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Summary. (RS)-Abscisic acid, a natural plant hormone, has been found to 
inhibit photosynthesis in both detached and attached primary wheat leaves. The 
action occurs rapidly and is accompanied by large increases in stomatal diffusive 
resistance. 

The p l a n t  hormones  gibberell in,  aux in  and  k ine t in  have  been shown 
to p romote  the  ra te  of pho tosyn thes i s  in  var ious  p lan t s  (Coulombe and  
Paquin ,  1965; Turner  and  Bidwell,  1965; Meidner,  1967, 1969; Ware ing  
et al., 1968). I t  has  been shown previous ly  t h a t  A B A  inhib i t s  t r ansp i r a t ion  
(Li t t le  and  Eid t ,  1968; Mit te lheuser  and  Van  Steveninek,  1969) and  
induces  s toma ta l  closure (Mittelheuser and  Van Steveninek,  1969) as 
measured  b y  s i l icone-rubber  impress ions  of leaf surfaces af ter  6 h t rea t -  
ment .  Recen t ly  I m b e r  and  Tal  (1970) have  ex tended  these f indings to 
show t h a t  fol iar  apphca t ions  of A B A  caused the  morphologica l  revers ion 
of a wi l ty  t o m a t o  m u t a n t  to  the  no rma l ly  t ransp i r ing  pheno type  b y  
inducing  stomata1 closure and  lowering the  ra te  of t r ansp i ra t ion .  I t  now 
will be shown t h a t  t r ansp i r a t i on - supphed  A B A  causes a r a p i d  increase in 
whea t  leaf s tomata1 resis tance and  decrease in CO 2 assimilat ion.  

Wheat plants (Triticum aestivum L. cv. Mendos) were grown in vermiculite and 
nutrient solution. When the plants were 10 days old they were transferred to con- 
ditions for photosynthesis or stomatal resistance measurement (light intensity of 
30,000 lux supplied by a Quartz-iodide lamp with water filter, 26 • 1 ~ for 1 h 
before further experimental treatment. In experiments using detached leaves, pri- 
mary leaves were placed in individual vials containing either deionized water or 
3.8 X 10-6M ABA and the rates of photosynthesis and stomatal resistance measured 
at  the times indicated. Intact plants were carefully washed free of vermiculite under 
running water and the roots placed in small beakers containing either deionized 
water or 3.8 x 10-6M ABA. The ABA solution was protected from light. After 
detachment and area measurement 4 leaves (2 ABA and 2 control) were allowed to 
equilibrate with medical air for 45 see in a water-jacketted glass photosynthesis cham- 
ber before exposure to 14CO2-air (300 ppm) for 60 see followed by flushing with 
medical air for 20 see. Assimilated 14C02 was assayed by liquid scintillation at 76 % 
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Table 1. E//ect o /3 .8  • 10-6 M A B A  on the rate o] photosynthesis and on stomatal 
resistance (Rs)  o/detached primary wheat leaves 

Control leaves were t rea ted  wi th  deionized water  (W). Measurements of rates of 
photosynthesis  and  of s tomatal  resistance were made on different leaves. 

Time Photosynthesis  Rs (see om -1) 
(rain) 

mg CO~ dm -~ h -1 % in- 
hibi t ion 

W ABA W ABA 

0 11 .0•  a - -  
5 - -  - -  - -  2.8 2.1 

10 6 . 2 •  6.0:k 0.9 - -  1.8 10.3 
15 - -  - -  - -  6.7 15.7 
18 8.4-4-0.6 4.0-4-0.9 48 - -  - -  
20 - -  - -  - -  6.0 28.8 
21 12.2 -4- 0.6 2.8 -4- 0.6 23 - -  - -  
25 - -  - -  - -  4.0 14.3 
26 14.4 -4- 3.6 2.8 -4-0.3 19 - -  - -  
30 10.8 -4- 0.3 3.4 -4- 0.6 32 2.8 15.7 
40 7.0-4-0.7 2.2.4.0.1 31 3.5 34.5 
45 8.4.4.0.1 3.0.4.0.1 36 - -  - -  
50 10.8.4.0.6 3.2-4-0.6 30 - -  - -  
60 - -  - -  - -  2.6 22.8 
90 11.4 -4- 0.7 4.4 -4- 0 4  39 - -  - -  

a S tandard  error of the  mean. 

efficiency using the  method of Shimshi (1969) modified to correct for fluorescence. 
Stomatal  resistance was measured with a water-vapour-diffusion porometer (Ka- 
nemasu et al., 1969). Single measurements  were made on different leaves. 

