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IN T R O D U C T IO N

M ic h ig a n  f a r m e r s  r a i s e  o v e r  90 p e r  c e n t  of the  n a v y  

b e a n s  in  th e  U n ite d  S t a t e s .  In 1950 th e y  p r o d u c e d  ab o u t  t h r e e  

m i l l i o n  b a g s  (1 0 0 -p ound)  v a lu e d  a t  a p p r o x i m a te ly  tw en ty  m i l l i o n  

d o l l a r s .

T h e  S t a t e ' s  n a v y  b e a n  a c r e a g e  i s  p la n te d  l a r g e l y  to  two 

v a r i e t i e s ,  M ic h e l i t e  (11) a n d  R o b u s t  (2 9 ) .  H ig h  q u a l i ty  s e e d  of 

t h e s e  v a r i e t i e s  a r e  m a in ta in e d  by  a  fo u n d a t io n  s e e d  p r o g r a m  an d  

a  c e r t i f i e d  s e e d  p r o g r a m  c o n t r o l l e d  b y  th e  M ic h ig a n  F o u n d a t io n  

S e e d  A s s o c i a t i o n  an d  th e  M ic h ig a n  C r o p  I m p r o v e m e n t  A s s o c i a ­

t i o n ,  r e s p e c t i v e l y .  T h e r e  a r e ,  h o w e v e r ,  m a n y  o ld e r  v a r i e t i e s  

g ro w n  in  th e  s t a t e .  A m o n g  th e s e  i s  th e  v a r i e t y  R a in y  R i v e r  w h ich  

i s  e a r l y ,  h a s  a  d e s i r a b l e  s iz e  a n d  s h a p e  of s e e d  ( P la te  I ) ,  an d  

y i e ld s  w e l l ,  e s p e c i a l l y  in  s o m e  y e a r s .  I t s  u s e  i s  l i m i t e d  b e c a u s e  

of a  h ig h  d e g r e e  of s u s c e p t ib i l i t y  to  th e  c o m m o n  b e a n  d i s e a s e s .

R a in y  R iv e r  i s  s u s c e p t ib l e  to  th e  fo llo w in g  b e a n  d i s e a s e s ,  

a l l  of w h ich  a r e  s e e d - b o r n e :  (a) C o m m o n  b a c t e r i a l  b l ig h t ,  

c a u s e d  b y  X a n th o m o n a s  p h a s e o l i  ( E .  F .  S m . )  D ow s; (b) f u s c o u s  

b l i g h t ,  c a u s e d  by  X .  p h a s e o l i  v a r .  f u s c a n s  ( B u r k . )  S t a r r  an d  

B u rk ;  (c) b a c t e r i a l  w i l t ,  c a u s e d  b y  C o r y n e b a c t e r i u m  f la c c u m f a c i e n s
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(H ed g es)  D o w s; (d) th e  a lp h a  r a c e  of a n t h r a c n o s e  c a u s e d  b y  

C o l l e t o t r i c h u m  l in d e m u th ia n u m  (S a c c .  a n d  M a g n .)  B r i o s i  an d  

C a v . ;  a n d  (e) c o m m o n  b e a n  m o s a i c ,  c a u s e d  b y  b o th  v i r u s  1 an d  

i t s  v a r i a n t  s t r a i n ,  h e r e a f t e r  r e f e r r e d  to a s  v i r u s  15 in  t h i s  s tu d y .  

M ic h e l i t e  a n d  R o b u s t ,  in  c o m p a r i s o n ,  sh o w  a  g r e a t e r  t o l e r a n c e  

to  th e  b a c t e r i a l  d i s e a s e s  a n d  a r e  r e s i s t a n t  to  v i r u s  1  b u t  n o t  to  

v i r u s  15.

T h e  b a c t e r i a l  b l ig h t s  a n d  a n th r a c n o s e  h a v e  b e e n  r e s p o n s i ­

b le  f o r  c o n s id e r a b l e  l o s s e s  to b e a n  g r o w e r s  d u r in g  w e t  g ro w in g  

s e a s o n s  f a v o r a b l e  f o r  th e  d e v e lo p m e n t  a n d  s p r e a d  of t h e s e  p a th o ­

g e n s  (2 ,  2 0 ) .  A s  y e t ,  v i r u s  15 i s  n o t  p r e v a l e n t  in  th e  n a v y  b e a n s  

in  M ic h ig a n ,  b u t  t h e r e  i s  a  p o te n t ia l  d a n g e r  th a t  th e  d i s e a s e  m a y  

b e  in t r o d u c e d  th ro u g h  w e s t e r n  g ro w n  g a r d e n  b e a n  s e e d .

A l th o u g h  th e  p la n t in g  of d i s e a s e  f r e e  s e e d  o n  n o n - in f e s t e d  

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

th e  p la n t in g  of d i s e a s e  r e s i s t a n t  s t r a i n s  w o u ld  b e  m o r e  s a t i s f a c ­

t o r y .  U n f o r tu n a t e ly ,  no  c o m m o n  b e a n  v a r i e t i e s  ( P h a s e o l u s  

v u l g a r i s  B . )  a r e  know n  th a t  p o s s e s s  a  h ig h  d e g r e e  o f r e s i s t a n c e  

to  e i t h e r  c o m m o n  b l ig h t  o r  fu s c o u s  b l ig h t ;  b u t  s e v e r a l  v a r i e t i e s  

a r e  a v a i l a b l e  t h a t  a r e  r e s i s t a n t  to  e i t h e r  one o r  m o r e  o f th e  r a c e s
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of th e  a n th r a c n o s e  fu n g u s  o r  to b o th  s t r a i n s  of the  c o m m o n  b e a n  

m o s a i c  v i r u s .  W ith  th i s  in  m i n d ,  th e  M ic h ig a n  S ta te  C o l le g e  A g ­

r i c u l t u r a l  E x p e r i m e n t  S t a t i o n ,  i n  c o o p e r a t io n  w i th  the  D iv i s io n  of 

F r u i t  a n d  V e g e ta b le  C r o p s  a n d  D i s e a s e s ,  B u r e a u  of P l a n t  I n d u s t r y ,  

U n i te d  S ta t e s  D e p a r t m e n t  of A g r i c u l t u r e ,  in i t i a t e d  a  b e a n  b r e e d i n g  

p r o g r a m  in  1948. T he o b je c t iv e  w a s  to  d e v e lo p  n ew  d i s e a s e  r e ­

s i s t a n t  v a r i e t i e s  of n a v y  b e a n s  o f b e t t e r  ty p e  a n d  q u a l i ty  th a n  th e  

p r e s e n t  v a r i e t i e s .  R a in y  R i v e r  w a s  n o t  in c lu d e d  in i t i a l ly  in  t h i s  

p r o g r a m ,  b u t  s in c e  M ic h ig a n  n e e d s  th e  q u a l i ty  a n d  e a r l i n e s s  of 

t h i s  v a r i e t y ,  i t  w a s  in c lu d e d  in  a  s i m i l a r  b r e e d in g  p r o g r a m .

T he  p r e s e n t  i n v e s t ig a t i o n  i s  a  s tu d y  o f th e  in h e r i t a n c e  

of r e s i s t a n c e  to  the  a lp h a  r a c e  of C o l l e to t r i c h u m  l in d e m u th ia n u m  

a n d  b e a n  v i r u s  15 in  c o n ju n c t io n  w ith  the  p r e l i m i n a r y  d e v e lo p m e n t  

o f  d i s e a s e  r e s i s t a n t  s t r a i n s  of R a in y  R i v e r .



R E V IE W  O F  T H E  L IT E R A T U R E

B e a n  A n th r a c n o s e

A n th r a c n o s e  i s  a n  o ld  d i s e a s e  in  b e a n s .  A c c o r d in g  to 

H a r t e r  a n d  Z a u m e y e r  (15), th e  e a r l i e s t  s a t i s f a c t o r y  e v id e n c e  of 

i t  d a t e s  b a c k  to  1843. M u n c ie  (20) r e p o r t e d  th a t  th e  f i r s t  a u th e n ­

t i c  s p e c im e n s  of th e  d i s e a s e  in  M ic h ig a n  w e r e  c o l l e c t e d  b y  D r .

W . J .  B e a l  in  1889 . S in c e  th e n  s e v e r a l  p h y s io lo g ic a l  r a c e s  of 

th e  fu n g u s  h a v e  b e e n  r e p o r t e d .  In  1911 B a r r u s  (4) d i s t i n g u i s h e d  

tw o d i f f e r e n t  r a c e s  b y  th e  d i f f e r e n t i a l  r e s p o n s e  of s e v e r a l  b e a n  

v a r i e t i e s .  L a t e r  h e  in o c u la te d  a  l a r g e  n u m b e r  o f b e a n  v a r i e t i e s  

w i th  c u l t u r e s  f r o m  f i f t e e n  d i f f e r e n t  s o u r c e s  an d  c l a s s i f i e d  the  

fu n g u s  in to  tw o r a c e s ,  a lp h a  a n d  b e ta  (5). In  1923 B u r k h o ld e r

(10) i s o l a t e d  f r o m  th e  W hite  I m p e r i a l  V a r i e ty  a  t h i r d  r a c e ,  w h ich  

h e  c a l l e d  g a m m a .  L e a c h  (17) d i s t in g u i s h e d  e ig h t  r a c e s  a s  a  

r e s u l t  of in o c u la t in g  14 v a r i e t i e s  o f  b e a n s  w ith  v a r i o u s  i s o l a t e s .  

In G e r m a n y  S c h r i e b e r  (27) i s o l a t e d  34 r a c e s ,  w h ich  c o u ld  be 

d iv id e d  in to  t h r e e  m a j o r  g r o u p s  c o r r e s p o n d in g  to  th e  a l p h a ,  b e t a ,  

a n d  g a m m a  r a c e s  of B a r r u s  (5) a n d  B u r k h o ld e r  (10 ).

N u m e r o u s  s tu d ie s  h a v e  b e e n  m a d e  on th e  i n h e r i t a n c e  of 

r e s i s t a n c e  to  C o l l e to t r i c h u m  l in d e m u th ia n u m .  B u r k h o ld e r  (9) in
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1918 c r o s s e d  W e l l ’s R e d  K id n e y ,  w h ic h  i s  r e s i s t a n t  to  r a c e s  

a lp h a  a n d  b e t a ,  w ith  W hite  M a r r o w ,  w h ich  i s  r e s i s t a n t  to  a lp h a ,  

an d  fo u n d  th a t  r e s i s t a n c e  to  b e t a  w a s  c o n t r o l l e d  b y  a  d o m in a n t  

p a i r  of g e n e s .  In 1919 M c R o s t ie  (18) u s e d  W e l l ’s R e d  K id n ey  in  

c r o s s e s  w ith  M ic h ig a n  R o b u s t ,  w h ich  i s  r e s i s t a n t  to  b e t a ,  a n d  

sh o w e d  t h a t  a  d o m in a n t  p a i r  of g e n e s  g o v e r n e d  r e s i s t a n c e  to 

a lp h a .  L a t e r  M c R o s t ie  (19) in  f iv e  i n t e r v a r i e t a l  c r o s s e s  in v o lv in g  

s ix  v a r i e t i e s ,  sh o w ed  th a t  r e s i s t a n c e  to  r a c e s  a lp h a  a n d  b e ta  

w e r e  c o n t r o l l e d  by  d i f f e r e n t  d o m in a n t  g e n e s .  B u r k h o l d e r  (10) 

fo u n d ,  in  c r o s s e s  b e tw e e n  r e s i s t a n t  R o b u s t  an d  s u s c e p t ib l e  W e l l ’s 

R ed  K id n e y ,  t h a t  r e s i s t a n c e  to  g a m m a  w a s  c o n t r o l l e d  b y  s t i l l  a  

t h i r d  d o m in a n t  g e n e .  S c h r i e b e r  (2 7 ,  28 ) ,  u s in g  tw o i n t e r v a r i e t a l  

c r o s s e s  in v o lv in g  t h r e e  v a r i e t i e s ,  r e p o r t e d  th a t  r e s i s t a n c e  to  a  

s in g le  r a c e  of C o l l e to t r i c h u m  l in d e m u th ia n u m  w a s  c o n t r o l l e d  by  a 

s in g le  d o m in a n t  f a c t o r ;  b u t  a t  l e a s t  t h r e e  in d e p e n d e n t  f a c t o r s  w e r e  

r e s p o n s i b l e  f o r  r e s i s t a n c e  to  34 r a c e s  c o n s is t in g  of t h r e e  m a in  

g r o u p s ,  w h ic h  c o r r e s p o n d e d  to  th e  a l p h a ,  b e t a ,  a n d  g a m m a  r a c e s .  

B y  in o c u la t in g  th e  s a m e  c r o s s e s  w ith  a  m i x t u r e  of a  n u m b e r  of 

o th e r  r a c e s  of the  p a th o g e n ,  h e  c o n c lu d e d  th a t  a t  l e a s t  e ig h t  g e n e s  

w e r e  r e s p o n s i b l e  f o r  r e s i s t a n c e .  A n d r u s  an d  W ade (3 ) ,  in  t h i r t y
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i n t e r v a r i e t a l  c r o s s e s  in v o lv in g  15 p a r e n t  v a r i e t i e s  a n d  s e l e c t i o n s ,  

p r o p o s e d  a  s y s t e m  of t e n  g e n e s  in  t h r e e  a l l e lo m o r p h ic  s e r i e s  to 

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

C o m m o n  B e a n  M o s a ic

C o m m o n  m o s a i c ,  l ik e  a n t h r a c n o s e ,  i s  n o t  a  n e w  d i s e a s e  

in  b e a n s .  A c c o r d in g  to N e ls o n  (2 1 ) ,  c o m m o n  b e a n  m o s a i c  w a s  

o b s e r v e d  b y  Iw a n o w sk i  in  R u s s i a  a s  e a r l y  a s  1899. S p r a g g  a n d  

D ow n (29) b e l i e v e d  i t  m a y  h av e  b e e n  p r e s e n t  in  M ic h ig a n  b y  1908.

A t  p r e s e n t ,  c o m m o n  b e a n  m o s a i c  v i r u s  m a y  b e  c l a s s i ­

f i e d  in to  two g r o u p s ,  b e a n  v i r u s  1 a n d  i t s  v a r i a n t  s t r a i n  v i r u s  15. 

T h e  l a t t e r  w a s  f i r s t  o b s e r v e d  in  1939 b y  R i c h a r d s  a n d  B u r k h o ld e r  

(24) in  N ew  Y o rk  S t a t e ,  S in ce  th e n  i t  h a s  b e e n  r e p o r t e d  in  th e  

p r i n c i p a l  b e a n  g ro w in g  s e c t io n s  of th e  W e s t  a n d  M id - W e s t .

