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A n  e s t i m a t e  of th e  g e n e t ic  c o m p o n e n ts  of v a r ia n c e  in  th e  F ^  

g e n e r a t io n  w a s  m a d e  on  tw o b a r l e y  c r o s s e s  „ S te w a r t  x  B a y ,  and  

K in d r e d  x  B a y .  S e e d  w a s  d r a w n  f r o m  a b u lk e d  F ^  at ra n d o m  f r o m  

th e  tw o c r o s s e s .  S te w a r t  and K in d re d  a r e  rough  a w n ed  v a r i e t i e s  

and B a y  i s  a s m o o t h  a w n ed  v a r i e t y .  C r o s s  S te w a r t  x  B a y  w a s  d e s ­

ig n a te d  a s  A. 272  and K in d r e d  x  B a y  w a s  id e n t i f i e d  a s  A. 26 7 .

T w e n ty  f a m i l i e s  f r o m  e a c h  c r o s s  w e r e  s e l e c t e d  and 18 F  „
4

s e e d s  f r o m  e a c h  f a m i l y  w e r e  ta k e n  at r a n d o m . T he s e e d  so  ta k e n  

w e r e  g r o w n  f o r  i n c r e a s e  in  th e  g r e e n  h o u s e  in  f a l l ,  1952. In  th e  

s p r in g  of 1 9 5 3 ,  the  F  s e e d s  w e r e  p la n te d  f o r  i n c r e a s e  in  the f i e ld .
D

A . grou p  of F  r o w s  t r a c i n g  to  a d e s ig n a t e d  F  row  w a s  c a l l e d  a 
5 3

f a m i l y .

T h e  y i e ld  t r i a l s  w e r e  c o n d u c te d  in  t h e | |g e n e r a t io n  at tw o  l o ­

c a t io n s  in  In gham  and T u s c o la  c o u n t ie s .  In  a l l ,  t h e r e  w e r e  th r e e  

e x p e r i m e n t s ,  tw o in  In gh am  C oun ty  and  one  in  T u s c o la .  A la t t i c e  

d e s ig n  w a s  u s e d .  In gham  E x p e r im e n ts  I and  II c o n s i s t e d  of S te w a r t  

x  B a y  and K in d r e d  x  B a y  c r o s s e s ,  r e s p e c t i v e l y .  T u s c o la  E x p e r i ­

m e n t  III in c lu d e d  on ly  th e  K in d r e d  x  B a y  c r o s s .  In g h a m  E x p e r im e n ts  

I and  II c o n s i s t e d  of 100 p lo t s  e a c h ,  and  T u s c o la  E x p e r im e n t  III 

c o n ta in e d  90 p lo t s .  E n v ir o n m e n t a l  v a r ia n c e  w a s  d e t e r m in e d  f r o m
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p a r e n t a l  c h e c k  p lo t s .  T he t e s t s  w e r e  on  a f o u r - r o w ,  s i n g l e - p l o t  

b a s i s .  It w a s  i m p o s s i b l e  to  r e p l i c a t e  s u b f a m i l i e s  u s in g  th is  p lo t  

s i z e  b e c a u s e  of l i m i t e d  s e e d .  T h e  fo u r  s u b f a m i l i e s  in  e a c h  f a m i l y  

w e r e  t r e a t e d  a s  r e p l i c a t e s .

N o t e s  w e r e  ta k e n  on d i s e a s e  r e a c t io n s  and a g r o n o m ic  c h a r ­

a c t e r s .  The d i s e a s e s  c o n c e r n e d  w e r e  p o w d e r y  m i ld e w  (E r y s ip h e  

g r a m in i s  h o rd e i)  and sp o t  b lo tc h  (H e lm in th o s p o r iu m  s a t iv u m ) . The  

a g r o n o m ic  c h a r a c t e r s  s tu d ie d  w e r e  date  of h e a d in g ,  h e ig h t  of the  

p la n t s ,  p e r c e n t  o f lo d g e d  p la n t s ,  lo d g in g  r e s i s t a n c e ,  t e s t  w e ig h t ,  and  

aw n  ty p e .  E f f o r t s  w e r e  m a d e  to ob ta in  a d d it io n a l  in f o r m a t io n  about  

t h e s e  c h a r a c t e r s  to  d e t e r m in e  th e  e s t i m a t i o n  of c o m p o n e n ts  of v a r i ­

a n c e .  T h e  c o m p o n e n ts  of v a r ia n c e  w e r e  a l s o  e s t im a t e d  f r o m  the  

y ie ld  d a ta ,  and the  e f f e c t s  of e a c h  c h a r a c t e r  on  s e e d  y ie ld  p e r  p lo t  

w e r e  c a l c u la t e d .  V a r io u s  c l a s s  r a t in g s  w e r e  g iv e n  to the e f f e c t s  

of e a c h  c h a r a c t e r  and e a c h  c l a s s  w a s  c o m p a r e d  w ith  th e  o th er  f o r  

s t a t i s t i c a l l y  s ig n i f ic a n t  d i f f e r e n c e s .

On a s in g le  g e n e  b a s i s  if th e  o r ig in a l  s e e d  c h o s e n  w e r e  

A A  or a a ,  th e  r e s u l t i n g  p lo t  m e a n  w i l l  r e m a i n  u n ch a n g e d  a f t e r  any  

n u m b e r  of g e n e r a t i o n s  o f s e l f i n g .  On th e  o th e r  h an d , if  s e e d  c h o s e n  

w e r e  A a ,  th e n  th e  p lo t  m e a n  w i l l  c h a n g e  w ith  e a c h  g e n e r a t i o n  of
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s e l f i n g .  T h is  w a s  i l l u s t r a t e d  w ith  an  a lg e b r a ic  m o d e l .  L e t  th e  m e a n

e f f e c t s  of A A , A a , and aa  eq u a l  d ' ,  h* and -d* The m o d e l  a s s u m e s
Aj a

o n ly  th e  a d d it iv e  a c t io n  of g e n e s  and no e p i s t a s i s .  The v a lu e  H

e q u a ls  d o m in a n c e  d e v ia t io n  f r o m  the  a d d it iv e  s c h e m e  and m a y  b e

p o s i t i v e  or  n e g a t iv e .  In the  F ,  g e n e r a t io n  th e  m e a n  s q u a r e  e x p e c -o

t a t io n  w a s  c a l c u la t e d  b e t w e e n  th e  f a m i l i e s :

1/20 + i s n  H  < r£ . . . . . . . . ,a>
and m e a n  s q u a r e  e x p e c t a t io n  fo r  w ith in  the f a m i l i e s  w as:

3 / 8 0  + W il  H  o k  (b)

D is  3 / 4  of th e  s i z e  f o r  w ith in  th e  f a m i l i e s  a s  c o m p a r e d  to  th e  s i z e  

f o r  b e t w e e n  th e  f a m i l i e s .  T he c o e f f i c i e n t  in  b o th  th e  c a s e s  i s  e x ­

t r e m e l y  lo w  s o  that it  a p p r o a c h e s  z e r o .  H av ing  b o th  th e  v a lu e s  

fo r  e n v ir o n m e n t a l  e r r o r  and f o r  the  a d d it iv e  g e n e t ic  f r a c t i o n ,  the  

h e r i t a b i l i t y  v a lu e s  c a n  b e  e a s i l y  d e t e r m in e d .  The f o r m u la  u s e d  h e r e  

to  c a l c u la t e  h e r i t a b i l i t y  p e r c e n t a g e s  in  e a c h  e x p e r i m e n t  w a s  a s  f o l l o w s

2
<7?

H e r i t a b i l i t y  = ~ --------   x  100

<r*of
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2
i s  e q u a l  to  v a r ia n c e  due to  a d d it iv e  g e n e t ic  e f f e c t s .

2 .
i s  th e  e n v ir o n m e n t a l  v a r ia n c e  c a l c u la t e d  f r o m  p a r e n t s  o n ly .  

T he e n v ir o n m e n t a l  e r r o r ,  a d d it iv e  g e n e t ic  f r a c t i o n s ,  and  h e r i t a b i l i t y  

p e r c e n t a g e s  w e r e  c a l c u la t e d  in  a l l  th r e e  e x p e r i m e n t s .  The h e r i t a ­

b i l i t y  p e r c e n t a g e s  f o r  y i e ld  a r e  31, 37 , and 32 p e r c e n t ,  w ith  a m e a n  

of 33 p e r c e n t  in  th e  g e n e r a t io n .  The h ig h  h e r i t a b i l i t y  v a lu e s  in  

th e  F ,  g e n e r a t io n  in d ic a t e s  that h o m o z y g o s i t y  h a s  r e a c h e d  p r a c t i c a l l y  

a m a x im u m .  D e la y  l a t e r  th a n  th is  w i l l  b e  a w a s t e  of t im e  on the  

p a r t  of th e  p lan t  b r e e d e r .

T h e  c o m p o n e n ts  of v a r ia n c e  w e r e  c a l c u la t e d  f o r  p o w d e r y
/

m ild e w ,  H. s a t iv u m ,  date  of h e a d in g ,  h e ig h t  of th e  p la n t s ,  p e r c e n t  

of lo d g e d  p la n t s ,  lo d g in g  r e s i s t a n c e  ( c L r ) ,  f a c t o r  and aw n  ty p e .  The  

h e r i t a b i l i t y  v a lu e s  f o r  e a c h  c h a r a c t e r  i s  g iv e n  b e lo w  f o r  a l l  th e  th r e e  

e x p e r i m e n t s .

M ild e w 84% 80% 40%

H. s a t iv u m 4% 33% 36%

D ate  of H ea d in g 7 6% 83% -

H e ig h t 49% 40% 35%

L o d g in g 16% 35% -

L o d g in g  R e s i s t a n c e 62% 17% 60%

T e s t  W eigh t 87% 55% 78%
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F
L o d g in g  r e s i s t a n c e  f a c t o r  c L r  i s  eq u a l to  — w h e r e  F  i s

b

eq u a l  to  f o r c e  a p p l ie d  and b i s  th e  h e ig h t  of the  p lan t .

T h e s e  h e r i t a b i l i t y  v a lu e s  a r e  r e l a t i v e l y  h ig h  and p r o v id e  

in f o r m a t io n  a s  to p o s s i b l e  g e n e t ic  p r o g r e s s  th r o u g h  s e l e c t i o n .
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INTRODUCTION

I n f o r m a t i o n  i s  now a v a i l a b l e  on t h e  u s e  ©f e a r l y  g e n e ­

r a t i o n  t e s t i n g  i n  s m a l l  g r a i n s  a s  a  means o f  d e t e r m i n i n g  t h o s e  

c r o s s e s  w h ich  would  m o s t  l i k e l y  p r o d u c e  t h e  g r e a t e s t  number  o f  

h i g h  y i e l d i n g  s e g r e g a t e s .  From t h e s e  s t u d i e s  t h e  c o n c e p t  h a s  

b e e n  d e v e l o p e d  t h a t  i t  i s  p o s s i b l e  t o  o b t a i n  t h e  h i g h e s t  

y i e l d i n g  s e g r e g a t e s  f rom  t h e  h i g h e s t  y i e l d i n g  p a r e n t a l  v a r i e ­

t i e s .

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

m o d e l s  have  b e e n  c o n s t r u c t e d  f o r  s e p a r a t i n g  t h e  c o m p on en ts  o f  

v a r i a n c e .  Such m o d e ls  h a v e  b e e n  a p p l i e d  to  t h e  s e g r e g a t i n g  

p o p u l a t i o n s  a n d  t o  a  l a r g e  number o f  b u l k e d  F2 and  F^ p r o ­

g e n i e s .

The p r e s e n t  p a p e r  i s  a  r e p o r t  o f  a  s t u d y  i n  w h ic h  an 

a t t e m p t  was made t o  e s t i m a t e  t h e  g e n e t i c  com ponen ts  o f  

v a r i a n c e  i n v o l v i n g  two c r o s s e s  i n  b u l k e d  F^ p r o g e n i e s  o f  b a r ­

l e y .  E f f o r t s  h a v e  a l s o  b e en  made t o  o b t a i n  a d d i t i o n a l  i n f o r ­

m a t i o n  on t h e  g e n e t i c  c om po n en ts  o f  v a r i a n c e  f o r  d i s e a s e  r e ­

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

p l a n t s ,  l o d g i n g  r e s i s t a n c e ,  and awn t y p e .



REVIEW OF LITERATURE 

E s t i m a t i o n  o f  V a r i a n c e  Components

F i s h e r  (1 7 )  i n  1925  i n t r o d u c e d  th e  a n a l y s i s  o f  v a r i a n c e  

and  s u g g e s t e d  i t s  u s e  i n  t h e  f o l l o w i n g  ways;

1 .  To o b t a i n  t e s t s  o f  s i g n i f i c a n c e  o f

t r e a t m e n t s .

