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A B S T R A C T 

Field e x p e r i m e n t s in 1979 revealed t h a t higher 

p o p u l a t i o n s of Me to po 1 o ph 1 u m d i r h o d u m (Wlk. ) d e v e l o p e d 

o n b a r l e y y e l l o w d w a r f v i r u s (BYDV)-infected winter w h e a t 

a n d o a t s than.on h e a l t h y p l a n t s . M o r e Sitobion a v e n a e (L.) 

w e r e s i m i l a r l y r e c o r d e d in 1980 on B Y D V - i n f e c t e d w i n t e r 

w h e a t , o a t s and b a r l e y . 

In b o t h y e a r s , f o c i o f B Y D V infection a t t r a c t e d m o r e 

i m m i g r a n t a l a t e s than did h e a l t h y p l a n t s . This observation 

w a s s u p p o r t e d by l a b o r a t o r y f l i g h t chamber trials in w h i c h 

a p h i d s w e r e s i m u l t a n e o u s l y p r e s e n t e d with a choice of 

t a r g e t s ; both d i r h o d u m a n d S ^ avenae alighted more 

f r e q u e n t l y on the l e a v e s of B Y D V - i n f e c t e d o a t s and b a r l e y 

than on those of h e a l t h y p l a n t s . 

The a d u l t size a n d f e c u n d i t y of Sh^ a v e n a e were increased 

by feeding on B Y D V - i n f e c t e d w h e a t , o a t s and barley b u t 

M . d i r h o d u m w a s n o t a f f e c t e d . 

Both B Y D V i n f e c t i o n a n d a p h i d h o n e y d e w p r e d i s p o s e d 

w h e a t ears to i n f e c t i o n by C l a d o s p o r i u m . Individual 

M . d i r h o d u m a n d S ^ a v e n a e e x c r e t e d less h o n e y d e w on B Y D V - . 

i n f e c t e d than on h e a l t h y w h e a t in the l a b o r a t o r y . 

The s i g n i f i c a n c e of t h e ' i n t e r a c t i o n s between B Y D V , its 

a p h i d v e c t o r s and C l a d o s p o r i u m is d i s c u s s e d .in' the l i g h t 

of the f o r e g o i n g f i n d i n g s . 
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A C K N O W L E D G E M E N T S 

A F e d e r a l G o v e r n m e n t (of N i g e r i a ) s c h o l a r s h i p and 

a Study F e l l o w s h i p of t h e A h m a d u Bello U n i v e r s i t y , Z a r i a , 

N i g e r i a , enabled m e to c o n d u c t the w o r k reported h e r e . 

I am g r a t e f u l to the R o t h a m s t e d E x p e r i m e n t a l Station f o r 

p r o v i d i n g the f a c i l i t i e s , and to P r o f e s s o r J S K e n n e d y 

and T o n y L u d l o w for t h e use of their insect flight 

c h a m b e r . I g r a t e f u l l y a c k n o w l e d g e the c o - o p e r a t i o n of 

the A e r i a l P h o t o g r a p h y U n i t of the A D A S . 

I t h a n k a l l t h o s e w h o h a v e helped m e at the v a r i o u s 

stages of t h e p r o j e c t , p a r t i c u l a r l y t h e following: 

Dr A l a n D e w a r for s u p e r v i s i o n and e n c o u r a g e m e n t , and h i s 

family for t h e i r w a r m f r i e n d s h i p ; P r o f e s s o r M J W a y , m y 

d i r e c t o r of s t u d i e s , D r T r e v o r L e w i s and Dr G o d f r e y D e a n , 

for v e r y u s e f u l d i s c u s s i o n s ; E w a n M a c a u l a y for h e l p w i t h 

the h o n e y d e w r e c o r d i n g a p p a r a t u s ; Dr R o g e r P l u m b and 

M r s E l i z a b e t h L e n n o n f o r p r o v i d i n g the B Y D V isolate; 

D r J o h n L a c e y , N a r e s h M a g a n , M r s R o s e m a r y G u t t e r i d g e , 

M r s P a u l i n e W i l l i a m s o n and M r s M a r g a r e t M a i s for m u c h 

h e l p w i t h d i l u t i o n p l a t i n g ; F r a n k C o w l a n d , M r s G w e n 

C a l l e w a e r t and M r s L i n d a C a s t l e for the photography; 

M i s s Gina Smith and J o e P e r r y for c o m p u t i n g h e l p and 

s t a t i s t i c a l a d v i c e r e s p e c t i v e l y ; J o e K u e h , Dr M i k e K i r k m a r , 

D r David L a w l Q r , D r T o n y G r e e n w a y , M i s s L e s l i e S m a r t , a n d 

the e n t i r e staff of the E n t o m o l o g y D e p a r t m e n t at 

R o t h a m s t e d . 

M y w i f e , Olubunmi, and d a u g h t e r s , T i t i l o p e and 

M o d u p e , d e s e r v e special m e n t i o n for t h e i r u n d e r s t a n d i n g , 

s a c r i f i c e and s u p p o r t t h r o u g h o u t . t h e s t u d y . 

M r s H i l d a G o d d a r d k i n d l y typed the t h e s i s . 
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G E N E R A L I N T R O D U C T I O N 

B a c k g r o u n d 

In 1976 a n d 1 9 7 7 , the A e r i a l P h o t o g r a p h y U n i t of t h e 

A g r i c u l t u r a l D e v e l o p m e n t and A d v i s o r y Service (ADAS) 

d e t e c t e d a p r o m i n e n t a n d d i s t i n c t i v e focal pattern o f 

d a r k p a t c h e s in m a n y f i e l d s of w i n t e r w h e a t in E s s e x a n d 

p a r t s o f E a s t A n g l i a (Hooper, 1 9 7 8 ) . On e x a m i n a t i o n , 

t h e s e p a t c h e s (Figure 1) w e r e found to c o n s i s t o f p l a n t s 

i n f e c t e d w i t h b a r l e y y e l l o w dwarf v i r u s (BYDV) a n d s o o t y 

m o u l d s . T h e y a v e r a g e d a b o u t two m e t e r s in d i a m e t e r . 

T h e sooty m o u l d s w e r e t h o u g h t to b e g r o w i n g on a p h i d 

h o n e y d e w b e c a u s e of the m a n y a p h i d e x u v i a e found in the 

p a t c h e s . 

The foci o f B Y D V i n f e c t i o n w e r e r e s t r i c t e d to e a r l y -

sown c r o p s , i . e . b e f o r e m i d - O c t o b e r . This fact w a s t h o u g h t 

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

the v i r u s by a p h i d s flying into the fields in O c t o b e r when 

the p l a n t s w o u l d h a v e e m e r g e d a b o v e g r o u n d (A'Brook, 1 9 7 4 , 

1979; A ' B r o o k & D e w a r , 1980; P l u m b , 1 9 7 6 ) . A c c o r d i n g to 

the R o t h a m s t e d I n s e c t S u r v e y trap c a t c h e s , the m o s t 

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

R h o p a l o s i p h u m s p p . , e s p e c i a l l y R ^ p a d i L . (the b i r d - c h e r r y 

a p h i d ) a n d R-_ i n s e r t u m (Walker) (the a p p l e - g r a s s a p h i d ) 

(A'Brook, 1 9 7 4 , 1 9 7 8 , 1979; A ' B r o o k & D e w a r , 1980; 

P l u m b , 1981; T a y l o r & F r e n c h , 1 9 7 0 - 8 0 ) . B o t h of t h e s e 

a p h i d s are v e c t o r s o f B Y D V (A'Brook & D e w a r , 1980; O s w a l d 

& H o u s t o n , 1 9 5 2 ) , and R ^ p a d i is the m o s t e f f i c i e n t v e c t o r 

o f the severe isolate of t h e v i r u s (Lindsten, 1964; P l u m b , 

1 9 7 4 ; R o c h o w e t a l , 1965; S m i t h , 1 9 6 3 ) . A v a r y i n g p r o p o r t i o n 
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Fig. 1A. A field of winter wheat near St Albans, showing 

yellowish patches of BYDV infection (10.6.81). 

Fig. IB* Aerial photograph of a field of early-sown 

winter wheat showing typical dark patches 

(eg. a.). (Curtesy of the Aerial Photography 

Unit, ADAS, Cambridge). 
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of a p h i d s c a u g h t a l i v e in suction traps in the a u t u m n a t 

R o t h a m s t e d in E n g l a n d and A b e r y s t w y t h in W a l e s a r e 

v i r u l i f e r o u s ( A ' B r o o k , 1978; A ' B r o o k & D e w a r , 1980; 

P l u m b , 1 9 7 4 , 1 9 7 6 , 1 9 8 1 ) . K n o w l e d g e of this p r o p o r t i o n 

is b e i n g u s e d in a t t e m p t s to f o r e c a s t the incidence of 

B Y D V - i n f e c t i o n ( A ' B r o o k , 1979; A ' B r o o k & D e w a r , 1980; 

P l u m b , 1 9 7 6 ) . 

O b j e c t i v e 

Of the s e v e r a l r e l e v a n t q u e s t i o n s that n e e d e d to be 

a n s w e r e d a b o u t the e x i s t e n c e of the p a t c h e s , this s t u d y 

w a s aimed at the f o l l o w i n g : 

1 . A r e t h e r e g r e a t e r n u m b e r s o f a p h i d s in the p a t c h e s 

than in the s u r r o u n d i n g c r o p , and if s o , w h y ? 

2 . W h y do the s o o t y m o u l d s a p p e a r to be confined to 

the v i r u s p a t c h e s , o r a t least to be p r e s e n t in 

t h e s e f o c i in a m u c h h i g h e r c o n c e n t r a t i o n than in 

the s u r r o u n d i n g c r o p ? 

A p p r o a c h 

T h e a p p r o a c h w a s to study the c o m p l e x of interactions 

b e t w e e n B Y D V , its a p h i d v e c t o r s , the p l a n t h o s t and s o o t y 

m o u l d d e v e l o p m e n t . C l a d o s p o r i u m was chosen because it is 

o n e of the p r e d o m i n a n t g r a i n surface fungi on cereals in 

t h e field in m o s t y e a r s (Hill, 1977, 1979; H i l l & L a c e y , 

1974; L a c e y , 1 9 7 5 ) . 

The s t u d y involved e x t e n s i v e l a b o r a t o r y , g l a s s h o u s e 

a n d g r o w t h c a b i n e t e x p e r i m e n t a t i o n . F i e l d trials w e r e also 

c o n d u c t e d a t R o t h a m s t e d in 1979 and 1980.. In a d d i t i o n , 

f i e l d trips w e r e m a d e to E s s e x and Cambridge in both y e a r s 
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to see f a r m e r s ' c r o p s . A f l i g h t chamber experiment w a s 

c o n d u c t e d at the I n s e c t P h y s i o l o g y U n i t of the I m p e r i a l 

C o l l e g e a t S i l w o o d P a r k , A s c o t . 

T h e t h e s i s 

In the f i r s t of f i v e s e c t i o n s , the e f f e c t s of B Y D V 

i n f e c t i o n o f w i n t e r w h e a t , o a t s and b a r l e y o n the coloni-

z a t i o n of t h e s e c r o p s by c e r e a l a p h i d s , and on the 

c o n s e q u e n t d e v e l o p m e n t of a p h i d p o p u l a t i o n s in the f i e l d , 

a r e e x a m i n e d . 

S e c t i o n two s e e k s to v e r i f y , using a l a b o r a t o r y 

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

t h e e f f e c t of B Y D V o n the h o s t selection b e h a v i o u r of 

c e r e a l a p h i d s . 

T h e third s e c t i o n d e a l s w i t h the e f f e c t of the v i r u s 

.on the a d u l t size a n d f e c u n d i t y of a v e n a e , R . p a d i a n d 

M . d i r h o d u m . D i f f e r e n t m e t h o d s of estimating p o t e n t i a l 

f e c u n d i t y , a n d the r e l a t i o n s h i p between a d u l t size and 

f e c u n d i t y in t h e s e a p h i d s a r e also i n v e s t i g a t e d . 

In section f o u r , t h e e f f e c t s of BYDV and aphid 

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

p h y l l o p l a n e m i c r o f l o r a o n w i n t e r w h e a t and barley are 

d e s c r i b e d . 

S e c t i o n five r e p o r t s o n the e f f e c t o f B Y D V infection 

of spring w h e a t and b a r l e y o n h o n e y d e w p r o d u c t i o n by 

S . a v e n a e and M ^ d i r h o d u m u n d e r controlled c o n d i t i o n s . 

T h e e f f e c t of B Y D V infection on the g r a i n y i e l d of 

c e r e a l s is d e s c r i b e d in b o t h s e c t i o n s o n e and f o u r . 



1-3 

A t the e n d , the o v e r a l l i n t e r a c t i o n s between B Y D V , 

its a p h i d v e c t o r s a n d p l a n t h o s t s , and C l a d o s p o r i u m 

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

each o r g a n i s m in t h e c o m p l e x . 
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R E V I E W OF THE L I T E R A T U R E 

B A R L E Y Y E L L O W DWARF V I R U S 

B a r l e y y e l l o w d w a r f v i r u s (BYDV) was first recognised 

a n d n a m e d a s such in 1951 (Oswald & H o u s t o n , 1951), 

a l t h o u g h it is t h o u g h t to h a v e been a p r o b l e m m u c h earlier 

(eg. B r e m e r , 1965; B r u e h l , 1 9 6 1 ) . The e x t e n s i v e literature 

that h a s a c c u m u l a t e d t h e r e a f t e r on the v i r u s h a s been 

c o m p r e h e n s i v e l y r e v i e w e d b y B r u e h l (1961), R o c h o w (1970), 

P a n a y o t o u (1975) and P e a r s o n (1977). 

D i s t r i b u t i o n and e c o n o m i c importance 

T h e v i r u s is w o r l d w i d e , h a v i n g b e e n identified in at 

l e a s t o n e c o u n t r y o n e v e r y c o n t i n e n t . R o c h o w (1970) 

c o n s i d e r s it the m o s t w i d e l y d i s t r i b u t e d of all c e r e a l 

v i r u s e s . B Y D V o c c u r s t h r o u g h o u t the British Isles 

( J a m e s , 1 9 6 9 ) . 

T h e e c o n o m i c i m p o r t a n c e o f BYDV is c l o s e l y linked with 

its y i e l d r e d u c i n g c a p a b i l i t y . A r t i f i c i a l infections of 

t h e v i r u s , e s p e c i a l l y a t t h e seedling growth stages, can 

c a u s e y i e l d l o s s e s of up to 9 0 % in o a t s (Endo & B r o w n , 1957; 

G i l l e t a l , 1 9 6 9 b ) , w h e a t (Doodson & S a u n d e r s , 1970a,b; 

G i l l , 1967; G i l l e t a l , 1969b; G i l l , 1980) and b a r l e y (Gill 

e t a l , 1969a; D o o d s o n & S a u n d e r s , 1 9 7 0 a , b ) . Y i e l d l o s s e s 

due to n a t u r a l i n f e c t i o n s a r e complicated by the d a m a g i n g 

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

f a c t o r s . N o t s u r p r i s i n g l y , little h a s b e e n reported o n 

c o m p a r i n g the y i e l d s o f h e a l t h y and n a t u r a l l y BYDV-infected 

c r o p s . H o w e v e r , B a y o n and A y r a u l t (1977) found t h a t about 

63 m i l l i o n f r a n c s w e r e l o s t through B Y D V infection of 
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w i n t e r w h e a t and w i n t e r and spring b a r l e y in P o i t o u -

C h a r e n t e s , F r a n c e in 1 9 7 5 . B Y D V also lowered the p o t e n t i a l 

y i e l d of spring w h e a t by 1 % in southern M a n i t o b a , C a n a d a , 

in 1978 (Gill, 1 9 8 0 ) . A n n u a l yield losses in c e r e a l s in 

B r i t a i n h a v e been e s t i m a t e d a t 5 - 10% (Doodson & 

S a u n d e r s , 1969; A ' B r o o k , 1974) . .Economic losses h a v e also b e e n 

a s s o c i a t e d w i t h B Y D V in the U . S . A . (eg. Oswald & H o u s t o n , 1 9 5 3 a ) 

and N e w Z e a l a n d ( S m i t h , 1 9 6 3 ) . 

S e v e r a l severe e p i d e m i c s of B Y D V h a v e been r e p o r t e d (eg. 

M u r p h y , 1959; W a t s o n , 1959; G i l l , 1970). R o c h o w (1961) 

c o n s i d e r e d B Y D V to b e p o t e n t i a l l y equally d e s t r u c t i v e as any 

o t h e r c e r e a l v i r u s w h i l e P l u m b (1974) described it as the 

m o s t d a m a g i n g c e r e a l v i r u s in B r i t a i n . 

H o s t R a n g e 

T h e h o s t range v a r i e s w i t h the strain of v i r u s , t h e 

h o s t p r e f e r e n c e of the a p h i d v e c t o r and the g e n e t i c 

v a r i a b i l i t y of t h e h o s t p l a n t . Detailed information o n the 

s p e c i f i c h o s t range o f B Y D V is available in O s w a l d and 

H o u s t o n (1952), B r u e h l and T o k o (1957), W a t s o n a n d 

M u l l i g a n (1960), B r u e h l ( 1 9 6 1 ) , Rochow (1961) and J o n e s , 

(1968). A b o u t o n e h u n d r e d m o n o c o t y l e d o n o u s s p e c i e s a r e 

k n o w n to b e s u s c e p t i b l e to B Y D V , including m o s t g r a s s e s 

(Doodson, 1967; P l u m b , 1977) and all c o m m e r c i a l l y available 

c e r e a l c u l t i v a r s (Plumb, 1 9 7 4 ) , although s e v e r a l b a r l e y 

v a r i e t i e s from E t h i o p i a h a v e a h i g h level of t o l e r a n c e 

(Schaller et a l , 1963; D a r n s t e e g t & B r u e h l , 1964; 

C a t h e r a l l & H a y e s , 1966; J e d l i n s k y , 1972; J o n e s & CatheralL, 

1 9 7 0 ) . 
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W i n t e r v a r i e t i e s are m o r e s u s c e p t i b l e than spring 

and o a t s and b a r l e y a r e m o r e s u s c e p t i b l e than w h e a t 

(Watson & M u l l i g a n , 1960; D o o d s o n & S a u n d e r s , 1 9 7 0 ) . 

E x t e r n a l s y m p t o m s 

Some infected p l a n t s d e v e l o p no symptoms (James .et 

a l , 1969; G i l l , 1970; C a t h e r a l l , 1963, 1966; B r e m e r , 1965; 

D o o d s o n , 1967; L i n d s t e n & G e r h a r d s o n , 1 9 6 9 ) . Depending o n 

the h o s t p l a n t s p e c i e s , c u l t i v a r , g r o w t h stage at ino-

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

w e l l a s the strain o r i s o l a t e of the v i r u s , several 

e x t e r n a l s y m p t o m s h a v e b e e n a s s o c i a t e d w i t h B Y D V i n f e c t i o n . 

T h e s e include stunting of t h e roots and aerial p a r t s , 

t w i s t i n g of leaf b l a d e s , d e a t h of the apical.,shoot, increased 

t i l l e r i n g , n a r r o w e r a n d s t i f f e r leaf b l a d e s , leaf s e r r a t i o n s 

(smith, 1 9 5 9 ) , b l a s t i n g of the florets (especially in o a t s ) , 

and f a i l u r e of the ear to e m e r g e (Bruehl, 1961). T h e 

e a r l i e r i n f e c t i o n o c c u r s , t h e m o r e severe are the s y m p t o m s 

(Watson & M u l l i g a n , 1960; J e n k i n s , 1 9 6 6 ) . 

I n f e c t e d l e a v e s m a y a l s o appear w a t e r - s o a k e d and 

d e v e l o p c h l o r o t i c s t r i p e s , b l o t c h e s o r m o t t l e s . T h e s e 

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

f r o m g r e e n to b r i g h t y e l l o w in barley and red to p u r p l e in 

o a t s and w h e a t . H o w e v e r , some n o n - c u l t i v a t e d g r a s s e s 

d e v e l o p no s y m p t o m s o n i n f e c t i o n (Rochow, 1970). 

O n l y l e a v e s y o u n g e r than t h e o n e inoculated w i t h the v i r u s 

show the c o l o u r c h a n g e . 

S e v e r a l a u t h o r s h a v e p o i n t e d o u t the s i m i l a r i t i e s 

b e t w e e n t h e s e s y m p t o m s a n d t h o s e c a u s e d by o t h e r f a c t o r s 
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'(eg. B a n t t a r i , 1965; G i l l et a l , 1969b;Rochow & D u f f u s , 

1978; S l y k h u i s , 1967; S p r a g u e , 1936, 1939; M c K i n n e y , 1950; 

M c K i n n e y e t a l , 1 9 5 2 ) . ,It is therefore desirable to 

e l i m i n a t e a l t e r n a t i v e c a u s e s o f these symptoms and to 

c o n d u c t t r a n s m i s s i o n t e s t s w h e n diagnosing the v i r u s . 

j I n t e r n a l s y m p t o m s 

B Y D V i n f e c t i o n i n d u c e s d e g e n e r a t i o n and e v e n t u a l 

n e c r o s i s of the p h l o e m , x y l e m and ground p a r e n c h y m a 

t i s s u e s of t h e h o s t p l a n t (Esau, 1 9 5 7 a , b ) . T h e s e e f f e c t s 

are m o r e severe in o a t s and b a r l e y than in w h e a t . R e c e n t l y , 

it h a s been r e v e a l e d t h a t s e r o l o g i c a l l y r e l a t e d v a r i a n t s 
\ 

of the v i r u s induce s i m i l a r c y t o p a t h o l o g i c a l a l t e r a t i o n s in 

o a t c e l l s , a n d the r e v e r s e is the case with s e r o l o g i c a l l y 

u n r e l a t e d o n e s (Gill & C h o n g , 1975, 1976, 1 9 7 9 ) . 

Sugary e x u d a t e s h a v e b e e n o b s e r v e d on B Y D V - i n f e c t e d 

l e a v e s and E s a u (1957b) s u g g e s t e d that these e x u d a t e s m a y 

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

a c c u m u l a t e in the i n t e r c e l l u l a r spaces and l e a v e t h e m e s o -

p h y l l via the s t o m a t a . 

Several m e t a b o l i c c h a n g e s h a v e been a s s o c i a t e d w i t h 

B Y D V - i n f e c t i o n of v a r i o u s p l a n t s p e c i e s . It increased 

r e s p i r a t i o n a n d c a u s e d an a c c u m u l a t i o n of soluble c a r b o -

h y d r a t e s and starch ( J e n s e n , 1966, 1968a,b, 1969.7 . , 1972; 

J e n s e n & S a m b e e k , 1972; O r l o b & A r n y , 1961; G o o d m a n .et a l , 

1965; W a t s o n & M u l l i g a n , 1 9 6 0 ) , and increased the a m o u n t • 

of i n d i g e s t i b l e c r u d e p r o t e i n (Jensen, 1969; P e a r s o n , 1 9 7 7 ) 

and free amino a c i d s (Markkula & L a u r e m a , 1 9 6 4 ) . C o n v e r s e l y , 

t r a n s p i r a t i o n (Orlob & A r n y , 1 9 6 1 ) , c h l o r o p h y l l c o n t e n t , 

leaf area and p h o t o s y n t h e t i c rate w e r e all d e c r e a s e d b y 

B Y D V ( J e n s e n , 1 9 6 6 , 1 9 6 8 a , 1 9 6 9 , 1972; J e n s e n & S a m b e e k , 1 9 7 2 ) . 

W y n d (1943) h a d s u g g e s t e d that the increases in the a m o u n t 
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of amino a c i d s in a d i s e a s e d p l a n t m a y r e s u l t from e i t h e r 

a l o s s of the a b i l i t y o f the infected p l a n t to s y n t h e s i z e 

amino n i t r o g e n c o m p o u n d s into more c o m p l e x m o l e c u l e s , o r a 

l e s s e n i n g of the t r a n s l o c a t i o n of intermediate soluble 

p r o d u c t s in d i s e a s e d p l a n t s . The latter v i e w w a s a d o p t e d 

b y J e n s e n (1972) to e x p l a i n t h e accumulation of p h o t o -

s y n t h a t e s in the leaf b l a d e s o f B Y D V - i n f e c t e d p l a n t s . 

C h a n g e s in n i t r o g e n l e v e l s (Stubbs & W a l b r a n , 1963; O r l o b 

& A r n y , 1961; J e n s e n , 1 9 6 9 b ) , d e p o s i t s of g l y c o g e n - l i k e 

s u b s t a n c e s in the c h l o r o p l a s t s of barley l e a v e s (Moline & 

J e n s e n , 1 9 7 5 ) , a d e c r e a s e in c a t a l a s e a c t i v i t y and an 

i n c r e a s e in p e r o x i d a s e a c t i v i t y (Orlob & A r n y , 1961) h a v e 

also b e e n a t t r i b u t e d to B Y D V i n f e c t i o n . 

D i a g n o s i s 

T h e d i a g n o s i s of BYDV h a s been h a m p e r e d by several 

p r o b l e m s including s y m p t o m l e s s i n f e c t i o n s , the u n r e l i a b i l i t y 

of s y m p t o m s w h i c h can r e s e m b l e those caused by o t h e r f a c t o r s , 

a s w e l l as the c u m b e r s o m e a n d time-consuming n a t u r e of trans-

m i s s i o n t e s t s w i t h a p h i d v e c t o r s . In a d d i t i o n , the v i r u s 

o c c u r s in r e l a t i v e l y l o w c o n c e n t r a t i o n s in the p l a n t s 

(Jensen, 1969; p a l i w a l & S i n h a , 1970) and w a s not detected 

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

ring interface o r m i c r o p r e c i p i t i n , o r by "leaf dip" 

e l e c t r o n m i c r o s c o p y . It is also d i f f i c u l t to d i s t i n g u i s h 

B Y D V p a r t i c l e s from p l a n t c e l l c o n s t i t u e n t s in the leaf 

d i p p r e p a r a t i o n s ( P a l i w a l , 1 9 7 7 ) . 

M o r e rapid and r e l i a b l e t e c h n i q u e s h a v e been developed 

r e c e n t l y . T h e s e are s e r o l o g i c a l specific electron micro-

scopy (SSEM) (Paliwal, 1977) and e n z y m e - l i n k e d immuno-



19 

s o r b e n t a s s a y (eg. L i s t e r & R o c h o w , 1979; R o c h o w , 1979). 

B o t h m e t h o d s h a d p r e v i o u s l y been u s e d to d e t e c t o t h e r 

p l a n t v i r u s e s (eg. B a r - J o s e p h et a l , 1979; C a s p e r , 1977; 

D e r r i c k , 1 9 7 3 , 1975; R e e v e s et al., 1 9 7 9 ) . 

T r a n s m i s s i o n 

B y v e c t o r s 

A b o u t e i g h t e e n s p e c i e s of aphid v e c t o r s of B Y D V are 

k n o w n ( A ' B r o o k , 1978; A ' B r o o k & D e w a r , 1980; K e n n e d y e t a l . 

1962; P l u m b , 1 9 7 4 , 1 9 8 1 ) , including the g r a i n a p h i d , S i t o b i o n 

a v e n a e F . , the r o s e - g r a i n a p h i d , M e t o p o l o p h i u m d i r h o d u m 

(Walker) a n d t h e b i r d c h e r r y a p h i d , R h o p a l o s i p h u m p a d i L . . 

T h e s e t h r e e a p h i d s , and in some y e a r s the a p p l e g r a s s a p h i d , 

R h o p a l o s i p h u m i n s e r t u m (Walker) are the m o s t i m p o r t a n t BYDV 

v e c t o r s in B r i t a i n (A'Brook & D e w a r , 1980; P l u m b , 1 9 8 1 ) . 

A p h i d s can a c q u i r e the v i r u s after several h o u r s o f 

feeding o n infected p l a n t s (Orlob, 1959; Toko & B r u e h l , 

1959)^ and t h e r e is u s u a l l y a l a t e n t p e r i o d w h e n a c q u i s i t i o n 

f e e d i n g t i m e s a r e s h o r t e r than o n e d a y (Rochow, 1 9 6 3 ) 

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

i n o c u l a t i o n f e e d i n g t i m e s a r e o n e to two d a y s (Watson & 

M u l l i g a n , 1 9 6 0 ) . T r a n s m i s s i o n can o c c u r a f t e r 15-30 m i n u t e s 

i n o c u l a t i o n f e e d i n g (Orlob, 1959; Watson & M u l l i g a n , 1960) 

although l o n g e r p e r i o d s w i l l improve t r a n s m i s s i o n r a t e s . 

The v i r u s p e r s i s t s in the v e c t o r for two to t h r e e w e e k s 

(Rochow, 1 9 5 9 ) , is r e t a i n e d during m o u l t s , b u t is n o t known 

to m u l t i p l y in the a p h i d o r to be t r a n s m i t t e d t r a n s o v a r i a l i y . 

T r a n s m i s s i o n d e p e n d s o n m a n y f a c t o r s such a s a p h i d 

s p e c i e s o r c l o n e and age ( G i l l , 1970), v i r u s i s o l a t e . 
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t e m p e r a t u r e , test p l a n t s p e c i e s , and age of the p l a n t 

(Rochow, 1 9 6 9 a ) . 

B y d o d d e r 

B Y D V h a s b e e n r e c o v e r e d by a p h i d s feeding on d o d d e r 

e s t a b l i s h e d on i n f e c t e d b a r l e y (Qrlob et a l , 1961) and 

it h a s been t r a n s m i t t e d from b a r l e y to barley by C u s c u t a 

c a m p e s t r i s (Timian, 1 9 6 4 ) . 

B y o t h e r m e a n s 

B Y D V h a s n o t . b e e n t r a n s m i t t e d m e c h a n i c a l l y , t h r o u g h 

seed o r s o i l . 

S t r a i n s a n d V e c t o r S p e c i f i c i t y 

S e r o l o g i c a l t e s t s h a v e shown that B Y D V is a g e n e r i c 

n a m e c o v e r i n g m a n y s t r a i n s o r v a r i a n t s (Aapola & R o c h o w , 

1971; C l a r k et a l , 1 9 7 9 ) . S t r a i n s d i f f e r in h o w efficiently 

t h e y a r e t r a n s m i t t e d b y d i f f e r e n t aphid v e c t o r s , the damage 

t h e y c a u s e and in t h e i r g e o g r a p h i c a l distribution in 

c e r e a l s (Plumb, 1 9 7 7 ) . 

S e v e r a l s e p a r a t e a t t e m p t s to c l a s s i f y the d i f f e r e n t 

v a r i a n t s o f B Y D V h a v e been b a s e d o n the degree of v i r u l e n c e 

(eg. A l l e n , 1 9 5 7 ) , h o s t r a n g e (eg. B r u e h l , 1961), o r vector 

s p e c i f i c i t y (eg. T o k o & B r u e h l , 1957, B r u e h l , 1958; Rochov, 

1969a,b; a n d G i l l , 1 9 6 7 ) . M o r e r e c e n t attempts h a v e b e e n 

m a d e to b a s e c l a s s i f i c a t i o n on the c y t o p a t h o l o g i c a l changes 

i n d u c e d in the h o s t p l a n t b y each strain of the v i r u s (Gill 

& C h o n g , 1 9 7 5 , 1 9 7 6 , 1979a & b ) . T h e c l a s s i f i c a t i o n in common 

u s e is h o w e v e r b a s e d o n a c o m b i n a t i o n of v i r u l e n c e and 

v e c t o r s p e c i f i t y ( G i l l , 1969; P l u m b , 1974; R o c h o w , 1969a) 

(Table I ) . 



T a b l e I: T h e c l a s s i f i c a t i o n o f B Y D V 

A . A m e r i c a n c l a s s i f i c a t i o n (Gill, 1969; R o c h o w , 

V a r i a n t M a i n v e c t o r ( s ) V i r u l e n c e 

M A V M a c r o s i p h u m a v e n a e m o d e r a t e 

PAV M a c r o s i p h u m a v e n a e 

R h o p a l o s i p h u m p a d i strong 

R M V R h o p a l o s i p h u m m a i d i s w e a k 

R P V R h o p a l o s i p h u m p a d i w e a k 

SGV S c h i z a p h i s g r a m i n u m w e a k 

B . B r i t i s h c l a s s i f i c a t i o n (Plumb, 1974) 

V a r i a n t M a i n vector(s) 

M A V M a c r o s i p h u m (Sitobion) a v e n a e 

M D V M e t o p o l o p h i u m d i r h o d u m 

M (S) avenae 

PAV M (S) avenae 

R . p a d i 

R P V R . p a d i 

1969a) 

I n f r e q u e n t / e r r a t i c v e c t o r s 

R . m a i d i s , R . p a d i , S . q r a m i n u m 

R . m a i d i s , S . q r a m i n u m 

M . a v e n a e , R . p a d i , S . q r a m i n u m 

M . a v e n a e , R . m a i d i s , S . q r a m i n u m 

M . avenae,'R« m a i d i s , R . p a d i 

V i r u l e n c e 

m i l d 

m i l d 

severe 

severe 
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E p i d e m i o l o g y 

T h e i n c i d e n c e of BYDV in a crop is c l o s e l y r e l a t e d to 

t h e b i o l o g y of its a p h i d v e c t o r s . In the U . K . , e p i p h y t o t i c s 

o f B Y D V are m o r e c o m m o n on early sown (ie. S e p t e m b e r to 

m i d - O c t o b e r ) c e r e a l s ( A ' B r o o k , 1974, 1979; H o o p e r , 1978; 

P l u m b , 1981) w h i c h a r e i n o c u l a t e d w i t h the v i r u s by 

i n f e c t i v e a l a t e s , p a r t i c u l a r l y R ^ p a d i and insertum 

(A'Brook & D e w a r , 1980; P l u m b , 1976) m i g r a t i n g in the autumn 

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

T h e severity of the e p i p h y t o t i c s d e p e n d s therefore on the 

e a r l i n e s s of the c r o p s and the synchronization of c r o p 

e m e r g e n c e w i t h a p h i d m i g r a t i o n , the v e c t o r species and the 

i s o l a t e of B Y D V t r a n s m i t t e d , w e a t h e r f a c t o r s (eg. A ' B r o o k , 

1981; V i c k e r m a n , 1977) and the n u m b e r s of infective vectors 

v i s i t i n g t h e c r o p . In t h e spring and summer m o n t h s , m o r e 

v i r u s m a y b e i n t r o d u c e d into the c r o p s by a l a t e s , especially 

R . p a d i and S ^ a v e n a e w h i c h can o v e r w i n t e r v i v i p a r o u s l y o n 

g r a s s e s in m i l d w i n t e r s , b u t the m a i n sources of B Y D V a t 

t h i s time a r e p r o b a b l y the f o c i of a u t u m n - i n t r o d u c e d virus. 