S e v e r a l  i n v e s t i g a t o r s  h a v e  s tu d ie d  th e  i n h e r i t a n c e  of r e ­

s i s t a n c e  to  b e a n  v i r u s  1. M c R o s t ie  (1 9 ) ,  in  c r o s s e s  in v o lv in g  

th e  r e s i s t a n t  v a r i e t y  R o b u s t ,  o b ta in e d  d a t a  t h a t  s u g g e s t e d  a  two 

f a c t o r  r a t i o ,  in  w h ic h  e i t h e r  f a c t o r  in  th e  r e c e s s i v e  s t a t e  w ou ld  

p r o d u c e  r e s i s t a n c e  to  th e  d i s e a s e .  P i e r c e  (23) r e p o r t e d  t h a t  

C o r b e t t  R e f u g e e ,  a n d  v a r i e t i e s  d e v e lo p e d  f r o m  i t ,  s h o w e d  a
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d o m in a n t  type of r e s i s t a n c e ,  w h e r e a s  R o b u s t  a n d  G r e a t  N o r t h e r n  

U-. I .  N o . 1 p o s s e s s e d  a  r e c e s s i v e  ty p e  o f r e s i s t a n c e .  P a r k e r  

(22) m a d e  r e c i p r o c a l  c r o s s e s  b e tw e e n  R o b u s t  an d  S t r in g l e s s  

G r e e n  R e fu g e e ,  a  s u s c e p t i b l e  v a r i e t y ,  a n d  fo u n d  th a t  the  m a t e r n a l  

p a r e n t  d e t e r m in e d  to  a  l a r g e  e x te n t  th e  r e a c t i o n  of the h y b r id .

T h i s  in f lu e n c e  w a s  m o r e  n o t ic e a b le  in  th e  F j  g e n e r a t i o n  b u t  w a s  

s t i l l  e v id e n t  in  th e  F 3  g e n e r a t io n .  T h e  c o n v e r g e n c e  of r e s u l t s  

b e tw e e n  r e c i p r o c a l  c r o s s e s  in  s u c c e e d in g  g e n e r a t i o n s  w as  

i n t e r p r e t e d  a s  a  d e l a y e d  g e n e t ic  a c t i o n .  I n  c r o s s e s  b e tw e e n  a  

t o l e r a n t  v a r i e t y  B la c k  V a le n t in e  an d  a  r e s i s t a n t  v a r i e t y  U . S .  N o .

5 R e f u g e e ,  W ade a n d  A n d r u s  (31) sh o w e d  th a t  r e s i s t a n c e  w a s  

d o m in a n t  to t o l e r a n t  a n d  g o v e rn e d  by a  s in g le  f a c t o r .  I n  1950 

A l i  (1) p r e s e n t e d  a  f a c t o r i a l  s c h e m e  th a t  e x p la in e d  the i n h e r i t a n c e  

of r e s i s t a n c e  to b e a n  v i r u s  1  in  t e r m s  of tw o f a c t o r  p a i r s  e x h ib ­

i t in g  d o m in a n t  a n d  r e c e s s i v e  e p i s t a s i c ,  r e s p e c t i v e l y .  He p o in te d  

o u t  th a t  the  d o m in a n t  ty p e  of r e s i s t a n c e ,  p r e s e n t  in  v a r i e t i e s  

d e r i v e d  f r o m  C o r b e t t  R e f u g e e ,  p r e v e n t e d  th e  e x p r e s s i o n  o f m o s a i c  

s y m p to m s ;  b u t  i f  th e  v i r u s  w a s  c o n t in u o u s ly  su p p l ie d  b y  th e  a p ­

p r o a c h  g r a f t  m e th o d  of in o c u la t io n ,  a s  u s e d  b y  G ro g a n  a n d  W a lk e r  

(1 3 ) ,  th e  r e s i s t a n t  p l a n t s  d e v e lo p e d  to p  n e c r o s i s  an d  b la c k  r o o t .  

T h e  r e c e s s i v e  ty p e  o f r e s i s t a n c e ,  p r e s e n t  in  R o b u s t  an d  p o s s i b l y  

M ic h e l i t e  and  G r e a t  N o r t h e r n  U . I .  N o .  1 ,  p r e v e n te d  b o th  th e  

e x p r e s s i o n  of m o s a i c  s y m p to m s  a n d  to p  n e c r o s i s .
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T h e  a u th o r  i s  n o t  a w a r e  o f  a n y  p u b l ic a t io n  o n  th e  i n h e r i ­

ta n c e  of r e s i s t a n c e  to  th e  v a r i a n t  s t r a i n ,  v i r u s  1 5 . F o r d  (12) 

m a d e  c r o s s e s  b e tw e e n  M ic h e l i te  a n d  C o r n e l l  4 6 - 6 2 ,  a  r e s i s t a n t  

s t r a i n  of n a v y  b e a n s  d e v e lo p e d  by D r .  H .  M .  M u n g e r  ( C o r n e l l  

U n i v e r s i t y ) .  T h e  F £  d a ta  in d ic a te d  th a t  r e s i s t a n c e  to  v i r u s  15, 

a s  sh o w n  b y  C o r n e l l  4 6 - 6 2 ,  w as  c o n t r o l l e d  by  a  s in g le  f a c t o r  th a t  

e x p r e s s e d  i t s e l f  a t  low  t e m p e r a t u r e s  a s  t h r e e  r e s i s t a n t  p la n t s  to  

one s u s c e p t i b l e  a n d  a t  h ig h  t e m p e r a t u r e s  a s  one r e s i s t a n t  p la n t  

to t h r e e  s u s c e p t i b l e .

B a c k c r o s s i n g

T h e  t e r m  b a c k c r o s s  m e a n s  to  c r o s s  a  h y b r id  b e tw e e n  two 

v a r i e t i e s  o r  s t r a i n s  b a c k  to  e i t h e r  p a r e n t .  In  t h i s  s tu d y  th e  

h y b r id s  p ro d u c e d  w ith  R a in y  R iv e r  w e r e  b a c k c r o s s e d  to  R a in y  

R i v e r .  T h i s  m e th o d  i s  of v a lu e  e s p e c i a l l y  w h e r e  i t  i s  d e s i r a b l e  

to t r a n s f e r  a  d o m in a n t  c h a r a c t e r  to  a n o th e r  v a r i e t y  o r  s t r a i n .

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

e r e d  b y  c r o s s i n g  an d  the  d e s i r e d  c h a r a c t e r  of th e  n o n - r e c u r r e n t  

p a r e n t  a r e  r e t a i n e d  by  s e l e c t io n .  In  1922 H a r lo n  a n d  P o p e  (14)

d e m o n s t r a t e d  i t s  v a lu e  in  s m a l l  g r a i n  b r e e d in g  b y  t r a n s f e r r i n g
*

s m o o th  a w n s  to  M a n c h u r ia  b a r l e y .  T h e y  s u g g e s t e d  th a t  in  so m e  

b r e e d in g  p r o g r a m s  th i s  m e th o d  w o u ld  be  of m o r e  v a lu e  th a n  the 

u s u a l  m e th o d  o f s e l e c t io n  w ith in  s e g r e g a t i n g  g e n e r a t i o n s  a f t e r
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th e  d e s i r e d  c r o s s e s  h a d  b e e n  m a d e .  B r i g g s  ( 6 ) d e s c r i b e d  a  b a c k -  

c r o s s  p r o j e c t  in  w h e a t  in  w h ic h  b u n t  r e s i s t a n c e  of the  M a r t i n  

v a r i e t y  w a s  t r a n s f e r r e d  to  B a a r t ,  a  s u s c e p t ib l e  c o m m e r c i a l  

v a r i e t y .  L a t e r  d i s c u s s i o n s  by  B r i g g s  (7 ,  8 ) i n d i c a t e s  the  e x ­

t e n s iv e  u s e  m a d e  of b a c k c r o s s i n g  b y  h i m  a n d  h i s  c o - w o r k e r s .  

S u n n e s o n ,  R id d le ,  a n d  B r ig g s  (30) c o n d u c te d  a  b a c k c r o s s  p r o g r a m  

in  w h ic h  th e r e  w e r e  no s ig 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  the  o r ig in a l  

a n d  r e s i s t a n t  v a r i e t i e s  of w h e a t  w ith  r e s p e c t  to  y ie ld ,  p la n t  

h e ig h t ,  d a te  of h e a d in g ,  o r  r e s i s t a n c e  to o th e r  d i s e a s e s .  In  

w o rk  w ith  c o r n ,  a  c r o s s  p o l l in a te d  c r o p ,  J o h n s o n  an d  H a y e s  (16) 

t r a n s f e r r e d  G o ld en  B a n ta m J s  t e n d e r  p e r i c a r p  to  C r o s b y .  C o n ­

v e r g e n t  i m p r o v e m e n t ,  s u g g e s te d  by  R ic h e y  (2 6 ) ,  i s  e s s e n t i a l l y  a  

dou b le  b a c k c r o s s  p r o g r a m  f o r  th e  i m p r o v e m e n t  of in b re d  l i n e s  of 

c o r n  th a t  c o m b in e  w e ll  in  a  s in g le  c r o s s  w i th o u t  ch an g in g  the  

y ie ld in g  a b i l i ty  of the  s in g le  c r o s s .  In  t h i s  c a s e ,  the  h y b r id  

p r o g e n ie s  w e re  s u c c e s s i v e l y  c r o s s e d  b a c k  to  b o th  p a r e n t  in b r e d s  

a n d  s e le c t io n  w a s  m a d e  a f t e r  e a c h  b a c k c r o s s  f o r  d e s i r e d  c h a r a c ­

t e r s  of the  n o n - r e c u r r e n t  i n b r e d s ,  r e s p e c t i v e l y .



M A TERIA LS AND METHODS

T h e  b e a n  h y b r id iz a t io n  a n d  d i s e a s e  t e s t i n g  s tu d ie s  w e r e  

c a r r i e d  ou t in  a  g r e e n h o u s e  m a i n t a i n e d ,  a s  n e a r  a s  p o s s i b l e ,  

w i th in  a  t e m p e r a t u r e  r a n g e  of 65 to 77° F .  T h e  g r e e n h o u s e  w a s  

k e p t  r e l a t i v e l y  f r e e  of i n s e c t s  b y  f r e q u e n t  f u m ig a t io n .  The 

p la n t s  w e r e  g ro w n  in p o ts  o r  b e n c h e s  f i l l e d  w ith  s a n d  a n d  w a t e r e d  

e v e r y  d a y .  O nce a  w e e k  th e y  w e r e  g iv e n  a  n u t r i e n t  s o lu t io n  of 

the  fo l lo w in g  c o m p o s i t io n :  one p ound  of C a N O j ' ^ O ;  o n e - h a l f  

pound  of K H 2 P O 4 ; t h r e e - f o u r t h s  pound  of M gS 0 4 *7 H 2 0  p e r  h u n d r e d  

g a l lo n s  of w a t e r .

R a in y  R iv e r  w a s  u s e d  a s  th e  s u s c e p t i b l e  p a r e n t  in  the  

i n h e r i t a n c e  s tu d ie s  a n d  th e  r e c u r r e n t  p a r e n t  a n d  f e m a le  in the  

b a c k c r o s s e s .  P o l l e n  w as  a lw a y s  o b ta in e d  f r o m  r e s i s t a n t  p la n ts  

in  s u c c e s s i v e  b a c k c r o s s e s .

A l l  v a r i e t i e s  in v o lv e d  in  t h i s  w o rk  w e r e  r e s i s t a n t  to  the  

b e ta  a n d  g a m m a  r a c e s  of C o l l e t o t r i c h u m  l in d e m u th ia n u m  w ith  

th e  e x c e p t io n  of Z - l  ( T o p c r o p ) .  R e s i s t a n c e  to  th e  a lp h a  r a c e  

of C o l l e to t r i c h u m  l in d e m u th ia n u m  w a s  o b ta in e d  f r o m  E m e r s o n  5 1 ,  

a  g a r d e n  (sn ap )  b u s h  b e a n ,  a n d  E m e r s o n  8 4 7 ,  a  l a r g e  w h ite  n a v y  

b e a n .  B o th  v a r i e t i e s  w e r e  d e v e lo p e d  by  the  l a t e  D r .  R .  A .  

E m e r s o n  ( C o r n e l l  U n iv e r s i t y ) ,  b u t  n e i t h e r  a r e  c o m m e r c i a l l y  

i m p o r t a n t .
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T he  v i r u s  15 r e s i s t a n t  v a r i e t i e s  u s e d  in  th e s e  s tu d ie s  

a r e  a l s o  r e s i s t a n t  to  v i r u s  1 . T h e  g e n e s  g o v e rn in g  r e s i s t a n c e  

to  b o th  v i r u s  s t r a i n s  m u s t  e i t h e r  o c c u p y  th e  s a m e  lo c i  o r  be 

c lo s e ly  l in k e d .  T h e r e f o r e ,  in  b r e e d in g  f o r  r e s i s t a n c e  to b o th ,  

o n ly  t e s t s  f o r  v i r u s  15 r e s i s t a n c e  w e r e  n e c e s s a r y .  T h is  r e s i s ­

ta n c e  w a s  o b ta in e d  f r o m  t h r e e  v a r i e t i e s :  (a) T r a g  2 7 9 - 1 ,  U . S .

D .  A .  f o r e i g n  p la n t  i n t r o d u c t i o n  f r o m  M e x ic o ,  a  f ie ld  b e a n  w ith  

a  b la c k  s e e d  c o a t ;  (b) C o r n e l l  4 6 - 6 2 ,  a  w h ite  n a v y  b e a n ,  d e v e lo p e d  

by D r .  H .  M . M u n g e r  ( C o r n e l l  U n iv e r s i ty )  f r o m  c r o s s e s  b e tw e e n  

M ic h e l i t e  an d  G r e a t  N o r t h e r n  U .  I .  N o .  1; (c) Z - l ,  now  c a l le d  

T o p c r o p ,  a  g a r d e n  (sn ap )  b e a n  d e v e lo p e d  b y  D r .  W . J .  Z a u m e y e r  

(U . S .  D .  A . ) .

T h e  h y b r id i z a t i o n  w a s  s t a r t e d  in  O c t o b e r ,  1949 . A 

c r o s s i n g  te c h n iq u e  s i m i l a r  to  th a t  d e s c r i b e d  b y  Down an d  T h a y e r

(11) w as  u s e d .  T h e  p r o c e d u r e  w a s  e s s e n t i a l l y  a s  fo llo w s:

1 .  T h e  f lo w e r  b u d s  w e r e  e m a s c u l a t e d  the  d a y  b e f o r e  th e  

f lo w e r s  n o r m a l l y  o p e n  a n d  s h e d  t h e i r  p o l le n .

