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ABSTRACT 

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

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

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

f rom s e e d s  o f  P h a s e o l u s  v u l g a r i s .  C o m p l e t e  p r o t e c t i o n  

r e s u l t e d  when t h e  e x t r a c t  was a d d e d  t o  f u n g a l  i n o c u l a .  

P r e i n o c u l a t i o n  t r e a t m e n t s  w i t h  t h e  e x t r a c t  a t  i n t e r v a l s  o f  2 h  

t o  1 0  d a y s  g a v e  95  t o  7 5  % p r o t e c t i o n  b u t  a l l  i n o c u l a t e d  p l a n t s  

e v e n t u a l l y  succumbed t o  i n f e c t i o n s  w h i c h  d e v e l o p e d  on  e p i c o t y l  

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

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

o c c u r r e d .  

V a r i o u s  p l a n t  e x t r a c t s  w e r e  e v a l u a t e d  a s  r e p e l l e n t s  a n d / o r  

d e t e r r e n t s  t o  - Hylemya a n t i q u a .  - Bean s e e d  e x t r a c t s  

c o n t a i n i n g  p h y t o a l e x i n s  d e t e r r e d  o v i p o s i t i o n  o f  - H .  a n t i q u a  

i n  r e s p o n s e  t o  o n i o n  v o l a t i l e s  i n  a d u a l - c h o i c e  b i o a s s a y .  Bean 

s e e d  e x t r a c t s  w i t h o u t  p h y t o a l e x i n s  (BSE) were e q u a l l y  o r  more  

d e t e r r e n t .  D e t e r r e n t  a c t i v i t y  o f  BSE p e r s i s t e d  a t  l e a s t  4 d a y s  

i n  d u a l - c h o i c e  t e s t s .  A c t i v i t y  was a f f e c t e d  by c o n c e n t r a t i o n ;  

BSE was s t i m u l a t o r y  t o  - H .  a n t i q u a  a t  104 d i l u t i o n .  

O v i p o s i t i o n  d e t e r r e n t  a c t i v i t y  was s u b s e q u e n t l y  f o u n d  i n  

e x t r a c t s  o f  o t h e r  t i s s u e s  o f  - P .  v u l g a r i s ,  a s  wel l  a s  

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



bulbs .  Appl ica t ion  of onion e x t r a c t  t o  onion bu lbs  markedly - 

reduced o v i p o s i t i o n .  Onion s e e d l i n g s  growing i n  s o i l  i n  t h e  

l a b o r a t o r y  were p ro t ec t ed  from maggot damage b y  a  sp ray  

t r ea tmen t  w i t h  a bean seed l ing  e x t r a c t .  Resu l t s  a r e  d i scussed  

w i t h  r e s p e c t  t o  c u r r e n t  h o s t - s e l e c t i o n  t h e o r i e s  and p o t e n t i a l  

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



d e d i c a t e d  t o  t h e  memory o f  

d e a r  Mom whose  l o n g - t e r m  

s a c r i f i c e s  made p o s s i b l e  

my e d u c a t i o n a l  

p u r s u i t s  
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c o n t a i n e d  i n  G o c u l a  o f  - C l a d o s p o r i u m  
f u l v u m .  

P a g e  

R a t e  of l e s i o n  d e v e l o p m e n t  o n  h y p o c o t y l s  
o f  P h a s e o l u s  v u l g a r i s  t r e a t e d  w i t h  
d i l u t i o n s  o f  PAE 2  h  p r i o r  t o  i n o c u l a t i o n  
w i t h  C o l l e t o t r i c h u m  l i n d e m u t h i a n u m .  19 

R a t e  o f  l e s i o n  d e v e l o p m e n t  o n  h y p o c o t y l s  
o f  P h a s e o l u s  v u l g a r i s  t r e a t e d  w i t h  
5 %-PAE a t  i n t e r v a l s  o f  2 h  t o  4 d  p r i o r  
t o  i n o c u l a t i o n  w i t h  J j o l l e t o t r i c h u m  
l i n d e m u t h i a n u m .  

C l a s s e s  o f  i n f e c t i o n  o n  6 . 5  cm h y p o c o t y l  
p o r t i o n s  o f  P h a s e o l u s  v u l g a r i s  
i n o c u l a t e d  w i t h  - C o l l e t o t r i c h u m  
l i n d e m u t h i a n u m .  

O v i p o s i t i o n  s t a t i o n  ( a )  a n d  e g g s  l a i d  b y  
H y l e m y a  a n t i q u a  ( b )  i n  r e s p o n s e  t o  - 
v o l a t i l e  c h e m i c a l s  r e l e a s e d  f r o m  o n i o n  
p i e c e  w i t h i n  b e a k e r .  

N u m b e r s  o f  e g g s  l a i d  b y  H y l e m y a  a n t i q u a  
a t  o v i p o s i t i o n  s t a t i o n s  t r e a t e d  w i t h  v a r i o u s  
d i l u t i o n s  o f  a n  e x t r a c t  o f  h y d r a t e d  s e e d s  o f  
P h a s e o l u s  - v u l g a r i s .  57 



x i i i  

P a g e  

B e h a v i o u r a l  r e s p o n s e s  o f  Hylemya a n t i q u a  
t o  A l l i u m  c e p a  p a i n t e d  w i t h  o n i o n  
e x t r a c t .  

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

R a t e  o f  m o r t a l i t y  o f  o n i o n  s e e d l i n g s  d u e  t o  
Hylemya a n t i q u a  l a r v a l  f e e d i n g  f o l l o w i n g  - 
e x p o s u r e  o f  p r e t r e a t e d  p l a n t s  t o  o v i p o s i t i n g  
f l i e s .  



INTRODUCTION T O  THE THESIS 

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

i n  r e s p o n s e  t o  d i s e a s e  o r  n o n s p e c i f i c  i n j u r y .  T h e i r  i n d u c t i o n ,  

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

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

b e e n  e x t e n s i v e l y  s t u d i e d  and r e v i e w e d  ( 1 9 ,  2 7 ,  39,  6 0 ,  6 6 ,  7 9 ,  

8 0 ,  82 ,  1 3 4 ,  1 4 5 ) .  I n  c o n t r a s t ,  r e s e a r c h  o n  t h e  p o t e n t i a l  u s e  o f  

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

p l a n t  d i s e a s e s  o r  o t h e r  p e s t s  h a s  b e e n  l i m i t e d  ( l 5 l ) ,  p e r h a p s  

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

p h y t o a l e x  i n s .  More r e c e n t l y ,  t e c h n i q u e s  which  y i e l d  l a r g e  

q u a n t i t i e s  o f  p h y t o a l e x i n s  f rom r o t t i n g  p l a n t  t i s s u e  h a v e  b e e n  

d e v e l o p e d  ( 7 4 ,  7 5 ,  1 5 1 ) .  As a  c o n s e q u e n c e ,  I u n d e r t o o k  t o  

e v a l u a t e  p h y t o a l e x i n s  f rom P h a s e o l u s  v u l g a r i s  L .  f o r  

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

A s e c o n d  o b j e c t i v e  o f  my r e s e a r c h  was  t o  e v a l u a t e  t h e  

e f f e c t s  o f  p h y t o a l e x i n s  f rom - P .  v u l g a r i s  on  i n s e c t s .  T h i s  -- 

l a t t e r  o b j e c t i v e  was p rompted  by some s i m i l a r i t i e s  i n  s t r u c t u r e  

and p r o p e r t i e s  b e t w e e n  p t e r o c a r p a n  p h y t o a l e x i n s  ( e . g .  

p h a s e o l l i n )  and r o t e n o i d s ,  b o t h  o f  which  a r e  n a t u r a l  p r o d u c t s  o f  

p l a n t s  i n  t h e  F a m i l y  L e g u m i n o s a e ,  and by t h e  f a c t  t h a t  a  c a s u a l  

p r e l i m i n a r y  t e s t  o f  p h y t o a l e x i n s  f o r  i n s e c t i c i d a l  a c t i v i t y  ( 1 0 7 )  

r e v e a l e d  a p p a r e n t  r e p e l l e n t  a c t i v i t y  a g a i n s t  mi lkweed  b u g s .  



C H A P T E R  1 

E V A L U A T I O N  O F  P H Y T O A L E X I N S  FROM P H A S E O L U S  V U L G A R I S  L .  --- 

A S  P R O T E C T I V E  F U N G I C I D E S  A G A I N S T  S E L E C T E D  F O L I A R  PATHOGENS 



I N T R O D U C T I O N  

A n t i f u n g a l  a c t i v i t y  o f  p h y t o a l e x i n  compounds h a s  been 

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

t u b e  g rowth  ( 1  3 ,  32 ,  5 8 ,  133 ,  1421 ,  r a d i a l  m y c e l i a l  g rowth  on  

a g a r  ( 1 2 ,  13 ,  2 6 ,  132 ,  1 4 2 ) ,  m y c e l i a l  d r y  w e i g h t  i n  l i q u i d  

c u l t u r e  (54, 5 6 ,  126 ,  1271 ,  and f u n g a l  g rowth  on d e v e l o p e d  

t h i n - l a y e r  chromatograms  ( 1 0 ,  1 1 ,  6 7 ,  1 2 9 ) .  C o r r e l a t i v e  

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

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

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

i n t e r a c t i o n s  ( 3 ,  1 0 ,  1 3 ,  18 ,  29 ,  3 1 ,  3 4 ,  5 2 ,  5 9 ,  7 2 ,  7 3 ,  7 8 ,  8 1 ,  

83,  8 7 ,  100, 1 0 4 ,  106 ,  108 ,  113 ,  116 ,  125 ,  130 ,  139 ,  1 5 2 ) .  

A d d i t i o n a l  p r o p e r t i e s  o f  p h y t o a l e x  i n s  which f a v o u r  t h e i r  

p o t e n t i a l  deve lopmen t  a s  f u n g i c i d e s  i n c l u d e  ( 1  5 1 )  : 

1.  v a r i a b i l i t y  o f  m o l e c u l a r  s t r u c t u r e  which o f f e r s  s c o p e  

f o r  s e l e c t i v i t y ,  

2. w idesp read  o c c u r r e n c e ,  

3. b i o d e g r a d a b i l i t y ,  and 

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

m o d i f i c a t i o n  i n  t h e  l a b o r a t o r y .  

Ward and a s s o c i a t e s  ( 1 5 1 )  were t h e  f i r s t  t o  r e p o r t  d i s e a s e  

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

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

( f r o m  p e p p e r s )  on t h e  t oma to  - - P h y t o p h t h o r a  -- i n f e s t a n s  

(Mont . )  Dby: h o s t - p a r a s i t e  complex ,  and e s t i m a t e d  t h e  d i l u t i o n  



e n d p o i n t  f o r  c o m p l e t e  p r o t e c t i o n  a t  c a .  1 . 0  x 1 0 - 3 ~  
- 

c a p s i d i o l .  Ward and a s s o c i a t e s  ( 1 5 1 )  r e p o r t e d  - > 8 0  % 

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

r a n g i n g  f rom 0  t o  8  d  ( d a y s ) .  T h e s e  r e s u l t s  e n c o u r a g e d  me t o  

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

g a r d e n  b e a n ,  -- P .  v u l g a r i s .  

