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Mutagenic Effectiveness and Efficiency of EMS, DES 
and Gamma-rays in Rice 
M . L . H .  Kau l  a n d  A . K .  B h a n  
K u r u k s h e t r a  U n i v e r s i t y ,  K u r u k s h e t r a  ( I n d i a )  

S u m m a r y .  D a t a  o n  c h l o r o p h y l l  m u t a t i o n  f r e q u e n c y  a f t e r  t r e a t m e n t  w i t h  E M S ,  DES a n d  g a m m a - r a y s  a n d  s e q u e n -  
t i a l  a d m i n i s t r a t i o n  of  g a m m a - r a y s  a n d  t h e  two a l k y l a t i n g  a g e n t s  i n  t h r e e  v a r i e t i e s  of  r i c e  h a v e  b e e n  u s e d  to  w o r k  
ou t  q u a n t i t a t i v e l y  t h e  e f f e c t i v e n e s s  a n d  e f f i c i e n c y  o f  e a c h  m u t a g e n  a n d  c o m b i n a t i o n  t r e a t m e n t .  F o r  e f f e c t i v e -  
n e s s ,  t h e  o r d e r  i s  E M S  > DES a n d  f o r  e f f i c i e n c y  i t  i s  EMS > DES > g a m m a - r a y s .  In s o m e  s e q u e n t i a l  t r e a t m e n t s  
( G a m m a - r a y s  + DES in  ' I R S '  a n d  ' B a s m a t i '  ; DES + g a m m a - r a y s  in  ' I R 8 '  a n d  ' J h o n a '  ; G a m m a - r a y s  + EMS in  
' IR8 ' a n d  ' B a s m a t i  ' ; a n d  EMS + g a m m a - r a y s  in  ' IR8 ' ,  ' J h o u a '  a n d  ' B a s m a t i  ' ) m u t a t i o n  f r e q u e n c y  i s  m o r e  

t h a n  a d d i t i v e  ( s y n e r g i s t i c )  bu t  t h e s e  t r e a t m e n t s  a r e  d e c i s i v e l y  l e s s  e f f i c i e n t  b e c a u s e  o f  t h e i r  r e l a t i v e l y  h i g h  i n -  
j u r i o u s  e f f e c t s  in  t h e  M~ g e n e r a t i o n .  E M S  i n d u c e s  m o r e  a l b i n a s  t h a n  g a m m a - r a y s  do .  The  m u t a t i o n a l  s p e c t r u m  
p a t t e r n s  i n d u c e d  by  g a m m a - r a y s  a n d  DES a r e  a l i k e .  In g e n e r a l ,  c o m b i n a t i o n  t r e a t m e n t s  t e n d  to  i n c r e a s e  t h e  
f r e q u e n c y  of  a l b i n a s  o v e r  o t h e r  t y p e s  of  c h l o r o p h y l l  m u t a n t s .  

Key  w o r d s :  R i c e  - C h l o r o p h y l l  M u t a n t s  - G a m m a - R a y s  - EMS - DES - M u t a t i o n  S p e c t r u m  

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

I t  i s  we l l  k n o w n  t h a t  t h e  m o s t  e f f e c t i v e  t r e a t m e n t  m a y  

no t  b e  t h e  m o s t  e f f i c i e n t .  E f f i c i e n t  t r e a t m e n t s  a r e  e s -  

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

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

t h e  u s e  of  d a t a  o n  t h e  r e l a t i v e  e f f e c t i v e n e s s  a n d  e f f i -  

c i e n c y  of  m u t a g e n s  h a s  b e e n  c o n s i d e r e d  v i t a l .  

K a w a i  ( 1 9 6 9 ) ,  w h i l e  a t t e m p t i n g  to  r e v i e w  t h e  e f -  

f e c t i v e n e s s  of  v a r i o u s  m u t a g e n s  in  r i c e ,  w a s  h a n d i -  

c a p p e d  by  t h e  l a c k  of  d a t a  o n  d o s e ,  t r e a t m e n t  c o n d i -  

t i o n s  a n d  o t h e r  b i o l o g i c a l  e f f e c t s  in  s o m e  c a s e s .  

