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ABSTRACT

BIOASSAY TESTS PHOM LEAF DIPFUSATES OF HELMINTHOSPQRIUM

TURCICUM ON ZEA MAYS

by

ALFONSO G. CALUB

The H_t gene in d u c e d  th e  p r o d u c t i o n  o f  p h y t o a l e x i n  

upon  i n t e r a c t i o n  o f  t h e  h o s t  w i t h  th e  p a th o g e n i c  o rg a n is m  

H e lm in th o so o r iu m  tu r c i c u m  P a s s .

The o b j e c t i v e s  o f  t h e s e  s t u d i e s  w e re :  1) t o  d e te r m in e  

th e  e f f e c t  o f  some e n v i r o n m e n t a l  and  g e n e t i c  f a c t o r s  on  p r o ­

d u c t i o n  o f  p h y t o a l e x i n ,  2) t o  d e te r m in e  t h e  e f f e c t  o f  d i f f e r ­

e n t  g e n e t i c  b a c k g ro u n d  on  p r o d u c t i o n  o f  p h y t o a l e x i n  by  Ht 

l i n e s ,  an d  3) t o  d i s c o v e r  w h e th e r  p h y t o a l e x i n  o r  o t h e r  i n h i b ­

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

and  i f  s o ,  t o  com pare them w i th  m onogenic  t y p e s .

C orn  l e a v e s  f o r  th e  b i o a s s a y  t e s t s  w ere  i n o c u l a t e d  

w i th  s p o re  d r o p  s u s p e n s i o n  o f  H. tu r c ic u m  i n  a  c o m p le t e ly  

s a t u r a t e d  cham ber a t  2 l°C  an d  l i g h t  i n t e n s i t y  o f  300 f o o t -  

c a n d l e s .  The d ro p  s u s p e n s io n s  w ere  th e n  w ith d ra w n  a n d  c e n ­

t r i f u g e d .  The s u p e r n a t a n t ,  now f r e e  o f  s p o r e s  and germ  t u b e s ,  

was te rm ed  th e  d i f f u s a t e .  B i o a s s a y  t e s t s  w e re  c o n d u c te d  by 

m ix in g  a  d r o p  o f  f r e s h  s p o re  s u s p e n s i o n  w i t h  th e  d i f f u s a t e .  

P h y t o a l e x i n  p r o d u c t i o n  was e s t i m a t e d  by  i t s  e f f e c t  o n  s p o re  

g e r m i n a t i o n  and  germ tu b e  l e n g t h ;  d i f f u s a t e s  w hich  i n h i b i t e d  

s p o re  g e r m i n a t i o n  an d  d e l a y e d  germ  tu b e  g ro w th  w ere  assum ed

x i i i



to  c o n t a i n  p h y t o a l e x i n .

Homozygous r e s i s t a n t  n o rm al (HtHtBxBx) g e n o ty p e s  p r o ­

d u ced  h i g h l y  s i g n i f i c a n t  am ounts  o f  p h y t o a l e x i n  com pared  to  

r e s i s t a n t  d e f i c i e n t  (H tH tb x b x ) and  h e te r o z y g o u s  r e s i s t a n t  

no rm al (H th tB xB x) w h ich  i n  t u r n  p ro d u c e d  s i g n i f i c a n t l y  g r e a t e r  

am ounts  th a n  s u s c e p t i b l e  no rm al (h th tB x B x ) a n s  s u c e p t i b l e  d e ­

f i c i e n t  (h t h t b x b x ) g e n o ty p e s .  I n  th e  a b s e n c e  o f  th e  l i t  g e n e ,  

th e  Bx °rene p l a y s  a  s i g n i f i c a n t  r o l e  i n  th e  d e l a y  o f  s p o r e  

g e r m i n a t i o n .

V a r io u s  t r e a t m e n t s  such  a s  a t t a c h e d  l e a f ,  h ig h  i n o c ­

ulum c o n c e n t r a t i o n ,  p r e - c o n d i t i o n i n g  t e m p e r a tu r e  a t  2 l°C  

and  i n o c u l a t i o n  a t  young l e a f  s t a g e  f a v o r  p h y t o a l e x i n  s y n ­

t h e s i s .

The i n c o r p o r a t i o n  o f  t h e  Ht gene  i n t o  a n y  l i n e  i n d u c e s  

t h a t  p a r t i c u l a r  l i n e  t o  p ro d u c e  a  s i g n i f i c a n t  am ount o f  p h y t o ­

a l e x i n .  The g e n e t i c  b a c k g ro u n d  i n  w h ich  H t i s  p l a c e d  may i n ­

f l u e n c e  th e  t im e ,  r a t e  and  am ount o f  p h y t o a l e x i n  s y n t h e s i s .  

M u l t ig e n i c  r e s i s t a n t  l i n e s  p ro d u c e d  s i g n i f i c a n t l y  more i n ­

h i b i t o r y  s u b s t a n c e s  t h a n  m onogenic  l i n e s .  The i n c o r p o r a t i o n  

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

a b i l i t y  o f  t h a t  l i n e  t o  p ro d u c e  p h y t o a l e x i n .

No c o r r e l a t i o n  was o b s e r v e d  b e tw e e n  th e  b i o a s s a y  

t e s t s  and  p e r c e n t  l e a f  i n f e c t i o n ,  o r  b e tw e e n  q u a n t i t a t i v e  

e v a l u a t i o n  and  v i s u a l  r a t i n g  s y s te m  f o r  am ount o f  l e a f  i n ­

f e c t i o n .
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SECTION I

INTRODUCTION

N o r th e r n  c o r n  l e a f  b l i g h t  i s  u n d o u b te d ly  one o f  th e  

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

b e l t  a r e a s .  The s e v e r i t y  o f  i n f e c t i o n  d e p e n d s  upon  e x i s t i n g  

e n v i r o n m e n ta l  c o n d i t i o n s  b u t  i s  f a v o r e d  by c o o l  t e m p e r a tu r e  

and  h ig h  r e l a t i v e  h u m id i t y .

The c a u s a l  o rg a n is m  H e lm in th o sp o r iu m  tu r c ic u m  , may 

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

s t a g e .  Symptoms o f  th e  d i s e a s e  a r e  l o n g ,  e l l i p t i c a l ,  g r a y ­

i s h  g r e e n  o r  t a n  s p o t s  on  th e  l e a v e s ,  w hich  so o n  c o a l e s c e  

i n t o  n e c r o t i c  w i l t - t y p e  l e s i o n s  ( 7 6 ,8 2 ) .  When t e m p e r a tu r e  

and h u m id i ty  f a v o r  i n f e c t i o n ,  y i e l d  i s  c o n s i d e r a b l y  r e d u c e d  

a n d ,  i n  s e v e r e  c a s e s ,  i t  may l e a d  to  t h e  d e a t h  o f  th e  p l a n t .  

E a r l y  i n f e c t i o n  may a l s o  p r e d i s p o s e  th e  c o r n  to  s t a l k  r o t

( 8 3 ) .

Two t y p e s  o f  r e s i s t a n c e  t o  th e  d i s e a s e  a r e  known.

The f i r s t  t y p e ,  c o n d i t i o n e d  by many d o m in a n t  g e n es  ( ^ 1 , ^ 2 ) ,  

i s  c h a r a c t e r i z e d  by  a  s i g n i f i c a n t  r e d u c t i o n  i n  th e  number 

and  s i z e  o f  t h e  l e s i o n s .  H ow ever, t h e  l e s i o n s  a r e  n e c r o t i c  

and  w i l t e d  l i k e  th e  s u s c e p t i b l e  t y p e .  They s u p p o r t  a b u n d a n t  

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

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

w hich  a r e  s u r r o u n d e d  by a  y e l lo w  to  l i g h t  brow n m a rg in .  W i l t ­

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

1
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r e d u c e d .  The g en e  g o v e r n in g  r e s i s t a n c e  h a s  b e e n  d e s i g n a t e d  

Ht ( 3 4 ) .

The d i s c o v e r y ,  t h a t  p h y t o l a e x i n  was p ro d u c e d  i n  th e  

r e s i s t a n t  h o s t  f o l l o w i n g  i n f e c t i o n  b ro a d e n e d  th e  s p e c t ru m  o f  

t h e  s t u d y  ( 5 2 ) .  P h y t o a l e x i n  was fo u n d  t o  i n h i b i t  s p o r e  g e r ­

m i n a t i o n  a n d  b e c a u s e  o f  t h i s ,  t h e y  w ere  u s e f u l  i n  t h e  e v a l u a ­

t i o n  o f  r e s i s t a n t  p l a n t s .  F a c t o r s  i n f l u e n c i n g  th e  p r o d u c t i o n  

o f  o h y t o a l e x i n  have  b e e n  e x t e n s i v e l y  s t u d i e d  i n  legu m es and 

o t h e r  d i c o t s  b u t  l i t t l e  h a s  b e e n  done i n  c o r n  t o  c o r r e l a t e  

th e  r e s u l t s  o f  b i o a s s a y  and i n o c u l a t i o n  s t u d i e s ,  o r  t o  d e t e r ­

mine w h e th e r  o h y t o a l e x i n  i s  p ro d u c e d  i n  m u l t i g e n i c  r e s i s t a n t  

1 i  ne s .

The o b j e c t i v e s  o f  t h e s e  s t u d i e s  w e re :

1 . t o  d e te r m in e  th e  e f f e c t  o f  some e n v i r o n m e n ta l  and  

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

2 . to  d e te r m in e  th e  e f f e c t s  o f  d i f f e r e n t  g e n e t i c  

b a c k g ro u n d  on p r o d u c t i o n  o f  p h y t o a l e x i n  by Ht l i n e s .

3 . to  d i s c o v e r  w h e th e r  p h y t o a l e x i n  i s  p ro d u c e d  i n  

m u l t i g e n i c  r e s i s t a n t  p l a n t s  and  i f  s o ,  t o  com pare them w i th  

m onogenic  t y p e s .

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

th e  v i s u a l  r a t i n g  s y s te m  and  t h e  q u a n t i t a t i v e  m ethod  o f  d i s ­

e a s e  e v a l u a t i o n  f o l l o w i n g  s t a n d a r d  i n o c u l a t i o n .
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SECTION I I  

LITERATURE REVIEW 

NORTHERN CORN LEAP BLIGHT

N o r t h e r n  c o r n  l e a f  b l i g h t  was f i r s t  n o t i c e d  i n  1922 

b u t  d i d  n o t  become e c o n o m ic a l ly  i m p o r t a n t  u n t i l  t h e  e a r l y  

1 9 ^ 0 ' s .  I n  1 9 ^ 2 ,  h e av y  l o s s e s  w ere  i n f l i c t e d  by  t h e  d i s e a s e  

i n  c o r n  b e l t  a r e a s .  I f  t h e  d i s e a s e  becom es e s t a b l i s h e d  2 t o  

3 w eeks b e f o r e  s i l k i n g ,  c o r n  g r a i n  y i e l d  may be r e d u c e d  more 

t h a n  50  p e r c e n t  ( 8 5 ) .

V a r io u s  e n v i r o n m e n ta l  f a c t o r s  i n f l u e n c e  th e  d e g r e e  o f  

d i s e a s e  i n f e c t i o n .  E l l i o t t  an d  J e n k i n s  (2 2 )  fo u n d  t h a t  d i s ­

e a s e  s p r e a d s  r a p i d l y  d u r i n g  c o o l  r a i n y  d a y s ,  b u t  s lo w ly  d u r ­

in g  h o t  an d  d r y  c o n d i t i o n s .  The e f f e c t s  o f  c o o l  t e m p e r a tu r e  

and  h ig h  r e l a t i v e  h u m id i ty  have  b e e n  fo u n d  by  o t h e r  w o rk e r s  

(2 ,  2 1 , 2 9 ) ,  t o  f a v o r  d i s e a s e  d e v e lo p m e n t .

C u l t u r a l  v a r i a b i l i t y  a n d  l o n g e v i t y .

H i lu  (2 9 )  r e p o r t e d  i n c r e a s e d  v i r u l e n c e  an d  c o n i d i a l  

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

c e p t i b l e  h o s t .  R o d r ig u e z  a n d  U l l s t r u p  (7 3 ) d e m o n s t r a t e d  t h a t  

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

i n  t h e i r  r e a c t i o n  to  s u s c e p t i b l e  p l a n t s .  Some p r o g e n i e s  a t ­

t a c k e d  c o r n  b u t  n o t  s u d a n g r a s s ,  o t h e r s  a t t a c k e d  c o r n  b u t  n o t  

so rghum , e t c .  • W orking o n  th e  same s t a g e  o f  th e  f u n g u s ,  

L u t r e l l  (5 3 )  fo u n d  t h a t  t h e  num ber o f  a s c o s p o r e s  n o r m a l ly  

v a r i e d  w i t h i n  a  g iv e n  a s c u s ,  h e n c e  th e  d i f f i c u l t y  o f  g e n e t i c



s tu d y  o f  th e  o r g a n is m .

The l o n g e v i t y  o f  t h e  organ ism  H e lm in th o sp o r iu m  t u r ­

c icum  was s t u d i e d  b y  s e v e r a l  i n v e s t i g a t o r s .  U nder n a t u r a l  

e n v i r o n m e n t ,  th e  o rg a n is m  o v e r w i n t e r s  i n  t h e  f i e l d  a s  c o -  

n i d i a  w h ic h  r e t a i n  t h e i r  v i a b i l i t y  u n t i l  th e  n e x t  p l a n t i n g  

s e a s o n  ( 3 , 9, 39, 4 0 ,  7 0 ) .

H igh t e m p e r a t u r e ,  h ig h  m o is tu r e  and  i n c r e a s i n g  age 

d e c r e a s e s  th e  l o n g e v i t y  o f  th e  f u n g u s .  N e lso n  and S c h e i f e l e  

(59) fo u n d  t h a t  t h e  a b i l i t y  o f  T. t u r c i c a  t o  o v e r w i n t e r  s a p -  

r o p h y t i c a l l y  on m aize  i s  i n f l u e n c e d  i n  p a r t  by th e  g e n o ty p e  

o f  th e  h o s t  on w h ich  th e  p a th o g e n  o v e r w i n t e r s .  Races o f  th e  

o a th o g e n  have  d i f f e r i n g  a b i l i t i e s  t o  s u r v i v e  i n  th e  o v e rw in ­

t e r i n g  s t a g e  and  d i f f e r i n g  a b i l i t i e s  to  s u r v i v e  on d i f f e r e n t  

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

t i o n s  r e t a i n  t h e i r  p o te n c y  a f t e r  one  y e a r  ( 7 0 ) ;  w h i l e  i n f e c t e d  

l e a f  in o cu lu m  s t o r e d  i n  th e  r e f r i g e r a t o r  a t  10 °C re m a in e d  

p a th o g e n ic  a f t e r  25 m onths ( 4 0 ) ,  R o b e r t  ( 6 9 ) gave  e v id e n c e  

t h a t  c o n i d i a  o f  H. tu r c ic u m  re m a in  v i a b l e  f o r  12 y e a r s  when 

s t o r e d  a t  0°G and  49,2 r e l a t i v e  h u m id i ty .  On th e  o t h e r  h a n d , 

B rav erm an  and  C r o s i e r  (1 0 )  i n d i c a t e d  t h a t  u n d e r  m i n e r a l  o i l  

a n  a g a r  s l a n t  o f  t h i s  o rg a n is m  c a n  be s t o r e d  f o r  15 y e a r s  and  

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

PISEA S5 INHERITANCE

D i f f e r e n t  r a c e s  o f  th e  p a th o g e n ,  H e lm in th o sp o r iu m  

t u r c i c u m  showed d i f f e r e n c e s  i n  h o s t  s p e c i f i c i t y  ( 7 2 ) .  F o r  

e x a m p le ,  th e  fu n g u s  was more v i r u l e n t  on s w e e t  c o r n  t h a n  on
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s u d a n g r a s s  o r  Jo h n so n  g r a s s .  U l l s t r u p  (8 3 ) r e p o r t e d  t h a t  i s o ­

l a t e s  from  a  s i n g l e  c o r n  h o s t  showed no d i f f e r e n t i a l  p a t h o -  

g e n e c i t y  w i t h i n  t h e  same l i n e , o f  th e  h o s t .

M u l t ig e n i c  i n h e r i t a n c e .

R e s i s t a n c e  to  n o r t h e r n  c o r n  l e a f  b l i g h t  was fo u n d  by 

R l l i o t t  a n d  J e n k i n s  (2 2 )  t o  be t r a n s m i t t e d  fro m  g e n e r a t i o n  t o  

g e n e r a t i o n ,  J e n k i n s  and  R o b e r t  (4 2 )  d e m o n s t r a t e d  t h e  p o l y g e n i c  

n a t u r e  o f  r e s i s t a n c e .  R e s i s t a n c e  was p a r t i a l l y  d o m in a n t  and  

c o n t r o l l e d  by  many g e n e s ,  some o f  w h ich  p ro d u c e d  m a jo r  e f f e c t s .  

The im p o r ta n c e  o f  a d d i t i v e  gene a c t i o n  h a s  b e e n  i n d i c a t e d  by 

th e  s u c c e s s  o f  p h e n o ty p i c  r e c u r r e n t  s e l e c t i o n  f o r  r e s i s t a n c e  

(4 6 )  an d  th e  r e l a t i v e  u n im p o r ta n c e  o f  l i n e  x  t e s t e r  i n t e r ­

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

(*1-3 , 4 4 ,  4-5). Hughes and  H ooker (4-1) s t u d i e d  th e  n a t u r e  o f  

g en e  a c t i o n  c o n d i t i o n i n g  th e  q u a n t i t a t i v e  ty p e  o f  r e s i s t a n c e  

i n  m aize  t o  n o r t h e r n  c o r n  l e a f  b l i g h t .  They fo u n d  t h a t  a d d i ­

t i v e ,  do m inance  a n d  e p i s t a t i c  a c t i o n  a r e  o p e r a t i v e , b u t  non­

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

b l i g h t  r e s i s t a n c e  i s  c o n d i t i o n e d  b y  a  r e l a t i v e l y  low  num ber 

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

S i m i l a r l y ,  Bogyo ( 8 ) s t u d i e d  t h e  i n h e r i t a n c e  o f  r e ­

s i s t a n c e  t o  T, t u r c i c a  i n  m a iz e .  He i n d i c a t e d  t h a t  a d d i t i v e  

e f f e c t s  a r e  more i m p o r t a n t  t h a n  e p i s t a t i c  o r  d o m in a n t  e f f e c t s  

i n  d e t e r m i n i n g  r e s i s t a n c e  t o  T . t u r c i c a .

J e n k i n s  a n d  c o -w o r k e r s  (4-4, 4 7 )  l o c a t e d  some o f  t h e  

f a c t o r s  f o r  r e s i s t a n c e  b y  means o f  chrom osom al t r a n s l o c a t i o n s .
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F i n d l e y  and  L e f f e l  (Zk)  u t i l i z e d  gene  m a rk e r  s t o c k s  t o  i d e n ­

t i f y  f a c t o r s  c o n d i t i o n i n g  r e s i s t a n c e  and  c o n c lu d e d  t h a t  a t  

l e a s t  12 chrom osom al a rm s a r e  in v o lv e d *  Maximum l e s i o n  s i z e  

and t o t a l  f r e q u e n c y  o f  t h e  s u s c e p t i b l e  ty p e  l e s i o n s  w ere  a s ­

s o c i a t e d  by N e ls o n  e t  a l  (57 ) w i th  th e  num ber o f  known 

chrom osom al a rm s c a r r y i n g  g e n e s  f o r  r e s i s t a n c e .

R o b e r t  and  S p ra g u e  (71) i n v e s t i g a t e d  t h e  a d a p t a t i o n  

o f  th e  fu n g u s  t o  r e s i s t a n t  and  s u s c e p t i b l e  h o s t .  They r e p o r t e d  

a  t e n d e n c y  o f  i s o l a t e s  from  a  p a r t i c u l a r  l i n e  t o  be more 

v i r u l e n t  on p l a n t s  o f  t h a t  l i n e  t h a n  o f  o t h e r  l i n e s .  The same 

m u l t i g e n i c a l l y  r e s i s t a n t  s t o c k s  w ere  t e s t e d  by  F le m in g  and  

X o z e ln ic k y  (25 ) i n  s i x  d i f f e r e n t  g e o g r a p h i c a l  a r e a s  and  t h e y  

fo u n d  s i g n i f i c a n t  d i f f e r e n c e s  from  a r e a  t o  a r e a .  T hese  v a r i a ­

t i o n s  w ere  h e r i t a b l e  an d  t h e y  a t t r i b u t e d  t h e s e  t o  m u ta t io n  

a n d /  o r  r e s i d u a l  s e g r e g a t i o n .

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

i n  s e v e r a l  l i n e s  and  i n b r e d s ,  su ch  a s  Mo21A, NG3^, C123, a n d  

L97 (2 4 ,  6 l ) .  R e s i s t a n c e  t o  t h e  same d i s e a s e  h a s  a l s o  b e e n  

r e p o r t e d  i n  o t h e r  c o u n t r i e s  (6 6 ,  67 , 7 ^ ,  8 0 ) .  T h e i r  f i n d i n g s  

showed t h a t  m o s t ,  i f  n o t  a l l ,  o f  t h e i r  s o u r c e s  o f  r e s i s t a n c e  

came from  i n b r e d s  o r  l i n e s  i n d ig e n o u s  o r  n a t i v e  to  t h e i r  r e ­

s p e c t i v e  c o u n t r i e s .  Im p o r te d  l i n e s  o r  v a r i e t i e s  w ere  u s u a l l y  

s u s c e p t i b l e .

M onogenic r e s i s t a n c e .

Monogenic r e s i s t a n c e  was f i r s t  r e p o r t e d  by H ooker 

(33 ) i n  th e  i n b r e d  and  i n  l a d y f i n g e r  p o p c o rn .  F u r t h e r

s t u d i e s  by  H o o k e r ,  a s s o c i a t e s  and  o t h e r s  (3 2 ,  35 , 3^» 38 , 77) 

showed t h a t  r e s i s t a n c e  was c o n t r o l l e d  by  a  s im p le  d o m in a n t
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gene w h ich  was l a t e r  g i v e n  th e  sym bol H t .

P a t t e r s o n  an d  c o -w o r k e r s  (6 0 ,  6l )  t r i e d  t o  l o c a t e  

th e  Ht, i n  th e  arm o f  chromosome 2 .  I n  1968  ( 6 2 ) ,  t h e y  w ere 

a b l e  t o  c l a r i f y  t h e  g ene  o r d e r  and  d i s t a n c e  a s  f o l l o w s :

________ 2 7 .6 ________ W 1 0 . 3  H t ___________ 3 4 .0 _______ C h .

S u b s e q u e n t  s t u d i e s  on c h l o r o t i c  l e s i o n  i n f e c t i o n  p r o ­

d u c e d  s e v e r a l  s o u r c e s  o f  m onogenic  r e s i s t a n c e .  H i l u  and  H ooker 

( 3 0 ) ,  H ooker (3 3 ,  35 , 3 7 ) ,  S axena  and  H ooker (7 5 )  an d  U l l s t r u p  

(8 3 ) r e p o r t e d  su c h  m a t e r i a l s .  Exam ples o f  r e s i s t a n c e  a r e :  H as­

t i n g s  P r o l i f i c  d e n t  c o r n ,  t h e  sw ee t  c o r n  i n b r e d s  ESS 647 and 

EES 6 5 0 , d e n t  c o r n  i n b r e d  W37A, l i n e  P I  2174407 and  o t h e r s .

C om paring  H t gene  on  one s t a r c h y  a n d  f o u r  sw e e t  c o rn  

b a c k g ro u n d s  W ilso n  and  Rhodes (8 6 ) fo u n d  no d i f f e r e n c e  i n  th e  

c h l o r o t i c  l e s i o n s .  I n d i c a t i o n s  w ere  t h a t  th e  mode o f  i n h e r i ­

t a n c e  from  th e  s w e e t  c o r n  l i n e s  was i d e n t i c a l ,  a l l e l i c  o r  

c l o s e l y  l i n k e d  t o  t h e  Ht gene  from  th e  s t a r c h y  c o r n  s o u r c e .

U l l s t r u p  (84 ) com pared  p o l y g e n i c  and  m onogen ic  r e s i s ­

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

e s  p o s s e s s i n g  p o l y g e n i c  r e s i s t a n c e  a v e r a g e  5 7 . 1 ,  2 7 . 3 , and  

5 8 .0  b u s h e l s  p e r  a c r e  more t h a n  th e  a v e r a g e  y i e l d s  o f  t h e i r  

s u s c e p t i b l e  c o u n t e r p a r t .  On th e  o t h e r  h a n d ,  h y b r i d s  w i t h  mono­

g e n ic  r e s i s t a n c e  a v e r a g e  3& .0 , 2 0 .1  and  31*6  b u s h e l s  p e r  a c r e  

more t h a n  t h e i r  c o r r e s p o n d i n g  s u s c e p t i b l e  l i n e s .  He p o i n t e d  

o u t  t h a t  m onogenic  r e s i s t a n t  g e n o ty p e s  i n f e c t e d  w i t h  H. t u r ­

c icum  h a d  e x t e n s i v e  c h l o r o s i s ,  r e s u l t i n g  i n  a  d e b i l i t a t i n g  

e f f e c t  on  g r a i n  y i e l d .  S e v e r i t y  o f  th e  b l i g h t  was p o s i t i v e l y  

a s s o c i a t e d  w i t h  r e d u c t i o n  i n  y i e l d .
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H o s t - P a th o g e n  i n t e r a c t i o n .

H o s t - p a th o g e n  i n t e r a c t i o n s  w ere  s t u d i e d  by  H i l u  and  

H o o k er  ( 3 1 ) .  They fo u n d  t h a t  th e  i n i t i a l  s t a g e  o f  i n f e c t i o n  

o f  H e lm in th o sp o r iu m  tu r c i c u m  on  c o r n  was s i m i l a r  f o r  t h e  

s u s c e p t i b l e ,  m u l t i g e n i c  r e s i s t a n t  a n d  m onogen ic  r e s i s t a n t  

l i n e s .  The m ain  d i f f e r e n c e  was i n  th e  s u b s e q u e n t  s p r e a d  o f  

th e  o rg a n is m  i n s i d e  th e  h o s t .  I n  a  s u s c e p t i b l e  h o s t ,  t h e  h y -  

p h a e  r e a d i l y  e n t e r e d  t h e  m e s o p h y U a n d  c lo g g e d  th e  xy lem  and 

t r a c h e i d s .  I n  a  m u l t i g e n i c  r e s i s t a n t  h o s t ,  t h e  hyphae  a l s o  

became e s t a b l i s h e d  i n  th e  xy lem  a n d  t r a c h e i d s  b u t  g ro w th  was 

v e r y  much c u r t a i l e d  an d  c l o g g i n g  o f  th e  xy lem  was n o t  s e v e r e .

I n  a  m onogenic  r e s i s t a n t  h o s t ,  h y p h a e  was s p a r s e l y  e s t a b l i s h ­

ed  i n  th e  x y lem , g ro w th  th r o u g h  t h e  ra e so p h y l l  was s lo w ,  and 

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

Gene D osage .

The o n l y  s t u d y  on  g ene  d o s a g e  i n  r e l a t i o n  t o  r e s i s t ­

a n c e  was t h a t  b y  Dunn and  Namm ( 2 0 ) .  They w orked  w i t h  mono­

g e n ic  c h l o r o t i c  l e s i o n  r e s i s t a n c e  t o  n o r t h e r n  c o r n  l e a f  b l i g h t .  

They fo u n d  t h a t  one and  two d o s e s  o f  th e  H t g en e  d i d  n o t  r e s u l t  

i n  d i f f e r e n c e  i n  l e v e l  o f  r e s i s t a n c e .  A ls o ,  no  d i f f e r e n c e s  w ere  

o b s e r v e d  b e tw e e n  t h r e e  an d  f o u r  d o s e s .  H ow ever, t r i p l o i d  and  

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

t h a n  d i d  h a p l o i d  o r  d i p l o i d .  On t h e  o t h e r  h a n d ,  2 ,  3 , an d  ^  

d o s e s  o f  j i t  d i d  n o t  show a n y  d i f f e r e n c e s  i n  s u s c e p t i b i l i t y ,  

w h i l e  h a p l o i d  h t  p l a n t s  w e re  e x t r e m e l y  s u s c e p t i b l e .
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PHYT0AL5XIN STUDIES

R e c e n t  s t u d i e s  showed t h a t  r e s i s t a n c e  t o  many d i s ­

e a s e s  may be c h e m ic a l  i n  n a t u r e ,  f o l l o w i n g  h o s t - p a t h o g e n  

i n t e r a c t i o n .  M u l l e r  e t  a l ,  a s  c i t e d  by  K larm an  and  Gardeman 

( 4 9 ) ,  fo u n d  t h a t  r e s i s t a n c e  to  P h y t o p h t h o r a  i n f e s t a n s  was 

due  t o  t h e  a b i l i t y  o f  r e s i s t a n t  p l a n t s  t o  p ro d u c e  a  t o x i n  

i n  r e s p o n s e  t o  i n f e c t i o n  an d  he c a l l e d  t h i s  t o x i n  w hich  

k i l l e d  t h e  i n v a d i n g  fu n g u s  a  p h y t o a l e x i n .  S i m i l a r l y ,  i t  was 

fo u n d  t h a t  p o t a t o e s  p r o d u c e d  p h y t o a l e x i n  when i n o c u l a t e d  w i th  

t h r e e  n o n - p a th o g e n ic  f u n g i  ( 5 0 ) .

M u l le r  (5 4 )  p l a c e d d r o p s  o f  a  f u n g a l  s u s p e n s io n  on  

t h e  u n i n j u r e d  i n n e r  e p id e r m a l  l a y e r  o f  im m atu re  b e a n  p o d s ;  

he  d e m o n s t r a t e d  t h a t  a s  i n f e c t i o n  o ccu rred , p h y t o a l e x i n  d i f ­

f u s e d  i n t o  th e  d r o p s  o f  w a t e r .  He l a t e r  (5 5 )  p o i n t e d  o u t  

t h a t  c e l l s  o f  P h a s e o lu s  v u l g a r i s  i n f e c t e d  w i t h  S c l e r o t i n i a  

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

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

fu n g u s  was th e  a g e n t  t h a t  i n i t i a t e d  th e  r e a c t i o n  ( 5 6 ) .

R e s i s t a n t  c o r n  p l a n t s  i n o c u l a t e d  w i t h  H e lm in th o s -  

p o r iu m  carbonum  w ere  r e p o r t e d  b y  Kuc e t  a l  (5 0 )  t o  p ro d u c e  

p h y t o a l e x i n .  Condon and  Kuc (1 2 )  fo u n d  t h a t  c a r r o t s  i n o c u ­

l a t e d  w i th  C e r a t o c .v s t i s  f i m b r i a t a  a l s o  p r o d u c e d  a  p h y t o ­

a l e x i n .  O th e r  p l a n t s  i n  w h ich  p h y t o a l e x i n  was a p p a r e n t l y  

p ro d u c e d  i n  r e s p o n s e  t o  r e s i s t a n t  h o s t - p a t h o g e n  i n t e r a c t i o n s  

w e re :  so y b e a n  ( 6 4 ) ,  r i c e  ( 8 1 ) ,  p e a s  ( 1 6 ) ,  b e a n s  ( 6 5 ) ,  a l f a l ­

f a  (2 7 ,  2 8 ) ,  s a f f l o w e r  ( 1 ) ,  c o t t o n  ( 4 ) ,  a n d  p e p e r o n i a  ( 7 8 ) .
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P h y t o a l e x i n  i n  c o r n .