D e p e n d i n g o n the i s o l a t e of B Y D V i n v o l v e d , secondary v i r u s 

spread w i t h i n the crop p r o b a b l y d e p e n d s o n S ^ a v e n a e and 

M . d i r h o d u m (Plumb, 1976) w h i c h a r e m o r e a b u n d a n t in c r o p s 

than p a d i in the m a i n g r o w i n g season (Dean, 1973a). 

T h e e f f e c t s of B Y D V o n its v e c t o r s 

D e v e l o p m e n t and L o n g e v i t y 

M a c r o s i p h u m g r a n a r i u m (Sitobion a v e n a e ) reared on 

e x c i s e d l e a v e s of o a t s (var. C l i n t l a n d 59) w e r e reported to 

h a v e an i n c r e a s e d r a t e of d e v e l o p m e n t from b i r t h to a d u l t , 

to live l o n g e r a n d to h a v e a l o n g e r reproductive p e r i o d 
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(Miller, 1 9 6 2 , M i l l e r & C o o n , 1964). T h e d e v e l o p m e n t a l 

p e r i o d of Fb d i r h o d u m w a s increased and that of lb. p a d i 

w a s u n a f f e c t e d by B Y D V i n f e c t i o n of y o u n g and mature 

l e a v e s of o a t s (var. S e l m a ) (Elamin, 1 9 7 5 ) . 

Size a n d f e c u n d i t y 

T h e e f f e c t of B Y D V o n a p h i d size h a s n o t been reported 

p r e v i o u s l y . 

B Y D V - i n f e c t i o n of o a t s is k n o w n to raise the f e c u n d i t y 

of M a c r o s i p h u m q r a n a r i u m K i r b y (Sb a v e n a e ) on excised l e a v e s 

(var. C l i n t o n 5 9 ) ( M i l l e r , 1962; M i l l e r & C o o n , 1964) and that 

o f
 Rjl P a d

i o n w h o l e p l a n t s ((var Selma) (Elamin, 1975) a n d 

v a r . Sisu (Markkula a n d L a u r e m a , 1964)), and to lower t h a t 

of Mj^ d i r h o d u m (Elamin, 1 9 7 5 ) . H o w e v e r , Markkula and 

L a u r e m a (1964) found t h a t the v i r u s h a d no effect on the 

f e c u n d i t y of Sj. a v e n a e a n d dirhodum o n y o u n g o a t s l e a v e s , 

and E l a m i n (1975) s h o w e d t h a t the fecundity o f S. a v e n a e on 

y o u n g o a t s w a s d e c r e a s e d by B Y D V . In a d d i t i o n , B r e m e r (1965) 

r e p o r t e d t h a t B Y D V i n f e c t i o n of a B Y D V - r e s i s t a n t wild o a t s 

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

p r o g e n y p r o d u c e d b y lb. p a d i a f t e r seven d a y s . 

C o l o n i e s of R h o p a l o s i p h u m m a i d j s were smaller o n barley 

p l a n t s (cv. DL - 117 a n d EB - 921) infected w i t h BYDV than 

o n u n i n f e c t e d p l a n t s (Gill & M e t c a l f e , 1 9 7 7 ) . 

In all t h e s t u d i e s sited a b o v e , f e c u n d i t y was 

m e a s u r e d b y c o u n t i n g the n u m b e r s of p r o g e n y produced within 

a c h o s e n p e r i o d of t i m e r a n g i n g from seven days to the end 

of t h e aphids* r e p r o d u c t i v e l i f e . A comparison of the 

r e s u l t s is m a d e d i f f i c u l t b y d i f f e r e n c e s in experimental 

p r o c e d u r e s , the s t r a i n s of B Y D V u s e d , the age of the plants 
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a t i n o c u l a t i o n and the crop v a r i e t y . 

A l a t e P r o d u c t i o n 

S . a v e n a e and R_j_ p a d ! t h a t h a d experienced some 

c r o w d i n g w e r e m o r e l i k e l y to m a t u r e as a l a t e s w h e n reared 

o n o a t s (Avena b y z a n t i n a (Koch)) infected with v a r i o u s 

i s o l a t e s of B Y D V t h a n were t h o s e reared o n h e a l t h y o a t s 

(Gildow, 1 9 8 0 ) . B Y D V c o u l d influence a p h i d s during f i r s t 

i n s t a r d e v e l o p m e n t to m a t u r e a s a l a t e s . 

H o s t S e l e c t i o n 

T h e r e are no r e p o r t s o n the e f f e c t of BYDV o n the 

a l i g h t i n g b e h a v i o u r of its a p h i d v e c t o r s . K i e c k h e f e r et al 

(1976) found t h a t f l i g h t - a c t i v e alate Schizaphis g r a m i n u m , 

M a c r o s i p h u m (Sitobion) a v e n a e and Rj_ p a d i w h e n exposed to 

d e t a c h e d h e a l t h y and B Y D V - i n f e c t e d barley l e a v e s for 16 

h o u r s , w e r e e q u a l l y d i s t r i b u t e d on b o t h , b u t the a u t h o r s 

did n o t study the a p h i d s • a l i g h t m e n t p r e f e r e n c e s . 

C y t o l o q i c a l and P h y s i o l o g i c a l Changes 

T h e v i r u s h a s b e e n found in v a r i o u s tissues of the 

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

t h e s a l i v a r y g l a n d s (Paliwal & S i n h a , 1970), b u t u n l i k e 

some o t h e r v i r u s - v e c t o r r e l a t i o n s h i p s (eg. Littau & 

M a r a m o r o s c h , 1956; M a r a m o r o s c h , 1958), the ingestion of BYDV 

b y S i t o b i o n (Macrosiphum) a v e n a e does n o t induce any c y t o -

l o g i c a l c h a n g e s in the f a t b o d y c e l l s of the aphid (Rutschky 

& C a m p b e l l , 1 9 6 4 ) . 

M i l l e r (1962) and M i l l e r and Coon (1964) found that 

B Y D V i n f e c t i o n of o a t s (var. C l i n t l a n d 59) reduced the 

o x y g e n c o n s u m p t i o n of Jh qranarium,. 



25 

I n t e r a c t i o n s b e t w e e n BYDV and o t h e r m i c r o - o r g a n i s m s . 

I n t e r a c t i o n s b e t w e e n BYDV and several cereal f u n g a l 

p a t h o g e n s h a v e b e e n r e c o r d e d by v a r i o u s w o r k e r s . S m i t h 

(1962) c o n c l u d e d f r o m i n v e s t i g a t i o n s in N e w Zealand t h a t 

B Y D V infection p r e d i s p o s e d w h e a t p l a n t s to attack by 

F u s a r i u m and R h i z o c t o n i a r o o t rots and to Gibberella zeae 

(Schw.) P e t c h . C o c h l i o b o l u s s a t i v u s (ito & K u r i b a y ) D r e c h s . 

ex D a s t u r c a u s e d m o r e severe r o o t rots in B Y D V - i n f e c t e d 

w h e a t and o a t s (Scott, 1 9 6 8 ) . P r i o r infection by B Y D V 

s i m i l a r l y increased t h e s u s c e p t i b i l i t y of w h e a t p l a n t s to 

G a e u m a n n o m y c e s g r a m i n i s (Sacc.) A r x and O l i v e r (Price, 1970) 

and of o a t s to S e p t o r i a a v e n a e F r a n k (Pelletier e t a l , 1974; 

C o m e a u e t a l , 1976) a s w e l l as p o w d e r y m i l d e w , Erysiphe 

gramin.is DC ex M e r a t ( P o t t e r , 1 9 7 4 ) . C o n v e r s e l y , B Y D V 

i n f e c t i o n e i t h e r h a d n o o b v i o u s e f f e c t on (Latch & P o t t e r , 

1 9 7 7 ) o r a c t u a l l y i n h i b i t e d Puccinia coronata C d a . o n oats 

(Pelletier _et _al, 1 9 7 4 ) . 

G r e e n h o u s e i n o c u l a t i o n s u n d e r c o n d i t i o n s of h i g h 

h u m i d i t y showed t h a t t h e e a r s of B Y D V - i n f e c t e d w h e a t p l a n t s 

w e r e m o r e s e v e r e l y b l a c k e n e d b y a combination of Alternaria 

s p p . and C l a d o s p o r i u m s p p . (Smith, 1 9 6 2 ) . 

•CEREAL A P H I D S 

T h e e x t e n s i v e l i t e r a t u r e on the b i o l o g y and e c o n o m i c 

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

R a u t a p a a (1977), V i c k e r m a n and Wratten (1979) and Carter-

e t , . ^ (1980). T h e f o l l o w i n g a s p e c t s w e r e adequately 

t r e a t e d a n d w i l l n o t b e d e a l t w i t h h e r e : the species c o m p l e x 

and t h e i r i d e n t i f i c a t i o n ; sampling m e t h o d s ; m o r p h deter-

m i n a t i o n ; life c y c l e s ; m i g r a t i o n and c r o p c o l o n i z a t i o n ; 

h o s t p l a n t p r e f e r e n c e and r e s i s t a n c e ; feeding site 
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p r e f e r e n c e s ; r e p r o d u c t i o n and o v e r w i n t e r i n g survival; n a t u r a l 

e n e m i e s and a b i o t i c f a c t o r s ; p o p u l a t i o n dynamics; fore-

c a s t i n g o u t b r e a k s ; e f f e c t s o n the h o s t p l a n t ; and c o n t r o l 

m e a s u r e s . 

T h r e e s p e c i e s of a p h i d s , Sitobion a v e n a e (F), M e t o -

p o l o p h i u m d i r h o d u m (Walk.) a n d R h o p a l o s i p h u m p a d i (L.) 

c o m m o n l y i n f e s t c e r e a l s in B r i t a i n . In W e s t W a l e s , 

R h o p a 1 o s i p h u m i n s e r t u m (Wlk.) is also of interest as an 

i m p o r t a n t v e c t o r of b a r l e y y e l l o w dwarf v i r u s (A'Brook, 

1978; A ' B r o o k & D e w a r , 1 9 8 1 ) . 

W h a t f o l l o w s is a r e v i e w of certain aspects w h i c h , 

f o r the p u r p o s e s of t h i s t h e s i s , w e r e inadequately c o v e r e d 

b y the e a r l i e r r e v i e w s . 

H o s t s e l e c t i o n by alatae 

T h e b e h a v i o u r of i n s e c t s in selecting their h o s t plants 

h a s received m u c h a t t e n t i o n a s is reflected by the l a r g e 

a m o u n t of p u b l i s h e d w o r k , including reviews b y D e t h i e r , 

(1953), de W i l d e (1958) and T h o r s t e i n s o n (1960). S t u d i e s 

b y M u l l e r (1953, 1958, 1962) o n A p h i s fabae (Scopoli) a n d 

M y z u s p e r s i c a e (Sulzer) and b y K e n n e d y (1950) and K e n n e d y 

e t (1959a, 1 9 6 1 ) on Aj_ f a b a e , M . persicae and Brevicoryne 

b r a s s i c a e (Linnaeus) s h o w e d t h a t h o s t selection in t h e s e 

a p h i d s d o e s n o t o c c u r d u r i n g the initial approach but o n l y 

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

a p h i d s t e n d e d to a l i g h t i n d i s c r i m i n a t e l y and in about e q u a l 

n u m b e r s on h o s t and n o n - h o s t , o r on susceptible and r e s i s -

tant v a r i e t i e s a l i k e . A l t h o u g h m o r e a p h i d s t h e r e a f t e r 

a c c u m u l a t e d o n t h e p r e f e r r e d h o s t s , this w a s b e c a u s e m o r e 

h a d l e f t the l e s s suitable h o s t s . 
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O t h e r s t u d i e s r e v e a l e d , h o w e v e r , that colour d i f f e r e n c e s 

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

than a n o t h e r . For i n s t a n c e , M u l l e r (1964), using d i r e c t 

c a p t u r e s o f landing a p h i d s in the f i e l d , found that 

A . f a b a e and Mb p e r s i c a e l a n d e d 3 - 5 times m o r e f r e q u e n t l y 

on g r e e n and y e l l o w - g r e e n v a r i e t i e s of lettuce p l a n t s t h a n 

on a d a r k r e d d i s h - b r o w n o n e . T h e landing impulse on yellov 

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

w i t h t h a t of the s u r r o u n d i n g s . K e n n e d y et .al (1961), 

s i m i l a r l y reported t h a t in t h e f i e l d , b r a s s i c a e , M . 

p e r s i c a e and A^. f a b a e p r e f e r e n t i a l l y landed on y e l l o w i n g 

l e a v e s of f i e l d b e a n s , V i c i a faba L i n n a e u s . C a r t i e r (1963) 

also f o u n d that A c y r t h o s i p h o n pisum (Harris) v i s i t e d a 

y e l l o w i s h green v a r i e t y of pea (Pisum sativum L i n n a e u s ) 

m o r e f r e q u e n t l y and c o l o n i z e d it more h e a v i l y than the green 

v a r i e t i e s . 

S e v e r a l s t u d i e s u s i n g v a r i o u s trapping m e t h o d s , includ-

ing w a t e r traps ( M o e r i c k e , 1950, 1 9 5 1 , 1954, 1955; A ' B r o o k , 

1 9 7 3 ) , s t i c k y traps ( A ' B r o o k , 1973; B r o a d b e n t , 1948) o r 

both ( H e a t h c o t e , 1 9 5 7 ) , and coloured c a r d s in a f l i g h t 

c h a m b e r (Kring, 1 9 6 6 , 1967; K e n n e d y , 1976) agree that m a n y 

a p h i d s p e c i e s are a t t r a c t e d to y e l l o w . O t h e r s (Auclair, 

1 9 6 7 , 1969; C a r t i e r , 1 9 6 5 , 1966; C a r t i e r & A u c l a i r , 1964; 

M o e r i c k e , 1950; K l o f t , 1956; K r i n g , 1967, 1969; W e n s l e r , 1962; 

R a u t a p a a , 1980; afso r e v i e w by K e n n e d y & S t r o y a n , 1 9 5 9 ) 

h a v e e s t a b l i s h e d t h a t in m a n y aphid s p e c i e s , the a l i g h t i n g 

and s e t t l i n g b e h a v i o u r is b e s t e l i c i t e d by the green-yellow-

o r a n g e p a r t o f the l i g h t s p e c t r u m , e s p e c i a l l y y e l l o w . 
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C e r e a l a p h i d s in g e n e r a l are less sensitive to y e l l o v 

than o t h e r s p e c i e s t h a t feed on d i c o t y l e d o n o u s plants 

(Adams & F a r r e l l , 1957; E a s t o p , 1955; H e a t h c o t e , 1957; 

H e a t h c o t e e t a l , 1969; O ' L o u g h l i n , 1 9 6 3 ) . H o w e v e r , o n the 

basis of data from w a t e r traps and sticky traps (A'Brook, 

1973) and l i g h t f i l t e r s (Kieckchefer et a l , 1 9 7 6 ) , S . 

a v e n a e , M . d i r h o d u m a n d R ^ p a d i h a v e been classified among 

the y e l l o w - s e n s i t i v e s p e c i e s . 

T h e r e s p o n s e of a p h i d s to c o l o u r c h a n g e s during f l i g h t . 

M o e r i c k e (1955) s u g g e s t e d t h a t p o s t - t e n e r a l a l a t a e are 

i n i t i a l l y a t t r a c t e d u p w a r d s by the p r e d o m i n a n t l y short-

w a v e l e n g t h l i g h t from t h e s k y , b u t after flying for some t i m e , 

t h e y r e s p o n d p o s i t i v e l y o n l y to the l o n g e r - w a v e l e n g t h light 

r e f l e c t e d from the p l a n t s and soils b e l o w . K e n n e d y e t a l , 

(-1961) and K e n n e d y (1976) h a v e m o d i f i e d t h i s idea by 

s u g g e s t i n g that t h r o u g h o u t its f l i g h t , an aphid is simult-

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

t o w a r d the s k y , and d o w n w a r d s toward the e a r t h . A t some 

stage the d o w n w a r d p u l l i n c r e a s e s in s t r e n g t h , relative to 

the u p w a r d o n e . R a u t a p a a (1980) h a s also f o u n d that the 

a t t r a c t i o n of S_i. a v e n a e a n d R ^ p a d i to u l t r a v i o l e t (short-

w a v e l e n g t h ) r a d i a t i o n r e l a t i v e to green o r y e l l o w (long-

w a v e l e n g t h ) l i g h t w a s h i g h a t the immediate p o s t - t e n e r a l ' 

stage b u t d e c r e a s e d t h e r e a f t e r . 

T h e i n f l u e n c e of p l a n t d i s e a s e on h o s t selection 

T h e e f f e c t of p l a n t d i s e a s e s on the c h o i c e of l a n d i n g 

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

I n v e s t i g a t i o n s h a v e b e e n c o n c e r n e d m a i n l y w i t h the distribu-

tion of i n s e c t s a f t e r c r o p infestation in the field (eg. 

H u l l , 1965; L e w i s , 1979; S m i t h , 1939; U e c k e r t , 1968; 

B e r n a y s et a l , 1977) o r o f t h o s e a r t i f i c i a l l y confined to 
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h e a l t h y and d i s e a s e d p l a n t s o r p l a n t p a r t s in a c o n t r o l l e d 

e n v i r o n m e n t (eg. B a k e r , 1960; L e w i s , 1979; H o d g s o n , 1 9 7 7 , 

1981; K i e c k h e f e r a l , 1 9 7 6 ) . Smith (1939), U e c k e r t (1968), 

B e r n a y s et ajL (1977) a n d L e w i s (1979) all found that v a r i o u s 

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

h e a l t h y o n e s . H u l l (1965) o b s e r v e d that p e r c e n t a g e infest-

a t i o n by Mb p e r s i c a e (Sulz.) in the field w a s h i g h e r o n 

s u g a r b e e t y e l l o w s v i r u s - i n f e c t e d sugar b e e t p l a n t s than on 

h e a l t h y o n e s , and t h a t each infected p l a n t h a d m o r e a p h i d s 

than a h e a l t h y o n e . 

In m o r e c o n t r o l l e d c o n d i t i o n s , B a k e r (1960) s h o w e d that 

M . p e r s i c a e (Sulz.), Fb_ a s c a l o n i c u s D o n c a s t e r , A p h i s f a b a e 

S c o p , and A u l a c o r t h u m s o l a n i K a l t . , w h e n caged on s u g a r 

b e e t l e a v e s , all p r e f e r r e d s u g a r beet y e l l o w s v i r u s - i n f e c t e d 

l e a v e s to h e a l t h y o n e s . L a b o r a t o r y tests (Lewis, 1979) 

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

M e l a n o p l u s d i f f e r e n t i a l i s (Thomas) p r e f e r r e d s u n f l o w e r 

(Helianthus a n n u u s L . ) leaf t i s s u e that h a d been infected 

w i t h rust f u n g u s , P u c c i n i a h e l i a n t h i i . H o d g s o n (1977, 1981) 

showed that i n f e c t i o n o f t u r n i p s (Brassica rapa L . ) by 

c a b b a g e b l a c k r i n g s p o t v i r u s increased the n u m b e r o f leaves 

s u i t a b l e f o r c o l o n i z a t i o n by M . p e r s i c a e (Sulz.) b u t reduced 

t h e i r n u m b e r f o r Jib. b r a s s i c a e L . . A f t e r a 16 h o u r a c c e s s 

p e r i o d in a c a g e , t h e d i s t r i b u t i o n of alate S c h i z a p h i s 

q r a m i n u m , M a c r o s i p h u m (Sitobion) a v e n a e and fb p a d i on 

d e t a c h e d h e a l t h y and B Y D V - i n f e c t e d l e a v e s of b a r l e y w a s 

s i m i l a r ( K i e c k h e f e r .et a l , 1 9 7 6 ) . 
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N u t r i e n t R e q u i r e m e n t s 

In h i s r e v i e w of a p h i d feeding and n u t r i t i o n , A u c l a i r 

(1963) n o t e d that v e r y l i t t l e w a s known a b o u t the n u t r i t i o n a l 

r e q u i r e m e n t s o f a p h i d s . He c o n c l u d e d , h o w e v e r , that t h e 

b i o c h e m i c a l r e q u i r e m e n t s of a p h i d s were u n l i k e l y to d i f f e r 

f r o m those of o t h e r i n s e c t s . E a r l i e r r e v i e w s w e r e m a d e by 

H o u s e (1962) on the n u t r i t i o n a l r e q u i r e m e n t s of i n s e c t s in 

g e n e r a l , a n d by F r i e n d (1958) on those of p h y t o p h a g o u s 

i n s e c t s in p a r t i c u l a r . 

S p e c i f i c i n f o r m a t i o n o n the n u t r i e n t r e q u i r e m e n t s o f 

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

o b v i o u s r e a s o n w h y c e r e a l a p h i d s should d i f f e r considerably 

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

M e a s u r e m e n t of a p h i d fecundity 

T e c h n i q u e s for m e a s u r i n g the fecundity of i n d i v i d u a l 

a p h i d s h a v e b e e n r e v i e w e d b y A d a m s and v a n Emden (1972). 

M a n y w o r k e r s h a v e r e c o r d e d the total f e c u n d i t y of a p h i d s 

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

t h e aphids• life (eg. A d a m s & D r e w , 1964; M a r k k u l a & 

R o u k k a , 1972; E l a m i n , 1 9 7 5 ) . It m a y s o m e t i m e s be m o r e 

m e a n i n g f u l to o b t a i n t h e r a t e of reproduction during the 

f i r s t w e e k o r d u r i n g t h e f i r s t f e w w e e k s (eg. M u l l e r , 1966; 

L e a t h e r & D i x o n , 1981; R a u t a p S a , 1970; H i l l , 1971; v a n 

E m d e n , 1966; D e a n , 1973b; L o w e , 1977). H o w e v e r , p r o g e n y 

c o u n t is b o t h time c o n s u m i n g and gives v a r i a b l e r e s u l t s 

(Dewar, 1 9 7 7 ) . A n a l t e r n a t i v e m e t h o d is to d i s s e c t an 

a p h i d at t h e teneral s t a g e a n d c o u n t the embryo c o n t e n t 

(eg. H o n e y b o r n e , 1969; D e w a r , 1977; D h a r m a , 1979; D i x o n & 
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D h a r m a , 1980a,b; D i x o n , 1976; W e l l i n g s .et .al, 1 9 8 0 ) . A 

c o u n t of e m b r y o n u m b e r h a s the m e r i t s of speed and l o w 

v a r i a b i l i t y (Adams & v a n E m d e n , 1 9 7 2 ) . Embryo n u m b e r and 

f e c u n d i t y are c l o s e l y related in A ^ fabae (Dixon & W r a t t e n , 

1971; H o n e y b o r n e , 1 9 6 9 ) , and a similar r e l a t i o n s h i p m a y 

o c c u r in c e r e a l a p h i d s (Dewar, 1 9 7 7 ) . 

H O N E Y D E W 

D e f i n i t i o n a n d u s e s 

T h e m o s t r e c e n t r e v i e w o n h o n e y d e w w a s m a d e by Auclair 

(1963) who d e f i n e d it a d e q u a t e l y a s "the l i q u i d ' d r o p l e t 

e x c r e t i o n from t h e a l i m e n t a r y t r a c t , as released through 

the anus b y a p h i d s , c o c c i d s , and m a n y o t h e r p l a n t sucking 

insects." 

H o n e y d e w is u t i l i z e d in v a r i o u s w a y s by several 

I n s e c t s p e c i e s i n c l u d i n g b e e s , a n t s , insect p a r a s i t o i d s 

and p r e d a t o r s , and o t h e r s (see A u c l a i r , 1 9 6 3 ) . 

C h e m i c a l C o m p o s i t i o n 

A p a r t from A u c l a i r (1963), the literature on the chemical 

c o m p o s i t i o n of h o n e y d e w h a s been r e v i e w e d by W a t e r h o u s e 

(1957) and D o n e r (1977). M o r e r e c e n t p u b l i c a t i o n s on t h i s 

t o p i c include t h o s e b y N o d a e t .al (1973), Sidhu & Patton 

(1970), H u s s a i n e t al (1974), Dighton (1978) and Owen (1978). 

R a t e a n d f r e q u e n c y of excretion 

M e a s u r e m e n t 

The r a t e of e x c r e t i o n (the v o l u m e of h o n e y d e w excreted 

p e r aphid in a g i v e n p e r i o d ) is u s u a l l y e s t i m a t e d by multi-

p l y i n g the f r e q u e n c y (the n u m b e r of h o n e y d e w d r o p l e t s 

e x c r e t e d p e r a p h i d in a g i v e n p e r i o d ) by the a v e r a g e volume 

of the d r o p l e t s e x c r e t e d d u r i n g that same p e r i o d (eg. 
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A u c l a i r , 1 9 5 7 , 1958; M i t t l e r , 1954; B a n k s & M a c a u l a y , 1 9 6 4 ) . 

M i t t l e r (1958) u s e d a m o r e d i r e c t technique by determining 

the time r e q u i r e d to f i l l a 10 o r 20 m m g l a s s capillary 

p i p e t t e w i t h the h o n e y d e w e x c r e t e d b y a k n o w n n u m b e r of 

T u b e r o 1 a c h n u s s a l i g n u s ( G m e l i n ) in a c o l o n y . A m o r e 

e l a b o r a t e m e t h o d h a s b e e n d e s c r i b e d by A d a m s and van E m d e n 

( 1 9 7 2 ) . 

T h e f r e q u e n c y of e x c r e t i o n h a s been m e a s u r e d by v a r i o u s 

m e t h o d s . M a x w e l l and P a i n t e r (1959) c o l l e c t e d and c o u n t e d 

t h e d r o p l e t s p r o d u c e d b y s i n g l e a p h i d s feeding on their 

h o s t p l a n t s . F i s k (1978) m o d i f i e d t h i s b y lining the c a g e s 

w i t h i n d i c a t o r p a p e r i m p r e g n a t e d w i t h bromocresol-green in 

e t h y l a l c o h o l o r by s m o k i n g t h e m w i t h burning m a g n e s i u m so 

t h a t the i n s i d e w a s c o v e r e d w i t h a thin l a y e r of m a g n e s i u m 

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

t u r n e d b l u e w h i l e those h i t t i n g the smoked surfaces l e f t 

c r a t e r s w h i c h c o u l d be c o u n t e d . Smith (1937) devised a 

h o n e y d e w - c l o c k m e t h o d w h i c h u s e d a c i r c u l a r p a p e r scale 

r o t a t i n g u n d e r an a p h i d . T h i s p r i n c i p l e w a s employed l a t e r 

b y M i t t l e r (1958) and A u c l a i r (1959) and developed f u r t h e r 

by B a n k s a n d M a c a u l a y ( 1 9 6 4 ) . B a n k s and M a c a u l a y (1964) 

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

(2 m g / m l e t h a n o l ) to r e c o r d t h e e x c r e t i o n of individual 

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

c o n f i n e d o n l e a v e s in p l a s t i c boxes a c r o s s the floor of 

w h i c h a strip of stained p a p e r w a s p u l l e d at a known r a t e by 

a 1 rev/h e l e c t r i c m o t o r . F a i n t o r invisible droplets w e r e 

shown u p b y h e a t i n g the p a p e r to c a r a m e l i z e the sugars in 

the h o n e y d e w . A u c l a i r (1958) and M i t t l e r (1958) used a 
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s p r a y of 0.2% n i n h y d r i n in 9 5 % butanol f o l l o w e d by heating 

to show u p the h o n e y d e w by the p r e s e n c e o f amino a c i d s . 

B a n k s and M a c a u l a y ' s m a c h i n e can be used e a s i l y to 

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

d u r a t i o n and rate of run of t h e record is m o r e f l e x i b l e 

than e a r l i e r h o n e y d e w - c l o c k s . 

T h e v o l u m e of i n d i v i d u a l h o n e y d e w d r o p l e t s w a s m e a s u r e d 

b y c o l l e c t i n g e a c h d r o p l e t falling o n w a x e d p a p e r w i t h a 

m i c r o p i p e t t e ( A u c l a i r , 1958; Paguia et a l , 1 9 8 0 ) . B a n k s and 

M a c a u l a y (1964) c o l l e c t e d d r o p l e t s into c h e m i c a l - f r e e m i n e r a l 

o i l (SAE 30 m o t o r c a r o i l , d e n s i t y 0.89) a n d c a l c u l a t e d 

d r o p l e t v o l u m e from the d i a m e t e r of the d r o p l e t s m e a s u r e d 

w i t h a m i c r o m e t e r e y e p i e c e . E h r h a r d t (1967) also estimated 

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

e y e p i e c e . D r o p l e t v o l u m e w a s estimated f r o m the area o r 

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

e i t h e r b r o m o c r e s o l g r e e n (2 m g / m l e t h a n o l ) (Pathak & 

H e i n r i c k s , 1980) o r 0 . 0 0 1 % n i n h y d r i n in a c e t o n e (Paguia 

a l , 1 9 8 0 ) . K n o w n h o n e y d e w v o l u m e s w e r e spotted o n s i m i l a r 

i n d i c a t o r p a p e r and t h e c o r r e s p o n d i n g area m e a s u r e d o r 

w e i g h e d to d e t e r m i n e the r e l a t i o n between area and w e i g h t 

o n o n e h a n d and d r o p l e t v o l u m e on the o t h e r . In each c a s e 

the r e l a t i o n s h i p w a s l i n e a r and s i g n i f i c a n t l y p o s i t i v e for 

the b r o w n p l a n t h o p p e r N i l a p a r v a t a lugens (Stal), b u t b o t h 

m e t h o d s w e r e r e p o r t e d l y t e d i o u s . 

F a c t o r s a f f e c t i n g t h e rate and frequency of e x c r e t i o n 

T h e f o l l o w i n g f a c t o r s h a v e been k n o w n to a f f e c t t h e 

rate and f r e q u e n c y of h o n e y d e w excretion . in several species 

of aphids: the s p e c i e s of a p h i d ; aphid age a n d form; h o s t 
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p l a n t s p e c i e s , v a r i e t y and growth stage; moulting; starvation; 

t e m p e r a t u r e ; w i n d ; l i g h t intensity; and attendance b y a n t s 

(see A u c l a i r , 1 9 6 3 ) . 

In a d d i t i o n to t h e s e f a c t o r s , the p h y s i o l o g i c a l state 

of the h o s t p l a n t is a l s o i m p o r t a n t . T h e frequency of 

e x c r e t i o n by H y p e r o m y z u s l a c t u c a e L . w a s reduced w h e n feeding 

o n s o w t h i s t l e (Sonchus o l e r a c e u s L . ) p l a n t s infected w i t h 

i s o l a t e s of s o w t h i s t t e y e l l o w v e i n v i r u s (Sylvester, 1 9 7 3 ) . 

C o n v e r s e l y , M a g a y a r o s y et. 5l1 (1979) apparently recorded a 

h i g h e r rate of e x c r e t i o n from M y z u s p e r s i c a e feeding o n 

A m s i n c k i a d o u g l a s i a n a p l a n t s infected w i t h curly top v i r u s 

than o n h e a l t h y o n e s . 

I n t e r a c t i o n s b e t w e e n h o n e y d e w and sooty m o u l d s 

S e v e r a l r e f e r e n c e s s u g g e s t that the presence of h o n e y -

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

t h e i n c i d e n c e of sooty m o u l d s . M e y e r (1978) found t h a t the 

p r e s e n c e of t h e c o c c i d s Icerya p u r c h a s i , Coccus h e s p e r i d u m 

and G o s s y p a r i a spuria o n t h e i r v a r i o u s h o s t s w a s e s s e n t i a l 

f o r sooty m o u l d (Cladosporium h e r b a r u m ) g r o w t h , and q u o t e d 

the s u g g e s t i o n by G a r d n e r (1849) and M c A l p i n e (1896) t h a t 

the i n s e c t s p r o v i d e n u t r i e n t s for the f u n g u s . P a r k e r e t 

al (1956) r e p o r t e d the g r o w t h of sooty m o u l d s on h o n e y d e w 

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

a r e d u c t i o n in the y i e l d of alfalfa h a y , feed q u a l i t y a n d 

p a l a t a b i l i t y of h a y . T e d d e r s and Smith (1976) also f o u n d ' 

t h a t h o n e y d e w p r o d u c e d by l a r g e p o p u l a t i o n s of the black-

m a r g i n e d a p h i d , M o n e l l i a c o s t a l i s (Fitch) and M o n e l l i o p s i s 

n i g r o p u n c t a t a (Granovsky) o n the foliage of p e c a n , Carya 

i l l i n o e n s i s (Wang K . K o c h ) s u p p o r t s the growth of sooty 
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m o u l d f u n g i . T h i s g r o w t h i n t e r f e r s with t h e functioning 

o f the leaves. (Osburn .et elL, 1 9 6 6 ) . 