2 .  To e s t i m a t e  v a r i a n c e  com ponen ts .

The a n a l y s i s  o f  v a r i a n c e  t o  e s t i m a t e  v a r i a n c e  co m ponen ts  

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

f o r  e f f i c i e n t  s a m p l i n g  d e s i g n s .  E x c e l l e n t  d i s c u s s i o n s  o f  

t h e s e  a p p l i c a t i o n s  a r e  fo u n d  i n  C ochran  ( 1 1 ) ,  Y a t e s  and Zazo-  

p a n y  (SO ) ,  and Youden and M e h l i c h  ( S i ) .

F i s h e r  (1 6 )  f i r s t  s e p a r a t e d  g e n e t i c  v a r i a n c e  i n t o  t h r e e  

com ponen ts ;  t h a t  d u e  t o  a d d i t i v e  e f f e c t s  o f  g e n e s ,  t h a t  d u e  t o  

d o m in a n ce  d e v i a t i o n s  f rom  t h e  a d d i t i v e  scheme,  and  t h a t  d u e  t o  

d e v i a t i o n s  from t h e  a d d i t i v e  scheme a t t r i b u t a b l e  t o  i n t e r -  

a l l e l i c  i n t e r a c t i o n s .

M a t h e r  ( ^ 7 )  s u g g e s t e d  t h a t  t h e  com ponen ts  o f  v a r i a n c e  

can be  p a r t i t i o n e d  i n t o  two c o m p o nen ts ;  n a m e ly ,  ( 1 )  n o n - h e r i -  

t a b l e ,  and ( 2 )  h e r i t a b l e ,  w h ich  i n  t u r n  may be  s u b d i v i d e d  i n t o  

f i x a b l e  and  u n f l x a b l e  g e n e t i c  v a r i a n c e .

C h a r l e s  and  S m i th  (S )  s e p a r a t e d  g e n e t i c  f rom  t o t a l  

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

b a s e d  on n o n - s e g r e g a t i n g  p o p u l a t i o n s  an d  p o s s i b l e  r e l a t i o n s  

b e tw e e n  means and v a r i a n c e .
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G r i f f i n g  ( 2 6 )  i n  a  s t u d y  on t o m a t o e s ,  c a l c u l a t e d  th e  

com ponen ts  i n  a n a l y s i s  o f  v a r i a n c e  and c o v a r i a n c e  o f  non- 

s e g r e g a t i n g  p o p u l a t i o n s  f o r  t h e  P ^ ,  P g ,  and F^ .  T h i s  a n a l y ­

s i s  was fo u n d  to  g i v e  a  s i m p l e ,  d i r e c t  and  p r o b a b l y  t h e  m os t  

a c c u r a t e  method o f  o b t a i n i n g  e s t i m a t e s  o f  p h e n o ty p ic  and e n v i ­

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

t h e s e  e s t i m a t e s .  G e n o t y p ic  c o r r e l a t i o n s  w ere  c a l c u l a t e d  mak­

i n g  u s e  o f  g e n o t y p i c  c o v a r i a n c e  and t h e  g e o m e t r i c  means o f  t h e  

two p a r e n t a l  g e n o t y p i c  v a r i a n c e s .  Of more im m e d ia te  i n t e r e s t  

a r e  t h e  e r r o r  ( w i t h i n  v a r i e t i e s )  v a r i a n c e  and c o v a r i a n c e  w h ich  

he  u s e d  a s  e n v i r o n m e n t a l  v a r i a n c e  and c o v a r i a n c e .

W r ig h t  (79) d e v e l o p e d  f o r m u la e  f o r  the mean and v a r i a n c e  

o f  s q u a r e d  d e v i a t i o n s  f rom  a n  optimum f o r  t h e  c a s e s  o f  no 

d o m in an ce  and o f  c o m p le t e  d o m in a n ce ,  f i r s t  a s s u m i n g  no e n v i ­

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

The v a r i a n c e  i n  e ac h  c a s e  was s p l i t  i n t o  c o n t r i b u t i o n s  due  t o :

1. A d d i t i v e  g e n e t i c  e f f e c t s .

2 .  Dominance d e v i a t i o n s .

3. E p i s t a t i c  d e v i a t i o n s .

E n v i r o n m e n t a l  e f f e c t s

5. N o n - a d d i t i v e  J o i n t  e f f e c t s  o f  h e r e d i t y  

and  e n v i r o n m e n t .

He f u r t h e r  d e v e l o p e d  t h e  f o r m u la e  w h ich  a p p l y  to  e p i s ­

t a t i c  r e l a t i o n s  i n  c a s e  o f  c o m p le t e  d o m in a n ce .  He a l s o  p r o ­

p o s e d  f o r m u l a e  f o r  t h e  c o r r e l a t i o n s  b e tw ee n  p a r e n t  and  o f f ­

s p r i n g  and b e tw e e n  two o f f s p r i n g .  He c o n c l u d e d  t h a t  i n  a



p o p u l a t i o n  i n  w h ich  t h e  mean o f  some m e a s u r a b l e  c h a r a c t e r  i s  

a t  t h e  opt im um , t h e  p a r e n t - o f f s p r i n g  and f r a t e r n a l  c o r r e l a ­

t i o n s  i n  a d a p t i v e  v a l u e  a r e  a p p r o x i m a t e l y  the  s q u a r e s  o f  t h e  

c o r r e s p o n d i n g  c o r r e l a t i o n s  w i t h  r e s p e c t  to  t h e  c h a r a c t e r  i t ­

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

Where t h e  mean i s  n o t  a t  t h e  optimum t h e r e  i s  l e s s  d i f f e r e n c e  

b e tw een  th e  c o r r e l a t i o n s  i n  a d a p t i v e  v a l u e  and c o r r e s p o n d i n g  

o n e s  w i t h  r e s p e c t  to  t h e  c h a r a c t e r  i t s e l f .

The s t u d y  o f  h e r e d i t a r y  and e n v i r o n m e n t a l  com po n en ts  o f  

v a r i a t i o n  h a d  i t s  b e g i n n i n g s  i n  t h e  work o f  J o h a n n s e n  (37)> 

who f i r s t  d e m o n s t r a t e d  t h a t  b o t h  h e r i t a b l e  and n o n h e r i t a b l e  

a g e n c i e s  c o n t r i b u t e d  t o  s o m a t i c  v a r i a t i o n  i n  a  s e g r e g a t i n g  

p o p u l a t i o n  and t h a t  v a r i a t i o n  i n  p u r e  l i n e s  was e n t i r e l y  e n ­

v i r o n m e n t a l .  E a s t  (1 5 )  f u r t h e r  c o n f i r m e d  th e  work o f  J o h a n n ­

se n  and d e m o n s t r a t e d  how s u c h  r e s u l t s  con fo rm ed  w i t h  t h e  con­

c e p t  o f  M e n d e l i a n  g e n e t i c s .

F i s h e r ,  Xmmer, and T ed in  ( I S ) ,  M a th e r  ( ^ 7 )»  Lush ( ^ 1 ) ,  

P a n s e  (5 $ )  and  o t h e r s  h a v e  s t u d i e d  h e r i t a b l e  v a r i a t i o n  and 

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

a d d i t i v e  g e n e t i c  e f f e c t s  and t h a t  due t o  d e v i a t i o n s  f rom t h e  

a d d i t i v e  schem e.

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

m a l s ,  L ush  ( ^ 2 )  d e f i n e s  h e r i t a b i l i t y  and d e s c r i b e s  i t s  u s a g e  

i n  t h e  b r o a d  and  n a r r o w  a s p e c t s .  I n  a  b r o a d  s e n s e ,  h e r i t a b i ­

l i t y  r e f e r s  t o  t h e  f u n c t i o n i n g  o f  t h e  whole g e n o ty p e  a s  a  

u n i t  and  i s  u s e d  i n  c o n t r a s t  w i t h  e n v i r o n m e n t a l  e f f e c t s .  I n
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t h e  n a r ro w  s e n s e  h e r i t a b i l i t y  i n c l u d e s  o n l y  th e  a v e r a g e  e f f e c t s  

o f  g e n e s  t r a n s m i t t e d  a d d i t i v e l y  f rom p a r e n t  t o  p r o g e n y .

Lush and P a n s e  ( ^ 3 )  p r o p o s e d  th e  use  o f  t h e  r a t i o  o f  t h e  

a d d i t i v e  g e n e t i c  componen t  o f  v a r i a n c e  t o  t o t a l  v a r i a n c e  a s  a  

m e a su re  o f  t h e  d e g r e e  o f  h e r i t a b i l i t y .

R o b in s o n ,  Com stock ,  and Harvey ( 6 6 ) u se d  a  method i n v o l v ­

i n g  e s t i m a t e s  o f  co m po n e n ts  o f  v a r i a n c e  t h r o u g h  s t u d y  o f  b i -  

p a r e n t a l  p r o g e n i e s  to  m e a su re  h e r i t a b i l i t y  i n  c o r n .  They 

f u r t h e r  compared  t h i s  method w i t h  h e r i t a b i l i t y  a s  c a l c u l a t e d  

f ro m  p a r e n t - o f f s p r i n g  r e g r e s s i o n s .

G r a f i u s  ( 2 2 )  d e v e l o p e d  a  model f o r  t h e  e s t i m a t i o n  o f  t h e  

c o m p on en ts  o f  g e n e t i c  v a r i a n c e  b e tw e e n  s e l f “ f e r t i l i z e d ,  b u l k e d  

p r o g e n i e s  f rom  c r o s s e s  o f  i s o g e n i c  l i n e s .  He p r e s e n t e d  i n  d e ­

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

G - ra f iu s ,  N e l so n  and D i r k s  (2*0 s t u d i e d  t h e  h e r i t a b i l i t y  

o f  y i e l d  i n  b a r l e y  a s  m e a su re d  by e a r l y  g e n e r a t i o n  b u l k e d  p r o ­

g e n i e s .  They r e p o r t e d  t h a t  the  n o n - h e r i t a b l e  f r a c t i o n  c o m p r i s ­

ed  t h e  m a j o r  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 n  t h e  Fg.  I n  t h e  

F ^ ,  w i t h  i n c r e a s e d  h o m o z y g o s i t y ,  th e  n o n - h e r i t a b l e  f r a c t i o n  d e ­

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

t h e  g e n e t i c  v a r i a n c e .

Mahmud and K ram er  (50 )  made e s t i m a t e s  o f  h e r i t a b i l i t y  

f o r  y i e l d  and p l a n t  h e i g h t  i n  a  so y bean  c r o s s .  They u t i l i z e d  

t h e  s e g r e g a t e s  a s  t h e  t o t a l  v a r i a n c e  and t h e  s q u a r e  r o o t  o f  

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

v a r i a n c e .  They fo u nd  h e r i t a b l l i t i e s  o f  *J-3 and *1-1 p e r c e n t  f o r



y i e l d  and h e i g h t  r e s p e c t i v e l y ,  u s i n g  t h i s  m ethod .

Weber (7 5 )  a** i n t e r s p e c i f i c  c r o s s  o f  s o y b e a n s ,  made

u s e  o f  t h e  cube  r o o t  o f  t h e  p r o d u c t  o f  t h e  v a r i a n c e  o f  P ^ ,

P g ,  and F^ a s  t h e  b e s t  e s t i m a t i o n  o f  e n v i r o n m e n t a l  v a r i a n c e .  

C a l c u l a t i o n  o f  g e n e t i c  and e n v i r o n m e n t a l  c o r r e l a t i o n s  i n v o l v e d  

th e  u s e  o f  r e c i p r o c a l  r e g r e s s i o n  c o e f f i c i e n t s  b e tw ee n  F2 and 

t h e i r  F^ p r o g e n i e s .  G e n e t i c  c o r r e l a t i o n s  were  g e n e r a l l y  h i g h ­

e r  t h a n  t h e  o b s e r v e d  c o r r e l a t i o n s  i n  Fg and F^ .

Weber and M oor thy  ( 7 6 ) i n  t h r e e  soybean  c r o s s e s ,  s t u d i e d  

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

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

an  i n d i v i d u a l  p l a n t  b a s i s .  The e s t i m a t e s  o f  t h e  g e n o t y p i c  and 

e n v i r o n m e n t a l  v a r i a n c e s  i n  t h e s e  s e v e n  c h a r a c t e r s  w ere  made. 

They n o t e d  t r a n s g r e s s i v e  s e g r e g a t i o n  f o r  m ost  o f  t h e  c h a r a c t e r s  

i n  a l l  o f  t h e s e  c r o s s e s .  The h i g h e s t  h e r i t a b i l i t y  was n o t e d  i n  

f l o w e r i n g  t im e  ( 75*7  p e r c e n t )  and  t h e  l o w e s t  s e e d  w e i g h t  ( 5^*3 

p e r c e n t ) .  O i l  c o n t e n t  was 5^*7 p e r c e n t  h e r i t a b l e .  The h e r i t a ­

b i l i t y  o f  s e e d  y i e l d  was e r r a t i c  due  t o  a  l a r g e  e n v i r o n m e n t a l  

v a r i a n c e .