Lira e t  a l  (5 2 )  f i r s t  r e p o r t e d  p r o d u c t i o n  o f  p h y t o ­

a l e x i n  i n  c o r n  i n f e c t e d  w i th  H. t u r c ic u m  i n  1968 . I n  t h e i r  

e x p l o r a t o r y  i n v e s t i g a t i o n ,  t h e y  fo u n d  t h a t  p h y t o a l e x i n  i n ­

h i b i t i n g  s p o re  g e r m i n a t i o n  was p r e s e n t  i n  d i f f u s a t e s  an d  

e x t r a c t s  from  i n o c u l a t e d  r e s i s t a n t  l e a v e s .  No i n h i b i t i o n  

was fo und  i n  n o n - i n f e c t e d  o r  s u s c e p t i b l e  l e a v e s .

L a t e r ,  th e  same w o rk e r s  (5 1 )  i s o l a t e d  th e  c h e m ic a l s  

a n d  c a l l e d  them p h y t o a l e x i n  Al and p h y t o a l e x i n  A2, w i t h  p a -  

mer c h ro m a to g ra p h y  Bf v a l u e s  o f  0 .8 7  and  0 .9 7 ,  maximum uv 

a b s o r p t i o n  s p e c t r a  o f  280 nm. and 270  n m . , r e s p e c t i v e l y .

Both  a r e  b lu e  f l u o r e s c e n t  comoounds and  a r e  p ro d u c e d  when 

s p o r e  s u s p e n s io n s  o f  H e lm in th o sp o r iu m  tu r c ic u m  from c o r n  

w ere  i n c u b a te d  on b o th  i n t a c t  an d  d e t a c h e d  l e a v e s .  D i f f e r e n t  

f u n g a l  i s o l a t e s  w ere  fo u n d  to  have  v a r i e d  r e s p o n s e  t o  p h y to -  

a l e x i n .  S n o re s  o f  a  h i g h l y  p a th o g e n ic  i s o l a t e  g e r m in a te d  

b e t t e r  t h a n  t h o s e  o f  a  w e a k ly  p a th o g e n ic  i s o l a t e  a t  t h e  same 

p h y t o a l e x i n  c o n c e n t r a t i o n .  A ls o ,  t h e  fo rm e r  in d u c e d  t h e  p r o ­

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

l a t t e r .

C o u tu re  and  c o - w o r k e r s  ( l ^ ,  15 )  r e p o r t e d  t h a t  gene  

BxBx m e d ia te d  th e  p r o d u c t i o n  o f  c y c l i c  h y d ro x a m a te s  and  r e l a ­

t e d  compounds w h ich  a r e  i m p l i c a t e d  i n  th e  r e s i s t a n c e  m echanism  

o f  m a iz e .  B e s i s t a n t  d e f i c i e n t  (H tH tb x b x ) and  s u s c e p t i b l e  d e f i ­

c i e n t  ( h th tb x b x )  g e n o ty p e s  were com pared  w i th  r e s i s t a n t  n o rm al  

(HtHtBxBx) and  s u s c e p t i b l e  n o rm al (h th tB x B x )  g e n o ty p e s .  The 

p e r c e n t a g e  o f  l e a f  i n f e c t i o n  was s i g n i f i c a n t l y  h i g h e r  i n  th e
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bxbx  g e n o ty p e  due  t o  a n  i n c r e a s e  i n  th e  num ber and  s i z e  o f  

l e s i o n s .  I n  h t h tb x b x  p l a n t s ,  t h e  l e s i o n s  e n l a r g e d  and  became 

f l a c c i d .  N o n - i n f e c t e d  t i s s u e  d i s t a l  to  t h e  l e s i o n s  became 

d e s s i c a t e d  , s u g g e s t i n g  p l u g g in g  o f  xylem  v e s s e l s .  I n  H tH t-  

b x b x  p l a n t s ,  t h e  c h l o r o t i c  l e s i o n s  became l a r g e  and  t r a n s ­

p a r e n t  b e f o r e  becom ing  f l a c c i d ,  w h i le  n o n - i n f e c t e d  t i s s u e  

d i s t a l  t o  th e  l e s i o n s  r e m a in e d  t u r g i d .

I n  a  p r e l i m i n a r y  r e p o r t ,  C a lu b  e t  a l  (1 1 )  showed t h a t  

H tH t g e n o ty p e s  p ro d u c e  p h y t o a l e x i n  e a r l i e r  i n  th e  i n t a c t  t h a n  

i n  t h e  d e ta c h e d  l e a f .  L e a f  d i f f u s a t e s  d e c r e a s e d  r a t e  and  p e r ­

c e n t  s p o r e  g e r m i n a t i o n  w i t h i n  2 - 3  d a y s  i n  th e  f o r m e r ,  an d  4 -  

5 d a y s  i n  t h e  l a t t e r .  D i f f u s a t e s  from  HtHtBxBx l e a v e s  w ere  

more i n h i b i t o r y  on s p o r e  g e r m i n a t i o n  t h a n  d i f f u s a t e s  from  

H tH tb x b x . The d i f f u s a t e s  from h th tB x B x  w e re  s l i g h t l y  more 

i n h i b i t o r y  t h a n  d i f f u s a t e s  from  h t h t b x b x . an d  th e  fo rm e r  

d e l a y e d  th e  g ro w th  o f  g e r m i n a t e d  s p o r e s .  D i f f u s a t e s  from  h o ­

mozygous r e s i s t a n t  l e a v e s  (HtHtBxBx) i n h i b i t e d  s p o r e  g e rm i­

n a t i o n  much more t h a n  d i f f u s a t e s  from  t h e  h e t e r o z y g o u s  g e n o ­

t y p e s  (H th tB xB x) .

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

The i n f l u e n c e  o f  t e m p e r a t u r e  on  p h y t o a l e x i n  p r o d u c t i o n  

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

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

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

t i o n  o f  t h i s  h o s t  to  S c l e r o t i n l a  f r u c t i c o l a  ( 4 8 ) .  B e l l  (5 )  r e ­

p o r t e d  t h a t  v a r i e t i e s  o f  Dossypium  s p .  r e s i s t a n t  t o  a  d e f o l i ­

a t i n g  s t r a i n  o f  V e r t i c l l l u m  a l b o - a t r u m  w ere  a l l  s u s c e p t i b l e
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a t  22°C; a t  32°G, a l l  w ere  r e s i s t a n t ;  and  a t  25 -29°C  s u s c e p ­

t i b l e  and r e s i s t a n t  v a r i e t i e s  gave  e x p e c t e d  r e a c t i o n s .  On th e  

o t h e r  h a n d ,  r a t e  o f  p h y t o a l e x i n  s y n t h e s i s  was maximum a t  2 7 . 5  

t o  35°C. Below 27°C t h e  r a t e  d e c r e a s e d  r a p i d l y ,  a n d  became 

n e g l i g i b l e  a t  15°C.

P a x to n  and  C h a m b e r la in  ( 6 3 ) r e p o r t e d  t h a t  sorghum  

s tem  t i s s u e  becomes more r e s i s t a n t  to  P h .v to p h th o ra  m egasoerm a 

v a r .  s o j a e  w i t h  a g e .  C o n s e q u e n t ly ,  th e  a b i l i t y  t o  p ro d u c e  

p h y t o a l e x i n  d e c r e a s e d .  C o n t r a d i c t o r y  r e s u l t s  w ere  fo u n d  by 

B e l l  ( b)  who r e p o r t e d  t h a t  v e r y  young r o o t  o r  s te m  t i s s u e  o f  

c o t t o n  i n o c u l a t e d  w i t h  V e r t i c i l l i u m  a lb o - a t r u m  p r o d u c e d  l i t t l e  

o r  no o h y t o a l e x i n .

B e l l  (^ )  i n v e s t i g a t e d  th e  e f f e c t  o f  d i f f e r e n t  s p o re
14,

c o n c e n t r a t i o n s  and  fo u n d  t h a t  l e s s  t h a n  10 c o n i d i a / m l  in d u c e d  

o n l y  t r a c e s  o f  p h y t o a l e x i n ,  w h i l e  10^ t o  10^ c o n i d i a / m l  c a u s e d  

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

s tem  s e c t i o n s  w i th  V e r t i c i l l i u m  a lb o - a t r u m  o f  c o t t o n .

B e l l  and  P r e s l e y  (7) h e a t - k i l l e d  and  h e a t - i n h i b i t e d  

c o n i d i a  o f  V e r t i c i l l i u m  a lb o - a t r u m  by  i n c u b a t i n g  them i n  w a t e r  

a t  50°C an d  3 0 -^ 0 °C , r e s p e c t i v e l y ,  f o r  t e n  m in u t e s .  They fo u n d  

t h a t  b o th  h e a t - k i l l e d  and  h e a t - i n h i b i t e d  c o n i d i a  in d u c e d  

p h y t o a l e x i n  s y n t h e s i s  i n  i n o c u l a t e d  p l a n t s  w h ich  m a rk e d ly  o r  

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

P e r r i n  and  C ru ic k s h a n k  ( 6 8 ) r e p o r t e d  t h a t  h e a v y  m e ta l  

i o n s ,  e s p e c i a l l y  s i l v e r ,  m e rc u ry  and  c o p p e r  s t i m u l a t e d  p i s a t i n  

( p h y t o a l e x i n )  f o r m a t i o n  i n  P isu m  s a t iv u m .

Tvie same w o r k e r s  f u r t h e r  fo u n d  t h a t  ( 1 7 ) h e a t  t r e a t -
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m ent {^5°C) o r  a n a e r o b i c  s t o r a g e  was d e p e n d e n t  on  t h e  d u r a ­

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

e r a l  s a p r o p h y t i c  f u n g i .  T hey a l s o  r e p o r t e d  (1 9 )  t h a t  o x y ­

g e n  t e n s i o n  lo w e r  t h a n  10 p e r c e n t  s i g n i f i c a n t l y  r e d u c e d  th e  

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

g ro w th  o c c u r e d  a t  one p e r c e n t  oxygen  w here  p h y t o a l e x i n  sy n ­

t h e s i s  was g r e a t l y  i n h i b i t e d .

C h a m b e r la in  and  P a x to n  (13 )  d e m o n s t r a t e d  t h a t  p h y to ­

a l e x i n  was t r a n s p o r t e d  from  th e  r e s i s t a n t  t o  th e  s u s c e p t i b l e  

p l a n t s  by  a  s t r i n g  w ick  i n  s u f f i c i e n t  q u a n t i t y  t o  p r o t e c t  th e  

s u s c e p t i b l e  p l a n t s .

B e l l  ( 6 ) i n v e s t i g a t e d  th e  p o s s i b l e  r e l a t i o n s h i p  b e ­

tw een  p h y t o a l e x i n  s y n t h e s i s  an d  p e r o x i d e s  i n  c o t t o n ,  a n d  fo u n d  

t h a t  a  p e r o x i d a s e  enzyme i s  i n v o lv e d  i n  th e  i n d u c t i o n  an d  

s y n t h e s i s  o f  g o s s y p o l .

F ra n k  and  P a x to n  (2 6 )  s t u d i e d  so y b e a n s  t o  d e te r m i n e  

t h e  t im e  a n d  se q u e n c e  o f  p r o d u c t i o n  o f  p h y t o a l e x i n .  They 

fo u n d  t h a t  p h y t o a l e x i n  p r o d u c t i o n  an d  f u n g a l  d e v e lo p m e n t  o c ­

c u r e d  i n  b o t h  r e s i s t a n t  (H a ro so y  6 3 ) and  s u s c e p t i b l e  (H a ro so y )  

v a r i e t i e s  w i t h i n  ^  h o u r s  a f t e r  i n o c u l a t i o n .  D i f f e r e n c e s  i n  t h e  

h o s t  p a r a s i t e  i n t e r a c t i o n  o f  th e  two v a r i e t i e s  became a p p a r e n t  

b e tw e e n  4 a n d  8 h o u r s  a f t e r  i n o c u l a t i o n .  P h y t o a l e x i n  was no 

l o n g e r  d e t e c t a b l e  i n  H a ro so y  a f t e r  8 h o u r s  and  t h e  d i s e a s e  

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

a l e x i n  c o n t i n u e s .  The p a th o g e n  was k i l l e d  a f t e r  72 h o u r s ,  

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

b e g a n  t o  d i s a p p e a r .
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SECTION I I I  

MATERIALS AND METHODS

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

A l l  m a t e r i a l s  e x c e p t  t h e  bx gene  I n  t h i s  s t u d y  were 

o b t a i n e d  from  D r. A l b e r t  L . H o o k e r ,  P r o f e s s o r  o f  P l a n t  P a th o ­

lo g y  a t  th e  U n i v e r s i t y  o f  I l l i n o i s .  The toe g ene  came from  Mr. 

R oger C o u t u r e ' s  t h e s i s  m a t e r i a l s  from th e  U n i v e r s i t y  o f  New 

H a m p sh ire ,  o r i g i n a l l y  from  D r. R.H, H a m il to n ,  o f  P e n n s y lv a ­

n i a  S t a t e  U n i v e r s i t y .

M onogenic l i n e s .  L in e s  6 5 -2 2 5 -1  i s  c h l o r o t i c  l e s i o n  

r e s i s t a n t  t o  H. t u r c i c u m . The p e d i g r e e  l i n e  i s  W153R c r o s s e d  

to  GE440, b a c k c r o s s e d  s i x  g e n e r a t i o n s  t o  W153H, and  s e l f  f e r ­

t i l i z e d  u n t i l  hom ozygous f o r  t h e  H t g e n e .  L i n e s ,  6 5 -2 2 5 -1  

(H t H t ) and  W153R fh t h t ) a r e  I s o g e n i c  a n d  i d e n t i c a l  i n  m atu ­

r i t y  and  m o rp h o lo g y .

L in e  59C32-1 was s e g r e g a t i n g  3 :1  f o r  t h e  n o rm a l  (Bx) 

v e r s u s  th e  d e f i c i e n t  m u ta n t  ( b x ) .  T h is  l i n e  d i f f e r e d  c o n s i d e r ­

a b l y  from  W153R and  65 -2 2 5 -1 *  The bx g ene  was i n c o r p o r a t e d  i n  t h e  

m a t e r i a l  w i t h  t h e  Ht, gene  to  p r o v i d e  a  s i m i l a r  g e n e t i c  b a c k ­

g ro u n d  i n  th e  f o l l o w i n g  m a n n e r ^  The r e s i s t a n t  d e f i c i e n t  (H tH t-  

b x b x ) g e n o ty p e  was p r o d u c e d  b y  c r o s s i n g  r e s i s t a n t  n o rm a l  (H tH t-  

BxBx) and  s u s c e p t i b l e  d e f i c i e n t  (h t h t b x b x ) g e n o ty p e s .  The p r o ­

g e n i e s  w ere  s e l f  f e r t i l i z e d  u n t i l  t h e  P2 a n d  t h e  d e f i c i e n t  

g e n o ty p e s  (tocbx) w ere  d e t e c t e d  b y  th e  n e g a t i v e  r o o t  t i p  r e a c -

1 /
C o u tu re ,  R. M. 1 9 7 0 . R o le  o f  H ydroxam ic  A c id s  i n  M onogenic 

R e s i s t a n c e  o f  M aize t o  H e lm ln th o s p o r iu m  t u r c i c u m .  M. S .  t h e s i s ,  
U n i v e r s i t y  o f  New H a m p sh ire .
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t i o n  w i t h  f e r r i c  c h l o r i d e .  F2 s e g r e g a t i n g  l i n e s  H tH tbxbx  and  

H th tb x b x  w ere d i s t i n g u i s h e d  an d  e s t a b l i s h e d  by  i n o c u l a t i o n  

i n  th e  g e n e r a t i o n .  Tv^e h t h tb x b x  g e n o ty p e  u s e d  i n  th e  s t u d y  

was e x t r a c t e d  from  th e  c r o s s ,  h th tB x B x  x h t h t b x b x . th e  l a t t e r  

l i n e  b e in g  th e  one o b t a i n e d  from  R.H, H a m il to n .

RHy-2Ht i s  a  r e s i s t a n t  l i n e  w i th  H t i n c o r p o r a t e d  i n t o

Hy, a  s u s c e p t i b l e  i n b r e d .  I t  i s  a n  e s t a b l i s h e d  l i n e  a t  I l l i n o i s

d e v e lo p e d  from  I l l i n o i s  h ig h  y i e l d  s e l e c t i o n .  I n c o r p o r a t i o n  o f
2/

t h e  H t gene was done i n  th e  f o l l o w i n g  m anner , Hy i n b r e d  was 

c r o s s e d  w i t h  a  s t o c k  h a v in g  th e  gene  H t .  The h y b r i d  was t h e n  

b a c k c r o s s e d  w i th  Hy and  th e  r e s i s t a n t  Ht b a c k c r o s s e d  p l a n t s  

i d e n t i f i e d .  T nese  p l a n t s  w ere  a g a i n  c r o s s e d  w i th  Hy f o r  a  t o t a l  

o f  5 o r  more b a c k c r o s s e s .  At t h e  end  o f  th e  f i f t h  b a c k c r o s s e d  

g e n e r a t i o n ,  t h e  h e te r o z y g o u s  H t h t  p l a n t s  w ere  s e l f e d  f o r  3 

g e n e r a t i o n s  w here  homozygous H tH t s e l e c t i o n s  w ere  i d e n t i f i e d  

an d  i n c r e a s e d .  D u r in g  b a c k c r o s s i n g  and  s e l f i n g ,  s e l e c t i o n s  

w ere  made f o r  t h e  Hy p l a n t  and  e a r  t y p e s .  The g e n e t i c  b a c k ­

g ro u n d  o f  Hy a n d  RHy-2Ht a r e  t h e r e f o r e  v e r y  s i m i l a r  e x c e p t  f o r  

H tH t v e r s u s  h t h t  gene (an d  c l o s e l y  l i n k e d  g e n e s )  d i f f e r e n c e s .

The same p r o c e d u r e  was f o l lo w e d  f o r  t h e  r e s t  o f  th e  

s u c c e e d in g  l i n e s  u s e d  i n  th e  s t u d y .  T h is  i n c l u d e s  th e  m u l t i -  

g e n ic  and  th e  c o m b in a t io n  o f  m u t l i g e n i c  and  m onogenic  l i n e s .

RWF9-Ht i s  a  r e s i s t a n t  l i n e  H t i n c o r p o r a t e d  i n t o  WF9 

s u s c e p t i b l e  i n b r e d .  T h is  was d e v e lo p e d  a t  I n d i a n a  from  open

2/
L e t t e r  o f  D r. A .L . H ooker, P r o f e s s o r  b f  P l a n t  P a t h o lo g y ,  

U n i v e r s i t y  o f  I l l i n o i s  to  Dr. G.M. Dunn, P r o f e s s o r  o f  P l a n t  
S c i e n c e ,  U n i v e r s i t y  o f  New H a m p sh ire ,  d a t e d  March 1 ^ , 197 2 .
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p o l l i n a t e d  v a r i e t y  a t  W ilso n  Farm ,

RW64-A-Ht i s  W6**A, a  s u s c e p t i b l e  i n b r e d ,  t o  w h ich  Ht 

h a s  b e e n  a d d e d .  R 0h43-H t i s  Oh ^ 3 ,  a  s u s c e p t i b l e  i n b r e d  t o  

w h ich  Ht h a d  b e e n  a d d e d .

M u l t ig e n lc  L i n e s . H55 i s  a  r e s i s t a n t  l i n e  d e v e lo p e d  

i n  I n d i a n a .  I t  o r i g i n a l l y  came from  t h e  c r o s s  (Hy x H o l l a )  

x  Hy, i s  a  r e s i s t a n t  l i n e  a l s o  d e v e lo p e d  i n  I n d i a n a  b u t

f ro m  th e  c r o s s  (WF9 x L97) x WF9.

Combined m u l t i g e n l c  a n d  m onogenic  l i n e s . T hese  l i n e s  

w ere  o r i g i n a l l y  m u l t i g e n l c  r e s i s t a n t  w i th  th e  l i t  g ene  i n c o r ­

p o r a t e d .

RH55Ht i s  H55 w i th  H t a d d e d .  RH^9Ht was d e v e lo p e d  s im ­

i l a r l y  from  H^9*

P l a n t i n g  a n d  g ro w th  o f  m a t e r i a l s .

P l a n t i n g  m a t e r i a l s  w ere  d i v i d e d  i n t o  two g ro u p s  a s  

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

ch am b er ,  d e s i g n a t e d  g re e n h o u s e  e v a l u a t i o n ;  an d  t h o s e  p l a n t e d  

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

F o r  g re e n h o u s e  e v a l u a t i o n ,  two Jj—in c h  p l a s t i c  p o t s  

w e re  p l a n t e d  w i t h  6 -7  s e e d s  p e r  p o t  p e r  g e n o ty p e .  A f t e r  g e r ­

m in a t i o n ,  t h e  s e e d l i n g s  w ere  t h i n n e d  t o  f i v e  s e e d l i n g s  p e r  p o t .  

F o r  b i o a s s a y  e v a l u a t i o n ,  t h r e e  s e e d s  o f  e a c h  g e n o ty p e  w ere  

p l a n t e d  i n  3 - i n ch p e a t  moss p o t s  a r r a n g e d  w i t h i n  a  p l a s t i c  f l a t  

a n d  l a t e r  t h i n n e d  t o  two s e e d l i n g s  p e r  p o t .  B o th  s e e d l i n g s  f o r  

g re e n h o u s e  and  b i o a s s a y  e v a l u a t i o n  w ere  grow n u n d e r  t h e  same 

g re e n h o u s e  c o n d i t i o n s ,  27°C (8 0 °F )  d u r i n g  t h e  d a y  a n d  18°C
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(6 5 °F )  d u r i n g  th e  n i g h t .  S e e d l i n g s  s u b j e c t e d  to  p r e - d i s p o s e d

t e m p e r a t u r e s  w ere  grow n i n s i d e  t h e  g ro w th  cham ber c o n t i n u o s l y  

a t  th e  p r e s c r i b e d  day  a n d  n i g h t  t e m p e r a t u r e .  I n  a l l  i n s t a n c e s ,  

s u p p le m e n ta r y  l i g h t  was u s e d  to  e x t e n d  t h e  d a y l e n g t h  t o  16 

h o u r s  d u r i n g  s h o r t  d a y s .

C u l t u r e  o f  t h e  P a th o g e n .

The medium u s e d  f o r  c u l t i v a t i n g  i s o l a t e s  o f  H, t u r c i ­

cum had  t h e  f o l lo w in g  c o m p o s i t i o n :

T h i s  medium was u t i l i z e d  a s  s u g g e s t e d  by H o oker .  The 

m ix tu r e  was h e a t e d  u n t i l  f a i r l y  hom ogenous, t h e n  a u t o c l a v e d

d i a  was s t i l l  h o t ,  i t  was p o u re d  on  p e t r i  d i s h e s  u n d e r  a s e p ­

t i c  c o n d i t i o n .  About 20 ml o f  m e d ia  was p u t  on  e a c h  p l a t e .  The 

m ed ia  was a l lo w e d  to  s o l i d i f y  a n d  c o o l ,  t h e n  s t o r e d  i n  t h e  r e ­

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

D r .  H o o k e r .  The l e s i o n s  w ere  c u t  i n t o  s m a l l  s q u a r e s  an d  th e  

s u r f a c e s  s t e r i l i z e d  i n  a  t e n  p e r c e n t  s o l u t i o n  o f  c o m m erc ia l  

c h l o r o x .  The s e c t i o n s  w ere  a g i t a t e d  i n  t h e  s o l u t i o n  u n t i l  t h e  

e d g e s  became t r a n s p a r e n t .  S e c t i o n s  w ere  t h e n  d r i e d  on a b s o r ­

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

c o n t a i n i n g  n u t r i e n t  a g a r  medium. The d i s h e s  w ere  i n c u b a t e d

D e x t ro s e  
L -A s p a ra g in e

2 0 .0  gram s

KCI
Ca( NO ̂ )2  
Agar
D i s t i l l e d  w a te r

1 . 0
0 .5
1 . 0
0 .5

1 0 0 0 .0  m l.

o
f o r  20 m in u te s  a t  15 p o u n d s  p r e s s u r e  a t  120 G. W hile  th e  me

L e a f  l e s i o n  i s o l a t e s  o f  H. t u r c i c u m  w ere  o b t a i n e d  from
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a t  23°C (7 ^ ° P )  f o r  f o u r  w e e k s .  C u l t u r e s  2 1 -2 5  d a y s  o l d  w ere  

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

u s u a l l y  show ed s a t i s f a c t o r y  v i r u l e n c e .  S p o r e s  from  s i x  weeks 

o l d  c u l t u r e s  w ere  d r i e d  o u t  and  n o n - v i r u l e n t .  F o r s u b s e q u e n t  

i n o c u l a t i o n s ,  th e  l e s i o n s  came fro m  s u s c e p t i b l e  i n f e c t e d  p l a n t s .

P r e p a r a t i o n  o f  th e  in o c u lu m .

In o c u lu m  f o r  s e e d l i n g s . C u l t u r e s  w ere  c u t  i n t o  s m a l l  

b l o c k s  and  p l a c e d  i n  a f l a s k  c o n t a i n i n g  d i s t i l l e d  w a t e r .  The 

f l a s k  was s h a k e n  v i g o r o u s l y  t o  d i s l o d g e  t h e  sp o re s  a n d  f i l t e r e d  

t h r o u g h  a  f i n e  w ire  mesh I n t o  a n o t h e r  f l a s k .  A b l a n k  n u t r i e n t  

a g a r  medium w i t h o u t  th e  o rg a n is m  was th o r o u g h ly  g ro u n d  i n  a  

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

d o r  was s t i l l  r u n n i n g .  The r a t i o  o f  b l a n k  a g a r  p l a t e  t o  c u l ­

t u r e  p l a t e  was 1 : 3 .  F o r  e v e r y  c u l t u r e  p l a t e ,  100 m l.  o f  d i s ­

t i l l e d  w a t e r  was m ixed f o r  i n o c u l a t i o n  o f  50 s e e d l i n g s .  Two 

d r o p s  o f  Tween 20 w ere  a d d e d  to  e v e r y  100 m l.  o f  s o l u t i o n .

The in o c u lu m  s u s p e n s io n  was t h e n  t r a n s f e r r e d  t o  a  s p r a y e r  f o r  

i n o c u l a t i o n .

In o c u lu m  f o r  b i o a s s a y . D i s t i l l e d  w a t e r  was a d d e d  t o  

c u l t u r e  p l a t e s  o f  th e  o r g a n is m .  The s u r f a c e  o f  t h e  c u l t u r e  

was l i g h t l y  s c r a p e d  w i th  a  s p a t u l a .  T h is  s u s p e n s io n  was t h e n  

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

vacuum s u c t i o n .

S p o re  c o n c e n t r a t i o n  f o r  a l l  in o cu lu m  was d e t e r m i n e d  

a s  f o l l o w s :  In o cu lu m  was s t i r r e d  u n t i l  t h o r o u g h ly  m ix ed ; t h e n ,  

a  10 -15  m l.  sam ple  was w i th d ra w n .  S am p lin g  was done  b e f o r e
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Tween 20 was a d d e d .  The sam ple  was sh a k e n  v i g o r o u s l y  and  a

d r o p  o f  s p o r e  s u s p e n s io n  was p l a c e d  on  t h e  Howard Mold C o u n t­
's

i n g  Chamber S l i d e ,  h a v in g  a  volume o f  .1 5  mm . A c o v e r  s l i p  

was p u t  on t h e  to p  o f  t h e  d ro p  to  o b t a i n  a  u n i f o r m  t h i c k n e s s  

o f  s u s p e n s i o n .  The s l i d e  was t h e n  o b s e r v e d  u n d e r  t h e  low pow­

e r  o b j e c t i v e  o f  th e  m ic r o s c o p e .  S pore  c o u n t  o f  t h e  e n t i r e  f i e l d  

was f a c i l i t a t e d ,  w i th  t h e  a id  o f  c r o s s  s e c t i o n e d  l i n e s  a t t a c h e d  

t o  t h e  e y e p i e c e  o f  th e  m ic r o s c o p e .  A f t e r  c o u n t i n g  th e  s p o r e s  

o f  t h a t  p a r t i c u l a r  f i e l d ,  a  m a rk e r  was n o te d  on  t h e  f a r  end  

o f  th e  f i e l d  and  th e  s l i d e  move s lo w ly  w i t h  th e  m a rk e r  t r a ­

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

ond c o u n t  was s t a r t e d  u n t i l  f i v e  f i e l d  c o u n t s  w ere  made. A 

s e c o n d  d ro p  o f  t h e  sam p le  s u s p e n s io n ,  t h o r o u g h ly  m ix ed , was 

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

d e d ,  and  th e  a v e r a g e  num ber o f  s p o r e s  p e r  o b s e r v a t i o n  was com­

p u t e d .  T h is  was m u l t i p l i e d  by t h e  f a c t o r  6666 to  g iv e  t h e  a p ­

p r o x im a te  num ber o f  s p o r e s  p e r  m l.

I n o c u l a t i o n .

The i n o c u l a t e d  s e e d l i n g s  w ere  t h r e e  t o  f o u r  weeks o l d .  

At t h i s  age  t h e  s e e d l i n g s  w ere  a t  th e  t h i r d  l e a f  s t a g e  w i t h  th e  

f o u r t h  l e a f  a b o u t  an  i n c h  l o n g .  F o r  th e  b i o a s s a y  t e s t ,  t h i s  

s t a g e  was n o t  f e a s i b l e  b e c a u s e  o f  i t s  s m a l l  s i z e .  I n s t e a d ,  th e  

6 t h ,  9 th  and  1 2 th  l e a f  s t a g e s  w ere  u s e d  t o  d e te r m in e  t h e  e f f e c t  

o f  age  o f  p l a n t .

The i n o c u l a t i o n  cham ber was b u i l t  i n s i d e  a  g ro w th  cham­

b e r  c o n t r o l  room f e e t  by  8 f e e t  lo n g  a n d  s e a l e d  w i t h  h e a v y  

p l a s t i c  s h e e t s .  A t h e r m o s t a t i c a l l y  c o n t r o l l e d  h e a t e r  was p l a c e d
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on  t h e  f l o o r  o f  th e  room t o  m a i n t a i n  a  c o n s t a n t  t e m p e r a tu r e  

o f  20°G ( 6 8 ° P ) .