M o r e o v e r ,  h e  m a d e  no  q u a n t i t a t i v e  e s t i m a t i o n  of  e f f e c -  

t i v e n e s s  a n d  e f f i c i e n c y  of  t h e  m u t a g e n s .  Lack  of  c o n -  

c l u s i v e  r e s u l t s  in  t h i s  f i e l d  p r o m p t e d  t h e  p r e s e n t  

w o r k .  T h i s  p a p e r  r e c o r d s  a q u a n t i t a t i v e  e s t i m a t i o n  

of  e f f e c t i v e n e s s  a n d  e f f i c i e n c y  of  v a r i o u s  d o s e s  of  

e t h y l  m e t h a n e s u l p h o n a t e  ( E M S ) ,  d i e t h y l  s u l p h a t e  

( D E S ) ,  g a m m a - r a y s  a n d  s e q u e n t i a l  a d m i n i s t r a t i o n  of  

p h y s i c a l  a n d  c h e m i c a l  m u t a g e n s  in  t h r e e  r i c e  v a r i e -  

t i e s .  

M a t e r i a l s  a n d  M e t h o d s  

The  m a t e r i a l  c o m p r i s e d  of  s e l f e d  s e e d s  of  r i c e  v a r i e t i e s  
' I R 8  ' ,  ' J h o n a  3 4 9 '  a n d  ' B a s m a t i  370 ' .  

H u s k e d  s e e d s  o f  t h e s e  v a r i e t i e s ,  w i t h  m o i s t u r e  
c o n t e n t  s t a b i l i z e d  a t  13 p e r  c e n t ,  w e r e  i r r a d i a t e d  

w i t h  20,  30 ,  40 a n d  5 0 K r  g a m m a - r a y s  a t  a d o s e  
r a t e  of  1250 r a d s / m i n u t e  w i t h  a C0 e~  s o u r c e ,  a t  t h e  
I n d i a n  A g r i c u l t u r a l  R e s e a r c h  I n s t i t u t e ,  N e w  D e l h i .  

F o r  t h e  c h e m i c a l  t r e a t m e n t s ,  s e e d s  w e r e  p r e -  
s o a k e d  f o r  12 h o u r s  i n  d i s t i l l e d  w a t e r  a n d  t r e a t e d  
w i t h  0 . 5 ,  1 . 0 ,  a n d  1 . 5  p e r  c e n t  a q u e o u s  s o l u t i o n s  
of  EMS a n d  DES f o r  6 h o u r s  a n d  2 h o u r s ,  r e s p e c -  
t i v e l y ,  a t  30 • 2~ DES s o l u t i o n  w a s  c h a n g e d  a f t e r  
e v e r y  h a l f  h o u r .  A f t e r  t r e a t m e n t  t h e  s e e d s  w e r e  
t h o r o u g h l y  w a s h e d .  

F o r  s e q u e n t i a l  a d m i n i s t r a t i o n  of  m u t a g e n s ,  2 0 K r  
g a m m a - r a y s  a n d  1 . 0  p e r  c e n t  EMS o r  DES f o r  6 
h o u r s  a n d  2 h o u r s ,  r e s p e c t i v e l y ,  w e r e  u s e d .  I n t h i s  
t r e a t m e n t  t h e  p r o c e d u r e  a d o p t e d  w a s  s i m i l a r  to  t h a t  
f o r  t h e  i n d i v i d u a l  t r e a t m e n t s ,  bu t  w h e n  t h e  c h e m i c a l  
t r e a t m e n t  w a s  a d m i n i s t e r e d  b e f o r e  r a d i a t i o n ,  t h e  
s e e d s  w e r e  a l l o w e d  to d r y  to  13 p e r  c e n t  m o i s t u r e  
a t  r o o m  t e m p e r a t u r e  b e f o r e  b e i n g  i r r a d i a t e d .  