D a t e  o f  H e ad in g

G r i f f e e  (2 5 )  fo un d  an  a s s o c i a t i o n  b e tw een  h e a d i n g  d a t e  

and tw o- row  v e r s u s  s i x - r o w  c h a r a c t e r i s t i c .  He s u g g e s t e d  t h a t  

t h e  i n h e r i t a n c e  o f  d a t e  o f  h e a d i n g  i n  b a r l e y  was due  to  one 

f a c t o r  p a i r .

N e a tb y  (5 ^ )  r e p o r t e d  t h a t  t h e  i n h e r i t a n c e  o f  e a r l i n e s s  

i n  b a r l e y  i s  du e  to  t h r e e  f a c t o r  p a i r s .  When t h e s e  f a c t o r s
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a r e  I n  t h e  homozygous r e c e s s i v e  c o n d i t i o n ,  t h e  p l a n t s  d e ­

v e l o p  w i n t e r  h a b i t s  o f  g ro w th .  He f u r t h e r  s u g g e s t e d  t h a t  

t h e r e  i s  a  l i n k a g e  b e tw e e n  t h e  e a r l i n e s s  and s h o r t  v e r s u s  

l o n g  o u t e r  g lum e.

Hehn ( 3 1 )  i n v e s t i g a t e d  l i n k a g e  i n  b a r l e y  i n  c o n n e c t i o n  

w i t h  many c h a r a c t e r i s t i c s .  He c o n c l u d e d  t h a t  t h r e e  f a c t o r  

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

W exe lsen  (7 ^ )  r e p o r t e d  two f a c t o r  p a i r s  d e t e r m i n i n g  

d a t e  o f  h e a d i n g  I n  b a r l e y .  He s u g g e s t e d  t h a t  h e a d i n g  d a t e  

was a s s o c i a t e d  w i t h  t h e  two v e r s u s  s i x - r o w  c h a r a c t e r i s t i c ,  

ro u g h  v e r s u s  sm o o th  awn and th e  number  o f  b a r b s  on t h e  n e r ­

v e s  o f  th e  lemma.

G - r i f f e e  ( 2 5 ) a l s o  r e p o r t e d  t h a t  e a r l i n e s s  i n  b a r l e y  i s  

l i n k e d  w i t h  t h e  f a c t o r  f o r  s h o r t  v e r s u s  l o n g  o u t e r  g lume.

F r e y  ( 2 0 )  i n v e s t i g a t e d  th e  h e a d i n g  d a t e  I n  f o u r  c r o s s ­

e s  o f  b a r l e y  i n  t h e  F2 g e n e r a t i o n  and t h e  p a r e n t s  and  p r o ­

g e n i e s  o f  F 2 p l a n t s  o f  s even  o t h e r  b a r l e y  c r o s s e s .  He fo u nd  

t h a t  t h e  O g a l l t s u  v a r i e t y  o f  b a r l e y  d i f f e r s  f rom  H a r l a n  by 

one f a c t o r  f o r  d a t e  o f  h e a d i n g .  J e t  and Anodium d i f f e r  f rom  

H a r l a n  by two g e n e s .  Both  J e t  and Anodium c o n t a i n  t h e  same 

g ene  p a i r s  f o r  d e t e r m i n i n g  h e a d i n g  d a t e .  D a t e  o f  h e a d i n g  was 

fo u n d  to  b e  a s s o c i a t e d  w i t h  t h e  r o u g h  v e r s u s  sm ooth  awn 

c h a r a c t e r i s t i c  i n  a  t h r e e  way c r o s s ,  Moore x ( D o r s e t t  x 

M ^ O O l ) ,  and w i t h  t h e  b l a c k  v e r s u s  w h i t e  h u l l  c h a r a c t e r  i n  

a  c r o s s  o f  H a r l a n  x J e t .



S p o t  B l o t c h  ( H e lm ln th o s p o r lu m  s a t i v u m ) (Pam) K ing

S p o t  b l o t c h  d i s e a s e  o f  b a r l e y  was r e p o r t e d  by Pammel 

( 5 6 ) i n  1909  and  was a t t r i b u t e d  to  H e lm in th o s p o r iu m  s a t i v u m . 

Pammel,  K ing  and Bakke (57 )*  an<  ̂ C h r i s t e n s e n  ( 9 ) hav e  r e v i e w ­

ed  p r e v i o u s  s t u d i e s  r e l a t i n g  t o  t h e  p a t h o g e n e c i t y  o f  |L_ s a t i ­

vum and s u g g e s t e d  t h a t  t h e  p a r a s i t e  i s  r e s p o n s i b l e  f o r  l e a f  

s p o t ,  r o o t  r o t ,  f o o t  r o t  and  s e e d l i n g  b l i g h t  o f  w h e a t ,  b a r ­

ley *  r y e  and many o t h e r  g r a s s  s p e c i e s .

Hayes e t  a l  (3 0 )  s t u d i e d  th e  i n h e r i t a n c e  o f  r e a c t i o n  to

H. s a t i v u m  a n d  i t s  a s s o c i a t i o n  w i t h  b o t a n i c a l  c h a r a c t e r s  i n  a  

M a n c h u r i a  and L ion  c r o s s .  M a n c h u r ia  i s  a  r e s i s t a n t  v a r i e t y  

and  L ion  i s  s u s c e p t i b l e  to  t h e  d i s e a s e .  One h u n d r e d  t w e n t y -  

f o u r  F^ l i n e s  were  grown i n  rows o f  25  p l a n t s  e a c h  and s p r a y ­

ed  w i t h  s p o r e  s u s p e n s i o n s  o f  s a t i v u m . E v e ry  t e n t h  l i n e  

was p l a n t e d  a s  a  c h e c k ,  a l t e r n a t i n g  t h e  M a n c h u r ia  and L io n  

p a r e n t s .  From t h i s ,  t h e  r e s i s t a n t  and s u s c e p t i b l e  l i n e s  

were  s e p a r a t e d  and t e s t e d  i n  t h e  F^ g e n e r a t i o n .  E i g h t  l i n e s  

were  found  to  b e  a s  s u s c e p t i b l e  a s  L ion  i n  F^ and F^ and s i x  

l i n e s  were  a s  r e s i s t a n t  a s  M a n c h u r ia .  The c o r r e l a t i o n  co­

e f f i c i e n t  f o r  d e g r e e  o f  i n f e c t i o n  i n  F-j and i n  Fij. o f  36 hy ­

b r i d  l i n e s  o f  L io n  x M a n c h u r i a  was 0 .2 56 + :  .10 5 -  T h i s  i s  s i g ­

n i f i c a n t  a t  t h e  5 p e r c e n t  p o i n t .  They c o n c l u d e d  t h a t  r e s i s ­

t a n c e  to  H^ s a t i v u m  i s  an  i n h e r i t e d  c h a r a c t e r  a l t h o u g h  a p p a ­

r e n t l y  d e p e n d e n t  on more t h a n  a  s i n g l e  g e n e t i c  f a c t o r .



9 .

G - r i f f e e  ( 2 5 )  s tu d ie d ,  t h e  r e a c t i o n  o f  Fj  l i n e s  t o  H. 

s a t i v u m  i n  r e l a t i o n  to o t h e r  c h a r a c t e r s .  He c o n c l u d e d  t h a t  

a t  l e a s t  t h r e e  f a c t o r s  a r e  c o n c e r n e d  i n  th e  r e s i s t a n c e  o f  t h e  

t y p e  p o s s e s s e d  by t h e  v a r i e t y  S v a n h a l .  One f a c t o r  was l i n k ­

ed  w i t h  t h e  f a c t o r  f o r  tw o - ro w s ,  one  w i t h  t h e  f a c t o r  o f  

r o u g h  awn an d  one  w i t h  t h e  f a c t o r  o f  w h i t e  g lume.  The l i n k ­

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

t o r  o f  e a r l i n e s s  i s  much c l o s e r  t h a n  t h a t  w i t h  the  f a c t o r

f o r  s i x - r o w e d .  I t  i s  a l s o  s u g g e s t e d  t h a t  e a r l i n e s s  i n  i t ­

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

Powdery  Mildew ( E r y s l p h e  g r a m l n l s  H o r d e l )

B r i g g s  ( 6 ) s u g g e s t e d  t h a t  i n  an i n h e r i t a n c e  s t u d y  o f  r e ­

s i s t a n c e  to  any  d i s e a s e  i n  p l a n t s  t h e  f o l l o w i n g  p o i n t s  a r e  o f  

i n t e r e s t s

1 .  The num ber  o f  f a c t o r s  f o r  r e s i s t a n c e

p r e s e n t  i n  e a c h  v a r i e t y .

2 .  The i d e n t i t y  o f  e a c h  f a c t o r .

3 . The e f f e c t  o f  e a c h  f a c t o r  a c t i n g  a l o n e .

The i n h e r i t a n c e  o f  r e s i s t a n c e  to  b a r l e y  m ildew was s t u d i e d  i n

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

C h in e rm e ,  N i g r a t e  and a  s u s c e p t i b l e  v a r i e t y ,  A t l a s .  The 

t h r e e  r e s i s t a n t  v a r i e t i e s  d i f f e r  f ro m  s u s c e p t i b l e  A t l a s  i n  

two i n d e p e n d e n t  m a jo r  f a c t o r s  f o r  r e s i s t a n c e  t o  t h i s  d i s e a s e .  

S u s c e p t i b i l i t y  was r e c e s s i v e .

S t a n f o r d  and B r i g g s  ( 7 2 ) r e p o r t e d  t h a t  t h e r e  a r e  seven
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d i f f e r e n t  f a c t o r s  f o r  mildew r e s i s t a n c e ,  s i x  d o m in a n t  and 

one r e c e s s i v e .  The number  o f  f a c t o r s  i n  a  s i n g l e  v a r i e t y  

v a r i e s  f ro m  one to  t h r e e .  Of t h e  sev en  i d e n t i f i e d ,  two 

a r e  d e f i n i t e l y  l i n k e d .  The o t h e r  f i v e  a p p e a r  t o  be i n d e ­

p e n d e n t .

Ray e t  a l  (6 2 )  s t u d i e d  e l e v e n  w h e a t  c r o s s e s  i n  t h e  F2 

g e n e r a t i o n  f o r  t h e  i n h e r i t a n c e  o f  m a tu r e  p l a n t  r e s i s t a n c e  

to  n a t u r a l  i n f e c t i o n  w i t h  pow dery  m ildew i n  t h e  f i e l d .  They 

a l s o  exam ined  t e n  c r o s s e s  u n d e r  g r e e n  h o u se  c o n d i t i o n s  f o r  

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

f u n g u s .  The s e e d l i n g  r e a c t i o n  a p p e a r s  to  be  c o n d i t i o n e d  by 

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

g a t e d  f o r  two f a c t o r  d i f f e r e n c e s  f o r  s e e d l i n g  r e s i s t a n c e .

I t  was r e p o r t e d  t h a t  u n d e r  f i e l d  c o n d i t i o n s  t h e  gene c o n t r o l ­

l i n g  th e  e x p r e s s i o n  o f  glume p u b e s c e n c e  a p p e a r e d  t o  be  c l o s e ­

l y  l i n k e d  w i t h  t h e  m a j o r  f a c t o r  f o r  s e e d l i n g  r e s i s t a n c e  to  

one  r a c e  o f  pow dery  m ildew .

M ains  and  M a r t i n i  (*J-5) t e s t e d  a  number o f  v a r i e t i e s  

a g a i n s t  m i ldew  and fo u n d  t h a t  v a r i e t i e s  d i f f e r e d  c o n s i d e r a b ­

l y  I n  t h e i r  r e a c t i o n s .  Some showed d i f f e r e n c e s  i n  t y p e  and 

s t a b i l i t y  o f  r e a c t i o n  and o t h e r s  e x h i b i t e d  marked d i f f e ­

r e n c e s  i n  r e a c t i o n  to  t h e  t h r e e  p h y s i o l o g i c  fo rm s  o f  m i l ­

dew.

L o d g in g  R e s i s t a n c e

G a r b e r  and O lso n  (2 1 )  r e p o r t e d  t h a t  l o d g i n g  i n  c e r e a l s  

i s  a s s o c i a t e d  w i t h  many c h a r a c t e r s  b u t  t h a t  no one c h a r a c t e r



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

A t k i n s  ( 1 )  s u g g e s t e d  t h a t  no one  l o d g i n g  i n d e x  can  be  

c o n s i d e r e d  r e l i a b l e  s i n c e  l o d g i n g  i s  d e p e n d e n t  on a  number 

o f  f a c t o r s  t h a t  v a r y  g r e a t l y  f rom y e a r  to  y e a r .  He s u g g e s t ­

ed t h a t  t h e  c h a r a c t e r  o f  s t r a w  s t r e n g t h  i s  an i n h e r i t e d  o n e .