V e r e i j k e n (1979) a n d V e r e i j k e n and M a n t e l (1980) h a v e 

i n d i c a t e d that a p h i d (S^ a v e n a e ) h o n e y d e w s t i m u l a t e s the 

d e v e l o p m e n t o f f u n g i , e s p e c i a l l y b l a c k (sooty) m o u l d s on 

c e r e a l s . R a b b i n g e e t a l (1981) h a v e c o n f i r m e d this and 

e s t i m a t e d t h a t o f the t o t a l y i e l d loss in w h e a t attributable 

to a p h i d s and s a p r o p h y t i c f u n g i , 28% w a s d u e to the fungi 

and 7 2 % w a s d u e to the e f f e c t s of aphid f e e d i n g and h o n e y -

d e w . V e r e i j k e n (1979) h a d e a r l i e r suggested that d a m a g e 

c a u s e d by a p h i d f e e d i n g w a s a s important a s t h a t caused b y 

h o n e y d e w a n d s a p r o p h y t i c f u n g i . R i p h a g e n e t al (1979) h a v e 

also p r o v i d e d e x p e r i m e n t a l e v i d e n c e that s u p p o r t s the 

e f f e c t of a p h i d h o n e y d e w o n f u n g i . They sprayed h o n e y d e w 

c o l l e c t e d from Sb. a v e n a e o n t o w h e a t flag l e a v e s and then 

m o n i t o r e d the d e v e l o p m e n t of p h y l l o p l a n e f u n g i on the 

l e a v e s . A f t e r 5 d a y s t h e t o t a l p o p u l a t i o n of p h y l l o p l a n e 

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

o n c o n t r o l l e a v e s . T h e g r o w t h o f all fungal g r o u p s including 

C l a d o s p o r i u m c l a d o s p o r i o i d e s w a s stimulated to a similar 

e x t e n t . 

C L A D O S P O R I U M 

T h e g e n u s CIa do spo rium b e l o n g s to.the d e m a t i a c e o u s 

h y p h o m y c e t e s g r o u p of f i l a m e n t o u s f u n g i . Some 500 species 

h a v e b e e n d e s c r i b e d and k e y s f o r some of t h e common o n e s 

are a v a i l a b l e (eg. E l l i s , 1 9 7 1 , 1 9 7 6 ) . S e v e r a l o t h e r 

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

C l a d o s p o r i u m s p e c i e s ( e g . D e V r i e s , 1952; B r e t t , 1948; 

M a l o n e & M u s k e t t , 1964; B a r n e t t & - H u n t e r , 1972).. 
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O c c u r r e n c e 

Some s p e c i e s of C l a d o s p o r i u m are p a t h o g e n i c to p l a n t s 

b u t those m o s t f r e q u e n t l y e n c o u n t e r e d are the d a r k g r e e n 

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

C . h e r b a r u m L k ex F r . a n d Cb c l a d o s p o r i o i d e s (Fresen.) de 

V r i e s a r e t h e c o m m o n e s t f u n g i o n dying and dead p l a n t 

s u b s t r a t e s (see D o m s c h & G a m s , 1 9 7 0 ) , although they also 

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

1976; O ' D o n n e l l & D i c k i n s o n , 1980) and in the soil (see 

D o m s c h & G a m s , 1 9 7 0 ) . T h e i r d i s t r i b u t i o n is w o r l d w i d e and 

in several i n v e s t i g a t i o n s o n the spore c o n t e n t of the a i r , 

C l a d o s p o r i u m , e s p e c i a l l y Cb h e r b a r u m , is u s u a l l y the d o m i n a n t 

g e n u s (eg. H a r v e y , 1967; H y d e & W i l l i a m s , 1 9 5 2 ) . Both C . 

h e r b a r u m a n d Cb. c l a d o s p o r i o i d e s h a v e a w i d e range of p l a n t 

h o s t s (Domsch & G a m s , 1970) including cereal g r a i n , especially 

w h e a t . 

E c o n o m i c i m p o r t a n c e 

T o g e t h e r w i t h A l t e r n a r i a spp., Cladosporium c a u s e s a 

b l a c k e n i n g (sooty m o u l d ) of t h e e a r s and flag l e a v e s o f 

c e r e a l s . T h e l e a v e s , leaf s h e a t h s and stems b e l o w the flag 

leaf c o n t r i b u t e o n l y a b o u t 1 5 % o f the u l t i m a t e grain w e i g h t . 

T h e ears and f l a g l e a v e s t h e r e f o r e c o n t r i b u t e significantly 

to t h e final grain w e i g h t c ( T h o m e , 1 9 6 6 ) . The ears a l o n e 

c a n c o n t r i b u t e b e t w e e n 11 - 4 0 % of the n u t r i e n t s s t o r e d in 

the g r a i n s (see T h o r n e , 1 9 7 4 ) . B l a c k e n i n g of these o r g a n s 

b y sooty m o u l d s is t h e r e f o r e t h o u g h t to a f f e c t y i e l d b y 

i n t e r c e p t i n g l i g h t and l o w e r i n g p h o t o s y n t h e s i s (eg. Rabbinge 

e t a l , 1981; R a b b i n g e & M a n t e l , 1980; Rabbinge & V e r e i j k e n , 

1980; V e r e i j k e n , 1979; T e d d e r s & S m i t h , 1976). 
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A d d i t i o n a l l y , the b l a c k e n i n g a f f e c t s the a p p e a r a n c e a n d 

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

h a r v e s t e d g r a i n but is r a p i d l y o v e r s h a d o w e d b y s t o r a g e f u n g i 

(eg. H i l l , 1 9 7 9 ) . 

A l t h o u g h no t o x i c a g e n t h a s been identified f r o m the 

f u n g u s , C I a d o s p o r i u m is strongly a l l e r g e n i c and c a u s e s 

r e s p i r a t o r y s y m p t o m s in some h u m a n s and l i v e s t o c k . I t can 

also cause m y c o s e s in d o m e s t i c a n i m a l s (Ainsworth & 

A u s t w i c k , 1 9 5 5 ) and w h e n s e v e r e l y infected cereals h a v e 

b e e n u s e d a s f o d d e r (Joffe, 1962; W o g a n , 1 9 6 5 ) . 

I s o l a t i o n 

C l a d o s p o r i u m s p o r u l a t e s freely and can b e i s o l a t e d 

e a s i l y by v a r i o u s t e c h n i q u e s (Thornton, 1 9 5 8 ) , i n c l u d i n g 

d i l u t i o n p l a t i n g (eg. H i l l , 1 9 7 9 ) . 

P h y s i c a l r e q u i r e m e n t s 

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

G a m s ( 1 9 6 0 ) . C l a d o s p o r i u m t o l e r a t e s a w i d e range o f p H 

from 4.4 u p to a l k a l i n i t y w i t h an o p t i m u m a r o u n d 6 . I t 

p r e f e r s m o i s t c o n d i t i o n s . F o r Ch h e r b a r u m , t h e m i n i m u m 

h u m i d i t y w a s f o u n d to be 8 9 % for germination, 85% f o r 

v e g e t a t i v e g r o w t h a n d 9 0 % f o r s p o r u l a t i o n . Data o n o p t i m u m 

t e m p e r a t u r e s v a r y b e t w e e n 18 and 28°C. G r o w t h is p o s s i b l e 

a t -6°C and t h e m a x i m u m t e m p e r a t u r e range l i e s b e t w e e n 3 0 

a n d 32°C. 

N u t r i e n t r e q u i r e m e n t s 

H a w k e r (1950, 1957) h a s reviewed and d i s c u s s e d t h e 

g e n e r a l n u t r i t i o n of f u n g i . C a r b o h y d r a t e s , n i t r o g e n , phos-

p h o r u s , p o t a s s i u m , m a g i e s i u m , sulphur and a h o s t of m e t a l s 

s u c h a s i r o n , z i n c , c o p p e r , m a n g a n e s e e t c . in trace a m o u n t s 
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are regarded as e s s e n t i a l n u t r i e n t s for all f u n g i . T h e 

n a t u r e , c o n c e n t r a t i o n and the total q u a n t i t y of the food 

supply are a l l i m p o r t a n t in determining g r o w t h , d e v e l o p m e n t 

and s p o r u l a t i o n in f u n g i . 

T h e g r o w t h of R y n c h o s p o r i u m secalis (Oud.) in c u l t u r e 

is a f f e c t e d by the c a r b o h y d r a t e and n i t r o g e n c o n t e n t o f 

the g r o w t h m e d i u m ( C a l d w e l l , 1937; Schein & K e r e l o , 1956; 

J e n k y n & G r i f f i t h s , 1 9 7 6 ) . T h e s u s c e p t i b i l i t y of b a r l e y 

to the s a m e f u n g u s w a s r e p o r t e d to be p o s i t i v e l y correlated 

w i t h the n i t r o g e n c o n t e n t b u t n e g a t i v e l y so w i t h w a t e r -

s o l u b l e c a r b o h y d r a t e s (Jenkyn & G r i f f i t h s , 1 9 7 8 ) . A p o s i t i v e 

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

t y p e s to i n f e c t i o n by s t r i p e r u s t (Puccinia s t r i i f o r m i s ) 

and the w a t e r - s o l u b l e c a r b o h y d r a t e c o n t e n t of l e a v e s is 

also k n o w n (Carr & C a t h e r a l l , 1 9 6 4 ) . Freeman (1964) h a s 

shown that t h e s e v e r i t y of Piricularia qrisea infection of 

S t . A u g u s t i n e g r a s s w a s s t r o n g l y related w i t h the n i t r o g e n 

c o n t e n t of l e a v e s . S i m i l a r s t u d i e s h a v e a p p a r e n t l y n o t 

b e e n m a d e f o r C l a d o s p o r i u m b u t its g e n e r a l n u t r i t i o n a l 

r e q u i r e m e n t s a r e u n l i k e l y to d i f f e r c o n s i d e r a b l y from those 

of o t h e r f u n g i . 
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G E N E R A L M A T E R I A L S A N D M E T H O D S 

T h e g l a s s h o u s e e n v i r o n m e n t 

E a c h of the g l a s s h o u s e c u b i c l e s used for t h e 

e x p e r i m e n t s m e a s u r e d 3.5 x 2.9 x 2 . 7 m , and w a s k e p t a t 

a b o u t 20°C u n d e r a 16:8 h o u r s l i g h t : d a r k c y c l e b u t the 

t e m p e r a t u r e f l u c t u a t e d c o n s i d e r a b l y in the summer m o n t h s . 

L i g h t i n g w a s p r o v i d e d b y four sodium p r e s s u r e lamps (400W) 

h a n g i n g a t 1.2m a b o v e t h e w o r k b e n c h e s ; they w e r e s w i t c h e d 

off in the s u m m e r . 

T h e a p h i d c u l t u r e s 

S e p a r a t e v i r u s - f r e e c u l t u r e s of R ^ p a d i L . , Mb dirhoduin 

(Wlk.) and. the b r o w n f o r m of £b avenae (F.) started f r o m 

single a p t e r o u s v i r g i n o p a r a e o b t a i n e d from a field of 

w i n t e r w h e a t in J u n e 1 9 7 9 , w e r e m a i n t a i n e d on seedling 

w h e a t (Cappelle D e s p r e z ) in the g l a s s h o u s e . The c u l t u r e 

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

a p h i d s w a s r e d u c e d a t each p l a n t change in order to a v o i d 

o v e r c r o w d i n g . V i r u l i f e r o u s c u l t u r e s of the three a p h i d 

s p e c i e s w e r e started w i t h a p h i d s from these v i r u s - f r e e 

o n e s b u t w e r e k e p t in a s e p a r a t e cubicle to avoid c r o s s -

c o n t a m i n a t i o n b y the v i r u s . To obtain f i r s t instar n y m p h s , 

a l a t e v i r g i n o p a r a e w e r e a l l o w e d to feed for a few h o u r s on 

w h e a t s e e d l i n g s and t h e n y m p h s w e r e then c o l l e c t e d . A fine 

c a m e l h a i r b r u s h w a s u s e d to h a n d l e the a p h i d s . 

T h e l a b o r a t o r y p l a n t m a t e r i a l 

B e c a u s e of the p r o b l e m s e n c o u n t e r e d w i t h a t t e m p t s to 

v e r n a l i z e w i n t e r c e r e a l s , spring v a r i e t i e s of b a r l e y (Julia), 

o a t s (Manod) and w h e a t (Highbury) w e r e u s e d t h r o u g h o u t t h e 

s t u d y . U s i n g a s e p a r a t e p o t for each c r o p , t w e n t y seeds 
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w e r e p l a n t e d in 12.8cm p l a s t i c p o t s in Eff s o i l - l e s s 

(peat) c o m p o s t . E i g h t d a y s a f t e r p l a n t i n g , a t Z a d o k s 

g r o w t h stage 10 (Zadoks e t a l , 1974; Tottman e t a l , 1 9 7 9 ) , 

the s e e d l i n g s w e r e s e l e c t e d f o r u n i f o r m i t y o f size and 

t r a n s p l a n t e d , o n e p e r p o t , into 14cm p l a s t i c p o t s . No 

s u p p l e m e n t a r y f e r t i l i z e r s w e r e added as':the p l a n t s g r e w 

v i g o r o u s l y . B a y l e t o n (Bayer L t d . ) containing 25% Triadimefon 

w a s a p p l i e d a t the r a t e of 2mg/l of w a t e r to c o n t r o l the 

p o w d e r y m i l d e w w h e n n e c e s s a r y . 

I n o c u l a t i o n o f p l a n t s w i t h B Y D V 

A s e v e r e R . p a d i - s p e c i f i c isolate of B Y D V , s u p p l i e d b y 

Dr R T P l u m b of the P l a n t P a t h o l o g y D e p a r t m e n t a t R o t h a m s t e d , 

w a s u s e d in all e x p e r i m e n t s . Test p l a n t s w e r e i n o c u l a t e d 

w i t h the v i r u s by c o n f i n i n g t h r e e v i r u l i f e r o u s R ^ p a d j 

from the a p p r o p r i a t e c u l t u r e p e r plant, using c e l l u l o s e 

n i t r a t e c a g e s (18 x 4 c m d i a m e t e r ) with m u s l i n t o p s . Control 

(healthy) p l a n t s w e r e i n f e s t e d w i t h three v i r u s - f r e e 

R . p a d i L . per p l a n t . V i r u s - i n f e c t e d and h e a l t h y p l a n t s 

w e r e k e p t in s e p a r a t e c u b i c l e s , and the a p h i d s w e r e 

r e m o v e d after two days w i t h a spray of p i r i m i c a r b (0.41 g 

a i / l ) . O n e d a y l a t e r , the p l a n t s were t r a n s f e r r e d into 

s a x c i l g r o w t h c a b i n e t s , o n e c a b i n e t per t r e a t m e n t . The 

c a b i n e t s w e r e e x c h a n g e d for a l t e r n a t e e x p e r i m e n t s . 

The S a x c i l g r o w t h cabinets 

E a c h S a x c i l g r o w t h c a b i n e t (1.3 x 1.3 x 1.5m) was 

m a i n t a i n e d a t a c o n s t a n t 20°C and 7 0 % relative h u m i d i t y 

w i t h a 16:8 h o u r s l i g h t : d a r k cycle (0500-2100hrs.). 

L i g h t i n g (26,000 l u x total r a d i a t i o n a t 1.2m from the c e i l i n g ) 

w a s p r o v i d e d by a b a n k of i n c a n d e s c e n t and w a r m - w h i t e 
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f l u o r e s c e n t lamps w h i c h w e r e separated from the w o r k i n g 

s e c t i o n b y a s h e e t of p e r s p e x . Each set o f lamps w a s 

r e p l a c e d r o u t i n e l y a f t e r 1000 hours of p e r f o r m a n c e . F r e s h 

a i r w a s c i r c u l a t e d t h r o u g h the c a b i n e t a t the rate of 

1000 l / m i n . 

A p h i d c a g e s 

C l i p - o n c a g e s w e r e a v o i d e d b e c a u s e of the dangers 

a s s o c i a t e d w i t h t h e i r u s e (eg. D e w a r , 1 9 7 7 b ) . D i a l y s i s 

tubing (18mm internal d i a m e t e r , from M e d i c e l l I n t e r n a t i o n a l 

L t d . , L o n d o n ) w a s t h e r e f o r e u s e d to confine aphids to 

l e a v e s (7cm long) and e a r s (15cm l o n g ) . Each cage w a s 

p l u g g e d a t both ends w i t h c o t t o n w o o l to p r e v e n t the 

a p h i d s f r o m escaping a n d for a e r a t i o n . The d i a l y s i s tubing 

w a s i n f l a t e d and e x p o s e d in a n o t h e r g l a s s h o u s e for a t least 

two w e e k s p r i o r to b e i n g u s e d , i n o r d e r to m i n i m i z e the 

r i s k of toxicity to the a p h i d s and the leaves (Lowe, 1 9 7 8 ) . 

A few a p h i d s g o t c a u g h t on the cotton w o o l b u t the c a g e s 

w e r e s a t i s f a c t o r y o t h e r w i s e . 

S t a t i s t i c a l A n a l y s i s 

U n l e s s stated o t h e r w i s e , data w e r e analysed using the 

v a r i a n c e r a t i o (F) t e s t and run on the R o t h a m s t e d G E N S T A T 

c o m p u t e r p r o g r a m (Nelder .et a l , 1 9 7 7 ) . 
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S E C T I O N 1 

THE E F F E C T OF B A R L E Y Y E L L O W DWARF V I R U S ON THE F I E L D 

P O P U L A T I O N OF CEREAL' A P H I D S A N D GRAIN Y I E L D 

I N T R O D U C T I O N 

In v i e w of the f i n d i n g s by the A e r i a l P h o t o g r a p h y 

U n i t of the A D A S (Hooper, 1 9 7 8 ) , the trials reported in 

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

a p h i d p o p u l a t i o n s d e v e l o p on B Y D V - i n f e c t e d p l a n t s than 

on h e a l t h y o n e s in the f i e l d . Field e x p e r i m e n t s w e r e 

c o n d u c t e d a t R o t h a m s t e d in 1979 and 1980 in w h i c h c e r e a l 

a p h i d n u m b e r s in h e a l t h y and d i s e a s e d p l o t s of w i n t e r 

c e r e a l s w e r e m o n i t o r e d f r o m t h e time of the spring 

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

w e r e also r e c o r d e d a t h a r v e s t . 

M A T E R I A L S A N D M E T H O D S 

A . 1979 

In f i e l d s of w i n t e r w h e a t (cv F l a n d e r s , sown on 

1 7 . 1 0 . 7 8 ) and w i n t e r o a t s (cv P a n e m a , sown o n 27.10.78) 

in the s o u t h - w e s t c o r n e r of S t a c k y a r d field (Fig.2), 

p l o t s m e a s u r i n g 0.5m x 0.5m w e r e m a r k e d o u t in two rows 

T h e r o w s w e r e s e p a r a t e d b y a planted area of 2m and 

the p l o t s w e r e 5m a p a r t (Fig. 3 ) . Plot b o u n d a r i e s were 

d e m a r c a t e d by labelled b a m b o o sticks (Fig. 7 ) . On 1 7 . 5 . 7 9 , 

w h e n w h e a t w a s a t g r o w t h stage (GS) 18 24 and o a t s at 

G S 15 21, ten p l o t s of e a c h c r o p w e r e a r t i f i c i a l l y infected 

w i t h a severe lb p a d i - s p e c i f ic isolate of B Y D V u s i n g 

v i r u l i f e r o u s R ^ p a d i r e a r e d o n diseased p l a n t s in a 

g l a s s h o u s e . F i v e - c e n t i m e t e r s e c t i o n s of infected l e a v e s , 
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Plot layout in S t a c k y a r d . 1979 

F a l l o w 

Study of a p h i d populat ions o n : 

Winter Wheat (F landers) 18391 
Winter Oats (Panema) E?vn 

Fig. 2 . 

Plo t l a y o u t f o r s t u d i e s on t he e f fec t of BYDV 
i n f e c t i o n of w i n t e r w h e a t a n d o a t s on a p h i d 
p o p u l a t i o n s a n d the i nc i dence of C l a d o s p o r i u m 
s o o t y m o u l d , S t a c k y a r d 1979 
„ 25m — 

1 2 5 m 5 m 0-5 m 7-25 m 

zizr 

-vy— Mr-
Mrtr 
A V -
A v -

rÂ -l 

A V 

V7\ i n f e c t e d a r e a 

1m 

3 rows 

= 0-5 m 

2 m 

0 -5 m 

1m 

Fig. 3. 
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; e a c h b e a r i n g a b o u t ten a p h i d s , w e r e d i s t r i b u t e d w i t h i n 

the p l o t s . O n e leaf s e c t i o n w a s p l a c e d b e t w e e n the 

y o u n g e s t leaf and the s t e m o f each t i l l e r . A l l a l a t e s 

a n d fourth instar a l a t e s w e r e removed in the g l a s s h o u s e 

b e f o r e d i s t r i b u t i o n in the f i e l d in o r d e r to l i m i t em-

m i g r a t i o n from the p l o t s . The a p h i d s were confined 

to e a c h p l o t with b a r r i e r s m a d e of w o o d and c e l l u l o s e 

n i t r a t e s h e e t s (similar to F i g . 4 ) . Five c o n t r o l p l o t s 

w e r e s i m i l a r l y i n f e s t e d w i t h v i r u s - f r e e R ^ p a d i from a 

g l a s s h o u s e c u l t u r e . A l l a p h i d s w e r e k i l l e d after two 

d a y s w i t h p i r i m i c a r b (0.41 g a i / l ) and the cages w e r e 

i 

r e m o v e d two d a y s l a t e r . A r t i f i c i a l inoculation w i t h 

B Y D V w a s n e c e s s a r y b e c a u s e the crops h a d been sown v e r y 

l a t e and also b e c a u s e n a t u r a l infection a t R o t h a m s t e d is 

• r a r e l y w i d e s p r e a d in m o s t y e a r s (Plumb, 1 9 8 1 ) . 

Thereafter, u n t i l c r o p m a t u r i t y , w e e k l y c o u n t s w e r e 

m a d e o n 5 - 100 t i l l e r s per p l o t on each o c c a s i o n , 

d e p e n d i n g on a p h i d d e n s i t y . A p h i d s were i d e n t i f i e d to 

s p e c i e s , a n d c l a s s e d a s 1, 2 , 3 and 4th instar n y m p h s , 

a d u l t a p t e r a e and a l a t a e . 

B . 1980 

In the 1980 t r i a l s , w i n t e r b a r l e y (Maris O t t e r , 

o a t s (Panema) and w h e a t (Flanders) were s t u d i e d . B a r l e y 

w a s included in v i e w o f the increasing i m p o r t a n c e of 

w i n t e r b a r l e y in B r i t i s h a g r i c u l t u r e (Groves, 1 9 7 9 , 

T a b l e s 7 & 9 ) . T h e t r i a l s w e r e sited a t the s o u t h - e a s t 

c o r n e r o f L o n g H o o s field (Fig.5) and the p l o t s w e r e laid 

o u t as i l l u s t r a t e d in F i g . 6 . For each c r o p t h e r e w e r e 

f i v e r a n d o m i z e d b l o c k s o f two p l o t s (i.e. 10 p l o t s p e r 
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F i g . 4 . 

T h e l o c a t i o n of f i e l d s t u d i e s o n t h e L o n g H o o s f i e l d i n 1 9 8 0 

I 
P o t a t o e s M a i z e 

P e a s P o t a t o e s 

I | 

P e a s 

P o t a t o e s i i 

B a r l e y 

F a l l o w 

M / 5 S t u d i e s o n t h e e f f e c t of BYDV i n f e c t i o n 
o n a p h i d i n f e s t a t i o n of w i n t e r 
b a r l e y , o a t s a n d w h e a t 

M | 6 S t u d i e s o n t h e e f f e c t of B Y D V 
i n f e c t i o n on t h e i n c i d e n c e of 

C l a d o s p o r i u m 

Fig. 3. 
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P l o t l a y o u t for s t u d i e s on t h e e f f e c t of BYDV i n f e c t i o n 
of w i n t e r w h e a t o a t s a n d b a r l e y on a p h i d p o p u l a t i o n s 

Long Hoos 1980 

W h e a t B a r l e y O a t s 
( M a r i s 

( F l a n d e r s ) O t t e r ) ( P a n e m a ) 

2 3 - 6 2 m 
T r e a t m e n t s l • I n f e c t e d w i t h BYDV 

H = H e a l t h y 

R e l a t i o n of p l o t s to d i s c a r d s 
. P a t h for a c c e s s 

• D i s c a r d • 

• E x p t 
p l o t 

E x p t 
p l o t 

t 0 7 m 

• • • 
1 0 9 r n 0 6 m 

Fig. 6. 
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c r o p ) , each p l o t m e a s u r i n g a p p r o x i m a t e l y lm x l m . 

A d j a c e n t c r o p s w e r e s e p a r a t e d by 5.8m c o n s i s t i n g of three 

u n s o w n p a t h s e a c h O . C m w i d e p l u s two discard areas each 

2m w i d e . The w h o l e trial area h a d a discard surround o f 

a d j a c e n t c r o p 2m w i d e . T h i s a r r a n g e m e n t w a s chosen in 

' . . . 

o r d e r to m i n i m i z e m t e r p l o t i n t e r f e r e n c e . 

Five p l o t s w e r e i n f e c t e d w i t h B Y D V on 2 1 . 3 . 8 0 , u s i n g 

the same v i r u s i s o l a t e a n d p r o c e d u r e s as in 1979 e x c e p t 

t h a t h e a v y g a u g e p o l y t h e n e s h e e t w a s used f o r the b a r r i e r s . 

A l l three c r o p s w e r e a t G S 14 2 2 , and the control p l a n t s 

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

w e r e k i l l e d a f t e r two d a y s w i t h p i r i m i c a r b (0.41 g a i / l ) . 

A p h i d c o u n t s w e r e m a d e on 20 r a n d o m l y chosen tillers p e r 

p l o t on 29.5.80 and w e e k l y t h e r e a f t e r until crop m a t u r i t y . 

A p h i d s w e r e again i d e n t i f i e d to species and classed 

as 1 - 3 i n s t a r s , fourth i n s t a r apterae and a l a t a e , and 

a d u l t a p t e r a e and a l a t a e . 

Y i e l d data 

The e f f e c t o f B Y D V on s t r a w l e n g t h , the length o f 

e a r s , the n u m b e r of g r a i n s p e r e a r , grain w e i g h t , shelling 

p e r c e n t a g e , the w e i g h t of g r a i n s from 20 e a r s and 

the g r a i n y i e l d p e r p l o t w a s m e a s u r e d in e a c h c r o p . Straw 

l e n g t h w a s m e a s u r e d from soil l e v e l to the b a s e of the ear. 

Shelling p e r c e n t a g e w a s t a k e n as the p r o p o r t i o n of the 

ears that w a s made u p of g r a i n . 

R E S U L T S 

A p h i d N u m b e r s 

A l l p l a n t s w i t h i n i n f e c t e d plots showed the 
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c h a r a c t e r i s t i c s y m p t o m s of B Y D V infection before the 

first a p h i d s w e r e e n c o u n t e r e d on the c r o p s , and the 

d i s e a s e w a s e f f e c t i v e l y c o n f i n e d to these p l o t s (Figs. 
• i 

7 & 8 ) . In 1979 d i s e a s e s y m p t o m s a p p e a r e d in w h e a t two 

w e e k s l a t e r than in o a t s b u t in 1980 they appeared a t 

a b o u t the s a m e time o n a l l t h r e e c r o p s . D i s e a s e d l e a v e s 

w e r e b r i g h t y e l l o w o n b a r l e y , reddish y e l l o w on oats and 

b r i g h t y e l l o w to p u r p l e o n w h e a t (Figs. 8 , 9 & 1 0 ) . 

M e t o p o l o p h i u m d i r h o d u m (Wlk.) w a s the m o s t a b u n d a n t 

a p h i d s p e c i e s in the c r o p s in 1979 w h i l e JEL a v e n a e w a s 

p r e d o m i n a n t in 1 9 8 0 . E x c e p t o n a few sampling d a t e s , 

the b r o w n f o r m o f S ^ a v e n a e w a s significantly m o r e common 

than the g r e e n on o a t s a n d w h e a t t h r o u g h o u t the sampling 

p e r i o d b u t n o t on b a r l e y (Fig. 11). 

T h e e f f e c t o f B Y D V o n the p e r c e n t a g e of p l a n t s infested by 

a p h i d s 

P e r c e n t a g e i n f e s t a t i o n w a s n o t recorded in 1 9 7 9 . 

In 1 9 8 0 , s i g n i f i c a n t l y m o r e diseased p l a n t s w e r e infested 

by a v e n a e (barley F = 27.24, df = 1/32, p < 0.001; 

o a t s F = 7 4 . 6 6 , df = 1 / 3 6 , p < 0 . 0 0 1 ) . The d i f f e r e n c e on 

w h e a t w a s o n l y s i g n i f i c a n t a t G S 69 and 71 (F = 1 0 . 9 1 , 

df = 1/4, p < 0.05 and F = 8 . 9 6 , df = 1/4, p < 0.05 

r e s p e c t i v e l y ) (Fig. 1 2 ) . Of the three c r o p s , the level of 

i n f e s t a t i o n w a s i n i t i a l l y l o w e r on w h e a t than oh either oats 

o r b a r l e y , b u t a t p e a k i n f e s t a t i o n and t h e r e a f t e r w h e a t • 

w a s the m o s t h i g h l y i n f e s t e d and barley the l e a s t . H o w e v e r , 

the d i f f e r e n c e b e t w e e n h e a l t h y and d i s e a s e d p l a n t s w a s 

l o w e s t o n w h e a t . The p e a k p e r c e n t a g e infestation occurred 

a t d i f f e r e n t g r o w t h stages on the three c r o p s , 73 on 



Fig. 7. A BYDV-infected experimental plot of 

wheat demarcated in 1979 with bamboo stakes. 

Fig. 8. An experimental plot of barley (centre) 

showing symptoms of BYDV infection (Curtesy 

of Dr R T Plumb, Rothamsted). 
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EsE 

Fig. 9. An experimental plot of oats in 1979 (centre) 

showing symptoms of BYDV infection. 

Fig. 10. Wheat plants in a commercial farm near 

Cambridge, 1979, showing reddish purple-

leaf symptoms of BYDV infection. 
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Fig. 11. Numbers of the brown ( © ) and green ( o ) forms 
g Y e n q e on wheat, oats and barley in the 

field, 1980. ( Healthy a n d B Y D V - infected 

combined ) ( wheat F= 9.47, df = 1/178, p<0.01; 

o d t s F = 22.47, df = l/l78, p<0.001; barley 

F = 1.49, df r 1/178, NS.). 
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Fig. 12. The percentage of healthy ( o ) and BYDV -

infected ( • ) wheat, oats and barley infested 

by 5 . avenae in the field, 1980. 



5 3 

barley , 61 on oats and 71 on wheat. 

The e f f e c t of BYDV on the total numbers of aphids 

In both 1979 and 1980, the sequence of development 

of aphid numbers on each crop was similar on healthy and 

diseased plants ( F igs . 13 & 1 4 ) . Peak populations o f 

M. dirhodum occurred in 1979 at GS 77 on both wheat and 

oats . In 1980 the numbers of avenae peaked at growth 

stages 61 , 61 and 71 respectively on barley , oats and 

wheat. 

In 1979 there were s ignif icantly more Ih dirhodum 

on diseased oats (F = 1 7 . 5 3 , df = 1 / 1 0 4 , p<0 . 001 ) and 

wheat (F = 1 6 . 8 0 , df = 1 / 6 2 , p < 0 . 0 0 1 ) than on healthy 

plants . S^ avenae was also s ignif icantly more abundant 

in 1980 on virus-infected barley (F = 2 5 . 2 4 , df = 1 / 3 2 , 

p < 0 . 0 0 1 ) ; oats (F = 8 1 . 1 9 , df = 1 / 3 6 , p < 0 . 0 0 1 ) and wheat 

(F = 2 4 . 8 4 , df = 1 / 3 6 , p< 0 . 0 0 1 ) than on healthy plants . 

The e f fect of BYDV infection on the population of aphids 

was more pronounced on oats than wheat in 1979, strongest 

on barley and weakest on wheat in 1980 (Table 1 ) . 

The ef fect of BYDV on the population of adult alates 

Taken over the e ight weeks of sampling in 1979 , there 

were s igni f icantly more alate M. .dirhodum on BYDV-infected 

oats than on healthy plants (F = 6 . 1 2 , df = 1 / 1 0 4 , p < 0 . 0 5 , 

« F i g . 1 5 ) . BYDV did not a f f e c t the numbers of alates on 

wheat (F ig . 1 5 ) . 

