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INTRODUCTION

The I n t e r n a t i o n a l Crops Research I n s t i t u t e f o r t h e S e m i - A r i d
T r o p i c s ( ICRISAT) has u n d e r t a k e n a ma jo r p rog ram f o r t h e improvement
o f p e a r l m i l l e t i n t h e s e m i - a r i d t r o p i c a l r e g i o n s o f A s i a and A f r i c a .
The downy m i l d e w and e r g o t d i s e a s e s o f p e a r l m i l l e t a r e r e c o g n i z e d
a s two ma jo r f a c t o r s p r e v e n t i n g t h e r e a l i z a t i o n o f p o t e n t i a l s o f f e r e d
b y more i n t e n s i v e c u l t i v a t i o n o f new v a r i e t i e s and h y b r i d s w i t h h i g h
y i e l d p o t e n t i a l s . I n I n d i a t o d a y b o t h t h e s e d i s e a s e s a r e c a u s i n g a 
m a j o r s e t b a c k i n t h e u t i l i z a t i o n o f h y b r i d m i l l e t s . I n o r d e r t o
r e v i e w t h e s t a t e o f knowledge o n t h e s e d i s e a s e s and t o e s t a b l i s h a 
p r i o r i t y o f a c t i v i t i e s l i k e l y t o l e a d t o t h e i r e f f e c t i v e c o n t r o l ,
f o u r t e e n s c i e n t i s t s f r o m s e v e r a l c o u n t r i e s were i n v i t e d t o Hyderabad
f o r i n - d e p t h d i s c u s s i o n s w i t h ICRISAT s t a f f o n t h e t o p i c s o f b i o l o g y ,
e p i d e m i o l o g y and c o n t r o l o f downy m i l dew and e r g o t o f p e a r l m i l l e t .

I n o r d e r t o g a i n maximum b e n e f i t f r o m d i s c u s s i o n s n o f o r m a l papers
were p r e s e n t e d , e x c e p t f o r t h e comprehens i ve l i t e r a t u r e r e v i e w b y
Y . L . Nene and S.D. S ingh w h i c h was summarized a t t h e o u t s e t . However
s e v e r a l p a r t i c i p a n t s p r e p a r e d and d i s t r i b u t e d p e r t i n e n t papers w h i c h a r e
i n c l u d e d i n t h e s e p r o c e e d i n g s .

I t i s hoped t h a t t h e i n f o r m a t i o n and recommendat ions p r e s e n t e d i n
t h e s e p r o c e e d i n g s w i l l b e o f use and p r o v i d e s t i m u l a t i o n t o r e s e a r c h
w o r k e r s whose c h a l l e n g e i s t o c o n t r o l p e a r l m i l l e t downy m i l d e w and e r g o t .
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OPENING ADDRESS

Ralph W. Cummings

ICRISAT, t h e I n t e r n a t i o n a l Crops Research I n s t i t u t e f o r t h e Semi -
A r i d T r o p i c s , a r e c e n t e n t r a n t t o t h e f a m i l y o f I n s t i t u t e s sponsored and
s u p p o r t e d b y t h e C o n s u l t a t i v e Group o n I n t e r n a t i o n a l A g r i c u l t u r a l
R e s e a r c h , was c r e a t e d to s e r v e a l a r g e segment o f h u m a n i t y w h i c h has
been l e f t b e h i n d i n modern advances i n t h e s c i e n c e s o f a g r i c u l t u r a l
p r o d u c t i o n . ICRISAT has a mandate and a m i s s i o n f o r i m p r o v i n g t h e s u p p l y ,
d e p e n d a b i l i t y and q u a l i t y o f f o o d s u p p l y and o f t h e o p p o r t u n i t i e s f o r a 
l i f e o f d i g n i t y and s e l f - r e l i a n c e f o r some 500 m i l l i o n p e o p l e l i v i n g i n
t h e s e m i - a r i d t r o p i c s . These a r e p e o p l e w i t h l i m i t e d c a p i t a l and l a n d
r e s o u r c e s and must w r e s t t h e i r l i v e l i h o o d and t h e i r f o o d s u p p l y f r o m t h e
c u l t i v a t i o n o f s o i l s o f l i m i t e d f e r t i l i t y i n a h a r s h e n v i r o n m e n t .
Tempera tu res t h r o u g h o u t most o f t h e s e r e g i o n s a r e h i g h f o r a l a r g e p a r t
o f t h e y e a r and r a i n f a l l can be e x p e c t e d o n l y d u r i n g a s h o r t season o f a 
few mon ths . T h i s r a i n f a l l w h i c h comes i s o f u n c e r t a i n and v a r i a b l e
f r e q u e n c y and may come w i t h such i n t e n s i t y as to make i t s r e t e n t i o n and
e f f e c t i v e u t i l i z a t i o n d i f f i c u l t . W i t h l i m i t e d c a p i t a l and power , t h e
amount o f l a n d w h i c h a c u l t i v a t o r and h i s f a m i l y can t i l l d u r i n g t h i s
s h o r t g r o w i n g season i s s m a l l . The ma jo r s t a p l e f o o d c r o p s o f t h e s e
r e g i o n s a r e sorghum ( j o w a r ) , p e a r l m i l l e t ( b a j r a ) , g r o u n d n u t s , and p u l s e s
such as p i g e o n p e a , c h i c k p e a and cowpea.

We r e c o g n i z e t h a t t h e mandate and m i s s i o n o f ICRISAT can o n l y be
r e a l i s e d t h r o u g h t h e c o n c e r t e d e f f o r t s o f t h e i n d i g e n o u s a g e n c i e s , i n s t i -
t u t i o n s , and p e o p l e o f t h e r e g i o n s c o n c e r n e d . ICRISAT, w i t h a s m a l l i n t e r -
d i s c i p l i n a r y g roup o f d e d i c a t e d s c i e n t i s t s , e x p e c t s t o j o i n hands w i t h t h e
i n d i g e n o u s f o r c e s and comp lemen t , s u p p o r t , and h o p e f u l l y s t r e n g t h e n t h e i r
e f f o r t s and i m p r o v e t h e c o n t i n u i t y and sha rpness o f f o c u s o f t h e s e e f f o r t s
t o w a r d app roaches t h a t have g r e a t e s t p r o m i s e f o r y i e l d i n g e f f e c t i v e
s o l u t i o n s . The I n s t i t u t e has assembled a v e r y s u b s t a n t i a l a r r a y o f t h e
w o r l d ' s g e n e t i c d i v e r s i t y o f t h e so rghum, m i l l e t , c h i c k p e a and p igeonpea
c r o p s and i s c h a r a c t e r i z i n g t h i s m a t e r i a l s y s t e m a t i c a l l y . I t i s b e i n g
recomb ined i n t o g roups f r o m w h i c h s c i e n t i s t s i n t h e concerned r e g i o n s
can make s e l e c t i o n s o f m a t e r i a l w h i c h w i l l b e adap ted t o t h e i r l o c a l
c i r c u m s t a n c e s , and w h i c h can w i t h s t a n d d r o u g h t and a t t a c k s o f d i s e a s e s
and p e s t s s u f f i c i e n t l y w e l l t o y i e l d a dependab le h a r v e s t , and have t h e
b i o c h e m i c a l c o m p o s i t i o n n e c e s s a r y t o p r o v i d e a f o o d s u p p l y o f good
n u t r i t i o n a l q u a l i t y . P r i n c i p l e s f o r i m p r o v i n g t h e management o f s o i l s
and c r o p s t o make t h e most e f f i c i e n t use o f t h e r a i n f a l l w h i c h comes,
even w i t h i t s u n c e r t a i n t y a s t o f r e q u e n c y and i n t e n s i t y , a r e b e i n g
s t u d i e d . A n e t w o r k o f c o o p e r a t i v e a r r a n g e m e n t s w i t h t h e conce rned



c o u n t r i e s i n A s i a , A f r i c a , C e n t r a l and South Amer ica i s b e i n g f o r g e d .
A t t h e same t i m e , t h e f i n a n c i a l s u p p o r t coming f r o m E u r o p e , N o r t h A m e r i c a ,
and A u s t r a l i a , i s b e i n g backed up by r e l e v a n t and comp lementa ry s t u d i e s
i n t h e i r s c i e n t i f i c l a b o r a t o r i e s and i n s t i t u t i o n s .

ICRISAT f a c e s a very d i f f i c u l t t a s k and q u i c k and s p e c t a c u l a r r e s u l t s
w i l l n o t b e easy t o a c h i e v e . Perhaps h e r e i n may l i e t h e reasons why t h i s
segment o f t h e w o r l d ' s p e o p l e has been s o l a r g e l y l e f t b e h i nd and n e g l e c t e d
w h i l e b r e a k t h r o u g h s have been a c h i e v e d e a r l i e r f o r more f a v o u r e d r e g i o n s .
But h e r e i n l i e s t h e c h a l l e n g e and ICRISAT has accep ted i t w i t h e n t h u s i a s m ,
hope and c o n f i d e n c e t h a t r e a l and i m p o r t a n t p r o g r e s s f o r t h i s segment o f
w o r l d a g r i c u l t u r e can b e a c h i e v e d i f w e b u t have t h e i m a g i n a t i o n , e n e r g y ,
and s i n g l e n e s s o f pu rpose t o f i n d and e x p l o i t t h e s e o p p o r t u n i t i e s .

The c o o p e r a t i o n and s u p p o r t o f t h e h o s t s t a t e and n a t i o n a l governments
have been e x e m p l a r y and u n s t i n t i n g . L i k e w i s e t h e s u p p o r t and b a c k i n g o f
t h e members o f t h e C o n s u l t a t i v e Group o n I n t e r n a t i o n a l A g r i c u l t u r a l Research
have been v e r y g e n e r o u s . Seventeen c o u n t r i e s and a g e n c i e s a r e now p r o v i -
d i n g d i r e c t f i n a n c i a l s u p p o r t t o t h e I n s t i t u t e and o t h e r s have e x p r e s s e d
keen i n t e r e s t . W e a r e d e t e r m i n e d t h a t w i t h d e d i c a t e d ha rd work o f a l l con-
c e r n e d , w e s h a l l overcome t h e o b s t a c l e s and f i n d s o l u t i o n s t o t h e p rob lems
f a c e d b y t h i s i m p o r t a n t segment o f t h e w o r l d ' s p e o p l e who a r e s t r u g g l i n g
t o f i n d ways t o a s s u r e a n adequa te and dependab le f o o d s u p p l y f o r t h e i r
f a m i l i e s and o p p o r t u n i t i e s f o r a b r i g h t e r f u t u r e .

Pear l m i l l e t i s t h e m a j o r c r o p a b l e t o w i t h s t a n d t h e m o i s t u r e s t r e s s e s
s o common o n t h e s a n d i e r and l e s s m o i s t u r e r e t e n t i v e s o i l s and o f t h e d r i e r
a reas o f t h e s e m i - a r i d t r o p i c s i n w h i c h t h e d u r a t i o n o f t h e r a i n y p e r i o d
i s more l i m i t e d and l e s s d e p e n d a b l e . Y i e l d s on t h e ave rage have been l o w ,
b u t , even s o , no o t h e r c r o p has y e t been f ound w h i c h e q u a l s o r su rpasses
i t s d e p e n d a b i l i t y a s a s o u r c e o f f o o d f o r l a r g e numbers o f p e o p l e i n t h e s e
d i f f i c u l t e n v i r o n m e n t s . A few y e a r s a g o , a r e a l b r e a k t h r o u g h t o v e r y much
b e t t e r g r a i n y i e l d s and a more f a v o u r a b l e g r a i n t o s t o v e r r a t i o appeared
imminen t w i t h t h e deve lopmen t o f h y b r i d s o f s h o r t e r s t a t u r e , good t i l l e r i n g
a b i l i t y , and t h e a b i l i t y t o p roduce l a r g e r numbers o f compact w e l l f i l l e d
g r a i n heads . But t h e i r s u s c e p t i b i l i t y t o downy m i l dew and e r g o t , when t h e y
a r e grown on an e x t e n s i v e s c a l e , have p roven to be t h e m a j o r o b s t a c l e t o
t h e r e a l i z a t i o n o f t h e h i g h hopes a roused b y t h e s e more p r o d u c t i v e g e n o t y p e s .
We a r e c o n v i n c e d t h a t we must f i n d ways to overcome t h e a t t a c k s and ravages
o f t h e s e two d i s e a s e s i f w e e x p e c t t o make much p r o g r e s s i n i m p r o v i n g t h i s
l a r g e and i m p o r t a n t s e c t o r o f w o r l d a g r i c u l t u r e . We r e a l i z e t h a t we do n o t
now have t h e answers and d o u b t t h a t any o f you have them r e a d y made. But
f i n d them w e m u s t , and w e have h i g h hopes t h a t t h i s c o n s u l t a t i o n w i l l h e l p
u s i n s e t t i n g a c o u r s e o f a c t i o n w h i c h w i l l y i e l d r a p i d p r o g r e s s i n t h i s
d i r e c t i o n . W e a r e most g r a t e f u l f o r y o u r r e a d y w i l l i n g n e s s t o h e l p u s t h i n k
t h r o u g h ou r approaches t o t h e s e p rob lems and f e e l c o n f i d e n t t h a t t h e s e n e x t
few days w i l l b e v e r y p r o d u c t i v e ones t o w a r d a c c e l e r a t i n g p r o g r e s s o n t h i s
most v i t a l p r o b l e m .
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D r . R.W. Cummings has made t h e j o b e a s i e r f o r me. He has i n d i c a t e d
t h e p rob lems and t h e g o a l s o f t h i s m e e t i n g o f e x p e r t s . I may be r e p e a t i n g
some o f t h e s e t h i n g s b u t wou ld l i k e t o s p e c i a l l y draw y o u r a t t e n t i o n t o
t h e s e r i o u s n e s s o f t h e p rob lems i n I n d i a , w h i c h i s t h e s e a t o f ICRISAT.
P e a r l m i l l e t i s one o f t h e most i m p o r t a n t c r o p s f o r t h e s e m i - a r i d and a r i d
t r o p i c s . The p o t e n t i a l o f t h i s c r o p i s v e r y h i g h . Glenn W . B u r t o n & 
J . B . Powe l l (1968 Advances i n Agronomy) w h i l e w r i t i n g o n p e a r l m i l l e t
b r e e d i n g men t i oned " A t t h i s moment n o c r o p seems b e t t e r a b l e t o s u p p l y t h e
m a j o r f o o d r e q u i r e m e n t f o r man and b e a s t i n t h e d r y i n f e r t i l e l a n d s o f t h e
t r o p i c s . Few o rgan i sms o f economic w o r t h a r e s o w e l l s u i t e d t o b a s i c
c y t o g e n e t i c and p l a n t b r e e d i n g r e s e a r c h . On ly t h e l i m i t s imposed b y man's
i m a g i n a t i o n and i n d u s t r y w i l l d e t e r m i n e t h e u l t i m a t e r o l e o f t h e c r o p i n
t h e a f f a i r s o f m e n . " The f a c t t h a t n e x t t o wheat t h e g reen r e v o l u t i o n
o c c u r r e d i n p e a r l m i l l e t i n I n d i a a f t e r t h e i n t r o d u c t i o n o f h y b r i d b a j r a
i n 1966 bears e l o q u e n t t e s t i m o n y t o t h e p r e d i c t i o n s o f D r . B u r t o n and h i s
a s s o c i a t e s . I n t h r e e y e a r s t h e p r o d u c t i o n r o s e b y 3 6 p e r c e n t . But t h i s
was a s h o r t l i v e d change . By 1 9 6 9 - 7 0 , HB-1 and HB-4 t h e two h i g h y i e l d i n g
h y b r i d s w h i c h had become v e r y p o p u l a r w i t h t h e f a r m e r s succumbed to downy
m i l dew and e r g o t . HB-3 w h i c h was b red in a d r y a rea o f Jamnagar , G u j a r a t
showed r e s i s t a n c e t o a c e r t a i n e x t e n t b u t i t a l s o met t h e same f a t e a s
i t s p r e d e c e s s o r s . The pe r f o rmance o f t h i s h y b r i d i n t h e l a s t few y e a r s
has caused g r e a t c o n c e r n i n t h e p e a r l m i l l e t p r o d u c i n g a r e a s . I n most
o f t h e s e a reas t h e c r o p has r e c e i v e d such a s e t - b a c k t h a t t h e f a r m e r s
have become s c e p t i c a l a b o u t t h e h y b r i d s . Some s h o r t - t e r m a l t e r n a t i v e s
sugges ted b y t h e p l a n t b r e e d e r s and p a t h o l o g i s t s i n I n d i a have a l s o n o t
p roduced t h e d e s i r e d r e s u l t s . The p l a n n e r s , a d m i n i s t r a t o r s a s w e l l a s
p o l i t i c i a n s , a l l a r e now q u e s t i o n i n g t h e wisdom o f i n t r o d u c i n g h y b r i d s
w h i c h a r e based o n T i f t o n 23-A male s t e r i l e l i n e . I t may b e r e l e v a n t t o
q u o t e B u r t o n and Powe l l a g a i n . The a u t h o r s men t i oned t h a t F1 h y b r i d s w i t h
T i f t 23-A have shown a h i g h deg ree o f r e s i s t a n c e t o t h e green ea r d i s e a s e
caused b y Sclerospora graminicola. I t i s s u r p r i s i n g t h a t i n I n d i a t h e
p o s i t i o n i s j u s t t h e o p p o s i t e . A l l h y b r i d s w i t h 23-A male s t e r i l e p a r e n t
have s u f f e r e d f r o m t h e downy m i l d e w . I t does n o t mean t h a t o n l y t h e
h y b r i d s a r e s u s c e p t i b l e , even t h e l o c a l improved v a r i e t i e s have n o t
escaped t h e d i s e a s e . I t i s o n l y a q u e s t i o n o f d e g r e e . The n e t r e s u l t
i s r e d u c t i o n o f s t a n d , d e p r e s s i o n o f y i e l d and l o s s t o t h e f a r m e r . The
d i s e a s e has assumed so a l a r m i n g p r o p o r t i o n s i n many b a j r a g r o w i n g a r e a s
t h a t one c o u l d n o t even i m a g i n e . I remember when I was a s t u d e n t at t h e



A g r i c u l t u r a l C o l l e g e , L y a l l a p u r , t h e t e a c h e r s used t o show t h e downy m i l d e w
and g r e e n - e a r specimen f r o m t h e museum. I t was d i f f i c u l t t o f i n d l i v e
spec imens . Now t h e i n c i d e n c e o f t h e a f f e c t e d p l a n t s can be anywhere f r o m
5 to 50 p e r c e n t . D r . D.P. S i n g h , D i r e c t o r R e s e a r c h , Haryana A g r i c u l t u r a l
U n i v e r s i t y i n f o r m e d me t h a t he has su rveyed two b a j r a g r o w i n g d i s t r i c t s o f
Ha ryana , where i n c i d e n c e v a r i e d f r o m 3 0 t o 5 0 p e r c e n t . W h i l e t r a v e l l i n g
f r o m D e l h i t o H i s s a r l a s t week, I obse rved t h a t f a r m e r ' s f i e l d s had 10-15
p e r c e n t p l a n t s a f f e c t e d b y t h i s d i s e a s e . I t has become r e a l l y t h e most
s e r i o u s p rob lem i n b a j r a g r o w i n g a reas i n I n d i a . The c on c e r n o f t h e c o u n t r y
abou t t h e s e r i o u s n e s s o f t h e d i s e a s e can b e j u d g e d f r o m t h e number o f
m e e t i n g s o r d i s c u s s i o n s o r g a n i s e d by ICAR in t h e l a s t one y e a r . On ly a 
few weeks ago t h e r e was a d i s c u s s i o n o r g a n i s e d by D r . M.S. Swamina than ,
D i r e c t o r - G e n e r a l , ICAR o n t h i s i m p o r t a n t p r o b l e m .

Dr . Y . L . Nene and S.D. S ingh in an e x h a u s t i v e r e v i e w have h i g h - l i g h t e d
t h e p r e s e n t s i t u a t i o n o f t h e d i s e a s e and c a t e g o r i c a l l y o u t l i n e d 3 2 q u e s t i o n s
on b o t h downy mi ldew and e r g o t . I do n o t w i s h to go i n t o t h e s e d e t a i l s as
I presume you have a l l r ead t h e i r r e v i e w p a p e r . I o n l y w i s h t o s t r e s s t h a t
t h i s g roup may h e l p u s t o f i n d q u i c k s o l u t i o n t o t h e p r o b l e m s :

1) Do we know enough a b o u t t h e mode of sp read of t h e downy m i l d e w .

2 ) Are t h e r e d i f f e r e n t r a c e s ?

3 ) Are our t e c h n i q u e s o f i n o c u l a t i o n and t e s t i n g a g a i n s t t h e d i s e a s e
s a t i s f a c t o r y ?

4) Do we have sou rces of r e s i s t a n c e ?

5 ) I s ou r knowledge a b o u t t h e e f f e c t o f f e r t i l i s e r s and agronomic
p r a c t i c e s on t h e s e d i s e a s e a d e q u a t e . A few s c i e n t i s t s have
e x p l a i n e d t h a t w i t h p r o p e r f e r t i l i s a t i o n w i t h NPK and m i c r o -
n u t r i e n t s t h e v i g o r o u s l y g r o w i n g s e e d l i n g s escape t h e a t t a c k
o f t h e f ungus?

Downy mi ldew o n l y reduces y i e l d b u t o t h e r w i s e p roduces n o s i d e e f f e c t
b u t e r g o t w h i c h has become e q u a l l y s e r i o u s a f f e c t s t h e q u a l i t y o f g r a i n and
poses a ma jo r h e a l t h h a z a r d . The i n c i d e n c e o f t h i s d i s e a s e i n P e n i n s u l a r
I n d i a i s p a r t i c u l a r l y g r e a t . V e r y l i t t l e work has been done o n r e s i s t a n c e
t o t h i s d i s e a s e . I hope t h a t t h i s g roup c o u l d d e v e l o p t h e r i g h t approaches
f o r b u i l d i n g r e s i s t a n c e t o t h i s d i s e a s e o r a v o i d i n g t h e d i s e a s e .

You may say t h a t I have used t h e word b u i l d i n g up r e s i s t a n c e to d i s e -
ases so many t i m e s . I know i t is e a s i e r s a i d t h a n d o n e . I am t o o much
c o n s c i o u s o f t h e f a c t t h a t p e a r l m i l l e t b e i n g a c r o p o f t h e poor p e o p l e ,
m a r g i n a l l a n d s and d r y a reas c a n n o t bear t h e c o s t o f p e s t i c i d e s , even i f
w e have any . D isease r e s i s t a n c e i n t h e seed o r ag ronomic p r a c t i c e s f o r
a v o i d i n g i t a r e t h e o n l y means w h i c h w i l l b e w i t h i n t h e r e a c h o f o r d i n a r y
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f a r m e r s . P lease d o n o t m i s u n d e r s t a n d me. I d o n o t l i k e t o l i m i t y o u r
i m a g i n a t i o n i n t h i s d i r e c t i o n b u t w e must n o t i g n o r e t h e r e s o u r c e s and
c a p a c i t y o f o u r c l i e n t e l e .

To h e l p t h e b r e e d i n g programs we ( ICRISAT) have l a n d f a c i l i t i e s f o r
e x p e r i m e n t s a t Hyderabad ( 1 8 °N ) , Co imba to re ( 1 1 o N ) and H i s s a r ( 2 9 °N ) .
A t H i s s a r downy m i l d e w and smut a r e q u i t e p r e v a l e n t ; a t Hyderabad e r g o t ,
downy m i l dew and r u s t i n t h a t o r d e r a r e s e r i o u s ; and a t Co imba to re a l l
t h e s e d i s e a s e s a r e common. I n a d d i t i o n t o t h i s w e can t e s t t h e m a t e r i a l
a t any o t h e r l o c a t i o n w i t h t h e h e l p o f t h e A l l I n d i a C o o r d i n a t e d P r o j e c t
o n M i l l e t s . Now t h e a r rangemen ts f o r f i e l d work a t Samaru ( N i g e r i a ) ,
Bambey ( S e n e g a l ) , N i g e r and Upper V o l t a a l s o have been made. We a r e
mak ing a r rangemen ts f o r c o o p e r a t i v e r e s e a r c h i n Eas t A f r i c a a l s o . Thus
w e can use t h e ' h o t - s p o t s ' i n most o f t h e i m p o r t a n t p e a r l m i l l e t g r o w i n g
a reas o f t h e w o r l d .

I may rem ind you t h a t t h e eyes o f t h e w o r l d a r e on t h e outcome f r o m
t h i s m e e t i n g . The I n d i a n C o u n c i l o f A g r i c u l t u r a l Research i s v e r y keen
t h a t w e s h o u l d come t o t h e i r h e l p i n s a v i n g t h e p e a r l m i l l e t c r o p i n t h i s
c o u n t r y w h i c h o t h e r w i s e has a v e r y b r i g h t f u t u r e .

I hope you have seen t h e p r o g r a m . We have t a k e n t h e l i b e r t y of
s u g g e s t i n g d i s c u s s i o n on a group o f q u e s t i o n s w h i c h c o u l d be e a s i l y con-
s i d e r e d t o g e t h e r . You a r e a t l i b e r t y t o m o d i f y i t i f y o u c o n s i d e r i t
d e s i r a b l e . Today we have o n l y h a l f a d a y ' s m e e t i n g and t h i s a f t e r n o o n we
w i l l spend i n t h e f i e l d s o a s t o a c q u a i n t you w i t h some o f t h e p r o b l e m s .
The n e x t two days w i l l be e n t i r e l y d e v o t e d t o d i s c u s s i o n s . I do hope t h a t
t h e Chai rman and R a p p o r t e u r s w i l l b e a b l e t o g e t t h e recommendat ions
f i n a l i s e d a f t e r each p a r t i c u l a r s e s s i o n e n d s . T o g i v e i t a f i n a l shape
a j o i n t m e e t i n g o f a l l t h e cha i rmen and r a p p o r t e u r s i s s c he d u l e d f o r
3 rd O c t o b e r . I hope t h i s a r rangemen t w i l l s u i t y o u .
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A COMPREHENSIVE REVIEW OF

DOWNY MILDEW AND ERGOT OF PEARL MILLET

Y. L. Nene and S. D. Singh

INTRODUCTION

The m i l l e t s c o m p r i s e s e v e r a l d i s t i n c t p l a n t s p e c i e s i n c l u d i n g p e a r l
m i l l e t (Penn ise tum typhoides (Bu rm. ) S t a p f and Hubb) . T h i s s p e c i e s i s
commonly known by o t h e r names such as b u l r u s h m i l l e t , c a t t a i l m i l l e t and
s p i k e d m i l l e t . I n I n d i a i t i s known as bajra o r somet imes bajri. The
t o t a l a rea under m i l l e t s i n t h e w o r l d i s abou t 65 mn ha . and annual p ro -
d u c t i o n i s a b o u t 43 mn m e t r i c t o n s ( F . A . O . P r o d u c t i o n Year Book V o l . 2 6 ,
1 9 7 2 ) . Amongst t h e d e v e l o p i n g n a t i o n s , t h e b u l k o f t h e m i l l e t s a r e grown
i n I n d i a and s e v e r a l c o u n t r i e s o f A f r i c a . The y i e l d s per h e c t a r e a r e
e s t i m a t e d t o b e a round 660 k g / h a . w h i c h a r e q u i t e l o w . The w o r l d s t a t i s t i c s
f o r m i l l e t s a r e n o t i t e m i s e d , b u t p e a r l m i l l e t i s p r o b a b l y t h e most i m p o r t -
a n t one .

A l t h o u g h h i g h y i e l d i n g p e a r l m i l l e t h y b r i d s have i n r e c e n t y e a r s been
made a v a i l a b l e t o f a r m e r s , average y i e l d s have n o t i n c r e a s e d . The ma jo r
f a c t o r r e s p o n s i b l e f o r t h i s s i t u a t i o n i s t h e s u s c e p t i b i l i t y o f most o f
t h e s e h y b r i d s t o d i s e a s e s , p a r t i c u l a r l y downy m i ldew ( S c l e r o s p o r a grami-
nioola ( S a c c . ) S c h r o e t . ) and e r g o t ( C l a v i c e p s microcephala ( W a l l e r . ) T u l . ) .
Because o f t h e w i d e s p r e a d i m p o r t a n c e o f t h e s e two d i s e a s e s , t h e I n t e r n a t i o n a l
Crops Research I n s t i t u t e f o r t h e S e m i - A r i d T r o p i c s ( ICRISAT) d e c i d e d t o h o l d
i n t e n s i v e d i s c u s s i o n s i n Oc tober 1975 o n v a r i o u s a s p e c t s o f t h e s e two d i s -
eases t o a s c e r t a i n t h e p r e s e n t s t a t u s o f knowledge and t o i d e n t i f y a reas
o f r e s e a r c h w h i c h need t o p p r i o r i t y i n t h e immed ia te f u t u r e . S o t h a t
m e a n i n g f u l d i s c u s s i o n s can be c o n d u c t e d , an a t t e m p t has been made be low to
c r i t i c a l l y r e v i e w t h e a v a i l a b l e l i t e r a t u r e o n downy mi ldew and e r g o t
d i s e a s e s o f p e a r l m i l l e t .

DOWNY MILDEW

General

H i s t o r i c a l

Downy m i l d e w o f p e a r l m i l l e t i s caused by Sclerospora graminicola w h i c h



i s t h e t y p e s p e c i e s o f t h e genus. I t was o r i g i n a l l y named a s Protomyces 
graminicola by Saccardo in 1876 who d e s c r i b e d i t on Setaria verticillata. 
S u b s e q u e n t l y S c h r o e t e r i n 1879 renamed i t as S . graminicola i n h i s work i n
Germany on t h e Genus Sclerospora ( U l l s t r u p , 1 9 7 3 ) . In 1884 F a r l o w in t h e
USA descr ibed Sclerospora graminicola on Setaria viridis ( L . ) Beauv. In
I n d i a t h e e a r l i e s t i n v e s t i g a t i o n s o n p e a r l m i l l e t downy m i l dew were c a r r i e d
o u t by B u t l e r (1907) and K u l k a r n i ( 1 9 1 3 ) . The d i s e a s e was n o t c o n s i d e r e d
s e r i o u s however and hence d i d n o t a t t r a c t much a t t e n t i o n s i n c e damage was
seve re o n l y where p e a r l m i l l e t was grown i n l o w - l y i n g , p o o r l y d r a i n e d a reas
( B u t l e r , 1918 ) . M i t t e r and Tandon (1930) c o n f i r m e d t h e s e r i o u s n e s s o f t h e
d i s e a s e i n l o w - l y i n g a reas i n t h e v i c i n i t y o f A l l a h a b a d i n n o r t h I n d i a .
Wi th t h e r e l e a s e o f h i g h y i e l d i n g v a r i e t i e s i n c e r t a i n p a r t s o f I n d i a t h e
d i s e a s e a t t r a c t e d much more a t t e n t i o n and an e p i d e m i c s i t u a t i o n was
r e p o r t e d in 1 9 7 0 - 7 1 . Downy m i l dew i s now c o n s i d e r e d a ma jo r p rob lem in
t h e p e a r l m i l l e t c r o p n o t o n l y i n I n d i a b u t a l s o i n s e v e r a l A f r i c a n c o u n t -
r i e s .

Geographical D is t r ibu t ion

S. graminicola has been r e p o r t e d on p e a r l m i l l e t , and o t h e r m i l l e t s ,
i n s e v e r a l c o u n t r i e s . Bhat (1973) has g i v e n i n f o r m a t i o n o n t h e g e o g r a p h i c a l
d i s t r i b u t i o n , wh i ch i s t a b u l a t e d be low :

Geograph ica l D i s t r i b u t i o n of Sclerospora graminicola 

C o u n t r y R e f e r e n c e * C o u n t r y R e f e r e n c e *

C h i n a
-

P o r t e r , 1 9 2 6 M o z a m b i q u e D e c a r v a l h o , 1949
F i j i - B l a c k i e , 1947 N i g e r i a - C h e v a u g e o n , 1952
F r a n c e - V i e n n o t - B o u r g i n 1951 R h o d e s i a - W i c k e n s , 1937
Germany - S c h r o e t e r , 1 8 7 9 R o m a n i a - S a v u l e s c u a n d
H o l l a n d - Van P o e t e r a n , 1933 S a v u l e s c u , 1952
H u n g a r y - M o e s z , 1 9 3 8 R u s s i a - A n d r e f f , 1 9 2 4
I n d i a - B u t l e r , 1907 S e n e g a l - F o r n e a u , 1 9 2 8
I r a n - V i e n n o t - B o u r g i n , 1 9 5 8 S p a i n - L o s a E s p a n a , 1 9 5 4
I s r a e l - K e n n e t h , 1 9 6 5 T a n z a n i a
I t a l y - M o r i o n d o , 1957 ( T a n g a n a y i k a ) R i t c h i e , 1 9 2 6
J a p a n - S h i r a i , 1897 U p p e r V o l t a - D e l a s s u s , 1 9 6 4

M a l a w i U . S . A . - F a r l o w , 1 8 8 4
( N y a s a l a n d ) A r e p o r t , 1 9 6 2

* c f . B h a t , 1 9 7 3
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I t i s t h e r e f o r e e v i d e n t t h a t t h e f u n g u s i s v e r y w i d e s p r e a d . N o
r e p o r t seems t o h a v e a p p e a r e d s o f a r e i t h e r f r o m S . A m e r i c a o r A u s t r a l i a .

L o s s e s

I n i t i a l l y t h e d i s e a s e w a s n o t c o n s i d e r e d s e r i o u s , b u t t h e t r u e m a g n i -
t u d e o f t h e l o s s e s h a v e now b e e n m o r e f u l l y a p p r e c i a t e d . A s i x p e r c e n t
l o s s i n y i e l d w a s r e p o r t e d f r o m E a s t C h i n a ( P o r t e r , 1 9 2 6 ) . O t h e r l o s s
e s t i m a t e s r e p o r t e d i n c l u d e : 4 5 p e r c e n t n e a r A l l a h a b a d ( n o r t h I n d i a ) ( M i t t e r
a n d T a n d o n , 1 9 3 0 ) ; 6 0 p e r c e n t i n M o z a m b i q u e ( D e c a r v a l h o , 1 9 4 9 ) ; 1 0 p e r c e n t
i n N i g e r i a ( K i n g a n d W e b s t e r , 1 9 7 0 ) ; 3 0 p e r c e n t i n h i g h y i e l d i n g h y b r i d s
( H B - 1 a n d H B - 4 ) i n I n d i a ( A l l I n d i a C o o r d i n a t e d M i l l e t s I m p r o v e m e n t P r o g r a m
R e p o r t , 1 9 7 1 ) . M a t h u r a n d D a l e l a ( 1 9 7 1 ) c o n d u c t e d a n e x t e n s i v e s u r v e y o f
t h e p r e v a l e n c e o f t h e d i s e a s e o n t h e p e a r l m i l l e t c r o p i n t h e S t a t e o f
R a j a s t h a n i n I n d i a d u r i n g 1 9 6 2 a n d 1 9 6 4 a n d f o u n d a r a n g e o f 0 - 2 7 % . T h e y
a s s e s s e d t h e l o s s e s , i n m o n e t a r y t e r m s , a s w o r t h R s . 2 0 m i l l i o n ( a p p r o x .
$ 2 . 5 m i l l i o n ) every y e a r i n R a j a s t h a n s t a t e a l o n e .

I t i s e v i d e n t t h a t i n f o r m a t i o n o n t h e e x t e n t o f t h e l o s s e s i s i n -
c o m p l e t e . E s t i m a t e s a r e a v a i l a b l e f r o m o n l y a f e w l o c a l i z e d a r e a s a n d
a l t h o u g h i t i s p o s s i b l e t o d e t e r m i n e t h e p o t e n t i a l d a m a g e , t h e r e a r e l a r g e
a r e a s o f t h e w o r l d w h e r e a s s e s s m e n t s h a v e n o t b e e n m a d e .

P a t h o g e n

T a x o n o m y

Shaw ( 1 9 7 0 ) h a s p r o p o s e d t h e f o l l o w i n g c l a s s i f i c a t i o n o f t h e s p e c i e s
of Sclerospora: 

S p o r a n g i a p r o d u c e d : -

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

1 . S . graminicola ( S a c c . ) S c h r o e t .

C o n i d i a p r o d u c e d Peronosclerospora 

1. S. dichanthiicola T h i r u m . & N a r a s .
2 . s . maydis ( R a c i b . ) B u t l e r
3 . S . miscanthi T . M i y a k e a p u d S a c c .
4. s. noblei Weston
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5. S. philippinensis Weston
6. S. sacchari Myyake
7. S. spontanea Weston
8 . S . sorghi W e s t o n & U p p a l
9 . S . westonii S r i n . , N a r a s . & T h i r u m .

N e i t h e r s p o r a n g i o p h o r e s n o r c o n i d i o p h o r e s k n o w n Sclerospora 

( p r o t e m p . )

1 . S . farlowii G r i f f i t h s
2 . S . iseilematis T h i r u m & N a r a s
3. S. magnusiana S o r o k i n
4. S. secalina Naumov
5. S. northi Weston

F r o m t h e k e y i t i s e v i d e n t t h a t S h a w ( 1 9 7 0 ) h a s s u g g e s t e d i n c l u s i o n o f
c o n i d i a - p r o d u c i n g s p e c i e s o f Sclerospora i n t h e g e n u s Peronosclerospora 
( o r i g i n a l l y s u g g e s t e d a s a s u b - g e n u s o f Sclerospora b y I t o , ( c f .
W a t e r h o u s e , 1 9 6 4 ) b e c a u s e o f t h e p o s s i b l e e v o l u t i o n a r y c h a n g e f r o m
s p o r a n g i a ( z o o s p o r e s ) p r o d u c i n g s p e c i e s . A l s o s u c h s p e c i e s i n w h i c h
s e x u a l s t a g e i s n o t y e t k n o w n a r e t e m p o r a r i l y i n c l u d e d i n t h e g e n u s
Sclerospora.

I r r e s p e c t i v e o f t a x o n o m i c a l d e b a t e t h e r e s e e m s t o b e n o l i k e l i h o o d
o f a c h a n g e i n t h e n a m e o f t h e s p e c i e s w h i c h c o n c e r n s u s ; i . e . , Sclerospora 
graminicola.

S o m e p o i n t s n e e d t o b e d i s c u s s e d i n r e l a t i o n t o t a x o n o m y . O f t e n
s e v e r a l w o r k e r s h a v e q u e s t i o n e d w h e t h e r d i f f e r e n t d o w n y m i l d e w s p e c i e s
a r e r e a l l y d i f f e r e n t f r o m e a c h o t h e r . T h e r e i s a c o n s i d e r a b l e s i m i l a r i t y
in morpho logy between S. philippinensis, S. spontanea, S. maydis, and
S . sorghi, a n d a l l o f t h e m a r e k n o w n t o a t t a c k m a i z e . W i l k i n s o n ( 1 9 7 3 )
h a s l i k e w i s e q u e s t i o n e d i f w e a r e r e a l l y d e a l i n g w i t h s o m a n y s p e c i e s .
O n e o f h i s a r g u m e n t s i s t h a t a c o r n l i n e w h i c h i s r e s i s t a n t t o o n e o f t h e
d o w n y m i l d e w s i s r e s i s t a n t t o a n o t h e r , t h o u g h t h e d e g r e e o f r e s i s t a n c e
m a y v a r y . S e v e r a l e x t e r n a l f a c t o r s i n c l u d i n g t e m p e r a t u r e s , m o i s t u r e ,
h o s t , c h e m i c a l t r e a t m e n t s , e t c . a r e k n o w n t o i n f l u e n c e t h e m o r p h o l o g y o f
d o w n y m i l d e w f u n g i ( B h a t , 1 9 7 3 ; S a f e e u l l a & T h i r u m a l a c h a r , 1 9 5 6 ;
S a f e e u l l a & S h a w , 1 9 6 3 ) . T h e f o l l o w i n g t a b l e g i v e s a n i d e a o f t h e
i n f l u e n c e o f h o s t o n t h e m e a s u r e m e n t s o f d i f f e r e n t s t r u c t u r e s o f
S. graminicola: 
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Measurements o f s p o r a n g i o p h o r e s , s p o r a n g i a , z o o s p o r e s , o o g o n i a , and
oospores of Sclerospora graminicola on d i f f e r e n t hos ts

A u t h o r & Host & 
L o c a l i t y

Measurements i n m ic rons
Year

Host & 
L o c a l i t y Asexual phase Sexual phase

S c h r o e t e r
1879

Setaria viridis 
Germany

C o n i d i a l o n g 20
wide 15-18

S h i r a i
1897

Setaria italica C o n i d i o p h o r e s
100-240x12-18

C o n i d i a 2 4 - 2 8 . 8 x 
1 6 . 8 - 1 9 . 2

G i a n t c o n i d i a
3 8 . 4 - 5 7 . 6 x 1 9 . 2 - 2 4

B u t l e r 1918 Pennisetum
typhoides

I n d i a

Sporang iopho res l e n g t h
100 b r e a d t h 12-15
Sporang ia 19 -31x12-21
Zoospores 9-12

Oogonia 34-52
Average 42

Oospores 2 2 . 5 - 3 5
Average 32

Weston 1924 Setaria viridis 
U.S.A.

C o n i d i o p h o r e s l e n g t h 150
range 100-200

C o n i d i a l e n g t h 12-34
10-20 d i a m e t e r

* S u r y a n a r -
ayana & 

Chona 1960

Setaria
verticillata

I n d i a

Sporang iophores 217-288
Sporang ia 18 x 14
G i a n t s p o r a n g i o p h o r e s

up to 1024 i n l e n g t h
Sporang ia 61-66 x 30-50

Oospores 19-29
Oospores w i t h
oogon ia l w a l l

28-48

Waterhouse
1964

England Sporang ia usua l s i z e
19-21 x 15-17

Oogonial w a l l
w i t h c o n s p i -
cuous r i d g e s .
Average s i z e
41 in d i a m e t e r
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Kenneth
1966

Pennisetum
typhoides

I s rae l

Sporangiophores 100.6-
221.2 x 15.8 x 23.7
Sporangia
19.0 - 31.6 x 15.8 -
23.7

Oogonia w i t h
oospores w i t h i n
47.4-55 .3 i n d i a .
Oospores 31 .6 -
39.5 i n d i a .

King & 
Webster

1970

Pennisetum
typhoides

Niger ia

Sporangiophores range
(7-15) and (13-22) x 
143-249 Sporangia-10-
18x16-24

Oospores
34-42
Average 37.5

Taken from Bhat, 1973 except the one marked

I t appears t h a t oospore morpho logy i s c o n s i d e r e d t o be a more
r e l i a b l e t o o l i n t h e taxonomy o f downy mi ldew f u n g i . Even i n case o f
o o s p o r e s , w e d o n o t u s u a l l y g e t p r e c i s e d e t a i l s o n t h e i r c h a r a c t e r i s t i c
appea rance . There appears to be a need to use b e t t e r t o o l s f o r taxonomy
o f t h e downy mi ldews such a s e l e c t r o n m i c r o s c o p y f o r t h e oospore
morpho logy and use o f s e r o l o g y i n d i f f e r e n t i a t i n g s p e c i e s .

Reproduction

A s e x u a l . -  S. graminicola p roduces s p o r a n g i a in l a r g e numbers under
f a v o u r a b l e e n v i r o n m e n t and t h e s e s p o r a n g i a i n t u r n p roduce z o o s p o r e s . A 
good dea l o f work has been done on t h e i n f l u e n c e o f e n v i r o n m e n t on
p r o d u c t i o n and b e h a v i o u r o f t h e s p o r a n g i a l s t a g e .

The re seems to be an agreement t h a t t e m p e r a t u r e s between 15-25°C
f a v o u r t h e f o r m a t i o n o f t h e s p o r a n g i a l s t a g e ( S a f e e u l l a & T h i r u m a l a c h a r
1 9 5 6 ) . Suryanarayana (1965) c o n s i d e r s t e m p e r a t u r e s as l ow as 10°C f a v o u r -
a b l e b u t S a f e e u l l a and T h i r u m a l a c h a r (1956) c l a i m t e m p e r a t u r e s be low 15°C
as u n f a v o u r a b l e . Suryanarayana (1965) obse rved no s p o r a n g i a l s t a g e above
28°C.

R e l a t i v e h u m i d i t i e s above 75 p e r c e n t a r e c o n s i d e r e d n e c e s sa r y by
Suryanarayana (1965) f o r t h e s t i m u l a t i o n o f s p o r a n g i a l p r o d u c t i o n ;
however i n g e n e r a l a s a t u r a t e d a tmosphere w i t h f i l m o f w a t e r o n t h e
l e a v e s i s c o n s i d e r e d b e s t . A n opt imum c o m b i n a t i o n o f h i g h h u m i d i t y and
t h e f a v o u r a b l e t e m p e r a t u r e range t a k e s p l a c e u s u a l l y i n J u l y , A u g u s t ,
and September i n n o r t h I n d i a and hence t h e d i s e a s e i s more commonly seen
d u r i n g t h e s e months ( S u r y a n a r a y a n a , 1 9 6 5 ) .
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W e s t o n ( 1 9 2 4 , 1 9 2 9 ) and W e s t o n and Weber ( 1 9 2 6 , 1 9 2 8 ) s t u d i e d s .
graminicola i n d e t a i l . W e s t o n ( 1 9 2 4 ) c l a i m e d t h a t t h e a s e x u a l s p o r u l a t i o n
t a k e s p l a c e o n l y n o c t u r n a l l y , and t h i s was a c c e p t e d m o r e o r l e s s f o r n e a r l y
3 0 y e a r s a s a f a c t . S a f e e u l l a and T h i r u m a l a c h a r ( 1 9 5 6 ) h o w e v e r d e m o n s t r a t e d
t h a t n o c t u r n a l p r o d u c t i o n o f s p o r a n g i a i s a r e s u l t o f t h e c o i n c i d e n c e o f
n a t u r a l f a c t o r s . A c c o r d i n g t o t h e m , t h e i m p o r t a n t f a c t o r s r e g u l a t i n g t h e
s p o r a n g i a l s t a g e a r e : ( i ) a n i n t e r v a l o f 1 5 - 2 0 h o u r s s h o u l d e l a p s e b e t w e e n
t w o s u c c e s s i v e c r o p s o f s p o r a n g i a , t h i s p e r i o d b e i n g e s s e n t i a l f o r t h e
o r g a n i z a t i o n o f p r i m o r i d i a o f s p o r a n g i o p h o r e s b e n e a t h t h e s t o m a t a ; ( i i )
m o i s t u r e f i l m o n l e a v e s , and ( i i i ) t e m p e r a t u r e a r o u n d 2 5 °C . B y p r o v i d i n g
t h e a b o v e c o n d i t i o n s , i t s h o u l d b e p o s s i b l e t o m a n i p u l a t e a r t i f i c i a l
p r o d u c t i o n o f s p o r a n g i a a t a n y t i m e . B h a t ( 1 9 7 3 ) c o n f i r m e d t h e s e o b s e r -
v a t i o n s and f u r t h e r o b s e r v e d t h a t u n d e r f a v o u r a b l e c o n d i t i o n s , m o r e t h a n
3 5 , 0 0 0 s p o r a n g i a a r e l i b e r a t e d f r o m 1 c m 2 l e a f a r e a o f i n f e c t e d p l a n t s i n
a s p o r a n g i a l c r o p and t h a t a s many a s 1 1 ' c r o p s ' w e r e o b s e r v e d o n s u c c e -
s s i v e d a y s .

A c c o r d i n g t o S u r y a n a r a y a n a ( 1 9 6 5 ) r a i n f a l l a p p e a r s t o b e o f n o
c o n s e q u e n c e i n t h e p r e v a l e n c e o f t h i s d i s e a s e . T h i s o b s e r v a t i o n i s b a s e d
o n t h e f a c t t h a t d i s e a s e i n c i d e n c e i n f i e l d s n e a r A g r a ( n o r t h I n d i a ) e v e n
i n y e a r s o f r a i n f a l l b e t w e e n 3 0 - 4 0 i n c h e s a s c o m p a r e d t o t h e y e a r s o f
n o r m a l r a i n f a l l ; i . e . 1 7 - 2 0 i n c h e s was n o t g r e a t e r . H o w e v e r , t h i s i s n o t
a v a l i d a s s u m p t i o n s i n c e i t i s t h e d i s t r i b u t i o n o f r a i n f a l l r a t h e r t h a n
t o t a l r a i n f a l l w h i c h s h o u l d b e i m p o r t a n t i n t h e e x p r e s s i o n o f d o w n y m i l d e w .

T h e r e i s w e l l - d o c u m e n t e d i n f o r m a t i o n o n t h e g e r m i n a t i o n o f s p o r a n g i a .
H i r a t a and T a k e n o u t i ( 1 9 3 2 ) r e p o r t e d s p o r a n g i a l g e r m i n a t i o n t h r o u g h t h e
r e l e a s e o f z o o s p o r e s when p l a c e d i n w a t e r , p r o v i d i n g a d e q u a t e a i r and
t e m p e r a t u r e s b e t w e e n 1 2 . 5 t o 2 9 C . The g e r m i n a t i o n was n o t a f f e c t e d b y
l i g h t . H i u r a ( 1 9 3 5 ) r e p o r t e d t h a t t h e t i m e r e q u i r e d f o r s p o r a n g i a l
g e r m i n a t i o n was 3 0 m i n u t e s a t 2 0 °C , and 2 . 5 - 5 h o u r s a t 6 - 7 °C . T h e m i n i m u m ,
o p t i m u m , and max imum f o r t h e p r o c e s s w e r e f o u n d t o b e 5 - 7 ° , 1 8 °, and 3 0 -
3 3 °C ; r e s p e c t i v e l y . Wang ( 1 9 3 6 ) r e p o r t e d t h a t s p o r a n g i a t a k e a b o u t 4 0 t o
5 0 m i n u t e s f o r g e r m i n a t i o n . S a f e e u l l a e t a l . ( 1 9 6 3 ) c a r r i e d o u t d e t a i l e d
s t u d i e s and m o r e o r l e s s c o n f i r m e d H i u r a ' s w o r k ( 3 0 m i n u t e s a t 2 0 - 2 5 °C ) .
T h e y f o u n d s l i g h t l y m o r e r a p i d g e r m i n a t i o n i n t h e d a r k t h a n i n l i g h t .
S u r y a n a r a y a n a ( 1 9 6 5 ) r e p o r t e d t h a t t h e t i m e t a k e n f o r t h e f o r m a t i o n a n d
l i b e r a t i o n o f z o o s p o r e s v a r i e d b e t w e e n 3 5 - 1 8 0 m i n u t e s .

R e p o r t s v a r y o n t h e n u m b e r o f z o o s p o r e s p r o d u c e d f r o m a s p o r a n g i u m .
S u r y a n a r a y a n a ( 1 9 6 5 ) o b s e r v e d 3 - 8 z o o s p o r e s . T h e r e i s a n o t h e r r e p o r t o f
3 - 1 3 z o o s p o r e s p e r s p o r a n g i u m ( c f . B h a t , 1 9 7 3 ) .

Z o o s p o r e s g e r m i n a t e b y g e r m t u b e s and when p l a c e d i n t h e v i c i n i t y o f
h o s t r o o t s , t h e y d i r e c t t h e i r g e r m t u b e s t o w a r d s p e a r l m i l l e t r o o t s i n d i -
c a t i n g a c h e m o t a c t i c phenomenon ( B h a t , 1 9 7 3 ) .
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R e g a r d i n g t h e v i a b i l i t y o f s p o r a n g i a , S u r y a n a r a y a n a ( 1 9 6 5 ) r e p o r t e d
6 h o u r s u n d e r f a v o u r a b l e t e m p e r a t u r e s ( 2 0 - 2 3 °C ) . S p o r a n g i a k e p t i n a q u e o u s
s u s p e n s i o n a t 5 - 1 5 °C f o r 2 4 h r . g e r m i n a t e d t h e r e a f t e r a t r o o m t e m p e r a t u r e
( S a f e e u l l a e t a l . 1 9 6 3 ) , b u t t h o s e k e p t a t 3 0 - 3 5 °C d i d n o t . B h a t ( 1 9 7 3 )
r e p o r t e d t h a t s p o r a n g i a s u s p e n d e d i n 10% DMSO a n d k e p t a t 6 °C r e m a i n e d
v i a b l e u p t o 1 2 0 h o u r s . T h i s i n f o r m a t i o n may h a v e a p r a c t i c a l u t i l i t y i n
u s i n g s p o r a n g i a f o r f i e l d i n o c u l a t i o n s .

S e x u a l . - T h e p r o c e s s o f s e x u a l r e p r o d u c t i o n i n s . graminicola i s w e l l
k n o w n . The s e x o r g a n s d e v e l o p w i t h i n t h e h o s t t i s s u e s , m o s t l y i n l e a v e s
a n d m a l f o r m e d s p i k e l e t s . The o o s p o r e s a r e p r o d u c e d i n l a r g e n u m b e r s i n
t h e h o s t t i s s u e . The o o s p o r e s a r e r o u n d a n d h a v e t h r e e w a l l s ; e x o s p o r i u m ,
m e s o s p o r i u m , and e n d o s p o r i u m . The o o g o n i a l w a l l i s p e r s i s t e n t a n d i s
v i s i b l e i n t h e f o r m o f i r r e g u l a r f o l d s o n t h e m a t u r e o o s p o r e . A l t h o u g h

g e r m i n a t i o n o f o o s p o r e s b y means o f 1 - 4 g e r m t u b e s has b e e n o b s e r v e d
C h a u d h u r i 1 9 3 2 ; H i u r a , 1 9 3 5 ; M c D o n o u g h , 1 9 3 8 ) , t h e s u b j e c t o f o o s p o r e

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

S e e d - b o r n e n a t u r e

T h a t t h e i n o c u l u m i s a s s o c i a t e d w i t h t h e s e e d i s g e n e r a l l y a c c e p t e d .
H o w e v e r , w h e t h e r i t i s i n t e r n a l l y o r e x t e r n a l l y s e e d - b o r n e o r b o t h i s s t i l l
a n o p e n q u e s t i o n .

