  l i n e ,  a l t h o u g h  t h e r e  

w ere  l i n e a r  p o r t i o n s .  I t  was t h u s  assumed t h a t  t h e r e  was more t h a n  one
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—E f h l ux o f  from  i d e oi'mal Segmenbs .
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Segments w ere  p r e t r e a t e d  as  s t a t e d  i n  t e x t .  S ys tem  2 ,  R, s = 4 .  
E f f l u x  medium i n c l u d e d  O ' l  mol m ABA.
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p h a s e  t o  t h e  e f f l u x  (B a k e r  and  h a l l , 1 9 7 5 ) ,  so  t h e  d a t a  w ere  s u b j e c t e d  

t o  a  c o m p u t e r - a s s i s t e d  l e a s t - s q u a r e s  c u r v e - f i t t i n g  p r o c e s s , as u s e d  

by h i p k i n s  ( I 9 7 8 ) .  T h is  d e s c r i b e d  t h e  decfi^t’' in  e f f l u x  r a t e  as  t h e  

sum o f  up t o  t h r e e  f i r s t - o r d e r  p h a s e s  o f  t h e  above e q u a t i o n .  The 

programme was ru n  t o  compute a  and  b v a lu e s  f o r  b o t h  tw o-  and  

t h r e e - p h a s e  c u r v e s ,  b u t  t h e  l a t t e r  h a d  a lo w e r  sum o f  s q u a r e d  r e s i d u a l s  

( 1* 0 2 0 1  V&rsus 5 . 5 2 0 1 ) and  was a c c e p t e d  as  t h e  b e s t  f i t .  The e x p e r im e n t  

was a l s o  c a r r i e d  o u t  w i t h o u t  ABA i n  t h e  e f f l u x  medium and t h e  d a t a  

(w h ich  wade o f  t h e  same form) s u b j e c t e d  t o  a  s i m i l a r  a n a l y s i s . A g a in ,  

t h e  t h r e e - p h a s e  sum o f  s q u a r e d  r e s i d u a l s  was lo w e r  (1*2946 v e r s u s  4*1256) 

The b e s t  f i t  was t h e r e f o r e  o f  t h e  fo rm :

- b i x  , e - + e

The v a lu e s  o f  a .  an d  b .  w i t h  s t a n d a r d  d e v i a t i o n s  f o r  e f f l u x  medium 1 1
w i t h  and w i t h o u t  ABA and  t h e  r e l e v a n t  p h a s e  h a l f - l i v e s  a r e  g iv e n  i n  

T a b le  12 .

T a b le  12 : L e a s t - s q u a r e 8 F i t  P a ra m e te rs  f o r  

E f f l u x  D ata

E f f l u x
Mediuiri P h ase

a ^ /B q  mm  ̂ S.D . b ^ / s

w i th
ABA

S.D .

i  = 1 2 8 4 ,4 2 0  9 7 ,7 5 2  0 . 0 9 5 8  0 . 0 0 9 2

i  = 2 449  71  0 .0 0 2 8 7  0 .0 0 0 3 2

i  -  3 1 2 . 0  4 . 1  0 .0 0 0 3 2 9  0 .0 0 0 0 8

t i  / s
2

7 . 2

241

2109

i  -  1

w i t h o u t  i  "  2 
ABA . ^  3

3 6 ,2 2 5

4 9 1 .1

2 2 .4

1 5 ,7 2 9

1 3 1 . 9

6 . 9

0 .0 5 1 4

0 .0 0 3 2 7
0 .0 0 0 4 0 2

0 .0 0 9 0 9  1 3 . 5

0 ,0 0 0 6 0 9  212

0 .0 0 0 0 7 5  1724

T hese  d a t a  w ere  u s e d  t o  o b t a i n  t h e  f i t t e d ,  c u rv e  shown i n  F i g . 25.

The f a s t e s t  e f f l u x  p h a s e  ( i - l )  was assum ed t o  r e p r e s e n t  t h e  

exchfmge o f  f r e e - s p a c e  l a b e l ,  w h ich  i n  b o th  c a s e s  a p p e a re d  t o  be  c o m p le te  

a f t e r  a b o u t  90 s .  U s ing  a^ -  100 and  x -  9 0 ,  i t  was c a l c u l a t e d  t h a t  

o v e r  9 9 . 9 8 % o f  t h e  l a b e l  rem oved i n  t h i s  p h a se  was e x c h an g e d  a f t e r  90  s 

w i t h  AIÜA i n  t h e  e f f l u x  medium (99*02% w i t h o u t  ABA). C o n s e q u e n t ly ,  a 

s t a n d a r d  e f f l u x  p r o c e d u r e  i n v o l v i n g  s i x  15  a r i n s e s  was a d o p te d  f o r  a l l
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o t h e r  e x p e r im e n t s  i n  o r d e r  t o  remove f r e e  s p a c e  ^‘̂ C-ABA. The d i f f e r e n c e  

i n  h a l f - l i v e s  f o r  t h e  f a s t  p h a s e  w i t h  and  w i t h o u t  ABA i n  t h e  e f f l u x  

medium wouJ.d h e  p r e d i c t e d  i f  a  c e r t a i n  p r o p o r t i o n  o f  t h e  l a b e l  was 

l o o s e l y  bound  t o  w a l l  s i t e s  i n  t h e  e p id e r m a l  t i s s u e :  u s e  o f  a  ' c o l d

r i n s e '  s h o u ld  f a c i l i t a t e  exchange  from  such  s i t e s ,

'The s i g n i f i c a n c e  o f  t h e  s lo w e r  p h a s e s  o f  e f f l u x  w i l l  b e  d i s c u s s e d  

w i t h  t h e  r e s u l t s  o f  E x p e r im e n t  2 . 2 .

E x p e r im e n t 2 .2  U ptake o f  fro m  'by E p id e rm a l S eg m en ts  I .

Q u a n t i ta t i v e  R a d io a s sa y  by S c i n t i l l a t i o n  S p e c tr o m e tr y ,

U ptake o f  l a b e l  from  2-^^C-ABA by  e p id e r m a l  seg m en ts  was s t u d i e d  by  

t r a n s f e r r i n g  seg m en ts  i n c u b a t e d  f o r  2 h i n  5 0  mol m ^ KCl/PIPES b u f f e r  t o  

r a d i o a c t i v e  ABA s o l u t i o n .  S i x  seg m en ts  w ere  rem oved a t  ' O ' , 5 ,  1 0 ,  2 0 ,  and  

4 0  min (mean a r e a  1 3 , 4  mm ) an d  8 a t  6 0  m in. Those a t  60 mi.n w ere  

s u b j e c t e d  t o  e f f l u x  a n a l y s i s  i n  a  r e p e a t  o f  E x p e r im e n t  2 . 1  b u t  u p t a k e  

was b a c k - c a l c u l a t e d  from  t h e  t o t a l  e f f l u x  and t h e  amount r e m a in in g  i n  

t h e  t i s s u e  a t  t h e  end  o f  e f f l u x .  The segm en ts  w ere  r i n s e d  u s i n g  t h e  

s t a j i d a r d  p r o c e d u r e  and  r a d i o a c t i v i t y  p r e s e n t  a s s a y e d  by  l i q u i d  s c i n t i l l a t i o n  

s p e c t r o m e t r y .  The r e s u l t s  a r e  shown i n  F i g . 2 6 . U ptake  a p p e a r e d  t o  

r e a c h  a  maximum a f t e r  1 h .  Such an a s y m p to t i c  c u rv e  i s  p r e d i c t e d  by  

s im p le  m odel sy s te m s  (Balder and  H a l l ,  1 9 7 5 ) .  I n  o r d e r  t o  t e s t  w h e th e r  

t h i s  u p ta k e  phenomenon was a  p rope i* ty  o f  l i v i n g  e p id e r m a l  c e l l s ,  

p r e s e n t  i n  n o rm a l  seg m en ts  and  t h o s e  k i l l e d  b y  t h e  f r e e s e - t h a w  m ethod  

was com pared a f t e r  1  h i n c u b a t i o n .  The e f f i c i e n c y  o f  t h i s  m ethod  

f o r  k i l l i n g  c e l l s  was a l s o  t e s t e d  by com paring  t h e  u p ta l te  o f  n e u t r a l  

r e d  b y  b o t h  t y p e s  o f  t i s s u e .  The r e s u l t s  a r e  shown i n  T a b le  1 3 .

T a b le  1 3 : U ptake o f  fro m  2-'^^C-ABA by  U n tr e a te d  cmd F r e e s e -
thaw ed  E p id e rm a l S e g m e n ts .

-, T Nos. o f  c e l l s  exam inedT re a tm e n t  Mean u p ta k e  l i v i n g  c e l l s - -
  ________ (B . E . ) / i n  Bq mm~^ n i n  e p i d e r m i s e p i d erma] .  s u b s i d i a r y  g u a rd

None 8 1 . 5 ( 4 . 7 )  6 9 7 .0  237 2694 898

f r e e z e -  1 1 . 9 ( 2 . 2 ) 6 0 . 0  220  2 6 7 O 89O
th aw e d

■̂‘A s c e r t a i n e d  on t i s s u e  w hich  was n o t  i n c u b a t e d .
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System  1 ,  R, s = 6 ( e x c e p t  a t  1 h ,  w here  s “• 2)
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The d i f f e r e n c e  b e tw e e n  uptolce o f  l i v i n g  and dead  e p id e r m is  was h i g h l y  

s i g n i f i c a n t  ( t  -  1 3 . 5 ,  P < 0 . 0 0 1 ) .  I t  was n o t  c l e a r  w h e th e r  t h e  1̂ *0 

u p ta k e  by f r e e z e - t h a w e d  t i s s u e  ( 1 1 . 9  ..mBq mm ^) was p h y s i o l o g i c a l l y  

s i g n i f i c a n t :  t h e  r i n s i n g  p r o c e d u r e  u s e d  was t e s t e d  on l i v e  t i s s u e  and

may n o t  h av e  b e e n  a p p l i c a b l e  t o  dead  t i s s u e .  T h is  u p t a k e  may t h e r e f o r e  

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

n o rm a l  u p t a k e  may h av e  b e e n  i n t o  s i t e s  n o t  d e s t r o y e d  by  t h e  f r e e z e - t h a w  

t r e a t m e n t .  C e r t a i n l y ,  a t  l e a s t  87% o f  t h e  u p ta k e  o f  F i g . 25 a p p e a r e d  t o  be  

cond i,t ionad . on t h e  p r e s e n c e  o f  l i v i n g  c e l l s .  I t  t h u s  seems t h a t  t h e  

s e c o n d  and  t h i r d  e f f l u x  p h a s e s  o f  F i g . 25 may be  due t o  d i s c r e t e  ( l i v i n g )  

com partm en ts  w i t h i n  t h e  e p id e r m a l  t i s s u e  w hich  h a d  t a k e n  up from  ABA.

. In  s im p le  m odel sy s te m s  ( s e e  Balier  and H a l l^  1975) su c h  an e f f l u x  

p a t t e r n  may r e l a t e  t o  c y to p l a s m i c  and  v a c u o l a r  compojrfcm en ts . H ow ever, i n  

a  com plex t i s s u e  su c h  as Corrmetina  e p id e r m is  t h e  s i t u a t i o n  i s  c o n fo u n d e d :  

d i f f e r e n t  t y p e s  o f  c e l l  may r e p r e s e n t  com partm en ts  a s  w e l l  as  d i f f e r e n t  

i n t e r c e l l u l a r  a r e a s .  I t  was t h e r e f o r e  c o n c lu d e d  t h a t  u p t a k e  was l a r g e l y  

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

e f f l u x  p h a s e s  c o u ld  n o t  r e a l i s t i c a l l y  b e  made.

The d a t a  o f  F i g , 2 6  may b e  com bined  w i th  t h o s e  o f  F i g . l 8 t o  g iv e  a 

s e n s i t i v i t y  e s t i m a t e  f o r  s t o m a t a l  c l o s u r e  i n  r e s p o n s e  t o  ABA a p p l i c a t i o n .  

T h u s ,  s t o m a t a l  c l o s u r e  was c o m p le te  a f t e r  10 min i n  0 . 1  mol m ^ ABA ( F i g . l 8 ) 

an d  a t  t h i s  t im e  t h e  u p ta t ie  o f  '̂+0 from  2-^^C-ABA was 66  rnRq. mm ^ ( F i g . 2 6 ) .
“ p

From an e s t i m a t e  o f  50 s to m a ta  mm ^ , w hich  was j u s t i f i e d  by  o b s e r v a t i o n ,

and  know ing  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  ^^C-ABA ( 0 ,2 2 6  TBq mol ^ ) ,  i t

was p o s s i b l e  t o  c a l c u l a t e  t h a t  no  more t h a n  5*9 fm ol ABA was p r e s e n t  p e r

s t o m a t a l  com plex  a t  t h e  t im e  o f  c l o s u r e ,

A s tu d y  o f  0-^H-ABA u p t a k e  was a l s o  made i n  w h ich  t h e  hormone was
—3 . - 3i n c o r p o r a t e d  a t  0 . 1  mol m i n  100 mol m NaNOg/PIPES b u f f e r ,  end  t h e

c h a r a c t e r i s t i c s  o f  u p t a k e  o f  l a b e l  w ere  s i m i l a r  t o  t h o s e  o f  F i g . 25.

When u p ta k e  by  e p id e r m is  w i t h  'p r e - o p e n e d *  ( d e t a c h e d  l e a v e s  p l a c e d  on

t a p  w a t e r  u n d e r  f l u o r e s c e n t  l i g h t s  £ind t r e a t e d  w i t h  0 0 2 - r e d u c e d  a i r  f o r

2 h )  and  ' p r e - c l o s e d ’ ( d e t a c h e d  l e a v e s  p l a c e d  on t a p  w a t e r  i n  d a r k n e s s )

s to m a ta  was com pared  i n  t h i s  s y s te m ,  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e

b e tw e en  u p ta k e  i n  t h e  tw o t r e a t m e n t s  (mean u p ta k e  'p r e - o p o n e d '  =
— o ~2

1 1 .6  Bq mm , B .E . = 0 . 6 4 ,  n "  3 ;  metm u p ta k e  ' p r e - c l o s e d '  " 1 3 . 5  Bq rmn ' ,  

S .E .  "  1 . 2 8 ,  n ” 3 ;  t  = 1 . 3 1 ,  P > 0 . 2 5 ) .  U s in g  t h e  same t r e a t m e n t s ,
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b u t  i n c u b a t i n g  e p id e r m is  on in  d i s t i l l e d  w a t e r ,  I t a i  e t  a t  , ( 1 9 7 8 )

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

a p e r t u r e  o f  t î ie  s to m a ta  d i d  n o t  a f f e c t  u p ta k e  o f  from  ABA.

E xperim ien t 2 .3  U ptake o f  fro m  2-'^^C-~ABA by  FJpiâeivnal S eg m en ts  I I .

Q u a l i t a t i v e  R a d io a s sa y  by TLC a n d  S o i n t i t t a t i o n  S p e o tr o m e tr 'y .

T h is  e x p e r im e n t  was d e v i s e d  t o  i n v e s t i g a t e  t h e  m o le c u la r  s t a t e  o f

t h e  l ^ C - l a b e l  p r e s e n t  i n  e p id e r m a l  segm en ts  a f t e r  1 h i n c u b a t i o n  i n  
" 3  1 / .0 . 1  mol m 2--*-^C"ABA i n  b u f f e r .  Segm ents  w ere  i n c u b a t e d  f o r  2 h i n  

“ 350 mol ra K C l/P IPE S, t r a n s f e r r e d  t o  t h e  r a d i o a c t i v e  s o l u t i o n  f o r  1 h. 

and  t h e n  r i n s e d  by  t h e  s t a n d a r d  p r o c e d u r e .  R a d i o a c t i v i t y  p r e s e n t  was 

e x t r a c t e d  w i t h  m e th a n o l  f o r  24 h a t  4 G an.d a n a ly s e d  b y  TLC. S t a n d a r d s  

w ere  a p p l i e d  u s i n g  m ethod  A. The r e s u l t s  a r e  i l l u s t r a t e d  i n  F i g . 2 ? .

F o r  each  s o l v e n t  s y s te m  u s e d  t h e r e  i s  one m a jo r  p e a k  o f  a c t i v i t y  

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

e x c e p t  i n  t h e  c a s e  o f  s o l v e n t  s y s te m  d . C h lo ro fo rm  :m e t h a n o l , h o w e v e r ,  

i s  a  s y s te m  known t o  g iv e  v a r i a b l e  R f v a lu e s  b e tw e en  r u n s  (CoJ.quhoun,

1 9T 4) .  I n  t h i s  c a s e  i t  i s  s u s p e c t e d  t h a t  t h e r e  w ere  edge e f f e c t s  i n  t h e  

c h ro m a to g ra p h y  w h ich  l e d  t o  a  d i f f e r e n c e  i n  Rf v a lu e s  f o r  t h e  s t a n d a r d  

and  e x t r a c t .

I t  i s  n o t  p o s s i b l e ,  u s i n g  TLC, t o  c o n c lu d e  t h a t  t h e  e x t r a c t  was 

e n t i r e l y  2-l^C-ABA. On t h e  o t h e r  h a n d ,  i t  i s  p o s s i b l e  t o  s t a t e  t h a t  

m e ta b o l i s m  t o  p r o d u c t s  h a v in g  m a rk e d ly  d i f f e r e n t  c h ro m a to g r a p h ic  

p r o p e r t i e s  t o  ABA h a d  n o t  o c c u r r e d .  I t  t h e r e f o r e  seem ed t h a t  e x t e n s i v e  

m e ta b o l i s m  o f  ABA by  e p id e r m is  t i s s u e  h a d  n o t  o c c u r r e d  by  1 h .

E xperim e 'd t 2 .4  U ptake o f  fro m  2~~^^^C-ABA by E p id e rm a l S e g m en ts  I I I .

Q u a l i t a t i v e  R a d io a s sa y  b y  M ia r o a u to ra d io g r a p h y .

A p r i o r i ^  i t  was t h o u g h t  t h a t  a u to r a d io g r a p h y  w i t h  ABA w ou ld  r e q u i r e  

t h e  uso  o f  s o lu b le -c o m p o u n d  t e c h n i q u e s ,  s i n c e  t h e  hormone i s  r e l a t i v e l y  

s o l u b l e  in  w a t e r .  The e f f l u x  e v id e n c e  o f  E x p e r im e n t  2 .1  c o n f i rm e d  t h i s
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x - a x e s ; R f v a l u e ;  y - a x e s :  R a d i o a c t i v i t y
r e c o v e r e d  i n  Rf zone/% t o t a l .  B a rs  r e p r e s e n t  p o s i t i o n  o f  a-^^+C-ABA 
s t a n d a r d .

S o l v e n t  S y s te m s ,  a l l  v / v  ( w i th  t o t a l  r e c o v e r e d  ^^C)

a .  n - h e x a n e : e t h y l  a c e t a t e ;  1 : 1  ( l8*9B q)

h .  E t h y l  a c e t a t e ;  t o l u e n e :  a c e t i c  a c i d ;  1 : 1 0 :2  (20*2 Bq)

c .  B enzene: a c e t o n e :  a c e t i c  a c i d ;  7 0 : 3 0 :1  ( 2 0 '0  Bq)

d . C h lo ro fo rm :  m e th a n o l ;  1 :1  (2 1 '0 B q )
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assum ed  m o b i l i t y  o f  t h e  l a b e l .  N o rm a l ly ,  s o lu b le -c o m p o u n d  m ic r o -  

a u t o r a d i o g r a p h y  r e q u i r e s  m ethods  i n v o l v i n g  t h e  f r e e z i n g  o f  t h e  t i s s u e  

o f  i n t e r e s t  f o l l o w e d  b y  s e c t i o n i n g  i n  a  c r y o s t a t  ( R o g e r s ,  1 9 T 3 ) . The 

t i s s u e  i s  m a i n t a i n e d  i n  t h e  f r o z e n  s t a t e  ( t h u s  ' f i x i n g '  s o l u b l e  m o i e t i e s  

i n  p l a c e )  w h i l s t  a  p h o t o g r a p h i c  e m u ls io n  s e n s i t i v e  t o  c h a rg e d  p a r t i c l e s  

i s  b r o u g h t  i n t o  c o n t a c t  w i t h  i t  ( i n  d a r k n e s s )  f o r  e x p o s u r e .  F i t z g e r a l d  

e t  a t .  ( 1 9 6 1 ) p i o n e e r e d  a  m eth o d  w hereby  d ry  f i l m  was a p p l i e d  t o  

s e c t i o n s  w hich  h a d  b e e n  f r e e z e - d r i e d  t o  o b v i a t e  s o l u t e  m i g r a t i o n .  

E x p e r im e n ts  w i th  e p id e r m is  t i s s u e  h a s  t h e  a d v a n ta g e  t h a t  no s e c t i o n i n g  

i s  r e q u i r e d  f o r  w ork  i n  t h e  p l a n e  p a r a l l e l  t o  t h e  lam ina ,,  s i n c e  t h e  

spec im en  i s  e f f e c t i v e l y  a  m o n o la y e r  o f  c e l l s .  T h e re  a r e  a  num ber o f  

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

m i c r o a u t o r a d i o g r a p h y  ( e . g .  Shaw and  M a cL ac h lan , 1 9 5 4 ;  N i s h i d a ,  1 9 6 3 ;  

W il lm e r  e t  a l .  ̂ 1 9 7 3 ;  D i t t r i c h  and  E a s c h k e ,  1 9 7 7 a ,  19771)). Most o f  

t h e s e  i n v o lv e d  t h e  l o c a t i o n  o f  n o n - w a t e r - s o l u b l e  compounds su c h  as  

s t a r c h  and  d i d  n o t  u t i l i s e  s o lu b le -c o m p o u n d  m e th o d s .  W il lm e r  e t  a l . ,  

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

The a u t o r a d i o g r a p h i c  m ethod  was d e r i v e d  from  one o f  t h e i r  t e c h n i q u e s .

E p id e rm a l  t i s s u e  was i n c u b a t e d  a s  in  E x p e r im e n ts  2 . 2  and  2 . 3 ,  and  

removed from  t h e  ^'^C-ABA s o l u t i o n  a f t e r  2 0 , 4o and  60  min f o r  r i n s i n g .

The t i s s u e  was p l a c e d  on su b b e d  s l i d e s ,  f r e e z e - d r i e d  and e x p o se d  f o r  

98  d . R e p r e s e n t a t i v e  a r e a s  o f  m ic r o a u t o r a d i o g ra p h s  a n d  t h e  a s s o c i a t e d  

t i s s u e s  a r e  shown i n  F ig .  28 .

T h e re  wa,s a  c o n s i d e r a b l e  d e g re e  o f  c o r r e s p o n d e n c e  b e tw e e n  t h e  

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

g r a i n s  in  t h e  f i l m  e m u l s io n .  T h i s  was n o t  a lw ays  fo u n d  t o  b e  a  o n e -  

t o - o n e  r e l a t i o n s h i p ,  h o w e v e r ,  as s t o m a t a l  com plexes  f o r  w hich  t h e r e  was 

no  c o r r e s p o n d in g  s i l v e r  g r a i n  a c c u m u la t io n ,  and  a l s o  a r e a s  o f  g r a i n  

a g g r e g a t i o n  w hich  d i d  n o t  c o r r e s p o n d  t o  s to m a ta ,  w ere  fo u n d .  T hese  

c o u ld  b e  e x p l a i n e d  r e s p e c t i v e l y  b y  l a c k  o f  t i s s u e - f i l m  c o n t a c t  and  t h e  

p r e s e n c e  o f  m e s o p h y l l  c o n t a m i n a t i o n .  AJ.though t h e  d i a m e te r s  o f  t h e  

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

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

c e l l s  a c c u m u la te d  t h e  ho rm one . A s p h e r e  o f  r a d i u s  20 pm i n  p h o t o g r a p h i c  

e m u ls io n  ( g e l a t i n )  c o n t a i n s  a l l  s i l v e r  g ra . in s  fo rm ed  i n  9 0 % o f  t h e  ^ - t r a c k s  

o r i g i n a t i n g  from a  p o i n t  s o u r c e  o f  a t  i t s  c e n t r e  ( R o g e r s ,  1 9 7 3 ) .



F i r . 2 8 .
2-I^C-ABA.
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Column A Column B

Column A: a p p e a r a n c e  o f  f r e e z e - d r i e d  t i s s u e  u n d e r  l i g h t  m is c r o s c o p y .
Column B: c o r r e s p o n d in g  d i s t r i b u t i o n  o f  s i l v e r  g r a i n s  i n  t h e  p h o t o g r a p h i c  

e m u ls io n .
Hows: m ic r o a u t o r a d i o g r a p h s  from  t i s s u e  i n c u b a t e d  i n  2-^*’C-ABA f o r  20 min 

( t o p ) ,  40 min ( in id d le )  and  60  min ( b o t to m ) .
M: c o n ta m in a t in g  m e s o p h y l l  c e l l  w hich  has  a l s o  t a k e n  up r a d i o a c t i v i t y  (122  x)
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Thus a ^ - p a r t i c l e  f rom  a  '̂-'C s o u r c e  a t  t h e  edge o f  a  g u a rd  c e l l  m ig h t  

r e a s o n a b l y  form  a  l a t e n t  image w i t h i n  t h e  s u b s i d i a r y  c e l l  o u t l i n e s  

( s e e  F i g . 28  f o r  s c a l e ) .  T h is  does  n o t  e x c lu d e  t h e  p o s s i b i l i t y  t h a t  

b o th  e p id e r m a l  and  s u b s i d i a r y  c e l l s  a l s o  t o o k  up r a d i o a c t i v i t y ,  b u t  

i n d i c a t e s  t h a t  m ost o f  t h e  u p ta k e  was by  t h e  g u a rd  c e l l s .

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

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

c o n t r o l s  ( R o g e r s ,  1 9 7 3 ) .  The c o n t r o l s  u s e d  f o r  p o s i t i v e  and n e g a t i v e  

chem ography ( c h e m ic a l s  from  t h e  t i s s u e  c a u s i n g  o r  rem o v in g  l a t e n t  im a g e s )  

d e s c r i b e d  i n  t h e  M a t e r i a l s  and  M ethods s e c t i o n  w ere  a lw ays  w i t h o u t  a r t i f a c t  

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

chem ography c o n t r o l .

No s p e c i f i c  c o n t r o l s  w ere  em ployed  t o  t e s t  f o r  s o l u t e  m i g r a t i o n  

d u r in g  t h e  f r e e z i n g  p r o c e s s .  H ow ever, t h r e e  o b s e r v a t i o n s  i n d i c a t e d  

t h a t  i t  was n o t  o f  i m p o r ta n c e :  f i r s t l y ,  when t i s s u e  was p r e s t a i n e d  w i t h

n e u t r a l  r e d  and  f r e e z e - d r i e d ,  t h e  dye re m a in e d  w i t h i n  t h e  c e l l  o u t l i n e s  

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

p ig m e n te d  c e l l s  ( from  C yclam en p e r s ic u m )  was f r e e z e - d r i e d ,  t h e  p ig m e n t  

r e m a in e d  i n  t h e  c e l l  o u t l i n e ,  and t h i r d l y ,  c r y s t a l s  (a ssu m ed  t o  b e  o f  

c a lc iu m  o x a l a t e )  i n  some C o rm e lin a  e p id e r m a l  c a l l s  r e m a in e d  i n  p o s i t i o n  

a f t e r  f r e e z e - d r y i n g .

A r t i f a c t s  due t o  s p a t i a l  e f f e c t s  m ig h t  h av e  o ccu r-red  i f  t h e  f r e e z e -  

d r i e d  e p id e r m is  t i s s u e  h a d  n o n - p l a n a r  g e o m e try .  T h u s ,  t h e  e x i s t e n c e  

o f  r a i s e d  a r e a s  a ro u n d  e a ch  s to m a  c o u ld  have  b r o u g h t  t h e  g u a rd  c e l l s  

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

g r e a t e r  p ro  r a t a  l a t e n t  image f o r m a t i o n .  T h is  was i n v e s t i g a t e d  by  

t h e  s tu d y  o f  t r a n s v e r s e  s e c t i o n s  o f  d r i e d  e p id e r m i s .  Such s e c t i o n s  

i n d i c a t e d  t h a t  t h e r e  w ere  no r a i s e d  o r  sunken  r e g i o n s .

I t  was t h e r e f o r e  c o n c lu d e d  t h a t  t h e  accum u],a t ion  o f  s i l v e r  g r a i n s  

i n  t h e  p h o t o g r a p h i c  em u ls io i i  r e p r e s e n t e d  a  c o r r e s p o n d in g  a c c u m u la t io n  

o f  r a d i o a c t i v i t y  from  2-1Ac-,ABA a t  o r  n e a r  t h e  gua i’d c e l l s .  .From F i g . 28 

i t  was a p p a r e n t  t h a t  t h i s  a c c u m u la t io n  i n c r e a s e d  o v e r  t h e  1  h  t r e a t m e n t  

p e r i o d .
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E x p e r im e n t 2 .5  E f f l u x  o f  ABA and  S to m a ta l  R e -o p e n in g .

In  E x p e r im e n t  1 .5  i t  was o b s e rv e d  t h a t  s t o m a t a l  r e - o p e n i n g  d id  n o t  

o c c u r  when ABA was s u p p l i e d  c o n t i n u o u s l y  t o  e p id e r m a l  s e g m e n ts .  However 

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

o f  t h e  hormone ( Cummins e t  a l  1 9 7 1 ) an d  a l s o  a f t e r  t r s n s f e r  o f  e p id e r m a l  

seg m en ts  from  medium w i t h  ABA t o  t h a t  w i t h o u t  ( H o r to n ,  1 9 7 1 ) .  The e f f l u x  

d a t a  o f  E x p e r im en t  2 . 1  i n d i c a t e d  t h a t  t h e  hormone w ou ld  l e a k  o u t  o f  t h e  

e p id e r m is  t i s s u e  r a p i d l y  when t r a n s f e r r e d  t o  medium w i t h o u t  ABA. T h is  

e x p e r im e n t  was c a r r i e d  o u t  t o  c o r r e l a t e  e f f l u x  w i th  any s t o m a t a l  r e - o p e n i n g  

w hich  m ig h t  o c c u r .

Segm ents w ere  i n c u b a t e d  on b u f f e r  f o r  2 h  t o  open s to m a ta  as  b e f o r e ,
“ 3t r a n s f e r r e d  t o  0 . 1  mol m ABA f o r  1 h t o  c l o s e  t h e  s t o m a t a ,  r i n s e d  f o r

90 s ,  and  t h e n  t r a n s f e r r e d  t o  e i t h e r  0 . 1  mol m ^ ABA o r  b u f f e r  a lo n e  f o r  
- 33 h .  50 mol m KCl/PIPES was u s e d  t h r o u g h o u t .  At h o u r l y  i n t e r v a l s ,  t h e  

b u f f e r  was c h a n g ed  t o  a v o id  e f f e c t s  o f  ABA w h ich  may have  l e a k e d  t o  t h e  

medium. As m e n t io n e d  i n  E x p e r im e n t  1 . 5 ,  p e r i o d s  o f  i n c u b a t i o n  i n  e x c e s s  

o f  3 h t e n d e d  t o  r e s u l t  i n  s t o m a t a l  c l o s u r e .  F o r  t h i s  r e a s o n ,  r e s u l t s  w ere  

e x p r e s s e d  as a  p e r c e n t a g e  o f  c o n t r o l  segm en ts  n o t  t r e a t e d  w i t h  ABA a t  a l l ,  

b u t  g iv e n  e q u i v a l e n t  d i s t u r b a n c e  a t  t h e  r e l e v a n t  t i m e s .  The mean s t o m a t a l  

a p e r t u r e s  on t h e s e  c o n t r o l s  d e c l i n e d  t o  5 .1 2  pm a f t e r  6 h i n c u b a t i o n .

The l o s s e s  from  'c o m p a r tm e n t s ’ c o r r e s p o n d in g  t o  p h a s e s  2 and  3 ( i n c l u s i v e  

o f  t h e  r i n s e  t im e )  w ere  c a l c u l a t e d  i n  o r d e r  t o  compare t h e  r e - o p e n i n g  d a t a  

w i t h  t h e  c h a r a c t e r i s t i c s  o f  e f f l u x  (E x p e r im e n t  2 . 1 ,  T a b le  1 2 ,  f i g u r e s  f o r  

e f f l u x  medium w i t h o u t  ABA) . T hese  a r e  i l l u s t r a t e d  i n  su c h  a  way t h a t  t h e  

t im e  t a k e n  f o r  9 9 *9% o f  t h e  p r e d i c t e d  e f f l u x  from  p h a s e  2 t o  o c c u r  cou].d b e  

s e e n  and com pared w i t h  t h e  p r e d i c t e d  e f f l u x  from  p h a s e  3 a t  t h i s  t im e  

( F i g . 2 9 ) .
S to m a ta l  r e - o p e n i n g  o c c u r r e d  i f  n e t  e f f l u x  was a l l o w e d , b u t  nob i f  

ABA was c o n t i n u o u s l y  s u p p l i e d .  The d i f f e r e n c e  b e tw e e n  mean s t o m a t a l  

a p e r t u r e s  f o r  t h e  two t r e a t m e n t s  was s i g n i f i c a n t  a f t e r  1  h ( t  -  5 . 7 6 ,

P < O. Ol ) .  P e - o p e n in g  was c o r r e l a t e d  t o  some d e g re e  w i t h  e f f l u x ,  b u t  t h e  

e x a c t  r e l a t i o n s h i p  b e tw e e n  p h a s e s  2 and  3 and  s t o m a t a l  movement was u n c l e a r .  

O pen ing  may have  commenced o n ly  as ’ co m p a r tm e n t '  2 becam e empty o r  may have  

b e e n  i n f l u e n c e d  p r i m a r i l y  by  e f f l u x  from  'c o m p a r tm e n t ’ 3 .
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C lo se d  c i r c l e s :  t r a n s f e r r e d  t o  0*1 mol m ^ ABA i n  50 mol rn ^ KCl/PIPES 
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S y s t e m ! 5 R, n = 5 0 ,  s = 2 .
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The sh a p e  o f  t h e  r e - o p e n i n g  g rap h  h e a r s  a  s t r i k i n g  s i m i l a r i t y  

t o  t h o s e  o b t a i n e d  w i t h  p r e - s t r e s s e d  l e a v e s  (E x p e r im e n t  3 . .9 ) .  I t  i s

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

i n c r e a s e d  e p id e r m a l  ABA l e v e l s  , and  t h a t  i n c u b a t i o n  i n  b u f f e r  a3.lowed 

e f f l u x  o f  t h e  endogenous hormone p o o l  t o  g iv e  c o m p a ra t iv e  r e s u l t s .

An i n t e r e s t i n g  f a c e t  o f  b o th  s e t s  o f  r e s u 3 . t s  i s  t h e  f a c t  t h a t  r e - o p e n i n g  

d i d  n o t  o c c u r  t o  1 0 0 % o f  t h e  c o n t r o l  v a lu e  w i t h i n  3 h .

A l th o u g h  r e - o p e n i n g  o c c u r r e d  when n e t  e f f l u x  o f  ABA was a l l o w e d ,  

i t  i s  n o t  p o s s i b l e  t o  c o n c lu d e  t h a t  t h e  u p ta k e  o f  ABA i s  n e c e s s a r i l y  

d i r e c t l y  r e l a t e d  t o  t h e  e v e n t s  o f  s t o m a t a l  c l o s u r e .  I t  i s ,  h o w e v e r ,  

r e a s o n a b l e  t o  s a y  t h a t  t h e  ABA c o n t e n t  o f  t h e  e p id e r m a l  segm en t  a p p e a r e d  

t o  a f f e c t  t h e  a b i l i t y  o f  s to m a ta  t o  open o r  c l o s e .
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SECTION 3 .

EXPEimiJCNTS ON EPIDERm h  SEGMENTS I I I ,

USE OF AS i n  ACER FOR

I NTRODUCTION

The im p o r ta n c e  o f  io n  f l u x e s  i n  s t o m a t a l  o p e n in g  was d i s c u s s e d  i n  

P a r t  IV o f  t h e  G e n e ra l  I n t r o d u c t i o n .  S e v e r a l  m ethods have  b e e n  em ployed  

t o  e v a l u a t e  io n  movements b e tw e en  c e l l s  o f  t h e  e p i d e r m i s ,  a l l  o f  w h ich  

a p p e a r  t o  have  a d v a n ta g e s  an d  d i s a d v a n t a g e s :  s t a i n s  may n o t  b e  s p e c i f i c

and  a r e  d i f f i c u l t  t o  q u a n t i f y  ( s e e  F i s c h e r ,  1 9 7 2 ) ;  t h e r e  a r e  p rob lem s 

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

e l e c t r o n  m ic ro p ro b e  (Humble and  H a sc h k e ,  1 9 7 1 ) ;  m ethods u s e d  i n  m ic r o -  

e l e c t r o d e  s t u d i e s  h a v e  b e e n  c r i t i c i s e d  (Moody and  Z e i g l e r ,  1 9 7 8 ) .  I n  

t h e  c a s e  o f  t r a c e r  u p t a k e ,  t h e r e  a r e  p ro b le m s  o f  exogenous a p p l i c a t i o n  

and  t h e  r e l a t i o n s h i p  b e tw e e n  t h e  movement o f  t h e  t r a c e r  and  t h e  io n  o f  

i n t e r e s t .  However, t h e  l a t t e r  m ethod  h a s  c o n s i d e r a b l e  a d v a n ta g e  i n  

s i m p l i c i t y  and  e x p e n s e .

The r e l a t i v e l y  s h o r t - l i v e d  i s o t o p e  ( tg  ■- 1 8 .6 6  d) h a s  b e e n

u s e d  e x t e n s i v e l y  i n  s t u d i e s  o f  i o n  u p ta k e  and  t r a n s p o r t  i n  p l a n t  

p h y s i o l o g y .  I t  i s  g e n e r a l l y  em ployed  as an a n a lo g u e  o f  p o t a s s i u m ,  f o r  

w h ic h  o n ly  r a d i o i s o t o p e s  o f  v e r y  s h o r t  h a l f - l i f e  a r e  c o m m e rc ia l ly  a v a i l a b l e  

( e . g .  tg  o f  0 .5 2  d) . R ubidium  o c c u p ie s  a  p o s i t i o n  i n  t h e  p e r i o d i c

t a b l e  im m e d ia te ly  b e lo w  p o t a s s i u m  i n  t h e  same colum n. A l th o u g h  i t  h a s  

e ig h t e e n  more p r o to n s  and  e l e c t r o n s ,  t h e  p h y s i c a l  p r o p e r t i e s  o f  r u b id iu m  

and  i t s  s a l t s  a r e  r e m a rk a b ly  s i m i l a r  t o  t h o s e  o f  p o t a s s i u m .  Some 

r e p r e s e n t a t i v e  v a lu e s  f o r  t h e  tw o a lk ad .i  meta].s and t h e i r  c h l o r i d e s  a r e  

shown in  T a b le  lU .

The re se m b la n c e '  b e tw e e n  t h e  two m e ta l s  e v in c e d  b y  T a b le  l^i h a s  l e d  t o  

t h e  a s su m p t io n  t h a t  f l u x e s  o f  an d  a r e  q u a n t i t a t i v e l y  c o m p a ra b le .

T h is  can be  t e s t e d  by  e x p e r im e n t s  i n  w hich  t h e  f e a t u r e s  o f  b o th  r u b id iu m  

and  p o t a s s i u m  movement h av e  been  e v a l u a t e d .  The s tu d y  m ost r e l e v a n t  t o  

'fchis work i s  t h a t  o f  F i s c h e r  (1 9 7 2 ) ,  He found  t h a t  86%"^ and ^^2K^uptake 

c h a r a c t e r i s t i c s  o f  V ia ia  e p id e r m a l  segm en ts  were s i m i l a r .  On t h e  o t h e r  

h a n d ,  H i a t t  ( l 9 7 0 )  r e p o r t e d  a p p a r e n t  a n o m a l ie s  b e tw e en  u p ta k e  by  r o o t s  

e s t i m a t e d  by s p e c t r o s c o p y  and  movement, and  E r d e i  and Z so ld o s  (1977)
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d e m o n s t r a te d  t h a t  Kb " '"up take  c o n s i s t e n t l y  o v e r e s t i m a t e d  u p ta k e

in  r i c e  r o o t s  and  c a l l u s  t i s s u e .

T a b le  l 4 . C oniparative  P r o p e r t i e s  o f  P o t a s s i i m  cotd R u b id i im  
a n d  t h e i r  C h lo r id e s  (d a ta  t a k e n  f r o m  Mahanj 1970) .

C h a r a c t e r i s t i c  o r  P r o p e r t y E3.ement o r  s a l t
39 rc 8 5 Kb

Atomic Number 19 3T

Atomic W eigh t 3 9 .1  8 5 .5

E l e c t r o n  o r b i t a l  c o n f i g u r a t i o n  I s^  2s^-2p^ 3s^ 3p^ Hs Is^  2 s^ 2p^ 3s^ 3p^ 3 d^8

Hs^ 5s

F i r s t  i o n i s a t i o n  e n e r g y / k J  mol ^  4 l 8 . 8  4 0 2 .9

I o n i c  r a d i u s /p m  133 l 4 8

M o le c u la r  w e ig h t  

I n t e r i o n i c  d i s t a n c e / p m  

C r y s t a l  l a t t i c e  e n e r g y / k J  mol 

S o l u b i l i t y /  kitiol m ^ (25 C )

-1

39KC1 

7 4 .55  
314 

TO 8 

4 .6

'SRbCl

1 2 0 .9 7

329

679

7 .5

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

r e l a t i o n s h i p s  b e tw e en  t h e  two io n s  have  b e e n  made. R a t h e r ,  movement 

o f  and  K"̂ " have  b e e n  assum ed t o  be  q u a l i t a t i v e l y  s i m i l a r .

A c c o r d in g l y ,  re su ]_ ts  a r e  e x p r e s s e d  i n  u n i t s  o f  r a d i o a c t i v i t y  and  n o t  

i n  'p o t a s s i u m  io n  e q u i v a l e n t s ' .  Such v a lu e s  v a r y  f o r  s i m i l a r  t r e a t m e n t s  

b e tw e en  e x p e r im e n t s  b e c a u s e  o f  r a d i o a c t i v e  d e c a y ,  b u t  co m p a r iso n  b e tw e e n

t r e a t m e n t s  w i t h i n  e x p e r im e n t s  i s  s t i l l  v a l i d .  F o r  each  e x p e r im e n t  t h e
, . . . 3

8GRb c o n t e n t  o f  ' s o l u t i o n s  u s e d  i s  g iv e n  i n  Bq ram ; i n  te rm s  o f  added
- 3

RbCl c o n c e n t r a t i o n  t h i s  was n o r m a l ly  l e s s  t h a n  50 mmol m . The p r o p o r t i o n  

ofO^Rb^^ t o  85Rb^ i n  r a d i o a c t i v e  s o l u t i o n s  was l e s s  t h a n  1 : 2 . 5  x IQ*’*'.

The o b j e c t i v e  b e h in d  t h e  s e r i e s  o f  e x p e r im e n t s  was t o  d e te r m in e  t h e  

e f f e c t s  o f  ABA on sbom ata  o f  C om nelina  shown i n  S e c t i o n  2 i n  terims o f
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movement o f  A num ber o f  o t h e r  e x p e r im e n ts  w ere  a l s o  c a r r i e d

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

d i f f e r e n t  c o n d i t i o n s .

RESULTS AND DISCUSSION .

Expeiaiment d . t  E f f e c t s  o f  RhCl on S to m a ta l  A p e r tu r e ,

One a p p ro a c h  t o  t h e  p ro b le m  o f  d i f f e r e n t i a l  u p ta k e  o f  R b t  and  

i s  t h e  u s e  o f  t h e  e p i d e r m a l _segm en t s y s te m  as a  ' b i o a s s a y '  o f  i o n  f l u x e s .  

I f  i t  i s  assum ed t h a t  s t o m a t a l  a p e r t u r e  i s  r e l a t e d  t o  g u a rd  c e l l  io n  

u p ta k e  ( F i s c h e r ,  1 9 7 2 ;  and  l a t e r  r e s u l t s ) ,  t h e n  d i f f e r e n c e s  i n  u p ta k e  o f  

t h e  i o n s  s h o u ld  b e  r e f l e c t e d  i n  t h e  a p e r t u r e s  a t t a i n e d  by  s to m a ta  o f  

e p id e r m a l  segm en ts  i n c u b a t e d  i n  s o l u t i o n s  c o n t a i n i n g  t h e  i o n s .  Humble 

and H s a io  ( 1 9 6 9 ) showed t h a t  K"'" and  Rb'*' h a d  s i m i l a r  e f f e c t s  i n  Y ic ia ^  

and  t h i s  e x p e r im e n t  was c a r r i e d  o u t  t o  exam ine t h e  c o m p a r a t iv e  e f f e c t s  

o f  t h e  two io n s  on C om nelina  s t o m a t a l  movements , u s i n g  t h e  PIPES b u f f e r  

s y s te m .

Segm ents w ere  i n c u b a t e d  i n  s o l u t i o n s  o f  e i t h e r  RbCl o r  KCl in  
” 310 mol m PIPES pH 6 . 8  f o r  2 h and  a p e r t u r e s  m e a s u re d .  The r e s u l t s

a r e  shown i n  F i g . 30. S to m a ta l  o p e n in g s  w i th  t h e  two s a l t s  w ere  c l e a r l y

v e r y  s i m i l a r :  a t  t h e  c o n c e n t r a t i o n  w here  t h e  g r e a t e s t  d i f f e r e n c e  i n
• 3a p e r t u r e s  was o b t a i n e d ,  50 mol m , t h e  means w ere  n o t  s i g n i f i c a n t l y  

d i f f e r e n t  ( t  -  I . 5O, P > O . l ) . Commelina  s to m a ta  t h e r e f o r e  a p p e a r  t o  

r e a c t  t o  t h e  p r e s e n c e  o f  Rb"  ̂ o r  KT*" i n  a  s i m i l a r  m anner t o  V ic ia  .

From t h e  e v id e n c e  o f  t h i s  ' b i o a s s a y '  , u p t a k e  o f  t h e  two io n s  by  g u a rd  

c e l l s  a p p e a r s  t o  b e  e q u i v a l e n t .

Exper 'im en t  Z .2  Uptake o f  by  E p ide iw .a l  Segm en ts  I .  C o r r e la t i o n
w i t h  S t o m a t a l  A p e r tu r e .

The m ethod  o f  8 6 p b ~ l a b e l l i n g  o f  i n c u b a t i o n  s o l u t i o n s  h a s  b e e n  u s e d  

t o  c o r r e l a t e  K uptalee w i t h  s t o m a t a l  a p e r t u r e ,  p a r L i c u l a r l y  w i t h  V i c i a  

f a b a  e p id e r m is  (Humble and  H s a i o ,  1969 ;  F i s c h e r ,  1 9 7 2 ) ,  The f o l l o w i n g
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e x p e r im e n t s  w ere  d e s ig n e d  t o  m o n i t o r  u p t a k e  i n  Commelina,

To s tu d y  u p ta k e  o f  86pb^  w i t h  t i m e ,  segm en ts  w ere  p l a c e d  i n  88pb*J?'