Alates of Sb avenae were more abundant in 1980 on 

diseased barley (F = 8 . 5 3 , df = 1 / 3 2 , p < 0 . 0 1 ) , oats (F = 

3 3 . 6 2 , df = 1 / 3 6 , p < 0 . 0 0 1 ) and wheat (F ig . 1 6 ) , but the 

difference on wheat was not s igni f icant . 
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Table I s The effect of BYDV on the size of peak populations 

of M. dirhodum in 1979 and S . avenae in 1980 

Crop Year Total no . of aphids / % increase 

t i l l e r 
Healthy BYDV 

due to 
BYDV 

Oats 1979 3 7 . 6 4 9 4 . 9 9 1 5 2 . 3 6 

Wheat 1979 5 3 . 2 8 9 5 . 6 7 7 9 . 5 6 

Barley 1980 0 . 4 6 1 . 13 1 4 5 . 6 2 

Oats 1980 1 . 1 5 3 . 7 9 2 2 9 . 5 7 

Wheat 1980 3 . 4 0 6 . 2 1 8 2 . 6 5 

Table 2i The ef fect of BYDV on the ratio of f i r s t instar 

M. dirhodum nymphs ( L i ) to adults (Ad) in 1979 

Oats Wheat 

Crop L i / A d L i / A d 
growth 

Stage Healthy Diseased Healthy Diseased 

61 3 . 0 4 4 . 8 6 

69 4 . 0 7 4 . 4 7 3 . 7 5 3 . 1 7 

73 7 . 8 6 7 . 2 1 10 . 67 8 . 1 9 

77 4 . 7 4 4 . 7 0 4 . 8 7 6 . 4 1 

83 - . . 2 . 7 2 4 . 2 7 

87 2 . 3 1 4 . 1 8 - 4 . 2 7 

94 0 . 3 3 0 . 0 0 - -

Mean 3 . 7 3 3 . 5 4 5 . 5 0 5 . 2 6 
- = There were no adults 



W h e a t ( F l a n d e r s ) 

O a t s ( P a n e m a ) 

J u n e | J u l y | A u g 
Fig. 13. Numbers of ML dir'nodum on healthy ( o ) 

and BYDV - infected wheat and oats 

in the field, 1979. 
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barley in the field, 1980. 
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Wheat (F landers) 

4 

<2 

09 
CL 

E 
D 

X) 
O 
JZ 

XJ 

C9 

a 

a 
o 
o 
c 

c 
a 
09 

o — a 

GS 59 65 69 73 77 83 87 9 4 

O a t s ( P a n e m a ) 

G S 4 5 5 5 61 69 73 77 87 9 4 
J u n e | J u l y | A u g 
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wheat and oats in the field, 1979. 
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The effect of BYDV on the population of fourth instar 

alates 

Fourth instar alates were not c lass i f ied in 1979 . 

In 1980 , they were encountered in the crops only after the 

numbers of alate adults had peaked and declined (F ig . 1 6 ) . 

BYDV did not a f fect the populations of alate fourth instars 

on any of the crops. However, the proportion of fourth 

instar nymphs developing into alates was s igni f icantly 

larger on diseased oats (10.-84%) j than ,on healthy 'oats , ( 4 .86%) 

(SED = 1 , 5 9 ; " F - 1 4 . 1 0 , df = 1 / 8 , p < 0 . 0 1 ) . 

The ef fect of BYDV on the population of adult apterae 

There were s ign i f icant ly more apterous M^ dirhodum 

on BYDV-infected oats at GS 77 in 1979 (F = 5 . 1 5 , df = 

1 / 1 3 , p< 0 . 0 5 ) and consistently more apterae on diseased 

wheat (F = 5 . 7 7 , df = 1 / 6 2 , p < 0 . 0 5 ) (Fig . 1 ? ) . 

BYDV infection increased the population of apterous 

S . avenae in 1980 on barley (F = 4 . 2 3 , df = 1 / 3 2 , p < 0 . 0 5 ) , 

oats (F = 2 4 . 7 8 , df = 1 / 3 6 , p< 0 . 0 0 1 ) and wheat (F = 1 2 . 0 0 

df = 1 / 3 6 , p< 0 . 0 0 1 ) (Fig . 1 8 ) . 

The e f fect of BYDV on the L l /Ad ratio 

The numbers of f i r s t instar nymphs (Ll) ' were not 

recorded in 1980 but in 1979 , the ratio of f i r s t instar 

nymphs to adults ( L l /Ad ) for dirhodum was not sig-

ni f icant ly altered by BYDV infection (Table 2 ) . 

The e f fect of BYDV on the number and s ize of aphid colonies 

Any d i s t i n c t aggregation of aphids with more than two 

aphids was considered as a colony. On this b a s i s , there 

were s ign i f icant ly more colonies of dirhodum in 1979 

on diseased oats (F = 1 1 . 3 3 , df = . 1 / 1 0 4 , p < 0 . 0 0 1 ) and 
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Fig. 17. Numbers of apterous adult M. dirhodum 

on healthy ( o ) and BYDV - infected ( • ) 

wheat and oats in the fi^ld, 1979. 
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wheat (F = 1 0 . 0 8 , df = 1 / 6 2 , p< 0 . 0 0 1 ) (F ig . 1 9 ) , and in 

1980 on diseased barley (F = 4 . 6 3 , df = 1 / 3 2 , p< 0 . 0 5 ) , 

oats (F = 5 3 . 6 4 , df = 1 / 3 6 , p< 0 . 0 0 1 ) and wheat (F = 

2 7 . 2 9 , df = 1 / 3 6 , p< 0 . 0 0 1 ) (Fig . 2 0 ) . Apart from 

increasing the numbers of aphids per colony on oats in 

1979 (F = 5 . 8 0 , df = 1 / 1 1 8 , p< 0 . 0 5 ) (Appendix Table A) 

BYDV infection did not affect the s ize of aphid colonies 

in either year . 

The e f fect of BYDV on yield 

Five parameters of y ie ld were measured in 1979 and 

these were increased to six in 1980 (Table 3 ) . BYDV-

inf ected wheat, barley and oats were shorter and had 

smaller ears than healthy plants . BYDV decreased the 

number of grains per ear , the weight of grains from 20 

ears and the total grain y i e l d per plot in each crop. 

Grain weight was reduced by BYDV in a l l three crops but 

only s igni f icantly in wheat and barley . Shelling 

percentage was decreased s ignif icantly by BYDV only 

in wheat. 

The three crops were ranked according to the severity 

of the e f fects of BYDV on their y ield in both years (Table 

4 . ) . The largest decrease was given a rating of 1 . When 

a l l the s ix parameters in Table 4 were considered together, 

s igni f icant d i f ferences were found between the crops 

2 
(Xr = 63 , K = 3,' N = 6 , p< 0 . 0 1 , Friedman's two-way 
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Wheat (F landers) 
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T a b l e 3i T h e e f f e c t of B Y D V on p a r a m e t e r s of y i e l d in w i n t e r w h e a t (Flanders) o a t s (Panema) and 

b a r l e y (Maris O t t e r , 1979 and 1980. 

W h e a t 1979 

H e a l t h y 

D i s e a s e d 

% reduction 

W h e a t 1980 

H e a l t h y 

Diseased 

% reduction 

O a t s 1979 

H e a l t h y 

D i s e a s e d 

% r e d u c t i o n 

O a t s 1980 

H e a l t h y 

D i s e a s e d 

% reduction 

B a r l e y 1980 

H e a l t h y 

D i s e a s e d 

% reduction 

S t r a w l e n g t h (cm) 
(50 t i l l e r s ) f 

7 2 . 6 1 * 0 . 6 4 ft 

56.06*1.18 

22.79 *** 

88.17*1.58 

6 7 . 5 5 * 1 . 6 6 

23.39 *** 

7 6 . 0 4 * 1 . 8 3 

4 5 . 6 8 * 0 . 5 3 

39.93 *** 

L e n g t h of ears (cm) N o . of g r a i n s / e a r 
(50 ears) (100 e a r s ) 

3 3 . 5 2 * 0 . 7 3 

2 2 . 8 5 * 1 . 0 3 

31.83 *** 

9.67+0.30 

8.21+0.08 

15.10 ** 

20.74*0.32 

15.49*0.31 

25.31 *** 

9.80*0.31 

4.77*0.11 

51.33 *** 

4 2 . 9 3 * 1 . 5 2 

2 5 . 2 7 * 1 . 7 2 

41.14 *** 

6 1 . 8 0 * 3 . 0 7 

27,78*2.27 

55.05 *** 

6 2 . 1 3 * 1 . 9 5 

2 6 . 1 9 * 2 . 0 5 

57.85 *** 

2 7 . 6 8 * 0 . 6 6 

13.90*0.55 

49.78 *+* 

Shelling % 
(100 ears) 

64.71*0.91 

56.75*1.81 

12.30 * 

63.83*0.44 

60.86*2.14 

4.65 N S 

67.00*0.98 

6 5 . 5 3 * 0 . 3 2 

2.19 N S 

Grain w t 
(mg) 

47.61*1.48 

37.88*1.24 

20.44 *** 

45.79*0.93 

32.27*1.01 

29.53 *** 

27.70*0.36 

26.01+0.65 

6.10 N S 

28.53*0.19 

25.62*1.08 

10.20 • 

46.10+0.42 

30.03*1.27 

34.86 *+* 

W t of g r a i n (gm) 
p e r 20 e a r s 

3 1 . 8 4 * 0 . 5 1 

17.55*1.29 

44.88 *** 

3 4 . 8 2 * 1 . 8 8 

14.30*1.28 

58.93 *** 

34.24*1.64 

1 5 . 8 4 + 1 . 9 1 

53.74 *** 

3 1 . 9 2 * 0 . 5 6 

11.88*1.15 

62.78 *** 

22.22*0.57 

6.84*0.34 

6 9 . 2 2 *** 

G r a i n Y i e l d 
(gm) p l o t 

2 1 0 . 3 0 * 1 . 6 1 

69.00*6.42 

67.19 *** 

217.50*13.84 

'52.30* 6.50 

7 5 . 9 5 *** 

f N u m b e r s in p a r e n t h e s e s r e p r e s e n t t h e sample sizes f o r each t r e a t m e n t p e r crop, 

tf V a l u e s are t h e m e a n s of 5 r e p l i c a t e s per treatment p e r c r o p ± standard e r r o r . 

- N o t m e a s u r e d 



Table 4 : The ranking of wheat, oats and barley according to the effect of BYDV on their y ie ld 

Straw length Length of ears No. of grains /ear Shelling % grain wt Wt of g r a i n s / 2 0 ears Total 

Wheat 3 + 3 3 1 2 3 15 

Oats 2 2 1 2 3 2 12 

Barley 1 1 2 3 1 1 .9 

Table : 5 : The parameters of y i e l d ranked according to the effect of BYDV 1980 

Parameter Grain Y ie ld 
per plot 

Wt of grains 
from 20 ears 

from No of grains Length of ears Plant Height 
per ear 

Grain wt Shelling % 

Wheat 1 2 + 3 6 5 4 1 

Oats 1 2 3 4 5 6 7 cn 
cn 

Barley . 1 . 3 2 4 5 6 7 

Total (3 ) (7) (8) (14) (15) (16) (21) 

Rank 1 2 3 4 5 6 7 

+ The most severe effect i s given a rating of 1 
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: analysis of variance by ranks, Friedman, 1 937 ) . Barley 

was the most severely affected and wheat the least with 

oats intermediate. An ,F~test analysis of the individual 

indices of y ie ld revealed that straw length, the length 

of ears and the grain y ield per 20 ears were most 

drast ical ly reduced in barley and least in wheat (F = 1 3 . 0 9 , 

df = 2 / 2 4 , p < 0 . 0 0 1 ; F = 2 5 . 8 9 , df = 2 / 2 4 , p< 0 . 0 0 1 ; 

F = 2 . 6 7 , df = 2 / 2 4 , NS respectively ) ; the reduction in 

grain weight was affected most in barley and least in oats 

(F = 2 4 . 0 0 , df = 2 / 2 4 , p< 0 . 0 0 1 ) ; the number of grains per 

ear was decreased most in oats and least in wheat (F = 2 4 . 0 0 , 

i 

df = 2 / 2 4 , p < 0 . 0 0 1 ) , while the decrease in the shelling 

percentage was largest in wheat and lowest in barley 

(F = 2 . 4 9 , df = 2 / 2 4 , N S ) . 

r The seven parameters of y ield measured were similarly 

ranked (Table 5) and they can be arranged in the following 

order of decreasing severity of the ef fect of BYDV: grain 

y i e l d per- plot , weight of grains from 20 ears, number of 

grains per ear , length of ears , straw length, grain weight 
2 

and the shelling percentage (Xr = 7 6 . 5 7 , K = 7 , N = 3 , 

p < 0 . 0 0 1 ) . 

DISCUSSION 

Aphid numbers 

The d i f ferent species of cereal aphids were not 

equally abundant in any one year . M^ dirhodum survived 

the very cold winter of 1978 / 79 better than S. avenae and 

in the absence of natural enemies early in the season 

(which may have been greatly reduced by low temperatures). 



68 

together with other factors (Dean et a l , 1 980 ) , M^ dirhodurn 

developed large populations whose migrations excited the 

British Press in July 1979 (Cochrane, 1980 ; Dewar et a l , 

1980 ; Schaefer et a l , 1 9 7 9 ) . This enormous increase in 

numbers probably enhanced the development of large numbers 

of natural enemies, particularly fungi and parasitoids 

(Dean _et .al, 1 9 8 0 ) , whose act iv ity , though late in the 

season, must have caused such a decline in the populations 

of dirhodum in 1979 that the latter were unable to 

fu l ly exploit the milder winter of 1 979 / 80 . This may have 

contributed to the relative scarcity of M^ dirhodum in the 

1980 growing season. Conversely, S^ avenae survived less 

well than M^ dirhodum in 1 9 7 8 / 7 9 , attained low numbers in 

1979 but overwintered in large enough numbers in 1979/80 

to be the predominant species of cereal aphids in the 

summer of 1980 . 

The relative abundance of the brown and green forms 

S . avenae on crops in 1980 was recorded by other 

workers in the U . K . For example, Dean (Unpublished data) 

also found proportionately higher numbers of the brown 

form on virus-free plots of wheat in a d i f ferent f ield 

at Rothamsted. The preponderance of one colour within 

a crop may depend on the proportions of aphids of each . 

colour that infest a crop i n i t i a l l y , but l i t t l e i s known 

about the factors governing colour form in this species. 
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The e f fect of BYDV on the population of aphids 

The results c learly show that higher populations of 

M. dirhodum in 1979 and avenae in 1980 developed in 

the f i e ld on BYDV-infected winter cereals , as was reflected 

by the total numbers of aphids, numbers of adults and 

colonies , which confirms previous hypotheses. Oswald and 

Houston (1953 ) noted that rapidly multiplying colonies of 

cereal aphids occurred in the well defined foci of BYDV 

infection in crops, but they did not compare the numbers 

of aphids on healthy and diseased- plants . Hooper ( 1 9 7 8 ) , 

judging from the presence of aphid exuviae, suggested that 

higher aphid populations might have occurred on the virus-

infected patches in winter wheat. The results presented 

here are therefore probably the f i r s t quantitative 

experimental proof of the e f fect of BYDV on the populations 

of cereal aphids in the f i e l d . 

The observed increases in aphid numbers on BYDV-

inf ected plants may be related to the colour changes 

accompanying BYDV in fect ion . The yellowish colour induced 

in the leaves of infected plants may render these plants 

more attractive to f lying aphids which then a l ight 

preferentially on them. A higher build up of immigrating 

alates on diseased plants would contribute substantially to 

the differences in aphid populations recorded here on 

healthy and diseased plants . Although cereal aphids are 

reportedly less sensitive to yellow than species adapted 

to feeding on dicotyledons (Adams & Farrell , 1967 ; Eastop, 

1955 ; Heathcote, 1957 ; Heathcote ^ t a l , 1969 ; O 'Loughlin , 

1 9 6 3 ) , both M. dirhodum and S . avenae are known to be 



7 0 

yellow-sensitive (A 'Brook, 1973 ; Kieckhefer et a l , 1 9 7 6 ) . 

Preferential alightment on plants due to colour differences 

has been reported for several^aphid species (eg. Kennedy 

et a l , 1959 ; Moericke, 1969; Muller, 1964; Radcliffe & 

Chapman, 1 9 6 5 ) . The higher numbers of alate M^ dirhodum 

on virus-infected oats in 1979 and of alate avenae on 

diseased oats and barley in 1980 , together with the 

increase by BYDV in the proportion of aphid-infested plants 

in 1980, support this hypothesis . 

The alates produced within a crop, being potential 

migrants, are unlikely to remain there long. Most of the 

alate M^ dirhodum found on oats and wheat in 1979 were 

therefore probably immigrants. However, fourth instar alates 

were not counted in 1979 to confirm this probability . 

Most of the alate avenae found within the crops in 1980 

were immigrants, since fourth instar alates were not 

encountered on the plants unti l the numbers of adult 

alates had peaked and decl ined . BYDV infection of oats 

enhances the production of alates in Sb. avenae that have 

experienced crowding (Gildow, 1980 ) . This phenomenon 

was confirmed in the present "study but the sequence of 

occurrence of alate adults and fourth instars suggests 

that in 1980 , most of the colonizing S^ avenae must have 

originated outside the crops. 

Thus an increase in the attractiveness of plants to 

flying aphids due to BYDV infection could explain the 

observed differences in the f i e ld populations of Mb dirhodum 

on oats in 1979 and avenae on oats and barley in 1980 . 

But BYDV infection did not s ignif icantly affect the 
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colonization of wheat plants by alatae in either year . 

In 1979 , wheat was at a more advanced growth stage than 

oats at the time of inoculation with the v irus . Symptom 

expression is most severe in the youngest plants and 

decreases in intensity as the plant ages (Oswald & 

Houston, 1 9 5 3 ) . Although the three crops studied in 1980 

were planted at the same time, the virus symptoms that 

developed on wheat were less pronounced than those on 

oats or barley , since wheat i s less susceptible than 

the other two crops to BYDV infection (Doodson & 

Saunders, 1970; Watson & Mulligan , 1960; Jensen et a l , 

1 9 7 1 ) . The colour changes in wheat in both years were 

therefore probably not suf f ic iently intense to s ignif icantly 

influence the host selection behaviour of alate Mj_ dirhodum 

and Sb. avenae. 

The larger populations of both aphids which neverthe-

less developed on diseased wheat are attributable mostly 

to the greater numbers of apterae on them. Reproduction 

in the apterae accounts for much of the population growth 

of an aphid (eg. Rabbinge et a l , 1 979 ) . BYDV did not 

a f fect the L l / A d ratio of Mb dirhodum, suggesting that the 

fecundity of individual Mb dirhodum did not d i f f e r on 

healthy and diseased plants , and confirming thereby that 

BYDV raised the population of Mb dirhodum by increasing 

the numbers of apterae . In 1 9 8 0 , the population of 

S . avenae was higher on diseased than on healthy wheat 

due to a combination of the s ignif icantly higher numbers 

of apterae and the sl ightly greater numbers of alates on 

infected plants . 
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Y i e l d 

Every parameter of y i e l d , except grain size in oats 

and shelling percentage in oats and barley , was s ignif ic-
i 

antly reduced by BYDV infection of the three crops. A 

decrease in straw length can reduce the surface area 

exposed to l ight per plant by increasing mutual shading 

by the leaves , and thereby lower the amount of photo-

synthesis (Watson, 1 9 5 8 ) . The ears of cereals photo-

synthesize and more than 80% of ear photosynthate i s 

recovered from the grain (Carr & Wardlaw, 1965; Birecka 

et a l , 1 9 6 8 ) . Ear photosynthesis can contribute between 

11 40% of nutrients stored in the grains (Birecka et 

a l , 1964 ; Birecka & Dakic-Wlodkowska, 1964; Birecka slL 

a l , 1 9 6 8 ) . This contribution is especially high in 

-awned crops such as barley and aimed variet ies of wheat. 

By reducing the size of ears , BYDV decreases not only the 

e f fective photosynthetic area and thereby the amounts of 

nutrients reaching the grainy* but also the numbers of 

grains per ear . In wheat and barley but not oats , the 

grains that do develop are smaller than normal. In oats 

the strong reduction in the number of grains per ear-

probably compensates for the non effect of BYDV on grain 

s i z e . In each crop, BYDV decreased the total grain weight 

per ear more than the weight of the whole ear, the difference 

being greatest in wheat (Table 4 ) . Thus the increase in 

chaff production and thereby the decrease in the shelling 

percentage by BYDV was higher in wheat than in either 

oats or barley . The ultimate result o f . a l l these effects 

i s a lowering of the total grain y ie ld in infected plants, 
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9 5 . 9 5 % and 6 7 . 1 9 % in oats and wheat respectively in 

1979 . 

The e f fects of BYDV on y ield parameters have been 

studied by various workers. These effects d i f f e r 

considerably between crops and between varieties of 

the same crop, and depend on the virus isolate involved. 

In this study, the y i e l d s of barley and oats were 

reduced more severely than that of wheat, reflecting the 

lower susceptibi l ity of wheat to BYDV. BYDV has been 

found to decrease plant height , ear s i ze , number of 

grains per ear , grain s i ze and the total grain y ield in 

wheat, oats , barley and maize (eg. Boulton & Catherall , 

1980 ; Burnett .et aJL, 1974 ; Burnett & Robinson, 1972 ; 

Doodson & Saunders, 1970 ; Endo & Brown, 1957; panayotou, 

1975 , 1979 ; Pearson, 1 9 7 7 ) . Discrepancies between these 

earl ier studies and the present work in the actual 

levels of y ie ld reduction are probably due to variations 

in the severity of BYDV symptoms on different crop 

v a r i e t i e s , the age of plants at inoculation and the 

isolate of the v irus used . 
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SUMMARY 

The e f fect of BYDV on the f ie ld populations of cereal 

aphids was studied at Rothamsted in 1979 and 1980 by 

a r t i f i c i a l l y infecting winter wheat (Flanders) , oats 

(Panema) and barley (Maris Otter) with a severe R . padj-

specif ic isolate of the v irus and monitoring the numbers 

of aphids on the crops . Direct aphid counts were made 

from the time of the spring migration of alates until the 

crops were harvested. Seven parameters of yield were also 

measured. Mb dirhodum and avenae were abundant on the 

crops in 1979 and 1980 respectively . BYDV signif icantly 

increased the total numbers of aphids and the numbers of 

alates on diseased plants in both years . The virus also 

depressed y ields on a l l three crops, but did not affect 

grain weight in oats and the shelling percentage in oats 

and barley . The populations of aphids and yields were 

least severely affected in wheat. The possible reasons fo 

the observed results are discussed in the light of the 

existing knowledge. 
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SECTION 2 

THE EFFECT OF BARLEY YELLOW DWARF VIRUS ON HOST SELECTION 

IN CEREAL APHIDS 

INTRODUCTION 

Having established that higher populations of Sitobion 

avenae ( F . ) and Metopolophium dirhodum (Wlk . ) developed 

in the f i e l d in plots of wheat, oats and barley infected 

with barley yellow dwarf v irus (BYDV) than in healthy 

plots (Section 1 ) , i t was necessary to investigate the 

causers ) . The development of larger numbers of aphids on 

diseased plants could have resulted from a higher i n i t i a l 

infestation by immigrant a lates . This section describes 

experiments designed to investigate the effect of BYDV 

infection of the host plant on host selection by alate 

S . avenae and M. dirhodum. 

MATERIALS AND METHODS 

The aphid supply 

Alates for the experiment were obtained from crowded 

glasshouse cultures which were maintained on wheat 

(Highbury) seedlings (see pages 39-41 for details of 

glasshouse condit ions ) . About thirty hours before the 

t r i a l , a l l adult alates in the culture were removed and 

discarded . During th is thirty hour period the cultures 

were kept in darkness, in order to inhib it f l ight by the 

newly emerging adults (Johnson, 1 958 ) . 

For the experiment, a pot of wheat seedlings bearing 

an aphid culture was placed in a non-return take-off 
V. 

box described by Kennedy and Booth ( 1 9 6 4 ) . Basically , the 

arrangement was such that the aphid culture was separated 

from a source of l i g h t by a sloping sheet of g lass , a moat 
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and a vertical glass sheet (F ig . 21) so that aphids 

could reach the second glass sheet by f l i g h t only. Any 

aphid found on this g lass was presumed to have flown for 

the f i r s t time (Kennedy & Booth, 1 9 6 3 ) . The box was kept 

at about 19°C and l i t by two fluorescent lamps. When an 

aphid was observed to take o f f from the plants and land 

on the vertical g lass sheet, i t was allowed to walk 

onto a f i n e camel h a i r brush which was promptly transferred 

to the f l i g h t chamber and held at a slight angle until 

the aphid took off towards the l ight . 

a The f l i g h t chamber 

The f l i g h t chamber used has been described in detail 

by Kennedy and Booth ( 1 9 6 3 ) , Laughlin (1974) and Kennedy 

and Ludlow ( 1 9 7 4 ) . E s s e n t i a l l y , i t is a vertical wind 

tunnel , the working section of which i s l i t through the 

central area of i ts roof screen so that the aphid f l i e s 

upwards towards the l ight but ishheld below i t by the a i r 

current blowing dbvnwards ( F i g . 2 2 ) . The walls , floor and 

the rest of the roof were black . L ight was supplied by 

an ultraviolet lamp. The draught speed, with the valve 

fu l ly open, was about 25 cm/sec ( 0 . 5 6 m . p . h . ) at 15cm belov 

the roof (Kennedy & Booth, 1 9 6 3 ) . The f l ight chamber was 

kept at about 19 °C , and the rest of the room containing 

i t was kept dark during each t r i a l . 

Each aphid was allowed continuous free f l ight for 

5 minutes while being held at roughly 15cm below the roof . 

This position was maintained by continually adjusting 

the rate of downward a ir f low to balance the aphid ' s 

rate of climb toward the l i g h t (Kennedy & Ludlow I 1974) . 

Whenever the f lying aphid began to sink instead of climbing* 
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F l u o r e s c e n t 
l a m p s 

S l o p i n g g l a s s 
s h e e t 
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s h e e t 

A p h i d 
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Fig. 21. The non - return take - off box providing a continuous supply of 

aphids taking flight for the first time ( after Kennedy & Booth, 1964 
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0 50 c m 
Fig. 22. Diagrammatic vertical section of Flight chamber with front 

opening facing left ( adapted from Kennedy & Booth, 1963 ) 
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the direction of a ir f low was reversed from downward to 

upward. 

Target presentation 

At the end of 5 minutes, the flying aphid was 

presented with a choice of landing targets . These were 

a band each of leaves freshly detached•from BYDV-infected 

and healthy barley ( J u l i a ) or oat (Manod) plants , and 

attached to a black board (F ig . 2 3 ) . A l l the leaves from 

diseased plants showed the colour change characteristic 

of B Y D V infection for that crop - in this case, the 

barley leaves were bright yellow and the oat leaves were 

reddish yellow in colour . Leaves from healthy plants 

were dark green. The 5th leaf on barley (GS 45 ) and the 

4th leaf on oats (GS 32 ) were used and healthy and 

diseased leaves were of comparable age . 

In preliminary tests , each band was formed with one 

leaf but , for the actual experiment, three oat or four 

barley leaves were used to form a band measuring 3 - 4cm 

across . The bands were separated by a distance of 20cm 

in order to avoid any edge e f fects (Kring, 1 967 ) . Each 

set of leaves was replaced every 40 minutes to minimize 

possible e f fects of w i l t i n g . Preliminary t r ia ls had shown 

that aphids did not respond to the targets before 2 - 3 

minutes of f l i g h t , so a l l test aphids were flown for 

5 minutes in order to minimize variation in their response-

The targets were presented by the operator wearing 

a long-sleeved black gown and a black glove. The black 

board bearing the leaves was suddenly held at about 20cm 

away from and level with the flying aphid. The i n i t i a l 

position of the aphid was always roughly mid-way between 
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l e a f b a n d 

Fig. 23. Diagram of the landing targets presented to flying aphids 

in the flight chamber. 
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the two leaf bands whose p o s i t i o n s , re lat ive to the 

o p e r a t o r ' s hand , were a lternated between presentations in 

order to minimize p o s i t i o n e f f e c t s (Kring , 1 9 6 7 ) . Only 

aphids that had sett led down to a steady f l i g h t within 

the l ighted area were included in the t e s t . Each present-

a t i o n lasted for one minute and each aphid was tested only 

once . In the a n a l y s i s o f the results , only the aphids 

that responded by a l i g h t i n g at the f i r s t presentation 

were considered . The r e s u l t s were subjected to a chi-

square a n a l y s i s . 

RESULTS 

i 

S i g n i f i c a n t l y more M^ dirhodum landed on the leaf 

targets than on the black background when a wider leaf 

band was used (Table 6 ) . For both aphid species on both 

crops , s i g n i f i c a n t l y more f l y i n g aphids al ighted on BYDV-

inf ected leaves than on healthy ones (Table 7 ) . Even when 

the number of aphids which landed on the background but 

c lose to the leaves ( 0 . 4 - 3cm away) i s included , the 

e f f e c t remains the same (Table 8 ) . Such aphids were 

observed to promptly walk onto the leaves closest to them. 

DISCUSSION 

Clearly , f l y i n g a l a t e s of both Sh, avenae and M. 

dirhodum, when simultaneously of fered a choice of 

landing targets , were attracted to B Y D V -infected leaves 

in preference to healthy ones . They responded by a l ight ing . 

S ince the inclus ion in the analys is of those aphids that 

landed on the black background s t i l l showed a b i a s to-

wards infected leaves , i t can be concluded that they had 
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Table 6 : The e f fect of target s ize on the proportion of 

M. dirhodum landing on the target + 

Target No. landing on 2 No. of aphids 
s i ze target back- X P tested 

ground 

1-leaf 

band - 5 4 0 . 1 1 NS 9 

4-leaf 
band 18 8 3 . 8 5 <0.05 26 

+ Numbers landing on healthy and diseased Barley leaves 

combined. 

Table 7 : The numbers of S^ avenae and M^ dirhodum alates 

landing on healthy and BYDV-infected leaves of 

barley and oats in a laboratory f l ight chamber 

BYDV-infected Healthy X 2 P 

S . avenae 

Barley ( Ju l ia ) 10 1 7 . 3 6 < 0 . 0 1 

Oats (Manod) 9 1 6 . 4 0 < 0 . 0 5 

M. dirhodum 

Barley ( J u l i a ) 

Oats (Manod) 

18 

14 

4 

1 

8 . 9 1 < 0 . 0 1 

11 .27 < 0 . 0 0 1 
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Table 8 : The numbers of SL avenae and M^ dirhodum alates 

that landed on target or within 3cm of healthy 

and BYDV-infected leaves of barley and oats in 

a laboratory f l i g h t chamber. 

BYDV-infected Healthy X 2 P 

S . avenae 

Barley 16 4 7 , 2 0 < 0 . 0 1 

Oats 10 1 7 . 3 6 < 0 . 01 

M. dirhodum 

Barley 26 7 10 .94 < 0 . 0 0 1 

Oats 15 5 5 . 0 0 < 0 . 0 5 
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actively aimed at but missed their targets for some 

reason. Although aphids are reportedly unable to 

discriminate between host and non-host at the in it ia l 

approach but land on both in about equal numbers (Kennedy 

et a l , 1959 a & b, 1961 ; Muller , 1958, 1962; Thorsteinson, 

1 9 6 0 ) , the results presented here indicate that they can 

make a choice where colour differences are involved. 

As a result of BYDV-infection, the colour of the diseased 

leaves had changed from dark green to bright yellow and 

reddish yellow in barley and oats respectively. The 

attraction was therefore to yellow in preference to green. 

This attraction to yellowish leaves has also been reported 

by Muller (1964) who found that Aphis fabae Scop, and 

Myzus persicae ( S u l z . ) landed more frequently in the f ie ld 

on yellowish and yellowish-green variet ies of lettuce 

than on a dark reddish-brown one; the attraction to yellow-

ish plants was increased when their colour contrasted 

with their surroundings. Cartier (1963) also found that 

a yellowish-green variety of pea (Pisum sativum L . ) was 

v is ited more frequently and colonized more heavily by 

Acyrthosiphon pisum (Harris ) than green varieties of the 

same crop. Such a colour attraction also explains the 

observation by Kennedy et al (1950 ) that in free infestations 

by viviparous Myzus persicae and Aphis fabae on sugar-

beet plants and spindle bushes, actively growing and 

senescent leaves were more susceptible to colonization 

than maturing, mature and drying leaves on the same plant . 

The growing leaves were pale green, the senescing leaves 

yellow and the mature leaves dark green. The observations 
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recorded here also confirm the inclusion of S^ avenae 

and M^ dirhodum among the yellow-sensitive aphids (A 'Brook , 

1973 ; Kieckhefer et a l , 1 9 7 6 ) , and adequately answer the 

question raised by Hodgson ( 1977 ) as to whether alatae 

can be attracted to virus-infected plants because of 

t h e i r colour. 

The results of laboratory experiments on behaviour 

are generally d i f f i c u l t to extend without modifications 

to the situation in the f i e l d , since environmental 

conditions may exert much influence . I t may also be 

argued that detached leaves do not truly represent the 

whole p lant . In this study, however, natural aphid 

infestations in the f i e l d were too low to permit a 

measurable comparison, particularly of individual aphid 

species . The age and f l i g h t experience of d i f ferent 

test aphids could also not be standardised in the f i e l d . 

A f l ight chamber tr ial was therefore the only a lternat ive . 

Foci of BYDV infection in the f i e l d can be as big as 

3 - 6 metres in diameter (Oswald & Houston, 1 951 ) , big 

enough to create the kind of sharp contrast between 

infected and healthy leaves which existed in this t r i a l . 

Lastly , only leaves younger than the one inoculated with 

BYDV wi l l show the symptoms of colour change (Oswald & 

Houston, 1 9 5 1 ) ; this indicates that different leaves on 

the same diseased plant may have a different colouration,-

and suggests that the comparison of leaves rather than 

whole plants is j u s t i f i e d . 

The fact that some of the test aphids did not respond 

to the targets at the f i r s t presentation tends to support 
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Moericke•s (1955) theory, as modified by Kennedy et al 

( 1 9 6 1 ) , that a migrant aphid was i n i t i a l l y more strongly 

attracted to the predominantly short-wavelength' l ight 

from the sky, but that after flying for some time, the 

aphid was more strongly attracted to the longer-wavelength 

l ight reflected from the plants and soils below. An 

ultra violet lamp was used in this study. The reason for 

the greater attraction of the alighting aphids to yellow 

as compared to green leaves was not investigated here , 

but could be due to a difference in the wavelength of 

l ight reflected from leaves of either colour. The 

importance of the e f fect of such a difference is borne out 

by the current use of the highly reflective surface of 

aluminium materials to repel migrant aphids and thereby 

control aphid-transmitted viruses (Johnson et a l , 1967 ; 

Kring , 1964, 1970 ; Smith & Webb, 1969 ; Smith et a l , 1964 

a & b) . 