D u r i n g  t h e  M2 g e n e r a t i o n ,  p a n i c l e s  f r o m  m a i n  t i l -  
l e r s  o f  p l a n t s  f o r  e a c h  t r e a t m e n t  w e r e  h a r v e s t e d  s e p -  
a r a t e l y ,  s o w n  in s e p a r a t e  r o w s  in  n u r s e r y  b e d s  a n d  
a n a l y s e d  f o r  c h l o r o p h y l l  m u t a t i o n s  a c c o r d i n g  to  t h e  
c l a s s i f i c a t i o n  o f  G u s t a f s s o n  ( 1 9 4 0 ) .  The  d a t a  w e r e  
t a k e n  b o t h  on  M~ s p i k e  b a s i s  a n d  Ms s e e d l i n g s  b a s i s .  
F o r m u l a e  g i v e n  by  K o n z a k  e t  a l .  ( 1 9 6 5 )  w e r e  u s e d  
f o r  c a l c u l a t i n g  e f f i c i e n c y  a n d  e f f e c t i v e n e s s  of  t h e  m u -  
t a g e n s .  

R e s u l t s  

C h l o r o p h y l l  m u t a t i o n  f r e q u e n c y  o n  M I s p i k e  b a s i s  

a n d  M 2 s e e d l i n g  b a s i s  i s  r e p r e s e n t e d  in  F i g s .  I a n d  

2, r e s p e c t i v e l y ,  a n d  t h e  s p e c t r u m  of  c h l o r o p h y l l  m u -  

t a t i o n s  i n d u c e d  b y  v a r i o u s  t r e a t m e n t s  i n  F i g . 3 .  
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Fig.  1. Chlorophyll mutation frequency (Mz spike ba- 
sis in r ice  varieties induced by ~.MS, DES and gamma- 
rays  (c = contro l )  
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F i g . 2 .  Chlorophyl l  mutat ion f requency  (Mu s e e d l i n g  
b a s i s )  in r i c e  v a r i e t i e s  induced by EMS, DES and 
g a m m a - r a y s  (c = contro l )  

About 97 per  cent of  ch lorophyl l  mutat ions  detected  

in the M 2 populat ions  w e r e  l e tha l ;  the r e s t  w e r e  s u b -  

v i ta l  and w e r e  able  to a s s i m i l a t e  to f o r m  e a r s  and 

r i p e  k e r n e l s ,  although r ipening  was  much  re tarded  

and poor .  

Spontaneous  ch lorophyl l  mutat ion f requency  on M 2 

s e e d l i n g  b a s i s  was  0,  0 and 0 . 0 9 ~  ( F i g .  2 ) ,  and on 

M 1 sp ike  b a s i s  was  0,  0 and 7 . 1 4 ~  ( F i g .  i ) ,  for  

'IR8 ', 'Jhona' and ' B a s m a t i ' ,  r e s p e c t i v e l y .  On the 

other  hand, a v e r a g e  ch lorophyl l  mutat ion frequency  

(on the b a s i s  o f  pooled v a l u e s  for  al l  t r e a t m e n t s  g iven  

to a v a r i e t y )  was  enhanced to 0 . 7 5 ,  1 .26  and 0 . 9 3 g  

on M 2 s e e d l i n g  b a s i s  and 1 0 . 0 8 ,  17 .58  and 1 5 . 6 7 ~  

on M 1 sp ike  b a s i s  in the three  v a r i e t i e s ,  ' IR8 ' ,  

'Jhona' and ' B a s m a t i ' ,  r e s p e c t i v e l y .  Whi le  g a m m a -  

r a y s  and EMS induced m o r e  ch lorophy l l  mutat ions  in 

' IR8' and ' Jhona' , r e s p e c t i v e l y ,  both the mutagens  w e r e  

equal ly  potent in mBasmati'  ( F i g s . l ,  2 ) .  In genera l ,  

the f requency  of  ch lorophyl l  mutat ions  was  d o s e - d e -  
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M u t a g e n i c  e f f e c t i v e n e s s  

M s p *  

M u t a g e n i c  e f f i c i e n c y  

M s p  M s d  

V a r i e t y  M u t a g e n  D o s e ( g )  t C x C ( 1 - e  - k t )  x C ( e  - k t )  t x C ( e  - k t )  I L S L S 

' I R 8 '  E MS 0 . 5  0 . 0 4 9  2 . 0 0  0 . 0 5 7  0 . 3 4  - 0 . 4 4  1 . 3  0 . 0 4 6  0 . 1 3 9  
1 . 0  0 . 0 3 9  1 . 6 0  0 . 0 4 6  0 . 2 7  1 . 7 1  0 . 3 5  0 . 5  0 . 0 2 3  0 . 0 3 5  
1 . 5  . . . . . . .  