Of t h e  numerous  a n t i f u n g a l  compounds o r i g i n a t i n g  i n  - P .  

v u l g a r i s ,  t h o s e  which  h a v e  b e e n  i s o l a t e d  and i d e n t i f i e d  a r e  - 
p h a s e o l l i n  ( 3 0 ,  1 0 1 ) ,  p h a s e o l l i n i s o f l a v a n  ( 1 1 ,  2 3 ) ,  k i e v i t o n e  

( 1 1 ,  1 3 1 ,  1 3 2 )  and p h a s e o l l i d i n  ( 1 0 2 ) .  A l l  f o u r  compounds a r e  

e x t r a c t a b l e  w i t h  o r g a n i c  s o l v e n t s  f rom n e c r o t i c  b e a n  t i s s u e .  

T h r e e  o f  t h e  compounds  h a v e  U V  a b s o r p t i o n  maxima i n  e t h a n o l  a t  

c a .  280  nm; k i e v i t o n e  h a s  a  b r o a d  a b s o r p t i o n  band w i t h  a  

maximum a t  2 9 3  nm ( 1  1 ) .  

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

i n c l u d e d  t h e  f o l l o w i n g  o b j e c t i v e s :  

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

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

common v e g e t a b l e  p a t h o g e n s )  v i a  e f f e c t s  o n  d i s e a s e  symptoms ,  

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

o f  PAE ( w i t h  and w i t h o u t  a d j u v a n t )  f o r  v a r i o u s  

p r e i n o c u l a t i o n - t r e a t m e n t  t ime i n t e r v a l s ,  and 

d e t e r m i n a t i o n  o f  p o t e n t i a l  e r a d i c a t i v e  a c t i v i t y  o f  PAE 

a p p l i e d  a t  v a r i o u s  times a f t e r  i n o c u l a t i o n  o f  p l a n t s .  



MATERIALS A N D  METHODS 
- 

P h y t o a l e x i n  E x t r a c t  (PAE) ---- 

To p r e p a r e  PAE, 1 . 2  k g  o f  d r y  s e e d s  o f  - P .  v u l g a r i s  

' T o p c r o p '  were s o a k e d  i n  t a p  w a t e r  f o r  c a .  2 0  h  a t  room 

t e m p e r a t u r e  (RT= 2 2  t o  2 4  C ) .  S e e d  c o a t s  were t h e n  r e m o v e d ,  a n d  

t h e  h y d r a t e d  s e e d s  ( 2 . 4  k g )  were c h o p p e d  i n t o  p i e c e s  - < 5  mm i n  

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

were c l e a r .  C l a d o s p o r i u r n  c u c u m e r i n u m  E l l .  a n d  A r t h .  w a s  

u s e d  t o  e l i c i t  p h y t o a l e x i n  a c c u m u l a t i o n  i n  s e e d  p i e c e s .  A d e n s e  

s p o r e  s u s p e n s i o n  w a s  p r e p a r e d  f r o m  2-wk-old c u l t u r e s  o f  t h e  

f u n g u s  grown o n  p o t a t o  d e x t r o s e  a g a r  b y  a d d i n g  d i s t i l l e d  w a t e r  

t o  e a c h  9-cm p e t r i  d i s h  c u l t u r e  and  r u b b i n g  t h e  c u l t u r e  s u r f a c e  

w i t h  a  g l a s s  r o d .  S p o r e  s u s p e n s i o n  c o l l e c t e d  f r o m  4 d i s h e s  w a s  

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

s e e d  p i e c e s  were s p r e a d  i n  2-cm d e e p  l a y e r s  o n  f i l t e r  p a p e r  

c o n t a i n e d  i n  c o v e r e d  g l a s s  d i s h e s  2 0  cm diarn x  8 cm d e e p ,  a n d  

k e p t  i n  t h e  d a r k  f o r  4 d  a t  RT. A 50-ml b e a k e r  f i l l e d  w i t h  

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

After 4 d  t h e  s e e d  p i e c e s ,  now d a r k  r u s t y  brown i n  c o l o u r ,  

were e x t r a c t e d  3 t imes w i t h  a c e t o n e  a t  RT ( 1 . 5  l i t e r s  f o r  12 t o  

24 h  e a c h  t i m e ) .  The  a c e t o n e  e x t r a c t s  were f i l t e r e d ,  c o m b i n e d ,  

and  c o n c e n t r a t e d  u n d e r  vacuum a t  l e s s  t h a n  4 0  C t o  a  s y r u p y  

r e s i d u e  ( c a .  4 0 0  m l ) .  T h e  r e s i d u e  was  e x t r a c t e d  3 times w i t h  

e q u a l  v o l u m e s  o f  e t h y l  a c e t a t e .  The  e t h y l  a c e t a t e  f r a c t i o n s  



were combined  and t a k e n  t o  d r y n e s s  u n d e r  vacuum a t  less t h a n  4 0  

C .  The r e s i d u e  was d i s s o l v e d  q u a n t i t a t i v e l y  i n  200 m l  o f  9 5  $ 

e t h a n o l  t o  g i v e  t h e  PAE t e s t  s o l u t i o n .  

P h y t o a l e x i n s  i n  t h i s  e x t r a c t  w e r e  q u a n t i t a t i v e l y  e s t i m a t e d  

by t h e  t h i n - l a y e r  c h r o m a t o g r a p h i c  method d e s c r i b e d  by Rahe 

( 1 9 7 3 ) .  The main  p h y t o a l e x i n s  i n  PAE were p h a s e o l l i n ,  

p h a s e o l l i n i s o f l a v a n  and k i e v i t o n e  a t  c a .  3 .0 ,  3.3 and  5 .6  

~ ~ g / j ~ l ,  r e s p e c t i v e l y .  The a m o u n t s  o f  t h e  l a t t e r  two compounds  

a r e  n o t  a b s o l u t e ,  b u t  b a s e d  on a b s o r b a n c e  v a l u e s  r e l a t i v e  t o  

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

U n l e s s  s p e c i f i e d  o t h e r w i s e ,  PAE was  a p p l i e d  t o  p l a n t  

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

a t  t h e  i n d i c a t e d  c o n c e n t r a t i o n s .  

Growth o f  P l a n t s  

S e e d s  o f  - P. v u l g a r i s  - ' T o p c r o p '  were p l a n t e d  i n  

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

w i t h  Arnon Hoag land  n u t r i e n t  s o l u t i o n  and p l a c e d  i n  t h e  d a r k .  

When s e e d l i n g s  had e m e r g e d ,  t h e  p o t s  were p l a c e d  on  a  l a b o r a t o r y  

b e n c h  a t  RT u n d e r  f l u o r e s c e n t  l i g h t s  ( 1 4 : 1 0  LD). E i g h t -  t o  

20-d-old  b e a n  p l a n t s  a t  e q u i v a l e n t  h e i g h t s  and w i t h  f u l l y  

e x p a n d e d  p r i m a r y  l e a v e s  were s e l e c t e d  f o r  t r e a t m e n t  and f o r  

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



C o r n  (Zea - m a y s  L .  ' I d a h y b r i d  3 0 0 ' 1 ,  t o m a t o  

( ~ y c o p e r s i c o n  e s c u l e n t u m  M i l l .  ' B o n n y  B e s t ' ) ,  a n d  c u c u m b e r  
# 

( C u c u m i s  s a t i v u s  L .  ' S t r a i g h t  E i g h t 1 )  were g r o w n  f r o m  s e e d  - - -  
i n  p l a s t i c  p o t s  f i l l e d  w i t h  a s o i 1 : p e r l i t e  m i x t u r e .  F e r t i l i z e r  

( 2 0 : 2 0 : 2 0 ,  G r e e n  V a l l e y  F e r t i l i z e r  a n d  C h e m i c a l  Co .  L t d . ,  

S u r r e y ,  B.C.) was i n c l u d e d  i n  t h e  w a t e r i n g  r e g i m e  a t  t h e  

s p e c i f i e d  r a t e  e v e r y  s e c o n d  w e e k .  T h e  p l a n t s  were m a i n t a i n e d  

i n  a  g r e e n h o u s e  a t  c o n d i t i o n s  w h i c h  r a n g e d  f r o m  2 2  t o  2 5  C w i t h  

13 h  f l u o r e s c e n t - s u p p l e m e n t e d  d a y l e n g t h  i n  t h e  w i n t e r  t o  2 5  t o  

35 C  w i t h  n a t u r a l  d a y l e n g t h  d u r i n g  t h e  s u m m e r .  F o r  p r e l i m i n a r y  

e x p e r i m e n t s ,  c o r n  p l a n t s  were 3 0  t o  60  cm h i g h  a t  t h e  time o f  

t r e a t m e n t  a n d  i n o c u l a t i o n ;  i n  l a t e r  e x p e r i m e n t s  c o r n  p l a n t s  were 

u t i l i z e d  when  1 5  t o  30 cm h i g h .  T o m a t o  a n d  c u c u m b e r  p l a n t s  were 

t r e a t e d  a n d  i n o c u l a t e d  when p l a n t s  p o s s e s s e d  4 t o  6 f u l l y  

e x p a n d e d  l e a v e s .  

C .  F u n g a l  C u l t u r e s  a n d  I n o c u l a t i o n  

C o l l e t o t r i c h u m  l i n d e m u t h i a n u m  ( S a c c .  a n d  Magn . )  --- ---- 

S c r i b n e r  r a c e  b e t a  a n d  C o l l e t o t r i c h u m  l a g e n a r i u m  ( P a s s .  ) -- 
E l l .  a n d  H a l s t .  r a c e  1  were g r o w n  o n  b e a n  j u i c e  a g a r  ( 9 ) ;  

C l a d o s p o r i u m  -- f u l v u m  ( C o o k e )  a n d  H e l r n i n t h o s p o r i u m  -- 

c a r b o n u m  U l l s t r u p  were g r o w n  o n  p o t a t o  d e x t r o s e  a g a r .  

C u l t u r e s  were m a i n t a i n e d  a t  RT.  S p o r e s  were h a r v e s t e d  when 

c u l t u r e s  were 9  t o  1 4  d  o l d  ( C .  l i n d e m u t h i a n u m )  o r  3 t o  4  - 

wks o l d  (H. - c a r b o n u m ,  - - C .  f u l v u m  a n d  C .  -- A 

l a g e n a r i u m )  -by p o u r i n g  a b o u t  1 0  m l  o f  w a t e r  o n t o  c u l t u r e  



s u r f a c e s ,  - rubb ing  g e n t l y  w i t h  a  g l a s s  rod t o  f r e e  s p o r e s ,  and 

f i l t e r i n g  t h e  r e s u l t i n g  suspens ions  through 6  t o  8  l a y e r s  o f  

c h e e s e c l o t h .  Spore c o n c e n t r a t i o n s  were e s t ima t ed  w i t h  a  

haemocytometer and ad ju s t ed  t o  c a .  1 . 0  x 106 con id ia /ml  f o r  

C .  l indemuthianum and C .  l agenar ium,  4 . 0  x 105 - - - -- 

con id i a lml  f o r  - C .  -- fulvum and 1 .0  x 105 con id i a /ml  f o r  

H .  . carbonum. Inoculurn was sprayed even ly  a s  a  f i n e  m i s t  - - 

onto  bean s tems o r  tomato ,  cucumber o r  corn  l e a v e s .  I nocu l a t ed  

p l a n t s  were f i r s t  kep t  i n  h u m i d  chambers a t  RT and c a .  100 S R H  

f o r  48 t o  65 h ( b e a n ) ,  45 h ( tomato  and cucumber) ,  o r  15 t o  22  h  

( c o r n ) .  Humidity chambers were opened f o r  10 t o  2 4  h  t o  a l low 

e q u i l i b r a t i o n  o f  chamber and e x t e r n a l  atmospheres and d ry ing  o f  

p l a n t  s u r f a c e s .  P l a n t s  were then removed and placed under 

growth l i g h t s  on a  l a b o r a t o r y  bench. Symptoms appeared w i th in  

36 h  a f t e r  i n o c u l a t i o n  of  corn  w i t h  - H .  carbonum, w i th in  7 d  

a f t e r  i n o c u l a t i o n  o f  bean and cucumber wi th  - C .  

lindemuthianum and - C .  lagenarium r e s p e c t i v e l y ,  and w i t h i n  

14 d  a f t e r  i n o c u l a t i o n  of  tomato w i t h  - C .  fulvum. 