SUMMARY 

The effect of BYDV infection of oats (Manod) and 

barley ( Ju l ia ) on the host selection behaviour of Sb avenae 

and dirhodum was investigated in a laboratory f l i g h t 

chamber. Individual aphids were flown continuously for f ive 

minutes and then simultaneously presented with leaves 

detached from healthy and BYDV-infected oats or barley . 

S igni f icantly more aphids of both species alighted on diseased 

than healthy leaves of both crops, indicating their preferential 

attraction to the former. 
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SECTION 3 

THE EFFECT OF BARLEY YELLOW DWARF VIRUS ON THE ADULT SIZE , 

EMBRYO CONTENT AND REPRODUCTIVE RATE OF CEREAL APHIDS. 
i 

INTRODUCTION 

In addition to the attraction of alates to diseased 

plants , the poss ib i l i ty remained that the altered 

physiology of BYDV-infected plants could have increased 

the fecundity of the aphids feeding on them thereby 

leading to the development of higher aphid numbers on 

diseased than on healthy plants . The experiments reported 

here' were designed to investigate the ef fect of BYDV 
i 

infection of the host plant on the reproductive physiolog/ 

of £h avenae, R. padi and I t dirhodum on wheat, oats and 

barley at various growth stages, using laboratory and 

f i e l d t r i a l s . 

MATERIALS AND METHODS 

A . Laboratory Experiments 

Embryo Content 

Fecundity was measured by counting the embryo content 

of teneral adults and by monitoring actual reproduction 

over a period of 18 - 20 days. 

The aphids and test plants used were obtained as 

described previously (pages 3 9 - 4 1 ) . A l l experiments 

were conducted in Saxcil growth cabinets under the 

conditions of temperature, humidity and lighting already 

described. 

At GS 12 ( seedl ing ) , 22 ( t i l l e r i n g ) , 32 (stem elongation), 

and 59 (emergence of the inflorescence), two virus-free 
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f i r s t instar nymphs of 5L avenae, R. padi or Fh dirhodum 

were confined to the middle portion of the youngest 

expanded leaf of each plant . At the teneral adult stage, 

i e . within 24 hours a fter eclosion , the aphids were 

removed from the cages , weighed on a microbalance 

(Beckman LM 800) and dissected in water under a binocular 

b 

microscope as described by Dewar (1977^). The total 

number of embryos, the number of embryos with pigmented 

eyespots and the number of large embryos were recorded. 

Each swelling of the ovariole was counted as an embryo 

(F ig . 2 4 ) . Large embryos were fully developed with 

d ist inct appendages (Dharma, 1 9 7 9 ) . The three measurements 

were taken to compare their accuracy and suitabil ity for 

estimating fecundity . 

Reproduction 

In a parallel set of experiments involving Sh avenae 

and M^ dirhodum, the aphids were not dissected but were 

weighed as teneral adults and recaged onto the youngest 

expanded leaves of the plants on which they had developed. 

The daily and total reproduction were then recorded over 

twenty days, the nymphs being carefully removed daily to 

avoid overcrowding. 

In the case of padi , one batch of nymphs was fed 

continuously on virus-free 5cm wheat leaf segments 

(Capelle Desprez ) , while a second group was reared to adult 

on leaf segments detached from BYDV-infected wheat plants 

and then transferred as teneral adults onto virus-free 
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Fig. 24. Embryos dissected from an apterous R^ padi. 

There are 5 embryos with pigmented 

eyespots (eg. a.). 
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wheat leaf segments. The leaves were excised at GS 32 

and kept inside vent i l lated perspex boxes (8 x 4 . 5 x 2cm) 

containing moistened f i l t e r paper. 

The aphids were weighed on a microbalance at birth 

and daily thereafter . Nymphs produced by them at 

maturity were counted and removed along with the leaf 

segments which were replaced every two days for 18 days . 

The f i l t e r paper was moistened with water and changed as 

necessary to avoid contamination by fungi . The experiment 

using excised leaves was conducted in a constant tempera-

ture room which was maintained at 19°C, 70% r . h . with a 

16 : 8h l ight :dark regime. Lighting was provided by warm 

white fluorescent lamps. 

B . F ie ld Observations 

Embryo content 

Two virus-free and two BYDV-infected f i e ld plots of 

winter wheat (Flanders) similar to those described in 

Section 1 were used . GS 7 1 , ten to twenty t i l l e r s per 

treatment were marked with bamboo stakes. First instar 

nymphs of SA avenae, selected for uniformity of age and 

s i z e , were confined in pairs on each ear using d ia lys is 

tubing cages . Their parents had been collected from 

symptomless wheat in the f i e l d the previous week and 

allowed to reproduce on seedling wheat i n ' t h e glasshouse. 

Each caged ear was secured to the demarcating bamboo stake 

with some cotton thread to avoid lodging in the wind. 

The aphids were observed on alternate days until the adult 

moult when they were removed and dissected . 
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In addit ion , at GS 83 , f ive naturally-infested ears 

of wheat were collected per treatment and taken to the 

laboratory where they were placed in ventillated perspex 

boxes. Adults moulting from the fourth instar stage 1 - 2 

days later were dissected and their embryo content recorded. 

RESULTS 

A . Laboratory Experiments 

Fecundity Parameters 

For each aphid species on each crop, the regression 

on adult weight of each parameter used to estimate 

fecundity was calculated by pooling the data for all 

replications in each treatment, disregarding differences 

in plant growth stages . In each table of regressions, 

the displacement term shows the difference in the 

elevations of the regressionlines for the two treatments, 

while the degree of parallelism measures differences in 

the slopes of these l i n e s . 

The relationship between aphid size and fecundity 

Fecundity as measured by embryo content is signific-

antly positively correlated with teneral adult weight in tie 

three aphids on each crop, for all three parameters used 

(Tables 9 - 1 1 , F igs . 25 - 2 7 ) , i . e . larger individuals 

contained more embryos than smaller ones whichever method of 

counting them was used . Both the total number of embryos 

(T) and the number of embryos with pigmented eyespots (P) 

were better correlated than the number of large embryos 

(L) with adult weight . "P " was better correlated than 

" T " in avenae on wheat and oats, and in padi on all 
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T a b l e 9i Regression of embryo content on teneral adult weight - S . avenae (apterae) 

Parameter of 
fecundity Wheat • 

Crop 

O a t s Barley 

Total 

Embryos 

Embryos with 

pigmented 

e y e s p o t s 

Slope 
(b) 

Intercept 

Displacement 

Parallelism 

Regression 
(He + Di)f 

Slope 
(b) 

Intercept 

Healthy 

Diseased 

S . E . 

H e a l t h y 

Diseased 

(F) 

(F) 

(F) 

H e a l t h y 

Diseased 

S . E . 

H e a l t h y 

Diseased 

Displacement (F) 

24.16 

27.12 

4.64 

33.11 

33.20 

6.10 * 

0.26 NS 

31.04 *** 

5.99 

7 . 5 9 

0.94 

6.07 

4.83 

1.78 NS 

35.55 

38.08 

2.76 

20.40 

21.87 

9.45 ** 

0.43 N S 

131.60 *** 

6.95 

7.75 

0.65 

4.50 

4.43 

5.21 * 

34.44 

37.76 

4.85 

27.99 

26.76 

1.07 NS 

0.28 N S 

49.71 *** 

8.54 

8.76 

0.99 

4.29 

4.45 

1.13 NS 

Large 

Embryos 

Parallelism 

Regression 
(He + Di) 

Slope 
(b) 

Intercept 

Displacement 

Parallelism 

Regression 
(He + Di) 

(F) 

(F) 

H e a l t h y 

Diseased 

S . E . 

H e a l t h y 

Diseased 

(F) 

(F) 

(F) 

1.86 NS 

47.59 *** 

1.98 

3 .21 

0.77 

2.21 

1.80 

15.79 *** 

1.63 NS 

16.55 *** 

0.76 N S 

92.99 *** 

2.46 

2.62 
0.47 

1.69 

2.27 

11.69 *** 

0.06 N S 

26,26 *** 

0.03 NS 

69.24 *** 

2.88 
3.46 

0.78 

1.67 

1.85 

6.92 ** 

0.34 N S 

19.03 *** 

-J- H e - Healthy 
Di - Diseased 
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T a b l e 10» Regression of embryo c o n t e n t on teneral adult weight - R ^ padi (apterae) 

P a r a m e t e r of 
fecundity Wheat 

Crop 

Oats Barley 

Total 

Embryo s 

Slope 
(b) 

Intercept 

Displacement 

Parallelism 

Regression 
(He + Di) 

H e a l t h y 

D i s e a s e d 

S . E . 

H e a l t h y 

Diseased 

(F) 

(F) 

(F) 

39.99 

19.12 

4.73 

30.29 

45.56 

0.27 NS 

7.91 ** 

22.53 *** 

43.96 

39.20 

5.45 

22.55 

27.77 

1.87 N S 

0.46 NS 

57.54 *** 

29.11 

36.41 

6.73 

33.84 

34.08 

16.06 *** 

0.73 N S 

38.92 *** 

E m b r y o s with 

pigmented 

eyespots 

Slope 
(b) 

Intercept 

Displacement 

Parallelism 

H e a l t h y 

Diseased 

S . E . 

Healthy 

Diseased 

(F) 

(F) 

14.69 

16.22 

1.40 

6.62 

4.26 

10.78 *** 

0.49 NS 

19.05 

5.11 

1.56 

-2.21 

11.77 

1.81 N S 

49.42 *** 

16.07 

13.56 

2.02 

4.21 

5.08 

6.43 * 

0.97 N S 

Regression 
(He +. Di) 

(F) 70.78 *** 84.95 *** 51.83 *** 

L a r g e 

E m b r y o s 

Slope 
(b) 

Intercept 

Displacement 

Parallelism 

Regression 
(He + D i ) 

H e a l t h y 

Diseased 

S . E . 

H e a l t h y 

Diseased 

(F) 

(F) 

(F) 

4.46 

7.91 

0.94 

3.24 

0.17 

6.18 * 

5.44 * 

29.14 *** 

10.46 

1.63 

1.05 

1.24 

3.75 

29.40 *** 

43.95 *** 

59.11 *** 

6.20 

6.56 

1.53 

0.71 

-0.21 

3.27 N S 

0.03 N S 

15.53 *** 
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Parameter of 
fecundity- Wheat 

adult weight - M . < dirhodum (apterae) 

Crop 

O a t s Barley 

27.11 28.46 

37.22 30.82 

2.59 3.18 

38.41 37.80 

28.94 38.08 

NS 2.44 N S 13.12 *** 

* * 6.48 * 0.31 N S 

* * * 99.27 *** 79.20 *** 

5.34 4.74 

7.71 7.93 

1.43 1.85 

7.86 8.18 

4.80 4.09 

* * 1.18 N S 3.57 N S 

NS 1.16 N S 0.98 N S 

* * * 15.88 *** 9.10 ** 

2.53 37.92 

4.73 24.91 

0.96 2.85 

2.51 30.24 

-0.21 43.86 

* * * 1.19 N S 0.29 N S 

N S 2.22 N S 6.68 * 

* * * 12.06 *** 55.38 *** 

Total 

Embryos 

Embryos with 

pigmented 

eyespots 

Large 

Embryos 

Slope 
(b) 

Intercept 

Displacement 

parallelism 

Regression 
(He + Di) 

Slope 
(b) 

Intercept 

Displacement 

Parallelism 

Regression 
(He + D i ) 

Slope 
(b) 

Intercept 

Displacement 

Parallelism 

R e g r e s s i o n 
(He + Di) 

H e a l t h y 

D i s e a s e d 

S . E . 

H e a l t h y 

D i s e a s e d 

(F) 

(F) 

(F) 

H e a l t h y 

Diseased 

S . E . 

H e a l t h y 

Diseased 

(F) 

(F) 

(F) 

H e a l t h y 

Diseased 

S . E . 

H e a l t h y 

Diseased 

(F) 

(F) 

(F) 

30.11 

41.52 

2.52 

36.06 

24.73 

9.40 

11.46 

1.55 

4.90 

1.26 

4.68 

6.14 

1.02 

0.90 

-1.68 
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T e n e r a l a d u l t w e i g h t ( m g ) 

Fig. 25. Regression of embryo content on teneral 

adult weight in S. avenae. ( © ) = total 

no. of embryos; ( o ) = no. of embryos with 

pigmented eyespots; ( A ) = no. of large 

embryos. 
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Fig. 26. Regression of embryo content on teneral adult 

weight in R. padi. ( o ) = total no. of embryos; 

( o ) = no. of embryos with pigmented eyespots* 

( A ) = no.-of large embryos. 
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no. of embryos; ( o ) = no. of embryos with 

pigmented eyespots; (A) = no. of large emb 
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the three crops, but the reverse was the case in £L avenae 

on oats and in dirhodum on the three crops. As it was 

relatively easier and quicker to identify and count the 

number of embryos with pigmented eyespots than the total 

number of embryos, the former was consequently used to 

measure fecundity , except where otherwise indicated. 

The e f fect of BYDV on aphid s ize 

Individual JR^ padi fed as nymphs on BYDV-infected 

excised wheat leaf segments were consistently larger than 

those fed continuously on virus-free leaves (Fig . 2 8 ) . 

The dif ference in weight became s ignif icant at the teneral 

adult stage (F = 9 . 5 2 , df = 1 / 1 8 , p < 0 . 0 1 ) and thereafter 

(F = 6 1 . 8 6 , df = 1 / 2 4 , p< 0 . 0 0 1 ) . In both sets of aphids , 

aphid weight increased considerably during the nymphal 

stages but changed much less after the adult moult, 

although adult weight fluctuated to a certain extent (F ig . 2 8 ) . 

The s i ze of S . avenae, and R^ padi was s ignif icantly 

increased overall by BYDV infection of wheat, oats and 

barley (Tables 12A & B and F igs . 29 & 3 0 ) , although the 

di f ferences were not s igni f icant at every growth stage. 

The adult weight of M^ dirhodum was significantly increased 

overall by BYDV on barley , decreased on oats but was 

unaffected on wheat (Table 12C and Fig . 3 1 ) . The differences 

for dirhodum were however not s ignif icant at any one 

growth stage. 
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Fig. 28. Nyniphal and adult weight of R. podi on healthy ( * ) and BYDV - infected ( o ) excised 

wheat leaves. 
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Wheat (H ighbury) 

O a t s ( M a n o d ) 

2 

B a r l e y ( J u l i a ) 

Fig. 29. The teneral adult weight of S^ avenae on 

healthy ( • ) and BYDV - infected (E3) 

plants. 
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W h e a t ( H i g h b u r y ) 

O a t s ( M a n o d ) 

a 
2 

Fig 30. The teneral adult weight of Jh padi on 

healthy ( • ) and BYDV ~ infected ( 0 ) 

plants. 



1-2 r 
Wheat (H ighbury) 

Fig. 31. The teneral adult weight of 

M. dirhodum on healthy ( D ) 

and BYDV - infected ( 0 ) plants. 
o 
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The effect of BYDV on fecundity 

BYDV infection of the host plant significantly 

increased the fecundity of avenae overall on the 

three crops (Table 12& and F i g . 3 2 ) , and that of R^ padi 

on oats and barley but not on wheat (Table 12B and F ig . 3 3 ) . 

V irus infection did not alter the fecundity of M^ dirhodum 

on wheat or barley , but decreased it overall on oats 

(Table 12C and F ig . 3 4 ) . However, for each aphid species 

on the three crops, the differences in fecundity attri-

butable to BYDV were not s ignif icant at every growth 

stage. 

S . avenae of the same weight contained s ignif icantly 

more embryos with pigmented eyespots when reared on BYDV-

infected oats than on healthy oats (F = 5 . 2 1 , df = 1 / 2 3 6 , 

p< 0 . 0 5 ; Table 13A) . Equal sized R^ padi were significantly 

less fecund on diseased wheat and barley than on healthy 

plants (F = 1 0 . 7 8 , df = 1 / 2 8 2 , p < 0 . 0 0 1 ; F = 6 . 4 3 , 

df = 1 / 2 5 6 , p < 0 . 0 5 respectively ; Tabie 13B) . Similar 

sized M^ dirhodum had s igni f icantly fewer embryos with 

pigmented eyespots on diseased wheat than on healthy wheat 

(F = 1 0 . 2 4 , df = 1 / 1 0 8 , p < 0 . 0 1 ; Table 13C) . In all other 

cases , equal sized aphids of a l l species were equally 

fecund on healthy and diseased plants . 

The influence of plant growth stage 

Except for the weight of Mu dirhodum on barley 

(Table 12C and F ig . 3 1 ) , teneral adult weight and fecundity 

in the three aphid species varied s ignif icantly between 

plant growth stages (Tables 12& - C and Figs . 29 - 3 4 ) . 
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T a b l e 12i Summary of the a n a l y s i s o f variance - F values 

A . S . avenae (apterae) 

Parameter 

A p h i d weight Plant G S 

T r e a t m e n t -j-

Interaction 

W h e a t 

3.91 ** 

5.24 * 

0.68 N S 

Crop 

O a t s 

61.56 *** 

9.50 ** 

1.82 NS 

N o . of embryos 

with pigmented 

e y e s p o t s 

P l a n t G S 

T r e a t m e n t 

Interaction 

24.22 *** 

14.07 *** 

6.83 *** 

25.78 *** 

21.81 

8.94 ** 

B . R . padi (apterae) 

A p h i d weight Plant G S 

Trea tment 

Interaction 

28.13 *** 

17.18 *** 

11.87 *** 

42.77 *** 

24.83 *** 

11.65 ***. 

N o . of embryos 

with pigmented 

eyespots 

Plant G S 

T r e a t m e n t 

Interaction 

57.09 *** 

0.47 N S 

0.82 NS 

100.53 *** 

9.59 ** 

11.31 *** 

C . Hi dirhodum (apterae) 

A p h i d weight Plant G S 43.69 *** 14.38 *** 

T r e a t m e n t 1.85 NS 7.27 ** 

Interaction 0.44 N S 0.80 N S 

N o . of e m b r y o s 

with pigmented 

e y e s p o t s 

Plant G S 118.23 *** 40.60 **•* 

T r e a t m e n t 1.05 N S 6.23 * 

Interaction 0.90 NS 0.71 N S 

Barley 

12.03 *** 

7.67 ** 

2.52 N S 

24.76 *** 

4.87 * 

2.83 * 

19.33 *** 

71.17 *** 

8.20 *** 

59.82 *** 

23.25 *** 

5.00 ** 

0.68 N S 

4.19 * 

0.10 N S 

39.96 *** 

0.04 N S 

2.87 N S 

t T r e a t m e n t = the effect of BYDV infection 
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T a b l e 131 T h e effect of DYDV on the embryo content of S ^ avenae, R . padi a n d dirhodun 

o n w h e a t , oatJi and b a r l e y . 

Aphid + 
c r o p specie:; 

A . S . avenae (apterae) 

W h e a t 

O a t s 

B a r l e y 

B . R . padj (apterae) 

W h e a t 

O a t s 

Barley 

C . M . dirhodum (apterae) 

Wheat 

O a t s 

Barley 

T r e a t m e n t 

Healthy 

Diseased 

Healthy 

Diseased 

Healthy 

Diseased 

Healthy 

Diseased 

Healthy 

Diseased 

Healthy 

Diseased 

Healthy 

Diseased 

Healthy 

Diseased 

Healthy 

Diseased 

N o . of embryos with pigmented eyespots/aphid 
Size of aphid (mg) 

0.5 

9.07 

8.63 

7.90 

8.31 

8.56 

8.03 

13.97 

12.37 

7.32 

14.33 

12.25 

11.86 

9.60 

6.99 

7.03 

8.66 

10.55 

8.06 

1.0 

12.06 

12.42 

11.45 

12.18 

12.83 

13.21 

21.31 

20.48 

16.84 

16.88 

20.28 
18.64 

14.30 

12.72 

13.20 

12.51 

12.92 

12.02 

1.5 

15.06 

16.22 

14.93 

16.06 

17.10 

17.59 

2 8 . 6 6 

20.59 

26.37 

19.44 

28.32 

25.42 

19.00 

18.45 

15.87 

16 .37 

15.29 

15.99 
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The aphids were heaviest and most fecund mainly at the 

seedling (GS 12) and earing (GS 59) growth stages, while 

the lowest weights and fecundity were achieved either at 

t i l l e r i n g (GS 22) or stem elongation (GS 3 2 ) . 

The e f fect of BYDV on the rate of reproduction 

After twenty days the cumulative reproduction of 

S . avenae was higher on BYDV-infected wheat (F = 7 . 7 6 , 

df = 7 , p < 0 . 0 5 ) and barley (F = 2 0 . 5 6 , df = 7 , p < 0 . 0 1 ) 

than on healthy plants (F ig . 3 5A ) . Aphids feeding on 

diseased wheat plants had 4 . 1 7 % of their total embryo 

content s t i l l unborn a f ter twenty days, compared with 

1 0 . 6 0 % on healthy wheat. On diseased barley, avenae 

had 3 . 0 5 % of their total complement of embryos le ft 

unborn compared with 1 6 . 1 5 % on healthy barley (F = 5 . 9 7 , 

df"' = 7 , p < 0 . 0 5 ) . The sum of progeny and unborn embryos 

was s igni f icantly higher on infected wheat (F = 8 . 8 9 , 

df = 7 , p < 0 . 0 5 ) and barley (F = 1 7 . 1 3 , df = 7 , p < 0 . 0 1 ) 

than on healthy p l a n t s . 

The cumulative reproduction of FL dirhodum after 20 

days was not s ign i f icantly altered by BYDV infection of 

wheat (F = 1 . 1 7 , df = 19 , NS) or barley (F = 0 . 0 1 , df = 25 , 

NS) (F ig . 3 5B ) . The data for oats were not analysed due 

to the poor survival of the test aphids, but they did not 

indicate any s ign i f icant e f f e c t of v irus on the repro-

duction of M^ dirhodum. 

Until the seventh day of adult l i f e , BYDV did not 

a f fect the reproduction of R^ padi on excised leaves but 

thereafter , aphids that fed as nymphs on BYDV-infected 

leaves produced more progeny (F ig . 35.C), although the 

di f ference was not s ign i f icant even after 18 days. 
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I l l 

B. F ie ld Observations 

Caged apterous avenae contained s ignif icantly more 

(total ) embryos on virus-infected wheat than on healthy 

wheat (F = 1 1 . 8 4 , df = 1 / 8 , p < 0 . 0 1 ) . A l l the aphids 

collected on naturally-infested ears were alates . They 

too had more total embryos (F = 1 0 . 4 8 , df = 1 / 3 2 , p < 0 . 0 1 ) , 

embryos with pigmented eyespots (F = 4 . 3 8 , df = 1 / 3 2 , 

p < 0 . 0 5 ) , and large embryos (F = 6 . 4 2 , df = 1 / 3 2 , p < 0 . 0 5 ) 

on diseased than healthy wheat (Table 1 4 ) . 



Table 14 : The embryo content of Sj. avenae on wheat (Flanders) in the f i e l d . 

Total With pigmented Large 

eyespots 

Di He Di He Di He 

Apterae 9 3 . 4 0 + 1 . 78 7 9 . 5 0 ± 1 . 8 5 - -

Alatae 6 4 . 7 1 + 0 . 9 7 60 . 06± 1 . 0 0 1 6 . 0 0+ 0 . 7 8 1 1 . 1 3 + 0 . 8 3 5 . 4 7 + 0 . 4 9 3 . 8 2 ± 0 . 4 0 

H-1 



113 

DISCUSSION 

Aphid s i z e and fecundity 

The fecundity of £L avenae, R. padi and ML dirhodum 

was found to be highly positively" correlated with teneral 

adult weight on both healthy and BYDV-infected plants 

irrespective of the crop species or plant growth stage . 

Similar s ign i f icant correlations between adult weight 

and fecundity have been recorded previously for SL. avenae 

(Watt, 1979 ; Wratten 1 9 7 7 ) , IL padi (Dewar, 1977 ; Dixon, 

1976 ; Wellings et a l , 1 9 8 0 ) , M. dirhodum (Dewar, 1977 ; 

Wratten, 1977) and several other aphid species (Dixon, 1970 ; 

1971 ; Dixon & Dharma, 1980 a , b ; Dixon & Wratten, 1971 ; 

Murdie, 1969 ; Taylor , 1 9 7 5 ) . This has prompted Dewar (1977 ) 

to suggest the use of teneral adult weight to predict an 

-aphid's subsequent reproductive performance. However, 

Vickerman and Wratten ( 1979 ) have pointed out that the use 

of aphid weight i s v a l i d only if the age of the aphid can 

be precisely determined. This study has shown that 

althoggh much of the changes in weight occurred during the 

nymphal stages in pad i , adult weight also increased and 

fluctuated to some degree (Fig . 2 8 ) . Weight has been shown 

to increase after the teneral adult stage in other aphids 

such as Drepanosiphum platanoides (Schr . ) (Dixon, 1975) 

and Acyrtho siphon pi sum (Harris) (Mackay & Downer, 1979) 

and this may be of general occurrence in aphids . As a 

re l iable index , the teneral adult weight would therefore 

be more appropriate than any other weight measurement as 

it can be more accurately determined. In view of the 
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d i f f i c u l t y in a s c e r t a i n i n g the p r e c i s e age of an a p h i d 

in t h e f i e l d , h o w e v e r , the u s e of teneral aphid w e i g h t 

w o u l d b e m o r e suited f o r l a b o r a t o r y s t u d i e s , such a s t h o s e 

r e p o r t e d h e r e . 

T h e e f f e c t of B Y D V on the size of a p h i d s h a s n o t 

p r e v i o u s l y been r e p o r t e d . B Y D V w a s found in this s t u d y 

to i n c r e a s e the a d u l t w e i g h t of SL. a v e n a e and R ^ p a d i 

o n w h e a t , o a t s and b a r l e y , and to increase that of 

M . d i r h o d u m o n b a r l e y w h i l e d e c r e a s i n g it o n o a t s . It h a s 

b e e n e s t a b l i s h e d t h a t a p h i d s can d i s c r i m i n a t e b e t w e e n 

v a r i a t i o n s in d i e t a r y a m i n o a c i d s and c a r b o h y d r a t e s , a n d 

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

d e v e l o p m e n t (see r e v i e w by A u c l a i r , 1963; also A u c l a i r , 

1 9 6 5 ) . B Y D V i n f e c t i o n i n c r e a s e s the c o n c e n t r a t i o n s of 

t h e s e s u b s t a n c e s in the t i s s u e s of infected p l a n t s 

r e l a t i v e to h e a l t h y o n e s (Goodman e t a d , 1965; J e n s e n , 

1 9 6 9 , 1972; M a r k k u l a & L a u r e m a , 1964; O r l o b & A r n y , 1961; 

W a t s o n & M u l l i g a n , 1 9 6 0 ) . A p h i d s feeding o n d i s e a s e d 

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

a l a r g e r a d u l t size t h a n t h o s e on h e a l t h y p l a n t s . H o w -

e v e r , it is n o t c l e a r w h y B Y D V a f f e c t e d the three a p h i d 

s p e c i e s d i f f e r e n t l y , o r w h y it increased the a d u l t w e i g h t 

of Mj, d i r h o d u m o n b a r l e y b u t d e c r e a s e d it o n o a t s . It is 

p o s s i b l e t h a t the a p h i d s p r e f e r d i f f e r e n t o p t i m a l 

c o n c e n t r a t i o n s of n u t r i e n t s o r t h a t d i f f e r e n t s u b s t a n c e s • 

a r e limiting to t h e i r b i o l o g i c a l p e r f o r m a n c e . It is 

e q u a l l y p o s s i b l e t h a t t h e i n c r e a s e s by B Y D V infection 

in the c o n c e n t r a t i o n s o f i n d i v i d u a l amino a c i d s a n d 
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c a r b o h y d r a t e s v a r y b e t w e e n the c r o p s t h e r e b y affecting 

the p r o p o r t i o n a l b a l a n c e of the n u t r i e n t s . H o w e v e r , 

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

P r o g e n y counting i s b o t h time c o n s u m i n g and p r o n e to 

l a r g e v a r i a b i l i t y m o s t l y r e s u l t i n g from p o o r survival of 

t e s t i n d i v i d u a l s . E m b r y o c o u n t i n g h a s the a d v a n t a g e s of 

speed and l o w v a r i a b i l i t y (Adams & van E m d e n , 1972). 

A l t h o u g h a c o u n t of the t o t a l embryo c o n t e n t , the n u m b e r 

of e m b r y o s w i t h p i g m e n t e d e y e s p o t s o r the n u m b e r of 

l a r g e e m b r y o s could a d e q u a t e l y i n d i c a t e the p o t e n t i a l 

r e p r o d u c t i v e c a p a c i t y o f t h e s e a p h i d s , it w a s m u c h e a s i e r 

and q u i c k e r to i d e n t i f y a n d c o u n t e m b r y o s w i t h p i g m e n t e d 

e y e s p o t s than o t h e r c a t e g o r i e s . In a d d i t i o n , the total 

n u m b e r of e m b r y o s c a n o n l y be counted o n a p e r f e c t 

d i s s e c t i o n . D i x o n and Dharma, (1980b) h a v e also h i n t e d at 

the d i f f i c u l t y in i d e n t i f y i n g and counting e m b r y o s , 

e s p e c i a l l y the s m a l l e s t o n e s , in A p h i s f a b a e . 

T h e f i n d i n g s in t h i s s t u d y that B Y D V increased t h e 

e m b r y o c o n t e n t of a v e n a e a n d R . p a d i o n o a t s c o n f i r m s 

t h e e a r l i e r r e p o r t s by M i l l e r (1962), M i l l e r and Coon (1964) 

a n d E l a m i n (1975) f o r Sb a v e n a e , and b y M a r k k u l a and 

L a u r e m a (1964) and E l a m i n (1975) for lb p a d i . T h e r e s u l t s 

also a g r e e w i t h E l a m i n ' s (1975) r e p o r t t h a t BYDV d e c r e a s e s 

the f e c u n d i t y of M ^ d i r h o d u m o n o a t s . Conversely, M a r k k u l a 

a n d L a u r e m a (1964) f o u n d t h a t the v i r u s h a d no effect o n 

the f e c u n d i t y of Sh a v e n a e a n d M ^ d i r h o d u m o n young o a t s 

l e a v e s / a n d E l a m i n (1975) showed t h a t the f e c u n d i t y of 

S . a v e n a e o n y o u n g d i s e a s e d o a t s l e a v e s w a s d e c r e a s e d . 
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T h e a p p a r e n t d i s c r e p a n c i e s h a v e p r o b a b l y arisen from 

d i f f e r e n c e s in the v a r i e t i e s of o a t s studied (eg. 

E l a m i n , 1 9 7 5 ) , t h e n a t u r e of the v i r u s isolates u s e d , 

the m e t h o d of a s s e s s i n g f e c u n d i t y , a n d the growth stages 

of the t e s t p l a n t s b o t h a t i n o c u l a t i o n and during the 

f e c u n d i t y s t u d i e s . A s t h i s study s h o w s , t h e e f f e c t of 

B Y D V o n the a d u l t w e i g h t a n d f e c u n d i t y of the a p h i d s 

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

F e c u n d i t y w a s i n c r e a s e d o v e r a l l in jS^ a v e n a e o n 

w h e a t a n d b a r l e y , b u t o n b a r l e y a l o n e in R ^ p a d i . 

W h e r e a s R ^ p a d i is k n o w n to p r e f e r b a r l e y to w h e a t o r 

o a t s (Adams & D r e w , 1964; D e a n , 1972; i t o , 1960; R a u t a p a a , 

1976; R a u t a p a a & U o t i , 1 9 7 6 ) , the h o s t p r e f e r e n c e of 

S . a v e n a e is l e s s c l e a r . D e a n (1972), O r l o b and M e d l e r 

(1961) and R a u t a p a a (1970) f o u n d t h a t a v e n a e p e r f o r m e d 

b e s t o n b a r l e y u n d e r c o n t r o l l e d c o n d i t i o n s whereas, in 

the f i e l d , it w a s m o r e c o m m o n oh w h e a t and o a t s than on 

b a r l e y (Dean & L u u r i n g , 1 9 7 0 ) . In a d d i t i o n , S ^ a v e n a e 

w a s r e p o r t e d l y m o r e s u c c e s s f u l on w h e a t than o n b a r l e y 

(ito, 1960) o r s h o w e d no p r e f e r e n c e s b e t w e e n b a r l e y , o a t s 

and w h e a t (Apablaza & R o b i n s o n , 1 9 6 7 ) . It t h e r e f o r e 

a p p e a r s t h a t SL^ a v e n a e d o e s w e l l o n the three c r o p s , 

a l t h o u g h t h e r e m i g h t b e v a r i e t a l d i f f e r e n c e s (eg. B r u e h l , 

1961; K o l b e , 1969; L a t t e u r , 1976; R a u t a p a a , 1 9 7 0 ) . 
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From the r e s u l t s p r e s e n t e d h e r e , it i s a p p a r e n t t h a t 

the n u t r i t i o n a l c h a n g e s induced by BYDV infection do n o t 

a f f e c t t h e o r d e r of p r e f e r e n c e of the a p h i d s for the 

three c r o p s . Elamin (1975) similarly d e t e c t e d no 

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

w h e a t v a r i e t i e s to S± a v e n a e , R . p a d i and ML dirhodum 
i 

following i n f e c t i o n w i t h B Y D V , and G i l l and M e t c a l f e 

(1977) s h o w e d that B Y D V i n f e c t i o n did n o t c h a n g e the 

r e l a t i v e r e s i s t a n c e o f s e v e r a l b a r l e y v a r i e t i e s to 

R h o p a l o s i p h u m m a i d i s . 

