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THE PHYSIOLOGY OF A WILTY MUTANT OF PISUM SATIVUM UNDER SIMULATED WATER 
STRESS CONDITIONS 
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Modifications of plant funotion caused by a single gene mutation 
can r e v e a l i n s i g h t s i n t o fundamenta l a s p e c t s o f t h e p h y s i o l o g y o f 
p l a n t s , p a r t i c u l a r l y i n r e l a t i o n t o t h e i r environment. Nowhere i s t h i s 
more apparent than in the water r e l a t i o n s of c r o p s . M u t a t i o n s c a u s i n g 
w i l t i n g , f o r e x a m p l e , have been r e p o r t e d i n tomato, p o t a t o , corn and 
peppers . The cause of the abnormality has been asc r ibed to a l t e r a t i o n s 
in hormone b a l a n c e , b l o c k e d v e s s e l e l e m e n t s and changes in the i o n i c 
balance in the guard c e l l s o f the p l a n t s . 

In 1976 Marx (2) desc r ibed a w i l t y mutant of pea which w i l t e d under 
c o n d i t i o n s of water s t r e s s . We have r e c e n t l y c a r r i e d out s t ud i e s on the 
w a t e r r e l a t i o n s and stomatal behavior o f t h i s mutant ( c a l l e d " W i l t y " o r 
JI 1069) to compare them with o ther non -wi l ty l i n e s ( J I ' s 1180, 1194 and 
74) o f s i m i l a r p h e n o t y p e ( 1 ) . " W i l t y " l e a v e s had a lower percentage 
water conten t , a lower water p o t e n t i a l and a lower d i f f u s i v e r e s i s t a n c e . 
In a d d i t i o n the guard c e l l s o f " W i l t y " were s l i g h t y l a r g e r than those o f 
s eve ra l o the r non-wi l ty l i n e s . 

When s t o m a t a l b e h a v i o r o f " W i l t y " was i n v e s t i g a t e d i t was found 
tha t the aper ture of stomata on epidermal samples t a k e n from p l a n t s in 
t h e l i g h t and dark p e r i o d o f a d i u r n a l rhythm w e r e l a r g e r f o r t h e 
" W i l t y " compared to a n o n - w i l t y l i n e ( J I 1180) . Howeve r , s t o m a t a l 

ones on d e t a c h e d epidermis to l i g h t , CO2- and KCl concen t r a t i on ( i n 
the medium) were s i m i l a r in " W i l t y " and n o n - w i l t y l i n e s . There was a l s o 
no d i f f e r e n c e in t h e response of stomata to the hormone, a b s c i s i c ac id 
( A B A ) . 

P r e l i m i n a r y s t u d i e s o f water l o s s from detached l e a f l e t s ( t o simu
l a t e wate r s t r e s s ) showed ( F i g . 1 ) that the " W i l t y " l i n e t e n d s t o l o s e 
w a t e r a t a r a t e s i m i l a r t o t h a t o f a n o n - w i l t y pea during t he f i r s t 
phase ( I ) o f water l o s s , which i s mainly due to s t o m a t a l and c u t i c u l a r 
t r a n s p i r a t i o n . Howeve r , a f t e r 60 min the wa te r l o s s o f the non-wi l ty 
pea b e g i n s t o s low down a s i t e n t e r s t h e t r a n s i t i o n p h a s e o f t h e 
r e s p o n s e curve (Phase I I , F i g . 1 ) . This response does not occur i n the 
" W i l t y " s ince water l o s s c o n t i n u e s a t t h e same r a t e f o r up to 90 min 
a f t e r e x c i s i o n . T h i s i n d i c a t e s t h a t t h e s t oma ta f a i l t o c l o s e a s 
qu ick ly in " W i l t y " when i t i s under water s t r e s s . At the end of the e x 
periment a t r i p * of upper epidermis were removed from each l e a f l e t of the 
" W i l t y " and non-wi l ty samples and stomatal aper tu res were measured under 
t he m i c r o s c o p e ; Table 1 shows tha t the stomata of " W i l t y " l e a f l e t s were 
s l i g h t l y more open than those of the non -wi l t y p l a n t . 
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As y e t the reason fo r the s lower c l o s u r e of the " W i l t y " stomata un
der condi t ions which s imulate water s t r e s s is no t known. Our s t u d i e s 
using detached epidermis have shown that the answer does not l i e in the 
in t r ins ic response of the stomata to ABA. S tud ies a r e c u r r e n t l y under 
way to i n v e s t i g a t e the changes in ABA l e v e l s which occur in the " W i l t y " 
plant a f t e r water s t r e s s . 
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Fig, 1 , Water l o s s o f d e t a c h e d l e a f l e t s o f " W i l t y " and a n o n - w i l t y 
( J I 1180) pea wi th t ime . 
L e a f l e t s were detached and p laced upper surface uppermost in a 
c o n t r o l l e d environment room under l i g h t s . The p o i n t s shown are 
the average o f 3 l e a f l e t s f o r each t y p e . The r a t e o f wa te r 
l o s s f o r J I 1 1 8 0 (mean a rea 3 3 0 mm 2 ) in Phase I was 4 . 7 0 x 10 - 4 

mg/min/mm 2 and f o r " W i l t y " (mean a r e a 3 8 9 mm 2 ) was 5 . 2 3 x 10 - 4 

mg/min/mm 2 . I n Phase I I the r a t e measured from 7 5 - 9 0 min was 
3 . 0 3 x 1 0 - 4 mg/min/mm2 f o r J I 1 1 8 0 and 5 . 1 4 x 1 0 - 4 mg/min/mm2 
fo r " W i l t y " . 

O o " W i l t y " 

• • n o n - w i l t y , J I 1180 
The dashed v e r t i c a l l i n e i n d i c a t e s t h e p o i n t a t wh ich the 
stomata beg in t o c l o s e . 


