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S u m m a r y .  Us ing  the  r e l a t i o n  of g e n o t y p e - l o c a t i o n  and  e r r o r  v a r i a n c e s  b e t w e e n  h a l f - s i b  f a m i l i e s  and  I• l i n e s  
in  r y e ,  the  e f f i c i e n c y  of  s e l e c t i o n  b a s e d  on I1 l i n e s  p e r  se  in  c o m p a r i s o n  with ha l f  s i b  f a m i l y  s e l e c t i o n  i s  i n -  
v e s t i g a t e d .  It i s  c o n c l u d e d  tha t  s e l e c t i o n  on the  p e r f o r m a n c e  of  I~ l i n e s  cou ld  be  a d v a n t a g e o u s  e s p e c i a l l y  in  
c a s e s  of h i g h e r  d e g r e e s  of d o m i n a n c e  and  gene  f r e q u e n c i e s  of  the  f a v o u r a b l e  g e n e s  h i g h e r  t han  O, 5. The d i f -  
f i c u l t i e s  c a u s e d  by the  s t r o n g  s e l f - i n c o m p a t i b i l i t y  in  r y e  and  p o s s i b l e  ways  of  o v e r c o m i n g  t h e m  a r e  d i s c u s s e d .  

In r e c e n t  y e a r s  two m e t h o d s  of s e l e c t i o n  fo r  p o p u l a -  

t ion  i m p r o v e m e n t ,  v i z .  f i r s t  g e n e r a t i o n  i n b r e d  (I1)  

and  t e s t c r o s s  (ha l f  s i b  f a m i l y )  e v a l u a t i o n ,  have  b e e n  

d i s c u s s e d  i n t e n s i v e l y  in  m a i z e  b r e e d i n g  (e .  g.  B u r -  

ton  e t  aZ. 1971; G e n t e r  i 9 7 3 ) .  In t h i s  c r o p  h y b r i d s  

a r e  r e l e a s e d  fo r  c o m m e r c i a l  u s e .  The thought  b e -  

h ind  p o p u l a t i o n  i m p r o v e m e n t  t h e r e f o r e  i s  tha t  p r o -  

duc t i ve  p o p u l a t i o n s  p e r  se t end  to l e a d  to p r o d u c t i v e  

c r o s s e s ,  b e c a u s e  s e l e c t i o n  which  i n c r e a s e s  f r e q u e n -  

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

e n h a n c e  the  p r o b a b i l i t y  of e x t r a c t i n g  s u p e r i o r  i n b r e d  

g e n o t y p e s .  

In r y e  the  c o m m o n  b r e e d i n g  m e t h o d s  a i m  at  b e t t e r  

p a n m i c t i c  v a r i e t i e s  though  t h e r e  have  b e e n  g r e a t  e f -  

f o r t s  to u se  m a l e  s t e r i l i t y  fo r  b r e e d i n g  h y b r i d  v a r i e -  

t i e s  in recent years (Geiger 1972). Yet, population 

improvement and, therefore, fixing a high number of 

favourable genes in those populations is important for 

breeding panmictic as well as hybrid varieties of rye. 

In t h i s  p a p e r  the  two m e t h o d s  of  s e l e c t i o n  will  be  

d i s c u s s e d  wi th  r e s p e c t  to b r e e d i n g  s y n t h e t i c  r y e  v a r i e -  

t i e s .  The m a i n  t a s k  in b r e e d i n g  b e t t e r  s y n t h e t i c  v a r i e -  

t i e s  r e s t s  on the  e v a l u a t i o n  of the  g e n e r a l  c o m b i n i n g  

ab i l i t y  of the  l i n e s  c o m p o s i n g  the  s y n t h e t i c  v a r i e t y .  