B u t l e r ( 1 9 1 8 ) was p e r h a p s t h e f i r s t t o s u g g e s t t h a t o o s p o r e s m i g h t b e
c a r r i e d o n t h e s e e d d u r i n g h a r v e s t i n g and t h r e s h i n g . H e f a i l e d t o d e t e c t
a n y m y c e l i u m o r o o s p o r e s i n s o u n d s e e d s c o l l e c t e d f r o m p a r t i a l l y a f f e c t e d
p e a r l m i l l e t e a r s . W e s t o n and Weber ( 1 9 2 8 ) d r e w s i m i l a r c o n c l u s i o n s w i t h
r e g a r d t o t h e d o w n y m i l d e w o f E v e r g l a d e m i l l e t c a u s e d b y t h i s f u n g u s .
T r a c e s o f m y c e l i u m w e r e o b s e r v e d b y A r y a a n d Sharma ( 1 9 6 2 ) i n t h e e m b r y o s
o f p e a r l m i l l e t s e e d s c o l l e c t e d f r o m p a r t i a l l y m a l f o r m e d e a r s . S u r y a n a r a y a n a
( 1 9 6 2 ) a l s o o b s e r v e d m y c e l i u m i n s e e d s , b u t c o u l d n o t o b t a i n d i s e a s e d p l a n t s
f r o m s u c h s e e d s when t h e s e w e r e p l a n t e d i n s t e r i l i z e d s o i l . S i n g h a n d
P u s h p a v a t h y ( 1 9 6 5 ) f a i l e d t o o b s e r v e m y c e l i u m i n e m b r y o s , b u t d i d f i n d i t
i n t h e o v a r y w a l l . T i w a r i a n d A r y a ( 1 9 6 6 ) o b t a i n e d d i s e a s e d p l a n t s f r o m
s e e d s c o l l e c t e d f r o m h e a v i l y i n f e c t e d e a r h e a d s . S u n d a r a m e t a l . ( 1 9 7 3 )
r e p o r t e d t h a t t h e p e r c e n t a g e o f e m b r y o s o f s e e d s o f H B - 4 a n d o t h e r s s h o w i n g
t h e p r e s e n c e o f m y c e l i u m v a r i e d b e t w e e n 9 . 5 t o 1 3 . 6 . T h e y d e s c r i b e d t h e s e
h y p h a e a s i n t e r - a n d i n t r a - c e l l u l a r , n o n - s e p t a t e , b r a n c h e d , t h i c k a n d h y a l i n e .
T o c o n f i r m w h e t h e r t h e m y c e l i u m o b s e r v e d was o f Sclerospora graminicola, 
t h e s e w o r k e r s t o o k s e e d s o f same h y b r i d s a n d m a l e s t e r i l e s i n p o t c u l t u r e
and r e c o r d e d t h e i n c i d e n c e f r o m t h e 1 9 t h d a y a f t e r g e r m i n a t i o n u n t i l
f l o w e r i n g . A t r e l a t i v e h u m i d i t i e s a b o v e 9 0 p e r c e n t a n d t e m p e r a t u r e s
b e t w e e n 2 5 - 2 8 °C , t h e s y m p t o m s o f d o w n y m i l d e w w e r e v i s i b l e . F r o m e a c h
s e e d s a m p l e 7 5 s e e d s w e r e s o w n . T h e r e c o r d e d p e r c e n t a g e o f i n f e c t e d p l a n t s
i n HB-4 w e r e 6 . 3 t o 8 . 9 p e r c e n t a n d 7 . 6 p e r c e n t and 2 0 p e r c e n t i n t h e m a l e
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s t e r i l e s 3 0 2 3 a n d 3 0 0 6 , r e s p e c t i v e l y . A l t h o u g h t h e a u t h o r s s t a t e d
t h a t s e e d s w e r e " s u r f a c e s t e r i l i z e d " b e f o r e p l a n t i n g o b v i o u s l y t o
e l i m i n a t e t h e e x t e r n a l o o s p o r e i n o c u l u m , t h e m e t h o d a d o p t e d i s n o t
d e s c r i b e d . Some d o u b t e x i s t s a s t o w h e t h e r m e t h o d s t o e l i m i n a t e a l l
v i a b l e o o s p o r e s f r o m t h e s e e d s u r f a c e a r e a v a i l a b l e . T h e r e f o r e t h e
p o s s i b i l i t y o f e x t e r n a l i n o c u l u m r e m a i n s . I n s u p p o r t o f t h e i r
f i n d i n g s S u n d a r a m e t a l . ( 1 9 7 3 ) n o t e t h a t t h e d i s e a s e was o b s e r v e d
i n s e v e r e f o r m i n t h e f i e l d s o f I n d i a n A g r i c u l t u r a l R e s e a r c h I n s t i -
t u t e , New D e l h i , w h e r e n o p e a r l m i l l e t was g r o w n d u r i n g t h e p r e v i o u s
1 0 y e a r s . H o w e v e r d e t a i l s o f t h e m e t h o d s u s e d f o r e l i m i n a t i n g t h e
e x t e r n a l i n o c u l u m i n t h e s e e d p l a n t e d i n t h e f i e l d a r e n o t g i v e n .

B h a t ( 1 9 7 3 ) f a i l e d t o o b s e r v e o o s p o r e s o r m y c e l i u m i n m i c r o t o m e
s e c t i o n s o f p e a r l m i l l e t s e e d c o l l e c t e d f r o m i n f e c t e d e a r s .

S i n g h ( 1 9 7 4 ) s t u d i e d how m y c e l i u m p e n e t r a t e s t h e e m b r y o . H e
i n o c u l a t e d o p e n e d s p i k e l e t s o f T i f t 23B w i t h s p o r a n g i a l s u s p e n s i o n a n d
t h e n s u b s e q u e n t l y d e t e c t e d m y c e l i u m i n t h e e m b r y o s o f 2 3 . 0 6 p e r c e n t
s e e d t h u s s e t . I t was s u g g e s t e d t h a t t h e s p o r a n g i a l i n o c u l a t i o n l e d
t o i n f e c t i o n t h r o u g h s t i g m a s , b u t t h e p r o g r e s s o f m y c e l i u m t h r o u g h
s t i g m a / s t y l e was n o t s t u d i e d .

I t seems t o b e g e n e r a l l y a c c e p t e d t h a t s e e d s c a r r y o o s p o r e s o n
t h e i r s u r f a c e s a n d t h e s e s e r v e a s s o u r c e s o f p r i m a r y i n f e c t i o n i n
a d d i t i o n t o o o s p o r e s p r e s e n t i n t h e s o i l f r o m p r e v i o u s c r o p s e a s o n .
H o w e v e r , n o n e o f t h e p u b l i s h e d l i t e r a t u r e s e e n c l a i m s t h a t o o s p o r e s
w e r e a c t u a l l y d e t e c t e d i n t h e s e e d s a m p l e s . T h e f i n d i n g t h a t o o s p o r e s
w e a t h e r e d i n s o i l g i v e b e t t e r i n f e c t i o n t h a n t h e o o s p o r e s s t o r e d i n
l a b o r a t o r i e s makes u s r a i s e t h e q u e s t i o n a s t o how e f f e c t i v e t h e
e x t e r n a l l y s e e d - b o r n e o o s p o r e s w o u l d b e i n c a u s i n g i n f e c t i o n u n d e r
f i e l d c o n d i t i o n s .

Oospores

( a ) P r o d u c t i o n u n d e r d i f f e r e n t e n v i r o n m e n t s . - I t i s c o n s i d e r e d t h a t
o o s p o r e s , s i n c e t h e s e a r e p r o d u c e d i n s i d e t h e h o s t t i s s u e , a r e m o r e
u n i f o r m i n t h e i r d e v e l o p m e n t t h a n s p o r a n g i a . T h i s may n o t b e t r u e
s i n c e d i f f e r e n t g e r m p l a s m s may i n f l u e n c e t h e f o r m a t i o n o f o o s p o r e s a n d
p l a n t s g r o w n u n d e r d i f f e r e n t e n v i r o n m e n t s may p r o d u c e d i f f e r e n c e s i n
o o s p o r e c h a r a c t e r i s t i c s . F o r e x a m p l e , S u r y a n a r a y a n a ( 1 9 6 5 ) f o u n d t h a t
o o s p o r e m a t e r i a l o b t a i n e d f r o m p l a c e s l i k e A g r a , B i k a n e r , D e l h i , J o d h p u r ,
( n o r t h I n d i a ) a n d Poona ( w e s t I n d i a ) p r o d u c e d d o w n y m i l d e w i n p e a r l m i l l e t
b u t t h e o o s p o r e s c o l l e c t e d f r o m C o i m b a t o r e i n s o u t h I n d i a f a i l e d t o
p r o d u c e t h e d i s e a s e . L i k e w i s e i n o c u l u m c o l l e c t e d f r o m B i k a n e r g a v e a n
a v e r a g e i n f e c t i o n o f 5 6 . 8 p e r c e n t w h i l e t h a t f r o m J o d h p u r a n d D e l h i g a v e
o n l y 2 7 . 2 a n d 2 8 . 5 p e r c e n t , r e s p e c t i v e l y . A l l t h e s e o o s p o r e c o l l e c t i o n s
w e r e a l l o w e d t o w e a t h e r u n d e r D e l h i c o n d i t i o n s . T h u s i t seems p o s s i b l e
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t h a t t h e r e may b e c u l t i v a r s w h i c h p r o d u c e n o o o s p o r e s o r f e w e r o o s p o r e s
i n c o m p a r i s o n t o o t h e r s and t h a t o o s p o r e s p r o d u c e d u n d e r d i f f e r e n t
a g r o c l i m a t i c c o n d i t i o n s may d i f f e r i n s e v e r a l c h a r a c t e r i s t i c s .

( b ) S u r v i v a l a n d d o r m a n c y . - A l t h o u g h s e v e r a l w o r k e r s h a v e p u b l i s h e d
i n f o r m a t i o n o n t h e l o n g e v i t y o f o o s p o r e s , i t i s d i f f i c u l t t o d r a w a n y
d e f i n i t e c o n c l u s i o n . D i f f e r e n t w o r k e r s h a v e c a r r i e d o u t s t u d i e s u n d e r
d i f f e r e n t s e t s o f c o n d i t i o n s and t h a t p e r h a p s a c c o u n t s t o a g r e a t e x t e n t
f o r t h e v a r i a t i o n i n r e s u l t s . The f o l l o w i n g t a b l e s u m m a r i z e s t h e r e p o r t s
f o u n d i n l i t e r a t u r e :

Longev i ty of oospores of Sclerospora graminicola 

Reported by Longevi ty Remarks

Borchhardt , 1927
( c f . Bhat, 1973)

10 years Oospores from Setaria italica. 
73% i n f e c t i o n from 10 year o ld
oospores.

Chaudhuri , 1932 5 years -

H i ra ta & Takenout i ,
1932

8 months -

Takasugi & Akaish i
1933, 1935

8 years -

Suryanarayana, 1963 upto 3 years when s to red in s o i l

Vasudeva, 1957 4 years i n s o i l

Bhander & Rao, 1967 4 years Oospore mate r ia l s tored in
r e f r i g e r a t o r . 17.4 percent
i n f e c t i o n from 4 year o l d
oospores from DMS-77

Sa feeu l l a , 1970 Over 10 months the ac tua l data reveal 6 months
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B h a t , 1973 3 y e a r s 20% i n f e c t i o n f r o m 3 y e a r o l d
o o s p o r e s s t o r e d i n g a r d e n s o i l

M e e t i n g o f p e a r l
m i l l e t w o r k e r s ,
P o o n a , 1975
( A n o n y m o u s , 1 9 7 5 )

u p t o 6 
y e a r s

g e n e r a l c o n s e n s u s o f w o r k e r s

Thus oospore s u r v i v a l i s r e p o r t e d f r o m 8 months to 10 y e a r s . The main
reason f o r such a v a r i a t i o n seems t o b e t h e d i f f e r e n c e s i n c o n d i t i o n s under
w h i c h t h e s e t e s t s were c o n d u c t e d . The s o i l t e m p e r a t u r e s , s o i l p H , s o i l
s a l i n i t y , s o i l m o i s t u r e - h o l d i n g c a p a c i t y , s o i l o r g a n i c m a t t e r c o n t e n t , e t c .
m i g h t b e e x p e c t e d e i t h e r a l o n e o r i n c o m b i n a t i o n t o i n f l u e n c e t h e s u r v i v a l
o f o o s p o r e s . A l s o i t i s p o s s i b l e t h a t oospores o f S . graminicola c o l l e c t e d
f r o m d i f f e r e n t h o s t s and c u l t i v a r s o f t h e same h o s t may d i f f e r i n t h e i r
s u r v i v a l . S i n c e n o method i s a v a i l a b l e t o ensu re c o n s i s t e n t oospore germi-
n a t i o n , w e have t o depend o n i n f e c t i v i t y t e s t s t o g a i n i n f o r m a t i o n o n
s u r v i v a l . T h e r e f o r e r e l i a b l e r e s u l t s c a n n o t b e expec ted s i n c e e x p r e s s i o n
o f i n f e c t i o n i s a l s o i n f l u e n c e d c o n s i d e r a b l y b y w e a t h e r . F u r t h e r i n many
o f t h e s e r e p o r t s , i t i s n o t c l e a r how w o r k e r s ensured t h a t t h e seed used
i n t e s t s d i d n o t c a r r y any i n o c u l u m .

I t i s g e n e r a l l y agreed t h a t t h e oospores g i v e b e t t e r i n f e c t i o n
( t h e r e f o r e g e r m i n a t e b e t t e r ) a f t e r w e a t h e r i n g and t h a t one y e a r o l d oospores
g i v e more i n f e c t i o n (98 p e r c e n t ) t h a n f r e s h o r more t h a n one y e a r o l d oos-
po res ( B h a t , 1 9 7 3 ) . E a r l i e r i t was b e l i e v e d t h a t oospores have a dormant
p e r i o d . However , Bhat (1973) r e p o r t e d t h a t ' n e w l y ' fo rmed oospores gave
5 5 p e r c e n t i n f e c t i o n ; b u t i t i s n o t c l e a r a s t o how 'new ' t h e s e oospores
w e r e . I s i t p o s s i b l e t h a t oospores fo rmed i n o l d e r l e a v e s a r e ' o l d e r '
t h a n t h o s e fo rmed i n t h e ' g r e e n e a r ' and t h e r e f o r e when one c o l l e c t s
oospo re m a t e r i a l f r o m p l a n t t i s s u e s , i t may c o n t a i n oospores v a r y i n g a g e ,
and a t l e a s t some o f t h e ' o l d e r ' oospores may have a l r e a d y comp le ted t h e
dormancy?

I t may b e p e r t i n e n t he re t o c i t e t h e work o f Zentmeyer e t a l . ( 1 9 7 3 )
who r e p o r t e d t h a t t h e dormant oospores o f Phytophthora l a c k i n t a c t , f u n -
c t i o n a l r i b o s o m e s , i n c o n t r a s t t o m y c e l i a , z o o s p o r e s , c y s t s , and c h l a m y -
d o s p o r e s , a l l o f w h i c h c o n t a i n t y p i c a l monosomes and po lysomes . However ,
low l e v e l s o f r i b o s o m a l RNA and r i b o s o m a l p r o t e i n a r e found i n u n g e r m i n a t e d
o o s p o r e s , i n d i c a t i n g t h e p resence o f p r e c u r s o r s . The absence o f t h i s b a s i c
component o f p r o t e i n s y n t h e s i s , a c c o r d i n g t o a u t h o r s , c o u l d e x p l a i n t h e
dormancy o f o o s p o r e s .
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Dr. S a f e e u l l a and h i s g roup ( S a f e e u l l a 1970 ; B h a t , 1973) have
d e t e c t e d oospores i n r o o t s o f p e a r l m i l l e t . These a r e fo rmed l a t e i n t h e
season ( D r . S a f e e u l l a - p e r s o n a l c o m m u n i c a t i o n ) , and t h u s can s u r v i v e in
t h e same p l o t s i n t h e l e f t ove r r o o t s . Sundaram (1970) s t a t e d d u r i n g one
o f t h e d i s c u s s i o n s e s s i o n s i n t h e Con fe rence o n downy m i ldews h e l d i n
P a t n a g a r / N a i n i t a l ( I n d i a ) t h a t t h e oospores passed t h r o u g h t h e i n t e s t i n e
o f c a t t l e and f u r t h e r c l a i m e d t h a t t h e s e oospores c o u l d p roduce d i s e a s e d
p l a n t s even a f t e r t h e compos t i ng o f c a t t l e dung . T h i s was c o n f i r m e d b y
Bhat ( 1 9 7 3 ) .

( c ) G e r m i n a t i o n . - A l t h o u g h many w o r k e r s c l a i m t o have o b t a i n e d
s u c c e s s f u l g e r m i n a t i o n o f o o s p o r e s , t h i s a rea o f r e s e a r c h needs more
i n v e s t i g a t i o n s i n v i ew o f t h e i n c o n s i s t e n t r e s u l t s o b t a i n e d b y w o r k e r s .

The i n f o r m a t i o n p u b l i s h e d on t h e g e r m i n a t i o n o f oospores o f S .
graminicola i s summarized i n t h e f o l l o w i n g t a b l e :

Repor ted by Time t a k e n Tempera tu re P e r c e n t
g e r m i -
n a t i o n

Remarks

Frechou 1894
- - -

S u c c e s s f u l germi -
n a t i o n o f oospores
c o l l e c t e d f r o m
Setaria vevti-
c i l l a t a

B u t l e r 1918 - - - U n s u c c e s s f u l

Weston 1928 - - - U n s u c c e s s f u l

H i u r a 1929 ,
1930

w i t h i n
48 h r

27-30°C - germ t u b e p r o d u c e d .
3-11 i n d i a m e t e r ,
b r a n c h e d , h y a l i n e .

Evans & H a r r a r
1930

24 h r 18°C Germ t u b e , b ranched
600-700 a f t e r
30 h r . Good
g e r m i n a t i o n o n s o i l -
agar and o t h e r media
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C h a u d h a r i , 

1932 f o l l o w e d H i u r a ' s 

m e t h o d ; o b s e r v e d 

u p t o 4 germ t u b e s . 

H i r a t a & — 1 2 . 5 - 3 5 ° C _ a d e q u a t e s u p p l y 
T a k e n o u t i o f a i r 

1932 

T a s u g i , 1933 3 0 - 4 8 h r 2 0 - 2 3 . 5 ° C 14.3% i n 

3 days 

68% i n 

45 days 

i n c r e a s e d a t pHs 

2 . 9 t o 3.1 and 

d e c r e a s e d when 

r a i s e d u p t o 9 . 3 

H i u r a , 1935 - 20-25°C - o v e r w i n t e r e d 

o o s p o r e s gave more 

g e r m i n a t i o n 

S u r y a n a r a y a n a — _ 
— 

f o l l o w e d H i u r a ' s 

1956 method. used 6-

month w e a t h e r e d 

o o s p o r e s . germ 

t u b e s ( 1 - 2 ) 

measured 2 7 4 -

480 µ. P h o t o -

g r a p h s g i v e n a r e 

n o t c l e a r . 

Pande, 1972 One week 15-20°C 6 0 , a l m o s t 

a l l m a t u r e 

o o s p o r e s 

g e r m i n a t e d 

i n one 

month 

o o s p o r e m a t e r i a l 

s u r f a c e s t e r i l i z e d . 

M a t e r i a l c o l l e c t e d 

i n A u g - S e p t . 1 9 7 0 . 

0 . 2 - 0 . 5 % g i b b e r e -

l l i c a c i d u s e d . 

Oospore p r o d u c e d 

s p o r a n g i o p h o r e ; 

somet imes germ 

s p o r a n g i a ; no germ 

t u b e s 
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B h a t , 1973 One week
-

m o s t o f
t h e
o o s p o r e s

I n d i r e c t g e r m i n a t i o n
when s u b j e c t e d t o
s o i l e x t r a c t / h o s t
r o o t e x u d a t e s . The
c o n t e n t s o f o o s p o r e s
r o u n d o f f i n t o
m u l t i n u c l e a t e b o d i e s
w h i c h t h e n a r e
e x t r u d e d t h r o u g h a 
s l i t i n o o s p o r e w a l l .

S i n g h , 1974 6 d a y s 25°C g e r m i -
n a t i o n
o b s e r v e d
r a r e l y

f o l l o w e d H i u r a ' s
m e t h o d w i t h some
m o d i f i c a t i o n s ; u s e d
one m o n t h o l d
o o s p o r e m a t e r i a l ;
L o n g , s i n g l e g e r m
t u b e .

The e x t e n t o f v a r i a t i o n i n r e s u l t s i s q u i t e e v i d e n t f r o m t h e above
t a b l e . The t i m e r e p o r t e d f o r g e r m i n a t i o n v a r i e d between one day t o one
week and t h e p e r c e n t a g e o f s u c c e s s f u l g e r m i n a t i o n v a r i e d f r o m 0 to 100
p e r c e n t . A l t h o u g h t h e f a v o u r a b l e t e m p e r a t u r e s ranged f r o m 1 2 . 5 t o 33°C ,
b e t t e r g e r m i n a t i o n was o b t a i n e d a t t e m p e r a t u r e s around 25°C. Seve ra l
w o r k e r s obse rved g e r m i n a t i o n t h r o u g h t h e p r o d u c t i o n o f germ t u b e s ( 1 - 4 ) ,
b u t one r e p o r t (Pande , 1972) c l a i m s g e r m i n a t i o n t h r o u g h germ s p o r a n g i o -
pho res o r o c c a s i o n a l l y germ s p o r a n g i a . S t i l l a n o t h e r r e p o r t ( B h a t , 1973)
s t a t e s t h a t some round b o d i e s a r e e x t r u d e d f r o m o o s p o r e s . H i u r a ' s method
has been f o l l o w e d by a few w o r k e r s and t h e y have r e p o r t e d some s u c c e s s .
A t p r e s e n t , w e have n o r e l i a b l e , s t a n d a r d p r o c e d u r e w h i c h w i l l ensure
h i g h g e r m i n a t i o n p e r c e n t a g e s . I n Dr . S a f e e u l l a ' s l a b o r a t o r y and o u r s ,
a l l k i n d s o f t r e a t m e n t s a r e b e i n g t r i e d b u t s o f a r n o success has been
o b t a i n e d .

S e v e r a l q u e s t i o n s need t o b e r a i s e d i n t h i s c o n n e c t i o n . Most
w o r k e r s r e p o r t t e m p e r a t u r e s a round 25°C t o b e f a v o u r a b l e . However,
under n a t u r a l c o n d i t i o n s a t many l o c a t i o n s , t h e ave rage s o i l t e m p e r a t u r e s
p r e v a i l i n g i n t h e f i r s t one month o f p l a n t i n g c e r t a i n l y wou ld b e h i g h e r .
Why t h e n do we g e t w i d e s p r e a d i n c i d e n c e o f t h e d i s e a s e ? The r e p o r t by
Pande (1972) c l a i m i n g p r o d u c t i o n o f s p o r a n g i a o n germ s p o r a n g i o p h o r e s i s
v e r y i n t e r e s t i n g . How u s e f u l t h i s mode o f g e r m i n a t i o n i s l i k e l y t o b e
i n n a t u r a l c o n d i t i o n s ? For t h i s k i n d o f g e r m i n a t i o n t o b e e f f e c t i v e ,
s l i g h t l y e x c e s s i v e s o i l m o i s t u r e wou ld b e needed and t h i s i s n o t c o n s i d e r e d
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conducive t o r o o t i n f e c t i o n s . I s i t poss ib le t h a t the g i b b e r e l l i c ac id
she used was respons ib le f o r producing ra the r an "abnormal" type of
germinat ion? And more impo r tan t l y what is "normal" germinat ion? It may
be p e r t i n e n t to mention here the behaviour of oospores of Pythium 
aphanidermatum in which the mode of germinat ion in f i e l d s o i l i s regu la ted
by the presence or absence of an exogenous source of n u t r i e n t s . In the
presence of such n u t r i e n t s , oospores germinated e x c l u s i v e l y by germ-tubes.
The zoospore product ion from germinat ing oospores in s o i l occurred on ly
in the absence of exogenous n u t r i e n t s and was r e s t r i c t e d to the surface
water o f the sa tura ted s o i l s ( S t a n g h e l l i n i , 1973).

I t is a common experience of workers t h a t a l l oospores from a 
p a r t i c u l a r sources do not germinate at one t ime . A s a t i s f a c t o r y exp lanat ion
o f t h i s phenomenon is s t i l l to come.

d) Degrada t ion . - No publ ished work on the degradat ion S. graminicola 
oospores in s o i l s was l o c a t e d . A chy t r id iaceous fungus, Phlyctochytrium, 
has been repor ted to be p a r a s i t i c on the sorghum downy mildew oospores by
Kenneth and Shahor (1974). What appeared to be germinat ion of oospores
by v e s i c l e s producing zoospores was in f a c t the doub le -wa l led , hya l i ne
sporangia of a species of Phlyctochytrium, whose r h i z o i d s were seen w i t h i n
the oospores. Fungi of the Rhizophydium - Ph l yc tochy t r i um complex have
been repor ted to a t t ack oospores of Sclerospora, Peronospora effusa, and
Albugo (Melhus, 1914) and Peronospora tabacina (Person et al., 1955).
Honour and Tsao (1973) found t h a t oogonia, a n t h e r i d i a , and oospores (non-
melanized) of Phytophthora parasitica could be co lonized by act inomycetes,
usua l l y species of Streptomyces, in na tu ra l s o i l s . They f u r t h e r observed
t h a t me lan iza t ion and t h i cken ing of the oogonium wa l l increased the r e s i -
stance o f oospores to l y s i s by microorganisms in the s o i l .

Secondary spread through sporangia/zoospores

Although sporangia are produced in m i l l i o n s on p l a n t s , the r o l e
these p lay in the spread o f the disease is not c l e a r . Most r epo r t s i n d i c a t e
t h a t t h e i r r o l e i s not s i g n i f i c a n t . Kenneth (1966) repor ted lack o f ev i -
dence of secondary spread under I s r a e l i c o n d i t i o n s . Bhat (1973) a lso
s ta ted t h a t the r o l e o f asexual spores in epidemiology i s r a the r l i m i t e d
in Mysore (south I nd ia ) cond i t i ons and t h a t sporangia are unsui ted f o r long
d is tance d i ssemina t i on . S i m i l a r l y G i rard (1974) repor ted t h a t under the
cond i t i ons p r e v a i l i n g in Senegal, he could not determine the rea l importance
of secondary i n f e c t i o n s . He not iced l o c a l i z e d l e a f spots caused by zoos-
po res , but not systemic i n f e c t i o n developing f rom these . Suryanarayana
(1965) observed sporangia germinat ion in the e a r l y hours of the morning near
Agra (no r th I n d i a ) . This cont inued u n t i l 7.30 a.m. when the dew d r i e d .
I t seems poss ib le t h a t there might be some l i m i t e d secondary spread i f the re
is r a i n in the e a r l y morning hours , s ince the temperature and mois ture
cond i t i ons would be favourab le and sporangia s t i l l v i a b l e .
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I n t h e 1970 annua l r e p o r t o f t h e A l l I n d i a C o o r d i n a t e d m i l l e t s imp ro -
vement p r o g r a m , t h e r e i s a s t a t e m e n t i n d i c a t i n g secondary sp read o f downy
m i l d e w . The w o r k e r s s t a t e d " I n o r d e r t o c o n t r o l t h e seconda ry i n f e c t i o n
caused b y s p o r a n g i a w h i c h u l t i m a t e l y become s y s t e m i c , f i e l d t r i a l s were
l a i d u s i n g some c o n v e n t i o n a l f u n g i c i d e s a s w e l l a s t h e s y s t e m i c s "

Reddi (1973) t r a p p e d S. graminicola s p o r a n g i a on June 24 and obse rved
t h e d i s e a s e i n f i e l d o n June 2 5 t h . T h i s m i g h t mean e i t h e r t h a t t h e s p o -
r a n g i a l i n o c u l u m was coming f r o m o u t s i d e o r t h a t t h e downy m i ldew was
a l r e a d y p r e s e n t b u t was n o t e a s i l y d e t e c t a b l e u n t i l June 2 5 t h . The maximum
number o f s p o r a n g i a t r a p p e d f o r one day was on J u l y 1 5 t h w i t h 188 /cm 2

a f t e r w h i c h t h e r e was a d e c l i n e . The d a i l y ave rage i n c i d e n c e was 4 9 / c m .

There i s s u f f i c i e n t e v i d e n c e t h a t young s e e d l i n g s o f p e a r l m i l l e t
can b e i n o c u l a t e d a r t i f i c i a l l y w i t h s p o r a n g i a l i n o c u l u m and s y s t e m i c i n -
f e c t i o n s can be o b t a i n e d p r o v i d e d f a v o u r a b l e t e m p e r a t u r e and m o i s t u r e
c o n d i t i o n s a r e g i v e n . The reasons f o r t h e i n e f f e c t i v e n e s s o f t h i s i n o c u l u m
under n a t u r a l c o n d i t i o n s needs t o b e u n d e r s t o o d f u l l y .

Physiologic specialization

I n f o r m a t i o n o n t h i s s u b j e c t i s i n a d e q u a t e . Most w o r k e r s b e l i e v e t h a t
s p e c i a l i z a t i o n e x i s t s and t h a t r a c e s must be p r e s e n t . As e a r l y as 1 9 3 2 ,
Uppal and Desai r e p o r t e d f a i l u r e t o i n f e c t p e a r l m i l l e t w i t h o o s p o r i c
i n o c u l u m f r o m Setaria or Panicum, t h e o t h e r two ma jo r h o s t s and vice-versa 
i n d i c a t i n g p h y s i o l o g i c s p e c i a l i z a t i o n . Tasug i (1934) r e p o r t e d t h a t s .
graminicola from Setaria italica could not i n f e c t S, viridis and vice-
versa. G i r a r d (1974) r e p o r t e d t h a t some p e a r l m i l l e t v a r i e t i e s r e s i s t a n t
a t c e r t a i n p l a c e s were f ound s u s c e p t i b l e a t o t h e r s . H e r u l e d o u t t h e p o s s i -
b i l i t y o f e n v i r o n m e n t p l a y i n g any r o l e i n t h i s . Bhat (1973) f ound t h e
h y b r i d , HB-3 h i g h l y r e s i s t a n t a t Mysore ( s o u t h I n d i a ) b u t i t i s s u s c e p t i b l e
a t many o t h e r l o c a t i o n s . One o f t h e reasons f o r t h i s c o u l d b e t h e e x i s t e n c e
o f d i f f e r e n t r a c e s and t h e r e i s o b v i o u s l y a need t o i n t e n s i f y work o n t h i s
a s p e c t .

Environmental races

The e x i s t e n c e o f e n v i r o n m e n t a l r a c e s , somet imes c a l l e d " e c o l o g i c a l
r a c e s " , i s known i n s e v e r a l f u n g i and some nematodes . There i s so f a r no
p u b l i s h e d i n f o r m a t i o n o n e x i s t e n c e o f such r a c e s i n downy m i l d e w s . The
appearance o f d i s e a s e somet imes under " u n f a v o u r a b l e " c o n d i t i o n s , d i f f e r e n c e s
i n t h e i n f e c t i v i t y o f oospo res c o l l e c t e d f r o m d i f f e r e n t l o c a t i o n s , e t c .
does l e a d one t o t h i n k i n t e rms o f p o s s i b l e e x i s t e n c e o f such r a c e s .
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A r t i f i c i a l c u l t u r e

Arya and T i w a r i (1969) and T i w a r i and Arya ( 1 9 6 9 , 1969a) r e p o r t e d
s a p r o p h y t i c g row th o f Sclerospora graminicola on m i l l e t c a l l u s t i s s u e on
W h i t e ' s basa l m i n e r a l s a l t agar supp lemented w i t h a c i d h y d r o l y z e d c a s e i n
h y d r o l y s a t e and o t h e r g row th p r o m o t i n g i n g r e d i e n t s ( 2 , 4 - D and K i n e t i n ) .
The f u n g u s grew v i g o r o u s l y on t h e c a l l u s 20 -25 days a f t e r i n c u b a t i o n and
s u b s e q u e n t l y i t sp read t o t h e s u r f a c e o f t h e medium. The s p o r a n g i a and
s p o r a n g i o p h o r e s l o o k e d a b n o r m a l . Some o f t h e r e s u l t s were c o n f i r m e d by
S a f e e u l l a (1970) and Bhat ( 1 9 7 3 ) . They f o u n d t h a t t h e fungus g row th
sp read t o t h e medium f r o m t h e c a l l u s i n abou t 3 0 d a y s . S u r f a c e s t e r i l i z e d
oospores d i d n o t b r i n g abou t any i n f e c t i o n o f t h e c a l l u s . Bhat a l s o f ound
t h a t t h e fungus myce l i um f r o m t h e medium wh i ch had e a r l i e r been s u p p o r t e d
b y h o s t c a l l u s f o r 4 5 days remained i n f e c t i v e t o p e a r l m i l l e t s e e d l i n g s .

Host range

A s men t i oned e a r l i e r , S c h r o e t e r i n 1879 f i r s t d e s c r i b e d t h e fungus
on Setaria viridis. S ince then i t has been r e p o r t e d on s e v e r a l h o s t s .
The f o l l o w i n g t a b l e t a k e n f r o m Bhat (1973) g i v e s t he i n f o r m a t i o n o n t h e
h o s t r a n g e .

T r i b e Host Re fe rence*

Maydae Euohlaena mexicana Schrad. Wate rhouse , 1964

- d o - Zea mays L i n n . Melhus e t a l . 1928

Andropogonae ** Saccharum officinarum L i nn . Wate rhouse , 1964

Pan iceae Echinochloa c r u s g a l l i va r .
frumentacea (Roxb.) W.F. Wight

A n d r e f f , 1924

- d o - Paniceum miliaceum L i n n . Melhus e t a l . 1927

- d o - Pennisetum leonis Stapf & Hubb. Wate rhouse , 1964

- d o - Pennisetum spicatum ( L i n n . )
Roem & S c h u l t .

W ickens , 1937

- d o - Pennisetum typhoides (Burm.)
S t a p f & Hubb

B u t l e r , 1907

- d o - Setaria italica ( L i n n . ) P.Beauv B o r c h h a r d t , 1927
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P a n i c e a e Setaria lutescens (Weig.) Hubb Weston & Weber . 1926

- d o - Setaria verticillata ( L i n n . )
P. Beauv

M i t t e r & M i t r a , 1940

- d o - Setaria viridis ( L i n n . ) P. Beauv S c h r o e t e r , 1879

A g r o s t i d e a e Agrostis alba a u c t t . non L i n n . M o e s z , 1938

* c f . B h a t , 1973

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

* c f . B h a t , 1973

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

Hos t

Screening procedures

Workers have t r i e d several methods of a r t i f i c i a l i n o c u l a t i o n s . The
a v a i l a b l e i n fo rma t ion on these methods is summarised below:

(a) The seeds a f t e r sur face s t e r i l i z a t i o n are placed in an oospore
suspension and subjected to a p a r t i a l vacuum f o r 15 min. (Pu and
Szu, 1949).

(b) The moistened seeds are thoroughly covered w i t h the oospores (Pu
and Szu, 1949).

(c ) Seeds coated w i t h dry powder of weathered oospore mate r ia l from
in fec ted p lan ts (Suryanarayana, 1952).

(d) Add i t i on o f oospore mate r ia l in the s o i l every year ; i . e . ,
developing a s i ck p l o t (S ingh, 1974).

(e) Adding oospore inoculum in rows p r i o r to p l a n t i n g (Bhat , 1973).

( f ) Same as (d) but in pots (Uppal and Kamat, 1928).

(g) A d d i t i o n of oospore ma te r i a l in the p l a n t i n g hole fo l lowed by
the a p p l i c a t i o n of the same in l e a f whor ls 20 days l a t e r . A l l
Ind ia Coordinated M i l l e t s Improvement Program r e p o r t 1969-70.

(h) Immersing seedl ings in a suspension of zoospores f o r 30 min. at
24°C ( S a f e e u l l a , 1963).
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( i ) S p o r a n g i a a r e o b t a i n e d b y f l o a t i n g 1-cm p i e c e s f r o m d i s e a s e d
l e a v e s f o r 6 - 8 h o u r s . 2 -day o l d s e e d l i n g s a r e immersed i n t h e
s p o r a n g i a l s u s p e n s i o n f o r 12-24 hou rs and l a t e r t r a n s p l a n t e d
( B h a t , 1 9 7 3 ) .

( j ) S p r o u t e d s e e d l i n g s a r e b r o u g h t i n c o n t a c t w i t h s p o r a n g i a o n
f l o a t i n g l e a v e s a s above ( B h a t , 1 9 7 3 ) .

W e a t h e r i n g o f oospo res i s g e n e r a l l y c o n s i d e r e d n e c e s s a r y f o r o b t a i n -
i n g maximum i n f e c t i o n and t h e r e f o r e i n u s i n g oospores f o r s c r e e n i n g ,
oospo res w e a t h e r e d under n a t u r a l c o n d i t i o n s a r e p r e f e r r e d .

G e n e r a l l y s p e a k i n g , a " s i c k p l o t " i s c o n s i d e r e d d e s i r a b l e f o r mass
s c r e e n i n g o f germplasm and b r e e d i n g m a t e r i a l , and i s c e r t a i n l y u s e f u l i n
h a n d l i n g l a r g e c o l l e c t i o n s . However , t h e e x p e r i e n c e o f s e v e r a l w o r k e r s
i n d i c a t e s t h a t t h e r e s u l t s o b t a i n e d f r o m such a s c r e e n i n g a r e n o t c o n s i -
s t e n t and t h e r e i s a need t o examine i n more d e t a i l t h e q u e s t i o n o f g e t t i n g
more u n i f o r m d i s e a s e i n c i d e n c e i n " s i c k p l o t s " . O the r q u e s t i o n s w h i c h
a l s o need s t u d y a r e : ( i ) how many r e p l i c a t i o n s o f each l i n e s h o u l d b e p u t
f o r s c r e e n i n g ; o n e , t w o , t h r e e o r more? ( i i ) wha t s h o u l d b e t h e f r e q u e n c y
o f s u s c e p t i b l e checks? ( i i i ) i s i t u s e f u l t o p l a n t r e s i s t a n t checks? ( i v )
how o f t e n s h o u l d t h e oospo re m a t e r i a l be i n c o r p o r a t e d and wha t s h o u l d be
t h e p r o c e d u r e ? ( v ) s h o u l d a p r o v i s i o n o f s p r i n k l e r i r r i g a t i o n b e made i n
t h e " s i c k p l o t " t o p r o v i d e h i g h h u m i d i t y ?

I t i s p o s s i b l e t o a r t i f i c i a l l y i n o c u l a t e p e a r l m i l l e t w i t h s p o r a n g i a l
i n o c u l u m i n l a b o r a t o r y c o n d i t i o n s ( B h a t , 1 9 7 3 , S i n g h , 1974) b u t i t has n o t
been used under f i e l d c o n d i t i o n s . I f a t e c h n i q u e u s i n g s p o r a n g i a l i n o c u l u m
i s worked o u t , i t s h o u l d p rove e x t r e m e l y u s e f u l i n s c r e e n i n g t h e ' e s c a p e s '
i n t h e " s i c k p l o t " . I t i s p e r t i n e n t t o m e n t i o n he re t h e r e c e n t f i n d i n g
of F r e d e r i k s e n (1974) t h a t two sorghums SC 170-12 and SC 170-14E ( b o t h
I S 12661 Zera Z e r a ) have e x c e l l e n t f i e l d r e s i s t a n c e i n a s i c k p l o t , b u t
o n l y t h e l a t t e r was r e s i s t a n t t o c o n i d i a l i n f e c t i o n . F r e d e r i k s e n (1974)
sugges ted t h a t p o s s i b l y two t y p e s o f r e s i s t a n c e a r e p r e s e n t , one c o n d i t i o n -
i n g r e s i s t a n c e t o c o n i d i a l i n f e c t i o n and t h e o t h e r t o o o s p o r e s . Thus b y
d e v e l o p i n g a f i e l d t e c h n i q u e u s i n g s p o r a n g i a l i n o c u l a t i o n , i t s h o u l d b e
p o s s i b l e t o o b t a i n a much h i g h e r degree o f r e l i a b i l i t y i n s c r e e n i n g
p r o c e d u r e s . I t i s t r u e t h a t t h e i m p o r t a n c e o f seconda ry sp read o f t h e
i n o c u l u m i s n o t c l e a r , b u t t h e o c c u r r e n c e o f a f a v o u r a b l e c o m b i n a t i o n
o f w e a t h e r f a c t o r s l e a d i n g t o seconda ry s p r e a d d u r i n g some seasons
c a n n o t b e r u l e d o u t .

Measuring s c a l e

The m e a s u r i n g s c a l e f o l l o w e d by most w o r k e r s i s based on t h e p r e v a l e n c e
o f t h e d i s e a s e and n o t s e v e r i t y , and i n f o r m a t i o n o n r e l a t i v e r e s i s t a n c e o r
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s u s c e p t i b i l i t y i s based o n p e r c e n t a g e o f p l a n t s i n f e c t e d . T h i s seems
s a t i s f a c t o r y and t o a g r e a t e x t e n t s e r v e s t h e p u r p o s e . However , i n s t a n c e s
o f p e a r l m i l l e t downy m i ldew v a r i a t i o n s i n symptom e x p r e s s i o n a s d e s c r i -
bed by K ing (1970) d u r i n g t h e downy m i ldew workshop h e l d a t P a n t n a g a r /
N a i n i t a l i n I n d i a a r e seen . H e o b s e r v e d , i n a d d i t i o n t o v a r i o u s i n t e r -
m e d i a t e t y p e symptoms, t h e f o l l o w i n g s i t u a t i o n s : ( a ) p l a n t s w i t h symptom-
l e s s f o l i a g e b u t w i t h a l l o r a l m o s t a l l heads w i t h g reen e a r , ( b ) p l a n t s
w i t h h e a v i l y i n f e c t e d f o l i a g e b u t w i t h normal and p r o d u c t i v e heads , ( c )
p l a n t s w i t h h e a v i l y i n f e c t e d f o l i a g e and n o heads , ( d ) p l a n t s k i l l e d b y
t h e d i s e a s e i n t h e s e e d l i n g s t a g e o r s h o r t l y t h e r e a f t e r and (e ) p l a n t s
w i t h no symptoms e x c e p t f o r t h o s e f ound on one o r more a x i l l a r y l e a v e s
w h i c h d e v e l o p as t h e p l a n t approaches m a t u r i t y . A s c o r i n g sys tem based on
p r e v a l e n c e a l o n e does n o t t a k e t h e above s i t u a t i o n s i n t o c o n s i d e r a t i o n .
T h e r e f o r e , t h e r e i s a need t o examine t h e p o s s i b i l i t y o f m o d i f y i n g ou r
p r e s e n t r a t i n g s c a l e t o i n c l u d e a t l e a s t some o f t h e above s i t u a t i o n s .

Sources o f r e s i s t a n c e

A l t h o u g h t h e r e i s a mass o f d a t a o n t h e s c r e e n i n g f o r r e s i s t a n c e
t o downy m i l d e w , g o o d , r e l i a b l e and a c c e p t a b l e sou rces o f r e s i s t a n c e a r e
s t i l l u n d e t e c t e d .

I t i s i n t e r e s t i n g t o n o t e t h e o b s e r v a t i o n r e p o r t e d i n 1966-67 r e p o r t
o f t h e A l l I n d i a C o o r d i n a t e d M i l l e t s Improvement Program o n t h e p e r f o r -
mance o f v a r i o u s m a t e r i a l s a g a i n s t t h e downy m i l d e w . 23A and L101-A were
c o n s i d e r e d t o b e "good s o u r c e s " o f r e s i s t a n c e because o f t h e r e l a t i v e l y
l o w e r downy m i ldew i n c i d e n c e ( c r o s s e s w i t h 23A - 3 . 1 to 10.9%) as compared
to DMS-77 ( 7 6 . 7 % ) . We now know t h a t t h e s e two a r e c e r t a i n l y n o t r e s i s t a n t .
The s u s c e p t i b i l i t y o f 23A g e t s r e f l e c t e d t h r o u g h t h e s u s c e p t i b i l i t y o f
h y b r i d s HB-1 t h r o u g h HB-5 , a l l o f w h i c h have 23A as one o f t h e p a r e n t s .
Bhat (1973) r e p o r t e d HB-3 t o b e r e s i s t a n t , b u t t h i s a l s o t u r n e d o u t t o b e
s u s c e p t i b l e . The A l l I n d i a C o o r d i n a t e d M i l l e t s Improvement Program r e p o r t
f o r 1969-70 men t i oned i n b r e d l i n e J - 1 0 4 t o b e r e s i s t a n t . NHB-5, 126D2A x 
J 1 2 7 0 , MS628A x 7 1 4 0 - 6 , PHB-10, PHB-14, 18D 2 B, and 111-B a r e on c u r r e n t
l i s t o f r e s i s t a n t m a t e r i a l s . I n a d d i t i o n , f o u r p o p u l a t i o n s ; v i z Maiwa A ,
Maiwa B , Senegal d w a r f s y n t h e t i c , and C a s s i d y d w a r f , r e c e i v e d f r o m N i g e r i a
a r e c o n s i d e r e d t o l e r a n t . However, t h e f a c t rema ins t h a t w e a r e s t i l l
l o o k i n g f o r r e l i a b l e sou rces o f r e s i s t a n c e .

I n h e r i t a n c e o f r e s i s t a n c e

Singh (1974) used p e a r l m i l l e t l i n e s IP 1246 and IP 2287 as r e s i s t a n t
p a r e n t s and K560 a s t h e s u s c e p t i b l e one t o f i n d o u t t h e mode o f 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 downy m i l d e w . A p p a r e n t l y t h e r e s i s t a n c e i s governed b y
two dominan t genes . We have n o t seen any o t h e r r e p o r t on t h i s a s p e c t .
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Environment and Agronomy

Time o f p l a n t i n g

A l i t t l e i n f o r m a t i o n o n t h e i n f l u e n c e o f t i m e o f p l a n t i n g o n t h e
i n c i d e n c e o f downy m i l dew appears i n t h e l i t e r a t u r e . S a f e e u l l a (1970)
men t i oned t h a t under Mysore ( s o u t h I n d i a ) c o n d i t i o n s , t h e downy m i l dew
appears t h r o u g h o u t t h e y e a r , i r r e s p e c t i v e o f t h e p l a n t i n g d a t e . T h i s
may be due to t h e r a t h e r e q u a b l e c l i m a t e o f Myso re . Under Hyderabad
c o n d i t i o n s we c o u l d n o t o b t a i n i n f e c t i o n s between A p r i l 15 t h r o u g h May
1 5 t h , 1975. We f e e l under n o r t h I n d i a n c o n d i t i o n s and o t h e r a reas o f
t h e s e m i - a r i d t r o p i c s , where t e m p e r a t u r e s a r e h i g h e r and h u m i d i t y l o w e r ,
downy m i l dew may n o t appear under f i e l d c o n d i t i o n s a t l e a s t i n t h e h o t
season . There i s a g e n e r a l b e l i e f i n I n d i a t h a t h i g h s o i l m o i s t u r e a t
sow ing t i m e and d u r i n g g e r m i n a t i o n does n o t encourage i n f e c t i o n because
o f t h e f a s t e r g r o w t h o f s e e d l i n g s and consequen t escape f r o m i n f e c t i o n .
T h i s needs t o b e v e r i f i e d . L a t e p l a n t i n g s a r e a l s o d i s c o u r a g e d i n I n d i a
because o f t h e g e n e r a l f e e l i n g t h a t t h e l a t e p l a n t e d c r o p s u f f e r s
h e a v i l y f r o m t h e d i s e a s e . Tasug i (1935) r e p o r t e d t h a t i n f e c t i o n i s
g r e a t e r a t a s o i l t e m p e r a t u r e o f 20 -21°C w i t h min ima o f 12-13°C and
maxima o f 30°C. He f u r t h e r o b s e r v e d t h a t t h e seed sown i n A p r i l was
more l i a b l e t o i n f e c t i o n t h a n t h a t sown i n May, and t h a t n o i n f e c t i o n
o c c u r r e d i n June .

I t i s o b v i o u s t h a t more i n f o r m a t i o n o n t h i s a s p e c t needs t o b e
c o l l e c t e d . Reg iona l i n f o r m a t i o n may b e o f some p r a c t i c a l u s e , i n s p i t e
o f t h e known d i f f i c u l t i e s o f a d h e r i n g t o recommended sow ing d a t e s because
o f t h e u n p r e d i c t a b l e r a i n f a l l p a t t e r n s i n t h e s e m i - a r i d t r o p i c s .

Rota t i ons

S ince oospo res a r e c o n s i d e r e d t o be a ma jo r s o u r c e o f i n f e c t i o n and
t h e s e s u r v i v e i n t h e s o i l , t h e r o l e o f r o t a t i o n i n r e d u c i n g i n f e c t i o n
needs s t u d y . I t i s t r u e t h a t t h e r e a r e c o n t r a d i c t o r y r e p o r t s o n t h e
s u r v i v a l o f oospo res i n t h e s o i l , b u t most o f t h e s e r e p o r t s a r e based o n
" f a l l o w " s o i l s . A d i f f e r e n t s i t u a t i o n may a r i s e i f c r o p s a r e r a i s e d i n
be tween . I t i s p o s s i b l e t h a t some n o n - h o s t s o f downy m i ldew have t h e
a b i l i t y t o s t i m u l a t e oospo re g e r m i n a t i o n i n v i e w o f i t s known f a i r l y w i d e
h o s t r a n g e . O f c o u r s e , s e e d - b o r n e i n o c u l u m may o f f s e t t h e p o s s i b l e
b e n e f i t s o f r o t a t i o n s .

F e r t i l i z e r e f f e c t s

There i s very l i t t l e p u b l i s h e d i n f o r m a t i o n o n t h i s a s p e c t w i t h r e g a r d
t o p e a r l m i l l e t downy m i l d e w . S ingh (1974) r e p o r t e d a n i n c r e a s e i n t h e
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d i s e a s e i n c i d e n c e as N l e v e l s were i n c r e a s e d f r o m 0 -40 kg /ha b u t between
4 0 k g t o 8 0 k g / h a , t h e r e was n o s i g n i f i c a n t i n c r e a s e i n d i s e a s e i n c i d e n c e .
P and K up to 40 k g / h a d i d n o t c o u n t e r a c t e f f e c t o f N a p p l i c a t i o n . The
s o i l a n a l y s i s p r i o r t o l a y i n g o u t t h e t r i a l was n o t d o n e , b u t t h e i n -
f l u e n c e o f n i t r o g e n i s marked .

Chemical Cont ro l

Two methods o f chem ica l c o n t r o l o f p e a r l m i l l e t downy m i ldew have been
a t t e m p t e d . One i s t r e a t m e n t o f seeds w i t h f u n g i c i d e s t o t a k e c a r e o f t h e
s e e d - b o r n e i n o c u l u m and t h e second i s use o f f o l i a r s p r a y s t o c o n t r o l
secondary s p r e a d , even though t h e l a t t e r i s d o u b t f u l . Tasug i (1935) r e p o r t e d
t h a t s t e e p i n g o f oospores f o r 3 0 m i n u t e s i n m e r c u r i c c h l o r i d e a t 0 .5 p e r c e n t
c o n c e n t r a t i o n c o m p l e t e l y k i l l e d o o s p o r e s . Formaldehyde a t 0 . 1 2 and 0 .25
p e r c e n t k i l l e d t h e s e i n 4 and 1 h o u r , r e s p e c t i v e l y . Copper s u l p h a t e a t 0 .5
p e r c e n t was n o t a s e f f e c t i v e . He obse rved i n h i b i t i o n o f oospo re g e r m i n a t i o n
when t h e s e were exposed to 50°C f o r 1 h r o r 55°C f o r 10 m i n . The r e s u l t s
o f t h e A l l I n d i a C o o r d i n a t e d M i l l e t s Improvement Program e x p e r i m e n t s ( 1 9 6 5 -
1973) have i n d i c a t e d seed t r e a t m e n t t o be e f f e c t i v e ( u p t o 50% c o n t r o l ) .
' A g r o s a n ' GN ( 1 % m e r c u r y ) - 0 . 1 % and t h i r a m - 0.4% were f o u n d b e t t e r t h a n
o t h e r f u n g i c i d e s . Su ryanarayana (1962) had e a r l i e r obse rved e f f e c t i v e n e s s
o f ' A g r o s a n ' GN a t h i g h e r dosage ( 1 : 3 5 0 ) and c l a i m e d c om p l e t e c o n t r o l .
Ramakr ishnan (1963) was n o t a b l e t o c o n f i r m t h e u s e f u l n e s s o f seed t r e a t m e n t .

A pamph le t i s s u e d b y t h e D i v i s i o n o f M y c o l o g y , I n d i a n A g r i c u l t u r a l
Research I n s t i t u t e , New D e l h i , on p e a r l m i l l e t downy mi ldew makes a recom-
menda t ion to t h e f a r m e r s to g i v e one o r two s p r a y s o f z i n e b a t 500 gm per
a c r e t o p r e v e n t seconda ry i n f e c t i o n i n a d d i t i o n t o seed d r e s s i n g p r i o r t o
p l a n t i n g w i t h 1 % o r g a n o m e r c u r i a l a t t h e r a t e 1 : 1 5 0 , a dose h i g h e r t h a n
t h e one w h i c h Suryanarayana (1962) f o u n d v e r y e f f e c t i v e . However t h e
m i n u t e s o f a m e e t i n g o f s e v e r a l s c i e n t i s t s and e x t e n s i o n w o r k e r s h e l d i n
Poona i n F e b r u a r y 1975 under t h e a u s p i c e s o f t h e D i r e c t o r o f A g r i c u l t u r e ,
M a h a r a s h t r a S t a t e r e c o r d t h e i n e f f e c t i v e n e s s o f z i n e b s p r a y s .

No s y s t e m i c f u n g i c i d e , e . g . some o f t h e new ones ( M e t a z o x o l o n e ,
Dowco 2 6 9 , e t c ) f ound to be e f f e c t i v e a g a i n s t p h y c o m y ce t e s , seems to have
been t r i e d s o f a r a g a i n s t t h e p e a r l m i l l e t downy m i l d e w .