2 .  P o l l i n a t i o n  w a s  a c c o m p l i s h e d  by  r e m o v in g  a  p o l le n  

c o v e r e d  s t i g m a  f r o m  a  f lo w e r  th a t  h a d  o p e n e d  d u r in g  the  p r e v io u s  

n ig h t  o r  e a r l y  m o r n i n g  a n d  ru b b in g  i t  o v e r  th e  s u r f a c e  of th e  

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

3 .  T h e  p o l l in a te d  f lo w e r  w a s  ta g g e d  in  o r d e r  to  id e n t i fy  

th e  c r o s s .
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4 .  S e l f - p o l l i n a t e d  f lo w e r s  on th e  s a m e  p la n t  w e r e  r e m o v e d  

e a c h  day  u n t i l  th e  p o d s  f r o m  th e  c r o s s e s  w e r e  a t  l e a s t  one  in c h  

lo n g .  I t  a p p e a r e d  t h a t  t h i s  p r o c e d u r e  h e lp e d  r e t a i n  a  l a r g e r  

n u m b e r  of s u c c e s s f u l  c r o s s e s .

W hen  m a t u r e ,  th e  s e e d  w e r e  s h e l l e d ,  p la c e d  in  e n v e lo p e s ,  

a n d  a l lo w e d  to  d r y  f o r  a t  l e a s t  s e v e n  d a y s  b e f o re  b e in g  p la n te d  

f o r  th e  n e x t  g e n e r a t i o n .

S to c k  c u l t u r e s  of th e  a lp h a  r a c e  of C o l l e to t r i c h u m  l i n d e ­

m u th ia n u m  w e r e  o b ta in e d  f r o m  D r .  A .  L .  A n d e r s e n  (M ich ig an  

S ta te  C o lle g e )  a n d  m a in ta in e d  o n  b e a n  pod  a g a r  s l a n t s  in  t e s t  

t u b e s .  A b o u t  14 d a y s  b e f o re  p la n t  i n o c u la t io n ,  s t e r i l i z e d  b a r l e y  

g r a i n  c u l t u r e s  w e r e  s e e d e d  w i th  a  s p o r e  s u s p e n s io n  of th e  fungus  

to o b ta in  l a r g e  q u a n t i t i e s  of in o c u lu m .  T he  s u b s t r a t e  w a s  p r e ­

p a r e d  by s o a k in g  a  1  to 1  m i x t u r e  by  w e ig h t  o f d r y  g r a i n  a n d  

w a te r  in  E r l e n m e y e r  f l a s k s  in  a n  A rn o ld  s t e a m e r  u n t i l  a l l  the  

w a te r  w a s  a b s o r b e d  b y  th e  g r a i n .  T h e  m e d i a  w as  a u to c la v e d  

t h i r t y  m in u te s  a t  2 5 0 °  F .  and  15 pounds of p r e s s u r e .

A f t e r  s e e d in g  the m e d i u m ,  th e  c u l t u r e s  w e r e  in c u b a te d  

a t  a b o u t  72°  F .  f o r  7 to 15 d a y s .  A s p o r e  s u s p e n s io n  w a s  p r e ­

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

w e r e  th e n  p la c e d  in  a  m o i s t  c h a m b e r  f o r  48 h o u r s  to  e s t a b l i s h  

in f e c t io n .
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A  c u l tu r e  of v i r u s  15 w a s  o b ta in e d  f r o m  D r .  A .  L .  A n d e r s e n  

(M ic h ig a n  S ta te  C o l le g e ) .  The v i r u s  w as  m a in t a in e d  in  th e  g r e e n ­

h o u s e  on th e  M ic h e l i t e  v a r i e t y .

T h e  fo llo w in g  r u b - in o c u la t i o n  m e th o d  w a s  u s e d  to t e s t  

p la n ts  s e g r e g a t i n g  f o r  r e s i s t a n c e :

1 . C a r b o r u n d u m  p o w d e r  (320 to 600 m e s h )  w a s  s p r in k l e d  

on th e  p r i m a r y  l e a v e s  to  be  in o c u la t e d .

2 .  L e a v e s  of d i s e a s e d  p la n ts  w e r e  m a c e r a t e d  w ith  a  m o r ­

t a r  a n d  p e s t l e  o r  in  a  W a r in g  B le n d o r  and  the  v i r u s  in f e c t e d  ju ic e  

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

3 .  T he v i r u s  in fe c te d  ju ic e  w a s  d i lu te d  w ith  n in e  p a r t s  

w a te r  to  one p a r t  ju ic e  a n d  ru b b e d  l ig h t ly  in to  th e  p r i m a r y  l e a v e s  

w ith  the c h e e s e c l o t h .

4 .  T h e  in o c u la te d  l e a v e s  w e r e  w a s h e d  i m m e d i a t e l y  w ith

w a t e r .

W hen a  l a r g e  n u m b e r  of p la n ts  w e r e  to b e  in o c u la t e d ,  

c a r b o r u n d u m  p o w d e r  w as  a d d e d  to th e  in fe c t iv e  p la n t  e x t r a c t  a n d  

s p r a y e d  on  the  p r i m a r y  l e a v e s  w ith  a  s u c t io n - f e e d  g l a s s  a t o m i z e r  

a t  a  p r e s s u r e  of t h i r t y  pounds  o r  m o r e  (2 5 ) .  I t  w a s  n o t  n e c e s s a r y  

to w a s h  th e  l e a v e s  a f t e r w a r d s  w hen  th i s  m e th o d  w as  u s e d .



EX PERIM EN TA L, RESU LTS

T h e  g r e e n h o u s e  g ro w in g  c o n d i t io n s  w e r e  v e r y  s a t i s f a c t o r y  

f o r  the  d e v e lo p m e n t  of s t r o n g  p l a n t s .  H o w e v e r ,  a  h ig h e r  p e r ­

c e n ta g e  of pods  w e r e  s e t  d u r in g  the  s p r in g  a n d  s u m m e r  m o n th s  

(o v e r  90 p e r  ce n t)  th a n  d u r in g  th e  f a l l  a n d  w in te r  m o n th s  (40 to 

50 p e r  c e n t ) .

T o  r e d u c e  the  t im e  r e q u i r e d  to  p ro d u c e  a  c r o p ,  n ew ly  

h a r v e s t e d  s e e d  w e r e  p ic k e d  b e f o re  fu l ly  d r y  an d  a l lo w e d  to  d ry  

in  e n v e lo p e s .  S e e d  a l lo w e d  to  d r y  f o r  l e s s  th a n  s e v e n  d a y s  g e r ­

m i n a t e d  m u c h  s lo w e r  th a n  s e e d  d r i e d  f o r  s e v e n  d a y s  o r  m o r e .

A .  I n h e r i t a n c e  S tu d ie s

1. A n th r a c n o s e  r e s i s t a n c e  (A lpha)

H e a v y  in o c u lu m  d o s a g e s  of v ia b le  s p o r e s  w e r e  o b ta in e d  b y  

g ro w in g  th e  fu n g u s  on th e  b a r l e y  g r a i n  s u b s t r a t e .  A f te r  i n o c u l a ­

t io n  a n d  in c u b a t io n ,  s u s c e p t ib le  p la n t s  sh o w ed  a n t h r a c n o s e  

l e s i o n s  in  l e s s  th a n  a w e e k .  P l a t e  II sh o w s  one r e s i s t a n t  an d  tw o 

s u s c e p t ib l e  p la n t s  a b o u t  t e n  d a y s  a f t e r  in o c u la t io n .

(a) R a in y  R iv e r  X E m e r s o n  5 1 .  R e c ip r o c a l  c r o s s e s  w e r e  

m a d e  b e tw e e n  R a in y  R iv e r  an d  E m e r s o n  5 1 .  T he  F j  h y b r id s  w e r e  

r e s i s t a n t ,  in d ic a t in g  th a t  r e s i s t a n c e  to  a lp h a  i s  d o m in a n t  a n d
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M e n d e l ia n  in  n a t u r e .  H o w e v e r ,  a  fe w  of th e  F j  p la n t s  w e r e  s u s ­

c e p t ib le  b e c a u s e  E m e r s o n  51 w a s  n o t  h o m o z y g o u s  f o r  r e s i s t a n c e .

T h e  c r o s s e s  b e tw e e n  E m e r s o n  51 a n d  R a in y  R iv e r  w e r e  

u s e d  to m a k e  the  f i r s t  b a c k c r o s s  s in c e  th e y  w e r e  p la n te d  a  fe w  

d a y s  s o o n e r  th a n  th e  r e c i p r o c a l s .  A f t e r  t h r e e  g e n e r a t i o n s  of 

b a c k c r o s s i n g  to  R a in y  R i v e r ,  s o m e  of th e  r e s i s t a n t  p la n ts  w e r e  

a l lo w e d  to  s e g r e g a t e  to  f u r t h e r  s tu d y  the  g e n e t ic  b e h a v io r  of 

r e s i s t a n c e .  In e a c h  g e n e r a t io n  of a  b a c k c r o s s ,  th e  s e l e c t e d  

p la n t s  a r e  F ^  h y b r id s  f o r  th e  c h a r a c t e r  in  q u e s t i o n .  T h e  n e x t  

g e n e r a t i o n  s e g r e g a t e s  in to  a n  F ^  d i s t r i b u t i o n  a n d  i s  r e f e r r e d  to 

th ro u g h o u t  th e s e  s tu d ie s  a s  B C n  F 2  (n e q u a l s  the  n u m b e r  of g e n ­

e r a t i o n s  b a c k c r o s s e d ) .

T a b le  1 sh o w s  th e  B C 3  F 2  d i s t r i b u t i o n  of r e s i s t a n t  an d  

s u s c e p t i b l e  p l a n t s .  O u t of 155 p l a n t s ,  111 w e r e  r e s i s t a n t  a n d  44 

w e r e  s u s c e p t i b l e .  T h e  d i s t r i b u t i o n  f i t s  a  3 to  1 r a t i o ,  in d ic a t in g  

th a t  a  s in g le  d o m in a n t  g en e  g o v e r n s  r e s i s t a n c e  to  a lp h a .

If  r e s i s t a n c e  i s  due to one d o m in a n t  g e n e ,  e a c h  b a c k c r o s s  

g e n e r a t i o n  sh o u ld  s e g r e g a t e  in to  a  r a t i o  of 1  r e s i s t a n t  p la n t  to  1 

s u s c e p t i b l e .  T h e  d i s t r i b u t i o n  of fo u r  b a c k c r o s s  g e n e r a t i o n s  i s  

sh o w n  in  T a b le  2 .  T h e  d a ta  c o n s i s t e d  of 51 r e s i s t a n t  a n d  71 s u s ­

c e p t ib le  p l a n t s .  T h e  c h i - s q u a r e  v a lu e  i s  r a t h e r  h ig h  f o r  a  1 to  1 

r a t i o  a n d  w ou ld  b e  c o n s id e r e d  a s  a  p o o r  f i t .
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TA B LE 1

IN H ERITA N CE O F RESISTANCE TO A L PH A  (ANTHRACNOSE)
BC f 2 G EN ERA TIO N  FR O M  CROSSES B ETW EEN

RAINEY R IV ER  AND EM ERSON 51

P r o g e n y  N u m b e r
P l a n t  R e a c t io n

T o ta l
R e s i s t a n t S u s c e p t ib le

359101 14 8 2 2

0 2 18 6 24

03 9 5 14

04 15 4 19

05 15 5 2 0

0 6 1 1 4 15

07 15 7 2 2

08 14 5 19

G r a n d  T o ta l 1 1 1 44 155

R a t io  t e s t e d 3 1

C h i-s q u a re

P ro b a b il i ty  ra n g e

.9 4 8

30 to  50 p e r  c e n t
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TA B LE 2

IN H ERITA N CE OF RESISTANCE TO A L PH A  (ANTHRACNOSE)
IN FO U R  BACKCROSS GENERATIONS FR O M  CROSSES

B E TW EE N  RAINY RIV ER AND EM ERSON 51

B . C .  G e n e r a t io n
P l a n t  R e a c t io n

T o ta l
R e s i s t a n t S u s c e p t ib le

2 3 15 18

3 13 1 0 23

4 32 38 70

5 3 8 1 1

G r a n d  T o ta l 51 71 1 2 2

R a t io  t e s t e d 1 1

C h i - s q u a r e  

P r o b a b i l i t y  r a n g e

3 .2 8 0  

5 to  10 p e r  c e n t
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(b) R a in y  R iv e r  X E m e r s o n  8 4 7 .  T he  g e n e r a l  p r o c e d u r e  

in  t h i s  s tu d y  w as  th e  s a m e  a s  t h a t  in  c r o s s e s  b e tw e e n  R a in y  

R iv e r  a n d  E m e r s o n  5 1 .  T h e  F j  g e n e r a t i o n s  w e r e  r e s i s t a n t .

T h is  i n d ic a te d  th a t  r e s i s t a n c e  to a lp h a  w a s  d o m in a n t  a n d  M e n -  

d e l i a n  in  n a t u r e .  T h e  F j  p l a n t s ,  in  w h ich  R a in y  R iv e r  w a s  the  

f e m a le  p a r e n t ,  w e r e  u s e d  in  the  f i r s t  b a c k c r o s s e s  b e c a u s e  the 

s e e d  p ro d u c e d  by R a in y  R iv e r  ( s e l f e d  o r  c r o s s  p o l l in a te d )  

m a t u r e d  a b o u t  te n  d a y s  e a r l i e r  th a n  s e e d  p ro d u c e d  by  E m e r s o n  

8 4 7 .  T he  o n ly  a d v a n ta g e  w a s  to s a v e  t im e  in  the  b a c k c r o s s  

s t u d i e s .

A f t e r  the  t h i r d  b a c k c r o s s ,  s o m e  of th e  r e s i s t a n t  p la n ts  

w e r e  a l lo w e d  to  s e g r e g a t e  in  o r d e r  to f u r t h e r  s tu d y  the  i n h e r i ­

ta n c e  of r e s i s t a n c e .  T a b le  3 sh o w s  the  n u m b e r  of r e s i s t a n t  a n d  

s u s c e p t ib l e  p la n ts  in  the  F £  g e n e r a t i o n  fo llo w in g  th e  t h i r d  b a c k -  

c r o s s .  F r o m  a to ta l  of 165 p l a n t s ,  114 w e r e  r e s i s t a n t  a n d  51 

w e r e  s u s c e p t i b l e .  T h is  s e g r e g a t i o n  p o o r ly  f i t s  a  3 to  1 r a t i o  a s  

in d ic a te d  b y  the  c h i - s q u a r e  v a lu e .