100 mol m ^ KCl/PIPES " b u ffe r  [ca* 5B0 Bq mm ^ ) . At v a r i o u s  t i m e s ,  a

segm en t was rem oved from  s o l u t i o n  and  p l a c e d  on a  s l i d e .  A f t e r  s t o m a t a l

m easu rem en ts  and  a r e a  e s t i m a t i o n  h a d  b een  m ade, t h e  seg m en ts  w ere
„ o

r i n s e d  f o r  5 x 1  imin i n  100 mol m K C l/P IPE S, su b m e rg in g  on t h e  l a s t

r i n s e .  R a d i o a c t i v i t y  p r e s e n t  was t h e n  e s t i m a t e d .

As shown i n  F ig .  3 1 a ,  b o t h  u p t a k e  an d  a p e r t u r e  i n c r e a s e d  w i t h

t im e  o v e r  2 h 10 m in , i n  a  s i m i l a r  f a s h i o n  t o  t h a t  i l l u s t r a t e d  i n  F i g . 1 7 .

When t h e  two p a r a m e t e r s  ' a p e r t u r e ' and  'u p ta k e *  w ere  p l o t t e d  t o g e t h e r

( F i g .  31b) a  l i n e a r  r e l a t i o n s h i p  w i th  a  h ig h  c o e f f i c i e n t  o f  c o r r e l a t i o n

was fo u n d  ( r  = 0 . 9 ^ 1 ,  P < O .O O l). I t  t h u s  seem ed t h a t  t h e s e

p a r a m e te r s  w ere  c l o s e l y  r e l a t e d .
+

Uptalce o f  86Rb was a l s o  i n v e s t i g a t e d  a t  d i f f e r e n t  KCl c o n c e n t r a t i o n s ,

k e e p in g  t h e  t im e  o f  i n c u b a t i o n  a t  2 h .  The r a t i o  o f  K^ t o  GGRb -was

a l s o  m a i n t a i n e d  as a  c o n s t a n t  ( r o u g h l y  3 .8  x lO ^^atom s p e r  B q ) . The
" 3t r a c e r  c o n te n t  o f  t h e  s o l u t i o n s  t h e r e f o r e  v a r i e d  from  6 T -  801 Bq mm . 

R a d i o a c t i v i t y  t a k e n  up w ou ld  c o r r e s p o n d  t o  an e q u i v a l e n t  num ber o f  K*" 

atom s w h a te v e r  t h e  s a l t  c o n c e n t r a t i o n  i f  i t  was assum ed  t h a t  t h e r e  was 

no d i s c r i m i n a t i o n  o f  t h e  i o n s .  Ten se g m e n ts  o f  a r e a  l 6 mm  ̂ w ere  

i n c u b a t e d  a t  e a c h  c o n c e n t r a t i o n  f o r  2 h ,  t h e n  r i n s e d  f o r  5 min i n
t "f* “I" ^

s o l u t i o n s  o f  c o m p a rab le  K and  Rb c o n c e n t r a t i o n s  t o  t h o s e  u s e d  f o r  

i n c u b a t i o n .  E i g h t  se g m e n ts  w ere  u s e d  f o r  r a d i o a s s a y  by  s c i n t i l l a t i o n  

s p e c t r o m e t r y  and  2 w ere  f r e e z e - d r i e d .  S to m a ta l  a p e r t u r e s  w ere  

m e a su re d  on t h e  f r e e z e - d r i e d  t i s s u e  w h ich  was l a t e r  u s e d  f o r  m ic r o 

a u t o r a d io g r a p h y  .

F i g .  32a  i l l u s t r a t e s  t h e  ®̂ Rb*** u p t a k e  a s  a  f u n c t i o n  o f  KCl 

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

b u t  t h i s  a p p e a r e d  bo b e  a s y m p t o t i c  a t  h i g h e r  l e v e l s .  T h i s  c o r r e l a t e d  

w i t h  an i n c r e a s e  i n  s t o m a t a l  a p e r t u r e ,  b u t  t h e  sh a p e  o f  t h e  o p e n in g  

c u rv e  was n o t  s i m i l a r  t o  t h a t  o f  F i g .  15 : v a lu e s  w ere  d e p r e s s e d  i n  t h e

m id d le  r a n g e  o f  c o n c e n t r a t i o n s . When u p ta k e  was p l o t t e d  a g a i n s t  

a p e r t u r e  ( F ig ,  3 2 b ) ,  t h e  b e s t  l e a s t - s q u a r e s  f i t  c u rv e  was e x p o n e n t i a l  i n  

f o n n ,  and  n o t  a  s t r a i g h t  l i n e  a s  in  F i g .  3 1 b ) ,  T h is  may have  b e e n  due 

t o  an anomaly i n  a p e r t u r e  e s t i m a t i o n .  S in c e  f r e e z e - d r y i n g  would 

a p x ^ a re a t ly  n o t  c a u s e  t h i s  e f f e c t  ( F ig .  2 U ) , i t  was t h o u g h t  t o  be  due t o '  

s t o m a t a l  c l o s u r e  d u r i n g  t h e  5 m in u te  r i n s e  g iv e n  t o  t h e  t i s s u e  p r i o r  t o  

f r e e z e - d r y i n g .  Were t h i s  e f f e c t  t a k e n  i n t o  accoL in t, i t  w ou ld  te n d  t o  

make t h e  b e s t  f i t  o f  F i g .  32b more l i n e a r .
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The e f f e c t  o f  k i l l i n g  t h e  e p id e r m is  by  f r e e z e - t h a w i n g  on 

uptalc.e was t e s t e d  by  i n c u b a t i n g  l i v e  end dead  t i s s u e s  on l a b e l l e d  

i n c u b a t i o n  medium ( o a ,  150  Bq mm ^ ) . The r e s u l t s  a r e  shown i n  T a b le  15

T ab le  15 . U ptake  o f  by  U n tr e a te d  co'id F r e e z e - th o w e d
E p td e rm a t  S e g m e n ts .

T re a tm e n t Mean u p ta k e  ( S . E , ) /  
m Bq mm"^

None 835  ( 6 H) 6

F r e e z e - th a w e d  16  (2 )  6

S ystem  2 ,  R

T h is  d i f f e r e n c e  was fo u n d  t o  b e  h i g h l y  s i g n i f i c a n t  ( t  " 1 2 , 7 2  P < 0 ,0 0 1 )  

a nd  i t  was c o n c lu d e d  t h a t  a  l a r g e  p r o p o r t i o n  o f  uptakie was a  i t i n c t i o n  o f  

t h e  p r e s e n c e  o f  l i v i n g  c e l l s .

E x p e r im e n t  2 .3  Uptake  o f  ^^Rb'^ by  E p id e rm a l  Segm en ts  I I .  L o c a t io n  

o f  b i a d i o a o t i v i t y  by  A u to r a d io g r a p h y ,

The q u a l i t a t i v e  r a d i o a s s a y  o f  ^^Rb"^ by  m ic ro  a u to r a d io g r a p h y  was 

c a r r i e d  o u t  u s in g  t h e  same m ethod  as  E x p e r im e n t  2 , t . T y p i c a l  r e s u l t s  

a r e  shown i n  F i g .  33s w hich i l l u s t r a t e s  t h e  l o c a t i o n  o f  ^^^Rb ' a f t e r  2 h  

i n c u b a t i o n  i n  300 mol m KCl/PIPES c o n t a i n i n g  a a .  8OO Bq mm ^ 86Rb'*~ 

( t r e a t m e n t  as p e r  E x p e r im e n t  3 .2 )  , I t  i s  a p p a r e n t  t h a t  t h e  m a jo r  

p o r t i o n  o f  u p t a k e  h a s  b e e n  i n t o  t h e  g u a rd  c e l l  r e g i o n .  S in c e  t h e  

3- e m m iss io n s  o f  86pb a r e  more e n e r g e t i c  on a v e ra g e  t h a n  t h o s e  o f  I'+C, 

t h e  volume i n  w hich an 86pp g - p a r t i c l e  c o u ld  p o t e n t i a l l y  c a u s e  l a t e n t  

image f o rm a t io n  from  a  p o i n t  s o u r c e  i s  l a r g e r  t h a n  t h a t  o f  I'+C. T h is  

e x p l a i n s  why t h e  a r e a s  o f  a c c u m u la t io n  a p p e a r  more d i f f u s e  i n  F i g , 33 

com pared w i t h  F i g . 28.
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b .
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a.

b.

Appearance o f  f r e e z e - d r i e d  t i s s u e  under l i g h t  m icroscop y  (n o te  
open s to m a ta ) .
C orresponding d i s t r i b u t i o n  o f  s i l v e r  g r a in s  in  p h otograp h ic  em u ls ion  
T is s u e  tre a tm e n t  as per  Experiment 3. (112 x ) .
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S i m i l a r  d i s t r i b u t i o n s  t o  t h o s e  o f  F i g . 33 w ere  fo u n d  a t  a l l  o t h e r  

KCl c o n c e n t r a t i o n s  t e s t e d  ( 2 5 ,  50 , 1 0 0 ,  an d  200 mol m” "^). In  s e v e r a l  

exam ples  o f  ^ ^ R b - a u t o r a d i o g r a p h y , a  ’h o t  s p o t '  phenomenon was o b s e rv e d  

( F ig .  3 t ) ; a r e a s  o f  h ig h  g r a i n  d e n s i t y  w ere  fo u n d  w hich  d i d  n o t  

a p p a r e n t l y  c o i n c i d e  w i t h  m o r p h o lo g ic a l  f e a t u r e s  o f  t h e  e p id e r m is  t i s s u e  

such  as h a i r s ,  c o n ta m in a t in g  m e s o p h y l l ,  o r  a r e a s  o f  i n j u i y  due t o  

hancD-ing. A p o s s i b i l i t y  i s  t h a t  ' h o t  s p o t s '  r e p r e s e n t  a r e a s  c o n ta m in a t e d  

d u r in g  i n c u b a t i o n  and  i n c o m p le t e ly  r i n s e d .  On t h e  o t h e r  h a n d ,  e x tre m e  

c a r e  was tal^en t o  a v o id  t h i s  b y  su b m e rg in g  segm en ts  c o m p le te ly  d u r in g  t h e  

r i n s i n g  p r o c e d u r e .  I f  su c h  h o t  s p o t s  a r e  n o t  a r t i f a c t s  o f  a u to r a d io g r a p h y  

( e . g .  s p a t i a l ) ,  t h e n  q u a n t i t a t i v e  e s t i m a t i o n  o f  ^^Rb'*' a c t i v i t y  p r e s e n t  

i n  e p id e r m a l  t i s s u e  w o u ld  a p p e a r  t o  o v e r - r e p r e s e n t  ^^Rb"^ u p ta k e  by  c e l l s  

o f  t h e  e p id e r m i s .

E x p e r im e n t  3, 4 Uptoû<e o f  b y  E p id e rm a l  Segm en ts  I I I .  E f f e c t s

o f  ABA.

An i n h i b i t o r y  e f f e c t  o f  ABA on t h e  u p ta k e  o f  K'*' by  g u a rd  c e l l s  has  

b een  p o s t u l a t e d  as a  m echanism  o f  a c t i o n  o f  t h e  hormone ( H s ia o ,  1 9 T 6 ) .

T h is  e x p e r im e n t  was d e s ig n e d  t o  exam ine t h e  e f f e c t s  o f  ABA on ^^Rb** 

u p ta k e  b y  Commelina  e p id e r m a l  s e g m e n ts .

S i m i l a r  m ethods t o  t h e  p r e v i o u s  two e x p e r im e n ts  w ere  em ployed .
"3  *"3ABA was i n c o r p o r a t e d  a t  0 . 1  mol m i n  50 mol m “ KCl/PIPES c o n t a i n i n g  

^^HbCl [c a .  3 tO Bq mm ^) . F i g .  35 i l l u s t r a t e s  u p ta k e  o f  w i t h  and

w i t h o u t  ABA i n  t h e  medium. I n  s e v e r a l  r e p e a t s  o f  t h i s  e x p e r im e n t  t h e  

same g e n e r a l  t r e n d  was fo u n d :  u p ta k e  was v e r y  s i m i l a r  w i t h  and w i th o u t

hormone t r e a t m e n t .  H ow ever, u p t a k e  o f  A B A - tre a te d  segm en ts  was c o n s i s t e n t l y  

s l i g h t l y  l o w e r ,  e s p e c i a l l y  a t  t h e  en d  o f  t h e  2 h i n c u b a t i o n  p e r i o d .  I n  

F ig .  3 5 ,  t h e r e  was no d i f f e r e n c e  i n  mean u p ta k e  a t  5> >̂0 and  80 min 

( | t j  < 1 .8 0 ,  P > O . l )  b u t  A B A - tr e a te d  segm en ts  h a d  s i g n i f i c a n t l y  l o w e r  

uptok.e a f t e r  120  min ( t  = 3 .7 a  P < 0 . 0 2 ) .
o  c  h

I t  was n o t  p o s s i b l e  t o  make c o n c lu s i o n s  a b o u t  °Rb u p ta k e  by 

p a r t i c u l a r  c e l l s  o f  t h e  e p id e r m is  from  t h e  above d a t a :  i n  o r d e r  t o

stLuZy d i f f e r e n c e s  i n  t h e  p a t t e r n  o f  u p t a k e ,  t h e  d i s t r i b u t i o n  o f  ^̂ Rb"** 

w i t h i n  t h e  e p id e r m a l  segm en t  a f t e r  i n c u b a t i o n  w i t h  and w i t h o u t  ABA was 

exam ined  by  a u t o r a d i o g r a p h y .  Segm ents w ere  i n c u b a t e d  f o r  2 h 20 min i n



> .
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Mic r o a u to r a d i o g r a p h y  o C E p id e r ma l  Segment S n p p l ie d  v ib h

in  300  mol m KG1/P.IPES: E x i s t e n c e  o f  'H o t  s p o t s '  .

a .

b .

a .  A ppearance  o f  f r e e z e - d r i e d  t i s s u e  u n d e r  l i g h t  m ic ro s c o p y .
b .  C o r re s p o n d in g  d i s t r i b u t i o n  o f  s i l v e r  g r a i n s  in  p h o to g r a p h ic  

e m u ls io n .
HG = 'h o t  s p o t ’ ; G = Guard c e l l  ^^Rb u p ta k e  (112 x ) .
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F i p . 3 5 . E f f e c t  o f  ABA on Uptake by Epiderm al Segments I
N e t U p t a k e .
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Open c i r c l e s ;  ^0 mol m  ̂ KCl/PIPES b u f f e r  +®^Rb Cl 

C losed  c i r c l e s :  above b u f f e r  p lu s  0*1 mol m  ̂ ABA

System  1 ,  R, n=6.
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90 mol m ^ KCl/PIPES c o n t a i n i n g  oa* 600 Bq mtn ^ ABA was
• ** 3 ■ •i n c o r p o r a t e d  a t  0 . 1  mol m . V i s u a l  o b s e r v a t i o n s  o f  m i c r o a u t o ra d io g ra m s  

( F i g . 3 6 ) s u g g e s t e d  t h a t  accu m u i.a t io n  by g u a rd  c e l l s  was l e s s  p ro n o u n ce d  

i n  t h e  A B A - tre a te d  t i s s u e .  To t e s t  t h i s  h y p o t h e s i s ,  s i l v e r  g r a i n  

d e n s i t y  m easu rem en ts  w ere  made ( T a b le  1 6 ) .

T a b le  1 6 , Graùi D e n s i t i e s  f o r  C o n tr o l  and  A B A - t r e a t e d  

E p id e rm a l  S e g m e n ts  a f t e r  Uptake

T re  a tm e n t

C o n t r o l  

+ ABA

Mean, g r a i n  d e n s i t y  ( S .E . )  
/ g r a i n s  mm“ ^ x 1 0 “ 3 .

o v e r
g u a rd
c e l l s ( G )

515(17) 

377(11)

o v e r
e p id e r m a l  
c e l l s  ( e )

2 0 5 ( lU )

2 7 7 (6 )

T o t a l  
G + Ë

7 1 9 ( 2 9 )

69% /!^)

mean r a t i o  
G/E ( S .E . )
( Ac cum ulâ t  i o n  

R a t io  )

2 .5 8  ( 0 .1 2 )  

1 .3 7  ( 0 . 0 %)

n = 10  a r e a s  o f  0 .0 3  mm

S i l v e r  g r a i n  d e n s i t y  d i f f e r e n c e s  w ere  assum ed t o  r e p r e s e n t  

d i f f e r e n c e s  i n  ®^Rb'^‘ a c c u m u la t io n  by  t h e  t i s s u e .  ABA t r e a t m e n t  r e s u l t e d  

i n  a  lo w e r  g r a i n  d e n s i t y  f o r  t h e  t o t a l  o f  t h e  two a r e a s ,  as w ou ld  b e  

p r e d i c t e d  from  F i g . 3 6 , I n  t h i s  c a s e ,  t h e  d i f f e r e n c e  fo u n d  was n o t  

s i g n i f i c a n t  w i th  r e s p e c t  t o  s a m p l in g  e r r o r s  ( t  = 2 . 0 2 ,  P > O.O5 ) .

The ABA t r e a t m e n t  c a u s e d  a s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  g r a i n  d e n s i t y  

im m e d ia te ly  above g u a rd  c e l l s  ( t  6 . 8 6 , P < O .O O l) .  T h is  was a l s o  

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

( t  = 9 .9 7  > P < 0 .0 0 1 ) ,  s u g g e s t i n g  t h a t  t h e  hormone a f f e c t e d  t h e  u p ta l te  

p a t t e r n  f o r  Rb‘̂  i n  f a v o u r  o f  t h e  e p id e r m a l  and  s u b s i d i a r y  c e l l s .

The above e x p e r i m e n t ,  h o w e v e r ,  r e q u i r e s  d e t a i l e d  r e p e t i t i o n .

E x p e r im e n t  .3.5 E f f l u x  o f  ^^Rb'^from E p id e rm a l  Segm en ts  I .  C om puter-  

A s s i s t e d  a n a l y s i s .

T h is  e x p e r im e n t  was p e r f o r m e d  i n  a  s i m i l a r  m anner t o  E x p e r im e n t  2 .1



F i g . 36.
190 ,

E f f e c t  o f  ABA on  u p t a k e  by  E p i d o nria l  Se g m e n t s  I I .
D i s t r i b u t i o n  o f  Radi o a c t i v i t y .

a .

b .

a .  w i t h o u t  ABA in  b u f f e r
b .  w i th  O' 1 mol in“ 8 ABA (112 x)
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2 "3f o u r  segm en ts  ( t o t a l  a r e a  7 3 . T mm ) w ere  p l a c e d  i n  50 mol m KCl/PIPEO

c o n t a i n i n g  ( c a .  190  Bq mm f o r  2 h (S ys tem  2) and  t h e n
• * * "6 3t r a n s f e r r e d  th r o u g h  a  s e r i e s  o f  2 x 10  m r i n s e  s o l u t i o n s  c o n t a i n i n g  

RbCl a t  a  s i m i l a r  c o n c e n t r a t i o n  t o  t h e  i n c u b a t i o n  s o l u t i o n .

T r a n s f e r  t o o k  p l a c e  a f t e r  t h e  f o l l o w i n g  e f f l u x  t i m e s : -  I 5 s ( x 6 ) ,

60 s ( x 3 ) , 300  s ( x 5 ) ,  600  s ,  and  1200 s .  R a d i o a c t i v i t y  p r e s e n t  i n

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

e f f l u x  r a t e s  o v e r  t h e  r e l e v a n t  t im e  p e r i o d s  p l o t t e d  a g a i n s t  t h e  m id-  

t im e  o f  t h e  r i n s e s .  Once a g a i n ,  t h e  c o m p u t e r - a s s i s t e d  l e a s t - s q u a r e s  

c u r v e - f i t t i n g  programme was u s e d  ( s e e  E x p e r im en t  2 . 1 ) .  The t h r e e - p h a s e  

f i t  gave a  lo w e r  simi o f  s q u a r e d  r e s i d u a l s  t h a n  t h e  tw o p h a s e  f i t  ( 0 . 3 5 % 

V s ,  2 , 3 5 ) and  was a c c e p t e d .  The p a r a m e te r s  o b t a i n e d  a r e  g iv e n  i n  

T a b le  17 .

T a b le  1 7 . L e a s t - s q u a r e s  f i t  p a r a m e te r s  f o r  e f f l u x :  d a ta .

P h a se  a . / B q  mm ^ S .D . b . / s  ^ S .B .  t g / s
1  1

i = l  3111700  5 95300  0 .0 9 6 1  0 .0 0 5 1  7 .2

i =2 3872  9 0 % 0 ,0 0 6 6 8  0 .0 0 1 2 2  1 0 3 .8

i= 3  251  5 8 .3  0.000%35 0 , 0 0 0 1 2 % 1593.%

O b v io u s ly ,  d i r e c t  c o m p a r iso n  b e tw e e n  e f f l u x  o f  ABA and  ^®Rb 

i s  n o t  p o s s i b l e .  The e f f l u x  p a t t e r n  o f  w ou ld  a p p e a r  t o  b e

c o m p l ic a t e d  by  two f a c t o r s  n o t  c o n s i d e r e d  in  E x iJerim ent 2 . 1 ;  F i r s t l y ,  

t h e  Bonnan f r e e  s p a c e  ( s e e  B a k e r  & H a l l  , 1975) w i l l  o n ly  a f f e c t  t h e  

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

by  t h e  r i n s i n g  t r e a t m e n t  m ig h t  a f f e c t  t h e  ^®Rb"*'efflux p a t t e r n .

N e v e r t h e l e s s ,  t h e  f a s t e s t  e f f l u x  p h a s e  was a g a in  assum ed t o  

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

t  e q u i v a l e n t  t o  t h a t  o f  ABA fo u n d  i n  E x p e r im en t  2 .1
I
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E xper 'im en t 3. ü E f f l u x  o f  f r o m  E p id e rm a l  Segm en ts  I I .

E f f e c t s  o f  ABA.

The r a p i d  n a t u r e  o f  ABA e f f e c t s  on s t o m a t a l  a p e r tm r e  h a s  b een  

d i s c u s s e d  i n  S e c t i o n  IV o f  t h e  Genera]. I n t r o d u c t i o n  and shown i n  

E x p e r im e n t  1 .5* I t  may b e  a rg u e d  t h a t  a l t e r a t i o n s  i n  g u a rd  c e l l  

io n  lAptake  phenomena a].one c a n n o t  a c c o u n t  f o r  t h i s  s p e e d  o f  r e a c t i o n .  

F u r th e r m o r e ,  i n  t h e  g e n e r a l  n a t u r e  o f  t h e  p o s t u l a t e d  r o l e  o f  IiBA i n  

s t r e s s - i n d u c e d  s t o m a t a l  c l o s u r e ,  t h e  hormone w ou ld  be  more l i k e l y  t o  

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

o f  s t o m a t a l  r e - o p e n i n g  i s  an  i m p o r t a n t  f a c e t ) . I t  was t h e r e f o r e  o f  

i n t e r e s t  t o  t e s t  e f f e c t s  o f  ABA on ^ ^ R b e f f l u x  from  'p r e l o a d e d '  

e p id e r m a l  segm en ts  h a v in g  'p r e - o p e n e d '  s to m a ta .

E p id e rm a l  segm en ts  w ere  i n c u b a t e d  i n  50 mol m ^ KCl/PIPES

c o n t a i n i n g  S^Rb {oa .  %60 Bq mm ) f o r  2 h (S ys tem  l ) .  15 segm en ts

( t o t a l  a r e a  2%0 mm^) w ere  t h e n  t r a n s f e r r e d  t o  10  x 10  ^ m^ s o l u t i o n s
~3 3o f  b u f f e r  w i th  and  w i t h o u t  0 . 1  mol m ABA. 200 mm sam p les  o f  t h e s e  

s o l u t i o n s  w ere  t a lœ n  a t  v a r i o u s  t im e  i n t e r v a l s .  I n c u b a t i o n  Sys tem  1 

was u s e d  i n  o r d e r  t o  e n s u r e  m ix in g  o f  t h e  e f f l u x  s o l u t i o n .  C iunu la t ive  

e f f l u x  e s t i m a t e s  o b t a i n e d  from  sam p les  o f  i n a c c u r a t e  volume due t o  a i r  

i n t a l t e  t o  t h e  m ^ c r o p i p e t t e  ( a  f u n c t i o n  o f  s p e e d  o f  o p e r a t i o n )  w ere  

d i s c o u n t e d .

C u m ula t ive  e f f l u x  was c a l c u l a t e d  u s i n g  t h e  f o rm u la  shown i n  t h e  

M a t e r i a l s  and  M ethods. The r e s u l t s  w ere  n o r m a l i s e d  w i t h  r e s p e c t  t o  t h e  

l a b e l  p r e s e n t  i n  each  e f f l u x  medium a t  1 m in ;  from  t h e  d a t a  o f  T a b le  17 

t h i s  s h o u ld  have  r e p r e s e n t e d  o v e r  99.1%  o f  t h e  f r e e - s p a c e  . l a b e l .  The 

cumul.a t i v e  e f f l u x  p l o t  o b t a i n e d  i s  shown i n  F i g . 37. The b e s t  f i t  

c u rv e s  i l l u s t r a t e d  a r e  c o m p o s i te ;  l e a s t - s q u a r e s  c u rv e s  o f  l o g a r i t h m i c  

fo rm  w ere  fo u n d  t o  b e  i n a c c u r a t e  b e tw e e n  20 -3 0  m in . S in c e  t h e  two 

c u rv e s  a p p e a r e d  t o  b e  p a r a l l e l  and  s t r a i g h t  from  1 2 -3 0  m in ,  l i n e a r  b e s t -  

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

from  1 -1 2  m in .

I n  a  c u m u la t iv e  e f f l u x  g ra p h  l i k e  F i g . 37 ,  t h e  s lo p e  o f  t h e  c u rv e  

r e p r e s e n t s  t h e  r a t e  o f  e f f l u x .  I t  t h u s  a p p e a r s  t h a t  ABA t r e a t m e n t  

c a u s e d  g r e a t e r  r a t e s  o f  ^%b e f f l u x  f o r  a p p r o x im a te ly  t h e  f i r s t  10  rain ,
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C u m u la t iv e  N o rm a l i s e d  Ef f l u x  o f  from  E p id e rm al

Segm ents T r e a t e d  w i th  ABA.
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Open c i r c l e s ;  c o n t r o l  t r e a t m e n t
“ 3C lo s e d  c i r c l e s :  t r e a t e d  w i t h  O' 1 mol m ABA

System  1 ,  n=15.



15%.

F o r  ex a m p le ,  t h e  s l o p e  o f  t h e  b e s t  f i t  cu i 'ves  a t  5 m in , c a l c u l a t e d
~1 , " 2  —1 from  d e r i v a t i v e  = b x  ' , w ere  6 .7  mBq mm min f o r  t h e  c o n t r o l  and

**"2 , *19 . 0  MBq mm min f o r  A B A - tre a te d  se g m e n ts .  H ow ever, a f t e r  20 m in ,

t h e  r e s p e c t i v e  e s t i m a t e d  r a t e s  w ere  b o t h  3 .2  mBq mm min ^ , c a l c u l a t e d

from  d e r i v a t i v e  -  b .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  obse in red  i n c r e a s e s  
+

i n  ^^Rb e f f l u x  i n  t h e  f i r s t  10  min c o r r e s p o n d  w i t h  t h e  t im e  t a k e n  f o r  

ABA-induced s t o m a t a l  c l o s u r e  a f t e r  s i m i l a r  t r e a t m e n t s  n o t  u s i n g  ®^Rb"^, 

as shown i n  F i g . l 8 .

E f f l u x  r e s u l t s  do n o t  to lce  i n t o  a c c o u n t  t h e  p o s s i b i l i t y  o f  s o l u t e  

r e d i s t r i b u t i o n  w i t h i n  t h e  e p id e r m is  d u r in g  c l o s u r e .  T h is  p o s s i b i l i t y  

c o u ld  b e  s t u d i e d  w i t h  a u t o r a d i o g r a p h i c  t e c h n i q u e s .  I n d e e d ,  i t  i s  

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

r e p r e s e n t s  an e x p e r i m e n t a l  a r t e f a c t  due t o  such  r e d i s t r i b u t i o n ,  i f  

t r a n s f e r  o f  ®®Rb+ b e tw e e n  g u a r d  c e l l s  and s u b s id i a . r y  and  e p id e r m a l  

c e l l s  was ' s h o r t - c i r c u i t e d '  by  t h e  p r e s e n c e  o f  t h e  e f f l u x  medium.

T h is  e x p e r im e n t  was r e p e a t e d  o n c e ,  w i t h  r e s u l t s  s i m i l a r  t o  t h o s e  

shown. S e v e r a l  a t t e m p t s  t o  d e s ig n  d i f f e r e n t  p r o c e d u r e s  t o  t e s t  e f f l u x  

w ere  u n s u c c e s s f u l :  a l t h o u g h  d i f f e r e n c e s  b e tw een  A B A - tre a te d  an d  c o n t r o l

e f f l u x  r a t e s  c o u ld  be  o b s e r v e d ,  t h e s e  w ere  fo u n d  n o t  t o  b e  s t a t i s t i c a l l y  

s i g n i f i c a n t  w i t h  r e s p e c t  t o  random  e r r o r s .  T h i s  w o u ld  a p p e a r  t o  b e  a  

f u n c t i o n  o f  t h e  low l e v e l s  o f  r a d i o a c t i v i t y  i n v o lv e d .
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SECTION 4 ,

EXPERIMENTS ON h’HOLE LEAVES

INTRODUCTION

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

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

( M i t t e l h e u s e r  and  Van S t e v e n i n c k ,  19Ô9; R a sc h k e ,  1975&). The 

e v id e n c e  d e s c r i b e d  i n  S e c t i o n  I I I  o f  t h e  I n t r o d u c t i o n  s u g g e s t s  t h a t  

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

i n d i r e c t  e f f e c t  a s  fo u n d  w i th  k i n e t i n  (M e id n e r ,  I 9 6 7 ) .  The r e s u l t s  

o f  t h e  p r e v i o u s  two s e c t i o n s  v e r i f i e d  t h i s  h y p o t h e s i s  u s i n g  t h e  

e p id e r m a l  segm ent i n c u b a t i o n  s y s te m  d e v e lo p e d  i n  S e c t i o n  1 .  However, 

a l t h o u g h  s to m a ta  o f  i n c u b a t e d  e p id e r m is  t i s s u e  a p p e a r e d  t o  r e a c t  i n  

t h e  same m anner as  t h e y  do on t h e  w hole  l e a f  (W il lm er  and  M a n s f i e l d ,  

1 9 6 9 ; E x p e r im e n ts  1 . 5 ,  1 .6  and  1 . 9 ) ,  c a u t i o n  m ust b e  o b s e r v e d  when 

e x t r a p o l a t i n g  such  r e s u l t s .  A c c o r d in g l y ,  a  w hole  l e a f  s y s te m  u s i n g  

C o tm e t in a  was d e v i s e d  i n  w h ich  some o f  t h e  e f f e c t s  o f  S e c t i o n  2 c o u ld  

be  r e - e x a m in e d .  The a d v a n ta g e  o f  t h i s  m ethod o v e r  w h o l e - l e a f  

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

e p id e r m a l  .ABA l e v e l s  by  s u p p ly i n g  r a d i o a c t i v e  hormone j;md t a k i n g  

e p id e r m a l  p e e l s .

S in c e  t h e r e  was no e v id e n c e  i n  t h e  l i t e r a t u r e  t h a t  ABA i n  t h e  

t r a n s p i r a t i o n  s t r e a m  r e a c h e s  t h e  s t o m a t a l  a p p a r a tu s  o r  even  t h e  

e p i d e r m i s ,  t h i s  was ex am in ed .  By u t i l i s i n g  t h e  f r e e z e - d r y i n g  p r o c e s s  

t o  ' f i x '  s t o m a t a l  a p e r t u r e s  (E x p e r im e n t  I . I O )  i t  was a l s o  p o s s i b l e  t o  

o b t a i n  an ' im p r o v e d '  e s t i m a t e  o f  s t o m a t a l  s e n s i t i v i t y  t o  ABA b a s e d  

on t h e  a s su m p t io n  t h a t  o n ly  hormone p r e s e n t  i n  t h e  e p id e r m is  a f f e c t e d  

s t o m a t a l  m ovem en ts .

RESULTS AND DIS CUSSION

E x p e r im e n t  4.1. D e ve lo p m en t  o f  a W h o l e - l e a f  E x p e r im e n ta l  S y s te m ,

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

open s to m a ta  b e f o r e  e x a m in in g  t h e  e f f e c t s  o f  ABA on c l o s u r e .  P r e l i m i n a r y
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e x p e r im e n t s  on w hole  l e a v e s  w ere  c a r r i e d  o u t  i n  w hich  l e a v e s  were 

p r e t r e a t e d  by  f l o a t i n g  on w a t e r  t h r o u g h  w hich  C O p-free  a i r  was b u b b le d .  

T r e a t e d  in  t h i s  way, s to m a ta  o pened  e v e n ly  t o  a b o u t  10 pm a f t e r  2 h .  

H ow ever, a f t e r  rem ova l  from  t h e  w a t e r ,  d r y i n g ,  and  e x p o s u re  t o  a i r ,  

t h e  s to m a ta  o f  c o n t r o l  l e a v e s  c l o s e d  r a p i d l y  d u r in g  t h e  e x p e r im e n t  

( w i t h i n  %5 m in ) ,  ABA t r e a t m e n t  c a u s e d  f a s t e r  c l o s u r e  ( c o m p le te  w i t h i n  

15  m in ) ,  b u t  i t  w a s , n e v e r t h e l e s s ,  t h o u g h t  t h a t  t h i s  s y s te m  was 

u n s a t i s f a c t o r y .

B e s id e s  low  COp l e v e l s ,  a n o t h e r  e a s i l y - m a n i p u l a t e d  e n v i r o n m e n ta l

p a r a m e t e r  w h ich  can  r e s u l t  i n  s t o m a t a l  o p e n in g ,  i s  t h e  r e l a t i v e  h u m id i ty

o f  t h e  a tm o sp h e re  ( S h e r i f f ,  1 9 7 7 ) .  C o n s e q u e n t ly ,  a  t e s t  was made on

t h e  s t o m a t a l  a p e r t u r e s  o f  C om nelina  l e a v e s  p l a c e d  i n  P e r s p e x  ' c e l l s ' ( F i g . 6 )

i n  v i a l s  o f  d i s t i l l e d  w a t e r ,  and  f e d  w i t h  a  s t r e a m  o f  a i r  o f  h ig h  h u m id i ty .

F i g . 38 i l l u s t r a t e s  t h e  r e s u l t s  o b t a i n e d  w i t h  up t o  3 h i n c u b a t i o n .  The

s t o m a t a l  movements w ere  s i m i l a r  t o  t h o s e  w hich  o c c u r r e d  i n  e p id e r m a l
“ 3segm en ts  i n c u b a t e d  on 50 mol m KC1/PÎPES ( F i g . 1 7 ) .  S in c e  a p e r t u r e s  

w ere  r e l a t i v e l y  c o n s t a n t  b e tw e e n  2 - 3  h , i t  was d e c id e d  t o  c a r r y  o u t  a  

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

S to m a ta l  o p e n in g  was a l s o  fo u n d  t o  o c c u r  i f  C O p-free  a i r  was s u p p l i e d  

i n s t e a d  o f  n o rm a l  a i r .  H ow ever, t h e  a p e r t u r e s  a t t a i n e d  a f t e r  2 -3  h 

w ere  g e n e r a l l y  g r e a t e r  a t  a ro u n d  1 1 -1 2  pm.

E x p e r im e n t  4 .2  E f f e c t  o f  ABA on S to m a ta l  A p e r tu r e  o f  Whole L e a v e s  

a t  D i f f e r e n t  CO^ C o n c e n t r a t io n s .

— Q
I n  t h i s  e x p e r im e n t  e f f e c t s  o f  ABA a t  0 , 1  and 0 .0 1  mol m on

s t o m a t a l  a p e r t u r e  w ere  exam ined  w i t h  and  w i t h o u t  CO^.

A f t e r  2 h p r e i n c u b a t i o n  u s i n g  t h e  r e l e v a n t  gas  s u p p l y ,  l e a v e s  w ere

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

o r  ABA s o l u t i o n .  F i g s .  39a  a n d  b show t h e  e f f e c t s  o f  t h i s  t r e a t m e n t

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

vdien n o rm a l  a i r  {aa .  300 vpm CO^) was u s e d  ( F ig .  3 9 b ) ,  t h e  two

ABA c o n c e n t r a t i o n s  h a d  a lm o s t  i d e n t i c a l  e f f e c t s ,  a l t h o u g h  s l i g h t

r e - o p e n i n g  a t  t h e  lo w e r  l e v e l  was n o t e d  a f t e r  %5 m in . W ith C O p-free
“ 3a i r  (< 1 vqwR CO^), h o w e v e r ,  o n ly  0 . 1  mol m " ABA caused, c o m p le te  c l o s u r e



1 5 Ï

F i g . 3 8 . S to m a ta l  A p e r tu r e s  A t t a i n e d  on Whole Leaves in  Huinid A i r .

10

I

CO

à

0

O

O'

, 0
<>■

t i m e / h

n = 5 0 , p  “  1 .



158 .

F i g . 39. E f f e c t  o f  ABA on S to m a ta l  A p e r tu r e  a t  D i f f e r e n t  CO C o n c e n t r a t i o n s

a.

0 0

0 t i m e / h

CO

a

r " "I

t  ime /h

a .  CO^-'free a i r ,  n = 5 0 , s = 1 ,
Open c i r c l e s ;  d i s t i l l e d  w a t e r  c o n t r o l  
C lo sed  t r i a n g l e s :  0*01 mol m ABA.
C lo se d  c i r c l e s :  0 *1  mol m"^ ABA

b. Normal a i r ,  n “ 50 , s -  1 .
Symbols a s  i n  a .

B o s u i t s  shown i n  a  and h were o b t a i n e d  in  s e p a r a t e  e x p e r im e n t s
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- 3
a f t e r  1 h .  0 .0 1  mol m ' ABA r e s u l t e d  i n  ro u g h ly  50^ c l o s u r e  a t  t h i s

-“3
t im e .  F u r th e r m o r e ,  t h e  e f f e c t s  o f  0 .1  mol m “ ABA w ere  d e la y e d  by 

a p p r o x im a te ly  13 min when C O ^-free  a i r  was u s e d .  Such a  d e la y  was 

a l s o  fo u n d  by  M a n s f i e l d  ( 1 9 7 6 a )  i n  X m t h i m u

To i n v e s t i g a t e  f u r t h e r  ABA e f f e c t s  u s in g  i t  was

d e c id e d  t o  u se  n o rm a l  a i r ,  s i n c e  r e s u d . t s  o b t a i n e d  w i th  t h i s  p re s u m a b ly  

h a d  more r e l e v a n c e  t o  t h e  n o rm a l  envirom m ent o f  t h e  p l a n t . T h is  

t r e a t m e n t  w ou ld  a l s o  p e r m i t  a n a l y s i s  o f  ABA e f f e c t s  o f  low  c o n c e n t r a t i o n s

E x p e r im e n t  4 ,3  E f f e c t s  o f  P-^^C-ABA A p p l i e d  t o  Whole L e a v e s  I ,

Use o f  D i f f e r e n t  T r e a tm e n t  Times,

T h is  e x p e r im e n t  was b a s i c a l l y  s i m i l a r  t o  t h a t  shown i n  F i g . 3 9 b ,  

w i th  two m a jo r  m o d i f i c a t i o n s .  F i r s t l y ,  2-^'+C-ABA a t  0 . 1  mol m ^ was 

em ployed  i n s t e a d  o f  u n l a b e l l e d  compound, and s e c o n d l y ,  a  l e a f  h a r v e s t i n g  

p r o c e d u r e  was a d o p te d  so  t h a t  b o th  s t o m a t a l  a p e r t u r e  c o u ld  be  m ea su red  

an d  e p id e r m a l  and  m e s o p h y l l  s a m p le s  c o u ld  b e  a s s a y e d  f o r  r a d i o a c t i v i t y .  

I n  t h e s e  r e s u l t s ,  ' e p i d e r m i s '  r e f e r s  t o  t h e  a b a x i a l  e p id e r m is  a lo n e  

and  'm e s o p h y l l '  t o  t h e  m e s o p h y l l  l a y e r s  p l u s  t h e  a d a x i a l  e p i d e r m i s .

The t r e a t m e n t  p r o t o c o l  u s e d  i s  i l l u s t r a t e d  i n  F i g . 4 0 . A-E and  

1 -1 0  r e p r e s e n t  t h e  p e r s p e x  c e l l s ,  i n  each  o f  w hich  a  l e a f  c o u ld  b e  p r e 

i n c u b a t e d  and  t r e a t e d .  P r e - i n c u b a t i o n s  (2 h )  o f  i n d i v i d u a l  l e a v e s  w e re  

s t a g g e r e d  t o  c o r r e s p o n d  t o  t h e  t r e a t m e n t  s t a r t i n g  t im e s  r e p r e s e n t e d  by  

h eav y  v e r t i c a l  l i n e s .  T re a tm e n ts  l a s t e d  f o r  t h e  t im e  i n d i c a t e d  by  t h e  

l e n g t h  o f  t h e  a r ro w . P e e l i n g  m a n i p u la t i o n s  and  f r e e z e - d r y i n g  o f  

e p id e r m a l  sam p les  i re re  c a r r i e d  o u t  d u r in g  5 min ( s h a d e d  s q u a r e s ) .

C e l l s  A-E c o n t a i n e d  c o n t r o l  l e a v e s  (1  l e a f  each  o f  0 ,  1 5 ,  30 ,  b5 end  

60  m i n ) , and  1 - 8  w ere  u s e d  f o r  t r e a t m e n t  w i t h  r a d i o a c t i v e  s o l u t i o n  

(2  l e a v e s  each  o f  1 0 ,  2 0 ,  3 0 ,  H5 , 60  r a in ) .  T h is  p r o c e d u r e  was c a r r i e d  

o u t  tw i c e  on c o n s e c u t iv e  days ( t ^  = 1 2 0 0  h )  and  t h e  r e s u l t s  com bined 

( F i g . H i ,  T a b le  I 8 ) .
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F i g J H .  E f f e c t s  o f  2-l^C-ABA on S to n ia ta l  A perbure  ; 

A c c u m u la t io n  i n  E p id e rm is  ( l ) .
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a.. Open c i r c l e s ;  c o n t r o l  ( d i s t i l l e d  w a te r )  
C lo se d  c i r c l e s ;  0 ‘ 1 mol m" 2” ^^^C"ABA 
n = 100 ( c o n t r o l s ) ,  150 -200  (ABA)
3 ” 2 ( c o n t r o l s ) 53~H (ABA)

h .  F o r  d e t a i l s ,  s e e  T a b le  I 8 .



T a b le  l 8 :  F a r t i t î o n i n g  'ùn ConmeVina L e a v e s

f o  1 toW'tng 2 -   ̂  ̂C-ABA A p p V lc a b io n ,
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T r e a t 
m ent
t i m e /
min

T o t a l
a r e a

s a m p le d /
mm̂

N o. o f  
Sam ples

Mean a c t i v i t y  ( S . E . ) /  
mBq mm"^_____________________

E p id e rm is  M eso p h y ll  T o t a l

i n
e p id e r m is  

% t o t a l

10 950 14 4.4. ( 1 . 2 ) 7 5 . 1 ( 1 7 . 5 ) 7 9 .5 5 .5
20 900 l 4 6 .0  ( 1 . 2 ) 1 0 4 .8 ( 2 0 .2 ) 1 1 0 .8 5 .4

30 1075 15 1 5 .6  ( 3 . 8 ) 2 0 1 . 5 ( 3 2 . 0 ) 2 1 7 ,2 7 .2

45 950 16 2 2 .2  ( 3 .8 ) 2 4 7 . 5 ( 3 5 . 7 ) 2 6 9 .7 8 .2

60 1175 16 4 3 .7  ( 8 . 0 ) 2 9 9 . 1 ( 2 5 . 5 ) 3 4 2 .8 1 2 .8

F ig .  H la  a g a in  d e m o n s t r a t e d  t h e  e f f e c t s  o f  ABA i n  n o rm a l  a i r ,  f u l l  

c l o s u r e  o c c u r r i n g  a f t e r  30  m in as i n  F i g . 39b .  F i g .  Ulb shows t h a t  

r a d i o a c t i v i t y  was fo u n d  i n  t h e  lo w e r  e p id e r m is  b e f o r e  s i g n i f i c a n t  

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

b e f o r e  r e a c t i o n .

S in c e  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  ABA was known ( 1 .3 2 8  TBq mol 

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

on t h e s e  r e s u l t s .  B ecause  c l o s u r e  was c o m p le te  ( i . e .  b e low  1 ym) 

a f t e r  30 m in , v a lu e s  o f  -•■''■C l e v e l s  a t  t h i s  t im e  w ere  u s e d .  The s t o m a t a l  

d e n s i t y  was assum ed t o  b e  50 p e r  mm̂  . U sing  t h e  w h o le  l e a f  

c o n t e n t ,  t h e  e s t i m a t e d  s to m a ta ] ,  s e n s i t i v i t y  was 163  fm ol p e r  mm̂  l a m in a .  

T h is  i s  a  v a lu e  c o m p a t ib le  w i t h  o t h e r  e s t i m a t e s  o f  s t o m a t a l  s e n s i t i v i t y .  

Raschke  ( 1 9 7 5b) c a 3 .c o la te d  t h a t  9 O - I 8O fmol p e r  ram̂  l e a f  a r e a  was 

r e q .u i r e d  t o  g iv e  'ÿ% s t o m a t a l  c l o s u r e  i n  Conm ellna^  w h i l e  Kriedom ann e t  a l ,  

(1 9 7 2 ) e s t i m a t e d  t h a t  89-349  fm ol o f  ABA p e r  mm̂  l e a f  a r e a  was r e q u i r e d  

t o  i n i t i a t e  c l o s u r e  i n  F re n c h  b e a n s ,  r o s e ,  and Zea  l e a v e s .

I f ,  h o w e v e r , . t h e  e p id e r m a l  c o n t e n t  was u s e d ,  t h e  e s t i m a t e  was 

l o w e r ,  s i n c e  o n ly  7 »2 % o f  t h e  w hole  l e a f  r a d i o a c t i v i t y  was p r e s e n t  i n  

t h e  e p id e r m is  a t  30 min ( T a b le  I 8 ) . T h u s ,  i n  t h i s  e x p e r i m e n t ,  t h e  

s to m a ta  h a d  c l o s e d  a f t e r  r e c e i v i n g  no more th a n  236  amol p e r  s t o m a t a l  

com plex . M u l t i p l y i n g  by  Avogad.ro’ s num ber ,  t h i s  i s  e q u i v a l e n t  t o
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ca , lh 2  m i l l i o n  m o le c u le s  p e r  com plex . I t  s h o u ld  b e  e m p h a s ise d  t h a t  

such  an e s t i m a t e  o f  s t o m a t a l  s e n s i t i v i t y  t o  ABA i s  an u p p e r  l i m i t  

e s t i m a t e .  C l e a r l y ,  n o t  a l l  t h e  l a b e l  p r e s e n t  i n  t h e  e p id e r m is  w ou ld  

b e  e x p e c t e d  t o  b e  a t  a c t i v e  s i t e s  : Some may have  b e e n  p r e s e n t  i n  t h e

f r e e  s p a c e ;  some may have  b e e n  m e t a b o l i s e d  t o  n o n - a c t i v e  fo rm s .