The Othe r Downy M i ldew o f Pea r l M i l l e t

Kenneth and Kranz (1973) have r e p o r t e d a n o t h e r downy m i l dew - Plasmo-
para penniseti on p e a r l m i l l e t f r o m E t h i o p i a .
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ERGOT

General

H is tor ica l

The ergo t of pear l m i l l e t is caused by the fungus Claviceps micro-
cephala ( W a l l r . ) T u l . which was o r i g i n a l l y descr ibed by Wa l l ro th in 1853
as Kentrosporium microcephalum Wa l l r . Tulasne in 1853 rev ised the name to
Claviceps microcephala (Sundaram et a l . , 1969). Thomas et a l . (1945)
descr ibed i t s c o n i d i a l stage on Pennisetum hohenackeri Hochst. About the
same t i m e , Thirumalachar (1945) success fu l l y germinated the s c l e r o t i a of
t h i s fungus and conf irmed it as Claviceps microcephala. The i d e n t i f i c a t i o n
received support from Ramakrishnan (1952) when in h is cross i n o c u l a t i o n
s t u d i e s , he observed the fungus from pear l m i l l e t i n f e c t i n g P. hohenackeri 
and vice versa. 

Most of the work done so f a r on pearl m i l l e t e rgot disease has been
in I n d i a . The f i r s t r e p o r t o f t h i s disease in e p i p h y t o t i c form was appar-
e n t l y in 1956 from the south Satara area of the Maharashtra State of Ind ia
(Bhide and Hegde, 1957; Shinde and Bhide, 1958). However, u n t i l 1966 it
was considered to be of l i t t l e importance and Ramakrishnan in h is book
publ ished in 1963 descr ibed t h i s disease under the "minor" d iseases.
Sundaram et al . (1969) have expressed the op in ion t h a t w i t h the i n t r o d u c t i o n
of suscep t ib le hybr ids HB-1 and HB-2, the disease became more impor tant and
wide-spread. The A l l I nd ia Coordinated M i l l e t Improvement Program r e p o r t
of 1967-68 mentions severe e p i p h y t o t i c s of e rgo t in several s ta tes of
Ind ia such as D e l h i , Rajasthan, Maharashtra, Mysore (now Karnataka) , and
Madras (now Tamil Nadu). Since then it has been repor ted from other s ta tes
such as Haryana, Andhra Pradesh, and U t ta r Pradesh (Sundaram et a l . , 1969).
I t is now considered a major disease in I n d i a .

Geographical d i s t r i bu t i on

In a d d i t i o n to I n d i a , the re are repo r t s o f the inc idence o f e rgo t
from several coun t r i es in A f r i c a , e . g . Rhodesia, Tanzania, Zambia, Gambia,
Ghana, N i g e r i a , and Senegal (Ramakrishnan, 1963; Love less, 1967). I n f o r -
mation on the r e l a t i v e importance o f t h i s disease in these coun t r i es is not
a v a i l a b l e .

Losses

Although several workers have s ta ted t h a t t h i s disease causes s u b s t a n t i a l
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l o s s e s , t h e o n l y d e t a i l e d r e p o r t a v a i l a b l e i s N a t a r a j a n e t a l . ( 1 9 7 4 ) .
T h e s e w o r k e r s made o b s e r v a t i o n s o n e r g o t i n c i d e n c e a t t h e seed m a t u r i t y
s t a g e b y c o u n t i n g d i s e a s e d e a r h e a d s w h i c h w e r e h a r v e s t e d and t h r e s h e d
s e p a r a t e l y . Due t o s c l e r o t i a l p o i s o n i n g t h e g r a i n f r o m d i s e a s e d e a r -
heads was t a k e n a s g r a i n l o s s due t o e r g o t . They c a l c u l a t e d t h e a v e r a g e
i n c i d e n c e t o b e 6 2 . 4 % w i t h 5 8 . 4 % g r a i n l o s s . HB-4 showed 4 9 . 3 % i n c i d e n c e
and 4 1 . 7 % l o s s and 23D2A x J 1 0 4 showed 7 6 . 2 % i n c i d e n c e w i t h 7 0 . 5 % l o s s .
W e f a i l e d t o u n d e r s t a n d t h e r e a s o n why one s p r a y w i t h t h e f u n g i c i d e Z i n e b
( 0 . 1 % ) was g i v e n o n 4 8 t h d a y t o t h e c r o p used i n t h i s s t u d y s i n c e t h i s
m u s t h a v e a f f e c t e d r e s u l t s .

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

Ergot poisoning

T h e r e h a v e been s e v e r a l u n p u b l i s h e d r e p o r t s o f e r g o t p o i s o n i n g i n
humans and c a t t l e i n I n d i a . W h i l e t h e i n c i d e n c e o f e r g o t d i s e a s e i s l o w
i n many a r e a s , e v e n a s l i g h t i n c i d e n c e i s w o r r y i n g b e c a u s e o f t h e p o s s i -
b i l i t y o f mammal ian p o i s o n i n g .

The t o t a l a l k a l o i d c o n t e n t o f e r g o t s c l e r o t i a has been r e p o r t e d t o
b e a r o u n d 0 . 6 2 5 p e r c e n t i n a d v a n c e d s t a g e s o f e r g o t d e v e l o p m e n t ( K a n n a i y a n
e t a l . 1 9 7 1 ) and t h e w a t e r s o l u b l e a l k a l o i d c o n t e n t t o b e a r o u n d 0 . 1 5 6
p e r c e n t ( S u n d a r a m e t a l . 1 9 7 0 ; K a n n a i y a n e t a l . 1 9 7 1 ) . S h i n d e and B h i d e
( 1 9 5 8 ) r e p o r t e d t h a t t h e m a t u r e s c l e r o t i a c o n t a i n 0 . 4 2 p e r c e n t t o t a l
a l k a l o i d c a l c u l a t e d a s e r g o t o x i n . L o v e l e s s ( 1 9 6 7 ) , a r g u e d t h a t t h e p e a r l
m i l l e t e r g o t s c l e r o t i a p r o b a b l y c o n t a i n g r o u p s o f w a t e r s o l u b l e a l k a l o i d s
w h i c h a r e d i f f e r e n t f r o m r y e e r g o t ( i . e e r g o t o x i n , e r g o t a m i n e , and e r g o -
m e t r i n e ) s i n c e p o i s o n i n g symptoms w e r e d i f f e r e n t f r o m t h o s e o f c l a s s i c a l
e r g o t i s m . H e m e n t i o n s i n h i s r e p o r t i s o l a t i o n o f t h r e e new w a t e r s o l u b l e
a l k a l o i d s f r o m p u r e c u l t u r e s o f Claviceps s p . c o l l e c t e d f r o m P . typhoides 
f r o m C h a d . The w a t e r s o l u b l e a l k a l o i d c o n t e n t i n claviceps purpurea i s
a b o u t 0 . 0 1 p e r c e n t and t h i s i s l e s s t h a n i n C . microcephala. 

Pathogen

Taxonomy

S h i n d e and B h i d e ( 1 9 5 8 ) s t a t e d t h a t t h e m o r p h o l o g y and m e a s u r e m e n t s
o f c o n i d i a , t h e i r mode o f g e r m i n a t i o n , t h e c o l o u r o f t h e s t r o m a t a and
g e r m i n a t i o n o f s c l e r o t i a o f t h e e r g o t f u n g u s a r e s i m i l a r t o t h o s e o f c .
microcephala w h i c h , a s p o i n t e d o u t e a r l i e r , was d e s c r i b e d f i r s t o n P .
hohenackeri. L o v e l e s s ( 1 9 6 7 ) a f t e r e x a m i n i n g s e v e r a l s p e c i m e n s f r o m
A f r i c a g a v e a c o m p l e t e d e s c r i p t i o n o f t h e f u n g u s and p r o p o s e d t o name t h e
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ergo t on P. typhoides in A f r i c a as a new spec ies , c. fusiformis. He
f u r t h e r s ta ted t h a t the i d e n t i f i c a t i o n of the fungus as C. microcephala 
f rom Ind ia needs con f i rma t i on s ince C. microcephala is considered by
Petch (1937) to be synonymous w i t h C. purpurea. He argued t h a t the
c o n i d i a l measurements (17-24 x 3-7 ) recorded by Thirumalachar (1945)
f o r the honey dew of P. hohenackeri l i e we l l ou ts ide the range f o r C.
purpurea g iven by Petch (1937) as 5-12 x 2-3 (-4) and the ergot on
P. typhoides is f u r t h e r d i s t i ngu i shed by the f u s i f o r m con id ia of the
Sphacelia s tage. Leading from these observat ions by Loveless (1967) ,
S idd iqu i and Khan (1973) i nves t i ga ted the ergot fungus occur r ing in
Ind ia and agreed t h a t the fungus observed in Ind ia on pear l m i l l e t should
be c a l l e d C. fusiformis and not c. microcephala. These workers descr ibed
con id ia as h y a l i n e , f u s i f o r m , and broadly f a l c a t e measuring 10 .8 - ) 13-17
(-21.75) x 3.2.35 . The average measurement of 100 spores was 16.5 x 
3.8 . Loveless (1967) had descr ibed the A f r i c a n fungus as having h y a l i n e ,
f u s i f o r m , and broadly f a l c a t e con id ia measuring 9 .5 - ) 13-18 ( -22.5) x 3-4
(-5) . The mean of 100 spores was 15.8 x 3.6 . Thus there is a great
s i m i l a r i t y between the two i s o l a t e s . When Shinde and Bhide (1958) o r i -
g i n a l l y i d e n t i f i e d the pear l m i l l e t e rgot fungus as C. microaephala, they
made a general statement t h a t the morphology and measurements of asexual
and sexual stages were s i m i l a r to C. microcephala, but d id not g ive any
measurements nor descr ibe morphological d e t a i l s o f the fungus. I t i s
t he re fo re r e a l l y an open quest ion whether we should c a l l the pear l m i l l e t
ergot fungus C. microcephala or C. fusiformis. 

Reproduction

(a) Asexual.-  The honey dew produced on the ear heads are f u l l of
con id ia and have a l ready been descr ibed above. The con id ia germinate
r e a d i l y producing germ tubes which bear secondary c o n i d i a : T e r t i a r y con id ia
are a lso formed (Ramakrishnan, 1963; S idd iqu i and Khan, 1973a). S idd iqu i
and Khan (1973a) observed t h a t the germinat ion in con id ia obta ined from
plan ts inocu la ted i n s i d e moist chambers in d i f f e r e n t months f e l l to 35-40%
in June from 90-95% in Nov-Dec. Al though these con id ia cont inued to pro-
duce both secondary and t e r t i a r y c o n i d i a , the quantum of t e r t i a r y con id ia
product ion decreased p r o p o r t i o n a t e l y w i t h the percentage f a l l i n c o n i d i a l
germina t ion . These authors considered t e r t i a r y con id ia as i n f e c t i v e
propagules. Reddy et a l . (1969) observed t h a t the con id ia formed in nature
germinate b e t t e r than those produced in a r t i f i c i a l c u l t u r e as tes ted through
i n f e c t i v i t y t e s t s (45% i n f e c t e d heads and 3% i n f ec ted s p i k e l e t s f rom pure
c u l t u r e con id ia as aga ins t 100% heads and 75% s p i k e l e t s f rom honey dew
c o n i d i a ) .

(b) Sexual . -  The honey dew stage is replaced q u i c k l y by the develop-
ment of s c l e r o t i a , which are s m a l l , dark grey and w h i t i s h i n s i d e . Shinde
and Bhide (1958) repor ted germinat ion of few s c l e r o t i a a f t e r 35 days when
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k e p t i n a m i x t u r e o f s t e r i l e sand and s o i l . Each p roduced 1-3 s t i p e s .
A s c i were p roduced i n ma tu re s t r o m a t a . L o v e l e s s (1967) a l s o o b t a i n e d
g e r m i n a t i o n o f s c l e r o t i a . H e k e p t t h e s c l e r o t i a d r y f r o m May t o m i d -
November 1963 , t h e normal t i m e f o r r a i n . They were k e p t o u t s i d e o n
sand i n sunken f l o w e r p o t s shaded b y t a l l g r a s s . Heavy r a i n s d i d n o t
f a l l u n t i l mid-December and t h e r e was n o e v i d e n c e o f t h e deve lopmen t
o f s t r o m a t a u n t i l m i d - J a n u a r y 1964 . From t h i s t i m e o n w a r d s , t h e normal
r a i n s f a i l e d and t h e p o t s were w a t e r e d b y hand . Ma tu re s t r o m a t a were
c o l l e c t e d i n m i d - F e b r u a r y , 1 9 6 4 , one month a f t e r t h e s c l e r o t i a had
s t a r t e d t o g e r m i n a t e .

Rama S a s t r y (1973) has d e s c r i b e d t h e d e t a i l e d p r o c e d u r e w h i c h he
f o l l o w e d f o r g e t t i n g s c l e r o t i a l g e r m i n a t i o n . F resh a i r d r i e d s c l e r o t i a
were b u n d l e d in a p o l y t h e n e w i r e gauze (mesh?) and b u r i e d 4 to 5 i n c h e s
deep i n d r i e d s o i l c o n t a i n e d i n a n e a r t h e n p o t . The p o t was l e f t i n t h e
open f i e l d f o r a month ( w h i c h ? ) exposed t o n a t u r a l w e a t h e r i n g . The
s c l e r o t i a were t h e n removed and washed i n a d i l u t e s o l u t i o n o f KMnO4 f o r
1-2 m i n . f o l l o w e d by a t h o r o u g h wash ing w i t h s t e r i l i z e d w a t e r . They were
t h e n p l a c e d i n a h o r i z o n t a l p o s i t i o n , p a r t i a l l y b u r i e d i n a n upper l a y e r
o f r e d s o i l i n a p o t , t h e l o w e r l a y e r s o f w h i c h were o f f i n e w h i t e s a n d .
The p o t s were p l a c e d i n a t r a y o f w a t e r s o t h a t t h e s c l e r o t i a c o u l d g e t a 
c o n t i n u o u s s u p p l y o f m o i s t u r e t h r o u g h upward movement o f w a t e r i n t h e
sand and b e l l j a r s were used t o c o v e r t h e p o t s t o p r o v i d e h i g h h u m i d i t y .

Some s c l e r o t i a rema ined hard even 3 months a f t e r b u r y i n g a t 4 i n c h e s
deep and g e r m i n a t e d i n a b o u t 2 2 d a y s . The f i r s t i n d i c a t i o n o f g e r m i n a t i o n
was t h e f o r m a t i o n o f a e r i a l myce l i um f r o m t h e s c l e r o t i a l body . Some
s c l e r o t i a were a t t a c k e d b y nematodes and d i s i n t e g r a t e d i n 1 5 d a y s . A t t h e
end o f 1 4 days c r i m s o n e r u p t i o n s were n o t i c e d i n t h e m i d d l e o f t h e s c l e r o t i a .
W i t h i n 2 days a f t e r t h e appearance o f a n e r u p t i o n , t h e s t i p e e l o n g a t e d ,
became c u r v e d , s t i f f and ended i n a p i n - h e a d l i k e c a p i t u l u m . D u r i n g n e x t
4 - 6 days c a p i t u l a were w e l l - d e v e l o p e d and o s t i o l e r ends o f each p e r i t h e c i u m
c o u l d be seen w i t h a m a g n i f y i n g l e n s . The p e r i t h e c i a were a r r a n g e d i n a 
s e m i - c i r c u l a r manner and were pear shaped w i t h p r o t r u d i n g necks e n d i n g i n
o s t i o l e s w h i c h measured 3 7 . 2 3 i n d i a m e t e r . The a s c i were numerous , l o n g ,
c y l i n d r i c a l , s l i g h t l y t a p e r i n g t o w a r d s t h e b o t t o m , h a v i n g s h o r t s t a l k s ,
h y a l i n e , t h i n w a l l e d , o u t s i d e a t t h e apex and measured 1 8 .2 3 x 1.0 . 
N o paraphyses were s e e n . The a s c o s p o r e s were f i l i f o r m , h y a l i n e , s e p t a t e ,
t h i n w a l l e d , and 8 i n number. They emerged by b u r s t i n g t h e ascus w a l l
when d i s t u r b e d and measured 2 2 . 6 5 x 0 . 5 . The p e r c e n t a g e of g e r m i n a t i o n
was f o u n d t o b e v e r y l o w , o n l y 2 s c l e r o t i a o u t o f 200 d e v e l o p e d . Four t o
f i v e s t i p e s w i t h c a p i t u l a were fo rmed f r o m each s c l e r o t i u m .

Survival

The e x p e r i m e n t a l e v i d e n c e r e g a r d i n g t h e s u r v i v a l o f t h e f ungus f r o m
one season t o a n o t h e r i s very i n a d e q u a t e . Ramakr ishnan (1963) s t a t e d t h a t
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t h e c o n i d i a r e t a i n t h e i r v i a b i l i t y u p t o 1 3 months b u t t h i s o b s e r v a t i o n
has n o t been v e r i f i e d by o t h e r w o r k e r s . Sundaram ( 1 9 6 9 a ) , i n a p o p u l a r
a r t i c l e , s t a t e d t h a t t h e e r g o t d i s e a s e i s sp read f r o m one r e g i o n t o t h e
o t h e r , m a i n l y b y t h e a d m i x t u r e o f s c l e r o t i a l bod ies w i t h t h e seeds . H e
a l s o s t a t e d t h a t " t h e s c l e r o t i a g e t mixed w i t h t h e s o i l a l o n g w i t h t h e
seeds and t a k e a b o u t 30-45 days t o g e r m i n a t e , w h i c h c o i n c i d e s w i t h t h e
t i m e t a k e n b y t h e p l a n t s t o f l o w e r and r e c e i v e t h e a i r - b o r n e s p o r e s " . W e
have n o t been a b l e t o f i n d any p u b l i c a t i o n i n wh i ch i n f e c t i v i t y o f a s c o s -
po res has been p r o v e d .

Secondary spread

There i s n o d o u b t t h a t under f a v o u r a b l e wea the r c o n d i t i o n s , e r g o t
sp reads v e r y r a p i d l y . I t appears t h a t t h e secondary sp read i s e f f e c t e d
m a i n l y t h r o u g h c o n i d i a w h i c h a r e p roduced i n l a r g e numbers i n t h e honey
dew, and a r e p resumab ly e i t h e r p i c k e d up f r o m honeydew by i n s e c t s o r sca-
t t e r e d b y r a i n and w i n d . S i d d i q u i and Khan (1973a) sugges ted t h a t t e r t i a r y
c o n i d i a a r e perhaps t h e i n f e c t i v e p r o p a g u l e s b a s i n g t h i s o n ( i ) t h e obser -
v a t i o n o f l owe r p e r c e n t a g e g e r m i n a t i o n i n a c o n i d i a l p o p u l a t i o n p roduced
i n June when t e r t i a r y c o n i d i a p roduced a r e f ewe r a s compared t o t h a t o f
November-December, ( i i ) r educed i n f e c t i v i t y b y c o n i d i a p roduced i n June a s
compared t o t h o s e p roduced i n November-December, and ( i i i ) l o w e r d i s e a s e
i n c i d e n c e i n May-June . T h i s i s a s p e c u l a t i o n wh i ch needs i n v e s t i g a t i o n .

Sundaram (1969) s t a t e s t h a t i n f e c t i o n t a k e s p l a c e m a i n l y t h r o u g h t h e
s t i g m a and o c c a s i o n a l l y b y p i e r c i n g t h e t h i n o v a r y w a l l b e f o r e f e r t i l i z a t -
i o n . Reddy e t a l . (1969) however obse rved i n f e c t i o n t h r o u g h o v a r y . I t
t a k e s abou t 5-6 days t o d e v e l o p honey dew (Sundaram, 1969 ; Reddy e t a l .
1969) and t h u s 2 -3 g e n e r a t i o n s may be comp le ted w i t h i n t h e a n t h e s i s
p e r i o d . Thus l o n g e r t h e a n t h e s i s p e r i o d , t h e more d i s e a s e o c c u r s .

G e n e r a l l y i t i s obse rved t h a t s p i k e l e t s c a n n o t b e i n f e c t e d b y e r g o t
f u n g u s once f e r t i l i z a t i o n i s c o m p l e t e d , e . g . Kannaiyan e t a l . (1973) n o t e d
t h a t t h e pa thogen i n f e c t e d o n l y young s p i k e l e t s and t h a t f e r t i l i z e d s p i k e -
l e t s were r e s i s t a n t . The pa thogen d i d p e n e t r a t e t h e f e r t i l i z e d s p i k e l e t s
b u t f u r t h e r m y c e l i a l deve lopmen t was i n h i b i t e d . I n case o f suga ry d i s e a s e
o f so rghum, t h e s i t u a t i o n appears d i f f e r e n t . P u r a n i k e t a l . (1973) obse rved
t h a t even t h e f e r t i l i z e d o v a r i e s o f sorghum a r e s u s c e p t i b l e f o r a t l e a s t 5 
days to i n f e c t i o n by Sphacelia sorghi. 

Ramaswamy (1968) t r i e d t o a n a l y z e t h e i n f l u e n c e o f m e t e o r o l o g i c a l
f a c t o r s o n t h e p e a r l m i l l e t e r g o t e p i d e m i c o f 1967 i n D e l h i . H e obse rved
( i ) h i g h e r m o r n i n g h u m i d i t i e s (85-95%) d u r i n g f l o w e r i n g and a l s o i n t h e
e v e n i n g (60-90%) a s compared t o normal e v e n i n g h u m i d i t i e s w h i c h range f r o m
45-50% ( i i ) t h a t t h e t o t a l c l o u d amount was 6 -8 Octa ( i . e . t h e sky was
7 5 t o 100% c o v e r e d ) b o t h m o r n i n g and e v e n i n g d u r i n g f l o w e r i n g ( S e p t . 1 - 1 0 ) ,
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whereas t h e normal c o v e r f o r t h i s t i m e o f y e a r i s u s u a l l y o n l y o n e - t h i r d
o f t h i s ; ( i i i ) t h a t t h e t o t a l number o f hours o f s u n s h i n e was o n l y 1-5
hours d a i l y between S e p t . 1 - 7 , whereas t h e normal d u r a t i o n i s 7 h r . , and
( i v ) t h a t t h e r e were d a i l y showers between S e p t . 1-6 and t h e r a i n f a l l was
38 mm d u r i n g 24 hours e n d i n g September 2, w h i c h was above n o r m a l .

A c c o r d i n g t o S i d d i q u i and Khan ( 1 9 7 3 a ) , t h e d i s e a s e i n c i d e n c e under
n a t u r a l c o n d i t i o n s can b e obse rved o n l y under f a v o u r a b l e e n v i r o n m e n t a l
c o n d i t i o n s , b u t t h e d i s e a s e can b e m a i n t a i n e d a r t i f i c i a l l y b y u s i n g " f r e s h "
i n o c u l u m and m a i n t a i n i n g more t h a n 95% h u m i d i t y . These w o r k e r s obse rved
f i e l d i n f e c t i o n and sp read when mean t e m p e r a t u r e s ranged between 18-20°C
( m i n . ) and 28-30°C ( m a x . ) , mean r e l a t i v e h u m i d i t y was above 90% and t h e r e
were l i g h t showers every day f o r 5-6 days d u r i n g t h e a n t h e s i s . These o b s e r -
v a t i o n s s u p p o r t t h o s e o f Ramaswamy ( 1 9 6 8 ) .

Artif icial culture

The c u l t u r i n g o f t h i s f u n g u s i s n o t d i f f i c u l t . S e v e r a l w o r k e r s have
used K i r c h o f f ' s medium, e . g . Sh inde and B h i d e , (1958) Reddy e t a l . ( 1 9 6 9 ) .
The f o r m e r w o r k e r s s t a t e d t h a t Sabou raud ' s medium, m o d i f i e d C z a p e k ' s medium,
and steamed f l o w e r i n g heads o f p e a r l m i l l e t can a l s o be u s e d . The fungus
a p p a r e n t l y r e q u i r e s h i g h e r l e v e l o f s u c r o s e i n t h e medium (6% o r m o r e ) .

Host range

Smal l ( 1 9 2 2 ) , Ramakr ishnan ( 1 9 6 3 ) , Sundaram e t a l . (1969) and Reddy
e t a l . (1969) have r e p o r t e d v a r i o u s h o s t s o f Claviceps microcephala. I t
i s n o t c l e a r f r o m t h e s e p u b l i c a t i o n s i f s u f f i c i e n t c r o s s i n o c u l a t i o n s t u d i e s
were c a r r i e d o u t t o c o n f i r m t h a t a l l a r e d e f i n i t e l y h o s t s o f t h e f u n g u s .
The q u e s t i o n w h e t h e r t h e p e a r l m i l l e t e r g o t f ungus i s C . microcephala o r
C. fusiformis r a i s e s f u r t h e r d o u b t abou t t h e c u r r e n t h o s t r a n g e .

Smal l (1922) r e p o r t e d C. microcephala on Pennisetum purpureum and
P. spicatum f r o m Tanzan ia ( T a n g a n y i k a ) . Ramakr ishnan (1963) l i s t s P.
alopecuros, P. honenackeri, P. polystachyon, P. ruppelii, Cenchrus ciliaris, 
C. s e t i g e r u s and h y b r i d s of P. purpureum x P. typhoides, and a l s o P.
purpureum. Sundaram (1969) r e p o r t e d s u s c e p t i b i l i t y of P. orientate x P.
purpureum. Reddy (1969) i n o c u l a t e d P. hohenackeri, P. longistylis, P.
massaicum, P. orientate, P. polystachyon, P. ruppelii, P. squamulatum, 
Appluda varia, Cenchrus ciliaris, C. s e t i g e r u s , Paspalum dilatatum, 
Digitaria s p . , Urochloa s p . , Setaria holstii, S. sphacelata, Panicum 
maximum. They i n f e c t e d o n l y P. squamulatum and P. massaicum, b u t s c l e r o t i a l
f o r m a t i o n was n o t i c e d in P. m a s s a i c u m and honey dew in P. squamulatum. 

I n c r o s s i n o c u l a t i o n s t u d i e s , t h e p e a r l m i l l e t pa thogen was u n a b l e t o
i n f e c t so rghum, b u t t h e sorghum s u g a r y d i s e a s e pa thogen was a b l e t o i n f e c t
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p e a r l m i l l e t . T h i s was f u r t h e r checked b y back i n o c u l a t i o n o n sorghum.
(Reddy e t a l . 1 9 6 9 ) .

Host

Screening procedures

The most c o n v e n i e n t p r o c e d u r e men t i oned i n t h e l i t e r a t u r e i s t o s p r a y
c o n i d i a l s u s p e n s i o n on f r e s h l y emerged e a r h e a d s . U s u a l l y a w a t e r suspen-
s i o n o f t h e c o n i d i a f r o m honey dew i s p r e p a r e d b y wash ing i n f e c t e d e a r -
heads i n w a t e r and t hen t h i s i s sp rayed o n earheads d u r i n g t h e a n t h e s i s .
Reddy e t a l . (1969) f o u n d t h a t i n f e c t i o n c o u l d b e o b t a i n e d f r o m t h e t i m e
o f emergence o f t h e i n f l o r e s c e n c e t o 6 days l a t e r . However , t h e most sus-
c e p t i b l e s t a g e was u p t o 2 - 3 days a f t e r emergence. A f t e r i n o c u l a t i o n , t he
heads were c o v e r e d w i t h p o l y t h e n e bags t o ensu re h i g h h u m i d i t y . A t ICRISAT
we have been a b l e to c o n f i r m t h e s e o b s e r v a t i o n s , b u t we coun ted days f r o m
t h e day t h e t i p o f t h e earhead was v i s i b l e and n o t e d t h a t 4 t o 6 days a f t e r
t h e head emergence i s t h e b e s t s t a g e t o g e t more i n f e c t i o n . W h i l e t h i s
t e c h n i q u e w o r k s , t h e r e i s a need t o e s t a b l i s h a s t a n d a r d p r o c e d u r e f o r
e v a l u a t i n g germplasm r e a c t i o n s p r o p e r l y .

Measuring sca le

No work seems to have been done s p e c i f i c a l l y on a r a t i n g s c a l e and
deve lopmen t o f a s c a l e w h i c h w i l l t a k e i n t o a c c o u n t t h e p r e v a l e n c e a s w e l l
a s s e v e r i t y o f t h e d i s e a s e i s n e c e s s a r y . A t p r e s e n t most o f t h e l i t e r -
a t u r e o n s c r e e n i n g r e v e a l s t h a t w o r k e r s c l a s s i f y m a t e r i a l i n t o r e s i s t a n t ,
t o l e r a n t , and s u s c e p t i b l e g rades more o r l e s s on t h e b a s i s o f o n e ' s own
j u d g e m e n t .

Sources o f r e s i s t a n c e

A l t h o u g h e r g o t r e s i s t a n t l i n e s have been r e p o r t e d t h e p o s i t i o n i s
s t i l l u n s a t i s f a c t o r y , and dependab le s o u r c e s o f r e s i s t a n c e have y e t t o b e
i d e n t i f i e d . I P 922 was c o n s i d e r e d r e s i s t a n t a s o n l y t r a c e s o f e r g o t were
o b s e r v e d ( P r o g r e s s r e p o r t o f t h e A l l I n d i a C o o r d i n a t e d M i l l e t s Improvement
Program 1 9 7 0 - 7 1 ) . The 1971-72 r e p o r t c l a i m s t h a t t h e h y b r i d 23D2 x K530
showed b e t t e r t o l e r a n c e a s compared t o o t h e r s .

P h y s i o l o g i c a l s t u d i e s

A s men t i oned e a r l i e r , Kanna iyan e t a l . (1973a) o b s e r v e d t h a t t h e
pa thogen i n f e c t s o n l y young s p i k e l e t s and f e r t i l i z e d s p i k e l e t s a r e r e s i s t a n t .
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The young s p i k e l e t s were f ound t o c o n t a i n more o f a s p a r a g i n e , a s p a r a t i c
a c i d , and p r o l i n e and a f t e r f e r t i l i z a t i o n more o f t r y p t o p h a n . A s p a r a g i n e
and p r o l i n e gave more g r o w t h of t h e fungus in vitro, whereas t r y p t o p h a n and
t h r e o n i n e reduced i t .

Environment and Agronomy

The r o l e o f wea the r has a l r e a d y been d i s c u s s e d . We have n o t f ound
p u b l i s h e d i n f o r m a t i o n o n a s p e c t s such a s i n f l u e n c e o f ( i ) t i m e o f p l a n t i n g
o n e r g o t i n c i d e n c e , ( i i ) r o t a t i o n s w i t h o t h e r c r o p s , ( i i i ) i n t e r c r o p p i n g ,
e t c . Deep p l o u g h i n g soon a f t e r h a r v e s t t o b u r y s c l e r o t i a deep i n t h e s o i l
has been recommended by Sundaram ( 1 9 6 7 ) . Kannaiyan et a l . (1973) have
p u b l i s h e d r e s u l t s o f p o t t r i a l s o n t h e i n f l u e n c e o f f e r t i l i z e r s o n e r g o t
i n c i d e n c e b u t a p p a r e n t l y n o p r e l i m i n a r y a n a l y s i s was done o n s o i l p r i o r
t o u s i n g i t i n t h e s e e x p e r i m e n t s . The i n o c u l a t i o n was done o n 4 t h day
a f t e r t h e earhead emergence. Heavy N a p p l i c a t i o n (N-150 k g / h a , Po , Ko)
r e s u l t e d i n s e v e r e i n f e c t i o n (60%) and heavy a p p l i c a t i o n o f K w i t h o u t P 
(N 150 Po K45 k g / h a ) c o u n t e r a c t e d t h i s adve rse e f f e c t (25% i n f e c t i o n ) .

Control

Use of chemicals

Some a t t e m p t s t o d e v i s e a f u n g i c i d e s p r a y s c h e d u l e f o r c o n t r o l o f
e r g o t have been made ow ing t o t h e s u s c e p t i b i l i t y o f new ly r e l e a s e d h y b r i d s .
However, a s a t i s f a c t o r y and economica l s p r a y s c h e d u l e i s s t i l l n o t a v a i l -
a b l e . I n 1967 Sundaram i n a p o p u l a r a r t i c l e recommended sp rays w i t h
z i r a m ( 0 . 1 - 0 . 1 5 % ) o r a m i x t u r e o f copper o x y c h l o r i d e and z i n e b ( 1 : 2 ;
t o t a l q u a n t i t y o f f u n g i c i d e s 500 t o 600 gm/ha) a p p l i e d 2 -3 t i m e s a t 5-7 days
i n t e r v a l s t a r t i n g j u s t p r i o r t o earhead emergence. Reddy e t a l . c a r r i e d
o u t a t r i a l where t h e i n o c u l a t i o n w i t h t h e f ungus was done 24 h rs a f t e r
a s i n g l e s p r a y . O f t h e seven f u n g i c i d e s t r i e d , a n i n o r g a n i c s u l p h u r
p r e p a r a t i o n , Cosan (80% w e t t a b l e s u l p h u r ) , was f o u n d b e s t . I t reduced
t h e i n c i d e n c e o f d i s e a s e f r o m 90% in check t o 46%. Both z i n e b and
mancozeb were f o u n d i n f e r i o r w h i l e z i r a m and Du te r approached Cosan i n
e f f e c t i v e n e s s . T h i s t r i a l does i n d i c a t e t h e p o t e n t i a l , b u t t o - d a t e a n
e f f e c t i v e s p r a y s c h e d u l e has n o t been p r o d u c e d . The P r o g r e s s R e p o r t
o f t h e A l l I n d i a C o o r d i n a t e d M i l l e t s Improvement Program men t i ons t h a t
3 sp rays o f a m i x t u r e z i r a m (0.1%) and B e n l a t e (0 .1%) reduced e r g o t i n c i d e n c e .

Removal o f s c l e r o t i a by f l o a t i n g i n s a l t water

M u l l e r i n Germany f i r s t used s a l t w a t e r (30-32%) t o remove e r g o t
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s c l e r o t i a . Around t h e same t i m e Jaczewsk i a l s o used 20% s a l t s o l u t i o n f o r
t h e same pu rpose ( W e n i g e r , 1 9 2 3 ) . Weniger (1923) used 20% s a l t s o l u t i o n
f o r f l o a t i n g t h e s c l e r o t i a mixed w i t h wheat s e e d . As f a r as can be as -
c e r t a i n e d f r o m t h e l i t e r a t u r e t h i s method has n o t been used e x p e r i m e n t a l l y
f o r remova l o f p e a r l m i l l e t e r g o t s c l e r o t i a . A pamph le t o n p e a r l m i l l e t
e r g o t c i r c u l a t e d b y I n d i a n A g r i c u l t u r a l Research I n s t i t u t e , recommends a 
2 % s a l t s o l u t i o n f o r r emov ing s c l e r o t i a . R e c e n t l y Mr. M . I . S i n g h , a p o s t -
g r a d u a t e t r a i n e e f r o m I . A . R . I . , New D e l h i , who spen t a few months a t t h e
ICRISAT, i n v e s t i g a t e d t h i s a s p e c t and found t h a t a 10% s a l t s o l u t i o n
removes a l l s c l e r o t i a and s c l e r o t i a l f r a g m e n t s f r o m t h e p e a r l m i l l e t s e e d .
Even though t h e r o l e o f s c l e r o t i a i n t h e e p i p h y t o l o g y o f t h e p e a r l m i l l e t
e r g o t i s n o t c l e a r , t h e s a l t w a t e r p r o c e d u r e can b e used t o s e p a r a t e
s c l e r o t i a f r o m t h e g r a i n , and t o make i t s a f e r f o r humans and c a t t l e .

B i o l o g i c a l c o n t r o l

R e c e n t l y Mower e t a l . (1975) examined f u n g a l h y p e r p a r a s i t e s o f Clavi-
ceps purpurea as p o t e n t i a l b i o l o g i c a l c o n t r o l a g e n t s f o r wheat e r g o t . As
a r e s u l t o f f i e l d and l i m i t e d c l i n i c a l t e s t s , a c l o n e o f Fusarium roseum 
'Sambucinum' was shown to be a h i g h l y e f f e c t i v e b i o l o g i c a l c o n t r o l a g e n t .
One o f u s (YLN) o b s e r v e d , w h i l e w o r k i n g a t G.B. Pant U n i v e r s i t y o f A g r i -
c u l t u r e and T e c h n o l o g y , P a n t n a g a r , a s p e c i e s o f Fusarium w h i c h c o l o n i z e d
t h e honey dew and i n t e r f e r e d w i t h t h e deve lopment o f p e a r l m i l l e t e r g o t
s c l e r o t i a . The s p e c i e s was i d e n t i f i e d by t h e Commonwealth M y c o l o g i c a l
I n s t i t u t e as F . sambucinum. These r e s u l t s , however , were never p u b l i s h e d .
The p o s s i b i l i t y o f b i o l o g i c a l c o n t r o l o f t h e p e a r l m i l l e t e r g o t f ungus
needs to be e x a m i n e d .
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SOME QUESTIONS FOR THE CONSULTANTS' GROUP DISCUSSION ON

DOWNY MILDEW AND ERGOT OF PEARL MILLET

Y . L . Nene & S . D . S i n g h

DOWNY MILDEW

Pathogen

1 . How w i d e s p r e a d i s t h e downy m i l d e w i n t h e s e m i - a r i d t r o p i c s ?

2 . A r e w e s a t i s f i e d w i t h t h e t a x o n o m y o f t h e f u n g u s ?

3 . What i s t h e s t a t e o f c u r r e n t k n o w l e d g e o n o o s p o r e d o r m a n c y and
g e r m i n a t i o n ?

4 . I s t h e downy m i l d e w o n l y e x t e r n a l l y s e e d - b o r n e ?

5 . How i m p o r t a n t i s t h e s e c o n d a r y s p r e a d o f downy m i l d e w u n d e r
d i f f e r e n t e n v i r o n m e n t s ?

6 . What i n f o r m a t i o n d o w e h a v e o n t h e p h y s i o l o g i c / h o s t i c r a c e s o f
t h e downy m i l d e w ?

7 . I s i t p o s s i b l e t o s t i m u l a t e b i o d e g r a d a t i o n o f o o s p o r e s ?

8 . What i n f o r m a t i o n d o w e have o n t h e m e t h o d s o f c u l t u r i n g downy
m i l d e w a r t i f i c i a l l y ?

Host

9 . A r e o u r r e s i s t a n c e s c r e e n i n g p r o c e d u r e s s a t i s f a c t o r y ?

1 0 . What s h o u l d b e t h e s c a l e f o r m e a s u r i n g downy m i l d e w s e v e r i t y ?

1 1 . Do we know good s o u r c e s o f r e s i s t a n c e ? How much do we know a b o u t
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 ?

1 2 . What a r e t h e a p p r o p r i a t e p r o c e d u r e s f o r b r e e d i n g r e s i s t a n c e t o
downy m i l d e w b a s e d o n o u r p r e s e n t k n o w l e d g e ?
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Environment and Agronomy

1 3 . How much do we know abou t t h e i n f l u e n c e of e n v i r o n m e n t on (a )
s u r v i v a l o f oospores and s p o r a n g i a , ( b ) t h e p rocess o f i n f e c t i o n
and ( c ) t h e sp read o f t h e d i s e a s e ?

14 . I s t h e r e a p o s s i b i l i t y o f t h e e x i s t e n c e o f e n v i r o n m e n t a l r aces
o f downy m i ldews?

15 . I s i t p o s s i b l e t o r educe downy mi ldews t h r o u g h (a ) a d j u s t i n g t h e
t i m e o f p l a n t i n g , ( b ) a p p r o p r i a t e r o t a t i o n s , ( c ) m o d i f i c a t i o n s
i n f e r t i l i z e r and m i c r o n u t r i e n t a p p l i c a t i o n s , and (d ) i n t e r c r o p p i n g ?

International Effort

16. I s t h e r e a need f o r c a t a l o g u i n g w o r l d germplasm f o r r e a c t i o n t o
downy m i ldew and o t h e r d i s e a s e s ?

17 . What s h o u l d b e t h e c r i t e r i a f o r m u l t i l o c a t i o n t e s t i n g f o r downy
mi ldew i n c i d e n c e ? Shou ld an I n t e r n a t i o n a l downy m i ldew n u r s e r y
be i n i t i a t e d ?

Miscellaneous

18 . How i m p o r t a n t i s i t t o c o l l e c t f i g u r e s o n l o s s e s due t o m i l l e t
downy mi ldew? What s h o u l d be t h e methodo logy?

19 . What a re t h e p o s s i b i l i t i e s o f r e d u c i n g downy mi ldew i n c i d e n c e
t h r o u g h f u n g i c i d a l seed t r e a t m e n t s ?

ERGOT

Pathogen

1 . How e x t e n s i v e i s t h e e r g o t i n s e m i - a r i d t r o p i c s ?

2 . A re w e s a t i s f i e d w i t h taxonomy o f t h e e r g o t f ungus?

3 . What r o l e d o t h e s c l e r o t i a p l a y i n p r i m a r y i n f e c t i o n ?

4 . What i s t h e p r e s e n t s t a t u s o f o u r knowledge o n g e r m i n a t i o n o f
s c l e r o t i a ?
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5 . I s i t p o s s i b l e t o s t i m u l a t e b i o d e g r a d a t i o n o f s c l e r o t i a ?

Host

6 . Are ou r r e s i s t a n c e s c r e e n i n g p rocedu res s a t i s f a c t o r y ?

7 . What s h o u l d be t h e s c a l e f o r measur ing e r g o t s e v e r i t y ?

8. Do we know good sou rces of r e s i s t a n c e ?

9 . What i s t h e r e l a t i o n s h i p between p o l l i n a t i o n and c o n i d i a l
i n f e c t i o n ?

Environment and Agronomy

10 . How much do we know abou t t h e i n f l u e n c e of e n v i r o n m e n t on (a )
s u r v i v a l o f s c l e r o t i a and c o n i d i a , ( b ) t h e p rocess o f i n f e c t i o n ,
and ( c ) t h e sp read o f t h e d i s e a s e ?

1 1 . I s i t p o s s i b l e t o r educe e r g o t t h r o u g h (a ) a d j u s t i n g t h e t i m e
o f p l a n t i n g , ( b ) a p p r o p r i a t e r o t a t i o n s , ( c ) m o d i f i c a t i o n s i n
f e r t i l i z e r and m i c r o n u t r i e n t a p p l i c a t i o n s , and (d ) i n t e r c r o p p i n g ?

Misce l laneous

1 2 . How i m p o r t a n t i s e r g o t as ( a ) a sou rce o f l o s s i n y i e l d and (b )
as a p o i s o n ?

13 . Shou ld we recommend removal o f s c l e r o t i a t h r o u g h t h e use o f
s a l t w a t e r ?
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DOWNY MILDEW OF PEARL MILLET IN SENEGAL

J . C . G i r a r d

P e a r l m i l l e t ( P e n n i s e t u m typhoides) i s , i n S e n e g a l , t h e m a i n c e r e a l
f o r a m a j o r p a r t o f t h e p o p u l a t i o n . I t i s c u l t i v a t e d o n a n a r e a a p p r o x i -
m a t i n g 6 0 0 , 0 0 0 h e c t a r e s , w h i c h r e p r e s e n t s a l m o s t o n e q u a r t e r o f t h e
c u l t i v a t e d s u r f a c e o f t h e c o u n t r y , f r o m t h e n o r t h , w h e r e t h e a v e r a g e
r a i n f a l l i s a r o u n d 300 m i l l i m e t e r s down t o t h e s o u t h w h e r e i t r e a c h e s
1 5 0 0 mm.

Two t y p e s o f m i l l e t s a r e t r a d i t i o n a l l y c u l t i v a t e d i n S e n e g a l :

- e a r l y m i l l e t s , c a l l e d " S o u n a " , r e q u i r i n g 9 0 - 9 5 d a y s t o m a t u r i t y ,
s l i g h t l y p h o t o s e n s i t i v e , c u l t i v a t e d m a i n l y i n t h e n o r t h and t h e c e n t r a l
p a r t o f t h e c o u n t r y ,

- l a t e m i l l e t s , c a l l e d " S a n i o " , r e q u i r i n g 1 4 5 - 1 5 0 d a y s t o m a t u r i t y ,
p h o t o s e n s i t i v e , m a i n l y c u l t i v a t e d i n t h e S o u t h .

M o r e o v e r , p l a n t b r e e d e r s a r e b r e e d i n g e a r l y d w a r f m i l l e t s ( l e s s
t h a n 1 . 5 0 m e t e r s h i g h ) , n o n - p h o t o s e n s i t i v e , w i t h d i f f e r e n t l i f e c y c l e s
a d a p t e d t o t h e d i f f e r e n t c l i m a t i c z o n e s o f t h e n o r t h e r n and c e n t r a l p a r t
o f S e n e g a l .

The t w o m o s t e c o n o m i c a l l y i m p o r t a n t d i s e a s e s o f p e a r l m i l l e t i n
Senegal are downy mildew (Sclerospora graminicola) and smut (Tolyposporium 
penicillariae). Ergot (Claviceps microcephala) is present in the sou th ,
and was f o r m e r l y r e p o r t e d i n a m a j o r p a r t o f t h e c o u n t r y d u r i n g more
h u m i d y e a r s .

The o t h e r d i s e a s e s ( r u s t , b l a s t , z o n a t e l e a f s p o t s , p h y l l o s t i c t a
l e a f s p o t s , p o k k a h b o e n g ) a r e g e n e r a l l y n o t v e r y d a m a g i n g .

B e c a u s e o f t h e s p o r a d i c o c c u r r e n c e o f e r g o t t h e s e l a s t y e a r s , I 
h a v e n o t s t a r t e d a n y r e s e a r c h w o r k o n t h i s p a r a s i t e . H o w e v e r , a v a r i e t a l
t r i a l has been p l a n t e d i n t h e s o u t h t h i s y e a r and i t c a n b e e v a l u a t e d f o r
e r g o t i n c i d e n c e . T h e r e f o r e , I s h a l l d e a l o n l y w i t h downy m i l d e w .

T h i s p a p e r d o e s n o t p r e t e n d t o b e a c o m p l e t e s t u d y o f t h i s d i s e a s e ;
I h a v e o n l y w r i t t e n some o f t h e t h o u g h t s w h i c h w e r e i n s p i r e d b y t h e
q u e s t i o n n a i r e s e n t b y ICRISAT i n a n t i c i p a t i o n o f t h i s m e e t i n g .



DISTRIBUTION OF DOWNY MILDEW IN SENEGAL

T h e s e t h r e e l a s t y e a r s , I c o u l d f i n d t h i s d i s e a s e e v e r y w h e r e w h e r e
m i l l e t was c u l t i v a t e d i n S e n e g a l , i n v e r y d r y a r e a s , f o r i n s t a n c e i n t h e
n o r t h o f t h e S e n e g a l V a l l e y ( a n n u a l r a i n f a l l f r e q u e n t l y u n d e r 200 mm) a s
w e l l a s i n r a t h e r h u m i d z o n e s , f o r i n s t a n c e Casamance ( a n n u a l r a i n f a l l
s o m e t i m e s more t h a n 1500 mm).

O f c o u r s e , t h e i n c i d e n c e o f t h e d i s e a s e v a r i e s a c c o r d i n g t o t h e
d i f f e r e n t l o c a t i o n s , b u t i t d o e s n o t n e c e s s a r i l y i n c r e a s e w i t h t h e a n n u a l
r a i n f a l l . I n 1973 and 1 9 7 4 , t h e maximum i n c i d e n c e was f o u n d i n t h e s o u t h
o f t h e S i n e - S a l o u m r e g i o n , i n t h e c e n t r a l p a r t o f S e n e g a l a t N i o r o - d u - R i p
and T h y s s e - K a y m o r , w h i c h , d u r i n g t h e s e l a s t y e a r s r e c e i v e d a n a n n u a l r a i n -
f a l l r a n g i n g f r o m 650 t o 750 mm.

F u r t h e r s o u t h , a t S e f a , i n Casamance ( r a i n f a l l 1166 m m i n 1 9 7 4 ) , t h e
i n c i d e n c e o f downy m i l d e w was much l o w e r . I t was a l s o l o w e r i n t h e n o r t h
(Bambey , 470 m m and L o u g a , 403 m m i n 1 9 7 4 ) and i n t h e e a s t ( S i n t h i o u -
M a l e m e , 758 mm). T a b l e 1 i l l u s t r a t e s t h e s e o b s e r v a t i o n s . These l a s t y e a r s ,
r a i n f a l l was much l o w e r ( f o r i n s t a n c e 470 m m a t Bambey i n 1974 i n s t e a d o f
650 mm, 620 m m a t N i o r o i n 1974 i n s t e a d o f more t h a n 900 mm).

SOME FEATURES OF THE PARASITE OBSERVED IN SENEGAL

I d o n o t p l a n t o d e s c r i b e t h i s p a r a s i t e w h i c h i s g e n e r a l l y w e l l k n o w n ,
b u t I s h o u l d l i k e t o m e n t i o n t h e m e a s u r e m e n t s I made i n 1 9 7 2 :

- c o n i d i o p h o r e s : l e n g t h v a r y i n g f r o m 100 t o a b o u t 300 m i c r o n s (when
f u l l y d e v e l o p e d ) ;

- s p o r a n g i a : 1 5 - 2 4 x 1 3 - 1 8 m i c r o n s ( a v e r a g e 19 x 1 6 )

- z o o s p o r e s : when a t r e s t , d i a m e t e r v a r y i n g f r o m 4 t o 1 0 m i c r o n s
( a v e r a g e 7 )

- o o g o n i a : d i a m e t e r v a r y i n g f r o m 3 6 t o 5 3 m i c r o n s ( a v e r a g e 4 2 ) .

The d i s t i n c t i o n made b y some a u t h o r s b e t w e e n t h e c o n i d i o p h o r e s o f
Sclerospora sorghi , showing a basal c e l l , and those of Sclerospora gramini-
c o l a , w i t h n o b a s a l c e l l , d o e s n o t seem t o b e v a l i d , f o r I have o f t e n
o b s e r v e d a b a s a l c e l l o n t h e s p o r a n g i o p h o r e s o f Sclerospora graminicola 
i n S e n e g a l .



T a b l e 1 : P e r c e n t a g e o f p l a n t s s h o w i n g downy m i l d e w symptoms
o n d i f f e r e n t m i l l e t l i n e s a t d i f f e r e n t l o c a t i o n s i n
S e n e g a l ( r a i n y s e a s o n 1 9 7 4 )

Bambey
(471 mm)

Locat ion
Line No. Bambey

(471 mm)
Louga
(403 mm)

Nioro
(629 mm)

Thysse
(758 mm)

S in th iou
(761 mm)

Sefa
(1166

mm)

1 100 + + + 100 + + + 100 + + + 100 + + + 100 + + + 100+++

2 7+ 8 + + 9+

3 0 63+ 49+ 6 + 5+

5 1 1 + 0 10 + + 15+ 0 0

6 2 + 0 0 0 0

7 1 + 0 1 + 0 0 0

8 0 0 1 + 5+ 0 0

9 5 1 + 15+ 40+

+ = s l i g h t symptoms
++ = moderate symptoms
+++ = severe symptoms

DORMANCY AND OOSPORE GERMINATION

I h a v e n e v e r made a s y s t e m a t i c s t u d y o f o o s p o r e d o r m a n c y . The o n l y
o b s e r v a t i o n s I made a r e t h e f o l l o w i n g : m i l l e t l e a v e s c o l l e c t e d a t t h e end
o f December 1972 o n m i l l e t p l a n t s sown m i d - O c t o b e r u n d e r i r r i g a t i o n s e r v e d
a s t h e s o u r c e o f i n o c u l u m t o make a r t i f i c i a l i n o c u l a t i o n s o n J a n u a r y 1 1 ,
1 9 7 3 . The r e s u l t s o f t h i s e x p e r i m e n t w e r e p o s i t i v e . I c o n c l u d e d a t t h a t
t i m e t h a t , i f t h e r e was a d o r m a n c y , i t was r a t h e r s h o r t .

C o n c e r n i n g o o s p o r e g e r m i n a t i o n , I t r i e d t o make t h e m g e r m i n a t e i n
1 9 7 3 b y i n c u b a t i n g t h e m o n m o i s t f i l t e r p a p e r i n P e t r i d i s h e s , a t r o o m
t e m p e r a t u r e ( 2 6 - 2 8 °C ) . D u r i n g t w o w e e k s , one o f m y s t a f f  p r e p a r e d many
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m i c r o s c o p i c s l i d e s w i t h some o f t h e s e oospores and obse rved them w i t h t h e
m i c r o s c o p e under my c o n t r o l . Some o f t h e oospores seemed to have s t a r t e d
t o g e r m i n a t e : a s h o r t and r a t h e r l a r g e t u b e was l e a v i n g t h e o o s p o r e .
P a r t o f t h e g r a n u l o u s c o n t e n t o f t h e oospore seemed t o have moved i n t o
t h e t u b e . The p r o p o r t i o n o f oospores observed t o have g e r m i n a t e d was
e x t r e m e l y l o w . I t r i e d t o make them g e r m i n a t e i n c o n t a c t w i t h t h e r o o t s
o f v e r y young m i l l e t s e e d l i n g s o f a s u s c e p t i b l e v a r i e t y b u t w i t h o u t any
b e t t e r r e s u l t s . I never t r i e d t o s t u d y t h i s p rob lem l a t e r , b u t I t h i n k
t h a t i t wou ld b e v e r y i m p o r t a n t t o know t h e e x a c t c o n d i t i o n s o f t h e i n -
v i v o g e r m i n a t i o n o f oospores i n o r d e r t o improve t h e a r t i f i c i a l i n o c u l a t i o n
t e c h n i q u e s w h i c h a r e made w i t h them.