D .  Phv toa lex in  E x t r a c t  ( P A E )  Treatments  

1 .  lInoculum p l u s  F u n g i t o x i c a n t '  Bioassay.  I n i t i a l  

t e s t s  f o r  p r o t e c t i v e  f u n g i c i d a l  a c t i v i t y  o f  phy toa l ex in s  involved 

adding PAE d i r e c t l y  t o  aqueous spo re  su spens ions  a t  a  f i n a l  

c o n c e n t r a t i o n  o f  5 % ( v / v ) .  I nocu l a t ed  c o n t r o l  p l a n t s  were 

sprayed wi th  s p o r e  suspens ions  amended wi th  5 % o f  e i t h e r  



95 % e t h a n o l  o r  wa te r .  Uninoculated c o n t r o l s  were sprayed wi th  

e i t h e r  5 % P A E  ( v / v )  o r  5 1 e t h a n o l  ( v / v )  i n  water  a t  t h e  t ime 

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

2. Te s t  f o r  E rad i can t  A c t i v i t y .  PAE ( 5  9 )  o r  5  % ---- - 

e t h a n o l  was a p p l i e d  t o  bean hypoco ty l s  a t  i n t e r v a l s  ( 1 ,  6 ,  31,  

55,  79h) a f t e r  i n o c u l a t i o n  w i t h  - C .  l indemuthianum. 

Epidermal s t r i p s  from hypoco ty l s  of  u n t r e a t e d  p l a n t s  were 

examined m i c r o s c o p i c a l l y  a t  e q u i v a l e n t  i n t e r v a l s  a f t e r  

i n o c u l a t i o n  t o  f o l l ow  t h e  development o f  t h e  i n f e c t i n g  fungus 

wi th  t ime .  

T e s t s  f o r  P r o t e c t a n t  A c t i v i t y .  ---- The p e r s i s t e n c e  

o f  p r o t e c t i o n  a f fo rded  by P A E  app l i ed  t o  - P .  v u l g a r i s  o r  

Z .  mays a t  v a r i o u s  i n t e r v a l s  p r i o r  t o  i n o c u l a t i o n  w i t h  - -- 

t h e i r  r e s p e c t i v e  pathogens was eva lua t ed  on t h e  b a s i s  o f  

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

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

o f  h o s t  r e sponse  i n  t h e  - P .  --- v u l g a r i s  - C .  l indemuthianum - -  

i n t e r a c t i o n  was a t t empted  b y  t h e  use o f  3  d i f f e r e n t  methods 

t o  produce PAE- t r ea tmen t - inocu la t ion  i n t e r v a l s .  

( a )  Method - I .  A l a r g e  number of  - P .  v u l g a r i s  

s eeds  was p l a n t e d ,  5  $ P A E  ( t r e a t m e n t )  o r  5 % e t h a n o l  ( c o n t r o l )  

was a p p l i e d  t o  a l l  p l a n t s  8 o r  10  d  l a t e r ,  and s e t s  o f  t r e a t e d  

and c o n t r o l  p l a n t s  were i nocu l a t ed  a t  v a r i o u s  i n t e r v a l s  a f t e r  

a p p l i c a t i o n  o f  PAE.  



- ( b )  ---- Method 11. P l a n t i n g  o f  - P .  v u l g a r i s  was  

s t a g g e r e d ,  PAE o r  e t h a n o l  was  a p p l i e d  when e a c h  p l a n t  w a s  1 0  d  

o l d ,  a n d  a l l  p l a n t s  were i n o c u l a t e d  when t h e  o l d e s t  p l a n t  was  2 0  

d  o l d .  

( c )  Method  --- 111. PAE o r  e t h a n o l  w a s  a p p l i e d  8 t o  1 4  

d  a f t e r  p l a n t i n g  o f  - P. v u l g a r i s  a n d  a l l  p l a n t s  were 

i n o c u l a t e d  w i t h  a  s i n g l e  s p o r e  s u s p e n s i o n  o n  t h e  1 4 t h  d a y  a f t e r  

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

b o t h  PAE ( 5  % )  a n d  cap t a r@ ( 1  ppm; N - t r i c h l o r o m e t h y l t h i o -  

t e t r a h y d r o p h t h a l i m i d e ,  C h e v r o n  C h e m i c a l  C a n a d a ,  L t d .  ) o n  - P .  

v u l g a r i s  o r  - Z .  m a p  - was  e v a l u a t e d  u s i n g  Method  111. 

L a t e r ' s  S p r e a d e r - S t i c k e r  ( L a t e r ' s  C h e m i c a l s  L t d . ,  R i c h m o n d ,  

B.C.)  w a s  a d d e d  t o  p r e i n o c u l a t i o n  s p r a y  t r e a t m e n t s  a t  3 

d i f f e r e n t  c o n c e n t r a t i o n s  ( 1  5 0 0 ,  2 5 0 0 ,  3 5 0 0  ppm) . Some 

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

s p r e a d e r - s t i c k e r  a t  p r e i n o c u l a t i o n  i n t e r v a l s ;  o t h e r s  r e c e i v e d  n o  

p r e t r e a t m e n t .  

E .  - C o l l e c t i o n  a n d  T r e a t m e n t  o f  D a t a  -- 

Numbers  of  l e s i o n s  w h i c h  d e v e l o p e d  on b e a n  h y p o c o t y l s  a s  a  

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

C .  l i n d e m u t h i a n u m  were r e c o r d e d  4 . 5  t o  6 d  a f t e r  - 

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

h y p o c o t y l s  o f  b e a n s  w a s  a r b i t r a r i l y  f i x e d  a t  3 0 0  s i t e s ;  l a r g e r  

n u m b e r s  were r e c o r d e d  a s  3 0 0 + .  P e r c e n t  p r o t e c t i o n  f o r  t r e a t e d  



p l a n t s  was c a l c u l a t e d  a c c o r d i n g  t o  t h e  fo rmula :  
- 

[ I  - (:)I x 100 = p r o t e c t i o n  

where L t  = average  number o f  l e s i o n s  f o r  t r e a t e d  p l a n t s  

LC = average  number o f  l e s i o n s  f o r  c o n t r o l  p l a n t s  

Where r a t e  o f  d i s e a s e  development  was measured,  p e r c e n t  o f  

c o n t r o l  f o r  bo th  t r e a t m e n t  and c o n t r o l  p l a n t s  was c a l c u l a t e d  

accord ing  t o  t h e  formula :  

L x  - x 100 = % o f  c o n t r o l  
LC 

where Lx = a v e r a g e  number o f  l e s i o n s  a t  each  o b s e r v a t i o n  t ime  f o r  

t r e a t e d  o r  f o r  c o n t r o l  p l a n t s  

LC = a v e r a g e  number o f  l e s i o n s  a t  f i n a l  o b s e r v a t i o n  t ime  f o r  

c o n t r o l  p l a n t s  

Symptoms o f  t h e  c o r n  - - H .  carbonum d i s e a s e  

i n t e r a c t i o n  were q u a n t i t a t i v e l y  r ecorded  1 2  d  a f t e r  i n o c u l a t i o n .  

P e r c e n t  l e a f  o r  p l a n t  m o r t a l i t y  f o r  t r e a t e d  and c o n t r o l  co rn  

p l a n t s  was c a l c u l a t e d  accord ing  t o  t h e  fo rmula :  

Number of  dead l e a v e s  ( o r  p l a n t s )  
x 100 = % l e a f  ( o r  p l a n t )  

T o t a l  number o f  l e a v e s  ( o r  p l a n t s )  m o r t a l i t y  

Q u a l i t a t i v e  compar isons  o f  t r e a t e d  and c o n t r o l  cucumber 

and tomato p l a n t s  were r ecorded  p h o t o g r a p h i c a l l y  9 t o  1 4  d a f t e r  

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



A .  

C. - 
and 

RESULTS 
- 

I n o c u l u m  p l u s  F u n g i t o x i c a n t  ( P A E )  -- 

B e a n ,  c o r n ,  cucumber  and t o m a t o  p l a n t s  i n o c u l a t e d  w i t h  

l i n d e m u t h i a n u m ,  - - H .  - c a r b o n u m ,  - C .  l a g e n a r i u m ,  

C .  f u l v u m ,  r e s p e c t i v e l y  were  a l l  p r o t e c t e d  by 5 % PAE - 

( F i g s .  1 . 1  t o  1 . 3 ) .  When PAE was a d d e d  t o  i n o c u l a  a t  d i f f e r e n t  

l e v e l s ,  d i l u t i o n  e n d p o i n t s  were e s t i m a t e d  t o  b e  0 .1  t o  1 . 0  % PAE 

( 1 2  t o  1 2 0  ppm i d e n t i f i e d  p h y t o a l e x i n s  c o n t e n t )  f o r  c o m p l e t e  

p r o t e c t i o n  a g a i n s t  - C .  --- l i n d e m u t h i a n u m  on b e a n s ,  a n d  1 . 0  t o  

2 .5  % a g a i n s t  - H .  carbonum on c o r n .  D i l u t i o n  e n d p o i n t s  f o r  

c o m p l e t e  p r o t e c t i o n  by captar@ t e s t e d  i n  a  s i m i l a r  manner  

a g a i n s t  - C .  l i n d e m u t h i a n u m  and - H .  carbonum on t h e i r  

r e s p e c t i v e  p l a n t  h o s t s  were e s t i m a t e d  t o  b e  0 . 0 0 1  t o  0 .01  ppm 

and 0 .01  t o  0 . 1  ppm, r e s p e c t i v e l y .  M i c r o s c o p i c  o b s e r v a t i o n  o f  

e p i d e r m a l  s t r i p s  f rom bean  h y p o c o t y l s  i n o c u l a t e d  w i t h  - C .  

l i n d e m u t h i a n u m  showed t h a t  c o n i d i a  f rom i n o c u l u m  c o n t a i n i n g  

2 . 5  % PAE had n o t  g e r m i n a t e d  and t h e i r  w a l l s  a p p e a r e d  damaged.  