The s i m p l e s t  way i s  to c h o o s e  s i n g l e  p l a n t s  f r o m  a 

r a n d o m  m a t i n g  popu la t i on  and to d e t e r m i n e  the  p e r -  

f o r m a n c e  of t h e i r  p r o g e n i e s  g iv ing  in t h i s  c a s e  an e s -  

t i m a t i o n  of  the  c o v a r i a n c e  of ha l f  s i b  f a m i l i e s  and  t hus  

the  v a r i a n c e  of the  g e n e r a l  c o m b i n i n g  ab i l i t y  e f f e c t s .  

With t h i s  m e t h o d  it i s  p o s s i b l e  to double  the  ga in  of  

s e l e c t i o n  if  s e l f e d  s e e d s  of the  p l a n t s  c an  be u s e d  to 

c o m p o s e  the  s y n t h e t i c  popu l a t i on ,  r a t h e r  t han  r e m n a n t  

s e e d s  of the  s e l e c t e d  ha l f  s i b  f a m i l i e s .  This  can  be  done 

in the  b r e e d i n g  of p l a n t s  which  b e a r  m o r e  t h a n  one i n -  

f l o r e s c e n c e ,  one be ing  s e l f e d  s i m u l t a n e o u s l y ,  as  for  

e x a m p l e  t w o - e a r e d  m a i z e  p l a n t s .  Due to the  s t r o n g  

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

s i b l e .  

A n o t h e r  way of i n f l u en c in g  the  gain  of s e l e c t i o n  i s  

to i n c r e a s e  the  e f f e c t i v e  g e n e t i c  v a r i a n c e .  This i s  p o s -  

s i b l e  by u s ing  i n b r e d  l i n e s  in  a top c r o s s .  F o r  ful ly  i n -  

b r e d  l i n e s  the  v a r i a n c e  b e t w e e n  t o p - c r o s s  p r o g e n i e s  i s  

doub led  in c o m p a r i s o n  with ha l f  s i b  f a m i l i e s  of  non i n -  

b r e d  p a r e n t s .  Yet ,  in  r y e  the  d i f f i cu l ty  aga in  i s  i t s  

s t r o n g  s e l f - i n c o m p a t i b i l i t y ;  t h i s  l e a d s  to a y i e ld  of a 

few k e r n e l s  a f t e r  s e l f i n g ,  which  i s  not  s u f f i c i e n t  to 

m a i n t a i n  the  m a j o r i t y  of l i n e s .  

In add i t i on  f o r c e d  s e l f i n g  c a u s e s  s t r o n g  s e l e c t i o n  

fo r  m u t a t i o n s  to s e l f - f e r t i l i t y .  Thus the  few l i n e s  which  

r e p r e s e n t  the  f inal  i n b r e e d i n g  g e n e r a t i o n s  would be  

s e l f - f e r t i l e  to a c e r t a i n  d e g r e e .  Schne l l  and  O e i g e r  

( i 9 7 0 )  found,  in  a p o l y c r o s s  of  i n b r e d  l i n e s  wi th  a 

h igh  d e g r e e  of i n b r e e d i n g ,  an a v e r a g e  of 46 N s e e d  s e t -  

t ing  f r o m  s e l f i n g  v a r y i n g  b e t w e e n  4 ~ and 86 ~. 

H o w e v e r ,  if  full  s e l f - f e r t i l i l y  c an  be  a c h i e v e d  by 

c e r t a i n  m u t a n t s ,  t h e i r  s y s t e m a t i c  i n t r o d u c t i o n  in to  

b r e e d i n g  p o p u l a t i o n s  o f f e r s  the  p o s s i b i l i t y  of o b t a i n -  

ing p l a n t s  with  full  s e e d  s e t  a f t e r  s e l l i n g .  T h e r e b y  

s o m e  of the  d i f f i c u l t i e s  m e n t i o n e d  above  can  be  c i r -  

c u m v e n t e d  i f  s e l e c t i o n  i s  a p p l i c a b l e  to the  p e r f o r m -  

a n c e  of  the  i n b r e d  l i n e s  t h e m s e l v e s .  This  shou ld  i n -  