F r o m  the  f iv e  b a c k c r o s s  g e n e r a t i o n s ,  a s  sh o w n  in  T a b le  

4 ,  62 p la n t s  w e r e  r e s i s t a n t  an d  89 s u s c e p t i b l e .  T h is  d a ta  

a p p r o a c h e s  a  1  to  1  r a t i o .
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T A B L E  3

IN H ERITA N CE O F RESISTAN CE TO A L PH A  (ANTHRACNOSE)
b c 3 f 2 G EN ERA TIO N  FR O M  CROSSES BETW EEN

RAINY R IV ER  AND EM ERSON 847

P r o g e n y  N u m b e r
P l a n t  R e a c t io n

T o ta l
R e s i s t a n t S u s c e p t ib le

358901 14 6 2 0

0 2 4 5 9

03 1 2 5 17

04 15 2 17

05 9 6 15

06 1 0 7 17

07 15 5 2 0

08 8 3 1 1

09 2 5 7

1 0 1 6 4 2 0

1 1 9 3 1 2

G r a n d  T o ta l 114 51 165

R a t io  t e s t e d 3 1

C h i-sq u a re

P ro b a b ili ty  ran g e

3 .0 7 0

5 to  10 p e r  c e n t
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T A B L E  4

IN H ER ITA N C E O F RESISTAN CE TO A LPH A  (ANTHRACNOSE)
IN F IV E  BACKCROSS GENERATIONS FR O M  CROSSES

B E T W E E N  RAINY RIV ER AND EM ERSON 847

B .  C .  G e n e r a t io n
P l a n t  R e a c t io n

T o ta l
R e s i s t a n t S u s c e p t ib le

1 9 1 1 2 0

2 4 1 2 1 6

3 14 1 0 24

4 28 45 73

5 7 1 1 18

G r a n d  T o ta l 62 89 151

R a t io  t e s t e d 1 1

C h i - s q u a r e  

P r o b a b i l i t y  r a n g e

4 .8 3 0

2 to 5 p e r  c e n t
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2 .  V i r u s  15 r e s i s t a n c e

B o th  th e  m e c h a n i c a l  r u b  a n d  p r e s s u r e  s p r a y  m e th o d s  of 

in o c u la t io n  p ro d u c e d  1 0 0  p e r  c e n t  in fe c t io n  w hen  s u s c e p t ib l e  

p la n t s  w e r e  t e s t e d .  U s u a l ly  th e s e  p la n ts  sh o w ed  m o s a i c  s y m p to m s  

a b o u t  tw o  w e e k s  a f t e r  in o c u la t io n  ( P l a t e s  HI a n d  V I). O c c a s io n a l ly ,  

a n  in o c u la t e d  p la n t  w o u ld  sh o w  n e c r o s i s  ( P l a t e s  I I I ,  IV , a n d  V ).

(a) R a in y  R iv e r  X T r a g  2 7 9 - 1 .  C r o s s e s  b e tw e e n  R a in y  

R iv e r  a n d  T r a g  279-1  and  r e c i p r o c a l s  w e r e  m a d e .  T he  F j  h y b r id s  

w e r e  r e s i s t a n t ,  in d ic a t in g  a  M e n d e l ia n  ty p e  of i n h e r i t a n c e  w ith  

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

T he  F 2  an d  b a c k c r o s s  g e n e r a t i o n s  e x h ib i te d  t h r e e  ty p e s  of 

r e a c t i o n  to  v i r u s  15: (a) h e a l th y  p la n ts ;  (b) to p  n e c r o t i c  p la n ts ;

a n d  (c) m o s a i c  p la n ts  ( P la t e  I I I ) .  T he  n e c r o t i c  p la n t s  u s u a l ly  

d ie d  a b o u t  two w e e k s  a f t e r  in o c u la t io n  b u t  in  one c a s e  n e c r o s i s  

w a s  d e la y e d  u n t i l  c r o s s e s  h a d  b e e n  m a d e  to  s u s c e p t ib le  p l a n t s .  

P l a t e  IV  sh o w s  th e  n e c r o t i c  p la n t  a f t e r  i t  h a d  p ro d u c e d  b lo o m s  

a n d  s e t  a t  l e a s t  one p o d .  T h e  p ro g e n y  f r o m  th e s e  c r o s s e s  s e g ­

r e g a t e d  in to  h e a l th y  a n d  m o s a i c  ty p e s  in d ic a t in g  th a t  t h i s  n e c r o t i c  

r e a c t i o n  w a s  show n b y  a  h e t e r o z y g o u s  r e s i s t a n t  p la n t  r a t h e r  

th a n  a  s u s c e p t ib l e  o r  m o s a i c  o n e .

T a b le  5 sh o w s  th e  F £  d i s t r i b u t i o n  fo llo w in g  in o c u la t io n .  

F r o m  a  t o ta l  of 328 p l a n t s ,  246 w e r e  r e s i s t a n t  a n d  82 w e r e
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TA B LE 5

IN H ERITA N CE O F RESISTAN CE TO VIRUS 15 IN TH E F
G EN ERA TIO N  FR O M  CROSSES B E T W E E N  RAINY

R IV ER  AND TRAG 279-1 AND R E C IPR O C A L S

P r o g e n y  N u m b e r
P l a n t  R e a c t io n

T o ta l
T o p  n e c r o t i c H e a l th y M o s a ic

355301 4 9 9 2 2

0 2 0 23 2 25

03 0 2 0 9 29

04 0 2 6 5 31

05 2 19 6 27

06 2 19 7 28

07 3 14 1 0 27

08 0 18 7 25

355401 (ReCi,PT 
r o c a l s )

0 2 2 4

0 2 3 4 1 8

03 0 1 0 1 1 1

04 0 7 4 1 1

05 0 13 3 1 6

06 1 17 4 2 2

07 0 17 5 2 2

08

G r a n d  T o ta l  
R a t io  t e s t e d

0

(15) p lu s
246

3

13
(231)

7

82
1

2 0

328

C h i - s q u a r e  0 .0 0 0

P r o b a b i l i t y  r a n g e  100 p e r  c e n t
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s u s c e p t i b l e .  A n  e x a c t  r a t i o  of 3 r e s i s t a n t  p la n t s  to  1 s u s c e p t ib le  

i n d i c a t e s  t h a t  a  s in g le  d o m in a n t  g ene  g o v e r n s  r e s i s t a n c e  to  v i r u s  

15 in  T r a g  2 7 9 - 1 .  F o r  a d d i t io n a l  p r o o f ,  r e c o r d s  w e r e  k e p t  o f the  

b a c k c r o s s  s e g r e g a t i o n s  (T a b le  6 ) .  In th e  f iv e  b a c k c r o s s  g e n e r a ­

t i o n s ,  6 8  p la n t s  w e r e  r e s i s t a n t  a n d  77 s u s c e p t i b l e .  T h i s  s e g r e ­

g a t io n  f i t s  a  1  to  1  r a t i o .

(b) Z - l  (T o p c ro p )  X T r a g  279-1 .. S in ce  T r a g  279 -1  i s  a  

f o r e ig n  in t r o d u c t io n  th a t  c a r r i e s  a  d o m in a n t  ty p e  of r e s i s t a n c e ,  

c r o s s e s  w e r e  m a d e  w ith  Z - l  to  d e t e r m in e  if  th e y  b o th  p o s s e s s e d  

the  s a m e  g e n e s  f o r  r e s i s t a n c e .  Z - l  o b ta in s  i t s  r e s i s t a n c e  f r o m  

C o r b e t t  R e fu g e e .  If th e  r e s i s t a n t  f a c t o r s  in  e a c h  a r e  l o c a t e d  on 

the  s a m e  l o c i ,  a l l  of the  F 2  p ro g e n y  of s u c h  a  c r o s s  w i l l  be  r e ­

s i s t a n t .  H o w e v e r ,  if  r e s i s t a n c e  in  e a c h  i s  due to  s e p a r a t e  i n d e ­

p e n d e n t  f a c t o r  p a i r s ,  the  F £ p ro g e n y  w i l l  s e g r e g a t e  in to  a  r a t i o  

of 15 r e s i s t a n t  p la n t s  to  1 m o s a i c .  T he  c r o s s e s  w e r e  m a d e  an d  

th e  F j  g e n e r a t io n  w a s  fo u n d  to  b e  r e s i s t a n t .  T h e  F ̂  g e n e r a t i o n  

c o n ta in e d  58 r e s i s t a n t  p l a n t s ,  3 p la n ts  w ith  to p  n e c r o s i s ,  b u t  

no n e  w ith  m o s a i c  a s  show n in  T a b le  7 .  A l th o u g h  no c h i - s q u a r e  

w a s  r u n ,  due to the  s m a l l  n u m b e r  of F £  p l a n t s ,  i t  a p p e a r s  h ig h ly  

p ro b a b le  t h a t  r e s i s t a n c e  in  b o th  v a r i e t i e s  i s  c o n t r o l l e d  by  the  

s a m e  g e n e s .

(c) R a in y  R iv e r  X C o r n e l l  4 6 - 6 2 .  T h e  s y m b o l  B .  C .  in  

t h i s  s e c t io n  r e f e r s  to  th e  n u m b e r  of b a c k c r o s s e s  m a d e  w ith  one
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TA B LE 6

IN H ERITA N CE O F  RESISTA N CE TO VIRUS 15 IN  FIV E
BACKCROSS GENERATIONS FR O M  CROSSES

B E T W E E N  RAINY RIV ER  AND TRAG 279-1

B .  C .  G e n e r a t io n
P l a n t  R e a c t io n

T o ta l
T o p  n e c r o t i c H e a l th y M o s a ic

1 2 28 23 53

2 6 5 5 16

3 2 8 1 1 2 1

4 9 5 2 2 36

5 0 3 1 6 19

G r a n d  T o ta l

(19) p lu s  

6 8

(49)

77 145

R a t io  t e s t e d 1 1

C h i - s q u a r e  

P r o b a b i l i t y  r a n g e

.5 5 9

30 to  50 p e r c e n t

A
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T A B L E  7

IN H E R IT A N C E  O F R E S IS T A N C E  TO VIRUS 15 IN  T H E  F .
G E N E R A T IO N  F R O M  CROSSES B E T W E E N  Z - l

(T O P C R O P ) A N D  TRAG 279-1

P l a n t  R e a c t io n
P r o g e n y  N u m b e r

T o p  n e c r o t i c  H e a l th y  M o s a ic
T o ta l

354301

02

03

17

19

22

0

0

0

17

21

23

(3) p lu s  (58)

G r a n d  to ta l 61 61



g e n e r a t i o n  of s e g r e g a t i o n  b e tw e e n  e a c h  c r o s s .  S o m e  of th e  F j  

h y b r id s  w e r e  t e s t e d  a n d  fo u n d  to  be s u s c e p t i b l e .  T h is  in d ic a te s  

a  r e c e s s i v e  type  of r e s i s t a n c e .  T h e  r e m a in in g  F j  p la n t s  w e r e  

n o t  in o c u la te d  a n d  the  r e s u l t i n g  F £ g e n e r a t i o n  s e g r e g a t e d  in to  148 

h e a l th y  p la n t s  to  292 d i s e a s e d  (T a b le  8 ) .  T h is  s e g r e g a t i o n  i s  

c lo s e  to a  1  to 2  r a t i o ,  b u t  a  c h i - s q u a r e  v a lu e  w a s  n o t  d e t e r m in e d  

b e c a u s e  s u c h  a  r a t i o  in  th is  c a s e  w a s  p r o v e d  to  be  i n c o r r e c t  by 

th e  s tu d ie s  th a t  fo l lo w .  E v e n  th o u g h  100 p e r  c e n t  in f e c t io n  w as  

o b ta in e d  w h en  s u s c e p t ib l e  v a r i e t i e s  w e r e  in o c u la t e d ,  i t  w a s  s u s ­

p e c te d  th a t  s o m e  of the  F £  p la n t s  in  the  a b o v e  c r o s s  e i t h e r  m a s k e d  

o r  f a i l e d  to  r e s p o n d  to th e  v i r u s .  To c o n f i r m  th i s  a s s u m p t i o n ,  

p ro g e n y  f r o m  s e v e n  F £ r e s i s t a n t  a p p e a r in g  p la n t s  of the  f i r s t  

b a c k c r o s s  w e r e  in o c u la te d  b y  th e  p r e s s u r e  s p r a y  m e th o d  a n d  the  

fo llo w in g  r e s u l t s  n o ted :  (a) t h r e e  l i n e s  w e r e  r e s i s t a n t ;  (b) t h r e e  

l i n e s  w e r e  found  to  be s e g r e g a t in g  f o r  r e s i s t a n c e ;  a n d  (c) one 

l in e  w as  c o m p le t e ly  s u s c e p t i b l e .

B e c a u s e  o f  t h e s e  r e s u l t s ,  a  s i m i l a r  s tu d y  w a s  c o n d u c te d  

by  t e s t i n g  th e  r e m a in in g  B C j  F 2  p o p u la t io n .  T h e  p la n t s  w e r e  

in o c u la te d  b y  the  p r e s s u r e  s p r a y  m e th o d  a n d  c a r e f u l l y  g ro u p e d  

a c c o r d in g  to  th e  d i s e a s e  s y m p t o m s .  U n f o r tu n a te ly ,  the  s e e d  p r o ­

d u c e d  by th e  r e s i s t a n t  p la n t s  of th e  B C j  F j  g e n e r a t i o n  h a d  b e e n  

c o m b in e d  b e f o r e  th e  i n h e r i t a n c e  s tu d ie s  w e r e  m a d e .  T h u s ,  i t  

w a s  n e c e s s a r y  to  a s s u m e  th a t  th e  p r e v io u s  b a c k c r o s s e s  a t t e m p te d
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T A B L E  8

IN H ER ITA N C E O F RESISTAN CE TO VIRUS 15 IN THE
f 2 G EN ERA TIO N  FR O M  CROSSES B E TW EE N

RAINY R IV ER  AND C O R N ELL 46 -62

P r o g e n y  N u m b e r
P l a n t  R e a c t io n

T o ta l
H e a l th y D i s e a s e d

852402 1 1 18 29

03 8 15 23

04 1 1 14 25

05 3 1 1 14

06 14 1 1 25

07 4 7 1 1

08 7 17 24

09 1 0 2 2 32

1 1 5 13 18

1 2 13 19 32

13 5 27 32

14 1 1 2 0 31

352601 8 1 2 2 0

352801 1 2 2 14

0 2 7 16 23

03 5 2 1 2 6

04 5 8 13

05 2 1 1 13

07 3 1 0 13

? 4 18 2 2

G r a n d  to ta l 148 292 440
R a t io 1 2



w e r e  s u c c e s s f u l  a n d  n o t  s e l f s .  T a b le  9 show s th e  d i s t r i b u t i o n  of 

the B C j  F 2  g e n e r a t i o n  a c c o r d in g  to  h e a l th y  a n d  d i s e a s e d  p l a n t s .  