IMPORTANCE OF THE SECONDARY INFECTIONS

I have d e v o t e d some t i m e t o t h e s t u d y o f t h i s a s p e c t o f t h e b i o l o g y
of Sclerospora graminicola. Secondary i n f e c t i o n s a r e due to t h e zoospores
coming f r o m t h e s p o r a n g i a fo rmed under wet c o n d i t i o n s a t t h e s u r f a c e o f
t h e l e a v e s o f m i l l e t p l a n t s a t t a c k e d b y Sclerospora. I t i s v e r y i m p o r t a n t
t o know t h e i r a c t u a l r o l e i n t h e sp read o f t h e d i s e a s e f o r d i f f e r e n t r e a s o n s :

- t h i s t y p e o f i n f e c t i o n , i f i t does o c c u r , c o u l d perhaps accoun t f o r
t h e l a t e m i l dew symptoms f r e q u e n t l y observed o n p l a n t s w h i c h were a p p a r e n t l y
f r e e f r o m downy m i l dew b e f o r e ;

- i n t h e case o f a n i n t e n s i v e c u l t u r e o f h i g h y i e l d i n g m i l l e t v a r i e t i e s ,
i t wou ld perhaps b e i n t e r e s t i n g t o p r o t e c t t h e c r o p s f r o m t h e s e secondary
i n f e c t i o n s b y s p r a y i n g w i t h f u n g i c i d e s .

These secondary i n f e c t i o n s d o e x i s t : I c o u l d obse rve them i n t h e f i e l d s
and i n t h e l a b o r a t o r y . I n t h e f i e l d s , I have f r e q u e n t l y seen l o c a l i z e d l e a f -
s p o t s , w h i c h were e l o n g a t e d , r a t h e r n a r r o w , n o t c l e a r l y l i m i t e d , s e v e r a l
c e n t i m e t e r s l o n g , b e a r i n g s p o r a n g i a a t t h e l o w e r s u r f a c e o f t h e l e a f . The
p l a n t s on w h i c h I c o u l d see t h e s e symptoms were c o m p l e t e l y f r e e f r o m s y s t e m i c
symptoms. I t r i e d t o l o o k a t t h e s e p l a n t s f o r s e v e r a l d a y s . Some o f them
showed, a f t e r a w h i l e , s y s t e m i c symptoms, b u t I was u n a b l e t o c o n c l u d e i f
t h e s e were due t o secondary i n f e c t i o n o r t o a l a t e m a n i f e s t a t i o n o f a n i n -
f e c t i o n b y means o f o o s p o r e s .

In t h e l a b o r a t o r y , when I s p r a y a zoospores s u s p e n s i o n a t t h e s u r f a c e
o f young m i l l e t p l a n t s ( 5 t o 2 0 days o l d ) , I can i n c i t e t h e r a p i d a p p e a r -
ance o f downy m i l dew symptoms, c o m p l e t e l y s i m i l a r t o t h o s e obse rved when
t h e i n o c u l a t i o n i s done t h r o u g h oospores b u r i e d i n t h e s o i l : c h l o r o t i c
s t r i p e s coming u p f r o m t h e base o f t h e l e a v e s ; p r o d u c t i o n o f s p o r a n g i a and
zoospores a t t h e l o w e r f a c e o f t h e l e a v e s ; f o r m a t i o n o f v i r e s c e n t e a r h e a d s ;
f o r m a t i o n o f oospores i n i n f e c t e d l e a f t i s s u e s . Sometimes l o c a l i z e d l e a f -
s p o t s can a l s o be s e e n .

62



The f a c t t h a t t h e i n o c u l a t i o n s w i t h zoospores g i v e p o s i t i v e r e s u l t s
o n e x p e r i m e n t a l c o n d i t i o n s i s n o t a p r o o f t h a t t h e y r e a l l y p l a y a n i m p o r t -
a n t r o l e i n n a t u r e . M o r e o v e r , i t has n o t been p roved t h a t secondary
i n f e c t i o n can l e a d t o s y s t e m i c symptoms o n f u l l grown p l a n t s ( a f t e r t i l l -
e r i n g ) . T h i s i s t h e r e a s o n why I c a r r i e d o u t some e x p e r i m e n t s t o e x p l a i n
t h e r o l e o f t h e s e i n f e c t i o n s . The p rob lem was t o e l i m i n a t e t h e p r i m a r y
i n f e c t i o n s due t o t h e oospores b u r i e d i n t h e s o i l o r c a r r i e d b y t h e seeds .
I t h i n k t h a t t h e m i l l e t seeds I use a r e f r e e f r o m o o s p o r e s , because t h e y
a r e o b t a i n e d d u r i n g t h e d r y s e a s o n , under i r r i g a t i o n , o n p e r f e c t l y sound
p l a n t s , a t a p e r i o d o f t h e y e a r when even t h e most s u s c e p t i b l e v a r i e t i e s
( T i f t o n ) d o n o t show any symptoms. However i t i s much more d i f f i c u l t t o
e l i m i n a t e t h e oospores b u r i e d i n t h e s o i l . I t r i e d t o d i s i n f e c t s o i l w i t h
m e t h y l b romide (11 g / m 2 ) , s team ( s o i l t e m p e r a t u r e m a i n t a i n e d d u r i n g 1 5
m i n u t e s a t 90°C down to 30 cm d e p t h ) and a s e m i - s y s t e m i c f u n g i c i d e s a i d to
b e a c t i v e a g a i n s t some P e r o n o s p o r a l e s ( P r o t h i o c a r b c h l o r h y d r a t e ) , b u t w i t h -
o u t any c o n c l u s i v e r e s u l t s . P l a n t s o f a l l t h e d i f f e r e n t p l o t s were q u i c k l y
a t t a c k e d b y downy m i l dew and i t was i m p o s s i b l e t o f i n d o u t any d i f f e r -
e n c e s . I d o n ' t know whe the r t h e t r e a t m e n t s used f o r s o i l d i s i n f e c t i o n
were r e a l l y i n e f f e c t i v e o r i f t h e p l a n t s had been a t t a c k e d a t a v e r y e a r l y
s t a g e b y seconda ry i n f e c t i o n due t o zoospores coming f r o m t h e n e i g h b o u r i n g
m i l l e t p l o t s .

A n o t h e r e x p e r i m e n t i s now i n p r o c e s s : m i l l e t p l a n t s f r o m two d i f f e r e n t
v a r i e t i e s , T f 239D2B ( v e r y s u s c e p t i b l e ) and "Souna" ( t o l e r a n t ) were sown
a t d i f f e r e n t d a t e s i n p l a s t i c sacks f i l l e d w i t h sand f r o m t h e s e a s h o r e .
T h i s sand can be c o n s i d e r e d as f r e e f r o m downy mi ldew i n o c u l u m . The c u l t u r e
was done i n a s h e l t e r s i t u a t e d f a r away f r o m m i l l e t f i e l d s . The n u t r i t i o n
o f t h e p l a n t s was p r o v i d e d b y a n u t r i t i v e s o l u t i o n . Four g roups o f t h e s e
p l a n t s ( r e s p e c t i v e l y 3 , 4 , 5 and 6 weeks o l d ) have been t r a n s p l a n t e d m i d -
September i n t h e m i d d l e o f m i l l e t p l o t s , w i t h o u t t a k i n g o f f t h e p o l y e t h y l e n e
sacks i n o r d e r t o e l i m i n a t e t h e p o s s i b i l i t y o f l a t e i n f e c t i o n due t o oos-
po res c o n t a i n e d i n t h e s o i l . O f c o u r s e , I d o n o t have t h e r e s u l t s o f t h i s
e x p e r i m e n t , b u t I hope i t w i l l g i v e i n f o r m a t i o n o n t h i s p r o b l e m , and pe r -
haps I s h a l l know i f seconda ry i n f e c t i o n s can l e a d to s y s t e m i c symptoms on
f u l l grown p l a n t s .

O t h e r o b s e r v a t i o n s seemed to show t h e e f f e c t i v e n e s s o f secondary in -
f e c t i o n s :

- f u n g i c i d a l t r e a t m e n t s c o n s i s t i n g o f t h e p e r i o d i c a l s p r a y i n g o f n o n -
s y s t e m i c c h e m i c a l s (maneb, z i n e b , copper o x y c h l o r i d e + maneb + z i n e b ,
d i c h l o f l u a n i d , c a p t a f o l ) o n t h e f o l i a g e o f m i l l e t p l a n t s , d e l a y e d t h e
appearance o f downy m i l d e w symptoms and reduced t h e e f f e c t o f t h e d i s e a s e .
A s t h e s e c h e m i c a l s a r e n o t abso rbed and conveyed t h r o u g h t h e p l a n t t i s s u e s ,
I t h o u g h t t h e y p r e v e n t e d seconda ry i n f e c t i o n ;

- a t Bambey, t h e l a t e r you sow m i l l e t a f t e r t h e b e g i n n i n g o f t h e
r a i n y s e a s o n , t h e y o u n g e r t h e p l a n t s a r e when downy m i l dew e p i d e m i c s
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d e v e l o p a n d t h e more d a m a g i n g t h e d i s e a s e i s . T h i s c a n b e e x p l a i n e d b y
t h e f a c t t h a t , a t t h e b e g i n n i n g o f t h e r a i n y s e a s o n , c l i m a t i c c o n d i -
t i o n s a r e n o t y e t v e r y f a v o u r a b l e t o t h e d e v e l o p m e n t o f t h e d i s e a s e ( v e r y
i r r e g u l a r r a i n s , d r o u g h t , a t m o s p h e r e n o t y e t s a t u r a t e d ) . B u t i t c o u l d
a l s o b e s u p p o s e d t h a t a e r i a l i n o c u l u m ( z o o s p o r e s ) i s p r o g r e s s i v e l y i n -
c r e a s e d w h i c h r e s u l t s i n more numerous a f f e c t e d p l a n t s ;

- m i l l e t p l o t s sown a t Bambey o n f i e l d s w h i c h had n o t been p l a n t e d
w i t h m i l l e t f o r a v e r y l o n g t i m e ( p e r h a p s n e v e r ) w e r e c o m p l e t e l y i n f e c t e d
w i t h downy m i l d e w . Even i f one s u p p o s e s t h a t some w i l d m i l l e t p l a n t s
( P e n n i s e t u m violaceum) m i g h t h a v e g r o w n t h e r e b e f o r e and m i g h t h a v e been
a t t a c k e d b y downy m i l d e w , i t i s d i f f i c u l t t o a d m i t t h a t t h e d i s t r i b u t i o n
o f t h e o o s p o r e s i n t h e s o i l c o u l d have been s o u n i f o r m t h a t a l l t h e m i l l e t
p l a n t s sown t h e r e c o u l d h a v e been a t t a c k e d b y t h e d i s e a s e . One c a n t h i n k
t h a t t h e d i s e a s e began o n some p l a n t s f o l l o w i n g i n f e c t i o n b y o o s p o r e s
( a l r e a d y i n t h e s o i l o r c a r r i e d b y w o r k e r s ) and t h a t t h e e p i d e m i c was l a t e r
p r o p a g a t e d b y s e c o n d a r y i n f e c t i o n .

HOSTIC AND PHYSIOLOGICAL RACES OF DOWNY MILDEW

The o n l y h o s t p l a n t s o f Sclerospora graminicola I have seen i n S e n e g a l
are Pennisetum typhoides ( c u l t i v a t e d pear l m i l l e t ( a n d Pennisetum violaceum 
( w i l d m i l l e t , v e r y common a r o u n d B a m b e y ) . I n f a c t t h e s e t w o s p e c i e s p e r -
haps a r e t h e s a m e , b e c a u s e t h e y can b e c r o s s e d very e a s i l y , I have n e v e r
f o u n d Sclerospora graminicola o n o t h e r p l a n t s known t o b e a t t a c k e d b y t h i s
f u n g u s , s u c h as m a i z e or Pennisetum pedicellatum. H o w e v e r , I c o u l d see a 
s a m p l e o f t h i s l a s t s p e c i e s b e a r i n g v i r e s c e n t h e a d s , b u t i t was n o t f o u n d
i n S e n e g a l ( i t came f r o m N i g e r i a ) and I n e v e r v e r i f i e d i f i t was r e a l l y
at tacked by Sclerospora graminicola. 

The p r o b l e m o f p h y s i o l o g i c a l v a r i a b i l i t y o f Sclerospora graminicola 
a p p e a r e d , i n S e n e g a l , i n 1 9 7 3 , when i t was f o u n d t h a t a m i l l e t v a r i e t y
b r e d a t Bambey f o r r e s i s t a n c e t o downy m i l d e w ( 1 o r 2 % o f t h e p l a n t s
a t t a c k e d a t Bambey) was r a t h e r s u s c e p t i b l e i n a n o t h e r l o c a t i o n i n S e n e g a l
( a l m o s t 30% o f p l a n t s a t t a c k e d i n t h e S o u t h o f t h e S i n e S a l o u m r e g i o n )
and was v e r y s u s c e p t i b l e i n N i g e r i a ( m o r e t h a n 70% o f t h e p l a n t s a t t a c k e d
a t S a m a r u ) . T h i s same y e a r , 1 9 7 3 , a m i l l e t l i n e r e s i s t a n t i n N i g e r i a
and S e n e g a l , was f o u n d t o b e s u s c e p t i b l e i n N i g e r . A l s o a m i l l e t l i n e
used a s s u s c e p t i b l e c h e c k i n N i g e r i a seemed t o b e r e s i s t a n t i n N i g e r and
a t Bambey ( S e n e g a l ) .

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

I n o r d e r t o g a i n f u r t h e r i n f o r m a t i o n o n t h i s s u b j e c t , D r . S . B . K i n g ,
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t h e n p l a n t p a t h o l o g i s t o f J . P . 2 6 a t t h e " I n s t i t u t e f o r A g r i c u l t u r a l
Resea rch " o f Samaru, N i g e r i a and I d e c i d e d , i n September 1 9 7 3 , t o c a r r y
o u t t r i a l s a t v a r i o u s l o c a t i o n s . Thus , d u r i n g t h e r a i n y season 1 9 7 4 ,
t r i a l s i n c l u d i n g n i n e m i l l e t l i n e s f r o m d i f f e r e n t o r i g i n s ( U . S . A . ,
S e n e g a l , Chad, U p p e r - V o l t a ) were sown a t d i f f e r e n t l o c a t i o n s i n Senegal
and i n d i f f e r e n t A f r i c a n c o u n t r i e s (Upper V o l t a , M a l i , N i g e r i a , C e n t r a l
A f r i c a n R e p u b l i c ) . U n f o r t u n a t e l y , l i n e s f r o m N i g e r i a had been l o s t
d u r i n g t r a n s p o r t . I t i s , o f c o u r s e , n o t p o s s i b l e t o draw c o n c l u s i v e
r e s u l t s f r o m t h e s e 1974 e x p e r i m e n t s , one reason b e i n g t h a t t h e e v a l u a t i o n
o f t h e i n c i d e n c e o f downy m i ldew on t h e d i f f e r e n t l i n e s were made by
d i f f e r e n t p e r s o n s . However , I s h a l l g i v e t h e most s t r i k i n g r e s u l t s o f
t h e s e t r i a l s :

- e v e r y w h e r e , 100% o f t h e p l a n t s o f t h e l i n e no 1 ( T i f t 239 D2B)
were a t t a c k e d and symptoms were v e r y seve re on each p l a n t ;

- t h r e e o f t h e l i n e s coming f r o m Upper V o l t a have p r a c t i c a l l y shown
no symptom eve rywhe re e x c e p t a t S o t u b a , M a l i and F a r a k o - B a , U p p e r - V o l t a ,
where a n i m p o r t a n t p r o p o r t i o n o f t h e p l a n t s were a t t a c k e d ;

- no 9, a l i n e f r o m S e n e g a l , has shown downy m i ldew symptoms e v e r y -
where on a p r o p o r t i o n o f p l a n t s r a n g i n g f r o m 6% up to 100%, b u t t h e
symptoms were g e n e r a l l y s l i g h t o r m o d e r a t e ;

- i n one c a s e , a t l e a s t , t h e r e seems t o b e d i f f e r e n t i a l r e a c t i o n s ,
a s shown i n t h e f o l l o w i n g t a b l e :

T a b l e 2 : Pe rcen tage o f p l a n t s showing downy m i ldew
symptoms a t t h e end o f t h e g r o w i n g season .

Locat ion

Line no Sotuba
(Ma l i )

Samaru
(N iger ia )

2 4% 100%

8 70% 0%

Such r e s u l t s need c o r r o b o r a t i o n . I f t h e y a r e c o n f i r m e d , t h i s
w o u l d mean t h a t r a c e s d o e x i s t w i t h d i f f e r e n t v i r u l e n c e s a t Sotuba
( M a l i ) and Samaru ( N i g e r i a ) .

I n S e n e g a l , where t h e e v a l u a t i o n o f t h e d i s e a s e was done b y t h e
same p e r s o n , i t was n o t p o s s i b l e t o show e v i d e n c e o f d i f f e r e n t i a l
r e a c t i o n (see t a b l e 1 ) . However , i t i s o b v i o u s , a s I f o r m e r l y e x p l a i n e d
i n t h e c h a p t e r c o n c e r n i n g t h e d i s t r i b u t i o n o f downy m i ldew i n S e n e g a l ,
t h a t t h e i n c i d e n c e o f t h e d i s e a s e seems t o b e t h e most i m p o r t a n t i n t h e
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s o u t h o f t h e S i n e Saloum r e g i o n (630 t o 760 mm o f r a i n f a l l i n 1 9 7 4 ) .
A t S i n t h i o u - M a l e m e , i n t h e r e g i o n o f Senegal O r i e n t a l , where t h e r a i n f a l l
was 760 mm in 1974 , t h e i n c i d e n c e was much l o w e r a l t h o u g h t h e c l i m a t e was
s i m i l a r . F u r t h e r s o u t h , a t S e f a , i n Casamance (1166 mm in 1974) and i n t h e
N o r t h , at Bambey (470 mm in 1974) and Louga (400 mm in 1 9 7 4 ) , t h e i n c i d e n c e
was a l s o l o w e r t h a n i n S ine Saloum. T h e r e f o r e , t h e r e a r e v a r i a t i o n s i n
S e n e g a l , wh i ch a r e a p p a r e n t l y i ndependen t o f t h e r a i n f a l l , wh i ch i s perhaps
a n i n d i c a t i o n t h a t t h e r e a r e r aces d i f f e r i n g i n a g g r e s s i v e n e s s .

A r t i f i c i a l i n o c u l a t i o n e x p e r i m e n t s made a t Bambey i n November 1973
seem t o c o r r o b o r a t e t h i s h y p o t h e s i s . The v a r i e t y w h i c h appeared t o b e
r e s i s t a n t a t Bambey and r a t h e r s u s c e p t i b l e i n S ine Saloum was a l m o s t
c o m p l e t e l y a t t a c k e d by downy m i ldew when i t was sown i n sand i n f e s t e d w i t h
oospores coming f r o m Thysse-Kaymor ( S i n e - S a l o u m ) ( 6 0 / 7 2 p l a n t s a t t a c k e d
i n t h e f i r s t e x p e r i m e n t and 2 6 / 3 0 p l a n t s a t t a c k e d i n t h e s e c o n d ) . Zoo-
s p o r e s , c o l l e c t e d o n i n f e c t e d p l a n t s o f t h i s l a s t e x p e r i m e n t , were sp rayed
o n s e e d l i n g s o f d i f f e r e n t m i l l e t v a r i e t i e s : t h i s same v a r i e t y was once
more a t t a c k e d ( 3 4 / 3 6 p l a n t s ) , a l t h o u g h i t was n o t i n f e c t e d a f t e r i n o c u l a -
t i o n w i t h zoospores c o l l e c t e d a t Bambey.

I n f a c t , i t i s v e r y d i f f i c u l t t o know t h e r e l a t i v e r o l e s o f d i f f e r e n t
f a c t o r s such a s : c l i m a t e , s o i l and p o p u l a t i o n o f t h e p a r a s i t e . I have
j u s t r e c e i v e d a sma l l m i c r o c l i m a t i c chamber and I hope I can t e s t , under
c o n t r o l l e d c o n d i t i o n s , t h e p a t h o g e n i c i t y o f s t r a i n s o f Sclerospora 
graminicola coming f r o m d i f f e r e n t l o c a t i o n s i n S e n e g a l .

The m u l t i l o c a t e d e x p e r i m e n t s f o r t h e s t u d y o f t h e p h y s i o l o g i c a l
v a r i a b i l i t y o f Sclerospora graminicola have a l s o been c a r r i e d o u t i n 1975
w i t h more l i n e s : f o u r coming f r o m N i g e r i a , t h r e e f r o m U p p e r - V o l t a , f o u r
f r o m I n d i a , t h r e e f r o m Senegal and T i f t 239 D2B2 a s s u s c e p t i b l e check .
Three o f t h e s e t r i a l s were s e n t t o I n d i a . O f c o u r s e i t i s t o o e a r l y t o
know t h e r e s u l t s o f t h e s e e x p e r i m e n t s .

BREEDING RESISTANCE TO DOWNY MILDEW IN SENEGAL

T h i s work was done at CNRA of Bambey by D r . A. B i l q u e z w i t h i n a 
p r o j e c t f i n a n c e d by t h e "Fond Europeen de Deve lopment " f o r t h e improvement
o f p e a r l m i l l e t . Young p l a n t b r e e d e r s have j u s t come t o Bambey and w i l l
a l s o c a r r y on t h e s e s t u d i e s : t h e y a r e Miss C . Bonnot and M.A. S a r r and
J . M a r r o t . The f i n a l goa l o f t h i s p r o j e c t i s t o b reed d w a r f and h i g h
y i e l d i n g m i l l e t v a r i e t i e s .

I n o r d e r , t o o b t a i n t h e r e q u i r e d s t r u c t u r e o f t h e p l a n t , p l a n t
b r e e d e r s were compe l l ed t o use d w a r f v a r i e t i e s coming f r o m T i f t o n , U . S . A . :
T i f t 23 D 2 (A and B) and T i f t 239 D 2 (A and B ) , a r e so s u s c e p t i b l e to
downy m i ldew t h a t i n S e n e g a l , t h e y a r e v e r y o f t e n k i l l e d b y t h e d i s e a s e
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b e f o r e h e a d i n g when t h e y a r e grown d u r i n g t h e r a i n y season . Thus , t h e
p r o g e n i e s o b t a i n e d f r o m c r o s s e s w i t h T i f t o n v a r i e t i e s were s u s c e p t i b l e t o
downy m i l d e w . I t was necessa ry t o c a r r y o u t a r i g i d s e l e c t i o n i n o r d e r t o
o b t a i n l i n e s w i t h a s u f f i c i e n t l e v e l o f r e s i s t a n c e . T h i s work was done
e x c l u s i v e l y i n t h e f i e l d , o n a s o i l h e a v i l y i n f e s t e d w i t h oospo res
( d e b r i s o f m i l l e t p l a n t s a t t a c k e d b y downy m i ldew had been i n c o r p o r a t e d
i n t o t h e s o i l ) . D u r i n g t h e who le g r o w i n g p e r i o d o f t h e p l a n t s , t h e s o i l
was m a i n t a i n e d s u f f i c i e n t l y humid i n o r d e r t o f a v o u r oospo re g e r m i n a t i o n ,
b y a d d i t i v e i r r i g a t i o n when r a i n was l a c k i n g . Every t e n r o w s , one row o f
T i f t 2 3 D2B o r T i f t 239 D2B s e r v e d a s s u s c e p t i b l e check t o a s c e r t a i n t h e
homogene i t y o f s o i l i n f e s t a t i o n .

A c c o r d i n g t o t h e g e n e r a t i o n o f t h e b r e e d i n g p r o g r a m , t e s t e d p l a n t s
were no ted f o r t h e d i s e a s e once a week d u r i n g t h e g r o w i n g p e r i o d , o r o n l y
t h r e e t i m e s (20 days a f t e r s o w i n g , a t head ing and b e f o r e h a r v e s t ) .

T h i s work a l l o w e d t h e d e t e c t i o n among A f r i c a n c u l t i v a r s some s t r a i n s
w h i c h were c o n s i d e r e d as h a v i n g s u f f i c i e n t r e s i s t a n c e to be used as
p a r e n t s . These p a r e n t a l s t r a i n s were chosen i n t h e f o l l o w i n g manner : each
A f r i c a n p a r e n t was b o t h s e l f e d and c r o s s e d w i t h T i f t 23 D 2 and 239 D 2 .
On ly t h e p a r e n t a l s t r a i n s i n t h e s e l f e d p r o g e n i e s and i n t h e h y b r i d p roge -
n i e s o f w h i c h no symptom o f d i s e a s e was f o u n d , were chosen as g e n i t o r s .

The p r o g e n i e s o f t h e s e h y b r i d s were t e s t e d u p t o t h e F5 , f o r
e x p e r i e n c e s showed t h a t t h e main d e s i r e d c h a r a c t e r s ( r e s i s t a n c e t o downy
m i l d e w , l e n g t h o f v e g e t a t i v e c y c l e , a r c h i t e c t u r e o f t h e p l a n t ) were
s u f f i c i e n t l y f i x e d a t F4. On ly t h e l i n e s showing l e s s t h a n 5 % o f d i s e a s e d
p l a n t s i n each s u c c e s s i v e g e n e r a t i o n F3 , F4 , F 5 and p o s s e s s i n g t h e o t h e r
r e q u i r e d c h a r a c t e r s were k e p t .

W i t h t h e r e s i s t a n t p r o g e n i e s o f a h y b r i d , a s y n t h e t i c v a r i e t y was
c r e a t e d , w h i c h now s e r v e s a s e x p e r i m e n t a l m a t e r i a l f o r a g r o n o m i s t s ( s t u d i e s
o n c u l t u r a l t e c h n i q u e s , w a t e r c o n s u m p t i o n , weeds and i n s e c t c o n t r o l , e t c . ) .

A l t h o u g h , I have never d i r e c t l y p a r t i c i p a t e d i n a b r e e d i n g p r o j e c t ,
I s h o u l d l i k e t o make some o b s e r v a t i o n s o n t h e b r e e d i n g f o r r e s i s t a n c e t o
downy m i l d e w .

The s y n t h e t i c d w a r f m i l l e t v a r i e t y b r e d a t Bambey shows, i n t h i s
r e g i o n , a s a t i s f a c t o r y deg ree o f r e s i s t a n c e t o downy m i l d e w : i t showed
l e s s t h a n 2% o f a t t a c k e d p l a n t s i n 1973 ; f r o m 7 up to 20% o f a t t a c k e d
p l a n t s i n 1974 ( b u t t h e v a r i e t y had been p o l l u t e d b y p o l l e n f r o m p e a s a n t
f i e l d s d u r i n g seed m u l t i p l i c a t i o n and symptoms were s l i g h t o r m o d e r a t e ) ,
g e n e r a l l y l e s s t h a n 8 % o f a t t a c k e d p l a n t s i n 1 9 7 5 , a l t h o u g h t h e r a i n f a l l
was more abundan t and more r e g u l a r t h a n d u r i n g t h e two p r e v i o u s y e a r s .
However , i t i s more s e r i o u s l y a t t a c k e d i n t h e s o u t h o f t h e S i n e Saloum
r e g i o n : up to 30% o f t h e p l a n t s a t t a c k e d i n 1973 and up to 67% in 1974
(same remark a s above) and i n o t h e r West A f r i c a n c o u n t r i e s : a l l p l a n t s
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were a t t a c k e d i n Upper V o l t a and N i g e r i a i n 1974 .

T i f t o n , w h i c h was used a s s u s c e p t i b l e check i s , a c c o r d i n g t o me,
a bad c h e c k , f o r i t i s t o o s u s c e p t i b l e . The f a c t t h a t chosen l i n e s d i d
n o t show any downy m i l dew symptom whereas T i f t o n rows nea rby were a t t a c k e d
on 100% o f t h e p l a n t s does n o t n e c e s s a r i l y mean t h a t t h e s e l i n e s were
r e s i s t a n t because t h e y m i g h t have escaped t h e i n f e c t i o n f o r d i f f e r e n t
r e a s o n s .

Thus , I wonder w h e t h e r t h e s e l e c t i v e p r e s s u r e was s u f f i c i e n t d u r i n g
t h e s e l a s t y e a r s a t Bambey ( r a i n f a l l was l o w e r t h a n a v e r a g e ) o r i f t h e
r e s i s t a n c e o b t a i n e d a t Bambey does n o t r i s k t o b reak down i n o t h e r l o c a -
t i o n s because t h e r e a r e p h y s i o l o g i c a l r a c e s o f t h e p a r a s i t e d i f f e r e n t
f r o m t h o s e p r e s e n t a t Bambey.

On t h e o t h e r h a n d , I ask m y s e l f w h e t h e r , when c o n d u c t i n g a very r i g i d
s e l e c t i o n f o r r e s i s t a n c e t o downy m i l d e w , one does n o t b reed i n v e r t i c a l
r e s i s t a n c e w i t h t h e r i s k t h a t t h i s r e s i s t a n c e may b reak down because o f
t h e appearance o f a r a c e a b l e t o b e a t t h i s r e s i s t a n c e . T h i s m i g h t b e a n
e x p l a n a t i o n f o r t h e c h a n g i n g b e h a v i o u r t owards downy m i l dew o f t h e I n d i a n
h y b r i d HB-3 w h i c h was f i r s t c o n s i d e r e d a s r e s i s t a n t and i s now s u s c e p t i b l e
a t many p l a c e s i n I n d i a .

I n f a c t , u n t i l now, I d o n o t know i f t h e s e l e c t i o n done a t Bambey has
l e d t o h o r i z o n t a l r e s i s t a n c e , v e r t i c a l r e s i s t a n c e o r even a c o m b i n a t i o n
o f b o t h , f o r o b s e r v a t i o n s I made can s u p p o r t a l l t h e s e h y p o t h e s i s .

I s h o u l d a l s o l i k e t o speak a b o u t a t y p e o f b e h a v i o u r w h i c h i s seen
o n some v a r i e t i e s , f o r i n s t a n c e o n "Souna" v a r i e t i e s i n S e n e g a l . These
c u l t i v a r s may show downy m i l dew symptoms on many p l a n t s , b u t t h e s e
symptoms g e n e r a l l y r ema in s l i g h t o r modera te so t h a t t h e y can g i v e a 
r a t h e r good y i e l d .

I s h a l l g i v e as an example a f i e l d a t Thysse-Kaymor ( S i n e - S a l o u m
R e g i o n ) , i n w h i c h , i n 1973 up t o 83% o f t h e p l a n t s were showing downy
mi ldew symptoms. D e s p i t e downy m i l d e w , a seve re l o d g i n g , smut and b i r d
a t t a c k s t h e y i e l d was 1415 k g per h e c t a r e . Note t h a t t h e b e s t y i e l d o f
t h i s v a r i e t y i n e x p e r i m e n t a l c o n d i t i o n s r a r e l y exceed 2500 k g / h a .

One l i n e i s o l a t e d f r o m a "Souna" c u l t i v a r was number 9 in t h e 1974
t r i a l s f o r t h e s t u d y o f p h y s i o l o g i c a l v a r i a b i l i t y o f downy m i l d e w ; t h e
r e s u l t s showed t h a t eve rywhere i n West A f r i c a t h i s l i n e was a t t a c k e d b y
downy m i l d e w , on a p r o p o r t i o n o f p l a n t s r a n g i n g f r o m 6 up to 100%, b u t
symptoms were g e n e r a l l y s l i g h t o r m o d e r a t e .

Such b e h a v i o u r may be an i n d i c a t i o n t h a t t h e v a r i e t y has some
h o r i z o n t a l r e s i s t a n c e , w h i c h c o u l d perhaps be improved and used . Every
t i m e I have asked p l a n t b r e e d e r s i f i t was p o s s i b l e t o use l i n e s showing
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s l i g h t symptoms f o r b r e e d i n g r e s i s t a n c e t o downy m i l d e w , t h e y answered
t h a t i t was v e r y d i f f i c u l t , f o r , i n t h e p r o g e n i e s , t h e y o b t a i n e d a h i g h
r a t e o f d i s e a s e d p l a n t s . I a m n o t su re t h a t t h i s i s n o t due t o t h e
d i f f i c u l t i e s e n c o u n t e r e d i n s c o r i n g t h e s e v e r i t y o f symptoms. T h i s i s t h e
reason why I ask once more t h e q u e s t i o n .

A SCALE FOR MEASURING DOWNY MILDEW SEVERITY

U n t i l l a s t y e a r , when I wanted t o e v a l u a t e t h e i n c i d e n c e o f downy
m i l d e w , I m e r e l y reckoned t h e p r o p o r t i o n o f p l a n t s showing downy m i l dew
symptoms w i t h o u t c a r i n g f o r t h e s e v e r i t y o f t h e s e symptoms.

I n 1974 , I a d v i s e d t h e persons who c o l l a b o r a t e d i n t h e t r i a l s f o r
t h e s t u d y o f t h e p h y s i o l o g i c a l v a r i a b i l i t y o f Sclerospora graminicola, 
t o s o r t t h e p l a n t s o f each l i n e i n t h e f o l l o w i n g c a t e g o r i e s :

0 : no downy m i l dew symptoms,
1 : s l i g h t symptoms: a few l e a v e s o r a x i l l a r y b ranches a t t a c k e d ,
2 : modera te symptoms: many l e a v e s a t t a c k e d ; a few v i r e s c e n t

e a r h e a d s ,
3 : seve re symptoms: p l a n t c o m p l e t e l y a t t a c k e d o r n e a r l y ; g r o w t h o f

t h e p l a n t p e r t u b a t e d ; many v i r e s c e n t earheads ( p r o v i d e d t h a t t h e
p l a n t c o u l d r e a c h t h e f l o w e r i n g s t a g e ) ; a l s o p l a n t k i l l e d .

T h i s y e a r , I have adop ted t h e f o l l o w i n g s c a l e : I s o r t t h e p l a n t s o f
each m i l l e t l i n e i n 8 c a t e g o r i e s :

0 : no downy m i l dew symptoms
1 : v e r y s l i g h t symptoms, d i f f i c u l t t o f i n d o u t : f o r i n s t a n c e a 

l i t t l e l a t e a x i l l a r y b ranch a t t a c k e d ,
2 : s l i g h t downy m i l dew symptoms, b u t e a s i e r to o b s e r v e : 2 or more

a x i l l a r y b ranches a t t a c k e d ,
3 : v e r y c o n s p i c u o u s downy m i ldew symptoms: b i g t i l l e r s ( i . e . : main

t i l l e r s and even a x i l l a r y t i l l e r s g row ing f r o m t h e base o f t h e
p l a n t ) a t t a c k e d , b u t t h e i r p r o p o r t i o n b e i n g s t r i c t l y l o w e r t h a n
1/4 o f t h e t o t a l number o f t h e s e t i l l e r s ,

4 : 1/4 > p r o p o r t i o n o f b i g t i l l e r s a t t a c k e d < 1/2
5 : 1/2 > p r o p o r t i o n o f b i g t i l l e r s a t t a c k e d < t o t a l i t y
6 : t o t a l i t y o f t h e p l a n t a t t a c k e d , b u t t h e p l a n t i s n o t dead
7 : p l a n t p r e m a t u r i l y k i l l e d by downy m i l d e w .

T h i s e v a l u a t i o n may b e done a f t e r f o r m a t i o n o f t h e g r a i n s , when t h e
f o l i a g e i s s t i l l g r e e n , s o t h a t t h e o b s e r v a t i o n o f downy m i l dew symptoms
i s s t i l l easy t o make.

A t t h i s s t a g e i t i s p r a c t i c a l l y i m p o s s i b l e t o d i s t i n g u i s h between
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p r i m a r y t i l l e r s a n d t h e f i r s t a x i l l a r y t i l l e r s . T h i s i s t h e r e a s o n w h y I 
u s e d s u c h i m p r e c i s e t e r m s a s " b i g " t i l l e r s a n d s m a l l a x i l l a r y t i l l e r s ( I 
mean s m a l l b r a n c h e s a p p e a r i n g l a t e o n n o d e s s i t u a t e d h i g h a b o v e t h e l e v e l
o f t h e g r o u n d ) . O f c o u r s e t h e r e a r e a l l s o r t s o f i n t e r m e d i a t e t i l l e r s
w h i c h a r e d i f f i c u l t t o c l a s s i f y . B u t , w h a t i s i m p o r t a n t i n t h e p r a c t i c e ,
i s t h e g e n e r a l i m p r e s s i o n r e c e i v e d b y t h e e y e s when t h e e v a l u a t i o n i s d o n e .
O n c a s e o f h e s i t a t i o n b e t w e e n t w o c l a s s e s , i t seems t o b e l o g i c a l t o
c l a s s i f y t h e p l a n t i n t h e u p p e r c l a s s .

T h e d i s t r i b u t i o n o f t h e p l a n t s o f a v a r i e t y i n t h e 8 c a t e g o r i e s
d e f i n e d a b o v e , a l l o w o n e t o h a v e a g o o d i d e a o f t h e s e v e r i t y o f d o w n y
m i l d e w i n a g i v e n p l a c e .

F r o m t h i s d i s t r i b u t i o n i t i s p o s s i b l e t o c a l c u l a t e a n i n d e x s u c h a s :

i = no x O + n l x a l + n2 x a2 + . . . + n7 x a7
N

w h e r e n o , n l . . . n 7 a r e t h e n u m b e r o f p l a n t s i n e a c h o f t h e c a t e g o r i e s
0 , 1 . . . 7 , N t h e t o t a l n u m b e r o f p l a n t s o f t h e v a r i e t y , a l , a 2 . . . 7 
c o e f f i c i e n t s f o r p o n d e r a t i o n . T h i s i n d e x w o u l d v a r y f r o m 0 ( n o s y m p t o m
a t a l l ) t o a 7 ( a l l p l a n t s k i l l e d ) a n d c o u l d c h a r a c t e r i z e t h e s e v e r i t y
o f d o w n y m i l d e w o n a v a r i e t y , t h u s a l s o t h e r e s i s t a n c e a b i l i t y o f t h i s
v a r i e t y i n a g i v e n p l a c e .

B u t f o r m y s e l f , I t h i n k t h e d i s t r i b u t i o n i t s e l f , w h i c h c a n b e r e p r e -
s e n t e d i n a t a b l e o r o n a g r a p h ( c a t e g o r i e s i n t h e a b s c i s s a , a n d n u m b e r o f
p l a n t s i n t h e o r d i n a t e ) i s much m o r e e l o q u e n t t h a n a n i n d e x , w h i c h i s a 
m e r e f i g u r e .

The a d v a n t a g e o f t h i s s c a l e i s t o g i v e a r a t h e r g o o d r e p r e s e n t a t i o n
o f t h e s e v e r i t y o f d o w n y m i l d e w o n a g i v e n v a r i e t y i n a g i v e n p l a c e , f o r
i t c a l l s i n b o t h t h e p r o p o r t i o n o f a t t a c k e d p l a n t s a n d t h e s e v e r i t y o f t h e
symp toms o n i n d i v i d u a l p l a n t s .

O f c o u r s e , t h e u p p e r c l a s s e s a r e u s e f u l o n l y f o r p l a n t p a t h o l o g i s t s .
O n t h e o t h e r h a n d , t h e l o w e r c l a s s e s ( 0 , 1 , 2 a n d e v e n 3 ) s h o u l d a l l o w
p l a n t b r e e d e r s t o make d i s t i n c t i o n s b e t w e e n c o m p l e t e l y r e s i s t a n t l i n e s
a n d l i n e s s h o w i n g s l i g h t s y m p t o m s w i t h l i t t l e o r n o e f f e c t o n t h e y i e l d .
T h i s l a s t t y p e o f v a r i e t y c o u l d b e i n t e r e s t i n g , b e c a u s e i t m i g h t h a v e a 
g o o d l e v e l o f t o l e r a n c e .

SOME ATTEMPTS TO CONTROL DOWNY MILDEW BY CHEMICAL MEA NS

I t i s o b v i o u s t h a t i n t h e p r e s e n t c o n t e x t c h e m i c a l c o n t r o l o f p e a r l
m i l l e t d o w n y m i l d e w c a n n o t b e t h o u g h t o f , e x c e p t p e r h a p s f o r s e e d t r e a t -
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m e n t s , f o r y i e l d s a r e t o o low f o r p r o f i t a b l e use o f c h e m i c a l s . However,
I made some t r i a l s o f f u n g i c i d a l t r e a t m e n t s a g a i n s t downy m i ldew f o r
d i f f e r e n t r e a s o n s :

- o u t o f mere c u r i o s i t y , t o know i f t h e r e were c h e m i c a l s a c t i v e
aga ins t Sclerospora graminicola; 

- to d e t e r m i n e a way o f b l o c k i n g o r e l i m i n a t i n g a phase o f t h e
p a r a s i t e l i f e c y c l e , f o r i n s t a n c e oospores c o n t a i n e d i n t h e s o i l , s o t h a t
t h e s t u d i e s o n t h e b i o l o g y o f t h i s fungus c o u l d b e e a s i e r ( see t h e c h a p t e r
o n seconda ry i n f e c t i o n s ) ;

- t o c o l l e c t f i g u r e s o n t h e a c t u a l l o s s e s due t o downy m i l d e w , f o r i t
i s v e r y d i f f i c u l t , i f n o t i m p o s s i b l e , t o e v a l u a t e them. I have a l r e a d y
g i v e n an example o f t h i s m i l l e t f i e l d showing downy m i ldew symptoms on 83%
o f t h e p l a n t s . D e s p i t e downy m i l d e w , smu t , a seve re l o d g i n g and b i r d
a t t a c k s t h e y i e l d was 1415 k g / h e c t a r e . What c o u l d t h e l o s s e s be due t o
downy mi ldew? I n such c a s e s , a n e f f i c i e n t t r e a t m e n t m i g h t b e h e l p f u l :

- t o g i v e s a t i s f a c t i o n t o a g r o n o m i s t s who want t o e l i m i n a t e d i s e a s e s
f r o m t h e i r e x p e r i m e n t a l p l o t s ( t r i a l s w i t h comp le te p r o t e c t i o n ) ;

- i n a h y p o t h e s i s i n w h i c h h i g h y i e l d i n g m i l l e t v a r i e t i e s c o u l d b e
o b t a i n e d b u t t h e s e v a r i e t i e s d o n o t have a s u f f i c i e n t l e v e l o f r e s i s t a n c e
t o downy m i l d e w , i t c o u l d t h e n b e perhaps u s e f u l t o use chemica l t r e a t m e n t s
t o o b t a i n b e t t e r y i e l d s .

Seed t r e a t m e n t

T h i s i s t h e f i r s t t y p e o f chemica l t r e a t m e n t t o t h i n k o f , f o r i t i s
t h e c h e a p e s t , t h e e a s i e s t t o use and t h e o n l y one t o b e ex tended i n t o
p e a s a n t f i e l d s .

I n 1 9 7 2 , I t r i e d t o use b e n o m y l , m e t h y l t h i o p h a n a t e , p a r a t o l u e n e s u l -
f onam ide and c a r b o f u r a n ; i n 1 9 7 3 , m e t h y l m e r c u r y d i c y a n d i a m i d e , c a p t a f o l ,
c h l o r o n e b , p a r a t o l u e n e s u l f onamide and c a r b o f u r a n ; i n 1 9 7 5 , p r o t h i o c a r b
c h l o r h y d r a t e . Among t h e s e c h e m i c a l s , some a r e e v i d e n t l y n o t " a n t i - d o w n y
m i l d e w " f u n g i c i d e s ( b e n o m y l , m e t h y l t h i o p h a n a t e , c a r b o f u r a n - t h i s l a s t one
i s a n i n s e c t i c i d e - ) ; b u t t h e o t h e r were s a i d t o b e e f f e c t i v e i n t h e con-
t r o l o f some m i l d e w s .

I n t h e s e t r i a l s , I have never seen t h e l e a s t e f f e c t i v e n e s s o f any
o f t h e s e c h e m i c a l s o n downy m i l dew i n c i d e n c e .

F o l i a r sprays

Among t h e f o u r c h e m i c a l s used a s w e e k l y f o l i a r s p r a y s i n 1972 :
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m e t h y l t h i o p h a n a t e , b e n l a t e , e d i p h e n p h o s a n d c o p p e r - o x y c h l o r i d e + maneb + 
z i n e b , o n l y t h e l a s t o n e seemed t o show some e f f e c t i v e n e s s a g a i n s t d o w n y
m i l d e w ; a n a v e r a g e o f t w i c e a s many s o u n d e a r h e a d s ( n o v i r e s c e n c e ) was
f o u n d o n t h e p l o t s s p r a y e d w i t h t h i s c o m p o u n d .

I n 1 9 7 3 , I made t r i a l s w i t h d i f f e r e n t c h e m i c a l s know t o b e e f f e c t i v e
a g a i n s t some m i l d e w s : m a n e b : 2 . 5 g / l i t e r ; z i n e b : 2 . 5 g / l i t e r ; c o p p e r
o x y c h l o r i d e + maneb + z i n e b : 5 g / l i t e r c o p p e r , 1 . 6 g / l m a n e b , 1 . 6 g / l
z i n e b ; c a p t a f o l : 1 . 6 g / l ; c h l o r o n e b : 3 . 1 g / l ; d i c h l o f l u a n i d : 3 g / l .

The s p r a y s w e r e d o n e a l m o s t o n c e a w e e k . A l l t h e s e c h e m i c a l s m o r e
o r l e s s d e l a y e d t h e p r o g r e s s o f t h e d i s e a s e ( T a b l e 3 ) . H o w e v e r e v e n t h e
p r o t e c t i o n g i v e n b y t h e m o s t e f f e c t i v e t r e a t m e n t seemed t o b e i n s u f f i c i e n t
o n t h e v a r i e t y I u s e d w h i c h was a v e r y s u s c e p t i b l e m i l l e t c u l t i v a r c o m i n g
f r o m M a u r i t a n i a , f o r , a t t h e e n d o f t h e g r o w i n g s e a s o n , a l m o s t a l l p l a n t s
showed s y m p t o m s .

T a b l e 3 : A v e r a g e p e r c e n t a g e s o f m i l l e t p l a n t s s h o w i n g downy m i l d e w
s y m p t o m s 4 3 d a y s and 6 0 d a y s a f t e r s o w i n g .

F u n g i c i d e 4 3 d a y s 6 0 d a y s

C a p t a f o l 6% 74%

D i c h l o f l u a n i d 12 75

C o p p e r + Maneb + z i n e b 15 75

Maneb 22 72

Z i n e b 34 81

C h l o r o n e b 50 80

N o n - t r e a t e d 64 82

I n 1 9 7 5 , I made 2 t r i a l s :

- a f a c t o r i a l t r i a l w i t h s e e d t r e a t m e n t a n d f o l i a r s p r a y s w i t h
p r o t h i o c a r b c h l o r h y d r a t e , a s e m i - s y s t e m i c c h e m i c a l s a i d t o b e a c t i v e a g a i n s t
some p e r o n o s p o r a l e s . T h i s t r i a l was c a r r i e d o u t a t Bambey o n t h e s u s -
c e p t i b l e v a r i e t y T i f t 239 D 2 B . A l l p l a n t s w e r e q u i c k l y k i l l e d b y downy
m i l d e w s o t h a t I was u n a b l e t o s e e t h e s m a l l e s t d i f f e r e n c e b e t w e e n t r e a t m e n t s

- a t r i a l w i t h c a p t a f o l a n d a m i x t u r e o f c o p p e r + maneb + z i n e b ,
s p r a y e d o n c e a w e e k , o n c e every t w o w e e k s , o n c e a m o n t h . T h i s e x p e r i m e n t
was c a r r i e d o u t a t N i o r o - d u - R i p , w h e r e d o w n y m i l d e w i n c i d e n c e i s r a t h e r
i m p o r t a n t , o n t h e d w a r f s y n t h e t i c v a r i e t y b r e d a t Bambey . R e s u l t s h a v e
n o t y e t b e e n a n a l y s e d .
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I t i s i n t e r e s t i n g t o n o t e t h a t some c l a s s i c a l " a n t i - d o w n y m i l d e w "
c h e m i c a l s show some a c t i v i t y a g a i n s t Sclerospora graminicola when used as
f o l i a r s p r a y s , even i f t h e p r o t e c t i o n i s i n s u f f i c i e n t . T h i s i s perhaps
due t o t h e f a c t t h a t t h e v a r i e t i e s used i n t h e s e t r i a l s were e x c e s s i v e l y
s u s c e p t i b l e to downy m i l d e w . These t r e a t m e n t s wou ld perhaps have been more
e f f e c t i v e o n m i l l e t v a r i e t i e s l e s s s u s c e p t i b l e t o downy m i l d e w . The t r i a l
c a r r i e d o u t t h i s y e a r o n t h e d w a r f s y n t h e t i c v a r i e t y w i l l perhaps show i f
i t i s p o s s i b l e t o g e t a b e t t e r y i e l d w i t h f u n g i c i d a l s p r a y i n g .

So i l t r ea tmen ts

These t r e a t m e n t s were o n l y i n t e n d e d t o e l i m i n a t e oospores b u r i e d i n
t h e s o i l , t h a t i s t o say t h e main sou rce o f p r i m a r y i n f e c t i o n . A s I a l r e a d y
e x p l a i n e d i n t h e c h a p t e r o n secondary i n f e c t i o n s , t h e t r e a t m e n t s were s o i l
d i s i n f e c t i o n w i t h s t e a m , methy l b romide and p r o t h i o c a r b c h l o r h y d r a t e . N o
c o n c l u s i v e r e s u l t s were o b t a i n e d , and i t was n o t p o s s i b l e t o f i n d o u t
w h e t h e r t h e s e t r e a t m e n t s were a c t u a l l y i n e f f e c t i v e a g a i n s t o o s p o r e s , o r i f
t h e p l a n t s sown i n t h e d i s i n f e c t e d p l o t s had been a t t a c k e d b y seconda ry
i n f e c t i o n s j u s t a f t e r emergence.

T h u s , t h i s s t u d y s h o u l d b e r e t a k e n a t a p e r i o d u n f a v o u r a b l e t o
seconda ry i n f e c t i o n , f o r i n s t a n c e a t t h e v e r y b e g i n n i n g o f t h e r a i n y
season .
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COMMENTS ON THE DOWNY MILDEW RESEARCH

R.A. F rede r i ksen

REGARDING THE PATHOGEN

I 'm k e e n l y concerned abou t t h e a p p a r e n t l a c k o f u n d e r s t a n d i n g o f t h e
r o l e o f s p o r a n g i a o n d i s e a s e spread and d e v e l o p m e n t . I t i s p o s s i b l e t h a t
l a t e s y s t e m i c i n f e c t i o n s a r e caused b y s p o r a n g i a l i nocu lum? I f s o , under
wha t c o n d i t i o n s , a t what s t ages o f g r o w t h , and does t h i s c o n s t i t u t e a 
d i f f e r e n t s o r t o f h o s t - p a r a s i t e i n t e r a c t i o n f r o m t h o s e i n f e c t i o n s f r o m
oospores?

We have e v i d e n c e f o r r a c e s of Sclerospora graminicola f r o m A f r i c a ,
c o n s e q u e n t l y , any b r e e d i n g f o r r e s i s t a n c e scheme t h a t i s d i r e c t e d t owards
n o n - s p e c i f i c r e s i s t a n c e , must u t i l i z e e i t h e r t h e i n o c u l u m o r e n v i r o n m e n t
o r b o t h f r o m West A f r i c a i n t h e Improvement P l a n .

Based on my o b s e r v a t i o n s in A f r i c a some r e s i s t a n c e to downy m i l dew
i s a v a i l a b l e . C e r t a i n l y some l i n e s a r e much more s u s c e p t i b l e t h a n o t h e r s .
O b v i o u s l y , a n expanded u n i f o r m downy m i l dew n u r s e r y f o r p e a r l m i l l e t i s
needed i n c o n j u n c t i o n w i t h a b r e e d i n g p rog ram. These l i n e s s h o u l d be
e v a l u a t e d i n t h e c o o p e r a t i n g c o u n t r i e s and b y d i f f e r e n t me thods . I t seems
t o m e t h a t c e r t a i n p r i o r i t i e s f o r downy mi ldew r e s e a r c h must b e a d o p t e d .
These i n c l u d e i n o c u l a t i o n t e c h n i q u e s t h a t compare i n f e c t i o n b y a v a r i e t y
o f t e c h n i q u e s and i n a v a r i e t y o f e n v i r o n m e n t s . A l s o , s h o u l d a c h a r a c t e r i -
s t i c a l l y r e s i s t a n t l i n e b e i d e n t i f i e d , t hen i t and i t s h y b r i d p rogeny w i t h
r e s i s t a n c e needs t o b e a c c u r a t e l y i d e n t i f i e d i n subsequen t g e n e r a t i o n s .
Any t e c h n i q u e a c c o m p l i s h i n g t h i s w i l l b e a c c e p t a b l e .

INOCULATION TECHNIQUES

Our i n o c u l a t i o n t e c h n i q u e , deve loped b y D r . C r a i g , w h i c h u t i l i z e s
n a t u r a l l y d e p o s i t e d c o n i d i a may b e o f some v a l u e . ( J . C r a i g ( 1 9 7 6 ) . A n
i n o c u l a t i o n t e c h n i q u e f o r i d e n t i f y i n g r e s i s t a n c e t o sorghum downy m i l d e w .
P l a n t D i s . Rep t r 6 0 , 3 5 0 - 3 5 2 ) .





THE DOWNY MILDEW DISEASE OF PEARL MILLET

B . L . R e n f r o

INTRODUCTION

T h e s e n o t e s a r e i n r e s p o n s e t o t h e r e v i e w p r e p a r e d f o r t h i s p u r p o s e
b y D r s . Y . L . Nene a n d S . D . S i n g h , r e v i e w t i t l e d "Downy M i l d e w and E r g o t
o f P e a r l M i l l e t " , d a t e d J u n e 1 9 7 5 . T h e i r r e v i e w i n c l u d e s t r e a t m e n t o f
t h e " Q u e s t i o n s f o r t h e C o n s u l t a n t s ' G r o u p D i s c u s s i o n s " c i r c u l a t e d e a r l i e r
b y ICRISAT D i r e c t o r R.W. Cummings . I f o u n d i t c o n v e n i e n t t o r e s p o n d t o
t h e r e v i e w , w i t h i t s f i n e f o r m a t , i n d i s c u s s i o n o f t h e q u e s t i o n s p o s e d
a n d t h u s t h e s e n o t e s f o l l o w t h e N e n e - S i n g h r e v i e w c o m p l e t e w i t h t h e same
number a n d l e t t e r h e a d i n g s .