A h u m i d i f i e r  was p l a c e d  a t  t h e  c o r n e r  o f  th e  cham ber 

a n d  a t t a c h e d  t o  a  c l o c k  w h ich  a l lo w e d  i t  t o  o p e r a t e  up  t o  25 

m in u te s  e v e r y  h o u r .  The s e e d l i n g s  w ere  l e f t  i n  t h e  cham ber 

f o r  18 h o u r s .  A h u m i d i s t a t  c o n t r o l  t h e  h u m i d i f i e r  when th e  

h u m id i ty  r e a c h e d  100 p e r c e n t ,  t h u s  a v o i d i n g  e x c e s s i v e  s p o r e  

w a s h - o f f .  A t e n  g a l l o n  p l a s t i c  c a n  was u s e d  to  s u p p ly  th e  h u ­

m i d i f i e r .  An i n l i n e  d e i o n i z e r  was a t t a c h e d  b e tw e e n  t h e  w a t e r  

c o n t a i n e r  a n d  th e  h u m i d i f i e r  t o  remove a n y  t r a c e s  o f  c o p p e r .

nvAgnhouse e v a l u a t i o n . One h o u r  b e f o r e  i n o c u l a t i o n  th e  

ch am ber was s e a l e d  a n d  th e  h u m i d i f i e r  t u r n e d  on  u n t i l  t h e  h u ­

m i d i t y  o f  t h e  cham ber r e a c h e d  100 p e r c e n t .  P l a n t s  f o r  g r e e n ­

h o u se  e v a l u a t i o n  w ere  t h e n  p l a c e d  i n s i d e  th e  cham ber a n d  th e  

h u m i d i f i e r  t u r n e d  o f f .  A s u s p e n s io n  o f  in o c u lu m  was s p r a y e d  on  

th e  p l a n t s  from  above  u n t i l  a l l  l e a v e s  w ere  c o v e r e d  w i t h  f i n e  

d r o p l e t s .  The cham ber was t h e n  r e s e a l e d  and  t h e  c lo c k  r e s e t  on  

t h e  s i x t e e n  h o u r  c y c l e  o f  m i s t  s p r a y .  The p l a n t s  w ere  p l a c e d  

b a c k  i n  t h e  g re e n h o u s e  f o r  7 t o  9 d a y s  b e f o r e  r e a d i n g s  w ere

m ade. S e e d l i n g s  p r e d i s p o s e d  a t  d i f f e r e n t  t e m p e r a t u r e s  w ere  a l l
o

p l a c e d  u n d e r  21 C a f t e r  i n o c u l a t i o n .

B i o a s s a v  e v a l u a t i o n . Two a s s a y  m e thod s  w ere  u s e d ,  th e  

a t t a c h e d  an d  d e t a c h e d  l e a f .

F o r  t h e  a t t a c h e d  l e a f  m e tho d , p l a n t s  w ere  p l a c e d  i n s i d e  

th e  g ro w th  cham ber p r o v i d e d  w i t h  b e n c h e s .  Boom t e m p e r a t u r e  was 

a d j u s t e d  t o  20-21°C  ( 6 8 - 7 0 ° F ) .  L a b e l l e d  p l a n t s  i n  p e a t  p o t s
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w ere  a r r a n g e d  i n  a  s i n g l e  row a t  random i n  a  p l a s t i c  f l a t .

The f l a t  was t h e n  lo w e re d  b e s i d e  t h e  b en ch  and  t i e d  i n  su ch  

a  p o s i t i o n  t h a t  th e  b a s e  o f  th e  t o p  l e a v e s  o f  th e  p l a n t s  w e re  

on  th e  same l e v e l  a s  t h e  b e n c h .

C l e a r  p l a s t i c  b o x es  3 x 11 x 15 i n c h e s  w i t h  c o v e r s  

w ere  u s e d  a s  i n o c u l a t i n g  c h a m b e rs .  On one s i d e  o f  t h e  p l a s t i c  

b o x ,  9 s p a c e d  s q u a r e  h o l e s  a b o u t  a n  in c h  s i z e  w ere  made. C e l l u -  

l o - c o t t o n  l a y e r s  w ere  p l a c e d  on  t h e  i n s i d e  b o t to m  o f  th e  box  an d  

s a t u r a t e d  w i t h  d i s t i l l e d  w a t e r .  The p u r p o s e  o f  t h e  w a t e r  was t o  

i n c r e a s e  th e  h u m id i ty  i n s i d e  t h e  cham ber a n d  t h e r e b y  p r e v e n t  

d r y i n g  o f  th e  d ro p  s u s p e n s i o n .  On to p  o f  t h e  w e t c e l l u l o - c o t -  

t o n ,  a  r u b b e r  s c r e e n  was p l a c e d  so  t h a t  t h e  l e a v e s  w ould  n o t  

come i n  d i r e c t  c o n t a c t  w i t h  t h e  w a t e r .  One o r  two o f  th e  young­

e s t  f u l l y  e x p a n d e d  l e a v e s  w ere  s e l e c t e d  f o r  i n o c u l a t i o n .  The 

s e l e c t e d  sam ple  was t h e n  i n s e r t e d  i n  e a c h  o f  t h e  s q u a r e  h o l e s  

t o  t h e  b a s e  o f  th e  l e a f  a n d  f l a t t e n e d  c a r e f u l l y  on  th e  r u b b e r  

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

w a t e r  w ere  u s e d  a s  w e i g h t s  s t r a t e g i c a l l y  p l a c e d  on  to p  o f  th e  

l e a v e s .  The v i a l s  w ere  a l s o  u s e d  t o  a t t a c h e d  l a b e l s  o f  t h e  

p l a n t  g e n o ty p e .  Masking t a p e  one i n c h  w ide  was u s e d  to  c o v e r  

t h e  h o l e s  w here  th e  l e a v e s  w ere  i n s e r t e d  an d  t o  a n c h o r  t h e  

l e a f  i n  t h e  box  ( F ig u r e  1 ) .

I n o c u l a t i o n  was done b y  p l a c i n g  s e v e r a l  d r o p s  o f  s p o re  

s u s p e n s i o n  on  e a c h  o f  t h e  e n t i r e  l e a v e s ,  t h e n  r e p l a c i n g  th e  c o ­

v e r  o f  t h e  b o x .  A d r o p  o f  f r e s h  s p o r e  s u s p e n s i o n  was a d d e d  t o  

t h e  s u s p e n s io n  on  th e  l e a f  e v e r y  d a y  to  p r e v e n t  d r y i n g  o f  th e  

in o c u lu m . T h is  c o n d i t i o n  was m a i n t a i n e d  f o r  5 -7  d a y s  o r  u n t i l
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F ig u r e  1 .  A rra n g em en t o f  a t t a c h e d  l e a f  t e c h n iq u e  f o r  b i o a s s a y  
t e s t .

more t h a n  50 p e r c e n t  o f  th e  l e a v e s  became y e l lo w .  F o r  th e  c o n ­

t r o l ,  th e  HtHtBxBx g e n o ty p e  was u s e d  and  t h e  s u s p e n s io n  was 

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

F o r  th e  d e t a c h e d  l e a f ,  t h e  p l a s t i c  b o x es  w i t h o u t  h o l e s
6

w ere  u s e d  and  a  s o l u t i o n  c o n t a i n i n g  20 ppm o f  N - B e n z y la d e n in e  

+ 5% s u c r o s e  was u s e d  to  s a t u r a t e  t h e  c e l l u l o - c o t t o n  i n s t e a d  

o f  w a t e r  ( 5 2 ) .  B ubber s c r e e n  was n o t  p r o v i d e d .  The p u r p o s e  o f  

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

The y o u n g e s t  f u l l y  e x p a n d e d  l e a v e s  w ere  t h e n  c u t  a t  t h e  b a s e  

an d  l a i d  o u t  w i th  th e  lo w e r  s u r f a c e  o f  t h e  l e a v e s  d i r e c t l y  i n
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c o n t a c t  w i t h  th e  s o l u t i o n  a n d  l a b e l l e d  a s  a b o v e .  F ig u r e  2 

i l l u s t r a t e s  th e  s e t - u p  o f  th e  e x p e r i m e n t .

F ig u r e  2 .  C lo s e - u p  v iew  o f  t h e  d e t a c h e d  l e a f  t e c h n i q u e .  T h is  
was a t  t h e  s t a r t  o f  t h e  e x p e r i m e n t .  N ote  th e  g r e e n  
c o l o r  o f  t h e  l e a v e s .

'D is e a se  e v a l u a t i o n .

Two ty p e s  o f  e v a l u a t i o n  w ere  m ade. The f i r s t  was a  

v i s u a l  r a t i n g .  The same l e a f  was r e - e v a l u a t e d  q u a n t i t a t i v e l y
y

u s i n g  a  m o d i f i e d  Namms' m e tho d .

y
Namm, T. 1 9 6 8 . Gene Dosage E f f e c t s  o n  M onogenic C h l o r o t i c  

L e s io n  R e s i s t a n c e  t o  N o r th e r n  C orn  L e a f  B l i g h t .  P h .  D. D i s s e r ­
t a t i o n ,  U n i v e r s i t y  o f  New H a m p sh ire .
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V i s u a l  r a t i n g : . A s i n g l e  l e a f  from  e a c h  s e e d l i n g  was 

e v a l u a t e d  f o r  d i s e a s e  r e a c t i o n .  O b s e r v a t i o n s  were t a k e n  from 

t h e  e m e rg in g  unopened  l e a f  a t  t h e  t im e  o f  i n o c u l a t i o n .  Each 

l e a f  was c a r e f u l l y  exam ined  f o r  l e s i o n s  and  th e  p e r c e n t a g e  

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

v i s u a l l y .  The l e s i o n s  w ere  t h e n  c l a s s i f i e d  i n t o  e i t h e r  c h l o r o -  

t i c  o r  n e c r o t i c .  S c o r e s  were a s s i g n e d  a s  f o l l o w s :

1 = 0  i n f e c t i o n
2 = 1-10;? i n f e c t i o n  w i t h  c h l o r o t i c  l e s i o n
3 = 1 -1 0 ■/„ i n f e c t i o n  w i th  n e c r o t i c  l e s i o n
h =1 1 - 25% i n f e c t i o n  w i t h  c h l o r o t i c  l e s i o n
5 =11- 25;,? i n f e c t i o n  w i t h  n e c r o t i c  l e s i o n
6 =26-50*! i n f e c t i o n  w i th  c h o l r o t i c  l e s i o n
7 =26-50;? i n f e c t i o n  w i t h  n e c r o t i c  l e s i o n

  8 =51"! o r  more l e s i o n ,  e i t h e r  n e c r o t i c  o r  c h l o r o t i c

Q u a n t i t a t i v e  e v a l u a t i o n . The same l e a f  u s e d  i n  th e  

v i s u a l  r a t i n g  was u s e d  i n  t h i s  m e th o d . The a r e a  o f  t h e  l e a f  

was m easu red  w i th  t r a n s p a r e n t  g r i d .  M o d i f i c a t i o n s  o f  Namms1 

m ethod w ere  t h a t  i n s t e a d  o f  o n l y  25 d o t s  p e r  s q u a re  i n c h ,  100 

e v e n l y  s p a c e  d o t s / i n ^  (1 5 .5 0  d o t s / c m 2 ) w ere  u s e d .  A ls o ,  i n s t e a d  

o f  p o s i t i o n i n g  th e  l e a f  ran d o m ly  u n d e r  t h e  g r i d ,  one  edge o f  

t h e  l e a f  was a l i g n e d  u n d e r  a  co lum n  o f  d o t s ,  d i r e c t l y .  T h is  

m ethod g i v e s  a  r a p i d  e s t i m a t e  o f  t h e  a r e a  and  i s  t e n  o r  more 

t im e s  f & s t e r  t h a n  t h a t  o f  Namm&1• The a r e a  o f  th e  l e s i o n  was 

d e te r m in e d  i n  th e  same m anner. P e r c e n t  i n f e c t i o n  was t h e n  

e x p r e s s e d  a s  f o l l o w s :

P e r c e n t  i n f e c t i o n  = A rea  o f  l e s i o n s  on  t h e  l e a f  x 100
A re a  o f  th e  l e a f

B io a s s a y  t e s t .

Tw enty  f o u r  h o u r s  a f t e r  t h e  s p o re  s u s p e n s io n s  w ere  p l a ­

c e d  on th e  l e a v e s ,  s a m p le s  f o r  t h e  b i o a s s a y  t e s t  w ere  t a k e n  e v e ­
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r y  d a y  f o r  5 -7  d a y s .  F iv e  to  t e n  d r o p s  o f  th e  s u p e n s i o n  were 

w ith d ra w n  a t  random "by a  p i p e t t e  an d  c o l l e c t e d  i n  a  p r o p e r l y  

l a b e l l e d  c e n t r i f u g e  t u b e .  The same p r o c e d u r e  was f o l lo w e d  f o r  

th e  c o n t r o l .  T hese  w ere  t h e n  c e n t r i f u g e d  a t  2 5 ,0 0 0  x G- f o r  10 

m in u te s  to  remove th e  s p o r e s  and  germ  t u b e s .  The c e n t r i f u g e  

s u s p e n s io n ,  now f r e e  o f  germ tu b e  and  s p o r e s ,  was te rm e d  th e  

d i f f u s a t e .  F o r  e a c h  g e n o ty p e  0 . ^  cc  o f  th e  d i f f u s a t e s  was w i t h ­

draw n from  th e  tu b e  w i t h  a  s y r i n g e  and  0 .2  cc  e a c h  was p l a c e d  

i n  s e p a r a t e  g l a s s  w e l l  s l i d e s .  The two s l i d e s  r e p r e s e n t e d  two 

r e p l i c a t i o n s .  A d ro p  o f  f r e s h  s p o r e  s u s p e n s io n  was a d d e d  to  

e a c h  s l i d e .  A l l  s l i d e  e x p e r im e n t s  w ere  i n c u b a te d  i n  a  c l e a r  

p l a s t i c  cham ber l i n e d  w i t h  w et c e l l u l o - c o t t o n  a t  th e  b o t to m , 

c o v e r e d  and p l a c e d  a t  room t e m p e r a t u r e  o v e r n i g h t .  A f t e r  i n c u ­

b a t i o n ,  th e  s p o r e s  w ere  k i l l e d  a n d  s t a i n e d  w i th  IK I an d  th e  

p e r c e n t a g e  o f  g e r m i n a t i o n  and th e  germ tu b e  l e n g t h  w ere  d e t e r ­

m ined .

Each s l i d e  was exam in ed  u n d e r  th e  low pow er o b j e c t i v e  

and  t h e  num ber o f  g e rm in a te d  and  u n g e rm in a te d  s p o r e s  was c o u n ­

t e d .  The p e r c e n t a g e  o f  s p o r e  g e r m i n a t i o n  was t h e n  com pu ted .

F o r  germ  tu b e  l e n g t h ,  g e r m i n a t i n g  s p o r e s  w ere  m ea su re d  

a t  random  w i th  th e  u s e  o f  o c c u l a r  m ic r o m e te r  w h ich  h a d  been  

p r e v i o u s l y  c a l i b r a t e d .  T h i r t y  o r  more g e r m i n a t i n g  s p o r e s  w ere  

m ea su re d  f o r  e a c h  r e p l i c a t i o n  and  th e  a v e r a g e  was t a k e n .  

A n a l y s i s  o f  v a r i a n c e .

A ra n d o m iz e d  c o m p le te  b lo c k  d e s i g n  i n v o l v i n g  a  f a c t o r ­

i a l  t r e a t m e n t  a r r a n g e m e n t  was u s e d  i n  th e  e x p e r i m e n t .
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The d a t a  f o r  d i s e a s e  i n f e c t i o n  and  s p o r e  g e r m i n a t i o n

i n  p e r c e n t a g e s  w ere  n o r m a l ly  d i s t r i b u t e d .  H ence , c o n v e r s i o n  

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

d i r e c t l y  i n  th e  a n a l y s i s  o f  v a r i a n c e .  F o r  th e  g re e n h o u s e  e v a l ­

u a t i o n ,  th e  e x p e r i m e n t a l  u n i t s  was t h e  i n d i v i d u a l  p o t ,  w h i l e  

f o r  t h e  b i o a s s a y  t e s t  i t  was t h e  d ro p  s u s p e n s io n .

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

f o r  e a c h .  However, a  t y p i c a l  a n a l y s i s  was a s  f o l l o w s :

S in c e  th e  f a c t o r s  i n v o lv e d  v a r y  from  e x p e r im e n t  to  e x -

S o u rc e  o f  V a r i a t i o n d . f .

( d - 1 )

( s —1 )

( s —1) ( d - 1 )

(g -1 )

( g -1 )  ( d - 1 )

( g - 1 )  ( s - l )

( g - 1 )  ( s - l )  ( d -1 )  

( r - 1 )

( r - 1 )  ( d s g - 1 )  

( r d s g - 1 )

Day

S ta g e  o f  p l a n t  g row th

S ta g e  x Day

G enotype

G enotype  x Day

G eno type  x S ta g e

G enotype  x S ta g e  x Day

R e p l i c a t i o n

E r r o r

TOTAL

D u n c a n 's  m u l t i p l e  r a n g e  t e s t ,  a s  o u t l i n e d  b y  S t e e l  a n d  

T o r r i e  ( 7 9 ) ,  was u s e d  t o  t e s t  f o r  d i f f e r e n c e s  among th e  d i f f e r ­

e n t  m eans.
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SECTION IV 

RESULTS

L e n g th  o f  s p o r e  v i a b i l i t y

S p o re  s u s p e n s io n s  u s e d  f o r  g e r m i n a t i o n  c o u n t  and
o

s t o r e d  i n  th e  r e f r i g e r a t o r  a t  -  6 C w ere  t e s t e d  f o r  l e n g t h  

o f  v i a b i l i t y .  T a b le  1 show s t h e  d a i l y  p e r c e n t a g e  c o u n t  on  

sp o re  g e r m i n a t i o n .

T ab le  1 .  E f f e c t  o f  s t o r a g e  on s p o re  v i a b i l i t y  (B ased  on  2 
t r i a l s ) .

Number o f  Days 
S t o r e d

Number
C o un ted

o f  s n o r e s  
Not g e r m in a t e d

%
G e rm in a te d

1 368 1 9 9 .8

2 350 1 9 9 .7

3 217 7 9 6 .7

4 4-09 10 9 7 .6

5 295 1 9 9 .7

6 *08 *+ 9 9 .1

7 31^ 8 9 7 .^

8 261 7 9 7 .3

9 222 10 9 5 .5

10 299 23 9 2 .3

11 337 10 9 7 .0

12 *4-06 32 9 2 .1

The d a t a  i n d i c a t e  t h a t  a  s p o re  s u s p e n s i o n  c o u ld  be
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s t o r e d  up  to  tw e lv e  d a y s  w i t h o u t  s i g n i f i c a n t l y  r e d u c i n g  s p o re  

v i a b i l i t y .  B a se d  on  t h i s  i n d i c a t i o n ,  a  s p o re  s u s p e n s io n  was 

p r e p a r e d  a t  t h e  b e g in n i n g  o f  e ac h  e x p e r im e n t ,  s t o r e d  i n  th e  

r e f r i g e r a t o r  a n d  u s e d  d a i l y  t i l l  t h e  end  o f  t h a t  e x p e r im e n t .

Each e x p e r im e n t  u s u a l l y  l a s t e d  f o r  5 -7  d a y s .

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

S t u d i e s  on th e  f a c t o r s  i n f l u e n c i n g  t h e  p r o d u c t i o n  o f  

p h y t o a l e x i n  w ere  c e n t e r e d  on  th e  f o l l o w i n g  g e n o ty p e s :  HtHtBxBx 

= hom ozygous r e s i s t a n t  n o rm a l ;  H thtBxBx = h e t e r o z y g o u s  r e s i s t ­

a n t  n o rm a l ;  H tH tbxbx  = homozygous r e s i s t a n t  d e f i c i e n t ;  h t h t -  

BxBx = s u s c e p t i b l e  n o rm a l ;  and  h th tb x b x  -  s u s c e p t i b l e  d e f i c i e n t .

A l l  o f  t h e s e  g e n o ty p e s  w ere  t e s t e d  a s  c o n t r o l s  by i n ­

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

showed no d i f f e r e n c e s  i n  s p o r e  g e r m i n a t i o n  i n  s e v e r a l  t r i a l s .  

A l s o ,  two ty p e s  o f  c o n t r o l  t r e a t m e n t s  w ere  t r i e d .  The f i r s t  was 

t h e  u s e d  o f  d i s t i l l e d  w a t e r  an d  th e  se co n d  w i t h  k i l l e d  s p o r e s .

A s p o r e  s u s p e n s i o n  o f  H. tu r c ic u m  was k i l l e d  by b o i l i n g  th e  

in o c u lu m  f o r  5 m in u t e s .  R e p l i c a t e d  t r i a l s  show ed a lm o s t  no i n ­

h i b i t i o n  o f  s p o r e  g e r m i n a t i o n  by e i t h e r  t r e a t m e n t .  The te rm  

c o n t r o l  i n  t h e  t e x t  t h e r e f o r e  r e f e r r e d  to  t h e  g e n o ty p e  HtHtBxBx 

i n o c u l a t e d  w i th  w a t e r .

A l l  b i o a s s a y s ,  u n l e s s  o t h e r w i s e  s p e c i f i e d ,  w e re  on t h e :
/• o *5 t h - 6 t h  l e a f  s t a g e ;  i n o c u l a t e d  a t  2 0 -2 1  C; w i t h  9 .9  x 10 s p o r e s

p e r  m l . ;  a n d  u n d e r  a  l i g h t  i n t e n s i t y  o f  300 f o o t  c a n d l e s .

The d a t a  p r e s e n t e d  i n  th e  s u c c e e d in g  t a b l e s  w ere  th e  

m eans o f  two o r  more s e p a r a t e  t r i a l s  o r  e x p e r i m e n t s .  The p r o ­

d u c t i o n  o f  p h y t o a l e x i n  was t h e n  e v a l u a t e d  i n  te rm s  o f  p e r -
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c e n t  s p o re  g e r m i n a t i o n  com pared  t o  t h e  c o n t r o l  u s i n g  a  w a te r  

s u s p e n s io n  o n l y .  An i n c r e a s e d  am ount o f  p h y t o a l e x i n  r e s u l t e d  

i n  a  lo w e r  p e r c e n t  g e r m i n a t i o n  and  p re s u m a b ly  d e c r e a s e d  th e  

r a t e  o f  g ro w th  o f  th e  germ tu b e .  L en g th  o f  t h e  l a t t e r  was 

m ea su re d  i n  m ic r o n s .

E f f e c t  o f  a t t a c h e d  and d e t a c h e d  l e a f . T a b le  2 shows 

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

d e r  th e  v a r i o u s  t r e a t m e n t s .  A n a ly s i s  o f  t h e  d a t a  i s  shown i n  

t a b l e  3 a s  w e l l  a s  th e  c o m p a r is o n  o f  th e  means o f  t h e  d i f f e r ­

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

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

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



T a b le  2 . P e r c e n t  s p o r e  g e r m i n a t i o n  i n  b i o a s s a y  t e s t  o f  d i f f u s a t e s  from  a t t a c h e d  and  d e ­
t a c h e d  l e a v e s  a t  2 i n o c u l a t i o n  t e m p e r a t u r e s .  (A verage  o f  2 r e p l i c a t i o n s )

A t ta c h e d L e a f D e tach ed  L e a f

G eno types

„ o  
18 C

. 0 
24 C

0
18 C

0
24 C

Days Days Days Days

1 2 3 1 2 3 1 2 3 1 2 3

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

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

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

H thtB xbx 8 1 .4 7 7 .6 6 3 .6 7 3 .2 3 3 .1 7 1 .2 8 8 .5 1 7 .2 8 5 .5 8 3 .6 8 7 .4 7 8 .5

h th tB xB x 9 0 .3 8 9 .3 8 4 .2 8 4 .3 9 1 .0 8 5 .8 8 9 .5 8 9 .1 8 8 .5 8 9 .3 9 6 .4 8 0 .8

h th tB x b x 8 9 .3 9 5 .2 8 0 .0 9 1 .2 9 1 .1 8 4 .8 8 7 .8 8 7 .8 9 3 .6 8 9 .1 8 7 .2 9 1 .9

h th tb x b x 9 0 .6 9 2 . 6 9 2 .4 9 0 .2 9 1 .2 9 1 .0 8 6 .2 7 8 .7 9 1 .5 9 5 .4 9 1 .1 8 3 .3

C o n t r o l 9 5 .2 9 4 .8 9 4 .9 8 8 .4 7 1 .0 9 5 .3 8 7 .2 9 3 .8 9 4 .5 9 2 .0 9 5 .2 8 2 .0
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T a b le  3 . A n a l y s i s  o f  v a r i a n c e  a n d  Duncan*s m u l t i p l e  r a n g e  
t e s t  o f  t h e  means o f  t a b l e  2 .

S o u rc e  o f  V a r i a t i o n d . f . M.S. F

Days 2 1 4 4 2 .3 4 1 3 4 .6 5 * *
T e m p e ra tu re 1 7 5 .1 2 7 .0 1 * *
Temp, x  Day 2 1 6 2 .1 1 1 5 .1 3 * *
L e a f  C o n d i t i o n 1 2 0 7 7 7 .0 9 1 9 3 9 .6 9 * *
L e a f  x Day 2 2 1 8 .3 4 2 0 .3 8 * *
L e a f  x Temp. 1 1 8 0 9 .9 4 1 6 8 .9 7 * *
L e a f  x Day x Temp. 2 7 3 4 .3 0 6 8 .5 5 * *
G eno type 7 9 6 0 7 .6 6 8 9 6 .9 4 * *
Gen. x Day 14 4 8 8 .9 7 4*5,64**
Gen. x Temp. 7 1 9 7 .7 5 1 8 .4 6 * *
G en. x  Temp, x  L e a f 14 1 0 7 .3 3 1 0 .0 2 * *
Gen. x L e a f 7 ^ 6 9 3 .5 5 4 3 8 .1 7 * *
Gen. x L e a f  x  Day 14 3 8 8 .9 2 3 1 .6 4 * *
G en. x  L e a f  x  Temp. 7 2 0 7 .3 8 1 9 .3 6 * *
G en. x  L e a f  x  Temp, x  Da y 14 3 0 5 .8 0 2 8 .5 4 5 1  

0 .5 0R e p l i c a t i o n 1 5 .3 8
E r r o r J2 S 1 0 .7 1
T o t a l __________________________191

** S i g n i f i c a n t  a t  0 .0 1  l e v e l  ; NS * n o t  s i g n i f i c a n t

MEANS

HtHtBxBx H tH tbxbx KthtBxBx H th tB xbx

35*I a 5 0 . 7b 6 4 .6 ° 7 0 .7 d

h th tB x B x h th tB x b x h t h tb x b x C o n t r o l

88.2® 89.0® 89.5® 9 0 .4 s

A t t a c h e d D e ta c h e d 18°C 24°C

6 2 . 3a 8 3 . l b 7 3 . ^ a 7 2 .  l b

Day 2 Day 3 Day 1

6 8 . 9a 7 1 .  l b 7 8 .0 °

Means n o t  f o l lo w e d  by  th e  same 
a t  V/o l e v e l .

l e t t e r  d i f f e r s i g n i f i c a n t l y
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C om parison  o f  th e  a t t a c h e d  and  d e ta c h e d  l e a f  showed 

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

t h e  l a t t e r  a s  shown b y  i t s  lo w e r  p e r c e n t  s p o re  g e r m i n a t i o n .  A 

c l o s e r  lo o k  a t  th e  d a t a  r e v e a l e d  t h a t  t h e  r e s i s t a n t  g e n o ty p e s  

w i th  a t t a c h e d  l e a v e s  s t a r t e d  t o  p ro d u c e  p h y t o l a e x i n  tw e n ty  

f o u r  h o u r s  a f t e r  i n o c u l a t i o n  w i t h  th e  s u s p e n s i o n .  T h is  i n c r e a s e d  

p r o g r e s s i v e l y  up  to  t h e  t h i r d  d a y .  The same g e n o ty p e  w i th  th e  

d e ta c h e d  l e a v e s  a p p a r e n t l y  d i d  n o t  p ro d u c e  th e  s u b s ta n c e  u n t i l  

t h e  se co n d  d a y  and a t  a  much l e s s e r  a m o u n t .

The r e s i s t a n t  n o rm al g e n o ty p e  ( HtHtBxBx) i n h i b i t e d  

s p o r e  g e r m i n a t i o n  by a b o u t  55%° b a s e d  on t h e  c o n t r o l .  T h is  i n ­

h i b i t i o n  was s i g n i f i c a n t l y  h i g h e r  th a n  a n y  o t h e r  g e n o ty p e  a t  

t h e  one p e r c e n t  l e v e l .  T h is  was fo l lo w e d  by  H tH tb x b x . H th tB xB x. 

a n d  H th tB xbx  i n  t h a t  o r d e r  w i t h  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  

among t h e s e  t h r e e  g e n o ty p e s .  On th e  o t h e r  h a n d , h th tB x B x . h t h t -  

Bxbx, h t h t b x b x  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  from  t h e  c o n t r o l .

I n o c u l a t i o n  t e m p e r a t u r e s  o f  18 °  an d  2k ° C d i f f e r  s i g ­

n i f i c a n t l y .  However t h e  s m a l l  d i f f e r e n c e  r e q u i r e s  t h a t  f u r t h e r  

s t u d y  i s  n e e d e d  b e f o r e  a  d e f i n i t e  c o n c l u s i o n  c a n  b e  made. Ap­

p e a r a n c e  o f  th e  a t t a c h e d  and  d e ta c h e d  l e a v e s  s e v e r a l  d a y s  a f t e r  

i n o c u l a t i o n  i s  shown i n  f i g u r e s  3 and  r e s p e c t i v e l y .  T hese  

a r e  e x p l a i n e d  u n d e r  d i s c u s s i o n .

F u r t h e r  s t u d i e s  on  t h e  e f f e c t s  o f  a t t a c h e d  and  d e ta c h e d  

l e a f  a r e  shown i n  t a b l e s  ^ - 7 .  The p e r c e n t  sp o re  g e r m i n a t i o n  

a n d  germ t u b e  l e n g t h  a r e  shown i n  t a b l e s  b  and  6 ,  w h i le  t h e i r  

c o r r e s p o n d i n g  a n a l y s i s  a r e  p r e s e n t e d  i n  t a b l e s  5 a n d  7 ,  r e s ­

p e c t i v e l y .
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F ig u re  3 . C lo s e - u p  o f  a t t a c h e d  l e a v e s  2 d a y s  a f t e r  i n o c u l a t i o n  
w i th  s p o re  s u s p e n s i o n .  Note th e  w a t e r  so a k ed  l e s i o n s  
u n d e r n e a th  t h e  d ro p  s u s p e n s io n .  The f i r s t  2 l e a v e s  
on th e  l e f t  w e re  th e  c o n t r o l  an d  t h e  2nd an d  3 r d  
l e a v e s  from  t h e  r i g h t  w ere  t h e  s u s c e p t i b l e  g e n o ty p e s .