F r o m  a  t o ta l  of 161 p l a n t s ,  38 w e r e  h e a l th y  a n d  123 d i s e a s e d .

T h is  s e g r e g a t io n  f i t s  a  1 to 3 r a t i o  a s  sh o w n  by  th e  c h i - s q u a r e  

v a l u e .  S u ch  a  r a t i o  i n d ic a te s  t h a t  r e s i s t a n c e  i s  due  to  a  s in g le  

r e c e s s i v e  f a c t o r  p a i r  of g e n e s .  T h e  d i s e a s e d  p la n t s  c o u ld  be 

c l a s s i f i e d  in to  tw o  g r o u p s :  (a) n e c r o t i c  p l a n t s ,  w h ic h  d ie d  

(p la te  V); a n d  (b) m o s a i c  p la n t s ,  w h ich  l iv e d  ( P l a t e  V I). T he 

d i s t r i b u t i o n  of th e  B C j  F £ g e n e r a t io n  a c c o r d in g  to  m o s a i c ,  

h e a l th y ,  a n d  n e c r o t i c  p la n ts  i s  sh o w n  in  T a b le  1 0 .  Of th e  1 6 1  

p l a n t s ,  96 w e r e  m o s a i c ,  38 h e a l th y ,  a n d  27 n e c r o t i c .  T h i s  d i s ­

t r i b u t io n  f i t s  a  9 to  4 to 3 r a t i o ,  in d ic a t in g  th a t  a  s e c o n d  a n d  m o d i ­

fy ing  f a c t o r  w as  p r e s e n t  an d  w h e n  in  r e c e s s i v e  c o n d i t io n  in d u c e d  

n e c r o s i s  in  s u s c e p t ib le  p la n ts  in f e c te d  w ith  v i r u s  15.

F o r  a d d i t io n a l  p ro o f  in  s u p p o r t  o f  the 1 to  3 , an d  9 to  4 to  

3 r a t i o s ,  th e  in d iv id u a l  l i n e s  of th e  BC£ F £  g e n e r a t i o n  w e r e  

i n o c u la te d  b y  the  m e c h a n i c a l  r u b  m e th o d  and  th e  t e m p e r a t u r e  

m a in t a in e d  a t  75° F .  to h a s te n  th e  d i s e a s e  s y m p t o m s .  N in e  of 

the f o u r t e e n  l in e s  t e s t e d  c o n ta in e d  only  s u s c e p t ib l e  p l a n t s ,  in d i ­

c a t in g  th a t  s o m e  of th e  c r o s s e s  a t t e m p t e d  w e re  a c tu a l ly  s e l f s .  

T a b le  11 sh o w s  th e  r e m a in in g  f iv e  l in e s  c l a s s i f i e d  a c c o r d in g  to 

h e a l th y  an d  d i s e a s e d  p l a n t s .  O u t o f a  t o t a l  of 76 p l a n t s ,  18 w e r e  

h e a l th y  an d  d i s e a s e d  p l a n t s .  T h e  c h i - s q u a r e  v a lu e  in d ic a t e s  a
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T A B LE 9

IN H ERITA N CE O F RESISTAN CE TO VIRUS 15 IN TH E BC F
G EN ERA TIO N  FR O M  CROSSES B E TW EE N

RAINY RIV ER AND C O R N ELL 4 6 -62

T o ta l
P l a n t  R e a c t io n

H e a l th y D i s e a s e d

1 6 1 38 123

R a t io  t e s t e d 1 3

C h i - s q u a r e . 1 6 8

P r o b a b i l i t y  r a n g e .5 0  to .7 0  p e r  c e n t
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TA B LE 10

IN H E R IT A N C E  O F  R E S IS T A N C E  TO VIRUS 15 IN T H E  BC  F  
G E N E R A T IO N  F R O M  CRO SSES B E T W E E N  

RAINY R IV E R  AND C O R N E L L  4 6 -6 2

T o ta l
P l a n t  R e a c t io n

M o sa ic H e a l th y N e c r o t i c

1 6 1 96 38 27

R a t io  t e s t e d 9 4 3

C h i - s q u a r e  

P r o b a b i l i t y  r a n g e

.7 8 9

30 to  50 p e r  c e n t
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T A B L E  11

IN H ERITA N CE O F RESISTAN CE TO VIRUS 15 IN TH E BC F
GENERATION FR O M  CROSSES B E TW EE N

RAINY RIV ER AND CO RN ELL 4 6 -62

P r o g e n y  N u m b e r
P l a n t  R e a c t io n

T o ta l
H e a l th y D i s e a s e d

360601 2 2 1 23

03 5 1 0 15

08 3 8 1 1

1 0 6 14 2 0

14 2 5 7

G r a n d  T o ta l 18 58 76

R a t io  t e s t e d 1 3

C h i-sq u a re

P ro b a b ili ty  ra n g e

.0 7 0

70 to  80 p e r  c e n t
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c lo s e  f i t  to  a  1 to  3 r a t i o .  T h e  s a m e  d a ta  b a s e d  on  m o s a i c ,  

h e a l th y ,  a n d  n e c r o t i c  p la n ts  i s  g iv e n  in  T a b le  12. F r o m  the  76 

p l a n t s ,  48 w e r e  m o s a i c ,  18 h e a l th y ,  a n d  10 n e c r o t i c .  T h i s  s e g ­

r e g a t io n  f i t s  a  9 to  4 to  3 r a t i o .

W hen  th e  d a ta  in  b o th  s tu d ie s  w e r e  c o m b in e d ,  a  c h i - s q u a r e  

v a lu e  w a s  o b ta in e d  th a t  f i t s  a  1 to  3 r a t i o  a s  s u m m a r i z e d  in  

T a b le  13 . T h e  c o m b in e d  d a ta  a l s o  f i t  a  9 to  4 to 3 r a t io  (T a b le  14).

To s a t i s f y  th e  9 to  4 to  3 r a t i o  in  b o th  s tu d i e s ,  i t  i s  n e c ­

e s s a r y  to  a s s u m e  th a t  th e  r e s i s t a n t  g r a n d p a r e n t s  of bo th  the  

B C i  F 2  a n d  B C 2  F £  g e n e r a t i o n s  c a r r i e d  the  n e c r o t i c  f a c t o r  in  th e  

h o m o z y g o u s  r e c e s s i v e  c o n d i t io n .  A t  p r e s e n t  t h e r e  i s  n o t  s u f f ic ie n t  

e v id e n c e  to  c o n f i r m  th i s  a s s u m p t i o n .

(d) T r a g  279 -1  X C o r n e l l  4 6 - 6 2 .  If r e s i s t a n c e  i s  g o v e r n e d  

in  T r a g  2 7 9 -1  by  a  d o m in a n t  p a i r  of g e n e s  a n d  in  C o r n e l l  4 6 -6 2  b y  

a  r e c e s s i v e  p a i r ,  a  r a t i o  of 13 n o n - m o s a i c  p la n ts  to  3 m o s a i c  

w ou ld  be e x p e c te d  in  th e  F 2  g e n e r a t i o n  f r o m  s u c h  a  c r o s s .  O ut 

of a  to ta l  o f  166 p l a n t s ,  130 w e r e  h e a l th y ,  5 w e r e  n e c r o t i c ,  a n d  

31 w e r e  m o s a i c  (T a b le  15). W hen th e  5 p la n t s  w i th  n e c r o s i s

w e r e  g r o u p e d  w ith  th e  130 h e a l th y  o n e s ,  a s  done  in  the  c r o s s e s
*

b e tw e e n  R a in y  R iv e r  a n d  T r a g  2 7 9 - 1 ,  135 w e r e  n o n - m o s a i c  an d  

31 m o s a i c .  T h is  s e g r e g a t i o n  i s  a  c lo s e  f i t  to  a  13 to  3 r a t i o  

(T a b le  15). O n th e  o t h e r  h a n d ,  w hen  th e  5 n e c r o t i c  p la n ts  w e re  

in c lu d e d  w ith  th e  31 m o s a i c  o n e s ,  a s  in  c r o s s e s  b e tw e e n  R a in y
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TA B L E  12

IN H ER ITA N C E O F RESISTAN CE TO VIRUS 15 IN THE BC F
G E N ER A TIO N  FR O M  CROSSES B E T W E E N  RAINY 2 2

R IV E R  AND CO RN ELL 4 6 -6 2

P r o g e n y  N u m b e r
P l a n t  R e a c t io n

T o ta l
M o s a ic H e a l th y N e c r o t i c

360601 18 2 3 23

03 8 5 2 15

08 5 3 3 1 1

1 0 13 6 1 2 0

14 4 2 1 7

G r a n d  T o ta l 48 18 1 0 76

R a t io  t e s t e d 9 4 3

C h i-s q u a re

P ro b a b i l i ty  ra n g e

1 .9 6 5

30 to  50 p e r  c e n t
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T A B L E  13

IN H ER ITA N C E O F RESISTAN CE TO VIRUS 15 IN TH E BC F
AND B C 2 F  G ENERATIONS FR O M  CROSSES B E TW EE N  2

RAINY R IV ER  AND CO RN ELL 4 6 -62

G e n e r a t i o n
P l a n t  R e a c t io n

T o ta l
H e a l th y D i s e a s e d

B C 1 F 2
38 123 1 6 1

B C 2  F 2
18 58 76

G r a n d  T o ta l 56 181 237

R a t io  t e s t e d 1 3

C h i - s q u a r e  

P r o b a b i l i t y  r a n g e

.238

50 to  70 p e r  c e n t
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T A B L E  14

IN H ER ITA N C E OR RESISTA N CE TO VIRUS 15 IN THE BC F
AND B C 2 F 2 G ENERATIONS FR O M  CROSSES B E T W E E N  2

RAINY R IV ER  AND CO RN ELL 46-62

G e n e r a t io n
P l a n t  R e a c t io n

T o ta l
M o s a ic H e a l th y N e c r o t i c

B C 1 F 2
96 38 27 1 6 1

B C 2 F 2
48 18 1 0 76

G r a n d  T o ta l 144 56 37 237

R a t io  t e s t e d 9 4 3

C h i - s q u a r e  2 .2 8 0

P r o b a b i l i t y  r a n g e  30 to 50 p e r  c e n t
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TA BLE 15

IN H ERITA N CE O F RESISTAN CE TO VIRUS 15 IN TH E F
G EN ERA TIO N  FR O M  CROSSES B E T W E E N

TRAG 279-1 AND CO RN ELL 4 6 -6 2

P r o g e n y  N u m b e r
P l a n t  R e a c t io n

H e a l th y M o s a ic  N e c r o t i c

353001 14 3 3 2 0

0 2 9 2 1 1 2

03 1 1 4 0 15

04 15 4 1 2 0

05 1 2 4 0 1 6

353101 2 2 6 0 28

0 2 25 4 0 29

03 2 2 4 0 26

G r a n d  T o ta l 130 31 5 166

G ro u p in g  135 N o n - m o s a ic  130 H e a l th y  
31 M o s a ic  36 D i s e a s e d

130 H e a l th y  
31 M o s a ic  

5 N e c r o t i c

R a t io s  t e s t e d 13 to  3 13 to  3 52 to  9 to  3

C h i - s q u a r e . 0 0 0 6 .9 4 0 3 .6 8 1

P r o b a b i l i t y
r a n g e

95 to  100 
p e r  c e n t

30 to  50 
p e r  c e n t

1 0  to  2 0  

p e r  c e n t
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R iv e r  a n d  C o r n e l l  4 6 - 6 2 ,  130 p la n t s  w e r e  h e a l th y  a n d  36 w e r e  

d i s e a s e d .  T h is  g ro u p in g  a s s u m e s  t h a t  a  t h i r d  a n d  m o d ify in g  

f a c t o r ,  w h e n  p r e s e n t  in  th e  r e c e s s i v e  c o n d i t io n ,  c a u s e s  n e c r o s i s  

in  th e  s u s c e p t i b l e  p l a n t s .  T he  c a l c u l a t e d  r a t i o ,  c o n s id e r in g  a l l  

t h r e e  f a c t o r s ,  w o u ld  be 52 h e a l th y  p la n ts  to 9 m o s a i c  to  3 n e c r o t i c  

o r  52 h e a l th y  p la n ts  to  12 d i s e a s e d ,  w h ic h  r e d u c e s  to  a  13 to  3 

r a t i o  a s  b e f o r e .  T h e  d a t a ,  so  a r r a n g e d ,  f i t  t h i s  r a t i o  (T a b le  15). 

L i k e w i s e ,  th e  d a t a  of 130 h e a l th y  p la n t s  to  31 m o s a i c  to  5 n e c ­

r o t i c  f i t  th e  c a l c u l a t e d  r a t i o  of 52 to  9 to  3 (T a b le  15). T h is  i s  

a d d i t io n a l  p ro o f  t h a t  a  t h i r d  a n d  m o d ify in g  f a c t o r  m a y  b e  p r e s e n t  

in  c r o s s e s  in v o lv in g  C o r n e l l  4 6 - 6 2 .

B .  B a c k c r o s s  a n d  S e le c t io n  S tu d ie s

F o r  the  m o s t  p a r t ,  the  m a t e r i a l s  a n d  m e th o d s  u s e d  in  

th e  i n h e r i t a n c e  s tu d i e s  a n d  in  th e  b a c k c r o s s  p r o g r a m  w e r e  th e  

s a m e .  F o u r  s u c c e s s i v e  b a c k c r o s s  g e n e r a t i o n s  w e r e  g ro w n  e v e r y  

11 m o n t h s .  The t im e  d e p e n d e d  u p o n  the  n u m b e r  of d a y s  i t  to o k  

th e  f e m a l e  p a r e n t ,  R a in y  R i v e r ,  to  r e a c h  m a t u r i t y  a n d  the  n u m b e r  

of d a y s  f o r  the  m a l e  p a r e n t  to  p r o d u c e  p o l l e n .  F o r  e x a m p l e ,

R a in y  R i v e r  an d  m o s t  of th e  p ro g e n y  f r o m  the  v a r i o u s  b a c k c r o s s e s  

b lo o m e d  a b o u t  f iv e  w e e k s  a f t e r  p la n t in g .  A n o th e r  w e e k  w a s  r e ­

q u i r e d  to  m a k e  a  s u f f i c i e n t  n u m b e r  o f b a c k c r o s s e s  to  R a in y  R i v e r  

in  w h ic h  th e  d i s e a s e  r e s i s t a n t  p r o g e n y  f r o m  the  p r e c e d in g  b a c k c r o s s



g e n e r a t i o n  w e r e  u s e d  a s  p o l le n  p a r e n t s .  T h e n  a  p e r io d  of f iv e  

w e e k s  w a s  n e c e s s a r y  f o r  th e  s e e d  to m a t u r e ,  p lu s  a n o th e r  w e e k  

a f t e r  m a t u r i t y  to  d r y ,  b e f o r e  th e  n e x t  g e n e r a t i o n  c o u ld  be p la n te d .  