B. E r a d i c a n t  A c t i v i t v  

P r o t e c t i o n  was n o t e d  on p l a n t s  t r e a t e d  w i t h  PAE a t  1  and  6 

h  a f t e r  i n o c u l a t i o n ;  t r e a t m e n t  was s i g n i f i c a n t  ( P  < 0 . 0 1 )  o n l y  

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

C .  l i n d e m u t h i a n u m  on h y p o c o t y l s  o f  u n t r e a t e d  p l a n t s  a t  t h e  - 

v a r i o u s  times o f  PAE- t rea tment  a r e  shown i n  T a b l e  1 . 2 .  



F i g .  1 . 1  P r o t e c t i o n  o f  - P h a s e o l u s  - v u l g a r i s  b y  

PA(=PAE)  c o n t a i n e d  i n  i n o c u l a  o f  

C o l l e t o t r i c h u r n  l i n d e m u t h i a n u m  a t  l e v e l s  - 

of 5 % a n d  1 %. 

C o n t r o l  = u n i n o c u l a t e d  p l a n t s  

HLO C o n t r o l  = i n o c u l u m  a m e n d e d  w i t h  5 $ 

w a t e r  

E t o h  C o n t r o l  = i n o c u l u m  a m e n d e d  w i t h  5 % 

e t h a n o l  

5 $ PA = i n o c u l u m  a m e n d e d  w i t h  5 % PAE 

1 PA = i n o c u l u m  a m e n d e d  w i t h  1 % PAE 





Fig .  1 . 2  P r o t e c t i o n  of - Zea mays -- b y  5 % 

P A ( = P A E )  conta ined i n  inocu la  o f  

Helminthosporium carbonum. 

HtO Cont ro l  = uninocula ted p l a n t s  

H .  carbonum HLO c o n t r o l  = inoculum amended - 
with 5 % water 

H .  carbonum Etoh c o n t r o l  = inoculum amended - 
with 5 $ e thano l  

H .  carbonum 5 % PA = inoculum amended with - 
5 % PAE 





F i g .  1 . 3  P r o t e c t i o n  o f  ( a )  - Cucurnis s a t i v u s  b y  

5 % P A ( = P A E )  con ta ined  i n  i n o c u l a  

o f  C o l l e t o t r  ichum lagenarium and ( b )  

Qcopers icon  - - - esculentum by 5 % P A ( = P A E )  

con ta ined  i n  i n o c u l a  o f  - Cladosporiurn fulvum. 

I .  Treatment  = inoculum amended wi th  5 % PAE 

2. C o n t r o l  = inoculurn amended wi th  5 % e t h a n o l  





TABLE 1 . 1  Numbers of  l e s i o n s  on bean hypocotyls  t r e a t e d  
with 3-% PAE a t  va r ious  t imes  a f t e r  i n o c u l a t i o n  w i t h  
Col le to t r i chum - lindemuthianum. 

Treatment Number of  Lesionsa 
Time 

(Hours Af te r  Percent  
I n o c u l a t i o n )  P A E  Control  p r o t e c t i o n b  

a Mean of  4 p l a n t s  f o r  1 ,  6 ,  31 h  t r e a t m e n t s  and 3 
l a n t s  f o r  55,  79 h t r e a t m e n t s .  

Percent  p r o t e c t i o n  c a l c u l a t e d  a s  descr ibed  i n  
V g t e r i a l s  and Methods. 

D i f f e r ence  between t rea tment  and c o n t r o l  means i s  
s i g n i f i c a n t  ( t - t e s t ,  P < 0 .01 ) .  
n S  Not s i g n i f i c a n t  ( t - t e s t ,  P > 0 .05 ) .  



TABLE 1 . 2  Development o f  Co l l e t o t r i chum lindemuthianum - 
i on hypoco ty l s  of  Phaseolus  v u l g a r i s .  T ~ t a g e s  o f  

f u n g a l  development e x p r e s s e d f i f  t o t a l  funga l  u n i t s  
r observeda a t  each t ime  a f t e r  i n o c u l a t i o n . )  

Time a f t e r  I n o c u l a t i o n  (Hours)  
- 

S t a g e s  of  Fungal 
Development 1 6 3  1 54 78.5 

Conidia  (ungermina ted)  100 5  1  35 24 52 

Germ tubes  wi thou t  
a p p r e s s o r i a  0 3 0  9 1  

Non-pigmented 
app re s so r  i a  

Pigmented a p p r e s s o r i a  0 7  20 60 5  

P e n e t r a t i o n  0  0  0  7  42 

a Counts made i n  a t  l e a s t  22 random f i e l d s  o f  view 
(0 .25  mm2) on a  s i n g l e  epidermal  s t r i p  removed from 
i n o c u l a t e d  hypoco ty l s  ( c a .  2 .5  cm below t h e  co ty ledonary  
node) a t  s t a t e d  t imes  a f t e r  i n o c u l a t i o n .  



From -- t h e s e  d a t a  i t  i s  concluded t h a t  any e r a d i c a t i v e  

a c t i o n  of p o s t i n o c u l a t i o n  PAE-treatment was l i m i t e d  t o  

p r e a p p r e s s o r i a l  s t a g e s  o f  funga l  development on t he  hos t  t i s s u e  

s u r f a c e .  

C .  P r o t e c t a n t  A c t i v i t v  

1 .  Phaseolus v u l g a r i s  - Col le to t r i chum lindemuthianum. 

When a  2 h  i n t e r v a l  e x i s t e d  between t r ea tmen t  o f  bean hypocotyls  

w i t h  5 % P A E  and i n o c u l a t i o n  w i t h  - C .  l indemuthianum, 

p r o t e c t i o n  was 87 % r e l a t i v e  to  i nocu la t ed  c o n t r o l s .  The l e v e l  

of p r o t e c t i o n  decreased w i t h  i n c r e a s i n g  d i l u t i o n  of t h e  PAE 

t r e a t m e n t s ;  d i l u t i o n  endpoint  f o r  p r o t e c t i o n  occurred between 

0.5 and 1 % P A E  ( F i g .  1 . 4 ) .  The r a t e  of d i s e a s e  development on 

p l a n t s  t r e a t e d  w i t h  - > 1 % PAE was much reduced r e l a t i v e  t o  

i nocu la t ed  c o n t r o l s  (sprayed with 5 % e thano l  2 h  be fo re  

i n o c u l a t i o n )  and p l a n t s  t r e a t e d  w i t h  lower l e v e l s  o f  PAE (F ig  

1 . 4 ) .  

When PAE-treatment preceded i n o c u l a t i o n  b y  i n t e r v a l s  

ranging from 2 h  t o  10 d ,  l e s i o n s  on hypocoty l s  were always 

fewer bu t  u s u a l l y  l a r g e r  than on inocu la t ed  c o n t r o l  p l a n t s ,  and 

complete p r o t e c t i o n  was g e n e r a l l y  ? o t  ob t a ined .  With t h e  use o f  

Method I ,  numbers o f  l e s i o n s  on PAE-treated hypocotyls  were 

reduced 7 4  t o  95 % r e l a t i v e  t o  i nocu la t ed  c o n t r o l s  (Table  1.3A). 

This  method r equ i r ed  s e v e r a l  d i f f e r e n t  i nocu la  and involved 

p l a n t s  o f  d i f f e r e n t  ages  - both p o t e n t i a l  sources  o f  v a r i a b i l i t y  

i n  symptom expre s s ion .  



c a l c u l a t e d  a s  d e s c r i b e d  i n  M a t e r i a l s  and 

M e t h o d s . )  

F i g .  1 . 4  R a t e  o f  l e s i o n  d e v e l o p m e n t  on  

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

w i t h  d i l u t i o n s  o f  P A E  2 h  p r i o r  t o  

i n o c u l a t i o n  w i t h  - C o l l e t o t r i c h u m  l i n d e m u t h i a n u m .  

( E a c h  p o i n t  i s  mean o f  l e s i o n  c o u n t s  o n  

4 t o  8 r e p l i c a t e  p l a n t s .  P e r c e n t  o f  c o n t r o l  
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TABLE 1 . 3  E f f e c t  of  p r e inocu la t i on  PAE-treatment on 
number so f  l e s i o n s  occu r r ing  on Phaseolus v u l g a r i s  
follo-wing i n o c u l a t i o n  by Col le to t r i chum lindemuthianum 
using methods I and I I a .  

Number of  
~ e s i o n s b  

Age of P l an t  - 
Pre inocu la t i on  a t  I nocu la t i on  Percent  

I n t e r v a l  (days )  P A E  Cont ro l  P ro t ec t i on  

A .  Method I 

8. Method I1 

a See Ma te r i a l s  and Methods f o r  d e s c r i p t i o n  of t e s t  methods. 
Mean of l e s i o n  counts  on 5 t o  8 PAE-treated p l a n t s  

and 5 t o  16 c o n t r o l  p l a n t s .  
Percent  p r o t e c t i o n  c a l c u l a t e d  a s  descr ibed  i n  

Ma te r i a l s  and Methods. 



W i t h  M e t h o d  11, t h e  r e d u c t i o n  i n  n u m b e r s  o f  l e s i o n s  w a s  88 

t o  1 0 0  % ( T a b l e  1 . 3 B ) .  A l t h o u g h  t h e  p r o t e c t i o n  a f f o r d e d  b y  P A E  

w a s  r e a s o n a b l y  h i g h ,  a l l  P A E - t r e a t e d  a n d  i n o c u l a t e d  p l a n t s  a s  

wel l  a s  i n o c u l a t e d  c o n t r o l  p l a n t s  e v e n t u a l l y  d i e d  a s  a  r e s u l t  o f  

l e s i o n s  w h i c h  d e v e l o p e d  o n  t h e i r  e p i c o t y l s .  As few a s  o n e  o r  

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

d e a t h .  

A m a j o r  v a r i a b l e  w h i c h  w a s  u n c o n t r o l l e d  b y  e i t h e r  M e t h o d  I 

o r  I1 w a s  m a t u r e  p l a n t  r e s i s t a n c e  ( 4 7 ,  1 0 4 ,  1 1 0 ) .  T h i s  i s  

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

h y p o c o t y l s  o f  c o n t r o l  p l a n t s  i n o c u l a t e d  when 1 7  t o  20  d  o l d ,  a s  

c o m p a r e d  w i t h  p l a n t s  i n o c u l a t e d  when y o u n g e r  ( T a b l e  1.3 A a n d  

8 ) .  

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

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

M e t h o d  I11 a n d  t h i s  m e t h o d  w a s  u s e d  f o r  t h e  r e m a i n d e r  o f  t h e  

i n v e s t i g a t i o n  of P A E - p e r s i s t e n c e  o n  - P. v u l g a r i s .  P l a n t  

p r o t e c t i o n  a f f o r d e d  b y  PAE u s i n g  M e t h o d  I11 r a n g e d  from 96 t o  7 2  

% f o r  p r e i n o c u l a t i o n  i n t e r v a l s  o f  2 h  t o  6 d  ( T a b l e  1 . 4 ) .  T h e  

r a t e  o f  d i s e a s e  d e v e l o p m e n t  o n  a l l  P A E - t r e a t e d  p l a n t s  w a s  

r e d u c e d  r e l a t i v e  t o  t h a t  o c c u r r i n g  o n  i n o c u l a t e d  c o n t r o l s  ( F i g  

1 . 5 ) .  



t TABLE 1 . 4  E f f e c t  o f  p r e inocu la t i on  PAE-treatment on 
numbers of  l e s i o n s  occu r r ing  on Phaseolus v u l g a r i s  
fo l lowing  i n o c u l a t i o n  by Col le to t r i chum - lindemuthianum 
u s i n g  Method I I I a .  