c r e a s e  the  e x p l o i t a b l e  g e n e t i c  v a r i a n c e  b e t w e e n  l i n e s  

c o n s i d e r a b l y .  The y ie ld  p e r  s i n g l e  p l an t  i s  s u f f i c i e n t  

to p e r f o r m  f ie ld  t r i a l s  with  m i c r o  p l o t s  in  two o r  t h r e e  
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e n v i r o n m e n t s  a n d  to s e l e c t  o n  t h e  p e r f o r m a n c e  o f  11 

l i n e s  t h e m s e l v e s .  In t h i s  i n v e s t i g a t i o n  a c o m p a r i s o n  

w i t h  h a l f  s i b  t e s t i n g  i s  m a d e .  

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

q u e n c e  o f  t h e  i n t r o d u c e d  s e l f - f e r t i l i t y  g e n e ,  s e l f - f e r -  

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

to s o m e  i n b r e e d i n g ,  w h i c h  in  t u r n  r e s u l t s  in  i n b r e e d -  

i ng  d e p r e s s i o n  and  l o w e r  y i e l d .  How t h i s  p r o b l e m  

c o u l d  b e  s o l v e d  wi l l  b e  d e a l t  w i t h  in  t h e  d i s c u s s i o n .  

Theoretical Consideration 

If there is no epistatic variance, equilibrium for syn- 

thetic populations is reached one generation past the 

Syn I. In particular Syn 2 = F-(k- l)/k + J-/k, where k 

is the number of lines of the synthetic population and 

J- the mean yield of selfed progenies of the lines (Gal- 

lais, 1967). The average F 1 yield (F') as represented 

in the formula can be judged from the general combin- 

ing ability of the lines composing the synthetic popula- 

tion. 

If selection is to be based on the performance of 

inbred lines the first  task is to determine that part of 

the genetic variance between I 1 lines which is exploi- 

table for the breeding of synthetic variet ies .  This can 

be done by calculating the correlation between the gen- 

eral combining ability effects of the genotypes and their 

performance as I l l ines.  This correlation is known to 

be ra ther  high. For r ,  the correlation coefficient, one 

gets a simple mathematical expression (Table 1). 

The higher genetic variance between I 1 lines as 

compared with half sib families is demonstrated in 

Fig. I. Calculations were done for one gene only, as -  

suming no epistasis .  

Yet, the high increase of K, the quotient of the var -  

iance of I 1 lines and half sib families, withhigher gene 

f r e q u e n c i e s  i s  no t  fu l l  e f f e c t i v e  f o r  s e l e c t i o n .  To c a l c u -  

l a t e  t h e  h i g h e r  p o r t i o n  of  u s e f u l  v a r i a n c e  of  11 l i n e s  

we h a v e  to  m u l t i p l y  K r  2 t i m e s  c~/~*, ~ [ = a + d ( q - p ) ]  

b e i n g  t h e  a v e r a g e  e f f e c t  of  a g e n e  s u b s t i t u t i o n  i n  a 

r a n d o m  m a t i n g  p o p u l a t i o n  a n d  ~ * [ =  a + d ( q -  p ) / 2 ]  t h e  

s a m e  of  11 l i n e s .  

In a d d i t i o n ,  we h a v e  to c o n c e d e ,  t h a t  i n b r e e d i n g  

l i n e s  h a v e  i n h e r e n t l y  h i g h e r  g e n o t y p e - e n v i r o n m e n t a l  

v a r i a n c e s  a n d  h i g h e r  e r r o r  v a r i a n c e s  so  t h a t  t h e  s u -  

p e r i o r i t y  of  t h i s  f o r m  of  s e l e c t i o n  i s  no t  q u i t e  a s  l a r g e  

a s  K r  2 �9 ~ / ~ * .  To a c c o u n t  f o r  t h i s  we u s e d  e s t i m a t e s  