DOWNY MILDEW

G e n e r a l

G e o g r a p h i c d i s t r i b u t i o n ( Q u e s t i o n 1 ) .

Nene and S i n g h l i s t r e p o r t s o f t h e p a t h o g e n f r o m o n l y f i v e A s i a n ( t w o
d e v e l o p i n g p l u s C h i n a ) , f o u r E a s t A f r i c a n , t h r e e Wes t A f r i c a n a n d n o L a t i n
A m e r i c a n c o u n t r i e s . U n d o u b t e d l y t h e p a t h o g e n o c c u r s more w i d e l y t h a n t h i s
a n d p a r t i c u l a r l y o n p e a r l m i l l e t i n A s i a and A f r i c a . T o a u g m e n t t h e e x -
c h a n g e o f g e r m p l a s m t h e g e o g r a p h i c d i s t r i b u t i o n n e e d s t o b e e s t a b l i s h e d .
I w o u l d s u s p e c t t h e d i s e a s e i s p r e s e n t i n P a k i s t a n and N e p a l o f S o u t h A s i a ,
a n d i n C h a d , K e n y a , M a l i , N i g e r , S e n e g a l , Sudan and Uganda o f A f r i c a a l l
o f w h i c h d e v o t e s u b s t a n t i a l a r e a s t o m i l l e t c u l t i v a t i o n . E f f o r t s s h o u l d
b e made t o e x c l u d e t h e d i s e a s e a s l o n g a s p o s s i b l e f r o m a r e a s w h e r e i t
d o e s n o t o c c u r .

L o s s e s ( Q u e s t i o n 1 8 ) .

I t w o u l d b e d e s i r a b l e t o h a v e good e s t i m a t e s o f l o s s m a d e ; b u t i t
s h o u l d n o t b e a p r i m a r y o b j e c t i v e i n a N a t i o n a l P r o g r a m and e s p e c i a l l y
n o t a m a i n ICR ISAT o b j e c t i v e . Downy m i l d e w i s o b v i o u s l y a d i s e a s e o f m a j o r
i m p o r t a n c e a n d t h e r e a r e t o o many o t h e r i m p o r t a n t p r o b l e m a r e a s n e e d i n g
r e s e a r c h . I n f o r m a t i o n c o l l e c t e d d u r i n g s u r v e y s a n d o t h e r t r a v e l s u p p l e -
m e n t e d b y s t u d e n t t h e s i s s t u d i e s and l a b o r a t o r i e s w o r k i n g i n d i v i d u a l l y
s h o u l d s u f f i c e . M e t h o d s f o r e s t i m a t i n g l o s s s h o u l d b e r e l a t i v e l y e a s y t o
e s t a b l i s h d u e t o t h e s y s t e m i c t o p a r t i a l s y s t e m i c n a t u r e o f t h e d i s e a s e .



Pathogen

Taxonomy (Question 2 ) .

I do not know of anyone ques t ion ing the taxonomic p o s i t i o n or present
name of Sclerospora graminicola. As regards the " s i m i l a r i t y in morphology"
of o ther species of Sclerospora, there are two broad groups based on c o n i -
d i a ; one group having nea r l y round con id ia of a w id th x l eng th being about
1 :1 .5 , and the o ther e l l i p t i c a l having a r a t i o of more than 2 .5 :1 and
usua l l y 3 or 4 : 1 . However, i t need not i nvo l ve t h i s group as 5. gramini-
-ola i s q u i t e d i s t i n c t .

The greater use of oospore morphology in c l a s s i f i c a t i o n may not have
complete agreement of taxonomis ts . In August 1974 l e t t e r to me C.G. Shaw
wrote the f o l l o w i n g ( I hope h e w i l l no t o b j e c t t o r a y shar ing i t w i t h y o u ) :
"The quest ion on p e r f e c t versus imper fec t stages as a basis f o r taxonomy
could be discussed f o r many hours. Perhaps I can best s t a t e the case by
say ing , (1) you have to use the s t r u c t u r e s t h a t show the s i g n i f i c a n t chara-
c t e r s ; (2) in the Pythium, Phytophthora, Sclerophthora, Sclerospora, 
Peronosclerospora se r ies (Peronosporales) as we l l as in the Sapro legn ia les
and even the Mucorales and o ther se r ies in the Phycomycetes the major
evo lu t i ona ry t rends are apparent in almost every group in the asexual s t a t e s .

The p e r f e c t stages are s imply r e s t i n g spores - zygospores or oospores,
and show l i t t l e or almost no v a r i a t i o n . I t was f o r t h i s reason t h a t the
Botanica l Code was changed (a t my suggest ion) so t h a t A r t i c l e 59, which
deals w i t h the c o r r e c t names f o r fung i w i t h pleomorphic l i f e c y c l e s , NOT
apply to the Phycomycetes."

I would not l i k e to see species formed s o l e l y on the bas is of i n f o r -
mation f rom e i t h e r the e l e c t r o n microscope or se ro logy . I t would be b e t t e r
to r e t a i n the present system w i t h the i n e v i t a b l e " lumping and s p l i t t i n g "
than to r e s o r t to labourous , t e d i o u s , expens ive, t ime consuming systems
t h a t might even have less re levance; e . g . , charac ters based on s i n g l e genes.
The e l e c t r o n microscope and serology should be used to study r e l a t i o n s h i p s
and to con f i rm the standard system, b u t , again I would l ike to have n e i t h e r
used as the pr imary c r i t e r i o n .

Reproduction

Asexual (Question 1 4 ) . -  The i n f l uence of temperature , mo i s t u re , l i g h t
and t h e i r i n t e r - r e l a t i o n s h i p s need to be r e s t u d i e d . Temperature and mois-
tu re have profound e f f e c t s . Most l i k e l y f r e e water i s requ i red f o r spo-
rang ia l p roduc t ion and ge rm ina t i on . The temperature optima may vary
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w i t h i n t h e s p e c i e s , e s p e c i a l l y v a r y i n g between coo l t e m p e r a t e and warm
t r o p i c a l a reas - t h e h o s t s p e c i e s v a r i e s and t h e downy m i ldew pa thogen
may a l s o v a r y .

The e f f e c t o f l i g h t o n s p o r a n g i a l f o r m a t i o n s h o u l d b e c a r e f u l l y
i n v e s t i g a t e d . For t h e o t h e r Sclerospora s p e c i e s , w h i c h p roduce c o n i d i a ,
spo res a r e p roduced o n l y a t n i g h t o r under low l i g h t i n t e n s i t i e s (500
f t / c and l e s s ) ; b u t , t h e Sclerophthora rayssiae v a r . zeae p roduces
s p o r a n g i a under b o t h d a r k and l i g h t c o n d i t i o n s . I n ou r work i n T h a i l a n d
w i t h Sorghum DM of maize and T. K a j i w a r a w i t h Java DM of maize in
I n d o n e s i a , w e f i n d t h a t a 3-5 hour l i g h t ( P h o t o s y n t h e t i c ) p e r i o d i s
r e q u i r e d , a p p a r e n t l y b y t h e h o s t t o f o r m p h o t o s y n t h a t e , t o p roduce a c r o p
o f spo res i f a " f u l l c r o p " was p roduced t h e p r e v i o u s n i g h t .

L i g h t has been f o u n d to have o n l y sma l l t o no i n f l u e n c e on c o n i d i a l
g e r m i n a t i o n . We e x p e r i e n c e poor g e r m i n a t i o n o f c o n i d i a under low oxygen
c o n d i t i o n s , such as p l a c e d i n w a t e r i n a d e p r e s s i o n s l i d e w i t h a c o v e r
s l i p o r i n w a t e r i n f l a s k s . W i t h Phytophtora s p e c i e s , c h i l l i n g o f t e n
has tens s p o r a n g i a l g e r m i n a t i o n and may have a l i k e i n f l u e n c e on S.
graminicola. We have a l s o f o u n d t h a t w h i l e a 71 /2 -8 hour d a r k p e r i o d is
r e q u i r e d f o r S . sorghi t o p roduce c o n i d i a , f r e e w a t e r o n l e a f s u r f a c e s i s
n o t r e q u i r e d d u r i n g t he f i r s t a p p r o x i m a t e l y 3 hours b u t i s c r i t i c a l f o r
t h e r e m a i n d e r - t h e s p o r u l a t i o n p rocess i s s lowed i f dew fo rms l a t e ( o r
r a i n o c c u r s ) and s p o r u l a t i o n does n o t o c c u r d u r i n g n i g h t s o f heavy r a i n -
f a l l .

Seed-borne na tu re (Quest ion 4 ) .

Based on u n - p u b l i s h e d work w i t h abou t 100 seed samples a t I . A . R . I .
a b o u t 12 y e a r s ago w i t h Dr . L .M. J o s h i , I b e l i e v e t h e d i s e a s e i s b o t h
e x t e r n a l l y and i n t e r n a l l y s e e d - b o r n e . T h e r e f o r e , I agree w i t h t h e
p u b l i s h e d f i n d i n g s o f Sundaram and S ingh t h a t i t i s i n t e r n a l l y s e e d - b o r n e .
The r e l a t i o n s h i p o f seed m o i s t u r e t o m y c e l i a l v i a b i l i t y needs t o b e s t u d i e d
a s most o f t h e n e g a t i v e r e p o r t s were p r o b a b l y t e s t s made w i t h d r y s e e d .
A p p a r e n t l y t h e r e i s agreement t h a t oospores a r e c a r r i e d o n seed s u r f a c e s
and i n and on d e b r i s mixed w i t h seed .

Oospores

P r o d u c t i o n under d i f f e r e n t e n v i r o n m e n t s . - I d o u b t t h a t t h e o b s e r v a t -
i o n made b y Suryanarayana p roves t h e p o i n t sugges ted f o r i t . Ve ry l i k e l y
t h e r e were s e v e r a l o t h e r more i m p o r t a n t v a r i a b l e s p r e s e n t t han t h e p a r t i -
c u l a r g e o g r a p h i c a rea o f c o l l e c t i o n . A l s o , t h e p e r c e n t g e r m i n a t i o n i s a 
s e p a r a t e i s s u e and even t h e n t h e f i g u r e s quo ted may f a l l w i t h i n t h e r ange
o f v a r i a t i o n .
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Secondary spread through sporang ia /zoospores (Quest ion 5 ) .

T h i s s u b j e c t needs t h o r o u g h s t u d y . I f s p o r a n g i a a re " p r o d u c e d i n
M i l l i o n s " and I concu r t h a t t h e y a r e , t hen t h e y s h o u l d b e i m p o r t a n t i n
seconda ry sp read a s t h e y cause i n f e c t i o n under c o n t r o l l e d c o n d i t i o n s .
I have assumed t h a t i n f e c t i o n o f shoo t s a r i s i n g f r o m a x i l l a r y buds was f r o m
s p o r a n g i a / z o o s p o r e s i n o c u l a , a s w e l l a s s y s t e m i c i n f e c t i o n o f many o f t h e
young p l a n t s where t h e f i r s t few l e a v e s show no symptoms.

A r t i f i c i a l c u l t u r e (Quest ion 8 ) .

Good work in J a i p u r and Mysore has been done on t h i s i m p o r t a n t a s p e c t
and i t needs to be c o n t i n u e d . A s i m p l e method needs to be de v e l o p e d where
p a t h o g e n i c i t y i s n o t a l t e r e d and c u l t u r e s can b e m a i n t a i n e d f o r a t l e a s t
6 months and p r e f e r a b l y f o r a y e a r o r l o n g e r . Q u i t e l i k e l y o t h e r methods
o f s t o r i n g o r m a i n t a i n i n g v e g e t a t i v e o r asexua l spo res w i l l b e deve loped
e a r l i e r ; e . g . c r y o g e n i c s t o r a g e a s Dr . S c h m i t t has r e c e n t l y r e p o r t e d i n
t h e J u l y 1975 i s s u e o f P h y t o p a t h o l o g y .

Host range

T h i s i s o f o b v i o u s i m p o r t a n c e , b u t n o f u r t h e r comment i s needed .

Host

Screening procedures (Quest ion 9 ) .

The q u e s t i o n posed i s " a r e ou r r e s i s t a n t s c r e e n i n g p r o c e d u r e s s a t i s -
f a c t o r y " . The r e v i e w i n d i c a t e s t h a t t h e y a r e n o t and t h a t agrees w i t h
my p e r s o n a l o p i n i o n . Methods o f c r e a t i n g e p i d e m i c s w i l l need t o be deve-
l o p e d f o r b o t h f i e l d and l a b o r a t o r y w o r k . Very l i k e l y t h e use o f oospo res
a s t h e s o l e s o u r c e o f i n o c u l u m w i l l c o n t i n u e t o y i e l d u n r e l i a b l e r e s u l t s -
good i n f e c t i o n one t i m e b u t n o t a n e x t and b e i n g p a t c h y i n t h e f i e l d and
among s o i l c o n t a i n e r s i n t h e l a b o r a t o r y . T h u s , a s s t a t e d a t e c h n i q u e
u s i n g asexua l spo res i s needed t o p r o v i d e g r e a t e r r e l i a b i l i t y .

I b e l i e v e i t w o u l d b e d e s i r a b l e t o d e v e l o p a s c r e e n i n g p r o c e d u r e
i n t h e f i e l d whereby a s i c k p l o t ( o o s p o r e s ) i s used and s u s c e p t i b l e
d i s e a s e d - s p r e a d e r p l a n t s a re p l a n t e d 6 -10 days ahead o f t h e e x p e r i m e n t a l
( t e s t ) m a t e r i a l s . I f l ow o r n o n - u n i f o r m i n f e c t i o n o c c u r s among t h e
s p r e a d e r p l a n t s t h e y can b e i n o c u l a t e d two o r more t i m e s w i t h s p o r a n g i a .
The s p r e a d e r p l a n t s , p l u s t e s t p l a n t s i n f e c t e d f r o m s o i l bo rne ( o o s p o r e )
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i n o c u l u m s h o u l d p r o v i d e adequate asexua l i n o c u l u m t o t h e t e s t m a t e r i a l s .
However , t h i s p r o c e d u r e wou ld n o t a l l o w one t o r e g u l a t e t h e quantum o f
i n o c u l u m a p p l i e d w h i c h , depend ing o n h e r i t a b i l i t y , can b e v e r y i m p o r t a n t
i n s c r e e n i n g e a r l y g e n e r a t i o n m i l l e t m a t e r i a l s . I f one has t o a c c u m u l a t e /
c o n c e n t r a t e genes f o r r e s i s t a n c e b y r e c u r r e n t s e l e c t i o n t h e i n o c u l u m
p o t e n t i a l i s i m p o r t a n t .

Measur ing s c a l e (Quest ion 1 0 ) .

I ag ree w i t h t h e r e v i e w . P r o b a b l y p l a n t s w i t h l o c a l i n f e c t i o n can
b e c o n s i d e r e d r e s i s t a n t and t h o s e w i t h s y s t e m i c o r p a r t i a l s y s t e m i c
i n f e c t i o n c o n s i d e r e d s u s c e p t i b l e . These a r e c o n v e n i e n t , easy t o use
c l a s s e s . The p a r t i a l - s y s t e m i c a l l y i n f e c t e d p l a n t s dese rves s t u d y and a 
change may i ndeed need to be made in t h e p r e s e n t sys tem to r e f l e c t any
t r u e g e n e t i c d i f f e r e n c e s .

Sources o f r e s i s t a n c e (Quest ion 1 1 ) .

A s y s t e m i c app roach f o r l o c a t i n g r e s i s t a n c e i s needed. A l s o , a 
p rog ram i s needed t o t r y t o b u i l d a s much r e s i s t a n c e a s p o s s i b l e i n t o
i n b r e d l i n e s and v a r i e t i e s and t o d e t e r m i n e i f t h e genes c o n t r o l l i n g
r e s i s t a n c e among v a r i o u s c u l t i v a r s a r e t h e same o r d i f f e r e n t . ICRISAT
has a c o l l e c t i o n o f t h e w o r l d ' s germplasm o f Pea r l M i l l e t . T h i s and t h e
m a t e r i a l i n t h e b r e e d i n g p r o g r a m , and p o s s i b l y i n N a t i o n a l b r e e d i n g
p r o g r a m s , a r e l o g i c a l s t a r t i n g p o i n t s .

I n h e r i t a n c e o f r e s i s t a n c e (Quest ion 1 2 ) .

T h i s needs t o b e d e t e r m i n e d b y e x a m i n i n g s e v e r a l sou rces o f r e s i s -
t a n c e . ICRISAT c o u l d s e l e c t l i n e s based o n d a t a f r o m s e v e r a l l a b o r a t o r i e s
o f t h e w o r l d , d e v e l o p t h e a p p r o p r i a t e m a t e r i a l s f o r a g e n e t i c s t u d y o f
r e s i s t a n c e and t h e n s u p p l y i t t o c e r t a i n key c e n t r e s f o r c o m p a r a t i v e
r e s u l t s .

Environment and Agronomy

Time o f p l a n t i n g , r o t a t i o n and f e r t i l i z e r e f f e c t s (Quest i on 1 5 ) .

A s t h e r e v i e w s t a t e s t h e s e s h o u l d b e s t u d i e d . I f f o u n d s u f f i c i e n t l y
e f f e c t i v e and p r a c t i c a l , t h e m a n i p u l a t i o n o f t h e s e and any o t h e r c u l t u r a l
p r a c t i c e s can augment g e n e t i c r e s i s t a n c e f o r p r o v i d i n g c o n t r o l . I t s h o u l d
b e remembered t h a t s e v e r a l c u l t u r a l p r o c e d u r e s a r e d i f f i c u l t t o p r a c t i c e ;
e . g . deep p l o w i n g w i t h a d e s i p l o w , o r , d a t e o f p l a n t i n g where r a i n s
i n t e r r u p t o r r e - p l a n t i n g i s r e q u i r e d ; o r r o t a t i o n i n a re a s where p e a r l
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m i l l e t i s t h e main c r o p and few o t h e r c r o p s can b e grown w e l l ; o r , t h e
recommendat ion o f f e r t i l i z e r o r o t h e r c h e m i c a l s i n h i g h - r i s k , l ow r a i n -
f a l l , l ow y i e l d a r e a s .

A n o t h e r p o s s i b l e e f f e c t i v e c u l t u r a l p r a c t i c e i s t o e i t h e r recommend
h e a v i e r s e e d i n g r a t e s o f downy m i l dew r e s i s t a n t (DMR) v a r i e t i e s o r
d e v e l o p good t i l l e r i n g DMR v a r i e t i e s t o compensate f o r a modera te l e v e l
o f D M i n f e c t i o n . Seed ing r a t e s f o r a p a r t i c u l a r a rea w o u l d v a r y w i t h
t h e e x p e c t e d l e v e l o f i n f e c t i o n . I f i n f e c t i o n f e l l be low t h e e x p e c t e d
p l a n t s can b e t h i n n e d b e f o r e t h e y become c o m p e t i t i v e w i t h n e i g h b o u r i n g
p l a n t s .

Chemical Cont ro l (Ques t ion 1 9 ) .

U n d o u b t e d l y t h e d i s e a s e w i l l have t o b e m a i n l y c o n t r o l l e d f o r t h e
n e x t decade o r more b y r e s i s t a n t v a r i e t i e s , p r o v i d e d s u i t a b l e ones a r e
now a v a i l a b l e o r a r e d e v e l o p e d . P r e s e n t c h e m i c a l s a r e n e i t h e r e f f e c t i v e
enough no r economic to use on p e a r l m i l l e t . What w o u l d be u s e f u l i s a 
seed a p p l i e d s y s t e m i c compound t h a t wou ld p r o v i d e p r o t e c t i o n f o r 4 weeks
and l o n g e r ; o r a l t e r n a t e l y , a seed a p p l i e d c h e m i c a l t h a t wo u l d a t l e a s t
p r o t e c t a g a i n s t s o i l - and e x t e r n a l l y s e e d - b o r n e i n f e c t i o n .

I n t e r n a t i o n a l E f f o r t (Quest ion 1 6 - 1 7 ) .

P r i o r i t i e s need t o b e e s t a b l i s h e d and m e t . I f adequa te r e s i s t a n c e
i s a v a i l a b l e i n t h e b e t t e r ag ronomic t y p e s t hen c a t a l o g u i n g t h e words
germplasm has seconda ry p r i o r i t y . I f adequa te r e s i s t a n c e i s n o t a v a i l a b l e
i n t h e s e t y p e s t h e n t h e c o l l e c t i o n s h o u l d b e e v a l u a t e d w i t h o u t d e l a y . I n
e i t h e r case i t s h o u l d b e e v a l u a t e d and d e c i s i o n s w i l l have t o b e made o n
how many p l a n t s r e p r e s e n t an adequa te sample and wha t to do w i t h t h e
s u r v i v i n g p l a n t s . Mere c a t a l o g u i n g i s u s e f u l i n f o r m a t i o n , b u t s u r v i v i n g
p l a n t s can b e m a i n t a i n e d t o b e g i n f o r m a t i o n o f r e s i s t a n t v a r i e t i e s and
p o o l i n g done among l i k e m a t e r i a l s t o f o r m DMR c o m p o s i t e v a r i e t i e s .

I s u g g e s t t h a t ICRISAT i n i t i a t e an I n t e r n a t i o n a l Pea r l M i l l e t DM
N u r s e r y f o r t h e p r i m a r y pu rpose o f s t u d y i n g v i r u l e n c e p a t t e r n s o f t h e
pa thogen a n d , o v e r t i m e , m o n i t o r i n g any changes . One ma jo r h a n d i c a p i n
c o n d u c t i n g an I n t e r n a t i o n a l DM N u r s e r y however i s t h e p r e s e n t r e l i a n c e on
oospo res a s t h e s o u r c e o f i n o c u l u m . Perhaps t h i s v a r i a b l e can b e reduced
b y ( 1 ) p l a n t i n g i n s o i l - s i c k n u r s e r i e s and r a t o o n i n g a s r e g r o w t h s h o u l d
have a h i g h e r p e r c e n t o f i n f e c t i o n ; ( 2 ) use o f i n b r e d l i n e s as much as
p o s s i b l e t o r educe h o s t h e t e r o g e n i t y ; ( 3 ) use o f 6 - 8 r e p l i c a t e s i n s t e a d
o f 3-4 a n d , ( 4 ) a l l s t a t i o n s f o l l o w i n g a p r e s c r i b e d m e t h o d o l o g y .

The c r i t e r i a f o r m u l t i - l o c a t i o n D M t e s t i n g i s ( 1 ) t o a v o i d o v e r -
l o a d i n g t h e s t a f f o f a p a r t i c u l a r s t a t i o n , ( 2 ) t o b e s u r e t h a t compe ten t
s t a f f and adequa te f a c i l i t i e s and f u n d s a r e p r e s e n t t o d o t h e j o b ,
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( 3 ) t h a t c l e a r - c u t i n s t r u c t i o n s , f o r m s , o b j e c t i v e s , e t c . accompany t h e
s e e d , ( 4 ) t h a t t h e seed a r r i v e s o n l o c a t i o n i n t i m e , i n good c o n d i t i o n
and c l e a r l y l a b e l l e d , ( 5 ) t h a t t h e r e c i p i e n t s s h i p p i n g and q u a r a n t i n e
i n s t r u c t i o n s a r e s t r i c t l y adhered t o , ( 6 ) t h a t pe r sona l v i s i t s a re made
i f p o s s i b l e ; ( 7 ) t h a t you g e t t h e d a t a back o n t i m e , have i t summarized
r a p i d l y and r e - d i s t r i b u t e i t t o t h e c o o p e r a t o r s ; a n d , (8 ) t o b e s u r e
t h e reasons f o r t h e c o o p e r a t i v e t e s t were i m p o r t a n t i n t he f i r s t p l a c e .
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DOWNY MILDEW OF PEARL MILLET

K.M. S a f e e u l l a

INTRODUCTION

Downy m i l dew caused by Sclerospora graminicola ( S a c c . ) S c h r o e t ,
c o n s t i t u t e s a m a j o r t h r e a t o f p e a r l m i l l e t ( B a j r a ) c r o p w h e r e v e r i t i s
c u l t i v a t e d . Recent deve lopmen ts i n t h e improvement o f p e a r l m i l l e t
c u l m i n a t i n g i n t h e r e l e a s e o f many h i g h y i e l d i n g h y b r i d s have immense
s i g n i f i c a n c e t o p r o d u c t i o n programs o f p r e s e n t a s w e l l a s f u t u r e y e a r s .
The e f f o r t s o f p l a n t b r e e d e r s t o s e l e c t h i g h y i e l d i n g v a r i e t i e s have a 
d e p r e s s i n g e f f e c t o n g e n e t i c d i v e r s i t y . Wide d i s t r i b u t i o n and h i g h
c o n c e n t r a t i o n o f g e n e t i c u n i f o r m i t y have i n c r e a s e d t h e r i s k o f downy
m i l d e w . W i t h t h e r e l e a s e o f h i g h y i e l d i n g v a r i e t i e s , t h e d i s e a s e has
a t t r a c t e d much more a t t e n t i o n than b e f o r e a s e p i d e m i c s i t u a t i o n i s
r e p o r t e d i n many a r e a s . Losses f r o m t h e d i s e a s e a r e g r e a t e r now t h a n
f i v e y e a r s ago . The e x c l u s i v e use o f T i f t 23-A i n most o f t h e h y b r i d s
has g i v e n r i s e to a degree o f u n i f o r m i t y wh i ch has made s e v e r a l e p i d e m i c s
o f d i s e a s e i n many p a r t s o f I n d i a . E x t e n s i v e c u l t i v a t i o n o f h i g h
y i e l d i n g v a r i e t i e s has l e d u s t o t h e p o i n t where e f f e c t i v e p l a n t p r o t e c -
t i o n has become t h e most i m p o r t a n t p r e r e q u i s i t e f o r f u r t h e r c u l t i v a t i o n
o f t h e c r o p . A s f a r a s o u r n a t i o n a l p rog ram i s c o n c e r n e d , c o n s i d e r i n g
t h e e x t e n t o f downy m i ldew p r o b l e m , i t wou ld b e f u t i l e t o work w i t h
m a t e r i a l s w i t h o u t f i r s t i n c o r p o r a t i n g a v e r y d u r a b l e r e s i s t a n c e . I n
o r d e r t o meet t h e c h a l l e n g e o f downy m i l d e w , w e must i n i t i a t e and i m p l e -
ment e f f e c t i v e p r o g r a m s . The d e s t r u c t i o n p o t e n t i a l o f t h e pa thogen
i n v o l v e d must b e a n t i c i p a t e d , s t u d i e d , and c o n t r o l l e d .

C o n s i d e r i n g t h e i m p o r t a n c e o f downy m i l d e w , I s u b m i t t e d a p r o p o s a l
t o t h e I n d i a n C o u n c i l o f A g r i c u l t u r a l Research a b o u t two y e a r s a g o ,
r e q u e s t i n g f o r a m e e t i n g o f e x p e r t s t o t a k e s t o c k o f t h e who le s i t u a t i o n ,
d i s c u s s i m p o r t a n t a s p e c t s o f t h i s d i s e a s e and p r e p a r e g u i d e l i n e s f o r
f u t u r e w o r k . L o c a t e d in a remote p l a c e as I am, I d i d n o t have a 
s u f f i c i e n t l y l o u d v o i c e t o c o n v i n c e some o f m y f r i e n d s abou t t h e u rgency
o f such a m e e t i n g a l t h o u g h Dr . M.S. Swamina than , D i r e c t o r Genera l o f t h e
I . C . A . R . a g r e e d f o r a g roup d i s c u s s i o n o f t h i s t y p e . I commend t h e
e f f o r t s o f s c i e n t i s t s and a d m i n i s t r a t o r s a t ICRISAT who embarked upon t h i s
p r o j e c t and succeeded i n a s s e m b l i n g some o f t h e most e x p e r i e n c e d w o r k e r s
i n t h e f i e l d o f downy m i l dew t o d i s c u s s o n t h e v a r i o u s a s p e c t s o f t h i s
d r e a d f u l d i s e a s e . T h i s wou ld go a l o n g way to adop t an e f f e c t i v e s t r a t e g y
f o r c o n t r o l l i n g t h e downy m i l d e w o f p e a r l m i l l e t .

Nene and S ingh (1975 ) have c r i t i c a l l y r e v i e w e d most o f t h e a v a i l a b l e
i n f o r m a t i o n o n t h e downy m i l dew o f p e a r l m i l l e t and have i d e n t i f i e d a r e a s



w h i c h need d i s c u s s i o n s a t t h i s C o n s u l t a n t s ' Group M e e t i n g . I n t h i s p a p e r ,
I w i s h to b r i n g i n t o f o c u s some o f t h e more i m p o r t a n t a reas o f downy
mi l dew r e s e a r c h based on t h e o r i g i n a l r e s e a r c h conduc ted i n my l a b o r a t o r y
p a r t i c u l a r l y d u r i n g t h e p a s t 6 y e a r s , w i t h t h e f i n a n c i a l a s s i s t a n c e o f
t h e A g r i c u l t u r a l Research S e r v i c e , U . S . A . , under t h e PL-480 p rog ram.

LOSSES

The e s t i m a t e s o f t h e v a l u e o f l o s s e s due to m i ldew can be measured
i n t h e l i v e s o f m i l l i o n s who depend upon p e a r l m i l l e t . T h e r e f o r e , downy
mi ldew s h o u l d b e t aken cogn i zance o f and s t u d i e d t o i n c r e a s e and s t a b i l i s e
p r o d u c t i o n i n t h i s c r o p . I f t h i s f a c t o r o n l y were t h e c o n s i d e r a t i o n o f a 
n a t i o n a l and i n t e r n a t i o n a l p o l i c y , i t wou ld b e more t han adequa te j u s t i -
f i c a t i o n f o r i t .

TAXONOMY

Sclerospora graminicola is the on ly species of Sclerospora known so
f a r wh i ch p roduces z o o s p o r e s . On t h e b a s i s a l o n e and a l s o on ac c o u n t o f
t h e m o r p h o l o g i c a l , p h y s i o l o g i c a l and c y t o l o g i c a l c h a r a c t e r i s t i c s , i t i s
d i s t i n c t from Sclerospora philippinensis Weston, Sclerospora sorghi 
( K u l k . ) Weston and Uppal and Sclerospora maydis ( R a c i b . ) B u l t e r . There
have been some doub ts r e g a r d i n g t h e i d e n t i t y of S. sorghi and s. maydis. 
A c l o s e e x a m i n a t i o n of t h e sorghum downy mi ldew (S. sorghi) o c c u r r i n g on
maize and sorghum in Karna taka ( I n d i a ) and t h e downy m i ldew i n f e c t i n g
m a i z e , t e o s i n t e and Heteropogon c o n t o r t u s B e a u v . , i n Uda ipu r ( I n d i a )
has r e v e a l e d t h a t t hese pa thogens a r e d i f f e r e n t ( S a f e e u l l a e t a l . , 1 9 7 4 ) .
The mi ldew p r e v a l e n t a t U d a i p u r does n o t i n f e c t sorghums and no oospores
a r e produced on e i t h e r ma ize o r t e o s i n t e . However, oospores have been
observed on H. c o n t o r t u s . On t h e o t h e r h a n d , t h e sorghum downy mi ldew
in Karna taka i n f e c t s b o t h maize and sorghum p r o d u c i n g oospores b u t does
n o t i n f e c t H . c o n t o r t u s . I n a d d i t i o n t o h o s t range and d i f f e r e n c e s i n
t h e oospore p r o d u c t i o n , t h e c o n i d i o p h o r e s o f t h e fungus i n Ka rna taka a r e
b i g g e r and t h e pa thogen i n d u c e s p r o l i f e r a t i o n o f t a s s e l s and s h o o t s .
Such symptoms have n o t been r e p o r t e d f r o m U d a i p u r . On t h e b a s i s o f
oospore m o r p h o l o g y , S. graminicola and S. sorghi can be d i s t i n g u i s h e d .

ASEXUAL REPRODUCTION

S p o r a n g i o p h o r e s , s p o r a n g i a and zoospores of S. graminicola a r e
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s u b j e c t t o change i n t h e i r morpho logy d e p e n d i n g upon t h e h o s t m a t r i x .
Under f a v o r a b l e c o n d i t i o n s a l a r g e number o f s p o r a n g i a a re p roduced and
t h e y r e l e a s e b i f l a g e l l a t e zoospores i n w a t e r . Zoospores a re n o r m a l l y
r e l e a s e d in a b o u t 30 min , a f t e r w h i c h t h e y e n c y s t and g e r m i n a t e . The
zoospo res a re u n i n u c l e a t e b u t s p o r a n g i a k e p t under low t e m p e r a t u r e (5 C)
p roduce m u l t i f l a g e l l a t e zoospo res (Bha t & S a f e e u l l a u n p ub . ) w h i c h c o n t a i n
more t h a n one n u c l e u s . The number o f n u c l e i n o r m a l l y equa l h a l f t h e number
o f f l a g e l l a e .

G e r m i n a t i n g zoospores b r o u g h t i n c o n t a c t w i t h p e a r l m i l l e t s e e d l i n g s
p e n e t r a t e t h e r o o t e p i d e r m i s and r o o t h a i r s w i t h i n two h o u r s . A un ique
phenomenon o b s e r v e d (Ramesh, S a f e e u l l a and S h e t t y , u n p u b l i s h e d ) i s t h e
f u s i o n o f hyphae i n v o l v i n g germ t u b e s a r i s i n g f r o m d i f f e r e n t z o o s p o r e s .
S u b s e q u e n t l y , anastomoses a r i s e f r o m t h e r e g i o n s o f hypha l f u s i o n and
p e n e t r a t e t h e h o s t t i s s u e i n a l l d i r e c t i o n s . These o b s e r v a t i o n s p r o v i d e
a m i s s i n g l i n k i n t h e l i f e c y c l e o f p e a r l m i l l e t downy m i l d e w .

SEED-BORNE NATURE

I t i s now d e f i n i t e l y known t h a t t h e downy m i ldew o f p e a r l m i l l e t i s
b o t h i n t e r n a l l y and e x t e r n a l l y s e e d - b o r n e . Oospores a r e o n l y e x t e r n a l l y
s e e d - b o r n e and t h e y have n o t been l o c a t e d s o f a r , e i t h e r i n t h e embryon i c
t i s s u e o r i n t h e p e r i c a r p . However , downy m i l dew myce l i um has been
r e p o r t e d by A r y a and Sharma (1962) and Suryanarayana ( 1 9 6 2 ) . T i w a r i and
Arya (1966) o b t a i n e d d i s e a s e d p l a n t s f r o m seeds c o l l e c t e d f r o m h e a v i l y
i n f e c t e d e a r h e a d s . Sundaram e t a l . (1973) obse rved a b o u t 2 0 pe r c e n t o f
t h e p l a n t s i n f e c t e d w i t h m i l dew i n p o t c u l t u r e s grown f r o m seeds c o l l e c t e d
f r o m d i s e a s e d p l a n t s .

R e c e n t l y , a n e p i p h y t o t i c i n v o l v i n g 80 ,000 a c r e s o f p e a r l m i l l e t
h e a v i l y i n f e c t e d w i t h m i l d e w i s r e p o r t e d i n Gu lbu rga and Ra i chu r d i s t r i c t s
o f n o r t h e r n K a r n a t a k a . The d i s e a s e i n c i d e n c e o f 4 0 - 8 0 pe r c e n t has been
r e c o r d e d i n t h e f a r m e r s ' f i e l d s i n t h e s e a r e a s . A c c o r d i n g t o t h e f a r m e r s ,
t h e f i r s t symptom o f m i l d e w appeared w i t h i n two weeks o f s o w i n g s . The
n u c l e u s seeds used i n t h i s a rea were r a i s e d b y t h e U n i v e r s i t y o f A g r i c u l -
t u r a l S c i e n c e s , B a n g a l o r e and h y b r i d seeds were p roduced b y f a r m e r s i n
Tami l Nadu and Andhra P r a d e s h . The r e s i d u a l seeds f r o m t h e f a r m e r s , upon
e x a m i n a t i o n , r e v e a l e d t h e p resence o f l i v e m y c e l i u m i n t h e p e r i c a r p and
even in t h e endosperm and embryo r e g i o n s .

S i n c e t h e male s t e r i l e o f HB-3 ( T i f t 23 -A ) i s h i g h l y s u s c e p t i b l e , t h e
h y b r i d seeds a r e i n f e c t e d f r o m t h e mother p l a n t . W i t h t h i s knowledge seed
t r a n s m i s s i o n can b e p r e v e n t e d b y e l i m i n a t i n g downy m i l d e w i n f e c t e d p l a n t s
in seed p r o d u c t i o n p l o t s . Such a s t e p demands o n l y cheap l a b o u r and
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r i g o r o u s e x p e r t s u p e r v i s i o n .

Rapid s c r e e n i n g methods t o d e t e c t downy m i ldew myce l i um i n t h e h y b r i d
seed i s e s s e n t i a l f o r seed c e r t i f i c a t i o n p r o c e d u r e s . Such methods a r e now
a v a i l a b l e where downy m i l d e w m y c e l i u m can be d e t e c t e d in a l a r g e number o f
seed samples under l a b o r a t o r y c o n d i t i o n s w i t h o u t i n v o l v i n g c o s t l y e q u i p -
ment (Ramesh, S a f e e u l l a , S h e t t y and Rasheed, u n p u b l i s h e d ) .

S ingh (1974) r e p o r t e d downy m i l dew myce l ium in t h e embryo by
i n o c u l a t i n g open s p i k e l e t s o f T i f t 23-B w i t h s p o r a n g i a l s u s p e n s i o n .

D e t a i l e d i n v e s t i g a t i o n s have been c a r r i e d o u t (Ramesh, S a f e e u l l a ,
S h e t t y and Rasheed, u n p u b l i s h e d ) and t h e p r o g r e s s o f myce l i um t h r o u g h
s t i g m a , s t y l e , endosperm and embryo has been t r a c e d o v e r a p e r i o d o f s i x
days f r o m t h e t i m e o f zoospore s p r a y t o c o m p l e t e c o l o n i z a t i o n o f t h e s e e d .
Zoospores g e r m i n a t e d w i t h i n two h o u r s , and p e n e t r a t i o n t h r o u g h s t i g m a and
s t y l e t o o k a b o u t s i x h o u r s . D u r i n g t h i s p e r i o d , hypha l f u s i o n between
germ tubes a r i s i n g f r o m d i f f e r e n t zoospores was n o t i c e d . The i n f e c t e d
seed appeared n o r m a l . Techn ique and o t h e r d e t a i l s w i l l b e p u b l i s h e d e l s e -
w h e r e .

OOSPORES

Oospore p r o d u c t i o n in s . graminicola, as in S. sorghi, is i n v e r s e l y
p r o p o r t i o n a l t o t h e number o f s p o r a n g i a p r o d u c e d . Maximum number o f
oospores i s p roduced i n t h o s e p l a n t s w h i c h d o n o t s p o r u l a t e . Dry and
u n f a v o u r a b l e c l i m a t i c c o n d i t i o n s f o l l o w i n g s y s t e m i c i n f e c t i o n o f p l a n t s
a r e c o n d u c i v e t o oospo re p r o d u c t i o n .

For i d e n t i f i c a t i o n p u r p o s e s , oospo re c h a r a c t e r s a r e more s t a b l e t h a n
s p o r a n g i a . M o r p h o l o g i c a l l y , oospo res p roduced i n t h e h o s t c a l l u s a r e
s i m i l a r t o t h o s e p roduced i n h o s t p l a n t s under f i e l d c o n d i t i o n s .

A l t h o u g h o o s p o r e s can s u r v i v e o v e r a p e r i o d o f s i x y e a r s , t h e i r
v i a b i l i t y d e c r e a s e s a f t e r 1 8 mon ths . I n ou r e x p e r i m e n t s , one y e a r o l d
spo res have r e c o r d e d maximum i n f e c t i o n . L o n g e v i t y v a r i e s a c c o r d i n g t o t h e
c o n d i t i o n s under w h i c h t h e m a t e r i a l i s s t o r e d . T e m p e r a t u r e , h u m i d i t y ,
s o i l pH , s o i l o r g a n i c m a t t e r and s o i l t e x t u r e , i n a d d i t i o n t o a number o f
o t h e r f a c t o r s , may p l a y a n i m p o r t a n t r o l e i n oospo re v i a b i l i t y .

Nene and S ingh (1975) have r a i s e d a p e r t i n e n t p o i n t as to t h e age o f
oospores c o l l e c t e d f r o m d i f f e r e n t p a r t s o f t h e same p l a n t . Oospores f r o m
o l d e r l e a v e s a r e u n d o u b t e d l y o l d e r t han t h e oospo res p roduced e i t h e r o n
t h e younge r l e a v e s o r i n t h e ' g r e e n e a r ' s t a g e u n l e s s t h e o l d e r l e a v e s
e x p r e s s downy m i l dew symptoms l a t e r t h a n t h e y o u n g e r l e a v e s . I t i s a l s o
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c e r t a i n t h a t oospores c o l l e c t e d f r o m a s i n g l e p l a n t c o n t a i n a number o f
u n d e v e l o p e d , immature and damaged spores wh i ch do n o t g e r m i n a t e under any
c i r c u m s t a n c e s . A few a re p a r t h e n o g e n e t i c a l l y deve loped a l t h o u g h t h e y
c a n n o t be l a b e l l e d as such in a g i v e n c o l l e c t i o n .

Downy mildew oospores of Sclerospora sorghi and Sclerospora graminicola 
passed t h r o u g h c a t t l e i n t e s t i n e a r e i n f e c t i v e . The p e r c e n t a g e o f such
spo res w h i c h s u r v i v e t h i s p rocess i s v e r y l o w . I n t he f i r s t p l a c e , c a t t l e
i s n o r m a l l y n o t f e d o n d r y b a j r a p l a n t s and green p l a n t s d o n o t c o n t a i n
ma tu re o o s p o r e s . T h e r e f o r e , t h e i m p o r t a n c e o f t h i s phenomenon i s p u r e l y
academic .

OOSPORE GERMINATION

G e r m i n a t i o n o f oospo res has been c l a i m e d by some w o r k e r s ( H i u r a ,
1929 ; C h a u d h u r i , 1932 ; T a s u g i , 1933 ; S u r y a n a r a y a n a , 1956; Pande, 1972 ; and
B h a t , 1 9 7 3 ) . These r e p o r t s a r e c o n f l i c t i n g w i t h r e g a r d t o t h 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 a l s o t h e t y p e o f g e r m i n a t i o n n o t i c e d . T o d a t e t h e
i n f e c t i o n t h r o u g h s o i l i s t h e o n l y r e l i a b l e e v i d e n c e f o r t h e i r g e r m i n a t i o n .
I n t e n s i v e work i n t h i s d i r e c t i o n i s needed and our l a b o r a t o r y i s a t t h i s
p rob lem f o r a v e r y l o n g t i m e b u t w i t h o u t much s u c c e s s . I t i s v e r y l i k e l y
t h a t as i n S . sorghi, h o s t f a c t o r s a re necessa ry f o r t r i g g e r i n g oospo re
g e r m i n a t i o n ( S a f e e u l l a , 1970 ; Kave r iappa and S a f e e u l l a and Shekar S h e t t y ,
u n p u b l i s h e d ) . I n Sclerophthora macrospora, ( S a c c . ) T h i r u m . e t a l .
c r i t i c a l f a c t o r s f o r oospore g e r m i n a t i o n a re s o i l p H o f s i x , w a t e r medium
and t e m p e r a t u r e between 24-260C.

SECONDARY SPREAD THROUGH SP0RANGIA/ZOOSP0RES

Under f a v o u r a b l e c o n d i t i o n s , S. graminicola p roduces a l a r g e number
o f s p o r a n g i a . Spo rang ia a r e shed under n a t u r a l c o n d i t i o n s f r o m t h e
s p o r a n g i o p h o r e s . T h e s e , i n t u r n , r e l e a s e zoospores o n l y i n a l i q u i d
medium. The u n i t s o f i n f e c t i o n a r e z o o s p o r e s . Under a r t i f i c i a l
c o n d i t i o n s , t h e zoospo res can b r i n g abou t secondary i n f e c t i o n . However ,
t h e i r r o l e i n c a u s i n g e x t e n s i v e damage and g i v i n g r i s e t o e p i p h y t o t i c
c o n d i t i o n s i s n o t v e r y c l e a r . Many w o r k e r s b e l i e v e t h a t t h e y d o n o t
p l a y a s i g n i f i c a n t r o l e i n e p i d e m i o l o g y a l t h o u g h some secondary s p o t s
have been seen on h e a l t h y l e a v e s ow ing to zoospore i n f e c t i o n . Zoospores
d i s c h a r g e d f r o m t h e i n f e c t e d l e a v e s may come i n c o n t a c t w i t h s p i k e l e t s
and c o l o n i z e t h e o v a r y t h u s i n f e c t i n g t h e s e e d . T h i s p o i n t needs
c o n f i r m a t i o n . Reddi (1973) i n h i s s t u d y o f s p o r a n g i a l p o p u l a t i o n o f
S . graminicola i n t h e a i r o v e r a n i n f e c t e d p e a r l m i l l e t f i e l d has t r a p p e d
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a b o u t 50 s p o r a n g i a / c m 2 o v e r a 15 day p e r i o d . Such s p o r a n g i a can cause
i n f e c t i o n v i a s p i k e l e t s d u r i n g f a v o r a b l e c o n d i t i o n s . T h i s needs con-
f i r m a t i o n .

O b s e r v a t i o n s have i n d i c a t e d t h a t i n some f i e l d s where n a t u r a l
f l o o d i n g has t a k e n p l a c e , a few p l a n t s show v e r y abnormal s t u n t e d g r o w t h .
T h i s t y p e o f symptom w h i c h can e a s i l y be m i s t a k e n f o r i n f e c t i o n by a 
d i f f e r e n t s t r a i n o f t h e pa thogen may b e due t o i n f e c t i o n b y z o o s p o r e s .
F o l l o w i n g heavy r a i n s , t h e s p o r a n g i a f r o m d i s e a s e d p e a r l m i l l e t p l a n t s
a r e washed down t h e l e a v e s and r e l e a s e a l a r g e number o f zoospores w h i c h
i n f e c t young p l a n t s p a r t i a l l y o r f u l l y submerged. Such symptoms a r e
common i n f i n g e r m i l l e t i n f e c t e d w i t h S . macrospora where seconda ry
i n f e c t i o n i s common b y zoospores i n f l o o d e d f i e l d s . There i s a v e r y
l i m i t e d p o s s i b i l i t y o f t h i s t y p e o f secondary i n f e c t i o n i n p e a r l m i l l e t
c r o p w h i c h i s grown l a r g e l y under s e m i - a r i d c o n d i t i o n s .

PHYSIOLOGICAL SPECIALIZATION

A l t h o u g h p h y s i o l o g i c a l s p e c i a l i z a t i o n i n S . graminicola i s
s p e c u l a t e d by some w o r k e r s , much work i s needed to d e m o n s t r a t e t h e
e x i s t e n c e o f such r a c e s . The d i f f e r e n t i a l r e a c t i o n o f some v a r i e t i e s
and h y b r i d s under d i f f e r e n t g e o g r a p h i c l o c a t i o n s i s i n t e r e s t i n g . More
fundamen ta l s t u d i e s have t o b e conduc ted t o make t h i s p o i n t c l e a r .
D e t e r m i n i n g r a c e complex i n v o l v e s a l a b o r i o u s t e s t i n g p r o c e d u r e under
s t a n d a r d c o n d i t i o n s w i t h a v e r y u n i f o r m e x p r e s s i o n o f t h e d i s e a s e y e a r
a f t e r y e a r . S t u d i e s on t h e p r o b l e m have t o be t a k e n up e a r l y because
b r e e d e r s may n o t o n l y have t o cope s e r i o u s l y w i t h t h e g e n e t i c v a r i a t i o n
o f p e a r l m i l l e t b u t a l s o w i t h t h e v a r i a b i l i t y o f pa thogen i n v o l v e d .

AXENIC CULTURE

Sclerospora graminicola, Sclerospora sorghi, and Sclerophthora 
macrospora have been s u c c e s s f u l l y grown on t i s s u e c u l t u r e i n o u r
l a b o r a t o r y . The p e a r l m i l l e t m i l d e w pa thogen has been m a i n t a i n e d
t h r o u g h s u b - c u l t u r i n g f o r a b o u t s i x y e a r s now. R e c e n t l y , p e a r l m i l l e t
p l a n t s were i n o c u l a t e d w i t h myce l i um m a i n t a i n e d o n s e m i - s y n t h e t i c
medium. T y p i c a l downy m i l d e w symptoms appeared on t h e i n o c u l a t e d
p l a n t s w h i c h p roduced normal s p o r a n g i a and o o s p o r e s . A l t h o u g h c u l t u r e s
i n t h e absence o f h o s t c a l l u s have n o t been o b t a i n e d t h e pu re myce l i um
w h i c h sp reads on t h e medium can be used in a number o f s t u d i e s
i n v o l v i n g h o s t - p a r a s i t e i n t e r a c t i o n s , h o s t v a r i e t y t e s t s f o r l o c a t i n g
r e s i s t a n c e , r e a c t i o n t o c h e m i c a l s f o r d e t e r m i n i n g a s u i t a b l e chemica l
c o n t r o l m e t h o d , p h y s i o l o g i c a l s p e c i a l i z a t i o n s t u d i e s and h o s t r a n g e .
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HOST RANGE

So f a r 1 2 , p o s s i b l y 1 3 , h o s t s f o r S . graminicola a r e known. R e c e n t l y
Pennisetum ramosum, ( H o e h s t . ) S c h w e i n f . , c a l l u s has been s u c c e s s f u l l y
i n o c u l a t e d w i t h S . graminicola myce l i um in our l a b o r a t o r y (Ramesh, u n -
p u b l i s h e d ) . 

SCREENING PROCEDURE

A l t h o u g h s e v e r a l methods o f s c r e e n i n g have been advoca ted by s e v e r a l
w o r k e r s , t h e f o l l o w i n g two p r o c e d u r e s have p roved t o b e s u c c e s s f u l w i t h u s :

1 . I n c o r p o r a t e o o s p o r i c m a t e r i a l b e f o r e o r a t t h e t i m e o f sow ing i n
e x p e r i m e n t a l p l o t s f o r s c r e e n i n g p u r p o s e s .

2 . B r i n g g e r m i n a t i n g seeds (48 hours o l d ) i n c o n t a c t w i t h i n f e c t e d
l e a v e s i n c u b a t e d i n P e t r i d i s h e s l i n e d w i t h m o i s t f i l t e r paper
and a f t e r 2 4 h o u r s , t r a n s p l a n t t h e s e e d l i n g s i n e a r t h e r n p o t s o r
e x p e r i m e n t a l p l o t s . A l m o s t 100 p e r c e n t o f t h e s e e d l i n g s t h u s
i n o c u l a t e d show downy m i ldew symptoms w i t h i n t e n d a y s . I n t h e
f i r s t p r o c e d u r e , symptoms appear i n t h e t h i r d o r f o u r t h week. I t
i s d e s i r a b l e t o s u b j e c t a l l p r o m i s i n g p e a r l m i l l e t v a r i e t i e s /
h y b r i d s t o b o t h t h e p r o c e d u r e s t h r e e t i m e s , t o make s u r e t h a t
t h e y a r e r e a l l y r e s i s t a n t .

MEASURING SCALE

C o u n t i n g s y s t e m i c a l l y i n f e c t e d p l a n t s i s s t i l l t h e most a p p r o p r i a t e
p r a c t i c e o f r e c o r d i n g h o s t v a r i e t y r e a c t i o n t o downy m i l d e w . V a r i a b i l i t y
i n symptom e x p r e s s i o n a s n o t i c e d i n many i n s t a n c e s i s due t o h o s t -
p a r a s i t e i n t e r a c t i o n s under a w i d e range o f e n v i r o n m e n t a l c o n d i t i o n s ,
i n o c u l u m d e n s i t y , c u l t u r a l p r a c t i c e s and h o s t f a c t o r s . I t has been
d e m o n s t r a t e d c o n c l u s i v e l y t h a t sorghum p l a n t s i n o c u l a t e d by s . sorghi 
c o n i d i a w i t h h i g h e r i n o c u l u m d e n s i t i e s become i n f e c t e d e a r l i e r . The
f u n g u s c o l o n i z e s t h e g r o w i n g p o i n t and symptoms appear e a r l y . The
i n o c u l u m d e n s i t y and i t s p r o x i m i t y i n t h e r h i z o s p h e r e a r e i m p o r t a n t
f a c t o r s d e t e r m i n i n g t h e t i m e and s i t e o f symptom e x p r e s s i o n . O the r
i m p o r t a n t f a c t o r s t o b e t a k e n c o g n i z a n c e o f a r e symptomless c a r r i e r s ,
l a t e e x p r e s s i o n and e s c a p e s .
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SOURCES OF RESISTANCE

Changes o f ag ronomic t e c h n i q u e s t owa rds i n t e n s i f i c a t i o n h a v e , i n
p e a r l m i l l e t , l e d t o a change i n e p i d e m i o l o g i c a l r e l a t i o n s i n f a v o u r
o f downy m i l dew and i n some a reas have d i s t u r b e d t h e b a l a n c e reached i n
t h e p e a r l m i l l e t downy m i ldew s y s t e m . T h e r e f o r e , o u r a g r i c u l t u r e
f r e q u e n t l y r e q u i r e s a h i g h l e v e l o f r e s i s t a n c e . I t must b e p o i n t e d o u t
t h a t b r e e d e r s a c t i v e i n t h i s f i e l d s h o u l d c o n s i d e r t h e i n h e r i t a n c e p a t t e r n
b o t h o f t h e c r o p and o f t h e p a t h o g e n . The r e s i s t a n t m a t e r i a l may n o t
rema in s o f o r e v e r . I t may c o n f r o n t r a c e s o f t h e same pa thogen i n
d i f f e r e n t a r e a s o r i n t h e same a r e a . New pa thogen p o p u l a t i o n s may a r i s e
t h r o u g h m u t a t i o n and s e l e c t i o n and renew a t t a c k s o n t h e c r o p w i t h g r e a t e r
v i r u l e n c e . T h e r e f o r e , mass ive s c r e e n i n g o f p e a r l m i l l e t germplasm i s
n e c e s s a r y a t d i f f e r e n t l o c a t i o n s t o d e t e r m i n e good and s t a b l e r e s i s t a n c e
t o m i l d e w . I t i s h i g h l y d e s i r a b l e t o : ( 1 ) c l a s s i f y , c a t a l o g u e and
e s t a b l i s h germplasm c o l l e c t i o n o f m a t e r i a l s known t o have g e n e r a l
r e s i s t a n c e ; ( 2 ) combine c h a r a c t e r s f o r g e n e r a l r e s i s t a n c e w i t h s p e c i f i c
t y p e o f r e s i s t a n c e i n o r d e r t o expand t h e g e n e t i c b a s e ; ( 3 ) use r e s i s t a n t
germplasm i n b r e e d i n g p r o g r a m ; and (4 ) t e s t t h e p r o m i s i n g r e s i s t a n t
m a t e r i a l c o n s t a n t l y t o f i n d o u t any s h i f t i n r e s i s t a n c e . T h i s i s
n e c e s s a r y because new v a r i e t i e s somet imes become s u s c e p t i b l e and o b s o l e t e
even b e f o r e seed m u l t i p l i c a t i o n i s c o m p l e t e . I n such s i t u a t i o n s b r e e d e r s
can draw m a t e r i a l f r o m r e s i s t a n t germplasm bank f o r f u r t h e r h y b r i d i z a t i o n .
S ince we now have some r e s i s t a n t h y b r i d s as ' s t o p g a p ' measures , we
s h o u l d s e t ou r g o a l s t owa rds t h e deve lopmen t o f t o t a l l y r e s i s t a n t and
a c c e p t a b l e v a r i e t i e s .