How ever, i n  t h e  a b s e n c e  o f  a c c u r a t e  q u a n t i f i c a t i o n  o f  t h e s e  f a c t o r s  

a d ju s tm e n t  o f  t h e  e s t i m a t e  c a n n o t  b e  j u s t i f i e d .

The p r o p o r t i o n  o f  t h e  t o t a l  l e a f  r a d i o a c t i v i t y  p r e s e n t  i n  e p id e r m is  

r o s e  d u r in g  t h e  c o u r s e  o f  t h e  e x p e r im e n t  from  5*5^ t o  12.8% (T a b le  l 8 ) .  

I t  was n o t  c l e a r  w h e th e r  t h i s  was a f u n c t i o n  o f  t h e  m ethod  o f  hormone 

p r e s e n t a t i o n  o r  w h e th e r  i t  r e p r e s e n t e d  a c c u m u la t io n  b y  t h e  e p id e r m i s .

TLC o f  m e th a n o l  e x t r a c t s  o f  l e a v e s  f e d  2“ ^^C-"ABA f o r  1 h (M ethods 

and  S o l v e n t  System s as F i g . 27) gave a  s i n g l e  p eak  o f  r a d i o a c t i v i t y  

( a lw ays  g r e a t e r  t h a n  9 0 % o f  t h e  t o t a l )  w h ich  c o -c h r o m a to g ra p h e d  w i th  

s t a n d a r d  ABA ( R e s u l t s  n o t  shown) .

E x p e r im e n t  4 .4  E f f e c t s  o f  A p p l i e d  t o  lAhole L e a v e s  I I ,

Use o f  D i f f e r e n t  C o n c e n t r a t io n s  o f  ABA*

I n  t h i s  e x p e r i m e n t ,  i t  was i n t e n d e d  t o  f u r t h e r  i n v e s t i g a t e  s t o m a t a l
"3s e n s i t i v i t y  t o  ABA. S in c e  0 .0 1  mol m ABA h a d  c a u s e d  f u l l  c l o s u r e  

( F ig .  3 9 b ) ,  i n  t h e o r y ,  i t  s h o u ld  have  b e e n  p o s s i b l e  t o  o b t a i n  s t o m a t a l  

s e n s i t i v i t i e s  an o r d e r  o f  m ag n i tu d e  lo w e r  t h a n  t h a t  o b t a i n e d  i n  

E x p e r im e n t  4 . 3  u s i n g  0 . 1  mol m ^ ABA. The t im e  o f  t r e a t m e n t  was 

t h e r e f o r e  k e p t  c o n s t a n t  b u t  t h e  c o n c e n t r a t i o n  o f  p-T-^t-c-ABA s u p p l i e d  

a l t e r e d .

The t im e  o f  t r e a t m e n t  was m a i n t a i n e d  a t  40 min t o  e n s u r e  maximal

c l o s u r e  a t  low ABA c o n c e n t r a t i o n s .  Leaves w ere  t r e a t e d  w i t h  from

5 x lO  ^ mol m ^ t o  10 ^ ( O . l )  mol m ^ g - l lg -A B A . F i f t e e n  l e a v e s  w ere

d e ta c h e d  a t  5 min i n t e r v a l s  and  p r e i n c u b a t e d  f o r  2 h . The o r d e r  o f
• ™3\t r e a t m e n t s  was as f o l l o w s  (C -  c o n t r o l  l e a f ;  c o n c e n t r a t i o n s  in  mol m ) 

C l ,  5 X l o " ^ ,  lO” ^ ,  5 X lO " ^ ,  10™^, 5 X 10“ ^ ,  l o " ^ ,  C2 5 X l o “ ^^

1 0 ~ ^ ,  5 X 10“ ^ ,  1 0 '“^ ,  5 X 10“ ^ ,  lO*"'^', C3. At t h e  t im e  o f  p e e l i n g

sam p les  o f  e p id e r m is  w ere  f r e e % e - d r i e d  t o  f i x  s t o m a t a l  a p e r t u r e s .
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E p id e rm a l  sam p les  w ere  k e p t  as  l a r g e  as  p o s s i b l e  ( i . e .  I 50  a t  t h e

lo w e r  hormone c o n c e n t r a t i o n s  i n  o r d e r  t o  m axim ise  t h e  amount o f  

r a d i o a c t i v i t y  p r e s e n t  p e r  s a m p le .  I h e  p r o c e d u r e  was c a r r i e d  o u t  t w i c e  

on c o n s e c u t i v e  days an d  t h e  r e s u l t s  p o o le d .

F i g . 42 shows t h e  ^ ^ C - a c t i v i t y  p r e s e n t  i n  t h e  e p id e r m is  and  s t o m a t a l  

a p e r t u r e  as  a  f u n c t i o n  o f  c o n c e n t r a t i o n .

At t h e  ABA c o n c e n t r a t i o n s  em p lo y ed ,  s t o m a t a l  c l o s u r e  be low  1 ym
- 3  ~2 --3was o n ly  o b t a i n e d  a t  0 . 1  mol m and  5 x 10 mol m , The u p p e r  l i m i t

e s t i m a t e s  o f  s t o m a t a l  s e n s i t i v i t y ,  c a l c u l a t e d  by  m ethods  s i m i l a r  t o  t h a t

u s e d  i n  E x p e r im en t  4 . 3  w ere  401 and  695 amol ABA p e r  com plex  r e s p e c t i v e l y

(T a b le  1 9 )•  T hese  vaJ-ues a r e  h i g h e r  t h a n  t h a t  o b t a i n e d  i n  t h e  p r e v i o u s

e x p e r im e n t .  The d i f f e r e n c e s  may h av e  b e e n  due t o  t h e  i n c r e a s e  i n

t r e a t m e n t  t im e  c o n s i d e r e d  ( i e .  40 min u s 3 0 )  o r  t o  v a r i a b i l i t y  o f  p l a n t

m a t e r i a l  and  e x p e r i m e n t a l  c o n d i t i o n s .  The l a t t e r  p o s s i b i l i t i e s  w ere
- 2  ” 3s u p p o r t e d  by  t h e  mean s t o m a t a l  a p e r t u r e  o b t a i n e d  w i t h  10 mol m ABA 

( 0 .0 1  mol m ) w h ich  was h i ^ e r  t h a n  t h o s e  fo u n d  i n  E x p e r im e n ts  4 . 2  and  

4 .3  a t  s i m i l a r  t r e a t m e n t  t i m e s .

The d a t a  o f  t h i s  e x p e r im e n t  can  b e  u s e d  t o  e s t i m a t e  t h e  minimum 

amount o f  ABA r e q u i r e d  t o  c a u se  a s t a t i s t i c a l l y  s i g n i f i c a n t  a l t e r a t i o n  

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

e x p e r im e n t  due t o  t h e  n o n - e q u i v a l e n c e  o f  t r e a t m e n t  t i m e s .  S in c e
—4 —3 —3 •5 X 10 and  10 mol m ABA o b v i o u s l y  h a d  no e f f e c t  on a p e r t u r e ,

vaJ-ues a f t e r  40 min b e i n g ,  i n  f a c t ,  s l i g h t l y  h i g h e r  t h a n  t h a t  o f  t h e
—3 •“ 3c o n t r o l  l e a v e s , t h e  f i g u r e s  o b t a i n e d  a t  5 x 10 mol m ~ w ere  t e s t e d .

At t h i s  c o n c e n t r a t i o n ,  t h e  d i f f e r e n c e  b e tw e en  t h e  mean s t o m a t a l  a p e r t u r e  

o b t a i n e d  and t h e  c o n t r o l s  was h i g h l y  s i g n i f i c a n t  ( t  = 8 . 1 0 ,  P < 0 ,0 0 1 )  

and  t h e  amount o f  1'+C - a c t i v i t y  p r e s e n t  i n  t h e  e p id e r m is  was e q u i v a l e n t  

t o  4 5 .4  amol p e r  com plex  (T a b le  1 9 ) .  I t  t h u s  a p p e a r e d  t h a t  t h e  rninimura 

amount o f  ABA r e q u i r e d  t o  c a u se  s i g n i f i c a n t  r e d u c t i o n  i n  s t o m a t a l  a p e r t u r e ,  

i n  t h i s  sy s te m  and  g iv e n  t h i s  t r e a t m e n t ,  l a y  b e tw e en  1 2 .6  and  4 5 .4  amol ABA 

( 7 .6  -  2 3 .3  m i l l i o n  m o le c u le s )  p e r  s t o m a t a l  com plex .

The p r o p o r t i o n  o f  t o t a l  l e a f  r a d i o a c t i v i t y  p r e s e n t  i n  t h e  e p id e r m is  

w a s ,  on a v e r a g e ,  1 2 . 7%, a  f i g u r e  s i m i l a r  t o  t h a t  found  a f t e r  60  m in i n  

E x p e r im en t  4.3*

A n o v e l  o b s e r v a t i o n  was made on f r e e z e - d r i e d  t i s s u e  e x p o se d  t o  ABA 

c o n c e n t r a t i o n s  w hich  c a u s e d  i n t e r m e d i a t e  s t o m a t a l  c l o s u r e  a f t e r  40 min
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Ei-iizAS.' E f f e c t s  o f  2-^'^ C~ABA on Stoma t a l  A p e rb u re s  ÿ
14 C Accun i u l a t i on in  E p i d e rm is  ( l l ) .

8 i

a

0

0 "

Log^Q 2 '” ^^^C-ABA c o n c e n t r a . t io n /m o l  m ^

50

CM
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•H
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Open c i r c l e s :  s t o m a t a l  a p e r t u r e s  (n= 200 , s=U e x c e p t  c o n t r o l
v h e r e  n -  30 0 ,  s = 6 )

C lo se d  c i r c l e s :  ‘ i n  e p id e r m i s  ( s e e  T a b le  19 f o r  d e t a i l s )



I
I
I

J-
ICM

I
to
%

«I
%

to

•5

Î
•■g

I&
O'

H
(U

r-4

CH

10

■fj
•H -P

(D O
O 'd 4-5

H" •H
rH

0)

A
-P col
Pi •H X
(U (U
to H
OJ Û)5h d
Pt •H O

Pt O
< P
9 H

•S O

M
œ

.!?

•H I
-P £ Ü f 03
O tJ

3  ^

I

CO 'S CO
In LA OJ OJ

r P O O n
p O r - l b - i H on LA
o
to t - O 00 CNJ b - 00

,0)
r H LA H CO oo 00

OJ LA t “
r H

b -
CM

rd
(U

t f i
§ M ■

44 CO0O p
1

0
rHO a

CO ■p

§
. 'H

<t| JhOI
Ô Ü 'pl0- (U

1-H O  r~t

l 66

H on O CM -p-

0\ rH" CM OO OO -H*
r-4 H H rH r-|

lA VO rH- o
CM OJ LA 1—1 rH lA

H rH OO
H â

OJ
o
OJ
o

m
d

CO

o

00
H
O

O O
P - t -

C D
r - 1 VD r H

t - lA O

OO VO VO
CM H -

LA O o O o O
CNJ O O LA lA O
CM OD O On rH ON
rH IH rH H

H O  ON CVl H
i H  r H  r H  r ~ i

O') on CXI OJ H  
'o  *o 'o  *o ’o 'o

r - (  i - (  1—1 r H  r - J  r H

OJ
1

I4̂W
R

§
nd
O
d
rQ

a

%
o
H
CO

•H

O
H-

bO
•fj

CO

X

lA
X

UN
X

LA



167 .

(1 0  ^ and  5 % 10 ^ mol m- ^ ) .  F i g . 43 i l l u s t r a t e s  t h a t  t h i s  p a r t i a l

c lo su re  vas not uniform  througtiout th e  ep iderm is. R ather, th ere  vas

a gra d ien t o f  stom ata l opening depending on dist.ance from the

v a scu la r  t i s s u e .  This cou ld  have r e f le c t e d  th e e x is te n c e  o f  a

co n cen tra tion  g rad ien t o f  ABA v it h in  th e  ep id erm is, assuming th a t

stom ata l c lo su r e  r e f le c t e d  th e  p resen ce o f  th e  hormone at th e  stom ata l

complex. Such a gra d ien t vou ld  presumably r e f l e c t  th e  tran sp ort pathvay

o f  compounds in  th e  tr a n s p ir a t io n  stream  v it h in  th e  ep id erm is. In
” 3t i s s u e  tr e a te d  v ith  0 .1  mol ra ABA fo r  th e same t im e , c lo su r e  vas  

com plete and ev en , an ob serv a tio n  v h ich  reduces th e  a lte r n a t iv e  

p o s s i b i l i t y  o f  a d is t in c t  s o lu te  'f r o n t '  v i t h in  th e  ep id erm is. Of 

co u rse , th e  ABA treatm ent i t s e l f  may a l t e r  th e  path o f  s o lu te s  v i t h in  

l e a f  t i s s u e s  because o f  l o c a l i s e d  red u ction s in  tr a n s p ir a t io n  r a te .

Eocperim ent 4 ,5  E f f e c t s  o f  A p p l ie d  t o  Whole L e a v e s  I I I ,

M io ro a u to ra d io g ra p h y  o f  E p id e rm a l T i s s u e ,

N otw ithstand ing  th e  lo v  amounts o f  r a d io a c t iv ity  p resen t in  th e

epiderm is a f t e r  th e  trea tm en ts o f  Experiments 4 .3  and 4 . 4 ,  th e  t i s s u e
fr e e z e -d r ie d  fo r  stom ata l aperture f ix a t io n  vas su b je c te d  to  m icro-

autoradiography u sin g  th e  methods o f  Experiment 2 . 4 .  Epidermal
"3m a ter ia l from th e  0 , 1  mol m treatm ent o f  Experiment 4 . 4 ,  having mean 

l^ C -a c t iv ity  o f  46 mBq mm ^ , vas used . The c a lc u la te d  exposure tim e  

( s e e  M ateria ls  and Methods) vas th e r e fo r e  approxim ately 100 d. In 

p r a c t ic e ,  t h i s  vas in cr ea se d  to  125  d to  a l lo v  fo r  v a r ia b i l i t y  in  I'+C 

con ten ts o f  t i s s u e s  and th e  r e s u lt s  o f  la t e n t  image fa d in g .

F i g . 44 dem onstrates th e  d is t r ib u t io n  o f  r a d io a c t iv ity  v i t h in  th e  

epiderm is a f t e r  2-1'^C-ABA treatm en t: a degree o f  accum ulation at th e

stom ata l complex i s  apparent, s im ila r  to  th a t found in  Experiment 2 , 4 .  

This r e s u lt  th e r e fo r e  shovs th a t  from ABA can be accum ulated v i t h in  

th e  stom ata l complex o f  C o rm elin a  in  both  epiderm al segment ruid v h o le  

l e a f  a p p lic a tio n  system s.
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Kig. 4 3 . G to m ata l  Ap e r t u r e s  on Ti s su e  T r e a t e d  w i th  O 'O l mol m ^ ABA.

Two r e g i o n s  from f r e e z e - d r i e d  e p id e r m is  t i s s u e  t a k e n  from l e a v e s  
s u p p l i e d  w i th  O 'O l mol m~-  ̂ ABA v ia  t h e  t r a n s p i r a t i o n  s t r e a m .  Note 
c l o s e d  s to m a ta  n e a r  t o  a r e a s  above v a s c u l a r  t i s s u e  (V ) ,  and i n c r e a s e  
in  a p e r t u r e  a c c o r d in g  t o  d i s t a n c e  away from t h i s  a r e a ;  (112 x)



F ig .  4 h . M ic r o a u topxuIio g ra p h s  o f  EpidoiTnis from Leav e ; 
w i th 0TlT)7;” yvBA.

S u p p l ie d
i6y

a.

b .

a .  A ppearance  o f  f r e e z e - d r i e d  t i s s u e  u n d e r  l i g h t  m is c ro s c o p y .
b .  D i s t r i b u t i o n  o f  s i l v e r  g r a i n s  i n  t h e  p h o t o g r a p h i c  e m u ls io n .  

The l e a f  was f e d  0*1 mol m“ ^ 2-^^C-ABA f o r  Uo m in ; (112 x)
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SECTION 6 

ENDOGENOUS ABA IN  COM^LINA

INTRODUCTION

Methods o f  q u a n t i f i c a t i o n  o f  ABA w ere  d i s c u s s e d  i n  t h e  G e n e ra l  

I n t r o d u c t i o n ,  and  i t  was c l e a r  from  t h e  e v id e n c e  t h a t  t h e  u s e  o f  GLG 

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

Methods o f  hoz'mone p u r i f i c a t i o n  w ere  a l s o  g e n e r a l l y  r e v ie w e d .  F o r  

t h i s  s t u d y ,  i t  was d e c id e d  t h a t  t o  make e f f i c i e n t  u s e  o f  t h e  s e n s i t i v i t y  

and  s e l e c t i v i t y  o f  ECD, d e v e lo p m en t  o f  p u r i f i c a t i o n  m ethods was r e q u i r e d .  

The i d e a l  s e q u e n c e  o f  p u r i f i c a t i o n  s t e p s  h a d  t o  b e  r a p i d ,  and  h a d  t o  

a d e q u a t e l y  remove p o t e n t i a l l y  i n t e r f e r i n g  compounds i n  t h e  o r i g i n a l  

e x t r a c t .  I t  w ould  a l s o  a l l o w  a c c u r a t e  m easurem ent o f  p u r i f i c a t i o n  

l o s s e s  and  ABA breakdow n d u r in g  t h e  p r o c e d u r e .

The f i r s t  few e x p e r im e n t s  i n  t h i s  S e c t i o n  t h e r e f o r e  d e s c r i b e  

r e s u l t s  o b t a i n e d  i n  t h e  d ev e lo p m en t o f  t h e  t e c h n i q u e s  e v e n t u a l l y  

u s e d  t o  q u a n t i f y  ABA l e v e l s  i n  Commelïna  t i s s u e  ( F i g . 8 ) .  I n  t h e  

i n t r o d u c t i o n  t o  t h i s  S e c t i o n ,  t h e  h i s t o r i c a l  and  t h e o r e t i c a l  b a c k g ro u n d  

t o  t h e  m ethods u s e d  w i l l  be  d i s c u s s e d .

One o f  t h e  f i r s t  m e t h o d o lo g i c a l  p ro b le m s  e n c o u n te r e d  i n  t h e  

a c c u r a t e  q u a n t i f i c a t i o n  o f  any compound i n  p l a n t  m a t e r i a l  o c c u r s  i n  

h a r v e s t i n g ,  w here  i t  i s  d e s i r a b l e  t o  h a l t  e f f e c t i v e l y  a l l  e n z y m a tic  

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

p u r p o s e  ( H a r b o m e ,  1 9 7 3 ) ,  b u t  may t a k e  some t im e  t o  p e n e t r a t e  t h e  p l a n t  

t i s s u e s .  I n  t h i s  i n v e s t i g a t i o n ,  f r e e z e - d r y i n g  was u s e d  t o  o b v i a t e  

t h i s  p ro b le m  by  f i r s t  im m o b i l i s in g  and  t h e n  rem ov ing  t h e  w a t e r  p r e s e n t  

i n  t h e  t i s s u e .  E x t r a c t i o n  was t h e n  c a r r i e d  o u t  in  t h e  n o rm a l  m anne r ,  

u s i n g  m e th a n o l .

S u b se q u e n t  p u r i f i c a t i o n  o f  e x t r a c t s  h a s  g e n e r a l l y  i n v o lv e d  p a r t i t i o n  

t e c h n i q u e s  and  t h e  u s e  o f  a d s o r p t i o n  and  io n -e x c h a n g e  c h ro m a to g ra p h y  

( S a u n d e r s ,  1 9 7 8 ) ,  w i t h  t h e  o b j e c t  o f  r e m o v in g  as  much d ry  w e ig h t  as  

p o s s i b l e  w h i l s t  o p t i m i s i n g  ABA r e t e n t i o n .  B e ing  a weak a c i d ,  t h e  

hormone i s  l e s s  d i s s o c i a t e d  a t  low pH v a lu e s  and  t h e r e f o r e  g e n e r a l l y  

f a v o u r s  t h e  o r g a n i c  phase ' i n  p a r t i t i o n  s y s te m s .  C iha  e t  # 7 . ( 1 9 7 7 )  

r e p o r t e d  s e v e r a l  p a r t i t i o n  c o e f f i c i e n t s  f o r  ABA, b u t  t h e y  d id  n o t  c o n s i d e r
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t h e  c o n c u r r e n t  p a r t i t i o n  o f  d ry  w e i g h t .  Tlius , a  p a r t i c u l a r  s e t  o f  

s o l v e n t  c o n d i t i o n s  may r e s u l t  i n  h ig h  t r a n s f e r  o f  ABA b e tw e e n  s o l v e n t s ,  

h u t  a l s o  o f  i n t e r f e r i n g  com pounds, r e s u l t i n g  i n  no r e a l  b e n e f i t  f rom  

t h e  p r o c e d u r e .  An e x p e r im e n t  was c a r r i e d  o u t  to  i n v e s t i g a t e  t h i s  

a s p e c t  o f  t h e  p u r i f i c a t i o n  m e thod .

P o l y v i n y l p y r o l l i d o n e  (PVP) colum ns have  b een  u s e d  t o  remove 

p ig m e n ts  and p h e n o l i c  compounds f rom  p l a n t  hormone e x t r a c t s .  G len e t  #7 ,^  

(19T2) d e s c r i b e d  t h e  e l u t i o n  p a t t e r n s  o f  lAA, ABA and some g i b b e r e l l i n s  

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

r e d u c i n g  d ry  w e ig h t  by  up t o  6 0 - f o l d .  D i e th y l a m i n o e th y l  c e l l u l o s e  

(DE) a l s o  rem oves a  h ig h  p r o p o r t i o n  o f  d ry  w e i g h t ,  p a r t i c u l a r l y  p ig m e n te d  

m a t e r i a l ,  by  io n  exchange  c h ro m a to g ra p h y .  A g a in ,  h i g h  p l a n t  hormone 

r e c o v e r i e s  h av e  b e e n  r e p o r t e d  (M cD ougall  and  H i l lm a n ,  1 9 7 8 ) .  T e s t s  

o f  column e f f i c i e n c y  an d  e l u t i o n  c h a r a c t e r i s t i c s  w ere  c a r r i e d  o iit  on 

b o th  t h e s e  co lum ns.

A c r i t i c a l ,  a s p e c t  o f  q u a n t i f i c a t i o n  o f  p h y to c h e m ic a ls  i s  t h e  

a s s a y  o f  t h e  l o s s e s  o f  compound w hich  i n e v i t a b l y  o c c u r  d u r in g  p u r i f i c a t i o n ,  

I d e a l l y ,  any p u r i f i c a t i o n  s t a n d a r d  u s e d  s h o u ld  b e  as  c h e m i c a l ly  i d e n t i c a l  

t o  t h e  compound o f  i n t e r e s t  a s  p o s s i b l e  (Reeve and  C r o z i e r ,  i n  p r e s s ) .  

A l th o u g h  7 -ABA h a s  b e e n  u s e d  f o r  t h i s  p u r p o s e  (B en ton  e t  # 7 . ,  1971) 

g r e a t  c a r e  m ust be  t a k e n  t h a t  t h e  two g e o m e t r i c  i s o m e rs  a r e  n o t  

s e p a r a t e d  d u r in g  p u r i f i c a t i o n ,  a n d  t h e  a b s e n c e  o f  7 -ABA from  sam p les  

w i t h o u t  i n t e r n a l  s t a n d a r d  m ust b e  e s t a b l i s h e d  ( S a u n d e r s ,  1 9 7 8 ) .

M ilbo rrow  ( 1 9 6 8 ) d e s c r ib e d ,  an e l e g a n t  ’ r a c e m a te  d i l u t i o n '  m ethod  w hich  

u t i l i s e d  t h e  o p t i c a l  d i f f e r e n c e s  b e tw e en  s y n t h e t i c  and  n a t u r a l  ABA..

T l i i s ,  ho w e v e r ,  r e q u i r e d  somewhat s p e c i a l i s e d  e q u ip m e n t .  The u s e  o f  

l^C-ABA as i n t e r n a l  s t a n d a r d  (A lv im  e t  # 7 . ,  1976) h a s  many a d v a n ta g e s  

( S a u n d e r s ,  1978) and  was a d o p te d  f o r  t h i s  t h e s i s .  I n  t h e  a b s e n c e  

o f  c o n v e n ie n t  rad io -G L C  f a c i l i t i e s ,  TLC was u s e d  t o  a s s a y  r a d i o c h e m i c a l  

p u r i t y  a t  t h e  end  o f  t h e  p r o c e d u r e .

In  o r d e r  t o  t o s t  t h e  d e v e lo p e d  p r o t o c o l  a  r e l a t i v e l y  s im p le  

e x p e r im e n t  was d e s ig n e d  t o  i n v e s t i g a t e  t h e  e f f e c t s  o f  w i l t i n g  on ABA 

l e v e l s  i n  Corm eVlna  t i s s u e .  F o r  co m p a r iso n  w i th  e a r l i e r  r e s u l t s , t h e  

same s h o r t - t e r m  s t r e s s  a s  u s e d  i n  E x p e r im e n t  I .9  was em ployed . S in c e  

t h e r e  was no p r e v i o u s l y  p u b l i s h e d  d e s c r i p t i o n  o f  w i l t - i n d u c e d  ABA 

p r o d u c t i o n  i n  C o m n e lin a , and  i n  v iew  o f  t h e  r e p o r t  t h a t  a  r e l a t e d  p l a n t
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{T radesocm itia  c v , )  d i d  n o t  p ro d u c e  ABA d u r in g  w i l t i n g  ( D G r f f l i n g  e t  # 7 . ,  

19  77) i t  was t h o u g h t  t h a t  t h e  r e s u l t s  w ould  he  v a l u a b l e .

RESULTS AND DISCUSSION

E x p e r im e n t 6. 7 C h a i 'a o te r i s t i c s  o f  Ch '^H-’ABA P a r t i t i o n  b e tw een

A queous and  O rg a n ic  P h a ses  a t  D i f f e r e n t  pH V a lues.

T h is  e x p e r im e n t  was c a r r i e d  o u t  f o r  t h e  r e a s o n s  m e n t io n e d  i n  t h e  

S e c t i o n  I n t r o d u c t i o n ,  G~ 3j^_aBA was i n c o r p o r a t e d  i n t o  e x t r a c t s  o f  

R ic in u s  l e a f  m a t e r i a l  w h ich  had  u n d e rg o n e  f i l t r a t i o n  an d  PVP column 

s t a g e s  o r  i n t o  an ' a r t i f i c i a l ’ ph loem  s a p .  The r e s u l t s  o f  p a r t i t i o n  

o f  l e a f  e x t r a c t s  a t  pH 2 ,  4 and  8 a r e  g a t h e r e d  i n  T a b le s  2 0 ,  21 and  22 

r e s p e c t i v e l y ,  and  o f  p a r t i t i o n  o f  s u c r o s e  s o l u t i o n  a t  pH 2 i n  T a b le  23

T a b le  20 ^H-ABA and  Dry W eig h t P a r t i t i o n  C h a r a c t e r i s t i c s  a t  pH2.

O rg a n ic  — ABA _Dry W e ig h t____ S e p a r a t i o n  F a c t o r
P h a se ^ABA EABA ^DW __ 3

n  -h e x a n e 0 .0 0 9 0 .0 0 9 0 .0 5 5 0 .0 5 2 «•

d i e t h y l  e t h e r 5 .0 5 6 0 . 8 3 5 0 .0 1 9 0 .0 1 9 263

c h lo r o f o r m 2 .6 0 0 0 .7 2 2 0 . 0 5 6 0 . 0 4 7 48

e th y  a c e t a t e 2 2 . 8 9 0 . 9 5 2 0 . 0 2 9 0 .0 2 8 795
n  - b u t a n o l 3 9 . 1 6 0 . 9 7 5 0 . 0 9 0 0 . 0 8 3 484

l e s s t h a n  1 = 6 . 3
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T a b le  21 3//-/Î/M a n d  Dry -Weight P a r t i t i o n  C h a r a c t e r i s t i c s

a t  pH4,

O rg a n ic   3H-JVBA  Dj-y V/eiglit  S e p a r a t i o n  F a c t o r
P h a se

^ABA ^ABA ■̂DW
y

DW ■
. 3

^ “ hexane 0 .0 0 6 0 . 0 0 6 0 . 1 2 9 0 .1 1 5 «•

d i e t h y l  e t h e r 5 .3 3 4 0 .842 0 . 0 1 7 0 . 0 1 7 313
c h lo r o f o rm 2 .6 2 4 0 .7 2 4 0 .0 8 5 0 . 0 7 8 31
e t h y l  a c e t a t e l 6 .64 0 . 9 4 3 0 . 0 1 8 0 . 0 1 8 8 9 8 '
M -b n ta n o l 3 1 .0 6 0 .9 6 9 0 . 0 4 5 0 .0 4 4 683

* l e s s t h a n  1 : ^ /3  -* 22

T a b le  22 ^H-ABA a n d  Dry W eig h t P a r t i t i o n  C h a r a c 'te r i s t i c s

a t  pH 8 .

O rg a n ic  3h-ABA__________ D ry  W e ig h t____  S e p a r a t i o n  F a c t o r
P h a se ^ABA ■̂ ABA ^Dvr 3

n-“h e x a n e 0 , 0 0 1 0 . 0 0 1 0 .3 0 0 . 2 3 1 *

d i e t h y l  e t h e r 0 .0 1 7 0 . 0 1 7 0 . 0 6 0 .0 5 2 **

c h lo r o f o r m 0 . 0 1 9 0 .0 1 9 0 . 2 7 0 . 2 1 2

e t h y l  a c e t a t e 0 .0 7 5 0 .0 7 0 0 . 0 5 0 .0 4 8 1 . 5

n - b u t a n o l 1 . 6 8 0 . 6 2 8 0 . 0 6 0 .0 5 3 30

3 J >
1l e s s  t h a n  1 ; /g = 2 6 6 ; 3 . 2 ;  1 3 . 9 r e s p e c t i v e l y .
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T a b le  23 'H~ADA oaid S u c r o se  'P a r t i t io n  C h a r a a te r - i s t ie s  

a t  pfI2

O rg a n ic  — 
P h a se

__^H-ABA

^ABA ^ABA

S u c ro se

^DW

___

%DW.
S e p a r a t i o n  f a c t o r  

3

n -h e x a n e 0 .0 0 4 0 .0 0 4 0 .0 0 4 0 .0 0 4 1 . 1

d i e t h y l  e t h e r 4 . 7 2 0 . 8 2 5 0 . 0 0 3 0 .0 0 3 1384

c h lo r o f o r m 1 . 7 8 0 ,6 4 0 0 .0 0 4 0 .0 0 4 440

ethy] .  a c e t a t e 1 9 . 1 0 . 9 5 0 0 .0 0 2 0 . 0 0 2 8464
M -b u ta n o l 4 1 .9 0 . 9 7 7 0 .0 1 3 0 .0 1 3 3115

F o r  ABA, t h e  r e s u l t s  o b t a i n e d  a r e  c o n s i s t e n t  w i t h  t h o s e  fo u n d  by  

C ih a  e t  à t *o  (1977) > a l t h o u g h  t h e  ss,me pH v a lu e s  w ere  n o t  em ployed .

F o r  a l l  b u t  n - h e x a n e ,  t h e  c u rv e  o f  78. pH f o r  e a c h  s o l v e n t  f o l l o w e d

a  s ig m o id a l  p a t t e r n  when t h e s e  d a t a  and  t h o s e  o f  C iha  e t  # 7 . ,  w ere  

com bined . The E ^ ^  v a l u e s  o b t a i n e d  a t  pH 2 and  4 w ere  a l l  s i m i l a r ,  

b u t  ABA t r a n s f e r  t o  t h e  o r g a n i c  s o l v e n t  was u n i f o r m ly  l e s s  e f f i c i e n t  

a t  pH 8 ,  c o n f i r m in g  t h e o r e t i c a l  p r e d i c t i o n  from  t h e  m o le c u la r  s t r u c t u r e  

o f  t h e  horm one.

Dry w e ig h t  t r a n s f e r  b e tw e e n  t h e  aqueous  and  o r g a n i c  p h a s e s  was 

n e v e r  above_25%  e f f i c i e n t .  How ever, c o n s i d e r a t i o n  o f  t h i s  e f f e c t  

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

w hich  w ould  be  ch o sen  on t h e  b a s i s  o f  ABA d i s t r i b u t i o n  r a t i o s  a l o n e .

F o r  e x m a p le ,  n - b u t a n o l  a t  pH 4 h a d  a  h i g h e r  E^.^^ t h a n  e t h y l  a c e t a t e  

( 0 ,9 6 9  b s .  0 . 9 4 3 , T a b le  2 1 ) ,  b u t  t h e  l a t t e r  s o l v e n t  h a d  t h e  h i g h e r  

d ry  w e i g h t :  ABA sepja jza tion  f a c t o r  (8 9 8  Vs .  6 8 3 ) .

In  t h e  ' s i m u l a t e d '  ph loem  s a p  a t  pH 2 ,  e t h y l  a c e t a t e  was 

e x t r a o r d i n a r i l y  e f f i c i e n t  a t  rem o v in g  ABA from  s u c r o s e  (g “  8 4 6 4 ) .

The d i f f e r e n c e s  i n  s e p a r a t i o n  f a c t o r s  fo u n d  w i t h  t h i s  s y s te m  an d  t h e  

l e a f  e x t iv ic t  a t  pH 2 (T a b le s  20 and  23) e m p h a s ise d  t h e  in a d e q u a c y  o f  

'd r y  w e i g h t '  as  an  e s t i m a t o r  o f  i n t e r f e r i n g  compounds i n  t h e  e x t r a c t ;  

b e t t e r  e s t i m a t e s  w ou ld  b e  o b t a i n e d  i f  i n t e r f e r i n g  compounds th e m s e lv e s
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c o u lq  be  i d e n t i f i e d  an d  m ea su red  f o r  u se  i n  p a r a l l e l  t e s t s .  The 

p o s s i b i l i t y  e x i s t s  t h a t  an i n t e r f e r i n g  compound may be  rem oved by a  

s o l v e n t  s y s te m  h a v in g  a  low s e p a r a t i o n  f a c t o r .  Some a d v a n ta g e  may 

t h e r e f o r e  be  c o n f e r r e d  i f  s e v e r a l  sy s te m s  a r e  u s e d  i n  s e r i e s .

A number o f  p o i n t s  c o n c e r n in g  s o l v e n t  sy s te m s  f o r  p u r i f i c a t i o n  

o f  p l a n t  e x t r a c t s  f o r  ABA emerge from  t h e s e  d a t a ,  b u t  p r a c t i c a l  p ro b le m s  

may i n f l u e n c e  t h e  e v e n t u a l  c h o ic e .  T h u s ,  a l t h o u g h  e t h y l  a c e t a t e  

gave c o n s i s t e n t l y  h ig h  3- v a l u e s ,  i t  i s  known t o  d e g ra d e  ( t o  e t h a n o l  and 

a c e t i c  a c id )  upon s t o r a g e  (Merck I n d e x ,  8t h  E d . )  an d  m ust a lw ays  be  

f r e s h l y  r e d i s t i l l e d ;  A f t e r  p a r t i t i o n  and  s e p a r a t i o n  o f  p h a s e s ,  a  

r e t a i n e d  o r g a n i c  s o l v e n t  m ust b e  rem oved , and t h i s  i s  u s u a l l y  

a c c o m p l i s h e d  by  r o t a r y  f i l m  e v a p o r a t i o n  ; C e r t a i n  a d v a n ta g e s  i n  

t e rm s  o f  s p e e d  a r e  h e n c e  c o n f e r r e d  on s o l v e n t s  w i t h  low b o i l i n g  p o i n t s  

( e . g .  d i e t h y l  e t h e r ) ;  t h e  c h e m ic a l  c o m p o s i t io n  o f  t h e  o r g a n i c  s o l v e n t  

may a l s o  i n f l u e n c e  c h o i c e :  i n  ECD w ork t r a c e s  o f  h a l o g e n a t e d  compounds

a r e  u n d e s i r a b l e .  T h is  r u l e s  o u t  t h e  u se  o f  c h lo r o f o r m  o r  m ethyene  

c h l o r i d e  f o r  t h i s  r e a s o n ;  F i n a l l y ,  c e r t a i n  s o l v e n t s  may be  h a z a r d o u s  

o r  n o x i o u s .  R is k s  e n c o u n te r e d  ra n g e  from  e x p lo s i o n  ( d i e t h y l  e t h e r ,  

p e t r o l e u m  e t h e r )  t o  n a r c o s i s  ( D i e t h y l  e t h e r ,  c h lo r o f o rm )  and c a rc in o m a  

( b e n z e n e ) .

E xp erim s? it 5 .2  ABA E lu t io n  C h a v a o te r i s t io s  f o r  P W  a n d  DE Column 

Chroma to  grccphy.

The e l u t i o n  o f  Ck-^H-ABA t h r o u g h  a  s t a n d a r d  PVP column ( w i th o u t  

t h e  p r e s e n c e  o f  p l a n t  m a t e r i a l )  i s  shown i n  F i g ,4 5 a .  The e f f i c i e n c y

o f  t h i s  coluiian was e s t i m a t e d / b o  b e  0 .0 9 .  A s i m i l a r  p e a k  was fo u n d
(when p l a n t  e x t r a c t  was p r e s e n t  b u t  some peak  t a i l i n g  o c c u i r e d .

F ig .  45b shows t h e  e l u t i o n  p r o f i l e  o f  2 - ^^C-ABA from  a  s t a n d a r d  

DE coluran. The e f f i c i e n c y  o f  t h i s  column was e s t i m a t e d  t o  b e  0 . 9 3 .

T hese  r e s u l t s  w ere  u s e d  i n  t h e  d e t e i m i n a t i o n  o f  t h e  e l u t i o n  

p r o c e d u r e  n o r m a l ly  u s e d  ( s e e  .M a te r ia l s  and M e th o d s ) .
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E x p e r im e n t  5 .3  L i n e a r i t y  o f  A t t e n u a t io n  and  D e te c t io n  o f  th e  E le c t r o n  

C a p tu re  D e te c to r ,

..fic
An e s s e n t i a l  e le m e n t  o f  q u a n t i s a t i o n  i n  any s y s te m  w here r e s p o n s e s  

due t o  sam p les  a r e  com pared  w i t h  t h o s e  o f  s t a n d a r d s  i s  t h e  e s t a b l i s h m e n t  

o f  s t a n d a r d  c u r v e s .  I f  su ch  c u rv e s  a r e  shown t o  b e  c o n s i s t e n t l y  

l i n e a r  o v e r  t h e  p o r t i o n  o f  i n t e r e s t ,  t h e n  f u r t h e r  q u a n t i ' ^ t i o n  can  b e  

made by  s im p le  p r o p o r t i o n a l  c o m p a r iso n  b e tw e e n  r e s p o n s e s  o f  s t a n d a r d s  

o f  known s i z e  and  s a m p le s .  I n  t h i s  E x p e r im e n t  t h e  l i n e a r i t y  o f  ECD 

r e s p o n s e  t o  b o th  Me ABA an d  Me 2 -^^C ” Apa was i n v e s t i g a t e d .  B e fo re  t h i s ,  

ho w e v e r ,  t h e  l i n e a r i t y  o f  a t t e n u a t i o n  was t e s t e d .  B e c a u se  amounts o f  

i n j e c t e d  ABA v a r i e d  c o n s i d e r a b l y ,  t h e  e l e c t r o n i c  a t t e n u a t i o n  f a c i l i t y  

o f  t h e  GLC-ECD was f r e q u e n t l y  u t i l i s e d  t o  a d j u s t  p e a k  s i z e s  on t h e  

c h a r t  r e c o r d e r .  To t e s t  t h e  l i n e a r i t y  o f  t h i s  p r o c e d u r e ,  500 pg  

Me ABA was r e p e a t e d l y  i n j e c t e d  and  t h e  a t t e n u a t i o n  a l t e r e d  from  x 8 t o  

x l 2 8 .  P eak  a r e a s  w ere  m ea su red  and e x p r e s s e d  as  r e l e t t i v e  t o  x32 

a t t e n u a t i o n ,  and  w ere  fo u n d  t o  h av e  a  low  s t a n d a r d  e r r o r  (S .E .  •- 1.8% 

o f  t o t a l  a r e a ;  n = 1 0 , 2 a t  e a ch  o f  5 a t t e n u a t i o n  s t e p s ) .

R esponse  l i n e a r i t y  i s  i l l u s t r a t e d  i n  F i g . 46 . A t y p i c a l  s t a n d a r d  

p e a k  i s  shown i n  F i g .  4 ? .  I t  i s  c l e a r  from  F ig .  46 t h a t  Me 2-^^C-ABA 

gave  s i m i l a r  r e s p o n s e s  t o  u n l a b e l l e d  ABA. The amounts o f  Me^^C- ABA 

i n j e c t e d  w ere  c a l c u l a t e d  from  t h e  s p e c i f i c  a c t i v i t y  s u p p l i e d  by  t h e  

m a n u f a c t u r e r .  A f t e r  a b o u t  1 .7 5  ng  t h e  r e s p o n s e  c u rv e  was n o t  l i e n a r ,  

b u t  i n  t h e  p o r t i o n  l 60~ 1700  p g ,  t h e  l e a s t  s q u a r e s  l i n e a r  f i t  h a d  a 

h ig h  c o e f f i c i e n t  o f  c o r r e l a t i o n  ( r  -  0 . 9 9 6 ,  p < 0 , 0 0 l ) .  T h is  r e s u l t  

was r e p e a t a b l e ,  and  h e n c e  e s t i m a t e s  o f  sam ple  ABA c o n t e n t s  w e re  made 

by p r o p o r t i o n a l  c o m p a r iso n  w i t h  s t a n d a r d s .  The amount i n j e c t e d  was 

r e s t r i c t e d  t o  0 -  1 . 5  ng .

E x p e r im e n t 5 .4  E f f e c t  o f  O-S h W i t t i n g  T re a tm e n t on Endogenous  

ABA C o n te n t o f  Com metina J jeaves,

The t r e a t m e n t  u s e d  i n  t h i s  e x p e r im e n t  was t h e  same as  t h a t  em ployed  

i n  E x p e r im e n t  1 .9  t o  exam ine  t h e  e f f e c t s  o f  s h o r t - t e r m  s t r e s s  on s t o m a t a l  

a p e r t u r e  a t ta i -n m e n t .
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1 8 0

Com ne'lina  l e a v e s  v e r e  rem oved from  h e a l t h y  p l a n t s  [ oa ,  10 g p e r  

t r e a t m e n t )  and  t r e a t e d  a s  d e s c r i b e d  i n  t h e  M a t e r i a l s  and  M ethods .

The f r e s h ,  w i l t e d ,  an d  d r y  w e i g h t s ,  and  o t h e r  d e t a i l s  o f  t r e a t m e n t  

a r e  g iv e n  i n  T a b le  2 t .

T a b le  2k D e t a i l s  o f  Com metina L e a f  W i l t in g  T r e a tm e n ts

E x t r a c t
D e s i g n a t i o n

I n c u b a t i o n  
t i m e /  h

W eigh t o f  
l e a v e s / g . f . w .

1 0 % l o s s  
w e i g h t / g . f . w .

Time t a k e n  
f o r  l o s s / m i n

W eigh t o f  
l e a v e s /  
g . d .w .

CO 0 1 0 . 2 8 c o n t r o l — 1 , 1 6

Cl 1 1 0 .9 7 c o n t r o l — 1 .8 3 *
T l 1 1 0 .0 3 9 .0 3 10 1 .0 5  .

C3 3 1 0 . 2 8 c o n t r o l 1 . 2 8

T3 3 1 0 . 0 8 9 .0 7 75 1 . 0 8

C5 5 1 0 . 6 l c o n t r o l 1 , 2 8

T5 5 1 0 .0 3 9 .0 3 l 7 1 .5 9 *

o b s e rv e d  t o  b e n o t  f u l l y  d r y .

A f t e r  m e th a n o l  e x t r a c t i o n ,  S-l^g-ABA i n t e r n a l  s t a n d a r d  was added  t o  

e a ch  e x t r a c t  ( )j39 t o  c o n t r o l s  , 2789 Bq_ t o  T1 and  T 5 , and  26lO Bq. t o  T3) 

P u r i f i c a t i o n  was t h e n  c a r r i e d  o u t  u s i n g  t h e  s t a n d a r d  p r o c e d u r e  ( F i g . 8 ) .  

A f t e r  TLC o f  m e t h y la t e d  sa m p le s  i n  M -hexane: e t h y l  a c e t a t e  1 : 1 ,  v / v ,  t h e  

TLC p l a t e s  w ere  exam ined  u s i n g  t h e  P an ax  s c a n n e r»  A t y p i c a l  r e s u l t  

( t h a t  f o r  T l )  i s  shown i n  F i g . 78 . I n  a l l  c a s e s  t h e  s i n g l e  m a jo r  pealc 

o f  r a d i o a c t i v i t y  c o r r e s p o n d e d  t o  t h e  p o s i t i o n  o f  Me 2 - ”^^C-aBA s t a n d a r d s .

I t  was c o n c lu d e d  t h a t  t h e r e  was no e v id e n c e  f o r  ABA breakdow n d u r in g  

p u r i f i c a t i o n .  P u r i t y  o f  t h e  i n t e r n a l  s t a n d a r d  was th u s  assum ed t o  b e  

1 0 0 % f o r  t h e  p u r p o s e  o f  c a J - c u la t in g  p u r i f i c a t i o n  e f f i c i e n c i e s .

A l i q u o t s  o f  e a c h  sam ple  (lO%) w ere  t a k e n  f o r  r a d i o a s s a y  and  t h e  

e f f i c i e n c y  o f  p u r i f i c a t i o n  c a l c u l a t e d .  A F te r  GLC -  LCD, t h e  p r o p o r t i o n  

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

s u b t r a c t e d  from  t h e  t o t a l  r e s p o n s e .  The r e m a in d e r  was assum ed  t o
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F i g .  78. TLC o f  CommeVtna L e a f  E x t r a c t .
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r e p r e s e n t  t h e  endogenous ABA c o n t e n t ,  A t y p i c a l  GLC -  ECD t r a c e  

( t h a t  f o r  T l )  i s  shown i n  F i g . 79 . The p u r i f i c a t i o n  and q u a n t i t a t i o n  

p a r a m e t e r s  a r e  g iv e n  i n  T a b le  25 and  t h e  l e a f  AJ3A c o n t e n t s  i l l u s t r a t e d  

g r a p h i c a l l y  i n  F i g . 50.