R a t e s  of p h o t o s y n t h e s i s  a n d  s t o m a t a l  r e s i s t a n c e  of d e t a c h e d  l e a v e s  

t r e a t e d  w i t h  A B A  or  d e i o n i z e d  w a t e r  via t h e  t r a n s p i r a t i o n  s t r e a m  a r e  

p r e s e n t e d  i n  T a b l e  1. A B A  r a p i d l y  c a u s e d  a m a r k e d  i n h i b i t i o n  of 14C0~ 

a s s i m i l a t i o n  a n d  e n h a n c e m e n t  of s t o m a t a l  r e s i s t a n c e .  I n  4 e x p e r i m e n t s ,  

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

o n l y  10 r a i n  t r e a t m e n t ,  a n d  i n  6 e x p e r i m e n t s  a f t e r  15 r a i n  t r e a t m e n t .  

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

A B A  or  d e i o n i z e d  w a t e r  via  t h e  r o o t  s y s t e m  a r e  p r e s e n t e d  i n  T a b l e  2. 

I n  i n t a c t  p l a n t s  p h o t o s y n t h e s i s  w a s  a l so  i n h i b i t e d  s t r o n g l y  b y  A B A ,  b u t  

s h o r t - t e r m  e x p e r i m e n t s  s h o w e d  t h a t  t h i s  e f f ec t  w a s  less  r a p i d  t h a n  i n  t h e  

case  of d e t a c h e d  l eaves .  

T h e  m o d e  of a c t i o n  of A B A  i n  r e d u c i n g  t h e  r a t e  of p h o t o s y n t h e s i s  a n d  

i n c r e a s i n g  s t o m a t a l  r e s i s t a n c e  is  u n k n o w n .  T h e  e f fec t  o c c u r s  v e r y  r a p i d l y .  

A l so  i t  s h o u l d  b e  c o n s i d e r e d  t h a t  i n t r o d u c t i o n  i n t o  t h e  t r a n s p i r a t i o n  

s t r e a m  a n d  t r a n s p o r t  t o  t h e  a c t i v e  s i t e  is r e q u i r e d .  H o w e v e r ,  s t o m a t a  
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Table 2. EHect o/3.8 x 10 -6 M ABA on the photosynthetic rate o/attached primary 
wheat leaves 

Control leaves treated with deionized water (W). 

Time Photosynthesis % of control 
(h) (mg COs dm -2 h -z) (ABA inhibition) 

W ABA 

0 14.6 :t: 0.7 a 
0.5 6.0• 7.0• 
1 10.8• 3.2• 
1.5 15.6 :L 1.0 7.0 ! 1.1 
2 12.6 • 1.6 7.8 ~ 0.7 
4 11.2 • 1.4 3.4 • 0.7 

24 7.0 • 0.6 1.2 • 0.4 

a Standard error of the mean. 

30 
45 
62 
30 
17 

are known to respond almost instantaneously to changes in hydrostatic 
pressure in the water supply of leaves (Rasehke, 1970). 

Although stomatal resistances and rates of photosynthesis were not 
measured on the same leaves, repeated experiments showed the stomatM 
response to occur earlier than the effect on C02 incorporation. The in- 
fluence of varying CO 2 concentrations on the ABA-indueed effect on 
photosynthesis and stomatal resistance has not been investigated but, 
because of the differences in time of response, it seem unlikely that  the 
ABA effect on wheat leaf stomata is an immediate result of an effect on 
CO 2 concentration in the intercellular spaces and in the guard cells. I t  
would seem, rather, that  the ABA-indueed increase in stomatal resistance 
is the cause of the decrease in rates of photosynthesis in treated leaves. 

I t  has been shown that  stomatM opening in tobacco leaves is corre- 
lated with the poti~ssium-ion concentration in guard cells, and it is con- 
sidered that  an active ion-pump mechanism necessitating ATP synthesis 
is involved (Sawhney and Zelitch, 1969). Again the effect of ABA is 
unknown and warrants further investigation. Of interest is the recent 
report by Tfllberg (1970) that  the ATP level in the algae Scenedesmus is 
increased by ABA. The rapidity of ABA action on stomatal resistance 
might indicate a meehanism involving a change in the activity of an ion 
pump or in membrane permeability but this can only be conjecture at 
this stage. 

I t  has been suggested previously that  hormones may be involved in 
the regulation of photosynthetic rates (Turner and Bidwell, 1965; 
Wareing et al., 1968). On the basis of the above findings and also those 
of Imber and Tal (1970), a detailed investigation into the role of endo- 
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genous ABA in the regulat ion of s tomata l  apertures a nd  rates of photo- 
synthesis  is warranted .  

We thank Shell Research Ltd., Sittingbourne, Kent for a sample of (RS)- 
abscisic acid. This research was supported by the Wheat Industry Research Council. 
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