F ig u r e  A ppearance  o f  t h e  d e ta c h e d  l e a v e s  5 d a y s  a f t e r  th e  
s u s p e n s io n  was p l a c e d  on t h e  l e a v e s .  The g e n o ty p e s  
from  l e f t  t o  r i g h t  w e re :  C o n t r o l ,  h t h t b x b x . h th tB x B x . 
H tH tb x b x . H th tB xB x . a n d  HtHtB xB x.
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T a b le  4 .  P e r c e n t  s p o r e  g e r m i n a t i o n  o n  a t t a c h e d  a n d  d e ta c h e d  
l e a f  on  65 d ay  o l d  s e e d l i n g s .  (A verage  o f  2 e x p e r ­
i m e n t s  w i th  two r e p l i c a t i o n s  e a c h )

L e a f
C o n d i t i o n G e n o ty p es

Days a f t e r  i n o c u l a t i o n

1 2 3 4 5 6 7

HtHtBxBx 1 2 .4 4 . 3 6 .2 1 6 .1 2 1 .4 1 4 .4 6 9 .8

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

H tH tbxbx 4 2 .1 8 . 4 2 1 .5 2 8 .0 1 7 .8 7 0 .5 7 0 .7

A t t a c h e d h th tB xB x 6 7 .1 4 1 .4 7 7 .7 8 9 .9 7 3 .4 8 4 .8 9 0 . 6

h t h tb x b x 5 3 .2 8 4 .4 8 7 .4 9 0 .6 8 8 .4 8 9 .2 9 1 .8

C o n t r o l 9 8 .2 9 7 .2 9 6 .9 9 6 .7 9 5 .6 9 5 .6 9 9 .0

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

HthtBxBx 8 0 .6 6 9 .1 8 2 .8 8 5 .8 8 4 .0 9 2 .5 9 1 .4

D e ta c h e d
H tH tbxbx 9 3 .0 8 1 .6 7 9 .2 8 7 .6 8 2 .9 8 8 .2 8 3 .5

h th tB x B x 8 7 .8 9 7 .9 9 7 .7 9 8 .0 9 0 .8 8 8 .7 9 0 .9

h th tb x b x 9 0 .8 9 1 .8 9 3 .5 9 8 .1 9 3 .0 9 1 .8 9 2 .9

C o n t r o l 9 9 .2 9 7 .1 9 9 .1 9 7 .9 9 7 .2 9 7 .4 9 7 .8
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T a b le  5 . A n a l y s i s  o f  
t e s t  o f  t h e

v a r i a n c e  
means o f

and  D u n c a n 's  
t a b l e  4 .

m u l t i p l e  r a n g e

S o u rc e  o f  V a r i a t i o n d . f . l M.S. F

Days 6 1 5 4 0 .7 9 5 1 .7 7 * *

L e a f  C o n d i t i o n 1 9 3 6 7 .6 4 3 1 4 .7 6 * *

Day x L e a f 6 4 1 .5 6 1 .3 9 NS

G enotype 5 1 7 3 2 9 .5 4 5 8 2 . 28**

Gen. x  Day 30 5 5 6 .4 8 1 8 .6 9 * *

Gen. x  L e a f 5 1 2 6 9 .5 8 4 2 .6 5 * *

Gen. x  L e a f  x  Day 30 2 5 8 .6 4 8 .5 5 * *

B e p l i c a t i o n 1 4 8 .7 5
- NS 

I . 6 3

E r r o r 83

T o t a l 167

** S i g n i f i c a n t  a t  0 .0 1  l e v e l ;  NS = n o t  s i g n i f i c a n t

MEANS

HtHtBxBx H tH tbxbx  H thtBxBx h th tB x B x  h t h t b x b x  C o n t r o l

5 2 . 3 C 61. 11 63.3 8 4 .1 86.6 9 7 .5

Day 2 Day 1 Day 3 Day 5 Day 4  Day 6 Day 7

6 3 . 0a  69 . 5b  69 . 9^  7 2 . 7 b 7 5 . l b 8 2 .4 °  8 6 .4 d

A t t a c h e d  
.a

D e ta c h e d

5 9 .9  88 .9*

Means n o t  f o l lo w e d  b y  t h e  same l e t t e r  d i f f e r  s i g n i f i c a n t l y  a t  
th e  1% l e v e l .
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T a b le  6 .  Germ tu b e  l e n g t h  o f  H. t u r c l c u m  on a t t a c h e d  and
d e ta c h e d  l e a f  on  65 d a y s  o l d  s e e d l i n g s .  (A v e rag e  o f  
2 e x p e r i m e n t s ,  w i t h  2 r e p l i c a t i o n s  e a c h  i n  m i c r o n s ) .

L e a f  : : 
Condi t i o n : G e n o ty p e s :

Days o f  i n o c u l a t i o n

: 1 2 3 *4- 5 6 7

HtHtBxBx 26.2 10 .5 31.5 10.5 *+7.2 26.2 *+7.2

HthtBxBx *+2.0 2 6 . 2 21.0 21.0 7 3 .5 3*4-1.2 115.5

H tH tbxbx
A t ta c h e d

h th tB xB x

3 6 .8

31.5

15 .8

26 .2

26.2

2 6 .2

15.8

26.2

21 .0

26 .5

2 6 .2

31.5

26 .2

3 6 .8

h t h tb x b x 3 6 .8 3 6 .8 3 6 .8 3 6 .8 *+7.2 *+2.0 136.5

C o n t r o l *4-56.8 383.2 393.8 388.5 393.8 30*+. 5 2 9 9 .2

HtHtBxBx 2 3 1 .0 26.2 6 3 .O 1*4-1.8 115 .5  2 3 3 .2  173.2

H thtB xB x 9*+. 5 57.8 57.8 173.2 178.5 183.8 57 .8

H tH tbxbx  l*+7.0
D e ta c h e d

h th tB x B x  131.2

6 3 .O 173.2 1 2 0 .8  115 .5  

7 3 .5  1 6 8 .0  29*+.0 1 5 2 . 2

9*+. 5 

120.8

26 .2

l*+7.o

h t h tb x b x

0
.

U
~\ 

1—
1 

C
"\ 110.2 120.8 1*4-1.7 1 6 8 . 0 6 3 . 0  115.5

C o n t r o l 5 5 1 .2 393.8 *4-6 2 .0  399.0 29*+.0 288.8 3 0 9 .8
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T a b le  7 .  A n a l y s i s  o f  v a r i a n c e  and  D u n c a n 's  m u l t i p l e  ra n g e  
t e s t  o f  t h e  means o f  t a b l e  6 .

F

3 9 .8 4 * *

1608. 58**

1 0 .8 2 * *

7 4 6 .4 8 * *

3 5 .5 3 * *

4 3 8 .2 1 * *

2 0 .9 4 * *

5 1 .7 2 * *

T o t a l  167

** S i g n i f i c a n t  a t  .0 1  l e v e l

MEANS

H tH tbxbx  HtHtBxBx h th tB x B x  HtHtBxBx
a  b  b c

64.9  84.5  9 2 . 3  1 0 3 . 1

Day 2 Day 7 Day 3 Day 5 Day 6

1 0 1 . 9a  1 2 4 . 2b  1 3 1 . 7 b 1 3 6 . l b  1 4 6 .3 °

A t t a c h e d  D e ta c h e d

1 0 0 . I a  1 7 4 . 9b

Means n o t  f o l lo w e d  b y  th e  same l e t t e r  d i f f e r  s i g n i f i c a n t l y  
a t  t h e  1% l e v e l .

h t h tb x b x  C o n t r o l
c d

1 0 3 . I  3 7 9 .9

Day 4 Day 1 

1 4 7 .4 °  1 7 5 . 0d

S o u rc e  o f  V a r i a t i o n d . f . M.S.

Days 6 1 2 2 3 5 .0 5

L e a f  C o n d i t i o n 1 4 9 3 9 4 6 .2 5

Day x L e a f 6 3 3 2 4 .2 4

G enotype 5 2 2 9 2 2 2 .5 6

Gen. x Day 30 1 0 9 1 2 .0 7

Gen. x L e a f 5 1 3 4 5 6 2 .0 0

Gen. x L e a f  x Day 30 6 4 3 0 .2 3

R e p l i c a t i o n 1 1 5 8 8 2 .8 6

E r r o r 83 3 1 7 .0 6
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S i m i l a r  r e s u l t s  w ere  o b s e r v e d  f o r  th e  e f f e c t  o f  l e a f  

a t t a c h m e n t  i n  t a b l e s  ^  and  6 . I n  a d d i t i o n ,  t h e  a t t a c h e d  l e a f  

p ro d u c e d  a  s h o r t e r  germ tu b e  l e n g t h  t h a n  th e  d e ta c h e d  l e a f .

The a t t a c h e d  l e a f  p ro d u ced  p h y t o a l e x i n  a t  a  much f a s t e r  r a t e  

and  am ount t h a n  th e  d e t a c h e d  l e a f .  T h is  was c l e a r l y  d e m o n s t r a ­

t e d  i n  f i g u r e  5»

The g e n o ty p e s  w ere  i n  th e  same o r d e r  o f  a r r a n g e m e n t  

i n  t a b l e  2 a s  i n  t a b l e  U n l ik e  t h e  f i r s t  e x p e r i m e n t ,  how ever 

t h e  s u s c e p t i b l e  g e n o ty p e s  (h th tB x B x  and  h t h t b x b x ) d e c r e a s e d  

g e r m i n a t i o n  v e r y  s i g n i f i c a n t l y  com pared  t o  t h e  c o n t r o l ,  s u g ­

g e s t i n g  th e  p r o d u c t i o n  o f  some p h y t o a l e x i n  by t h e s e  g e n o ty p e s .  

The am ount , h o w e v e r ,  was p r o b a b l y  n o t  s u f f i c i e n t  f o r  good i n ­

h i b i t i o n  o f  s c o r e  g e r m i n a t i o n  and  r e d u c t i o n  o f  th e  germ t u b e .  

I n t e r e s t i n g l y ,  th e  germ tu b e  o f  t h e  c o n t r o l  was f o u r  t im e s  

l o n g e r  t h a n  t h e  r e s i s t a n t  g e n o ty p e s  and  t h r e e  and  one h a l f  

t im e s  l o n g e r  t h a n  th e  s u s c e p t i b l e  g e n o ty p e s .  P r o d u c t i o n  o f  

p h y t o a l e x i n  ( t a b l e  *+■) s t a r t e d  on th e  f i r s t  d a y  and  i n c r e a s e d  

to  i t s  peak  on  t h e  se c o n d  d a y .  I t  t h e n  i n v a r i a b l y  d e c r e a s e d  

and  a lm o s t  e n t i r e l y  d i s a p p e a r e d  by  th e  6 th  o r  7 t h  d a y ,  p a r ­

t i c u l a r l y  on t h e  d e ta c h e d  l e a v e s .  F i g u r e s  6, 7 , 8 and  9 show 

t h e  e f f e c t  o f  t h e  g e n o ty p e s  on th e  g e r m i n a t i o n  and  germ tu b e  

l e n g t h  o f  H. t u r c l c u m .

The e f f e c t  o f  in o c u lu m  c o n c e n t r a t i o n . The e f f e c t s  o f  

in o c u lu m  c o n c e n t r a t i o n  u p o n  t h e  p r o d u c t i o n  o f  p h y t o a l e x i n  su b s  

t a n c e s  a r e  p r e s e n t e d  i n  t a b l e s  8 a n d  1 0 .
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F ig u r e  5 . E f f e c t  o f  a t t a c h e d  an d  d e ta c h e d  l e a v e s  on th e  t im e  
o f  p h y t o a l e x i n  p r o d u c t i o n  and  p e r c e n t a g e  s p o r e  
g e r m i n a t i o n .
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Fissure 6 .  E f f e c t  o f  t h e  d i f f u s a t e  from  t h e  g e n o ty p e  HtHtBxBx on  
th e  s p o re  g e r m i n a t i o n  o f  H. t u r c i c u m .  The s q u a r e  g r i d  
i s  i n s e r t e d  i n t o  t h e  e y e p i e c e  o f  th e  m ic ro s c o p e  t o  f a ­
c i l i t a t e  c o u n t i n g .

.1  i  k  k  t  v

F ig u r e  7 .  E f f e c t  o f  t h e  d i f f u s a t e  from  t h e  g e n o ty p e  HthtBxBx o r
h th tB xB x  on  th e  s p o r e  g e r m i n a t i o n  o f  H. t u r c i c u m . Germi 
n a t i o n  a n d  germ tu b e  l e n g t h  a r e  u s u a l l y  r e d u c e d .
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F i g u r e  8 .  The e f f e c t  o f  th e  d i f f u s a t e  from  th e  g e n o ty p e  h t h tb x b x  
o r  h th tB x B x  on t h e  s p o r e  g e r m i n a t i o n  o f  H. t u r c i c u m .
Germ tu b e  l e n g t h  and  s p o r e  g e r m i n a t i o n  i s  v e r y  s l i g h t l y  
r e d u c e d a s  com pared  to  th e  r e s i s t a n t  g e n o ty p e s .

F i g u r e  9 .  E f f e c t  from  th e  d i s t i l l e d  w a t e r  i n  th e  c o n t r o l  on  th e  
s p o re  g e r m i n a t i o n  o f  H. t u r c i c u m . T h ere  was no i n h i b i  
t i o n  o f  g e r m i n a t i o n  an d  g row th  o f  th e  germ  t u b e .



T a b le  8 .  P e r c e n t  s p o r e  g e r m i n a t i o n  a t  two in o cu lu m  c o n c e n ­
t r a t i o n s  on  t h e  a t t a c h e d  l e a f  o f  65 d a y s  o l d  s e e d ­
l i n g s .  (A verage  o f  2 e x p e r i m e n t s  w i t h  2 r e p l i c a ­
t i o n s  e a c h )

Concen­ : G e n o ty p es
Days o f  i n o c u l a t i o n

t r a t i o n
1 2 3 4 5 6 7

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

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

Low
H tH tbxbx 

h th tB xB x

7 0 .1

9 7 .1

5 3 .2

8 7 .0

1 6 . 6

2 7 . 6

1 6 .9

7 8 .8

2 1 .6

9 4 .0

2 4 .4

9 6 .8

6 8 .5

8 9 .3

h t h tb x b x 9 3 .9 9 0 .7 9 0 .6 9 0 .7 9 4 .1 8 8 .4 9 4 .2

C o n t r o l 9 9 .4 9 7 .0 9 7 .4 9 7 .8 9 8 .7 9 5 .6 9 6 .8

HtHtBxBx 1 2 .4 4 . 3 6 .2 5 1 6 . 1 2 1 .4 1 4 .4 6 9 .8

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

H igh
H tH tbxbx 

h th tB xB x

4 2 .1

6 7 .1

8 .4

4 1 . 4

2 1 .5

7 7 .7

2 8 .0

8 9 .9

1 7 .8

7 3 .^

7 0 .5

8 4 .8

7 0 .7

9 0 . 6

h t h tb x b x 5 3 .2 8 4 .4 8 7 .4 9 0 .6 8 8 .4 8 9 .2 9 1 .8

C o n t r o l 9 8 .2 9 7 .2 9 6 .9 9 6 .7 9 5 .6 9 5 .6 9 9 .0
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T a b le  9 .  A n a l y s i s  o f  
t e s t  o f  th e

v a r i a n c e  
means o f

an d  D u n c a n 's  
t a b l e  8 .

m u l t i p l e  r a n g e

S o u rc e  o f  V a r i a t i o p d . f . £

Days 6 3 6 3 7 .3 5 22 4 .2 4 * *

C o n c e n t r a t i o n 1 2 0 7 5 6 .9 8 1 2 7 9 .6 7 * *

Day x c o n c . 6 3 5 4 .4 2 2 1 .8 5 * *

G enotype 5 1 8 0 4 8 .9 3 1 1 1 2 .7 1 * *

Gen. x Day 30 1 1 5 2 .8 8 7 1 .0 7 * *

Gen. x Conc. 5 1 5 9 1 .2 9 9 8 .1 0 * *

Gen. x  Conc. x Day 30 3 7 8 .2 5 2 3 . 31**
NS

R e p l i c a t i o n 1 3 0 .0 0 1 .8 4

E r r o r 83 1 6 .2 2

T o ta l

** S i g n i f i c a n t  a t  0 .0 1  l e v e l ;  NS n o t  s i g n i f i c a n t

MEANS

HtHtBxBx H tH tbxbx  HthtBxBx h th tB x B x  h t h tb x b x  C o n t r o l

2 8 . 5a  3 7 . 9b 4 5 . 2 °  7 8 . 2d  87.7® 9 7 . 3f

Day 3 Day 4  Day 2 Day 5 Day 6 Day 1 Day 7
a b b  b  c  c  d

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

High Low

5 9 . 3a  6 5 . 6b

Means not followed by the same letter differ significantly
at the 1 % level.



T a b l e  1 0 .  Germ t u b e  l e n g t h  o f  .H. t u r c i c u m  a t  2 i n o c u l u m  
c o n c e n t r a t i o n s  o n  a t t a c h e d  l e a f  o n  65 d a y s  o l d  
s e e d l i n g s .  ( A v e r a g e  o f  2 e x p e r i m e n t s ,  w i t h  2 
r e p l i c a t i o n s  e a c h ,  i n  m i c r o n s ) .

Concen­ : G en o ty p es
Days a f t e r  i n o c u l a t i o n

t r a t i o n
1 2 3 ** 5 6 7

HtHtBxBx 7 3 .5 1 5 .8 1 0 .5 1 5 .8 2 1 .0 2 6 .2 3 6 .8

HthtBxBx 5 7 .8 2 1 .0 1 5 .8 1 5 .8 1 5 .8 5 2 .5 2 6 .2

Low
H tH tbxbx  

h th tB x B x

2 6 .2

5 2 .5

1 5 .8

2 6 .2

1 5 .8

2 6 .2

1 5 .8

2 6 .2

1 5 .8

2 6 .2

2 6 .2

6 8 .2

2 1 .0

3 6 .8

h t h tb x b x 1 1 5 .5 6 3 .0 8**.0 7 3 .5  l**7.0 5 7 .8 2 1 0 .0

C o n t r o l

CM.
COCO-3- 3 9 3 .8 2 8 3 .5 2 6 2 .5 2 2 5 .8 2 8 8 .8 30**. 5

HtHtBxBx 2 6 .2 1 0 .5 3 1 .5 1 0 .5 **7.2 2 6 .2 **7.2

HthtBxBx **2.0 2 6 . 3 2 1 .0 2 1 . 0 7 3 .5  3 ^ 1 .2  1 1 5 .5

High
H tH tbxbx 

h th tB x B x

3 6 .8

3 1 .5

1 5 .8

2 6 .3

2 6 .2

2 6 .2

1 5 .8

2 6 .2

2 1 .0

2 6 .2

2 6 .2

3 1 .5

2 6 .2

3 6 .8

h t h tb x b x 3 6 .8 3 6 .8 3 7 .8 3 7 .8 **7.2 **2.0 1 3 6 .5

C o n t r o l **56.8 3 8 3 .2 3 9 3 .8 .
COCO 3 9 3 .8 30**.5 2 9 9 .6
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Table 11. Analysis of variance and Duncan's multiple range
test of the means of table 1 0 .

S o u rc e  o f  V a r i a t i o n d . f . Mt S. F

Days 6 6 6 4 9 .3 3 3 1 .5 8 * *

C o n c e n t r a t i o n 1 4 5 1 0 0 1 .8 7 21 4 2 .2 3 * *

Conc. x Day 6 6 2 3 1 .9 6 2 9 . 60**

Ge n o ty p e 5 2 4 0 7 2 5 .0 0 114 3 .4 2 * *

Gen. x Day 30 4 3 0 9 .4 0 2 0 .4 6 * *

Gen. x Conc. 5 12 4 0 7 1 .1 2 58 9 .3 3 * *

Gen. x Conc. x Day 30 5 2 2 2 .3 7 2 4 .8 0 * *

R e p l i c a t i o n 1 1 0 5 8 4 .6 5 5 0 .2 7 * *

E r r o r 83 2 1 0 .5 2

T o t a l 167

** S i g n i f i c a n t  a t  0 . 01 l e v e l

MEANS

H tH tbxbx  HtHtBxBx h th tB xB x  HthtBxBx h t h tb x b x C o n t r o l
a  a a b c d

2 1 . 8  2 8 .5 3 3 .4  6 0 .4  8 0 .2 3 5 6 ,4

Day 4 Day 3 Day 2 Day 5 Day 6 Day 1 Day 7
a  - . a  ,b b c ^d

7 2 .7  7 6 . 6  81 .4  9 3 .6 1 0 8 .9  1 2 0 . 3 1 2 8 .6

Low High
a  b

9 3 .4  1 0 0 .1

Means not followed by the same letter differ significantly at
the 1 % level.



46

The  s p o r e  c o u n t s  f o r  h i g h  a n d  lo w  i n o c u l u m  c o n c e n t r a -  
4  4t i o n  were 1 3 .3  x 10 and  3 . 3  x 10 s p o r e s  p e r  m l, r e s p e c t i v e ­

l y .  The e x p e r im e n t  showed t h a t  th e  h ig h  c o n c e n t r a t i o n  i n h i b i ­

t e d  sp o re  g e r m i n a t i o n  by 40;;£ com pared  to  t h e  low c o n c e n t r a t i o n  

o f  34# ( t a b l e  9 ) .  T h ese  a r 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 .  

S i m i l a r  r e s u l t s  w ere  o b t a i n e d  w i t h  th e  g ro w th  o f  t h e  germ 

tu b e  ( t a b l e  1 0 ) .  A s h o r t e r  tu b e  g ro w th  was o b s e r v e d  a t  h ig h  

t h a n  a t  lov; c o n c e n t r a t i o n .  The a n a l y s i s  o f  v a r i a n c e  f o r  t a b l e s  

8 and  10 a r e  shown i n  t a b l e s  9 and  11 , r e s p e c t i v e l y .

A g r a p h  o f  c o n c e n t r a t i o n  a n d  g e n o t y p e  ( f i g u r e  1 0 )  

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

m o r e  p h y t o a l e x i n  t h a n  t h e  s am e  g e n o y t p e s  u n d e r  lo w  c o n c e n t r a ­

t i o n .  T h i s  w a s  m o s t  p r o n o u n c e d  w i t h  t h e  h o m o z y g o u s  r e s i s t a n t  

n o r m a l  ( H t H t 3 x B x ) g e n o t y p e .

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

w e r e  a r r a n g e d  i n  d e c r e a s i n g  o r d e r  a s  f o l l o w s :  H t H t B x B x . H t H t -  

b x b x . H t h t B x B x . h t h t 3 x B x . h t h t b x b x . a n d  c o n t r o l .  T h e i r  m e a n s  

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

a n o t h e r .  F i g u r e  11 c l e a r l y  i l l u s t r a t e s  t h e  r e l a t i o n s h i p  b e ­

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

p h y t o a l e x i n .  The g r a p h  s h o w s  t h a t  a l l  t h e  r e s i s t a n t  g e n o t y p e s  

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

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

u n t i l  a  maximum p e a k  o n  t h e  t h i r d  d a y .  T h e r e a f t e r ,  p h y t o a l e x i n  

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

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

B x B x . s h o w e d  a  v e r y  s l i g h t  p r o d u c t i o n  o f  p h y t o a l e x i n  u n t i l  t h e
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third day, then disappeared. In most instances, the suscepti­
ble lines behaved like the control.

M easurem ent o f  germ  tu b e  g ro w th  showed a  l e s s  p ro n o u n c e d  

e f f e c t  ( t a b l e  1 0 ) .  The r e s i s t a n t  g e n o ty p e s  d i d  n o t  d i f f e r  s i g ­

n i f i c a n t l y  from  e a c h  o t h e r .  However, t h e y  g av e  s i g n i f i c a n t l y  

s h o r t e r  germ t u b e  th a n  t h e  s u s c e p t i b l e s  and  c o n t r o l .

E f f e c t  o f  i n o c u l a t i o n  t e m p e r a t u r e . The e f f e c t  o f  tem ­

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

p h y t o a l e x i n  i s  shown i n  t a b l e s  12 a n d  1 4 .  T a b le s  13 a n d  15 

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

n a t i o n  and  germ tu b e  l e n g t h ,  r e s p e c t i v e l y .



50

Table 12. Percent spore germination at 2 inoculation tem­
peratures on attached leaf. (Average of 2 exper­
iments, with 2 replications each)

Tem per­ G en o ty p es
Days o f  i n o c u l a t i o n

a t u r e  s
1 2 3 4 5

HtHtBxBx 7 5 .0 5 7 .7 2 2 .8 5 0 .4 5 4 .3

HthtBxBx 7 9 .4 6 9 .0 4 9 . 6 5 7 .6 6 3 .5

l6 °C h th tB xB x 8 1 .7 7 4 .8 7 1 .9 6 8 .9 7 9 .3

h t h tb x b x 8 7 .4 8 1 .7 8 1 .6 8 1 .2 8 2 .2

C o n t ro l 8 4 .3 8 5 .5 8 6 .3 8 5 .0 9 3 .6

HtHtBxBx 7 4 .2 62 .7 2 0 .6 5 3 .0 5 4 .2

HthtBxBx 7 6 .2 6 7 .1 4 6 . 2 7 2 . 2 6 7 .0

2 7 -o h th tB xB x 7 3 .9 7 1 .4 7 0 .8 7 7 .6 7 5 .4
34 C

h th tb x b x 8 5 .0 7 9 .3 8 0 . 6 8 0 .0 8 0 .8

C o n t r o l 8 8 .2 8 8 .6 8 8 .0 87*8 9 0 .2
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Table 1 3 . Analysis of variance and Duncan's multiple range
test of the means of table 1 2 .

S o u rc e  o f  V a r i a t i o n d . f  . Mt ST P

Days 4 9 1 6 .9 7 5 ^ .5 5 * *

T e m p e ra tu re 1 3 9 .3 1 2 . 3 3 NS

Temp, x Day 4 1 4 5 .9 5 8 .6 8 * *

G enotype 4 39 3 5 .^ 9 2 3 4 .1 5 * *

Gen. x Day 16 2 8 2 .1 3 1 6 .7 8 * *

Gen. x Temp. 4 3 4 .5 8 2 . 0 5

Gen. x Te mp. x Da y 16 1 0 5 .7 5 6 . 29**

R e p l i c a t i o n ^ 1 1 .6 6 0 .0 9 NS

E r r o r Z4.9 1 6 .8 0

T o t a l .......

** S i g n i f i c a n t  a t  0 .0 1  l e v e l ;  NS -  n o t  s i g n i f i c a n t

MEANS

HtHtBxBx HthtBxBx h th tB x B x h t h tb x b x  C o n t r o l

5 2 . 5a  <&.6b 7 ^ .6 ° 8 2 . 0d 87.8®

Day 3 Day 2 Day 5 Day 4 Day 1

6 1 . 8a  71 7 3 . 8 b
b c 

7 3 .8  8 0 .0

2 7 -3 2 ° ° 16°C

7 1 .6  a 7 2 . 9a

Means n o t  f o l lo w e d  by  
a t  1% l e v e l .

t h e  same l e t t e r  d i f f e r  s i g n i f i c a n t l y
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T a b le  1 4 .  Germ tu b e  l e n g t h  o f  £ .  t u r c i c u m  a t  2 i n o c u l a t i o n  
t e m p e r a t u r e s  on  a t t a c h e d  l e a f .  (A verage  o f  2 e x ­
p e r i m e n t s ,  w i t h  2 r e p l i c a t i o n s  e a c h ,  i n  m ic r o n s ) .

Tem per­ G en o ty pes
Days o f i n o c u l a t i o n

a t u r e s
: 1 2 3 4 5

HtHtBxBx 1 6 0 .2 1 4 4 .4 4 1 .8 4 7 .2 1 2 8 .6

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

16°C h th tB xB x 15*1 .8 1 4 4 .4 9 1 .8 1 6 0 .1 2 8 3 .5

h t h tb x b x 1 9 9 .5 2 1 7 .8 1 8 3 .7 1 9 6 .8 3 2 8 .1

C o n t r o l 4 2 2 .6 1 9 6 .8 3 8 5 .8 3 2 0 .2 3 9 6 .4

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

HthtBxBx 2 4 4 .1 1 6 5 .4 8 1 .4 1 5 7 .4 1 3 1 .1

21-32°C h th tB xB x 1 6 5 .4 1 4 7 .0 1 0 7 .6 1 3 3 .8 2 7 2 . 8

h t h tb x b x 2 4 4 .1 1 9 6 .8 1 7 3 .0 2 1 0 .0 3 0 7 .0

C o n t r o l 4 1 7 .4 3 8 6 .4 3 4 3 .8 3 2 8 .7 3 9 9 .1
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Table 15. Analysis of variance and Duncan's multiple range
test of the means of table l4.

S o u rce  o f  V a r i a t i o n d . f . M.S. P

Days k 3 ^ 5 9 8 .5 3 8 2 .7 9 * *

T e m p e ra tu re 1 9 .8 5
NS

0 .0 2

Te mp. x Da y it- 5 9 2 4 .7 6 1 4 .1 7 * *

G enotype it- 2 2 5 3 2 9 .0 0 53 9 .1 9 * *

Gen. x  Day 16 5 9 0 8 .1 2 lit-. 13**

Gen. x  Temp. it- 1 7 8 7 5 .3 9 it-2.77**

Gen. x Temp, x Day 16 7 9 0 9 .0 0 1 8 .9 2 * *

R e p l i c a t i o n 1 3 ^ 5 .9 4
NS

0 .8 2

E r r o r i*-9 it-17.90

T o ta l 99

** S i g n i f i c a n t  a t  0 . 01 l e v e l ;  NS 

MEANS

-  n o t  s i g n i f i c a n t

HtHtBxBx HthtBxBx h th tB x B x h t h t b x b x  C o n t r o l

1 0 7 . 3a  1 6 0 . 0b 1 6 6 . l b 2 2 5 .7 °  3 8 2 .8d

Day 3 Day it- Day 2 Day 1 Day 5
a  b 

156.it- 175.it- 2 1 5 .9 °
d  d 

2 4 1 .2  2 5 3 .0

.o 
16  C 27-32°C

2 0 8 . I a 2 0 8 .7a

Means not followed by the same letter differ significantly
at 1% level.
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The two i n o c u l a t i o n  t e m p e r a t u r e s  d i d  n o t  s i g n i f i c a n t ­

l y  a f f e c t  t h e  p r o d u c t i o n  o f  p h y t o a l e x i n .  S i m i l a r  r e s u l t s  w ere  

o b s e r v e d  from  t h e  p e r c e n t  s p o re  g e r m i n a t i o n  ( t a b l e  12) and  

germ tu b e  l e n g t h  ( t a b l e  1 4 ) .  The b e h a v i o r  o f  g e n o ty p e s  

b e h a v e d  s i m i l a r l y  t o  t h a t  shown i n  p r e v i o u s  e x p e r i m e n t s .  The 

r e s i s t a n t  g e n o ty p e s  i n h i b i t e d  s p o r e  g e r m i n a t i o n  and  p ro d u c e d  

much s h o r t e r  germ tu b e s  t h a n  d i d  t h e  s u s c e p t i b l e  l i n e s  an d  

th e  c o n t r o l .  P r o d u c t i o n  o f  p h y t o a l e x i n  i n c r e a s e d  up t o  t h e  

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

W hile  no s i g n i f i c a n t  d i f f e r e n c e  was fo u n d  b e tw e e n  th e

two i n o c u l a t i o n  t e m o e r a t u r e s ,  s e v e r a l  p ro b le m s  w ere  e n c o u n t e r e d
o

w i t h  t h e  h i g h e r  t e m p e r a t u r e .  At 2 7 -3 2  C, i t  was more d i f f i c u l t  

t o  m a i n t a i n  t h e  d ro p  s u s p e n s io n  on  th e  l e a v e s .  Even w ith  com­

p l e t e  s a t u r a t i o n  o f  th e  i n o c u l a t i n g  c h am b er , d r y i n g  o f  th e  d ro p  

s u s p e n s io n  o c c u r e d .  I n o c u l a t i o n  a t  t h i s  t e m p e r a t u r e  i s  t h e r e ­

f o r e  n o t  recom m ended.