The p u i’i f i c a t i o n  e f f i c i e n c y  was fo u n d  t o  v a r y  b e tw e e n  0 .0 7 2  and 

0 . 7 6 8 , t h u s  d e m o n s t r a t i n g  t h e  v a lu e  o f  an i n t e . m a l  s t a n d a r d .

I t  was c l e a r  t h a t  t h e  w i l t i n g  t r e a t m e n t  c a u se d  an i n c r e a s e  i n  t h e  

endogenous ABA l e v e l s  o f  t h e  l e a f  t i s s u e .  F o r  1 ,  3 and  5 h , t h e  

w i l t i n g  t r e a t m e n t  gave ABA c o n t e n t s  9 * 2 ,  6 . 8  and 8 .8  t im e s  t h o s e  o f  

t h e  r e l e v a n t  c o n t r o l s .  S in c e  v a r i a b i l i t y  b e tw e en  sam p les  was n o t  

a s s e s s e d  by  r e p l i c a t i o n ,  t h e  s i g n i f i c a n c e  o f  t h e  a p p a r e n t  f a l l  i n  ABA 

c o n t e n t s  a f t e r  5 h i s  u n c l e a r .  L e v e ls  a p p e a r  t o  have  r i s e n  d u r in g  1 h 

t r e a t m e n t  and r e m a in e d  r e l a t i v e l y  c o n s t a n t  t h e r e a f t e r .  T h is  may be  a  

f u n c t i o n  o f  t h e  r e l a t i v e  r a t e s  o f  s y n t h e s i s  and  m e ta b o l i s m  o f  t h e  hormone 

( H a r r i s o n  and  W a lto n ,  1975)*

The v a lu e s  o b t a i n e d  f o r  t h e  w i l t e d  t r e a t m e n t  a r e  s i m i l a r  t o  o t h e r s  

r e p o r t e d  f o r  o t h e r  s p e c i e s  and  t i s s u e s  ( s e e  T a b le  2 ) .  F o r  i n s t a n c e ,

Hoad (1 9 7 5 ) fo u n d  a 1 3 . 2 - f o l d  i n c r e a s e  i n  R ic in u s  l e a f  ABA c o n t e n t s
"1  “ 1 a f t e r  a  w i l t i n g  t r e a t m e n t  f rom  31 n g  g . f .w .  t o  7lO ng  ^ . f . w .  ;

Simpson and S a u n d e rs  ( l 9 7 l )  n o t e d  t h a t  ABA l e v e l s  i n  w i l t e d  p e a  e p i c o t y l s
—] ~.p

r o s e  from  76 ng  g . f . w .  "  t o  3 l7  ng  g . f . w .  ' d u r in g  an i n c u b a t i o n  p e r i o d  

o f  e i g h t  h o u r s  ( 6 . 8  t im e s  i n c r e a s e ) .  The v a lu e s  fo u n d  i n  t h i s  

e x p e r im e n t  w ere  s l i g h t l y  lo w e r  t h a n  t h e s e  r e s u l t s , b u t  o b v i o u s l y  any 

d i f f e r e n c e s  may r e f l e c t  b o t h  s p e c i e s - a n d  t r e a t m e n t - d e p e n d e n t  f a c t o r s .
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Fi%. Ii9 .  T y p i c a l  KCD R esponse  t o  Com melina  L e a f  E x t ra c i
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Endogenous ABA Cont e n t  o f  Commetina  L eaves  a f t e r  
S h o r t - t e r m  W i l t i n g  T r e a tm e n t s .
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SECTION 6

ELECTRON MICROSCOTK STUDIES OF CO.MHELINA 

EPIDERML TISSUE

INTRODUCTION

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

e l e c t r o n  m ic ro sc o p e  i n v e s t i g a t i o n  o f  t h e  r e l a t i o n s h i p s  be tw een  Commetina  

e p id e r m is  c e l l s  i n  te rm s  o f  t h e  p r e s e n c e  o r  a b s e n c e  o f  p la s m o d e s in a ta l  

c o n n e c t i o n s .

P la sm o d esm a ta  a r e  b e l i e v e d  t o  a c t  as c h a n n e ls  f o r  s y m p l a s t i c  

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

(R o b a rd s ,  1 9 7 6 ) .  . I n  t h e  a b s e n c e  o f  i n t e r - c e l l u l a r  c o n n e c t i o n s ,  

any t r a n s p o r t  phenomena b e tw e en  c e l l s  m ust be  assum ed t o  i n v o lv e  an 

a p o p l a s t i c  com ponent. T h is  s tu d y  was c a r r i e d  o u t  t o  a i d  i n t e r p r e t a t i o n  

o f  t h e  mode o f  s o l u t e  a c c u m u la t io n  by g u a rd  c e l l s  o b s e r v e d  i n  t h i s  

s t u d y  ( S e c t i o n s  2 ,  3 and  h) and  by  many o t h e r  a u th o r s  ( s e e  l a t e r  

d i s c u s s i o n ) .  P la sm o d e s m a ta l  c o n n e c t io n s  b e tw een  g u a rd  c e l l s  and 

s u b s i d i a r y  c e l l s  w ere  exam ined  as  w ere  t h o s e  be tw een  o t h e r  e p id e r m is  

c e l l s  and  t h o s e  b e tw e en  e p id e r m a l  and  m e so p h y l l  c e l l s . The l a t t e r  

w ere  o f  i n t e r e s t  f i r s t l y  b e c a u s e  o f  r e p o r t s  o f  i n t r a - l e a f  t r a n s p o r t  

o f  s o l u t e s  ( e . g .  D i t t r i c h  and  R a sc h k e ,  197Tb; L o v e y s , 1977 ;  W il lm e r  

e t  a t , ,  1 9 7 3 )5  and  s e c o n d ly  b e c a u s e  o f  damage w h ich  m ig h t  b e  c a u s e d  by 

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

C a r r  (1976) r e v ie w e d  t h e  p la s m o d e s m a ta l  r e l a t i o n s  b e tw e e n  g u a rd  

c e l l s  find o t h e r  e p id e r m is  c e l l s  a s  a  f u n c t i o n  o f  d e v e lo p m e n t .  He 

c o n c lu d e d  from  t h e  e v id e n c e  o f  many s t u d i e s  t h a t  such  c o n n e c t io n s  w ere  

p r e s e n t  i n  im m ature  t i s s u e s  b u t  d i d  n o t  e x i s t  when t h e  e p id e r m is  was 

m a tu r e .  B ecause  t h e  t i s s u e s  u s e d  i n  t h e  p r e c e d in g  e x p e r im e n t s  w ere  

a lw ays  m a tu r e ,  t h e  f o l l o w i n g  e x p e r im e n t  was c o n f in e d  t o  f i r s t  f u l l y -  

expanded  l e a v e s  o f  Com m etina,
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RESULTS AND DISCUSSION

E x p e r im e n t 6 ,1  E le o tr o n  M ic ro sco p e  S t u d ie s  o f  C om nelina  E p id e y m is

L e a f  t i s s u e  was t a k e n  from  Com metina  p l a n t s  on t h r e e  s e p a r a t e  

o c c a s i o n s  and s u b j e c t e d  t o  t h e  f i x i n g ,  s e c t i o n i n g ,  and e x a m in a t io n  

p r o c e d u r e  d e s c r i b e d  i n  t h e  M a t e r i a l s  and  Methods S e c t i o n .

F i g .  51  shows a  t y p i c a l  g u a rd  c e l l  p a i r  ( s e e  a l s o  f r o n t i s p i e c e ) .

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

e v i d e n t .  The o u t e r  and  i n n e r  t a n g e n t i a l  g u a rd  c e l l  w a l l s  a r e  t h i c k e n e d ,  

h a v in g  l a r g e  o u t e r  l e d g e s  and  s m a l l e r  i n n e r  l e d g e s . T hese  a r e  t h o u g h t  

t o  b e  a d a p t i o n s  t o  f a c i l i t a t e  s t o m a t a l  f u n c t i o n  (M eid n e r  and  M a n s f i e l d ,  

3.9 6 8 ) .  In  F i g .  52» t h e  w a l l  b e tw e e n  a g u a rd  c e l l  and  an i n n e r  l a t e r a l  

s u b s i d i a r y  c e l l  i s  m a g n i f i e d .  No p la sm o d e sm a ta  a r e  v i s i b l e .  I n  t h i s  

s t u d y ,  o v e r  30  g u a rd  c e l l / i n n e r  l a t e r a l  subsidiary-" c e l l  w a l l s  w ere  

p h o to g ra p h e d  and  many more o b s e r v e d ;  i n  no c a se  was a  s t r u c t u r e  

r e s e m b l i n g  a p lasm odesm a d i s c e r n e d .  Heavy c u t i c u l a r  d e p o s i t s  w ere  

found  on t h e  g u a rd  c e l l s  ( F ig .  5 1 ) .  These  e x te n d e d  t o  t h e  s u b - s t o r o a t a l  

c a v i t y  s u r f a c e s  o f  t h e  s u b s i d i a r y  c e l l s  ( F i g ,  5 2 ) .

I n  c o n t r a s t ,  when c e l l  w a l l s  b e tw e en  o t h e r  e p id e r m is  c e l l s  w ere  

ex a m in ed ,  many p la s m o d e s m a ta l  s t r u c t u r e s  w ere  v i s i b l e  ( F i g s .  5 3 " 5 7 ) .

F i g .  53 i l l u s t r a t e s  c o n n e c t io n s  b e tw e e n  t h e  i n n e r  and  o u t e r  l a t e r a l  

s u b s i d i a r y  c e l l s  ( r e f e r  t o  F i g . 9 ) .  Some d i s t o r t i o n  a p p e a r s  t o  have  

o c c u r r e d  d u r in g  f i x a t i o n  o r  s e c t i o n i n g ,  b u t  n o t e  t h e  s t r a n d s  o f  m a t e r i a l . ( 8 T) 

c o n n e c te d  t o  t h e  p la sm o d e sm a ta  i n  t h e  u p p e r  p o r t i o n  o f  t h e  m ic r o g ra p h .

T h is  may be  e n d o p la s m ic  r e t i c u l u m  m a t e r i a l .  F i g . 5^ shows a p a i r  o f  

p la sm o d e sm a ta  i n  t h e  c e l l  ws.l3. b e tw e e n  t h e  o u t e r  l a t e r a l  s u 3 ) s id ia r y  

c e l l  and an e p id e r m a l  c e l l . An i r r e g u l a r i t y  ( l )  i n  t h e  p lasm iodesm ata l  

c a v i t y  a t  t h e  p o s i t i o n  o f  t h e  middl.e l a m e l l a  i s  v i s i b l e .  F o u r  c o n n e c t io n s  

b e tw e en  two e p id e r m a l  c e l l s  a r e  p r e s e n t e d  i n  F i g . 55 , one o f  w hich  i s  

b r a n c h e d  (BPD).

A p a r t i c u l a r l y  h i g h  d e n s i t y  o f  p la sm o d e sm a ta  b e tw e e n  m e s o p h y l l  

and  e p id e r m is  c e l l s  was g e n e r a l l y  o b s e r v e d .  Exam ples a r e  shown in  

F i g s .  56 and 57. I n  t h e  f o r m e r , t h e  d o sm o tn b u les  ( DT) a r e  c l e a r l y  

se en  w i t h i n  t h e  p la s m o d e sm a ta ,  w h i l s t  t h e  l a t t e r  i l l u s t r a t e s  t h e  r e l a t i o n 

s h i p  b e tw e en  c e l l  w a l l  s t r u c t u r e  and t h e  p o r e .
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F ig .  51 . T y p ic a l  Guard C e l l  P a i r  o f  Corrm e l in a

TS (7 0 6 0  x) C = C h l o r o p l a s t  

IV/ "  I n n e r  g u a rd  c e l l  w a l l  OL

OW = O u te r  g u a rd  c e l l  w a l l  V

CU = C u t i c l e  S

IL = I n n e r  w a l l  l e d g e  

= O u te r  w a l l  l e d g e  

= V acuole  

“ Stoma
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F i g . 5 2 . W all be tw een  Guard C e l l  and  I n n e r  L a t e r a l  S u b s i d i a r y  C e l l

IS  ( 1 1 ,2 9 0  x) CU = C u t i c l e GC = Guard C e l l

ILSC -  I n n e r  L a t e r a l  S u b s i d i a r y  C e l l
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r iar.moder.mat a  in  C o l l  W all betw een  I n n e r  and Outei*  
L a t e r a l  S u b s i d i a i y  C e l l s .

TS ( 8 9 ,8 8 0  x) PÜ = P lasm o d esm a ta ST = S t r a n d s
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Fir .  '')h. I’lanmodcsinfi.ha in  iIFlT Wal l  between an Outer L atera l 

Subs id ] ai'V Ce I Land an Fni dermal Cel],

TS (8 6 8 2 0  x) ML = M idd le  l a m e l l a  I  = I r r e g u l a r i t y

F i g . 55. Plasm odesm atal C onnections between Two Epidermal C e lls

TS (5 7 8 8 0  x) EPD = B ranched  plasm odesm a
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P la sm o d e sm a ta  i n  C e l l  W all b e t w e e n  Epiderm al, and 
M esophy ll  C e l l sMv «1̂  mk !■!■■■ I » I II I I ■ ♦

TS (1 1 9 0 6 0  x) DT = D esm otubule
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F i g . 57 P lasm ode s m a ta l  Conn e c t i o n s  b e tween Ep id e rm a l  and 
M eso p h y l l  C e l l s .

f
. A -  ^

TS (89650 x)
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I t  was c o n c lu d e d  t h a t  p la s m o d e s m a ta l  c o n n e c t io n s  e x i s t e d  b e tw e e n  

a l l  e p id e r m is  c e l l s  i n  ComneVina  e x c e p t  i n n e r  l a t e r a l  s u b s i d i a i y  c e l l s  

and  g u a rd  c e l l s ,  a l t h o u g h  c o n n e c t io n s  b e tw een  t e n m in a l  s u b s i d i a r y  

c e l l s  and  o t h e r  c e l l s  w ere  not; ex am in ed .  I t  t h u s  a p p e a r s  t h a t  t h e  

s y m p l a s t i c  pa thw ay  c o u ld  c a r r y  a  s o l u t e  from  t h e  m e s o p h y l l  t i s s u e  a s  

f a r  as  t h e  s t o m a t a l  com plex h u t  n o t  to  th e  gu a rd  o e V ls i  Guard c e l l  

s o l u t e  uptalce w ou ld  a p p e a r  t o  h av e  b e e n  a p o p l a s t i c .
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TRANSPORT OF ABSCISIC ACID IN  RI CINVS 

INTRODUCTION

Tlie t r a n s p o r t  o f  t h e  p l a n t  horm ones i s  o f  c o n s i d e r a b l e  i n t e r e s t  

w i th  r e s p e c t  t o  t h e  i n t e g r a t i o n  o f  many a s p e c t s  o f  h i g h e r  p l a n t  g row th  

and m e ta b o l is m .  In  t h e  c a s e  o f  ABA, many s t u d i e s  h av e  b e e n  made w i th  

e x p l a n t  m a t e r i a l  ( s e e  M ilb o r ro w , 1 9 T ^ ) ,  b u t  r e l a t i v e l y  few i n v o l v i n g  

w hole  p l a n t s .

K ing  ( 1 9 7 6 ) e m p h a s ise d  t h e  p o s s i b l e  im p o r ta n c e  o f  t h e  phloem  

and xylem  pa thw ays  f o r  hormone t r a n s p o r t .  ABA h a s  b e e n  q u a n t i f i e d  i n  

b o th  phloem  and  xylem  sa p s  (T a b le  2 ) ,  and  an i n c r e a s e  i n  l e v e l s  p r e s e n t  

i n  t h e s e  pa thw ays  h a s  b e é n  c o r r e l a t e d  w i t h  t h e  e f f e c t s  o f  w a t e r  s t r e s s  

(Hoad, 1973 ;  Hoad, 1975 ; Z e e v a a r t ,  1977 ; Hoad, 1 9 7 8 ) .

H ocking  e t  a l , ,  (19 72) p e r f o r m e d  t h e  f i r s t  r e p o r t e d  s tu d y  o f  

ABA t r a n s p o r t  i n  w hole  [P h a se o lu s )  p l a n t s .  By t h e  u s e  o f  s te a m  g i r d l e s ,  

t h e y  w ere  a b le  t o  show t h a t  movement o f  ( f rom  ABA) from  t h e  l e a v e s  

t o  t h e  r o o t s  o c c u r r e d  v ia  t h e  ph loem . A ccu m u la tio n  o f  l a b e l  i n  r o o t  

n o d u le s  and  t h e  s h o o t  a p ex  was o b s e r v e d .  F r i e d l a n d e r  e t  a t • ( 1 9 7 6 ) 

a p p l i e d  ^C-ABA i n  d e t e r g e n t  s o l u t i o n  t o  cucumber l e a v e s ,  b u t  found  

l i t t l e  movement o r  m e ta b o l i s m  o f  t h e  t r a c e r .  T h a t  w h ich  d i d  move, 

w ent l a r g e l y  t o  t h e  s h o o t  a p e x .  U s in g  s i m i l a r  m e th o d s ,  Goldbach a t  a t .  

( 1 9 7 7 ) and Goldbach and Goldbach (1977) exam ined  ^C-ABA t r a n s l o c a t i o n  

i n  w hea t  and b a r l e y .  L ik e  H ocking  e t  a t .  and F r i e d l a n d e r  e t  a Z . ,  t h e y  

fou n d  most movement o c c u r r e d  i n t o  t h e  im p o r ta n t  s i n k s  f o r  p h o t o s y n t h a t e s . 

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

from  p h o t o s y n t h e s i s i n g  l e a v e s  was t h e r e f o r e  i n t e r e s t .  A l s o ,  i n  

v iew  o f  h y p o th e s e s  c o n c e r n in g  t h e  c o n ju g a t io n  o f  hormones and t r a n s 

l o c a t i o n  (W are in g ,  1 9 7 7 ) ,  s y s te m  w hereby  m o le c u la r  changes  i n  t r a n s 

l o c a t e d  s u b s t a n c e s  coul.d be  s t u d i e d  was r e q u i r e d .

The R io in u s  phloem  e x u d a t io n  phenomenon has  been  u s e d  t o  s tu d y  

m echanism s o f  a s s i m i l a t e  t r a n s p o r t  ( M i l b u r n , 1 9 7 5 ) .  I n  a d d i t i o n ,  

endogenous ABA has  b e e n  fo u n d  i n  R io in u s  phloem  e x u d a te  (Hoad, 1 9 7 3 ) .

In  t h i s  s e c t i o n  a  sy s te m  f o r  t h e  s tu d y  o f  hormone l o a d i n g  and  t r a n s p o r t  

w h ich  u t i l i s e s  t h i s  phenomenon i s  d e s c r i b e d  w i t h  p a r t i c u l a r  r e f e r e n c e  

t o  ABA.
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RESULTS AND DISCUSSION

E x p e r im e n t 7 .1  M ovement o f  fro m  ABA i n  th e  Phloem  Sap o f  R io in u s

H ocking  (1973) s t u d i e d  s e v e r a l  m ethods o f  a p p l i c a t i o n  o f  ABA t o  

p l a n t  l e a v e s  and  c o n c lu d e d  t h a t  l e a f  a b r a s i o n  was t h e  m ost e f f i c i e n t  

method f o r  hoirnone u p ta k e  by  t h e  l e a f .  T h is  t e c h n i q u e  was t h e r e f o r e  

a d o p te d  f o r  i n v e s t i g a t i o n  o f  ABA t r a n s p o r t  i n  R io in u s .

D u rin g  a b r a s i o n  o f  R io in u s  l e a v e s ,  i t  was n o t i c e d  t h a t  t h e  

c o l o u r a t i o n  o f  t h e  a b ra d e d  a r e a  a l t e r e d .  T h is  was th o u g h t  t o  be  due 

t o  l o s s  o f  a n t h o c y a n i n - l i k e  p ig m e n ts  p r e s e n t  i n  t h e  g l a n d  c e l l s  o f  

t h e  l e a f  e p id e r m i s .  -S in c e  t h i s  i n f e r r e d  r u p t u r e  o f  t h e s e  c e l l s ,  and  

b e c a u s e  s t r u c t u r a l  damage t o  t h e  v a s c u l a r  t i s s u e  m ig h t  a l s o  o c c u r ,  a  

s tu d y  was made o f  t h e  e f f e c t s  o f  a b r a s i o n  on c e l l  s t r u c t u r e .  L e a f  

segm en ts  from  a b ra d e d  and  n e a r l y  n o rm a l l e a f  s u r f a c e s  w ere  f i x e d ,  

s e c t i o n e d  and  s t a i n e d  w i t h  t o l u i d i n e  b l u e .  O b s e r v a t io n  o f  t h e  s e c t i o n s  

( î ’i g .  5 8 ) r e v e a l e d  two s i g n i f i c a n t  d i f f e r e n c e s  b e tw een  a b ra d e d  and  

n o rm a l  l e a v e s  :

( 1 ) The o u t e r  p e r i d e r m a l  w a l l  o f  t h e  u p p e r  e p id e r m is  c e l l s  was o f t e n  

b ro k e n  a l t h o u g h  t h e  i n n e r  w a l l  was u s u a l l y  i n t a c t . Wtiere t h e  

e p id e r m a l  c e l l s  loere  s t i l l  i n t a c t ,  t h e  c u t i c l e  a p p e a r e d  much 

t h i n n e r  t h a n  t h e  c o n t r o l s ,

( 2 ) A few p f-i l isade  m e s o p h y l l  c e l l s  w ere  r u p t u r e d  w i th  c e l l  c o n t e n t s  

m i s s in g .  The m a j o r i t y  w ere  s t i l l  i n t a c t ,  b u t  c e l l u l a r  d i s r u p t i o n  

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

t h e  v a s c u l a r  t i s s u e ,  a p p e a r e d  n o rm a l .

I t  was c o n c lu d e d  t h a t  a p p H .ic a t io n  o f  t r a c e r  a f t e r  a b r a s i o n  w ou ld  r e s u l t  

i n  sp eed y  a p p e a ra n c e  o f  t h e  compound i n  t h e  i n n e r - l e a f  f r e e  s p a c e .  .

G'"^H~'AI3A was a p p l i e d  t o  t h e  a b ra d e d  l e a f  s u r f a c e  o f  a  R io in u s  

p l a n t  i n  en a g a r  dono r  b l o c k  an d  e x u d a te  c o l l e c t e d  from  t h e  s te m  and  

a s s a y e d  f o r  r a d i o a c t i v i t y . 'The e x u d a t io n  r a t e  ( F i g .  59&) r o s e  t o  a  

p eak  a t  tO min and  s u b s e q u e n t ly  d e c l i n e d .  ^ H - a c t i v i t y  was fo u n d  i n  

th e  phloem  s a p , i n d i c a t i n g  t h a t  t r a n s l o c a t i o n  o f  t h e  l a b e l l e d  ABA h a d  

o c c u r r e d  ( F i g s .  59h and  c ) .  When e x p r e s s e d  p e r  u n i t  voliime ( F i g .  59b) 

o r  p e r  u n i t  t im e  ( F ig .  5 9 c ) ,  t h e  r a d i o a c t i v i t y  p r e s e n t  i n  e x u d a te  showed 

s i m i l a r  c h a r a c t e r i s t i c s ,  r i s i n g  t o  a  p eak  a t  a b o u t  80 m in .
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a.

b.

V  % - » .  A -  f

a.  Appearance o f  normal e p id e r m is ;
b. " " abraded " ; (315 x ) .



• A ppe a ranc e  o f  f rom ABA i n  t h e  Phloem Sap
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1667  Bq G-^H-ABA was a p p l i e d  i n  a  157 mm' a g a r  b l o c k  t o  t h e  f i r s t  a l t e r n a t e  
l e a f  o f  a  R io iy iu s  p l a n t  h a v in g  one expanded  a l t e r n a t e  l e a f .  Gap was 
c o l l e c t e d  from  an i n c i s i o n  o p p o s i t e  t h e  t r e a t e d  l e a f  i n  t h e  b a r k  b e tw e en  t h e  
f i r s t  . . a l t e r n a t e  l e a f  and t h e  prim n,ry l e a v e s .  Ga.mpies w ere  c o l l e c t e d  in  
25 nan'  ̂ l a i c r o c a p i l l a r y  t u b e s .  The a r ro w  i n d i c a t e s  t h e  t im e  o f  i n c i s i o n .
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In  o r d e r  t o  exam ine f u r t h e r  t h e  s i g n i f i c a n c e  o f  t h e s e  d a t a ,  t h e  

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

i n v e s t i g a t e d  (E x p e r im e n t  7 .2 )  an d  t h e  r e l a t i o n s h i p  b e tw e e n  s u c r o s e  and  

ABA t r a n s p o r t  s t u d i e d  u s i n g  d o u b l e - l a b e l  t e c h n i q u e s  (E x p e r im e n t  7 . 4 ) .

E x p e r im e n t 7 ,2  S t a t e  o f  '̂ H L a b e l T r a r s to a a te d  in  th e  Phloem  Sap,

^H-ABA ( 4 3 ,0 0 0  Bq) a s  25 mm'  ̂ aqueous  s o l u t i o n  was a p p l i e d  t o  

a b ra d e d  l e a v e s  o f  e a c h  o f  f o u r  R io in u s  p l a n t s  an d  s a p  c o l l e c t e d  from  

a  s e r i e s  o f  a s c e n d i n g  c u t s  made o v e r  4 h .  The mean p e r c e n t a g e  r e c o v e r y  

o f  a p p l i e d  l a b e l  was 9*62 , T h is  r e p r e s e n t e d  a  much h i g h e r  r a t e  o f  

u p ta l ie  and r e c o v e r y  t h a n  t h a t  fo u n d  i n  o t h e r  s t u d i e s  ( F r i e d l a n d e r  a t  a t .

1 9 7 6 ) .  I n  a  s i m i l a r  e x p e r im e n t  w i th  t h r e e  p l a n t s ,  t h e  s a p  c o l l e c t e d  

was s u b j e c t e d  t o  TLC a n a l y s i s  o f  t h e  m o le c u la r  s t a t e  o f  t h e  l a b e l  

( F ig .  6 0 ) .  Sap was c o l l e c t e d  f o r  4 h  an d  a f t e r  t h i s  p e r i o d  t h e  

s h o o t s  w ere  rem oved an d  xylem  sa p  c o l l e c t e d  f o r  a  f u r t h e r  12 h .  T h is  

was fo u n d  t o  c o n t a i n  a  s i g n i f i c a n t  amount o f  r a d i o a c t i v i t y  (on a v e ra g e  

0 . 2 8 ^ o f  t h a t  a p p l i e d ) ,  w h ic h  i n d i c a t e d  t h a t  some r e c y c l i n g  o f  ABA 

(Hoad, 1 9 7 5 ) h a d  o c c u r r e d .  How ever, no  a n a l y s i s  o f  t h e  s t a t e  o f  

xy lem  e x u d a te  l a b e l  was c a r r i e d  o u t .

F ig ,  60 shows t h a t  a t  l e a s t  6 5 ^ o f  t h e  l a b e l  r e c o v e r e d  from  

ph loem  s a p  was c h r o m a t o g r a p h i c a l l y  i d e n t i c a l  t o  s t a n d a r d  ABA i n  4 s o l v e n t  

s y s te m s .  However, i n  c o n t r a s t  t o  F i g .  2 7 ,  more t h a n  one p e a k  was 

v i s i b l e  i n  two o f  t h e  sy s te m s  (b and  c ) .  I t  was n o t  c l e a r  w h e th e r  t h i s  

was due t o  t h e  p r e s e n c e  o f  a  g e n u in e  m e t a b o l i t e .  Cummins (1973) 

s t u d i e d  t h e  m e ta b o l i s m  o f  ABA i n  b a r l e y  l e a v e s .  U s in g  s o l v e n t  s y s te m  

C i n  t h e  p r o p o r t i o n  5 0 : 5 : 2 ,  he  fo u n d  t h a t  l e a v e s  e x t r a c t e d  a f t e r  35 mi.n 

e x posu i 'e  t o  l^C-ABA e x h i b i t e d  l i t t l e  m e ta b o l i s m ,  b u t  a f t e r  2 h a  s e c o n d  

p eak  a p p e a r e d  a t  a  lo w e r  Bf v a lu e  w h ich  he c o n c lu d e d  was p h a s e i c  a c i d  

( F i g .  2 e ) ,  H is  r e s u l t s  w ere  t h e r e f o r e  s i m i l a r  t o  th o s e  o b t a i n e d  i n  

t h i s  s t u d y .

E x p e r im e n t 7 .Z  E ndogenous ABA i n  R io in u s  P h lo e m ,S a p .

I n  o r d e r  t o  make a p o s i t i v e  i d e n t i f i c a t i o n  o f  f r e e  .A13A i n  t h e  

phloem  s a p ,  a  sam ple  ( lO  m l) was p a r t i t i t o n e d  a t  pH2 w i t h  e t h y l  a c e t a t e
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Fi g . 6 0 . TLC o f  Phloem Sap e x t r a c t .
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X -axes : Rf v a l u e ;  y - a x e s  : a c t i v i t y  i n  Rf 'z.one/% t o t a l  r e c o v e r e d ,
B ars  r e p r e s e n t  p o s i t i o n  o f  2-^^C-ABA s t a n d a r d .

S o lv e n t  s y s te m s ,  a l l  v / v  ( w i th  t o t a l  r e c o v e r e d  ^ H ) :

a . a - h e x a n e : e t h y l a c e t  a t  e ; 1 : 1  ( 8 7 8 Bq)
h .  E t h y l  a c e t a t e  : t o l u e n e ;  a c e t i c  a c i d ,  1 : 1 0 :2  (783  Bq)
c .  B enzene: a c e t o n e ;  a c e t i c  a c i d ;  7 0 :3 0 :1  (848 Bq)
d. C h lo ro fo rm ; m e th a n o l ;  1 :1  (771  B q ) .
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and  t h e  com ponents  o f  t h e  o r g a n i c  p h a s e  s u b j e c t e d  t o  GLC-MB a n a ly s i s o  

The f o l l o w i n g  o b s e r v a t i o n s  w ere  made w hich s u p p o r t e d  t h e  h y p o t h e s i s  

t h a t  ABA was p r e s e n t  i n  t h e  e x t r a c t .

(1 )  'iVo pefiks fo u n d  i n  t h e  sam p le  c o -c h ro m a to g ra p h e d  on GLC w i t h  

a u t h e n t i c  ABA and t-ABA,

(2 )  When sam ple  and  s t a n d a r d  w ere  c o ~ i n j e c t e d  o n ly  two p e a k s  h a v in g  

t h e  same r e t e n t i o n  t im e s  as i n  ( l )  w ere  fo u n d .

(3 )  S i n g l e - i o n  d e t e c t i o n  o f  t h e  b a s e  p eak  a t  m/e 190 gave r e s p o n s e s  

h a v in g  i d e n t i c a l  r e t e n t i o n  t im e s  t o  t h o s e  o f  s t a n d a r d s .  Wlien 

t u n e d  t o  m/e 194 t h e  r e s p o n s e s  o f  t h e  h e x a d e u t e r a t e d  i n t e r n a l ,  

s t a n d a r d  w ere  fo u n d  t o  h av e  t h e  same r e t e n t i o n  t i m e s .

(4 )  When a  f u l l - s c a n  mass s p e c t r u m  was c a r r i e d  o u t ,  t h e  c h a r a c t e r i s t i c  

f r a g m e n t a t i o n  p a t t e r n  o f  s t a n d a r d  ABA (p e a k s  a t  M-5 6  ( 2 0 8 ) ,

M-7 4  ( 1 9 0 ) 3  M-102 ( 1 6 2 ) ,  M-1 3 0  ( 1 3 4 ))  was fo u n d ,  a l t h o u g h  t h e  

r e l a t i v e  abundance  o f  t h e  p e a k s  w ere  n o t  i d e n t i c a l  t o  t h o s e  o f  

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

com pounds.

The i n t e r n a l  s t a n d a r d  was u s e d  t o  q u a n t i f y  t h e  endogenous ABA 

p r e s e n t  i n  t h e  e x t r a c t  w h ich  was e s t i m a t e d  a t  500 mg m . T h is  

i s  r e l a t i v e l y  h ig h  f o r  a  n o n - s t r e s s e d  R ic in u s  p l a n t  com pared  w i th  

o t h e r  f i n d i n g s  ( T a b le  2 ) b u t  i s  lo w e r  t h a n  v a lu e s  fo u n d  f o r  s t r e s s e d  

p l a n t s .  I t  was c o n c lu d e d  t h a t  f r e e  ABA was p r e s e n t  i n  t h e  phloem  

e x t r a c t .

E x p e r im e n t 7 .4  M ovement o f  fro m  ABA and  fro m  S u o ro se  in  

R io in u s  P hloem  Sap .

A lth o u g h  resu 3 - ts  su c h  a s  t h o s e  o f  E x p e r im e n ts  7 .1  an d  7 .2  can  

show t h a t  ABA i s  r e a d i l y  t r a n s p o r t e d  i n  t h e  ph loem , k i n e t i c  a n a l y s i s  o f  

su c h  t r a n s l o c a t i o n  i s  r e l a t i v e l y  m e a n in g le s s  u n l e s s  compared w i t h  t h a t  

o f  o t h e r  s u b s t a n c e s .  I n  p a r t i c u i . a r , t h e  r e l a t i o n s h i p s  b e tw e e n  ABA 

movement and  t h a t  o f  t h e  n o rm a l p h o t o s y n t h a t e s  a r e  o f  i n t e r e s t .  S in c e  

s u c r o s e  i s  t h e  m a jo r  t r a n s l o c a t e d  c a r b o h y d r a t e  i n  R io in u s  ( M i lb u rn ,  1 9 7 5 ) ,
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d o u b l e - l a b e l  t e c h n i q u e s  w ere  u s e d  t o  a n a ly s e  t h e  c h a r a c t e r i s t i c s  o f

ABA and  s u c r o s e  t r a n s p o r t  s i m u l t a n e o u s l y .

P i g .  6 l  i l l u s t r a t e s  t h e  a p p e a r a n c e  o f  r a d i o a c t i v i t y  from  ^H-ABA.

and  ^ ^ C -s u c ro s e  i n  ph loem  e x u d a te  a f t e r  a p p l i c a t i o n  t o g e t h e r  t o  an

a b ra d e d  a r e a  o f  l e a f .  As fo u n d  i n  P i g . 5 9 a ,  t h e  e x u d a t i o n  r a t e  ( F i g .  6 l a )

d e c l i n e d  from  a  maximum w hich  o c c u r r e d  soon a f t e r  t h e  i n c i s i o n  as

p r e v i o u s l y  d e s c r i b e d  ( l l a l l  e t  a l . ,  1 9 7 1 ) • C o r r e l a t i o n s  b e tw e en  s e c o n d a r y

p e a k s  i n  e x u d a t i o n  r a t e  o f  35 and  65 min w i t h  s m a l l  f l u c t u a t i o n s  i n

g ro w th -ro o m  t e m p e r a t u r e  ( ± 2 C) w ere  n o t e d ;  h i g h e r  r a t e s  o f  e x u d a t i o n

c o r r e s p o n d e d  t o  h ig h  a m b ie n t  t e m p e r a t u r e s .

R a d i o a c t i v i t y  f rom  b o t h  s u b s t a n c e s  a p p e a r e d  r a p i d l y  i n  t h e  e x u d a te

( F ig .  6 l b ) .  From know ledge  o f  t h e  d i s t a n c e  from  t h e  p o i n t  o f

a p p l i c a t i o n  t o  t h e  i n c i s i o n ,  i t  was p o s s i b l e  t o  c a l c u l a t e  t h a t  t h e

f a s t e s t  component o f  t h e  t r a n s l o c a t i o n  s t r e a m  h a d  a  v e l o c i t y  o f  a b o u t  
—11 .1  m h . T h is  v a lu e  i s  c o m p a t ib le  w i t h  o t h e r  e s t i m a t e s  o f  ph loem

_ 1
t r a n s p o r t  r a t e s  w h ich  ra n g e  from  0 . 2  -  1 . 0  m h ( N o b e l ,  1 9 7 5 ) .  The 

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

a s y m p to te  d u r in g  90 m in . How ever, w h i l s t  t h e  c o n c e n t r a t i o n  o f  I'+C ( s u c r o s e )  

c o n t i n u e d  t o  r i s e  s lo w ly  even  a f t e r  60  m in ,  t h a t  o f  (ABA) r e a c h e d  a 

p l a t e a u  a f t e r  30 m in . T h is  m eant t h a t  t h e  r e l a t i v e  c o n c e n t r a t i o n s  o f  

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

( s u c r o s e )

3h (ABA)

was 0 .7 4  i n  t h e  a p p l i e d  b u f f e r  s o l u t i o n , b u t  on t h e  a p p e a r a n c e  o f  r a d i o 

a c t i v i t y  i n  t h e  e x u d a te  was r o u g h ly  1 .0  and  r o s e  t o  o v e r  4 .0  a f t e r  60  m in . 

T h i s  i n d i c a t e d  e i t h e r  p r e f e r e n t i a l  l o a d i n g  o f  s u c r o s e  i n t o  t h e  ph loem  s a p ,  

o r  r em o v a l  o f  .ABA t o  l e a f  c o m par tm en ts  d i s t a n t  from  t h e  s i t e  o f  l o a d i n g ,  

o r  b o t h .

I n  a  u n i t  t im e  b a s i s  ( F ig ,  6 l c ) ,  t h e  f l u x  o f  l a b e l  from  b o t h  

s u b s t a n c e s  d e c l i n e d  a f t e r  35 m in ,  as  t h e  e x u d a t io n  r a t e  f e l l .  T hese  

v a lu e s  a r e  t h o u g h t  t o  r e f l e c t  t h e  a c t u a l  phloem  l o a d i n g  r a t e s  more 

a c c u r a t e l y  t h a n  t h o s e  e x p r e s s e d  on a  p e r  volume b a s i s ,  s i n c e  t h e y  t a k e  

i n t o  a c c o u n t  f l u c t u a t i o n s  i n  e x u d a t io n  r a t e  (S m i th ,  p e r s o n a l  c o m m u n ic a t io n ) .

Whe.n more t h a n  one i n c i s i o n  was made d u r in g  t h e  c o u r s e  o f  t h e  

c o l l e c t i o n  o f  s a p ,  an i n c r e a s e  i n  e x u d a t io n  r a t e  was n o t e d .  T h is  was
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61.  A ppearance  o f  f rom ABA and from S u c r o s e  i n  t h e
Phloem Sap (One I n c i s i o n ) .

m

s
Pi0• H

1

01

0 -

a.

/

I
pq

o
&

fH■P
oJ-
L*d

0

b.

g®So' to® y \ v - o .  ̂ .0- 0- 0^0 ̂

0

.o

O o ' o

Y

o'

I
Ï
8,10

Pi■P
O~Y
Yi
s

0

c.
© (gC
/ V f

#©-®oo

/
\

Oo p
o

0 30 , 60
t im e /m in

90

10689  Bq ^H-ABA and 7936 B q l^ C - s u c r o s e  w ere  a p p l i e d  in  50 ]
(1 0  mol m 3 pH 5 " 5 ) t o  t h e  s e c o n d  a l t e r n a t e  l e a f  o f  a  R io  
two expanded  a l t e r n a t e  l e a v e s  
t h e  t r e a t e d  l e a f  in  t h e  h a r k  b e tw een  t h e  c o ty l e d o n s  and  t h e  p r im a ry  l e a v e s .  
Sam ples were c o l l e c t e d  i n  25 mm' m i c r o c a p i l l a r y  t u b e s .  The a rro w  i n d i c a t e s  
t h e  tim e o f  i n c i s i o n .

mm MES b u f f e r  
i-nuu p l a n t  h a v in g  

Sap wtis c o l l e c t e d  from an i n c i s i o n  u n d e r
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f o l lo w e d  a f t e r  a  l a g  p e r i o d  b y  an, i n c r e a s e  in  t h e  t r a n s p o r t  o f  b o t h  

l a b e l l e d  compounds ( F ig .  6 2 ) .  I t  h a s  b een  i m p l i e d  f rom  su ch  r e s u l t s  

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

w i t h i n  t h e  ph loem  c a u s e d  by  e x c i s i o n  an d  o t h e r  f a c t o r s  (S m i th ,  1 9 7 8 ) ,  

These  r e s u l t s  i n d i c a t e  r a t h e r  more c l o s e  l i n k i n g  o f  r a t e s  o f  s u c r o s e  

and  ABA t r a n s p o r t ,  a l t h o u g h  t h e  r a t i o  o f  l a b e l s  v a r i e d  b e tw e en  a b o u t  

1 . 0  t o  2 . 0  d u i ' in g  t h e  c o u r s e  o f  e x u d a t i o n .  I t  i s  c l e a r  t h a t  f u r t h e r  

i n v e s t i g a t i o n s  o f  such  t r a n s p o r t  phenomena a r e  r e q u i r e d  b e f o r e  p r e c i s e  

c o n c lu s i o n s  can  b e  made a b o u t  t h e  mode o f  hormone l o a d i n g .  I n d e e d ,  

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

movement o f  ABA as w e l l  as w i t h  a c t i v e  l o a d i n g .



F i g .  62.  A ppea rance  o f  f rom ABA and   ̂ f rom S u c r o s e  i n  t h e
Phloem Sap (Two i n c i s i o n s ) .
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10689  Bq ^i('-ABA and 7936 B q /^ C - s u c r o s e  w ere  a p p l i e d  i n  50 nmr M15S b u f f e r  
(1 0  mol m pH 5 ' 5 ) t o  t h e  se co n d  a l t e r n a t e  l e a f  o f  a  H ia in u s  p l a n t  h a v in g  
two expanded o l t e r n a t e  l e a v e s .  Sap was c o l l e c t e d  from  an i n c i s i o n  u n d e r  
t h e  t r e a t e d  l e a f  i n  t h e  b a rk  be tw een  t h e  c o ty l e d o n s  and  t h e  p r im a ry  l e a v e s .
Sam ples w ere  c o l l e c / ; e d  i n  
t h e  t im e s  o f  i n c i s i o n .

25 mm' m ic r o c a p i l l o . r y  tu b e t The a rro w s  i n d i c a t e
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GENEML ■ DISCUSSION

T h is  G enera l D is c u s s io n  b r in g s  t o g e th e r  th e  r e s u l t s  o f  th e  7 

e x p e r im e n ta l  S e c t io n s , , s w m ia r is in g  th e  rrnin f in d in g s , ,  an.d r e l a t i n g  

them  to  th e  p u b l i s h e d  l i t e r a t u r e  w h e r e v e r  th e  p o i n t s  a r e  n o t  d e a l t  

w ith  i n  th e  in d e p e n d e n t  S e c t io n  d i s c u s s io n s  ( S e c t io n  A ) ,

I n  S e c t io n  B, th e  r e s u l t s  a re  b r i e f l y  d i s c u s s e d  w i t h in  th e  

s p e c i f i c  r e n r it  o f  th e  horm onal n a tu r e  o f  w i l t - i n d u c e d  ABA a c t i o n .  

S e c t io n  C o u t l i n e s  a s e l e c t i o n  o f  p o t e n t i a l  r e s e a r c h  th em es on ABA. 

a c t i o n  on s to m a ta ,

SECTION A

SYNOPSIS AND .INTEGEAT.TON OF RESULTS SECTIONS. .

The f i r s t  R e s u l t s  S e c t i o n  was c o n c e rn e d  w i th  t h e  d e v e lo p m en t  and  

c h a r a c t e r i s a t i o n  o f  s y s te m s  w hereby  t h e  e f f e c t s  o f  ABA on s to m a ta  o f  

i s o l a t e d  e p id e r m a l  se g m e n ts  c o u ld  be  exam ined . An i m p o r t a n t  i n i t i a l  

c o n c l u s i o n  from  t h e  r e s u l t s  o f  E x p e r im e n ts  1 .1  and 1 .2  was t h a t  t h e  

e x i s t e n c e  o f  m o r p h o lo g ic a l  s u b s i d i a r y  c e l l s  a ro u n d  t h e  s to m a ta  o f  

CormieVma communis c o n f e r r e d  an a d v a n ta g e  i n  s t u d i e s  o f  s t o m a t a l  

movements u s in g  t h i s  s p e c i e s :  t h e  h i g h  v i a b i l i t y  o f  c e l l s  i n  t h e

s t o m a t a l  com plex a f t e r  p e e l i n g  r e s u l t e d  i n  u n i fo r m  and  r e p e a t a b l e  

o p e n in g  an d  c l o s i n g  upon i n c u b a t i o n .

S in c e  s t o m a t a l  movements a r e  t h e  r e s u l t  o f  c h an g es  i n  t u r g o r  

r e l a t i o n s  b e tw een  g u a rd  c e l l s  and  t h e i r  n e ig h b o u r in g  e p id e r m is  c e l l s  

(M e idne r  and  W il lm e r ,  1 9 7 5 ;  R a sc h k e ,  1 9 7 5 ) s d e a th  o f  f u n c t i o n a l  o r  

m o r p h o lo g ic a l  e p id e r m a l  c e l l s  ( c a u s i n g  z e ro  t u r g o r )  w ou ld  b e  p r e d i c t e d  

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

p o s i t i v e  t u i 'g o r .  T h is  was d e m o n s t r a t e d  by S q u i r e  and  M a n s f i e l d

( 1 9 7 2 ) u s i n g  Coimnelina., and. i s  c o n f i r m e d  i n  t h i s  s tu d y  i n  P i g s .  13  and  

l 4 .  In  no rm a l  Com metina  e p id e r m is  ( a s  u s e d  i n  a l l  o t h e r  e x p e r i m e n t s ) ,  

h o w e v e r ,  h ig h  p r o p o r t i o n s  ( > 9 5 %) o f  l i v i n g  s u b s i d i a r y  c e l l s  w ere  

fou n d  ( F ig ,  1 2 b ) .  T hese  c o r r e l a t e d  w i t h  t h e  low  i n i t i a l  a p e r t u r e s  

found  a f t e r  p e e l i n g ,  a t  t h e  s t a r t  o f  t h e  i n c u b a t i o n  p e r i o d  ( e . g .  F i g . 17)»  

p re s u m a b ly  r e f l e c t i n g  t h e  o n - p i a n t  a p e r t u r e  b e f o r e  s e p a r a t i o n  ( F ig ,  2 4 a ) , 

and  im p ]y in g  t h a t  t h e  c e . l l s  o f  t h e  com plex w ere  a t  l e a s t  c a p a b le  u n d e r
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c e r t a i n  c o n d i t i o n s  o f  c o n t r i b u t i n g  t o  c o m p le te  s to m a t a l  c l o s u r e .

T h is  i s  n o t  t h e  c a s e  w i t h  e p id e r m is  t i s s u e  from  c e r t a i n  o t h e r  p l a n t s ,  

n o t a b l y  77e t a ,w h i c h  do n o t  p o s s e s s  m o .rp h o lo g ica l  s u b s i d i a i y  c e l l s .