P re inocu la t i on  Number of 
I n t e r v a l  ~ e s i o n s ~  

Percent  
p r o t e c t i o n d  

2 h  
1 d  
2 d  
3 d 
3 .5  d 
5 d 
6 d 

Control  

a See Ma te r i a l s  and Methods f o r  d e s c r i p t i o n  of t e s t  method. 
Mean of l e s i o n  counts  on 5 r e p l i c a t e  p l a n t s  t r e a t e d  

a t  each p re inocu la t i on  i n t e r v a l .  
Mean of l e s i o n  counts  on 34 c o n t r o l  p l a n t s  pooled 

from a l l  p r e inocu la t i on  i n t e r v a l s .  
Percent  p r o t e c t i o n  c a l c u l a t e d  a s  descr ibed  i n  Ma te r i a l s  

and Methods. 



F i g .  1 .5  H a t e  o f  l e s i o n  d e v e l o p m e n t  o n  h y p o c o t y l s  o f  

P h a s e o l u s  v u l g a r i s  t r e a t e d  w i t h  5 % -- - 
PAE a t  i n t e r v a l s  o f  2 h  t o  4 d  p r i o r  t o  

i n o c u l a t i o n  w i t h  C o l l e t o t r  i c h u m  l i n d e m u t h i a n u m .  

( E a c h  p o i n t  i s  mean  o f  l e s i o n  c o u n t s  o n  

5 t o  8 r e p l i c a t e  p l a n t s .  P e r c e n t  o f  c o n t r o l  

c a l c u l a t e d  a s  d e s c r i b e d  i n  M a t e r i a l s  a n d  

M e t h o d s .  ) 
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The - a d d i t i o n  of  L a t e r ' s  s p r e a d e r - s t i c k e r  t o  p r e inocu la t i on  

t r e a t m e n t s  had no e f f e c t  on t h e  p r o t e c t i o n  a f fo rded  by e i t h e r  

P I E  ( 5  % )  o r  captar@) ( 1  ppm) on - P .  v u l g a r i s  i nocu la t ed  

w i t h  - C .  - lindemuthianum. There was, l i k e w i s e ,  no d i f f e r e n c e  

i n  symptoms between inocu la t ed  c o n t r o l  p l a n t s  sprayed with 

e t h a n o l  p lu s  s p r e a d e r - s t i c k e r  a t  p r e inocu la t i on  i n t e r v a l s ,  and 

t h e  water- inocula ted c o n t r o l  p l a n t s .  

Both PAE-and captar@-treatments y ie lded  d i s t i n c t  l e v e l s  

o f  p r o t e c t i o n  a g a i n s t  - C .  lindemuthianum. When p l a n t s  were 

grouped i n t o  4 c l a s s e s  r e l a t e d  t o  t h e  l e v e l  of  i n f e c t i o n  

occu r r ing  on t h e i r  hypocoty l s ,  most of  t h e  PAE-treated p l a n t s  

f e l l  i n t o  c l a s s  2 (moderate i n f e c t i o n ) ,  whereas 

captar@-treated p l a n t s  were found mainly i n  c l a s s  1 ( l i g h t  

i n f e c t i o n )  ( F i g .  1 .6 ;  Table  1 . 5 ) .  

In  summary, t h e  r e s u l t s  o f  t h e  i n v e s t i g a t i o n  on 

p e r s i s t e n c e  of  PAE-protectant a c t i v i t y  on - P .  v u l g a r i s  

a g a i n s t  - C .  lindemuthianum showed t h a t  p r o t e c t i o n  averaged 

c a .  75 %. The l e v e l  of  p r o t e c t i o n  was no t  much in f luenced  by 

age of  p l a n t  a t  t h e  t ime of  PAE-treatment ( 8  t o  1 4  d l ,  d u r a t i o n  

of  p r e i n o c u l a t i o n  i n t e r v a l  ( 2  h  t o  10 d ) ,  p l a n t  age a t  

i n o c u l a t i o n  (10  t o  17 d l ,  o r  presence of  an ad juvant  (1500, 

2500, 3500 ppm) . 



F i g .  1 .6  C l a s s e s  o f  i n f e c t i o n  o n  6 . 5  crn h y p o c o t y l  

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

w i t h  C o l l e t o t r i c h u m  l i n d e m u t h i a n u m :  

( a )  u n i n o c u l a t e d  c o n t r o l  ( 0 1 ,  ( b )  l i g h t  

i n f e c t i o n  ( I ) ,  ( c )  m o d e r a t e  i n f e c t i o n  ( 2 ) ,  

( d l  h e a v y  i n f e c t i o n  ( 3 ) .  





L 
t' 

TABLE 1.5  Effects of PAE- or captar@-pretreatments, 
-amendmentsb and pretreatment intervals on 
infection of Phaseolus vulgaris by Colletotrichum 
lindemuthianum. (Numbers refer to classesC of infection 
and are based on 3 replicate plants.) 

Treatment 
-- 

Preinoculation Adjuvant 
Interval (days) ( P P ~ )  Control PAE Captan @ 

a N-trichloromethylthiotetrahydrophthalimide 
(Chevron Chemical Canada, Ltd.). 

Later's Spreader-Sticker (Later's Chemicals Ltd. , 
Richmond, B.C.). 

Infection classes: 1 = light + 3 = heavy infection. 



E 
? p r o t e c t i v e  a c t i v i t i e s  o f  captar@ ( 1  ppm) and PAE ( 5  '1) with 

ad juvant  were f u r t h e r  compared using t h e  corn - - H .  carbonum 

h o s t - p a r a s i t e  i n t e r a c t i o n .  No c o r r e l a t i o n  was noted between t h e  

amount o f  dead t i s s u e  due t o  i n f e c t i o n  and t h e  t h r e e  ad juvant  

c o n c e n t r a t i o n s  (Tab le  1 . 6 ) .  For both PAE- and captat@-treated 

p l a n t s ,  l e a f  m o r t a l i t y  under a l l  t r ea tmen t  c o n d i t i o n s  was 

reduced b y  on ly  c a .  25  % compared w i t h  t h e  e t h a n o l - t r e a t e d  

i nocu la t ed  c o n t r o l s ,  b u t  t h e r e  was an average 75 % r educ t ion  i n  

p l a n t  m o r t a l i t y  a s  a  r e s u l t  o f  e i t h e r  PAE- o r  captar@- 

t r e a t m e n t .  A l l  corn  p l a n t s  t r e a t e d  w i t h  captar@ o r  P A E  a t  

i n t e r v a l s  u p  t o  and inc lud ing  1 d be fore  i n o c u l a t i o n  surv ived  

i n f e c t i o n  w i t h  - H .  carbonurn (Table  1 . 6 ) .  
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DISCUSSION 

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

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

l a s t  2 0  y e a r s  i n c l u d e :  

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

f u n g i c i d e s  ( 1  1 1 ) ,  by i n o c u l a t i o n  o f  p l a n t s  w i t h  

i n c o m p a t i b l e  p a t h o g e n i c  s t r a i n s  ( 2 0 ,  4 0 ,  1 0 9 ,  1 1 0 )  and 

by a p p l i c a t i o n  o f  f u n g a l  p r o d u c t s  t e r m e d  l e l i c i t o r s '  

(2 ,  l 5 l ) ,  

2. b r e e d i n g  f o r  monogen ic  r e s i s t a n c e  b a s e d  on p r o d u c t i o n  

o f  p h y t o a l e x i n s  ( l o o ) ,  and 

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

f u n g i c i d e s  on  c r o p s  ( 2 8 ,  4 1 ,  6 6 ,  6 7 ,  1 4 5 ,  1 5 1 ) .  

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

u s e  o f  c a p s i d i o l  a s  a  p r o t e c t i v e  f u n g i c i d e  ( 1 5 1 1 ,  I h a v e  

t e s t e d  t h e  p h y t o a l e x i n s  f rom P .  v u l g a r  i s  a s  p r o t e c t a n t s .  -- - 
Under d e f i n e d  l a b o r a t o r y  c o n d i t i o n s ,  p r o t e c t i o n  o f  s e l e c t e d  c r o p  

p l a n t s  a g a i n s t  t h e i r  r e s p e c t i v e  p a t h o g e n s  was o b t a i n e d .  My 

r e s u l t s ,  h o w e v e r ,  d o  n o t  a p p e a r  t o  w a r r a n t  t h e  same hope  f o r  

f i e l d  a p p l i c a t i o n  o f  p h a s e o l l i n  and r e l a t e d  compounds t h a t  Ward 

and c o w o r k e r s  ( 1  51 ) e x p r e s s e d  f o r  c a p s i d i o l .  

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

s u s p e n s i o n s  c o n t a i n i n g  PAE i n d i c a t e s  t h e  e f f e c t i v e  f u n g i t o x i c  

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



M i c r o s c o p i c  o b s e r v a t i o n s  o f  - C .  l i n d e m u t h i a n u m  -- s p o r e s  from 

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

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

i r r e g u l a r  s p o r e  s h a p e s  a f t e r  o n l y  a  2 min e x p o s u r e  o f  - C .  

l i n d e m u t h i a n u m  c o n i d i a  t o  1 0 ~ g / r n l  p h a s e o l l i n  ( 1 2 6 ) .  

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

c o n c e r n i n g  t h e  r e l a t i v e  s e n s i t i v i t y  o f  - C .  l i n d e m u t h i a n u m  

a n d  - H .  c a r b o n u m  - s p o r e s  t o  c a p t a r @  a n d  p h y t o a l e x i n s  i n  

PAE. B o t h  f u n g i  were m o r e  s e n s i t i v e  t o  c a p t a r @  t h a n  PAE; H. 

c a r b o n u m  w a s  m o r e  t o l e r a n t  t o  b o t h  f u n g i c i d e s  t h a n  was  - C .  

l i n d e m u t h i a n u m .  S p o r e s  o f  - C .  l i n d e m u t h i a n u m  a r e  

a p p a r e n t l y  m o r e  s e n s i t i v e  t o  p h a s e o l l i n  [ED50 < 2  ppm, i . e .  