E f f e c t  o f  p r e c o n d i t i o n e d  t e m p e r a t u r e . The e f f e c t  o f  

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

i s  shown i n  t a b l e s  16  a n d  1 8 .  R e s u l t s  f o r  p e r c e n t  s p o r e  g e rm i­

n a t i o n  a r e  l i s t e d  i n  t a b l e  1 6 . T ie  germ tu b e  g ro w th  i s  shown 

i n  t a b l e  1 8 . T h e i r  c o r r e s p o n d i n g  a n a l y s e s  o f  v a r i a n c e  a r e  

p r e s e n t e d  i n  t a b l e s  17 a n d  1 9 , r e s p e c t i v e l y .
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T a b le  1 6 . P e r c e n t  s p o re  g e r m i n a t i o n  a t  two p r e - c o n d i t i o n i n g  
t e m p e r a t u r e s  o n  a t t a c h e d  l e a f  a t  t h e  8 - 9 t h  l e a f  
s t a g e  (A verage  o f  3 e x p e r i m e n t s ,  w i t h  2 r e p l i c a ­
t i o n s  e a c h ) .

Tem per­
a t u r e s G e n o ty p es

Days a f t e r  i n o c u l a t i o n

1 2 3 4 5 6 7

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

HthtBxBx 7 9 .9 4 6 .8 5 2 .9 5 4 .9 5 0 .6 2 8 .6 8 8 .4

n H tH tbxbx 8 1 ,1 4 ? . 4 1 8 .0 4 5 .8 4 6 .0 3 2 .8 8 4 .2
2 7 -3 2  C

h th tB xB x 8 0 .7 6 0 .8 8 3 . 8 7 6 .2 7 8 .0 7 7 .0 8 1 .2

h t h tb x b x 8 8 .2 8 2 .6 8 5 . 6 7 7 .7 8 4 .9 8 6 .0 8 7 .2

C o n t r o l 9 3 .2 9 3 .2 9 4 .1 9 3 .9 9 3 .2 9 5 .2 9 5 .9

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

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

21°G H tH tbxbx 7 5 .5 4 6 .0 2 4 .0 4 4 .8 2 8 .2 2 2 .6 2 1 .7

h th tB x B x 8 7 .0 7 7 .6 2 8 .5 7 4 .5 5 3 .2 4 9 .1 7 9 .6

h t h tb x b x 8 8 .6 8 7 .0 7 9 .4 8 5 . 6 8 5 .0 8 4 .2 8 6 . 3

C o n t r o l 8 6 .0 9 2 .4 8 9 .2 9 2 .0 9 0 .0 9 1 .9 9 3 .0
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Table 17. Analysis of variance and Duncan's multiple range
test of the means of table 1 6 ,

S o u rc e  o f  V a r i a t i o n d . f . t Mt s t P

Days 6 2680.4-7 2 9 0 . 62**

P re -T em p . 1 1 0 9 9 8 .1 6 1192.4-5**

P re -T em p , x Day 6 270.4-6 2 9 .3 2 * *

G enotype 5 14-682.4-4- 1 5 9 1 .9 2 * *

Gen. x Day 30 5 3 3 .3 1 5 7 .8 2 * *

Gen. x P re -T em p . 5 6 6 7 .8 8 72.4-1**

Gen. x P re -T em p , x Day 30 1 7 6 .5 3 19.14-**

R e p l i c a t i o n 1 0 .3 5
NS0 . 0 3

E r r o r 83 9 .2 2

T o t a l 167

** S i g n i f i c a n t  a t  0 .0 1 l e v e l ; NS -  n o t  s i g n i f i c a n t .

MEANS

HtHtBxBx H tH tbxbx  HthtBxBx h th tB x B x  h t h t b x b x  C o n t r o l
, , b , . c

3 3 . 8  4 4 .2  4-6.9
d e 

7 2 .1  84-.9
. f  

92.4-

Day 6 Day 3 Day 5 Day 2 Day 4- Day 7 Day 1
a  a  b 

5 1 .8  5 2 .5  5 5 .9 6 2 . 1C
c d

6 3 .4- 6 9 .2
e

8 1 .7

21°C 27-32°C
a  h

5 7 .2  6 7 .6

Means not followed by the same letter differ significantly at
1% level.
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T a b le  18 Germ tu b e  l e n g t h  o f  H. tu r c ic u m  a t  two p r e - c o n ­
d i t i o n i n g  t e m p e r a t u r e s  on a t t a c h e d  l e a f  a t  t h e  
8 - 9 t h  l e a f  (A verage  o f  3 e x p e r i m e n t s ,  w i t h  2 r e ­
p l i c a t i o n s  e a c h ,  i n  m ic ro n s )*

Temper­ : G eno ty pes
Days a f t e r  i n o c u l a t i o n

a t u r e s
1 2 3 *4- 5 6 7

HtHtBxBx 1 2 7 .8 1 2 6 .8 6 6 .5 5*U2 3 5 .0 4 7 .2 6 8 .2

HthtBxBx 1 9 5 .0  1 4 3 .5  1 * 0 .5  1*H.8 9 1 .0 7 6 .1 31**. 9

27 -3 2°C H tH tbxbx 2 0 4 .8 2*4-5.0 1 1 2 .0 1 5 7 .5 1 1 9 .0 8 6 .6 1 9 9 .5

h th tB xB x 2 9 2 .2 1 1 3 .8 5 9 .5 1 0 6 .8 9 8 .0 8 9 .2 1 2 1 .0

h t h tb x b x 2 3 4 .5  1 9 0 .8 1 6 9 .8 1 1 0 .2 1 1 0 .2 7 3 .5 9 9 .8

C o n t r o l 2 9 2 .4 3 0 8 .0 3 3 2 .5 3 4 4 .8 3 06 .2 2 9 9 .2 4 2 0 .0

HtHtBxBx 6 3 . 0  1 1 3 .8 5*4-. 2 7 0 .0 4 0 .2 4 2 .0 3 5 .8

HthtBxBx 1 * 0 .5 9 6 .2 9*4-. 5 8 2 .2 7 7 .0 5 2 .5 4 7 .2

21°C HtHtbxbx 1*4-7.0 7 5 .2 7 1 .8 6 1 . 2 8 2 .2 4 7 .1 4 0 .5

h th tB x B x 1 9 0 .8 6 8 .2 1 1 9 .0 1 1 5 .5 6 1 .2 4 9 . 8 5 7 .8

h th tb x b x 3 0 4 .5 8 9 .2 1 5 7 .2 9 2 .8 9 9 .8 8 1 .4 1 9 9 .5

C o n t r o l 4 3 4 . 0 3 3 9 .0 3 3 9 .5 5 7 7 .6 3 6 0 .5 3 0 4 .5  **77.8
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T a b le  1 9 .  A n a l y s i s  o f  
t e s t  o f  t h e

v a r i a n c e  
means o f

a n d  D u n c a n 's  m u l t i p l e  r a n g e  
t a b l e  18 .

S o u rc e  o f  V a r i a t i o n d . f . M.S. F

Days 6 3 0 6 4 2 .6 5 1 3 .5 2 * *

P re -T em p . 1 336027 .12 1 4 8 .4 6 * *

P re -T em p , x Day 6 6 5 7 7 .7 7 2 .9 0 * *

G enotype 5 2 0 2 8 0 7 .2 5 8 9 . 60**

Gen. x  Day 30 4 2 9 0 .3 6 1 .8 9 NS

Gen. x P re -T em p . 5 8 9 4 2 1 .1 2 3 9 .5 0 * *

G en. x  P re -T em p , x  Day 30 5 1 5 7 .1 6 2 .2 7 * *

R e p l i c a t i o n 1 5 2 8 9 .7 6 2 .3 3 NS

E r r o r 83 2 2 6 3 .4 0

T o t a l 167

** S i g n i f i c a n t  a t  0 .0 1 l e v e l ;  NS -  n o t  s i g n i f i c a n t .

MEANS

HtHtBxBx h th tB x B x  H tH tbxbx H thtBxBx h t h t b x b x  C o n t r o l
a  b 

6 7 .5  H 0 . 2 1 1 7 .8b 1 2 1 .4  1 4 9 .1 ° 3 7 1 . l d

Day 6 Day 5 Day 3 Day 4 Day 2 Day 7 Day 1

1 1 0 .6  1 2 3 .4  1 4 2 .9 1 5 9 .6  b 1 6 4 .1 °  1 7 3 .5 °  219 . l d

21°C 27-32°C

1 4 5 . 5a 1 6 6 . 8

Means n o t  f o l lo w e d  b y th e  same l e t t e r  d i f f e r  s i g n i f i c a n t l y
a t  1 % l e v e l .
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B io a s s a y  on c o r n  l e a v e s  p r e - c o n d i t i o n e d  a t  two te m p e r ­

a t u r e  l e v e l s  b e f o r e  i n o c u l a t i o n  i n f l u e n c e d  t h e  r a t e  and  am ount 

o f  p h y t o a l e x i n  p ro d u c e d .  H ig h ly  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  f o r  b o th  p e r c e n t  g e r m i n a t i o n  a n d  germ  tu b e  l e n g t h .

Means o f  t h e  g e n o ty p e s  were s i g n i f i c a n t l y  d i f f e r e n t  

from  e a c h  o t h e r  w i t h  HtHtBxBx i n h i b i t i n g  a b o u t  66% g e r m i n a t i o n  

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

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

a r e  shown i n  f i g u r e  1 2 .  The b a r s  c l e a r l y  i n d i c a t e d  t h a t  th e  

r e s i s t a n t  g e n o ty p e s  a t  21°C s y n t h e s i z e d  p h y t o a l e x i n  f a s t e r  

an d  i n  a  l a r g e r  am ount t h a n  a t  2 7 -3 2 °C . 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 s e r v e d  w i th  t h e  s u s c e p t i b l e  g e n o ty p e s  a t  t h e s e  

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

d i f f e r  a t  t h e s e  t e m p e r a t u r e s .

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

th e  t im e  o f  p r o d u c t i o n  o f  p h y t o a l e x i n .  P e r c e n t  s p o r e  g e rm in a ­

t i o n  and  germ  tu b e  g ro w th  I n d i c a t e d  t h a t  p h y t o a l e x i n  r e a c h e d  

i t s  p e a k  on  th e  s i x t h  d a y .  T h is  i s  c o n t r a r y  t o  t h e  p r e v i o u s  

f i n d i n g s .  The r e s u l t  o f  t h i s  p a r t i c u l a r  e x p e r im e n t  showed t h a t  

p h y t o a l e x i n  was s y n t h e s i z e d  i n c r e a s i n g l y  up t o  th e  t h i r d  and  

s i x t h  d a y ,  b u t  d i s a p p e a r e d  on  t h e  s e v e n t h  d a y .  The r e a s o n  f o r  

t h i s  i s  n o t  known, b u t  c o u ld  be  a t t r i b u t e d  t o  s a m p l in g  o f  t h e  

d r o p  s u s p e n s io n .

E f f e c t  o f  t h e  s t a g e  o f  p l a n t  g r o w th . Tfte e f f e c t s  o f  

two s t a g e s  o f  p l a n t  g ro w th  o n  th e  p r o d u c t i o n  o f  p h y t o a l e x i n  

a r e  shown i n  t a b l e s  2 0 , 21 , 22 and 23* The p e r c e n t  s p o r e  g e rm i­

n a t i o n  an d  i t s  a n a l y s i s  a r e  p r e s e n t e d  i n  t a b l e s  20 and  2 1 .
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F i a c r e  12 . G eno type  x p r e - c o n d i t i o n e d  t e m p e r a t u r e * i n t e r a c t i o n
on  p e r c e n t  s p o r e  g e r m i n a t i o n .
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T a b le  2 0 . P e r c e n t  s p o r e  g e r m i n a t i o n  f o r  2 s t a g e s  o f  p l a n t  
g ro w th  on  t h e  a t t a c h e d  l e a f  (A v e rag e  o f  2 e x p e r ­
i m e n t s ,  w i t h  2 r e p l i c a t i o n s  e a c h ) .

6 - 7 t h  l e a f  s t a g e 9- 1 0 t h  l e a f  s t a g e

G e n o ty p es
Days a f t e r  i n o c u l a t i o n Days a f t e r  i n o c u l a t i o n

1 2 3 4 5 1 2 3 4 5

HtHtBxBx 7 4 .6  5 1 .4  4 0 .8  3 6 .0  1 9 . 8  4 1 .8  3 6 .8  2 9 .4  4 6 .2  73*7

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

H tH tbxbx  7 6 .4  5 3 .1  3 4 .8  2 4 .2  2 9 .0  7 9 .2  7 8 .4  4 4 .8  3 6 . 4  6 8 .3

h th tB x B x  8 3 . 5  6 4 .0  8 0 .9  7 8 .4  7 7 .0  8 8 .2  8 7 .8  6 1 .8  7 5 .8  8 3 . 8

h th tb x b x  7 6 .6  8 4 .2  8 6 . 3  8 1 .7  8 9 .1  9 0 .0  8 6 . 9  8 7 .8  8 7 .9  8 8 .8

C o n t r o l  9 3 .4  9 2 .7  9 4 .4  9 4 .6  9 5 .2  9 2 .6  9 0 . 3  9 6 .0  9 5 .2  9 4 .7
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Table 21, Analysis of variance and Duncan's multiple range
test of the means of table 2 0 .

S o u rc e  o f  V a r i a t i o n d . f . PUS*. F

Days 4 9 5 2 .7 7 1 4 9 .2 6 * *

S t a g e s  o f  g ro w th 1 1 4 1 1 .1 0 2 2 1 .0 6 * *

S ta g e  x Day 4 5 1 2 .1 2 8 8 .2 2 * *

G e n o ty p es 5 7 4 5 8 .8 1 1 1 6 8 . 50**

Gen. x Da y 20 2 9 0 .8 7 4 5 .5 6 * *

Gen. x S ta g e 5 2 9 3 .4 8 4 5 . 97**

G en. x S ta g e  x Day 20 2 6 9 . 8 3 4 2 .2 7 * *

R e p l i c a t i o n 1 8 7 .5 5 1 3 .7 1 * *

E r r o r 59 6 . 3 8

T?otal 119
** S i g n i f i c a n t  a t  u., 0 i  l e v e l .

MEANS

HtHtBxBx H tH tbxbx 
a  b 

4 5 .0  52.il-

H thtBxBx
c

6 3 .5

h th tB x B x  h th tb x b x  
d  e 

7 8 .1  8 5 .9

C o n t r o l
f

9 3 .9

Day 4 Day 3 
a  b

6 3 . 9  6 5 . 6

Day 2 
c

6 9 . 6

Day 5
c

7 0 .7

Day 1 
d

9 4 .4 _

6 - 7 t h  l e a f 9 - 1 0 th l e a f

66.<t® 73.3 b

Means not followed by the same letter differ significantly
at 1% level.



T a b le  2 2 . Germ tu b e  l e n g t h  o f  H. tu r c ic u m  f o r  2 s t a g e s  o f  p l a n t  g ro w th  on  a t t a c h e d  
l e a f  (A verage  o f  2 e x p e r im e n t s ,  w i th  2 r e p l i c a t i o n s  i n  m ic r o n s ) .

6- 7 t h  l e a f  s t a g e 9- 1 0 t h  l e a f  s t a g e

G eno types

1

Days a f t e r  i n o c u l a t i o n  

2 3 ^ 5

Days a f t e r  i n o c u l a t i o n  

1 2  3 ^ 5

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

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

H tH tbxbx 4 9 .8 4 9 .8 4 4 .6 3 7 .2 4 7 .2 1 1 8 .1 1 1 0 .2 1 5 7 .4 4 4 ,6 4 1 .9

h th tB xB x 1 0 5 .0 6 3 .O 4 9 .8 4 2 .0 7 8 .8 1 1 8 .1 7 0 .8 5 5 .1 1 0 9 .4 1 1 2 .8

h th tb x b x 1 2 0 .7 1 0 2 .4 1 0 5 .0 9 1 .8 91-8 1 2 8 .6 1 0 5 .0 8 1 .4 8 6 .6 1 2 0 .8

C o n t r o l 2 9 9 .2 3 5 7 .0 3 5 4 .4 3 7 5 .4 2 4 6 .8 325 .5 3 20 .2 2 5 4 .6  2 9 6 .6 2 9 1 .4
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Table 2 3 . Analysis of variance and Duncan's multiple range
test of the means of table 2 2 .

S o u rc e  o f  V a r i a t i o n d .  f . Mt S . ' £

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

S ta g e  o f  Growth 1 1 0 4 1 9 .7 4 3 6 . 10**

S ta g e  x Day 4 5 1 0 .5 9
.NS

1 .7 6

G e n o ty p es 5 I 8 3 4 3 8 .5 0 6 3 5 .6 9 * *

Gen. x Day 20 1 8 9 4 .7 0 6 .5 6 * *

Gen. x S ta g e 5 3 8 5 0 .4 8 1 3 .3 4 * *

Gen. x S ta g e  x Day 20 1 4 9 7 .6 1 5 .1 8 * *

R e p l i c a t i o n 1 4 0 0 8 .9 8 1 3 .8 9 * *

E r r o r 59 2 8 8 .5 6

T o t a l 119

** S i g n i f i c a n t  a t  0.,01 l e v e l ; NS -  n o t  s i g n i f i c a n t

MEANS

HtHtBxBx H tH tbxbx HthtBxBx h th tB xB x  h t h tb x b x C o n t r o l
a  a  

5 9 .1  6 4 .5
b

8 0 .8
b c 

8 9 .5  1 0 3 .4
d

3 12 .1

Day 5 Day 3 Day 4 Day 2 Day 1
Si £l 

1 0 ? .0  1 0 8 .9
a

1 0 9 .1
b c 

1 2 7 .3  1 3 9 .0

6 - 7 t h  l e a f 9 - 1 0 th l e a f
«a

1 0 9 .8 1 2 6 . 7b

Means riot followed by the same leter differ significantly
at 1% level*



65

The germ  tu b e  l e n g t h  m ea su re m e n ts  a r e  g iv e n  i n  t a b l e s  22 and  

23 . The s e e d l i n g s  i n  th e  6 t h - 7 t h  l e a f  s t a g e  w ere  23 d a y s  o l d ,  

w h i l e  i n  th e  8 - 9 t h  l e a f  s t a g e  th e y  w ere  37 d a y s  o l d .  B o th  

g ro u p s  o f  p l a n t s  w ere  grow n i n  th e  g re e n h o u s e  p r i o r  t o  i n o c ­

u l a t i o n .

P l a n t  age  a f f e c t e d  th e  p r o d u c t i o n  o f  p h y t o a l e x i n .  The 

6~7 t h  l e a f  s t a g e  i n h i b i t e d  g e r m i n a t i o n  y*% a s  com pared  to  26%' 

a t  t h e  9 - 1 0 th  l e a f  s t a g e .  The d i f f e r e n c e  i s  h i g h l y  s i g n i f i ­

c a n t .  The same p a t t e r n  was o b s e r v e d  w i t h  t h e  germ tu b e  l e n g t h  

( t a b l e  22 and  2 3 ) .  The r e l a t i v e  e f f e c t  o f  g e n o ty p e  on  p e r c e n t  

s p o re  g e r m i n a t i o n  was s i m i l a r  to  p r e v i o u s  e x p e r i m e n t s .  P r o ­

d u c t i o n  o f  o h y t o a l e x i n  d e c r e a s e d  i n  th e  f o l l o w i n g  o r d e r : H tH t-  

BxBx. H tH tb x b x . H th tB xB x . h th tB x B x . h t h t b x b x . and c o n t r o l .  

D i f f e r e n c e s  among g e n o ty p e s  w ere  a l l  h i g h l y  s i g n i f i c a n t .  Germ 

tu b e  g ro w th  gave a  s i m i l a r  p a t t e r n  e x c e p t  t h a t  th e  f i r s t  and  

se c o n d  g e n o ty p e s  an d  th e  t h i r d  an d  f o u r t h  g e n o ty p e s  w ere  n o t  

d i f f e r e n t  fo rm  e a c h  o t h e r .  Maximum p r o d u c t i o n  o f  p h y t o a l e x i n  

was o b s e r v e d  on t h e  t h i r d  an d  f o u r t h  day  a f t e r  i n o c u l a t i o n .

F u r t h e r  e f f e c t s  o f  s t a g e s  o f  g row th  a r e  shown i n  th e  

f o l l o w i n g  t a b l e s .  The p e r c e n t  g e r m i n a t i o n  i s  g iv e n  i n  t a b l e  

2^ a n d  i t s  a n a l y s i s  i n  t a b l e  25 . Germ tu b e  l e n g t h  i s  g i v e n  i n  

t a b l e  26 and  i t s  a n a l y s i s  i n  t a b l e  2 7 .  The young s t a g e  ( 5 - 6 t h  

l e a f  s t a g e )  was 15 d a y s  o l d ,  th e  m a tu re  s t a g e  ( 8 - 9 t h  l e a f )  was 

3^ d a y s  o l d ,  and. t h e  o ld  s a t g e  ( l l - 1 2 t h  l e a f )  was ^ 9  d a y s  o l d .  

The l l - 1 2 t h  l e a f  p l a n t s  w ere  t a s s e l i n g  a t  t h i s  s t a g e .
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T a b le  24 . P e r c e n t  s p o r e  g e r m i n a t i o n  a t  3 s t a g e s  o f  p l a n t  
g ro w th  on  t h e  a t t a c h e d  l e a f  (A v erage  o f  2 e x p e r  
i m e n t s ,  w i t h  2 r e p l i c a t i o n s  e a c h ) .

L e a f  :
Days a f t e r  i n o c u l a t i o n

S t a g e s : G en o ty p es
: 1 2 3 4 5 6 7

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

HthtBxBx 8 7 .8 7 2 .4 5 6 .2 4 6 . 6 5 0 .3 2 0 .0 3 2 .8

5 - 6 t h
H tH tbxbx

h th tB x B x

6 0 .4

8 1 .9

6 7 .4

8 3 .0

1 9 .8

8 4 .2

5 3 .^

8 2 .3

4 1 .8

8 5 .1

7 3 .4

8 0 .0

7 2 .5

8 2 .4

h th tb x b x 8 5 .8 8 7 .6 8 8 .8 8 5 .7 8 3 .9 8 7 .0 9 0 .0

C o n t r o l 9 6 . 0 9 4 .2 9 2 .6 9 2 .2 9 3 .0 9 2 .4 9 5 .0

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

HthtBxBx 8 4 . 6 8 0 .8 8 0 .1 7 9 .0 7 7 .6 2 9 .4 8 8 .4

8 - 9 t h
H tH tbxbx

h th tB x B x

8 9 .2

8 5 .0

7 7 .1

8 1 .2

5 2 .3

8 9 .8

7 9 .9

8 2 .6

7 8 .1

8 5 .0

3 3 .2

7 5 .2

8 4 .2

8 1 .2

h th tb x b x 9 1 .3 8 8 .8 8 8 .3 8 7 .0 8 9 .4 8 1 .2 8 7 .2

C o n t r o l 9 5 .4 9 7 .8 9 6 .5 9 5 .4 9 3 .6 9 4 .0 9 5 .9

HtHtBxBx 6 0 .0 4 9 .2 4 4 .8 2 2 .4 5 4 .2 2 3 .4 2 5 .4

H thtBxBx 7 9 . 3 7 9 .8 6 1 .8 5 0 .5 7 1 .4 3 0 .1 7 5 .5

l l - 1 2 t h
H tH tbxbx

h th tB x B x

6 9 . 8

8 7 . 9

6 5 .8

8 7 .4

7 8 .8

9 0 .2

8 2 .6

8 7 .6

8 0 .0

8 0 #4

3 7 .2

8 6 .2

7 5 .8

8 4 .4

h t h t b x b x 9 2 . 2 8 9 .6 9 1 .7 9 2 .6 8 9 .8 9 0 .9 9 0 .8

C o n t r o l 9 0 .2 9 4 .8 9 5 .2 9 4 .4 9 3 .1 9 6 .6 9 6 .0
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Table 25. Analysis of variance and Duncan's multiple rangetest of the means of table 24.

S o u rc e  o f  V a r i a t i o n d._f_» M.S. F

Days 6 1 9 5 6 .5 1 2 1 2 .4 0 * *

S t a g e s  o f  Growth 2 7 63 6 . 6O 8 2 9 . 06**

S ta g e  x  Da y 12 2 0 7 .5 9 2 2 .5 3 * *

G eno type 5 1 4 8 9 4 .5 1 1 6 1 7 . 02**

Gen. x Day 30 5 9 2 .2 2 6 4 .2 9 * *

Gen. x S ta g e 10 4 9 1 .6 8 5 3 .3 7 * *

Gen. x S ta g e  x Day 60 1 8 8 .5 7 2 0 .4 7 * *

R e p l i c a t i o n 1 6 3 .7 9 6 . 92**

E r r o r 125 9 .2 1

T o t a l 251

** S i g n i f i c a n t  a t  0 .0 1  l e v e l .

MEANS

HtHtBxBx HthtBxBx H tH tbxbx h th tB x B x  h t h t b x b x  C o n t r o l
a  b . c d e f

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

Day 6 Day 3 Day 5 Day 4 Day 7 Day 2 Day 1
0 d  d e

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

5 - 6 t h  l e a f 8 - 9 t h  l e a f 11--12 t h  l e a f

6 7 . 2a 7 6 . 3° 7 4 .3 °

Means not followed by the same letter differ significantly
at the \%  level.
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T a b l e  26 .  Germ t u b e  l e n g t h  o f  H. t u r c i c u m  a t  3 s t a g e s  o f  
p l a n t  g ro w th  on  a t t a c h e d  l e a f .  (A verage  o f  two 
e x p e r i m e n t s ,  w i t h  two r e p l i c a t i o n s  e a c h ,  i n  
m i c r o n s )»

Days a f t e r  i n o c u l a t i o n

S ta g e : G e n o ty pes
1 2 3 4 5 6 7

HtHtBxBx 7 6 . 2 4 2 . 0 4 2 . 0 5 2 .8 2 8 . 6 1 5 .8 2 6 . 2

HthtBxBx 1 6 0 .1 6 5 . 6 4 2 . 0 4 2 . 0 2 3 . 6 2 6 . 2 3 2 .0

5 - 6 t h
H tHtbxbx 7 8 . 7 5 5 .1 4 7 . 1

-d-.
00CO 1 0 1 .4 2 7 3 .0 3 2 5 .5

h th tB x B x I 8 3 . 6 6 8 .2 4 4 . 6 4 2 . 0 7 8 .7 9 7 .2 9 2 .0

h t h t b x b x 1 1 0 .0 1 1 2 .8 7 6 . 1 9 1 .8 9 1 . 8  1 1 0 . 2  136.5

C o n t r o l

00.
CMr*-\ 3 72 .8 2 7 3 .0  4 2 7 .8 3 7 2 ,8  4 2 5 . 2 4 2 0 . 0

HtHtBxBx 149. 6 1 1 2 .8 7 6 . 1 6 8 .2 3 6 .8 69. 2 1 1 8 . 2

HthtBxBx 2 3 1 . 0 2 3 8 .8 I 8 3 . 8 *
00<-1 1 0 0 .0 9 7 . 2 315. 0

HtHtbxbx 275 . 6 3 3 8 .6 1 3 6 .5 2 1 0 .0 1 4 1 .8 94 . 5 199. 5
8 - 9 t h

h th tB xB x 391. 0 1 4 4 .4 5 7 . 7 1 3 9 .2 8 9 .2 8 4 . 0 121. 0

h t h t b x b x 294 . 0 2 3 6 .2 1 9 6 .8 1 1 8 .1 1 1 2 .8 1 0 5 . 0 997. 5

C o n t r o l 338. 6 3 8 3 .2 4 0 4 . 2 3 0 7 .0 3 ^ 9 .1 378. 0 420 . 0

HtHtBxBx 8 4 . 0 1 0 7 .6 1 6 0 .1 65 . 6 1 0 5 .0 5 7 . 8 92 . 2

HthtBxBx 1 33 . 8 2 5 4 .6 1 6 5 . 4 9 9 .7 1 3 6 . 6 99. 5 139. 2

HtHtbxbx 199 . 5 2 7 5 . 6 1 9 9 . 5 2 1 7 .8 2 1 2 . 6 147 . 0 120. 8
l l - 1 2 t h

h th tB x B x 181 . 1 1 8 6 .4 2 2 8 .4 1 9 4 .2 1 6 8 .0 2 9 4 . 0 247 . 2

h t h t b x b x 215 . 4 2 9 1 .4 2 8 3 . 4 2 4 6 .8 1 6 8 .0 1 57 . 5 2 3 0 . 8

C o n t r o l 278 . 1 3 5 7 .0 3 2 0 .2 3 6 1 .4 1 3 5 .4 350 . 2 320 . 2
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T a b l e  2 7 .  A n a l y s i s  
. t e s t  o f

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

a n d  D u n c a n ' s  
t a b l e  2 6 .

m u l t i p l e  r a n g e

S o u r c e  o f  V a r i a t i o n d . f . mt s t F

D ays 6 1 9 9 9 4 .6 5 2 5 .1 7 * *

S t a g e s  o f  G r o w t h 2 5 6 5 6 7 4 .0 0 7 1 2 .1 1 * *

S t a g e  x  Day 12 84*63.12 1 0 .6 5 * *

G e n o t y p e s 5 168518.4-3 2 1 2 .1 4 * *

G e n .  x  Day 30 889 4 .2 7 1 1 .1 9 * *

G e n .  x  S t a g e 10 4 2 1 4 4 .4 7 5 3 .0 5 * *

G e n .  x  S t a g e  x  Day 60 5 401 .01 6 .7 9 * *

R e p l i c a t i o n 1 1 36 1 .7 5
NS

1 . 7 1

E r r o r 125 7 9 4 .3 5

** S i g n i f i c a n t  a t  0 .0 1  l e v e l ;  NS -  n o t  s i g n i f i c a n t .

MEANS

HtHtBxBx HthtBxBx h th tB x B x  h t h t b x b x  H tH tbxbx  C o n t r o l  
a  b e d  e f

7 4 . 8  1 0 8 . 6  14-6.5 1 6 5 .7  1 7 8 . 0  3 6 2 .9

Day 5 Day 6 Da y 3 Da y 4- Day 7 Da y  2 Day 1
a  a  a  a  b  b  b

14-8.4- 1 5 9 . 9  I 6 3 .2  1 6 5 . 4  1 9 2 .0  202.4- 2 0 2 .5

5 - 6 t h  l e a f  
a

1 3 3 .0

8 - 9 t h  l e a f  
b

194-. 9

l l - 1 2 t h  l e a f  l e a f  

2 0 2 . 2°

Means not followed by the same letter differ significantly
at the 1% level.
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I n o c u l a t i o n  o f  p l a n t s  a t  t h e  young s t a g e  i n d u c e d  

p r o d u c t i o n  o f  more p h y t o a l e x i n  t h a n  i n o c u l a t i o n  i n  t h e  o l d e r  

p l a n t s .  R e s u l t s  o f  t h e  b i o a s s a y  showed t h a t  t a s s e l i n g  p l a n t s  

( l l - 1 2 t h  l e a f  s t a g e )  p r o d u c e d  l e s s  p h y t o a l e x i n  a s  e v i d e n c e d  

b y  t h e  h i g h e r  p e r c e n t  g e r m i n a t i o n  a n d  l o n g e r  germ t u b e  l e n g t h .