T hus , i n  p e e l e d  V io ia  e p i d e r m i s ,  t h e  p r o p o r t i o n  o f  l i v i n g  e p id e r m a l  

c e l l s  i s  u s u a l l y  low ( F i s c h e r ,  1 9 7 2 ) .  C o n s e q u e n t ly ,  i n i t i a l  s t o m a t a l  

a p e r t u r e s  a r e  n o r m a l ly  r e l a t i v e l y  h ig h  and v a r i a b l e  ( e . g .  b e tw een  4 .2  

and  6 .5  pm, H o r to n ,  1 9 7 0 ) ,  w h ich  may e x p l a i n  t h e  v a r i a b i l i t y  o f  r e s u l . t s  

w i t h  t h i s  s p e c i e s  r e p o r t e d  b y  W il lm e r  and M a n s f i e ld  ( 1 9 6 9 ) . H o rton  

(1 9 7 0 ) d e s c r i b e d  e f f e c t s  o f  ABA on V i d a  e p id e r m i s .  A l th o u g h  a p e r t u r e s  

w ere  r e d u c e d  com pared w i t h  c o n t r o l s ,  t h e y  d i d  n o t  n a rro w  beyond  t h e  

h i ^  i n i t i a l  v a l u e .  Com parable  r e s u l t s  w ere  o b t a i n e d  by  I t a i  and 

M eidner  ( 1978a ;  1978b) i n  C o m ie lin a  e p id e r m is  t r e a t e d  t o  k i l l

s u b s i d i a r y  c e l l s :  in  t h e i r  t i s s u e  ABA had  no e f f e c t s  on a p e r t u r e .

T h is  i s  n o t  t o  s a y  t h a t  ABA c o u ld  n o t  have  h a d  e f f e c t s  on t h e  g u a rd  

c e l l s  i n  te rm s  o f  i o n  f l u x e s  and  c e l l  m e ta b o l i s m ;  r a t h e r ,  t h a t  i f  i t  

d i d ,  t h e  e f f e c t s  w ere  p r e v e n t e d  from  b e i n g  m a n i f e s t  i n  s t o m a t a l  movement 

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

t h i s  s t u d y ,  i t  was t h o u g h t  d e s i r a b l e  t o  d e v e lo p  an e p id e r m a l  segm ent 

sy s te m  i n  w hich  ABA e f f e c t s  s i m i l a r  i n  a l l  r e s p e c t s , i n c l u d i n g  

m ovem ents, t o  t h o s e  fo u n d  on w hole  l e a v e s  coul.d. be  exam ined . The 

u n t r e a t e d  Commetina  t i s s u e  seemed i d e a l  f o r  t h i s  p u r p o s e .

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

o f  e p id e r m a l  c e l l s  o f  V io ia  and  C om m etina• The c a u se  o b v i o u s l y  does 

n o t  a f f e c t  Commetina  s u b s i d i a r y  c e l l s ,  w hich  c o u ld  rud.e o u t  t h e  s t r e s s e s  

o f  t i s s u e  b e n d in g  an d  p u l l i n g  -  t h e s e  a r e  p e rh a p s  r e l a t i v e l y  e v e n ly  

d i s t r i b u t e d .  A more l i k e l y  p o s s i b i l i t y  c o n c e rn s  t h e  e f f e c t s  o f  

b r e a k i n g  i n t e r c e l l u l a r  p la s m o d e s m a ta l  c o n n e c t io n s  b e tw e e n  t h e  e p id e r m is  

and  m eso p h y l l  t i s s u e s ,  s i n c e  t h e s e  o n ly  o c c u r  be tw een  e p id e r m a l  c e l l s  

and  m e s o p h y l l  c e l l s  ( p e r s o n a l  o b s e r v a t i o n s ) ,  and  do n o t  in v o lv e  c e l l s  

o f  t h e  s t o m a t a l  com plex .

The f a i l u r e  o f  s to m a ta  t o  c l o s e  in  r e s p o n s e  t o  ABA when s u b s i d i a r y  

c e l l s  w ere  dead  e m p h a s ise s  t h e  im p o r ta n c e  o f  l i v e  and  t u r g i d  s u b s i d i a r y  

c e l l s  in  s t o m a t a l  m ovem ents. The l a c k  o f  ABA e f f e c t  at: h ig h  KCl 

c o n c e n t r a t i o n s  ( F ig .  I 6 ) may be  e x p l a i n e d  i n  a  s i m i l a r  f a s h i o n .

S in c e  p l a s m o l y s i s  o f  s u b s i d i a r y  c e l l s  was o b s e rv e d  a t  h i g h  s a l t  

c o n c e n t r a t i o n s , t u r g o r  w ou ld  have  b e e n  re d u c e d  and  s to m a t a l  c l o s u r e
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i n h i b i t e d .  S q u i r e  and M a n s f i e l d  (1972) s p e c u l a t e d  t h a t  C oim eH na  

s t o m a t a l  o p e n in g  a t  h ig h  s a l t  c o n c e n t r a t i o n s  m igh t be  t h e  r e s u l t  o f  

s u b s i d i a i y  c e l l  p l a s m o ly s i s  r a t h e r  t h a n  g u a rd  c e l l  io n  u p t a k e .

T h is  w ould  e x p l a i n  t h e  r e l a t i v e  u n s p e c i f i c i t y  o f  Commelina  o p e n in g  

f o r  d i f f e r e n t  i o n i c  s p e c i e s  com pared w i t h , s a y ,  V ic ia  (Thomas, 1 9 7 5 ) ,  

w hich  m igh t  t h e r e f o r e  b e  due t o  o s m o t ic  e f f e c t s  r a t h e r  t h a n  g u a rd  

c e l l  io n  u p t a k e .  I t  i s  n o t  c l e a r  why ABA s h o u ld  h av e  d i f f e r e n t  

e f f e c t s  i f  s u p p l i e d  c o n t i n u o u s l y  o r  a f t e r  o p e n in g  i n  KaNO^ b u f f e r  

(T a b le  7 ) i b u t  t h i s  may r e l a t e  t o  s e c o n d a ry  in d u c e d  io n  m ovements.

W il lm e r  and  B e a t t i e  (1978) d i s c u s s e d  p l a s m o l y s i s  t e c h n i q u e s  f o r  

e x a m in in g  e p id e r m is  c e l l  o s m o t ic  p o t e n t i a l s .  They c a u t i o n e d  t h a t  

c e l l s  o f  th e  e p id e r m is  w ere  c a p a b le  o f  o s m o t ic  a d ju s tm e n t  d u r in g  

t r e a t m e n t .  C e r t a i n l y ,  s u b s i d i a r y  c e l l  p l a s m o ly s i s  w ou ld  n o t  a p p e a r  

t o  a c c o u n t  f o r  a l l  o f  t h e  o p e n in g  fou n d  a t  h i ^  KCl c o n c e n t r a t i o n s ,  

i n  v iew  o f  t h e  g u a rd  c e l l  u p t a k e  o b s e rv e d  in  F i g . 33. F u r t h e r

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

o f  sodi'xm (^^Na*) u p ta k e  and  movement a r e  r e q u i r e d .  N o t w i t h s t a n d i n g , 

i t  i s  o b v io u s  t h a t  r e s u l t s  o f  a s s a y s  o f  s e n s i t i v i t y  t o  ABA p e r fo rm e d  

a t  h ig h  s a l t  c o n c e n t r a d i o n s  ( e . g .  L a n c a s t e r  e t  # Z . ,  1 9 7 7 ) w i l l  be d u b io u s .

R esponses  o f  s to m a ta  t o  i n c u b a t i o n  o v e r  2 h i n  50 mol m~^KCl/PIPES 

b u f f e r  w ere  fo u n d  t o  be r e m a rk a b ly  c o n s i s t e n t ,  l e a d i n g  t o  s i m i l a r  

a p e r t u r e  v a lu e s  f o r  c o n t r o l s  b e tw e en  e x p e r im e n t s  ( s e e  F i g s .  1 7 ,  l 8 , 1 9 ,  

2 0 ,  2 2 ,  2 3 ,  3 0 ,  31 and  T a b le s  8 , 9 ) ,  p o s s i b l y  r e l a t e d  t o  t h e  c a re  

t a k e n  t o  p r e - e q i i i l i b r a t e  and  w a t e r  c o r r e c t l y  t h e  e x p e r i m e n t a l  p l a n t  

m a t e r i a l .  The im p o r ta n c e  o f  su c h  t r e a t m e n t s  w ere  e m p h a s ise d  i n  

E x i)e r im en t 1 . 9 ,  w here  p r i o r  w a t e r  s t r e s s  was fou n d  t o  a f f e c t  g r e a t l y  

E ipertu i 'cs  a t t a i n e d  by e p id e r m is  m a t e r i a l .  I n  g e n e r a l ,  r e s u l t s  

o b t a i n e d  w i t h  I n c u b a t i o n  Sys tem  2 w ere  s l i g h t l y  l e s s  p r e d i c t a b l e  

th an  t h o s e  fo u n d  w i t h  Sys tem  1 ,  w hich  may have b e e n  due t o  t h e  c o n t r o l  

o f  t h e  c a rb o n  d i o x id e  c o n c e n t r a t i o n  in  t h e  l a t t e r  s y s te m .

ABA was a b l e  t o  c l o s e  p r e - o p e n e d  s to m a ta  b o t h  c o m p le te ly  and  

r a p id i ty  a t  50 mol m ^ KCl ( F i g . 1 7 ) .  I n d e e d ,  o n ly  W il lm e r  e t  a t ,

( 1 9 7 8 ) a p p e a r  t o  have  o b t a i n e d  su c h  r a p i d  movements i n  an  e p id e r m a l  

segm en t s y s te m . Some c r i t i c i s m  may be  made o f  t h e  r e l a t i v e l y  h i ^

ABA c o n c e n t r a t i o n s  u s e d  t h r o u g h o u t  t h i s  t h e s i s .  Such h ig h  l e v e l s  

w ere  r e q u i r e d  f o r  a u t o r a d i o g r a p h i c  s t u d i e s  owing t o  t h e  low s p e c i f i c
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a c t i v i t y  o f  t h e  a v a i l a b l e  l a b e l l e d  ABA. I t  was th o u g h t  t h a t  t h e  

s e n s i t i v i t y  o f  s to m a ta  o f  C o m m lin a  bo low ABA c o n c e n t r a t i o n s  was 

s u f f i c i e n t l y  e s t a b l i s h e d  (Ogunkanmi of; a Z . j l 9 T 3 )  t o  a l lo w  t h e  u se  

o f  r e l a t i v e l y  h ig h  hormone c o n c e n t r a t i o n s .  Some %)lant hormones 

e x h i b i t  s o - c a l l e d  'op tim um  cu i 'ves  ' f o r  r e s p o n s e  ( e . g .  ]j\A i n  

e x t e n s i o n  g r o w th ) .  T h is  i s  n o t  p r e c i s e l y  t h e  c a s e  w i th  .ABA 

e f f e c t s  on s to m a ta  w h ich  g e n e r a l l y  f o l l o w  a s ig m o id a l  c o n c e n t r a t i o n -  

r e s p o n s e  p a t t e r n  (E x p e r im e n t  1 . 8 ;  Ogunkanmi e t  a l . ,  1 9 7 3 ) .

S t i m u l a t o r y  e f f e c t s  o f  ABA on s t o m a t a l  a p e r t u r e  have  n e v e r  b een  

r e p o r t e d .

No d o u b t ,  h a d  ABA d i l u t i o n  s e r i e s  been  em ployed i n  t h e  PIPES 

b u f f e r  s y s te m  u s e d  f o r  t h i s  t h e s i s ,  s i m i l a r  r e s u l t s  t o  t h o s e  o f  

Ogunkanmi e t  a l .  w ould  h a v e  b e e n  o b t a i n e d .

The e f f e c t s  o f  d i v a l e n t  c a t i o n s  on s t o m a t a l  a p e r t u r e  (E x p e r im e n t  

1 . 7 ) have  b e e n  fou n d  i n  many o t h e r  s t u d i e s  (Tliomas, 1975) b u t  no 

a d e q u a te  e x p l a n a t i o n  o f  t h e i r  i n h i b i t o r y  a c t i o n  h a s  been  f o r th c o m in g .

I n  n o rm a l t i s s u e ,  c a lc iu m  may be  i n a c t i v a t e d  in  t h e  form  o f  c a lc iu m

o x a l a t e  r a p h i d e s  , o b s e r v e d  t o  be  a b u n d a n t  in  C om ieV m a  e p id e r m i s .
++F o r  c e i b a i n ,  t h e  u s e  o f  Ca ' t o  m a i n t a i n  membrane i n t e g r i t y ' , a t

t h e  c o n c e n t r a t i o n s  a d v i s e d  b y  some a u t h o r s ,  w ould  be  t o t a l l y  i m p r a c t i c a l

i n  Corrmelina s e s y s te m s .  I n  view o f  F i s c h e r ' s  (1972) r e p o r t

t h a t  Ca e f f e c t s  w ere  d im in is h e d  a t  h ig h  KCl c o n c e n t r a t i o n s  ( 100 mol
—3

m ■ ) ,  t h e  c o n s t r a i n t s  e a r l i e r  d i s c u s s e d  w i th  r e s p e c t  t o  ABA-induced 

c l o s u r e  m ust a l s o  b e  b o r n e  i n  m ind .

I n  E x p e r im e n ts  1 . 8  and  1 . 9 ,  t h e  p h y s i o l o g i c a l  s t a t e  o f  t h e  l e a f  

u s e d  f o r  p e e l i n g  was n o t e d  t o  h av e  a  p ro n o u n ce d  e f f e c t  on t h e  r e s p o n s e s  

o f  s to m a ta  o f  i n c u b a t e d  s e g m e n ts ,  and  from  t h e  p r e v i o u s  d i s c u s s i o n ,  

i t  i s p l a i n  t h a t  any e n v iro n m e n t  a], f a c t o r  whi.ch m ig h t  a f f e c b  e p id e r m a l  

io n  d i s t r i b u t i o n s  and  c o n c e n t r a t i o n s ,  c o u ld  a l s o  p o s s i b l y  h av e  an 

e f f e c t .  I n  p a r t i c u l a r ,  t h e  l o n g - t e r m  o sm o tic  p o t e n t i a l  a d ju s tm e n t

o f  l e a v e s  i n  r e s p o n s e  t o  p r o lo n g e d  w a t e r  s t r e s s  ( H s ia o ,  1973) may be 

i m p o r t a n t .
The e f f e c t s  o f  t h e  s h o r t - t e r m  s t r e s s  t r e a t m e n t ,  b o t h  i n  te rm s  o f  

s t o m a t a l  r e - o p e n in g  a f t e r  i n c u b a t i o n  ( F ig .  2 3 ) ,  and  on w h o l e - l e a f  

ABA l e v e l s  ( F i g .  50)a  e x h i b i t e d  p a r a l l e l i s m .  I t  i s  t h u s  p o s s i b l e  

t o  i n f e r  t h a t  t h e  e f f e c t s  o f  F i g . 23 w ere  a r e s u l t  o f  t h e  p r e s e n c e  o f
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e l e v a t e d  ABA l e v e l s  i n  t h e  e p id e r m i s .  A n o th e r  s i m i l a r i t y  t o  he  

n o t e d  was t h a t  fo u n d  be tw een  t h e  c h a r a c t e r i s t i c s  o f  s t o m a t a l  r e 

o p e n in g  a f t e r  ABA p r e t r e a t m e n t  ( F ig .  29) and t h o s e  found  a f t e r  

s t r e s s  ( F i g s ,  22 and  2 3 ) ,  i n d i c a t i n g  t h a t  e f f l u x  o f  ABA from  p r e 

s t r e s s e d  t i s s u e  may e x p l a i n  t h e  l a t t e r  phenomenon. R e -o p e n in g  

a f t e r  s t r e s s  o r  ABA t r e a t m e n t  was n e v e r  fo u n d  t o  be  c o m p l e te , h o w e v e r ,  

i n d i c a t i n g  t h a t  t h e  e f f e c t s  o f  t h e  hormone may n o t  be e n t i r e l y  

r e v e r s i b l e ,  a t  l e a s t  w i t h i n  3 h .

The eluant i t  a t  iv e  r e l a t i o n s h i p s  fo u n d  be tw een  o n - l e a f  aperfcu.re 

and  t h o s e  o f  p e e l e d  e p id e r m is  t i s s u e  (E x p e r im e n t  I . I O )  c o n f i rm e d  t h e  

r e l i a b i l i t y  o f  t h e  Commelina  e p id e r m is  sy s te m . The u se  o f  f r e e z e -  

d r y in g  t o  ' f i x '  a p e r t i r r e s  w h i l s t  o t h e r  o p e r a t i o n s  w ere  b e i n g  c a r r i e d  

o u t  was c o n v e n ie n t  f o r  e x p e r i m e n t a l  d e s ig n .

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

m easu rem en ts  t o  t r a n s p i r a t i o n  f l u x e s  and  s t o m a t a l  movement on t h e  

w hole  p l a n t .  On w ho le  l e a v e s  o f  a  r e l a t e d  s p e c i e s  {Z ebr'ina )  ̂ t h e  

r e l a t i o n s h i p  b e tw e e n  p o r e  d i a m e te r  an d  t r a n s p i r a t i o n  r a t e  i s  n e a r -  

l i n e a r  i n  moving a i r  (B ange , 1 9 9 3 ) .  I n  s t i l l  a i r ,  a  s t a t e  r a r e l y  

found  i n  n a t u r e  (M eidner  and  M a n s f i e l d ,  1 9 6 8 ) ,  s to m a ta l .  c o n t r o l  i s  

e x e r t e d  m a in ly  a t  low a p e r t u r e s .  S to m a ta l  a p e r t u r e  m easu rem en ts  

seem t h e r e f o r e  t o  be  r e l e v a n t  t o  normal, p l a n t  w a t e r - l o s s .  A more 

p e r t i n e n t  p o i n t  c o n c e rn s  w h e th e r  t h e  i o n i c  and m e t a b o l i c  changes  

o b s e rv e d  on e p id e r m a l  seg m en ts  a r e  r e . l e v a n t  t o  t h e  w h o l e - p l a n t  

s i t u a t i o n .

I n  t h e  i s o l a t i o n  o f  p a r t  o f  an o rg a n is m  fo]." e x p e r i m e n t a t i o n  , 

i t  i s  i n e v i t a b l e  t h a t  t h e  no rm al f u n c t i o n s  o f  t h e  s e p a r a t e d  co m p o n en t(s )  

a r e  a f f e c t e d ;  t h e  c h i e f  b e n e f i t s  t o  be  o b t a i n e d  b e i n g  e a s e  o f  

o b s e r v a t i o n  and  g r e a t e r  c o n t r o l  o v e r  e x p e r i m e n t a l  c o n d i t i o n s .  I s o l a t e d  

e p id e r m is  segm ents  s u f f e r  c e l l  d e a th  as  a  c o n seq u e n c e  o f  p e e l i n g ,  

and  t h e  c e l l s  o f  segm en ts  f l o a t i n g  on d i l u t e  s o l u t i o n s  a r e  l i k e l y  

t o  have  a  h i g h e r  t u r g o r  p r e s s u r e  t h a n  t h o s e  i n  t h e  e p id e r m is  o f  t h e  

i n t a c t  l e a f .  T h is  does n o t  a p p e a r  t o  a f f e c t  t h e  a b i l i b y  o f  C om nelina  

s to m a ta  t o  r e s p o n d  t o  s t i m u l i  i n  much t h e  same way as  t h e y  do on t h e  

l e a f  ( W il lm er  and  M a n s f i e l d ,  1 9 6 9 ) ,  b u t  c a r e  i s  n e c e s s a r y  i n  t h e  c h o ic e  

o f  medium u s e d  f o r  i n c u b a t i o n .
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A d v a n ta g es  from  t h e  u s e  o f  e p id e r m is  m a t e r i a l  i n c l u d e  e a s e  o f  

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

and c a r r y  o u t  p r e c i s e  changes  i n  them . I t  i s  a l s o  p o s s i b l e  t o  

c o n t r o l  and  a l t e r  e x p e r i m e n t a l  v a r i a b l e s  n o t  r e a d i l y  m o d i f ie d  i n  w hole  

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

E p id e rm a l  segm en ts  a r e  t h u s  a  c o n v e n ie n t  t o o l  f o r  t h e  stud)'" o f  s t o m a t a l  

a c t i o n .  However, c a u t i o n  m ust be  o b s e rv e d  when e x t r a p o l a t i n g  r e s u l t s  

t o  t h e  w hole  p l a n t ,  a n d ,  w here  p o s s i b l e ,  e x p e r im e n t s  s h o u ld  a l s o  be  

c a r r i e d  o u t  u s i n g  w ho le  l e a v e s  t o  s u b s t a n t i a t e  any c o n c l u s i o n s .

I n  sium cœy^ th en ^  S e o t io n  1 desor-Cbed a s p e c ts  o f  th e  s to m a ta l  

behaV'Coui' o f  CommeVina e p ld e v m is  s e g m e n ts . The im p o r ta n c e  o f  th e  

i o n i c  c o n te y it  o f  the. i n c u b a t io n  mediiurij th e  p h y s io l o g ic a l  s t a t e  o f  th e  

s o u r c e  l e a f^  and  m e th o d s o f  a p e r tu re , m easurem en t w ere  d e s c r ib e d .

A s y s te m  was e v o lv e d  i n  w h ic h  s h o r t - t e r m  ABA e f f e c t s  c o u ld  he r e tia J ? ly  

a s s e s s e d .

The e x p e r im e n t s  o f  S e c t i o n  2 w ere  d e s ig n e d  t o  i n v e s t i g a t e  t h e  

u p ta k e  and  movement o f  ABA w i t h i n  e p id e r m a l  t i s s u e .  R a d i o a c t i v i t y  

from  ABA was fo u n d  t o  be  t a k e n  up by  t h e  t i s s u e  ( F i g ,  2 5 ) ,  and  t h i s  

p r o c e s s  was d e p e n d e n t  upon t h e  p r e s e n c e  o f  l i v i n g  c e l l s  (T a b le  1 3 ) .

No m e ta b o l i s m  o f  t h e  hormone was d e t e c t e d  by  TLC a f t e r  1 h i n c u b a t i o n  

( F ig .  2 7 ) .  M aking a l lo w a n c e s  f o r  t h e  p h y s i c a l  p r o c e s s e s  i n v o lv e d  in  

m ic r o a u t o r a d i o g r a p h y , t h e  a u t o r a d i o g r a p h s  o f  E x p e r im e n t  2 - t  showed 

c l e a r l y  t h a t  r a d i o a c t i v i t y  from  ABA was t a k e n  up by t h e  g u a rd  c e l l s .

T h is  phenomenon was n o t i c e a b l e  a f t e r  20 min and  became more e x a g g e r a t e d  

a f t e r  4̂0 and  60  min.

In  a c c o rd a n c e  w i t h  t h e  above d i s c u s s i o n ,  t h e  e x p e r im e n t s  w ere  

a l s o  c a r r i e d  o u t  w i t h  w hole  l e a f  t i s s u e  (E x p e r im e n ts  U .3 ,  U.Î4, and  h . 5 ) 

and  e s s e n t i a l l y  s i m i l a r  r e s u l t s  w ere  o b t a i n e d  ( F ig .  44) -  a c c u m u la t io n  

o f  ABA i n  t h e  s t o m a t a l  comixlex was fo u n d  a f t e r  40 min when th e  compound 

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

c o n c e n t r a t e s  on t h e  r e l e v a n c e  o f  t h e s e  r e s u l t s  t o  endogenous  ABA 

movement d u r in g  s t r e s s .

P a r t  o f  t h e  answ er  t o  t h i s  p ro b le m  l i e s  in  t h e  p r e d i c t e d  pa thw ay  

o f  endogenous ABA t o  t h e  e p i d e r m i s ,  a s  Lovey ' s (lS)TT ) e x p e r im e n t s  

d e m o n s t r a te d  t h a t  i n t r a - l e a f  ABA t r a n s p o r t  i s  r e q u i r e d - f o r  w i l t - i n d u c e d
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ABA e f f e c t s  on s to m a ta .  T h e re  i s ,  h o w e v e r ,  l i t t l e  e v id e n c e  t o  

i n d i c a t e  w h e th e r  t r a n s p o r t  o f  endogenous  ABA from  t h e  m e s o p h y l l  

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

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

I f  t r a n s p o r t e d  v i a  t h e  a p o p l a s t  s o l u t i o n ,  t h e  hormone m ust f i r s t  

be  r e l e a s e d  by  t h e  s y n t h e s i s i n g  m e s o p h y l l  c e l l s .  L im i te d  s u p p o r t  

f o r  t h i s  o c c u r r e n c e  was p r o v i d e d  by t h e  ABA e f f l u x  d e m o n s t r a t e d  i n  

E x p e r im en t  2 . 1 ,  b u t  b e t t e r  e v id e n c e  h a s  b e e n  o b t a i n e d  from  s t u d i e s  

o f  w a t e r - s t r e s s  e f f e c t s  o f  ABA l e v e l s  i n  s t e r i l e  l i q u i d - c u l t u r e  

o f  g ra p e  p e r i c a r p  t i s s u e  (Loveys e t  a t , , 19T5) w here  a  p r o p o r t i o n  o f  

s t r e s s - i n d u c e d  ABA was fo u n d  i n  t h e  c u l t u r e  medium. S i m i l a r l y ,

ABA was r e l e a s e d  i n t o  t h e  i n c u b a t i o n  medium when V ic ia  l e a f  m e s o p h y l l  

t i s s u e  was s t r e s s e d  i n  v i t r o  (L o v e y s ,  19TT)*

Once p r e s e n t  i n  t h e  a p o p l a s t ,  t h e  hormone c o u ld  move t o  t h e  

e p id e r m is  by  d i f f u s i o n  o r  i n  t h e  t r a n s p i r a t i o n  s t r e a m .  The f o rm e r  

p r o c e s s  would  a p p e a r  t o  be  r a p i d  enough t o  a c c o u n t  f o r  a p p a r e n t l y  

h o rm o n a l  r e s p o n s e s  o f  s to m a ta  t o  s t r e s s .  . E s t i m a t i n g  t h e  maximum 

pa thw ay  f o r  d i f f u s i o n  i n  a  t y p i c a l  m esophy te  l e a f  t o  b e  1 mm, o v e r  

one t h i r d  o f  ABA m o le c u le s  i n i t i a l l y  p r e s e n t  a t  a  p o i n t  s o u rc e  c o u ld  

h a v e  t r a v e l l e d  t h i s  d i s t a n c e  b y  d i f f u s i o n  w i t h i n  4 .2  min ( a t  20  G, 

s e e  G e n e ra l  I n t r o d u c t i o n )  . H ie  r a t e  o f  t r a n s j j i r a t i o n  f lo w  w ou ld  

a l s o  a p p e a r  t o  b e  a d e q u a t e .

Mass f].ow o f  w a t e r  t h r o u g h  n o n - v a s c u l a r  l e a f  t i s s u e  was d i s c u s s e d  

by  M eidner  and  S h e r i f f  (19T6) , and  p robab .ly  depends on t h e  e x t e n t  

o f  l e a f  v a s c u l a r i s a t i o n .  I n  p l a n t s  t e n d i n g  to w a rd s  x e r o p h y t i c  h a b i t ,  

f lo w  th r o u g h  m e s o p h y l l  and  e p id e r m a l  t i s s u e s  seems i n e v i t a b l e .  Some 

e v id e n c e  f o r  such  f lo w  i n  C om nelina  was s e e n  i n  t h e  r e s u l t s  shown i n  

F ig .  43] a l t h o u g h  t h i s  was o b t a i n e d  w i t h  l e a f  t i s s u e  o f  h i g h  w a t e r  

p o t e n t i a l , M eidne r  (19T9) and  S h e r i f f  (1977) have  s u g g e s t e d  t h a t  

an i m p o r ta n t  p o r t i o n  o f  t h e  w a t e r  s u p p ly  from  m a jo r  v e i n s  i n  l e a v e s  

t r a v e l s  w ib h in  t h e  e p id e r m is  t i s s u e  t o  s i t e s  o f  e v a p o r a t i o n  c l o s e  t o  

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

s o l u t e  such  as  A,BA s h o u ld  a c c u m u la te  i n  t h i s  r e g i o n  when s u p p l i e d  v i a  

t h e  t r a n s p i r a t i o n  s t r e a m .  On t h e  o t h e r  h a n d ,  u p t a k e  o f  t h e  hormone 

i n  th e  e p id e r m a l  segm en t  i n c u b a t i o n  s y s te m  s u g g e s t e d  t h a t  u p ta k e  

c o u ld  p r o c e e d  w i t h o u t  e v a p o r a t i v e  d e p o s i t i o n .
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The a l t e  a m a t iv e  r o u t e  f o r  ABA t r a n s p o r t  i s  s y m p l a s t i c , an d  f o r  

t h i s  r e a s o n  an  e l e c t r o n  m ic ro s c o p e  s tu d y  o f  p la sm o d e sra n tn l  d i s t r i b u t i o n  

was made ( S e c t i o n  6 ) .  I t  was fo u n d  t h a t  s y m p l a s t i c  t r a n s p o r t  from  

m e s o p h y l l  c e l l s  t o  i n n e r  1 a t  e ra] ,  s u b s i d i a r y  c e l l s  was f e a s i b l e ,  b u t  

t h a t  t r a n s f e r  b e tw e en  t h e  i n n e r  l a t e r a l  s u b s i d i a r y  c e l l s  an d  g u a rd  

c e l l s  ( a t  l e a s t  i n  C om netina  ) h a d  t o  b e  a p o p l a s t i c ,  b e c a u s e  t h e r e  

w ere  no p ia sm o d e s m a ta l  c o n n e c t io n s  be tw een  t h e s e  two t y p e s  o f  c e l l .

W ith in  e p id e r m a l  t i s s u e ,  s t u d y  o f  t h e  movement o f  t h e  v i t a l  

s t a i n  n e u t r a l -  r e d  (W il lm er  and M a n s f i e l d ,  19^9) h a s  r e v e a l e d  t h a t  a  

s o l u t e  t r a n s p o r t  s y s te m  e x i s t s  i n  Commelina  w hich  i s  a p p a r e n t l y  

s y j n p l a s t i c .  When e p id e r m a l  segm en ts  w ere  p l a c e d  in  n e u t r a l ,  r e d  

s o l u t i o n ,  t h e  dye was f i r s t  t a k e n  up by  e p id e r m a l  c e l l s .  I f  t h e  

e p id e r m is  was t h e n  t r a n s f e r r e d  t o  d i s t i l l e d  w a t e r ,  t h e  s t a i n  was s e e n  

t o  a c c u m u la te  i n  t h e  g u a rd  c e l l s ,  w i t h o u t  f i r s t  a c o u m u la tin g  i n  th e  

s u b s id ia r y  c e t t s .  L a t e r ,  t h e  dye moved o u t  o f  t h e  e p i d e m a l  c e l l s  

an d  a c c u m u la t io n  was n o t e d  i n  s u b s i d i a r y  c e l l s .  T h is  seems t o  

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

I t a i  an d  M eidner  ( 1 9 7 8 a ;  1 9 7 8 b ) have  shown t h a t  ABA can  a f f e c t  t h i s  

u p ta l ie  o f  n e u t r a l  r e d .  A B A -closed  s to m a ta  d i d  n o t  show su ch  p ro n o u n c e d  

g u a rd  c e l l  u p t a k e  o f  t h e  dye a s  c o n t r o l s .  I n  t h e  e x p e r im e n t s  o f  

S e c t i o n  2 ,  ABA i t s e l f  i s  t h e  s o l u t e  s t u d i e d ,  b u t  i t  seems u n f e a s i b l e  

t o  a s s e s s  t h e  e f f e c t s  o f  t h e  hormone on i t s  own d i s t r i b u t i o n .

I t  a p p e a r s ,  t h e r e f o r e ,  t h a t  b o t h  pathw nys  a r e  p l a u s i b l e .  I t  

may b e  t h a t  b o t h  c o n t r i b u t e  t o  ABA movement i n  l e a v e s . ]*Jhat does 

seem c e r t a i n ,  i s  t h a t  t o  b e  t a k e n  up b y  g u a rd  c e l l s ,  ABA m ust c r o s s  

t h e  g u a rd  c e l l  p lasm alem m a.

The s p e c i f i c i t y  o f  t h e  ABA u p t a k e  phenomenon i s  d o u b t f u l ,  

s i n c e  g u a rd  c e l l s  a r e  known t o  a c c u m u la te  a  num ber o f  o t h e r  s u b s t a n c e s  

such  as  m e ta l  i o n s ,  s u g a r s ,  o r g a n i c  a c i d s ,  an d  dyes (W il lm e r  and  

M a n s f i e l d ,  1 9 ^ 9 ;  F i s c h e r ,  1 9 7 2 ;  • D i t t r i c h  and  R a s c h k e ,1 9 7 7 a ;

W il lm e r  and  R u t t e r ,  1 9 7 7 ;  D i t t r i c h  and  M ayer, 1 9 7 8 ) .  ABA may 

f o l l o w  t h e  same r o u t e  a s  t h e  c a i b o h y d r a t e s  from  t h e  raesophyi.]. w h ich  

a r e  a p p a r e n t l y  n e c e s s a r y  f o r  s t o m a t a l  f u n c t i o n  ( .D i t t r i c h  and  R a s c h k e ,  

1 9 7 7 b ) .  I t  s h o u ld  be  e m p h a s ise d  t h a t  a  l a c k  o f  s p e c i f i c i t y  o f  t h e  

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

h i g h l y  p r o b a b l e  t h a t  t h e  e p id e r m is  i s - n o r m a l l y  s u p p l i e d  w i t h  d i l u t e
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ABA s o l u t i o n  i n  t h e  form  o f  t h e  t r a n s p i r a t i o n  s t r e a m ,  s i n c e  t h e  

hormone h a s  b e e n  shown t o  o c c u r  i n  xylera s a p  (D a v iso n  and  Young, 1 9 7 2 ) .  

These  l e v e l s  can  r i s e  d r a m a t i c a l l y  d u r in g  s t r e s s  (H oad , 1 9 7 5 ) .

I m p l i c i t  i n  t h i s  s t a t e m e n t  i s  t h e  a s su m p t io n  t h a t  u p ta k e  i s  r e l a t e d  

t o  s t o m a t a l  m ovem ents , and  t h i s  w i l l  now be  d i s c u s s e d .

I t  may be  a rg u e d  t h a t  ABA a c c u m u la t io n  o c c u r s  i n  an i n t r a 

c e l l u l a r  com partm ent d i s t t u i t  from  i t s  s i t e  o f  a c t i o n .  N o t w i t h s t a n d in g  

t h i s  p o s s i b i l i t y ,  i t  i s  a lm o s t  i n c o n c e i v a b l e  t h a t  t h e  hormone coud.d b e  

t a k e n  up o r  t r a n s p o r t e d  a c r o s s  a  p a r t i c u l a r  c e l l  w i t h o u t  coming i n t o  

c o n t a c t  w i th  t h e s e  s i t e s ,  w h ic h  a r e  p re su m a b ly  l o c a t e d  a t  t h e  p la s m a 

lemma.

As s e e n  from  t h e  r e l a t i v e l y  r a p i d  e f f l u x  o f  t h e  h o m o n e  from  t h e  

s t o r a g e  c o m p a r tm e n ts ,  t h i s  c o n t a c t  w ould  be  r e p e a t e d  w ere  u p ta k e  

r e v e r s e d .  The p h y s i o l o g i c a l  m ean ing  o f  t h e  e f f l u x  p a t t e r n  o f  F i g . 25 

i s  u n c l e a r .  I n  some r e s p e c t s ,  r em o v a l  o f  t h e  a c t i v e  m o ie ty  in  t h i s  

way w ou ld  b e  a d v a n ta g e o u s  a f t e r  a s t r e s s  h a d  c e a s e d .  C e r t a i n l y ,  e f f l u x  

was c o r r e l a t e d  w i t h  s t o m a t a l  r e o p e n i n g  i n  t h e  e p id e r m a l  i n c u b a t i o n  

s y s te m  ( F i g . 2 9 ) .  I t  i s  a l.so  d i f f i c u l t  t o  a s s e s s  t h e  e f f l u x  p h a s e s  

o f  F i g . 2 5 . A p a r t  f rom  c y to p la s m  and v a c u o l e , t h e s e  c o u ld  c o r r e s p o n d  

t o  a  number o f  o t h e r  p o t e n t i a l  s e q u e s t r a t i o n  s i t e s  and  even  t o  t h e  

a c t i v e  s i t e s  t h e m s e lv e s .  P r e c i s e  c o n c lu s i o n s  c a n n o t  b e  made u n t i l  

t h e  i n t r a c e l l u l a r  s i t e ( s )  o f  a c c u m u la t io n  and o f  a c t i o n  a r e  i d e n t i f i e d .

I n  h m le f j  S e o t io n  2 e s t a b l i s h e d  th e  p o s s ih i 'L i t y  o f  ep id .evm al 

ABA acow nu'Lation^ a n d  cha.r a c te  v i s e d  t h i s  i n  te m is  o f  r a t e  o f  u p ta ke ^  

s i t e  o f  u p ta k e ^  cmd e a s e  o f  e f f l u x .  The hormone a p p e a re d  to  

a e a im u la te  i n  th e  g u a rd  c e l l s .

The t h i r d  R e s u l t s  S e c t i o n  was r e l a t e d  t o  t h e  mode o f  a c t i o n  o f  

ADA i n  s t o m a t a l  c l o s u r e ,  u s i n g  ®^RbCl t o  s tu d y  t h e  e f f e c t s  o f  t h e  

hormone on io n  m ovem ents, ^^Rb was fo u n d  t o  a c c u m u la te  i n  t h e  g u a rd  

c e l l s  when p r e s e n t e d  i n  KCl/PIPEG s o l u t i o n s  ( F ig .  3 3 ) .  The p a t t e r n s  

o f  s t o m a t a l  r e s p o n s e  t o  KCl/PIPES and  RbCl/PIPES m ed ia  w ere  v e ry  

s i m i l a r  ( F ig .  3 0 ) ,  s u p p o r t i n g  t h e  h y p o t h e s i s  t h a t  t h e  tw o a l k a l i  m e ta l  

i o n s  w ere  n o t  d i s c r i m i n a t e d  b y  t h e  t i s s u e .  I n  t h e o r y ,  i t  w ou ld  h av e  

been  p o s s i b l e  t o  c a r r y  o u t  t h e  e x p e r im e n t s  o f  t h i s  s e c t i o n  u s i n g  ^2%;̂  . 

How ever, t h e  s h o r t  h a l f - l i f e  o f  t h i s  i s o t o p e  woiJ.d havdunade  r a d i o a s s a y  

much more c o m p l ic a t e d .
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The r e l a t i o n s h i p  b e tw e e n  s t o m a t a l  a p e r t u r e  and  ®^Rb'' uptaîce 

was n e a r - l i n e a r  i n  two e x p e r im e n t s  ( F i g s .  33.b and  3 2 b ) ,  a s  fo u n d  b y  

F i s c h e r  ( 1 9 7 2 ) i n  V ic ia  w i t h  b o th  ^ 2%+ and  ^^Rb ''. I n  V i d a  , a t  

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

assum ed t h a t  t h e  t r a c e r  e q u i l i b r a t e s  w i t h  t h e  m a jo r  g u a rd  c e l l  i o n  

p o o l  (R a s c h k e ,  I 9 7 6 ) . I n  F i s c h e r ' s  s t u d y , e p id e r m a l  se g m e n ts  h a v in g  

few l i v i n g  e p id e r m a l  c e l l s  w ere  s e l e c t e d  and  i t  was a ssum ed  t h a t  

segm ent t r a c e r  u p ta k e  was t h e r e f o r e  a t t r i b u t a b l e  t o  t h e  g u a rd  c e l l s .

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

u p ta k e  was l a r g e l y  i n t o  g u a rd  c e l l s ,  u s in g  a u t o r a d i o g r a p h y .  I t  i s  

b e l i e v e d  t h a t  t h i s  i s  t h e  f i r s t  r e p o i b  o f  g u a rd  c e l l  io n  u p ta k e  

u s i n g  t h i s  t e c h n i q u e .

T here  w e r e ,  h o w e v e r ,  some u n s a t i s f a c t o r y  a s p e c t s  t o  t h e  phenomenon 

o f  Corrmetiyia e p id e r m is  u p t a k e ,  t h e  c h i e f  o f  w h ich  was t h e  ' h o t

s p o t '  syndrome fo u n d  on s e v e r a l  seg m en ts  s u b j e c t e d  t o  a u to r a d io g r a p h y  

( F i g . 3 4 ) .  I t  was n o t  e v i d e n t  w h e th e r  t h e s e  a r e a s  w ere  a r t i f a c t s  o f  

e i t h e r  t h e  m ic r o a u t o r a d i o g r a p h i c  p r o c e s s  o r . t h e  segm en t r i n s i n g  

p r o c e d u r e ,  o r  w h e th e r  t h e y  r e p r e s e n t e d  g e n u in e  t i s s u e  i o n  u p t a k e .

A l a r g e  p a r t  o f  t h e  v a r i a b i l i t y  fo u n d  b e tw e en  se g m e n ts  m ig h t  p o s s i b l y  

by due t o  ' h o t  s p o t '  e f f e c t s  ( e . g .  i n  F i g s .  3 1 ,  3 2 ,  an d  3 9 ) .

Tlie e f f e c t  o f  ABA on ®^Rb uptal<:e (E x p e r im e n t  3 .4 )  was i n t e r e s t i n g  

a s  i t  p a r a l l e l e d  t h e  e a r l i e r  n o n - q u a n t i t a t i v e  r e s u l t s  o f  M a n s f i e ld  

and  J o n e s  ( 1 9 7 0 ) « T hese  a u t h o r s  show ed , u s i n g  s t a i n i n g  t e c h n i q u e s ,
•  j" ^

t h a t  t h e  l o c a t i o n  o f  endogenous  S i n  Commet i n a  was a l t e r e d  b y  ABA

t r e a t m e n t ,  i n  f a v o u r  o f  t h e  e p id e r m a l  an d  s u b s i d i a r y  c e - l l s . Such

c^e  l o c a t i o n  i s  c e r t a i n l y  d i f f i c u l t  t o  q u a n t i f y  ( F i s c h e r ,  1972) and 

even  t h e  u s e  o f  q u a n t i t a t i v e  a u to r a d io g r a p h y  (T a b le  ,l6 ) can  be  

p r o b l e m a t i c a l  ( R o g e r s ,  1 9 7 3 ) .  More r e l i a b l e  e s t i m a t e s  o f  endogenous

c e l l  io n  c o n te n t s  can be  o b t a i n e d  w i t h  i o n - s p e c i f i c  mi e r o d e  c t  ro d es  

and  i o n  m ic ro p ro b e  a n a l y s e s  (Humble and  R a sc h k e ,  1 9 7 1 ;  Penny and 

B o w lin g ,  1 9 7 ^ )3  a l t h o u g h  t h e s e  t e c h n i q u e s  a l s o  h av e  i n a c c u r a c i e s .

The e f f e c t  o f  I\BA on ^^Rb^ e f f l u x  (E x p e r im e n t  3 .6 )  i s  a  n o v e l

o b s e r v a t i o n  w h ich  r e q u i r e s  c o r r o b o r a t i o n .  S i m i l a r  r e s u l t s  h av e  been  

o b t a i n e d  by  MeRobbie e t  .^(l978 ; P e rso n a ] ,  c o m m u n ic a t io n ) .  I t  i s  

n o t  known w h e th e r  e n h a n ce d  e f f l u x  r e p r e s e n t e d  what w ou ld  n o r m a l ly  ( i n
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a  w hole  l e a f )  b e  r a p i d  e x p u l s i o n  o f  io n s  from  t h e  g u a rd  c e l l s  t o  

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

i n c r e a s e d  t r a n s f e r  o f  i o n s  b e tw e e n  t h e  guard  and  s u b s i d i a r y  c e l l s  

w h ich  h a d  b e e n  ' s h o r t - c i r c u i t e d '  b y  t h e  p r e s e n c e  o f  t h e  i n c u b a t i o n  

medium. C e r t a i n l y ,  ex ch an g e  o f  io n s  be tw een  t h e  e p id e r m is  

a p o p l a s t  and  t h e  medium seems l i k e l y ,  a l . though  t h e r e  i s  e v id e n c e  

t h a t  a t  l e a s t  p a r t  o f  t h e  s t o m a t a l  com plex  i s  c u t i c u l a r i s e d  on t h e  

i n n e r  w a l l  w h ich  w ou ld  be  i n  c o n t a c t  w i t h  t h e  s o l u t i o n  ( F i g .  5 2 ) .

S i t e s  f o r  io n s  o u tw i th  t h e  plasm alemm a have  b e e n  p o s t u l a t e d  i n  

t h e  f e r n  P o ly p o d iw n  ( S te v e n s  and  M a r t i n ,  19TT). R e s u l t s  o f  S a f c n e r  

and  Raschke (1978) i n d i c a t e  t h a t  t h e  io n -e x c h a n g e  c a p a c i t y  o f  t h e  g u a rd  

c e l l  w a l l  i s  l a r g e .  H ow ever, t h e  p r e s e n c e  o f  i o n s  i n  su ch  s i t e s  may 

be  te m p o r a r y  b e f o r e  t h e y  ar-e t a k e n  up b y  o t h e r  c e l l s .

I t  i s  d i f f i c u l t  t o  p o s t u l a t e  i n  m o le c u la r  t e rm s  how ABA m ig h t  

a f f e c t  membrane p e r m e a b i l i t y  t o  i o n s ,  e s p e c i a l l y  s i n c e  i t  may a f f e c t  

d i f f e r e n t  c e l l s  i n  d i f f e r e n t  w ays . T h u s ,  t h e  same compound may 

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

e p id e r m a l  i o n  u p t a k e .  A p r e l i m i n a r y  stuciy  ( C o l l i n s ,  1978) on s y n t h e t i c  

membranes h as  shown t h a t  ABA may a c t  l i k e  an ' i o n o p h o r e '  t o  i n c r e a s e  

membrane c o n d u c ta n c e .  A s e c o n d  p o s s i b i l i t y  i s  t h a t  t h e  hormone 

a f f e c t s  t h e  io n  u p ta k e  ATPases  ( H s ia o ,  1 9 7 6 ) .  U n t i l  more i s  known 

o f  t h e  m echanism  o f  t ra n s -m e m b ra n e  io n  movement i t  seems t h a t  l i t t l e  

p r o g r e s s  w i l l  be  made i n  t h i s  a r e a .

To s iü w n a rise j S e c t io n  3 was a  d e s c r i p t i o n  o f  th e  ion^^re l o t i o n s  o f  

th e  C om nelina  e p id e r m is  i n  te r m s  o f  u p ta k e  m d  d i s t x d b u t i o n .

The e f f e c t s  o f  ABA on th e s e  p r o c e s s e s  w ere  ex a m in ed  and  th e  hormone 

was fo u n d  to  a l t e r  b o th  th e  p a t te r n ,  o f  u p ta k e  and  th e  r a t e  o f  e f f l u x  

o f  th e  t r a c e r .