< 6 . 2 5  x M ;  ( 1  I ) ] ,  t h a n  a r e  t h e  s p o r e s  o f  - P. i n f e s t a n s  

t o  c a p s i d i o l  [ED50 4.0 x 10-5 M ;  ( 1 5 0 ) l .  I n  a d d i t i o n ,  t h e  

d i l u t i o n  e n d p o i n t  f o r  f u n g i c i d a l  a c t i v i t y  o f  PAE a g a i n s t  - C. 

l i n d e m u t h i a n u m  ( i . e .  1 2  t o  1 2 0  ppm) e a s i l y  f a l l s  w i t h i n  t h e  

t h r e s h o l d  v a l u e  (ED50 < 1 0 0  ppm) w h i c h  i s  e m p l o y e d  f o r  

s c r e e n i n g  p o t e n t i a l  f u n g i c i d e s  ( 1  53). T h u s  o n e  m i g h t  p r e d i c t  

t h a t  e f f e c t i v e  c o n t r o l  o f  b e a n  a n t h r a c n o s e  wou ld  b e  a c h i e v e d  

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

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

s u p p o r t  t h i s  p r e d i c t i o n .  P A E - t r e a t m e n t - i n o c u l a t i o n  i n t e r v a l s  a s  

s h o r t  a s  2  h  r e d u c e d  p r o t e c t i o n  o f  - P. v u l g a r i s  h y p o c o t y l s  

a g a i n s t  - C .  l i n d e m u t h i a n u r n .  I t  seems t h a t  g r o w t h  o c c u r r i n g  



i n  t h e  e p i c o t y l  r e g i o n  of P. v u l g a r i s  stems s u b s e q u e n t  t o  
-- - --- 

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

t o  P A E - t r e a t e d  ( 2  h  t o  1 0  d )  p l a n t s  w h i c h  s u c c u m b e d  t o  e x t e n s i v e  

l e s i o n  f o r m a t i o n  o n  e p i c o t y l s ,  p l a n t s  p r e t r e a t e d  w i t h  c a p t a t @  

a s  m u c h  a s  4 d  b e f o r e  i n o c u l a t i o n  w i t h  - C .  l i n d e m u t h i a n u m  

s u r v i v e d  a n d  p r o d u c e d  f l o w e r  b u d s  2 w k s  a f t e r  i n o c u l a t i o n .  T h e  

r e d u c t i o n  of  f o l i a r  l e s i o n s  r e s u l t i n g  f r o m  P A E - t r e a t m e n t  i n  t h e  

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

p a r t i c u l a r l y  s i n c e  l e s i o n s  o n  c o r n  l e a v e s  t e n d  t o  s p r e a d  a n d  

s p o r u l a t i o n  from i n f e c t i o n  s i t e s  c a n  t a k e  p l a c e  a s  e a r l y  a s  4 8  h  

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

T h e  f i n d i n g  t h a t  PAE h a s  p o s t i n o c u l a t i o n  a c t i v i t y  i n  t h e  

P.  v u l g a r i s  - C .  l i n d e m u t h i a n u m  i n t e r a c t i o n  a g a i n s t  - - - - 

u n g e r m i n a t e d  a n d  g e r m i n a t e d  s p o r e s  ( p r e a p p r e s s o r i a l )  i s  

s u p p o r t e d  b y  t h e  o b s e r v a t i o n s  o f  S k i p p  a n d  B a i l e y  ( 1 2 7 )  who 

n o t e d  t h a t  f o r  most f u n g i  t e s t e d ,  s p o r e s  a n d  1-d o l d  s p o r e l i n g s  

were e q u a l l y  s e n s i t i v e  t o  p h y t o a l e x i n s  p r o d u c e d  b y  - P. 

v u l g a r i s .  Germ t u b e s  o f  - C .  l i n d e m u t h i a n u m  s u f f e r e d  

s e v e r e  d i s r u p t i o n  when e x p o s e d  t o  o n l y  3 ppm p h a s e o l l i n  ( 1 3 ) .  

I t  may b e  i n d i r e c t l y  c o n c l u d e d  from T a b l e s  1 . 1  a n d  1 . 2 ,  t h a t  

C .  l i n d e m u t h i a n u m  a p p r e s s o r i a  o n  P .  v u l g a r i s  - - 

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

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

w i t h  a c t i v e  c o m p o u n d s  i n  PAE. 



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

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

s u r f a c e s  m u s t  b e  r e d u c e d  i n  s o m e  m a n n e r ,  e v e n  w i t h i n  2  h  o f  

a p p l i c a t i o n .  S e v e r a l  p o s s i b l e  e x p l a n a t i o n s ,  i n v o l v i n g  t h e  h o s t  

p l a n t ,  t h e  p a t h o g e n  a n d / o r  t h e  e n v i r o n m e n t ,  c a n  be  o f f e r e d .  

T h e  a c t i o n  o f  t h e  h o s t  p l a n t  may i n v o l v e  a d s o r p t i o n  o f  

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

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

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

c e l l s .  M u l l e r  ( 9 8 )  w a s  t h e  f i r s t  t o  r e p o r t  t h a t  f r e e  

p h y t o a l e x i n s  i n  d i f f u s a t e s  were " f i x e d "  b y  t h e  e p i d e r m a l  a n d  

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

( 4 5 ,  5 1 ,  1 4 4 ) ,  h a v e  s i n c e  o b s e r v e d  t h e  a d s o r p t i o n  o f  

p h y t o a l e x i n s  b y  p l a n t  t i s s u e .  S k i p p  a n d  a s s o c i a t e s  ( 1 2 8 )  

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

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

2 4  h ;  t h i s  u p t a k e  w a s  a s s o c i a t e d  w i t h  p l a n t  c e l l  m e t a b o l i s m  o f  

p h a s e o l l i n  ( 4 5 ,  5 1 ,  1 2 8 ) .  F u r t h e r m o r e ,  - P h a s e o l u s  a u r e u s  

R o x b .  a l s o  m e t a b o l i z e d  p h a s e o l l i n ,  a l t h o u g h  t h i s  p h y t o a l e x i n  

d o e s  n o t  o r i g i n a t e  i n  - P. -- a u r e u s  ( 4 5 ) .  T h u s ,  i t  i s  p o s s i b l e  

t h a t  p l a n t  m e t a b o l i s m  o f  c h e m i c a l  c o m p o n e n t s  o f  PAE a f f e c t s  t h e  

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



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

b y  PAE w a s  s e e n  i n  t h i s  s t u d y ,  p h y t o a l e x i n s  i n  PAE a p p l i e d  t o  

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

a c r o s s  t h e  c u t i c l e  a n d  become  a l t e r e d  by  h o s t  t i s s u e  m e t a b o l i s m .  

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

( 1 0 4 )  a s  well a s  a b s o r p t i o n  a n d / o r  m e t a b o l i s m  o f  p h y t o a l e x i n s  

( 1  4 5 ) .  - C o l l e t o t r i c h u m  l i n d e m u t h i a n u m  -- m e t a b o l i z e s  p h a s e o l l i n  

( 2 4 1 ,  p h a s e o l l i n i s o f l a v a n  ( 1 0 ,  5 4 1 ,  p h a s e o l l i d i n  ( 1 0 )  a n d  

k i e v i t o n e  (10, 1 2 9 ) .  I t  i s  n o t  known w h e t h e r  - H .  c a r b o n u m  

i s  a b l e  t o  m e t a b o l i z e  t h e  p h y t o a l e x i n s  from b e a n s  b u t  t h i s  

f u n g u s  c a n n o t  m e t a b o l i z e  m e d i c a r p i n  ( 5 7 ) .  A 9  h  h a l f - l i f e  f o r  

p h a s e o l l i n  ( 1 5  ppm) i n  a  m a c r o c o n i d i a l  s u s p e n s i o n  of F u s a r i u m  

s o l a n i  ( M a r t . )  S a c c .  f .  s p .  p h a s e o l i  ( B u r k )  S n y d .  a n d  

H a n s  ( 5 6 )  i n d i c a t e s  t h a t  g e r m i n a t i n g  s p o r e s  a s  well a s  f u n g a l  

m y c e l i a  m e t a b o l i z e  p h y t o a l e x i n s .  

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

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

e n v i r o n m e n t ,  s p e c i f i c a l l y  l i g h t  a n d  a i r .  V a n E t t e n  a n d  Ba teman  

( 1 4 3 ,  1 4 4 )  o b s e r v e d  t h a t  p h a s e o l l i n  b e c a m e  d e g r a d e d  u p o n  

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

U V  l i g h t  r e s u l t e d  i n  d e c o m p o s i t i o n  o f  p h a s e o l l i n .  A l t h o u g h  

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

a q u e o u s  s o l u t i o n  ( 3 0 ) ,  d r y i n g  o f  PAE o n  p l a n t  s u r f a c e s  may c a u s e  

l o s s  o f  a c t i v i t y .  



o f  b e a n  a n t h r a c n o s e  d i s e a s e  d e v e l o p m e n t  o n  P A E - t r e a t e d  p l a n t s  

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

i n f e c t i o n s  ( c a .  1 . 0  x l o 6  c o n i d i a / m l ) .  S e v e r a l  w o r k e r s  h a v e  

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

p h a s e o l l i n  and r e l a t e d  compounds d e p e n d i n g  on  t h e i r  

c o n c e n t r a t i o n  ( 9 8 ) ,  l e n g t h  o f  t i m e  f u n g i  a r e  e x p o s e d  t o  a c t i v e  

compounds  ( 3 2 ,  5 4 )  and method o f  b i o a s s a y  ( 1 0 ,  1 2 ,  1 2 6 ,  1 2 7 ,  

1 4 4 ) .  From t h e  r e s u l t s  shown i n  F i g  1 . 4 ,  i t  i s  p o s s i b l e  t h a t  

b e t w e e n  0 . 1  t o  1  $ PAE ( 1 2  t o  1 2 0  ppm) l i e s  a  t h r e s h o l d  

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

e f f e c t s  o n  - C .  - l i n d e m u t h i a n u m  s p o r e s .  I n  a d d i t i o n ,  Rahe 

( 1 0 8 )  o b s e r v e d  t h a t  t h e  a p p e a r a n c e  o f  f i r s t  symptoms i n  

c o m p a t i b l e  l o w - d e n s i t y  i n f e c t i o n s  o f  - C .  l i n d e m u t h i a n u m  on 

b e a n s  i s  d e l a y e d  2 0  t o  4 0  h  compared w i t h  t h e  v i s u a l i z a t i o n  o f  

symptoms i n  c o m p a t i b l e  h i g h - d e n s i t y  i n f e c t i o n s .  T h e r e f o r e ,  i f  a  

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

PAE, a  d o s e - d e p e n d e n t  r e d u c t i o n  i n  i n o c u l u m  would  b e  e x p e c t e d  t o  

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

d e n s i t y  i n f e c t i o n s  ( F i g .  1 . 4 :  1 . 0 ,  2 . 5 ,  5 . 0  % PAE and  F i g .  

1 . 5 ) .  On t h e  o t h e r  h a n d ,  a  f u n g i s t a t i c  mechan i sm would d e l a y  

s p o r e  g e r m i n a t i o n  o n  p l a n t  s u r f a c e s  b u t  would a l l o w  e v e n t u a l  

symptom e x p r e s s i o n  c o m p a r a b l e  t o  c o n t r o l s  ( F i g .  1 . 4 :  0 . 1 ,  0 . 5  

% PAE). 