Among t h e  g e n o t y p e s  t h i s  was t h e  f i r s t  i n s t a n c e  t h a t  

t h e  h e t e r o z y g o u s  r e s i s t a n t  n o r m a l  (HthtBxBx.) o u t r a n k e d  t h e  

homozygous r e s i s t a n t  d e f i c i e n t  (H tH tb x b x ) .  T h i s  was t r u e  f o r  

b o t h  t h e  p e r c e n t  s p o r e  g e r m i n a t i o n  a n d  germ t u b e  l e n g t h .  The 

o t h e r  g e n o t y p e s  b e h a v e d  a s  b e f o r e  i n  r a n k e d  m eans .  The e f f e c t  

o f  s t a g e s  i n  p l a n t  g ro w th  a n d  g e n o ty p e  on t h e  p e r c e n t  s p o r e  

g e r m i n a t i o n  i s  i l l u s t r a t e d  i n  F i g u r e  1 3 .  The g r a p h  d i s t i n c t l y  

i n d i c a t e s  t h a t  t h e  r e s i s t a n t  g e n o t y p e s  a t  t h e  5 - 6 t h  l e a f  s t a g e  

a r e  c o n s i s t e n t l y  l o w e r  g e r m i n a t i n g  t h a n  t h e  8 - 9 t h  o r  t h e  1 1 -  

1 2 th  l e a f  s t a g e .  The s u s c e p t i b l e  g e n o t y p e s  showed a  s i m i l a r  

t r e n d ,  b u t  t h e i r  d i f f e r e n c e s  were  n o t  s i g n i f i c a n t .

The g e n o t y p i c  means f rom t h e  e n t i r e  e x p e r i m e n t s  i n ­

v o l v i n g  t h e  HtBx g e n e s  a r e  shown i n  f i g u r e  1*K B r i e f l y  i t  

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

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

t h e  homozygous r e s i s t a n t  n o rm a l  g e n o t y p e .  F i g u r e  15  r e p r e ­

s e n t s  t h e  a v e r a g e  o f  s i x t e e n  e x p e r i m e n t s  i n v o l v i n g  t h e  HtBx 

g e n e s  on t h e  t im e  o f  p h y t o a l e x i n  p r o d u c t i o n  a s  m e a su re d  by 

p e r c e n t  s p o r e  g e r m i n a t i o n  a n d  germ t u b e  l e n g t h .  The sh a p e  o f  

t h e  b a r  g r a p h  c o u l d  be d e s c r i b e d  a s  a  U o r  V s h a p e d .
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F i g u r e l 5  •

DAYS

A verage  p e r c e n t  s p o r e  g e r m i n a t i o n  a n d  germ tu b e  
l e n g t h  o f  16  e x p e r i m e n t s  on t im e  o f  p h y t o a l e x i n  
p r o d u c t i o n .
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I n f l u e n c e  o f  Ht b a c k g r o u n d  on p h y t o a l e x i n  p r o d u c t i o n .

T a b l e s  28 and  30 show t h e  p e r c e n t  s p o r e  g e r m i n a t i o n  

and germ tu b e  l e n g t h ,  r e s p e c t i v e l y ,  o f  t h e  v a r i o u s  r e s i s t a n t  

and  s u s c e p t i b l e  m onogenic  l i n e s .  The c o r r e s p o n d i n g  a n a l y s e s  

o f  v a r i a n c e  and  c o m p a r i s o n  o f  t h e  means a r e  shown i n  t a b l e s  

29 and  31.  C o m p ar ison s  o f  t h e  d i f f e r e n t  m onogenic  l i n e s  were  

made on t h r e e  l e v e l s :  d o m in a n t  homozygous (H tH t  ?. d o m in a n t  

h e t e r o z y g o u s  (H t h t ) .  a nd  r e c e s s i v e  ( h t h t ) .

Means o f  t h e  t h r e e  l e v e l s  o f  r e s i s t a n c e  show p h y t o ­

a l e x i n  p r o d u c t i o n  t o  be g r e a t e s t  i n  t h e  HtHt l i n e s ,  f o l l o w e d  

by H t h t  and h t h t  i n  t h a t  o r d e r .  These  d i f f e r e n c e s  a r e  h i g h l y  

s i g n i f i c a n t  { t a b l e  2 9 ) .  S i m i l a r  r e s u l t s  were  o b t a i n e d  f o r  

germ t u b e  l e n g t h  ( t a b l e  3 1 )• F u r t h e r  o b s e r v a t i o n  r e v e a l e d  

t h a t  w h i l e  t h e  HtHt  l i n e s  p r o d u c e d  more p h y t o a l e x i n  t h a n  

H t h t  l i n e s ,  t h e  r a t e  and  t r e n d  o f  p r o d u c t i o n  were t h e  same 

( f i g u r e  1 6 ) .  The c o n t r o l  shown i n  f i g u r e  16  was b a s e d  on  a  

s i m u l t a n e o u s  e x p e r i m e n t  w i t h  t h e  v a r i o u s  l i n e s  b u t  i t  was 

n o t  i n c l u d e d  i n  t h e  d a t a .

The i n t e r a c t i o n  b e tw e e n  t h e  Ht b a c k g r o u n d  o r  l i n e  

and  l e v e l  o f  r e s i s t a n c e  was i n t e r e s t i n g .  I n  t h e  HtHt  l e v e l  

l i n e  6 5 -2 2 5 -1  p r o d u c e d  s i g n i f i c a n t l y  more p h y t o a l e x i n  

( t a b l e  29)  t h a n  a n y  o t h e r  l i n e .  L in e s  RHy-2Ht and  RW6^Ht 

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

n o t  h o l d  t r u e  f o r  t h e  germ tu b e  l e n g t h  ( t a b l e  3 l ) »  s i n c e  

l i n e  6 5 -2 2 5 -1  gave  t h e  l o n g e s t  t u b e  l e n g t h .  I t  s h o u l d  be 

p o i n t e d  o u t  t h a t  germ t u b e  l e n g t h  iB n o t  a s  r e l i a b l e  a s  

p e r c e n t  s p o r e  g e r m i n a t i o n  i n  e v a l u a t i n g  p h y t o a l e x i n  p r o d u c t i o n
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T a b l e  2 8 .  P e r c e n t  s p o r e  g e r m i n a t i o n  i n  b i o a s s a y  t e s t  from 
d i f f u s a t e s  o f  a t t a c h e d  l e a v e s  o f  v a r i o u s  r e s i s t ­
a n t  a n d  s u s c e p t i b l e  m onogenic  l i n e s  f o l l o w i n g  i n ­
c o r p o r a t i o n  o f  t h e  Ht gene  on 65 d a y s  o l d  s e e d ­
l i n g s .  (A verage  o f  ^ ""ex p e r im en ts  w i t h  2 r e p l i c a ­
t i o n s  e a c h ) .

Type o f  
r e s i s t a n c e

L i n e s
Days a f t e r i n o c u l a t i o n means

1 2 3 4 5 6

6 5 -2 2 5 -1 3 3 .6 2 7 .8 1 4 .7 1 9 .4 2 1 . 0 2 1 .2 2 2 . 9
RV/64Ht 4 2 . 9 3 6 .7 1 7 . 4 4 4 . 4 4 6 . 9 5 4 . 6 4 0 . 4

D om inant RWF9Ht 5 1 . 4 3 4 .0 1 2 .8 1 5 .4 1 8 . 2 6 7 .6 3 2 .3
homozy­ RHy-2Ht 4 1 . 8 3 3 . 6 1 4 .8 2 7 .7 3 4 .5 8 2 . 0 3 9 .1
gous ROh^^Ht 4 5 . 0 3 2 .8 1 3 . 4 2 6 .0 2 1 .7 6 1 .6 3 3 .4
(HtHt)

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

6 5 -2 2 5 -1 6 0 .0 5 4 . 0 4 4 , 1 4 5 . 4 3 7 .0 6 8 .4 5 1 . 6
RW 64H t 5 8 .7 4 5 . 2 3 1 .8 5 1 .4 6 6 . 6 7 3 . 5 5 4 . 5
RWF9Ht 6 2 . 4 4 8 . 2 2 4 .8 2 2 .8 2 7 . 8 7 2 ,1 4 3 . 0

Dom inant RHy-2Ht 6 7 .8 5 4 .8 3 3 .9 4 5 . 0 5 3 . 4 8 4 . 4 5 6 . 6
h e t e r o ­ R0h^3Ht 5 3 .2 4 4 . 2 2 0 .1 2 8 .5 3 3 .0 7 0 . 0 4 1 . 5
zygous
( H t h t )

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

65- 2 2 5 - 1 * 7 9 . 1 7 8 . 2 7 4 . 3 8 0 .0 8 2 . 0 7 8 . 2 7 8 . 6
W64 7 9 .7 8 2 . 6 8 3 . 3 8 7 . 6 8 8 . 8 8 8 . 8 8 5 .1
WF9 8 1 .2 8 8 . 2 8 9 . 5 8 9 . 4 8 9 . 8 9 1 . 6 8 8 . 3

R e c e s s i v e Hy 8 6 . 4 8 4 . 0 8 1 . 0 8 8 .0 8 7 . 2 8 9 .8 8 6 .1
( h t h t ) 0h43 8 5 . 6 8 6 . 4 8 0 . 0 8 3 . 3 8 0 . 8 8 3 .O 8 3 . 2

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

* = T h i s  i s  a c t u a l l y  W153R w h ich  i s  i s o g e n i c  t o  6 5 - 2 2 5 - 1 (H t H t )
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T a b le  2 9 .  A n a l y s i s  o f  
t e s t  o f  th e

v a r i a n c e  
means o f

and  D u n c a n ' s  
t a b l e  28 .

m u l t i p l e  r a n g e

S o u rc e  o f  v a r i a t i o n d . f . M.S. F

Day 5 321 6 .5 1 1 15 . 88**
R e s i s t a n c e 2 2 4 17 .0 7 8 7 .0 8 * *
R e s i s t ,  x Day 10 4 1 .4 8 1 .4 9 *
L in e s 4 1 6 6 1 0 .8 0 598 . 4 2 **
L in e  x Day 20 2 9 9 .7 8 1 0 .8 0 * *
L ine  x R e s i s t . 8 1 7 2 7 .6 3 6 2 .2 4 * *
L in e  x R e s i s t ,  x Day 40 1 9 4 .7 0 7.01ft§
R e p l i c a t i o n 1 0 .0 2 0 .0 1  0
T r r o r 89 2 7 .7 6
T o t a l 179

* *  S i g n i f i c a n t  a t  0 . 0 1  l e v e l ;  
NS -  n o t  s i g n i f i c a n t .

S i g n i f i c a n t  a t  0 , 0 5  l e v e l ;

MEANS

Day 3 Day 4  DAy 5 Day 2 Day 1 Day 6

4 2 . 4a  5 0 . 3b  5 2 . 3& 5 5 . 4 °  6 1 . 9d 7 2 .5

d o m in a n t  homozygous 
a

3 3 .6

d o m in a n t  h e t e r o z y g o u s  
b

4 9 . 5

r e c e s s i v e
c

8 4 . 3

K tH t

6 5 - 2 2 5 - 1  
HWF9-H t  
R0h43Ht 
RHy-2Ht 
RW64Ht l l

2 2 .9  
3 2 . 3 d 
3 3 . 4 b 

9 . 1 ?  
0 . 4 °

l i n e  x r e s i s t a n c e  

Htht 
R0h43Ht -  4 1 .  5a

m i u -
RW64Ht -  5 4 .  5b 
3Hy-2Ht -  5 6 . 6

h t h t

6 5 - 2 2 5 - 1 -  7 8 . 6a
0h43 -  8 3 . 2J?
W64 -  8 5 . l b
Hy -  86 .  l b
WF9 -  8 8 . 3b

Means not followed, by the same letter differ significantly
at the 1% level.
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T a b l e  3 0 .  Germ t u b e  l e n g t h  o f  H. t u r c i c u r a  i n  b i o a s s a y  t e s t  
f r o m  d i f f u s a t e s  o f  a t t a c h e d  l e a v e s  o f  v a r i o u s  r e ­
s i s t a n t  a n d  s u s c e p t i b l e  m o n o g e n i c  l i n e s  f o l l o w i n g  
i n c o r p o r a t i o n  o f  t h e  H t  g e n e  o n  65 d a y s  o l d  s e e d ­
l i n g s .  ( A v e r a g e  o f  4  e x p e r i m e n t s  w i t h  2 r e p l i c a ­
t i o n s  e a c h ) .

Tyne o f  
r e s i s t a n c e

L in e s
Days a f t e r i n o c u l a t i o n

: means

: 1 2 3 4 5 6

6 5 -2 2 5 -1 8 5 . 4 5 7 .8 4-3.3 7 7 . 4 1 7 1 .9 1 1 5 .5 9 8 .4
RW64Ht 9 0 . 4 5 3 .8 5 1 .2 4 2 . 2 8 6 . 6 9 9 .8 7 0 .7
HvJF9Ht 14-3.3 5 2 .4 2 2 . 3 1 8 .4 3 8 .0 4 3 . 6 5 3 .0

Dominant 3Hy-2Ht 1 2 6 .8 9 4 .5 4 0 . 7 4 0 .7 5 3 -7 5 7 .2 6 8 .9
homozy­ H0h^3Ht 8 7 .9 5 2 .5 3 5 .4 2 7 . 6 6 0 .4 2 2 .2 4 6 . 6
gous
( H t H t )

means 1 0 6 .7 6 2 .2 3 8 . 6 4 1 . 3 8 2 .1 6 7 .7

6 5 -2 2 5 -1 124.. 6 1 2 4 .7 4 9 . 8 4 4 . 6 1 6 8 . 3 1 4 2 .0 1 0 9 .0
RW64Ht 1 3 6 .5 1 2 0 .8 8 9 .8 4 5 . 4  1 5 2 .8 1 6 9 .7 1 1 9 .2

D om inant HWF9Ht 291.4- 1 7 3 .2 8 1 . 4 5 2 .5 1 2 6 .0  1 6 5 .0 1 4 8 .2
h e t e r o ­ RHy-2Ht .1 7 6 .6 1 2 9 .0 6 0 .2 4 3 . 2 7 0 . 1 1 2 0 . 6 1 0 0 .0
z y g o u s H0h43Hfc 8 1 . 0  123.4- 1 1 8 .2 9 1 .1 1 0 7 . 3 1 1 9 .8 1 0 6 .8
( H t h t )

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

65-225-1* 164-.0 1 6 9 .3 1 2 0 .7 1 4 4 .4 1 5 2 .3 1 3 6 .5 1 4 7 .8
W64 2 4 3 .1 1 7 3 .2 1 1 8 .2 2 0 0 .8 2 4 1 . 6 2 4 1 .8 203 .1
WF9 2 6 7 .8 3 1 7 .6 2 2 8 .4 2 3 8 .9 2 4 9 .4 2 6 0 .4 2 6 0 .4

R e c e s s i v e Hy 2 6 6 .4 1 7 2 .0 1 1 6 .8 1 1 2 .9 1 3 6 .5  2 9 9 .3 1 8 4 .0
( h t h t ) 0h43 1 9 9 .5 1 6 9 .3 1 0 9 .0 9 5 .2 1 5 8 .8 1 4 4 ,4 1 4 6 .0

means 2 2 8 .2 2 0 0 .2 1 3 8 . 6  1 5 8 .4

r-.[>-
001—i 2 1 6 .5

# = T h i s  i s  a c t u a l l y  W153H w h ic h  i s  i s o g e n i c  t o  6 5 - 2 2 5 - 1 ( H t H t )
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Table 3 1 . Analysis of variance and Duncan's multiple range
test of the means of table 3 0 *

S o u r c e  o f  v a r i a t i o n d . f . M.S. F

Day 5 31136 .57 7 9 .7 3 * *
R e s i s t a n c e 2 1 5 3 5 .1 0 3 .9 3 *
R e s i s t ,  x Day 10 2 3 9 1 .5 8 6 . 12**
L in e s 4 1 0 1 0 0 7 .1 2 2 5 8 . 63**
L in e  x Day 20 2 5 5 2 .0 3 6 .5 3 * *
L in e  x R e s i s t . 8 2 2 6 2 4 .7 6 5 7 .9 3 * *
L in e  x R e s i s t ,  x D^y 40 2 4 8 2 .8 0 6 » 36**
R e o l i c a t i o n 1 9 .4 7 0 . 02
E r r o r 89 390. 54
T o t a l .......1.7?

** S i g n i f i c a n t  a t  0 .0 1 l e v e l ;  * s i g n i f i c a n t  a t 0 .0 5  l e v e l ;
NS -  n o t  s i g n i f i c a n t •

MEANS

Day 4 

8 5 . 0a

Day 3 

8 5 . 7a

Day 5

1 31 .

Day 2

1 3 2 . 0l

De.Y 6 Day 1

1 4 2 .5  1 6 5 . 6

d o m in a n t  homozygous
a

6 7 .7

d o m in a n t  h e t e r o z y g o u s  

1 1 6 . 6b

r e c e s s i v e

188 . 3°

l i n e  x r e s i s t a n c e

HtHt

R0h43Ht - 4 7 . 6 ?
RVF9Ht 5 3 . ° ?
RHy-2Ht - 6 8 . 9?
RW 64h t 7 0 . 7
6 5 - 225-1  - 9 8 . 4

Means n o t f o l l o w e d

H th t

RHy-2Htht
H0h43Htht
6 5 -2 2 5 -1
BV/64Htht
HWF9Htht

1 0 0 . o f  
1 0 6 . o f  
1 0 9 . o f  
1 1 9 . 2? 
1 4 8 ,2

h t h t

0h43
6 5 -2 2 5 -1
Hy
W64
WF9

1 4 6 .0  
1 4 7 .8
1 8 4 .0  
2 0 3 . 1 ,  
2 6 0 . 4 d

at the 1 % level.

o 
o* 
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100

Control

9 0

htht

8 0

Htht

7 0

6 0

HtHt

5 0

4 0

3 0

20

1 2 5 6

DAYS
F i g u r e  1 6 . E f f e c t s  o f  t h e  d i f f e r e n t  t y p e s  o f  r e s i s t a n c e  and 

t im e  o f  p h y t o a l e x i n  p r o d u c t i o n  on p e r c e n t  s p o r e  
g e r m i n a t i o n .



80

F i g u r e

8 0

■ -  RH y-2H t  

A -  RWF9Ht  

° ~  R O h - 4 3 H t  

RW64Ht  

• -  6 5 - 2 2 5 - 1

7 0

6 0

5 0

£ 4 °
O
LU
OS

Clco
t -  3 0  z
LUOa:
LUa.

20

2 31 54 6
DAYS

1 7 .  C om par ison  o f  t h e  d i f f e r e n t  t y p e s  o f  monogenic  
r e s i s t a n t  l i n e s  (Ht b a c k g r o u n d )  on  t h e  t im e  o f  
p h y t o a l e x i n  p r o d u c t i o n  a n d  p e r c e n t  s p o r e  g e r m i n a t i o n .
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( s e e  d i s c u s s i o n ) .  W hile  d i f f e r e n c e s  w e re  fo u n d  among t h e  

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

o f  p h y t o a l e x i n  d e v e lo p m e n t  among t h e s e  l i n e s  was s i m i l a r .  

F i g u r e  17 i n d i c a t e s  t h a t  a l l  t h e  homozygous d o m in a n t  l i n e s  

r e a c h e d  t h e i r  maximum p h y t o a l e x i n  p r o d u c t i o n  on  t h e  t h i r d  

d a y  w h ich  g r a d u a l l y  d i m i n i s h e d  u n t i l  t h e  s i x t h  d a y .  The 

e x c e p t i o n  was l i n e  6 5 -2 25 -1  w h ich  a p p a r e n t l y  p r o d u c e d  c o n ­

s i d e r a b l e  p h y t o a l e x i n  u n t i l  t h e  s i x t h  d a y .

t h e  same l i n e s  w e re  l e s s  v a r i a b l e  i n  t h e  p r o d u c t i o n  o f  p h y t o ­

a l e x i n .  T h i s  was i n d i c a t e d  by  r e d u c e d  mean d i f f e r e n c e s  b e tw e e n  

l i n e s .  These d i f f e r e n c e s  w ere  v e r y  s m a l l  a t  t h e  r e c e s s i v e  

( h t h t )  l e v e l ,  s u g g e s t i n g  l i t t l e  i f  a n y  e f f e c t  o f  t h e  h t  g e n e .  

The e f f e c t  o f  t h e  3 l e v e l s  o f  r e s i s t a n c e  on  t h e  m y c e l i a l  

g r o w th  o f  H, t u r c i c u m  i s  i l l u s t r a t e d  i n  f i g u r e  18.

R e s u l t s  i n  t h e  h e t e r o z y g o u s  (H t h t ) l e v e l  show t h a t

F i g u r e  18 .  M y c e l i a l  g ro w th  o f  H. t u r c i c u m  36 h o u r s  a f t e r  i n ­
c u b a t i o n  on a  n u t r i e n t  a g a r  medium. L e s i o n s  w ere  
t a k e n  f rom  p l a n t s  9 d a y s  a f t e r  i n o c u l a t i o n .



82

E f f e c t  o f  t y p e  o f  d i s e a s e  i n h e r i t a n c e  on p h y t o a l e x i n  p r o d u c t i o n .

The e f f e c t s  o f  m on o gen ic ,  m u l t i g e n i c  and  m o n o - m u l t i -  

flcenic t y p e s  o f  d i s e a s e  i n h e r i t a n c e  t o  H. t u r c i c u m  on  t h e  

o r o d u c t i o n  o f  i n h i b i t o r y  s u b s t a n c e s  a r e  shown i n  t a b l e s  J2 

and  3^ .  T a b l e s  33 and  35 p r e s e n t  t h e  a n a l y s e s  o f  v a r i a n c e  f o r  

o e r c e n t  s p o r e  s r e r m i n a t i o n  and  Rjerm tu b e  l e n g t h ,  r e s p e c t i v e l y .
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T a b l e  32 . P e r c e n t  s p o r e  g e r m i n a t i o n  i n  b i o a s s a y  t e s t s  f rom 
d i f f u s a t e s  o f  a t t a c h e d  l e a v e s  o f  m onog en ic ,  m u l t i -  
g e n i c  a n d  m o n o - m u l t i g e n i c  r e s i s t a n t  l i n e s  on 65 
d a y  o l d  s e e d l i n g s .  {Average o f  4  e x p e r i m e n t s  w i t h  
2 r e p l i c a t i o n s  e a c h ) .

Tyne o f L in e s
Days a f t e r i n o c u l a t i o n means

r e s i s t a n c e
1 2 3 4 5 6

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

Monogenic RW64Ht 4 2 . 9 36 .7 1 7 . 4 4 4 . 4 4 6 . 9 5 4 . 6 4 0 . 5

means 3 8 .2 3 2 .3 1 6 .1 3 2 .0 3 3 .9 3 7 .9

H55 1 4 .8 1 3 .8 1 5 .9 1 1 . 0 1 8 .9 2 8 .5 1 7 .2

M u l t i -
g e n i c

H49 1 3 . 6 1 3 .3 1 5 .8 1 8 . 4 1 8 . 3 3 5 .0 1 9 .1

means 1 4 .2 1 3 .5 1 5 .8 1 4 . 6 1 8 . 6 3 1 .8

RH55Ht 4 7 . 4 4 0 . 5 3 0 . 6 1 6 . 4 2 8 .7 3 4 .0 3 2 .9

Mono- 
m u l t i  g e n i c

RH49Ht 4 6 . 0 4 1 .1 2 4 . 4 2 0 . 0 1 9 .0 2 8 .4 2 9 .8

means 4 6 . 7  4 0 . 8  2 7 . 6  1 8 . 2  2 3 .9  3 1 .2
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Table 3 3 . Analysis of 
test of the

variance 
means of

and Duncan's multiple 
table 3 2 .

range

Source of variation d.f. M.S. F

Days 5 4 0 0 . 1 5 1 6 . 51**

Inheritance 2 1 7 1 0 .7 8 7 0 .5 8 * *

Inherit, x Day 10 4 5 .1 2 1.86NS

Lines 1 3 .1 2 0 . 1 3WS

Line x Day 5 1 2 7 .5 8 5 . 26**

Line x inherit. 2 7 0 0 .9 7 2 8 .9 2 * *

Line x Inherit, x Day 10 2 4 0 .4 8 9 .9 2 * *

Replication 1 1 3 3 .9 3 5 .5 2 *

Error 35 2 4 .2 4
Total „  . J ? l  -

** Significant at 0 .0 1 level; * significant at 0 . 0 5  level;
MS - not significant.

MEANS

Day 6 Day 2 Day 5 Day 1 Day 4 Day 3

5 7 . 9 °  39 . 6b  3 6 . 8b 3 3 . 0b 2 1 . 6a  1 9 . 8a

multigenic mono-mult igenic monogenic
1 8 . 2a  31 . 4 b  3 7 . 0°

Means not followed by the same letter significantly differ
at the \%  level.
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T a b le  34-. Germ tu b e  l e n g t h  o f  _H. t u r c l c u m  i n  b i o a s s a y  t e s t  
f rom  d i f f u s a t e s  o f  a t t a c h e d  l e a v e s  o f  m on o g en ic ,  
m u l t i g e n i c  and  m o n o - m u l t i g e n i c  r e s i s t a n t  l i n e s  on  
65 d a y  o l d  s e e d l i n g s .  (A verage  o f  4- e x p e r i m e n t s  
w i t h  2 r e p l i c a t i o n s  e a c h ) .

Type o f
Days a f t e r i n o c u l a t i o n

i n h e r i t a n c e L i n e s
1 2 3 4- 5 6

means

6 5 -2 2 5 -1  8 5 . 4- 5 7 .8  4 3 . 3  77.4- 1 7 1 .9  1 1 5 .5  9 1 . 9

Monogenic  RW64-Ht 90.4- 5 3 .8  5 1 . 2  4-2.2 8 6 . 6  9 9 . 8  54- .0

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

H55 1 2 8 .5 1 2 0 .8 4 9 . 2 6 1 .5 8 1 .4 1 1 9 .4 9 3 .5

M u l t i ­
g e n i c

H4-9 9 7 .1 4 4 . 6 4-9.9 4 4 . 6 5 5 .2 9 3 .9 64-.2

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

RH55Ht 1 4 8 .3 8 6 . 6 5 3 .8 5 3 . 8 67 .1 1 2 0 .8 8 8 . 4

Mono-
m u l t i  g e n i c

RH4-9Ht 1 0 7 .6 5 6 .4 4-7.2 3 1 .4 32 .8 44 .6 ' 5 3 . 3

means 1 2 8 .0  7 1 . 6  5 0 . 5  4-2.6 ^ 9 . 9  8 2 .7
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Table 35. Analysis of variance and Duncan's multiple range
test of the means of table 3 .̂

S o u rc e  o f  v a r i a t i o n d . f • M .S . P

Days 5 7 2 8 6 .4 2 4 4 . 30**

I n h e r i t a n c e 2 2 4 5 .8 5 1 . 4 9 NS

I n h e r i t ,  x  Day 10 1 3 2 7 .8 8 8 .0 7 * *

L in e s 1 5 0 0 6 .6 8 3 0 .4 4 * *

L in e  x Day 5 2 1 2 8 .1 1 1 2 . 9 4 * *

L in e  x I n h e r i t . 2 5 5 6 0 .4 2 3 3 .8 1 * *

L in e  x I n h e r i t ,  x Day 10 7 5 9 .2 8 4 .6 2 * *

d e d i c a t i o n 1 1 0 0 5 .0 3 6 . 11**

T r r o r 55 1 6 4 .4 7
T o t a l 71

** S i g n i f i c a n t  a t  0 .0 1  l e v e l ;  
NS -  n o t  S i g n i f i c a n t .

* S i g n i f i c a n t  a t 0 . 0 5  l e v e l ;

MSANS

Day 3 Day 4 Dp y 2 Day 5 Dr*y 6 Day 1

4 9 .  l a  5 1 . 8 a  7 0 . 0 b 8 2 . 5b 9 9 . 0 ° 1 0 9 . 6°

m o n o - m u l t i g e n i c monogenic m u l t i g e n i c

7 0 . 8a 73 . 8a 7 8 . 8b

Means n o t  f o l l o w e d  by t h e  
a f f t h e  1% l e v e l .

same l e t t e r  d i f f e r  s i g n i f i c a n t l y
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The t y p e  o f  i n h e r i t a n c e  was fo u n d  t o  a f f e c t  p r o d u c t i o n  

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

c a n t l y  more i n h i b i t o r y  s u b s t a n c e s  t h a n  b o t h  t h e  monogenic  a nd  

m o n o - m u l t i g e n i c  l i n e s .  T h is  was o b s e r v e d  i n  p e r c e n t  s p o r e  g e r ­

m i n a t i o n  ( t a b l e  3 3 ) .  The m onogen ic  l i n e s  p r o d u c e d  t h e  l e a s t  

amount  o f  i n h i b i t o r y  s u b s t a n c e s .  I n  germ t u b e  l e n g t h  h o w e v e r ,  

t h e  m u l t i g e n i c  l i n e s  gave  t h e  l b n g e s t  m easu rem en t  ( t a b l e  3 5 )* 

The e f f e c t  o f  t h e  3 t y p e s  o f  d i s e a s e  r e s i s t a n c e  on t h e  m y c e l i a l  

g ro w th  o f  t h e  p a t h o g e n  i s  i l l u s t r a t e d  i n  f i g u r e  19*

F i g u r e  19* M y c e l i a l  g row th  o f  H. t u r c l c u m  36 h o u r s  a f t e r  i n ­
c u b a t i o n  i n  a  n u t r i e n t  a g a r  medium. L e s i o n s  were 
t a k e n  f ro m  p l a n t s ,  9 d a y s  a f t e r  i n o c u l a t i o n .  Mu= 
m u l t i g e n i c ,  M-M= com bined  m o n o - m u l t i g e n i c ,  Mo= mono­
g e n i c ,  M-M p r o d u c e d  a  v e r y  sm a l l  amount  o f  n y c e l i a l  
g ro w th  a t  t h i s  s t a g e  w h ich  i s  n o t  v i s i b l e  i n  t h e  
p h o t o g r a p h .