The f o u r t h  R e s u l t s  S e c t i o n  i n v o lv e d  t h e  d e v e lo p m en t  o f  a  w h o le -  

l e a f  s y s te m  w hich  was t h e n  u s e d  f o r  r e - e x a m i n in g  t h e  e f f e c t s  and  

movement o f  ABA fo u n d  i n  S e c t i o n s  1. an d  2 .

L eaves  s u p p l i e d  w i t h  f r e e  w a t e r  p re su m a b ly  h a v e  a  h i g h  l e a f  

w a t e r  p o t e n t i a l  a p p r o a c h in g  z e r o .  I n  su c h  c o n d i t i o n s  com bined  

w i th  h ig h  h u m id i ty ,  t h e  s to m a ta  opened  c o n s i s t e n t l y  ( F i g s . 3 8 , 39»

42 and  4 3 ) .  The s t o m a t a l  r e s p o n s e  t o  h ig h  r e l a t i v e  h u m id i ty  h a s  

b e e n  c h a r a c t e r i s e d  f o r  a  num ber o f  s p e c i e s  and  t r e a t m e n t s  ( e . g ,
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Lange e t  a Z . ,  1971 ; S h e r i f f ,  1977 ;  Edwards and M e id n e r ,  1 978 ;

Losch  and  Gchenk, 1 9 7 8 ) ;  i t  a p p e a r s  t o  r e s u l t  from  d e c r e a s e d  

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

movement. A s l i g h t  d i s a d v a n t a g e  o f  t h e  e x p e r i m e n t a l  s y s te m  was 

t h e r e f o r e  t h a t  t h e  r a t e  o f  t r a n s p i r a t i o n  was p r o b a b ly  low . On t h e  

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

be  h i g h e r  f o r  a. g iv e n  (low ) w a t e r  p o t e n t i a l  i n  m o is t  a i r  t h a n  i n  d ry  

a i r  ( s e e  R asch k e ,  1979)* An a l t e r n a t i v e  m ethod t o  in d u c e  s t o m a t a l  

o p e n in g  would  have  b e e n  t h e  u s e  o f  C O ^-reduced  a i r „  How ever, t h i s  

w ou ld  have  i n t r o d u c e d  a f u r t h e r  v a r i a b l e  t o  t h e  e x p e r i m e n t .  B e s id e s  

t h i s  p o i n t ,  i t  was a l s o  n o t  p o s s i b l e  t o  o b t a i n  c o m p le te  s t o m a t a l  

c l o s u r e  w i t h  ABA a t  lo w e r  c o n c e n t r a t i o n s  i n  C O ^ -free  a i r  ( e . g .  F i g . 3 9 b ) ,

I n  n o rm a l  a i r ,  ABA h a d  e f f e c t s  on stom ata , o f  w ho le  l e a v e s  s i m i l a r  

t o  t h o s e  o b t a i n e d  w i t h  e p id e r m a l  seg m en ts  ( F i g s ,  39 an d  4 l ,  a f  • F i g . 1 8 ) ,  

An im p o r ta n t  d i f f e r e n c e  was t h a t  t h e  t im e  t a k e n  f o r  c o m p le te  s t o m a t a l  

c l o s u r e  when t h e  hormone was a p p l i e d  v ia  t h e  t r a n s p i r a t i o n  s t r e a m  was 

l o n g e r  (3 0 -4 9  min V s. 19 r a in ) ,  H i i s  was p r o b a b ly  r e l a t e d  t o  b o t h  

t h e  t im e  t a k e n  f o r  t h e  hormone t o  t r a v e l  t o  t h e  e p id e r m is  i n  t h e  

v a s c u l a r  t i s s u e  and  t o  t h e  e v e n t u a l  hormone c o n c e n t r a t i o n  a t  t h e  s i t e  

o f  a c t i o n ;  i n  t h e  e p id e r m a l  segm ent s y s te m  t h e  ' l a t e n t  p e r i o d '  f o r  

ABA a p p l i c a t i o n  was a lm o s t  z e r o  and  t h e  c o n c e n t r a t i o n  o f  honnone 

a t  t h e  g u a r d - c e l l  p lasm alem m a must have  r a p i c l y  r e a c h e d  t h a t  o f  t h e  

o u t s i d e  medium. T h ese  e f f e c t s  may e x p l a i n  why t h e  a p p a r e n t  s t o m a t a l  

s e n s i t i v i t i e s  t o  ABA e s t i m a t e d  i n  b o t h  sy s tem s  w ere  d i f f e r e n t  by an 

o r d e r  o f  m a g n i tu d e :  i n  t h e  segm ent s y s te m  an e x c e s s  o f  ABA was

p r o b a b l y  p r e s e n t .  From F i g .  42 i t  a p p e a r s  t h a t  t h e  number o f  m o le c u le s  

p e r  s tom a ' r e q u i r e d  f o r  c o m p le te  c l o s u r e  e s t i m a t e d  from  F i g ,  4 l  was 

a  t r u e  minimum and  n o t  a  f u n c t i o n  o f  t h e  k i n e t i c s  o f  c lo s iu -e :  u s e  o f

lo w e r  hormone c o n c e n t r a t i o n s  d i d  n o t  g iv e  a  lo w e r  v a l u e . T hese  v e ry  

low e s t i m a t e s  o f  s t o m a t a l  s e n s i t i v i t y  c o u p le d  w i t h  t h e  ABA u p ta k e  

phenomenon i n d i c a t e  t h a t  h o rm o n e - in d u c e d  s t o m a t a l  movements may t a k e  

p l a c e  when even  m ino r  a d ju s t m e n t s  o f  ABA c o ra p a r tm e n ta t io n  t a k e  p l a c e  

( M a n s f i e ld  e t  a t  . ,  1 9 7 8 ) .

A p ro b le m  w h ich  h a s  n o t  y e t  b e e n  d i s c u s s e d  c o n c e rn s  t h e  p o s s i b l e  

d i f f e r e n t i a l  a c t i v i t y  o f  t h e  (d )  and  ( - )  o p t i c a l  i so m e rs  p r e s e n t  i n  

s y n t h e t i c  ABA on b o t h  s t o m a t a l  a s s a y  s y s te m s .  I n  many o t h e r  b i o a s s a y s ,
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b o t h  i so m e rs  h a v e  n e a r  e q u i v a l e n t  e f f e c t s  (M ilb o r ro w ,  1 9 T4 ) b u t  

t h e r e  seems t o  b e  some c o n t r o v e r s y  o v e r  t h e  s i t u a t i o n  w i th  s t o m a t a l  

a s s a y s  (M ilb o rro w ,  1 974 ;  R a sc h k e ,  1 9 7 5 ) .  Cummins and  S o n d h e im er

(1973) fo im d  ( - )  -  ABA was l e s s  a c t i v e  b u t  d i d  have  r e s i d u a ] ,  a c t i v i t y  

on e x c i s e d  b a r l e y  l e a v e s .  K riederaann  e t  a t .  (1972) com pared  t h e  

a c t i v i t y  o f  ABA from  a  p l a n t  e x t r a c t  (p re su m a b ly  o n ly  (+) -  ABA) w i t h  

t h a t  o f  t h e  s y n t h e t i c  r a c e m ic  m ix tu r e  and  o b t a i n e d  a t w o - f o l d  

d i f f e r e n c e  w hich  t h e y  e x p l a i n e d  b y  i n a c t i v i t y  o f  t h e  ( - ) - i s o m e r  

I t  t h e r e f o r e  seems t h a t  i t  may b e  n e c e s s a r y  t o  ha lj^L the  s e n s i t i v i t y  

e s t i m a t e s  o b t a i n e d  i n  S e c t i o n s  2 and  4 w i th  t h e  s y n t h e t i c  compound.

On t h e  o t h e r  h a n d ,  t h i s  may n o t  b e  j u s t i f i e d  u n t i l  t h e  e f f e c t s  o f  

(-)-ABA on Comnelina. s t o m a t a l  movements have  b e e n  e v a l u a t e d .

A llow ance  f o r  t h e  s m a l l  am ounts o f  t-ABA p r e s e n t  i n  t h e  s y n t h e t i c  ABA 

u s e d  was n o t  made.

As e a r l i e r  m e n t io n e d ,  t h e  e v id e n c e  f o r  g u a r d - c e l l  ABA u p ta k e  

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

sy s te m s  u s e d .  T liis  e v id e n c e  was n o t  o n l y  o b t a i n e d  from  m ic r o a u t o 

r a d i o g r a p h y ;  t h e  p a r t i t i o n i n g  o f  l e a f  ^'+C-ABA c o n t e n t  v a r i e d  t h r o u g h  

t h e  c o u r s e  o f  a p p l i c a t i o n  ( T a b le s  l 8 and  19) i n  a  m anner c o n s i s t e n t  

w i t h  s e q u e s t r a t i o n  w i t h i n  t h e  e p i d e r m i s .  The q u e s t i o n  o f  t h e  89-95% 

o f  a p p l i e d  a c t i v i t y  w h ich  r e m a in e d  i n  t h e  m e s o p h y l l  t i s s u e  i s  o f  i n t e r e s t .  

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

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

c e l l s  when e p id e r m is  was i n c u b a t e d  i n  ABA ( F i g ,  28) i n d i c a t e d  t h a t  a  

c e r t a i n  amount o f  c e l l u l a r  u p t a k e  was p o s s i b l e .  I t  was n o t  p o s s i b l e  t o  

e s t i m a t e  w hat p r o p o r t i o n  o f  t h e  AI^A p r e s e n t  i n  t h e  e p id e r m is  t i s s u e  

a j r r iv e d  i n  t h e  t r a n s p i r a t i o n  s tream .,  com pared w i t h  t h a t  w hich  m ig h t  h av e  

e n t e r e d  from  a  p u t a t i v e  s y m p l a s t i c  pa thw ay  v ia  p r im a ry  ui^take by  

m esophyl]. c e l l s .

I n  o u t 'l in e y  S e c t io n  d px^oduced c o i^ r o h o ra tiv e  e v id e n o e ,  u s in g  a  

w h o le  l e a f  sy s te m ^  t o  s u p p o r t  th e  c o n c lu s io n s  o f  S e o t io n  2 . A d d i t i o n a l l y ^

a lo w e r  ’u p p e r  l i m i t  e s t i m a t e ’ o f  s to m a ta l  s e n s i t i v i t y  was o b ta in e d .

The f i f t h  R e su l . ts  S e c t i o n  d e a l t  w i t h  m easu rem en t o f  endogenous  

ABA l e v e l s  in  C om m elina, S e v e r a l  a s p e c t s  o f  t h e  p u r i f i c a t i o n  s t a g e  

o f  a n o l y s i s  w ere  exam ined  ( E x p e r im e n ts  5.1% 9*2 and  9 *3')’, and  a  s h o r t ,
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e f f e c t i v e  p r o c e d u r e  a d o p te d  ( F i g , 8 ) .  The s h o r t - t e r m  w i l t i n g  

p r o c e d u r e  u s e d  i n  E x p e r im e n t  1 . 9  was a p p l i e d  t o  C om nelina  l e a f  

m a t e r i a l  and  t h e  ABA c o n t e n t  e s t i m a t e d  u s in g  t h i s  p u r i f i c a t i o n  m ethod . 

Endogenous Me ABA was i d e n t i f i e d  h y  c om par ison  w i t h  t h e  r e t e n t i o n  

t im e s  o f  Me ABA and  t-Me ABA s t a n d a r d s  a f t e r  i s o t h e r m a l  GLC w i t h  EC 

d e t e c t i o n .  I t  m ust h e  e m p h a s i s e d ,  t h o u g h ,  t h a t  GLC-ECD i s  e s s e n t i a l l y  

a c h ro m a to g ra p h ic  s e p a r a t o r y  p r o c e s s ,  and  a l t h o u g h  h ig h ily  s e n s i t i v e  and  

s e l e c t i v e ,  i t  c a n n o t  be e n t i r e l y  s p e c i f i c .  GLC p r o v id e s  l i t t l e  

i n f o r m a t i o n  c o n te n t  on t h e  c o n f i g u r a t i o n  and  s t r u c t u r e  o f  t h e  m o le c u le  

b e i n g  a n a l y s e d .  T h u s ,  a l t h o u g h  i t  was r e g a r d e d  as  h i g h l y  p r o b a b l e  t h a t  

t h e  p e a k s  m ea su red  w ere  a  r e s u l t  o f  a  r e s p o n s e  t o  Me ABA, i d e a l l y ,  

f u r t h e r  i d e n t i f i c a t i o n  p r o c e d u r e s  w ere  r e q u i r e d .  I t  was c o n s i d e r e d ,  

ho w e v e r ,  t h a t  t h e  ECD p u r i f i c a t i o n  t e c h n i q u e  u s e d  was i n a d e q u a te  f o r  

f u r t h e r  a n a l y s i s  b y ,  f o r  i n s t a n c e ,  GLC-MS ( s e e  d i s c u s s i o n  on S e c t i o n  7 ) .  

On t h e  same g ro u n d s ,  t h e  TLC p r o c e d u r e  f o r  a n a l y s i s  o f  t h e  i n t e r n a l  

s ta n .d a rd  ( F ig .  48) was a l s o  n o t  e n t i r e l y  s a t i s f a c t o r y .

A ssum ing, t h e n ,  t h a t  t h e  m e a su re d  p e a k s  w ere  due t o  t h e  p r e s e n c e  

o f  Me ABA, t h e  c a l c u l a t e d  ABA c o n t e n t s  (T a b le  25) r e v e a l e d  t h a t  ABA 

l e v e l s  o f  Com melina  w hole  l e a f  t i s s u e  r e o p e n e d  to '  s t r e s s  i n  t h e  same 

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

E x p e r im e n t  5 . 4 ) .  F o r  a  s t r i c t  co m p a r iso n  o f  t h e s e  r e s u l t s  ( F ig ,  50) 

w i th  t h e  e f f e c t s  o f  t h e  same s t r e s s  on e p id e r m a l  segm en t  a p e r t u r e  

a t t a i n m e n t  ( F i g ,  2 3 ) ,  o r  o f  A B A --pre trea tm ent on e p id e r m a l  segm en t 

a p e r t u r e  a t t a i n m e n t  ( F ig .  2 9 ) ,  e p id e r m is  ABA l e v e l s  s h o u ld  have  been  

q u a n t i f i e d .  T h is  w ou ld  p r o b a b l y  have  b e e n  r e l a t i v e l y  e a s i e r  w i t h  

Com melina  r a t h e r  t h a n  V ic ia  ( i . e .  L o v e y s ,  1 9 7 7 ) ,  s i n c e  t h e  fo rm e r  i s  

b o t h  e a s i e r  t o  p e e l  and  c a r r i e s  l e s s  c o n ta m in a t io n  on t h e  e p id e r m a l  

t i s s u e .

S e o t io n  5 c u lm in a te d  in  th e  e s t im a t io n  o f  en dogenous ABA c o n te n t s  

o f  C om nelina  w ho le  l e a f  t i s s u e  u s in g  GLC~ECD. L e v e ls  w ere fo u n d  to  

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

An a t te m p t  was made in  S e c t io n  6 t o  exam ine  C onm elina  e p id e r m is  

u l t r a s t r u o t u r e  w i th  th e  s p e c i f i c  a im  o f  i n v e s t i g a t i n g  th e  p la sm o d e sm a ta l  

j u n c t io n s  b e tw e en  c e l l s .  M ost c e l l s  w ere j o i n e d  by  th e s e  c o n n e c t io n s ^  

b u t  none w ere o b s e r v e d  betw eeyi g u a rd  c e l l s  and  i n n e r  l a t e r a l  s u b s id ia r y  

c e l l s .  The r e l e v a n c e  o f  t h e s e  r e s u l t s  was d i s c u s s e d  w i th  t h o s e  o f  

S e c t i o n  2 .
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The s e v e n t h  and  f i n a l  S e c t i o n  i n v o lv e d  a  d i f f e r e n t  e x p e r i m e n t a l  

p l a n t ,  R ic in u B  corimruniSi w h ich  was u s e d  t o  lo o k  a t  t h e  l o n g  d i s t a n c e  

t r a n s p o r t  o f  ABA. I n  some r e s p e c t s ,  t h e s e  r e s u l t s  may a p p e a r  t o  h e  

o u t  o f  c o n t e x t ,  h u t  n o n e t h e l e s s ,  i n  a s tu d y  o f  t h e  h o rm ona l  c o n t r o l  

o f  a  p a r t i c u l a r  phenom enon, t h e  s i d e  e f f e c t s  o f  t h e  r e s p o n s e  m echanism  

may be r e l e v a n t .  I n  t h e  c a s e  o f  w i l t - i n d u c e d  FBA, t h e  p o s s i b i l i t i e s  

o f  e f f e c t  o f  t h e  i n c r e a s e d  l e v e l s  o f  t h e  hormone on o t h e r  p r o c e s s e s  

b e s i d e s  s t o m a t a l  movements s h o u ld  b e  c o n s i d e r e d .  S e v e r a l  o f  t h e  

n o rm a l  p l a n t  r e s p o n s e s  t o  s t r e s s  can  be  e f f e c t e d  by  ABA a p p l i c a t i o n  

( e . g .  P i tm an  e t  c ïZ ,,19T 4 ; Q u a r r i e  and  J o n e s ,  1 9 7 7 ) '  S in c e  t h e  m a jo r  

o rg a n  o f  ABA s y n t h e s i s  d u r in g  s t r e s s  i s  t h e  l e a f  ( T a b le  2 ) ,  i t  

seems l o g i c a l  t o  assum e t h a t  some d e g re e  o f  t r a n s p o r t  o f  t h e  hormone 

a ro u n d  t h e  p l a n t  may o c c u r .  T h is  seem ed t o  be  t h e  c a s e  i n  a  s tu d y  

by  Hoad (1975) on s u n f lo w e r  p l a n t s .  I n  p a r a l l e l ,  v e ry  l i t t l e  i s  

known o f  hormone l o a d i n g  a n d  t r a n s l o c a t i o n .

T h is  S e c t i o n  i n v o lv e d  t h e  d e s c r i p t i o n  o f  a  w hole  p l a n t  system, i n  

w hich  t h e s e  phenomena c o u ld  b e  o b s e r v e d ,  ABA a p p e a r e d  t o  b e  r e a d i l y  

t r a n s p o r t e d  and  t h e  c o - t r a n s p o r t  o f  t h e  hormone w i th  s u c r o s e  was 

i n v e s t i g a t e d .

Mass s p e c t r o m e t r i c  i d e n t i f i c a t i o n  o f  ABA i n  t h e  phloem  c o r r o b o r a t e d  

e a r l i e r  r e s u l t s .  The f a c t  t h a t  f u l l - s c a n  a n a l y s i s  o f  a p p a r e n t l y  

c l e a n  and s y m m e tr ic a l  GLC p e a k s  d i d  n o t  r e s u l t  i n  an  ^ / e  r e l a t i v e  

abundance  s p e c t r ia u  t h e  same a s  s t a n d a r d s ,  u n d e r l i n e d  t h e  i n a d e q u a c y  

o f  t h e  GLC t e c h n i q u e  f o r  a s s e s s m e n t  o f  compoimd i d e n t i t y .

T hese  i n v e s t i g a t i o n s  o f  .ABA t r a n s p ) o i t  seemed t o  r e s u l t  i n  t h e  

f o r m u la t io n  o f  more q u e s t i o n s  r a t h e r  th-an y i e l d i n g  a n s w e r s ,  p e rh a p s  

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

w ere  as f o l l o w s .

(ei) a r e  t h e  k i n e t i c s  o f  horm one l o a d i n g  d e te r m in e d  by  t h e  r a t e  o f  

s u c r o s e  l o a d i n g ?

(b )  can  t h e  h o rra o n e (s )  i n f l u e n c e  t h e  l o a d i n g  an d  t r a n s p o r t  o f  

a s s i m i l a t e ?

( c )  why was M A  t r a n s l o c a t e d  i n  t h e  f r e e  fo rm  an d  a t  r e l a t i v e l y  

h ig h  c o n c e n t r a t i o n s ?

( d) what a r e  t h e  c o r r e l a t i v e  f u n c t i o n s  o f  t h e  hoimones-Ain t h e  phloem?

O b v ic Q s ly ,  f u r t h e r  s tu d y  i s  r e q u i r e d  f o r  a  f u l l  u n d e r s t a n d i n g  o f  t h e s e  

p o i n t s .
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S e c t io n  S e v e n j i n  summary^ d e m o n s tr a te d  t h a t  r a d i o a c t i v i t y  fro m  

A73Â c o u ld  he tx^a n ep o r te d  i n  th e  ph lo em  sa p  o f  B ia in u s  fo l l o w in g  

f o l i a r  a p p l i c a t i o n .  ABA was i d e n t i f i e d  i n  R ic in u s  p h lo em  sap  axid 

th e  C O -tr a n s p o r t  o f  r a d i o a c t i v i t y  fro m  b o th  ABA an.d s u c r o s e  was 

a n a ly s e d  u s in g  d o u b le - la b e l  t e c h n iq u e s ;  A s y s te m  f o r  th e  a n a l y s i s  

o f  hormone tx> ansport phenom ena has th u s  been  d e s c r ib e d .

I n  e s s e n c e ,  t h e s e  e x p e r im e n ts  on ABA in  Commelina  and  B ic i'n u s  

showed t h a t  t h e  compound was t a k e n  u p ,  t r a n s p o r t e d ,  and  e x e r t e d  

d e m o n s t ra b le  p h y s i o l o g i c a l  e f f e c t s  on p l a n t  t i s s u e s .  A n c i l l a r y  

e x p e r im e n t s  and  o b s e r v a t i o n s  on i o n  movement and  p l a n t  s t r u c t u r e  

a id e d  t h e  i n t e r p r e t a t i o n  o f  t h e s e  r e s u l t s  on t h e  p h y s io l o g y  o f  ABA.

T h a t  t h e  c l o s u r e  r e s p o n s e  o f  s to m a ta  c o u ld  be  i n i t i a t e d  by a s  l i t t l e  

a s  4 5 . 5  amol ABA p e r  s t o m a t a l  com plex  (23  m i l l i o n  m o le c u le s )  e m p h a s i se d  

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

t h e  i n t a c t  p l a n t .  k l i e th e r  o r  n o t  ABA can  b e  r e g a r d e d  as  a  hormone i n  

t h e  s p e c i f i c  i n s t a n c e  o f  s t o m a t a l  c o n t r o l  in  w a t e r  s t r e s s  forms t h e  

p o i n t  o f  t h e  f o l l o w i n g  S e c t i o n .

SECTION B,

THE RESULTS IN  RELATION TO THE CONCEPT OF TEE HORMONAL NATVRE 

OF WILT-INDVCED ABA ACTION,

T h is  S e c t i o n  o f  t h e  D i s c u s s i o n  p r e s e n t s  t h e  work o f  t h i s  t h e s i s  

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

G e n e ra l  I n t r o d u c t i o n .  The e v id e n c e  t h a t  ABA c o n t r o l s  s to m a ta l*  

a p e r t i u ’e d u r in g  w a t e r  s t r e s s  i n  a  ho rm ona l  m anner was sum m arised  

i n  T a b le  3. The r e s u ] . t s  o f  t h i s  t h e s i s  w i l l  be  t r e a t e d  i n  a  

s i m i l a r  o r d e r .

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

by t h e  c o r r e l a t i o n  b e tw e en  t h e  i n c r e a s e  i n  endogenous ABA fo u n d  i n  

E x p e r im en t  5*4 and  t h e  r e s p o n s e s  o f  s to m a ta  from  s i m i l a r l y  s t r e s s e d  

l e a v e s  i n  E x p e r im e n t  1 .9»  No t r u e  a d d i t i o n s  w ere  made t o  t h e  

e v id e n c e  u p h o ld in g  e x c i s i o n .  C o r r o b o r a t iv e  e v id e n c e  was o b t a i n e d  

f rom  t h e  o b s e r v a t i o n  t h a t  s to m a ta  open ed  when s t r e s s  was removed
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(E x p e r im e n t  4 , 1 )  b u t  c l o s e d  when w a t e r  was n o t  s u p p l i e d  (E x p e r im e n t  

1 . 9 ) .

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

o f  w a t e r  s t r e s s  b y  c a u s i n g  s t o m a t a l  c l o s u r e  in  a  num ber o f  sy s te m s  

(E x p e r im e n ts  1 . 5 ,  1 . 6 ,  and  4 . 2 ) .  Removal o f  t h e  hormone (E x p e r im e n t  

2 . 5  a l s o  a l lo w e d  s t o m a t a l  r e - o p e n i n g .

I n  a  s e n s e ,  a l l  t h e  e x p e r im e n t s  i n v o l v i n g  e p id e r m a l  segm en ts  end  

ABA w ere  exam ples  o f  i s o ta t io y i . ,  ^^Rb^ was u s e d  t o  i d e n t i t y  t h e  s i t e s  

and  m ode(s )  o f  a c t i o n  o f  t h e  hormone (E x p e r im e n ts  3 .4  and  3 . 6 ) .

The r e s u l t s  o f  S e c t i o n  5 a d d ed  a n o t h e r  s p e c i e s  t o  t h e  l i s t  o f  

t h o s e  known t o  r e s p o n d  t o  s t r e s s  by  ABA p r o d u c t i o n ,  e n f o r c i n g  t h e  r u l e  

o f  g e n e r a l i t y .  Even th o u g h  Com melina  i s  such  a  conmion e x p e r i m e n t a l  

p l a n t  i n  s t u d i e s  o f  ABA a c t i o n ,  t h e  d a t a  on ABA e f f e c t s  can  a l s o  b e  

s e e n  as s u b s t a n t i a t i n g  t h e s e  w e l l - p r o v e n  o b s e r v a t i o n s .

The r a t i o n a l e  o f  t h e  s p e c i f i c i t y  o f  ABA u p ta k e  h a s  b e e n  d i s c u s s e d  

and  i t  was c o n c lu d e d  t h a t  l a c k  o f  s p e c i f i c i t y  i n  t h i s  c a s e  n e e d  n o t  

p r e c l u d e  p h y s i o l o g i c a l  r e l e v a n c e .  No e x p e r im e n ts  w ere  c a r r i e d  o u t  

t o  exam ine t h i s  a s p e c t  o f  hormone a c t i o n .

No e v id e n c e  was o b t a i n e d  t o  s u p p o r t  t h e  c r i t e r i o n  o f  s p a t i a l  

s e p a r a t io n  a p a r t  f rom  t h a t  w h ich  c o n f i r m e d  t h e  e f f e c t s  o f  ABA on 

e p id e r m is  m a t e r i a l .

T r a n s p o r t  b e tw e e n  t i s s u e s  was i n v e s t i g a t e d  d i r e c t l y  w i t h  R ic in u s  

and  i n d i r e c t l y  w i t h  C om nelina  . I t  was shovm t h a t  ABA was r e a d i l y  

t r a n s l o c a t e d  i n  t h e  phloem  o f  t h e  fo rm e r  p l a n t  ( S e c t i o n  T ) . The 

u p ta k e  o f  ABA b y  t h e  s t o m a t a l  com plex  was e n v i s a g e d  as a  m a n i f e s t a t i o n  

o f  t h e  n o rm a l  t r a n s p o r t  r o u t e  f o r  t h e  hormone b e tw e e n  t h e  m e s o p h y l l  

and  epide]?mis o r  b e tw e en  t h e  xylem  c o n t e n t s  and  t h e  e p id e r m is  

(E x p e r im e n ts  2 . 2 ,  2 . 4 ,  4 .3  and  4 .5 ) *

The o b s e rv e d  s p e e d  o f  .ABA f o r m a t i o n  (M ilb o r ro w ,  1974) c o u ld  be  

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

sy s te m s  (E.xp)eriments 1 .5  oiid 4 .3 )  t o  g iv e  f u r t h e r  c o r r o b o r a t i o n  o f  t h e  

n a t u r e  o f  t h e  te m p o r a l s e p a r a t io n  b e tw e e n  t h e  s t r e s s  s t i m u l u s  and  

t h e  s t o m a t a l  r e s p o n s e .

Very l i t t l e  was known a b o u t  r e c e p to r s  i n  e p id e r m a l  c e l l s  a t  

t h e  t im e  o f  t h i s  i n v e s t i g a t i o n .  One o f  t h e  e v e n t s  w hich  %)resumably
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m ust p r e c e d e  ' r e c e p t i o n *  i s  t h e  u p t a k e  o f  a  hormone i n t o  t h e  t a r g e t  

c e l l .  T h is  i s  a  p r e r e q u i s i t e  u n l e s s  t h e  r e c e p t o r s  a r e  Jmown t o  

e x i s t  on t h e  o u t e r  s u r f a c e  o f  t h e  plasm alemm a o r  i n  t h e  c e l l  w a l l  

s t r u c t u r e .  The g u a rd  c e l l  ABA u p ta k e  phenomenon o b s e rv e d  i n  t h i s  

t h e s i s  may t h e r e f o r e  be  a n a l y s e d  as an a d a p t i o n  t o  a l lo w  s m a l l  amounts 

o f  t h e  hormone t o  r e a c h  t h e  a c t i v e  s i t e s .  The s e n s i t i v i t y  e s t i m a t e s  

(E x p e r im e n ts  1 . 5 ,  2 . 2 ,  4 . 3  and 4 .5 )  can b e  s e e n  as g i v i n g  some 

e s t i m a t e  o f  t h e  num ber o f  r e c e p t o r s / a c t i v e  s i t e s  p r e s e n t  i n  t h e  

Conmietina  s to m a ta l .  com plex .

In  c o n c l u s i o n ,  t h e  r e s u l t s  o f  t h i s  t h e s i s  have  b e e n  n o t  o n ly  i n  

g e n e r a l  a g re e m e n t  w i th  o t h e r  s t u d i e s ,  b u t  h av e  a l s o  v a l i d a t e d  t h e  

h y p o t h e s i s  t h a t  a b s c i s i c  a c i d  a c t s  i n  a  hormonal, m anner d u r in g  w a t e r  

d e f i c i t  s t r e s s e s .

SECTION C.

FURTHER STUDY OF ABA ACTION ON STOM TA.

Few, . i f  a n y ,  o f  known p l a n t  p h y s i o l o g i c a l  phenomena h av e  b e e n  

shown c o n c l u s i v e l y  t o  i n v o lv e  p l a n t  hormone a c t i o n . -  The e v id e n c e  

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

good (T a b le  3 ) ,  b u t  a  num ber o f  a r e a s  m e r i t  f u r t h e r  i n v e s t i g a t i o n .

Some o f  t h e s e  a r e  sum m arised  b e lo w .

The f i r s t  t o p i c  t o  be  c o n s i d e r e d  i s  t h a t  o f  endogenous  ABA 

m ea su rem e n t .  The r e l e v a n c e  o f  w h o l e - l e a f  ABA e s t i m a t i o n s  a p p e a r s  t o  

be  l i m i t e d ,  a s  d i s c u s s e d  i n  S e c t i o n  I I I  o f  t h e  G e n e r a l  I n t r o d u c t i o n .  

Q u a n t i f i c a t i o n  o f  e p id e r m is  ABA l e v e l s  b e f o r e  and  a f t e r  s t r e s s  on a 

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

Loveys ( l9T T ) on V i d a ,  I n  p a r t i c u l a r ,  t h i s  t y p e  o f  s tu d y  n e e d s  

t o  be  e x te n d e d  t o  p r o v id e  a  k i n e t i c  a n a l y s i s  o f  s t o m a t a l  c l o s u r e  

d u r in g  s t r e s s  com bined w i t h  a s s a y  o f  t h e  a p p e a r a n c e , i n  t h e  ep id .e rm is  

t i s s u e s ,  o f  w i l t - i n d u c e d  ABA s y n t h e s i s e d  i n  t h e  m e s o p h y l l .  F u r t h e r m o r e , 

s u b s e q u e n t  p o s t - s t r e s s  s t o m a t a l  c l o s u r e  and  l a t e r  r e - o p e n i n g  shoiG.d be  

c o r r e l a t e d  w i t h  e p id e r m is  ABA l e v e l s .  A p o t e n t i a l  p i t f a l l  i n  t h i s  work 

m ig h t  b e  t h e  d i s c r i m i n a t i o n  b e tw e en  h y d r o p a s s iv e  and  h y d r o a c t i v e
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s t o m a t a l  c l o s u r e  c a u s e d  by  t h e  s t r e s s  t r e a t m e n t .  P r e s u m a b ly ,  t h e  

fo rm e r  w ould  b e  a lm o s t  im m e d ia te ly  r e v e r s e d  b y  r e - s u p p l y  o f  w a t e r ,  

w h i l s t  t h e  l a t t e r  w ou ld  n o t .  P o s s i b l e  s i d e  e f f e c t s  o f  a i r  h u m id i ty  

an d  l e v e l s  d u r in g  t r e a t m e n t  s h o u ld  b e  a v o id e d ,  s i n c e  t h e s e  w ou ld  

add  a d d i t i o n a l  v a r i a b l e s  c a p a b l e  o f  a l t e r i n g  s t o m a t a l  r e s p o n s e s  

i n d e p e n d e n t l y .

V a lues  o f  e p id e r m is  ABA l e v e l s  o b t a i n e d  as  above c o u ld  b e  u s e d  

t o  o b t a i n  e s t i m a t e s  o f  t h e  s e n s i t i v i t y  o f  s t o m a t a l  movements t o  

endogenous  hormone l e v e l s . T hese  m ig h t  t h e n  b e  com pared  w i th  v a l u e s  

o b t a i n e d  w i t h  s y n t h e t i c  ABA ( a s  i n  S e c t i o n  4 ) .  A greem ent b e tw e e n  

t h e  two e s t i m a t e s  w ou ld  s u p p o r t  t h e  h y p o t h e s i s  o f  h o rm o n a l  in v o lv e m e n t  

i n  s to m a ta l  r e a c t i o n  t o  s t r e s s .

R e l a t i v e l y  few m easu rem en ts  o f  endogenous ABA h av e  b e e n  made 

w i t h  a d e q u a te  i d e n t i f i c a t i o n  o f  t h e  compound. The d i f f i c u l t i e s  t h i s  

e n t a i l s  f o r  m o le c u le s  p r e s e n t  i n  p l a n t s  i n  such  low  c o n c e n t r a t i o n s  

as t h e  p l a n t  horm ones h a v e  b e e n  d i s c u s s e d ,  and  i t  seems i m p o s s ib l e  

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

w i t h  m easu rem en ts  on i n d i v i d u a l  p l a n t s ,  o rg a n s  o r  t i s s u e s .  Some 

comprom ise i n v o l v i n g  p o o le d  e x t r a c t s  may b e  p o s s i b l e .  A l t e r n a t i v e l y ,  

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

p u r i f i c a t i o n  p r o c e d u r e  ( s u c c e s s i v e  a p p ro x im a t io n )  may s u f f i c e .

O u tlaw  and  Lowry ( l9T T ) d e s c r i b e d  a  m ethod b a s e d  on  enzyme 

aiTip ].i  f  i  c a t  io n  i n  w h ich  i t  was p o s s i b l e  t o  m easu re  c e l l  s u b s t r a t e s  

( e . g .  m a la t e  and  c i t r a t e )  i n  i n d i v i d u a l  g u a rd  c e l l  p a i r s  c u t  from  

f r e e z e - d r i e d  t i s s u e .  How ever, even  i f  enzymes s p e c i f i c  f o r  t r a n s f o r m a t i o n s  

o f  p l a n t  horm ones w ere  a v a i l a b l e  f o r  such  a s s a y s ,  an a d d it io n a l ! ,  t h r e e  

o r d e r s  o f  m a g n i tu d e  o f  s e n s i t i v i t y  w ou ld  b e  r e q u i r e d  t o  a l lo w  a s s a y  o f

e . g .  ABA i n  g u a rd  c e l l s .  T h i s  i s  b e c a u s e  o f  t h e  d i f f e r e n c e s  i n  n o rm a l  

c o n c e n t r a t i o n  b e tw e en  t h e s e  d i f f e r e n t  c l a s s e s  o f  compounds. I t  seems 

t h a t  f o r  some t im e  G I jC - E C D  w i l l  b e  t h e  m ost s e n s i t i v e  t o o l  a v a i l . a b l e  t o  

p l a n t  p h y s i o l o g i s t s  f o r  a s s a y  o f  ABA.

S e v e r a l  u n r e s o l v e d  a r e a s  e x i s t  c o n c e r n in g  t h e  b i o s y n t h e s i s  o f  ABA. 

Compared w i t h ,  s a y ,  t h e  g i b b e r e l l i n s , t h e  s y n t h e s i s  an d  b r e  alt down 

o f  t h e  ABA m o le c u le  i s  l i t t l e  u n d e r s t o o d .  Knowledge o f  t h e  i n t r a 

c e l l u l a r  c o m p a r tm c n ta k io n  o f  ABA i s  a l .so  low . I n v e s t i g a t i o n s  on 

c h l o r o p l a s t  and  c e l l - f r e e  p r e p a r a t i o n s  a p p e a r  j i r o m is in g  ( M i lb o r r o w ,1 9 7 3 ;
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R a i l t o n  e t  a l  1 9 7 4 ;  L o v e y s ,  1 9 7 7 ) .  The ' t r i g g e r *  f o r  s t r e s s -  

in d u c e d  ABA s y n t h e s i s  may h e  l e a f  w a t e r  p o t e n t i a l  o r  l e a f  t u r g o r  

( B e a r d s e l l  and  Cohen, 1975) b u t  t h e  two have  n o t  y e t  b een  r e s o l v e d .

Many o f  t h e  p ro b le m s  o f  a n a l y s i s  o f  r e a c t i o n s  o f  e v en  an 

i s o l a t e d  t i s s u e  su ch  a s  C om nelina  e p id e r m is  s te m  from  t h e  f a c t  t h a t  

s e v e r a l  c e l l  t y p e s  e x i s t  i n  t h e  t i s s u e .  A d e v e lopm en t w h ich  may 

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

p r o d u c t i o n  o f  g u a r d - c e l l  p r o t o p l a s t s .  Z e ig e r  and  H e p l e r  (1 9 7 6 ;

1977) and S c h n a b l  e t  a l  . (1978)  h av e  i s o l a t e d  g u a r d - c e l l  p r o t o p l a s t s  

o f  V ic ia  and  A l l iu m  and  sho\m  t h a t  t h e y  can r e a c t  t o  s t i m u l i  i n  a  

m anner c o n s i s t e n t  w i t h  t h a t  e x p e c t e d  o f  t h e  c e l l s  i n  w ho le  e p id e r m i s .

I f  t h e  p u r i t y  o f  su c h  p r e p a r a t i o n s  can  b e  e n s u r e d ,  i t  may p ro v e  p o s s i b l e  

t o  exam ine t h e  m echanism  o f  io n  movement a t  t h e  membrane l e v e l  b y  

i s o l a t i n g  g u a rd  c e l l  p lasraa lem m ae , Compartment a n a l y s i s  o f  i o n  and

hormone uptalce and  e f f l u x  phenomena w ou ld  a l s o  be  more r e l i a b l e .

E f f e c t s  o f  t h e s e  compounds on d i f f e r e n t  c e l l  t y p e s  from  t h e  e p id e r m is  

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

m ig h t  be  f a c i l i t a t e d .

C o n t r o l  o f  c r o p - p l a n t  d r o u g h t  r e s i s t a n c e  b y  man i  pul. a t  i o n  o f  

s to m a ta ] ,  movements h a s  a t t r a c t e d ,  much i n t e r e s t .  T h is  m ig h t  b e  a c h i e v e d  

by  a p p l i c a t i o n  o f  c h e m ic a l  a n t i t r a n s p i r a n t s  ( M a n s f i e l d ,  1 9 7 6 b )o r  by  

b r e e d i n g  f o r  a p p r o p r i a t e  c h a r a c t e r i s t i c s  ( J o n e s ,  1 9 7 8 b ) .  I n  b o t h  

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

fo rm e r  i n s t a n c e ,  ABA o r  an  a n a lo g u e  m ig h t  be  em ployed  i n  a  f o l i a r  

s p r a y  a p p l i e d  a t  s t r a t e g i c  p o i n t s  o f  g row th  o r  when c e r t a i n  e n v i r o n 

m e n ta l  c o n d i t i o n s  w ere  p r e d i c t e d .  T h is  h a s  p ro m p te d  t h e  s c r e e n i n g  

o f  c h e m ic a ls  f o r  p r o p e r t i e s  o f  s t o m a t a l  c l o s u r e  (O r to n  and  Mémsf i e l d ,  

1974) bub no compound r e l a t e d  t o  ABA h a s  been  fo u n d  t o  have  h i g h e r  

a c t i v i t y  t h a n  t h e  ho.rmone i t s e l f  ( M a n s f i e l d ,  1976b) . On t h e o r e t i c a l  

b a s e s ,  i t  h a s  b e e n  c o n c lu d e d  t h a t  a  g iv e n  d e g re e  o f  s t o m a t a l  c l o s u r e  

w ou ld  e x e r t  a  l a r g e r  p r o p o . r t i o n a l  e f f e c t '  on t r a n s p i r a t i o n  t h a n  on 0 0^- 

f i x a t i o n  (M eidne r  and  M a n s f i e l d ,  I 9 6 8 ) .  T h is  h a s  b e e n  c o n f i r m e d  by  

e x p e r i m e n t a l  i n v e s t i g a t i o n s  u s i n g  ABA s p ra y  t r e a t m e n t s  ( e . g .  Mizrzahi 

e t  a Z . j  1 9 7 4 ) .  Such t r e a t m e n t s  a r e  a l s o  fo u n d  t o  a l t e r  deve lopm en t 

and  m orpho logy  i n  t h e  l o n g - t e r m  ( e . g .  Q ua .rrie  and  J o n e s ,  1 9 7 7 ) .
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W hether  changes  su c h  as- r e d u c e d  s t o m a t a l  numbers and s m a l l e r  l e a f  s i z e  

a r e a  a  d i r e c t  c o n se q u e n c e  o f  ABA a c t i o n  o r  i n d i r e c t l y  due t o  ABA-caused 

s t o m a t a l  c l o s u r e  i s  n o t  known.

S e l e c t i o n  o f  p l a n t s  f o r  p l a n t  ho rm ona l  a t t r i b u t e s  i s  o n ly  one 

o f  t h e  p o s s i b l e  .methods a v a i l a b l e  t o  t h e  p l a 3.1t  b r e e d e r  b r e e d i n g  f o r  

d r o u g h t  r e s i s t a n c e  ( J o n e s ,  1 9 7 8 b ) .  ABA m easu rem en ts  have  b e e n  made 

on s t r e s s  t o l e r a n t  Zea  v a r i e t i e s ,  and  a  p o s i t i v e  c o r r e l a t i o n  b e tw een  

t h e  f o r m a t io n  o f  ABA and  t h e  t o l e r a n c e  was fo u n d  ( L a a r q u e - S a a v e d r a  

an d  W ain , 1 9 7 4 ;  1 9 7 6 ) .  D e s p i t e  t h i s  a p p a r e n t  s u c c e s s ,  s e v e r a l  o t h e r

c o n s i d e r a t i o n s  m ust be  t a k e n  i n t o  a c c o u n t .  Exam ples a r e  t h e  t im e  

t a k e n  f o r  r e c o v e r y  fro3n s h o r t - t e r m  s t r e s s e s  and  t h e  e v e n t u a l  econom ic  

y i e l d  i n  c u l t i v a r s  w h ich  a r e  r e l a t i v e l y  t o l e r a n t .  T h u s ,  t h e  

r e d u c t i o n  i n  p h o t o s y r i t h e s i s  and  h a r v e s t a b l e  y i e l d  w h ich  a c co m p a n ie s  

s t o m a t a l  c l o s u r e  may o u tw e ig h  any  s a v i n g  i n  w a t e r  ( J o n e s ,  1 9 7 8 a ) .

The main them es  o f  f u t u r e  l o n g - t e r m  an d  s h o r t - t e r m  r e s e a r c h  

w ou ld  a p p e a r  t o  l i e  i n  ( a )  t h e  u s e  o f  ABA as a  t o o l  f o r  e l u c i d a t i o n  

o f  t h e  m echanism  o f  s t o m a t a l  f u n c t i o n i n g ,  (b )  t h e  a p p l i e d  f a c e t  o f  

t h e  u s e  o f  ABA and  r e l a t e d  compounds f o r  m a n i p u la t i o n  o f  c ro p  g row th  

and  y i e l d ,  ( c )  t h e  i n v e s t i g a t i o n  o f  t h e  s t r e s s / A B A / s to m a ta l  c l o s u r e  

s y s te m  as  a  model p h y s i o l o g i c a l  s y s te m  t o  c l a r i f y  a s p e c t s  o f  p h y to 

hormone a c t i o n ,  and  {d) p e r i p h e r a l  s t u d i e s  o f  t h e  b i o c h e m i s t r y  and 

b i o p h y s i c s  o f  ABA an d  i t s  a c t i o n .
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a n o th e r  a u t h o r i t y  a re  m arked  w i th  an  a s t e r i s k  a f te i^  th e  d a te .

A b e le s , F . B . , 1974 :  E th y le n e  i n  P l a n t  B io lo g y .  Academic P r e s s ,
New York.

A d d i c o t t ,  F . T . , Lyon, J . L . ,  I 969  : P h y s io lo g y  o f  A b s c i s i c  A c id  and
R e l a t e d  S u b s t a n c e s .  Ann. Rev, P I .  P h y s i o l .  -^0 , 1 3 9 -1 6 4 ,

A d d i c o t t ,  F . T . ,  W i u t r , S . M . ,  1977 : i n  ; P l a n t  Growbh R e g u l a t i o n .
Ed. P . E ,  P i l e t , S p r i n g e r - V e r l a g ,  B e r l i n ,

A h n r o n i , N . , 1978 :  R e l a t i o n s h i p  b e tw e e n  L e a f  W a te r  S t a t u s  an d
Endogenous E th y lp n e  i n  D e ta c h e d  L e a v e s ,  P l a n t  P h y s i o l .  6 1 ,
658 - 6 6 2 .

A]J.away, W.G. ,  1973 : A c c u m u la t io n  o f  M a ia te  i n  Guard C e l l s  o f  V ic ia
fa lxa  d u r in g  S to m a ta l  O p e n in g .  P l a n t a  1 1 0 ,  6 3 - 7 0 .

A l la w a y , W.G. ,  H s i a o ,  T . C . ,  1973 : P r e p a r a t i o n  o f  R o l l e d  E p id e rm is  o f
V ic ia  faha. L. so  t h a t  S to m a ta  a r e  t h e  Only V i a b le  C e l l s :
A n a ly s i s  o f  Guard C e l l  P o ta s s iu m  by  Flame P h o to m e t ry .
A u s t .  J .  B i o l .  S c i , 26 ., 3 0 9 -3 1 8 .

A l la w a y ,  W.G. ,  M a n s f i e l d ,  T . A . ,  1970 : E x p e r im e n ts  an d  O b s e r v a t io n s
on t h e  A f t e r - e f f e c t s  o f  W i l t i n g  on S to m a ta  o f  Rumex s a n g u in e u s .  
Can. J .  B o t .  4 8 ,  513 -5 2 1 .