Ramiah and D harmalingara  ( 6 l )  fo u n d  i n  c r o s s e s  b e tw ee n  

two t y p i c a l l y  l o d g i n g  and n o n - l o d g i n g  v a r i e t i e s  o f  r i c e  t h a t  

t h e r e  i s  o n l y  a  s i n g l e  f a c t o r  p a i r  d i f f e r e n c e .  T h ere  seems 

t o  b e  g e n e t i c  a s s o c i a t i o n  be tw een  t h e  c h a r a c t e r  o f  t h e  s t r a w  

on one hand  and  s u c h  c h a r a c t e r s  a s  t i l l e r i n g  and f l o w e r i n g  

d u r a t i o n  i n  d a y s  on t h e  o t h e r  hand .  The non-S>dging n a t u r e  

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

r a t i o n .  T h e re  a p p a r e n t l y  i s  no r e l a t i o n s h i p  b e tw een  p l a n t  

h e i g h t  and s t r a w  c h a r a c t e r  n o r  b e tw een  s t r a w  c h a r a c t e r  and 

f l o r e t  s t e r i l i t y .

C l a r k  e t  a l  ( 1 0 )  s t u d y i n g  t h e  l i n k a g e  r e l a t i o n  In  b a r ­

l e y  fo u n d  t h a t  t h e  f a c t o r  p a i r s  o f  aw n edn ess  and l o d g i n g  a r e  

l i n k e d .

Bose e t  a l  ( 5 )  fo u n d  t h a t  a t  l e a s t  two g e n e s  were  r e s ­

p o n s i b l e  f o r  t h e  d e v e lo p m e n t  and d i s t r i b u t i o n  o f  s c l e r e n -  

chyma t i s s u e .  These  c h a r a c t e r s  were  r e p o r t e d  t o  be a s s o c i a t  

ed w i t h  l o d g i n g  r e s i s t a n c e .  They a l s o  found  weak s t r a w  to  

b e  d o m i n a n t .

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

culm and o t h e r  c h a r a c t e r s  i n  a  c r o s s  o f  Kanred  and C o p p e i ,  

A t k i n s  ( 2 )  r e p o r t e d  t h e  f o l l o w i n g  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  o f  Ijb p a r e n t  p l a n t s  and t h e i r  F-  ̂ p r o g e n y  l i n e s ;  

d i a m e t e r  o f  culm 0 . 5 S 2 ,  h e i g h t  o f  t h e  p l a n t  0 . ^ 3 0 , l e n g t h  o f  

t h e  h e a d  O .S 3 0 . On t h e  b a s i s  o f  t h e s e  r e s u l t s ,  he  s u g g e s t e d  

t h a t  s e l e c t i o n  f o r  t h e s e  c h a r a c t e r s  can be made i n  e a r l y  

g e n e r a t i o n s  and t h a t  t h e  c o n t i n u e d  s e l e c t i o n  w i l l  l e a d  t o  

d e s i r e d  t y p e .

G - ra f iu s  and  Brown ( 2 3 ) d e f i n e d  l o d g i n g  r e s i s t a n c e  ( L r )  

a s  t h e  r a t i o  o f  t h e  a d d i t i o n a l  t o r q u e  ( o v e r  and above t h e  

t o r q u e  c a u s e d  by  t h e  w e i g h t  o f  t h e  culm, l e a v e s  and h e a d )  a  

culm i s  c a p a b l e  o f  r e s i s t i n g  ( T r )  to  t h e  t o r q u e  (Ta)  a p p l i e d  

by e x t e r n a l  f o r c e s ,  su c h  a s  wind and r a i n .  They p r o p o s e d  t h e  

l o d g i r g  r e s i s t a n c e  f a c t o r  ( c L r )  and s u g g e s t e d  t h e  f o l l o w i n g  

f o r m u l a  f o r  i t s  c a l c u l a t i o n ;

c L r = X  where  F i s  e q u a l  t o  f o r c e  a p p l i e d  
b

and b i s  t h e  h e i g h t  o f  t h e  p l a n t .



1 3 .

EXPERIMENTAL PROCEDURE

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

w h ic h  had  b e en  i n  p r o g r e s s  a t  t h e  M ic h ig a n  E x p e r im e n t  S t a t i o n ,  

E a s t  L a n s i n g  s i n c e  19^-9* I t  c o n s i s t s  o f  a  s t u d y  o f  a d v an c ed  

g e n e r a t i o n  s e l e c t i o n s  f rom  two c r o s s e s  w h ich  i n c l u d e  t h r e e  

v a r i e t i e s .  The m a t e r i a l  u s e d  i n  t h e  e x p e r i m e n t  was f rom t h e  

F^ b u l k e d  row s  w h ich  had  b e e n  a l l o w e d  t o  s e l f  f o r  two a d d i ­

t i o n a l  g e n e r a t i o n s  i n  o r d e r  t o  o b t a i n  s u f f i c i e n t  s e ed  t o  con­

d u c t  a  y i e l d  t r i a l  i n  t h e  F^ g e n e r a t i o n .

I n  t h e  f a l l  o f  19^9 two b a r l e y  c r o s s e s ,  S te w a rd  x Bay 

and K i n d r e d  x Bay w e re  made i n  t h e  g r e e n  h o u s e .  S t e w a r t  and 

K in d r e d  v a r i e t i e s  a r e  r o u g h  awned and Bay i s  smooth  awned. 

S e l e c t i o n s  f ro m  S t e w a r t  x  Bay were  d e s i g n a t e d  A272 and Kin­

d r e d  x Bay c r o s s e s  w ere  I d e n t i f i e d  a s  A2 6 7 . D u r i n g  th e  

s p r i n g  o f  1 9 5 0 , t h e  F 2 s e e d s  were  s p a c e  p l a n t e d  i n  t h e  f i e l d .  

Each p l a n t  was h a r v e s t e d  and  t h r e s h e d  s e p a r a t e l y .  The Fg 

s e e d s  f rom  I n d i v i d u a l  p l a n t s  were  grown i n  s e p a r a t e  rows i n  

1951 and a t  h a r v e s t  e a c h  row was b u l k e d .  Y i e l d  t r i a l s  were  

c o n d u c t e d  w i t h  F^ s e e d  i n  1 9 5 2 . I n  th e  f a l l  o f  19 5 2 , o u t  o f  

t h e  F-j b u l k  ro w s ,  F^ s e e d s  were  t a k e n  a t  random f rom  b o t h  s e ­

l e c t i o n s .  Twenty f a m i l i e s  f rom  e a c h  c r o s s  were  s e l e c t e d .  

E i g h t e e n  s e e d s  were  t a k e n  from e ac h  f a m i l y ,  m aking  a  t o t a l  o f  

7 2 0 .

The F^ s e e d s  t a k e n  a t  random from I n d i v i d u a l  F^ rows 

w ere  grown f o r  i n c r e a s e  I n  t h e  g r e e n  h o u se  i n  t h e  f a l l  o f



1952 .  I n  t h e  s p r i n g  o f  1953# s e e d s  were  p l a n t e d  f o r

i n c r e a s e  i n  t h e  f i e l d .  Each  F^ row i n  t h e  f i e l d  was number­

ed so a s  to  be  a b l e  to  t r a c e  i t s  p e d i g r e e  t o  a  s i n g l e  F^ row. 

A g ro u p  o f  t h e  F^ rows t r a c i n g  t o  a  d e s i g n a t e d  F^ row was 

c a l l e d  a  f a m i l y .

Of 720 o r i g i n a l  F^ s e e d s ,  223 p r o d u c e d  a t  l e a s t  lj-0 

g ram s  o f  F^ s e e d ,  w h ic h  i s  n e c e s s a r y  f o r  y i e l d  t r i a l s  p l a n t e d  

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

a s  i s  shown i n  T a b le  1.

TABLE I .  THE NUMBER OF FAMILIES AND SUB­
FAMILIES IN SELECTIONS FROM TWO BARLEY 

CROSSES IN WHICH SUFFICIENT SEED WAS 
AVAILABLE FOR YIELD TRIALS IN THE 

F^ GENE-RATION

S e l e c t i o n s C ro s s F a m i l i e  s S u b - f a m i l i e s  i n  
e a c h  f a m i l y

T o t a l

A272 S t e w a r t
X

Bay

19 k 76

A267 K in d re d
X

Bay

19 g

Grand T o t a l

152'

223

On t h e  b a s i s  o f  s e e d  s u p p l y  a s  i n d i c a t e d  i n  T a b le  1 ,

t h r e e  e x p e r i m e n t s  were  a r r a n g e d .  The l o c a t i o n  and t o t a l  

num ber  o f  p l o t s  i n  e ach  may be s e e n  i n  T ab le  2.
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16.

The b u l k e d  F^ s e e d  f rom  e a c h  F^ row was u s e d  to

s e e d  an  y i e l d  p l o t  i n  195^* l n a l l  t h r e e  e x p e r i m e n t s  eao h  

i n d i v i d u a l  p l o t  was a  s u b - f a m i l y .  I t  was i m p o s s i b l e  t o  r e ­

p l i c a t e  t h e  s u b - f a m i l i e s  u s i n g  t h i s  p l o t  s i z e  b e c a u s e  o f  

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

w ere  t r e a t e d  a s  ^  r e p l i c a t e s  i n  a l l  t h r e e  e x p e r i m e n t s .  I n  

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

ment  t h e  p a r e n t  p l o t s  were  u s e d  a s  c h e c k s .

The c h e c k  p l o t s  w ere  grown a t  random i n  a l l  t h r e e  ex ­

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

c u l a t e d  s e p a r a t e l y .  The mean s q u a r e  f o r  e r r o r  was u s e d  a s  

e n v i r o n m e n t a l  v a r i a n c e  t o  t e s t  t h 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  d i f f e r e n c e s  b e tw e e n  and w i t h i n  t h e  f a m i l i e s  i n  a l l  

t h r e e  e x p e r i m e n t s .

A s i m p le  l a t t i c e  d e s i g n  was u se d  a t  b o t h  l o c a t i o n s .  

Each p l o t  was f o u r  rows w id e ,  IS f e e t  l o n g  w i t h  a  one  f o o t  

s p a c i n g  b e tw e e n  ro w s .  At m a t u r i t y  t h e  12 f o o t  c e n t r a l  p o r ­

t i o n  o f  t h e  two i n n e r  rows was h a r v e s t e d  f o r  y i e l d .

2 -^ -D  ( 2- ^ - D i c h l o r o p h e n o x y a c e t i c  a c i d )  was u s e d  f o r  

weed c o n t r o l  when t h e  b a r l e y  p l a n t s  w ere  i n  t h e  f o u r - l e a f  

s t a g e .  A f t e r  t h r e s h i n g  th e  i n d i v i d u a l  p l o t  s e e d  l o t s  were  

w e ig h e d ,  c l e a n e d  and  t e s t - w e i g h e d .

D u r i n g  t h e  g r o w in g  s e a s o n  o b s e r v a t i o n s  on d i s e a s e  r e ­

a c t i o n  a n d  o t h e r  a g ro n o m ic  c h a r a c t e r s  were  r e c o r d e d .  The 

d i s e a s e s  c o n c e r n e d  were  powdery  m ildew  ( E r y s i p h e  g r a m i n i s  

h o r d e ! )  and  s p o t  b l o t c h  ( H e lm ln th o s p o r lu m  s a t i v u m ) .
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Agronom ic  c h a r a c t e r s  s t u d i e d  were:; d a t e  o f  h e a d i n g ,  

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

t a n c e  and sm oo th  v e r s u s  r o u g h  awn.

DISEASE REACTIONS 

Powdery Mildew 

The a t t a c k  o f  m ildew  was s e v e r e  and t h e  f i r s t  f o u r  

l e a v e s  o f  t e n  random p l a n t s  p e r  p l o t  were  exam ined  f o r  m i l ­

dew i n f e c t i o n  and r e a d i n g s  w e re  r e c o r d e d  on a  d i r e c t  p e r c e n ­

t a g e  b a s i s .  The a v e r a g e  o f  t h e  t e n  r e a d i n g s  p r o v i d e d  th e  

p l o t  r a t i n g .