DES 0 . 5  0 . 0 9 4  0 . 0 6  0 . 0 4 8  0 . 1 9  0 . 6 8  2 . 1 7  1 . 6  0 . 0 2 1  0 . 0 1 6  
1 . 0  0 . 0 7 2  0 . 0 5  0 . 0 3 7  0 . 1 5  3 . 2 3  0 . 5 5  4 . 1  0 . 0 6 8  0 . 0 5 0  
1 . 5  0 . 0 3 5  0 . 0 2  0 . 0 1 8  0 . 1 7  8 . 0 0  0 . 3 0  1 6 . 0  0 . 0 6 4  0 . 3 3 4  

' J h o n a '  E MS 0 . 5  0 . 0 9 1  3 . 7 6  0 . 1 0 7  0 . 6 4  2 . 5 2  1 . 3 0  1 . 0  0 . 1 0 6  0 . 0 7 9  
1 . 0  0 . 0 8 3  3 . 4 3  0 . 0 9 8  0 . 5 8  1 . 2 0  0 . 7 8  1 . 0  0 . 0 5 5  0 . 0 6 9  
1 . 5  0 . 0 1 9  0 . 8 0  0 . 0 2 3  0 . 1 4  0 . 3 6  0 . 1 8  0 . 3  0 . 0 1 2  0 . 0 2 0  

DES 0 . 5  0 . 0 7 9  0 . 0 5  0 . 0 4 0  0 . 1 6  3 0 . 0 0  0 . 9  0 . 0 1 5  
1 . 0  0 . 0 4 6  0 . 0 3  0 . 0 2 3  0 . 0 9  - 0 . 6 2  1 . 8  0 . 0 1 0  0 . 0 2 9  
1 . 5  0 . 0 2 2  0 . 0 1  0 . 0 1 1  0 . 0 4  1 . 9 2  0 . 2 7  0 . 9  0 . 0 0 5  0 . 0 1 7  

' B a s m a t i '  E M S  0 . 5  0 . 0 4 2  1 . 7 4  0 . 0 5 0  0 . 3 0  - 1 . 0 4  0 . 6  0 . 0 3 7  0 . 0 5 6  
1 . 0  0 . 0 4 3  1 . 7 9  0 . 0 5 1  0 . 0 0  1 . 8 5  1 . 0 4  0 . 9  0 . 0 4 4  0 . 0 9 6  
1 . 5  0 . 0 0 7  0 . 2 8  0 . 0 0 8  0 . 0 6  1 . 1 7  0 . 0 6  0 . 4  0 . 0 0 2  0 . 0 1 2  

DES 0 . 5  0 . 1 8 2  0 . 1 2  0 . 0 9 2  0 . 3 7  - 9 . 2 7  4 . 2  0 . 1 2 8  0 . 0 5 8  
1 . 0  0 . 0 6 0  0 . 0 4  0 . 0 3 0  0 . 1 2  0 . 9 0  4 5 . 5  0 . 0 2 0  0 . 9 9 0  
1 . 5  0 . 0 3 5  0 . 0 2  0 . 0 1 8  0 . 0 7  - 0 . 8 0  1 . 5  0 . 0 1 2  0 . 0 2 3  

* M s p - M u t a t i o n  f r e q u e n c y  o n  s p i k e  b a s i s ;  M s d  - M u t a t i o n  f r e q u e n c y  o n  s e e d l i n g  b a s i s  ; t c i s  t h e  p r o d u c t  of  
t i m e  a n d  C ,  t h e  i n i t i a l  c o n c e n t r a t i o n ;  XC(e -kt)  i s  t h e  p r o d u c t  of  t i m e  a n d  n e t  a v a i l a b l e  c o n c .  ( n o t  h y d r o -  
l y z e d )  ; x C ( 1 - e  -k t )  i s  t h e  t o t a l  m M  c o n c .  of  m u t a g e n  h y d r o l y z e d  d u r i n g  t h e  t r e a t m e n t  p e r i o d ;  I i s  t h e  s e e d -  
l i n g  i n j u r y  ( s e e d l i n g  h e i g h t  r e d u c t i o n )  ; L i s  t h e  M~ s e e d l i n g  l e t h a l i t y  a n d  S i s  t h e  r e d u c t i o n  i n  M~ s e e d  
f e r t i l i t y  