The r e l a t i o n s h i p  b e tw e e n  t h e  t y p e  o f  d i s e a s e  r e s i s t a n c e  and  

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

f i g u r e  20 ,  W hile  t h e r e  a r e  d i f f e r e n c e s  i n  t h e  amount  p r o d u c e d ,
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t h e i r  p a t t e r n s  i n  p r o d u c t i o n  a r e  s i m i l a r .

C om par iso ns  among l i n e s  w i t h i n  a  g i v e n  t y p e  o f  i n ­

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

s t a n c e s . T h e s e  were  l i n e s  6 5 -2 2 5 -1  and  RW64-Ht, T h i s  d i f f e r e n c e  

was e x p e c t e d  as  shown i n  t h e  p r e v i o u s  e x p e r i m e n t  ( t a b l e  2 9 ) .  

I n  a l l  t y o e s  o f  i n h e r i t a n c e ,  t h e  maximum p e a k  p r o d u c t i o n  

o f  t h e  i n h i b i t o r y  s u b s t a n c e s  was r e a c h e d  on t h e  t h i r d  d a y  a s  

p r e v i o u s l y  r e p o r t e d .

D i s e a s e  e v a l u a t i o n  f o l l o w i n g  s t a n d a r d  i n o c u l a t i o n  on mono­

g e n i c  l i n e s .

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

and  s u s c e p t i b l e  monogenic  l i n e s  p r e - c o n d i t i o n e d  a t  3 t e m p e r ­

a t u r e  l e v e l s  and e v a l u a t e d  9 d a y s  a f t e r  i n o c u l a t i o n  i s  shown 

i n  t a b l e s  36J+O. T a b l e s  36 and 37 p r e s e n t  t h e  q u a n t i t a t i v e  

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

t a b l e s  38 an d  39 p r e s e n t  t h e  v i s u a l  e v a l u a t i o n  and  a n a l y s i s ,  

r e s p e c t i v e l y .
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T a b l e  36 . P e r c e n t  l e a f  i n f e c t i o n  on  v a r i o u s  r e s i s t a n t  and
s u s c e p t i b l e  Ht monogenic  l i n e s  w i t h  d i f f e r e n t  g e n e ­
t i c  b a c k g r o u n d s ,  p r e - c o n d i t i o n e d  a t  3 t e m p e r a t u r e s  
l e v e l s ,  9 d a y s  a f t e r  i n o c u l a t i o n .  (A verage  o f  3 e x “ 
p e r i m e n t s  w i t h  2 r e p l i c a t i o n s  e a c h ) .

Type o f  
r e s i s t a n c e

T e m p e r a tu r e
L in e s  :

: 16 21

( ° c )

2 7 -32

means

6 5 -2 2 5 -1  1 0 .7 6 .8 6.4- 8 . 0
RW64-Ht 1 1 .2 9 .7 9.4- 1 5 .6

Dominant HVF9Ht 8.4- 1 3 .0 7 . 0 9.4-
homozygous HHy-2Ht 1 1 .6 9 . 2 9 .8 1 0 ,2
(H tH t ) R0h4-3Ht 7 . 3 8 . 0 5.4- 8 .1

means 9 . 8 9 . 3 7 . 6

6 5 -2 2 5 -1  9 . 3 6 . 3 7 . 6 7 .8
RV/64-Ht 14-. 2 9 . 5 1 1 . 3 1 1 .6

Dominant RWF9Ht 1 1 .2 1 0 . 0 1 1 . 0 1 0 .7
h e t e r o z y ­ RHy-2Ht 15.4- 1 1 .1 1 6 . 9 1 4 .4
gous R0h4-3Ht 1 0 . 0 7 . 9 5 .1 7 .7
( H t h t )

means 1 2 .0 1 0 . 0 10.4-

6 5 -2 2 5 -1 *  1 0 . 6 1 0 . 6 7 . 8 9 .7
V/64- 1 9 . 0 15.4- 1 3 .2 1 5 .8
WF9 1 3 . ^ 1 3 .1 1 0 . 3 1 2 .2

R e c e s s i v e Hy 1 0 .2 1 0 .8 1 7 .8 1 3 .0
( h t h t ) Oh4-3 1 5 . 6 8 . 6 7 . 0 1 0 .4

means 13*8 1 1 .7 1 1 .2

* = T h i s  a c t u a l l y  W153R w h ic h  i s  i s o g e n i c  t o  6 5 - 2 2 5 - 1 (H t H t )
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Table 37. Analysis of variance and Duncan's multiple range
test of the means of table 3 6.

S o u r c e  o f  v a r i a t i o n d . f . M.S. F

1 3 ,1 9 * *
3 . 61*
3 . 69*

1 1 .2 8 # *
2 . 32*

1 3 .3 6 * *
3 .68**
0 . 4 4 NS

T e m p e r a tu r e  
R e s i s t a n c e  
R e s i s t ,  x Temp.
L i n e s
L i n e s  x Temp.
L in e  x R e s i s t .
L in e  x R e s i s t ,  x Temp,
R e p l i c a t i o n
S r r o r

2
2
4

8
8

16
1

4 0 .8 8
1 1 .1 9
1 1 .4 3
34 .97
7 . 1 8

4 1 .4 0
1 1 .4 0  

1 . 3 7
3 .1 0

T o t a l ..... M .  - .

** S i g n i f i c a n t  a t  0 .0 1 l e v e l ;  * s i g n i f i c a n t  a t 0 . 0 5  l e v e l ;
MS -  n o t  s i g n i f i c a n t •

MEANS

27-32°C

9 . 7 a

21°C

10.0s

, o  
16 C

1 1 . 9

r e c e s s i v e  

1 2 . 2a

d o m in a n t  h e t e r o z y g o u s  

1 0 . 4 b

d o m in a n t  homozygous 

10. 3b

l i n e  x r e s i s t a n c e

HtHt

65 - 2 2 5-1  
R0h43Ht 
RWF9H t  
RHy-2Ht 
RV/64Ht

-  8 . 0a
-  8 . 1 a

-  1 0 .2?
-  1 5 . 6b

H t h t

30h^3Ht
6 5 - 2 2 5 - l H t
13WP9Ht
HW64Ht
Hhy-2Ht

“  7 ' 7a
-  7 ‘ 8^
-  1 1 .6b 
-  1 4 . 4 °

h t h t

6 5 - 2 2 5 - 1
Ohll-3
WF9
Hy
w64

9 .7
1 0 . 412.2
13.0
1 5 .8

Means not followed by the same letter differ significantly
at the 1% level.

O'
 

£D 
JD 

(D
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T a b le  38 . V i s u a l  e v a l u a t i o n  on l e a f  i n f e c t i o n  o f  v a r i o u s
r e s i s t a n t  and  s u s c e p t i b l e  Ht m onogenic  l i n e s  w i t h  
d i f f e r e n t  g e n e t i c  b a c k g r o u n d s ,  p r e - c o n d i t i o n e d  a t  
3 t e m p e r a t u r e  l e v e l s ,  9 d a y s  a f t e r  i n o c u l a t i o n .  
(A verage  o f  3 e x p e r i m e n t s  w i t h  2 r e p l i c a t i o n s  e a c h )

Type o f  
r e s i s t a n c e

L in e s

16

T e m p e ra tu re

21

(°c>

2 7 - 3 2

; means

6 5 -2 2 5 -1 2 .1 4 . 0 2 .1 2 . 7
BW 64H t 2 . 6 4 . 5 2 . 7 3 . 3

Dominant BV/F9H t 2 . 6 3 . 6 3 . 0 3 .1
homozygous RHy-2Ht 4 . 5 2 . 5 2 . 6 3 .2
(H tH t) B0h43Ht 2 .1 2 .8 3 . 0 2 . 6

means 2 .8 3 .5 2 . 7

6 5 -2 2 5 -1 3 .0 2i 5 3 . 5 3 .0
BW 64H t 2 . 5 2 . 5 3 .5 2 . 8

Dominant RWF9Ht 3 .1 4 . 8 3 . 4 3 . 8
h e t e r o z y ­ BHy-2Ht 4 . 0 2 . 0 4 . 0 3 . 3
gous B0h^3Ht 3 .1 2 . 8 2 . 3 2 .7
( H t h t )

means '3 .1 2 . 9 3 . 3

6 5 - 2 2 5 - 1 * 4 . 3 3 .5 4 . 0 3 .0
V/64 5 . 0 4 . 0 5 . 0 4 . 7
WP9 3 .8 4 . 1 5 . 0 4*. 3

B e c e s s i v e Hy 5 . 1 3 . 3 4 . 6 4 . 3
( h t h t ) 0h43 4 . 8 4 . 6 4 . 0 4 . 4

means 4 . 6 3 . 9 4 . 5

* «  T h i s  a c t u a l l y  W153R w h ich  i s  i s o g e n i c  t o  6 5 - 2 2 5 - 1 (H t H t )
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Table 39. Analysis of variance and Duncan's multiple range
test of the means of table 3 8 .

Source  o f  v a r i a t i o n d . f .  M.S. F

T e m p e r a tu r e  
He s i s t a n c e  
R e s i s t ,  x Temp.
L in e s
L in e  x Temp.
L ine  x R e s i s t .
L ine  x R e s i s t ,  x Temp.
R e p l i c a t i o n
E r r o r

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

16 1 .0 1  
1 0 . 2 0  

44  0 .4 1

0 . 5 8 NS
7 .9 8 * *
1 . 4 7 ns
9 .1 8 * *
4 .8 2 * *
4 .2 4 * *
2 .4 5 *
0 . 5 0 NS

T o t a l 89

** S i g n i f i c a n t  a t  0 .0 1  
MS -  n o t  s i g n i f i c a n t

l e v e l ;  * s i g n i f i c a n t  a t
a

MEANS

0 , 0 5  l e v e l ;

d o m in a n t  homozygous 

3 . 0 a

d o m in a n t  h e t e r o z y g o u s  

3 . 1 a

l i n e  x r e s i s t a n c e

r e c e s s i v e

4 . 3 b

HtHt H t h t

R0h43Ht -  2 . 6 a R0h43Ht -
65 - 2 2 5 -1  -  2 . 7 a RV/64Ht
RV/F9Ht -  3 . 1 a 6 5 - 2 2 5 - 1  -
RHy-2Ht -  3 . 2 a RHy-2Ht -
RV/64h t  -  3 . 3 a RV/F9Ht

2.7 '*
2 . 8 a
3 . 0 a
3 . 3 g
3 .8

h t h t

6 5 - 2 2 5 - 1
Hy
0h^3
WF9
V/64

* 24 . 4 a

4 . 7

Means not followed by the same letter differ significantly
at the 1% level.
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P r e - c o n d i t i o n i n g  t h e  m a i z e  s e e d l i n g s  a t  t e m p e r a t u r e s  

o f  2 7 - 3 2 °  o r  2 l ° C  d i d  n o t  s i g n i f i c a n t l y  a f f e c t  t o t a l  a r e a  o f  

l e a f  i n f e c t i o n .  A t  l 6 ° C ,  h o w e v e r ,  t o t a l  a r e a  o f  l e a f  i n f e c t i o n  

w a s  s i g n i f i c a n t l y  i n c r e a s e d  ( t a b l e  3 7 ) .  T h i s  d i f f e r e n c e  w as  

n o t  o b t a i n e d  w i t h  t h e  v i s u a l  r a t i n g  s y s t e m  ( t a b l e  3 9 ) .  The 

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

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

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

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

b u t  a l m o s t  no  d i f f e r e n c e s  w e r e  o b s e r v e d  w i t h  t h e  v i s u a l  e v a l ­

u a t i o n .  I t  i s  i n t e r e s t i n g  t o  p o i n t  o u t ,  h o w e v e r ,  t h a t  s i g n i f ­

i c a n t  d i f f e r e n c e s  w e r e  o b t a i n e d  b e t w e e n  l i n e s  6 5 - 2 2 5 - 1  a n d  

W 6 4 H t  i n  t h e  d o m i n a n t  h o m o z y g o u s  (H t H t ) c o n d i t i o n .  T h i s  r e ­

s u l t  s u p p o r t e d  t h e  f i n d i n g s  o f  t h e  b i o a s s a y  t e s t s  ( t a b l e  29 ) .

D i s e a s e  e v a l u a t i o n  f o l l o w i n g  s t a n d a r d  i n o c u l a t i o n  o n  d i f f e r e n t  

t y p e s  o f  d i s e a s e  i n h e r i t a n c e .

P e r c e n t  l e a f  i n f e c t i o n  on  m ono gen ic ,  m u l t i g e n i c  and  

m o n o - m u l t ig e n i c  r e s i s t a n t  l i n e s  p r e - c o n d i t i o n e d  a t  3 t e m p e r ­

a t u r e  l e v e l s ,  a n d  e v a l u a t e d  9 d a y s  a f t e r  i n o c u l a t i o n  i s  shown 

i n  t a b l e s  4 0 - 4 3 .  E v a l u a t i o n  o f  t h e  q u a n t i t a t i v e  method and  i t s  

a n a l y s i s  i s  p r e s e n t e d  i n  t a b l e s  40  and  4 2 .  T a b l e s  42  a n d  43  

show t h e  v i s u a l  e v a l u a t i o n  and i t s  c o r r e s p o n d i n g  a n a l y s i s .
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T a b le  4 0 .  P e r c e n t  l e a f  i n f e c t i o n  o n  m on o g en ic ,  m u l t i g e n i c  
a nd  m o n o - m u l t i g e n i c  r e s i s t a n t  l i n e s  a t  3 p r e ­
c o n d i t i o n e d  t e m p e r a t u r e s ,  9 d a y s  a f t e r  i n o c u l a t i o n  
w i t h  _H, t u r c i c u m . (A verage  o f  3 e x p e r i m e n t s  w i t h  
2 r e p l i c a t i o n s  e a c h ) .

Type o f
T e m p e r a tu r e  (°C)

i n h e r i t a n c e L in e s
16 21 2 7 -3 2

means

6 5 - 2 2 5 - 1 1 0 .7 6 .8 6 . 4 8 . 0

Monogenic 2W64Ht 1 1 .2 9 .7 9 . 4 1 5 . 8

means 1 0 . 9 8 . 2 7 . 9

H55 5 . 8 7 . 2 4 . 0 5 . 6

M u l t i g e n i c H49 5 . 8 1 0 .0 5 . 0 7 . 4

means 5 . 8 8 . 6 4 . 5

RH55Ht 7 . 2 7 . 8 6 . 4 7 . 1

M o n o - m u l t i ­
g e n i c

3H49H t 9 . 2 6 .8 5 . 2 7 . 1

means 8 . 2  7 . 3  5 . 8
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T a b le  4 1 .  A n a l y s i s  o f  
t e s t  o f  th e

v a r i a n c e  
means o f

and  D u n c a n 's  
t a b l e  4 0 .

m u l t i p l e  r a n g e

S o u rc e  o f  v a r i a t i o n d . f . M.S. F

T e m p e ra tu re 2 1 7 .4 1 9 .9 3 * *

I n h e r i t a n c e 2 1 5 .4 2 8 .9 4 * *

I n h e r i t ,  x Temp. 4 1 .2 8 0 .7 3 Ns

L in e 1 6 .0 8 3 .4 7 ns

L in e  x Te mp. 2 3 .4 8 1 .9 9 NS

L in e  x I n h e r i t . 2 1 4 .6 2 8.34*-m-

L in e  x I n h e r i t ,  x Temp, 4 8 .9 6 5 .1 1 * *

R e p l i c a t i o n 1 0 .6 4 0 . 36NS

E r r o r 17 1 .7 5
T o ta l 33.
** S i g n i f i c a n t  a t  0 . 0 1  l e v e l ;  NS -  n o t  s i g n i f i c a n t .

MEANS

2 7 - 3 2 ° G  21°C  l 6 ° C

6 . i a  8 . 0 b 8 . 3 b

m u l t i g e n i c  m o n o - m u l t i g e n i c  m o n o g e n i c

6 . 5 a  7 . 1 a  1 1 . 9b

Means not followed by the same letter differ significantly
at the 1% level.
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T a b le  4-2. V i s u a l  e v a l u a t i o n  on l e a f  i n f e c t i o n  on  m o n o g en ic ,  
m u l t i g e n i c  a n d  m o n o - m u l t ig e n ic  r e s i s t a n t  l i n e s  a t  
3 p r e - c o n d i t i o n e d  t e m p e r a t u r e s ,  9 d a y s  a f t e r  i n o c u ­
l a t i o n  o f  H. t u r c i c u m . (A verage  o f  3 e x p e r i m e n t s  
w i th  2 r e p l i c a t i o n s  e a c h ) .

T y p e  o f
T e m p e r a t u r e ( ° o )

i n h e r i t a n c e L i n e s
16 21 27-32

m e a n s

6 5 -2 2 5 -1 4 . 0 2 . 1 2 . 1 2 .7

M o n o g e n i c RW64Ht 4 .5 2 . 6 2 .7 3 .3

m e an s 4 .2 2 .4 2 A

H55 2 .5 2 . 0 2 .5 2 . 3

M u l t i g e n i c H4-9 2 .3 2 . 0 2 . 1 2 . 1

m e an s 2 .4 2 . 0 2 .3

RH55Ht 3 .0 2 . 1 2 . 0 2 . 4

Mono-
m u l t i g e n i c

RH^9Ht 2 . 8 2 . 0 2 A 2 A

means 2 .9 2 . 1  2 . 2
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Table 43. Analysis of variance and Duncan's multiple range
test of the means of table 42.

S o u rc e  o f  v a r i a t i o n d . f . M.S. F

T e m p e ra tu re 2 3 .5 9 2 3 .6 7 # *

I n h e r i t a n c e 2 0 .7 5 4 .9 6 # *

I n h e r i t ,  x Temp. 4 0 .3 9 2 . 60NS

L in e s 1 2 .1 5 1 4 .1 8 # *

L ine  x Temp, 2 0 .5 5 3 .6 4*

L ine  x I n h e r i t . 2 0 .7 1 4 .7 0 *

L in e  x I n h e r i t ,  x Temp, 4 0 .3 2 2 . 13NS

R e p l i c a t i o n 1 0 .0 7 0 . 4 ? ns

E r r o r 17 0 .1 5
T o ta l ...35 . . . .

*# S i g n i f i c a n t  a t  0 .0 1  l e v e l ;  * s i g n i f i c a n t  
NS -  n o t  s i g n i f i c a n t .

a t  0 .0 5  l e v e l ;

MEANS

21°C 27-32°C l 6°C

2 . 1a 2 . 3 a 3 .1 b

m u l t i g e n i c  mono- 

2 . 2a

- m u l t i g e n i c

2 . 4 a

m onogenic

3 .0 b

Means not followed by the same letter differ significantly
at the 1 / i level.
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The i n f l u e n c e  o f  t e m p e r a t u r e  on th e  d i f f e r e n t  t y p e s  

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

e x p e r im e n t  ( t a b l e  3 7 ) .  Low t e m p e r a t u r e  in d u c e d  th e  m aize  

p l a n t s  t o  become more s u s c e p t i b l e .  H ig h ly  s i g n i f i c a n t  d i f T 

f e r e n c e s  w ere  fo u n d  be tw een  1 6°  and  21 °C an d  b e tw ee n  l 6° 

v e r s u s  27-32°C  w i t h  th e  q u a n t i t a t i v e  e v a l u a t i o n .  W ith  th e  

v i s u a l  r a t i n g  s y s te m  th e  s i g n i f i c a n t  d i f f e r e n c e s  w ere  b e tw e e n  

l 6°C on one h a n d ,  an d  21° o r  27-32°C  on th e  o t h e r  h a n d .  Com­

p a r i s o n  o f  t h e  d i f f e r e n t  t y p e s  o f  d i s e a s e  i n h e r i t a n c e  shows 

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

l e a f  i n f e c t i o n  th a n  th e  m onogenic  l i n e s .  No s i g n i f i c a n c e  was 

o b t a i n e d  b e tw e e n  m u l t i g e n i c  and  m o n o - m u l t ig e n ic  l i n e s .  T h is  

o b s e r v a t i o n  was a l s o  n o te d  i n  b o th  t y p e s  o f  e v a l u a t i o n .

C om p ariso n  b e tw e e n  l i n e s  w i t h i n  th e  ty p e  o f  i n h e r ­

i t a n c e  shows t h a t  o n ly  th e  m onogen ic  ty p e s  gave s i g n i f i c a n c e ,  

t h a t  i s  b e tw e e n  l i n e s  6 5 -2 2 5 -1  and  RV/64Ht. As i n  t h e  p r e v i o u s  

f i n d i n g ,  t h e  2V/6^H t l i n e  g av e  a  s i g n i f i c a n t l y  h i g h e r  d i s e a s e  

r e a d i n g .

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

C o r r e l a t i o n s  b e tw e e n  th e  d i f f e r e n t  s t u d i e s  a r e  shown

i n  t a b l e
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T a b le  4 4 .  L in e a r  c o r r e l a t i o n  b e tw e e n  l e a f  i n f e c t i o n  and  v i s u a l  
r a t i n g ,  l e a f  i n f e c t i o n  an d  b i o a s s a y  t e s t ,  and  v i s u a l  
r a t i n g  and  b i o a s s a y  t e s t .

F a c t o r s H t H t
r

H t h t h t h t

L e a f  i n f e c t i o n  
( q u a n t i t a t i v e )

v s . V i s u a l
B i o a s s a y ( m a x )  
B i o a s s a y (  x  )

0 .7 8 3
0 .8 4 1 #
0 ,7 1 2

0 .3 9 8
0 .0 5 9
0 .6 3 4

0 .8 8 4 #
0 .5 0 5
0 .5 3 2

V i  s u a l v s . B i o a s s a y ( m a x )  
B i o a s s a y (  x  )

0 .4 6 9
0 .7 2 9

- 0 .0 5 8
- 0 .1 3 7

0 .5 3 2
0 .6 3 5

B i o a s s a y ( m a x ) v s . B i o a s s a y (  x  ) 0 .4 5 4 0 .7 1 5 0 .9 3 3 *

P = .811  
.0 5

a /  —     "   1 '
L e a f  i n f e c t i o n  = q u a n t i t a t i v e  m ethod  o f  e v a l u a t i o n  
V i s u a l  = v i s u a l  m ethod  o f  e v a l u a t i o n  o f  l e a f  i n f e c t i o n  
B io a s sa y (m a x )  = v a l u e s  t a k e n  from  th e  maximum p h y t o a l e x i n

p r o d u c t i o n  w h ich  i s  th e  t h i r d  day  
B i o a s s a y ( x ) = v a l u e s  t a k e n  from  th e  mean o f  th e  6 d a y s  o f

p h y t o a l e x i n  p r o d u c t i o n

* -  S i g n i f i c a n t  a t  t h e  0 .0 5  l e v e l

Most o f  th e  p a i r e d  c o m p a r is o n s  p r e s e n t e d  i n  t a b l e  44 

w ere  n o t  s i g n i f i c a n t .  The e f f e c t  o f  one f a c t o r -  f o r  e x am p le ,  

low  o e r c e n t  s p o re  g e r m i n a t i o n  ( h ig h  p h y t o a l e x i n ) -  d i d  n o t  

n e c e s s a r i l y  g iv e  a  low  p e r c e n t  o f  i n f e c t e d  l e a f  a r e a .  The 

o n l y  f a c t o r s  w hich  seem ed to  h ave  a  good c o r r e l a t i o n  w e re :  

q u a n t i t a t i v e  e v a l u a t i o n  v e r s u s  b io a s s a y (m a x )  a t  th e  H tH t 

l e v e l ;  q u a n t i t a t i v e  e v a l u a t i o n  v e r s u s  v i s u a l  r a t i n g  a t  th e  

h t h t  l e v e l ;  and  b io a s s a y (m a x )  v e r s u s  b i o a s s a y  ( x ) a t  th e  

h t h t  l e v e l .
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SECTION V 

DISCUSSION

E f f e c t  o f  p l a n t  g e n o t y p e .

T h e  l o w e s t  s p o r e  g e r m i n a t i o n  w a s  o b s e r v e d  w i t h  H t H t B x B x . 

f o l l o w e d  b y  H t H t b x b x . H t h t B x B x . h t h t B x B x . h t h t b x b x . a n d  c o n t r o l  

i n  t h a t  o r d e r .  T he  sam e r a n k i n g  w a s  f o u n d  i n  t h e  g e r m  t u b e  

l e n g t h  e x c e p t  t h a t  t h e  d i s t r i b u t i o n  w as  n o t  g r a d u a l  ( f i g u r e  1 * 0 .  

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

e r  t h a n  t h e  s u s c e p t i b l e  d e f i c i e n t  g e n o t y p e  ( h t h t b x b x ) .

Two i m p o r t a n t  c o m p a r i s o n s  s h o u l d  b e  s t r e s s e d .  F i r s t ,  

n o t e  t h e  d i f f e r e n c e  b e t w e e n  h t h t B x B x  a n d  h t h t b x b x . S e c o n d ,

n o t e  t h e  d i f f e r e n c e  b e t w e e n  h t h t B x B x  a n d  h t h t b x b x  r e l a t i v e  t o

t h e  c o n t r o l .  The f i r s t  p o i n t  c o n c e r n s  t h e  r o l e  o f  BxBx g e n e .

T h 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  b e t w e e n  t h e  two g e n o t y p e s ,  

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

o r  d e l a y i n g  g r o w t h  o f  t h e  o r g a n i s m .  T h i s  r e s u l t  c o n f i r m s  C o u t u r e  

e l  a l . 1 s  ( l* t )  w o r k  who r e p o r t e d  t h a t  a  h y d o x a m i c  a c i d  p r o d u c e d  

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

g e r m  t u b e  g r o w t h  o f  H. t u r c i c u m . S e c o n d l y ,  t h e  s u s c e p t i b l e  

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

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

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

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

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

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

d u c e d  i n  t h e  H tBx  g e n o t y p e  a n d  a r e  r e f l e c t e d  i n  i t s  s i g -
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n i f i c a n t  i n h i b i t i o n  o f  s p o re  g e r m i n a t i o n .

As s t a t e d  e a r l i e r ,  germ tu b e  l e n g t h  was n o t  a  v e r y  

r e l i a b l e  m easu re  o f  p h y t o a l e x i n  p r o d u c t i o n , S e v e r a l  r e a s o n s  

c o u ld  a c c o u n t  f o r  t h i s  e f f e c t .  F i r s t ,  th e  num ber o f  germ tu b e s  

m easu red  w ere  u s u a l l y  b e tw e e n  30 and  50  p e r  e x p e r im e n t  a s  com­

p a r e d  t o  300 t o  4-00 s p o r e s  f o r  g e r m i n a t i o n  d e t e r m i n a t i o n .  

S e co n d , a s  soon  a s  t h e  germ tu b e  grew  beyond  10  m ic ro n s ,  i t

became c ro p k e d  and t w i s t e d  {see f i g u r e  6 and  7 ) ,  m aking  a c ­

c u r a t e  m easu rem en t d i f f i c u l t .  T h i r d ,  i t  was o b s e r v e d  i n  a  few 

i n s t a n c e s  t h a t  w h i le  o n ly  v e r y  few s p o r e s  g e r m in a t e d ,  t h e i r  

tu b e  l e n g t h  w ere  much l o n g e r  t h a n  e x p e c te d  ( t a b l e  35 )• On t h i s  

b a s i s  we t h e r e f o r e  f a v o r  t h e  u s e  o f  p e r c e n t  g e r m i n a t i o n  a s  a  

b e t t e r  c r i t e r i o n  f o r  p h y t o l a e x i n  e v a l u a t i o n .

Time o f  o h y t o a l e x i n  d e v e lo p m e n t .

P r o d u c t i o n  o f  p h y t o a l e x i n  s t a r t e d  t w e n t y - f o u r  h o u r s  

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

p e a k  on t h e  f o u r t h . o r  f i f t h  d a y ,  a f t e r  w h ich  i t  g r a d u a l l y  d i s ­

a p p e a re d  ( f i g u r e  1 5 ) .  The germ  tu b e  seem ed t o  e x h i b i t  t h e  same 

t e n d e n c y  a l t h o u g h  i t  was more v a r i a b l e .

I t  s h o u ld  be p o i n t e d  o u t ,  h o w e v e r ,  t h a t  t h e s e  means 

i n c l u d e  th e  v a lu e s  o f  th e  s u s c e p t i b l e  l i n e s  a s  w e l l  a s  th e  

c o n t r o l  i n  each  e x p e r i m e n t .  I f  t h e s e  l i n e s  w ere  e x c lu d e d ,  

s i n c e  t h e y  p ro d u c e  l i t t l e  p h y t o a l e x i n ,  t h e  p e a k  o f  p h y t o ­

a l e x i n  p r o d u c t i o n  w ou ld  be o b s e r v e d  on  t h e  se c o n d  o r  t h i r d  

d a y .  I n  a d d i t i o n ,  o l d e r  p l a n t s  a l s o  c a u s e d  a  d e l a y e d  p e a k  o f  

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

t h i s  s t a g e  p re s u m a b ly  was s lo w .  A n o th e r  s i g n i f i c a n t  change
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i n  t h e  b a r  g r a p h ,  w i t h  t h e  e x c l u s i o n  o f  t h e  c o n t r o l  a n d  s u s ­

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

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

E f f e c t  o f  a t t a c h e d - d e t a c h e d  l e a f .

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

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

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

O u r  r e s u l t s  c o n f i r m e d  t h e  w o r k  o f  L im  e t  a l  ( 5 1 ) *  T h e y  r e p o r t e d  

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

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

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

2 t o  3 d a y s  a f t e r  i n o c u l a t i o n  w i t h  t h e  d r o p  s u s p e n s i o n ,  t h e  

c o l o r  o f  t h e  l e a v e s  s t a r t e d  t o  t u r n  p u r p l e .  T h i s  p r o b a b l y  w as  

d u e  t o  h o s t - p a t h o g e n  i n t e r a c t i o n .  No d i s c o l o r a t i o n  w a s  o b ­

s e r v e d  w i t h  t h e  c o n t r o l  u n t i l  a f t e r  t h e  f i f t h  o r  s i x t h  d a y .

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

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

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

v e l o p m e n t  b e t w e e n  t r e a t m e n t s .  F o r t y - e i g h t  h o u r s  a f t e r  i n o c ­

u l a t i o n ,  w i t h  t h e  s u s p e n s i o n ,  t h e  s u s c e p t i b l e  l e a v e s  d e ­

v e l o p e d  l e s i o n s  w i t h  a  y e l l o w  h a l o .  T h e s e  l e s i o n s  r a p i d l y  

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

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

t o t a l l y  y e l l o w .  I n  t h e  r e s i s t a n t  l e a v e s ,  w a t e r - s o a k e d  l e ­

s i o n s  w e r e  o b s e r v e d  u n d e r  t h e  d r o p s  f o r t y - e i g h t  h o u r s  a f t e r  

i n o c u l a t i o n .  T h e s e  l a t e r  d e v e l o p e d  i n t o  c h l o r o t i c  l e s i o n s  o n  

t h e  6 t h  o r  7 t h  d a y .  I n  t h e  c o n t r o l  n o  s u c h  c h a n g e s  o c c u r r e d ,  b u t
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on th e  6 t h  o r  7 t h  d a y  th e  w h o le  l e a f  s t a r t e d  t o  become y e l lo w  

due to  s e n e s c e n c e .  The y e l l o w i n g  o f  th e  w hole  l e a f  on  th e  6 th  

o r  7 t h  d a y  was o b s e r v e d  i n  a l l  l e a v e s  i n c l u d i n g  th e  c o n t r o l .