I n o u r l a b o r a t o r y , s e v e r a l t housand p e a r l m i l l e t l i n e s w h i c h have
come o u t o f t h e m u t a t i o n b r e e d i n g p rog ram o f D r . G.W. B u r t o n and r e s e a r c h
m a t e r i a l f r o m Dr . B.R. Mur thy have been t e s t e d . Abou t two hundred l i n e s
w h i c h showed r e s i s t a n t r e a c t i o n b o t h i n ou r e x p e r i m e n t a l p l o t s and under
a r t i f i c i a l i n o c u l a t i o n p rocedu re i n t h e l a b o r a t o r y a r e b e i n g sc reened a t
o t h e r l o c a t i o n s i n c l u d i n g ICRISAT. Those w h i c h show r e s i s t a n c e a t a l l
l o c a t i o n s can be used i n b r e e d i n g p r o g r a m s .

INHERITANCE OF RESISTANCE

Lack o f l o n g t e r m s t a b l e r e s i s t a n c e may b e due t o t h e v a r i a b i l i t y
o f b o t h p a t h o g e n i c i t y i n t h e fungus and r e s i s t a n c e i n t h e new c u l t i v a r s .
T h i s f a c t o r o b v i o u s l y has n o t been s t u d i e d i n s u f f i c i e n t d e p t h . S t u d i e s
i n t h i s d i r e c t i o n a r e u r g e n t l y needed . For t h i s p u r p o s e , c r o s s e s among
16 p a r e n t s v i z . 2 3 - A , 23D2A, 239D2A, 6 2 8 - A , 126D2A, ML-1 x J - 1 0 4 , J - 9 3 4 ,
71-A 9 7 , 71-A 2 5 6 , J T - 3 2 8 , J T - 3 3 7 , J T - 7 7 2 , K -559 , ( 3 5 0 1 , 3503 f r o m
Dr . B u r t o n s c o l l e c t i o n ) i n a l l p o s s i b l e c o m b i n a t i o n s have been made.
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The F1 f a m i l i e s have been advanced to F2 and a l s o b a c k c r o s s e d to each
p a r e n t . The F 1 , F 2 , BC 1 , and B C 2 p o p u l a t i o n s a l o n g w i t h t h e p a r e n t a l
m a t e r i a l s w i l l b e t e s t e d f o r downy m i l dew r e a c t i o n under e p i p h y t o t i c
c o n d i t i o n s a t two l o c a t i o n s . T h i s work i s b e i n g conduc ted i n c o l l a b o r a t -
i o n w i t h Dr . B.R. M u r t h y , P r o j e c t C o - o r d i n a t o r o f m i l l e t s .

TIME OF PLANTING AND DISEASE APPEARANCE

N o r m a l l y under Mysore c o n d i t i o n s , downy m i l dew appears t h r o u g h o u t
t h e y e a r . N o d o u b t , c l i m a t i c c o n d i t i o n s here a r e f a v o u r a b l e , t h e
maximum and minimum t e m p e r a t u r e s b e i n g 40 and 14°C r e s p e c t i v e l y . However ,
t h e p e r c e n t a g e o f downy m i ldew i n f e c t e d p l a n t s v a r i e s . The maximum
e x p r e s s i o n t a k e s p l a c e d u r i n g May -Oc tobe r .

The p e r c e n t a g e o f i n f e c t e d p l a n t s i s l ow i f heavy r a i n o r f l o o d i n g
f o l l o w s s o w i n g s . T h i s i s t r u e n o t o n l y o f S . graminicola on p e a r l
m i l l e t b u t a l s o o f S . sorghi on b o t h sorghum and m a i z e .

CHEMICAL CONTROL

W h i l e maximum s t r e s s s h o u l d b e l a i d o n r e s i s t a n c e b r e e d i n g t h e r e i s
room f o r chemica l t r e a t m e n t o f seed i f e f f e c t i v e and cheap c h e m i c a l s a r e
a v a i l a b l e . T h e r e f o r e , seed d r e s s i n g i s a p o s s i b i l i t y . The young p l a n t s
p r o t e c t e d d u r i n g e a r l y g r o w t h f r o m s o i l i n o c u l u m w i l l g o a l o n g way i n
p r e v e n t i n g e a r l y i n f e c t i o n . S i n c e t h e f i e l d i s w ide open e f f o r t s a r e
b e i n g made a t t h i s l a b o r a t o r y t o f i n d s u i t a b l e c h e m i c a l s and f o r m u l a t i o n .

I t i s a p p a r e n t f r o m t h i s b r i e f r e v i e w t h a t t h e r e i s a g r e a t e r scope
f o r r e s e a r c h o n s e v e r a l a s p e c t s o f t h e downy m i l dew o f p e a r l m i l l e t . I f
s u f f i c i e n t t i m e , money and t a l e n t a r e d e v o t e d t o r e s e a r c h , t h e g o a l s can
b e a c h i e v e d even though t h e t a s k i s c h a l l e n g i n g , c o n s i d e r i n g t h e t i m e
f a c t o r and immense l o s s e s t o p e a r l m i l l e t p a r t i c u l a r l y i n I n d i a . Downy
m i l d e w r e s e a r c h i s one o f t h e few f i e l d s where t h e r e i s ample scope f o r
j o i n t a c t i o n .
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DOWNY MILDEW AND ERGOT OF PEARL MILLET

S.B. King

The f o l l o w i n g comments a re addressed t o s e v e r a l o f t h e t o p i c s
men t i oned i n t h e e x c e l l e n t r e v i e w and s e t o f q u e s t i o n s p r e p a r e d b y D r s .
Y . L . Nene and S.D. S ingh f o r t h i s m e e t i n g ; t h e y draw h e a v i l y on my
r e s e a r c h e x p e r i e n c e w i t h p e a r l m i l l e t ( P e n n i s e t u m typhoides) i n West
A f r i c a , p r i m a r i l y N i g e r i a , d u r i n g 1967 t h r o u g h 1973.

P e a r l m i l l e t i s one o f t h e most i m p o r t a n t s t a p l e f o o d c r o p s i n
West A f r i c a and i t s i m p o r t a n c e i n c r e a s e s i n t h e more a r i d a reas o f c r o p
p r o d u c t i o n . Downy m i ldew ( S c l e r o s p o r a graminicola), o r g reen e a r , i s
t h e p r i m a r y d i s e a s e o f p e a r l m i l l e t i n West A f r i c a , and l o s s e s caused
b y t h i s d i s e a s e a r e s i g n i f i c a n t . A t t he p r e s e n t t i m e , e r g o t ( C l a v i c e p s
microcephala) i s c o n s i d e r a b l y l e s s i m p o r t a n t and in my o p i n i o n , wou ld
g e n e r a l l y r a n k t h i r d i n i m p o r t a n c e a f t e r downy m i l dew and smut
(To lypospor ium penicillariae), e s p e c i a l l y i n t h e more a r i d a reas o f
m i l l e t c u l t u r e where smut causes s i g n i f i c a n t l o s s e s .

DOWNY MILDEW

I have obse rved downy m i ldew in a l l o f t h e ma jo r e c o l o g i c a l zones
o f m i l l e t c u l t u r e i n West A f r i c a . I t i s a n i m p o r t a n t d i s e a s e i n b o t h
t h e low and h i g h r a i n f a l l a reas o f p r o d u c t i o n , and I s u s p e c t t h a t i t i s
a s w i d e s p r e a d a s t h e c u l t u r e o f p e a r l m i l l e t i n West A f r i c a .

R e l a t i v e l y l i t t l e i n f o r m a t i o n i s a v a i l a b l e o n w h i c h t o j u d g e t h e
i m p o r t a n c e o f s p o r a n g i a a s agen t s o f i n f e c t i o n i n t h e f i e l d . I t seems
l i k e l y t h a t t h e i r r o l e i s n o t i m p o r t a n t i n more a r i d a reas o f m i l l e t
c u l t u r e . However , i n more humid a reas s p o r a n g i a p r o b a b l y do c o n t r i b u t e
s i g n i f i c a n t l y t o sp read and d i s e a s e i n c r e a s e . A t Samaru, N i g e r i a , n o n -
i n f e c t e d m i l l e t s e e d l i n g s g r o w i n g i n a u t o c l a v e d s o i l i n p o t s showed
s y s t e m i c symptoms o f downy m i l dew w i t h i n two weeks a f t e r t h e p o t s were
p l a c e d i n a f i e l d o f p e a r l m i l l e t h a v i n g a h i g h i n c i d e n c e o f downy
m i l d e w . P resumab l y , i n f e c t i o n was by means o f s p o r a n g i a .

There i s e v i d e n c e t h a t p h y s i o l o g i c s p e c i a l i z a t i o n o c c u r s i n
S. graminicola i n West A f r i c a . M i l l e t l i n e s wh i ch showed a v e r y h i g h
l e v e l o f r e s i s t a n c e t o downy m i l d e w i n Senegal and Upper V o l t a were
h i g h l y s u s c e p t i b l e when grown i n N i g e r i a i n 1971 and 1973 . I n a d d i t i o n ,
l i n e s showing r e s i s t a n c e i n N i g e r i a rema ined v i r t u a l l y f r e e o f downy



m i l d e w i n S e n e g a l . A m i l l e t c o m p o s i t e w h i c h was h i g h l y r e s i s t a n t t o downy
mi l dew in Senegal showed a downy m i l dew i n c i d e n c e o f o v e r 70 pe r c e n t when
grown i n N i g e r i a i n 1973. A l s o o f i n t e r e s t i s t h e f a c t t h a t d i f f e r e n c e s
i n downy m i l d e w r e a c t i o n were obse rved i n 1971-1973 i n n u r s e r i e s p l a n t e d
at Samaru , and Kano, a l o c a t i o n a b o u t 170 km n o r t h e a s t o f Samaru; however ,
a b o u t s i x l i n e s c o n s i s t e n t l y showed s i g n i f i c a n t l y h i g h e r i n f e c t i o n a t Kano
t h a n a t Samaru. The d i f f e r e n c e , a s I r e c a l l , was i n t h e o r d e r o f l e s s
t h a n 5% i n f e c t i o n a t Samaru to o v e r 50% i n f e c t i o n a t Kano.

R e l i a b l e l a b o r a t o r y o r g reenhouse t e c h n i q u e s f o r s c r e e n i n g p e a r l
m i l l e t a g a i n s t downy m i l d e w a r e u r g e n t l y needed . Such t e c h n i q u e s s h o u l d
s u p p l e m e n t , and n o t r e p l a c e , e v a l u a t i o n s made i n t h e f i e l d . D r . J . C r a i g ,
USDA-ARS P l a n t P a t h o l o g i s t , C o l l e g e S t a t i o n , Texas has d e v e l o p e d a r e l i a b l e
g reenhouse t e c h n i q u e f o r s c r e e n i n g maize and sorghum s e e d l i n g s f o r r e a c t i o n
to c o n i d i a l i n f e c t i o n by sorghum downy m i ldew (s . sorghi). T h i s t e c h n i q u e ,
o r o t h e r s , c o u l d p r o b a b l y b e adap ted t o s c r e e n m i l l e t f o r r e a c t i o n t o
S. graminicola. 

A " s i c k p l o t " i s v e r y u s e f u l f o r downy m i l dew f i e l d s c r e e n i n g .
I d e a l l y , such a p l o t s h o u l d b e o f s u f f i c i e n t s i z e t o d i v i d e i n h a l f and
use each h a l f i n a l t e r n a t i n g y e a r s . The h a l f n o t i n use c o u l d b e p l a n t e d
t o a s u s c e p t i b l e c u l t i v a r t o m a i n t a i n a h i g h oospo re i n o c u l u m l e v e l i n t h e
s o i l . Many r e p l i c a t i o n s ( a t l e a s t 5 ) a r e d e s i r a b l e , each h a v i n g 2 5 t o 4 0
p l a n t s p e r p l o t .

Downy m i l dew symptom e x p r e s s i o n i s e x t r e m e l y v a r i a b l e ; a l t h o u g h p l o t s
a r e f r e q u e n t l y k i l l e d o r p roduce l i t t l e g r a i n , i n f e c t e d p l a n t s q u i t e
commonly show l i t t l e e v i d e n c e o f y i e l d l o s s . Hence , i n m y o p i n i o n ,
i n c i d e n c e ( % i n f e c t i o n ) a l o n e i s n o t adequa te f o r f i e l d e v a l u a t i o n o f
germp lasm. A sys tem w h i c h a l s o t a k e s s e v e r i t y i n t o a c c o u n t i s needed . I n
N i g e r i a , I used a sys tem in w h i c h each i n f e c t e d p l a n t was r a t e d f o r
s e v e r i t y o n a t w o - p o i n t s c a l e : 1 = s l i g h t i n f e c t i o n ( a x i l l a r y l e a v e s ) ,
l i k e l y n o e f f e c t o n y i e l d ; and 2 = m o d e r a t e - s e v e r e i n f e c t i o n ( g r e e n e a r o r
seve re l e a f symptoms, o r b o t h , o n a t l e a s t one t i l l e r ) , l i k e l y some
r e d u c t i o n i n y i e l d . R e a c t i o n was g i v e n i n t e rms o f a downy m i l dew i n d e x
(DMI) w h i c h was c a l c u l a t e d as f o l l o w s : DMI = i n c i d e n c e x ave rage
s e v e r i t y / 2 . T h i s sys tem was hand led w i t h r e l a t i v e e a s e , even i n t h e
e v a l u a t i o n o f s e v e r a l t housand p l o t s . A more expanded s e v e r i t y s c a l e
m i g h t b e u s e f u l when r e l a t i v e l y few p l o t s a r e i n v o l v e d . P l o t s were
e v a l u a t e d a f t e r h e a d i n g was c o m p l e t e d , b u t b e f o r e l e a f senescence became
p r o n o u n c e d . P l o t s were p l a n t e d b y hand o r w i t h a d r i l l and t h i n n e d a t a n
e a r l y s t a g e t o s e p a r a t e i n d i v i d u a l p l a n t s w i t h i n t h e r o w . A n e a r l y p l a n t
c o u n t was n e c e s s a r y a s p l a n t s k i l l e d i n t h e s e e d l i n g s t a g e were n o t
n o t i c e a b l e a t t h e t i m e o f e v a l u a t i o n l a t e i n t h e season . P l a n t i n g was
g e n e r a l l y d e l a y e d u n t i l a b o u t f o u r weeks a f t e r most m i l l e t a t t h e s t a t i o n
had been p l a n t e d . T h i s gave a h i g h e r i n c i d e n c e o f downy m i l d e w . Loca l
l e s i o n symptoms were n o t o f s u f f i c i e n t i m p o r t a n c e t o b e m e a n i n g f u l i n
e v a l u a t i o n . D isease e v a l u a t i o n , p a r t i c u l a r l y o f advanced b r e e d i n g m a t e r i a l
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must b e made i n l i g h t o f y i e l d , a s some m a t e r i a l w i l l y i e l d w e l l i n s p i t e
o f r e l a t i v e l y h i g h i n f e c t i o n . H o p e f u l l y , such m a t e r i a l c o u l d b e improved
t h r o u g h b r e e d i n g b y i n c o r p o r a t i o n o f h i g h e r l e v e l s o f r e s i s t a n c e .

I q u e s t i o n t h e need f o r a t t e m p t i n g t o c a t a l o g u e a l l o r even most o f
t h e w o r l d m i l l e t germplasm f o r r e a c t i o n t o downy m i l d e w . However , i t
wou ld be o f v a l u e t o c a t a l o g u e a r e p r e s e n t a t i v e sample o f a b o u t 200 e n t r i e s
f o r r e a c t i o n t o downy m i l dew a t a few g e o g r a p h i c a l l y and e c o l o g i c a l l y
d i f f e r e n t l o c a t i o n s u s i n g a u n i f o r m s c o r i n g s y s t e m . I n f o r m a t i o n o f t h i s
t y p e c o u l d a i d i n t h e s e l e c t i o n o f e n t r i e s f o r a n i n t e r n a t i o n a l S .
graminicola v i r u l e n c e n u r s e r y .

An i n t e r n a t i o n a l v i r u l e n c e n u r s e r y s h o u l d be v a l u a b l e as a s o u r c e o f
i n f o r m a t i o n on p h y s i o l o g i c s p e c i a l i z a t i o n o f S . graminicola i n t h e p e a r l
m i l l e t g r o w i n g a reas o f t h e w o r l d . I n 1973 , Mr. G i r a r d ( P l a n t P a t h o l o g i s t ,
Bambey, Senega l ) and I drew up p l a n s f o r such a n u r s e r y f o r West A f r i c a .
The n u r s e r y was p l a n t e d a t s e v e r a l l o c a t i o n s i n West A f r i c a i n 1974 and
1975 , b u t I have n o t y e t heard o f t h e r e s u l t s . I n m y o p i n i o n , v i r u l e n c e
n u r s e r i e s s h o u l d b e k e p t a s s i m p l e a s p o s s i b l e because c o o p e r a t o r s g e n e r a l l y
a l r e a d y have a f u l l l o a d o f work b e f o r e t a k i n g o n t h e r e s p o n s i b i l i t y o f
g r o w i n g and e v a l u a t i n g an a d d i t i o n a l n u r s e r y . R e s u l t s a r e a p t t o be more
r e l i a b l e i f t h e e f f o r t r e q u i r e d o f c o o p e r a t o r s i s k e p t t o a min imum. I n
most c a s e s , a t l e a s t i n A f r i c a , c o o p e r a t o r s a r e n o t l i k e l y t o b e p a t h o l o g i s t s ,
b u t r a t h e r a g r o n o m i s t s o r b r e e d e r s who n a t u r a l l y have a t endency n o t t o g e t
as e x c i t e d a b o u t d i s e a s e d e t a i l a s do p a t h o l o g i s t s . C o o p e r a t o r s s h o u l d know
e x a c t l y how t h e n u r s e r y i s t o b e p l a n t e d and e v a l u a t e d , a n d c l e a r l y l a b e l l e d
seed s h o u l d a r r i v e w e l l i n advance o f p l a n t i n g . A n i n t e r n a t i o n a l v i r u l e n c e
n u r s e r y wou ld h o p e f u l l y c o n t a i n n o t more t h a n 2 0 e n t r i e s , f i v e t o s i x
r e p l i c a t i o n s wou ld b e d e s i r a b l e , and d i s e a s e no tes m i g h t have t o b e l i m i t e d
t o i n c i d e n c e , a t l e a s t i n e a r l y y e a r s . The p r i m a r y o b j e c t i v e o f t h i s t y p e
o f n u r s e r y wou ld be to d e t e r m i n e v i r u l e n c e o f S . graminicola, and n o t to
d e t e r m i n e t h e a d a p t a b i l i t y o f a g r o n o m i c a l l y good v a r i e t i e s o r h y b r i d s .
E n t r i e s s h o u l d b e pu re l i n e s o r v a r i e t i e s , a l t h o u g h t h e s e w i l l l i k e l y b e
d i f f i c u l t t o s e c u r e i m m e d i a t e l y . E n t r i e s s h o u l d i n c l u d e h i g h l y r e s i s t a n t
and h i g h l y s u s c e p t i b l e m a t e r i a l s . H o p e f u l l y , seed o f b o t h t y p e s c o u l d b e
o b t a i n e d f r o m more t h a n one l o c a t i o n . The n u r s e r y s h o u l d be grown in as
many e c o l o g i c a l l y d i f f e r e n t a reas a s p o s s i b l e .

I n a d d i t i o n t o t h e v i r u l e n c e n u r s e r y d e s c r i b e d a b o v e , a n o t h e r i n t e r -
n a t i o n a l m i l l e t n u r s e r y a l s o wou ld b e i n o r d e r . I n c o n t r a s t t o t h e
v i r u l e n c e n u r s e r y , t h e p r i m a r y o b j e c t i v e o f t h i s n u r s e r y wou ld b e t o o b t a i n
i n f o r m a t i o n a b o u t t h e h o s t , i . e . t o d e t e r m i n e t h e r e a c t i o n o f a g r o n o m i c a l l y
good advanced b r e e d i n g l i n e s , v a r i e t i e s , h y b r i d s , and c o m p o s i t e s t o downy
m i l dew and p o s s i b l y s e v e r a l o t h e r d i s e a s e s common t o p e a r l m i l l e t . The
n u r s e r y wou ld b e s i m i l a r t o t h e v i r u l e n c e n u r s e r y i n many r e s p e c t s , b u t
c o u l d i n c l u d e many more e n t r i e s , wou ld r e q u i r e f ewe r r e p l i c a t i o n s , and c o u l d
p o s s i b l y b e used t o o b t a i n i n f o r m a t i o n o n ag ronomic c h a r a c t e r s and y i e l d .
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I t i s i m p o r t a n t t h a t a n u n d e r s t a n d i n g o f economic l o s s due t o downy
m i l dew be o b t a i n e d . Such a s u r v e y wou ld be d i f f i c u l t ; h o w ev e r , I f e e l
t h a t a w e l l - p l a n n e d s u r v e y conduc ted by a few p e o p l e i n r e l a t i v e l y few
s e l e c t e d a reas o v e r t h r e e t o f o u r y e a r s w o u l d g i v e more r e l i a b l e i n f o r m a t -
i o n t han a one to t w o - y e a r e f f o r t conduc te d by many w o r k e r s a t t e m p t i n g
t o cove r a l a r g e p o r t i o n o f t h e p e a r l m i l l e t g r o w i n g a r e a s o f t h e w o r l d .

ERGOT

I n West A f r i c a , I have obse rved e r g o t i n f a r m e r s ' f i e l d s i n a reas
o f m i l l e t c u l t u r e h a v i n g a n annua l r a i n f a l l o f a b o u t 600 mm o r more . I n
N i g e r i a , e r g o t does cause s i g n i f i c a n t y i e l d l o s s e s i n h i g h r a i n f a l l a reas
(1200 mm) i n some y e a r s . However , i n t h e more a r i d a r e a s o f m i l l e t
c u l t u r e , such a s i n t h e Sahel Zone and n o r t h e r n p a r t s o f t h e Sudan Zone ,
e r g o t i s g e n e r a l l y a b s e n t . Hence, i t seems t h a t i n West A f r i c a , e r g o t
i s a d i s e a s e o f g r e a t e s t consequence i n a reas l e a s t dependen t o n m i l l e t
and o f l e a s t consequence i n a reas w h i c h depend a l m o s t e n t i r e l y o n m i l l e t
a s t h e s t a p l e f o o d c r o p .

E r g o t s c l e r o t i a o b t a i n e d f r o m m i l l e t i n West A f r i c a a r e known t o
c o n t a i n h i g h l y t o x i c a l k a l o i d s , and s c l e r o t i a a r e g e n e r a l l y p r e s e n t i n
m i l l e t g r a i n s o l d i n m a r k e t s i n t h e h i g h e r r a i n f a l l a reas o f N i g e r i a .
However , to my k n o w l e d g e , t h e r e has been l i t t l e o r no r e p o r t e d human o r
an ima l p o i s o n i n g due t o e r g o t i n N i g e r i a . Perhaps i t i s p r e s e n t , b u t
s i m p l y has n o t been d i a g n o s e d . Whatever t h e r e a s o n , a t p r e s e n t i t wou ld
seem i m p r a c t i c a l t o recommend a s a l t w a t e r t r e a t m e n t f o r remova l o f e r g o t
s c l e r o t i a f r o m g r a i n i n N i g e r i a . I s u s p e c t t h a t t h i s wou ld h o l d f o r most
o f A f r i c a .

T o me, i t seems t h a t a h i g h p r i o r i t y i n e r g o t r e s e a r c h s h o u l d b e
g i v e n t o t h e deve lopmen t o f a r e l i a b l e f i e l d i n o c u l a t i o n t e c h n i q u e
s u i t a b l e f o r d i f f e r e n t i a t i n g e r g o t r e a c t i o n t y p e s i n p e a r l m i l l e t . U n t i l
t h i s i s a c c o m p l i s h e d , p r o g r e s s i n t h e i d e n t i f i c a t i o n o f e r g o t r e s i s t a n c e
and deve lopmen t o f h i g h - y i e l d i n g , e r g o t - r e s i s t a n t c u l t i v a r s w i l l b e
e x t r e m e l y d i f f i c u l t and f r u s t r a t i n g . I n N i g e r i a , i t became a p p a r e n t t o
m e t h a t c o n d i t i o n s f o r n a t u r a l e r g o t i n f e c t i o n f l u c t u a t e d c o n s i d e r a b l y
f r o m one y e a r t o t h e n e x t and even f r o m one week t o t h e n e x t . V a r i a t i o n
w i t h i n t h e same season makes i t d i f f i c u l t t o compare a c c u r a t e l y r e a c t i o n s
o f e n t r i e s w h i c h f l o w e r a t d i f f e r e n t t i m e s . I t was normal t o f i n d e r g o t
i n f e c t i o n (% o f g r a i n r e p l a c e d by s c l e r o t i a ) r a n g i n g f r o m 0% to 30% on
d i f f e r e n t heads o f t h e same p l a n t . S p r a y i n g heads a t f l o w e r i n g w i t h a 
w a t e r s u s p e n s i o n o f s p o r e s f r o m "honey dew" o f i n f e c t e d p l a n t s d i d n o t
a l w a y s i n c r e a s e s c r e e n i n g r e l i a b i l i t y . P l a n t i n g m i l l e t s e v e r a l weeks
l a t e r t han normal seemed t o g i v e i n c r e a s e d pa thogen c h a l l e n g e a t Samaru.
P r e s u m a b l y , t h i s was due t o i n o c u l u m b u i l d u p o n m i l l e t p l a n t e d e a r l i e r
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a t t h e s t a t i o n . A h i g h l y s u s c e p t i b l e , e a r l y f l o w e r i n g v a r i e t y ( M - 2 , Ghana)
was p l a n t e d e v e r y t e n t h row i n t h e n u r s e r y t o i n c r e a s e n a t u r a l i n o c u l u m
when most e n t r i e s were f l o w e r i n g . A two t o t h r e e week d e l a y i n p l a n t i n g
some r e p l i c a t i o n s m i g h t h e l p t o reduce e r r o r due t o w e e k l y f l u c t u a t i o n s
i n e n v i r o n m e n t a l c o n d i t i o n s i n f l u e n c i n g i n f e c t i o n .

A 0 to 5 s e v e r i t y s c a l e was used to r e c o r d i n f e c t i o n l e v e l s i n v o l v i n g
l e s s t h a t 30% o f t h e f l o r e t s . A n y t h i n g h i g h e r t h a n 30% was t h o u g h t n o t
t o b e w o r t h e v a l u a t i n g . W i t h i n t h e 0 t o 30% r a n g e , most o f t h e i n f e c t i o n
c a t e g o r i e s were a s s i g n e d t o t h e l o w e r i n f e c t i o n l e v e l s . P l o t s can b e
r e l a t i v e l y s m a l l (10 p l a n t s ) , b u t s h o u l d b e r e p l i c a t e d s e v e r a l t i m e s ( a t
l e a s t 4 ) . E v a l u a t i o n s h o u l d b e d e l a y e d u n t i l most t i l l e r s have had
o p p o r t u n i t y t o d e v e l o p seed and s c l e r o t i a became e a s i l y v i s i b l e . I n
N i g e r i a , a s i n g l e s c o r e was g i v e n f o r a n e n t i r e p l o t w i t h sco res b e i n g
w e i g h t e d i n f a v o u r o f t h e more s e v e r l y i n f e c t e d heads i n t h e p l o t . When
p o s s i b l e , each p l o t was s c o r e d b y two t o t h r e e p e o p l e w o r k i n g i n d e p e n d e n t l y .
The y e a r 1973 was e x c e l l e n t f o r n a t u r a l i n f e c t i o n a t Samaru, and abou t 2%
o f o v e r 800 e n t r i e s t e s t e d showed e r g o t i n f e c t i o n o f 1 % o r l e s s . Most
e n t r i e s showed 10% or more i n f e c t i o n , and s e v e r a l showed g r e a t e r t han 30%
i n f e c t i o n .

E x p e r i e n c e i n N i g e r i a i n d i c a t e d t h a t t h e t i m e o f e r g o t s u s c e p t i b i l i t y
i n m i l l e t was s i m i l a r t o t h a t r e p o r t e d f o r so rghum, i . e . a f t e r f l o r a l
o p e n i n g and b e f o r e p o l l i n a t i o n because p o l l i n a t i o n and subsequen t f e r t i l i z a t -
i o n d r a m a t i c a l l y r educed s u s c e p t i b i l i t y o f f l o r e t s t o i n f e c t i o n . I n N i g e r i a ,
s t i g m a s o f most p e a r l m i l l e t s become r e c e p t i v e a b o u t two t o t h r e e days
b e f o r e t h e a n t h e r s o f t h e same f l o w e r s open and shed p o l l e n . I t was f ound
t h a t a d a i l y hand p o l l i n a t i o n o f s t i g m a s , b e g i n n i n g w i t h t h e f i r s t day t h e y
a p p e a r e d , g r e a t l y r educed t h e amount o f e r g o t i n f e c t i o n . Some t h o u g h t was
g i v e n t o s e a r c h i n g f o r p l a n t s i n w h i c h t h e emergence o f s t i gmas and a n t h e r s
was more s y n c h r o n o u s ; however , t h i s was n o t p u r s u e d . There was some
i n d i c a t i o n t h a t l e s s e r g o t was g e n e r a l l y a s s o c i a t e d w i t h c u l t i v a r s h a v i n g good
seed s e t .

I n s e c t s a r e b e l i e v e d t o p l a y a s i g n i f i c a n t r o l e i n t h e d i s s e m i n a t i o n
o f e r g o t c o n i d i a f r o m one p l a n t t o a n o t h e r i n N i g e r i a . A t Samaru, e r g o t
i n f e c t i o n was a l m o s t a lways g r e a t e r o n t h e e a s t s i d e o f m i l l e t s p i k e s t h a n
e l s e w h e r e . O b s e r v a t i o n s showed t h a t i n t h e e a r l y m o r n i n g , i n s e c t a c t i v i t y
was p r i m a r i l y up and down t h e " sunny s i d e " o f t h e s p i k e . Honey dew was
commonly obse rved on l e g and body p a r t s o f t h e s e i n s e c t s .

101





SOME SUGGESTIONS FOR RESEARCH ON DOWNY MILDEW

AND ERGOT OF BAJRA

M.M. Payak

A l t h o u g h t h i s g roup o f C o n s u l t a n t s has been i n v i t e d t o o u t l i n e a 
s t r a t e g y o f r e s e a r c h program on Downy Mi ldew and E r g o t d i s e a s e s , r e c e n t
o c c u r r e n c e s i n t h e c u r r e n t c r o p season sugges t t h a t a t h i r d d i s e a s e -
Smut (Tolyposporium penicillariae) - a l s o has to be reckoned w i t h . Work,
t h e r e f o r e , s h o u l d p roceed c o n c u r r e n t l y o n t h e t r i n i t y o f t h e s e d i s e a s e s .

GREEN EAR DISEASE ( Sclevospora graminicola) 

The f o l l o w i n g a s p e c t s dese rve emphasis i n t h e r e s e a r c h p rog ram:

1 . A s t u d y o f t h e r h y t h m o r p e r i o d i c i t y i n p r o d u c t i o n and r e l e a s e
o f i n f e c t i v e p r o p a g u l e s ( s p o r a n g i a / z o o s p o r e s ) . A n a s s o c i a t e d
e p i d e m i o l o g i c a l a s p e c t i s what e f f e c t r a i n w a t e r f o l l o w i n g a 
n a t u r a l h e a t t r e a t m e n t has i n t r i g g e r i n g oospore g e r m i n a t i o n
w h i c h i n t u r n i n i t i a t e s t h e d i s e a s e o u t b r e a k ;

2 . S t u d i e s o n p h y s i o l o g i c s p e c i a l i s a t i o n s h o u l d b e u n d e r t a k e n n o t
o n l y on c u l t i v a r s on Pennisetum typhoideum b u t a l s o on t h o s e of
o t h e r g r a s s e s such as s p e c i e s o f Setaria; 

3 . M o r p h o l o g i c a l c h a r a c t e r i s a t i o n and d o c u m e n t a t i o n o f s p o r a n g i o -
p h o r e s , s p o r a n g i a , z o o s p o r e s , a n t h e r i d i a , o o g o n i a , oospores
and above a l l " m y c e l i u m " i n t h e h o s t - i n l e a v e s , i n i n f e c t e d
e a r s and i n ca ryopses f r o m e a r s showing v a r i o u s degrees o f
m a l f o r m a t i o n ;

4 . A n a t o m i c a l s t u d y o f i n f e c t e d h o s t p l a n t s - l e a v e s o f s e e d l i n g s
as w e l l as a d u l t p l a n t s , ma l fo rmed e a r s and c a r y o p s e s ;

5 . A b a s i c p h y s i o l o g i c a l p rob lem i s t h e p o s s i b l e o c c u r r e n c e o f
hormonal imba lances w h i c h t r a n s f o r m f e r t i l e f l o r e t s i n t o s t e r i l e
l e a f y s t r u c t u r e s . I t i s a p a t h o g e n - m e d i a t e d e f f e c t o r i t
r e s u l t s as an i n t e r a c t i o n o f h o s t and t h e pathogen? Use o f
a x e n i c c u l t u r e s o f t h e pa thogen may a s s i s t t h i s s t u d y g r e a t l y ;

6 . I t i s a l s o n e c e s s a r y t o s c r e e n male s t e r i l e s o u r c e s , o t h e r
than t h o s e i n c u r r e n t use f o r h y b r i d p r o d u c t i o n a g a i n s t n o t



o n l y downy m i ldew b u t a l s o e r g o t and smu t ;

7 . Methods o f e v a l u a t i o n o f b a j r a germplasm r e q u i r e r e f i n e m e n t .
Growing o f p e a r l m i l l e t e n t r i e s i n s i c k p l o t s may b e f o l l o w e d
b y s p o r a n g i a l i n o c u l a t i o n . The p o s s i b i l i t y o f mass m u l t i p l i c a t i o n
o f i n o c u l u m t h r o u g h a x e n i c c u l t u r e r e q u i r e s t o b e e x p l o r e d ;

8 . A n a t t e m p t t o r e l a t e g r o w t h h a b i t o f p e a r l m i l l e t w i t h t h e
s u s c e p t i b i l i t y p e r i o d o f t h e c r o p r e q u i r e s t o b e made;

ERGOT (Claviceps microoephala) 

1 . W h i l e d e a l i n g w i t h t h e taxonomy o f t h e p a t h o g e n , i t s h o u l d b e
r e c o g n i z e d t h a t t a x a a t s p e c i e s l e v e l i n t h e genus Claviceps 
r e q u i r e t o b e d e l i m i t e d o n t h e b a s i s o f morpho logy o f t h e p e r f e c t
s t a g e ;

2 . The o u t b r e a k s o f t h e d i s e a s e o c c u r in summer months when
t e m p e r a t u r e s may be modera te or even h i g h (30°C or a b o v e ) . A 
s t u d y o f t e m p e r a t u r e i n r e l a t i o n t o i n vitro g r o w t h o f t h e
pathogen and i n r e l a t i o n t o d i s e a s e deve lopmen t s h o u l d p rove
r e w a r d i n g ;

3 . Mode o f i n f e c t i o n s h o u l d be worked o u t so t h a t p r o c e du r e s f o r
a r t i f i c i a l i n o c u l a t i o n can b e d e v i s e d r a p i d l y ;

4 . The e x a c t s a l t c o n c e n t r a t i o n i n w a t e r f o r e l i m i n a t i o n o f
s c l e r o t i a b y f l o a t a t i o n s h o u l d b e worked o u t . I t i s t h e o n l y
a v a i l a b l e method f o r r e d u c t i o n o f t o x i c i t y hazards a s s o c i a t e d
w i t h t h i s d i s e a s e ;

5 . A b i o c h e m i c a l s t u d y o f a l k a l o i d s p r e s e n t i n t h e s c l e r o t i a s h o u l d
a l s o be u n d e r t a k e n . P o s s i b l y , a new group of compounds may come
t o l i g h t .
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THOUGHTS ON QUESTIONS RAISED FOR THE CONSULTANTS'

GROUP DISCUSSION ON DOWNY MILDEW AND ERGOT OF

PEARL MILLET

C. G. Schmi t t

DOWNY MILDEW

Host

1. A number o f s c r e e n i n g p r o c e d u r e s a r e b e i n g used and can be adap ted
t o g i v e a c c e p t a b l e r e s u l t s . Any t e c h n i q u e t h a t i s q u a n t i t a t i v e ,
f a i r l y r e p r o d u c i b l e and t h a t w i l l d i s t i n g u i s h between r e s i s t a n t and
s u s c e p t i b l e p l a n t s s h o u l d b e a d e q u a t e .

2 . I t i s d o u b t f u l i f t h e r e i s any advan tage i n u s i n g a s c a l e f o r
s e v e r i t y . The re may b e a n advan tage i n n o t i n g t h e g r o w t h s t a g e o f
t h e p l a n t a t w h i c h s y s t e m i c i n f e c t i o n i s f i r s t o b s e r v e d . D o
s y s t e m i c a l l y i n f e c t e d p l a n t s e v e r r e c o v e r ? I t i s m y i m p r e s s i o n t h a t
t h e y do n o t , b u t s i n c e we do n o t grow them to m a t u r i t y because o f
space l i m i t a t i o n s we have no d a t a on t h i s . Perhaps work s h o u l d be
done w i t h s y s t e m i c f u n g i c i d e s t o d e t e r m i n e t h e l i k e l i h o o d o f
e l i m i n a t i n g m y c e l i u m a f t e r t h e t e r m i n a l bud i s i n f e c t e d .

3 . R e l i a b l e s o u r c e s o f r e s i s t a n c e a r e known f o r so rghum, c o r n and
s u g a r c a n e . Sun , Exconde , F r e d e r i k s e n and B o c k h o l t , M o c h i z u k i
Caranga l and Aday have s t u d i e d t h e mode o f i n h e r i t a n c e o f r e s i s t a n c e .
O t h e r s who a r e s t u d y i n g 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 c u r r e n t l y i n
t h e U.S. i n c l u d e Z u b e r , S c o t t , and H o e r n e r . I w i l l b e most w i l l i n g
t o c o n t i n u e s c r e e n i n g t h e m a t e r i a l s s u b m i t t e d b y t h o s e who a r e
s t u d y i n g t h e mechanism o f r e s i s t a n c e . I n t e r p r e t a t i o n o f t h e r e s u l t s
i s t h e p r o v i n c e o f t h o s e more compe ten t i n g e n e t i c s t han I .

4 . T h i s m i g h t be a p o s s i b i l i t y f o r some o f t h e s p e c i e s . We must bea r
i n m i n d , however , t h a t t h e s p e c i e s a r e dynamic .

T h e s e p o i n t s a r e m a d e i n r e s p o n s e t o t h e q u e s t i o n s r a i s e d a b o v e b y

N e n e & S i n g h a n d s h o u l d b e r e a d i n c o n j u n c t i o n w i t h t h e m .



5 . S h o r t t e r m . - T r a n s f e r t h e r e s i s t a n c e f r o m i n b r e d l i n e s t h a t have
shown h i g h l e v e l s o f r e s i s t a n c e i n s c r e e n i n g programs t o s t a n d a r d
s u s c e p t i b l e i n b r e d l i n e s t h a t a r e c u r r e n t l y used i n w i d e s c a l e
p r o d u c t i o n . Employ t h e f o l l o w i n g me thod : S e l f t h e F 1 and sc reen
t h e F 2 s e g r e g a t i n g p o p u l a t i o n f o r r e s i s t a n t p l a n t s . I f p l a n t s w i t h
r e s i s t a n c e c o u l d b e i d e n t i f i e d b e f o r e f l o w e r i n g , t h e y wou ld b e
b a c k c r o s s e d t o t h e r e c u r r e n t p a r e n t . The b a c k c r o s s e d p l a n t s wou ld
b e s e l f e d and t h e r e s u l t i n g r e s i s t a n t p l a n t s i n t h e s e g r e g a t i n g
p o p u l a t i o n wou ld a g a i n b e b a c k c r o s s e d t o t h e r e c u r r e n t p a r e n t .
B a c k c r o s s i n g s h o u l d b e c o n t i n u e d f o r f i v e g e n e r a t i o n s t o a l l o w
r e c o v e r y o f t h e r e c u r r e n t p a r e n t w i t h downy m i l dew r e s i s t a n c e .

Long t e r m . - Use c y c l i c s e l e c t i o n f o r d e v e l o p i n g p o p u l a t i o n s w i t h
h i g h l e v e l s o f r e s i s t a n c e t o downy m i l d e w . Method one : I d e n t i f y
r e s i s t a n t p l a n t s i n a he te rogenous p o p u l a t i o n . I f t h e r e s i s t a n t
p l a n t s can b e i d e n t i f i e d b e f o r e f l o w e r i n g . They w i l l b e i n t e r m a t e d
b y u s i n g p o l l e n m i x t u r e s f r o m r e s i s t a n t p l a n t s o n t h e s i l k s o f
r e s i s t a n t p l a n t s . T h i s p rocess s h o u l d b e c o n t i n u e d f o r a t l e a s t
f i v e c y c l e s . Method t w o : S e l f a t l e a s t 150 p l a n t s i n a h e t e r o -
genous p o p u l a t i o n . P l a n t t h e s e l f e d seed t h e f o l l o w i n g y e a r i n a n
ear t o row a r r a n g e m e n t . Each row s h o u l d have a t l e a s t t e n p l a n t s
w i t h two r e p l i c a t i o n s . These S 1 ' s wou ld be s u b j e c t e d t o downy
m i l dew i n f e c t i o n and t h e S 1 rows w i t h h i g h l e v e l s o f r e s i s t a n c e
wou ld b e i d e n t i f i e d . The f o l l o w i n g y e a r t h e r e s i s t a n t S 1 ' s wou ld
be p l a n t e d f r o m remnant seed . Random p o l l i n a t i o n s wou ld be made
among t h e S 1 ' s by s i b b i n g o r by p o l l e n m i x t u r e s . Repeat t h e p rocess
f o r a t l e a s t f i v e c y c l e s . Two u n r e l a t e d p o p u l a t i o n s s h o u l d b e
i n v o l v e d s o i n b r e d l i n e s c o u l d b e d e v e l o p e d f r o m each p o p u l a t i o n .
These u n r e l a t e d i n b r e d s s h o u l d b e u s e f u l f o r h y b r i d d ev e l o p m e n t .

Pathogen

6 . Loca l s c i e n t i s t s a re i n a b e t t e r p o s i t i o n t o r e p l y t o t h i s .

7 . A c c o r d i n g to Shaw (The taxonomy o f g r a m i n i c o l o u s downy mi ldews w i t h
emphasis on t h o s e a t t a c k i n g m a i z e . S c i e n t i f i c Paper No. 4 2 6 9 ,
P r o j e c t No. 1095. C o l l e g e o f A g r i c u l t u r e Research C e n t r e ,
Wash ington S t a t e U n i v e r s i t y , P u l l m a n , Wash ing ton ) t h e pathogen
c a u s i n g g reen ea r d i s e a s e o f p e a r l m i l l e t i s Sclerospora graminicola 
( S a c c . ) S c h r o e t . I t o r e c o g n i z e d t h e s i g n i f i c a n c e o f s p o r a n g i a and
e s t a b l i s h e d two subgenera w i t h i n Sclerospora: Eusclerospora f o r
t hose s p e c i e s p r o d u c i n g zoospores and Perono-sclerospora f o r t h o s e
s p e c i e s i n wh i ch g e r m i n a t i o n o f asexua l spo res i s b y germ t u b e .
Shaw, t a k i n g c o g n i z a n c e o f t h e m o r p h o l o g i c a l and p h y s i o l o g i c a l
d i f f e r e n c e between s p o r a n g i a and c o n i d i a has p roposed r a i s i n g
t h e s e subgenera t o genus r a n k .
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Dr. Ren f ro has p o i n t e d up t h e need f o r an o v e r h a u l o f t h e taxonomy
o f t h o s e s p e c i e s o f t h e genus Sclerospora t h a t a t t a c k c o r n i n h i s
summary o f o u r knowledge o f t h e downy m i l d e w s .

8. To my knowledge no one has been a b l e to g e r m i n a t e oospores of
Sclerospora sorghi c o n s i s t e n t l y . U n t i l t h i s can be done , t h e
asexua l spores appear t o be t h e dependab le spore f r o m t h a t s h o u l d
b e used i n s c r e e n i n g f o r r e s i s t a n c e .

9 . From t h e r e s e a r c h f i n d i n g s o f s e v e r a l w o r k e r s t h e fungus does
p e n e t r a t e t h e seed .

1 0 . Secondary sp read can be v e r y i m p o r t a n t where weed ho s t s a re p r e s e n t
and where i t o c c u r s e a r l y i n t h e l i f e o f t h e c r o p under f a v o u r a b l e
e n v i r o n m e n t a l c o n d i t i o n s .

1 1 . Our i n f o r m a t i o n i n t h i s a rea i s v e r y s k e t c h y c u r r e n t l y .

12. The b i o d e g r a d a t i o n o f oospores s h o u l d be a f r u i t f u l a rea f o r
r e s e a r c h . I have asked Dr . Papav izas f o r s u g g e s t i o n s . He men t i oned
t h e work of Lumsden and Ay res w i t h Hypochytium c a t e n e o i d e s on
Pythium o o s p o r e s . Our p r e l i m i n a r y t r i a l w i t h t h i s was n o t
e n c o u r a g i n g , b u t w e w i l l c o n t i n u e t o work w i t h i t .

13. There has been l i m i t e d success i n a x e n i c c u l t u r e o f some o f t h e
s p e c i e s t h a t cause downy m i l d e w . As Shaw has p o i n t e d o u t , a x e n i c
c u l t u r e can speed taxonomic s t u d i e s , i n o c u l a t i o n and c y t o l o g i c a l
i n v e s t i g a t i o n s . A l t h o u g h p r o g r e s s has been made h e r e , u n t i l t h e
spores fo rmed i n c u l t u r e a r e c a p a b l e o f i n f e c t i n g t h e h o s t t he
r e s e a r c h i s o n l y o f academic i n t e r e s t .

Environment

1 4 . The answer f o r a l l f o u r subheads i s p r o b a b l y y e s , b u t r e s e a r c h
s h o u l d b e i n t e n s i f i e d i n a l l o f t h e s e a r e a s .

15 . We need more p r e c i s e i n f o r m a t i o n on t h e s u r v i v a l o f oospores in
d i f f e r e n t e n v i r o n m e n t s . D e t a i l s o f t h e i n f e c t i o n p rocess a r e
f a i r l y w e l l documented. A d d i t i o n a l i n f o r m a t i o n o b t a i n e d f r o m
w e l l - p l a n n e d t e s t s o n sp read i s r e q u i r e d .

16 . Yes. As p o i n t e d o u t by Shaw, c o r n was n o t t h e o r i g i n a l h o s t o f
t h e 9 s p e c i e s t h a t w i l l now a t t a c k c o r n and t h e r e a r e i n d i c a t i o n s
t h a t Sclerospora sorghi was n o t i n i t i a l l y a t e m p e r a t e c l i m a t e
p a t h o g e n .
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I n t e r n a t i o n a l e f f o r t

17. S c r e e n i n g o f w o r l d germplasm f o r r e a c t i o n t o downy m i l d e w appears
to be a f i r s t s t e p and a c o n s i d e r a b l e amount o f i t has been
a c c o m p l i s h e d f o r Sclerospora sorghi. For l i n e s t h a t have good
r e s i s t a n c e f o r a s p e c i f i c p a t h o g e n , one l o g i c a l l y d e s i r e s
i n f o r m a t i o n o n t h e i r r e s i s t a n c e t o t h e o t h e r m a j o r d i s e a s e s o f t h e
c r o p . I n t h i s c a t a l o g i z i n g t h e method o f s c r e e n i n g s h o u l d b e
i n d i c a t e d .

18 . The pu rpose f o r m u l t i l o c a t i o n t e s t i n g f o r downy m i l dew i n c i d e n c e
wou ld b e t o d e t e r m i n e t h e g e o g r a p h i c a l d i s t r i b u t i o n and degree o f
s a t u r a t i o n . T h i s d a t a wou ld b e v a l u a b l e i n p i n - p o i n t i n g t h e sou rce
o f i n o c u l u m , a n i n i t i a l s t e p i n e r a d i c a t i n g i t . I f t h i s i s n o t
p o s s i b l e measures s h o u l d b e t aken t o s u p p l y g rowers i n "danger
a r e a s " w i t h r e s i s t a n t v a r i e t i e s .

I f downy m i ldews a r e f o u n d i n a reas where t h e y have n o t been f o u n d
p r e v i o u s l y i n t h e s e s u r v e y s , t h e s p e c i e s i n v o l v e d s h o u l d b e
i d e n t i f i e d , t h e v a r i e t i e s o n w h i c h t h e y o c c u r n o t e d and t h e amount
o f damage e s t i m a t e d .

Yes , a n i n t e r n a t i o n a l downy m i l dew n u r s e r y wou ld p r o v i d e v a l u a b l e
i n f o r m a t i o n .

Misce l laneous

1 9 . I n a reas where i t i s a p r o b l e m , l o s s d a t a w i l l p o i n t u p t h e s e r i o u s -
ness o f t h e p r o b l e m and w i l l a l s o r e v e a l t h e success a t t a i n e d b y use
o f r e s i s t a n t v a r i e t i e s . Me thodo logy s h o u l d t a k e c o g n i z a n c e o f t h e
t i m e o f i n i t i a l i n f e c t i o n and p r e v a l e n c e o f i n f e c t i o n a t d i f f e r e n t
s t a g e s i n t h e l i f e o f t h e c r o p . I n a reas where t h e f o d d e r i s
i m p o r t a n t , l o s s o f f o d d e r a s w e l l a s o f g r a i n s h o u l d b e s t a t e d f o r
t h e h a r v e s t .

20 . Exconde has r e c e n t l y summarized t h e work on chemica l c o n t r o l o f
maize downy m i l d e w . Demosan p l u s me thy l c e l l u l o s e as a seed
t r e a t m e n t f o l l o w e d b y a l t e r n a t i n g f o l i a r s p r a y s o f D u t e r and
D i t h a n e M-45 were e f f e c t i v e b u t r a t h e r e x p e n s i v e because o f t h e
f r e q u e n c y o f f o l i a r s p r a y s r e q u i r e d f o r c o n t r o l .

T o m y know ledge , t h e p r e s e n t s t a t e o f t h e a r t r u l e s o u t t h e
dependence o f f u n g i c i d a l seed t r e a t m e n t a l o n e t o p roduce a m i l d e w -
f r e e c r o p . Even i f t h e s e e d l i n g emerges i n a h e a l t h y c o n d i t i o n , a 
heavy c o n i d i a l shower c o u l d nega te t h e b e n e f i t s f r o m a n o t h e r w i s e
e f f e c t i v e seed t r e a t m e n t . We may hope t h a t e v e n t u a l l y an e f f e c t i v e
s y s t e m i c f u n g i c i d e may b e f ound t o p r o t e c t s e e d l i n g s , a t l e a s t
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t h r o u g h t h e month a f t e r emergence.

Ergo t

Because o f m y l i m i t e d e x p e r i e n c e w i t h e r g o t , I c o u l d c o n t r i b u t e
l i t t l e o f v a l u e b y a n s w e r i n g t h e q u e s t i o n s posed .
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ERGOT OF PEARL MILLET

B.L. Renfro

PATHOGEN

1 . How e x t e n s i v e i s e r g o t i n s e m i - a r i d t r o p i c s ?

Unknown to me.

2 . A re w e s a t i s f i e d w i t h taxonomy o f t h e e r g o t f ungus?

No, i t needs t o b e r e s o l v e d .

3 . What r o l e d o t h e s c l e r o t i a p l a y i n p r i m a r y i n f e c t i o n ?

A p p a r e n t l y a v e r y i m p o r t a n t r o l e s i n c e , i n much o f I n d i a , n o p e a r l
m i l l e t grows d u r i n g l o n g , h o t , d r y p e r i o d and t h e a s e x u a l , c o n i d i a l
s t a g e p r o b a l l y does n o t s u r v i v e .

4 . What i s t h e p r e s e n t s t a t u s o f o u r knowledge o n g e r m i n a t i o n o f
s c l e r o t i a ?

Ra the r meager , t hough t h e p r o c e s s and s t r u c t u r e s have been
d e s c r i b e d .

5 . I s i t p o s s i b l e t o s t i m u l a t e b i o d e g r a d a t i o n o f s c l e r o t i a ?