The s u b - f a m i l i e s  w e re  g ro u ped  on t h e  b a s i s  o f  amount o f  

i n f e c t i o n  i n t o  f o u r  c a t e g o r i e s .  They a r e  0 - 2 5 $ ,  26 - 50$,  

5 1 -7 5 $  and  7 6 -1 0 0 $ .  I n  e a c h  e x p e r i m e n t  t h e  a v e r a g e  y i e l d  

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

ab o v e  c a t e g o r i e s  was compared  w i t h  a v e r a g e  f rom  t h e  o t h e r  

c a t a g o r i e s  to  d e t e r m i n e  w h e t h e r  se ed  y i e l d  was d i r e c t l y  r e ­

l a t e d  t o  m ildew  r e a c t i o n .

S p o t  B l o t c h  ( H. s a t i v u m )

Ten t o  t w e n t y  p l a n t s  were  p u l l e d  from t h e  two o u t e r

rows J u s t  p r i o r  t o  h a r v e s t  and t h e  r o o t s  and s t e m s  were

exam ined  f ro m  t h e  f i r s t  to  t h e  f i f t h  b a s a l  n o d e s .  The

amount o f  i n f e c t i o n  on e a c h  p l a n t  was n o t e d .  The r a t i n g  

s c a l e  u s e d  was z e ro  to  f i v e  w i t h  f i v e  i n d i c a t i n g  c o m p le te  

i n f e c t i o n .

The s u b - f a m i l i e s  w ere  g ro u p e d  a c c o r d i n g  to  s a t iv u m
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r e a c t i o n  i n t o  f o u r  c a t a g o r i e s .  T h e re  were  none i n  c l a s s e s  

z e r o  o r  o n e ,  so a l l  f e l l  i n  c l a s s e s  two,  t h r e e ,  f o u r  o r  

f i v e .  The a v e r a g e  s e e d  y i e l d  o f  e ac h  c a t e g o r y  was compared 

w i t h  t h a t  i n  t h e  o t h e r  c a t e g o r i e s  to  d e t e r m i n e  t h e  e f f e c t s ,  

i f  a n y ,  o f  H»_ s a t i v u m  on y i e l d .

AGRONOMIC CHARACTERS 

D a t e  o f  H ead in g  

N e a r l y  a l l  of t h e  p l o t s  a t  b o t h  l o c a t i o n s  h e a d e d  i n  t h e  

m onth  o f  J u n e .  Based  on d a t e  o f  h e a d i n g ,  t h e  s u b - f a m i l i e s  

were  g r o u p e d  i n t o  f o u r  c l a s s e s  a s  f o l lo w s ^  Ju n e  10 to  Ju n e  

15; Ju n e  16 to  Ju n e  20; Ju n e  21 to  June  25; and  Ju n e  26 o r  

a f t e r .  The a v e r a g e  se ed  y i e l d  f o r  e a c h  o f  t h e  f o u r  c l a s s e s  

was compared  w i t h  t h e  o t h e r s  t o  d e t e r m i n e  w h e t h e r  s t a t i s t i ­

c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  b e tw een  t h e i r  mean 

y i e l d s .

H e i g h t  o f  P l a n t  

H e i g h t  n o t e s  were  t a k e n  on 15 to  20 p l a n t s  i n  e a c h  p l o t  

and a v e r a g e d .  On t h e  b a s i s  o f  h e i g h t  c l a s s i f i c a t i o n ,  t h e  

s u b - f a m i l i e s  w ere  d i v i d e d  i n t o  t h r e e  g r o u p s .  The f i r s t  

g ro u p  i n c l u d e s  t h o s e  s u b - f a m i l i e s  which  were  20  t o  25 i n c h ­

e s  t a l l ,  t h e  second  g ro u p  i n c l u d e d  t h o s e  f rom  26 t o  30 i n c h ­

e s  i n  h e i g h t ,  and t h e  t h i r d  g roup  was made up o f  t h o s e  31 

i n c h e s  o r  t a l l e r .  The a v e r a g e  s e e d  y i e l d s  o f  t h e s e  g r o u p s  

were  com pared  to  d e t e r m i n e  w h e t h e r  y i e l d  was a s s o c i a t e d  w i t h  

p l a n t  h e i g h t .
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Lodg ing

The amount  o f  l o d g i n g  was e s t i m a t e d  and r e c o r d e d  i n  p e r ­

c e n t  a t  h a r v e s t  t i m e .  The s u b - f a m i l i e s  were  g ro u p ed  I n t o  

f o u r  c a t e g o r i e s ;  0 - 2 5 $ ,  26- 50$ ,  5 W 5 #  and 7 6 -1 0 0 $ .  The 

a v e r a g e  y i e l d s  o f  s e e d  o f  t h e s e  c a t e g o r i e s  were  compared t o  

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

i n  s e e d  y i e l d s .

L od g in g  R e s i s t a n c e

Two weeks  p r i o r  t o  m a t u r i t y ,  r e a d i n g s  w e re  t a k e n  on 

l o d g i n g  r e s i s t a n c e .  A s p e c i a l  c h a i n  o f  150 l i n k s  was u s e d ,  

e a c h  l i n k  w e ig h in g  one  gram. A hook was a t t a c h e d  to  one  end 

o f  t h e  c h a i n .  The hook  was f a s t e n e d  to  t h e  r a c h i s  a t  t h e  

b a s e  o f  t h e  h e a d ,  and t h e  culm was a l l o w e d  to  bend u n t i l  a  

p o r t i o n  o f  t h e  l i n k s  w e re  on t h e  g round  and t h e  r e m a i n d e r  

were  s u p p o r t e d  by t h e  culm. The r e a d i n g s  w ere  t a k e n  by 

c o u n t i n g  t h e  l i n k s  f rom  t h e  g ro un d  to  t h e  hook .  F i v e  r e a d ­

i n g s  w ere  t a k e n  i n  e a c h  p l o t  and t h e  a v e r a g e  was u s e d  a s  an 

i n d i c a t i o n  o f  l o d g i n g  r e s i s t a n c e .  T h is  a v e r a g e  was d i v i d e d  

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

t i c a l  a n l y s i s .  The l o d g i n g  r e s i s t a n c e  ( c L r )  f a c t o r  i s  e q u a l

t o  Z  where  F i s  e q u a l  t o  f o r c e  s u p p l i e d  and b i s  e q u a l  to
b

p l a n t  h e i g h t .

I n  Ingham E x p e r i m e n t s  I  and I I  r e a d i n g s  were  r e c o r d e d  

two w eeks  p r i o r  t o  m a t u r i t y  and a g a i n  s h o r t l y  a f t e r  m a t u r i t y .  

The num ber  o f  cu lm s  t h a t  b r o k e  w i t h  t h e  w e i g h t  o f  t h e  c h a i n  

and t h e  t y p e  o f  c u r v e  c r e a t e d  i n  t h e  culm by  t h e  w e i g h t  o f



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

a  p a r t  o f  t h i s  t h e s i s .

Smooth V e r su s  Rough Awn

I n  Ingham E x p e r im e n t  I ,  no s e g r e g a t i o n  was n o t e d .  Ap­

p a r e n t l y  t h e  smooth  awned s e g r e g a t e  i n  t h e  F 5 g e n e r a t i o n  was 

u s e d  a s  t h e  S t e w a r t  p a r e n t .

I n  Ingham E x p e r im e n t  I I  and T u s c o l a  I I I ,  the  s u b - f a m i ­

l i e s  were  g r o u p e d  i n t o  smooth  and ro u g h  awn. The a v e r a g e  

s e e d  y i e l d  o f  e a c h  g ro u p  was c a l c u l a t e d  and compared f o r  

p o s s i b l 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  d i f f e r e n c e s .

T e s t - W e i g h t

T e s t - w e i g h t s  o f  e ac h  s u b - f a m i l y  and th e  p a r e n t a l  p l o t s  

were  t a k e n .

Y i e l d

Y i e l d  o f  p l o t s  was d e t e r m i n e d  i n  grams and p l o t s  were  

compared  f o r  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s .
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EXPERIMENTAL RESULTS 

The Components o f  V a r i a n c e  

Assume t h a t  k  s e e d s  were  t a k e n  a t  random from F^ b u l k  

rows and  s e l f e d  j  g e n e r a t i o n s .  The F^ l i n e s  u s e d  were r a n ­

dom s a m p le s  o f  k s e e d s  f rom  e a c h  o f  m F^ b u l k  ro w s .  Each 

o f  t h e  k s e e d s  was i n c r e a s e d  f o r  two g e n e r a t i o n s .  Hence,  

e a c h  p l o t  was t h e  r e s u l t  o f  a  random sample  o f  s e e d s  f rom 

b u l k  F j  rows which  w ere  a l l o w e d  t o  s e l f  f o r  two a d d i t i o n a l  

g e n e r a t i o n s .  F o r  e x a m p le ,  on a  s i n g l e  gene  b a s i s  i f  t h e  

s e e d  c h o s e n  were  AA o r  a a ,  t h e  r e s u l t i n g  p l o t  means w i l l  r e ­

main u n c h a n g e d  a f t e r  J g e n e r a t i o n s  o f  s e l f i n g .  On t h e  o t h e r  

h a n d ,  i f  t h e  s e e d  c h o s e n  w ere  Aa t h e n  th e  p l o t  mean w i l l  

chang e  w i t h  e a c h  g e n e r a t i o n  o f  s e l f i n g .  T h i s  can b e s t  be  

i l l u s t r a t e d  w i t h  an  a l g e b r a i c  m ode l .

F o l l o w i n g  M a th e r  ( ^ 7 ) i  l e t  t h e  mean e f f e c t s  o f  AA, Aa, 

a a  e q u a l  d ^  , hj_ and  - d ^ ,  r e s p e c t i v e l y ,  a s  may be seen  i n  

T a b l e s  I I I  and IV, e t c .  The model  a ssu m es  o n l y  t h e  a d d i ­

t i v e  a c t i o n  o f  g e n e s  and no e p l s t a s i s .  The v a l u e  h  e q u a l s  

t h e  d o m in a n c e  d e v i a t i o n  f rom t h e  a d d i t i v e  scheme and may be 

p o s i t i v e  o r  n e g a t i v e .

TABLE I I I .  DISTRIBUTION OF GENOTYPES AND THEIR 
MEAN EFFECTS IN AN F2 POPULATION

G-enotype o f  F p l a n t s F r e q u e n c y Mean e f f e c t

AA i

Aa * h i
a a “ dL
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From T a b le  I I I ,  one  may c a l c u l a t e  t h e  F2 v a r i a n c e  

w h ic h  w i l l  be*.

£ < * ! + £  a ?  & h?  - ( £ h ^ ) 2 =Aa

£ h |

Summing o v e r  n s u c h  l o c i  g i v e s s

( *  a ? - t -  i  h |  )

n : l
= *  D +  i H

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

F^ i s  g i v e n  i n  T a b le  IV. I t  i s  to  be n o t e d  t h a t  th e  c e n t e r  

c l a s s  r e p r e s e n t s  a  s i n g l e  F_ row w i t h  a  mean o f  h * / 2 .  I n
j

t h i s  e x p e r i m e n t  s e e d s  were  drawn a t  random from e a c h  F_ row
3

g i v i n g  t h e  d i s t r i b u t i o n  shown i n  T a b le  V. The t h r e e  c l a s s e s  

i n  t h e  l e f t  han d  column o f  T a b le  V r e p r e s e n t  i n d i v i d u a l  F^ 

p l a n t s  i n  a l l  p o s s i b l e  t y p e s  o f  f a m i l i e s .

TABLE IV .  DISTRIBUTION OF GENOTYPES AND THEIR 
MEAN EFFECTS IN AN F^ POPULATION

E x p e c te d  g e n o ty p e  o f  
F j  row

F r e q u e n c y F-z row mean 
e f f e c t

aa

£ aa

i A a  ( £  d^-p & h£ - £  d l  )

£  a a

h /

a a  - d ; £ i



TABLE V„ DISTRIBUTION OF GENOTYPES AND THEIR MEAN 
EFFECTS IN AN F^ POPULATION

E x p e c te d  g e n o t y p i c  f a m i l i e s  
o f  s e l e c t e d  p l a n t s  i n  Fj^

F r e q u e n c y F a m ily  
mean e f f e c t

AA £

\  ^  A a ^ .^  a a j {*
a a £ - A l

TABLE VI. DISTRIBUTION OF GENOTYPES AND THEIR MEAN 
EFFECTS IN AN F^ POPULATION

E x p e c te d  g e n o t y p i c  f a m i l i e s F r e q u e n c y F a m i ly
o f  Fc  rows f rom  F)± p l a n t s mean e f f e c t
i n  T a b le  I I I

AA £ ajL

j |  ^ + 1  Aa«f £ a a ) _ ^  aaj £
&

AA a4

I t  w i l l  be  n o t e d  i n  T a b l e s  V and VI t h a t  t h e  f a m i l y

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

T h i s  i s  t h e  e x p e c t e d  r e s u l t  u n d e r  s e l f i n g  and i f  c o n t i n u e d ,

t h e  t o t a l  f a m i l y  mean e f f e c t  a p p r o a c h e s  z e r o .  By th e  t im e

t h e  s e l e c t i o n s  had  r e a c h e d  F^ t h e  f a m i l y  mean e f f e c t  f o r  t h e

h e t e r o z y g o u s  f a m i l y  had  b e e n  r e d u c e d  t o  h» a s  shown i n  T a b le
16

V I I .