• T h e r e s u l t s i n d i c a t e t h a t B Y D V r a i s e s the f e c u n d i t y 

of c e r e a l a p h i d s by i n c r e a s i n g their a d u l t w e i g h t , s i n c e 

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

by i n c r e a s e s in embryo c o n t e n t and since a p h i d s of t h e 

-same w e i g h t w e r e n o t a l w a y s m o r e fecund o n diseased p l a n t s . 

H o w e v e r , in certain c a s e s such a s w i t h R ^ p a d i on w h e a t 

and d i r h o d u m on b a r l e y , w e i g h t increases did n o t 

c o n f e r h i g h e r f e c u n d i t y o n the a p h i d . In the c a s e o f 

R . p a d i , the m i l d e r s y m p t o m s of BYDV o n m o s t w h e a t 

v a r i e t i e s r e l a t i v e to o a t s and. b a r l e y (Jensen et a l , 1 9 7 I T 

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

a l t e r s i g n i f i c a n t l y the a p h i d * s f e c u n d i t y . C o n v e r s e l y , 

a l t h o u g h B Y D V s y m p t o m s a r e q u i t e severe o n b a r l e y , e i t h e r 

the b a l a n c e of n u t r i e n t s c o n s e q u e n t on B Y D V i n f e c t i o n does 

n o t a f f e c t the f e c u n d i t y o f M ^ d i r h o d u m , o r the r e s p o n s e 

of d i r h o d u m to t h e n u t r i t i o n a l c h a n g e s induced in 
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p l a n t s by the v i r u s p r o b a b l y d i f f e r s from t h o s e of 

R . p a d i and £b a v e n a e . In n e i t h e r case is there appropriate 

i n f o r m a t i o n f o r c l a r i f i c a t i o n . 

It is i m p o r t a n t t h a t the field results confirmed 

the l a b o r a t o r y o b s e r v a t i o n t h a t BYDV infection of w h e a t 

i n c r e a s e d the embryo c o n t e n t of £h a v e n a e , in v i e w of t h e 

u s u a l and j u s t i f i e d c r i t i c i s m of the a p p l i c a b i l i t y of 

t h e r e s u l t s of l a b o r a t o r y e x p e r i m e n t s to the field 

s i t u a t i o n (eg. V i c k e r m a n & W r a t t e n , 1 9 7 9 ) . 

R e p r o d u c t i o n 

In the p r o g e n y c o u n t s t u d i e s , jb_ a v e n a e gave b i r t h 

to m o r e p r o g e n y and a h i g h e r p r o p o r t i o n Of t h e i r total 

embryo c o n t e n t w i t h i n 20 d a y s on d i s e a s e d than on h e a l t h y 

w h e a t and barley, t h e r e b y i n d i c a t i n g a m o r e rapid rate of 

m a t u r a t i o n of e m b r y o s o n t h e diseased p l a n t s . N e i t h e r 

the r e p r o d u c t i v e rate o f lb dirhodum o n w h e a t and b a r l e y 

n o r t h a t o f lb. p a d i o n e x c i s e d w h e a t leaf segments w a s 

a l t e r e d by B Y D V a f t e r 20 a n d 18 days r e s p e c t i v e l y . The 

p r o g e n y c o u n t and e m b r y o c o u n t m e t h o d s of estimating the 

e f f e c t of B Y D V o n r e p r o d u c t i v e p e r f o r m a n c e in t h e s e a p h i d s 

a r e t h e r e f o r e in a g r e e m e n t . T h i s fact f u r t h e r v a l i d a t e s 

the c o u n t i n g of e m b r y o s i n s t e a d of p r o g e n y to indicate 

the aphids• p o t e n t i a l r e p r o d u c t i v e c a p a c i t y a s discussed 

e a r l i e r . P o s i t i v e c o r r e l a t i o n s between embryo c o n t e n t and 

r e p r o d u c t i o n h a v e p r e v i o u s l y b e e n recorded in £b avenae 

and lb d i r h o d u m ( W r a t t e n , 1 9 7 7 ) and in A p h i s fabae (Dixon 

& W r a t t e n , 1971; H o n e y b o r n e , 1 9 6 9 ) . 

L e a f e x c i s i o n did n o t a l t e r the e f f e c t of B Y D V infection 

of w h e a t o n t h e r e p r o d u c t i v e rate of p a d i as m a y be 

e x p e c t e d s i n c e d e t a c h e d l e a v e s are in g e n e r a l m o r e 
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a c c e p t a b l e than u n d e t a c h e d l e a v e s to a p h i d s (eg. F a r k a s 

e t aJL, 1964; K e n n e d y , 1958; M a c k i n n o n , 1 9 6 1 ) . E x c i s e d 

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

s e n e s c i n g leaf t i s s u e i s m o r e a c c e p t a b l e to a p h i d s than 

m a t u r e f o l i a g e . A l t h o u g h e x c i s e d l e a v e s would also 

show d i f f e r e n c e s in a p h i d f e c u n d i t y following B Y D V infection 

(eg. M i l l e r , 1962; M i l l e r & C o o n , 1 9 6 4 , and this s t u d y ) , 

several f a c t o r s d i s c o u r a g e d i t s use in the p r e s e n t s t u d y . 

T h e p h y s i o l o g i c a l c h a n g e s t h a t o c c u r in excised l e a v e s 

m a y a c t u a l l y r e v e r s e t h e s u s c e p t i b i l i t y for a p h i d s of 

the t i s s u e a s p a r t of the w h o l e p l a n t (eg. M u l l e r , 1 9 6 6 ) . 

S e c o n d l y , s p e c i a l care w a s n e e d e d to m i n i m i z e c o n t a m i n a t i o n 

of the f i l t e r p a p e r a n d leaf s e g m e n t s by f u n g i . In a d d i t i o n , 

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

t h e p e r f o r m a n c e of the a p h i d s (Adams & v a n E m d e n , 1 9 7 2 ) . 

S U M M A R Y 

L a b o r a t o r y and f i e l d e x p e r i m e n t s w e r e c o n d u c t e d to 

i n v e s t i g a t e t h e e f f e c t o f B Y D V infection of w h e a t , o a t s a n d 

b a r l e y on the a d u l t w e i g h t a n d f e c u n d i t y of £L a v e n a e , ' 

R . p a d i a n d WU d i r h o d u m . F e c u n d i t y w a s m e a s u r e d b y 

c o u n t i n g t h e n u m b e r of e m b r y o s in teneral a d u l t s a n d by 

r e c o r d i n g the aphids* r a t e of r e p r o d u c t i o n for three w e e k s . 

B o t h m e t h o d s g a v e s i m i l a r r e s u l t s b u t embryo counting w a s 

p r e f e r r e d f o r its s p e e d and l o w v a r i a b i l i t y . 

L a r g e i n d i v i d u a l s of each a p h i d s p e c i e s c o n t a i n e d m o r e 

e m b r y o s than s m a l l e r o n e s w h i c h e v e r m e t h o d of c o u n t i n g them 

w a s u s e d , b u t c o u n t i n g the n u m b e r of e m b r y o s w i t h p i g m e n t e d 

e y e s p o t s w a s p r e f e r r e d f o r e a s e of i d e n t i f i c a t i o n and 

c o u n t i n g . 
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B Y D V i n f e c t i o n of t h e h o s t p l a n t increased teneral 

a d u l t w e i g h t in Sj_ a v e n a e and R ^ p a d i on the three crop 

s p e c i e s . In IK d i r h o d u m , a d u l t w e i g h t w a s i n c r e a s e d on 

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

B Y D V i n c r e a s e d f e c u n d i t y in S ^ a v e n a e on the three 
> 

c r o p s and in Rj_ p a d i on o a t s a n d b a r l e y b u t n o t on w h e a t . 

T h e f e c u n d i t y o f M ^ d i r h o d u m w a s u n a f f e c t e d by B Y D V infection 

of b a r l e y and w h e a t b u t it w a s d e c r e a s e d on o a t s . A p h i d s of 

e q u a l w e i g h t w e r e r a r e l y m o r e fecund w h e n reared o n B Y D V -

i n f e c t e d p l a n t s t h a n o n h e a l t h y p l a n t s . 
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SECTION 4 

THE E F F E C T S OF BARLEY Y E L L O W DWARF VIRUS A M D APHID 

HONEYDEW ON CLADOSPORIUM 

INTRODUCTION 

O b s e r v a t i o n s by the A e r i a l Photography U n i t of the 

A g r i c u l t u r a l D e v e l o p m e n t and A d v i s o r y Service (ADAS) in 

1976 indicated that p l a n t s in the foci of BYDV infection 

in early-sown winter w h e a t were more heavily blackened 

(Fig. 36) by mould fungi than the surrounding v i r u s - f r e e 

crop (Hooper, 1978). It w a s n o t certain, h o w e v e r , if this 

enhanced blackening was due to the h o n e y d e w produced by the 

h i g h e r p o p u l a t i o n of a p h i d s in these foci, or to some other 

e f f e c t c o n n e c t e d w i t h the v i r u s . 

A l t e r n a r i a and C I a d o s p o r i u m are among the m o s t common 

species of sooty mould f u n g i which colonize the ears o f 

some cereal c r o p s (Lacey _et jy_, 1972; L a c e y , 1974; L a c e y 

& M a C l e a n , 1978; Mehrotra S< D w i v e d i , 1980), and in m o s t 

y e a r s , Cladosporium is the predominant species (Hill, 1979; 

H y d e , 1 9 5 1 ; L a c e y , 1974; L a c e y & M a C l e a n , 1978; M a i s , 1979). 

B Y D V - i n f e c t e d p l a n t s support h i g h e r populations of a p h i d s 

in the field than h e a l t h y o n e s (Section 1) and Eire probably 

also covered with more aphid h o n e y d e w . The experiments 

reported h e r e were c o n d u c t e d to investigate the interactions 

between B Y D V , aphid h o n e y d e w and Cladosporium and certain 

o t h e r microflora on c e r e a l s . 

M A T E R I A L S A N D METHODS 

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

1979 

The p l o t s of w i n t e r w h e a t (Flanders) in which aphid 
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Fig. 36. Ears of wheat (Flanders) 

Set A are from BYDV—free plants 

Set B are from BYDV-infected plants 
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Fig. 38. Potato dextrose agar (PDA) plates showing 

greenish/black colonies of Cladosporium spp. 
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p o p u l a t i o n s w e r e m o n i t o r e d in 1979 (Section 1) w e r e also 

u s e d in this s t u d y . 

A t the m i l k y g r o w t h stage (GS 7 3 ) in J u l y , 1979, a l l 

the ten p l o t s w e r e sprayed w i t h a suspension of C l a d o s p o r i u m 

spores in s t e r i l i z e d w a t e r a t the rate of 2,000 s p o r e s / m l , 

u s i n g a h a n d - o p e r a t e d s p r a y e r . E a c h p l o t received a p p r o x -

4 

x m a t e l y 10 s p o r e s . 

Starting o n e w e e k a f t e r inoculation and t h e r e a f t e r 

u n t i l h a r v e s t , r a n d o m w e e k l y s a m p l e s of 5 - 10 ears w e r e 

taken from e a c h p l o t and p l a c e d c a r e f u l l y inside p o l y t h e n e 

b a g s . T h e s e w e r e sealed and k e p t in a cold room (-8°C) 

u n t i l e x a m i n a t i o n . Sampling w a s d o n e at the same time 

(0900 h r s ) on e a c h o c c a s i o n and the ears were cut with a t 

l e a s t five i n c h e s of t h e stem for ease of h a n d l i n g and to 

m i n i m i z e c r o s s - c o n t a m i n a t i o n b e t w e e n samples during 

w e i g h i n g o p e r a t i o n s . 

1980 

P l o t s of w i n t e r w h e a t (Flanders) and b a r l e y (Maris 

O t t e r ) , w h o s e l o c a t i o n , d i m e n s i o n s and layout w e r e s i m i l a r 

to t h o s e d e s c r i b e d in S e c t i o n 1 (1980 e x p e r i m e n t s ) , w e r e 

u s e d in 1980 (Fig. 3 7 ) . T h e e x p e r i m e n t a l d e s i g n w a s 

r a n d o m i z e d b l o c k s , and t h e r e w e r e four t r e a t m e n t s as follows: 

1. W e e k l y s p r a y s w i t h p i r i m i c a r b (0.41 g a i / 1 ) from 

s t e m e l o n g a t i o n (GS 30) u n t i l crop ripening (GS 94) 

(Aphids and B Y D V a b s e n t ) . 

2 . W e e k l y s p r a y s w i t h p i r i m i c a r b from G S 30 u n t i l the 

e a r i n g s t a g e (GS 55) then infested w i t h a p p r o x i m a t e l y 

5 xLx a v e n a e p e r ear (Aphids p r e s e n t , B Y D V a b s e n t ) . 

3 . I n o c u l a t e d w i t h B Y D V a t the seedling stage (GS 14) 

and sprayed w e e k l y w i t h p i r i m i c a r b from G S 30 until 
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P l o t l a y o u t for s t u d i e s o n t h e e f f e c t of BYDV i n f e c t i o n 
of w i n t e r w h e a t a n d b a r l e y on the i n c i d e n c e of 
C l a d o s p o r i u m s o o t y m o u l d . Long h 'oos. 1960 

W h e a t B a r l e y 
( F l a n d e r s ) ( M a r i s O t te r ) 

A D B 

000 
000 
D B D 

21-49 m -

Tre a t m e n t s A N O BYDV» Week ly a p h i c i d e 
B No BYDV; A p h i d s i n t r o d u c e d 
c BYDV i n t r o d u c e d ; W e e k l y a p h i c i d e 
D BYDV a n d a p h i d s i n t r o d u c e d 

expt 
plot 

expt 
plot 

Fig. 37. 
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G S 94 (Aphids a b s e n t , BYDV p r e s e n t ) . 

4 . A s in 3 b u t also infested w i t h 5 S ^ a v e n a e per 

e a r a t G S 55 (Aphids and BYDV p r e s e n t ) . 

A r t i f i c i a l i n o c u l a t i o n s w i t h B Y D V w e r e done a s 

d e s c r i b e d e a r l i e r (Section 1). Infestation at G S 55 w a s 

a c h i e v e d b y a t t a c h i n g a p h i d - b e a r i n g leaf s e g m e n t s of w h e a t 

o r b a r l e y o n t o the e a r s . T h e a p h i d s w e r e o b t a i n e d from 

g l a s s h o u s e c u l t u r e s w h i c h h a d been started w i t h v i r g i n o -

p a r a e c o l l e c t e d from the field in 1 9 8 0 . A l l the p l o t s w e r e 

9 
sprayed w i t h e q u a l a m o u n t s (4.8 x 10 s p o r e s / p l o t ) of a 

9 

s u s p e n s i o n of CIa do spo rium s p o r e s (2.4 x 10 s p o r e s / m l ) in 

s t e r i l i z e d w a t e r on 18.6.80 (wheat G S 69, b a r l e y G S 7 1 ) . 

W e e k l y s a m p l e s of e a r s w e r e t a k e n from each p l o t b e g i n n i n g 

on 25.6.80 (one w e e k a f t e r i n o c u l a t i o n ) and t h e r e a f t e r 

u n t i l 13.8.80 (GS 9 4 ) , stored inside p o l y t h e n e b a g s in a 

cold room a t -8°C, and e x a m i n e d in the l a b o r a t o r y w i t h i n 

24 h o u r s of s a m p l i n g . 
E x a m i n a t i o n in t h e l a b o r a t o r y 

T h e f u n g u s c o n t e n t of t h e ears w a s a s s e s s e d in the 

l a b o r a t o r y by the d i l u t i o n p l a t i n g t e c h n i q u e . Potato 

d e x t r o s e a g a r (PDA) c o n t a i n i n g b e n z y l p e n i c i l l i n (20 units/nil) 

and s t r e p t o m y c i n s u l p h a t e (40 u n i t s / m l ) w a s used t h r o u g h o u t 

the s t u d y . F r o m e a c h p l o t , lOg of e a r m a t e r i a l w a s added 

to 90ml of 0 . 1 % tap w a t e r a g a r in a Stomacher b a g , allowed 

to soak f o r 20 m i n u t e s and t h e n comminuted in a C o l w o r t h 

S t o m a c h e r (A.J. Seward L t d . , L o n d o n ) . From this initial 

-7 

s u s p e n s i o n , t e n f o l d d i l u t i o n s w e r e m a d e down to 10 m a 

sterile c u l t u r e r o o m , u s i n g M c C a r t n e y b o t t l e s , an automatic 

p i p e t t e (Gilson, F r a n c e ) a n d d i s p o s a b l e 1ml p i p e t t e t i p s . 
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T h e c o n t e n t s of e a c h b o t t l e w e r e shaken v i g o r o u s l y for 

15 s e c o n d s b e f o r e the n e x t d i l u t i o n . A t each t r a n s f e r , t h e 

p i p e t t e tip w a s f l u s h e d three times w i t h the suspension in 

o r d e r to m i n i m i z e d i s c r e p a n c i e s in the v o l u m e transferred 

(Hornby, 1969; W i e r i n g a , 1 9 5 8 ) . 

B e g i n n i n g w i t h the m o s t d i l u t e , 0.2ml of each test 

d i l u t i o n w a s p l a c e d o n t o t h r e e p l a t e s of P D A which h a d 

s o l i d i f i e d o v e r n i g h t in 9cm p l a s t i c p e t r i d i s h e s . T h e 

s u s p e n s i o n s w e r e s p r e a d o u t e v e n l y o v e r the p l a t e s with 

b e n t p a s t e u r p i p e t t e s p r e a d e r s w h i c h w e r e disposed of a f t e r 

e a c h s a m p l e . S u f f i c i e n t time w a s allowed for the s u s p e n s i o n s 

to be a b s o r b e d onto t h e s u r f a c e of the agar (about 12 h r s ) 

and the p l a t e s w e r e inverted and incubated at 25°C for 

5 d a y s . T h e n u m b e r s of c o l o n i e s of C l a d o s p o r i u m a n d , in 

1980 o n l y , o t h e r m i c r o f l o r a g r o w i n g on each plate w e r e t h e n 

c o u n t e d u n d e r a b i n o c u l a r m i c r o s c o p e . From this t h e n u m b e r 

of v i a b l e p r o p a g u l e s of each m i c r o - o r g a n i s m per g r a m of 

e a r m a t e r i a l w a s c a l c u l a t e d f o r each p l o t . 

T h e m i c r o f l o r a w e r e i d e n t i f i e d w i t h the aid of the 

I l l u s t r a t e d genera of i m p e r f e c t fungi (Barnett & H u n t e r , 

1972) and D e m a t i a c e u s H y p h o m y c e t e s (Ellis, 1971). 

• • Y i e l d M e a s u r e m e n t s 

A t h a r v e s t ( 1 8 . 8 . 8 0 ) , m e a s u r e m e n t s w e r e m a d e o n six 

p a r a m e t e r s of y i e l d (see T a b l e 20) in all the p l o t s . Straw 

length w a s m e a s u r e d from t h e soil to the base of the e a r . 

G l a s s h o u s e E x p e r i m e n t . 

T h e e f f e c t of a p h i d h o n e y d e w on the infection of 

w h e a t p l a n t s by C l a d o s p o r i u m w a s f u r t h e r tested u n d e r 
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c o n t r o l l e d c o n d i t i o n s in a g l a s s h o u s e . The brown form of 

S . a v e n a e and p o t t e d spring w h e a t (Highbury) p l a n t s o b -

tained from g l a s s h o u s e c u l t u r e s (see p a g e s 39 - 41 ) w e r e 

used for the e x p e r i m e n t . G l a s s h o u s e c o n d i t i o n s were a s 

d e s c r i b e d e a r l i e r . T h e r e w e r e four t r e a t m e n t s as follows: 

1 . W h e a t p l a n t s w e r e p r o t e c t e d from a p h i d s by soil 

a p p l i c a t i o n of a s y s t e m i c insecticide (Aldicarb 

g r a n u l e s ) a t e a r e m e r g e n c e (GS 55) (No aphid o r 

a p h i d h o n e y d e w ) . 

2 . A s in 1 b u t p l a n t s w e r e a t t a c h e d to a p h i d - i n f e s t e d 

p l a n t s to c o l l e c t h o n e y d e w shooting off the a p h i d s 

(Honeydew w i t h o u t a p h i d s ) . 

3 . W h e a t e a r s w e r e infested at ear emergence with 

1 a p t e r o u s v i r g i n o p a r o u s SL avenae p e r ear w i t h o u t 

a cage (Honeydew f r o m a low aphid infestation) . 

4 . W h e a t e a r s w e r e i n f e s t e d at ear emergence w i t h 5 

a p t e r o u s v i r g i n o p a r a e of avenae p e r ear w i t h o u t 

a cage (Honeydew f r o m a h i g h aphid i n f e s t a t i o n ) . 

T h e r e w e r e 40 f e r t i l e t i l l e r s p e r t r e a t m e n t . P l a n t s in each 

t r e a t m e n t w e r e s p r a y e d a t the b e g i n n i n g and end of flowering 

(GS 61 & 6 9 ) a n d a t t h e e a r l y m i l k y stage (GS 75) w i t h equal 

a m o u n t s (20 m l ) of a s u s p e n s i o n of C l a d o s p o r i u m spores in 

g 

s t e r i l i z e d d i s t i l l e d w a t e r (2 x 10 s p o r e s / m l ) . T h e p l a n t s 

w e r e also s p r a y e d w i t h e q u a l a m o u n t s (20ml) of d i s t i l l e d 

w a t e r , 24 h o u r s a f t e r t h e s e c o n d inoculation w i t h C l a d o s p o r i u m , 

in o r d e r to e n c o u r a g e the g e r m i n a t i o n and d e v e l o p m e n t of the 

f u n g u s . A t c r o p ripening (GS 94), the ears w e r e removed 

and t h e i r c o n t e n t of C l a d o s p o r i u m w a s e n u m e r a t e d by t h e 

d i l u t i o n p l a t i n g t e c h n i q u e . Flag leaf samples from e a c h 
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t r e a t m e n t w e r e s i m i l a r l y e x a m i n e d f o r the i n c i d e n c e of 

C l a d o s p o r i u m . 

RESULTS 

- 2 

S o m e d i l u t i o n r a t e s (eg. 10 ) c o n t a i n e d too m a n y a n d 

-5 -7 

o t h e r s (eg. 10 - 10 ) too f e w c o l o n i e s f o r r e l i a b l e 

c o u n t i n g ( F i g . 3 8 ) . W i t h e x p e r i e n c e all c o u n t s w e r e t h e r e -

f o r e m a d e a t 1 0 "
4
 ( 1 9 7 9 ) o r 1 0 ~

3
 (1980) d i l u t i o n r a t e s which 

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

M i c r o - o r g a n i s m s i s o l a t e d 

A p a r t from C l a d o s p o r i u m spp, (CL_ h e r b a r u m a n d C . 

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

i n c l u d e d A u r e o b a s i d i u m s p . H y a l o d e n d r o n s p . , V e r t i c i l l i u m 

s p , p i n k y e a s t s a n d w h i t e y e a s t s . C o l o n i e s of A l t e r n a r i a 

w e r e r a r e l y o b s e r v e d a n d t h e n o n l y a t the l o w e s t d i l u t i o n 

r a t e s . 

T h e e f f e c t of BYDV o n C l a d o s p o r i u m 

In 1 9 7 9 , a l t h o u g h t h e o v e r a l l d i f f e r e n c e w a s n o t 

s t a t i s t i c a l l y s i g n i f i c a n t (F = 2 . 0 1 , df = 1 / 1 4 8 , N S ) 

(Table 1 5 ) , t h e r e w a s c o n s i s t e n t l y m o r e C l a d o s p o r i u m o n t h e 

e a r s of BYDV-infected w h e a t p l a n t s than o n h e a l t h y o n e s , 

e x c e p t o n 3 1 . 7 . 7 9 ( F i g . 3 9 A ) . M o r e C I a d o s p o r i u m w a s 

r e c o v e r e d f r o m t h e e a r s in 1 9 8 0 than in 1979 p o s s i b l y b e c a u s e 

of t h e l o w e r f u n g a l i n o c u l u m a p p l i e d in 1979 and also d u e 

to t h e d r y s p e l l t h a t o c c u r r e d a r o u n d the t i m e of .inoculation 

in 1979 (Fig. 3 9B ) . 

In 1 9 8 0 , s i g n i f i c a n t l y m o r e C l a d o s p o r i u m d e v e l o p e d o n 

t h e e a r s of B Y D V - i n f e c t e d w h e a t (F = 4 5 . 2 6 , df = 1 / 4 8 , 

p < 0 . 0 0 1 ) (Fig. 4 0 A ) a n d b a r l e y (F = 4 0 . 1 3 , df = 1 / 4 8 , 

p < 0 . 0 0 1 ) (Fig. 4 0 B ) t h a n o n h e a l t h y p l a n t s o v e r the 8 w e e k s 

of s a m p l i n g . 
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T a b l e 15: T h e e f f e c t o f B Y D V o n C l a d o s p o r i u m on wheat 

in the f i e l d , 1979 

M e a n n o . ( L o g e + 0 . 5 ) of v i a b l e 
p r o p a g u l e s / g e a r 

T r e a t m e n t H e a l t h y 
c o n t r o l 

B Y D V 

SED 
(148 d f ) 

3.58 5.17 1.13 

Table' 16: T h e e f f e c t of B Y D V on the total microflora o n 

w h e a t and b a r l e y in the f i e l d , 1980 

M e a n n o . ( L o g e +0.5) of v i a b l e 
p r o p a g u l e s / g e a r 

T r e a t m e n t 

A . W h e a t 

H e a l t h y 
control 

B Y D V 

Sampling d a t e 
9 . 7 . 8 0 14.27 
16.7.80 13.83 
2 3 . 7 . 8 0 13.79 
7 . 8 . 8 0 14.28 

14.8.80 14.54 

14.03 
14.15 
14.40 
15.22 
15.06 

SED 
(30 d f ) 

0.24 

B . B a r l e y 
14.32 14.85 0.14 
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Fig. 39A. Effect of BYDV infection on the incidence of Clodospo 

on wheat ears in the field, 1979. 

B. Rainfall at Rothamsted during the sampling period. 

( © ) = BYDV - infected; ( o ) = Healthy. 
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T h e e f f e c t of B Y D V o n o t h e r m i c r o f l o r a in 1980 

B Y D V i n f e c t i o n s i g n i f i c a n t l y increased the a b u n d a n c e 

of the total m i c r o f l o r a , including C l a d o s p o r i u m , on t h e 

e a r s of w h e a t (F = 1 6 . 3 7 , df = 1/30, p < 0 . 0 0 1 ) (Table 1 6 A ) 

and b a r l e y (F = 1 4 . 4 8 , df = 1/30, p < 0.001) (Table 1 6 B ) . 

W i t h w h e a t , t h e r e w a s a B Y D V x d a t e interaction w h i c h w a s 

a b s e n t in the c a s e of b a r l e y . 

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

w e r e n o t s i g n i f i c a n t l y i n c r e a s e d by B Y D V , a l t h o u g h there 

w e r e c o n s i s t e n t l y m o r e V e r t i c i l ! i u m p r o p a g u l e s on v i r u s -

infected w h e a t e a r s f r o m 16,7.80 o n w a r d s (F = 3 . 1 8 , df = 

1 / 3 0 , N S ) (Table 1 7 A ) . On b a r l e y the incidence o f 

V e r t i c i l l i u m o n l y w a s s i g n i f i c a n t l y g r e a t e r on B Y D V - i n f e c t e d 

e a r s (F = 2 3 . 9 1 , df = 1 / 3 0 , p < 0 . 0 0 1 ) (Table 1 7 B ) . 

The e f f e c t of a p h i d h o n e y d e w on C l a d o s p o r i u m 

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

T h e e f f e c t of a p h i d h o n e y d e w o n C l a d o s p o r i u m w a s 

t e s t e d o n l y in 1980 w h e n t h e g r a i n a p h i d , Sitobion a v e n a e 

w a s the p r e d o m i n a n t s p e c i e s . T h e p r e s e n c e of a p h i d h o n e y -

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

o n w h e a t (F = 6 . 6 8 2 , df = 1 / 4 8 , p< 0.05) (Fig. 4 1 A ) , the 

increase b e i n g g r e a t e s t on 2 5 . 6 . 8 0 (GS 7 3 ) o n e w e e k after 

the a t t a i n m e n t of p e a k a p h i d n u m b e r s . (SED w i t h 30 df = 

0 . 3 5 ) . 

H o n e y d e w h a d no s i g n i f i c a n t e f f e c t on the i n c i d e n c e of 

C l a d o s p o r i u m on b a r l e y e a r s (Fig. 41B) o n which t h e r e w e r e 

r e l a t i v e l y f e w a p h i d s . 
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T a b l e 17: T h e e f f e c t of B Y D V on V e r t i c i l l i u m o n w h e a t 

and b a r l e y , 1980 

M e a n N o . (Log e + 0.5) of v i a b l e 
p r o p a g u l e s / g ear 

SED 
(30 d f ) 

T r e a t m e n t H e a l t h y BYDV 

A . W h e a t 
Sampling date 
9.7.80 6.61 2.89 

16.7.80 2.91 9.43 
2 3 . 7 . 8 0 6.76 11.54 y 
7 . 8 . 8 0 11.63 13.20 

14.8.80 12.52 13.11 

B . B a r l e y 
Sampling d a t e 
9.7 .80 1.04 6.66 

16.7.80 4.77 10.52 
23.7.80 2.89 11.03 } 
7 . 8 . 8 0 11.21 11.67 

14.8.80 5.25 11.50 

2.44 

2.40 
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A W h e a t ( F l a n d e r s ) 

i n o c u l a t i o n 

i 

a 
cn 

tn & 

o 
cn 

a 
CL 
o 

CL 

SZ 
JO 
a 

o 

o c 

LO 
O + 

c 

QJ 
cn o 

G r o w t h s t a g e 59 69 71 73 75 77 83 85 87 92 

B B a r l e y ( M a r i s O t t e r ) 

12 

10 

8 18 

in 
-o 

* CL 
a 

G r o w t h s t a g e 61 71 73 77 85 87 91 92 93 9 4 
Fig. 41. The effect of aphid numbers and aphid honeydew on the incidence 

of Cladosporium on the ears" of wheat (A) and barley (b) in the 

field, 1930. ( © ) = Honeydew present; ( o ) = Honeydew absent; 

( A ) = BYDV - infected; (.-A) = Healthy. 
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G l a s s h o u s e E x p e r i m e n t 

V e r y l a r g e n u m b e r s of JEL a v e n a e d e v e l o p e d on the 

e a r s of p l a n t s in t r e a t m e n t s 3 and 4 (about 400 and 300 

a p h i d s p e r e a r r e s p e c t i v e l y a t p e a k i n f e s t a t i o n ) , b u t 

p l a n t s in t r e a t m e n t 1 r e m a i n e d free of a p h i d s t h r o u g h o u t 

t h e e x p e r i m e n t . Some a p h i d s m o v e d onto p l a n t s in t r e a t m e n t 

2 w h i l e t h e s e w e r e in c o n t a c t with aphid-infested p l a n t s 

b u t they died w i t h i n 24 h o u r s b e c a u s e of the insecticide 

t r e a t m e n t . T h e h o n e y d e w d e p o s i t e d o n these p l a n t s t h e r e -

fore c a m e mostly f r o m a p h i d s feeding on neighbouring p l a n t s . 

T h e r e w e r e s i g n i f i c a n t d i f f e r e n c e s between the treat-

m e n t s in the p o p u l a t i o n s of C l a d o s p o r i u m o n the e a r s (F = 

3 8 . 4 9 , df = 3 / 2 4 , p < 0 . 0 0 1 ) a n d on the flag l e a v e s (F = 

5 9 8 . 8 7 , df = 3 / 8 , p < 0 . 0 0 1 ) (Table 1 8 ) . T h e ears of a p h i d -

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

than those of n o n - i n f e s t e d p l a n t s and there w e r e significant 

d i f f e r e n c e s b e t w e e n t h e " h i g h " and the "low" a p h i d - i n f e s t e d 

p l a n t s . T h e p l a n t s w h i c h h a d aphid h o n e y d e w w i t h o u t a p h i d s 

h a d m o r e Clado s p o r i u m o n the e a r s and flag leaves than those 

w i t h o u t a p h i d s o r h o n e y d e w , b u t the difference w a s significant 

o n l y on the l e a v e s . 

T h e e a r s w e r e a l m o s t c o m p l e t e l y free of o t h e r microflora 

o t h e r than C l a d o s p o r i u m and the leaves h a d so few that 

t h e y w e r e n o t i n c l u d e d in t h e a n a l y s e s . 

T h e e f f e c t o f a p h i d h o n e y d e w o n o t h e r microflora in the f i e l d . 

T h e p r e s e n c e of a p h i d h o n e y d e w on the e a r s of w h e a t 

did n o t s i g n i f i c a n t l y a f f e c t e i t h e r the total m i c r o f l o r a o i 

t h e a b u n d a n c e of i n d i v i d u a l m i c r o f l o r a o t h e r than C l a d o s p o i i u m . 
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On b a r l e y , h o n e y d e w s i g n i f i c a n t l y increased total 

m i c r o f l o r a (F = 9 . 1 8 , df = 1/30, p < 0 . 0 1 ) ( T a b l e 19) but 
sptdti op-

did n o t a l t e r the i n c i d e n c e of e a c h / m i c r o - o r g a n i s m . 