A lv im , R . , H e w e t t ,  E . W. ,  S a u n d e r s ,  P . F . ,  1976 : S e a s o n a l  V a r i a t i o n  i n
t h e  Hormone C o n te n t  o f  W illow  1 .  Changes i n  A b s c i s i c  A c id  C o n te n t  
and  C y to k in in  A c t i v i t y  i n  t h e  Yylem S ap . P l a n t  P h y s i o l .  5 7 ,
47 4 - 4 7 6 .

A u d u s , L . J . ,  1 9 7 2 : i n :  P l a n t  Growth S u b s ta n c e s  V o l . I :  C h e m is t ry  
and P h y s io lo g y  3 rd  Edn. S t .  P a u l s  P r e s s  L t d . ,  M a l ta .

B a i l e y ,  L . H . ,  1925 : The S t a n d a r d  C y c lo p e d ia  o f  H o r t i c i H t u r e  V o l . l .
M acM illan  C o . ,  New Y ork .

B a k e r ,  D . A . ,  H a l l ,  J . L . , 1975 :  Io n  T r a n s p o r t  i n  P l a n t  C e l l s  and
T i s s u e s .  N o r th -H o l la n d  Pub. C o . ,  A m sterdam .,

B a n d u r s k i ,  R . S . ,  S c h u l z e ,  A , ,  1974'^’ : C o n c e n t r a t i o n s  o f  I n d o l e - 3 - a c e t i c
A c id  and i t s  E s t e r s  i n  Avevia and  Zea . P l a n t  P h y s i o l .  257-262

B ange, G . G . J . ,  1953 : On t h e  Q u a l i t a t iv e  E x p l a n a t io n  o f  S to m a ta l
T r a n s p i r a t i o n . A c ta .  B o t .  N e e r l e n d i a  2 ,  2 5 5 -2 9 6 .



228.
B a r r i n g t o n ,  E . J . W . ,  1964 : Hormones and  E v o l u t i o n .  E n g l i s h  U n i v e r s i t i e s '

P r e s s ,  L t d . ,  Io n d o n .

B a y l i s s ,  W.M. , S t a r l i n g ,  E . H . ,  1902 :  On t h e  C a u s a t io n  o f  t h e  S o - c a l l e d
P e r i f e r a l  R e f le x  S e c r e t i o n  o f  t h e  P a n c r e a s ,  ( P r e l i m i n a r y  

C om m un ica tion ) .  P r o c .  R. S o c . ,  6 9 , 352 -353 .

B a y l i s s ,  W.M., S t a r l i n g ,  E . H . ,  1904 ; The Chem ical R e g u l a t i o n  o f  t h e  
S e c r e t o r y  P r o c e s s .  P r o c .  R. S o c . ,  %3, 3 10 -322 .

B e a r d s e l l ,  M . F . ,  Cohen, B . , 1975 : R e l a t i o n s h i p  "between L e a f  W ate r
S t a t u s ,  A b s c i s i c  A c id  L e v e ls  a n d  S to m a ta l  R e s i s t a n c e  in  M aize 
and Sorghum. P l a n t  P h y s i o l . ,  5 6 , 2 0 7 -2 1 2 .

R e n n e t - C la r k ;  T . A . , K e f f o r d ,  N.P .  , 1953 : C hrom atography  o f  t h e  Growth
S u b s ta n c e s  i n  P l a n t  E x t r a c t s .  N a tu re  I 7 1 > 6 4 5 -6 4 7 .

B e r r i e ,  A.M.M. , Don, R. , B u l l e r ,  I ) . ,  Alam, M. , P a r k e r ,  W. , 1975 :
The O c c u r re n c e  and  F u n c t io n  o f  S h o r t  Chain  L en g th  F a t t y  A c id s  i n  
P l a n t s .  P l a n t  S c i .  L e t t .  _6 , 1 6 3 -1 7 3 .

B i r c h ,  M ., 1974: P h erem ones .  F r o n t i e r s  o f  B io lo g y ,  32. Ed. N e u b e r g e r ,
A . ,  Tatum, E . L . ,  N o r th - H o l l a n d  Pub. C o . ,  Amsterdam.

B i t t n e r ,  S . ,  E ven-C hen , Z . , 1975 : A GLC P r o c e d u r e  f o r  D e te rm in in g
Sub-nanogram  L e v e ls  o f  I n d o l - 3 y l  A c e t i c  A c id .  Phy tochem . l 4 ,
2 4 5 5 - 2 4 5 7 .

B o u s s ib a ,  S . ,  R i k i n ,  A . ,  R ichm ond, A . E . ,  1975 : The R o le  o f  A b s c i s i c
A c id  i n  C ro s s -A d a p t io n  o f  T obacco  P l a n t s .  P l a n t  P h y s i o l . , 5 6 , 337-339

B ow ling , D . J . F . ,  1976 :  M a ia te - s w i tc h  H y p o th e s is  t o  E x p l a in  t h e  A c t io n
o f  S to m a ta .  N a tu re  262 , 3 9 3 -3 9 4 .

Boyse n - J e n s e n , 1913^ : Uher d i e  Lei t ung des  P h o t o t r o p i s c h e n  R e iz e s
i n  à.QT A'Oena - k o l e o p t i l e .  B e r .  D e u t .  B o t .  G e s , ^ , 5 59 -566 .

Brown, K. W. , J o r d a n ,  W. R. ,  Thomas, J . C , , 1976 : W ater  S t r e s s  I n d u c e d
A l t e r a t i o n s  o f  t h e  S to m a t a l  R esponse  t o  "Decreases i n  L e a f  W a te r  
P o t e n t i a l .  P h y s i o l .  P l e m t , 37,5 1 - 5 »

Brown, S . A . ,  W e t t e r ,  L . R . ,  1972 : i n :  P r o g r e s s  i n  P h y to c h e m is t r y  ( V o l . 3 ) .
E d s . R e in h o ld ,  L , , L i w s c h i t z ,  Y. I n t e r s c i e n c e  P u b l i s h e r s ,  London.

B row ning , G . , S a u n d e r s ,  P . F . ,  1977 : Membrane L o c a l i s e d  G i b b e r e l l i n s
A,, and A, i n  Wheat C h l o r o p l a s t s . N a tu re  2 6 5 ,  375-377*

Cfihn, R.Ü. , I n g o l d ,  O. K. ,  P r e l o g ,  "V". , I 966  : S p e c i f i c a t i o n  o f  M o le c u la r
C h i r a l i t y . Agnew. Chem. I n t .  Ed. E n g l .  5., 385.

C a r r ,  D . J . ,  1976: i n :  I n t e r c e l l u l a r  Communication i n  P l a n t s  : S t u d ie s
on Plasm odcF jraata . E ds . G unning , B . E . S . ,  E o b a r d s , A.W. , S p r i n g e r -  
V eri  a g ,  B e r l i n .



229.

C a r r , .  D . J . j  R e i d ,  D, M. , S k e n e ,  K . G. M. , 1964; The S upp ly  o f  G i b b e r e l l i n s  
from  t h e  Root t o  t h e  S h o o t .  P l a n t a  \63, 3 82 -392 .

C il ia ,  A . J . ,  B r e n n e r ,  M. L . ,  B ru n ,  W.A. ,  1977: R apid  S e p a r a t i o n  and
Q u a n t i f i c a t i o n  o f  A b s c i s i c  A cid  from  P l a n t  T i s s u e s  U sing  High 
P e r fo rm a n c e  L i q u id  C hrom atog raphy . P l a n t  P h y s i o l .  59 ,  8 2 1 -8 2 6 .  ■

C o l l i n s ,  J . C .  , 1 9 7 8 : A b s c i s i c  A c id  A c t io n  in  Io n  and  W ate r  T r a n s p o r t
a t  t h e  Membrane L e v e l .  F ed . F u r .  Soc . P I ,  P h y s i o l .  I n a u g .
M e e t in g  E d inbu rgh  Abs. 138-139*

C olquhoun , A . J . ,  1974 :  P h .D . T h e s i s ,  U n i v e r s i t y  o f  G lasgow.

C olquhoun , A . J . ,  H i l lm a n ,  J . R , , 1972 :  Tlie E f f e c t s  o f  ABA on S e n e sc e n c e
i n  L e a f  D is c s  o f  R a d is h  R aphanus s a t i v u s  L , P l a n t a  10 5 , 2 1 3 -2 2 4 .

Coombe, B . C . ,  Cohen, D . , P a l e g ,  L. G. ,  I 9 6 7 : B a r l e y  Endosperm  B io a s s a y
f o r  G i b b e r e l l i n s  I I .  A p p l i c a t i o n  o f  t h e  M ethod. P l a n t  P h y s i o l .
42 , 11 3 - 1 1 9 .

C o r n f o r t h ,  J . W . , I 9 6 9 : E x p l o r a t i o n  o f  Enzyme M echanisms by Asym m etric
L a b e l l i n g .  Q u a r t .  Rev. Chem. S oc . 23., 125“ l 4 0 .

C o r n f o r t h ,  J . W . ,  M ilb o r ro w ,  B . V . ,  R yback , G . , 1965b :  S y n t h e s i s  o f
(±) -  A b s c i s i n  I I .  N a tu re  2 0 6 , 715*

C o r n f o r t h ,  J . W . ,  M ilb o r ro w , B . V . ,  Ryback , G . , 1 9 6 6 : I d e n t i f i c a t i o n  and
E s t im a t i o n  o f  ( + ) •- A b s c i s i n  I I  ( 'D o rn d .n ')  i n  P l a n t  E x t r a c t s  by 
S p e c t r o p o l a r i m e t r y . N a tu re  2 1 0 , 6 2 7 - 6 2 8 .

C o r n f o r t h ,  J . W . ,  M ilb o r ro w , B . V . ,  Ryback , G . , W a re in g ,  P . F . ,  1 9 6 5 a:  
C h e m is try  and  P h y s io lo g y  o f  'D o rm in s '  i n  Sycam ore . N a tu re
2 0 5 , 1 2 6 9 - 1 2 7 0 .

Cram, W . J . ,  1976: i n :  E n c y c lo p e d ia  o f  P l a n t  P h y s io lo g y  (New Edn, V o l .2 A ) ,
Gen. E ds ,  P i r s o n ,  A . ,  Zimmermann, M.H. S p r i n g e r - V e r l a g ,  B e r l i n .

Cummins, W.R. ,  1973: The M e ta b o l ism  o f  A b s c i s i c  A c id  i n  R e l a t i o n  t o
i t s  R e v e r s i b l e  A c t io n  on S to m a ta  i n  L eaves o f  U ordeim  V u tg a re  L,
P l a n t a  ld ,4 , I 59 - 1 6 7 .

Cummins, W.R. ,  Kende, H . ,  R a sc h k e ,  K. , 1 9 7 I :  S p e c i f i c i t y  find R e v e r s i b i l i t y
o f  t h e  R ap id  S to m a ta l  R esponse  t o  A b s c i s i c  A c id .  P l a n t a  9 9 ,  347-351*

D aiifin , C ., Darvrin, G ., I 88O*: The Power o f Movement in  P la n ts .
A ppleton-C entuiy I n c . , New York.

D av ies, P . J . ,  P ro b estin g , W.M., Gianfagna, T . J . ,  1977 : in  : P lant
Growth R egu la tion . Ed. P. E.  P i l e t ,  S p rin ger-V erlag , BerI.in.

D a v is , L. A. ,  A d d ico tt, F . T . ,  1972: A b sc is ic  Acid: C orre la tio n s w ith
A b sc iss io n  and w ith  Development in  th e  Cotton F r u it . P lan t  
Phys i o l . 4 9 , 644-648,



2 3 0 .

D a v is ,  L . A . ,  H e in z ,  O.K. ,  A d d i c o t t ,  F . T . ,  1968; GciS-Liquid C hrom atography  
o.f T r i m e t h y l s i l y l  D e r i v a t i v e s  o f  A b s c i s i c  A c id  an d  o t h e r  P l a n t  
Hormones. P l a n t  P h y s i o l , ,  4^3, 1 3 8 9 -1 3 9 4 .

D a v iso n ,  H.M; ,  Young, H. ,  1972 : A b s c i s i c  A cid  c o n t e n t  o f  Xylem S a p .
P l a n t a  1 ^ ,  9 5 -9 8 .

D e n n is ,  P . G . ,  1977: Growth Hormones: P o o l  S i z e ,  D i f f u s i o n ,  o r  M etabo lism ?
H o r t .  S c i .  1 2 ,  2 1 7 -2 1 9 .

D i t t r i c h ,  P . ,  M ayer, M ., 1978 : I n h i b i t i o n  o f  S tom atal .  O pening  d u r in g
U ptake  o f  C a r b o h y d ra te s  b y  Guard C e l l s  i n  I s o l a t e d  E p id e rm a l  
T i s s u e s .  P l a n t a  1 3 9 , I 6 7 - I 7O,

D i t t r i c h ,  P . ,  R a sc h k e ,  K . ,  1977a :  M a ia te  M e tab o l ism  i n  I s o l a t e d
E p id e rm is  o f  C o m ie lin a  communis A . i n  r e l a t i o n  t o  S to m a ta l  
F u n c t io n i n g .  P l a n t a  1 3 4 , 7 7 - 8 I .

D i t t r i c h ,  P . ,  R a sc h k e ,  K . , 19778: U ptake and  M etab o l ism  o f  C a r b o h y d ra te s
by  E p id e rm a l  T i s s u e .  P l a n t a  1 3 4 , 8 3 -9 0 .

Dodoo, G . , 1 9 7 7 : P h .D . T h e s i s ,  U n i v e r s i t y  o f  Glasgow.

D’d r f f l i n g ,  K. , 1978 : The P o s s i b l e  R ô le  o f  X a n th o x in  i n  P l a n t  Growth
and  D eve lopm en t.  P h i l .  T r a n s .  R. S oc . b ond . B. i n  P r e s s .

D o r f f l i n g ,  K . , S t r e i c h ,  J .  , K r u s s ,  W ., M u x f e l d t , B . , 1977 : A b s c i s i c  A c id  
and  t h e  A f t e r - e f f e c t  o f  W ater  S t r e s s  on S to m a ta l  O pen ing  P o t e n t i a l .
Z. P f l a n z e n p h y s i o l .  8 I ,  4 3 -5 6 .

D r u r y , R . E . ,  I 9 6 9 : I n t e r a c t i o n  o f  P l a n t  Hormones, S c ie n c e  l 6 4 , 564-565*

E a g l e s ,  C . F . ,  W are ing , P . P . ,  1964: The R ole  o f  Gro-vrth S u b s ta n c e s  i n
t h e  R e g u l a t i o n  o f  Bud Dormancy. P h y s i o l .  P l a n t .  1 7 , 6 9 7 -7 0 8 .

E dw ards ,  M ., M e id n e r ,  H. , 1978: S to m a ta l  R esponses  t o  H um id ity  and
t h e  W ater  P o t e n t i a l s  o f  E p id e rm a l  and  M eso p h y ll  T i s s u e .
J .  Exp. B o t .  29,, 7 7 1 - 7 8 0 .

E l - B e l t a g y ,  A . S . ,  H a l l ,  M.A. ,  1974 : E f f e c t  o f  W ate r  S t r e s s  upon
Endogeiias E th y le n e  L e v e ls  i n  V ic ia  fa h a .  New P h y t o l .  73., 47-59*

E p s t e i n ,  E . ,  1972: i n :  M in e r a l  N u t r i t i o n  o f  P l a n t s :  P r i n c i p l e s  and
P e r s p e c t i v e s .  Jo h n  W iley  & S o n s ,  I n c . ,  New York.

E r d e i ,  L . , Z s o l d o s , F . , 1977 : P o ta s s iu m  A b s o rb t io n  by  R ic e  a t  D i f f e r e n t
L e v e ls  o f  O r g a n i s a t i o n  1 .  E f f e c t s  o f  T e m p era tu re  and  C alc ium  
on iC'" F lu x e s  an d  C o n se n t .

E s a u ,  K , ,  1 9 6 5 : P l a n t  Anatomy 2nd Ed. John  W iley  & Sons I n c . ,  New Y ork .



231

E v a n a r i ,  M. , 1961  : i n :  E n c y c lo p a e d ia  o f  P l a n t  P h y s io lo g y  lj6 , 6 9 1 -7 3 6
S p r i n g e r , B e r l i n .

E v a n s ,  L . T . ,  1976 : i n :  Ti-an s p o r t  and  T r a n s f e r  P r o c e s s e s  i n  P l a n t s .
E d s .  W ard!aw, I . E . ,  P n s s i o n r a ,  J . D .  Academic P r e s s ,  New Y o rk .

Fensom, D . S . ,  1975 : i n  : E n c y c lo p e d ia  o f  P l a n t  P h y s io lo g y  (New Edn.
V o l.  1 ) .  Gen. E d s ,  P i r s o n ,  A . ,  Zimmermann, M.H. S p r i n g e r - V e r l a g ,  
B e r l i n .

F e n to n ,  P . ,  D a v ie s ,  W . J . ,  M a n s f i e l d ,  T . A . ,  1977 :  The R ole  o f  F a m e s o l
a s  a  R e g u l a to r  o f  S t o m a t a l  O pen ing  i n  Sorghum . J .  Exp. B o t . 2 8 ,
1 0 4 3 - 1 0 5 3 .

F e n to n ,  R . , M a n s f i e l d ,  T . A . , W e l lb u r n ,  A . R . ,  1976 : E f f e c t s  o f  I s o p r e n o i d
A lc o h o ls  on Oxygen Exchange o f  I s o l a t e d  C h l o r o p l a s t s  i n  R e l a t i o n  
t o  t h e i r  P o s s i b l e  P h y s i o l o g i c a l  E f f e c t s  on S to m a ta .  J .  Exp. B o t ,
2 7 , 1 2 0 6 -1 2 1 4 .

F i f i e l d ,  F .W. ,  X e a le y ,  D . , 1975 : A n a l y t i c a l  C h e m is t ry .  I n t e r n a t i o n a l
T ex tbook  C o . ,  L t d . ,  London, U.K.

F i s c h e r ,  R . A . ,  I 9 6 8 : S t o m a t a l  O pen ing  i n  I s o l a t e d  E p id e rm a l  S t r i p s  o f  
V i d a  fa b a .  I .  R esponse  t o  L i g h t  and  C O p-free  A i r .  P l a n t  
P h y s i o l .  43 ,  1 9 4 7 -1 9 5 2 .

F i s c h e r ,  R . A . ,  1970 : A f t e r - e f f e c t  o f  W ate r  S t r e s s  on S to m a t a l  O pen ing
P o t e n t i a l  I I .  P o s s i b l e  C a u s e s .  J .  E x p , B o t .  2 1 ,  3 8 6 - 4 o 4 .

F i s c h e r ,  R . A . ,  1972 :  A s p e c ts  o f  P o ta s s iu m  A c c u m u la t io n  by  S to m a ta  o f
V i d a  fa b a .  A u s t . J .  B i o l .  S c i .  2 2 ,  1 1 0 7 -1 1 2 3 .

F i t t i n g ,  H. , I 9O9 * : D ie  B e e i n f l u s s i n g  d e r  O r c h id e e n b l i l t e n  d u rch  
d i e  B es td u b u n g  und d u rc h  a n d e r e  U m stdnde . Z . B o t , 1 )  1 - 8 6 .

F i t t i n g ,  IT., 1910*: W a i te r e  E n t w i c k lu n g s p h y s io l o g i s c h e  U n te rs u c h u n g e n
an O r c h i d e e n b l u t e n . Z. B o t .

F i t z g e r a l d ,  P . J . ,  Or d ,  M.G. ,  S to c k e n ,  L . A . ,  I 9 6 I :  A 'Drj'’’ M ounting
A u t o r a d i o g r a p h i c  T e c h n iq u e  f o r  t h e  L o c a l i z a t i o n  o f  W a te r - S o lu b le  
Compounds. N a tu re  I 8 9 , 5 5 -5 6 .

F o l k e r s , K . , L i t t e r r u ,  G . P . ,  Ho,  L»,  R unge . T . M. ,  H avanonda, S . ,
C o o le y ,  D. , 1970* : ( T i t l e  Unlmovm) I n t .  J .  V i t .  N u t .  R es .  40_» 380 ,

F o s t e r ,  R . J . ,  McRae, D . H . ,  B o n n e r ,  T . ,  I 9 5 2 * : A u x in - in d u c e d  Growth
I n h i b i t i o n s ,  a  N a t u r a l  C onsequence  o f  T w o -p o in t  A t ta c h m e n t .
P r o c .  N a t .  Acad.  S c i .  38_, 1 0 1 4 -1 0 2 2 .

F r i e d l a n d e r ,  M ., A tsm on, D . , G a lu n ,  E . ,  1976: U p ta k e ,  T r a n s p o r t  and
S t a b i l i t y  o f  [2 - l ' ' c ]  A b s c i s i c  A c id  i n  Cucumber F o l lo w in g  F o l i a r  
A p p l i c a t i o n ,  P l iu i t  & C e l l  P h y s i o l  1 7 ,  9 6 5 -9 7 2 .



232 .

F r y e ,  B . E . ,  1967: H orm onal C o n t r o l  i n  V e r t e b r a t e s .  The M acm illan  C o . ,
New York.

F n i j i n o ,  M ., I 9 6 7 * : R o le  o f  A d en o s in e  t r i p h o s p h a t e  and A d e n o s in e t r ip h o s -
p h a ta sG  i n  S to m a ta l  Movement. S c i .  B u l l .  F a c .  E duca . N a g a s a k i  
U niv . IR ,  1- 4 7 .

G a f f . ,  D . F . ,  O gong 'O -O go la ,  1971 : The Use o f  N o n -p e rm e a t in g  P ig m e n ts
f o r  T e s t i n g  t h e  S u r v i v a l  o f  C e l l s .  J .  Exp. B o t .  2_2, 75 6 - 7 5 8 .

G a s k in ,  P . ,  M acM illan ,  J . ,  I 9 6 8 ; I d e n t i f i c a t i o n  and  E s t i m a t i o n  o f
A b s c i s i c  A c id  i n  a  Crude P l a n t  E x t r a c t  by  Combined Gas C hrom atography  
Mass S p e c t r o m e t r y .  Phy tochem . %, I 69 9 --I70 I .

G ertm an , E . ,  F u c h s ,  Y. ,  1972 : E f f e c t  o f  A b s c i s i c  A c id  and  i t s
I n t e r a c t i o n s  w i t h  O th e r  P l a n t  Hormones on E th y le n e  P r o d u c t i o n  i n  
Two P l a n t  S y s te m s .  P l a n t  P h y s i o l .  50 ,  194-195*

G i l l a r d ,  D . F . ,  W a lto n ,  D . C . ,  1 976 :  A b s c i s i c  A c id  M e ta b o l ism  by a C e l l -
F re e  P r e p a r a t i o n  from  E o h in o o y s t i s  lo h a ta  L i q u id  Endosperm .
P l a n t  P h y s i o l ,  j 8 , 7 9 0 -7 9 5 .

Gl.enn, J . L .  , Kuo, C . G . ,  D u r l e y ,  R . C . ,  P h a r i s ,  R . P . ,  1 971 :  Use o f
I n s o l u b l e  p o l y v i n y l - p y r r o l i d o n e  f o r  P u r i f i c a t i o n  o f  P l a n t  E x t r a c t s  
and  C hrom atography  o f  P l a n t  Horm ones. Phy tochem . I d ,  3 4 5 -3 5 1 .

G l i n k a ,  Z , , 1973: A b s c i s i c  A c id  E f f e c t  on Root E x u d a t io n  R e l a t e d  t o
I n c r e a s e d  P e r m e a b i l i t y  t o  W a te r .  P l a n t  P h y s i o l .  217 -2 1 9 .

G l i n k a , Z . ,  R e in h o ld ,  L . , 1971 :  A b s c i s i c  A c id  R a i s e s  t h e  P e r m e a b i l i t y
o f  P l a n t  C e l l s  t o  W a te r .  P l a n t  P h y s i o l .  4_8, I O 3- I O 5 .

G l i n k a , Z , ,  R e in h o ld ,  L . , 1972 : I n d u c e d  Changes i n  P e r m e a b i l i t y  o f
P l a n t  C e l l  Membranes t o  W a te r .  P l a n t  P h y s i o l .  4 9 ,  6 0 2 -6 0 6 ,

Goad, L . J . ,  Knapp, F . F . ,  L e n to n ,  J . R . , Goodwin, T.W. 1972*: O b s e r v a t i o n s
on t h e  S t e r o l  S i d e - c h a i n  A l k y l a t i o n  Mechanism i n  a  Trehcm xi.a  S p e c i e s .

G o ld b ach ,  II. , G o ldbach , E . , 1977 : A b s c i s i c  A c id  T r a n l o c a t i o n  and
I n f l u e n c e  o f  W ate r  S t r e s s  on G ra in  A b s c i s i c  A c id  C o n te n t .
J .  Exp. B o t .  2 8 , 1 3 4 2 -1 3 5 0 .

G o ld b ach , II. ,  G o ld b ach ,  E . , M ic h a e l ,  G . , 1977 : T r a n s p o r t  o f  A b s c i s i c
A c id  from  Leaves t o  G ra in s  i n  Wheat and  B a r le y  P l a n t s .  
N a tu r w is s e n s c h a f b e n  488 ,

G o ld s m i th ,  M-H.M., I 969  : i n  : The P h y s io lo g y  o f  P l a n t  Growth and
D eve lopm en t,  Ed. M.B. W i l k in s .  M cG raw -H il l ,  London,

G o ld s m i th ,  M-H.M.,  1977 : The P o l a r  T r a n s p o r t  o f  A ux in .  Ann. Rev.
P I .  P h y s i o l .  2 8 , 439 - 4 7 8 ,



233

Good, N . E . ,  W in g e t ,  G . G . , W in t e r ,  W ., C o n n o l ly ,  T. W. ,  I%awn, S . ,
S in g h ,  B.M.M. , 1966: Hydrogen Io n  B u f f e r s  f o r  B i o l o g i c a l  R e s e a rc h  
Biochem. 46?*

Goodwin, T . W. ,  1973 : i n :  'P h y t o c h e m i s t r y * .  Ed. L . P ,  M i l l e r ,
Van N o s t r a n d  R e in h o ld  C o . ,  New York.

G ray , R . J . ,  M a l la h y ,  R . , R y h a c k , G . , W i l l i a m s ,  V . P . ,  1974* :  Mass
S p e c t r a  o f  M ethy l  A b s c i s a t e  and  I s o t o p i c a l l y - L a b e l l e d  A n a lo g u e s .  
J .  Chem. S oc . 8 ,  9 1 9 -9 2 4 .

G r o s s ,  D , , 1975 : Growth R e g u l a t i n g  S u b s ta n c e s  o f  P l a n t  O r i g i n .
Phytochem . l4 .,  2 1 0 5 -2 1 1 2 ,

H a l l ,  M.H. ,  B a k e r ,  D . A . ,  M i lb u r n ,  J . A . , 1971 : Phloem  T r a n s p o r t  o f  ^Re
l a b e l l e d  A s s i m i l a t e s  i n  R i c in u s .  P l a n t a  1 0 0 , 2 0 0 -2 0 7 .

H a l l ,  S . M. ,  I'll l b  u r n ,  J . M . ,  1973 :  Phloem  T r a n s p o r t  i n  R ic in u s  i I t s
D ependence on t h e  W ate r  B a la n c e  o f  t h e  T i s s u e s .  P l a n t a  1 0 9 ,  1 - 1 0 ,

H a r b o r n e , J . B . ,  1973 :  P h y to c h e m ic a l  M ethods . Chapman a n d  H a l l ,  London.

H a r r i s o n ,  M. A. , W a lto n ,  D . C . ,  1 975 :  A b s c i s i c  A c id  M e ta b o l ism  i n  W a te r -
s t r e s s e d  Bean L e a v e s .  P l a n t  P h y s i o l .  5 6 , 2 5 0 -2 5 4 .

H a r t  un g , W ,, 1976* : D er B a s i p e t a l e  [2 -  ̂  R cj A b s c i s i n s l t u r e t r a n s p o r b  i n
Wiu’z e l n  i n t a k t e r  B o h n e n k e im lin g e  und  S ie n e  B ed eu tu n g  f u r  den 
W u r z e lg e o t r o p i s m u s . P l a n t a  1 2 8 , 5 9 -6 2 ,

H eddon, P . ,  M acM illan ,  J . ,  P h in n e y ,  B . O . ,  1978 : The M e ta b o l ism  o f
G i b b e r e l l i n s .  Ann. Rev. P I .  P h y s i o l .  29^, 1 4 9 -1 9 2 .

Heinberg, T . ,  T i l l b e r g ,  E . , 1 978 :  The Y i e l d  o f  Auxin w i t h  D i f f e r e n t
E x t r a c t i o n  E o l .ven ts  a n d  M ethods .  Fed . E u r .  S o c .  P l a n t  P h y s i o l .  
I n a u g .  M ee ting  E d in b u rg h  A bs. 2 5 5 -2 5 6 .

H i a t t ,  A . J . ,  1 9 7 0  : An Anomoly i n  P o ta s s iu m  A c c u m u la t io n  by  B a r l e y
R oots  1 . E f f e c t s  o f  A n io n s ,  Sodium C o n c e n t r a t i o n s ,  and  L e n g th  
o f  A b s o r b t io n  P e r i o d .  P l a n t  P h y s i o l .  45,i 4 o 8 - 4 l9 .

H i r o n ,  R . W. P . ,  W r i g h t , S . T . C . ,  1973 : The R o le  o f  Endogenous A b s c i s i c
A c id  i n  t h e  R esponse  o f  P l a n t s  t o  S t r e s s .  J .  Exp. Bob.  _24, 7 6 9 - 78 I

H i l lm a n ,  J . R . ,  1978 : I s o l a t i o n  o f  P l a n t  Growth S u b s t a n c e s .  Cam bridge
U n i v e r s i t y  P r e s s ,  London.

H i l lm a n ,  J . R . ,  H o c k in g ,  T . J . ,  McWha, J . A . ,  1973 :  i n :  P l a n t  Growth
S u b s ta n c e s  1 973 . H irokaw a P u b l i s h i n g  Co . ,  I n c .  Tokyo,

H i l lm a n ,  J . R . , Young, I . ,  K n i g h t s ,  B . A . , 1974 : A b s c i s i c  A c id  i n
L eaves  o f  Hodeva k e l e x  L. P l a n t a  1 1 9 ,  2 6 3 - 2 6 6 .



234.

H i p k i n s , M. F . ,  1978: The E m is s io n  Y i e ld s  o f  D e la y e d  and  Prom pt
F l u o r e s c e n c e  f rom  C h l o r o p l a s t s .  B iochem . B io p h y s . A c ta  5 0 2 , l 6 l " l 6 8

Hoad, G . V . , 1973 : E f f e c t  o f  M o is tu re  S t r e s s  on A b s c i s i c  A c id  L e v e ls  i n
R ic in u s  com m unis L . Pl<-iinta 1J3> 3 6 7 -3 7 2 .

Hoad, G . V . , 1 9 7 8 : E f f e c t  o f  W a te r  S t r e s s  on A b s c i s i c  A c id  L e v e l s  i n
W hite  L upin  {L u p in u s  a tb u s  L, ) F r u i t ,  L eaves  and  Phloem  E x u d a te ,
P l a n t a  l 4 2 , 2 .87-290.

H ook ing , T . J . ,  1974 :  Ph .D . T h e s i s ,  U n i v e r s i t y  o f  G lasgow.

H o c k in g ,  T . J . ,  H i l lm a n ,  J . H , , W i l k i n s ,  M.B. ,  1 972 :  Movement o f  A b s c i s i c
A c id  i n  P h a s e o lu s  v u l g a r i s  p l a n t s .  N a tu re  New B io lo g y  2 3 5 ,1 2 4 - 1 2 5 .

H o r to n ,  B . F . ,  1970 : S t o m a t a l  O p e n in g :  t h e  R o le  o f  A b s c i s i c  A c id ,
Can. J .  B o t .  4 ^ ,  5 8 3 -5 8 5 .

H o r to n ,  R . F . ,  M oran, L . , 1 972 :  A b s c i s i c  A c id  I n h i b i t i o n  o f  P o ta s s iu m
I n f l u x  i n t o  S t o m a t a l  G uard C e l l s .  Z. P f l a n z e n p h y s i o l .  1 9 3 -1 9 6 .

H o u s le y ,  S . ,  T a y l o r ,  W. C. ,  1958 :  S t u d i e s  on Growth Hormones V I.
Tlie N a tu re  o f  I n h i b i t o r  - g  i n  P o t a t o .  J .  E xp . B o t .  9 j. 4 58 -451  •

H s ia o ,  T . C . ,  1 9 7 3 :  P l a n t  R e sp o n se s  t o  W ater  S t r e s s .  Ann. R ev. P l a n t .
P h y s i o l .  2 4 ,  519 - 5 7 0 .

H s i a o ,  T . C . ,  1976 :  i n  : E n c y c lo p e d i a  o f  P l a n t  P h y s i o lo g y  (New Edn. V o l .
2 B ) . Gen, Ed s .  P i r s o n ,  A . ,  Zimmermann, M.H, S p r i n g e r - V e r l a g ,  B e r l i n

Humble, G . D. ,  H s i a o ,  T . C . ,  I 9 6 9 : S p e c i f i c  R e q u ire m e n t  o f  P o ta s s iu m
f o r  L i g h t - a c t i v a t e d  O pen ing  o f  S to m a ta  i n  E p id e rm a l  S t r i p s .
P l a n t  P h y s i o l .  2 3 0 -2 3 4 .

Hum ble, G.D. , H s i a o ,  T . C . ,  1970 : L i g h t - d e p e n d e n t  I n f l u x  a n d  E f f l u x  o f
P o ta s s iu m  o f  G u a rd  C e l l s  d u r i n g  O pening  and. C l o s in g .  P l a n t
P h y s i o l . 4 6 , 483-487 .

Hujnble, G.D. , Raschke, K. , 1971: Stom atal Opening Q u a n tita t iv e ly
R elated  to  Potassium  T ransport: Evidence from E lec tro n  P ro b e
A n a ly s is . P la n t P h y s io l.  4I3, 447-453.

H u x le y ,  J . S . ,  1935 :  C hem ica l  R e g u l a t i o n  and  t h e  Hormone C o n c e p t .
B i o l ,  Rev. 1 0 , 4 2 7 - 4 4 1 .

I l j i n ,  W. S . ,  1957 :  D rouglit  R e s i s t a n c e  i n  P l a n t s  and  P h y s i o l o g i c a l
P r o c e s s e s .  Ann. Rev. P I ,  P h y s i o l .  8 , 257” 274 .

Xmber, D. , T a l ,  M. , 19 7 0 :  P h e n o ty p ic  R e v e r s io n  o f  f la o c a ^ a .  W i l ty
M utan t  o f  Tom ato , by  A b s c i s i c  A c id .  S c ie n c e  ;L69.s 5 9 2 -5 9 3 .

I t  a i , C. , B e n z i o n i ,  A . ,  1 9 7 6 :  i n :  W a te r  and  P l a n t  L i f e  V o l .  19.
E d s .  L a n g e ,  O . L . ,  K ap p en , L. , S c h u l z e ,  E-*D. S p r i n g e r - V e r l a g , B e r l i n -



235.

I t  a i , C. , M e id i ie r ,  H. , 19 7 3 a :  E f f e c t  o f  A b s c i s i c  A c id  on S o l u t e  T r a n s p o r t
i n  E p id e rm a l  T i s s u e .  W atui’e 2 J ^ ,  6 5 3 -6 5 ^ .

I t  a i , C. , M e id n e r , H . ,  1973b: lY m c t io n a l  E p i derma]. C e l l s  a r e  N e c e s s a r y
f o r  A b s c i s i c  A c id  E f f e c t s  on Guard C e l l s .  J .  Exp. B o t . 2 9 ,  765” 770 .

I t a i ,  C . ,  W eyers5 H i l lm a n ,  J . R . , M e id n e r ,  H . , W il lm e r ,  C , , 1973 :
A b s c i s i c  A cid  and  Guard C e l l s  o f  Comnetina commmis, N a tu re  2 7 1 ,
6 5 2 - 6 5 3 .

J a c k s o n ,  M.B. , O sb o rn e ,  D . J .  , 1970 :  E t h y l e n e ,  Tlie N a t u r a l  R e g u l a to r  o f
L e a f  A b s c i s s i o n .  N a tu re  2 2 5 , 101 9 -1 0 2 2 .

J a c o b ,  F . , Monod, J . ,  I 9 6 I ;  G e n e t ic  R e g u la to r y  Mechanisms i n  t h e  
S y n t h e s i s  o f  P r o t e i n s .  J .  Mol. B i o l .  _3, 318 -3 5 6 .

J a c o b s ,  W. P , ,  1 9 5 9 : % a t  S u b s ta n c e  N orm ally  C o n t r o l s  a  Given B i o l o g i c a l
P r o c e s s ? : ! .  F o r m u la t io n  o f  Some R u le s .  Dev. B i o l .  1 ,  5 2 7 -5 3 3 .

J e f f r i e s ,  1972 : U n p u b l i s h e d  r e s u l t s  c i t e d  i n  M ilb o r ro w ,  1972 .

J o n e s ,  H.G.  , 1973 : i n :  S t r e s s  P h y s io lo g y  o f  Crop P l a n t s .  E d s .  Muss e l l .
H . , S t a p l e s ,  R.C.  W ile y ,  Nev Y ork .

J o n e s ,  R . J . ,  M a n s f i e l d ,  T . A . ,  1970: S u p p r e s s io n  o f  S to m a ta l  O pen ing  im
L eaves  T r e a t e d  v i t h  A b s c i s i c  A c id .  J .  Exp. B o t ,  7 1 ^ -7 1 9 .

J o n e s ,  R . L . ,  1973: G i b b e r e l l i n s : T h e i r  P h y s i o l o g i c a l  R o le .  Ann. Rev.
P I .  P h y s i o l .  24 ,  571“ 593.

J o n e s ,  W.W., C o g g in s ,  C.W, J r . ,  E m b le to n ,  T . W . , 1976 :  Endogenous
A b s c i s i c  A c id  i n  R e l a t i o n  t o  Bud. Growth i n  A l t e r n a t e  B e a r in g  
* V a len c ia*  O range . P l a n t  P h y s i o l .  53 ,  6 3 1 -6 3 2 .

K ahn, A . A . ,  1975 : P r im a r y ,  P r e v e n t i v e  and P e r m is s iv e  R o le s  o f  Hormones
i n  P l a n t  S y s te m s .  B o t .  Rev. 4 l ,  391"420.

K e f e l i ,  V . ,  K adyrov , C. , 1971 : N a t u r a l  Gro^-rtli I n h i b i t o r s ,  t h e i r
Chemical, and  P h y s i o l o g i c a l  P r o p e r t i e s .  Ann. Rev. P I .  P h y s i o l .
2 2 , 185-1 9 6 ,

K ende , H. ,  G a rd n e r ,  G . , 1976 : Hormone B in d in g  in  P l a n t s .  Ann.  Rev.
P l a n t  P h y s i o l ,  22[, 2 6 7 -2 9 0 .

K in g ,  R . W, , 1 9 7 6 : i n :  T r a n s p o r t  a n d T r a n s f e r  P r o c e s s e s  i n  P l a n t s .
E ds .  WardLaw, I . E . ,  P a s s i o u r a ,  J . D . ,  Academic P r e s s ,  New Y ork .

K o z lo w s k i ,  T . T . ,  I 9 6 8 : W a te r  D e f i c i t s  and  P l a n t  Growth V o l s , I - I I I ,
Academic P r e s s ,  New Y ork .



2 3 6 .

Kriedemanrij P . E . ,  L oveys, B.R.  , 1975: in : Envirom iiental and B io lo g ic a l
Control o f  P h o to sy n th e s is . Ed. R, M a rce lle , Dr, W. Junk h . v .  
P u b lish e r s , The Hague, H olland, pp 227”236.

Kriedemanii, P . E . ,  L oveys, B. R. ,  F u l le r , G.D. ,  Leopold A. C. ,  1972:
A b sc is ic  Acid and Stom atal R egul.ation. P la n t P h y s io l.  4_9, 842-847.

L a n c a s t e r ,  J . E . ,  Mann, J . D . ,  P o r t e r ,  N . G . ,  1977 : I n e f f e c t i v e n e s s  o f
A b s c i s i c  A c id  i n  S to m a ta l  C lo s u re  o f  Y ellow  L u p i n , Lup-im^s L u te u s  
v a r .  Weiko I I I .  J .  Exp. Bob.  2 8 ,  1 8 4 -1 9 1 .

L a n g e ,  O . L . ,  LOsch, R . , S c h u l z e ,  E - D , , K appen, L . ,1 9 7 1 :  R e sp o n se s  o f
S to m a ta  t o  Changes i n  H u m id i ty .  P l a n t a  100_, 7 6 - 8 6 ,

L a r q u e - S a a v e d r a ,  A . ,  W ain , R . L . , 1974 ;  A b s c i s i c  A c id  i n  R e l a t i o n  t o
D rough t T o le r a n c e  i n  V a r i e t i e s  o f  Z&a Mays L. N a tu re  2 5 1 , 716-717*

L a r q u e - S a a v e d r a ,  A . ,  W ain , R . L . , 1976 : S t u d i e s  on P l a n t  G row th-
R e g u l a t i n g  S u b s t a n c e s :  X X ll .  A b s c i s i c  A c id  a s  a  G e n e t ic  C h a r a c t e r
R e l a t e d  t o  D rough t  T o l e r a n c e .  Ann. A pp l .  B i o l .  291-297-

L a r s e n ,  P . ,  1955: N o m e n c la tu re  o f  P l a n t  Growth S u b s t a n c e s .  P l a n t
P h y s i o l .  1 9 0 - 1 9 1 .

L e n to n ,  J . R . , Bowen, M . R . , S a u n d e r s ,  P . P . ,  I 9 6 8 : D e t e c t i o n  o f  A b s c i s i c
Ac i d .  i n  t h e  Yylem Sap o f  W il low  {Sa ticc  virrrinaP ls L . )  by  G a s - l i q u i d  
C hrom atog raphy . N a tu re  2 2 0 ,  86- 6 7 .

L e n to n ,  J . R . ,  P e r r y ,  V . M. , S a u n d e r s ,  P . F . ,  1971 : The I d e n t i f i c a t i o n  and
Q u a n t i t a t i v e  A n a l y s i s  o f  A b s c i s i c  A cid  i n  P l a n t  E x t r a c t s  by  G as-  
l i q u i d  C hrom atog raphy . P l a n t a  9 6 , 271 -2 8 0 .

L e n to n ,  J . R . ,  P e r r y ,  V . M . , S a u n d e r s ,  P . F . ,  1972: Endogenous A b s c i s i c
A c id  i n  R e l a t i o n  t o  P h o t o p e r i o d i c a l l y  I n d u c e d  Bud Dormancy.
P l a n t a  1 ^ ,  1 3 -2 2 .

L i t t l e ,  C . H . A . , E i d t , D . D . , I 9 6 8 : E f f e c t  o f  A b s c i s i c  A c id  on B u d b reak
and  T r a n s p i r a t i o n  i n  Woody S p e c i e s .  N a tu re  2 2 0 , 498-499*

L i u ,  W-C. , C a m s ,  H. , 1 9 6 I  : I s o l a t i o n  o f  A b s c i s i n ,  mi A b s c i s s i o n
A c c e l e r a t i n g  H u b s ta n c e .  S c i e n c e  1 3 4 ,  3 8 4 -3 8 5 .

L iv n e ,  A , ,  V a a d ia ,  Y. ,  1 9 6 5 : S t i m u l a t i o n  o f  T r a n s p i r a t i o n  R a te  i n
B a r le y  L eaves  by K i n e t i n  an d  G i b b e r e l l i c  A c id .  P h y s i o l .  PI.m i t .
1 8 , 6 5 8 - 6 6 4 .

L o s c h ,  R . , 1 9 7 8 : R e sp o n se s  o f  S to m a ta  t o  E n v i ro n m e n ta l  F a c t o r s  -
E x p e r im e n ts  w i t h  I s o l a t e d  E p id e rm a l  S t r i p s  o f  PolypocH wn v u lg a v e  1 .  
T e m p e ra tu re  an d  H u m id ity .  O e c o lo g ia  2 £ ,  85-97*



237.

L ove , A . ,  LGve, D. , 194$ : E xper im en ts ,  on t h e  E f f e c t s  o f  Animal Sex
Hormones on D io e c io u s  P l a n t s .  A r k iv .  E5r B o ta n ik  3 2 ,  l - 6 0 .

L o v e lo c k ,  J . E ,  , 1958 : A s e n s i t i v e  D e t e c t o r  f o r  Ga,s C h rom atog raphy .
J .  Chrom âtog . 1 ,  3 5 -4 6 .

L o v e lo c k ,  J . E . ,  I 961  : I o n i s a t i o n  -Methods f o r  t h e  A n a ly s is  o f  Gases
and  V apou rs .  A n a l ,  Chem. 3 3 ,  I 6 2 - I 7 8 .

L o v e lo c k ,  J . E . ,  1963*- E l e c t r o n - c a p t u r e  D e t e c t o r s  and  T e c h n iq u e  f o r
u se  i n  Q u a n t i t a t i v e  and  Q u a l i t a t i v e  A n a ly s i s  by  Gas C hrom atog raphy . 
A n a l .  Chem. 3 ^ ,  4 7 4 -4 8 1 .

L ov ey s ,  B . R . ,  1977 : The I n t r a c e l l u l a r  L o c a t io n  o f  A b s c i s i c  A c id  i n
S t r e s s e d  and  N o n - s t r e s s e d  L e a f  T i s s u e .  P h y s i o l .  P l a n t  4g , 6 - 1 0 .

L o v e y s ,  B.R.  , B r i e n ,  G . J . ,  K r ied em an n ,  P . E . ,  1975*. B i o s y n t h e s i s  o f  
A b s c i s i c  A c id  u n d e r  O sm otic  S t r e s s :  S t u d i e s  B ased  on a  D ual
L a b e l l i n g  T e c h n iq u e .  P h y s i o l .  P l a n t  33^, I 66 - I 7O.

L o v e y s ,  B . R . , K riedem ann , P . E .  , 1974 : I n t e r n a l  C o n t r o l  o f  S to m a ta l
P h y s io lo g y  and  P h o t o s y n t h e s i s .  1 .  S to m a ta l  R e g u l a t i o n  and  
A s s o c i a t e d  Changes i n  Endogenous L e v e ls  o f  A b s c i s i c  and  P h a s e i c  
A c id s .  A u s t . J .  P l a n t  P h y s i o l .  1 ,  407 -4 1 5 .

L o v e y s ,  B . R . , K riedem ann , P . E .  , T ü r ü k f a l v y ,  E . , 1973 :  I s  A b s c i s i c
A cid  I n v o lv e d  i n  S to m a ta l  R esponse  t o  Carbon D io x id e?  P I .  S c i . L e t t  
1 ,  3 35 -338 .

M cD ougall ,  J . ,  H i l lm a n ,  J . R . ,  1978: i n :  I s o l a t i o n  o f  P l a n t  Growth
S u b s t a n c e s .  Ed. H il3 jïiaû , J . R .  Cam bridge U n i v e r s i t y  P r e s s ,  London.