TABLE V I I .  DISTRIBUTION OF GENOTYPES AND THEIR MEAN 
EFFECTS IN AN F$ POPULATION

E x p e c t e d  g e n o ty p e  o f  y i e l d  
p l o t s  i n  F^

F r e q u e n c y F a m ily  mean 
e f f e c t

AA d>L

^ 4 - !  ^ * 1  a a )  +  ^■ aa]
* h^ /1 6

a a *

F i e l d  E x p e r i m e n t s  

As havs b e en  n o t e d  i n  Ingham E x p e r im e n t  I ,  t h e r e  were  19

f a m i l i e s  e a c h  w i t h  f o u r  s u b - f a m i l i e s  w h ich  were  t r e a t e d  a s  r e ­

p l i c a t e s .  In a sm u ch  a s  t h e  s u b - f a m i l i e s  were  sam pled  a t  r a n ­

dom, t h e  r e p l i c a t e  t o t a l  s h o u l d  show no g e n e t i c  b i a s .  Twelve 

p l o t s  o f  e a c h  o f  two p a r e n t s  were p l a n t e d  a t  random t h r o u g h ­

o u t  t h e  e x p e r i m e n t  and were  a n a l y z e d  s e p a r a t e l y  i n  o r d e r  to  

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

Ingham E x p e r i m e n t s  I  and  I I  were  composed a s  f o l l o w s ;

T o t a l  num ber  o f  f a m i l i e s ................................................ 19

T o t a l  number  o f  s u b - f a m i l i e s  i n  e a c h

main f a m i l y . .............................    4

T o t a l  number  o f  p l o t s  f o r  f a m i l i e s  19 x 4 . . . 7 6

T o t a l  num ber  o f  p l o t s  f o r  two p a r e n t s  12 x

Grand t o t a l  100
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I n  T u s c o l a  E x p e r i m e n t  I I I  t e n  p l o t s  were  e l i m i n a t e d  

d u e  t o  a  l a c k  o f  a d e q u a t e  s p a c e .  At t h i s  l o c a t i o n  t h e r e  

were  s e v e n t y  p l o t s  f o r  f a m i l i e s  and tw e n ty  f o r  p a r e n t s ,  

m ak ing  a  t o t a l  o f  9 0 .

A n a l y s i s  o f  v a r i a n c e  co m ponen ts  may be se en  i n  T ab le

V I I I .

TABLE V I I I .  THE ANALYSIS OF VARIANCE WITH MEAN 
SQUARE EXPECTATIONS OF NUMBER OF m BULK ROWS

IN k  REPLICATION USED IN
PARENTS

A CROSS WITH 1

S o u r c e s  o f  v a r i a t i o n D . F . M. S. Mean s q u a r e  e x ­
p e c t a t i o n

Betv/een f a m i l i e s ra- 1 M1 < r  k < # •

Reps k - 1

F a m i l i e s  x Reps ( m-1 ) ( k - 1 ) m2 c p  +• o f

P a r e n t s 1
M3 c 8-

I t  i s  n e c e s s a r y  t o  d e t e r m i n e  ,2. and 2 ( See T ab le  I X ) .
0 ?  t j r
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TABLE IX. MODEL FOR THEiNALYSIS OF VARIANCE INVOLV­
ING- A SINGLE LOCUS

F r e q u e n c y  o f  
f a m i l i e s

G eno type  
o f  o r i g i ­
n a l  BJj row

T o t a l  p o s s i b l e  c a t e g o r i e s  
o f  p l o t s

hX  - a -L

F a m ily
mean
e f f e c t

* AA di.

\ Aa 3 ^  i ( . |  a p

-3d-

h J
i f

i4 j a a

1 1 1 i i i

1

“ di

The t o t a l  sura o f  s q u a r e s  w i l l  t h e n  bes

3 / s a f  > - h i (  j 2

J U  i

=: ( i  3 / 8 ) ^ + .  h ^  -

-  7 / ^ i +  7 /1 0 2 ^  h

T o t a l  S. S . -  7/SD +  7/1024- H

2
The sum o f  s q u a r e s  d u e  to  f a m i l i e s  =  Uf~

< /  ( * d 2 -+- i d 2 +  1 /5 1 2  h 2 -  l / 1 0 2 4 h 2 ]

s  1

J D  +  1 /1 0 2 4  H
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The r e m a i n d e r  ( T o t a l  S . S . - S . S .  due  to  f a m i l i e s  ) r ( j f -  .

2
( p r -  ( 7 / S  D-4.7/102*1 H) -  ( 1 / 2  D + 1 /1 0 2 4  H)

3  3 / S  D -t -6 /1024  H 

At t h i s  p o i n t  i t  can be s e e n  t h a t  t h e  c o e f f i c i e n t  o f  

H i s  so s m a l l  t h a t  i t  can  s a f e l y  be I g n o r e d .  The c o e f f i c i e n t  

o f  D w i t h i n  f a m i l i e s  i s  3 / 4  o f  t h a t  b e tw een  f a m i l i e s .

E s t i m a t i o n  o f  G-enetic  Components o f  

v a r i a n c e  f rom F^ B u lked  Y i e l d  T r i a l s  

I n  t h e  Fg g e n e r a t i o n  t h e  g e n e t i c  com ponen ts  o f  v a r i a n c e  

may b e  c a l c u l a t e d  a s  f o l l o w s ;
2

1 / 2  D Hh 1 / 1 0 2 4  H ( J T T ..........................................( a )

3/ s  D S- 6 / 1 0 2 4  H < j f c .......................................... (b )

I n  t h e s e  two e q u a t i o n s  th e  c o e f f i c i e n t  o f  H i s  so low 

i n  t h e  F^ g e n e r a t i o n  t h a t  i t  a p p r o a c h e s  z e r o .  The a d d i t i v e  

g e n e t i c  v a r i a n c e  w i t h i n  f a m i l i e s  i n  e q u a t i o n  ( b )  i s  o n l y  

3 / 4  t h e  s i z e  o f  t h a t  b e tw e e n  f a m i l i e s .

I n  T a b le  10 ,  t h e  a n a l y s i s  o f  v a r i a n c e  f o r  y i e l d  o f  a l l  

t h r e e  e x p e r i m e n t s  i s  g i v e n  and d i f f e r e n c e s  s i g n i f i c a n t  a t  t h e  

one p e r c e n t  l e v e l  were  o b t a i n e d  b e tw ee n  f a m i l i e s .  S i g n i f i ­

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

The h e r i t a b i l i t y  v a l u e s  g i v e n  i n  T ab le  11 were  c a l c u ­

l a t e d  f rom  t h e  f o l l o w i n g  f o r m u la ;

2
H e r i t a b i l i t y  -  ( T F

2 2 
CT~ 4- CTF
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The h e r i t a b i l i t y  v a l u e s  a r e  } 1 ,  3 7 > 32 p e r c e n t  f o r  

Ingham E x p e r i m e n t s  I  and  I I  and T u s c o la  E x p e r im e n t  I I I  

r e s p e c t i v e l y .  These  r e l a t i v e l y  h i g h  h e r i t a b i l i t y  f i g u r e s  

i n d i c a t e  t h a t  s e l e c t i o n  f o r  y i e l d  a t  t h i s  s t a g e  o f  homo­

z y g o s i t y  w o u ld  b e  s u c c e s s f u l .
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TABLE X I .  THE CALCULATED VALUES OF E , 1 / 2  D 
AND HERITABILITY PERCENTAGES FOR YIELD 

FROM Fg BULK PROGENIES IN TWO BARLEY 
CROSSES GROWN IN INGHAM AND TUS­

COLA COUNTIES

E x p e r i m e n t C ro s s E \J 1 /2  D H e r i t a b i ­
l i t y  %

Ingham I S t e w a r t  x  Bay 223S.SS 9 3 9 .5 5 31

Ingham  I I K in d r e d  x Bay 1 9 2 4 .4 4 1105 .4S 37

T u s c o l a  I I I K in d r e d  x Bay 3 1 9 6 .9 5 1 5 2 0 .9 1 32

3/ Where E i s  t h e  e s t i m a t e  o f  e n v i r o n m e n t a l  v a r i a n c e  

an d  1 / 2  D i s  t h e  e s t i m a t e  o f  a d d i t i v e  g e n e t i c  

v a r i a n c e .

The E s t i m a t i o n  o f  G e n e t i c  Components o f  V a r ia n c e  

o f  O t h e r  C h a r a c t e r s  O b se rv e d  From Fg 

B u lk e d  P r o g e n i e s  

The r e s u l t s  o f  s t u d i e s  o f  o t h e r  c h a r a c t e r i s t i c s  o b s e r v e d  

i n  t h e  f i e l d  a r e  p r e s e n t e d  u n d e r  t h e  f o l l o w i n g  two s u b - h e a d s ;  

D i s e a s e  r e a c t i o n

1 .  Pow dery  Mildew (EL g r a m l n l s  h o r d e i )

2 .  S p o t  B l o t c h  (Hj_ s a t i v u m )

Agronomic  c h a r a c t e r s

1.  D a t e  o f  h e a d i n g

2. P e r c e n t  o f  l o d g e d  p l a n t s

3. H e i g h t  o f  p l a n t
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4 .  S t ra w  s t r e n g t h

5.  Smooth v e rB u s  r o u g h  awn

D i s e a s e  R e a c t i o n  

Pow dery  Mildew 

T h ere  were  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  

amount  o f  m i ldew  p r e s e n t  b e tw ee n  t h e  f a m i l i e s  i n  a l l  t h r e e  

e x p e r i m e n t s .  The a n a l y s i s  o f  v a r i a n c e  may be se e n  i n  

T a b le  12 .  The r e s u l t s  g i v e n  i n  T a b le  13 i n d i c a t e  no s i g ­

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

d i f f e r e n t  q u a r t i l e  c l a s s e s .  I t  may be  i n t e r p r e t e d  t h a t  t h e  

p a t h o g e n  d i d  n o t  h a v e  a  d i f f e r e n t i a l  e f f e c t  on y i e l d  o f  

s e e d .  I n  a  f u r t h e r  a t t e m p t  to  d e t e r m i n e  w h e t h e r  mildew I n ­

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

ed I n  10 p e r c e n t i l e  c l a s s e s  r a t h e r  t h a n  q u a r t i l e s .  A na ly ­

s i s  i n d i c a t e d  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 e n  c l a s s  seed  

y i e l d  a v e r a g e s ,  w h ich  f u r t h e r  s u b s t a n t i a t e s  t h a t  s e v e r e  

mildew  i n f e c t i o n  was n o t  a f f e c t i n g  seed  y i e l d  any more t h a n  

m i ld  i n f e c t i o n .
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S p o t  B l o t c h  ( H. s a t i v u m )

The s p o t  b l o t c h  r e a c t i o n  i n  T a b le  1^ i n d i c a t e s  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 e n  f a m i l i e s .  I n  a d d i t i o n ,  

s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  were  n o t  n o t e d  i n  

t h e  a v e r a g e  y i e l d s  b e tw e e n  th e  f o u r  d i f f e r e n t  c l a s s e s  o f  

H. s a t i v u m  r e a c t i o n .  T h i s  i n d i c a t e s  t h a t  t h e  p a th o g e n  

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

age  s e e d  y i e l d s  o f  d i f f e r e n t  c l a s s e s  o f  f a m i l i e s .
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Agronomic  C h a r a c t e r s  

H i g h l y  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 ee n  t h e  f a m i l i e s  

i n  d a t e  o f  h e a d i n g  i n  a l l  t h r e e  e x p e r i m e n t s  may be s e e n  i n  

T a b le  1 6 .  T h e re  w e re  no s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  

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

a s  shown i n  T a b le  1 7 . I t  may be  c o n s i d e r e d  t h a t  t h e  d a t e  

o f  h e a d i n g  had  no s i g n i f i c a n t  e f f e c t  on t h e  a v e r a g e  y i e l d s  

o f  t h e  f a m i l i e s .

S i g n i f i c a n t  d i f f e r e n c e s  a t  t h e  one p e r c e n t  l e v e l  were 

o b t a i n e d  b e tw e e n  t h e  f a m i l i e s  f o r  l o d g i n g  ( T a b l e  XX) i n  I n g ­

ham E x p e r i m e n t  I I ,  w h e r e a s  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  i n  Ingham E x p e r i m e n t  I  b e tw e e n  t h e  f a m i l i e s .  The a v e r ­

age  y i e l d s  i n  b o t h  Ingham e x p e r i m e n t s  c l a s s i f i e d  u n d e r  l o d g ­

i n g  i n  T a b le  19  show 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 een  t h e  

c a t a g o r i e s .