pendent except in the treatments where seedling le- 

thality in M 1 exceeded 90 ~. Unlike EMS and gamma- 

rays, various doses of DES induced insignificant 

changes in mutation frequency. 

The mutagenic effectiveness of each mutagen de- 

creased with increasing mutagen dose, and maximum 

effectiveness was shown by the lowest mutagen doses 

used (Tables I, 2). Because of a difference in the 

dose units between physical and chemical mutagens, 

their mutagenic effectiveness can not be compared. 

D i f f e r e n t  d o s e s  o f  E MS ( 0 . 5  ~ in  ' I R 8 '  a n d  ' J h o n a '  ; 

1 . 0 g i n  ' B a s m a t i ' ) ,  DES ( 0 . 5 ,  1 . 0  a n d  1 . 5 g  in  

' J h o n a ' ,  ' B a s m a t i '  a n d  ' I R 8 ' ,  r e s p e c t i v e l y )  a n d  

g a m m a - r a y s  (20  K r  in  ' B a s m a t i '  a n d  2 0 - 3 0 K r  in  

' I R 8  ' a n d  ' B a s m a t i  ' ) r e p r e s e n t  t h e  m o s t  e f f i c i e n t  

d o s e s  f o r  t h e  t h r e e  v a r i e t i e s  ( T a b l e s  1, 2 ) .  

O n l y  s o m e  o f  t h e  s e q u e n t i a l  t r e a t m e n t s  ( i . e .  G a m -  

m a - r a y s  + DES in  ' I R 8 '  a n d  ' B a s m a t i ' ,  DES + g a m -  

m a - r a y s  in  ' I R 8 '  a n d  ' J h o n a '  ; G a m m a - r a y s  + E M S  

in  ' I R 8 '  a n d  ' B a s m a t i ' ,  a n d ,  E M S  + g a m m a - r y s  i n  

' I R 8  ' ,  ' J h o n a '  a n d  ' B a s m a t i  ' ) ,  s h o w e d  s y n e r g i s t i c  

e f f e c t s  ( F i g .  2)  a s  f a r  a s  t h e  i n d u c e d  c h l o r o p h y l l  m u -  

tation frequency on M 2 seedling basis was concerned. 

Most of the sequential treatments were not as effec- 

tive and efficient as individual treatments (Tables I, 

2, 3). 

S i n c e  d i f f e r e n t  d o s e s  of  a m u t a g e n  p r o d u c e d  a l m o s t  

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

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

a b r e a k - u p  i s  s h o w n  i n  F i g .  3 .  C h l o r o p h y l l  a b e r r a n t  

t y p e s  o t h e r  t h a n  a l b i n a ,  v i r i d i s  a n d  x a n t h a  w e r e  i n -  

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

p o o l e d  a n d  l a b e l l e d  a s  ' o t h e r s  ' i n  F i g . 3 .  G a m m a -  

r a y s  i n d u c e d  m o r e  t h a n  50 g a l b i n a s  i n  e a c h  of  t h e  

t h r e e  v a r i e t i e s ,  w i t h  v i r i d i s  a n d  x a n t h a  t y p e s  o c c u r r -  

ing  in  a b o u t  e q u a l  p r o p o r t i o n s .  E f f e c t s  of  EMS a n d  

DES v a r i e d  w i t h  g e n o t y p e .  O n l y  in  o n e  c a s e  ( D E S  o n  

' J h o n a ' )  w a s  f r e q u e n c y  of  v i r i d i s  h i g h e r  t h a n  t h a t  of  

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

w a s  m u c h  h i g h e r  t h a n  t h e  s u m  of  a l l  o t h e r  c l a s s e s .  