T a b l e  I. C o r r e l a t i o n  between g e n e r a l  c o m b i n i n g  
a b i l i t y  a n d  p e r f o r m a n c e  of  I~ l i n e s  

Performance 
Genotype Frequency g.c.a, of I I 
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F i g .  1. R a t i o  b e t w e e n  t h e  v a r i a n c e  of  I~ l i n e s  a n d  
h a l f  s i b  f a m i l i e s  ( K )  w i t h  v a r i o u s  d e g r e e s  of  d o m i -  
n a n c e ,  d = 0 , 2  . . . . .  ; d  = 0 , 5  - . - . - . - ; d  = 0 , 8  . . . . . .  ; 
d = l ~  

for the genotypic and genotypic-environmental vari- 

ances from field trials for half sib families and I I 

lines. 

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

E a c h  e x p e r i m e n t  of  h a l f  s i b  f a m i l i e s  c o n t a i n s  l i n e s  f r o m  
d i f f e r e n t  p o p u l a t i o n s ,  t h a t  i s  two G e r m a n  v a r i e t i e s  ( P e t -  
k u s e r  N o r m a l s t r o h r o g g e n  a n d  P e t k u s e r  K u r z s t r o h r o g -  
g e n )  a n d  3 s y n t h e t i c  p o p u l a t i o n s .  The  I~ l i n e s  c a n  b e  
t r a c e d  b a c k  to a p o p u l a t i o n  in  w h i c h  t h e  s e l f - f e r t i l i t y  
f a c t o r  of  a s e l f - f e r t i l e  s e l e c t i o n  of  t he  C a n a d i a n  v a r i e -  
ty  D a k o l d  w a s  i n t r o d u c e d  f o l l o w e d  by  s e v e r a l  b a c k - c r o s -  
s e s  w i t h  G e r m a n  v a r i e t i e s  a s  d e s c r i b e d  by  W r i c k e  ( 1973 ) .  

The  p l o t s  c o n s i s t e d  of  2 o r  3 r o w s  e a c h ,  5 o  c m  
l o n g  w i th  a n o r m a l  p l a n t  d e n s i t y  r e s u l t i n g  f r o m  a 
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s e e d - r a t e  of  a b o u t  I 2 0 k g  p e r  h a ;  t h e  n u m b e r  of  r e -  
p l i c a t i o n s  v a r i e d  b e t w e e n  2 a n d  4.  Al l  e x p e r i m e n t s  
w e r e  p e r f o r m e d  o v e r  2 to  3 l o c a t i o n s  a n d  a n a l y s e d  
a s  a t w o - f a c t o r  e x p e r i m e n t  ( l i n e s  o r  f a m i l i e s  a n d  
l o c a t i o n s )  in  r a n d o m i z e d  b l o c k s .  

Results and Discussion 

In Table 2 the results of 5 experiments with half sib 

families ~ and 6 experiments with 11 lines carrying 

the self-fertility gene are given. Apart from consid- 

erably higher genotypic variance of 11 lines as com- 

pared with half sib families, the genotype-location 

interaction variance of I 1 lines is also higher, as 

expected. 

T a b l e  2.  V a r i a n c e  c o m p o n e n t s  o f h a l f s i b f a m i l i e s  ( a )  
a n d  I~ l i n e s  ( b )  

Y e a r  L o c a t i o n s  n V G V G x  P V E 

( a )  1961 3 32 19 63 389 
1961 3 32 108 125 482 
1963 2 39 61 77 510 
1963 2 40 143 26 766 
1963 2 31 78 69 454 

m e a n :  82 72 520 

( b )  1971 2 20 1531 209 393 
1972 2 60 725  83 344 
1973 2 60 500 201 1347 
1973 2 60 358 287 740 
1974 2 97 324 57 684 
1974 2 97 312 241 604 

mean: 625 180 685 

n = n u m b e r  of  f a m i l i e s  a n d  l i n e s  r e s p e c t i v e l y  
V G = G e n o t y p i c  v a r i a n c e  
V E = E n v i r o n m e n t a l  v a r i a n c e  (p lo t  b a s i s )  
VGx P = G e n o t y p i c  X l o c a t i o n  v a r i a n c e  

If  t h e  e s t i m a t e s  of  VG• P a n d  V E a r e  e x p r e s s e d  

a s  a f r a c t i o n  o f  t h e  v a r i a n c e  of  h a l f  s i b  f a m i l i e s ,  i . e .  