Yes , b u t t h e r e i s n o t enough known t o s u g g e s t t h i s a s a c o n t r o l
measu re . Care must be t a k e n i n deve lopmen t o f any such c o n t r o l
p r a c t i c e t o see t h a t any recommendat ion i s p r a c t i c a l , economica l
and l o n g l a s t i n g .

HOST

6 . Are o u r r e s i s t a n c e s c r e e n i n g p r o c e d u r e s s a t i s f a c t o r y ?

Y e s , t h e p r e s e n t methods o f c o n i d i a l i n o c u l a t i o n a r e easy t o u s e ,
e f f e c t i v e and r e p r o d u c i b l e . U n d o u b t e d l y t h e s e can be improved
on and b e t t e r methods d e v e l o p e d .



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

I p r e f e r a 1-5 or a 1-10 r a t i n g s c a l e , d e p e n d i n g on what t h e d a t a
i s t o b e used f o r . For s c o r i n g b r e e d i n g m a t e r i a l a 1-5 i s q u i t e
s a t i s f a c t o r y . However , e s t i m a t i n g t h e p e r c e n t f l o r e t s i n f e c t e d i n
a p a r t i c u l a r head and t h e n e s t i m a t i n g o n a p l o t b a s i s i s d i f f i c u l t .
O f t e n one s i d e o f a head has more i n f e c t i o n t han a n o t h e r and t h e
p resence o f honey-dew ( f u n g u s m a t r i x ) , h y p e r - p a r a s i t e s and s o o t y
molds con found d i s e a s e s c o r i n g . The r a t i n g s c a l e needs t o be
based o n pe r c e n t o f f l o r e t s i n f e c t e d and a g a i n t h e a s s i g n m e n t o f
numbers t o p e r c e n t a g e g roups i s p r e f e r r e d .

8. Do we know good sou rces of r e s i s t a n c e ?

A p p a r e n t l y good r e s i s t a n c e has n o t been i d e n t i f i e d i n p e a r l m i l l e t .
T h i s s h o u l d b e a t o p p r i o r i t y a rea o f r e s e a r c h and a l l t y p e s o f
r e s i s t a n t mechanisms s h o u l d b e l o o k e d f o r .

9 . What i s t h e r e l a t i o n s h i p between p o l l i n a t i o n and c o n i d i a l
i n f e c t i o n ?

There i s a p o s i t i v e r e l a t i o n s h i p . F o l l o w i n g f e r t i l i z a t i o n - a few
hours to a few days - t h e o v a r y w a l l t h i c k e n s e x c l u d i n g any
p e n e t r a t i o n o f t h e germ t u b e . For i n f e c t i o n t o o c c u r t h e germ
t u b e must i n f e c t t h e o v a r y e i t h e r b e f o r e f e r t i l i z a t i o n o r b e f o r e
t h e w a l l t h i c k n e s s . Among some o t h e r c e r e a l c r o p s t h e r a t e o f
t h i c k e n i n g i s r e p o r t e d t o v a r y w i t h h o s t g e n o t y p e .

ENVIRONMENT AND AGRONOMY

10 . How much do we know abou t t h e i n f l u e n c e of e n v i r o n m e n t on ( a )
s u r v i v a l o f s c l e r o t i a and c o n i d i a , ( b ) t h e p r o c e s s o f i n f e c t i o n ,
and ( c ) t h e sp read o f t h e d i s e a s e ?

The work and o b s e r v a t i o n s r e p o r t e d to d a t e p r o v i d e s a g o o d ,
g e n e r a l i d e a o f t h e s e e n v i r o n m e n t a l i n f l u e n c e s , b u t a d d i t i o n a l
and more p r e c i s e i n f o r m a t i o n i s needed. For e x a m p l e , t h e i n f l u e n c e
o f m a t r i x s h o u l d b e i n v e s t i g a t e d , t h e s u r v i v a l o f c o n i d i a i n and
f r e e o f m a t r i x , t h e s u r v i v a l o f and g e r m i n a t i o n o f s c l e r o t i a under
v a r i o u s c o n d i t i o n s and s o i l dep ths and t h e f u l l r o l e o f ascospo res
i n t h e d i s e a s e c y c l e .

1 1 . I s i t p o s s i b l e t o r educe e r g o t t h r o u g h ( a ) a d j u s t i n g t h e t i m e o f
p l a n t i n g , ( b ) a p p r o p r i a t e r o t a t i o n s , ( c ) m o d i f i c a t i o n s i n f e r t i l i z e r
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and m i c r o n u t r i e n t a p p l i c a t i o n s , and ( d ) i n t e r c r o p p i n g ?

The e f f e c t o f t h e s e v a r i o u s c u l t u r a l p r a c t i c e s o n d i s e a s e deve lopmen t
need t o b e s t u d i e d . Data and e x p e r i e n c e w i l l b e r e q u i r e d b e f o r e
s p e c u l a t i o n o f w h i c h ones o f t h e s e s p e c i a l i z e d c r o p and s o i l manage-
ment sys tems w i l l b e u s e f u l i n m i n i m i z i n g d i s e a s e l o s s . Such
p r a c t i c e s may b e r e q u i r e d t o h e l p c o n t r o l e r g o t , a s h o s t r e s i s t a n c e
now appears to be u n c e r t a i n and o f a low l e v e l , and c h e m i c a l s f o r
c o n t r o l o f t h e d i s e a s e s and i n s e c t s a r e e x p e n s i v e and r e q u i r e p r o p e r
t i m i n g .

MISCELLANEOUS

12. How i m p o r t a n t i s e r g o t as ( a ) a s o u r c e o f l o s s in y i e l d and (b ) as a 
p o i s o n ?

I c o n s i d e r b o t h i m p o r t a n t , b u t t h e p o i s o n ( t o x i c p r i n c i p l e s ) much
more i m p o r t a n t . I t seems to me t h a t u n l e s s t h i s d i s e a s e can be
c o n t r o l l e d o r t h e s c l e r o t i a can b e s e p a r a t e d and d i s c a r d e d f r o m
g r a i n , t h e endemic d i s e a s e a r e a s w i l l need t o f i n d a n a l t e r n a t e c r o p .

13 . Shou ld w e recommend remova l o f s c l e r o t i a t h r o u g h t h e use o f s a l t
w a t e r ?

Yes , e i t h e r b y use o f t h e f l o t a t i o n method w i t h b r i n e , w h i c h seems
t o b e q u i t e p r a c t i c a l , o r remova l b y some o t h e r method .
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DISCUSSION SESSION I 

DOWNY MILDEW - THE PATHOGEN

A.J . Ul ls t rup - Chairman

N.V. Sundaram & S.D. Singh - Rapporteurs

The chairman b r i e f l y emphasised the importance of downy mildews
e s p e c i a l l y in the case o f r a i n f e d crops l i k e pear l m i l l e t . He i n v i t e d
i n d i v i d u a l workers to g ive t h e i r exper iences on the pathogen, p a r t i c u l a r l y
w i t h re fe rence to i t s r e p r o d u c t i o n , poss ib le seed-borne t r a n s m i s s i o n , the
f u n c t i o n s o f oospores in c r e a t i n g e p i p h y t o t i c s and f i n a l l y the evidence
f o r p h y s i o l o g i c a l s p e c i a l i s a t i o n .

Dr. Sundaram commented upon the importance of the asexual stage in
f i e l d i n f e c t i o n and spread. In h is l a b o r a t o r y sporangia had been used to
produce systemic i n f e c t i o n , and seedl ings were suscep t i b l e up to and
i n c l u d i n g the f i f t h l e a f s tage . Sporangial i n f e c t i o n was not poss ib l e on
p lan ts more than 30 days o l d . In a d d i t i o n when sporangia were used to
i nocu la te the f l o w e r i n g heads, up to 23 percent of the seeds were found
to con ta in mycel ia in the embryos. The i n f e c t e d seeds were grown under
c o n t r o l l e d cond i t i ons and seedl ings developed symptoms. He expressed the
view t h a t i t was ex te rna l i n f e c t i o n of f l o r e t s by zoospores and not
systemic mycel ia which r e s u l t e d in seed i n f e c t i o n .

Dr. Sa feeu l la d iscussed h is success in a r t i f i c i a l o r near-axenic
c u l t u r e o f the pear l m i l l e t downy mildew on pear l m i l l e t c a l l u s t i s s u e .
He has mainta ined c u l t u r e s of S. graminicola on such c a l l u s f o r almost s i x
years w i t h repeated sub -cu l t u re and the fungus is s t i l l pathogenic on
pear l m i l l e t . The axenic c u l t u r e techniques can be used in many basic
s tud ies i n c l u d i n g the screening o f chemicals f o r e f f e c t i v e n e s s aga ins t the
pathogen and the study of phys i o l og i c s p e c i a l i z a t i o n .

Dr. Kenneth discussed b r i e f l y aspects of the taxonomy of S. graminicola. 
The i d e n t i f i c a t i o n of t h i s pathogen is much s imp ler than o ther downy mildews
because of i t s sporangia and zoospore p r o d u c t i o n . I t may poss ib l y be mixed
w i t h Scleropthora macrospora but there are impor tan t d i agnos t i c f ea tu res
enab l ing the separa t ion of these two pathogens. Dr. Charles Gardner Shaw
proposes changing the taxonomic grouping of the Sclerospora downy mildews and
on ly Sclerospora graminicola w i l l remain in the genus Sclerospora. A l l the
r e s t w i l l be put i n t o the genus Peronosclerospora. S. graminicola sometimes
produces g i a n t sporangia and the re are v a r i a t i o n s in the spore s i ze based
upon the age of the hos t . Genera l ly spores are smal le r on seed l ings as



compared to those found in o l de r p l a n t s . The zoospores a lso vary in
t h e i r s i ze and number. In general 3-11 have been repor ted but the normal
number is f ou r o c c a s i o n a l l y va ry ing f rom 3-7 . The g i a n t sporangia
always con ta in 1-2 zoospores which measure 10-12 . To date taxonomy
is based on morphology but what about hos t range? Sclerospora graminicola 
is found on many d i f f e r e n t p l an t s in d i f f e r e n t areas. Is the host range
in one area the same as another or are there d i s t i n c t geographic l o c a t i o n s /
host range t ypes . If there are should taxonomy be based on these para-
meters . 

Mr. Andrews asked f o r adv ice on breeding f o r r es i s t ance to downy
mildew. ICRISAT has begun m u l t i l o c a t i o n t e s t i n g of e a r l y generat ions of
composite and v a r i e t y progeny in downy mildew ' h o t - s p o t s ' . L ines showing
res i s t ance w i l l be brought back and used f o r f u r t h e r h y b r i d i s a t i o n . He
noted t h a t some genotypes r e s i s t a n t in I nd ia were suscep t i b l e in A f r i c a
and v i c e ve rsa , and t h a t in A f r i c a m i l l e t land- races have reached an
e q u i l i b r i u m w i t h the d iseases . He f e l t t h a t good sources o f res i s tances
were a v a i l a b l e and w i t h a combined e f f o r t by breeders and p a t h o l o g i s t s
the downy mildew in m i l l e t should present no major problem.

Dr. Schmit t r epo r ted h i s exper iences w i t h downy mildew of co rn .
Temperature p lays a major r o l e in the i n f e c t i o n of the host and
temperatures in the range 15° to 22°C are impor tan t to c rea te ep iphy-
t o t o c s . He found t h a t the con id ia germinate very e a s i l y under such
c o n d i t i o n s . I t r e q u i r e s on ly a very sho r t pe r iod o f 2 h r f o r i n f e c t i o n
and a per iod of 6-7 hours g ives e x c e l l e n t i n f e c t i o n . Dew favours con id ia l
germinat ion at 18-20°C and i n f e c t i o n at 21-22 0C has been found to be very
h igh . He a lso found t h a t con id i a of Perenospora cou ld be preserved in
l i q u i d n i t r o g e n f o r s i x y e a r s .

Dr. G i ra rd b r i e f l y recounted h is exper iences w i t h pear l m i l l e t downy
mildew making the f o l l o w i n g p o i n t s :

1. Attempts to germinate oospores were gene ra l l y not successfu l
a l though a few germ tubes were observed.

2 . I t i s impor tan t to know the exact c o n d i t i o n s f o r oospore
germina t ion .

3. Al though having no d i r e c t evidence of the importance of
secondary i n f e c t i o n in the f i e l d the use of chemicals on pear l
m i l l e t d i d de lay the development o f the d i sease . Also a t Bambey
in Senegal pear l m i l l e t p lan ted i n f i e l d s no t p rev i ous l y p lanted
w i t h t h i s crop developed a high degree of i n f e c t i o n . The seed
in t h i s p l a n t i n g was ob ta ined f rom the dry season crop in which
i t was f r e e from symptoms and so i t was u n l i k e l y t h a t the
pathogen was seed-borne.
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Fur ther exper iments are underway to examine the importance
of secondary spread.

4. He has evidence t h a t the pathogen va r i es in pa thogen i c i t y at
d i f f e r e n t l o c a t i o n s , f o r some l i n e s are h i g h l y suscep t i b le a t
one l o c a t i o n and h i g h l y r e s i s t a n t a t o t h e r s . There are th ree
l i n e s in Upper Vo l t a which show symptoms on ly in Mali and Upper
Vo l ta and are r e s i s t a n t a t a l l o ther l o c a t i o n s .

Dr. Sa feeu l la commented t h a t in Mysore HB-3 is not suscep t i b l e
whereas in many o the r l o c a t i o n s t h i s v a r i e t y i s h i g h l y s u s c e p t i b l e . Also
HB-3 seed obta ined f rom Gulbarga d i s t r i c t was found in Dr. S a f e e u l l a ' s
l a b o r a t o r y to con ta in mycelium which is very l i k e l y to be t h a t o f
Sclerospora graminicola. Dr. S.D. Singh mentioned t h a t he i nocu la ted
f lowers of pear l m i l l e t w i t h sporang ia l suspensions and was subsequent ly
able to de tec t mycle ia in the mbryos.

Dr. U l l s t r u p exp la ined t h a t in maize ageing makes the i n t e r n a l l y
seed-borne mycleium nonv iab le and asked whether such a phenomenon occurs
in pear l m i l l e t . Dr. Sa feeu l la sa id t h a t he had no i n fo rma t i on on t h i s
aspect .

Dr. Freder iksen asked i f the re i s evidence f o r d i f f e r e n t i a l
r es i s t ance to sporangia and oospores as is the case in co rn . There was
no p o s i t i v e answer f rom any of the p a r t i c i p a n t s s ince t h i s work has not
been c a r r i e d o u t .

Dr. King made the f o l l o w i n g p o i n t s :

1. There was evidence of d i f f e r e n t p h y s i o l o g i c a l races at Samaru
and Kano ( l o c a t i o n s 100 mi les apar t in Nor thern N i g e r i a ) .

2. Seed of T i f t 23-A obta ined from the Uni ted States where no
Sclerospora graminicola occurs was grown in s t e r i l e s o i l and
the p l an t s developed a h igh degree of downy mildew i n f e c t i o n .
He s t ressed the need f o r cau t ion in c l a i m i n g t h a t we have seed-
borne i n f e c t i o n unless we can be sure t h a t we e l i m i n a t e a l l
chance of secondary spread to the p l a n t s .

Dr. F redr iksen made the p o i n t t h a t i f the pathogen is indeed seed-
borne then we should see the symptoms in the f i r s t th ree seed l ing leaves .
Dr. Kenneth went f u r t h e r and sa id t h a t i f the pathogen is seed-borne
then symptoms should be observed in the f i r s t seed l ing l e a f . Oospore
induced i n f e c t i o n never show symptoms in the f i r s t l e a f . Dr. Sundaram
had seen symptoms on the f i r s t l e a f o f pear l m i l l e t w i t h e x c e l l e n t
p roduc t ion o f sporang ia .
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The d i s c u s s i o n c o n t i n u e d m a i n l y o n t h e t w o t o p i c s o f s e e d - b o r n e
i n o c u l u m and o o s p o r e v i a b i l i t y . W h i l e t h e r e w e r e s e v e r a l p i e c e s o f
e v i d e n c e s u g g e s t i n g t h a t S . graminicola i s s e e d - b o r n e i n p e a r l m i l l e t
n o one had a c t u a l l y p r o v e d b y e x p e r i m e n t a t i o n t h a t t h i s was s o .
D r . W e b s t e r made t h e p o i n t t h a t many i n t r o d u c t i o n s o f p e a r l m i l l e t w e r e
made t o t h e U . S . A . p r i o r t o t h e s e t t i n g u p o f q u a r a n t i n e r e g u l a t i o n s
and y e t Sclerospora graminicola had n o t been i m p o r t e d i n t o t h e U . S . A .

O n o o s p o r e v i a b i l i t y D r . K e n n e t h s u g g e s t e d t h a t t h e h i s t o r y o f
t h e o o s p o r e s c o l l e c t e d may have a s i g n i f i c a n t e f f e c t o n t h e i r v i a b i l i t y .
H e a s k e d a r e w e t a k i n g g r e e n m a t e r i a l o r l e a v e s a l r e a d y s h r e d d i n g ? And
w h a t t y p e o f o o s p o r e g e r m i n a t i o n a r e w e l o o k i n g f o r ? D r . S a f e e u l l a
commented t h a t when h e e x a m i n e d a c o l l e c t i o n o f o o s p o r e s h e saw some
d a m a g e d , some i m m a t u r e , and t h i s w i l l d e f i n i t e l y h a v e a n e f f e c t o n
o o s p o r e v i a b i l i t y . A l s o i t i s p o s s i b l e t h e r e a r e h o s t f a c t o r s i n v o l v e d
i n o o s p o r e g e r m i n a t i o n . D r . Sunda ram commented t h a t h e t h o u g h t o o s p o r e s
w e r e t h e m a j o r s o u r c e o f i n f e c t i o n f o r downy m i l d e w o f b a j r a .
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DISCUSSION SESSION II

DOWNY MILDEW - THE HOST

R.A. F r e d e r i k s e n - Chairman

K.M. S a f e e u l l a & K.N. Rao - Rappor teurs

The c h a i r m a n opened t h e d i s c u s s i o n w i t h a l i s t o f i m p o r t a n t p o i n t s
he t h o u g h t s h o u l d be d i s c u s s e d :

1 . What a r e t h e s o u r c e s o f r e s i s t a n c e ? I s t h e r e a s y s t e m a t i c
sys tem f o r t h e i r i d e n t i f i c a t i o n ? And where a r e t h e seed s t o c k s
o f t h e s e s o u r c e s l o c a t e d ?

2 . What i s t h e n a t u r e o f r e s i s t a n c e ?

3 . What a r e t h e r a t i n g schemes t o b e used i n assessmen t o f v a r i e t a l
r e a c t i o n ?

4. Do we know enough a b o u t symptom d e v e l o p m e n t ?

5 . What a r e t h e n a t u r e o f t h e l o s s e s t o p e a r l m i l l e t downy m i l d e w ?

6 . D o w e know a n y t h i n g a b o u t 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 o r t h e
g e n e t i c s o f h o s t / p a r a s i t e i n t e r a c t i o n s ?

Mr. Andrews r e p o r t e d t h a t t h e A f r i c a n l a n d r a c e m i l l e t s possess
r e s i s t a n c e t o downy m i l d e w e . g . t h e Maiwa l i n e s , and a t ICRISAT ma le
s t e r i l e l i n e s B - 2 8 2 , J - 1 0 4 and l 8 D 2 A were r e s i s t a n t .

The c h a i r m a n asked i f t h e r e were l i s t s o f r e s i s t a n t m a t e r i a l s , a r e
t h e r e r e a s o n a b l y p u r e l i n e s a v a i l a b l e o f t h e s e m a t e r i a l s and how a r e t h e y
g o i n g t o b e m a i n t a i n e d ? Mr . Andrews s a i d t h a t p u r e l i n e s were a v a i l a b l e .

D r . K i n g r e p o r t e d o n h i s t e s t s i n N i g e r i a o f a b o u t 2 , 5 0 0 l i n e s f r o m
t h e w o r l d c o l l e c t i o n . Many l i n e s were n o t p u r e . Some were v e r y h i g h l y
s u s c e p t i b l e . They were r e t e s t e d f o r s e v e r a l y e a r s i n Samaru and Kano and
b y 1 9 7 3 , 200 r e s i s t a n t l i n e s were i d e n t i f i e d . These a r e now t u r n e d o v e r
t o D r . Zummo a t Samaru. The r e s i s t a n c e came p r i m a r i l y f r o m West A f r i c a n
m a t e r i a l and t h e Maiwa t y p e s c e r t a i n l y had a h i g h l e v e l o f r e s i s t a n c e .

M . G i r a r d r e p o r t e d t h a t r e s i s t a n t l i n e s f r o m Dr . K i n g ' s p r o g r a m
had a good l e v e l o f r e s i s t a n c e i n S e n e g a l , and t h e s e have been s e n t t o



ICRISAT. There a r e r e s i s t a n t l i n e s i n Upper V o l t a and t h e y a r e r e s i s t a n t
i n a l l l o c a t i o n s i n West A f r i c a e x c e p t i n Upper V o l t a . They were immune
i n Senegal b u t t h e y a r e l a t e and p h o t o s e n s i t i v e , and t h e b r e e d e r s i n
Senegal a r e n o t i n t e r e s t e d i n them.

Dr . Sundaram r e p o r t e d t h a t i n I n d i a t h e w o r l d c o l l e c t i o n o f
a p p r o x i m a t e l y 2 ,200 m i l l e t l i n e s were s u b j e c t e d t o a m u l t i l o c a t i o n t e s t i n g
p r o g r a m . Abou t 4 5 l i n e s were r e s i s t a n t a t s i x l o c a t i o n s i n I n d i a f o r f o u r
y e a r s . Mr. Andrews at ICRISAT has them and some were s e n t to M. G i r a r d
f o r t e s t i n g and t h e y were a l s o r e s i s t a n t i n West A f r i c a . Th ree l i n e s f r o m
N i g e r i a show a h i g h l e v e l o f r e s i s t a n c e . These l i n e s a r e d i v i d e d i n t o
h e i g h t and m a t u r i t y g roups and Dr . Sundaram can s p a r e 10 g o f each o f
t h e s e l i n e s f o r t e s t i n g a t 1 0 l o c a t i o n s , t h a t i s a 100 g o f each l i n e .
Dr . S a f e e u l l a has a p p r o x i m a t e l y 1 0 , 0 0 0 samples f r o m Dr . B u r t o n ' s p rogram
o f m u t a g e n i c i n d u c t i o n , and t h e s e a r e b e i n g t e s t e d w i t h t h e r e s u l t t h a t
a b o u t 200 l i n e s have been f o u n d w i t h a h i g h deg ree o f r e s i s t a n c e . Some
of t h e s e have been s e n t to ICRISAT and some have been s e n t to M. G i r a r d
i n S e n e g a l . They a r e b e i n g m a i n t a i n e d i n pu re f o r m .

O n t h e t o p i c o f c o l l e c t i o n and ma in tenance o f r e s i s t a n t m a t e r i a l s
Mr. Andrews n o t e d t h a t ICRISAT has c o l l e c t e d a l a r g e number o f l i n e s b u t
o f c o u r s e t h e r e a r e m a t e r i a l s w h i c h a r e m i s s i n g and some a r e o b v i o u s l y
m ixed o r changed f r o m t h e o r i g i n a l d e s c r i p t i o n . ICRISAT c a n n o t m a i n t a i n
t h e who le w o r l d c o l l e c t i o n under " s e l f " c o n d i t i o n s . Dr . R e n f r o commented
t h a t may b e w e need t o e s t a b l i s h p o o l s o r c o m p o s i t e s o f r e s i s t a n c e and t e s t
them a t d i f f e r e n t l o c a t i o n s . There c o u l d b e many m o d i f y i n g genes a f f e c t i n g
r e s i s t a n c e i n a d d i t i o n t o ma jo r l o c i . Mr. Andrews s a i d t h a t ICRISAT i s
d o i n g t h i s i n t h e c o m p o s i t e b r e e d i n g p r o g r a m . L i n e s w i t h r e s i s t a n c e i n
d i f f e r e n t l o c a t i o n s o f t h e w o r l d a r e b e i n g used t o c r e a t e t h i s c o m p o s i t e i n
w h i c h we hope to b u i l d up and a c c u m u l a t e r e s i s t a n c e . Dr . Dogget commented
t h a t t h e w o r l d germplasm c o l l e c t i o n w o u l d p r o b a b l y have t o b e m a i n t a i n e d
i n s e v e r a l l o c a l i t i e s . Mr. Andrews i n f o r m e d t h e g roup o f a comprehens i ve
c o l l e c t i o n s scheme to be j o i n t l y o p e r a t e d by FA0, 0RST0M and ICRISAT to
c o l l e c t sorghums and m i l l e t s i n A f r i c a . D r . Kenneth t h o u g h t i t i m p o r t a n t
t h a t w e l o o k f o r s o u r c e s o f r e s i s t a n c e i n E t h i o p i a a s t h i s m i g h t b e t h e
c e n t r e o f o r i g i n o f t h e downy m i l d e w . I t i s i n d e e d t h e c e n t r e o f o r i g i n
of Plasmopora penniseti. 

O n t h e q u e s t i o n o f t h e n a t u r e o f e x p r e s s i o n o f r e s i s t a n c e Dr . K ing
p o i n t e d o u t t h e i m p o r t a n c e o f knowing t h e n a t u r e o f t h e p r i m a r y i n o c u l u m
and t h a t i n h i s work i n n o r t h e r n N i g e r i a immune l i n e s were n o t f o u n d .
L i n e s were sough t w h i c h had a l ow i n c i d e n c e and in w h i c h t h e symptoms were
n o t s e v e r e o n t h e i n f e c t e d p l a n t s .

Dr . Sundaram commented t h a t h i g h t i l l e r i n g p l a n t s and e a r l y m a t u r i n g
p l a n t s were more s u s c e p t i b l e t h a n l o w e r t i l l e r i n g and l a t e r m a t u r i n g
p l a n t s .
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M . G i r a r d asked i f w e s h o u l d c o n s i d e r a s r e s i s t a n t l i n e s w h i c h show
symptoms v e r y l a t e in t h e s e a s o n . There may be a h i g h i n c i d e n c e , up to
8 0 pe r c e n t , b u t t h e s e v e r i t y o f symptoms i s v e r y s l i g h t . A re t h e s e
r e s i s t a n t o r s u s c e p t i b l e o r t o l e r a n t ? H e a l s o m e n t i o n e d t h a t i t i s
i m p o s s i b l e t o know t h e r e a l l o s s e s due t o t h i s d i s e a s e . P l a n t s t h a t a r e
a t t a c k e d p roduce more t i l l e r s so some compensa t i on o c c u r s .

The cha i rman t h e n asked a q u e s t i o n s p e c i f i c a l l y on t h e n a t u r e o f
r e s i s t a n c e . Do we know why s e e d l i n g s a r e r e s i s t a n c e ?

Mr. Andrews asked t h a t i f anyone had a t t e m p t e d t o examine t h e
d i f f e r e n c e s i n degree o f s u s c e p t i b i l i t y between A and B l i n e s w h i c h a r e
o t h e r w i s e i s o g e n i c . H e a l s o n o t e d t h a t i n t e s t i n g o f downy m i l dew
r e s i s t a n c e t h e r e m i g h t b e some v i r t u e i n c u t t i n g back t h e p l a n t s , f o r
n o r m a l l y i n c r e a s e d i n f e c t i o n o c c u r s i n t h e r e g r o w t h .

Dr . Kenneth ag reed t h a t i t m i g h t b e w o r t h - w h i l e t o t e s t t h e r e g r o w t h .
Symptomless p l a n t s may b e t r i g e r r e d t o show i n f e c t i o n i f t h e y were
s u b j e c t e d t o c u t t i n g back i n r e g r o w t h .

Dr . Kanwar sugges ted t h a t t h e s u s c e p t i b i l i t y o f T i f t o n 23-A m i g h t
b e due t o t h e f a c t t h a t t h i s l i n e , and o t h e r s f r o m t h a t p rog ram were
deve loped p r i m a r i l y f o r p a l a t a b i l i t y t h a t t h e y had perhaps s o f t l e a v e s .
H e sugges ted t h a t b r e e d i n g f o r s t i f f l e a v e d l i n e s m i g h t p r o v i d e r e s i s t a n c e .
Dr . F r e d e r i k s e n n o t e d t h a t a t t h e Texas A&M Program t h e y have t a k e n a 
range o f sorghum l i n e s w i t h v a r i o u s degrees o f l e a f s t i f f n e s s f r o m s o f t
t o r e a l l y ha rd and t h e y have f o u n d h i g h degrees o f s u s c e p t i b i l i t y i n a l l
g r o u p s . However a s l e a v e s g e t o l d e r asexua l i n f e c t i o n s become l o c a l i s e d
and l o c a l l e s i o n s d e v e l o p . Thus does l o c a l l e s i o n p r o d u c t i o n have any
b e a r i n g o n t h e i n d i c a t i o n s o f r e s i s t a n c e o r s u s c e p t i b i l i t y ?

Dr. Sundaram commented t h a t on Mr. Andrews q u e s t i o n on t h e d i f f e r e n c e
i n s u s c e p t i b i l i t y between A and B l i n e s i t was d i f f i c u l t t o compare them
because a l t h o u g h A l i n e s a r e f r e e l y a v a i l a b l e B l i n e s a r e s t i l l n o t
a v a i l a b l e f r o m t h e b r e e d e r s . He a l s o men t i oned t h a t as f a r as he knew
n o l o c a l l e s i o n s were p roduced i n p e a r l m i l l e t . Dr . Kenneth s a i d t h a t i n
p e a r l m i l l e t n o l o c a l l e s i o n s were seen i n I s r a e l . However , Dr . S .D. S i ngh
s a i d t h a t h e had seen l o c a l l e s i o n s .

There was c o n s i d e r a b l e d e b a t e o n t h e b e s t way t o s c o r e l i n e s f o r
r e s i s t a n c e w i t h l i t t l e c o n c l u s i o n t o t h e d i s c u s s i o n . The cha i rman
sugges ted t h a t t h e s c o r i n g s c a l e w o u l d have t o b e worked o u t i n t h e f i e l d
and w i l l i n v o l v e t h e i n t e r c h a n g e o f i d e a s o f t h e g roup o f w o r k e r s who a r e
a c t i v e l y a t t e m p t i n g t o s c r e e n v a r i e t i e s f o r r e s i s t a n c e i n t h e f i e l d .

The d i s c u s s i o n t h e n moved o n t o t e c h n i q u e s f o r a r t i f i c i a l i n o c u l a t i o n
o f p e a r l m i l l e t w i t h downy m i l d e w . Dr . S a f e e u l l a commented t h a t when
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s p o r a n g i a l i n o c u l u m i s used a l m o s t a l l p l a n t s a r e s y s t e m i c a l l y i n f e c t e d
and t h e e x p r e s s i o n o f d i s e a s e under a r t i f i c i a l asexua l i n o c u l a t i o n i s
v e r y e v e n .

Dr . Sundaram r e p o r t e d t h e success o f i n o c u l a t i n g s e e d l i n g s when
t h e y a r e two weeks o l d w i t h oospo res i n aqueous s u s p e n s i o n , f o l l o w i n g
t h e i n c o r p o r a t i o n o f oospo res w i t h t h e seed a t p l a n t i n g t i m e .

Dr . S a f e e u l l a recommends t h e g e r m i n a t i o n o f seed i n a P e t r i d i s h
and t h e n p l a c i n g t h e young g e r m i n a t e d s e e d l i n g s o n t o i n f e c t e d l e a v e s
i n humid P e t r i d i s h e s f o r t w e l v e h o u r s . S e e d l i n g s can a l s o b e b r o u g h t
i n t o c o n t a c t w i t h m y c e l i u m grown i n a x e n i c c u l t u r e .

D r . F r e d e r i k s e n was o f t h e o p i n i o n t h a t t h i s t e c h n i q u e was t o o
s e v e r e .

Dr . Ren f ro t h o u g h t t h a t t h e asexua l i n o c u l u m w o u l d have t o be used
b u t c a r e s h o u l d b e t a k e n n o t t o o v e r l o a d t h e r e s i s t a n c e . H e sugges ted
t h e g r o w i n g o s s u s c e p t i b l e ' i n f e c t o r ' rows a round t e s t l i n e s i n t h e
f i e l d mak ing s u r e t h a t t h e c o r r e c t t i m i n g o f t h e p l a n t i n g and i n o c u l a t i o n
o f t h e s p r e a d e r rows was d o n e , w i t h p r o v i s i o n o f h u m i d i t y b y s p r i n k l e r
i r r i g a t i o n t o promote t h e sp read f r o m t h e s p r e a d e r rows t o t h e t e s t
l i n e s .

C o n s i d e r a b l e d i s c u s s i o n f o l l o w e d o n t h e m e r i t s o f v a r i o u s i n o c u l a t i o n
t e c h n i q u e s and t h e cha i rman recommended h i g h l y a t e c h n i q u e b e i n g used by
Dr . J . C r a i g a t t h e Texas A&M s t a t i o n . Dr . S c h m i t t t a l k e d o f h i s c o n i d i a l
d r o p method w h i c h a l l o w s g r e a t s t a n d a r d i z a t i o n o f i n o c u l u m , and commented
t h a t t h e c o n c e n t r a t i o n o f i n o c u l u m was very i m p o r t a n t , f o r i f t o o h i g h a n
i n o c u l u m c o n c e n t r a t i o n i s used r e s i s t a n c e w i l l be c o m p l e t e l y swamped. He
s u g g e s t e d t h a t p l a n t s s h o u l d b e i n o c u l a t e d a t t h e two t o t h r e e l e a v e s
s t a g e and t h a t s p o r a n g i a a r e h a r v e s t e d f r o m donor p l a n t s w h i c h a r e k e p t
under t h e c o r r e c t e n v i r o n m e n t a l c o n d i t i o n s f o r maximum s p o r a n g i a l
p r o d u c t i o n . Dr . F r e d e r i k s e n made t h e p o i n t t h a t some l i n e s i n h i s t e s t s
have been c o n s i s t e n t l y 100 pe r c e n t f r e e i n f i e l d t e s t s b u t i n t h e l a b o r a -
t o r y w i t h h i g h i n o c u l u m p o t e n t i a l t h e same l i n e s became s e v e r e l y i n f e c t e d .
He s a i d t h a t he t h o u g h t p u t t i n g t h e i n o c u l u m on t h e c o l e o p t i l e was t o o
seve re and t h a t t h e i m p o r t a n t t h i n g was t h a t t h e l a b o r a t o r y i n o c u l a t i o n
t e c h n i q u e s s h o u l d r e f l e c t wha t happens i n t h e f i e l d . Care must b e t aken
n o t t o b y - p a s s o r swamp t h e h o s t p l a n t r e s i s t a n c e . Dr . S c h m i t t commented
t h a t r e l y i n g upon oospo res i n t h e f i e l d f o r s c r e e n i n g a l l o w e d a g r e a t
c a p a c i t y f o r escape and was t h u s u n r e l i a b l e .

On t h e q u e s t i o n o f s t a n d a r d i z a t i o n o f i n o c u l u m Dr . Kenneth commented
t h a t u s i n g D r . S c h m i t t ' s method y o u knew t h e c o n c e n t r a t i o n c f c o n i d i a
whereas i n C r a i g ' s t e c h n i q u e s i n o c u l u m c o n c e n t r a t i o n was more d i f f i c u l t
t o measure . However w i t h t h e S c h m i t t t e c h n i q u e i t was p o s s i b l e t h a t
immature c o n i d i a wou ld b e i n c l u d e d i n t h e s u s p e n s i o n whereas i n C r a i g ' s
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t e c h n i q u e o n l y m a t u r e c o n i d i a w o u l d b e b l o w n o f f t h e i n f e c t e d l e a f o n t o
t h e r e c i p i e n t p l a n t s . P e r h a p s w i t h S . graminicola z o o s p o r e s s h o u l d b e
c o u n t e d i f t h e e x a c t i n o c u l u m d o s a g e i s t o b e d e t e r m i n e d .

D r . F r e d e r i k s e n s a i d t h a t I C R I S A T m u s t l e a r n how t o p r o d u c e m a t u r e
s p o r a n g i a .

D r . P a y a k a g r e e d t h a t r e l y i n g o n o o s p o r e s i n a s i c k p l o t a l l o w e d a 
h i g h d e g r e e o f e s c a p e , a n d s u g g e s t e d a d o u b l e - p r o n g e d a t t a c k w i t h b o t h
o o s p o r e i n c o r p o r a t i o n i n t o a s i c k p l o t t o g e t h e r w i t h s p o r a n g i a l i n o c u l a t i o n .

D r . F r e d e r i k s e n a g a i n w a r n e d t h a t i t was n o g o o d t o o v e r l o a d p l a n t s
w i t h i n o c u l u m i f g e n e s w e r e m i n o r g e n e s w i t h a d d i t i v e e f f e c t s , a n d
t e c h n i q u e s a r e n e e d e d t o i d e n t i f y a l l a v a i l a b l e g e n e s f o r r e s i s t a n c e .

D r . K e n n e t h s u g g e s t e d t h a t w e had t o l e a r n a g r e a t d e a l a b o u t
b e h a v i o u r o f t h e z o o s p o r e s i n r e l a t i o n t o s u c h f a c t o r s a s s e n s i t i v i t y t o
u l t r a v i o l e t l i g h t a n d a t t r a c t i o n t o s t o m a t a l o p e n i n g s . H e c i t e d p o t a t o
b l i g h t i n w h i c h t h e z o o s p o r e s p u t o n t o t h e p l a n t d u r i n g t h e e v e n i n g
c o u l d n o t g e t i n t o s t o m a t a w h e r e a s z o o s p o r e s p u t o n t h e p l a n t s d u r i n g t h e
e a r l y m o r n i n g when t h e s t o m a t a a r e o p e n h a v e n o d i f f i c u l t y i n g e t t i n g i n .

D r . S r i v a s t a v a s u g g e s t e d t h a t a f a c t o r i n r e s i s t a n c e m i g h t b e t h e
c a p a c i t y t o p r o d u c e s p o r a n g i a , a n d may b e w e s h o u l d l o o k f o r v a r i e t i e s
w h i c h had d e l a y e d and r e d u c e d s p o r a n g i a l p r o d u c t i o n , w h i c h w o u l d r e d u c e
s e c o n d a r y s p r e a d . D r . W i l l i a m s c o n t i n u e d w i t h t h e q u e s t i o n a n d a s k e d
t h e g r o u p w h a t f a c t o r s d o w e l o o k f o r i n m i n o r g e n e r e s i s t a n c e . W i t h
t h e l o c a l l e s i o n t y p e d i s e a s e s s u c h a s b l a s t o r p o t a t o b l i g h t t h e
e p i d e m i o l o g i c a l l y i m p o r t a n t f a c t o r s i n c l u d e t i m e t o l e s i o n p r o d u c t i o n ,
s i z e o f l e s i o n , c a p a c i t y t o p r o d u c e c o n i d i a , d u r a t i o n o f s p o r u l a t i o n
e t c . B u t w h a t d o w e l o o k f o r t h a t w o u l d i n d i c a t e m i n o r g e n e r e s i s t a n c e
t o t h e d o w n y m i l d e w s . D r . F r e d e r i k s e n s u g g e s t e d t h a t w e c o m p a r e t h e
r e a c t i o n o f l i n e s t o v a r i a b l e i n o c u l u m d e n s i t i e s a n d t h o s e w h i c h a r e
s u s c e p t i b l e a t h i g h i n o c u l u m d e n s i t i e s b u t r e s i s t a n t t o l o w i n o c u l u m
d e n s i t i e s m i g h t c o n t a i n h o r i z o n t a l r e s i s t a n c e .

M . G i r a r d c o m m e n t e d t h a t a t h i g h t e m p e r a t u r e s p l a n t s showed
l a t e n t i n f e c t i o n a n d t h e r e - e s t a b l i s h m e n t o f c o o l t e m p e r a t u r e s b r i n g s
o n t h e a c t i v e p h a s e o f t h e d i s e a s e . T h i s c h a n g e f r o m h i g h t o l o w
t e m p e r a t u r e m i g h t b e a t r i g g e r i n g m e c h a n i s m . D r . Nene p o i n t e d o u t
t h a t h u m i d i t y i s a l s o i m p o r t a n t f o r s y m p t o m e x p r e s s i o n .

T h e c h a i r m a n t h e n moved t h e d i s c u s s i o n i n t o t h e a r e a o f c h e m i c a l
c o n t r o l . D r . R e n f r o w a n t e d t o know i f a n y o n e h a d t r i e d D e m o s a n . D r .
Nene c o m m e n t e d t h a t i n h i s t e s t s Demosan was n o t e f f e c t i v e . D r .
F r e d e r i k s e n h a s b e e n t r y i n g Dowco 2 6 9 o r p y r o x y c h l o r i n t h e g r e e n h o u s e
i n T e x a s A&M w h e r e i t was e f f e c t i v e , b u t i t was n o t e f f e c t i v e i n t h e i r
f i e l d t e s t s . H e t h o u g h t i t r a t h e r i m p o r t a n t t h a t I C R I S A T s h o u l d c o n s i d e r
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c h e m i c a l c o n t r o l as a p o s s i b l e complement t o g e n e t i c c o n t r o l o f . downy
m i l d e w . M . G i r a r d r e p o r t e d o n h i s r e s u l t s w i t h f u n g i c i d e s f o r t h e c o n t r o l
o f downy m i l d e w i n w h i c h t h e appearance o f symptoms was d e l a y e d and t h e
s e v e r i t y was r e d u c e d . The ICRISAT p a t h o l o g y team f e e l s t h a t t h e r a t h e r
s h o r t p e r i o d i n w h i c h t h e p l a n t can become i n f e c t e d makes t h e d i s e a s e
amenable t o c o n t r o l w i t h seed a p p l i e d s y s t e m i c f u n i g i c i d e s , and t h e y
c e r t a i n l y w i l l e x p e r i m e n t w i t h a v a i l a b l e compounds i n t h i s a r e a .

The cha i rman asked i f t h e r e i s any i n f o r m a t i o n o n 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 to downy m i l d e w . Dr . S a f e e u l l a r e p o r t e d t h a t he has made a 16
l i n e d i a l l e l and has F 2 seeds w i t h w h i c h p e o p l e may l i k e t o w o r k . Dr .
D o g g e t t however q u e s t i o n e d t h e v a l u e i n knowing d e t a i l s o f 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 and sugges ted t h a t i f w e have a n e f f i c i e n t s c r e e n i n g
t e c h n i q u e and can use p o p u l a t i o n improvement t h e n t h e r e w i l l b e l i t t l e
p r a c t i c a l v a l u e i n s t u d y i n g t h e a c t u a l g e n e t i c s o f t h e r e s i s t a n c e .

The f i n a l d i s c u s s i o n i n t h e s e s s i o n c e n t e r e d o n o t h e r means o f
c o n t r o l . D r . Nene asked i f t h e r e were any e v i d e n c e o f b e n e f i c i a l e f f e c t s
o f c r o p r o t a t i o n s . Dr . Sundaram sugges ted t h a t b a d l y i n f e c t e d s e e d l i n g s
c o u l d be removed a t an e a r l y age t o m i n i m i s e seconda ry s p r e a d , and Dr .
Kenneth made t h e p o i n t t h a t i n a l o c a l a rea a l l m i l l e t p l a n t i n g s h o u l d b e
done a t t h e same t i m e s o t h a t t h e r e i s n o t t h e c a p a c i t y o f sp read f r o m a n
o l d e r c r o p t o a y o u n g e r c r o p . H e a l s o asked i f t h e r e i s a p o s s i b i l i t y o f
u s i n g a t r a p c r o p t o g e r m i n a t e oospo res?
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DISCUSSION SESSION I I I

ERGOT

S . B . K i n g - C h a i r m a n

R . J . W i l l i a m s & M .V . Reddy - R a p p o r t e u r s

T h e c h a i r m a n o p e n e d t h e d i s c u s s i o n o n t h e q u e s t i o n o f t h e i m p o r t a n c e
o f e r g o t a n d a s k e d how w i d e s p r e a d i s t h e p r o b l e m ; how much y i e l d r e d u c t i o n
d o e s i t c a u s e ; w h a t a r e t h e d a n g e r s o f t h e r e d u c t i o n i n s e e d q u a l i t y a n d
t h e c o n s u m p t i o n o f i n f e c t e d s e e d ? H e c o m m e n t e d t h a t i n W e s t A f r i c a t h e
m a i n p e a r l m i l l e t p r o d u c i n g a r e a s a r e t h e d r i e r a r e a s , and t h e a r e a s w h e r e
p e a r l m i l l e t i s t h e m o s t i m p o r t a n t f o o d c r o p d o n o t h a v e e r g o t a s a d i s e a s e
p r o b l e m . E r g o t g e t s m o r e i m p o r t a n t i n t h e m o r e s o u t h e r n and w e t t e r a r e a s
o f p e a r l m i l l e t p r o d u c t i o n i n A f r i c a . H e s t r e s s e d t h e p o i n t t h a t i n a r e a s
w h e r e t h e p e o p l e d e p e n d o n p e a r l m i l l e t a s a m a j o r f o o d s o u r c e e r g o t was
n o t a p r o b l e m i n W e s t A f r i c a . M . G i r a r d c o m m e n t e d t h a t t h i s was c e r t a i n l y
t r u e i n S e n e g a l a n d t h a t s m u t was m o r e i m p o r t a n t t h a n e r g o t i n t h e d r i e r
z o n e o f W e s t A f r i c a w h e r e p e a r l m i l l e t i s o f m a j o r i m p o r t a n c e . H e had
h o w e v e r s e e n e r g o t i n t h e w e t t e r r e g i o n s i n t h e s o u t h o f S e n e g a l .

D r . S u n d a r a m b r i e f l y r e v i e w e d t h e h i s t o r y o f e r g o t i n I n d i a r e p o r t i n g
t h a t h e had i d e n t i f i e d t h e d i s e a s e f o r t h e f i r s t t i m e i n 1 9 5 3 . T h e f i r s t
e p i d e m i c o f e r g o t o c c u r r e d i n M a h a r a s h t r a S t a t e i n 1 9 5 6 . T h e n f o r t w o -
t h r e e y e a r s t h e d i s e a s e s u b s i d e d a n d i t w a s n ' t u n t i l 1 9 6 5 / 6 6 t h a t i t a g a i n
became i m p o r t a n t t h r o u g h o u t t h e c o u n t r y . H e s a i d t h a t w h e r e v e r f l o w e r i n g
p e r i o d s c o i n c i d e w i t h t h e h e a v y m o n s o o n r a i n a l l h y b r i d s a r e a f f e c t e d .
The d e g r e e o f i n f e c t i o n i s c o r r e l a t e d v e r y c l o s e l y w i t h e n v i r o n m e n t a l
c o n d i t i o n s a n d i n n o r t h I n d i a e a r l y sown m i l l e t e s c a p e s .

M r . A n d r e w s r e f e r r e d b a c k t o t h e p o i n t made b y D r . K i n g t h a t t h e m a i n
m i l l e t g r o w i n g a r e a s i n W e s t A f r i c a a p p e a r t o h a v e n o e r g o t p r o b l e m , a n d
c o m m e n t e d t h a t n o h y b r i d s a r e g r o w n o n a l a r g e s c a l e i n Wes t A f r i c a . I t
a p p e a r s t h a t i n I n d i a t h e i n c r e a s e i n t h e i m p o r t a n c e o f e r g o t i s d i r e c t l y
a s s o c i a t e d w i t h t h e i n t r o d u c t i o n o f t h e h y b r i d s . D r . D o g g e t t h o w e v e r
p o i n t e d o u t t h a t t h e r e was a n e p i d e m i c o f e r g o t i n I n d i a n l o c a l v a r i e t i e s
i n 1 9 5 5 a n d t h e f i r s t h y b r i d s w e r e n o t i n t r o d u c e d u n t i l 1 9 6 2 / 6 3 . M r .
M a j m u d a r r e p o r t e d t h a t e r g o t was known t o h i m i n I n d i a a s e a r l y a s 1 9 4 1 / 4 2
a n d p o c k e t s o f e r g o t w e r e f o u n d i n v a l l e y b o t t o m s when t h e r e h a d b e e n l a t e
r a i n s .

O n t h e q u e s t i o n o f t h e i m p o r t a n c e o f e r g o t f o r y i e l d r e d u c t i o n a n d
q u a l i t y r e d u c t i o n D r . S u n d a r a m made t h e p o i n t t h a t t h e r e was p o s i t i v e



evidence o f e rgo t po i s i on ings in I n d i a . The s c l e r o t i a o f the pear l m i l l e t
e rgo t con ta in f i v e d i f f e r e n t types o f e r g o t o x i n . However, the t o x i c i t y o f
the a l k a l o i d s is much lower than t h a t in the e rgo t o f r y e .

Dr. Kenneth wondered whether d i f f e r e n t i s o l a t e s of the fungus
d i f f e r e d in the amount of a l k a l o i d s they produce, and a lso i f t he re was an
i n t e r a c t i o n between fungus i s o l a t e s and environment in the p roduc t ion of
a l k a l o i d s .

Dr. Nene repor ted t h a t a 10% s a l t s o l u t i o n was e f f e c t i v e in f l o a t i n g -
out e rgo t s c l e r o t i a f rom m i l l e t seed and he asked whether there was any
evidence t h a t the honey-dew s t i c k i n g around the seeds might cause a hea l th
problem. Dr. Kenneth gave some i n fo rma t i on from a study in I s r a e l in
which i t was repo r ted t h a t honey-dew had no d e l e t e r i o u s e f f e c t on an imals .
Dr. Sundaram sa id t h a t f r e s h l y formed s c l e r o t i a have the h ighes t a l k a l o i d
c o n t e n t s , and a lso t h a t the sweet honey-dew has been a t t r a c t i v e to
consumers. Near Agra it was put on chappat ies to make them sweet, r e s u l t i n g
in hea l t h problems.

Dr. Payak commented t h a t e rgo t of ba j ra conta ins a new type of
a l k a l o i d which might be usefu l m e d i c i n a l l y .

The chairman sa id t h a t the consensus from the d iscuss ion seemed t h a t
e rgo t was more impor tan t in terms of q u a l i t y than as an y i e l d reduc ing
d i sease , and t h a t in A f r i c a e rgo t was to date not impor tan t in the main
pear l m i l l e t producing areas. Mr. Majmudar sa id t h a t y i e l d s would a lso be
g r e a t l y a f f e c t e d by the e rgo t l e v e l s in ICRISAT m i l l e t in 1975.

Dr. Wi l l i ams repor ted the f i n d i n g s of a study in F in land in which
d e f i c i e n c i e s of copper and boron were found to increase the s u s c e p t i b i l i t y
o f rye and ba r l ey to e r g o t , and t h a t s o i l a p p l i c a t i o n s o f these elements
g r e a t l y reduced e rgo t i n f e c t i o n o f these two c rops .

Dr. Kenneth suggested t h a t fungal b i o - d e t e r i o r a t i o n o f s c l e r o t i a in
s o i l should be examined.

On the t o p i c of the taxonomy of the casual fungus of pear l m i l l e t
e rgo t Dr. Sundaram commented t h a t we are now able to germinate s c l e r o t i a
e a s i l y and so the re should be no problem in the i d e n t i f i c a t i o n or taxonomy
of t h i s fungus. M. G i ra rd commented t h a t e rgo t on m i l l e t in the south of
Senegal had been c a l l e d Balansia c l av i ceps . Dr. Payak repor ted t h a t
Balansia s c l e r o t i a germinate in situ on the heads.

The d i scuss ion then moved to the importance of s c l e r o t i a in the
epidemiology o f t h i s d i sease , and the r e l a t i v e importance o f s c l e r o t i a ,
secondary spread w i t h i n the c r o p , and the i n f l u x of inoculum from
secondary hosts w i t h i n and ex te rna l to the c rop . There is evidence t h a t
r a i n f a l l and temperature are very impor tan t in the b io l ogy o f t h i s disease
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and i t is poss ib le t h a t the e f f e c t s are made through the e f f e c t on
s c l e r o t i a l ge rm ina t ion . Dr. Nene made th ree p o i n t s : ( i ) t h a t the
germinat ion of s c l e r o t i a has been observed in b lack s o i l but not in
red s o i l and m i l l e t i s grown predominent ly i n red s o i l , ( i i ) i n the
b u r i a l s tud ies at ICRISAT, s c l e r o t i a l degradat ion was rap id at depths
below 3" and thus deep p loughing of the s o i l might be a way to con t ro l
the d isease , and ( i i i ) no evidence is a v a i l a b l e on the i n i t i a t i o n o f
pear l m i l l e t e rgo t through ascospores. Dr. Sundaram sa id t h a t as we
get successfu l germinat ion of the s c l e r o t i a on sand there should be
no problem in g e t t i n g s c l e r o t i a to germinate on red s o i l . Dr. U l l s t r u p
said t h a t there is a good example of the v a l i d i t y of deep ploughing
f o r con t ro l o f s c l e r o t i a l i n f e c t i o n w i t h the fungus V e r t i c i l l i u m
alboatrum and t h a t t h i s p a r t i c u l a r con t ro l method may o f f e r good
p o s s i b i l i t i e s .

Dr. Payak made the observa t ion t h a t in Claviceps purpurea ascospores
are produced in s c l e r o t i a and i n f e c t a p a r t i c u l a r weed host which produces
on ly honey-dew; then the crop comes long and the honey-dew is spread to
the crop on which s c l e r o t i a are formed. This is a p o s s i b i l i t y in ba j ra
and the ba j ra e rgo t has a l a rge number of c o l l a t e r a l hos ts .

Sphacelia sorghi apparen t l y i n f e c t s pear l m i l l e t but there is no
evidence t h a t i t can then r e - i n f e c t sorghum. The s c l e r o t i a formed by
S. sorghi on pear l m i l l e t are stubby and s h o r t , cream in c o l o u r , and are
e a s i l y d i s t i n g u i s h e d from the Claviceps microcephala s c l e r o t i a .