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

i n  common ( 1  1 7 ) :  

1 .  b i o l o g i c a l  a c t i v i t y ,  

2 .  s o l u b i l i t y  c h a r a c t e r i s t i c s  which  a l l o w  t h e  compounds  

t o  b e  t a k e n  u p  by a p a t h o g e n  i n  t o x i c  a m o u n t s ,  and 

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

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

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

s u c c e s s e s  and f a i l u r e s .  Wyerone,  b e t a - t h u j a p l i c i n  and j u g l o n e  

a l l  g a v e  n e a r l y  100 % c o n t r o l  o f  r u s t  o n  b e a n s  w h i l e  v a n i l l i n ,  

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

a g a i n s t  P i r i c u l a r i a  -- o r y z a e  on  r i c e  ( 4 1 ) .  On t h e  o t h e r  h a n d ,  

H a r r i s  and D e n n i s  ( 5 3 )  o b s e r v e d  no s i g n i f i c a n t  c o n t r o l  o f  - P .  

i n f e s t a n s  o n  p o t a t o ,  Uromyces f a b a e  ( P e r s . )  d e  B a r y  and - 
B o t r y t i s  f a b a e  ~ a r d i E a  o n  b r o a d  b e a n ,  o r  E r y s i p h e  - -- 

 rami in is De C a n d o l l e  on  w h e a t ,  when m e t a b o l i t e s  o f  p o t a t o  

( e . g .  r i s h i t i n ,  p h y t u b e r i n )  were u s e d  a s  p r o t e c t a n t  s p r a y s  a t  

100 ppm. 

From t h i s  s t u d y  o f  PAE i n v o l v i n g  4 d i s e a s e  i n t e r a c t i o n s ,  I 

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

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

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

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

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



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

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

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

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

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

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

o t h e r  t h a n  t o m a t o  b l i g h t  i n v o l v i n g  t h e  f u n g u s ,  - P .  

i n f e s t a n s .  - 

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

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

r e s e r v o i r  o f  n a t u r a l  p l a n t  p r o d u c t  f u n g i c i d e s .  S k i p p  a n d  B a i l e y  

( 1 2 7 )  r e p o r t e d  t h a t  i n  t e s t i n g  t h e  r e s p o n s e  o f  C .  - 
l i n d e m u t h i a n u m  t o  p h a s e o l l i n ,  t h e  m o s t  c o n s i s t e n t  r e s u l t s  were - 
o b t a i n e d  w i t h  y o u n g  i n o c u l a  i n  l i q u i d  m e d i a .  T h e  ' i n o c u l u m  

p l u s  f u n g i t o x i c a n t '  b i o a s s a y  i n t e g r a t e s  t h e  s t r e n g t h s  o f  o t h e r  -- 

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

l a b o r a t o r y  s p o r e  g e r m i n a t i o n  t e s t s  ( 4 ,  153)  a n d  s o m e  o f  t h e  

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

' g r e e n h o u s e '  e v a l u a t i o n s  ( 9 3 ,  1 5 3 ) .  F u r t h e r m o r e ,  ED50 

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

c a n  b e  i n a c c u r a t e .  U n r e a l i s t i c a l l y  l o w  ED50 v a l u e s  may r e s u l t  

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

i n s o l u b l e  t e s t  c o m p o u n d s  ( 5 ) .  On t h e  o t h e r  h a n d ,  a b n o r m a l l y  

h i g h  ED50 v a l u e s  may r e s u l t  f r o m  m y c e l i a l  r a d i a l  g r o w t h  t e s t s  

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



- 

funga l  metabolism ( 1 2 ) .  W i t h  t h e  use o f  t h e  Iinoculurn plus 
F f u n g i t o x i c a n t '  b ioas say ,  t h e s e  problems a r e  avoided because 

i n o c u l a t i o n  immediately fo l lows  spore  c o n t a c t  w i t h  t h e  ambient 

c o n c e n t r a t i o n  o f  a  t e s t  compound. Poor c o r r e l a t i o n  between - i n  

v i t r o  and 'greenhouse1 e v a l u a t i o n s  o f  f u n g i c i d e s  have r e s u l t e d  

when compounds w i t h  apparen t  t o x i c i t y  i n  l a b o r a t o r y  t e s t s  f a i l e d  

t o  provide  an accep tab l e  l e v e l  of d i s e a s e  c o n t r o l  ( 1 5 3 ) .  

Dif fe r ences  i n  f u n g i s t a t i c  and f u n g i c i d a l  modes of  a c t i o n  would 

be revealed i n  t h e  above b ioas say .  F i n a l l y ,  s u c c e s s f u l  use of 

t h i s  b ioassay f o r  sc reen ing  p o t e n t i a l  f o l i a r  f u n g i c i d e s  would be 

dependent on t h e  cho ice  of  d i s e a s e  i n t e r a c t i o n s  r e s u l t i n g  i n  

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

and d i r e c t l y  dependent on funga l  spore  concen t r a t i on  ( 9 3 ) .  



CHAPTER 2 

EVALUATION OF PLANT NATURAL PRODUCTS A S  

I N S E C T  R E P E L L E N T S  AND/OR DETERRENTS 



-- 
INTRODUCTION 

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

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

o n i o n  m a g g o t ,  - H y l e m y a  a n t i q u a  M e i g .  T h i s  D i p t e r a n  i n s e c t  

w a s  s e l e c t e d  f i r s t l y ,  b e c a u s e  t h e  b e h a v i o u r a l  r e s p o n s e s  o f  - H .  

a n t i q u a  t o  i t s  h o s t ,  A l l i u m  c e p a  L .  ( o n i o n )  a r e  s t r o n g l y  - --- 

d i r e c t i o n a l  ( 8 9 ,  9 0 ,  1 4 7 )  a n d  s e c o n d l y ,  b e c a u s e  t h e  o n i o n  m a g g o t  

i s  r e l a t i v e l y  e a s y  t o  r e a r .  

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

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

T h o r s t e i n s o n  ( 9 0 )  who f o u n d  t h a t  n - p r o p y l  d i s u l f i d e  a n d  

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

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

a n d  p r o b i n g  a c t i v i t y  w i t h  p r o b o s c i s  a n d  o v i p o s i t o r .  T h e s e  same 

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

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

( 9 1 ) .  N - p r o p y l  d i s u l f i d e  a n d  n - p r o p y l  m e r c a p t a n  a t t r a c t e d  

g r a v i d  female - H .  -- a n t i q u a  i n  t h e  f i e l d  a n d  d i p r o p y l  

d i s u l f i d e  was a t t r a c t i v e  t o  b o t h  s e x e s  ( 8 9 ) .  

A d d i t i o n a l  a t t r a c t a n t s  a n d  o v i p o s i t i o n  s t i m u l a n t s  f o r  - H .  

a n t i q u a  h a v e  r e c e n t l y  b e e n  i s o l a t e d  ( 1 0 3 ,  1 4 8 ) .  T h e  - 

d u a l - c h o i c e  o v i p o s i t i o n  s y s t e m  w h i c h  was d e v e l o p e d  fo r  b i o a s s a y  

o f  t h e s e  a t t r a c t a n t s  ( 1 4 7 )  w a s  a d a p t e d  t o  s e r v e  a s  t h e  b a s i c  

t o o l  i n  t h i s  r e p e l l e n c y  s t u d y .  , 



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

( p h y t o a l e x i n  e x t r a c t )  p o s s e s s e d  r e p e l l e n t  a c t i v i t y ,  b u t  t h i s  

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

o f  p h y t o a l e x i n s  i n  P A E .  A t  t h i s  p o i n t ,  a  d e c i s i o n  was made t o  

expand  t h e  o r i g i n a l  g o a l  o f  t h i s  r e s e a r c h  t o  i n c l u d e  an  

e x a m i n a t i o n  o f  o v i p o s i t i o n  d e t e r r e n t s  t o  - H .  a n t i q u a  f o u n d  

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

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



MATERIALS A N D  METHODS 

P A .  P repara t ion  of  E x t r a c t s  
F 

An e x t r a c t  con t a in ing  phytoa lex ins  ( l . e .  P A E )  was 

prepared a s  descr ibed  prev ious ly  ( p . 5 ) .  Seve ra l  bean seed 

e x t r a c t s  not  con ta in ing  phytoa lex ins  (BSE,, BSE2, BSE3, 

B S E ~ )  were prepared s i m i l a r l y  from uninocula ted hydrated seed 

p i e c e s  o f  - P. --- v u l g a r i s  'Topcrop' .  A s o l v e n t  c o n t r o l  (SC) 

was prepared by applying t h e  complete f r a c t i o n a t i o n  procedure t o  

a  s o l u t i o n  of ace tone  and t a p  water i n  p ropo r t i ons  

r e p r e s e n t a t i v e  of  t h o s e  i n  t h e  i n i t i a l  combined ace tone  e x t r a c t s  

o f  bean seed p i eces .  A l l  s o l v e n t s  were r e a g e n t  g rade  and were ,* I 

u t i l i z e d  without f u r t h e r  p u r i f i c a t i o n .  E x t r a c t s  o f  o t h e r  1 
Y '  

t i s s u e s  o f  - P.  ---- v u l g a r i s  and of o t h e r  p l a n t  s p e c i e s  were a l s o  1 , '  

e va lua t ed .  These e x t r a c t s  were prepared i n  a  manner s i m i l a r  t o  

t h a t  descr ibed f o r  hydrated seeds  of  - P .  v u l g a r i s .  A l l  

f i n a l  t e s t  e x t r a c t s  conta ined e x t r a c t i v e s  a t  a  concen t r a t i on  

e q u i v a l e n t  t o  1 2  g  f r e s h  w t  o f  t i s s u e / m l  95 % e thano l .  

B. Choice Bioassays 

E x t r a c t s  were eva lua ted  f o r  t h e i r  a b i l i t y  t o  d e t e r  t h e  

o v i p o s i t i o n  response  of  - H .  an t i qua  t o  v o l a t i l e  a t t r a c t a n t s  

r e l e a s e d  by c u t  p i eces  o f  mature onion bu lbs  i n  a  dual-choice  

o v i p o s i t i o n  s t a t i o n  b ioas say .  An o v i p o s i t i o n  s t a t i o n  (F ig .  

2 . l a )  c o n s i s t s  o f  an a t t r a c t a n t  source  ( i n  t h i s  s t u d y ,  1 / 4  of  a  

mature o n i o n . b u l b ,  v a r i e t y  unknown) taped i n s i d e  an autoclaved 



100-rnl  N a l g e n e  b e a k e r  w i t h  1 2  t o  15 s m a l l ,  e q u a l l y  s p a c e d  

n o t c h e s  c u t  i n  i t s  r i m  ( 6 . 4  crn d i a r n ) .  T h e  b e a k e r  i s  i n v e r t e d  

o n t o  a  waxed  d i s c ,  1 2 . 5  cm d i a m ,  m a d e  f r o m  5 Whatman No. 1  

f i l t e r  p a p e r s  s t a p l e d  t o g e t h e r  a n d  s o a k e d  i n  m o l t e n  P a r o w a x  

( I m p e r i a l  O i l ,  L t d . ) .  T h i s  a p p a r a t u s  i s  p l a c e d  i n  a  s t e r i l e  

p e t r i  d i s h  l i d  ( 1 4  cm d i a m )  a n d  p o s i t i o n e d  i n  a  c a g e  w i t h  g r a v i d  

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

t h e  w a x e d  d i s c  j u s t  i n s i d e  t h e  n o t c h e s  o f  t h e  i n v e r t e d  b e a k e r  

( F i g .  2 . l b ) .  