I n t e r a c t i o n s b e t w e e n B Y D V and aphid h o n e y d e w 

T h e r e w a s no s i g n i f i c a n t interaction between B Y D V and 

a p h i d h o n e y d e w on w h e a t o r b a r l e y . 

T h e i n f l u e n c e of r a i n f a l l on C l a d o s p o r i u m . 

In 1 9 7 9 , there w a s v e r y little rainfall in the w e e k s 

i m m e d i a t e l y b e f o r e and a f t e r the inoculation of w h e a t e a r s 

w i t h C l a d o s p o r i u m (Fig. 3 9 B ) . T h e r e w a s a c o r r e s p o n d i n g 

d e c r e a s e in the i n c i d e n c e of Clado sporium on the e a r s 

d u r i n g t h i s p e r i o d , f o l l o w e d b y a sharp increase a f t e r the 

o n s e t of r a i n f a l l . In 1 9 8 0 , h o w e v e r , there w a s m u c h r a i n -

fall t h r o u g h o u t the s t u d y p e r i o d e x c e p t in early A u g u s t 

(Fig. 4 0 C ) . S l i g h t i n c r e a s e s and decreases in the incidence 

of C l a d o s p o r i u m c o r r e s p o n d e d w i t h p e r i o d s of h i g h o r l o w 

r a i n f a l l b u t t h e s e f l u c t u a t i o n s w e r e smaller than in 1 9 7 9 . 

It t h e r e f o r e a p p e a r s t h a t r a i n f a l l w a s c r i t i c a l for 

C l a d o s p o r i u m in the e a r l y s t a g e s of infection and h a d little 

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

Y i e l d 

E x c e p t for the shelling p e r c e n t a g e in b a r l e y , all the 

six p a r a m e t e r s of y i e l d w e r e significantly d e p r e s s e d by 

B Y D V infection of w h e a t and barley (Table 2 0 ) . T h e 

r e d u c t i o n ranged from 10.11 - 63.51% in w h e a t and 3.42 -

6 0 . 3 0 % in b a r l e y . T h e e f f e c t of a p h i d s on these i n d i c e s o f 

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

b e t w e e n B Y D V and aphid feeding significantly reduced g r a i n 

w e i g h t in b a r l e y (F = 8.10,df = 1/6, p < 0 . 0 5 ) ( T a b l e 21) b u t 

w e r e o t h e r w i s e i n s i g n i f i c a n t . 
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T a b l e 18: T h e e f f e c t of a p h i d h o n e y d e w o n the incidence 

of C l a d o s p o r i u m o n the ears and leaves of wheat 

( H i g h b u r y ) in the g l a s s h o u s e . 

T r e a t m e n t M e a n No (Log + 0.5) of v i a b l e propagules/g 
e 

p l a n t m a t e r i a l * 

A p h i d NO N O Y E S ( l o w ) Y E S ( H i g h ) 

H o n e y d e w NO Y E S Y E S Y E S 

E a r s 9.48 10.30 13.12 14.30 

a a b c 

L e a v e s 8.92 11.40 13.35 11.03 

a b c d 

+ V a l u e s w i t h the same l e t t e r do n o t d i f f e r s i g n i f i c a n t l y 

at the 5% l e v e l . 

SED Df 

0.558 3/24 

0.105 3/8 

T a b l e 19: T h e e f f e c t of a p h i d h o n e y d e w o n the total 

m i c r o f l o r a on b a r l e y in the f i e l d , 1980. 

T r e a t m e n t C o n t r o l 

14.38 

H o n e y d e w 

14.79 

S E D 

(30 d f ) 

0.14 



T a b l e 20: T h e e f f e c t of B Y D V on p a r a m e t e r s of y i e l d in w h e a t , o a t s and barley* 

P a r a m e t e r S t r a w length L e n g t h of ears N o . of g r a i n s Shelling % G r a i n W t of g r a i n s 
(cm) (cm) p e r ear t (mg) p e r 20 ears 

W h e a t 
(gm)(Dry) 

H e a l t h y 72.16 9.32 44.36 64.30 39.26 31.05 

D i s e a s e d 56.05 7.84 22.57 57.80 29.18 11.33 

% reduction 22.33** 15.88** 4 9 . 1 2 * * * 10.11** 25.67** 63.51*** 

SED (6 d f ) 3.34 0.39 3.04 1.13 1.70 2.24 

B a r l e y 

H e a l t h y 81.15 9.13 25.34 68.06 38.53 17.33 

Diseased 49.07 4.98 14.55 65.73 28.80 6.88 

% reduction 42.00*** 4 5 . 4 5 * * * 42.58*** 3.42 25.25** 60.30*** 

SED (6 df) 2.17 0.26 1.06 1.22 1.69 0.58 

•f t r a n s f o r m e d into a n g l e s 
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T a b l e 21: T h e c o m b i n e d e f f e c t s of BYDV and aphid feeding 

on g r a i n size in b a r l e y . 

G r a i n w e i g h t (mg) SED(6 d f ) 

T r e a t m e n t - a p h i d s + a p h i d s 

- B Y D V 37.92 39.15 3 
I 2.39 

+ B Y D V 32.99 24.62 
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P I g C U S S I O N 

T h e seven m i c r o - o r g a n i s m s identified in this study 

are c h a r a c t e r i s t i c of ripening grain at Rothamsted 

(eg. H i l l , 1979; M a i s , 1979). Alternaria w a s encountered 

less frequently than the o t h e r microflora possibly because 

it sporulates less r e a d i l y than e g . Cladosporium and m a y 

t h e r e f o r e be u n d e r e m p h a s i z e d b y the dilution plating m e t h o d 

(Hill, 1979). 

In both y e a r s , m o r e Cladosporium developed on the ears 

of B Y D V - i n f e c t e d p l a n t s than o n healthy o n e s . In 1979, when 

the leaf-feeding M e t o p o l o p h i u m dirhodum w a s abundant, the 

ears w e r e free of a p h i d s and aphid h o n e y d e w . In 1980, the 

ears in some p l o t s w e r e p r o t e c t e d from the grain aphid, 

Sitobion a v e n a e , w i t h an i n s e c t i c i d e . The differences in 

the levels of C l a d o s p o r i u m o n the ears of healthy and 

infected p l a n t s in such p l o t s were therefore attributable 

to the effect of the v i r u s a l o n e . BYDV is known to increase 

the concentration of n u t r i e n t s such as carbohydrates 

(Goodman .et aJL, 1965; O r l o b & A m y , 1961 ; Watson & M u l l i g a n , 

1960) and free amino a c i d s (Markkula & L u u r e m a , 1964) in tie 

tissues of infected p l a n t s . T h i s would enhance the 

suitability of the infected p l a n t s as substrates for fungal 

g r o w t h by improving their n u t r i t i v e value, since carbohydrates 

and nitrogen aire among the n u t r i e n t s essential for all fungi 

(Hawker, 1950, 1957). A l t h o u g h Cladosporium is predominantly 

a saprophytic p h y l l o p l a n e fungus (Dickinson, 1976; 

Dickinson & B o t t o m l e y , 1980; Dickinson & O ' D o n n e l l , 1977), 

O'Donnell and Dickinson (1980) h a v e shorn that some isolates 

of CL. c l a d o s p o r i o i d e s and cy herbarum can penetrate and 
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g r o w i n s i d e l i v i n g p l a n t t i s s u e s . T h e y can t h e r e b y b e n e f i t 

from a f a v o u r a b l e c h a n g e in t h e n u t r i t i v e v a l u e of t h e i r 

h o s t p l a n t . 

In a d d i t i o n , m a n y .plants h a v e been found to leach 

c h e m i c a l s u b s t a n c e s o n t o s u r f a c e s such as the l e a v e s , 

f l o w e r s a n d d e v e l o p i n g g r a i n s (Tukey & M o r g a n , 1964, and 

r e v i e w s by T u k e y , 1 9 7 0 , 1 9 7 1 ) . The substances leached 

i n c l u d e l a r g e a m o u n t s o f free sugars and all the amino 

a c i d s f o u n d in p l a n t s (Morgan, 1963; M o r g a n & T u k e y , 1 9 6 4 ) , 

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

a c c o u n t f o r the m a j o r i t y . T h e tissues of h e a l t h y and 

v i g o r o u s l y g r o w i n g p l a n t s a r e m u c h l e s s p r o n e to leaching 

than are t h o s e of p l a n t s w h i c h are i n j u r e d , no m a t t e r 

w h e t h e r i n j u r y is i n d u c e d b y m i c r o - o r g a n i s m s , a d v e r s e c l i m a t e , 

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

m e a n s (Tukey & M o r g a n , 1 9 6 3 ) . A n y f a c t o r w h i c h w i l l raise 

t h e n u t r i e n t s t a t u s o f the p l a n t will r e s u l t in h i g h e r 

l e v e l s of l e a c h i n g (Arens, 1934; S c h o c h , 1 9 5 5 ) . Sugary 

e x u d a t e s h a v e b e e n o b s e r v e d o n the l e a v e s of B Y D V - i n f e c t e d 

o a t s and b a r l e y (Esau, 1957b) and m u s t ^ o c c u r on the ears too, 

since e n z y m e - l i n k e d i m m u n o s o r b e n t assay (ELISA) t e s t s 

i n d i c a t e h i g h l e v e l s of the v i r u s in the ears of w h e a t 

(Hill & M e r r i m a n , u n p u b l i s h e d d a t a ) . No a t t e m p t w a s m a d e 

in t h i s study to c o m p a r e the q u a n t i t i e s and chemical 

c o m p o s i t i o n of the e x u d a t e s o n h e a l t h y and diseased plants, 

b u t it is l i k e l y t h a t the e a r s of B Y D V - i n f e c t e d p l a n t s 

c o n t a i n e d m o r e e x u d a t e s t h a n those of h e a l t h y p l a n t s . T h i s 

c o u l d e x p l a i n the g r e a t e r d e v e l o p m e n t of total m i c r o f l o r a , 

C l a d o s p o r i u m , and V e r t i c i l l i u m on the e a r s of diseased p l a n t s . 
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T h e r e l a t i o n s h i p b e t w e e n the c o n c e n t r a t i o n o f 

n u t r i e n t s and the g r o w t h of v a r i o u s o t h e r fungi h a s been 

w e l l d o c u m e n t e d (see L i t e r a t u r e r e v i e w ) . A l t h o u g h the 

o p t i m u m a m o u n t s of t h e s e n u t r i e n t c o m p o n e n t s n e c e s s a r y for 

t h e g r o w t h and d e v e l o p m e n t of Clado sporium w e r e n o t 

i n v e s t i g a t e d here., it d o e s seem likely that the altered 

p h y s i o l o g y of B Y D V - i n f e c t e d p l a n t s predisposed them to 

i n f e c t i o n by C I a d o s p o r i u m . Smith (1962) had found that when 

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

in a g r e e n h o u s e and s p r a y e d w i t h spores of A l t e m a r i a and 

C l a d o s p o r i u m s p e c i e s , t h e e a r s of B Y D V - i n f e c t e d p l a n t s 

w e r e m o r e severely b l a c k e n e d than t h o s e of h e a l t h y p l a n t s . 

He did n o t a t t e m p t , h o w e v e r , to separate the effect of the 

v i r u s o n the two f u n g i o r to explain the cause of the 

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

h i s o b s e r v a t i o n in the g r e e n h o u s e and that of H o o p e r (1978) 

in the f i e l d . S i m i l a r i n t e r a c t i o n s between B Y D V and several 

o t h e r f u n g i e g . E r y s i p h e g r a m i n i s DC ex M e r a t (powdery 

m i l d e w ) and a v a r i e t y of r o o t - r o t t i n g f u n g i , on c e r e a l s have 

b e e n r e c o r d e d by v a r i o u s w o r k e r s (Comeau & P e l l e t i e r , .1976; 

P e l l e t i e r jet _al, 1974; P o t t e r , 1974, 1980; P r i c e , 1970; 

S c o t t , 1968; and S m i t h , 1 9 6 2 ) . The effect of B Y D V on 

V e r t i c i l l i u m r e c o r d e d h e r e m a y be due to a combination of 

the c h a n g e d p h y s i o l o g y of t h e h o s t p l a n t , and the fact that 

t h i s f u n g u s can p a r a s i t i z e C l a d o s p o r i u m (Lacey, p e r s . c o m m . ) . 

T h e a d d i t i v e n a t u r e of t h e s e two e f f e c t s is supported b y 

t h e f i n d i n g t h a t a p h i d h o n e y d e w increased the a b u n d a n c e of 

C l a d o s p o r i u m b u t n o t t h a t of V e r t i c i l l i u m . 



I 

143 

In the f i e l d , t h e i n f l u e n c e of aphid h o n e y d e w on 

C l a d o s p o r i u m , though s i g n i f i c a n t o n w h e a t , w a s u n i m p o r t a n t 

o n b a r l e y . On w h e a t , t h e e f f e c t w a s s t r o n g e s t on the 

second s a m p l i n g o c c a s i o n , a b o u t o n e week a f t e r the a t t a i n -

m e n t of p e a k a p h i d n u m b e r s on the e a r s . T h e effect of h o n e y d e w 

d e c r e a s e d t h e r e a f t e r a s the d e n s i t y of a p h i d s d e c l i n e d . 

T h e n u m b e r s o f S ^ a v e n a e on b a r l e y ears w e r e m u c h l o w e r 

than o n w h e a t . It t h e r e f o r e a p p e a r s that the e f f e c t of 

h o n e y d e w o n C l a d o s p o r i u m is d e p e n d e n t on the n u m b e r s of 

a p h i d s p r e s e n t and t h a t it i s short—lived in the a b s e n c e of 

a p h i d s . T h e r e w a s m u c h r a i n f a l l during this period and 
i 

rain could, h a v e r e m o v e d h o n e y d e w from the e a r s . T h e 

r e l a t i o n s h i p b e t w e e n a p h i d h o n e y d e w and C l a d o s p o r i u m w a s 

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

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

a p h i d s on the e a r s o f w h e a t w e r e reflected in the incidence 

o f C l a d o s p o r i u m . T h e g l a s s h o u s e study also casts some 

d o u b t on the p o s s i b i l i t y t h a t aphid feeding p e r se and n o t 

h o n e y d e w m i g h t be r e s p o n s i b l e for increasing the i n f e c t i o n 

of w h e a t p l a n t s b y CIa do spo r i u m , for d i f f e r e n c e s in t h e 

i n c i d e n c e of C l a d o s p o r i u m b e t w e e n t r e a t m e n t s 1 (aphid and 

h o n e y d e w a b s e n t ) and 2 (honeydew p r e s e n t ) w e r e s i g n i f i c a n t 

n o t on the e a r s but on the flag l e a v e s , indicating t h a t more 

h o n e y d e w f r o m a p h i d s o n the ears of n e i g h b o u r i n g p l a n t s must 

h a v e f a l l e n o n the flag l e a v e s than on the e a r s of plants' 

in t r e a t m e n t 2 . 

H o n e y d e w c o n t a i n s l a r g e a m o u n t s of s u g a r s , amino acids 

and a m i d e s (see review by A u c l a i r , 1963). It is k n o w n from 

e x p e r i m e n t a l w o r k q u o t e d e a r l i e r that the c o n c e n t r a t i o n s of 
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t h e s e c o m p o u n d s i n f l u e n c e the growth and d e v e l o p m e n t of 

v a r i o u s f u n g i . T h e r e i s some e v i d e n c e in t h e l i t e r a t u r e 

that the p r e s e n c e of h o n e y d e w p r o d u c e d by a p h i d s o r c o c c i d s 

f a v o u r s the i n c i d e n c e o f sooty m o u l d s , including Clado-

s p o r i u m (eg. B u s h i n g & B u r t o n , 1974; G a r d n e r , 1849; J a m i l 

K h a n & S u l t a n a , 1974; M c A l p i n e , 1896; M e y e r , 1978; 

P a r k e r et a l , 1956; R i p h a g e n e t a l , 1979; S t o v e r , 1975; 

T e d d e r s & S m i t h , 1 9 7 6 ) . 

On the b a s i s of t h e r e s u l t s p r e s e n t e d h e r e , it is 

o b v i o u s t h a t i n f e c t i o n of the h o s t p l a n t by B Y D V p r e d i s p o s e s 

the p l a n t to i n f e c t i o n by C l a d o s p o r i u m . It p r o b a b l y affects 

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

on c e r e a l s , in a s i m i l a r m a n n e r . H o w e v e r , in this s t u d y , 

A l t e r n a r i a w a s o b s e r v e d at d i l u t i o n rates l o w e r than t h o s e 

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

s m a l l e r e f f e c t of h o n e y d e w o n Cladosporium in the f i e l d was 

p r o b a b l y d u e to the l o w n u m b e r s of a p h i d s in 1980. In years 

w h e n p o p u l a t i o n s of SL a v e n a e are h i g h , as e x e m p l i f i e d b y 

the g l a s s h o u s e s t u d y , h o n e y d e w w i l l no d o u b t exert a 

g r e a t e r e f f e c t than w a s r e c o r d e d h e r e . It is t h e r e f o r e 

p r e m a t u r e to speculate o n the relative importance of B Y D V 

and aphid h o n e y d e w in e n h a n c i n g the infection of c e r e a l s 

by C l a d o s p o r i u m . 

T h e d e c l i n e in t h e incidence of Cladosporium in t h e * 

f i r s t two w e e k s of sampling in 1979 w a s p r o b a b l y d u e to 

t h e long d r y spell w h i c h e x t e n d e d from late J u n e to l a t e 

J u l y . T h e d e c l i n e m a y h a v e started immediately after, 

a r t i f i c i a l i n n o c u l a t i o n b u t sampling w a s n o t done e a r l y 
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e n o u g h to d e t e c t t h i s . M i c r o - o r g a n i s m s are k n o w n to b e 

a d v e r s e l y a f f e c t e d by h o t d r y w e a t h e r and to g r o w m o r e 

r a p i d l y in w a r m wet c o n d i t i o n s (eg. Hyde & G a l l e y m o r e , 

1 9 5 0 ) . T h e d e v e l o p m e n t of C l a d o s p o r i u m h e r b a r u m on w h e a t 

w a s c o r r e l a t e d with m o i s t , w a r m w e a t h e r (Bennett, 1 9 2 8 ) , 

and the g e r m i n a t i o n of several isolates of CL h e r b a r u m 

and C ^ c l a d o s p o r i o i d e s w a s f o u n d to be strikingly influenced 

by h u m i d i t y (Dickinson & B o t t o m l e y , 1980). C l a d o s p o r i u m is 

t h e r e f o r e a w e t w e a t h e r f u n g u s and the environmental 

c o n d i t i o n s a p p e a r to h a v e b e e n a d e q u a t e for its g r o w t h and 

d e v e l o p m e n t in 1 9 8 0 . 

Y i e l d 

T h e y i e l d l o s s e s c a u s e d b y B Y D V in this e x p e r i m e n t 

c o n f i r m the f i n d i n g s in Section 1 and the e x p l a n a t i o n s f o r 

the d i f f e r e n c e s b e t w e e n c r o p s h a v e been discussed in t h a t 

s e c t i o n . A p h i d f e e d i n g d a m a g e did n o t significantly 

a f f e c t y i e l d in t h i s t r i a l p r o b a b l y due to the low 

p o p u l a t i o n s of Jl» a v e n a e o n the ears in 1 9 8 0 . H e a v y a p h i d 

i n f e s t a t i o n s are k n o w n to c a u s e serious y i e l d losses in 

b o t h w h e a t and b a r l e y (eg. B a - A n g o o d & S t e w a r t , 1980a,b; 

G e o r g e & G a i r , 1979; L o w e , 1974; W r a t t e n , 1978 and R a u t a p a a , 

1 9 6 6 , 1 9 6 8 a , b ) . 

S u m m a r y ' 

T h e e a r s of w i n t e r w h e a t (Flanders) and barley (Maris 

O t t e r ) , a r t i f i c i a l l y i n f e c t e d w i t h a severe padi-specl:fic 

isolate of b a r l e y y e l l o w dwarf v i r u s (BYDV) and h e a l t h y 

o n e s , w e r e inoculated a f t e r flowering in the field w i t h 

s p o r e s of C l a d o s p o r i u m . L e v e l s of Cladosporium infection 

in the two t r e a t m e n t s w e r e m o n i t o r e d by w e e k l y s a m p l e s from 

w h i c h t h e n u m b e r s of v i a b l e p r o p a g u l e s per gram of e a r 

.ma terial w e r e a s s e s s e d b y the dilution plating m e t h o d . 
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T h e e f f e c t of aphid h o n e y d e w w a s similarly tested on 

w i n t e r w h e a t and b a r l e y in t h e field and on spring w h e a t 

(Highbury) in the g l a s s h o u s e . T h e results showed that 

p r i o r i n f e c t i o n of b o t h w h e a t and b a r l e y by B Y D V pre-

d i s p o s e d them to i n f e c t i o n b y Cladosporium and Verticilliurm 

A p h i d h o n e y d e w i n c r e a s e d t h e incidence of Cladosporium 

o n w h e a t e a r s and flag l e a v e s b u t n o t on b a r l e y e a r s , 

and t h i s w a s a t t r i b u t a b l e to the h i g h e r n u m b e r s of a p h i d s 

on w h e a t . B Y D V s i g n i f i c a n t l y depressed the-yield of 

w i n t e r w h e a t and b a r l e y a s m e a s u r e d by /v p a r a m e t e r s . 
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S E C T I O N 5 

THE E F F E C T OF B A R L E Y Y E L L O W D W A R F V I R U S ON H O N E Y D E W 

P R O D U C T I O N BY THE C E R E A L A P H I D S , SITOBION A V E N A E F . 

A N D ME TO POL 0 PHIUM D I R H O D U M W L K . 

I N T R O D U C T I O N 

F i e l d e x p e r i m e n t s in 1979 and 1980 showed that 

s i g n i f i c a n t l y m o r e C l a d o s p o r i u m g r e w o n the ears of w h e a t 

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

s t r a i n of b a r l e y y e l l o w dwarf v i r u s (BYDV) than on h e a l t h y 

p l a n t s in n e i g h b o u r i n g p l o t s (Section 4 ) . This w a s 

true in the p r e s e n c e o r a b s e n c e of a p h i d s on the e a r s b u t 

a p h i d i n f e s t a t i o n of t h e e a r s further increased infection 

w i t h the sooty m o u l d f u n g u s . It w a s thought that BYDV 

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

d e w b y a p h i d s feeding o n t h e m , thereby encouraging the 

g r o w t h and d e v e l o p m e n t of m o u l d fungi which thrive on 

h o n e y d e w . Such an i n c r e a s e in h o n e y d e w excretion c o u l d b e 
/ 

due e i t h e r to a l a r g e r a p h i d p o p u l a t i o n o r to m o r e h o n e y d e w 

being e x c r e t e d p e r a p h i d , o r b o t h . Field o b s e r v a t i o n s 

r e v e a l e d t h a t l a r g e r a p h i d p o p u l a t i o n s developed on B Y D V -

infected t h a n o n h e a l t h y p l a n t s - M e t o p o l o p h i u m d i r h o d u m W l k . 

in 1979 a n d Sitobion a v e n a e F . in 1980 (Section 1), con-

firming the first h y p o t h e s i s . T h i s section d e s c r i b e s 

e x p e r i m e n t s , in w h i c h the second h y p o t h e s i s , that B Y D V 

infection of the h o s t p l a n t i n c r e a s e s the amount of h o n e y -

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

M A T E R I A L S A N D M E T H O D S 

T h e i n s e c t s , p l a n t s , g l a s s h o u s e and Saxcil growth c a b i n e t s 

T h e i n s e c t s and p l a n t s u s e d for this e x p e r i m e n t w e r e 
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o b t a i n e d from g l a s s h o u s e c u l t u r e s as described p r e v i o u s l y , 

b u t the a p h i d s w e r e m a i n t a i n e d on w h e a t (Highbury) and 

b a r l e y (Julia). T h e g l a s s h o u s e and Saxcil growth c a b i n e t s 

h a v e also been d e s c r i b e d (pages 39 - 4 1 ) . 

T h e H o n e y d e w R e c o r d i n g M a c h i n e 

Two h o n e y d e w r e c o r d i n g m a c h i n e s similar to t h a t 

d e s c r i b e d b y B a n k s and M a c a u l a y (1964) were used (Fig. 4 2 ) , 

T h e y d i f f e r e d from the e a r l i e r v e r s i o n in having o n l y o n e 

h o r i z o n t a l steel rod w h i c h w o u n d u p five strips of 

i n d i c a t o r c h r o m a t o g r a p h y p a p e r (Whatman N o . 1, 4cm w i d e ) . 

H o l e s , w h i c h w e r e c o v e r e d w i t h m u s l i n c l o t h , were m a d e in 

the lids of the t r a n s p a r e n t b o x e s for ventilation and to 

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

s p o t s . T h e p o t t e d p l a n t s and u n u s e d rolls of indicator 

p a p e r w e r e a r r a n g e d o n the s i d e of the m a c h i n e o p p o s i t e the 

rod the l e v e l of w h i c h c o u l d b e adjusted to suit the h e i g h t 

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

f o r B Y D V - i n f e c t e d and c o n t r o l p l a n t s b u t w e r e e x c h a n g e d 

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

M e a s u r e m e n t of f r e q u e n c y a n d v o l u m e of h o n e y d e w p r o d u c t i o n . 

P o s t - t e n e r a l a l a t e v i r g i n o p a r a e of comparable size and 

m a t u r i t y w e r e o b t a i n e d from the cultures and allowed to 

feed and r e p r o d u c e on the u n d e r s u r f a c e of the y o u n g e s t leaf 

of the m a i n stem of e a c h p l a n t above each strip of indicator 

p a p e r w i t h i n each JDOX. W h e n a l l the alates h a d e a c h produced 

a t l e a s t o n e n y m p h , t h e y w e r e removed with all b u t the 

y o u n g e s t n y m p h s , using a f i n e c a m e l h a i r b r u s h . In this way 

the age and size of t h e e x p e r i m e n t a l n y m p h s were standardised 

as m u c h a s p o s s i b l e . 
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Fig. 42A. Modified Banks and Macaulay's (1964) honeydew 

recording apparatus, set up with 4 strips of 
indicator paper and a potted wheat plant. 

D i a g r a m of h o n e y d e w r e c o r d i n g a p p a r a t u s 

C e r e a l l e a f 

Fig. 42B. 
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T h e h o n e y d e w d r o p l e t s e x c r e t e d by each aphid m a d e 

d i s t i n c t s p o t s on the m o v i n g p a p e r w h i c h w a s replaced every 

24 h o u r s . T h e n u m b e r of d r o p l e t s p e r 24 h o u r s w a s c o u n t e d 

a n d the m e a n d i a m e t e r of each w a s m e a s u r e d and used to 

c a l c u l a t e i ts a r e a . D r o p l e t d i a m e t e r w a s the mean o f two 

m e a s u r e m e n t s taken at r i g h t a n g l e s to each o t h e r u s i n g an 

o c u l a r m i c r o m e t e r . 

To c a l i b r a t e the r e l a t i o n s h i p b e t w e e n spots and d r o p l e t 

v o l u m e , k n o w n h o n e y d e w v o l u m e s of 0.7, 1, 2, 3 , 4 , 5 , and 

6 julitres w e r e c o l l e c t e d s e p a r a t e l y from jL avenae a n d 

M . d i r h o d u m c o l o n i e s w i t h m i c r o c a p i i l a r i e s and spotted onto 

a s t r i p of i n d i c a t o r p a p e r and t h e i r area m e a s u r e d . 

R E S U L T S 

T h e e f f e c t of B Y D V o n the f r e q u e n c y of h o n e y d e w e x c r e t i o n . 

B o t h S,. a v e n a e a n d ML d i r h o d u m w e r e tested on the flag 

leaf of h e a l t h y and B Y D V - i n f e c t e d w h e a t (GS 55-60) (Zadoks 

e t a l , 1 9 7 4 ) . SL a v e n a e w a s f u r t h e r tested on w h e a t l e a v e s 

a t the t i l l e r i n g s t a g e (GS 32) and o n the ears at flowering 

(GS 6 5 ) . Mj_ d i r h o d u m w a s n o t tested on the ears due to its 

r e l u c t a n c e to feed t h e r e , b u t w a s t e s t e d on barley l e a v e s 

a t g r o w t h stage 3 2 . A m a x i m u m of ten a p h i d s p e r t r e a t m e n t 

w a s s t u d i e d w h e r e p o s s i b l e , a l t h o u g h some £L avenae w e r e 

v e r y r e s t l e s s and did n o t a l l o w r e c o r d i n g s to be m a d e beyond 

f i v e d a y s . T h e r e s u l t s for S ^ a v e n a e a t the three g r o w t h 

s t a g e s w e r e p o o l e d b e f o r e a n a l y s i s because of the consequent 

l a c k of r e p l i c a t i o n . 

T h e f r e q u e n c y of e x c r e t i o n w a s n o t constant throughout 

t h e a p h i d s 1 d e v e l o p m e n t in e i t h e r s p e c i e s . On w h e a t , the 

n u m b e r of d r o p l e t s e x c r e t e d on h e a l t h y p l a n t s increased 
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from birth to a p e a k o n t h e third d a y in M ^ d i r h o d u m 

and o n the f o u r t h d a y in S ^ a v e n a e and then d e c r e a s e d 

t h e r e a f t e r (Fig. 4 3 ) . d i r h o d u m feeding on diseased 

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

d a y s e x c e p t the fourth and fifth when p l a n t s in both treat-

m e n t s w e r e n o t w a t e r e d . T h e d i f f e r e n c e for avenae w a s 

s i g n i f i c a n t o n the f i r s t and fourth days o n l y . On b a r l e y , 

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

h e a l t h y p l a n t s o n all e x c e p t the n i n t h d a y . T h e rate o f 

e x c r e t i o n in b o t h t r e a t m e n t s p e a k e d on the third d a y . 

T h e c u m u l a t i v e n u m b e r o f d r o p l e t s e x c r e t e d b y M . 

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

h e a l t h y than on d i s e a s e d w h e a t and b a r l e y f r o m the f i r s t 

d a y (Fig. 4 4 ) . On the n i n t h d a y after b i r t h , M ^ d i r h o d u m 

e x c r e t e d 4 1 % f e w e r d r o p l e t s (F = 1 4 . 1 3 , df = 11, p < 0 . 0 1 ) 

on d i s e a s e d w h e a t and 2 9 % f e w e r d r o p l e t s (F = 1 9 . 3 3 , df = 18, 

p < 0 . 0 0 1 ) o n d i s e a s e d b a r l e y than on h e a l t h y p l a n t s . T h e 

c u m u l a t i v e n u m b e r of d r o p l e t s excreted by S ^ a v e n a e on 

h e a l t h y w h e a t w a s also c o n s i s t e n t l y h i g h e r than o n diseased 

w h e a t but the s i g n i f i c a n c e of this d i f f e r e n c e w a s not, 

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

d a y s . On the fifth d a y a f t e r birth SL a v e n a e e x c r e t e d 23% 

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

f o r M ^ d i r h o d u m w e r e 3 2 % o n w h e a t (F = 5 . 2 2 , df = 11, p < 0.05) 

and 2 6 % on b a r l e y (F = 1 2 . 0 6 , df = 18, p < 0 . 0 1 ) . 

T h e r e l a t i o n s h i p b e t w e e n the area and v o l u m e of h o n e y d e w 

d r o p l e t s . 

T h e v o l u m e of h o n e y d e w d r o p l e t s excreted by avenae 

a n d M ^ d i r h o d u m is h i g h l y c o r r e l a t e d w i t h the area of their 



Fig. 43. The effect of BYDV infection on the frequency of 

honeydew excretion by S^ avenae and M . dirhodum 

feeding on wheat and barley. 

... - 0 = healthy; O = BYDV-infected. 
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Fig. 44. The effect of BYDV infection of wheat and barley 

on the cumulative number of droplets produced by 

S. avenae and dirhodum. 

• = healthy plants; U = BYDV-infected 

plants. 
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spots on i n d i c a t o r p a p e r (Fig. 4 5 ) . The regression 
gift 

equation f o r this r e l a t i o n s h i p is y—0-rOV6—x—F-0-.-289-, 

(r = 0.985, p < 0.001) compared 1 4 9 , 

(r = 0 . 9 9 8 , p < 0 . 0 0 1 ) for w a t e r . T h e regression for aphid 

h o n e y d e w w a s s u b s e q u e n t l y used to calculate the v o l u m e of 

h o n e y d e w p r o d u c e d . 

T h e e f f e c t of B Y D V a n d the age of aphids on the volume of 

h o n e y d e w e x c r e t e d . 

T h e v o l u m e of i n d i v i d u a l h o n e y d e w droplets produced 

b y b o t h s p e c i e s increased greatly from birth to the adult 

(r = 0 . 9 6 4 , p < 0 . 0 0 1 and 0 . 9 8 8 , p < 0.001 for M ^ dirhoduitt 

and Sh a v e n a e r e s p e c t i v e l y ) b u t there was no significant 

d i f f e r e n c e between t r e a t m e n t s (Fig. 4 6 ) . M ^ d i r h o d u m 

excreted larger d r o p l e t s than S ^ avenae (F slope = 1.86, 

df = 1 / 3 0 , N . S . ; F e l e v a t i o n = 3 4 . 6 5 , df = 1/30, p < 0 . 0 0 1 ) . 

B o t h s p e c i e s o f a p h i d produced a larger cumulative 

v o l u m e of h o n e y d e w w h e n feeding on healthy p l a n t s than o n 

B Y D V - i n f e c t e d p l a n t s (Fig. 4 7 ) . T h e magnitude of the 

d i f f e r e n c e s b e t w e e n t r e a t m e n t s w a s similar to that reported 

above for the c u m u l a t i v e n u m b e r of droplets p r o d u c e d 

(Table 2 2 ) . 