M achus, L. 3 1972: The Coming o f  Age o f  Sex Hormones i n  P l a n t s ,
lyiycologia 6_4, 2 3 5 -2 4 7 .

M acKinney, G . , 1 9 4 l :  A b s o r b t io n  o f  L ig h t  by  C h lo r o p h y l l  S o l u t i o n s .
J .  B i o l .  Chem. ;UfO, 315 -3 2 2 .

M acRobbie, E . A . C . ,  L e t t a u ,  J . , B ra y ,  M. , 1978: I o n i c  R e l a t i o n s  o f
S to m a ta l  Guard C e l l s .  Fed . E u r .  S o c . P I .  P h y s i o l .  I n a u g .  M ee tin g  
E d in b u rg h  Abs, 3 41 -342 .

McWha, J . A . , 1973; Ph .D . T h e s i s ,  U n i v e r s i t y  o f  Glasgow.,.

McWlia, J , A . , P h i l i p s o n ,  J . J . , H i l lm a n ,  J . R . ,  W i l k in s ,  M. B, ,  1972 :
M o le c u la r  R e q u ire m en ts  f o r  ABA A c t i v i t y  i n  Two B io a s s a y  S y s te m s .  
P l a n t a  1 £ 9 ,  327 -336 .



M ahan, B . H . , 1970 :  U n i v e r s i t y  C h e m is t ry  2nd e d .  A d d iso n -W e s le y
P u b l i s h i n g  C o . ,  B e a d in g ,  U.S .A.

M a n s f i e l d ,  T . A . , 1976a :  D e lay  i n  t h e  R esponse  o f  S to m a ta  t o  A b s c i s i c
A c id  i n  C O ^ -fre e  A i r ,  J .  Exp. B o t .  27., 559“ 564.

M a n s f i e l d ,  T.A.  , 1976b: S to m a ta l  B e h a v io u r :  Chemical. C o n t r o l  o f
S to m a ta l  M ovements. P h i l .  T r a n s .  R. S oc . Bond. B . 2 7 3 , 541-550»

M a n s f i e l d ,  T . A . , J o n e s ,  R . J . , 1971 : E f f e c t s  o f  A b s c i s i c  A c id  on
P o ta s s iu m  Uptalce and  S t a r c h  C o n te n t  o f  S to m a t a l  Guard C e l l s .
P l a n t a  im _ , 1 4 7 -1 5 8 .

M a n s f i e l d ,  T . A . ,  W e l l b u m ,  A.R.  , M o r i e i r a ,  T . J . S . ,  1 978 ;  The R o le
o f  A b s c i s i c  A cid  and  F a r n e s o l  i n  t h e  A l l e v i a t i o n  o f  W ate r  S t r e s s  
and  t h e i r  Mechanism o f  A c t io n  on S to m a ta .  P h i l .  T r a n s .  Roy. S o c ,  
Lond. B. I n  p r e s s .

Marr&, E . , 1977 : i n  : R e g u l a t i o n  o f  C e l l  Membrane A c t i v i t i e s  i n  P l a n t s .
E d s .  M a r r e , E . , C i f f e r i ,  I .  E l s e v i e r / N o r t h - H o l l a n d  B io m e d ic a l  P r e s s ,  
Amsterdam.

M e id n e r ,  H. , .1965: S to m a ta l  C o n t r o l  o f  T r a n s p i r a t i o n a l  W a te r  L o s s .
Syrap. Soc . Exp. B io].. I S ,  1 8 5 -2 0 4 .

M e id n e r ,  H . , I 9 6 7 : The E f f e c t  o f  K i n e t i n  on S to m a ta l  O pen ing  an d  t h e
R a te  o f  I n t a k e  o f  CO i n  M atu re  P r im a ry  L eaves  o f  B a r l e y .
J .  Exp. B o t .  556 - 5 6 1 .

M e id n e r ,  K . , 1975 : W ate r  S u p p ly ,  E v a p o r a t i o n ,  and  V apour D i f f u s i o n
i n  L e a v e s .  J . Exp, B o t .  2 ^ ,  666-673*

M eidn.er, H . ,  M a n s f i e l d ,  T . A . ,  I 9 6 8 : P h y s io lo g y  o f  S to m a ta .  M cG raw -H il l ,
Hew Y ork .

M e id n e r ,  H . ,  S h e r i f f ,  D.W. ,  1976 :  W ate r  and  P l a n t s .  B l a c k i e , G lasgow.

M e id n e r , H . , W i l lm e r ,  C . , 1 975 :  M echan ics  and  M e ta b o l is m  o f  Guard C e l l s .
C u r r e n t  A dvances i n  P l a n t  S c i e n c e  IJc, 1 - 1 5 .

M er, C . L . ,  I 9 6 8 : What i s  an  I n h i b i t o r ?  Z. P f l a n z e n p h y s i o l . 5 9 3 4 l 5 ” 4 l9

M ilb o r ro w , E.V.  , I 9 6 7 : The I d e n t i f i c a t i o n  o f  (•+)-A b s c i s i n  I I  | ( -i-)-Dormin] 
i n  P l f in t s  and  M easurem ent o f  i t s  C o n c e n t r a t i o n s .  P l a n t a  7.6, 9 3 -1 1 3 .

M ilb o r ro w ,  B . V . ,  1970 : The M e ta b o l ism  o f  A b s c i s i c  A c id ,  J , Exp). B o t .
2 1 , 1 7 - 2 9 .

M ilb o r ro w ,  B . V . ,  1972 : i n :  P l a n t  Growth S u b s ta n c e s  1970 . Ed . D . J .  C a r r .
S p r i n g e r ,  B e r l i n ,  pp  2 8 1 -2 9 0 .

M ilb o rro w , B . V . ,  1973: B i o s y n t h e s i s  o f  A b s c i s i c  A cid  b y ’a C e l l - f r e e
S ys tem . P h y to c h e m is t r y  1_3, 1 3 1 -1 3 6 .



239.

M ilb o r ro w ,  15.V . , 1974 : .C h e m is t ry  an d  P h y s io lo g y  o f  A b s c i s i c  A c id .
Ann. Bev. P I .  P h y s i o l .  2 5 9 -3 0 7 .

M ilb o r ro w ,  B . V . ,  M a l la b y ,  R . , 1975 :  O c c u r re n c e  o f  M e th y l  ( + ) - A b s c i s a t e
as an A r t e f a c t  o f  E x t r a c t i o n . J ,  Exp. B o t .  2 ^ ,  74.1-748.

M ilb o r ro w , B . V . ,  N o d d le ,  B . C , ,  1970 :  C o n v e rs io n  o f  5 ( l ’2 ’ -E po x y ~ 2 ’6 '6 * “-
t r i m e t h y l -  1 - c y c l o h e x y l )  -  3 m e t h y l - p e n ta  - c i s - 2 - t r a n s - 4 - d i e n o i c  
a c i d  i n  A b s c i s i c  A c id  i n  P l a n t s . Biochem. J , 1 1 9 ,  7 2 7 -7 3 4 .

M ilb o r ro w ,  B . V . , R o b in s o n ,  D . R . , 1 9 7 3 :  F a c t o r s  A f f e c t i n g  t h e  B i o s y n t h e s i s
o f  A b s c i s i c  A c id .  J .  Exp. B o t .  2_4, 537 -548 .

Mi l b u r n ,  J . A , , 1975 :  i n  : E n c y c lo p e d ia  o f  P l a n t  P h y s io lo g y  (new E d n ,
V o l . l )  Gen. Eds .  P i r s o n ,  A . ,  Zimmermann, M.H. S p r i n g e r - V e r l a g ,  B e r l i n .

M i t t e l h e u s e r , C . J . ,  Van S t e v e n i n c k ,  R . F . M . , 19&9: S to m a ta l  C lo s u re
and I n h i b i t i o n  o f  T r a n s p i r a t i o n  In d u c e d  b y  (RS) -  A b s c i s i c  A c id ,
N a tu re  2 2 1 , 2 8 1 -2 8 2 .

M i t t e - l e h u s e r , C . J .  , Van S t e v e n i n c k ,  R . F . M. ,  1971 : R a p id  A c t io n  o f
A b s c i s i c  A c id  on P h o t o s y n t h e s i s  an d  S to m a ta l  R e s i s t a n c e .
P l a n t a  9X> 3 3 -8 6 .

M iz ra h i ,  Y . ,  R ichm ond, A . E . , 1 9 7 2 a :  A b s c i s i c  A c id  i n  R e l a t i o n  t o
M in e r a l  D e p r i v a t i o n .  P l a n t  P h y s i o l .  5^ ,  667 - 67 O.

M i z r a h i ,Y . ,  R ichm ond, A . E . ,  1972b : Horm onal M o d i f i c a t i o n  o f  P l a n t
R e sp o n se s  t o  W a te r  S t r e s s .  A u s t .  J .  B i o l .  S c i . 25^, 4 3 7 -4 4 2 .

M i z r a h i , ! . ,  S c h e r i n g s , S . G . ,  M a l i s a r a d ,  S . ,  Richiuond, A . E . ,  1974 :
A s p e c ts  o f  t h e  E f f e c t  o f  ABA on t h e  W ater  S t a t u s  o f  B a r l e y  a n d  
Wheat S e e d l i n g s .  P h y s i o l .  P l a n t .  3 1 ,  4 4 -5 0 .

Monod, J . , C hangeux, J .  , J a c o b ,  F . , 1963 : A l . l o s t e r i c  P r o t e i n s  and
C e l l u l a r  C o n t r o l  S y s te m s .  J .  Mol. B i o l .  _6 , 3 0 6 -3 2 9 .

M o rto n ,  R . A . , 1974 : The V i ta m in  C o n c e p t .  V i t am. Norm. ^ 2 ,  1 5 5 -1 6 6 .

Moody, W. 3 Z e i g e r ,  E . , 1978 :  E l e c t r o p h y s i o l o g i c a l  P r o p e r t i e s  of*
Onion Guard C e l l s .  P l a n t a  1 3 9 > 159-165*

Moorby, J . , 1977 : I n t e g r a t i o n  and  R e g u l a t i o n  o f  T r a n s l o c a t i o n  w i t h i n
t h e  Whole P l a n t .  Symp. Soc , Exp. B i o l .  3J-, 4 2 5 -4 5 4 .

M o r r i s ,  J . G . ,  1 974 :  A B i o l o g i s t ’ s P h y s ic a l .  C h e m is t ry  2nd  Ed.
E. A rn o ld  L t d . ,  London.

M o u s se ro n -G a n e t , M . , M a n i , J - C . ,  D a l l e ,  J - P . ,  O l i v é ,  J . L ,  I 9 6 6 ;
P h o t o x y d a t io n  S e n s i b i l i s é e  de Q uelque  Composés A p p a re n c e s  h 
l a  Déhydro"‘3“ in o n e  3 S y n th è s e  de l ' e s t e r  M é th y l iq u o  de l a  (d;) 
A b s c i s i n e .  B u l l .  S o c .  Chim, F r .  1 2 ,  3874-3876 .



240

Nevo, Y . ,  T a l ,  M . , 1 973 :  M e ta b o l is m  o f  A b s c i s i c  A c id  i n  F ta co a j
a  W i l ty M utan t o f  Tom ato . B iochem . G e n e t . 1 0 , 79” 9 0 .

N i s h i d a ,  K . ,  1 963 :  S t u d i e s  on S to m a t a l  Movement o f  C r a s s u l a c e a n
P l a n t s  i n  R e l a t i o n  t o  t h e  A c id  M e ta b o l ism . P h y s i o l .  P Ia n ta r u m
l 6 , 2 8 1 -2 9 8 .

N o b e l ,  P . S . ,  1974 : I n t r o d u c t i o n  t o  B i o p h y s i c a l  P l a n t  P h y s i o lo g y .
W.H. Freeman and  C o . ,  San F r a n s i s c o .

Ogunkanmi, A . B . ,  T u c k e r ,  B . J . ,  M a n s f i e l d ,  T . A . ,  1973 : An Im proved
B io a s s a y  f o r  A b s c i s i c  A c id  and  O th e r  A n t i t r a n s p i r a n t s .
New P h y t o l .  %2 ,̂ 2 7 7 -2 8 2 .

Ohlcuma, K . , A d d i c o t t ,  F . T . , S m i th ,  G . E . ,  T h i e s s e n ,  W . E . , I 9 6 5 :
The S t r u c t u r e  o f  A b s c i s i n  I I .  T e t r a h e d r ’on L e t t .  29,, 2 5 2 9 -2 5 3 5 .

Ohkuma, K . , L yon , J . L . ,  A d d i c o t t ,  F . T . ,  1963: A b s c i s i n  I I ,  An
A b s c i s s i o n  A c c e l e r a t i n g  S u b s t a n c e ,  from  Young C o t to n  F r u i t .
S c ie n c e  l 4 2 ,  1 5 9 2 -1 5 9 3 .

O 'M a l le y ,  B . W. , M eans, A . R . , 1974 : Fem ale  S t e r o i d  Hormones an d  T a r g e t
C e l l  N u c l e i .  S c i e n c e  I 8 3 , 6 1 0 -6 2 0 .

O r to n ,  P . J . , M a n s f i e l d ,  T . A . ,  1974 : The A c t i v i t y  o f  A b s c i s i c  A c id
A na logues  a s  I n h i b i t o r s  o f  S to m a ta l  O pen ing . P l a n t a  1 ^ ,  2 6 3 -2 7 2 .

O s b o rn e ,  D . J . ,  1977 : E th y le n e  and  T a r g e t  C e l l s  i n  t h e  Growth o f  P l a n t s .
S c i . P r o g r .  6 4 ,  5 3 -6 5 .

O s b o rn e ,  D . J . , J a c k s o n ,  M. , M ilb o r ro w ,  B . V . , 1972 : P h y s i o l o g i c a l
P r o p e r t i e s  o f  A b s c i s s i o n  A c c e l e r a t o r  from  S e n e s c e n t  L e a v e s .
N a tu re  2 4 0 , 9 8 -1 0 1 .

Osmond, C . B . ,  1976: i n :  E n c y c lo p e d ia  o f  P l a n t  P h y s io lo g y  (New Edn.
Vo1 ,2 A ) .  Gen. E d s .  P i r s o n ,  A . ,  Zinmiertnann, M.H. S p r i n g e r - V e r l a g ,  
B e r l i n .

O u t la w , W. 5 K ennedy, J . , 1978 :  Anion  S y n t h e s i s  i n  Guard C e l l s . P l a n t
P h y s i o l .  Supp. ^ 1 ,  8 6 .

O u t law , W.H. ,  Lowry, O.H.  , 1977 :  O rg a n ic  A c id  and P o ta s s iu m  A c c u m u la t io n
i n  Guard C e l l s  d u i ' in g  S to m a t a l  O pen ing . P r o c . W at. A cad . S c i .
J 4 ,  4 4 3 4 -4438 .



2 4 1 .

P a â l ,  A . ,  1 9 1 9 * ; U eber P l io t o t r o p i s c l i e  R e i z l e i t u n g .  J b .  W iss . B o t .
406 - 4 5 8 .

P a l l a g b y ,  O. K. ,  R a s c h k e ,  K . , 1972 : No S to m a ta l  R esponse  t o  E t h y l e n e .
P l a n t  P h y s i o l .  4 ^ ,  2 7 5 - 2 7 6 .

P a t e ,  J . S . ,  1 9 7 6 : i n :  T r a n s p o r t  and  T r a n s f e r  P r o c e s s e s  i n  P l a n t s .
E ds. W ardlaw , I . E . ,  P a s s i o u r a ,  J . I ) .  Academic P r e s s ,  New Y ork .

P e e l ,  A . J , , 1 9 7 5 : i n :  E n c y c lo p e d ia  o f  P l a n t  P h y s io lo g y  (New End, V o l . l )
Gen. Eds .  P i r s o n ,  A . ,  Zimmermann, M.H. G p r i n g e r - V e r l a g ,  B e r l i n ,

P en n y ,  M . G. , B o w lin g ,  D . J . F . ,  1 974 :  A S tu d y  o f  P o ta s s iu m  G r a d ie n t s
i n  t h e  E p id e rm is  o f  I n t a c t  L eaves  o f  ComaelAna Qommovis i n  
R e l a t i o n  t o  S t o m a t a l  O pen ing . P l a n t a ,  1 1 9 , 1 7 " 2 5 .

P e n n y ,  M.G. ,  B ow ling , 1975 : D i r e c t  D e t e r m in a t io n  o f  pH in
t h e  S to m a ta l  Complex o f  Conimelina» P l a n t a  122 ,  209 -2 1 2 ,

P e n n y ,  M . G. , K e ld a y ,  L . S . ,  B o w lin g ,  D . J . F . ,  1976 :  A c t iv e  C h lo r id e
T r a n s p o r t  i n  t h e  L e a f  E p id e rm is  o f  Comrie'ii-na oorm im 'ts  i n  R e l a t i o n  
t o  S to m a ta l  A c t i v i t y ,  P l a n t a  1 3 0 , 2 9 1 -2 9 4 .

P h i l l i p s ,  I . D . J . ,  1 9 7 1 : I n t r o d u c t i o n  t o  t h e  B io c h e m is t r y  and  P h y s io lo g y
o f  P l a n t  Growth Hormones. McGraw H i l l  Book C o . ,  New Y ork .

P i n c u s ,  G. 5 Thim ann, K . , 1948 :  The Horm ones. Academic P r e s s ,  New Y ork .

P i tm a n ,  M.G. ,  L ü t t g e ,  U . , L H u c h l i , A . ,  B a l l ,  E . , 1 9 7 4 a :  A c t io n  o f
A b s c i s i c  A c id  on Io n  T r a n s p o r t  a s  A f f e c t e d  b y  Root T e m p e ra tu re  
and  N u t r i e n t  S t a t u s .  J .  Exp . B o t .  25^, 1 4 7 -1 5 5 .

P i tm a n n ,  M. G. , L ü t t g e ,  U . , L H u c h l i , A . ,  B a l l ,  E . , 1974b :  E f f e c t  o f  
P r e v io u s  W ate r  S t r e s s  on Io n  U p take  and  T r a n s p o r t  i n  B a r le y  
S e e d l i n g s .  A u s t .  J .  P l a n t  P h y s i o l .  _1, 377“ 385*

P u s t o v o i t o v a ,  T . N . ,  I 9 6 7 * :  I n  R u s s i a n .  F i z i o l .  H a s t .  l A , 90 .

P u s t o v o i t o v a ,  T . N . ,  I 9 7 G*: l u  R u s s i a n .  F i z i o l .  H a s t .  17» 575 .

P u s t o v o i t o v a ,  T . N . , 1971 : E f f e c t  o f  W i l t i n g  an d  S o i l  D rough t  on Endogenous
Gro-wth R e g u l a to r s  o f  M e so p h y te s .  F i z i o l ,  P a s t . ,  3 ^ ,  6 2 2 -6 2 8 .
( T r a n s ,  by  C o n s u l t a n t s  B u r e a u ) ,

Q u a r r i e ,  S . A . ,  3.978: A R a p id  and S e n s i t i v e  A ssay  f o r  ABA u s i n g
E t h y l  A b s c i s a t e  as  an I n t e r n a l  S t a n d a r d .  A n a l .  B io c h ,  l 4 l - 1 5 6

Q u a r r i e ,  S . A . ,  J o n e s ,  H . G . ,  1977 : E f f e c t s  o f  A b s c i s i c  A cid  and  W a te r
S t r e s s  on D evelopm ent an d  M orphology o f  VHieat. J .  Exp. B o t .  2 8 ,
1 9 2 - 2 0 3 .



2 h 2 ,

R a .i l to r i ,  I . D . ,  R e id ,  D.M. , G a s k in ,  P . ,  M a cM illa n ,  J . ,  1974 :
C h a r a c t e r i s a t i o n  o f  A b s c i s i c  A c id  i n  Chlo:rop3.asts o f  P is im n  s a t iv u m  L, 
ÔV. A la s k a  by  Combined Gas C hrom atography  -  Mass S p e c t r o m e t r y .
P l a n t a  11%, 1 7 9 -1 8 2 .

R a sc h k e ,  K . , 1975%: S to m a ta l  A c t io n ,  Ann. Rev, P I .  P h y s i o l ,  309 -3 4 0 .

R a sc h k e ,  K . , 1975b: S im u l ta n e o u s  R e q u ire m e n t  o f  Carbon D io x id e  and
A b s c i s i c  A c id  f o r  S to m a ta l  C lo s u re  i n  X anth ium  s tru m an iu m  L,
P l a n t a  1 2 ^ ,  243-259-

R a sc h k e ,  K . , 1976 : i n :  T r a n s p o r t  and  T r a n s f e r  P r o c e s s e s  in  P l a n t s .
E ds .  W ardlaw , I . E . ,  P a s s i o u r a ,  J . B .  Academic P r e s s ,  New Y ork .

R a s c h k e ,  K . , 1977 : i n  : W a te r  R e l a t i o n s  i n  Membrane T r a n s p o r t  i n
P l a n t s  and  AnimaGs. e d s .  J u n g r e i s ,  A.M. ,  H odges ,  T . K . ,
K l e i n z e l t e r ,  A . ,  S c h u l t z ,  8 .G. Academic P r e s s ,  New Y ork .

R a sc h k e ,  K. , D i t t r i c | r » ,  P . ,  1 977 :  Cai-b o n - d io x i d e  F i x a t i o n  by
I s o l a t e d  L e a f  E p id e rm is  w i t h  S to m a ta  C lo s e d  o r  Open.
P l a n t a  .134, 6 9 -7 5 .

R a s c h k e ,  K . , F a l lo w s ,  M . P . ,  1971 :  S to m a ta l  Movement i n  Zea M ays:
S h u t t l e  o f  P o ta s s iu m  a n d  C h l o r id e  Between Guard C e l l s  and  
S u b s i d i a r y  C e l l s .  P l a n t a  1 0 1 ,  2 9 6 -3 1 6 .

R a s c h k e ,  K . , F i r n , R . D . ,  P i e r c e ,  M ., 1975 : S to m a ta l  C lo s u re  i n
R esponse  t o  X a n th o x in  and  A b s c i s i c  A c id .  P l a n t a  1 2 5 ,  l 4 9 ~ l 6 0 .

R a s c h k e ,  K. , Humble, G . D . ,  1 973 :  No Uptalte  o f  A nions R e q u i r e d  b y
O pening  Stomata, o f  V ic ia  fa h a  : Guard C e l l s  R e le a s e  Hydrogen I o n s ,  
P l a n t a  1:15, 4 7 -5 7 .

R a sc h k e ,  K . , Z e e v a a r t , A . D . ,  1976 : A b s c i s i c  A c id  C o n t e n t s ^ T r a n s p i r a t i o n ,
an d  S to m a ta l  C onduc tance  as  R e l a t e d  t o  L e a f  Age i n  P l a n t s  o f  
X a n th im i s tr w n a r i im  L. P l a n t  P h y s i o l .  58., 1 6 9 -1 7 4 .

R asm ussen , O . S . ,  1976: W a te r  S t r e s s  i n  P l a n t s :  1 .  A b s c i s i c  A c id
L e v e l  i n  Tomato L eaves  A f t e r  a  Long P e r i o d  o f  W i l t i n g .
P h y s i o l .  P l a n t .  36 ,  2 0 8 -2 1 2 .

R eev e ,  D . R . ,  C r o z i e r ,  A . ,  ( i n  P r e s s ) ,  i n :  E n c y c lo p e d ia  o f  P l a n t
P h y s io lo g y  (New Edn. V o l . 9 ) .  Gen. Eds .  P i r s o n ,  A . ,  Zimmermann, M . H . , 
S p r i n g e r - V e r l a g ,  B e r l i n .

K o b a rd s , A . W. , 1976 : i n :  I n t e r c e l l u l a r  Com m unication i n  P l a n t s :
S t u d i e s  on P la sm o d e sm a ta .  E d s .  G unn ing , B . E . S . ,  R o b a r d s , A.W. 
S p r i n g e r - V e r l a g ,  B e r l i n .

R o b in s o n ,  P . M . ,  W a re in g ,  P . F . , 1964: C hem ica l  N a tu re  and B i o l o g i c a l
P r o p e r t i e s  o f  t h e  I n h i b i t o r  V a ry in g  w i t h  P h o to p e n e d  i n  Sycamore 
{A cer p s e i id o p la ta n u s ) . P h y s i o l .  P l a n t  1%, 314 -3 2 3 .



243,

R o b in s o n ,  G.A. , B u t c h e r ,  R.W. , S u t h e r l a n d ,  197-1: i n :  C y c l ic  ANP,
Academic P r e s s ,  New Y ork .

R o g e r s ,  A.V7., .1973: i n ;  T e c h n iq u e s  o f  A u t o r a d i o g r a p h y , 2nd Edn.
E l s e v i e r  S c i e n t i f i c  P u b l i s h i n g  C o . ,  Amsterdmn.

S a f t n e r ,  R. , Ra.schhe, K. , 1978 :  Borman and Membrrme P o te n t i a 3 .s  o f
Guard C e l l s  o f  Com m elina oo m m n is*  P l a n t  P h y s i o l .  Supp. 6 l ,  86 .

S a u n d e r s ,  P . F . ,  1978 : i n :  I s o l a t i o n  o f  P l e i i t  Growth S u b s t a n c e s .
Ed. H i l lm a n ,  J . R ,  Cam bridge U n i v e r s i t y  P r e s s ,  London.

S c h len k  , H. , G e l le r m a n ,  J .  , .I9 6 O: E s t é r i f i c a t i o n  o f  F a t t y  Am i d s  w i th
Di.azomethane on a  S m a ll  S c a l e .  A n a l .  Chem. 3,2, l 4 l 2 - l 4 l 4 .

S c h n a b l ,  H . , 1978 : C om pensa t ion  o f  t h e  P o tass ium . Charge b y  C h lo r id e
Io n s  duri.ng  S to m a ta l  Movement i n  A H itm  cep a  F e d .  E u r .  Soc ,
P I .  P h y s i o l .  I n a u g .  M e e t in g  E d in b u rg h  A b s , 4 7 2 -4 7 3 .

S c h n a b l ,  H . ,  Bornman, C . H . , Z i e g l e r ,  H . , 1978 : S t u d i e s  on I s o l a t e d
S t a r c h  -  C o n t a in i n g  { V ic ia  fa h a  ) and S t a r c h - d e f i c i e n t  { A l l iu m  cepa )  
Guard C e l l  P r o t o p l a s t s .  P l a n t a  l 4 s , 33 -4 0 .

S c h n a b l ,  H . , Z i e g l e r ,  K . , 1977 :  The M echanism o f  S t o m a ta l  Movement i n
A l l iw n  cep a  L, P l a n t a  1 3 6 , 37“ 43,

S e e l e y ,  S . I ) . ,  P o w e l l ,  L . E . ,  1970 : E le c t r o n - C a p tu re - G a s -C h ro m a to g r a p h y
f o r  S e n s i t i v e  A ssay  o f  A b s c i s i c  A c id ,  Ana3.. B iochem . 35., 5 3 0 -5 3 3 .

SestaJî.,  Z. , Cat s k y , J a r v i s ,  P . O . ,  1971 : P l a n t  D i o t o s y n t h e t i c  P r o d u c t i o n
Manual o f  M ethods. D r, W. J u n k  N.V.  The Hague.

Shaw, M. , M acL ach lan , G.A. , 1954 : The P h y s io lo g y  o f  S to m a ta :  1 .
Carbon D io x id e  F i x a t i o n  i n  G uard C e l l s ,  Can. J .  B o t .  7 8 4 -7 9 4 .

S h e r i f f ,  D. W. , 1977 : E v a p o r a t io n  S i t e s  and  D i s t i l l a t i o n  i n  L e a v e s .
Ann. B o t .  jp l ,  IO 8I - I O 8 2 .

S ib a o k a ,  T . ,  I 9 6 9 : P h y s io lo g y  o f  R ap id  Movements i n  H ig h e r  P l a n t s .
Ann. Rev. P I .  P h y s i o l .  20^, l 6 5 ~ l 8 4 .

S im pson , G. M, , S a u n d e r s ,  P . F , , 1972 : A b s c i s i c  A c id  A s s o c i a t e d  w i th
W i l t i n g  i n  Dwarf and  T a l l  V isum  s a tiv u m .  P l a n t a  1 0 2 , 2 7 2 -2 7 6 .

S m ith ,  F . A . ,  R aven , J . A , , 1976 :  i n :  E n c y c lo p e d ia  o f  P l a n t  P h y s io lo g y
(Mew Edn. V o l .2 a )  Gen. E ds .  P i r s o n ,  A . ,  Ziinmennann, M.H. 
S p r i n g e r - V e r l a g , B e r l i n .

S q u i r e ,  G. R . ,  M a n s f i e l d ,  T . A . , 1972 : A S im ple  M ethod o f  I s o l a t i n g
S to m a ta  on D e ta c h e d  E p id e rm is  by Low pH T reatm ent ':-  O b s e r v a t io n s  
o f  t h e  Im p o r ta n c e  o f  S u b s i d i a r y  C e l l s .  New P h y t o l .  71.-j 3 033 ,



2 h h .

S t S l f e l t ,  M. G. ,  1961; '.Ulie E f f e c t  o f  t h e  W ater  D e f i c i t  on t h e  S to m a ta l  
Movements i n  a  C a r to n  D i o x i d e - f r e e  A tm osphere .  P h y s i o l ,  P l a n t .
14,, 8 26 -843 .

S t a r l i n g ,  E.H.  , I 9 O5 : The C hem ica l  C o r r e l . a t i o n s  o f  t h e  F u n c t io n  o f  t h e
Body. The L a n c e t  2_, 1 9 0 5 *%, 3 3 9 " 3 4 l .

S t e v e n s ,  R . A . , M a r t i n ,  E . S . ,  1977 : New S t r u c t u r e  A s s o c i a t e d  w i th
S to m a ta l  Complex o f  t h e  F e rn  P olyp o d iu m  v u lg a r e .  N a tu re  ,2 6 5 , 3 3 1 -3 3 4 .

S te w a rd ,  F . C . ,  K r i k o r i a n ,  A . D . , 1971 :  P l a n t s ,  C hem ica ls  and  Growth.
Academic P r e s s ,  New York.

S t e w a r t ,  G . R . , 1969 : A b s c i s i c  A c id  and  M o rp h o g e n is is  i n  Lemna p o l y r h i z a  L,
N a tu re  221 ,  61 - 6 2 .

S w e e t s e r ,  P . R . ,  Vat v a r  s , A . ,  1976 : High.Lperfoj.'mance L i q u id  C h ro m ato g rap h ic
A n a ly s i s  o f  A b s c i s i c  Aicid i n  P l a n t  E x t r a c t s .  A n a ly t .  Biochem.
U . ,  68 - 7 8 .

T a l  5 M. , 3.9 6 6 : Abnorma], S t o m a ta l  B e h a v io u r  i n  W i l ty  M u tan ts  o f  Tom ato.
P l a n t  P h y s i o l .  _4l, 138 7 -1 3 9 1 .

T a l ,  M. , Im b e r ,  D . , 197Û: A bnorm al S to m a ta l  B e h a v io u r  and  Hormonal
Im b a la n c e  i n  f l a e o a ,  a  W i l ty  M utan t o f  Tomato I I .  A u x in -  and 
A b s c i s i c  A c id -  L ik e  A c t i v i t y .  P l a n t  P h y s i o l .  4 6 ,  373” 377.

T a l ,  M. , Im b e r ,  D. , 1971: Abnorm al S to m a ta l  B e h a v io u r  and  Hormonal
Im b a la n c e  i n  f l a o o a ,  a  W i l ty  M utant o f  Tomato I I I .  Hormonal 
E f f e c t s  on t h e  W ate r  S t a t u s  i n  t h e  P l a n t .  P l a n t  P h y s i o l .  4-7, 649 -8 5 0 .

T a l ,  M. , Im b e r ,  D . , X t a i , C , , 1970: Abnormal S to m a ta l  B e h a v io u r  and
Hormonal Im b a la n c e  i n  fl-a o ca  , a  W i l ty  M utant o f  Tomato: 1 .  Root 
E f f e c t  and  K i n e t i n - l i k e  A c t i v i t y .  P l a n t  P h y s i o l .  4 6 ,  3 6 7 -373 .

T a l ,  M. , Nevo, Y. , 1.973: Abnormal S to m a ta l  B e h a v io u r  and  Root R e s i s t a n c e
an d  Hormonal Im b a lan c e  i n  T h re e  Wi3.ty M u tan ts  o f  Tomato, Biochem . 
G e n e t .  8 ,  291 -3 0 0 .

T f iy lo r ,  H.F.  , B u rd o n ,  R . S . ,  1970 :  I d e n t i f i c a t i o n  o f  P l a n t  Growth
I n h i b i t o r s  P ro d u c e d  b y  P h o t o l y s i s  o f  V ioJaxarith in . Phytochem . 9., 2217

T a y l o r ,  H . F . ,  B urdon , K . S . ,  1973 : P r e p a r a t i o n  and  M e ta b o l ism  o f  2 - ^ c j -
c i s ,  T r a n s - x a n th o x i n .  J .  Exp. B o t .  2 |i ,  873-880 .

T a y l o r ,  H . F . , S m ith ,  T . A . , I 9 6 7 : P r o d u c t i o n  o f  P l a n t  Growth I n h i b i t o r s
from  X a n t h o p h y l l s : A P o s s i b l e  S o u rc e  o f  Dormin. N a tu re  2 1 5 ,  1513“
1 5 1 4 .

Thim ann, K . , 1948 : i n :  The Horm ones. E ds. P i n c u s ,  G . , Thim ann, K . ,
Academic P r e s s ,  Mew Y o rk .

No volume n o s .



245.
Thomas, D . A . , 1975 : i n :  Io n  T r a n s p o r t  i n  P l a n t  C e l l e  and T i s s u e s .

E ds. B a k e r ,  D,A. , H a l l ,  J . L .  N o r th - I I o l l a n d  Pub. Co. , Am sterdam.

T u c k e r ,  D . J . , M a n s f i e l d ,  T . A , , 1971 : A S im ple  B io a s s a y  f o r  D e t e c t i n g
A n t i t r a n s p i r a n t  A c t i v i t y  o f  N a tu ra . l ly  O c c u r r in g  Compounds such  
as  A b s c i s i c  A c id .  P l a n t a  £ 0 ,  157 -1 6 3 .

T ukey , H . B . , W ent, F . W. ,  M u ir ,  P . M . ,  Van O v erb eck ,  J . , 1954 :
N o m e n c la tu re  o f  C hem ica l  P l a n t  R e g u l a t o r s .  P l a n t  P h y s i o l .  29» 
307 -308 .

T y r e e ,  M . T . , 1970 : The S y ra p la s t  C o n c e p t .  A G e n e ra l  T heo ry  o f
8y m p ] .a s t ic  T r a n s p o r t  A c c o rd in g  t o  t h e  Thermodynamics o f  I r r e v e r s i b l e  
P r o c e s s e s .  J ,  T h e o r .  B i o l ,  2 6 ,  l 8 l - 2 l 4 .

V a a d ia ,  Y . , 1976 : P l a n t  Hormones and W a te r  S t r e s s .  P h i l .  T r a n s .
R. Soc . Lond. B. 2J3_, 5 1 3 -5 2 2 .

Van D i e ,  J . ,  Tamm.es, P . M . L . ,  1975 : izi: E n c y c lo p e d ia  o f  P l a n t
P h y s io lo g y  (New E d n . , V o l . l ) . Gen. E ds .  P i r s o n ,  A . ,  Zimmermann, M.H. 
S p r i n g e r - V e r l a g , B e r l i n .

Van K i r k ,  C . A . , R a s c h k e ,  K . , 1 9 7 8 a :  P r e s e n c e  o f  C h l o r id e  Reduces
Malabo P r o d u c t i o n  i n  E p id e rm is  d u r in g  S to m a ta l  O pen ing . P l a n t  
P h y s i o l .  6 l ,  361 -3 6 4 .

Van K i r k ,  C . A . , R a sc h k e ,  K . , 1978b: R e le a s e  o f  M a la te  from  E p id e rm a l
S t r i p s  d u r in g  S to m a t a l  C l o s u r e .  P l a n t  P h y s i o l .  G l, 474-475*

Van O v e rb e ek ,  J . , 1950 :  i n :  A g r i c u l t u r a l  C h e m is try  V o l . l ,  Ed. F r e a r ,
D.E.H.  Van N o s t r a n d ,  London.

V a rg a ,  M . B . , F e r e n c z y ,  L . , 1957 : P a p e r - c h r o m a to g r a p h ic  E x a m in a t io n  o f
I n h i b i t i n g  S u b s ta n c e s  i n  F l e s h y  F r u i t s .  N a t u r w i s s e n s c h a f t e n  4 4 , 
398-399*

Wade, N. , 1978 : G u i l l e r m i n  and  S c h a l l y :  Tlie Y ears  i n  t h e  W i ld e r n e s s .
S c ie n c e  20 0 ,  2 7 9 -2 8 2 .

W ain, R.L.  , 1977 : in  : P l a n t  Groivth Regu]_ation . Ed. P i l e t ,  P . E .
S p r i n g e r - V e r l a g , B e r l i n .

W a lto n ,  B . C . ,  D orn , B. , F e y ,  J .  , 1973 : Ttie I s o l a t i o n  o f  an  A b s c i s i c
A cid  M e t a b o l i t e  4 - d e h y d r o p h a s e i c  A cid  from  N o n - im b ib e d  P h a se o lu s  
V u lg a r is  s e e d .  P l a n t a  1 1 2 ,  8 7 -9 0 .

W a lto n ,  B . C . ,  G a ls o n ,  E . , H a r r i s o n ,  M.A. , 1977: Tiie R e l a t i o n s h i p  be tw een
S to m a ta l  R E s i s t a n c e  and  A b s c i s i c —a c i d  L e v e ls  in  L eaves  o f  W a te r -  
s t r e s s e d  Bean P l a n t s .  P l a n t a  1 3 ^ ,  l4 5 ~ l4 8 .



W a lto n ,  D . C . ,  H a r r i s o n ,  M.A. , C o te ,  P . ,  1976: The E f f e c t s  o f  W ater
S t r e s s  on Ahsci s i c - a c i c i  L e v e ls  anci M etabo lism  in  R oo ts  o f  P hasedus  
v u lg a r d e  A. and  O th e r  P l a n t s .  P l a n t a  131 , l 4 j - l 4 4 .

W a lto n ,  D.C. , S o ndhe im er ,  E, , 1972a ;  M e tab o lism  o f  ) -A 'b s c i s ic
A c id  i n  E x c ise d  Bean Axes. P l a n t  P h y s i o l .  4 9 , 2 8 5 - 2 8 9 ,

W a lto n ,  D . C . ,  S o ndhe im er ,  E. , 1972b: A c t i v i t y  and Metabol.isrn o f
( ± ) ~ A b s c i s i c  A c id  A n a lo g u e s .  P l a n t  P h y s i o l .  4^9, 290 -2 9 2 .

W a re in g ,  P . P . ,  1977: Growth S u b s ta n c e s  and I n t e g r a t i o n  i n  t h e  Whole
P l a n t .  Symp, Soc. Exp. B i o l ,  31.? 337-365*

W are ing , P . P . ,  S a u n d e r s ,  P . P . ,  1971 : H om ones  and Dormancy. Ann.
Rev. P I .  P h y s i o l .  2 2 ,  2 6 1 -2 8 8 .

W ebste rb  D ie t  io n  , I 9 6 I :  3 r d  Edn. B e l l  and  S o n s ,  London.

W e l lb u rn ,  A . R . , Ogunkanmi, A . B . ,  F e n to n ,  R . , 1974: A l l - T r a n s - F a r n e s o l ;
A N a t u r a l l y  O c c u r r in g  A n t i t r a n s p i r a n t ?  P l a n t a  120 ,  255” 263 .

W ent, F . W . , 1926%: On G r o w t h - a c c e l e r a t i n g  S u b s ta n c e s  in  t h e  C o l e o p t i l e
o f  A vena s a t i v a ,  P r o c .  K. Ned. Akad. Wet. 3 0 ,  I O - I 9 .

W ent, F.W . 3 1927*: W u c h s s to f f  und  Wachstuin. R e e l .  T ra v .  B o t .  N e e r l .
2 £ ,  1 - 1 1 6 .

W ent, F.W. 3 Thimann, K.V. , 1937 : P hy toho rm ones .  The Ma.cMillan C o . ,
New York.

Weyers', J . D . B .  , 1975: B . Sc .  T h e s i s ,  U n i v e r s i t y  o f  Glasgow B otany
D e p a r tm e n t .

W hite  3 J . C . ,  1973: Ph .D . T h e s i s ,  U n i v e r s i t y  o f  Glasgow.

W ie r in g a ,  K . T . , B a k h u is ,  J . A . , 1957 : Chrom atography as  a, Means o f
S e l e c t i n g  E f f e c t i v e  S t r a i n s  o f  R h iz o b ia ,  P l a n t  and  S o i l  8 ,
254 - 2 6 2 .

W i l k in s ,  M.B. , 1977: i n  : P l a n t  Grovrth R e g p i la t io n .  Ed. P i l e t ,  F , E .
S p r i n g e r - V e r l a g , B e r l i n .

W i l l i a m s ,  W. T. ,  S h i p to n ,  M . E . , 1950: S to m a ta l  B e h a v io u r  i n  B u f f e r
S o l u t i o n s .  P h y s i o l .  P l a n t  3., 479“'486,

W il lm e r ,  C.M. , B e a t t i e ,  L . N , , 1978 : C e l l u l a r  O sm otic  Phenomena D ur ing
S to m a ta l  Movements o f  Conmetiyia aormiunis I .  L i i i i i t a t i o n s  o f  t h e  
I n c i p i e n t  P l a s m o ly s i s  T e c h n iq u e  f o r  D e te rm in in g  O sm otic  P r e s s u r e .  
P r o to p la s m a  ££3  321-332 .

W il lm e r ,  C.M. , Don, R. , P a r k e r ,  W. , 1978: L e v e ls  o f  S h # t - c h a i n  F a t t y
Aci ds  and o f  A b s c i s i c  Acid i n  W a t e r - s t r e s s e d  ond N o n - s t r e s s e d  
L eaves  and t h e i r  E f f e c t s  on S to m a ta  in  E p id e rm a l  S t r i p s  and 
E x c i s e d  L e a v es .  P l a n t a ,  .139? 2 8 1 -2 8 ? .



2)iT

W il lm e r ,  C . M. , M a n s f i e l d , T.A.  , 196.9: A C r i t i c a l  E x a m in a t io n  o f  t h e
Use o f  D e tach ed  E p id e rm is  i n  S t u d i e s  o f  S to m a ta l  P h y s io lo g y ,
New P h y t o l ,  6 6 ,  3 6 3 -3 7 5 .

W il lm e r ,  C . M. , P a l l a s ,  J . E .  J r . ,  B la c k ,  C.C.  J r . ,  1973: Carbon D io x id e
M e ta b o l ism  i n  L e a f  E p id e rm a l  T i s s u e .  P l a n t  H i y s io l .  52., 4 4 8 -4 5 2 »

W i l lm e r , C . M . , B u t t e r ,  J . C . ,  1977 : Guard C e l l  M a lic  A c id  M e tab o l ism
d u r in g  S to m a ta l  Movements. N a tu re  269_, 327"328.

W r ig h t ,  S . Ï . C . ,  1 9 6 9 : An I n c r e a s e  i n  t h e  " I n h i b i t o r - (]" C o n te n t  o f
D e ta ch e d  Wheat L eaves  F o l lo w in g  a  P e r io d  o f  W i l t i n g .  P . la n ta  
86 , 10- 20.

W r i g h t , S . T . C.  , H i r o n ,  R . W. P . ,  I 969  : ( - i - ) -A b sc is ic  A c id ,  t h e  Growth
I n h i b i t o r  In d u c e d  i n  D e ta c h e d  Wlieat L eaves b y  a  P e r i o d  o f  W i l t i n g .  
N a tu re  224 ,  719 -7 2 0 .

Z a b a d a l , T . J . , 1974 : A W ater  P o t e n t i a l  T h r e s h o ld  f o r  t h e  I n c r e a s e
o f  A b s c i s i c  A c i d  i n  L e a v e s .  P l a n t  P h y s i o l ,  1 2 5 -1 2 7 .

Z e e v a a r t ,  J . A . D . , 1971: ( + ) ~ A b s c i s i c  A c id  C o n te n t  o f  S p in a c h  i n
R e l a t i o n  t o  P h o to p e r io d  and  W ate r  S t r e s s ,  P l a n t  P h y s i o l .  4J3, 8 6 -9 0 .

Z e e v a a r t ,  J . A. D .  , 1974: L e v e ls  o f  ( -s-)--Abscisic A c id  and  X a n th o x in  i n
S p in a c h  u n d e r  D i f f e r e n t  E n v i ro n m e n ta l  C o n d i t io n s .  P l a n t  P h y s i o l .
£3» 6 4 4 -6 4 8 ,

Z e e v a a r t ,  J . A . D . ,  1976 : P h y s io lo g ;/ '  o f  F lo w er  F o r m a t io n .  Ann. Rev.
P I .  P h y s i o l .  3 21 -348 .

Z e e v a a r t ,  J . A . D . ,  1977: S i t e s  o f  A b s c i s i c  A cid  S y n t h e s i s  and  M e ta b o l ism
i n  R ic in u s  cormrunis L. P l a n t  P h y s i o l .  p £ , 788 -791 .

Z e i g e r .  E , , K e p l e r ,  P . K . , 1976 : P r o d u c t i o n  o f  Guard C e l l  P r o t o p l a s t s
from  Onion and Tobacco . P l a n t  P h y s i o l .  5 8 , 4-92-498.

Z e i g e r ,  E . , H e p p le r ,  P . K . , 1977: L i g h t  and  S to m a ta l  F u n c t io n :  B lue
L ig h t  S t i m u l a t e s  S w e l l i n g  o f  Guard C e l l  P r o t o p l a s t s .  S c ie n c e
1 9 6 , 887 - 8 8 9 .

Z e i g l e r ,  H . , 1975 : i n  : E n c y c lo p e d ia  o f  P l a n t  P h y s io lo g y  (New Edn. V o l . l )
Gen. E ds .  P i r s o n ,  A . ,  Ziiimiermann, M.H. , S p r i n g e r - V e r l a g ,  • B e r l i n .



ERRATA

2 4 8 .

Page l i n e w ord c o r r e c t i o n

m

v i

X

3

12

51

71

76

84

94

120

128

131

144

169

171

226

230

243
2 4 3

27

10

5 

7

14 

29

7 

.11

1 6, 17

8

15

16 

9

21

3

6 

2

31

1
3'3>

EXPERIMENTAL

D e t e c t i o n

P y r r o l id o n e

ergons
R o b iso n

n e c t a r i e s

I l f o r d

p y r r o l i d o n e

I n v e r t  S e c t i o n  h e a d in g s  

a r e

r e l a t i o n s h i p

i n t r a c e l l u l a r

h a v e

3 - e m i s s i o n s  

m ic r o s c o p y  

P o l y v i n y l p y r r o l i d o n e  

a r e  a

E n d o g en o u s

R o b iso n  _ ^ _

UAvVersrĥ -t̂