H i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  h e i g h t  e x i s t e d  be­

tween f a m i l i e s ,  a s  may be s e e n  i n  T a b l e s  20 and 21. T h is  

may b e  i n t e r p r e t e d  to mean t h a t  t h e r e  were  d i f f e r e n c e s  i n  

t h e  a v e r a g e  y i e l d s  o f  th e  f a m i l i e s  d u e  to  h e i g h t .

The a n l y s i s  o f  v a r i a n c e  f o r  l o d g i n g  r e s i s t a n c e  ( c L r )  

p r e s e n t e d  i n  T a b le  22 i n d i c a t e s  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  f a m i l i e s  a t  t h e  \% l e v e l  i n  Ingham E x p e r im e n t  I I .

The a v e r a g e  y i e l d s  o f  smooth  and ro u g h  awned f a m i l i e s  

a r e  g i v e n  i n  T a b le  23 .  T h i s  i n d i c a t e s  t h a t  t h e r e  a r e  no 

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 ee n  f a m i l i e s  i n  Ingham E x p e r i ­

ment  I I  and  T u s c o l a  E x p e r i m e n t  I I I .  As h a s  b e en  s t a t e d ,  f a m i ­

l i e s  I n  Ingham  E x p e r i m e n t  I  d i d  n o t  s e g r e g a t e  f o r  awn c h a r a c ­

t e r .
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TABLE XVI „ ANALYSIS FOR DATE OF HEADING OB­
SERVED IN F£ BULKED PROGENIES IN TWO BAR­

LEY CROSSES GROWN IN INGHAM AND TUSCOLA
COUNTIES

CRO SSES

S t e w a r t  x  Bay K in d re d x Bay
Ingham Exp. I Ingham Exp. I I

S o u r c e s  o f  
v a r i a n c e

D. F. MS F MS F

T o t a l 75

F a m i l i e s 16 2 1 .2 0 1 3 .5 9 * * 3 0 . 6 6 2 0 . £ 6*#

Fam. x Reps 5^ 6 . So 4-. 36** 3 . 0 3 2 . 0 6

E r r o r  
( P a r e n t s )  1J

IS 1 . 5 6 l A l

# F v a l u e s  e x c e e d s  l e v e l  o f  s i g n i f i c a n c e

F v a l u e s  e x c e e d s  1% l e v e l  o f  s i g n i f i c a n c e  

1J  E n v i r o n m e n t a l  e r r o r
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TABLE XX. ANALYSIS OF VARIANCE OF LODGING AT 
MATURITY IN F 5 BULK PROGENIES IN TWO BARLEY 

CROSSES GROWN IN INGHAM AND TUSCOLA COUN­
TIES

CROSSES

S t e w a r t  x Bay K in d re d x Bay
Ingham E3sp. I Ingham E xp . I I

S o u r c e s  o f D .F . MS F MS F
v a r i a n c e

T o t a l 75

F a m i l i e s IS 10^4-2. 5̂ - 1 .7 6 1 6 ^ .5 5 3 . 12-**

Fam. x Reps 5^ 5 1 5 .1 6 0 .2 6 l l ? . 22 2 . 23*

E r r o r IS 5 9 6 .5 3 5 2 .7 2
( P a r e n t s )  1 /

## F e x c e e d s  X% l e v e l  o f  s i g n i f i c a n c e  

* F e x c e e d s  5$ l e v e l  of  s i g n i f i c a n c e  

1 /  E n v i r o n m e n t a l  e r r o r
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TABLE X X II I .  THE EFFECT OF AWN TYPE ON THE 
AVERAGE YIELDS OF FAMILIES IN F£ BULKED 

PROGENIES IN TWO BARLEY CROSSES GROWN 
IN INGHAM AND TUSCOLA COUNTIES

Awn t y p e s

Smooth | Rough

E x p e r i m e n t Mean y i e l d  p e r  p l o t  
i n  grams

F v a l u e s

Ingham Exp. I I  

T u s c o l a  Exp.  I l l

K i n d r e d  x Bay 

K i n d r e d  x Bay

412.^6 

^7 3 • 59

H-2 0 . 8 J

1J4S.69

O.At-O

1.76
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DISCUSSION

I t  i s  e v i d e n t  t h a t  t h e  g e n e t i c  com ponen ts  o f  v a r i a n c e  

a r e  composed o f  a d d i t i v e  and n o n - a d d i t i v e  gene e f f e c t s .  I n  

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

t h e  p r o b le m  w i l l  b e  d i s c u s s e d ^

1 .  The g e n e t i c  c o m p o nen ts  o f  v a r i a n c e

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

m odel .

2 .  The g e n e t i c  com ponen ts  o f  v a r i a n c e

d e t e r m i n e d  f rom  th e  F^ b u l k  y i e l d  

t e s t .

3 .  The g e n e t i c  com ponen ts  o f  v a r i a n c e

a s  d e t e r m i n e d  from d i s e a s e  r e a c t i o n  

and o t h e r  a g ro n o m ic  c h a r a c t e r s .

I n  th e  a l g e b r i a c  m od e l ,  t h e  c a p i t a l  l e t t e r s  D f o r  a d d i ­

t i v e  e f f e c t s  and  H f o r  n o n - a d d i t i v e  e f f e c t s  were  u s e d  to  i n ­

d i c a t e  sum m ation  o v e r  a l l  l o c i .  The e x p e c t e d  g e n o t y p e s  w i t h  

t h e i r  f r e q u e n c i e s  and mean e f f e c t s  were  shown from th e  F2 

to  t h e  F^ g e n e r a t i o n ,  t h i s  e x p e r i m e n t  b e i n g  c o n d u c te d  i n  Fg. 

From t h i s  model  t h e  f o l l o w i n g  two e q u a t i o n s  were  d e v e l o p e d ,  

sh o w in g  t h e  f r e q u e n c y  o f  D and H i n  t h e  F^ g e n e r a t i o n s  

1 / 2  D -f- 1/102*1- H = [ £ - * ...................................

3 /S  D +  6 / 1 0 2 ^  H s. ( y -  p ................................... (b )

E q u a t i o n  ( a )  r e p r e s e n t s  t h e  mean s q u a r e  e x p e c t a t i o n
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f o r  g e n e t i c  e f f e c t s  b e tw e e n  t h e  f a m i l i e s  and e q u a t i o n  (b )  

i s  t h e  mean s q u a r e  e x p e c t a t i o n  f o r  g e n e t i c  e f f e c t s  w i t h i n  

t h e  f a m i l i e s .  We h a v e  s e e n  t h a t  t h e  c o e f f i c i e n t  o f  D b e ­

tw een  f a m i l i e s  r e m a i n s  c o n s t a n t  f rom g e n e r a t i o n  to  g e n e r a ­

t i o n .  The c o e f f i c i e n t  o f  D w i t h i n  t h e  f a m i l i e s  i s  3/ g .

T h i s  i s  e q u a l  to  3 / ^  o f  t h e  v a l u e  f o r  be tw een  f a m i l i e s .  I n  

t h e  h e t e r o z y g o u s  f a m i l i e s ,  t h e  c o e f f i c i e n t  o f  H g o e s  down 

o n e - h a l f  i n  e a c h  s u b s e q u e n t  g e n e r a t i o n  and i t  becomes so 

low t h a t  i t  can  be  i g n o r e d  a t  t h e  end o f  F^ g e n e r a t i o n .  The 

c o e f f i c i e n t  o f  H w i t h i n  f a m i l i e s  i s  s i x  t i m e s  l a r g e r  t h a n  

t h a t  b e tw e e n  f a m i l i e s .  The r e d u c t i o n  i n  t h e  n o n - a d d i t i v e  

e f f e c t s  i s  an i n d i c a t i o n  t h a t  t h e  f a m i l i e s  a r e  a l m o s t  homo­

zy g o u s  a t  t h e  end  o f  t h e  F^ g e n e r a t i o n .  Due t o  t h e  i n c r e a s e  

i n  h o m o z y g o s i t y ,  i t  i s  p o s s i b l e  t o  s e l e c t  e f f e c t i v e l y  from 

t h e  p r o g e n i e s  a t  t h i s  s t a g e .  M o re o v e r ,  t h e  v a l u e s  o f  D and 

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

t a g e s .

W ith  t h e  h e l p  o f  t h e  a l g e b r a i c  m ode l ,  t h e  components  

can  be  d i v i d e d  i n t o  a d d i t i v e  and n o n - a d d i t i v e  e f f e c t s  i n  any 

s e l e c t e d  g e n e r a t i o n .  I n  t h i s  r e p o r t  t h e  F^ y i e l d  d a t a  was 

u s e d .  The e n v i r o n m e n t a l  v a r i a n c e  was s u b t r a c t e d  f i r s t  f rom 

b e tw e e n  f a m i l y  mean s q u a r e s  ( T a b l e  1 0 ) .  The v a l u e s  o f  k 

were  d e t e r m i n e d  i n  Ingham E x p e r i m e n t s  I  and I I  and T u s c o la  

E x p e r i m e n t  I I I .  The v a l u e  o f  k  i s  ^ . 0 0  i n  t h e  f i r s t  two 

e x p e r i m e n t s ,  w h e r e a s  th e  v a l u e  o f  k  i n  th e  T u s c o l a  E x p e r i ­

ment  I I I  i s  3 . 6 8 .  The v a l u e  o f  k i n  the  l a t t e r  e x p e r i m e n t
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i s  s m a l l e r  s i n c e  s i x  f e w e r  f a m i l i e s  were  c o n t a i n e d  i n  t h i s  

t e s t .  The h e r i t a b i l i t y  v a l u e s  were  d e t e r m i n e d  f rom th e  

f o l l o w i n g  f o r m u l a :

2
H e r i t a b i l i t y  ;=• ________

t r2"  +  t f f -

The h e r i t a b i l i t y  f o r  y i e l d s  a r e  31 ,  37 and 32 p e r c e n t  

f o r  Ingham  E x p e r i m e n t s  I  and I I  and T u s c o la  E x p e r im e n t  I I I  

r e s p e c t i v e l y ,  w i t h  a  mean v a l u e  o f  33 p e r c e n t .  The h e r i t a ­

b i l i t y  v a l u e s  i n  F^ g e n e r a t i o n s  a r e  r e l a t i v e l y  h i g h ,  w h ich  

c o n f i r m s  t h e  v i e w p o i n t  t h a t  s e l e c t i o n  i n  F^ g e n e r a t i o n  w i l l  

be v e r y  e f f e c t i v e  f o r  y i e l d .

From t h e  a n l y s i s  o f  y i e l d  d a t a  ( T a b l e  1 0 ) ,  i t  may be 

s e e n  t h a t  t h e  F v a lu e  e x c e e d s  th e  one  p e r c e n t  l e v e l  o f  s i g ­

n i f i c a n c e  f o r  d i f f e r e n c e s  b e tw ee n  f a m i l i e s  i n  b o t h  c r o s s e s  

i n  a l l  t h r e e  e x p e r i m e n t s .

The e s t i m a t e  o f  g e n e t i c  com ponen ts  o f  v a r i a n c e  due to  

d i s e a s e  and  o t h e r  a g ro n o m ic  c h a r a c t e r s  p r o v i d e  a d d i t i o n a l  

h e r i t a b i l i t y  e s t i m a t e s .

The am ount  o f  m i ldew  r e c o r d e d  i n d i c a t 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  d i f f e r e n c e s  b e tw e e n  f a m i l i e s  ( T a b l e  12) i n  a l l  

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

b e tw e e n  t h e  d i f f e r e n t  c l a s s e s  ( T a b l e  13) when t h e  c l a s s e s ,  

b a s e d  on d e g r e e  o f  i n f e c t i o n ,  were  compared  f o r  a v e r a g e  

y i e l d s  o f  s e e d .  T h i s  a p p a r e n t l y  was due  to t h e  f a c t  t h a t
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t h e  pa thogen ,  e t c .  , was n o t  a f f e c t i n g  seed  y i e l d  a p p r e c i a b l y .

The a n l y s i s  o f  v a r i a n c e  ( T a b l e  1*0 f o r  s a t iv u m  

i n f e c t i o n  shows no s t a t i s t i c a l l y  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 e n  t h e  f a m i l i e s  i n  any  o f  t h e  t h r e e  e x p e r i m e n t s ;  and 

when t h e s e  f a m i l i e s  w e re  g ro u p ed  i n t o  c l a s s e s  o f  i n f e c t i o n  

and  com pared  f o r  a v e r a g e  s e e d  y i e l d s ,  no s i g n i f i c a n t  d i f f e ­

r e n c e s  w ere  o b t a i n e d .  T h i s  i n d i c a t e s  t h a t  t h e  p a t h o g e n  had  

no d i f f e r e n t i a l  e f f e c t  on y i e l d .