82 ,  t h e  f o l l o w i n g  r a t i o s  a r e  o b t a i n e d  f r o m  t h e  a v e r -  

ages in Table 2: 

VG• V E 

HS 0.88 6.34 

I 1 2.  ZO 8 . 3 5  

A c k n o w l e d g e m e n t  i s  m a d e  to  t h e  F . v .  L o c h o w  P e t -  
k u s  G m b H ,  B e r g e n  K r s .  C e l l e ,  f o r  a l l o w i n g  u s  to  
p u b l i s h  t h e s e  e x p e r i m e n t s .  

The  f o r m u l a  f o r  t h e  s e l e c t i o n  g a i n ,  G,  f o r  a t r i a l  

i n  p e n v i r o n m e n t s  ( e . g .  l o c a t i o n s )  w i t h  r r e p l i c a -  

t i o n s  e a c h ,  i s  

v/vvo"l' , G:i- + ~ VGp + r P 

w h e r e  i i s  t h e  s e l e c t i o n  i n t e n s i t y  a n d  V t h e  u s a b l e  
g 

p o r t i o n  o f  t h e  g e n e t i c  v a r i a n c e .  

I f  a l l  v a r i a n c e  c o m p o n e n t s  a r e  r e l a t e d  to  t he  g e -  

n e t i c  v a r i a n c e  of  h a l f  s i b  f a m i l i e s  t h e  g a i n  o f  s e l e c -  

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

i - 1  
x = . ,  a n d  f o r  11 l i n e s  

1 + 1 
pl  + ~ VGx P ~ v E 

y = i.Kr 2-~/~ 
�9 Using the above vari- 

1 + 1  v ' 
K + ~ VGX P rp g 

ance for genotypic-environmental and error variances 

and assuming the experiments are conducted in 3 en- 

vironments and 2 replications each the quotient for 

selection of 11 lines and for half sibfamilies becomes 

1 ( 0 . 8 8 )  1 (6.34)' K r 2 . ~ / ~  ~ ~1 + ~- + ~- 
Z =  

, o r  

x K +-~1(2 .20 )  + 6 1 ( 8 " 3 5 )  

' 2 
y = V 2 . 3 5  K r  ~ / ~  . Th i s  f o r m u l a  e n a b l e s  u s  to co  m -  
x Y2. 125 + K ~ 

p a r e  t h e  e f f i c i e n c y  of  s e l e c t i o n  f o r  t he  two s e l e c t i o n  

p r o c e d u r e s .  

In T a b l e  3 t h e  v a l u e  y i s  g i v e n  f o r  v a r i o u s  d e g r e e s  
x 

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

t h e  f a v o u r a b l e  a l l e l e .  We o b s e r v e  t h a t  t h e  e f f e c t i v i t y  

i s  i n c r e a s e d  w i th  i n c r e a s i n g  d e g r e e s  of  d o m i n a n c e  

and gene frequencies higher than 0.5. Especially in 

cases where both conditions hold, indirect selection 

via the performance of inbred lines should be more 

effective than that on half sib families using remnant 

seed of the selected half sib families to compose the 

synthetic population. The latter selection method which 

has so far been applied to rye may have indeed raised 

the frequency of favourable genes to 0 �9 5 or above. If 

this assumption is correct, further selection on 11 

lines should give good results �9 
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T a b l e  3.  y v a l u e s  f o r  d i f f e r e n t  g e n e  f r e q u e n c i e s ,  p 
x 