Dr. Kenneth asked how impor tan t are insec ts f o r moving the
sphace l i a l s tage. Dr. Sundaram answered t h a t 14 species of i nsec ts can
ca r r y con id ia the most impor tan t being the pumpkin b e t t l e and the honey-
bee. Dr. Kenneth went f u r t h e r to ask i f t he re was a c o r r e l a t i o n between
ergo t inc idence and i nsec t a c t i v i t y .

Dr. Nene asked whether s c l e r o t i a s to red w i t h the seed could
germinate when subsequent ly p lan ted w i t h t h a t seed. Dr. Sundaram repor ted
t h a t he had germinated s c l e r o t i a in sand and i t took 55 days f o r germinat ion
This t ime co inc ides w i t h the t ime from sowing-t ime to f l o w e r i n g - t i m e .

Dr. Sr ivas tava sa id t h a t there was evidence f o r the d isseminat ion of
con id ia in honey-dew over vas t cont iguous areas in a very shor t t ime p e r i o d ,
and asked how are the con id ia l a r g e l y d isseminated and how many mi les can
con id ia be d isseminated in a m is t of r a i n . Mr. Andrews repor ted t h a t the
f i r s t inc idence seen in p l o t s seems to be on the windward s ide of the f i e l d .
Of course p o l l i n a t i o n is a lso lowest on the windward s ide and so we have a 
co inc idence o f the e a r l i e s t p l an t s to rece ive inoculum and the p lan t s w i t h
the poorest seed s e t . Obviously cons iderab le s tud ies are needed to
e s t a b l i s h the r o l e o f s c l e r o t i a and con id ia in the epidemiology o f t h i s
d isease.
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T h e c h a i r m a n t h e n moved t h e d i s c u s s i o n t o t h e t o p i c o f h o s t p l a n t
r e s i s t a n c e w i t h t h e f o l l o w i n g q u e s t i o n s : D o w e h a v e h o s t p l a n t r e s i -
s t a n c e ? How g o o d i s i t ? D o w e h a v e a d e q u a t e s c r e e n i n g t e c h n i q u e s ?
A r e t h e r e o t h e r p o s s i b l e means o f c o n t r o l o f t h i s d i s e a s e ? D r . S u n d a r a m
s a i d t h a t i m m u n i t y i s n o t known b u t t h e r e a r e f o u r l i n e s a t I A R I w h i c h
show h i g h r e s i s t a n c e t o t h i s d i s e a s e . D r . W e b s t e r made t h e p o i n t t h a t i f
w e h a v e v a r i e t i e s w i t h g o o d s e e d - s e t t h e n w e g e t n o e r g o t s , a nd w e w i l l
h a v e t o l o o k f o r g o o d s e e d s e t t e r s a s a f a c t o r l e a d i n g t o w a r d s l o w
i n f e c t i o n . D r . S u n d a r a m s a i d t h a t H B - 3 , a n d H B - 4 w e r e b o t h g o o d s e e d
s e t t e r s b u t M r . A n d r e w s c o m m e n t e d t h a t many r e s u l t s o f c r o s s e s show p o o r
s e e d s e t a n d t h a t w h i l e H B - 3 s h o w s g o o d s e e d s e t u n d e r f a v o u r a b l e
c o n d i t i o n s i t c a n b e n o t o r i o u s f o r p o o r s e e d s e t u n d e r s t r e s s . I n
a d d i t i o n t h e r e s t o r e r s i n p e a r l m i l l e t a r e i n m i n o r i t y a n d t h a t m i x i n g u p
o f r e s t o r e r s a n d m a i n t a i n e r s o c c u r s s o t h a t some p l a n t s a r e s t e r i l e g i v i n g
g r e a t e r a c c e s s t o e r g o t . Some o f t h e d i f f i c u l t i e s o f h y b r i d s c o m p a r e d t o
v a r i e t i e s m i g h t b e r e d u c e d i f t h e m a i n t a i n e r s w e r e c l e a n e d - u p o u t o f t h e
r e s t o r e r s . D r . K i n g s a i d t h a t i f t h e h y b r i d s h a v e s y n c h r o n o u s p r o t o g y n y
t h e n t o g e t a h i g h d e g r e e o f i n f e c t i o n t h e r e m u s t b e a m a s s i v e e x t e r n a l
s o u r c e o f i n o c u l u m . M r . A n d r e w s s a i d t h a t t h e r e w e r e a d e q u a t e n a t u r a l
s o u r c e s o f i n o c u l u m f r o m t h e w i l d g r a s s e s , v o l u n t e e r s a n d h e a d r o w p l a n t s .
D r . K i n g r e p l i e d t h a t o b v i o u s l y a s t u d y s h o u l d b e made o f t h e a i r - b o r n e
s p o r e p o p u l a t i o n . D r . W e b s t e r r e p o r t e d t h a t i n h y b r i d b a r l e y t h e r e was a 
s m a l l p e r c e n t a g e o f s t e r i l e f l o r e t s a n d t h e s e became e r g o t y , a n d h e r e -
e m p h a s i s e d t h e n e e d f o r g o o d s e e d s e t i f e r g o t i n c i d e n c e i s t o b e r e d u c e d .

T h e c h a i r m a n a s k e d i f t h e r e was a n y e v i d e n c e t h a t t h e l i n e s w i t h l o w
i n f e c t i o n w e r e a c t u a l l y r e s i s t a n t o r w e r e t h e y somehow a b l e t o a v o i d
i n f e c t i o n , b y m a s s i v e e a r l y p o l l i n a t i o n f o r e x a m p l e . D r . S u n d a r a m s a i d
t h a t p o l l i n a t i o n m i g h t b e a f a c t o r a n d t h a t w e s h o u l d l o o k f o r l i n e s w i t h
h e a v y p o l l e n s h e d d i n g a n d a l s o maybe v a r i e t i e s w i t h q u i c k l y t h i c k e n i n g
o v a r y w a l l s . D r . W i l l i a m s s a i d t h a t w e b e t t e r s t a r t w i t h t h e f o u r l i n e s
i d e n t i f i e d b y D r . S u n d a r a m a n d a n a l y s e t h e r e a s o n f o r t h e l o w i n f e c t i o n .

D r . S u n d a r a m r e p o r t e d t h a t f o r i n o c u l a t i o n h e g r i n d s s c l e r o t i a l b o d i e s
w i t h w a t e r , a n d s p r a y s t h i s s u s p e n s i o n o n s u s c e p t i b l e l i n e s ; t h e n u s i n g
t h e h o n e y - d e w f r o m t h e s u s c e p t i b l e l i n e s h e makes f r e s h i n o c u l u m f o r t h e
t e s t l i n e s . H e d o e s n o t u s e c u l t u r e s b e c a u s e t h e c o n i d i a f r o m c u l t u r e s d o
n o t g i v e a s g o o d a n i n f e c t i o n a s t h e n a t u r a l i n o c u l u m . T h e s c l e r o t i a
c o n t a i n c a v i t i e s w h i c h c o n t a i n c o n i d i a , a n d a l s o c o n i d i a a r e s t u c k i n
h o n e y - d e w a r o u n d t h e o u t s i d e o f t h e s c l e r o t i a . W i t h i n 4 t o 6 d a y s a f t e r
i n o c u l a t i o n h o n e y - d e w p r o d u c t i o n b e g i n s .

D r . Nene r e p o r t e d o n t h e d i p m e t h o d o f i n o c u l a t i o n i n u s e a t I C R I S A T
a n d s a i d t h a t a l t h o u g h i t g i v e s e x c e l l e n t i n f e c t i o n a t t h e c o n c e n t r a t i o n
o f i n o c u l u m b e i n g u s e d , i t may b e p e r h a p s t o o s e v e r e a t e s t .

D r . F r e d e r i k s e n t h o u g h t t h a t t h e e r g o t was o n e - s i d e d o n t h e h e a d s
i n N i g e r i a a n d t h a t i t was somehow r e l a t e d t o m o r n i n g s u n a n d i n s e c t
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a c t i v t i e s . Mr. Majmudar s a i d t h a t h e has a l s o seen i n f e c t i o n o f t h e
heads on t h e w indward s i d e .

S .D. S ingh asked i f anyone knew how t h e c o n i d i a reached t h e o v a r i e s .
I n sorghum i t goes t h r o u g h t h e s t i g m a l i k e a p o l l e n t u b e . Mr. Andrews
sugges ted t h a t t h e mode o f i n f e c t i o n was i ndeed down t h e s t i g m a . Dr .
Kenneth r e p o r t e d t h a t w i t h l o o s e smut o f b a r l e y i n v a r i e t i e s w i t h l a r g e
l o d i c u l e s t h e f l o w e r i s open l o n g e r and t h i s l e a d s t o g r e a t e r smut
i n c i d e n c e .

Dr. K ing asked Dr . Nene why he has gone to d i p p i n g f o r i n o c u l a t i o n
r a t h e r t han s p r a y i n g , and Dr . Nene r e p l i e d t h a t w i t h s p r a y i n g i t was
d i f f i c u l t t o g e t even i n o c u l u m dosage and t h a t man- to-man v a r i a b i l i t y
and p l a n t - t o - p l a n t v a r i a b i l i t y was much l e s s w i t h t h e d i p p i n g t e c h n i q u e .
Dr . Sundaram was o f t h e o p i n i o n t h a t s p r a y i n g was q u i t e a d e q u a t e .

Mr. Majmudar sugges ted t h a t w e l o o k a t t h e e f f e c t o n i n f e c t i o n o f
such f a c t o r s a s d u r a t i o n o f p r o t o g y n y , l e n g t h o f head e t c . , and t h a t
t h e r e a r e c o n s i d e r a b l e d i f f e r e n c e s i n t h e s e c h a r a c t e r s w i t h i n t h e
germplasm.

The cha i rman n e x t asked f o r d i s c u s s i o n o n c u l t u r a l means o f c o n t r o l
and opened w i t h t h e q u e s t i o n t h a t even i f deep p l o u g h i n g i s b i o l o g i c a l l y
e f f e c t i v e , w i l l i t b e f e a s i b l e f o r t h e f a r m e r s t o c a r r y o u t t h i s p r a c t i c e .
A l s o o n t h e q u e s t i o n o f e a r l y p l a n t i n g s e s c a p i n g i n f e c t i o n , i s i t a t a l l
f e a s i b l e f o r t h e f a r m e r s t o t h i n k o f a l t e r i n g t h e i r t i m e o f p l a n t i n g .

Dr. Sundaram r e p o r t e d t h e recommendat ions f o r c u l t u r a l c o n t r o l a t
I A R I : ( i ) t h a t t h e seed sown b e f r e e f r o m e r g o t s c l e r o t i a ; ( i i ) t h a t t h e
l a n d i s deep p loughed p r i o r t o s o w i n g ; ( i i i ) t h e f i r s t fo rmed i n f e c t e d
heads a r e removed ; ( i v ) f o r seed p r o d u c t i o n p l o t s t h e c r o p s h o u l d b e
p r o t e c t e d w i t h a c o m b i n a t i o n o f t h i r a m and s e v i n ( t h a t i s f u n g i c i d e and
i n s e c t i c i d e ) .

Dr . K i ng asked whe the r i t i s p r a c t i c a l l y f e a s i b l e t o c l e a n u p seed
f o r consumpt i on w i t h 10% s a l t . Dr . Nene r e p l i e d t h a t i t d e f i n i t e l y i s a 
p r a c t i c a l f e a s i b i l i t y . Dr . F r e d e r i k s e n s a i d t h a t a c e r t a i n l a b o r a t o r y
i n t h e U.S. buys e r g o t y r y e , s e p a r a t e s t h e e r g o t s f r o m t h e r y e , and s e l l s
b o t h a t a f i n a n c i a l p r o f i t . Dr . Sundaram commented t h a t i n I n d i a t h e
p o s s i b l e p h a r m a c e u t i c a l v a l u e of Claviceps microcephala had n o t been
i n v e s t i g a t e d .

Dr . T r i p a t h i f r o m Pan tnagar r e p o r t e d t h a t Fusarium spp . grow on
e r g o t s and honey-dew and t h a t t h e f u n g u s i n h i b i t s t h e g e r m i n a t i o n o f t h e
c o n i d i a i n t h e honey-dew. A t t h i s p o i n t t h e d i s c u s s i o n o n e r g o t was
c l o s e d .
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ADDITION TO SESSION I I I

SMUT

A l t h o u g h n o t on t h e s c h e d u l e t h e g roup were asked by Dr . Kanwar to
b r i e f l y c o n s i d e r t h e smut o f p e a r l m i l l e t caused b y Tolyposporium 
penicillariae B r e f . The consensus was t h a t in b o t h W e s t - A f r i c a and I n d i a
smut was more i m p o r t a n t i n t h e d r i e r a r e a s . Dr . Sundaram r e p o r t e d t h a t
t h e p r o b l e m was g r e a t e r i n a reas w i t h h i g h t e m p e r a t u r e s and t h a t h i g h
t e m p e r a t u r e s may be more i m p o r t a n t t han h u m i d i t y f o r t h e smut d i s e a s e .
H e s a i d t h a t sow ing e a r l i e r r e s u l t e d i n h i g h smut i n f e c t i o n s , and sow ing
l a t e r e s u l t e d i n h i g h e r e r g o t i n f e c t i o n s . A t IARI t h e y a r e y e t t o f i n d
a v a r i e t y w h i c h i s r e s i s t a n t t o smut . I f f o r some reason emergence f r o m
t h e b o o t l e a f i s d e l a y e d t hen heads a r e h i g h l y s m u t t e d .

M. G i r a r d asked i f t h e smut i s n o n - s y s t e m i c , why do we f i n d more
i n f e c t i o n i n bagged heads? Dr . K i ng ag reed t h a t t h i s was s o and s a i d
t h a t even b a g g i n g i n t h e b o o t s t a g e does n o t p r e v e n t t h e i n f e c t i o n . Dr .
Payak sugges ted t h a t t h i s was i m p o r t a n t f o r s c r e e n i n g f o r r e s i s t a n c e and
t h a t bagg ing s h o u l d b e done r o u t i n e l y when l o o k i n g f o r smut r e s i s t a n c e .
Dr . K ing s a i d t h a t h e t h o u g h t i t was e a s i e r t o sc reen f o r smut r e s i s t a n c e
than f o r e r g o t o r downy m i l d e w .

M. G i r a r d has i d e n t i f i e d some smut r e s i s t a n t l i n e s and a l s o Dr . K ing
i d e n t i f i e d some i n N i g e r i a . G i r a r d has s e n t h i s r e s i s t a n t l i n e s t o
ICRISAT. Mr. Andrews made t h e p o i n t t h a t as w i t h e r g o t , smut s u s c e p t i -
b i l i t y was g r e a t e r o n l i n e s w i t h poor seed s e t and t h a t h e f e l t t h e r e was
n o d i f f i c u l t y i n s c r e e n i n g f o r r e s i s t a n c e t o smut .

Dr . Nene r e p o r t e d t h a t t h e use o f V i t a v a x c o n t r o l l e d smut i n p e a r l
m i l l e t . D r . K ing added t h a t i n N i g e r i a a l l f u n g i c i d e s t h a t h e t e s t e d
reduced t h e i n f e c t i o n . Dr . T r i p a t h i however warned o f t h e p o s s i b i l i t i e s
o f r e s i d u e s o f V i t a v a x i n seed . D r . Payak sugges ted t h a t s y s t e m i c
f u n g i c i d e s m i g h t b e s q u i r t e d i n t o t h e b o o t , a t l e a s t f o r seed p r o d u c t i o n .
M . G i r a r d r e p o r t e d t h a t i n Senegal t h e p l a n t b r e e d e r s s p r a y t h e b o o t s
and t h e bags w i t h t h i r a m f o r t h e i r c r o s s i n g p r o g r a m .

Dr . Kenneth asked i f t h e r e a r e any s i d e e f f e c t s o f V i t a v a x , f o r i n
b a r l e y s e e d l i n g s i t causes s toma ta t o rema in opened when t h e y s h o u l d b e
c l o s e d . Dr . K i ng t h o u g h t t h a t t h e use o f V i t a v a x d i d reduce seed s e t
somewhat. The d i s c u s s i o n on smut ended a t t h a t p o i n t .





DISCUSSION SESSION IV

IDENTIFICATION OF RESEARCH PRIORITIES

B.L. Renfro - Chairman

K.A. Balasubramaniyan & M.P. Haware - Rapporteurs

The chairman informed the p a r t i c i p a n t s t h a t the t o p i c of the
d iscuss ion session was i d e n t i f y i n g areas which need immediate research
e f f o r t and i n t e r n a t i o n a l coopera t i on . He commented t h a t ICRISAT wanted
advice on research p r i o r i t i e s and he suggested t h a t one hour be spent on
downy mildew and one hour on e r g o t . He then c a l l e d on the chairmen of
the var ious sessions to summarise what they f e l t were the major i tems
t h a t had emerged from the d iscuss ion du r ing t h e i r sess ions .

DOWNY MILDEW

Dr. U l l s t r u p sa id t h a t a l though h i s session was predominent ly
concerned w i t h pathogen aspects t h a t i t r e a l l y was no t poss ib le to separate
pathogen from host in the d iscuss ion of the d isease. However the re were
three po in t s o f major importance.

( i ) the seed-borne nature o f m i l l e t downy mi ldew: I s i t seed-
borne? Is i t i n t e r n a l l y or e x t e r n a l l y seed-borne? Can seed-
borne i n f e c t i o n be e l i m i n a t e d , i f so by what? By hot a i r ?
By exposure to the heat of the sun? (The use of hot water is
probably not use fu l as hot water t reatments are too c r i t i c a l
and need h i g h l y c o n t r o l l e d c o n d i t i o n s ) . What are the e f f e c t s
of s torage on the v i a b i l i t y o f the pathogen w i t h i n the seed?
What are the e f f e c t s of hea t ing 40 to 45°C? On the quest ion
of whether the pathogen is i n t e r n a l l y seed-borne, there are
several t h ings which could be t r i e d . Seeds could be placed
out on n u t r i t i v e subs t ra te and i f the mycel ia grew i n t o the
subs t ra te then it was obv ious l y not Sclerospora graminicola. 
Also seed could be p lan ted and grown to an age when the fungus
could be detected in the s e e d l i n g s , but g rea t care w i l l have
to be taken to e l i m i n a t e the p o s s i b i l i t y o f contaminat ion by
s o i l o r a i r - b o r n e inoculum.



( i i ) Are there p h y s i o l o g i c races o f the pathogen? There are
i n d i c a t i o n s t h a t there a r e , but i t i s no t p roven , and i n o c u l a t i o n
techniques have not been s u f f i c i e n t l y r e f i n e d . The host would
have to be moved around w i t h some s o r t of cen t ra l coo rd i na t i on
and seed d i s t r i b u t i o n . I n o c u l a t i o n techniques need to be
standard ized f o r as you increase the concen t ra t i on of inoculum
you can obscure r e s i s t a n c e .

( i i i ) I n o c u l a t i o n techn iques : There appear to be adequate i n o c u l a t i o n
techniques f o r induc ing i n f e c t i o n , but do they r e f l e c t na tu ra l
f i e l d r e a c t i o n s .

Items of secondary importance inc lude s tud ies on : ( i ) taxonomy of the
fungus ( i i ) oospore germinat ion and degradat ion ( i i i ) the secondary spread
of the pathogen and ( i v ) axenic c u l t u r e s which may be impor tan t in connect ion
w i t h the s tud ies o f phys i o l og i c races.

However he emphasised the th ree most impor tan t areas were the seed-borne
aspec t , the presence of phys i o l og i c races and examinat ion of i n o c u l a t i o n
techn iques .

Dr. F rede r i ksen , in summarizing the most impor tan t aspects from the
session in which he was chairman made the f o l l o w i n g recommendations:

There should be systemat ic eva lua t i on of downy mildew r e s i s t a n t m i l l e t
f rom coopera t ing l a b o r a t o r i e s throughout the wor ld and l i n e s o f t h i s mate r ia l
must be ma in ta ined . Seed stocks from t h i s c o l l e c t i o n should a l so be
s y s t e m a t i c a l l y eva luated f o r downy mildew res i s tance in as many p a r t i c i p a t i n g
coun t r i es as p o s s i b l e , thus p rov i d i ng a bas is f o r race i d e n t i f i c a t i o n and
l o c a t i o n o f genera l i zed r e s i s t a n c e .

Primary screening should be done under f i e l d c o n d i t i o n s where
e p i p h y t o t i c s are l i k e l y to develop or can be encouraged to develop by
augmenting na tu ra l i n f e c t i o n i n the f i e l d . I t i s obvious t h a t a r t i f i c i a l
i n o c u l a t i o n techniques are needed u t i l i z i n g asexual inoculum of S . graminicola. 
Techniques should be developed f o l l o w i n g the procedures of Schmi t t , Renfro
and C ra i g . Asexual inoculum should have p r i o r i t y over techniques using
oospores.

A Uniform M i l l e t Disease Nursery (UMDN) should be e s t a b l i s h e d . This
nursery should con ta in the best sources of res i s tance to downy mildew as
w e l l as r es i s t ance to o the r pathogens of m i l l e t . Eva lua t ion should be made
on the f o l l o w i n g d iseases : downy mi ldew; e r g o t ; smut; r u s t ; b l a s t ; and on
s t r i g a .

Composites of the best l i n e s f rom each l o c a t i o n should be made and
advanced f o r several generat ions under cond i t i ons of moderately severe
e p i p h y t o t i c s .
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A d d i t i o n a l i n f o r m a t i o n o n e i t i o l o g y i s needed f o r t h e e v a l u a t i o n o f
d i s e a s e o n a n i n d i v i d u a l p l a n t b a s i s t o d e t e r m i n e t o l e r a n c e and g e n e r a l
r e s i s t a n c e i n t h e f i e l d .

An I n t e r n a t i o n a l M i l l e t W o r k e r s ' Group s h o u l d be fo rmed w h i c h c o u l d
p r o v i d e commun ica t i on and i n f o r m a t i o n among w o r k e r s t h r o u g h a m i l l e t
n e w s l e t t e r .

D i s c u s s i o n f o l l o w e d on t h e s e v a r i o u s p o i n t s made by D r s . U l l s t r u p and
F r e d e r i k s e n . The f i r s t t o p i c was t h e s e e d - b o r n e n a t u r e o f downy m i l d e w .
Dr . Ren f ro emphas ised t h e i m p o r t a n c e o f t h i s p o i n t f o r i n t e r n a t i o n a l
movement o f seed . Dr . Webster sugges ted t h a t s o a k i n g seed i n c o l d w a t e r
f o r 2 4 hou rs m i g h t p rove e f f e c t i v e . Dr . R e n f r o s a i d t h a t most o t h e r downy
mi ldews o f c e r e a l s were i n a c t i v a t e d b y d r y i n g t o a b o u t 12% m o i s t u r e .
Mr. Andrews r e p o r t e d t h a t p e a r l m i l l e t seed c o u l d b e hea ted a t 80°C f o r
u p t o 24 h r and s t i l l r e t a i n as much as 20% g e r m i n a t i o n . Dr . R e n f r o s a i d
t h a t t h i s t o p i c o b v i o u s l y needed r e s e a r c h .

Dr . S r i v a s t a v a sugges ted t h a t r e s e a r c h o n seconda ry s p r e a d needs
u p g r a d i n g i n p r i o r i t y . The who le q u e s t i o n o f t h e i m p o r t a n c e o f o o s p o r e s ,
seconda ry sp read and s e e d - b o r n e i n f e c t i o n needs c l a r i f i c a t i o n . I f t h e
oospo res a r e t h e m a j o r sou rce o f i n o c u l u m t h e n s e e d - b o r n e i n f e c t i o n i s
o n l y i m p o r t a n t f o r q u a r a n t i n e p u r p o s e s . D r . F r e d e r i k s e n s a i d t h a t i f
t h e r e a r e d i f f e r e n t r aces o f t h e pa thogen t h e n s e e d - b o r n e i n o c u l u m i s v e r y
i m p o r t a n t .

Dr . R e n f r o ag reed t h a t t h e p h y s i o l o g i c r a c e a s p e c t wou ld need examina-
t i o n , and s a i d t h a t t h e I n t e r n a t i o n a l N u r s e r i e s wou ld p r o v i d e i n f o r m a t i o n
o n t h i s t o p i c .

Dr . Ren f ro asked i f w e were s a t i s f i e d w i t h t h e i n o c u l a t i o n t e c h n i q u e s
and s a i d t h a t we needed a good method o f s e p a r a t i n g r e s i s t a n c e f r o m
s u s c e p t i b l e u s i n g asexua l s p o r e s . Oospores a r e n o t t o b e r e l i e d upon f o r
s c r e e n i n g f o r r e s i s t a n c e . H e sugges ted t h a t t h e r e m i g h t b e a d i f f e r e n c e
i n r e s i s t a n c e t h r o u g h e x c l u s i o n o f t h e pa thogen a s compared t o some l i n e s
w h i c h may have p h y s i o l o g i c a l r e s i s t a n c e . Dr . S r i v a s t a v a s a i d t h a t we must
equa te f i e l d i n o c u l u m p o t e n t i a l i n a r t i f i c i a l i n o c u l a t i o n s .
Mr. Andrews asked i s t h e p l a n t t h a t i s r e s i s t a n t t o s p o r a n g i a g o i n g t o
b e r e s i s t a n t t o o o s p o r e s . Dr . F r e d e r i k s e n s a i d t h a t w e need t o examine
n a t u r a l i n f e c t i o n i n u n i f o r m d i s e a s e n u r s e r i e s t h e n c o r r e l a t e a r t i f i c i a l
s c r e e n i n g w i t h f i e l d s c r e e n i n g . H e s u g g e s t e d t h a t w e s h o u l d n o t i n o c u l a t e
t h e young c o l e o p t i l e b u t r a t h e r t h e f i r s t t r u e l e a f . W e m u s t n ' t o v e r l o a d
t h e h o s t p l a n t r e s i s t a n c e w i t h mass i ve i n o c u l a t i o n . Dr . Nene asked i f
t h e e s t a b l i s h m e n t o f t h e s i c k p l o t was l i k e l y t o b e t o o s e v e r e . D r .
F r e d e r i k s e n r e p l i e d t h a t p r o b a b l y you c o u l d n o t o v e r l o a d r e s i s t a n c e w i t h
oospo res b u t you c e r t a i n l y can w i t h s p o r a n g i a . The f a c t t h a t y o u can
o v e r l o a d r e s i s t a n c e may b e u s e f u l f o r c a r r y i n g b o t h r a c e - s p e c i f i c and r a c e
n o n - s p e c i f i c r e s i s t a n c e a t t h e same t i m e . Dr . Sundaram u rged t h a t we keep
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i n m i n d w h a t h a p p e n s i n n a t u r e , a n d t h a t t h e p r o c e s s was n o t s o s i m p l e
a s o c c u r s i n t h e P e t r i p l a t e . I n t h e s o i l t h e r e a r e i n t e r a c t i o n s w i t h
o t h e r m i c r o - o r g a n i s m s a n d t h a t t h e q u e s t i o n o f s p o r a n g i a v e r s u s o o s p o r e s
was n o t s o s i m p l e a s p e o p l e m i g h t t h i n k .

T h e r e was a g r e e m e n t t h a t s t u d i e s o n o o s p o r e g e r m i n a t i o n and d o r m a n c y
w e r e a s e c o n d o r d e r o f p r i o r i t y .

T h e r e was g e n e r a l a g r e e m e n t t h a t t h e e s t a b l i s h m e n t o f a g e r m p l a s m
b a n k was o f h i g h p r i o r i t y . M r . A n d r e w s a s k e d how D r . F r e d e r i k s e n w o u l d
l i k e t h e l i n e s m a i n t a i n e d and i f t h e r e s i s t a n c e w e r e c o n f e r r e d b y m i n o r
g e n e s s h o u l d t h e y b e m a i n t a i n e d i n p o o l s o r p u r e l i n e s . D r . F r e d e r i k s e n
s a i d t h a t h e t h o u g h t t h e y s h o u l d b e s e l f e d a n d m a i n t a i n e d a s p u r e l i n e s .

D r . W i l l i a m s a s k e d how i m p o r t a n t was i t t o e s t a b l i s h p u r e l i n e s o f
t h e p a t h o g e n f o r p h y s i o l o g i c r a c e i d e n t i f i c a t i o n . The c o n s e n s u s was t h a t
i t was n o t i m p o r t a n t a s t h e r e i s p r o b a b l y n o t much v a r i a b i l i t y w i t h i n a 
s i n g l e l o c a t i o n a n d n o t much v a r i a b i l i t y b e t w e e n z o o s p o r e s . D r . K e n n e t h
s t r e s s e d t h e p o i n t t h a t t h e i n t e r n a t i o n a l n u r s e r i e s s h o u l d c o n t a i n s p e c i e s
o t h e r t h a n m i l l e t a n d s h o u l d i n c l u d e t h o s e w h i c h may b e c o l l a t e r a l h o s t s
i n d i f f e r e n t a r e a s . D r . F r e d e r i k s e n s a i d t h a t m o s t i n t e r n a t i o n a l d i s e a s e
n u r s e r i e s i n c l u d e d r e l a t e d s p e c i e s . D r . Payak s a i d t h a t t h e u s e o f
s u s c e p t i b l e c h e c k s h o u l d b e c a r e f u l l y e x a m i n e d and t h e l o c a l s u s c e p t i b l e
i s a v e r y n e c e s s a r y e n t r y i n t h e i n t e r n a t i o n a l d i s e a s e n u r s e r y .

D r . F r e d e r i k s e n a g a i n s t r e s s e d t h a t t h e s c o r i n g s c a l e c o u l d n o t b e
d e v i s e d s i t t i n g t h e r e i n t h a t r o o m b u t r a t h e r i t s h o u l d e v o l v e f r o m t h e
e x p e r i e n c e s o f t h e p a r t i c i p a t i n g w o r k e r s . D r . F r e d e r i k s e n s a i d t h a t w e
s h o u l d move t o w a r d s t h e e s t a b l i s h m e n t o f m u l t i p l e d i s e a s e n u r s e r i e s a s
s o o n a s p o s s i b l e .

M r . A n d r e w s a s k e d t h e g r o u p t o p l e a s e s e n d r e s i s t a n t l i n e s t o
ICRISAT w i t h d o c u m e n t a t i o n o n o r i g i n , d i s e a s e r e a c t i o n and how i t was
t e s t e d .

D r . R e n f r o a s k e d w h e t h e r t h e g r o u p t h o u g h t t h a t ICRISAT s h o u l d b e
r e s p o n s i b l e f o r t h e i n t e r n a t i o n a l p e a r l m i l l e t n e w s l e t t e r . D r . W e b s t e r
commented t h a t s u c h a c t i v i t i e s w e r e one o f t h e m a j o r f u n c t i o n s o f s u c h
a n i n s t i t u t e . D r . F r e d e r i k s e n s a i d t h a t t h e n e w s l e t t e r m u s t b e i n f o r m a l
and t h a t e v e r y o n e s h o u l d c o n t r i b u t e t o i t a s c o l l e a g u e s .

D r . K e n n e t h a s k e d w h e t h e r t h e a r e a s o f c h e m i c a l c o n t r o l , a g r o n o m i c
c o n t r o l t h r o u g h u s e o f f e r t i l i s e r s o r m i c r o - n u t r i e n t s a n d c u l t u r a l
c o n t r o l m e a s u r e s s h o u l d b e moved t o a h i g h e r p r i o r i t y . The c o n s e n s u s
o f t h e g r o u p was t h a t a l t h o u g h t h e y s h o u l d b e l o o k e d a t , t h e y w e r e o f
s e c o n d a r y i m p o r t a n c e t o s c r e e n i n g f o r r e s i s t a n c e .
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ERGOT

Dr. K ing b r i e f l y o u t l i n e d t h e a reas o f r e s e a r c h needed o n p e a r l
m i l l e t e r g o t based o n t h e d i s c u s s i o n t h e p r e v i o u s day .

The i d e n t i f i c a t i o n o f h o s t r e s i s t a n c e i s t h e t o p p r i o r i t y r e s e a r c h
a c t i v i t y . I t seems l i k e l y t h a t immun i t y does n o t e x i s t , a l t h o u g h
c u l t i v a r s w h i c h show c o n s i d e r a b l y l e s s i n f e c t i o n have been i d e n t i f i e d
i n I n d i a and A f r i c a . However t h e reason f o r t h i s a p p a r e n t l a c k o f
s u s c e p t i b i l i t y t o i n f e c t i o n i s n o t known. I s i t due t o r e s i s t a n c e o f
t h e h o s t i n t h e t r u e sense o f t h e w o r d , o r i s i t due t o a n a v o i d a n c e
mechanism t h r o u g h f e r t i l i t y ? I t was sugges ted t h a t l e s s s u s c e p t i b l e
c u l t i v a r s have good seed s e t . I s t h i s a lways t r u e ? Are c h a r a c t e r s such
a s heavy p o l l e n s h e d , s h o r t p r o t o g y n y p e r i o d , and t h i c k o v a r y w a l l s
c r i t e r i a w h i c h s h o u l d b e l o o k e d f o r i n t h e i d e n t i f i c a t i o n o f l i n e s w h i c h
show l e s s i n f e c t i o n ? The a p p a r e n t l y r e s i s t a n t l i n e s f r o m I n d i a and
A f r i c a s h o u l d b e s t u d i e d t o f i n d answers t o t h e s e q u e s t i o n s .

E x p e r i m e n t a l e v i d e n c e shows t h a t t h e opt imum t i m e o f s u s c e p t i b i l i t y
o f t h e m i l l e t f l o w e r t o i n f e c t i o n i s t h r e e t o seven days a f t e r t h e t i p
o f t h e s p i k e b e g i n s e x e r t i o n f r o m t h e b o o t . A l s o , s u s c e p t i b i l i t y t o
i n f e c t i o n ends r a t h e r a b r u p t l y a f t e r f e r t i l i z a t i o n . I n o c u l a t i o n b y
a r t i f i c i a l means i s n e c e s s a r y i n r e s i s t a n c e s c r e e n i n g due t o t h e h i g h
r a t e o f escape w h i c h can o c c u r w i t h n a t u r a l i n o c u l a t i o n . D i p p i n g e n t i r e
heads i n t o an aqueous s u s p e n s i o n o f c o n i d i a and s p r a y i n g heads w i t h a 
c o n i d i a l s u s p e n s i o n a r e two i n o c u l a t i o n t e c h n i q u e s w h i c h have g i v e n h i g h
l e v e l s o f i n f e c t i o n . These t e c h n i q u e s s h o u l d b e f u r t h e r i n v e s t i g a t e d
u s i n g v a r i o u s c o n c e n t r a t i o n s o f s p o r e s , d i f f e r e n t s p r a y a p p l i c a t o r s , and
p o s s i b l y d i f f e r e n t t i m e s o f a p p l i c a t i o n d u r i n g t h e day . The t e c h n i q u e s
s h o u l d b e compared t o d e t e r m i n e w h i c h one b e s t e x h i b i t s h o s t r e a c t i o n .
A l s o i t s h o u l d b e d e t e r m i n e d w h e t h e r i t i s b e s t t o base e v a l u a t i o n o f
r e s i s t a n c e o n p e r c e n t o f f l o r e t s i n f e c t e d o r t h e r a t i o o f s c l e r o t i a t o
seed .

The e p i d e m i o l o g y o f e r g o t rema ins ve ry much a m y s t e r y , and p r i o r i t y
s h o u l d b e g i v e n t o u n d e r s t a n d i n g t h i s a s p e c t o f t h e d i s e a s e . I t was t h e
g e n e r a l f e e l i n g o f t h e g roup t h a t s c l e r o t i a a r e i m p o r t a n t a s a s o u r c e o f
p r i m a r y i n o c u l u m , a l t h o u g h t h e r e i s e v i d e n t l y n o p o s i t i v e e v i d e n c e t h a t
t h e a s c o s p o r e s a c t u a l l y i n i t i a t e o r c o n t r i b u t e t o i n f e c t i o n i n t h e f i e l d .
U n t i l a s c o s p o r e i n v o l v e m e n t i s p r o v e d , t h e r e i s some q u e s t i o n a s t o t h e
i m p o r t a n c e o f o b t a i n i n g i n f o r m a t i o n p e r t a i n i n g t o s c l e r o t i a l g e r m i n a t i o n ,
l o n g e v i t y , and b i o d e g r a d a t i o n , e x c e p t f o r t h e p o s s i b i l i t y t h a t c o n i d i a o n
t h e s u r f a c e o r w i t h i n p o c k e t s i n s c l e r o t i a can s e r v e a s a s o u r c e o f
p r i m a r y i n o c u l u m . I n f o r m a t i o n i s needed o n t h e r e l a t i v e i m p o r t a n c e o f
i n s e c t s , r a i n , w i n d , and o t h e r f a c t o r s i n d i s s e m i n a t i o n o f t h e pa thogen
and i n i n i t i a t i o n and deve lopmen t o f e p i p h y t o t i c s ? T h i s needs t o b e
d e t e r m i n e d a s does t h e q u e s t i o n o f w h e t h e r i n o c u l u m comes f r o m p r i m a r i l y
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w i t h i n t h e f i e l d o r o u t s i d e i t . The mass ive i n f e c t i o n e x p e r i e n c e d i n
I n d i a n h y b r i d s w h i c h have a r e l a t i v e l y s h o r t f l o w e r i n g p e r i o d w o u l d seem
t o i n d i c a t e t h a t much o f t h e i n o c u l u m must come f r o m o u t s i d e t h e f i e l d .
S t u d i e s i n v o l v i n g spore t r a p s and i n s e c t - p r o o f sc reened p l a n t s i n t h e
f i e l d s h o u l d y i e l d v a l u a b l e i n f o r m a t i o n o n e p i d e m i o l o g y . A l s o , s t u d i e s
a r e needed t o c l a r i f y t h e p a t h t h e f ungus t a k e s f r o m e n t r y t o i n f e c t i o n
o f t h e o v a r y . A s t u d y o f t h e work on e r g o t o f b a r e l y and r y e may
p r o v i d e u s e f u l i n f o r m a t i o n .

The taxonomy o f t h e e r g o t f ungus i s somewhat i n d o u b t . A l t h o u g h
c l a r i f i c a t i o n o f t h i s p o i n t i s n o t c o n s i d e r e d t o b e a m a t t e r o f h i g h
p r i o r i t y , i t d e f i n i t e l y s h o u l d r e c e i v e a t t e n t i o n i n t h e f u t u r e . I t w i l l
b e i m p o r t a n t t o v e r i f y w h e t h e r o r n o t t h e same s p e c i e s i s t h e cause o f
e r g o t t h r o u g h o u t t h e v a r i o u s r e g i o n s o f m i l l e t c u l t u r e . A l s o , t h e
i d e n t i t y o f e r g o t f ound o n t h e v a r i o u s c o l l a t e r a l h o s t s w i l l need s t u d y
to d e t e r m i n e w h e t h e r t h e y a r e a l l one and t h e same as t h e causa l a g e n t
o f m i l l e t e r g o t . Cross i n o c u l a t i o n s t u d i e s a r e needed .

Deep p l o u g h i n g , removal o f s c l e r o t i a f r o m t h e p l a n t i n g s e e d , and
e a r l y remova l o f e a r l y i n f e c t e d heads were sugges ted a s p r a c t i c e s w h i c h
m i g h t reduce e r g o t i n f e c t i o n . S p r a y i n g heads a t f l o w e r i n g w i t h a 
f u n g i c i d e was a l s o men t i oned f o r seed p r o d u c t i o n p l o t s . M i n o r e l e m e n t
f e r t i l i z a t i o n s h o u l d a l s o b e t e s t e d a s t h i s was f o u n d t o e f f e c t i v e l y
reduce e r g o t i n r y e and b a r l e y i n n o r t h e r n Europe . B e f o r e t o o much
e f f o r t i s p u t i n t o i n v e s t i g a t i o n o f c u l t u r a l p r a c t i c e s f o r c o n t r o l ,
c a r e f u l c o n s i d e r a t i o n s h o u l d b e g i v e n t o w h e t h e r o r n o t t h e p r a c t i c e ( s )
a r e p r a c t i c a l f o r t h e f a r m e r .

Whether o r n o t seed c o a t e d by honey-dew i s t o x i c t o man o r a n i m a l s
needs t o be c l a r i f i e d . Samples c o u l d be s e n t t o t h e C e n t r a l Food
T e c h n o l o g y Research I n s t i t u t e , Mysore and t h e N a t i o n a l I n s t i t u t e o f
N u t r i t i o n f o r a n a l y s i s .

The p o s s i b i l i t y t h a t e r g o t s c l e r o t i a may be v a l u a b l e as a s o u r c e
o f p h a r m a c e u t i c a l compounds s h o u l d be i n v e s t i g a t e d .

There was d i s c u s s i o n on t h e s c o r i n g sys tem t h a t m i g h t be used i n
s c r e e n i n g f o r r e s i s t a n c e and i t was sugges ted t h a t t h e sys tem u s i n g
p e r c e n t a g e o f f l o w e r s i n f e c t e d was r e a l l y n o t w o r k a b l e i n t h e f i e l d . A 
more w o r k a b l e sys tem w o u l d be a 1-5 s c a l e in w h i c h 1 = no i n f e c t i o n ,
2 = u p t o a q u a r t e r o f t h e head i n f e c t e d , 3 = u p t o h a l f t h e head i n f e c t e d ,
4 = u p t o t h r e e q u a r t e r s o f t h e head i n f e c t e d , 5 = t h e who le head c o m p l e t e l y
i n f e c t e d . I t w o u l d b e b e t t e r t o w a i t u n t i l s c l e r o t i a fo rmed b e f o r e mak ing
t h e e v a l u a t i o n f o r a t t h e honey-dew s t a g e i t i s d i f f i c u l t t o see how many
f l o r e t s a r e i n v o l v e d .

On t h e q u e s t i o n o f e p i d e m i o l o g y Dr . Webster sugges ted t h a t a r e v i e w
o f t h e l i t e r a t u r e o n b a r l e y and r y e w o u l d b e most i m p o r t a n t . A l s o w e
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s h o u l d u n d e r s t a n d t h e f l o w e r s t r u c t u r e and f u n c t i o n o f p e a r l m i l l e t .
D r . U l l s t r u p commen ted t h a t a w o r k e r named R a m s t o c k has s t u d i e d t h e
h i s t o l o g y o f t h e i n f e c t i o n p r o c e s s i n r y e .

D r . R e n f r o commen ted t h a t a s t h e r e seems t o b e l i t t l e c h a n c e o f
good r e s i s t a n c e , c u l t u r a l c o n t r o l i s v e r y i m p o r t a n t and may b e s h o u l d
b e e l e v a t e d i n p r i o r i t y . T h i s was e n d o r s e d b y D r . K a n w a r . D r . Nene
s u g g e s t e d t h a t s o i l f e r t i l i t y e f f e c t s b e e x a m i n e d .

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

GENERAL

D r . K e n n e t h commen ted o n t h e u s e f u l r o l e ICRISAT c o u l d p l a y i n
o b t a i n i n g and d i s t r i b u t i n g r a r e b u t u s e f u l p a p e r s o n t h e s u b j e c t s o f t h e
d i s e a s e s o f t h e c r o p s w i t h w h i c h ICRISAT i s w o r k i n g . H e f e l t t h a t ICRISAT
s h o u l d t a k e t h e i n i t i a t i v e f o r o b t a i n i n g and s u p p l y i n g t h i s s o r t o f
i n f o r m a t i o n .
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FINAL RECOMMENDATIONS ON RESEARCH PRIORIT IES FOR THE C ONTROL

OF DOWNY MILDEW AND ERGOT OF PEARL MILLET

INTRODUCTION

T h i s was a m e e t i n g o f c o n s u l t a n t s t o c o n s i d e r t w o i m p o r t a n t d i s e a s e s
o f p e a r l m i l l e t and t o i n d i c a t e p r i o r i t i e s i n r e s e a r c h and i n t e r n a t i o n a l
c o o p e r a t i o n f o r t h e c o n t r o l o f t h e s e d i s e a s e s . The d i s e a s e s have been
c o n s i d e r e d f r o m t h e s t a n d p o i n t o f p a t h o g e n , h o s t and e n v i r o n m e n t a s s e p a r a t e
i t e m s f o r t h e s a k e o f c o n v e n i e n c e b u t w e r e a l i s e t h a t t h e y a r e i n t i m a t e l y
i n t e r r e l a t e d .

DOWNY MILDEW

I . Pa thogen

1 . A l t h o u g h t h e r e i s some e v i d e n c e t h a t t h e downy m i l d e w p a t h o g e n
may b e i n t e r n a l l y s e e d - b o r n e , t o - d a t e t h e r e i s n o c l e a r e v i d e n c e
t h a t i n t e r n a l l y s e e d - b o r n e m y c e l i a c o n t r i b u t e t o i n f e c t i o n , and
t h e r e i s n o e v i d e n c e t h a t i n t e r n a l l y s e e d - b o r n e i n o c u l u m has
been r e s p o n s i b l e f o r t h e movement o f t h e p a t h o g e n , Sclerospora 
graminicola i n t o new a r e a s . E x p e r i m e n t a t i o n i s n e e d e d t o c l a r i f y
t h i s p o s s i b i l i t y . I f i t i s f o u n d t h a t i n t e r n a l l y s e e d - b o r n e
i n o c u l u m i s i m p o r t a n t i n t h i s d i s e a s e , r e s e a r c h w i l l b e ne e d e d t o
i d e n t i f y m e t h o d s o f e l i m i n a t i o n o f t h e p a t h o g e n f r o m t h e s e e d .

2 . T h e r e i s c i r c u m s t a n t i a l e v i d e n c e o f t h e o c c u r r e n c e o f p h y s i o l o g i c
r a c e s o f t h i s p a t h o g e n . R e s e a r c h i s needed t o s u b s t a n t i a t e t h i s
e v i d e n c e u s i n g s u i t a b l e d i f f e r e n t i a l s and s t a n d a r d i z e d m e t h o d s
o f a n a l y s i s .

3 . R e l i a b l e t e c h n i q u e s s h o u l d b e e s t a b l i s h e d f o r t h e p r o m o t i o n o f
i n f e c t i o n i n t h e l a b o r a t o r y and f i e l d u s i n g b o t h s p o r a n g i a l and
o o s p o r i c i n o c u l u m .

4 . The r e l a t i v e i m p o r t a n c e o f o o s p o r e s , s p o r a n g i a and i n t e r n a l l y
s e e d - b o r n e m y c e l i u m ( i f i t doe s o c c u r ) i n t h e d e v e l o p m e n t o f
e p i p h y t o t i c s o f t h i s d i s e a s e needs t o b e e s t a b l i s h e d . T h i s
a r e a o f r e s e a r c h i s o f v i t a l i m p o r t a n c e t o t h e u n d e r s t a n d i n g
and c o n t r o l o f t h e d i s e a s e .



I I . Host

1 . R e s i s t a n t l i n e s f r o m c o o p e r a t i v e programs s h o u l d b e assembled
and m a i n t a i n e d a s d i s t i n c t e n t i t i e s a t a c e n t r a l l o c a t i o n .
T h i s c o l l e c t i o n s h o u l d b e e v a l u a t e d a t a s many l o c a t i o n s i n
p a r t i c i p a t i n g c o u n t r i e s a s p o s s i b l e t o p r o v i d e a b a s i s f o r
i d e n t i f i c a t i o n o f s t a b l e r e s i s t a n c e and p r o v i d e i n f o r m a t i o n o n
t h e v a r i a b i l i t y o f t h e p a t h o g e n .

2 . P r i m a r y s c r e e n i n g s h o u l d b e done under f i e l d c o n d i t i o n s i n a reas
and seasons where e p i p h y t o t i c s a r e l i k e l y t o d e v e l o p and s h o u l d
be p r o m o t e d .

3 . A r t i f i c i a l i n o c u l a t i o n t e c h n i q u e s a r e needed u t i l i z i n g asexua l
i n o c u l u m ( f o l l o w i n g t h e p r o c e d u r e s o f S c h m i t t , R e n f r o , C r a i g ) .
The use o f asexua l i n o c u l u m s h o u l d have p r i o r i t y o v e r t e c h n i q u e s
u s i n g o o s p o r e s . The c a r d i n a l r e q u i r e m e n t o f any a r t i f i c i a l
i n o c u l a t i o n p r o c e d u r e i s t h a t i t r e f l e c t s t h e v a r i a b i l i t y i n
s u s c e p t i b i l i t y obse rved i n t h e f i e l d .

4 . A U n i f o r m P e a r l M i l l e t D isease N u r s e r y (UPMDN) s h o u l d be
e s t a b l i s h e d w h i c h wou ld c o n t a i n t h e b e s t s o u r c e s o f r e s i s t a n c e
t o downy m i l d e w a s w e l l a s r e s i s t a n c e t o o t h e r pa thogens o f
m i l l e t . E v a l u a t i o n s h o u l d be made on s u s c e p t i b i l i t y t o downy
m i l d e w , e r g o t , s t r i g a , s m u t , r u s t and b l a s t . I n t h i s way
s o u r c e s o f m u l t i p l e d i s e a s e r e s i s t a n c e w i l l b e i d e n t i f i e d .
S c o r i n g systems s h o u l d be r e v i e w e d on an annua l b a s i s by
d i s c u s s i o n among c o o p e r a t o r s o n t h e b a s i s o f t h e i r e x p e r i e n c e .

5 . Compos i tes o f l i n e s w i t h t h e b e s t r e s i s t a n c e f r o m each l o c a t i o n
s h o u l d be assembled and advanced f o r s e v e r a l g e n e r a t i o n s under
c o n d i t i o n s o f adequate d i s e a s e p r e s s u r e .

6 . A d d i t i o n a l i n f o r m a t i o n o n symptom e x p r e s s i o n i s needed f o r t h e
e v a l u a t i o n o f d i s e a s e o n a n i n d i v i d u a l p l a n t b a s i s t o d e t e r m i n e
t o l e r a n c e and g e n e r a l r e s i s t a n c e i n t h e f i e l d .

I I I . Other Cont ro l Measures

1 . C u l t u r a l and chem ica l c o n t r o l methods s h o u l d b e e v a l u a t e d and
m o n i t o r e d o n a c o n t i n u i n g b a s i s . T h i s r e s e a r c h s h o u l d supp lemen t
t h e p r i n c i p a l p rogram f o r c o n t r o l t h r o u g h h o s t p l a n t r e s i s t a n c e .
The p r a c t i c a l a p p l i c a b i l i t y o f any c u l t u r a l c o n t r o l method s h o u l d
be c o n s i d e r e d i n any recommenda t i on .
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I . Pathogen

1 . There i s a need t o e s t a b l i s h t h e r e l a t i v e r o l e s o f a s c o s p o r e s ,
s c l e r o t i a l bo rne c o n i d i a and c o n i d i a f r o m e x t e r n a l s o u r c es i n
t h e e p i d e m i o l o g y o f t h i s d i s e a s e .

2 . The taxonomy o f t h e fungus i s i n d o u b t and s h o u l d b e c l a r i f i e d ,
t hough t h i s a c t i v i t y i s n o t o f t o p p r i o r i t y .

3 . The i d e n t i t i e s o f e r g o t pa thogens o c c u r r i n g o n v a r i o u s g rasses
w h i c h a r e o f s u s p e c t e d i m p o r t a n c e i n t h e i n f e c t i o n o f p e a r l
m i l l e t need t o b e e s t a b l i s h e d .

I I . Host

1 . The i d e n t i f i c a t i o n o f ' r e s i s t a n t ' v a r i e t i e s i s o f t o p p r i o r i t y .

2 . Once ' r e s i s t a n c e ' i s i d e n t i f i e d t h e f u n c t i o n a l , m o r p h o l o g i c a l
and p h y s i o l o g i c a l f a c t o r s c o n f e r r i n g t h a t r e s i s t a n c e s h o u l d b e
d e t e r m i n e d .

3 . V a r i o u s e f f e c t i v e i n o c u l a t i o n t e c h n i q u e s a r e known and need t o
b e e v a l u a t e d f o r t h e i r u s e f u l n e s s i n s c r e e n i n g f o r ' r e s i s t a n c e ' .

4 . I t seems t h a t t h e w i d e s p r e a d a d o p t i o n o f s u s c e p t i b l e h y b r i d s
i n c r e a s e s t h e i m p o r t a n c e o f t h e d i s e a s e and t h i s p r a c t i c e s h o u l d
b e a v o i d e d i n a reas o f h i g h e r g o t r i s k e . g . t h e more humid p e a r l
m i l l e t p r o d u c i n g a r e a i n A f r i c a .

I I I . Other Cont ro l Measures

1 . V a r i o u s c u l t u r a l and chem ica l c o n t r o l p r a c t i c e s were s u g g e s t e d .
The e f f e c t i v e n e s s o f t h e s e s h o u l d b e examined f o r t h e c o n t r o l
o f t h i s d i s e a s e and t h e p r a c t i c a l a c c e p t a b i l i t y o f e f f e c t i v e
methods s h o u l d be d e t e r m i n e d .

GENERAL RECOMMENDATIONS

1 . An I n t e r n a t i o n a l M i l l e t s Work ing Group s h o u l d be fo rmed w h i c h
w o u l d f a c i l i t a t e commun i ca t i on and i n f o r m a t i o n exchange among
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w o r k e r s t h r o u g h a m i l l e t n e w s l e t t e r .

2 . The ICRISAT may c o n s i d e r t a k i n g a n i n i t i a t i v e i n m a k i n g a v a i l a b l e
c o p i e s o f r e s e a r c h p a p e r s p u b l i s h e d , b u t w h i c h a r e n o t e a s y t o
g e t , t o a c t i v e p a t h o l o g i s t s w o r k i n g o n m i l l e t d i s e a s e s .

The I n t e r n a t i o n a l C r o p s R e s e a r c h I n s t i t u t e f o r t h e S e m i - A r i d T r o p i c s
r e c e i v e s s u p p o r t f r o m a v a r i e t y o f d o n o r s , g o v e r n m e n t s a n d f o u n d a t i o n s .

The r e s p o n s i b i l i t y f o r a l l a s p e c t s o f t h i s p u b l i c a t i o n r e s t s w i t h t h e
I n t e r n a t i o n a l C r o p s R e s e a r c h I n s t i t u t e f o r t h e S e m i - A r i d T r o p i c s .

P u b l i s h e d b y ICR ISAT
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