The e f f e c t of B Y D V and p l a n t growth stage on h o n e y d e w 

e x c r e t i o n by S . a v e n a e . 

S . a v e n a e e x c r e t e d less h o n e y d e w on the ears than o n t h e 

l e a v e s , a n d m o r e o n t h e flag leaves than o n leaves at t h e 

tillering stage (Fig. 4 8 ) . This effect of p l a n t growth 

stage o n h o n e y d e w e x c r e t i o n w a s significant o n all but t h e 

first day of the a p h i d s • l i f e . Whereas the daily rate o f 

e x c r e t i o n increased w i t h time, on the flag l e a f , it d e c r e a s e d 

(12.703 + 0.729)x - 2.628 + 2.268, 

(17.510 + 0.571)x - 2.267 + 3.321 



Fig. 4 5 . The relationship between the volume and area of 

honeydew droplets: 

0 ) ILl avenae and FL dirhodum honeydew; 

y = (12.703 + 0.729)x - 2.628 + 2.268 (r = 0.985, p < 0.001) 

(2) water droplets; V = (17.510 + 0.57l)x - 2.267 + 'i.3>x\ 

(r = 0.998, p< 0.001). 
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Fig. 46. The effect of age on the size of honeydew droplets 

excreted by M. dirhodum and S ^ avenae feeding on 

healthy ( O A ) and BYDV-infected ( © A ) 

wheat. Regression equations are: 

i L - dirhodum - y = (0.026 + 0.002)x + 0.321 + 0.010 ( r = 0.96 4 , P < 0.001 ); 
S_. a venae - y = (0.022 + 0.001 )x + 0.301 + 0.004 (r = 0.98 P < 0.001). 
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Fig. 47. The effect of BYDV infection on the cumulative 

volume of honeydew excreted by S ^ avenae and 

M. dirhodum feeding on wheat and barley. 

• = healthy plants; ' U = BYDV-infected 

plants. 
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Fig. 48. The effect of plant growth stage on (A) daily frequency 

and (B) cumulative number of droplets produced by 

S. avenae feeding on wheat. 

X • = Ears (GS 65); 0 ® = Leaves (GS 32); 

O H = Elag leaves (GS 65). 
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w i t h time on the e a r s (Fig. 4 8 A ) . A l t h o u g h B Y D V i n f e c t i o n 

l o w e r e d t h e rate of e x c r e t i o n by S ^ a v e n a e (Figs. 44 and 

4 7 ) , t h e r e w a s no s i g n i f i c a n t interaction between the d i s e a s e 

and p l a n t g r o w t h s t a g e . 

C o m p a r i s o n of the a m o u n t of h o n e y d e w e x c r e t e d by S . a v e n a e 

and M . d i r h o d u m . 

T h e c u m u l a t i v e f r e q u e n c y and v o l u m e of h o n e y d e w 

e x c r e t e d in f i v e d a y s for S ^ a v e n a e and Ih d i r h o d u m a r e 

c o m p a r e d in T a b l e 2 2 . S ^ a v e n a e e x c r e t e d less h o n e y d e w o n 

t h e e a r s b u t m o r e o n t h e l e a v e s than M ^ d i r h o d u m on t h e 

l e a v e s . 

D I S C U S S I O N 

B Y D V i n f e c t i o n of the h o s t p l a n t resulted in a d e c r e a s e 

of t h e t o t a l v o l u m e of h o n e y d e w excreted by individual 

S . a v e n a e and ML_ d i r h o d u m b y l o w e r i n g the frequency of 

e x c r e t i o n s i n c e it did n o t a f f e c t the size of d r o p l e t s . 

S i n c e m u c h of t h e p l a n t sap ingested by an aphid (sometimes 

u p to 9 0 % (Banks and M a c a u l a y , 1964) is e x c r e t e d as h o n e y -

d e w , the f r e q u e n c y a n d v o l u m e of e x c r e t e d h o n e y d e w a r e 

a c c e p t a b l e i n d i c e s of the f e e d i n g rate a n d of the t o t a l 

a m o u n t of food i n g e s t e d ( A u c l a i r , 1959, 1963; B a n k s & 

M a c a u l a y , 1964; F i s k , 1978; M i t t l e r , 1958; M i t t l e r & 

S y l v e s t e r , 1961; S m i t h , 1 9 3 7 ) . T h e results of t h e s e s t u d i e s 

r e v e a l t h e r e f o r e t h a t SL. a v e n a e and M . d i r h o d u m i n g e s t less 

sap w h e n f e e d i n g on B Y D V - i n f e c t e d w h e a t a n d b a r l e y . 

I t is u n l i k e l y t h a t t h e n u t r i e n t r e q u i r e m e n t s of 

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

r e d u c t i o n of t h e v o l u m e o f sap ingested could r e s u l t from 

a b e t t e r u t i l i z a t i o n of t h e ingested food by the a p h i d o r 

f r o m an i m p r o v e m e n t of t h e q u a l i t y of the p l a n t sap a s a 



T a b l e 22: C o m p a r i s o n of t h e a m o u n t o f h o n e y d e w e x c r e t e d in five d a y s by S . a v e n a e and 

M . d i r h o d u m 

S p e c i e s of Crop and g r o w t h C u m u l a t i v e n o . of h o n e y d e w C u m u l a t i v e v o l u m e (pi) of 
a p h i d stage d r o p l e t s p e r a p h i d h o n e y d e w p e r aphid 

H e a l t h y B Y D V H e a l t h y B Y D V 

s. a v e n a e W h e a t 
G S 69 

flag leaf 285 .71 + 24.47 223.27 £ 29 .17 107.64 ± 9.32 81.77 ± 10 .91 

s. avenae W h e a t 
G S 32 

leaf 226 .52 + 20.40 181.60 £ 12 .76 79.77 ± 4. 5 2 66.12 £ 4 .36 

s. a v e n a e W h e a t 
G S 65 

ear 173 .15 ± 23.37 134.25 £ 23 .39 61.84 ± 7 . 3 1 4 6 . 0 9 £ 8 .55 

M . d i r h o d u m W h e a t 
G S 55 

flag leaf 199 .00 ± 25.57 135.13 £ 12 .57 78.95 +10.98 54.36 £ 5 .19 

M . d i r h o d u m Barley 
G S 32 

• leaf 180 .00 ± 11.53 .132.60 £ 5 .89 7 1 . 3 1 + 4.33 51.79 ± 2 .48 
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r e s u l t of v i r u s i n f e c t i o n . T h e f i r s t h y p o t h e s i s w o u l d 

i n d i c a t e a d i r e c t e f f e c t of the v i r u s on its v e c t o r a s w a s 

s u g g e s t e d by M i l l e r (1962) and M i l l e r & Coon (1964) who 

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

c o m p a r e d w i t h h e a l t h y M a c r o s i p h u m g r a n a r i u m (Kirby) 

(Sitobion a v e n a e F . ) . H o w e v e r , c o n t r a r y to e a r l i e r o b s e r v a -

t i o n s w i t h some v i r u s - v e c t o r r e l a t i o n s h i p s (see r e v i e w s by 

C a r t e r , 1962; J e n s e n , 1963; M a r a m o r o s c h & J e n s e n , 1 9 6 3 ) , 

B Y D V d o e s n o t i n d u c e a n y c y t o l o g i c a l c h a n g e s in the f a t 

b o d y c e l l s of t h i s a p h i d (Rutschky & C a m p b e l l , 1964). In 

a d d i t i o n , w h i l e t h e f e c u n d i t y of R h o p a l o s i p h u m p a d i (L.) 

i s h i g h e r o n B Y D V - i n f e c t e d than o n h e a l t h y s u s c e p t i b l e 

o a t p l a n t s (Markkula & L a u r e m a , 1964) it is n o t a l t e r e d 

o n an infected i m m u n e w i l d o a t (Bremer, 1 9 6 5 ) . A d i r e c t 

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

A m o r e p l a u s i b l e e x p l a n a t i o n for a d e c r e a s e in t h e 

a m o u n t o f sap i n g e s t e d f o l l o w i n g B Y D V infection lies in 

c h a n g e s in t h e n u t r i t i o n a l s t a t u s of infected p l a n t s , and 

in t h e c o n s e q u e n t e f f e c t o f these c h a n g e s on the r a t e of 

f e e d i n g of the a p h i d s . B Y D V infection i n d u c e s an 

a c c u m u l a t i o n of c a r b o h y d r a t e s (Goodman e t a d , 1965; 

O r l o b & A r n y , 1961; W a t s o n & M u l l i g a n , 1960) and free 

a m i n o a c i d s (Markkula & L a u r e m a , 1964) in infected p l a n t s . 

I t is p o s s i b l e , t h e r e f o r e , t h a t to o b t a i n the d e s i r e d 

q u a n t i t y o f e s s e n t i a l n u t r i e n t s , Si^ a v e n a e and M ^ dirhodum 

m u s t i n g e s t m o r e of t h e r e l a t i v e l y less n u t r i t i o u s sap 

p r o v i d e d b y h e a l t h y p l a n t s and c o n s e q u e n t l y excrete m o r e 

h o n e y d e w . N o w o r k h a s b e e n done o n the n u t r i e n t require-

m e n t s of c e r e a l a p h i d s t o test t h i s h y p o t h e s i s . 

A s i m i l a r e f f e c t of d i f f e r e n c e s in t h e physiological 

c o n d i t i o n of t h e h o s t p l a n t on h o n e y d e w excretion in a p h i d s 
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w a s o b s e r v e d by M i t t l e r (1954) who showed t h a t T u b e r o l a c h n u s 

s a l i q n u s (Gmelin) e x c r e t e d l e s s h o n e y d e w on a c t i v e l y 

g r o w i n g p l a n t s than o n m a t u r e p l a n t s b e c a u s e the sap o f 

t h e f o r m e r w a s m o r e n u t r i t i o u s . V e r e i j k e n (1979) and 

V e r e i j k e n & M a n t e l (1980) reported too t h a t avenae 

e x c r e t e d 2 - 3 t i m e s a s m u c h h o n e y d e w and 1.7 times m o r e 

h o n e y d e w d r y m a t t e r p e r g r a m aphid on the flag leaf than on 

the w h e a t e a r . T h e e a r h a d a b o u t t w i c e the c o n c e n t r a t i o n of 

e s s e n t i a l n u t r i e n t s in the flag l e a f . In the same s t u d y , 

V e r e i j k e n (1979) also f o u n d that extra n i t r o g e n d r e s s i n g 

a t stem e l o n g a t i o n i n c r e a s e d the a m o u n t of n i t r o g e n a n d 

p h o s p h o r o u s in the g r a i n a n d in the p h l o e m s a p , and 

r e s u l t e d in a sharp d e c r e a s e in h o n e y d e w p r o d u c t i o n . In the 

p r e s e n t s t u d y , the c u m u l a t i v e a m o u n t of' h o n e y d e w p r o d u c e d 

by £b_ a v e n a e in t h e f i r s t f i v e days of its life on the 

w h e a t flag leaf w a s 1.7 t i m e s that o n the ear and 1.3 times 

t h a t o n the l e a v e s a t t h e t i l l e r i n g stage (Fig. 4 8 ) . T h i s 

s u g g e s t s t h a t , f r o m t h e n u t r i t i o n a l p o i n t of v i e w , the ears 

of w h e a t a r e a m o r e s u i t a b l e feeding site for £L a v e n a e 

t h a n t h e l e a v e s , a n d e x p l a i n s w h y t h i s a p h i d shows a 

m a r k e d p r e f e r e n c e f o r f e e d i n g on the e a r s of its h o s t plants 

( L a t t e u r , 1971; P h i l l i p s , 1916; W a t t , 1 9 7 9 ) . 

S . a v e n a e e x c r e t e d l e s s h o n e y d e w on the ears and m o r e 

o n t h e l e a v e s of w h e a t than Mh d i r h o d u m on the l e a v e s . 

W a t t (1979) h a d f o u n d t h a t £b_ a v e n a e w a s m o r e fecund o n the 

e a r s of w h e a t in t h e f i e l d b u t l e s s so than lb d i r h o d u m 

o n t h e l e a v e s . S i n c e Sh a v e n a e f e e d s p r e d o m i n a n t l y o n t h e 

e a r s and JL d i r h o d u m a l m o s t e n t i r e l y o n the l e a v e s (Dean, 
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1974b.; L a t t e u r , 1976; W r a t t e n , 1975, 1 9 7 8 ) , the o b s e r v e d 

d i f f e r e n c e s in t h e i r e x c r e t i o n of h o n e y d e w r e f l e c t h o w 

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

S i n c e the ear c o n t a i n s m o r e a p h i d n u t r i e n t s than the l e a v e s , 

S . a v e n a e p r o b a b l y r e q u i r e s a m o r e n u t r i t i o u s d i e t than 

M . d i r h o d u m . 

T h e f r e q u e n c y of h o n e y d e w e x c r e t i o n by EL a v e n a e de-

c r e a s e d w i t h t i m e o n t h e e a r s and increased w i t h time o n 

the flag l e a v e s ( F i g . 4 7 ) . T h i s d i f f e r e n c e w a s p r o b a b l y a 

c o n s e q u e n c e of t h e r e l o c a t i o n of n u t r i e n t s from the flag 

l e a v e s into the e a r f o r g r a i n filling (Austin & J o n e s , 1976) 

T h e r e w a s no i n t e r a c t i o n b e t w e e n B Y D V and p l a n t g r o w t h 

s t a g e . A l l the i n f e c t e d e x p e r i m e n t a l p l a n t s h a d been 

i n o c u l a t e d w i t h B Y D V a t the s e e d l i n g stage and the e f f e c t 

of t h e v i r u s m u s t h a v e s t a b i l i z e d by the y o u n g e s t g r o w t h 

s t a g e u s e d . L a t e r i n f e c t i o n m a y h a v e resulted in inter-

a c t i o n s s i n c e the s t a g e of d e v e l o p m e n t of the p l a n t a t 

i n f e c t i o n is k n o w n to m o d i f y t h e e f f e c t of t h e v i r u s 

(Oswald & H o u s t o n , 1 9 5 3 ) . 

M . d i r h o d u m e x c r e t e d l a r g e r h o n e y d e w d r o p l e t s than 

S . a v e n a e . I t is p o s s i b l e t h a t individual M ^ d i r h o d u m 

w e r e l a r g e r t h a n a v e n a e b u t t h i s w a s n o t tested because 

of the n e e d to m a i n t a i n the c o n t i n u i t y of h o n e y d e w recording 

w i t h o u t d i s t u r b i n g the a p h i d s . 



164 

S U M M A R Y 

I n d i v i d u a l ^ a v e n a e and Mb d i r h o d u m excreted 

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

i n f e c t e d w i t h B Y D V than o n h e a l t h y p l a n t s . £b avenae 

e x c r e t e d l e s s h o n e y d e w o n the e a r s than on the l e a v e s 

o f w h e a t . Mb d i r h o d u m e x c r e t e d l e s s than S ^ avenae 

on the l e a v e s . T h e s i z e of h o n e y d e w d r o p l e t s increased 

w i t h t h e a g e of a p h i d s b u t w a s n o t affected by B Y D V 

i n f e c t i o n . 
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G E N E R A L D I S C U S S I O N 

T h e r e s u l t s s h o w that b o t h crop s p e c i e s and g r o w t h 

s t a g e i n f l u e n c e d t h e e f f e c t s of BYDV o n its v e c t o r s . 

T h e e f f e c t s w e r e m o r e severe on o a t s and b a r l e y than 

o n w h e a t . T h e embryo c o u n t and progeny c o u n t m e t h o d s 

w e r e in a g r e e m e n t and the r e s u l t s of l a b o r a t o r y and 

field t r i a l s w e r e s i m i l a r . A s m i g h t be expected due to 

f a c t o r s o u t l i n e d o n p a g e 116, the results p r e s e n t e d 

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

f r o m o t h e r s . In p a r t i c u l a r , they c o n f i r m * . t h e increase 

in the f e c u n d i t y of a v e n a e and b p a d i on o a t s and 

the d e c r e a s e in t h a t o f M ^ d i r h o d u m on o a t s due to B Y D V . 

T h e r e s u l t s on w h e a t and b a r l e y are n e w and reveal 

t h a t w h e r e a s S ^ a v e n a e w a s m o r e fecund on v i r u s - i n f e c t e d 

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

d i s e a s e d b a r l e y o n l y , w h i l e lb dirhodum w a s n o t affected 

by the v i r u s . 

U n l i k e f e c u n d i t y , the e f f e c t of B Y D V o n h o n e y d e w 

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

T h e h o n e y d e w study shows q u i t e c l e a r l y that B Y D V infection 

of the h o s t p l a n t d e c r e a s e d h o n e y d e w excretion in b o t h 

S . a v e n a e and d i r h o d u m . T h i s c o m p a r e s well w i t h the 

r e d u c t i o n in the f r e q u e n c y of excretion b y H y p e r o m y z u s 

l a c t u c a e L . on s o w t h i s t l e b y the sowthistle y e l l o w v e i n 

v i r u s ( S y l v e s t e r , 1 9 7 3 ) . 

A e r i a l suction t r a p and c r o p sampling o v e r m a n y y e a r s 

indicate t h a t in the U . K . , Jb_ p a d i , and in W e s t W a l e s also 

R . i n s e r t u m , is m o s t l y r e s p o n s i b l e for introducing B Y D V 

into e a r l y w i n t e r - s o w n c e r e a l crops in the a u t u m n . T h e 

s u b s e q u e n t spread of the v i r u s within a crop in the 
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spring a n d s u m m e r m o n t h s is l e s s w e l l u n d e r s t o o d . H o w -

e v e r , s i n c e p a d i is l e s s a b u n d a n t than S ^ avenae a n d 

M . d i r h o d u m on the c r o p s during that time of the y e a r , 

the l a t t e r two s p e c i e s are p r o b a b l y the main agents o f 

v i r u s s p r e a d in the spring and s u m m e r , although this w i l l 

d e p e n d l a r g e l y on w e a t h e r c o n d i t i o n s and the strain o f 

B Y D V involved (Plumb, 1 9 7 6 ) . SL a v e n a e can transmit 

b o t h s e v e r e and m i l d s t r a i n s of the v i r u s w h i l e Mj_ d i r h o d u m 

is a s s o c i a t e d w i t h a m i l d o n e o n l y (Plumb, 1974). In 

a d d i t i o n , S ^ a v e n a e o v e r w i n t e r s m o s t l y v i v i p a r o u s l y o n 

G r a m i n e a e , w h e r e a s M ^ d i r h o d u m does so m a i n l y as e g g s o n 

R o s a c e a e w h i c h are n o n - h o s t s to B Y D V . S . avenae is 

t h e r e f o r e p r o b a b l y b e t t e r s u i t e d to the role since m o s t 

g r a s s e s a r e r e s e r v o i r s of t h e v i r u s , and since it w o u l d 

n o r m a l l y t a k e l o n g e r for e g g s than v i v i p a r o u s i n d i v i d u a l s 

to e s t a b l i s h large p o p u l a t i o n s from w h i c h alates w o u l d 

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

In a n y c a s e , b y the t i m e of the m a i n spring immigration 

o f a l a t e s from w i n t e r h o s t s into cereal c r o p s , and of 

inter- a n d intra-crop m i g r a t i o n , symptoms of v i r u s 

infection w o u l d u s u a l l y h a v e b e c o m e a p p a r e n t (Plumb, 1976). 

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

l e a v e s f r o m green to v a r i o u s shades o f y e l l o w - o r a n g e -

p u r p l e . T h i s study s h o w s t h a t these a l a t e s are p r e f e r -

e n t i a l l y a t t r a c t e d to the infected p l a n t s due to the 

c o l o u r of t h e i r l e a v e s . T h e p r o g e n y of the colonizing 

a p h i d s a r e enabled to a t t a i n a larger a d u l t size o n 

d i s e a s e d p l a n t s d u e to the altered p h y s i o l o g y of t h e 

l a t t e r f o l l o w i n g v i r u s i n f e c t i o n . Consequently a p h i d s 
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c o n t a i n m o r e e m b r y o s w h i c h m a t u r e faster on BYDV-

infected t h a n o n h e a l t h y p l a n t s , as is b o r n e o u t b y their 

g r e a t e r n u m b e r s of e m b r y o s w i t h p i g m e n t e d eyespots a t 

eclosion a n d b y the fewer e m b r y o s still u n b o r n a f t e r 

t w e n t y d a y s of r e p r o d u c t i o n . T h e v i r u s thus e n a b l e s 

the a p h i d s to o p t i m i z e t h e i r reproduction (Dixon & 

D h a r m a , 1 9 8 0 b ) by p r o d u c i n g m o r e p r o g e n y earlier in their 

l i v e s t h a n t h o s e on h e a l t h y p l a n t s . U l t i m a t e l y , l a r g e r 

p o p u l a t i o n s of a p h i d s d e v e l o p on diseased p l a n t s t h a n o n 

h e a l t h y p l a n t s in the f i e l d . 

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

increased a t t r a c t i o n of a l a t e s to and increased fecundity 

o f t h e i r p r o g e n y on d i s e a s e d p l a n t s , is n o t easily 

d e f i n e d s i n c e it w o u l d d e p e n d on the strain of the v i r u s , 

•the s p e c i e s o f a p h i d and t h e species and v a r i e t y of. t h e 

c r o p . T h u s , a l t h o u g h b o t h EL a v e n a e and ML d i r h o d u m 

a r e a t t r a c t e d to d i s e a s e d p l a n t s , the fecundity of t h e 

f o r m e r a l o n e is h i g h e r o n such p l a n t s . T h e larger 

n u m b e r s o f SL_ a v e n a e t h a t d e v e l o p on B Y D V - i n f e c t e d p l a n t s 

m u s t t h e r e f o r e b e d u e to a c o m b i n a t i o n o f both e f f e c t s 

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

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

o n d i s e a s e d r e l a t i v e to h e a l t h y p l a n t s . T h i s h y p o t h e s i s 

is s u p p o r t e d b y the g r e a t e r n u m b e r s of alate dirhodum 

o n i n f e c t e d o a t s in 1 9 7 9 . 

T h e r e w a s no s i g n i f i c a n t d i f f e r e n c e in t h e p o p u l a t i o n s 

o f a l a t e S ^ a v e n a e o r ML, d i r h o d u m found o n h e a l t h y a n d 

d i s e a s e d w h e a t , c o n t r a r y to t h e situation o n o a t s a n d 

b a r l e y . T h i s is a t t r i b u t a b l e to the l o w e r s u s c e p t i b i l i t y 
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o f w h e a t to B Y D V i n f e c t i o n , r e l a t i v e to o a t s and b a r l e y . 

T h e c o l o u r c h a n g e i n d u c e d in w h e a t by the v i r u s w a s 

l e s s i n t e n s e than in t h e o t h e r two c r o p s , and w a s p r o b a b l y 

n o t s u f f i c i e n t to s h o w up s i g n i f i c a n t d i f f e r e n c e s in the 

n u m b e r s o f a l a t e s f o u n d • o n h e a l t h y and diseased p l a n t s . 

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

s p e c i e s o n d i s e a s e d p l a n t s (Figs. 17 & 18 ). It is 

p o s s i b l e t h a t m o r e a l a t e s l a n d e d on B Y D V - i n f e c t e d p l a n t s , 

d e p o s i t e d some n y m p h s w h i c h l a t e r d e v e l o p e d into apterae, 

b u t m o v e d o n again a n d did n o t remain long enough to be 

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

h a v e b e e n d e t e c t e d if the interval of sampling h a d been 

shorter than o n e w e e k , b u t this w a s i m p r a c t i c a b l e u n d e r 

the c o n d i t i o n s of t h e e x p e r i m e n t s . 

In h i s r e v i e w o f t h e role of a p h i d s in the e c o l o g y 

of .plant v i r u s e s , S w e n s o n (1968) stated that v i r u s e s 

m u s t m a i n t a i n t h e i r populations, by a d e p e n d a b l e m e a n s o f 

t r a n s f e r a m o n g s u s c e p t i b l e h o s t s , and the r e l a t i o n s h i p 

b e t w e e n a v i r u s a n d its v e c t o r s m u s t e n s u r e the necessary 

f r e q u e n c y of t r a n s f e r s . A p h i d s are the o n l y k n o w n 

v e c t o r s o f B Y D V . T h i s study indicates t h a t B Y D V enhances 

its own p r o p a g a t i o n a m o n g its p l a n t h o s t s by e n a b l i n g 

the a p h i d v e c t o r s to a t t a i n l a r g e r p o p u l a t i o n s a n d , in 

the c a s e o f S ^ a v e n a e on o a t s , by increasing the p r o -

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

r e l a t i v e to h e a l t h y p l a n t s (Page 5 4 , and G i l d o w , 1 9 8 0 ) . 

B o t h e f f e c t s are c o n d u c i v e to the increased m o v e m e n t o f 

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

t h e r e b y to v i r u s s p r e a d . 
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T h e r e l a t i o n s h i p b e t w e e n B Y D V and its aphid v e c t o r s 

is t h e r e f o r e m u t u a l l y b e n e f i c i a l to b o t h . By c o n t r a s t 

it a p p e a r s that the h o s t p l a n t is m e r e l y b e i n g e x p l o i t e d 

to the a d v a n t a g e of b o t h v i r u s and a p h i d s . F i r s t l y , 

v i r u s i n f e c t i o n of w h e a t , o a t s and barley caused 

c o n s i d e r a b l e grain l o s s e s in grain y i e l d (Table 3 ) 

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

a c t i v i t y , and p o s s i b l y a l s o t h e t r a n s l o c a t i o n of n u t r i e n t s 

from t h e l e a v e s to t h e g r a i n s . S e c o n d l y , B Y D V infection 

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

p l a n t s . D i r e c t aphid f e e d i n g can c a u s e s e r i o u s y i e l d 

l o s s e s e s p e c i a l l y if l a r g e a p h i d n u m b e r s a r e involved at 

the r i g h t p l a n t growth s t a g e . 

T h i r d l y , a l t h o u g h h o n e y d e w production b y individual 

a p h i d s is l o w e r on i n f e c t e d than on h e a l t h y p l a n t s , this 

is m o r e t h a n c o m p e n s a t e d f o r by the s i g n i f i c a n t l y l a r g e r 

p o p u l a t i o n s of a p h i d s that d e v e l o p on t h e f o r m e r . 

C a l c u l a t i o n s u s i n g l a b o r a t o r y data on t h e rate of h o n e y -

d e w p r o d u c t i o n and f i e l d data on aphid p o p u l a t i o n s in 

1979 and 1980 (see A p p e n d i x for formula) indicate that 

o v e r a p e r i o d of six w e e k s in 1979, M ^ d i r h o d u m w o u l d 

h a v e e x c r e t e d 4 . 7 % m o r e h o n e y d e w on B Y D V - i n f e c t e d (41.53 

p l / t i l l e r / d a y ) than o n h e a l t h y (39.68 p l / t i l l e r / d a y ) 

w h e a t p l a n t s in the f i e l d . Corresponding v a l u e s for 

S . a v e n a e o v e r a n i n e - w e e k p e r i o d in 1980 w e r e 22.5% m o r e 

on infected w h e a t (5.00 p l / t i l l e r / d a y ) t h a n on h e a l t h y 

w h e a t (4.08 p l / t i l l e r / d a y ) . 

F i n a l l y , b o t h t h e m e r e p r e s e n c e of B Y D V in the h o s t 

p l a n t s in 1979 and 1 9 8 0 , a n d the h i g h e r a p h i d infestation 
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of i n f e c t e d p l a n t s in 1980 i n c r e a s e d the growth of 

C l a d o s p o r i u m on the e a r s of w h e a t ( F i g s . 3 9 , 40 & 41 ) • 

H o n e y d e w and C l a d o s p o r i u m , t o g e t h e r w i t h o t h e r sooty 

m o u l d f u n g i , a r e t h o u g h t to interfere w i t h the functioning 

of the stomata and o f t h e p h o t o s y n t h e t i c surfaces of 

c e r e a l s (eg. R a b b i n g e .eh a d , 1981; V e r e i j k e n , 1 9 7 9 ) . 

T h e r e f o r e , a l t h o u g h d i r e c t aphid f e e d i n g , h o n e y d e w 

and sooty m o u l d g r o w t h a r e in t h e m s e l v e s y i e l d d e p r e s s a n t s , 

the i n f l u e n c e of B Y D V i n f e c t i o n of the h o s t p l a n t is to 

a g g r a v a t e t h e i r e f f e c t s . 

T h e q u e s t i o n s a s k e d a t t h e b e g i n n i n g o f this t h e s i s 

can n o w b e a n s w e r e d o n the b a s i s of the results p r e s e n t e d . 

G r e a t e r n u m b e r s of b o t h £l a v e n a e and ml dirhodum develop 

in the f i e l d o n B Y D V - i n f e c t e d than on h e a l t h y w h e a t , 

o a t s and b a r l e y . T h i s is a t t r i b u t a b l e to the p r e f e r e n t i a l 

c o l o n i z a t i o n , by i m m i g r a n t a l a t e s o f both s p e c i e s , o f 

d i s e a s e d p l a n t s in t h e spring and summer o n a c c o u n t of 

the c o l o u r o f t h e i r l e a v e s . In a d d i t i o n , a v e n a e is 

m o r e f e c u n d and r e p r o d u c e s f a s t e r o n infected p l a n t s 

t h a n o n h e a l t h y . 

B Y D V i n f e c t i o n by itself p r e d i s p o s e s w h e a t p l a n t s to 

c o l o n i z a t i o n b y C l a d o s p o r i u m and p o s s i b l y o t h e r sooty 

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

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

f a v o u r s the g r o w t h of Clado sporium on the e a r s a n d / o r 

l e a v e s . 

T h e s t u n t i n g o f i n f e c t e d p l a n t s by B Y D V together 

w i t h the b l a c k e n i n g o f the ears and l e a v e s by sooty 

m o u l d g r o w t h p r o d u c e s • the d a r k p a t c h e s t h a t . ' " 
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w e r e r e c o r d e d on the A D A S a e r i a l p h o t o g r a p h s (Fig. 1). 

T h e c o m p l e x i n t e r a c t i o n s between B Y D V , its aphid 

v e c t o r s and p l a n t h o s t s , and Cladosporium is illustrated 

d i a g r a m m a t i c a l l y o v e r l e a f . 



D i a g r a m m a t i c r e p r e s e n t a t i o n o f the i n t e r a c t i o n s b e t w e e n 

B Y D V , its a p h i d v e c t o r s , and C l a d o s p o r i u m 

B Y D V is i n t r o d u c e d into 
w i n t e r - s o w n c e r e a l s m a i n l y 
b y Rhopalo siphum s p p . 

S y m p t o m s o f B Y D V - i n f e c t i o n . 
'become a p p a r e n t in the spring" 

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

N . 
A l a t e a p h i d s m i g r a t i n g 
from w i n t e r h o s t s invade 
cereal crops 

a v e n a e . a n d 
d i r h o d u m 

S . 
M . 
p r e f e r e n t i a l l y 
colonize B Y D V - . 

infected p l a n t s 

T h e f e c u n d i t y of 
S . a v e n a e is h i g h e r 
on B Y D V - i n f e c t e d 
p l a n t s 

Larger_ p o p u l a t i o n s 
of a p h i d s d e v e l o p 
in the summer 
in foci o f B Y D V 
infection t h a n on 
h e a l t h y p l a n t s 

I n f e c t e d p l a n t s 
a r e stunted 

B Y D V infection 
d e c r e a s e s h o n e y d e w 
p r o d u c t i o n b y i n d i v i d u a l 
s p h i d s 

L a r g e r aphid n u m b e r s 
on d i s e a s e d p l a n t s 
p r o d u c e m o r e 
honeydew overall 

B Y D V i n f e c t i o n 
p r e d i s p o s e s p l a n t s 
to c o l o n i z a t i o n b y 
C l a d o s p o r i u m 

.to 

1 
Stunting and 
b l a c k e n i n g o f 
infected ears and 
'leaves a p p e a r as d a r k 
p a t c h e s in a e r i a l 
p h o t o g r a p h s 

H o n e y d e w f a v o u r s 
the g r o w t h o f 
C l a d o s p o r i u m 
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T a b l e A : T h e e f f e c t o f BYDV on the n u m b e r s of 

M . d i r h o d u m p e r c o l o n y on o a t s , 1979. 

C r o p g r o w t h M e a n n o . of a p h i d s / c o l o n y 
S t a g e H e a l t h y D i s e a s e d 

45 8.24 7 . 8 3 

55 7 . 2 8 8.60 

61 7 . 6 6 8.55 

69 6.97 6.97 

73 6 . 1 4 8.06 

77 6.53 7.86 

87 5.48 7.18 

94 0 . 0 0 4.10 

S e a s o n a l 
M e a n 6 . 0 4 £ 0.45 7.39 £ 0.47* 
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T h e f o l l o w i n g f o r m u l a w a s u s e d to estimate the 

q u a n t i t y of h o n e y d e w e x c r e t e d by £L a v e n a e and M ^ d i r h o d u m 

on w h e a t p l a n t s in the field: 

a = b x c x d 

W h e r e 

a = m e a n total v o l u m e (pi) of h o n e y d e w excreted/ 

t i l l e r / d a y 

b = m e a n n u m b e r of a p h i d s / t i l l e r / d a y 

c = m e a n n u m b e r of h o n e y d e w d r o p l e t s / a p h i d / d a y 

d = m e a n v o l u m e (pi) of each h o n e y d e w d r o p l e t . 

D a t a f o r b w e r e o b t a i n e d from f i e l d c o u n t s of aphids* 

in 1979 and 1980 (Section 1 ) . The data for c and d c a m e 

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

S . a v e n a e and M ^ d i r h o d u m on w h e a t (Section 5) and took 

into a c c o u n t the e x c r e t o r y c a p a c i t i e s of t h e d i f f e r e n t 

a g e g r o u p s . 