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

d = 1 d - 0 , 8  d = 0 , 5  

p = 0 , 1  2 , 2 2  2 , 2 6  2 , 3 3  
p = 0 , 2  2 , 2 5  2 , 2 9  2 , 3 6  
p = 0 , 3  2 , 2 9  2 , 3 3  2 , 3 8  
p = 0 , 4  2 , 3 3  2 , 3 7  2 , 4 2  
p = 0 , 5  2 , 3 8  2 , 4 2  2 , 4 5  
p = 0 , 6  2 , 2 5  2 , 4 8  2 , 4 9  
p = 0 , 7  2, 53 2,  55 2, 54 
p = 0 , 8  2 , 6 5  2 , 6 5  2 , 6 0  
p = 0 , 9  2 , 8 2  2 , 7 9  2 , 6 7  

In t h i s  c o n n e c t i o n  i t  i s  i n t e r e s t i n g  to d i s c u s s  t h e  

c a s e  in  w h i c h ,  w i t h  h a l f  s i b  f a m i l y  s e l e c t i o n ,  i t  wou ld  

b e  p o s s i b l e ,  a s  in  o t h e r  s p e c i e s ,  to  m a k e  u s e  of  s e l f e d  

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

v a l u e  y ( T a b l e  3) i s  h a l v e d .  If we a s s u m e  t h a t  t h e  
x 

r e l a t i o n  of  g e n o t y p e - e n v i r o n m e n t a l  a n d  e r r o r  v a r i -  

a n c e s  b e t w e e n  h a l f  s i b  f a m i l i e s  a n d  11 l i n e s  h o l d s  

a s  f o u n d  in  r y e  s e l e c t i o n  on  t he  p e r f o r m a n c e  of  11 l i n e s  

w o u l d  b e  e q u a l  o r  s t i l l  s l i g h t l y  p r e f e r a b l e  to  h a l f  s i b  

f a m i l y  s e l e c t i o n  a l s o  in  t h e  c a s e  of  l o w  a n d  m e d i u m  

g e n e  f r e q u e n c i e s  w i t h  r e a s o n a b l e  d e g r e e s  of  d o m i -  

n a n c e  f r o m  0 . 5  to 1 . 0  ( a s  s e e n  f r o m  T a b l e  3 ) .  

If  we a i m  a t  t h e  p r o d u c t i o n  of  a s y n t h e t i c  p o p u l a -  

t ior .  f r o m  a s m a l l  n u m b e r  of  l i n e s  t h e n  we r e q u i r e  - 

a s  m e n t i o n e d  e a r l i e r  - a n  e s t i m a t i o n  of  t h e  p e r f o r m -  

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

u l a t i o n .  One  c a n  o b t a i n  t h i s  f r o m  t h e  s e l f e d  I 1 l i n e s  

s i n c e  i t  i s  we l l  k n o w n  t h a t  t h e r e  i s  a h i g h  c o r r e l a -  

t i o n  b e t w e e n  t h e  p e r f o r m a n c e  of  I 1 a n d  12 l i n e s .  

A s  m e n t i o n e d  e a r l i e r  o n ,  a p r o b l e m  s t i l l  r e m a i n s  

to  b e  s o l v e d  i f  s e l e c t i o n  i s  d o n e  o n  t h e  p e r f o r m a n c e  

of  i n b r e d  l i n e s  o b t a i n e d  w i th  t h e  a i d  of  a s e l f - f e r t i l i t y  

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

ty  g e n e  w h i c h  m a y  c a u s e  a c e r t a i n  d e g r e e  of  s e l f - f e r t i -  

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

e n t s .  T h i s  w o u l d  c a u s e  i n b r e e d i n g  a n d  a s  a c o n s e q u e n c e  

i n b r e e d i n g  d e p r e s s i o n  i n  t he  r e s u l t i n g  p o p u l a t i o n .  To 

a v o i d  t h i s ,  t h e  s e l f - f e r t i l i t y  a l l e l e  h a s  to  b e  r e m o v e d  