The  p r o p o r t i o n  o f  a l b i n a s  w a s  m o r e  t h a n  80 ~ in  EMS 

on  ' I R 8 '  a n d  ' B a s m a t i '  a n d  DES o n  ' B a s m a t i ' .  In  

g e n e r a l ,  s e q u e n t i a l  t r e a t m e n t s  s h o w e d  a t e n d e n c y  to 

p r o d u c e  a h i g h e r  p r o p o r t i o n  of  t h e  a l b i n a  t y p e .  
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T a b l e  2.  E s t i m a t e s  of  r e l a t i v e  e f f e c t i v e n e s s  a n d  e f f i c i e n c y  o f  v a r i o u s  d o s e s  of  g a m m a - r a y s  in  r i c e  

M u t a g e n i c  e f f e c t i v e n e s s  
( m s p / d o s e  in  k r )  M u t a g e n i c  e f f i c i e n c y  

M s p  M s p  M s p  M s d  
V a r i e t y  D o s a g e  

( k r )  I L S L S 

' IR8 ' 

'Jhona' 

' B a s m a t i '  

20 0 . 6 5  2 . 7  - 0 . 2 7  - 
30 0 . 5 7  1 . 0  0 . 6 8  0 . 2 2  0 . 0 6 7  
40 0 . 6 9  0 . 9  0 . 5 4  0 . 3 4  0 . 0 5 9  
50 0 . 1 7  0 . 3  0 . 1 1  0 . 0 1  0 . 0 1 5  

20 0 . 5 5  1 . 1  - 0 . 5 7  - 
30 0 . 5 5  0 . 9  2 . 4 7  0 . 2 1  0 . 2 8 6  
40 0 . 3 4  0 . 4  0 . 2 5  0 . 1 6  0 . 0 3 6  
50 0 . 3 1  0 . 4  0 . 2 2  0 . 2 0  0 . 0 2 3  

20 1 . 1 9  - 7 6 . 6 7  0 . 4 2  4 . 9 4 0  
30 0 . 5 8  1 . 5  0 . 9 7  0 . 3 4  0 . 0 7 2  
40 0 . 7 1  0 . 8  0 . 3 4  0 . 3 1  0 . 0 3 0  
50 0 . 3 4  0 . 5  0 . 1 8  0 . 2 1  0 . 0 1 6  

0 . 0 1 9  
0 . 0 2 2  
0 . 0 3 8  
0 . 0 1 5  

0 . 0 1 9  
0 . 0 2 4  
0 . 0 2 3  
0 . 0 2 1  

0 . 0 2 6  
0 . 0 2 5  
0 . 0 4 5  
0 . 0 1 8  

* F o r  e x p l a n a t i o n  of  a b b r e v i a t i o n s  s e e  f o o t n o t e  o f  T a b l e  1 

T a b l e  3.  E s t i m a t e s  of  r e l a t i v e  e f f i c i e n c y  of  c o m b i n e d  p h y s i c a l  a n d  c h e m i c a l  m u t a g e n  t r e a t m e n t s  
on  r i c e  

M u t a g e n i c  e f f i c i e n c y  

M s p *  M s d  

V a r i e t y  M u t a g e n  a n d  d o s a g e  I L S L S 

'IRS' 1 ~ EMS + 20 KrGR (A) - 
20 KrGR + 1 ~ EMS (B) - 
1 7~ DES + 20 KrGR (C) 0.23 
20 KrGR + 1 ~ DES (D) 0.61 

'Jhona' Ig EMS + 20 KrGR (A) 0.43 
20 KrGR + Ig EMS (B) 0.90 
1% DES + 20 KrGR (C) 0.94 
20 KrGR + I~ DES (D) 1.34 

'Basmati' 1 g EMS + 20 KrGR (A) - 
20 KrGR + 1~ EMS (B) 0.45 
1~  DES + 20 K r G R  ( C )  5 . 2 5  
20 K r G R  + 1~  DES ( D)  2 . 7 3  

0 . 0 1 7  - - 
0 . 1 0 2  0 . 0 8 8  0 . 0 1 0  0 . 0 0 9  
0 . 4 7 2  0 . 2 4 8  0 . 0 8 9  0 . 0 4 7  