T h is  was a t t r i b u t e d  to  low l i g h t  i n t e n s i t y  a s  was a l s o  shown 

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

c lu d e d  i n  th e  t r e a t m e n t .

The low a b i l i t y  o f  th e  d e t a c h e d  l e a v e s  t o  p ro d u c e  

o h y t o a l e x i n  may be e x p l a i n e d  by th e  i n i t i a t i o n  o f  s e n e s c e n c e  

up on  c u t t i n g  w hich  i n  t u r n  a c t i v a t e  p r o t e i n  a n d  c h l o r o p h y l l  

b reakdo w n . I n  a  s i m i l a r  s i t u a t i o n ,  F a r k a s  e t,  a l  {2 3 ) r e p o r t e d  

20 - 30?o p r o t e i n  b reak dow n  i n  d e ta c h e d  l e a v e s  w h ich  c o n s e q u e n t ly  

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

The ch an g e  o f  th e  l e a f  c o l o r  t o  p u r p l e  was p r o b a b l y  due t o  th e  

v e r y  ra p id ,  b reakdow n  o f  th e  c h l o r o p h y l l .  W hile  N ^ -b e n z y la d e n in e  

was p r e s e n t ,  t h e  l e a v e s  c o u ld  p r o b a b l y  n o t  a b s o r b  i t  a s  r a p i d l y  

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

E f f e c t  o f  in o cu lu m  c o n c e n t r a t i o n .

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

p l a n t s  u n d e r  th e  h i g h  s p o r e  c o n c e n t r a t i o n  was p r o b a b l y  du e  t o  

th e  i n c r e a s e d  num ber o f  s p o r e s  i n t e r a c t i n g  w i t h  th e  h o s t .  I t  

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

t r a t i o n ,  f o u r  t im e s  more c o n c e n t r a t e d  t h a n  a t  low l e v e l ,  i t s  

e f f e c t  on  s p o r e  g e r m i n a t i o n  was o n ly  6 . 3  p e r c e n t .  I n c r e a s i n g  

th e  in o c u lu m  d o sa g e  f o u r  t im e s  do es  n o t  g iv e  a  c o r r e s p o n d i n g  

p r o p o r t i o n a l  i n c r e a s e  o f  p h y t o a l e x i n .  T h is  s u g g e s t s  t h a t  a t  t h i s  

c o n c e n t r a t i o n ^ . 3 x 10 s p o r e s / m l )  t h e  nuntoer o f  s p o r e s  r e -
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q u i r e d  t o  p ro d u c e  a n  optimum am ount o f  p h y t o a l e x i n  h a s  been

r e a c h e d .  I t  i s  p r o b a b l e  t h a t  th e  low s p o re  c o n c e n t r a t i o n

u s e d  i n  t h e  s tu d y  i s  a c t u a l l y  h ig h  when com pared  t o  n a t u r a l

c o n d i t i o n s .  T h is  r e a s o n i n g  seem s to  a g r e e  w i th  B e l l ' s  (k)

f i n d i n g  w i t h  V e r t i c l l l i u m  a lb o - a t r u m  o f  c o t t o n .  He fo u n d

t h a t  s p o r e  c o n c e n t r a t i o n  o f  10^ c o n i d i a / m l  in d u c e d  o n ly
5 8t r a c e s  o f  p h y t o a l e x i n ,  w h i le  10 t o  10 c o n i d i a / m l  g av e  a  

two f o l d  i n c r e a s e  i n  p r o d u c t i o n  o f  p h y t o l a x e i n .

E f f e c t  o f  s t a g e  o f  p l a n t  g r o w th .

Two i m p o r t a n t  o b s e r v a t i o n s  w ere  p o s s i b l e  f ro m  s t u d i e s  

a t  d i f f e r e n t  g ro w th  s t a g e s .  F i r s t ,  r e s i s t a n t  p l a n t s  i n  th e  5 -  

6 th  l e a f  s t a g e  p ro d u c e d  s i g n i f i c a n t l y  more p h y t o a l e x i n  th a n  

t h o s e  i n  th e  8 - 9 t h  o r  l l - l 2 t h  l e a f  s t a g e .  T h is  maybe due to  

th e  g r e a t e r  a b i l i t y  o f  th e  y o u n g e r  p l a n t s  t o  s y n t h e s i z e  th e  

m a t e r i a l s  a s  com pared  w i th  th e  o l d e r  p l a n t s  o r  t o  t h e  g r e a t e r  

d i f f u s i n g  o u t  o f  th e  s u b s t a n c e .  P h y t o a l e x i n  t h e r e f o r e  seems 

t o  p l a y  a n  i m p o r t a n t  r o l e  i n  th e  r e s i s t a n t  m echanism  o f  young  

p l a n t s .

The o t h e r  o b s e r v a t i o n  i s  t h a t  p h y t o a l e x i n  p r o d u c t i o n  

i n  th e  o l d e r  p l a n t s  o f  th e  same g e n o ty p e s  was b o th  r e d u c e d  

and  d e l a y e d .  The r e d u c t i o n  i n  p h y t o a l e x i n  p r o d u c t i o n  i s  p r o ­

b a b ly  a  t r u e  r e f l e c t i o n  o f  t h e  l o s s  o f  th e  a b i l i t y  by  th e  

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

p e a r a n c e ,  h o w ev er ,  maybe due  to  r e s i s t a n c e i n  o l d e r  p l a n t  

t i s s u e ,  P a x to n  and  C h a m b e r la in  ( 6 3 ) ,  w o rk in g  w i th  t h e  fu n g u s  

P h y t o o h t h o r a  m egasoerm a i n  s o y b e a n s ,  d e m o n s t r a t e d  t h a t  su c h  

a  m echanism  i s  a c t u a l l y  o p e r a t i n g  i n  r e s i s t a n t  v a r i e t i e s .
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E f f e c t  o f  p r e - c o n d i t i o n e d  t e m p e r a t u r e .

P e r c e n t  l e a f  i n f e c t i o n * P r e - c o n d i t i o n i n g  t h e  s e e d l i n g s  
/ 0 v

a t  low t e m p e r a tu r e  (16  C) from  d a t e  o f  em ergence  t o  i n o c u l a t i o n  

d a t e  te n d e d  t o  d e c r e a s e  r e s i s t a n c e  a s  shown by th e  i n c r e a s e  

a r e a  o f  d i s e a s e  i n f e c t i o n .  T h is  c o u ld  be  a t t r i b u t e d  to  th e  

w e a k e r  c o n d i t i o n  o f  t h e  s e e d l i n g s .  P l a n t s  e x p o se d  t o  t h i s  

t e m p e r a t u r e  w ere  o b s e r v e d  to  be  much s lo w e r  i n  g ro w th ,  sm a l­

l e r ,  had  p a l e  g r e e n  l e a v e s ,  a t  t im e s  p r o d u c in g  w h i t i s h  y e l lo w  

s t r e a k s  on th e  l e a v e s  and  th e  l e a v e s  w ere  somewhat b r i t t l e .

The i n c r e a s e  i n  i n f e c t i o n  could, n o t  be a s s o c i a t e d  w i th  f a v o r ­

a b l e  g row th  o f  th e  o rg a n is m  a s  shown by  H i lu  and  H ooker (30) 

who r e p o r t e d  t h a t  H. tu r c ic u m  o p t i m a l l y  s p o r u l a t e s  and  d e v e ­

l o p s  m y c e l i a l  g ro w th  a t  20° a n d  25°C, r e s p e c t i v e l y .  I t  may 

a l s o  be a d d ed  t h a t  p r e - c o n d i t i o n i n g  th e  s e e d l i n g s  a t  t h i s  

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

n o t  n o r m a l ly  grown a t  t h i s  t e m p e r a t u r e .

B ioassa .y  t e s t . The c h an g e  i n  t h e  r e s i s t a n t  c o r n  l e a v e s  

w i t h  a  ch an ge  i n  p r e - c o n d i t i o n e d  t e m p e r a t u r e  i s  n o t  f u l l y  

u n d e r s t o o d .  B e l l  (5 )  s t u d i e d  t h e  e f f e c t  o f  t e m p e r a t u r e  upon  

r e s i s t a n c e  an d  p h y t o a l e x i n  p r o d u c t i o n  i n  c o t t o n  i n o c u l a t e d  

w i th  v e r t i c l l i u m  w i l t .  He showed t h a t  r e s i s t a n t  c o t t o n  v a r i e t i e s  

w e re :  a )  a t  22°C , a l l  s u s c e p t i b l e ;  b )  a t  32°C, a l l  r e s i s t a n t ;  

c )  b u t  a t  2 5 -2 9 °C , s u s c e p t i b l e  gave a  s u s c e p t i b l e  r e a c t i o n ,  and  

r e s i s t a n t  v a r i e t i e s  g av e  a  r e s i s t a n t  r e a c t i o n .  B ased  o n  t h i s  

r e p o r t  we c o u ld  s p e c u l a t e  t h a t  r e s i s t a n t  c o rn  l i n e s  may b ehave  

s i m i l a r l y  to  ( c )  a b o v e .



10?

I t  s h o u l d  b e  m e n t i o n e d  t h a t  t e m p e r a t u r e  l e v e l s  a t  2 1 °  

C a n d  2 7 - 3 2 ° C  w e r e  f o u n d  t o  g i v e  s i g n i f i c a n t  e f f e c t s  u n d e r  t h e  

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

i n f e c t i o n .  T h i s  w o u l d  s u g g e s t  t h a t  t h e  f o r m e r  i s  a  m o re  s e n ­

s i t i v e  m e a s u r e m e n t  t h a n  t h e  l a t t e r .  T h i s  a s s u m p t i o n  w i l l  b e  

d i s c u s s e d  l a t e r .

g f f e c t  o f  g e n e t i c  b a c k g r o u n d  o f  t h e  H t  g e n e .

P e r c e n t  l e a f  i n f e c t i o n . T h e r e  i s  a  d i f f e r e n c e  i n  t h e  

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

h t h t  ( n e c r o t i c )  l i n e s .  Tv,e r e s u l t s  sh o w e d  t h a t  t h e  h t h t  l i n e s  

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

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

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

g r o w t h  f r o m  b o t h  Ht  a n d  h_t l e s i o n s  ( f i g u r e  1 8 ) .  I n  t h e  h t h t  

l e s i o n ,  m y c e l i a l  g r o w t h  o f  t h e  o r g a n i s m  d e v e l o p e d  p r o f u s e l y  36 

h o u r s  a f t e r  i n c u b a t i o n .  V e r y  s p a r s e  g r o w t h  w a s  o b s e r v e d  i n  

b o t h  t h e  H t H t  a n d  H t h t  l e s i o n s .  The  same r e s u l t s  w e r e  o b t a i n e d  

b y  H i l u  a n d  H o o k e r  ( 30 ) .

B i o a s s a . y  t e s t . The  i n c o r p o r a t i o n  o f  t h e  H t  g e n e  i n  a  

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

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

l e v e l  i n  w h i c h  t h e  H t  g e n e  i s  i n t r o d u c e d ,  w h e t h e r  h o m o z y g o u s  

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

i t  c a n  s y n t h e s i z e .

A l l  l i n e s  p o s s e s s i n g  t h e  H t H t  g e n e  t e n d e d  t o  e x h i b i t  

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

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

p l a y  a n  i m p o r t a n t  r o l e  i n  t h e  s y n t h e s i s  o f  t h e  m a t e r i a l .  Some 

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

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

t h e  H t  g e n e  u s e d  i n  t h e  s t u d y .  I n  t h e  s u s c e p t i b l e  l i n e s ,  t h i s  

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

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

S i g n i f i c a n t  d i f f e r e n c e s  am ong  t h e  r e s i s t a n t  m o n o g e n i c  

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

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

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

i n f e c t i o n  o f  t h e  same m a t e r i a l s  ( t a b l e s  37 a n d 39) w h i c h  r e ­

s u l t e d  i n  n o  s i g n i f i c a n t  d i f f e r e n c e s .  W i l s o n  a n d  R h o d e s  ( 8 6 )  

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

f r o m  o n e  s t a r c h y  a n d  f o u r  s w e e t  c o r n  s o u r c e s .  R e s u l t s  o f  t h e i r  

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

m a t e r i a l s .

R f f e c t  o f  t y p e  o f  d i s e a s e  i n h e r i t a n c e .

P e r c e n t  l e a f  i n f e c t i o n . The l e s s e r  p e r c e n t  i n f e c t i o n  

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

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

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

a c t i o n  o f  t h e  g e n e s  i s  t o  r e d u c e  t h e  a r e a  o f  i n f e c t i o n  (^ -2 ) .

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

l e s i o n  p r o d u c e d  b y  m a k i n g  i t  c h l o r o t i c  ( 3 3 )  b u t  i t  d o e s  n o t
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n e c e s s a r i l y  r e d u c e  th e  num ber o f  l e s i o n s .  H ence , i n  c o m p u tin g  

th e  -p e rc e n t  l e a f  i n f e c t i o n ,  t h e  m onogenic  l i n e s  may g iv e  a  

h i g h e r  t o t a l  l e s i o n  a r e a  t h a n  th e  m u l t i g e n i c  l i n e s  a s  was 

o b s e r v e d  i n  t h i s  t r i a l .  S i m i l a r l y ,  U l l s t r u p  (8*0 com pared  

m onogenic  and  p o l y g e n i c  r e s i s t a n t  c o r n  l i n e s  w i t h  r e a c t i o n  to

H. tu r c ic u m  and fo u n d  th e  l a t t e r  gave  a  h i g h e r  y i e l d  t h a n  th e  

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

com pany ing  i n f e c t i o n  o f  t h e  g e n o ty p e s  c a r r y i n g  m onogenic  r e ­

s i s t a n c e .

P r e l i m i n a r y  s tu d y  on th e  m on ogen ic ,  m u l t i g e n i c ,  and  

com bined  m o n o -m u l t ig e n ic  l e s i o n s  showed t h a t ; i n  t h e  m u l t i g e n i c ,  

m y c e l i a l  .growth o f  th e  fu n g u s  s t a r t e d  to  d e v e lo p  2k  h o u r s  a f t e r  

i n c u b a t i o n  i n  a n  a g a r  n u t r i e n t  medium and  r a p i d l y  i n c r e a s e d  

a f t e r  36 h o u r s ;  i n  th e  m onogenic  l e s i o n ,  g ro w th  was n o t  v i s i b l e  

u n t i l  a f t e r  kQ h o u r s ;  and i n  th e  com bined  m o n o - m u l t ig e n ic , 

v e r y  s l i g h t  g row th  was o b s e r v e d  a f t e r  36 h o u r s .  S i m i l a r  r e s u l t s  

w ere  o b s e rv e d  by  H i l u  and  H ooker ( 3 0 ) on  th e  m u l t i g e n i c  and  

m onogenic  r e s i s t a n t  l i n e s  o f  c o r n ,  S p o r u l a t i o n  o f  t h e  o rg a n is m  

u n d e r  t h e s e  ty p e s  o f  d i s e a s e  i n h e r i t a n c e  n e e d s  f u r t h e r  s t u d y .

B io a s s a y  t e s t . R e s u l t s  from  t h i s  e x p e r im e n t  showed 

t h r e e  o u t s t a n d i n g  p o i n t s .  F i r s t  i t  was d e m o n s t r a t e d  t h a t  i n ­

h i b i t o r y  s u b s t a n c e s  w ere  p ro d u c e d  in  th e  m u l t i g e n i c  l i n e s .  

S eco n d , n o t  o n ly  w ere  t h e s e  s u b s t a n c e s  p ro d u c e d  b u t  i n  much 

g r e a t e r  am ount t h a n  i n  th e  m onogenic  l e v e l .  T h i r d ,  th e  a d d i t i o n  

o f  t h e  Ht gene to  t h e  m u l t ig e n ic  l i n e s  d i l u t e d  t h e  a b i l i t y  o f  

t h e s e  l i n e s  to  p r o d u c e d  p h y t o a l e x i n .
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Secondly, it is probable that in the multigenic lines
t h e r e  a r e  more t y p e s  o f  p h y t o a l e x i n  o r  i n h i b i t o r y  s u b s t a n c e s  

t h a n  a r e  p r e s e n t  i n  th e  m onogenic  r e s i s t a n t  h o s t .  T h is  a s ­

su m p t io n  i s  b a s e d  on  th e  r e p o r t  t h a t  H t p r o d u c e s  two t y p e s  o f  

n h y t o a l e x i n  ( 5 1 ) .  I t  i s  t h e r e f o r e  p o s s i b l e  t h a t  w i th  more g e n e s ,  

more p h y t o a l e x i n s  o r  s i m i l a r  s u b s t a n c e s  a r e  i n v o l v e d .

g en e  (H t)  i s  a d d ed  t o  o t h e r  r e s i s t a n t  g e n e s  ( m u l t i g e n i c ) ,  a  

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

c u r s .  T h is  c o n c e p t  c o u ld  be a p p ro a c h e d  i n  two w ays, g e n e t i c a l l y  

and  b i o c h e m i c a l l y .  From th e  g e n e t i c  a s p e c t ,  a  m odel w i l l  be 

u s e d  to  i l l u s t r a t e  t h e  c o n c e p t .  Assume f o r  s i m p l i c i t y  t h a t  th e  

m u l t i g e n i c  r e s i s t a n c e  i s  g o v e rn e d .b y  2 m a jo r  g e n e s ,  AAB3. The 

i n c o r p o r a t i o n  o f  th e  H tH t g e n e s  w ou ld  t h e n  be a s  f o l l o w s :

T h i r d l y ,  a  p o s s i b i l i t y  e x i s t s  t h a t  when a  r e s i s t a n t

AABBhtht 
( m u l t i g e n i c )

x1 (m ono gen ic )
aabb H tH t

AA33H tH t  
AABbHtHt 
AaBBHtHt 
AaBbHtHt

c h l o r o t i c  
l e s i o n  
( s e l e c t )

Fi  * AaBbHtht x AABBhtht 
( r e c u r r e n t  

p a r e n t )X
AABBhtht"!
AABbhtht L n e c r o t i c  
AaBBhtht I l e s i o n  
A a B b h th t / ( d i s c a r d )

| ®

g ro u p
I

AABBhtht
AABbhtht
AaBBhtht

n e c r o t i c  l e s i o n  
( d i s c a r d )AaBBhtht

A a B b h th t^

g ro u p
I I

AABBHtht'i
AABbHtht V c h l o r o t i c  l e s i o n ,  b u t  may s e g r e g a t e  
AaBBHtht 1 i n t o  c h l o r o t i c : n e c r o t i c  l e s i o n  
AaBbHtht,/ u p o n  s e l f i n g
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L i n e  1 .  AABBHtHtl 
g r o u p  L i n e  2 .  A A B bH tH t> d o e s  n o t  s e g r e g a t e  f o r  c h l o r o t i c

I I I  L i n e  3 . AaBBHtHt 1 l e s i o n ,  t h e  AB g e n e  may b e  s e g -
L i n e  A a B b H t H t '  r e g a t i n g  b u t  c a n n o t  b e  d e t e c t e d .

®  L i n e s  l , 2 , 3 , a n d 4  u p o n  s e l f i n g  
w i l l  g i v e :

L i n e  1 . AABBHtHt ( n o  s e g r e g a t i o n )
L i n e  2 .  AABBHtHt, AABbHtHt* , AAbbH tH t**
L i n e  3 .  AABBHtHt, A aBB H tH t* ,  a aB B H tH t* *
L i n e  I*, AABBHtHt, A_B__HtHt*, A _ b b H t H t88 , a a B B H tH t* *  , 

a a b b H t H t * *

* = h e t e r o z y g o u s  f o r  A, B o r  b o t h  
= r e c e s s i v e  f o r  A, B o r  b o t h

From t h e  m o d e l  o n e  c o u l d  s e e  t h a t  some i f  n o t  t h e  

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

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

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

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

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

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

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

s i s t a n t  l i n e s .  The c o n s e q u e n c e  t h e r e f o r e  may l e a d  t o  t h e  r e ­

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

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

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

i n  f i g u r e  1 9 .  T he  p h o t o g r a p h  sh o w s  t h a t  t h e  c o m b i n e d  m o n o -  

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

l i n e s .  'T h is  h y p o t h e s i s  w i l l  b e  p r o v e n  o r  d i s p r o v e n  b y  f u t u r e
*

b i o c h e m i c a l  s t u d i e s .  I t  i s  p o s s i b l e  t h a t  t h i s  d i s c o v e r y  may 

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

C o r r e l a t i o n  s t u d i e s .

No c o r r e l a t i o n  w a s  o b s e r v e d  b e t w e e n  t h e  f a c t o r s  s t u d i e d .  

T h i s  r e s u l t  c o u l d  m ean  o n e  o f  two t h i n g s .  F i r s t ,  t h a t  t h e  

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

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

F o r  i n s t a n c e ,  a  v i s u a l  r a t i n g  a n d  q u a n t i t a t i v e  e v a l u a t i o n  f o r  

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

t h i s  w as  n o t  o b s e r v e d ,  i t  c o u l d  m e an  t h a t  e i t h e r  one  o r  b o t h  

m e t h o d s  f o r  m e a s u r i n g  d i s e a s e  i n f e c t i o n  w e r e  i n a c c u r a t e .
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SECTION VI 

CONCLUSIONS

Homozygous r e s i s t a n t  n o rm al (HtHtBxBx) g e n o ty p e s  

p ro d u c e d  a  s i g n i f i c a n t l y  h i g h e r  am ount o f  p h y t o a l e x i n ,  f o l ­

low ed by  r e s i s t a n  d e f i c i e n t  (H tH tb x b x ) a n d  h e te r o z y g o u s  r e ­

s i s t a n t  n o rm al (H th tB xB x) g e n o ty p e s  i n  t h a t  o r d e r .  T h is  was 

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

l e n g t h  o f  th e  H. tu r c ic u m  o r g a n is m .  On th e  o t h e r  h a n d ,  s u s ­

c e p t i b l e  n o rm al (h th tB x B x ) and  d e f i c i e n t  (h t h t b x b x ) g e n o ty p e s  

a l s o  p ro d u c e d  i n h i b i t o r y  s u b s t a n c e s  b u t  a t  a  v e r y  low  l e v e l ,  

w i th  t h e  fo rm e r  g i v i n g  s h o r t e r  germ  t u b e s ,  s u g g e s t i n g  a  r o l e  

i n  d e l a y i n g  s p o re  g e r m i n a t i o n .

P h y t o a l e x i n  i n  r e s i s t a n t  p l a n t s  a p p e a r e d  24 h o u r s  

a f t e r  i n o c u l a t i o n ,  r e a c h e d  i t s  maximum on t h e  2n d , 3 rd  o r  

4 t h  d a y ,  th e n  g r a d u a l l y  d i s a p p e a r e d .

The a t t a c h e d  l e a f  t e c h n iq u e  i s  a  more e f f i c i e n t  

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

n i q u e .  H igh  In ocu lum  c o n c e n t r a t i o n s  in d u c e d  p h y t o a l e x i n ,  a t  

a  much f a s t e r  r a t e  and  q u a n t i t y  t h a n  low c o n c e n t r  

S i m i l a r l y ,  y o u n g e r  p l a n t s  s y n t h e s i z e d  th e  c h e m ic a l  much 

f a s t e r  an d  i n  a  g r e a t e r  am ount t h a n  o l d e r  p l a n t s .  I n o c u l a ­

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

low t e m p e r a t u r e  ( l6 ° C )  t e n d e d  to  b r e a k  down r e s i s t a n c e  w h ich  

r e s u l t e d  i n  h ig h  l e a f  i n f e c t i o n .  B io a s s a y  t e s t  i n d i c a t e d  

t h a t  p r e - c o n d i t i o n i n g  t h e  p l a n t s  a t  a  v e r y  h ig h  (2 7 -3 2 °C )  

t e m p e r a t u r e  r e d u c e d  i t s  a b i l i t y  t o  p ro d u c e  p h y t o a l e x i n .
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P h y t o a l e x i n  i s  a  m o re  u s e f u l  m e t h o d  o f  d e t e r m i n i n g  

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

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

a l e x i n  v a r i e d  d e p e n d i n g  u p o n  t h e  g e n e t i c  b a c k g r o u n d  i n  w h i c h  

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

d i f f e r e n t  l i n e s  w as  t h e  s a m e .  M u l t i g e n i c  l i n e s  p r o d u c e d  i n ­

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

W h e t h e r  t h e s e  a r e  p h y t o a l e x i n s ,  p r e - f o r m e d  s u b s t a n c e s  o r  com­

b i n a t i o n  o f  b o t h  r e m a i n s  t o  b e  s t u d i e d .  The a d d i t i o n  o f  Ht  

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

l i n e  t o  p r o d u c e  t h e s e  i n h i b i t o r y  s u b s t a n c e s .
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p o r iu m  t u r c i c u m  i n  Sw ee t C orn  B a c k g ro u n d , P i t .  D i s .
R p t r .  5 ^ :6 9 6 - 8 9 7 .
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BIOGRAPHICAL DATA

A lfo n s o  G. C a lu b  

A u g u s t  1 ,  1938

A r in g a y ,  La U n io n ,  P h i l i p p i n e s

Name i n  P u l l :

D ate  o f  B i r t h :

P l a c e  o f  B i r t h :

S e c o n d a ry  e d u c a t i o n :

N o tre  Dame I n s t i t u t e ,  A r in g a y ,  La U n ion , P h i l i p p i n e s

C o l l e g i a t e  I n s t i t u t i o n  A t t e n d e d :

S a i n t  L o u is  C o l le g e  
B a g u io  C i t y ,  P h i l i p p i n e s

U n i v e r s i t y  o f  th e  P h i l i p p i n e s  
C o l le g e  o f  A g r i c u l t u r e  
C o l l e g e ,  L acu n a ,  P h i l i p p i n e s

U n i v e r s i t y  o f  t h e  P h i l i p p i n e s  
C o l le g e  o f  A g r i c u l t u r e  
C o l l e g e ,  L ag una , P h i l i p p i n e s

U n i v e r s i t y  o f  K en tu ck y  
L e x in g to n ,  K en tu ck y

U n i v e r s i t y  o f  New H am psh ire  
Durham, New H am psh ire

P u b l i c a t i o n s :

D a t e s

19 56-57

19 57-60  

1960-68

19 68-69

19 69-72

D e g ree s

A t te n d e d

B .S .A .

M.S.

A t te n d e d  

P h . D.

1 . Bmpig, L .T . ,  A.G. C a lu b .  H, K a t ig b a k ,  a n d  J .  Deanon J r .  
D i s e a s e s  o f  S o la n a c e o u s  C rops i n  th e  P h i l i p p i n e s .  P h i l .  
A g r i c .  *4-2:105-112.

2 .  P a y s o n ,  H .M ., F .A . A q u i l i z a n ,  A.A. Gomez and  A.G. C a lu b .  
1 9 6 3 . P r e l i m i n a r y  S t u d i e s  on  th e  I n h e r i t a n c e  o f  th e  R eac­
t i o n  o f  C orn  t o  Downy Mildew D i s e a s e .  P h i l .  A g r i c .  *4-7: 
1 1 3 - 1 1 6 .

3. and
1 9 6 3 . The E f f e c t  o f  th e  Number o f  R e s i s t a n t  P a r e n t a l  I n -  
b r e d s  on  th e  R e a c t i o n  o f  th e  Double C ro ss  H y b r id  t o  
Downy Mildew D i s e a s e .  M aize Gen, Coop. N e w s l e t t e r . 37: 
123-12*1.

an d
1 9 6 3 . I n h e r i t a n c e  o f  t h e  R e a c t i o n  o f  C orn  t o  Downy Mildew 
D i s e a s e .  Maize Gen. Coop. N e w s l e t t e r  3 7 :12*4--125.



124

5 . C o u tu re ,  R.M ., D.G. R o u t le y ,  G.M. Dunn, and  A.G. C a lu b .  
1971 . B - g l u c o s id a s e  i n  M onogenic R e s i s t a n c e  to  H e lm in ­
th o s p o r iu m  tu r c ic u m  i n  M aize . M aize Gen. Coop. News- 
l e t t e r  4 5 :1 5 2 .

6.   ____________ , ________________ ,____________ , an d______________
1 971 . 3 f f e c t  o f  C y c l i c  H y droxam ates  o n  G e r m in a t in g  H. 
tu r c ic u m  S p o r e s .  Maize Gen. Coop. N e w s l e t t e r  4 5 :153*

7 . C a lu b ,  A .G .,  G.M. Dunn, R.M. C o u tu r e ,  and D.G, R o u t le y .
1971 . C om parison  o f  i n t a c t  an d  D e ta c h e d  C orn  L eaves  i n  
B io a s s a y  T e s t s  w i th  H e lm in h to sp o r iu m  t u r c i c u m . Maize 
Gen. Coop. N e w s l e t t e r  4 5 :1 5 3 - 1 5 4 .

8 .  , ____________ , ________________ , and________________
1972 . e f f e c t  o f  G e n e t i c  and  E n v iro n m e n ta l  F a c t o r s  on 
P r o d u c t i o n  o f  P h y t o a l e x i n  from  H. t u r c i c u m . Maize Gen. 
Co o p . N e w s l e t t e r  46:

P o s i t i o n s  h e l d :

1 .  G ra d u a te  R e s e a rc h  A s s i s t a n t  
D e p a r tm e n t  o f  P l a n t  S c ie n c e  
U n i v e r s i t y  o f  New H am psh ire  
Durham, Mew H am psh ire

2 .  G ra d u a te  R e se a rc h  A s s i s t a n t  
D e p a r tm e n t  o f  H o r t i c u l t u r e  
U n i v e r s i t y  o f  K en tu ck y  
L e x in g to n ,  K en tu ck y

3. I n s t r u c t o r  .
P l a n t  B r e e d in g  D i v i s i o n  
D e p a r tm e n t  o f  Agronomy 
U .P . ,  C o l le g e  o f  A g r i c u l t u r e  
C o l l e g e ,  L aguna , P h i l i p p i n e s

4 .  R e se a rc h  I n s t r u c t o r
U .P . ,  C o l le g e  o f  A g r i c u l t u r e  
C o l l e g e ,  L ag una , P h i l i p p i n e s

5. R e s e a r c h  A s s i s t a n t
U . P . , C o l l e g e  o f  A g r i c u l t u r e  
C o l l e g e ,  L agu na , P h i l i p p i n e s

6. G ra d u a te  R e s e a rc h  A s s i s t a n t  
U . P . , C o l l e g e  o f  A g r i c u l t u r e  
C o l l e g e ,  L agu na , P h i l i p p i n e s

D a te s

S e p t . , 1 9 6 9 - J u n e ,  1972 

A u g . ,1 9 6 8 - A u g . ,1969  

J u l y ,  1967 - A u g . ,1 9 6 8

J u ly ,1964-June,1967

J u l y , 1 9 6 2 - J u n , 1964

J u l y , 1961 - J u n e , 1962
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