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

s e g r e g a t i n g  s e l f - f e r t i l e  g e n o t y p e s .  D i s c r i m i n a t i o n s  

b e t w e e n  s e l f - f e r t i l e  a n d  s e l f - s t e r i l e  p l a n t s  i s  p o s s i b l e  

e i t h e r  by  b a g g i n g  s i n g l e  p l a n t s  a n d  c h e c k i n g  f o r  s e e d  

s e t t i n g  o r  by  m i c r o s c o p i c  i n s p e c t i o n  of  p o l l e n  t u b e  

g r o w t h .  B o t h  m e t h o d s  r e q u i r e  c l o n i n g  of  t h e  i n v e s t i -  

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

i n c o m p a t i b i l i t y  t e s t s  w h i l e  t h e  o t h e r  p a r t s  a r e  l e f t  to 

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

p a t i b l e  p l a n t s  h a v e  b e e n  e l i m i n a t e d .  The  p r o b l e m  a r i s -  

ing  f r o m  t h e  i n t r o d u c t i o n  of  t h e  s e l f - f e r t i l i t y  g e n e  c o u l d  

b e  a v o i d e d  i f  i t  w e r e  p o s s i b l e  to  o u t w i t  t h e  i n c o m p a t i -  

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

a n d  p r o d u c t i o n  of  I 1 l i n e s  c o u l d  b e  a c h i e v e d  by  o t h e r  

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

n i s m .  

T h i s  m a y  i n d e e d  b e  p o s s i b l e  b y  g r o w i n g  t h e  r y e  

p l a n t s  u n d e r  h i g h  t e m p e r a t u r e  c o n d i t i o n s .  P r e l i m i -  

n a r y  t e s t s ,  in  w h i c h  c l o n a l  p l a n t s  of  t h e  s a m e  g e n o -  

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

i n  a g r o w t h  c h a m b e r  in  a s  h i g h  a t e m p e r a t u r e  a s  

30~  ( d a y  a n d  n i g h t )  d u r i n g  a n t h e s i s ,  s h o w e d  t h a t  

t h e  s e l f - f e r t i l i t y  c o u l d  b e  r a i s e d  f r o m  a b o u t  1 . 4  7~ 

to  9.  l g  ( W r i c k e  1 9 7 4 ) .  U n p u b l i s h e d  d a t a  s h o w ,  t h a t  

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

to  a n  a v e r a g e  of  a b o u t  15 s e e d s  p e r  e a r  w h i c h  m e a n  

a n  a v e r a g e  f e r t i l i t y  of  a b o u t  2 0 - 2 5  7~. The v a r i a b i l i t y  

of  s e e d  s e t  u n d e r  h i g h  t e m p e r a t u r e s  w a s  v e r y  h i g h .  

It  i s  b e l i e v e d  t h a t  t h i s  v a l u e  c a n  s t i l l  b e  i n c r e a s e d  

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

c o m p a t i b i l i t y  m e c h a n i s m  i s  m o s t  e f f e c t i v e  a r e  i n -  

v e s t i g a t e d  m o r e  i n t e n s i v e l y .  The a d v a n t a g e  of  I 
1 

l i n e s  d e r i v e d  by  s u c h  a m e t h o d  wou ld  b e  t h e i r  s e l f -  

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

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

s e l f - f e r t i l i t y  wou ld  no t  a r i s e .  

The  i n v e s t i g a t i o n s  s h o w  t h a t ,  i n  s p i t e  of  t h e  d i s -  

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

of  I 1 l i n e s  i s  p r o m i s i n g .  It s h o u l d  b e  e s p e c i a l l y  s u c -  

c e s s f u l  w i t h  c r o p s  l i k e  r y e  w h e r e  p r e v i o u s  i n t e n s i v e  

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

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