0 . 6 7  0 . 3 1 3  0 . 0 0 1  0 . 0 0 3  
0 . 4 2 9  0 . 4 6 8  0 . 0 0 6  0 . 0 7 1  
0 . 4 7 2  0 . 2 2 7  0 . 0 3 3  0 . 0 1 6  
0 . 9 5 9  0 . 3 9 0  0 . 1 0 8  0 . 0 4 4  

0 . 2 1 1  0 . 3 0 2  0 . 0 3 5  0 . 0 5 2  
0 . 0 9 7  0 . 2 0 7  0 . 0 0 2  0 . 0 0 5  
1 . 1 0 8  0 . 3 8 9  0 . 0 8 8  0 . 0 3 1  
1 . 9 8 7  0 . 3 1 4  0 . 0 7 9  0 . 0 1 2  

* F o r  e x p l a n a t i o n  of  a b b r e v i a t i o n s  s e e  f o o t n o t e  of  T a b l e  1 

D i s c u s s i o n  

The  c h l o r o p h y l l  m u t a t i o n  f r e q u e n c y  of  2 7 . 5  % i n d u c e d  

by  4 0 K r  g a m m a - r a y s  in  ' I R 8 '  ( o n  M 1 s p i k e  b a s i s )  

i s  h i g h e r  t h a n  t h e  h i g h e s t  r e c o r d e d  b y  K a w a i  ( 1 9 6 9 )  

in  h i s  r e v i e w  o n  e f f e c t i v e n e s s  of  m u t a g e n s .  S i m i l a r -  

l y ,  t h e  m u t a t i o n  f r e q u e n c y  of  4 . 2  % by  4 0 K r  g a m m a -  

r a y s  ( o n  M 2 s e e d l i n g  b a s i s )  in  ' B a s m a t i '  c o m p a r e s  

f a v o u r a b l y  w i t h  t h e  h i g h e s t  f r e q u e n c y  ( v i z .  4 . 1  ~) r e -  

c o r d e d  by  h i m .  

A d r o p  in  f r e q u e n c y  o f  c h l o r o p h y l l  m u t a t i o n s  in  

t r e a t m e n t s  i n v o l v i n g  v e r y  h i g h  d o s e s  of  m u t a g e n s  ( t h e  

o n e s  w h i c h  i n d u c e  o v e r  90 7~ s e e d l i n g  l e t h a l i t y  in  M 1 

g e n e r a t i o n )  c o u l d  e i t h e r  b e  due  to d e a t h  of  t h e  m u -  

t a t e d  p l a n t s  l e a d i n g  to  t h e i r  c o n s e q u e n t  e l i m i n a t i o n  

o r  due  to  a s e l e c t i o n  w i t h i n  t h e  p l a n t ,  i . e .  t h e  d i p l o n -  

t i c  s e l e c t i o n  ( B e k e n d a m  1961 ;  Gau l  1961,  1964 ;  Y a -  

m a g u c h i  1 9 6 2 ) .  The  l a t t e r  i s  a p o s s i b i l i t y  b e c a u s e  

two o r  m o r e  p r i m o r d i a l  c e l l s  a r e  i n v o l v e d  in  t h e  o n -  

t o g e n y  of  a s p i k e  in  c e r e a l s  ( M a c k e y  1 9 5 4 ) .  In s u c h  
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t r e a t m e n t s  we o b s e r v e d  a v e r y  high seed l ing  l e t h a l i -  

ty in the M 1 gene ra t i on  and that c o r r o b o r a t e s  the 

conten t ion  of Gaul (1961) that whole p lants  may be 

dying due to e x t e n s i v e  damage  and only the r e l a t i v e -  

ly r e s i s t a n t  ones  s u r v i v e .  

Chlorophyl l  mutat ion r a t e  in M 2 gene ra t i on  has  

been  c u s t o m a r i l y  used  as a t e s t  of the e f f e c t i v e n e s s  

of a p a r t i c u l a r  mutagen .  The unmis t akab le  fal l  in 

ch lorophyl l  mutat ion f r e q u e n c y  at high doses  thus 

n e c e s s i t a t e s  jud ic ious  u t i l i za t ion  of th is  t e s t  at high 

dose s  of  mu tagens .  We sugges t  that ch lorophyl l  mu-  

ta t ion f r equency  should not be taken as an index of 

e f f e c t i v e n e s s  and e f f i c i ency  beyond LD 75 d o s e s .  