T h is  m a k e s  a  s u m  to t a l  of 12 w e e k s  o r  a p p r o x im a td y  64 d a y s .  

T a b le  16 sh o w s  th e  t im e  r e q u i r e d  to  g ro w  one g e n e r a t i o n .

B y  th e  t i m e  th e  s ix th  b a c k c r o s s  w a s  c o m p le te d ,  the  g e n ­

e r a l  p r o c e d u r e  h a d  b e e n  w o r k e d  o u t f a i r l y  w e l l  a s  to th e  m in im u m  

a m o u n t  of t im e  a n d  m a t e r i a l  r e q u i r e d  to o b ta in  en o u g h  c r o s s e s  

f o r  the  n e x t  g e n e r a t i o n .  T a b le  17 sh o w s  a  p a r t  of the  d a ta  th a t  

c o n c e r n  the  s ix th  b a c k c r o s s .  R a in y  R iv e r  w as  p la n te d  a t  t h r e e  

d i f f e r e n t  t i m e s  in  o r d e r  to  p ro v id e  en o u g h  b lo o m s  d u r in g  the  

c r o s s i n g  p e r i o d .  In e a c h  c a s e ,  the  a c tu a l  n u m b e r  of r e s i s t a n t  

p la n t s  w a s  l e s s  th a n  the  e x p e c te d  n u m b e r .  A to ta l  of 13 r e s i s ­

ta n t  p la n t s  p ro v id e d  p o l le n  f o r  c r o s s i n g  onto  28 p la n t s  of R a in y  

R i v e r .  In  o t h e r  w o r d s ,  a n  a p p r o x im a te  r a t i o  of 1 m a le  p la n t  to 

2 f e m a l e s  w o r k e d  o u t  q u i te  w e l l .  F r o m  a  to ta l  of 65 a t t e m p te d  

b a c k c r o s s e s ,  30 w e r e  s u c c e s s f u l .  A n  a v e r a g e  of 4 .4 3  s e e d s  p e r  

pod  w a s  o b ta in e d  f r o m  a l l  th e  s u c c e s s f u l  c r o s s e s .

1 . A n th r a c n o s e  r e s i s t a n c e

(a) R a in y  R iv e r  X E m e r s o n  5 1 . A s  p r e v io u s ly  m e n t io n e d ,  

one s o u r c e  of a n t h r a c n o s e  r e s i s t a n c e  c a m e  f r o m  E m e r s o n  5 1 .  

S in c e  th e  F j  h y b r id s  f r o m  c r o s s e s  b e tw e e n  E m e r s o n  51 an d  R a in y
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TA B LE 16

T IM E  R E Q U IR E D  TO  GROW O N E G E N E R A T IO N  O F  RAINY R IV E R  
A N D  T H E  VARIOUS BA CK CR O SS M A T E R IA L

P la n t in g  to F i r s t  B lo o m  5 w e e k s

F i r s t  B lo o m  to  L a s t  C r o s s - P o l l i n a t i o n  1 w e e k

L a s t  C r o s s - P o l l i n a t i o n  to  H a r v e s t  5 w e e k s

H a r v e s t  to P l a n t in g  1 w eek

T o ta l 1 2  w e e k s  

a p p r o x im a te ly  84  d a y s
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T A B L E  17

DATA THAT CONCERN THE SIXTH
BACKCROSS TO RAINY RIV ER

O r ig in a l
P a r e n t

R a in y
R iv e r

E m e r s o n
51

E m e r s o n
847

T r a g
279-1

R e s i s t a n c e

D a te s
P la n te d

JV hteria l
P l a n t e d

1 /1 0 /5 1
1 /1 4 /5 1
1 /1 9 /5 1

P a r e n t

A n t h r a c ­
n o s e

1 /1 4 /5 1

BC_

A n t h r a c ­
n o s e

1 /1 4 /5 1

B C r

V ir u s  15

1 /1 4 /5 1

BC_

T o ta l  N u m b e r  
of P l a n t s 28 11 19 19

E x p e c te d  N u m ­
b e r  of R e s i s ­
ta n t  P l a n t s

5 .5 9 .5 9 .5

A c tu a l  N u m b e r  
of R e s i s t a n t  
P l a n t s

N u m b e r  of
B a c k c r o s s e s
A t t e m p te d

N u m b e r  of
B a c k c r o s s e s
S u c c e s s f u l

19

8

28

14

18

N u m b e r  of S e e d  
f r o m  C r o s s e s

36 63 34

A v e r a g e  N u m b e r  
of S e e d  p e r  P o d

4 . 5 4 . 5 4 .2 5
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R iv e r  w e r e  fo u n d  to  be  r e s i s t a n t ,  th e y  c o u ld  be c r o s s e d  b a c k  to 

R a in y  R i v e r ,  th e  r e c u r r e n t  an d  s u s c e p t ib l e  p a r e n t .  T he  s e c o n d  

c r o s s  i s  k n o w n  a s  th e  f i r s t  b a c k c r o s s ;  th e  t h i r d  a n d  n e x t  c r o s s  

a s  th e  s e c o n d  b a c k c r o s s ;  e t c .  A n th r a c n o s e  r e s i s t a n c e  w a s  fo u n d  

to  be  c o n t r o l l e d  by a  d o m in a n t  p a i r  of g e n e s .  T h u s ,  a p p r o x im a te ly  

o n e - h a l f  of th e  p ro g e n y  f r o m  a n y  b a c k c r o s s  w o u ld  be r e s i s t a n t .  

T h e s e  p la n t s  w e r e  u s e d  to  m a k e  th e  n e x t  b a c k c r o s s .

In  a d d i t io n  to  s e le c t in g  f o r  a n t h r a c n o s e  r e s i s t a n c e ,  i t  w a s  

p o s s ib le  to  e l im in a t e  p la n t s  w ith  c o lo r e d  s t e m s .  The s t e m  c o lo r  

c a m e  f r o m  E m e r s o n  51 a n d  a p p e a r e d  to  be c o r r e l a t e d  w i th  s e e d  

c o l o r ,  a n  u n d e s i r a b l e  c h a r a c t e r  in  n a v y  b e a n s .  T h is  c o lo r  w as  

c o m p le te ly  e l i m i n a t e d  d u r in g  th e  s e c o n d  b a c k c r o s s .

A s  a  g e n e r a l  r u l e ,  a t  l e a s t  f o u r  b a c k c r o s s e s ,  p r e f e r a b l y  

m o r e ,  sh o u ld  b e  m a d e  to  R a in y  R iv e r  b e f o r e  s e g r e g a t i o n  a n d  f in a l  

s e l e c t i o n .  H o w e v e r ,  in  th i s  s tu d y ,  s o m e  l i n e s  w e r e  a l lo w e d  to  

s e g r e g a t e  f o r  t h r e e  g e n e r a t i o n s  fo llo w in g  th e  t h i r d  b a c k c r o s s .

One r e s i s t a n t  F ^  p la n t  w a s  s a v e d  a n d  in  t u r n  13 r e s i s t a n t  

p la n t s  w e r e  r e t a i n e d  f r o m  w h ich  h o m o z y g o u s  r e s i s t a n t  l i n e s  

w e r e  s e l e c t e d  in  th e  F ^  g e n e r a t i o n .  T he  F 3  l i n e s  th a t  c o n ta in e d  

r e s i s t a n t  p l a n t s ,  b u t  no  s u s c e p t ib l e  o n e s ,  w e r e  c o n s id e r e d  to be  

h o m o z y g o u s  f o r  a n t h r a c n o s e  r e s i s t a n c e ,  a n d  a t  t h i s  t i m e ,  th e y  

a r e  s t i l l  g r o w in g .  T h e  F 4  g e n e r a t io n s  m a y  be t e s t e d  l a t e r  in  the  

f i e ld  f o r  e a r l i n e s s ,  y i e ld ,  ty p e ,  a n d  o th e r  c h a r a c t e r s .  T a b le  18

i
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T A B L E  18

T H E  F  , F  A N D  F _  G E N E R A T IO N S  TH A T F O L L O W  T H E  TH IRD 
B A C K C R O SS TO RAINY R IV E R . E M E R S O N  51 IS TH E 

N O N -R E C U R R E N T  AND A N T H R A C N O SE  
R E S IS T A N T  P A R E N T

R e s i s t a n t  F ^ R e s i s t a n t  F_ F ^  D i s t r ib u t io n

P r o g e n y  N o . P r o g e n y  N o .  G ro w th  H a b it R e s i s t .  S u s c .

359101 d e t e r m in a t e 3 2

0 2 do 3 4

03 do 3 2

04 do 5 0

05 do 4 0

0 6 do 4 0

0 7 do 4 0

08 in d e  te  r  m in a te 3 3

09 do 8 2

1 0 do 6 2

1 1 do 7 0

1 2 do 9 0

13 do 8 0
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sh o w s  th e  f i r s t  t h r e e  s e g r e g a t in g  g e n e r a t io n s  th a t  fo l lo w  the  t h i r d  

b a c k c r o s s .  A p p a r e n t ly  th e  F ^  p la n t  c a r r i e d  the  r e c e s s i v e  f a c t o r  

f o r  d e t e r m i n a t e  g ro w th  h a b i t  a s  fo u n d  in  E m e r s o n  5 1 .  A f t e r  

t h r e e  b a c k c r o s s e s  to  R a in y  R i v e r ,  a n  i n d e t e r m i n a t e  ty p e ,  the  

p r o b a b i l i ty  of one p la n t  o u t of 32 w ou ld  be  e x p e c te d  to c a r r y  th i s  

f a c t o r  i f  i t  i s  n o t  l in k e d  w ith  a n t h r a c n o s e  r e s i s t a n c e .  S in ce  

t h r e e  of th e  s e v e n  l i n e s  th a t  p o s s e s s e d  th e  d e t e r m in a t e  g ro w th  

h a b i t  s e g r e g a t e d  f o r  a n t h r a c n o s e  r e s i s t a n c e  in  the  F 3  g e n e r a t i o n ,  

i t  w a s  a s s u m e d  th a t  no l in k a g e  w a s  p r e s e n t .  T he  s e e d  f r o m  a l l

of th e  F 2  p l a n t s  c lo s e ly  r e s e m b l e d  R a in y  R i v e r .

T he  b a c k c r o s s  s tu d ie s  w e r e  c o n t in u e d  a n d  a t  p r e s e n t  the  

s ix th  b a c k c r o s s  h a s  b e e n  c o m p le t e d .  In a  c o n t in u o u s  b a c k c r o s s  

p r o g r a m  of t h i s  n a t u r e ,  i t  w as  p r a c t i c a l l y  im p o s s ib l e  to  s e l e c t  

f o r  R a in y  R i v e r  c h a r a c t e r s  w ith o u t  s o m e  s e g r e g a t i o n  u n d e r  

f i e ld  c o n d i t i o n s .  H o w e v e r ,  in  a n  e f f o r t  to  r e t a i n  e a r l i n e s s  a n d  

a t  th e  s a m e  t im e  s p e e d  u p  the p r o g r a m ,  p o l le n  w a s  a lw a y s  o b ­

t a in e d  f r o m  th e  f i r s t  b lo o m s  of th e  r e s i s t a n t  b a c k c r o s s  p r o g e n y .

T a b le  19 sh o w s  th e  p la n t in g  d a te  an d  d a y s  to  f i r s t  b lo o m  of e a c h

b a c k c r o s s  g e n e r a t i o n .  F r o m  a  g e n e r a l  in s p e c t io n  of th e  d a te  in  

T a b le  19 , i t  i s  e v id e n t  t h a t  the  r e s i s t a n t  p ro g e n y  f r o m  e a c h  

b a c k c r o s s  b lo o m e d  a b o u t  the  s a m e  t im e  a s  R a in y  R i v e r ,  s o m e t i m e s  

s l ig h t ly  e a r l i e r ,  o t h e r  t i m e s  s l ig h t ly  l a t e r .  V a r i a t i o n s  b e tw e e n  

s e a s o n s ,  f o r  e x a m p le  d ay  le n g th  a n d  l ig h t  i n t e n s i t y ,  a p p e a r e d  to
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T A B L E  19

PLA N TIN G  DA TE AND DAYS TO FIR ST  BLOOM  OF
EA CH  BACKCROSS G ENERATION

M a t e r i a l  D a te  P l a n t e d  D a y s  to  F i r s t  B lo o m

R a in y  R iv e r 9 / 2 3 / 4 9 34
E m e r s o n  51 do 34

R a in y  R i v e r 1 2 /2 0 /4 9 37

F i do 35

R a in y  R iv e r 3 /1 6 /5 0 33

B C i
do 29

R a in y  R i v e r 5 / 3 0 / 5 0 34

B C 2
do 36

R a in y  R i v e r 8 / 6 / 5 0 35

B C 3
do 36

R a in y  R iv e r 1 0 /2 9 /5 0 34
B C  . 4

do 31

R a in y  R iv e r 1 /1 4 /5 1 31

B C 5
do 33
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to  h a v e  no  e f f e c t  u p o n  th e  l e n g th  of t im e  r e q u i r e d  f o r  R a in y  R iv e r  

to  b lo o m .  T h e  e x t r e m e s ,  31 a n d  37 d a y s ,  f e l l  w ith in  th e  s a m e  

s e a s o n  b u t  o n  d i f f e r e n t  y e a r s .

(b) R a in y  R iv e r  X E m e r s o n  8 4 7 . T h e  o th e r  s o u r c e  of a n ­

t h r a c n o s e  r e s i s t a n c e  w a s  o b ta in e d  f r o m  E m e r s o n  8 4 7 .  T h e  g e n e r a l  

p r o c e d u r e  w a s  s i m i l a r  to  t h a t  u s e d  w ith  E m e r s o n  5 1 .  I t  w a s  n o t  

n e c e s s a r y  to s e l e c t  a g a i n s t  s t e m  c o lo r  a s  i t  i s  a b s e n t  in  E m e r s o n  

8 4 7 .  T h e  s e g r e g a t i o n  th a t  fo l lo w s  the  t h i r d  b a c k c r o s s  to  R a in y  

R iv e r  i s  show n  in  T a b le  2 0 .  O n ly  the  h o m o z y g o u s  r e s i s t a n t  F 3  

l i n e s  w e r e  s a v e d  f o r  s e g r e g a t i o n  of o th e r  c h a r a c t e r s .  T h e  g e n ­

e r a l  a p p e a r a n c e  of t h e s e  p la n t s  w a s  s i m i l a r  to R a in y  R iv e r  an d  

to th e  i n d e t e r m i n a t e  ty p e s  (T a b le  16) in  w h ic h  r e s i s t a n c e  w as  

o b ta in e d  f r o m  E m e r s o n  5 1 .