F i v e  a g ro n o m ic  c h a r a c t e r s ,  d a t e  o f  h e a d i n g ,  h e i g h t  o f  

p l a n t ,  p e r c e n t  o f  l o d g e d  p l a n t s ,  l o d g i n g  r e s i s t a n c e  ( c L r ) ,  

a n d  smooth  v e r s u s  ro u g h  awn, were  i n c l u d e d  w h ich  p r o v i d e  

e s t i m a t e s  o f  h e r i t a b i l i t y .

D a te  o f  h e a d i n g  ( T a b l e  16) and h e i g h t  d a t a  ( T a b l e  15) 

i n d i c a t e  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t i n g  be tw een  

t h e  f a m i l i e s .  The f a m i l i e s  were  c l a s s i f i e d  i n t o  f o u r  g ro u p s  

on t h e  b a s i s  o f  d a t e  o f  h e a d i n g  and a v e r a g e  s e e d  y i e l d s  o f  

e a c h  g ro u p  w ere  c o m p ared .  N© s t a t i s t i c a l l y  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 e n  t h e s e  g r o u p s  was found  ( T a b le  1 7 ) .  The 

h e i g h t ,  h o w e v e r ,  was a s s o c i a t e d  w i t h  s i g n i f i c a n t  d i f f e ­

r e n c e s  i n  t h e  a v e r a g e  y i e l d s  o f  t h e  f a m i l i e s  ( T a b l e  1 9 ) .

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

s e e d .

S i g n i f i c a n t  d i f f e r e n c e s  i n  l o d g i n g  p e r c e n t  e x i s t e d  

b e tw e e n  f a m i l i e s  ( T a b l e  20) and  w i t h i n  f a m i l i e s  i n  t h e  K in­

d r e d  x Bay c r o s s ,  b u 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  d i f f e r e n c e s  

w ere  n o t  d e t e c t e d  i n  t h e  S t e w a r t  x Bay c r o s s .  The f a m i l i e s
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were  g r o u p e d  I n t o  f o u r  c l a s s e s  on t h e  b a s i s  o f  p e r c e n t a g e  

o f  l o d g e d  p l a n t s  and t h e s e  c l a s s e s  were  compared  f o r  t h e  

a v e r a g e  y i e l d s  o f  s e e d  ( T a b l e  2 1 ) .  No s i g n i f i c a n t  d i f f e ­

r e n c e s  were  n o t e d .

I t  i s  c o n c l u d e d  t h a t  l o d g i n g  d i d  n o t  e f f e c t  th e  seed  

y i e l d .  T h i s  may be du e  to  t h e  f a c t  t h a t  t h e  l o d g i n g  o c c u r ­

r e d  o n l y  s h o r t l y  b e f o r e  t h e  p l a n t s  m a tu r e d  and t h e  h a r v e s t ­

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

w e l l  a s  t h e  e r e c t  p l a n t s .

D i f f e r e n c e s  b e tw ee n  f a m i l i e s  were  h i g h l y  s i g n i f i c a n t  

f o r  l o d g i n g  r e s i s t a n c e  ( c L r )  f a c t o r  i n  Ingham E x p e r im e n t  I  

and  T u s c o l a  E x p e r i m e n t  I I I .  I n  Ingham E x p e r im e n t  I I ,  t h e  

d i f f e r e n c e s  w ere  s i g n i f i c a n t  a t  t h e  5 p e r c e n t  l e v e l .

The a v e r a g e  y i e l d s  o f  sm ooth  and ro u g h  awn f a m i l i e s  

were  com pared  and no 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 ee n  f a m i ­

l i e s  e x i s t e d  i n  t h e  K i n d r e d  x  Bay c r o s s .

The e s t i m a t e s  o f  h e r i t a b i l i t y  I n  a l l  t h e  d i s e a s e  and 

a g ro n o m ic  c h a r a c t e r s  a r e  g i v e n  i n  T a b le  2^ a l o n g  w i t h  t h e  

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

e f f e c t s .  The h e r i t a b i l i t y  o f  h e a d i n g  d a t e  be tw ee n  f a m i ­

l i e s  r a n g e s  f rom 76#  t o  23 ^ ,  w i t h  an a v e r a g e  o f  In

l i n e  w i t h  F r e y 8s r e s u l t s  ( 2 0 ) ,  t h i s  h i g h  h e r i t a b i l i t y  e s t i ­

m ate  was n o t  u n e x p e c t e d .

The e s t i m a t e s  o f  h e r i t a b i l i t y  f o r  m ildew  i n d i c a t e  a  

r a n g e  f rom  b o $  to  w i t h  a  mean o f  62^ f o r  t h e  t h r e e

e x p e r i m e n t s .



L o d g in g  h e r i t a b i l i t y  e s t i m a t e s  f o r  th e  two c r o s s e s  

r a n g e  f ro m  16#  t o  35# .  The c o n t r a s t i n g  e s t i m a t e s  a r e  u n ­

d o u b t e d l y  d u e  to  d i f f e r e n c e s  i n  th e  two c r o s s e s .  I n  t h e  

S t e w a r t  x Bay c r o s s ,  b o t h  p a r e n t s  a r e  r e l a t i v e l y  s t i f f  

s t r a w e d .  I n  K i n d r e d  x Bay c r o s s ,  K in d re d  i s  a  w e a k - e t r a w -  

ed p a r e n t  and Bay a  s t r o n g - s t r a w e d  p a r e n t ,  r e s u l t i n g  I n  a  

h i g h e r  g e n e t i c  v a r i a n c e .

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

l i t y  p e r c e n t a g e s  i n  b o t h  t h e  c r o s s e s  and t h e  r a n g e  i s  f rom

3 5# to bsfl.
The h e r i t a b i l i t y  r a n g e  f o r  l o d g i n g  r e s i s t a n c e  i s  17# 

t o  62# ,  w i t h  a  mean o f  ^ 2#  i n  b o t h  t h e  c r o s s e s ;  w h e r e a s ,  i n  

t e s t  w e i g h t ,  t h e  r a n g e  i s  55 t o  27 p e r c e n t ,  w i t h  a  mean o f  

7^  p e r c e n t .  The h e r i t a b i l i t y  e s t i m a t e s  f o r  s a t iv u m  a r e  

12 to  32 p e r c e n t .

T hese  e s t i m a t e s  o f  h e r i t a b i l i t y  a r e  r e l a t i v e l y  h i g h ,  

and  i t  i s  p o s s i b l e  to  make a n  e f f e c t i v e  s e l e c t i o n  i n  t h e  

g e n e r a t i o n  b e c a u s e  h o m o z y g o s i ty  I s  a p p r o a c h i n g  a  maximum. 

D e l a y  l a t e r  t h a n  t h i s  u n d o u b t e d l y  would be  a  w a s t e  o f  t im e  

on t h e  p a r t  o f  t h e  p l a n t  b r e e d e r .
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CONCLUSIONS

I n  a l l  s e g r e g a t i n g  g e n e r a t i o n s  t h e  a d d i t i v e  g e n e t i c  

f r a c t i o n s  r e m a in  o n e - h a l f  and th e  n o n - a d d i t i v e  g e n e t i c  

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

g e n e r a t i o n .  The n o n - a d d i t i v e  g e n e t i c  f r a c t i o n s  i n  th e  

g e n e r a t i o n  a p p r o a c h  z e r o .  From t h i s  i t  i s  c o n c lu d e d  

t h a t  w i t h  t h e  r e d u c t i o n  o f  n o n - a d d i t i v e  g e n e t i c  f r a c t i o n  

t h e  h o m o z y g o s i t y  i n  F^ h a s  r e a c h e d  a  p r a c t i c a l  maximum.

The h e r i t a b i l i t y  p e r c e n t a g e s  f o r  y i e l d  d a t a  a r e  31 ,

37 and. 32 f o r  t h e  t h r e e  r e p o r t e d  e x p e r i m e n t s .  These 

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

y i e l d  i s  m o s t  e f f e c t i v e  i n  F^ g e n e r a t i o n .

From p o w dery  m ildew  d a t a  i t  can be  c o n c lu d e d  t h a t  t h e  

p a t h o g e n  was a f f e c t i n g  t h e  s e e d  y i e l d s  i n  a l l  f a m i l i e s  t h e  

same. T h e re  was n o t  a  h i g h  t y p e  o f  r e s i s t a n c e  a s  a  l a r g e  

p r o p o r t i o n  o f  t h e  f a m i l i e s  had  more t h a n  25  p e r c e n t  i n f e c ­

t i o n .

H. s a t ivum i n f e c t i o n  d i d  n o t  p r o d u c e  d i f f e r e n t i a l  

e f f e c t s  on t h e  a v e r a g e  s e e d  y i e l d s  o f  t h e  f a m i l i e s .

T h e re  was no e f f e c t  o f  d a t e  o f  h e a d i n g  on t h e  a v e r ­

a g e  y i e l d  o f  t h e  f a m i l i e s .  However, t h e  h e i g h t  seems to  

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

g r e a t e r  y i e l d s .

Seed y i e l d s  o f  d i f f e r e n t  f a m i l i e s  were  n o t  a f f e c t e d  

by t h e  l o d g i n g  w h ic h  o c c u r r e d  i n  t h i s  e x p e r i m e n t .
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No d i f f e r e n c e s  i n  y i e l d  were  n o t e d  w h ich  m ig h t  have  

b e e n  a s s o c i a t e d  w i t h  r o u g h  o r  smooth awn c h a r a c t e r .

The h e r i t a b i l i t y  v a l u e s  o f  t h e s e  d i s e a s e  r e a c t i o n  

and a g ro n o m ic  c h a r a c t e r s  c o n f i r m  th e  v i e w p o i n t  r e a c h e d  

f o r  h e r i t a b i l i t y  o f  y i e l d ;  n a m e ly ,  t h a t  by the  F^ g e n e r a ­

t i o n ,  g e n e t i c  g a i n  f ro m  s e l e c t i o n  w i l l  b e  a p p r o a c h i n g  a  

maximum.
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SUMMARY

To c o n d u c t  y i e l d  t r i a l s  i n  t h e  F^ g e n e r a t i o n ,  tw e n ty  

b u l k e d  f a m i l i e s  f rom  two b a r l e y  c r o s s e s ,  S t e w a r t  x Bay and 

K i n d r e d  x Bay,  were  s e l e c t e d  i n  t h e  F^ g e n e r a t i o n .  E ig h ­

t e e n  F^ s e e d s  were  t a k e n  a t  random from e ac h  o f  t h e  t̂-0 

F^ b u l k e d  rows i n c r e a s e d  f o r  two g e n e r a t i o n s  i n  t h e  g re e n  

h o u s e  i n  1952  and t h e  f i e l d  i n  1 9 5 3 * The p e d i g r e e s  o f  

f a m i l i e s  and  s u b - f a m i l i e s  were  m a i n t a i n e d .

T h re e  e ^ e r i m e n t s ,  two i n  Ingham County and one i n  

T u s c o l a  C o u n ty ,  were  c o n d u c t e d .  The t e s t s  w e re  on a  

s i n g l e ,  f o u r - r o w  p l o t  b a s i s  i n  a  l a t t i c e  d e s i g n .

E n v i r o n m e n t a l  e r r o r  was c a l c u l a t e d  from t h e  p a r e n t a l  

c h e c k s .  The f o l l o w i n g  c h a r a c t e r s  were  s t u d i e d  i n  a d d i ­

t i o n  to  y ie ld : ,  p ow dery  m i ld ew ,  s p o t  b l o t c h ,  d a t e  o f  h e a d ­

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

r e s i s t a n c e ,  and  awn t y p e .  The e f f e c t  o f  e a c h  o f  t h e s e  

c h a r a c t e r s  on s e e d  y i e l d  o f  f a m i l i e s  was s t u d i e d .

An a l g e b r a i c  model  f o r  t h e  e s t i m a t i o n  o f  and 

was i n c l u d e d .  The h e r i t a b i l i t y  v a l u e s  f rom  s e e d  y i e l d  and 

o t h e r  c h a r a c t e r s  w ere  c a l c u l a t e d  f rom  t h e  f o l l o w i n g  formu= 

l a .

T hese  h e r i t a b i l i t y  p e r c e n t a g e s  f o r  y i e l d  and o t h e r  c h a r a c ­

t e r s  were  r e l a t i v e l y  h i g h  and i n d i c a t e d  t h a t  e f f e c t i v e  s e ­

l e c t i o n  can  be  p r a c t i c e d  i n  t h e  F^ g e n e r a t i o n .

H e r i t a b i l i t y x 1 0 0 .
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