EMS was both the mos t  e f f ec t i ve  and the mos t  

e f f ic ien t  mutagen  in the p r e s e n t  m a t e r i a l  ; g a m m a -  

r a y s  w e r e  l e s s  e f f ic ien t  than DES. EMS has been 

r e g a r d e d  as s u p e r i o r  to g a m m a - r a y s  and fast  neu-  

t r o n s  in inducing useful  muta t ions  fo r  p r a c t i c a l  plant 

b reed ing  in r i c e  (Mikae l sen  et a l .  1971).  

By us ing dehusked s e e d s ,  b r i e f  p r e - s o a k i n g  p e r i -  

ods ,  long mutagen  t r e a t m e n t  with low c o n c e n t r a t i o n s  

and v e r y  b r i e f  pos t -wash ing ,  neu t rons  w e r e  found to 

be m o r e  e f f ec t ive  and e f f ic ien t  than EMS by Siddiq 

and Swaminathan (1968) .  Resu l t s  f rom the p r e s e n t  

s tudy r e v e a l  the poss ib i l i t y  of a t ta in ing high e f f i c iency  

with EMS even when husked s eeds  a r e  used .  This can 

be ach ieved  by using long p r e - s o a k i n g  p e r i o d s  but a 

b r i e f  t r e a t m e n t  dura t ion .  S i m i l a r  o b s e r v a t i o n s  have 

been made  by Osone and Mikae l sen  (1971) in a Hun- 

ga r i an  r i c e  v a r i e t y .  

Some  of the sequent ia l  t r e a t m e n t s  p roduce  a ch lo -  

rophyl l  mutat ion f r equency  h igher  than the expec ted  

va lues  obta ined  by adding the f r e q u e n c i e s  induced by 

s ing le  mutagen  t r e a t m e n t s .  Such s y n e r g e s t i c  e f fec t s  

in combina t iona l  t r e a t m e n t s  have  been r e p o r t e d  e a r -  

l i e r  fo r  r i c e  (Rao and Gopal Ayenga r  1964) and b a r -  

ley  ( S h a r m a  1970; Va leva  1965), the pos s ib l e  r e a -  

sons  being e n u m e r a t e d  by S h a r m a  (1970) .  The r e a -  

sons  for  the low mutat ion f r equency  in s o m e  s equen -  

t ial  t r e a t m e n t s ,  where  M 1 damage  was c o n s i d e r -  

ab le ,  a r e  the s a m e  as  f o r w a r d e d  fo r  high doses  of 

s ing le  mutagen  t r e a t m e n t s .  E f f i c i ency  of a l m o s t  al l  

the sequen t i a l  t r e a t m e n t s  was low (Table 3 ) .  S i m i l a r  

o b s e r v a t i o n s  have  been made by Doll  ~nd Sandfaer  

(1969) .  This low e f f i c iency  is  due to e x t e n s i v e  in ju ry  

caused  by the sequent ia l  a d m i n i s t r a t i o n  of mutagens  

under  the p r e s e n t  t r e a t m e n t  cond i t ions .  

The high f r equency  of albina types in EMS t r e a t e d  

populat ions  as c o m p a r e d  with g a m m a - r a y  t r e a t e d  ones  

i s  i n t e r e s t i n g ,  s ince  it  i s  c o n t r a r y  to the e a r l i e r  r e -  

po r t s  for  b a r l e y  (Ni lan,  1967) and r i c e  (Rao and Go-  

pal Ayenga r  1964).  These  w o r k e r s  have  shown that 

phys ica l  mutagens  induce h igher  f r e q u e n c i e s  of a lb i -  

na types  than c h e m i c a l  mutagens  do. With the p r e -  

sent  s t a t e  of knowledge,  no r e a s o n  fo r  such d i f f e r e n -  

t ia l  r e s p o n s e s  can be g iven.  
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