T he  b a c k c r o s s  s tu d ie s  w e r e  c o n t in u e d  an d  th e  s ix th  b a c k -  

c r o s s  h a s  b e e n  c o m p le t e d .  T a b le  21 sh o w s  the  p la n t in g  d a te  an d  

d a y s  to  f i r s t  b lo o m  of e a c h  b a c k c r o s s  g e n e r a t i o n .  In t h i s  c a s e ,  

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

b lo o m e d  s l ig h t ly  l a t e r  th a n  R a in y  R iv e r ;  the  n o n - r e c u r r e n t  p a r e n t ,

E m e r s o n  8 4 7 ,  w a s  e v e n  l a t e r .

2 .  V i r u s  15 r e s i s t a n c e

(a) R a in y  R iv e r  X T r a g  2 7 9 - 1 . W hen the  d o m in a n t  type  

of r e s i s t a n c e ,  a s  fo u n d  in  T r a g  2 7 9 - 1 ,  w a s  u s e d  in  th e  b a c k c r o s s e s ,

M
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T A B L E  20

T H E  F  , F 2  A N D  F „  G E N E R A T IO N S  T H A T  F O L L O W  T H E  TH IRD  
B A C K C R O SS TO RAINY R IV E R . E M E R S O N  847 IS T H E  

N O N -R E C U R R E N T  AND A N T H R A C N O SE  
R E S IS T A N T  P A R E N T

R e s i s t a n t  F  R e s i s t a n t  F _  F _  D i s t r i b u t io n
_____________ 1  2_______  3____________________

P r o g e n y N o .  P r o g e n y  N o .  R e s i s t a n t  S u s c e p t ib le

360901 8 1

0 2 8 2

03 8 3

04 6 2

05 9 1

06 4 6

07 7 0

08 7 0

09 6 3

1 0 9 2

1 1 1 0 0

1 2 2 1

13 9 2
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T A B LE 21

PLA N TIN G  DA TE AND DAYS TO FIR ST  BLOOM  OF
EA CH  BACKCROSS G ENERATION

M a t e r i a l  D a te  P l a n t e d  D ay s  to  F i r s t  B lo o m

R a in y  R iv e r 9 / 2 3 / 4 9 34
E m e r s o n  847 do 43

R a in y  R iv e r 1 2 /2 0 /4 9 37

F i
do 40

R a in y  R iv e r 3 /1 6 /5 0 33

B C i
do 31

R a in y  R i v e r 5 / 3 0 / 5 0 34

B C 2
do 35

R e in y  R iv e r 8 / 6 / 5 0 35

B C 3
do 36

R a in y  R iv e r 1 0 /2 9 /5 0 34

B C 4
do 34

R a in y  R iv e r 1 /1 4 /5 1 31

B C 5
do 33
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a  s i m i l a r  p r o c e d u r e  w a s  e m p lo y e d  a s  t h a t  in  the  a n th r a c n o s e  

s t u d i e s .  S te m  c o lo r  w a s  p r e s e n t  in  T r a g  279-1  b u t i t  w a s  e l i m ­

in a te d  d u r in g  th e  s e c o n d  b a c k c r o s s  to  R a in y  R i v e r .  T a b le  22 

sh o w s  th e  s e g r e g a t i o n  th a t  fo l lo w s  th e  t h i r d  b a c k c r o s s ;  i t  i s  

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

F 3  r e s i s t a n t  p la n t s  f r o m  360808 h a d  to p  n e c r o s i s .  T he  o th e r  

p la n ts  w e r e  e i t h e r  h e a l th y  o r  m o s a i c .  T he  s e e d  f r o m  th e  F 2  

p o p u la t io n  c lo s e ly  r e s e m b l e d  R a in y  R iv e r  a s  to  s i z e ,  s h a p e ,  a n d  

c o l o r .  H o w e v e r ,  th is  r e s e m b l a n c e  w a s  no c l o s e r  th a n  th e  F 2  

s e e d  f r o m  the  a n t h r a c n o s e  r e s i s t a n t  m a t e r i a l .  T he fo l ia g e  of 

the  F 2  a n d  F 3  g e n e r a t i o n s  w e r e  d a r k e r  g r e e n  in  c o lo r  th a n  

R a in y  R iv e r ;  s o m e w h a t  i n t e r m e d i a t e  b e tw e e n  R a in y  R iv e r  an d  

T r a g  2 7 9 - 1 .

T h i s  s tu d y  w a s  c a r r i e d  to  the  s ix th  b a c k c r o s s  g e n e r a t i o n .  

T a b le  23 sh o w s  th e  p la n t in g  d a t e s  a n d  d a y s  to  f i r s t  b lo o m  of e a c h  

b a c k c r o s s  g e n e r a t i o n .  T r a g  2 7 9 -1  r e q u i r e d  a b o u t  two w e e k s  

lo n g e r  th a n  R a in y  R i v e r  to b lo o m ,  w h e r e a s  th e  F j  h y b r id s  w e r e  

i n t e r m e d i a t e .  T h e  f i r s t  b a c k c r o s s e s  b lo o m e d  tw o d a y s  l a t e r  

th a n  R a in y  R i v e r ,  w h ic h  in d ic a te d  th a t  r a p i d  p r o g r e s s  w a s  m a d e  

in  s e le c t in g  e a r l y  b loom ing  p la n ts ;  b u t  in  th e  b a c k c r o s s  g e n e r a ­

t io n s  t h a t  fo l lo w e d ,  l i t t l e  o r  no  p r o g r e s s  a p p e a r e d  to  be  m a d e  

to w a r d s  e a r l i e r  b lo o m in g .  H o w e v e r ,  th e  s e e d  p ro d u c e d  by  the

I
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T A B L E  22

TH E F  , F 2  A N D  F  G E N E R A T IO N S  TH A T F O L L O W  T H E  TH IR D  
H A CK CRO SS TO RAINY R IV E R . TRAG 279-1  IS TH E 

N O N -R E C U R R E N T  AND VIRUS 15 
R E S IS T A N T  P A R E N T

R e s i s t a n t  F ^ R e s i s t a n t  F ^ F 3 D is t r ib u t io n

P r o g e n y  N o . P r o g e n y  N o . R e s i s t a n t S u s c e p t ib le

3608 360801 9 1

0 2 1 0 3

03 4 3

04 9 1

05 6 2

0 6 1 0 0

07 6 4

08 5 1

09 6 3

1 0 8 2

1 1 6 1

1 2 8 4

13 1 0 0

I
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TA BLE 23

PLA N TIN G  D A TES AND DAYS TO FIR S T  BLOOM
OF EA CH  BACKCROSS GENERATION

M a t e r i a l  D a te  P l a n t e d  D ay s  to  F i r s t  B lo o m

R a in y  R iv e r 9 /2 3 / 4 9 34
T r a g  279-1 9 /2 0 / 4 9 48

R a in y  R iv e r 1 2 /2 0 /4 9 37

F i do 41

R a in y  R iv e r 3 /1 6 /5 0 33

B C i
do 35

R a in y  R iv e r 5 /3 0 / 5 0 34

b c 2
do 36

R a in y  R iv e r 8 / 6 / 5 0 35

B C 3
do 37

R a in y  R iv e r 1 0 /2 9 /5 0 34

B C 4
do 32

R a in y  R iv e r 1 /1 4 /5 0 31

B C 5
do 33
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B C g F j  r e s i s t a n t  p la n ts  a p p e a r e d  to be  a l m o s t  th e  s a m e  in  s i z e ,  

s h a p e ,  a n d  c o lo r  a s  th o s e  of R a in y  R iv e r  ( P la te  V II) .

(b) R a in y  R iv e r  X C o r n e l l  4 6 - 6 2 .  W hen v i r u s  15 r e s i s ­

ta n c e  w a s  o b ta in e d  f r o m  C o r n e l l  4 6 - 6 2 ,  the  F j  h y b r id s  and  

b a c k c r o s s  p ro g e n y  w e r e  a l lo w e d  to  s e g r e g a t e  one g e n e r a t i o n  

b e tw e e n  e a c h  c r o s s  b e c a u s e  th e  g e n e t ic  f a c t o r s  f o r  r e s i s t a n c e  

a r e  r e c e s s i v e .  O n ly  two b a c k c r o s s e s  h a d  b e e n  m a d e  by th e  en d  

of th e  s t u d i e s .  T a b le  24 sh o w s  th e  p la n t in g  d a t e s  an d  d a y s  to 

f i r s t  b lo o m  f o r  e a c h  b a c k c r o s s  g e n e r a t i o n .  C o r n e l l  4 6 -6 2  w a s  

s l ig h t ly  e a r l i e r  to  b lo o m  th a n  R a in y  R i v e r .
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TA BLE 24

P L A N T IN G  D A T E S  AND DAYS TO F IR S T  BL O O M
IN  E A C H  BA CK CRO SS G E N E R A T IO N

M a t e r i a l  D a te  P l a n t e d  D a y s  to  F i r s t  B lo o m

R a in y  R iv e r 9 / 2 3 / 4 9 34
C o r n e l l  4 6 -6 2 - 31

R a in y  R iv e r 3 /3 0 /5 0 33

F 2
do 30

R a in y  R iv e r 8 /2 7 / 5 0 35

B C i
do 35

R a in y  R iv e r 1 /1 6 /5 1 31

B C 2
1 /2 8 /5 1 33



DISCUSSION

I n h e r i t a n c e  of r e s i s t a n c e  to  th e  a lp h a  r a c e  of C o l le to -  

t r i c h u m  l in d e m u th ia n u m  (b e a n  a n th r a c n o s e )  w a s  fo u n d  to  be 

g o v e r n e d  by  a  s in g le  d o m in a n t  M e n d e l ia n  f a c t o r .  T he  s tu d y  

w a s  b a s e d  on  c r o s s e s  th a t  in v o lv e d  a  s u s c e p t ib l e  v a r i e t y .

R a in y  R i v e r ,  a n d  tw o  r e s i s t a n t  o n e s ,  E m e r s o n  51 a n d  E m e r s o n  

8 4 7 .  In  th e  g e n e r a t i o n s  t h a t  s e g r e g a t e d  f o r  r e s i s t a n c e ,  th e  o b ­

s e r v e d  n u m b e r  of s u s c e p t i b l e  p la n t s  w a s  a lw a y s  a  l i t t l e  

h ig h e r  th a n  th e  e x p e c te d  n u m b e r ,  e s p e c i a l l y  in  the  b a c k c r o s s  

r a t i o s .  T h is  s h o u ld  be  e x p e c t e d ,  h o w e v e r ,  b e c a u s e  the  m o s t  

e s s e n t i a l  p a r t  of th e  s tu d y  w a s  to  s e l e c t  r e s i s t a n t  p la n t s  f o r  the  

n e x t  b a c k c r o s s .  A  fe w  r e s i s t a n t  p la n ts  c o u ld  h a v e  b e e n  c l a s s i ­

f ie d  a s  s u s c e p t ib l e  s in c e  s m a l l  a n t h r a c n o s e  l e s i o n s  o c c a s io n a l ly  

a p p e a r  on  r e s i s t a n t  g e n o ty p e s .  In  e a r l i e r  s tu d ie s  o n  a lp h a ,  

M c R o s t ie  (18) a l s o  o b ta in e d  a  s in g le  f a c t o r  d i f f e r e n c e  in  w h ich  

r e s i s t a n c e  w a s  d o m in a n t  to  s u s c e p t ib i l i t y  in  c r o s s e s  b e tw e e n  

W ell’s R e d  K id n e y  a n d  R o b u s t .

A lth o u g h  o n ly  a  s m a l l  n u m b e r  of p la n ts  w e r e  t e s t e d  f o r  

v i r u s  15 r e s i s t a n c e ,  c e r t a i n  c o n c lu s io n s  c a n  b e  d r a w n  f r o m  the  

d a ta  a s  to  th e  g e n o ty p e s  of th e  v a r i e t i e s  u s e d  in  th e  in h e r i t a n c e  

s t u d i e s .  R e s i s t a n c e  in  T r a g  279 -1  a n d  X - l  (T o p c ro p )  w a s  found  

to  b e  c o n t r o l l e d  b y  a  d o m in a n t  p a i r  of f a c t o r s  (II ) .  O c c a s io n a l ly ,



54

p la n ts  t h a t  p o s s e s s e d  th i s  r e s i s t a n c e  in  the  h e te r o z y g o u s  c o n d i-  ' 

t io n  d ie d  a s  a  r e s u l t  of to p  n e c r o s i s  w h en  in o c u la te d  w ith  v i r u s

15 . I n  one i n s t a n c e  n e c r o s i s  w a s  e v e n  d e la y e d  u n t i l  a f t e r  s e v e r a l  

p o l l in a t io n s  h a d  b e e n  m a d e  to  th e  s u s c e p t ib le  p a r e n t .  T he  n e x t  

g e n e r a t i o n  s e g r e g a t e d  in to  r e s i s t a n t  a n d  s u s c e p t ib le  (m o s a ic )  

p l a n t s ,  w h ic h  p r o v e d  th a t  th e  n e c r o t i c  p a r e n t  p o s s e s s e d  the 

r e s i s t a n t  f a c t o r .  G r o g a n  a n d  W a lk e r  (13) a n d  A l i  (1 ) ,  in  w o rk  

w ith  v i r u s  1 , e x p la in e d  th a t  v a r i e t i e s  c a r r y i n g  th e  d o m in a n t  

ty p e  of r e s i s t a n c e  sh o u ld  be c o n s id e r e d  on ly  a s  f i e ld  r e s i s t a n t  

b e c a u s e  if th e  v i r u s  in o c u lu m  e s c a p e s  in to  th e  v a s c u l a r  s y s t e m  

to p  n e c r o s i s  a n d  b l a c k  r o o t  o c c u r .  T he  r e s i s t a n c e  in  C o r n e l l  

4 6 -6 2  w a s  fo u n d  to  be  g o v e r n e d  b y  a  r e c e s s i v e  p a i r  of f a c t o r s  

( a a ) .  In  a d d i t io n ,  th i s  v a r i e t y  a p p e a r e d  to  p o s s e s s  a  s e c o n d  an d  

m o d ify in g  r e c e s s i v e  f a c t o r  (nn) t h a t  in d u c e d  n e c r o s i s  w hen  

p r e s e n t  in  s u s c e p t ib l e  p la n t s  in f e c te d  w ith  v i r u s  15 . No a t t e m p t  

w a s  m a d e  to  d e t e r m i n e  how  th i s  type  of n e c r o s i s  d i f f e r e d  h i s ­

to lo g ic a l ly  f r o m  th a t  o c c a s io n a l ly  found  in  o th e r  p la n ts  c a r r y i n g  

th e  d o m in a n t  ty p e  of r e s i s t a n c e .  T h e  F £  o r  e q u iv a le n t  s e g r e ­

g a t in g  g e n e r a t i o n s  in  c r o s s e s  b e tw e e n  R a in y  R iv e r  a n d  C o r n e l l  

4 6 -6 2  m a y  be  g r o u p e d  in  t h r e e  w ay s :  (a) 3 d i s e a s e d  p la n ts  to  1 

h e a l th y ;  (b) 9 m o s a i c  p la n ts  to  4 h e a l th y  to  3 n e c r o t i c ;  a n d  (c) 9 

m o s a i c  p la n t s  to  7 n o n - m o s a i c .
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T h e  l e t t e r s  II  a n d  a a  th a t  s ta n d  f o r  r e s i s t a n c e  to  v i r u s  15 

a r e  th e  s a m e  s y m b o l s  u s e d  by  A li  (1) f o r  r e s i s t a n c e  to  v i r u s  1, 

T h is  w o u ld  im p ly  t h a t  r e s i s t a n c e  to  b o th  s t r a i n s  of c o m m o n  m o s a i c  

v i r u s ,  v i r u s  1 a n d  v i r u s  15 , a r e  c o n t r o l l e d  by  g e n e s  t h a t  o c c u p y  

th e  s a m e  l o c i .  If  t h i s  i s  t r u e ,  th e n  th e  r e c e s s i v e  g e n e s  f o r  v i r u s  

15 r e s i s t a n c e  a r e  m e m b e r s  of a  t r i p l e  a l l e l e  s e r i e s :  AA f o r  

s u s c e p t ib i l i t y ;  a - 15 a - 15 f o r  r e s i s t a n c e  to  v i r u s  1 b u t  s u s c e p t ib le  

to  v i r u s  15 , a s  p r e s e n t  in  M ic h e l i t e  a n d  R o b u s t .  A c c o r d in g  to  

F o r d  (1 2 ) ,  the  g e n o ty p e  a - 1  a - 1 5  (M ic h e l i te  X C o r n e l l  4 6 -6 2 )  

w o u ld  be  r e s i s t a n t  to  v i r u s  15 a t  lo w  t e m p e r a t u r e s  a n d  s u s c e p t ib le  

a t  h ig h  t e m p e r a t u r e s .  T h e  r e s p o n s e  of th i s  g en o ty p e  to  v i r u s  

15 , in  th e  p r e s e n c e  of the  r e c e s s i v e  n e c r o t i c  f a c t o r s  (n n ) ,  h a s  

n o t  b e e n  d e t e r m i n e d .

D u r in g  th e  s h o r t  p e r i o d  of t im e  the  b a c k c r o s s  s tu d ie s  

w e r e  c o n d u c te d ,  i t  w a s  n o t  p o s s ib l e  to  o b ta in  e i t h e r  a n t h r a c n o s e  

o r  v i r u s  15 r e s i s t a n t  s t r a i n s  o f n a v y  b e a n s  t h a t  w e r e  id e n t i c a l  

to  R a in y  R iv e r  f o r  m o s t  c h a r a c t e r s .  A  b r e e d in g  p r o g r a m  of 

t h i s  n a t u r e  r e q u i r e s  s e v e r a l  g e n e r a t i o n s  of s e g r e g a t io n  an d  

f i e ld  s e le c t io n  fo l lo w in g  th e  b a c k c r o s s e s .  T h e  c h a r a c t e r s  

s e l e c t e d  f o r  in  th e  b a c k c r o s s e s  w e r e  a n th r a c n o s e  r e s i s t a n c e ,  

v i r u s  15 r e s i s t a n c e ,  n o n - c o l o r e d  s t e m s ,  a n d  e a r l i n e s s .  E a r l i ­

n e s s  w a s  b a s e d  on  th e  n u m b e r  of d a y s  f r o m  p la n t in g  to  f i r s t  

b lo o m ; th e  m o s t  p r o g r e s s  to w a r d s  e a r l i n e s s  w a s  e v id e n t  in  the
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F j  g e n e r a t i o n s  of th e  p a r e n t a l  c r o s s e s  a n d  the  f i r s t  b a c k c r o s s e s .  

A f t e r  th e  t h i r d  b a c k c r o s s  s o m e  l in e s  c a r r y i n g  the  d o m in a n t  

f a c t o r  f o r  r e s i s t a n c e  to  a n t h r a c n o s e  a n d  v i r u s  15 , r e s p e c t i v e l y ,  

w e r e  a l lo w e d  to  s e g r e g a t e  f o r  t h r e e  g e n e r a t i o n s .  T h e  o b je c t  w a s  

to  o b ta in  a n t h r a c n o s e  r e s i s t a n t  a n d  v i r u s  15 r e s i s t a n t  n a v y  b e a n s  

t h a t  w o u ld  c l o s e ly  r e s e m b l e  R a in y  R i v e r .  T h is  w a s  ju s t i f i e d  a s  

R ic k e y  (26) h a s  g iv e n  th e  p e r c e n ta g e  of p la n ts  h o m o z y g o u s  f o r  

(n) f a c t o r s  e n t e r i n g  th e  c r o s s  o n ly  f r o m  the  r e c u r r i n g  h o m o z y g o u s  

p a r e n t  in  e a c h  of ( r)  s u c c e s s i v e  g e n e r a t i o n s ,  c a lc u la te d  f r o m  the  

f o r m u la :  (( (2 r  - l ) / 2 r  ))n . L in k a g e  i s  c o n s id e r e d  to  be a b s e n t .  

F o r  e x a m p l e ,  s if te r  t h r e e  g e n e r a t io n s  of b a c k c r o s s i n g  w ith o u t  

s e l e c t i o n ,  8 8  p e r  c e n t  of th e  p la n ts  w ould  be h o m o z y g o u s  f o r  

one f a c t o r  p a i r ,  51 p e r  c e n t  f o r  f iv e  f a c t o r  p a i r s ,  a n d  so  o n .

If l in k a g e  i s  c o n s i d e r e d  to  b e  p r e s e n t  an d  no c r o s s i n g - o v e r  t a k e s  

p l a c e ,  th e n  a f t e r  t h r e e  g e n e r a t io n s  of b a c k c r o s s e s  to  the  r e c u r ­

r e n t  p a r e n t ,  fo l lo w e d  b y  s e g r e g a t i o n  an d  s e le c t io n ,  a t  l e a s t  

one of th e  1 1  p a i r s  of c h r o m o s o m e s  w ou ld  h a v e  c o m e  f r o m  th e  

n o n - r e c u r r e n t  o r  r e s i s t a n t  p a r e n t .  In  o th e r  w o rd s  a p p r o x im a te ly  

91 p e r  c e n t  of th e  g e n o ty p e  w ou ld  b e  th e  s a m e  a s  th e  r e c u r r e n t  

p a r e n t .  T h u s ,  w e m a y  a s s u m e  th a t  a  h ig h  p e r c e n ta g e  of the  

g e n o ty p e  w a s  th e  s a m e  a s  R a in y  R i v e r .

W h e n e v e r  a n t h r a c n o s e  r e s i s t a n c e  w a s  o b ta in e d  f r o m  

E m e r s o n  5 1 ,  the  f a c t o r  f o r  d e t e r m in a t e  g ro w th  h a b i t  w a s  p r e s e n t
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in  s o m e  s e g r e g a t e s  f r o m  the  t h i r d  b a c k c r o s s .  S in ce  e a r l i n e s s  

a n d  d e t e r m i n a t e  g ro w th  h a b i t  a p p e a r  to  be  c o r r e l a t e d ,  i t  w o u ld  be 

e a s y  a n d  p e r h a p s  d e s i r a b l e  to  a d d  t h i s  c h a r a c t e r  to R a in y  R iv e r  

a lo n g  w i th  a n t h r a c n o s e  r e s i s t a n c e .  F r o m  the  g e n e r a l  a p p e a r a n c e  

o f th e  B C 3  F 3  s e g r e g a t e s ,  the  p l a n t s ,  in  w h ich  T r a g  279-1  w a s  the  

n o n - r e c u r r e n t  p a r e n t ,  a p p e a r e d  to be  f u r t h e r  a w a y  f r o m  th e  d e ­

s i r e d  ty p e  th a n  w h e r e  E m e r s o n  51 a n d  E m e r s o n  847 w e r e  u s e d .

T h i s  s h o u ld  be e x p e c te d  a s  T r a g  2 7 9 -1  i s  q u i te  d i f f e r e n t  in  a p ­

p e a r a n c e  f r o m  R a in y  R i v e r .  H o w e v e r ,  b y  the  e n d  of the  f i f th  

b a c k c r o s s e s ,  t h e r e  w e r e  no a p p a r e n t  d i f f e r e n c e s  b e tw e e n  s e e d  of 

R a in y  R i v e r  a n d  B C g  F 3  in  w h ich  T r a g  279-1  w a s  the  n o n - r e c u r r e n t  

p a r e n t .

T h e  s tu d ie s  h a v e  b e e n  c a r r i e d  to th e  s ix th  b a c k c r o s s  in  

w h ich  a n t h r a c n o s e  r e s i s t a n c e  w a s  o b ta in e d  f r o m  E m e r s o n  51 an d  

E m e r s o n  847 a n d  v i r u s  15 r e s i s t a n c e  c a m e  f r o m  T r a g  2 7 9 -1 .

T h e  b a c k c r o s s  s tu d i e s  a r e  b e in g  c o n t in u e d .  In  a d d i t io n ,  the  

a n t h r a c n o s e  a n d  v i r u s  15 r e s i s t a n t  m a t e r i a l  th a t  h a s  b e e n  b a c k -  

c r o s s e d  s ix  t i m e s  w i l l  b e  c o m b in e d  a n d  f r o m  t h e s e ,  r e s i s t a n t  

s t r a i n s  o f  n a v y  b e a n s  c a n  be s e l e c t e d  th a t  s h o u ld  be  th e  s a m e  a s  

R a in y  R i v e r  f o r  o t h e r  c h a r a c t e r s .

O n ly  tw o  b a c k c r o s s e s  h a v e  b e e n  m a d e  in  w h ich  r e s i s t a n c e  

to  v i r u s  15 i s  r e c e s s i v e  in  n a t u r e  a n d  c a m e  f r o m  C o r n e l l  4 6 - 6 2 .  

T h i s  v a r i e t y  m o r e  n e a r l y  r e s e m b l e s  R a in y  R iv e r  th a n  the  o th e r s



u s e d  in  t h i s  w o r k .  T h e r e f o r e ,  a  f e w e r  n u m b e r  of b a c k c r o s s e s .  

s h o u ld  b e  n e c e s s a r y  to  o b ta in  th e  d e s i r e d  ty p e .  F u r t h e r m o r e ,  

th e  r e c e s s i v e  ty p e  of v i r u s  15 r e s i s t a n c e  h a s  the  a d v a n ta g e  of 

n o t  sh o w in g  to p  n e c r o s i s  a s  in  the  d o m in a n t  i n h e r i t e d  type  a n d  

m a y  p r o v e  to  b e  m o r e  d e s i r a b l e  u n d e r  f ie ld  c o n d i t io n s .



SUMMARY

S tu d ie s  w e r e  m a d e  on the  i n h e r i t a n c e  of r e s i s t a n c e  to  the  

a lp h a  r a c e  of C o l l e to t r i c h u m  l in d e m u th ia n u m  (b e a n  a n th r a c n o s e )  

an d  th e  v a r i a n t  s t r a i n  of c o m m o n  b e a n  m o s a i c ,  v i r u s  15, in  c o n ­

ju n c t io n  w i th  th e  p r e l i m i n a r y  d e v e lo p m e n t  of d i s e a s e  r e s i s t a n t  

s t r a i n s  of R a in y  R iv e r  n a v y  b e a n s  b y  b a c k c r o s s i n g .

I n  two i n t e r v a r i e t a l  c r o s s e s  t h a t  in v o lv e d  t h r e e  v a r i e t i e s ,  

i n h e r i t a n c e  of a n t h r a c n o s e  r e s i s t a n c e  w a s  found  to  be  d o m in a n t  

to  s u s c e p t i b i l i t y  a n d  g o v e r n e d  by  one p a i r  of g e n e s .

I n h e r i t a n c e  of v i r u s  15 r e s i s t a n c e  w a s  i n t e r p r e t e d  in  

t e r m s  of tw o f a c t o r  p a i r s  th a t  e x h ib i te d  d o m in a n t  an d  r e c e s s i v e  

e p i s t a s i s ,  r e s p e c t i v e l y .  A  fe w  p la n ts  f r o m  c r o s s e s  b e tw e e n  a  

s u s c e p t ib l e  p a r e n t  a n d  one th a t  c a r r i e d  th e  d o m in a n t  type  of 

r e s i s t a n c e  h a d  to p  n e c r o s i s .  I t  w a s  sh o w n  th a t  t h e s e  n e c r o t i c  

p la n t s  p o s s e s s e d  the  d o m in a n t  f a c t o r  f o r  r e s i s t a n c e .  A s i m i l a r  

ty p e  of n e c r o s i s  w a s  p r e s e n t  in  s e g r e g a t e s  f r o m  c r o s s e s  b e tw e e n  

a  s u s c e p t ib l e  p a r e n t  an d  one th a t  c a r r i e d  the  r e c e s s i v e  type  of 

r e s i s t a n c e .  T h is  n e c r o s i s  a p p e a r e d  to  b e  c o n t r o l l e d  b y  a  s e c o n d  

p a i r  of r e c e s s i v e  f a c t o r s  t h a t  w e r e  e x p r e s s e d  on ly  in  s u s c e p t ib l e

p la n t s  i n f e c t e d  w ith  v i r u s  15 .

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

15 r e s i s t a n c e ,  n o n - c o l o r e d  s t e m s ,  a n d  e a r l i n e s s  in  th e  b r e e d in g



60

p r o g r a m .  A f t e r  th e  t h i r d  b a c k c r o s s  to  R a in y  R i v e r ,  s o m e  a n ­

t h r a c n o s e  a n d  s o m e  v i r u s  15 r e s i s t a n t  p la n ts  w e r e  a l lo w e d  to  

s e g r e g a t e  to  o b ta in  h o m o z y g o u s  r e s i s t a n t  s t r a i n s  f o r  a  c o m p a r i ­

so n  of o t h e r  c h a r a c t e r s  w ith  R a in y  R i v e r .  T he  s ix th  b a c k c r o s s  

to  R a in y  R i v e r  h a s  b e e n  c o m p le te d  w ith  r e g a r d  to  a n th r a c n o s e  

r e s i s t a n c e  a n d  v i r u s  15 r e s i s t a n c e .
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