To b i o a s s a y  f o r  d e t e r r e n t  a c t i v i t y  100 u l  o f  a  p l a n t  

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

r i n g  c a .  9 rnrn w i d e  c e n t e r e d  o n  a n  o u t l i n e  o f  t h e  rim of  t h e  

N a l g e n e  b e a k e r .  T i s s u e  e x t r a c t s  were t h u s  p r e s e n t e d  t o  t e s t  

i n s e c t s  a t  a c o n c e n t r a t i o n  e q u i v a l e n t  t o  7 4 . 6  mg f r e s h  w t  o f  

t i s s u e  p e r  crn2 a t  t h e  s i t e s  o f  o v i p o s i t i o n .  T h e  c o m p l e t e  

s o l v e n t  c o n t r o l  ( S C )  was a p p l i e d  s i m i l a r l y  a n d  p r o v i d e d  a n y  

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

w o u l d  b e  p r e s e n t  i n  t h e  t i s s u e  e x t r a c t s .  E x t r a c t s  were a s s i g n e d  

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

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

t h e  n o r m a l  o v i p o s i t i o n  r e s p o n s e  o f  g r a v i d  f e m a l e  - H .  a n t i q u a  

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

R e a r i n g  p r o c e d u r e s  f o r  H .  a n t i q u a  a n d  t h e  n a t u r e  o f  - -- 

c a g e s  a n d  e n v i r o n m e n t a l  c o n d i t i o n s  f o r  b i o a s s a y s  were i d e n t i c a l  
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t o  t h o s e  descr ibed  b y  Vernon -- e t  a l .  ( 1  4 7 ) .  Bioassays were 

c a r r i e d  ou t  i n  c o n t r o l l e d  environment chambers wi th  8 o r  10 

r e p l i c a t e  cages .  Except where o therwise  s t a t e d ,  each cage 

conta ined 15 grav id  female f l i e s ,  food d i s h ,  water  d i s h ,  and 2  

o v i p o s i t i o n  s t a t i o n s  - one w i t h  t e s t  e x t r a c t  and t h e  o t h e r  w i t h  

c o n t r o l  e x t r a c t  o r  s o l v e n t .  A bioassay  per iod  of 3 t o  4 d was 

chosen because t he  numbers o f  eggs l a i d  by  - H .  an t i qua  was 

t y p i c a l l y  h igh  and low on consecu t ive  days .  Eggs were counted 

and removed every 24 h .  The food and water d i s h e s  i n  each cage 

were placed r i g h t - r e a r  and l e f t - f r o n t ,  r e s p e c t i v e l y ;  c o n t r o l  and 

t e s t  s t a t i o n s  were placed l e f t - r e a r  and r i g h t - f r o n t  and t h e i r  

r e l a t i v e  p o s i t i o n s  were reversed i n  a l t e r n a t i v e  cages .  Each 

experiment was preceded by  a  24-h period i n  which t h e  f l i e s  were 

held  i n  b ioassay  cages  w i t h  food and water o n l y ,  t o  p repare  them 

f o r  o v i p o s i t i o n .  

S ince  i n s e c t s  respond t o  chemical s t i m u l i  v i a  o l f a c t o r y  

( v o l a t i l e )  o r  g u s t a t o r y  ( c o n t a c t )  mechanisms, t h e s e  a l t e r n a t i v e s  

were i n v e s t i g a t e d  by  comparing t h e  de t e r r ency  o f  e x t r a c t s  

app l ied  a s  a  r i n g  cen te red  under t h e  rim of  t h e  beaker ( c o n t a c t  

mode) w i t h  t h a t  when app l ied  a s  an i n a c c e s s i b l e  

c e n t r a l l y - l o c a t e d  s p o t  beneath  t h e  beaker ( v o l a t i l e  mode). The 

t o t a l  amounts and c o n c e n t r a t i o n s  o f  ex t rac t /cm2 of t r e a t e d  

s u r f a c e  a r e a  on t h e  waxed d i s c s  were i d e n t i c a l  f o r  t h e  two 

modes. 



Some b i o a s s a y s  c o n s i s t e d  o f  3 o v i p o s i t i o n  s t a t i o n s  

t r e a t m e n t  t e s t s ) .  F o r  t h e s e ,  waxed d i s c s  o f  9 cm diarn and p e t r i  

d i s h  l i d s  o f  10 cm d iam were u s e d ,  b u t  t h e  s i z e  o f  t h e  N a l g e n e  

b e a k e r s  was t h e  same a s  u s e d  f o r  d u a l - c h o i c e  e x p e r i m e n t s .  The 3 

t r e a t m e n t s  were p o s i t i o n e d  a t  t h e  p o i n t s  a p p r o x i m a t i n g  an 

e q u i l a t e r a l  t r i a n g l e  w i t h i n  e a c h  t e s t  c a g e ,  and  t h e i r  p o s i t i o n s  

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

The mean number o f  e g g s  p e r  f e m a l e  p e r  d a y  a t  e a c h  

t r e a t m e n t  i n  e a c h  c a g e  was d e t e r m i n e d .  T h e i r  numbers  w e r e  

a n a l y z e d  u s i n g  a n a l y s i s  o f  v a r i a n c e  programme BMD08V ( 1  1 5 ) .  The 

Newman-Keul' s t e s t  ( 1 5 5 )  was used  f o r  m u l t i p l e  c o m p a r i s o n s .  

C .  Mass R e a r i n g  C a a e  B i o a s s a v s  

O v i p o s i t i o n  s t a t i o n s  p r e p a r e d  a s  d e s c r i b e d  a b o v e  were 

p l a c e d  i n  a  r e a r i n g  c a g e  c o n t a i n i n g  150  t o  3 0 0  g r a v i d  f e m a l e  

H .  a n t i q u a .  T e m p e r a t u r e  and l i g h t  c o n d i t i o n s  were - 
c o n s i s t e n t  w i t h  t h o s e  u s e d  f o r  r e a r i n g  - H .  a n t i q u a ,  i . e .  

c a .  2 3  C a n d  16: 8 LD r e g i m e .  Eggs  were c o u n t e d  and removed 

e v e r y  2 4  h .  T h i s  b i o a s s a y  was u s e d  f o r  s c r e e n i n g  tes ts  

i n v o l v i n g  3 o r  more  m a t e r i a l s ,  f o r  e v a l u a t i o n  o f  t h e  p e r s i s t e n c e  

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

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

a c t i v i t y .  



D .  S i m u l a t e d  F i e l d  --- T r i a l s  
- 

Onion  s e e d s  ( A .  - c e p a  'Autumn S p i c e ' )  were p l a n t e d  i n  

m u c k s o i l  i n  p l a s t i c  t r a y s  ( 1 2 . 5 ~  1 6 . 7 5  x 5 . 5 c m ) .  The s o i l  

was k e p t  m o i s t  and s e e d l i n g s  were t h i n n e d  t o  48 p e r  t r a y  o n  t h e  

1 2 t h  d  a f t e r  s e e d i n g .  F i v e  m l  o f  a n  e x t r a c t  f rom e t i o l a t e d  

h y p o c o t y l s  o f  7 -d -o ld  - P .  v u l g a r i s  ' T o p c r o p '  s e e d l i n g s  was 

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

s o i l  s u r f a c e  i n  2  t r a y s .  C o n t r o l  t r a y s  were s p r a y e d  w i t h  a n  

e q u i v a l e n t  amount  o f  9 5  % e t h a n o l .  

Two t r e a t e d  and two c o n t r o l  t r a y s  were p l a c e d  i n  

d i a g o n a l l y  o p p o s i t e  c o r n e r s  o f  a  h o l d i n g  t r a y  ( 2 6  x 52 cm); f o o d  

and w a t e r  d i s h e s  , ( a s  d e s c r i b e d  i n  t h e  d u a l - c h o i c e  b i o a s s a y )  were 

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

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

v a r y i n g  n u m b e r s  o f  g r a v i d  f e m a l e s  f o r  v a r y i n g  time p e r i o d s .  

F o l l o w i n g  e x p o s u r e  t o  - H .  a n t i q u a ,  t h e  s e e d l i n g s  were 

m a i n t a i n e d  u n d e r  t h e  same 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  a b o v e .  

S o i l  m o i s t u r e  was m a i n t a i n e d  by w a t e r i n g  f r o m  t h e  b o t t o m s  o f  t h e  

t r a y s .  A t  t h e  f i r s t  s i g n  o f  maggot  damage ,  t h e  t r a y s  were moved 

t o  t h e  l a b o r a t o r y  b e n c h  (RT; n o r m a l  l a b o r a t o r y  l i g h t i n g ) .  

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



A .  O c c u r r e n c e  o f  O v i p o s i t i o n  D e t e r r e n t s  i n  H y d r a t e d  S e e d s  

RESULTS 

o f  P h a s e o l u s  v u l g a r i s  ----- - 

O v i p o s i t i o n  b y  - H .  - a n t i q u a  was  d e t e r r e d  s i g n i f i c a n t l y  

by  PAE i n  two t r i a l s  ( T a b l e  2 . 2 ,  Exp .  1 ) .  To o b t a i n  f u r t h e r  

e v i d e n c e  a s  t o  w h e t h e r  p h y t o a l e x i n s  were t h e  d e t e r r e n t  

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

h e a l t h y  b e a n  s e e d s  ( B S E 1 ) .  S u r p r i s i n g l y ,  BSEl w a s  

s i g n i f i c a n t l y  more d e t e r r e n t  t h a n  PAE ( T a b l e  2 . 2 ,  Exp.  2). 

T h i s  e x p e r i m e n t  w a s  r e p e a t e d  twice  w i t h  BSE3 a n d  e a c h  t ime BSE 

w a s  e q u a l l y  o r  m o r e  d e t e r r e n t  t h a n  PAE. C o m p a r a t i v e  c h e m i c a l  

a n a l y s e s  o f  PAE a n d  B S E l  f o r  p h y t o a l e x i n s  ( a s  d e s c r i b e d  

p r e v i o u s l y ,  p . 6 1 ,  i n d i c a t e d  t h a t  a n y  a m o u n t s  o f  p h y t o a l e x i n s  

p r e s e n t  i n  t h e  B S E q s  w o u l d  h a v e  b e e n  l e s s  t h a n  1 $ o f  t h e  

c o r r e s p o n d i n g  l e v e l s  p r e s e n t  i n  PAE ( i . e .  3 . 0 ,  3 .3 ,  a n d  5 . 6  

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

r e s p e c t i v e l y ) .  A p p a r e n t l y  t h e  p h y t o a l e x i n s  were n o t  t h e  

d e t e r r e n t  p r i n c i p l e ( s )  . 

I n  E x p e r i m e n t s  3 t o  6  ( T a b l e  2 . 2 )  I t e s t e d  v a r i o u s  B S E q s  

a g a i n s t  e t h a n o l  a n d / o r  t h e  c o m p l e t e  s o l v e n t  c o n t r o l  ( S C ) .  I n  

e a c h  c a s e ,  o v i p o s i t i o n  was  d e t e r r e d  s i g n i f i c a n t l y  b y  t h e  B S E 1 s .  

R e s u l t s  o f  a t r i p l e - c h o i c e  b i o a s s a y  t e s t i n g  BSE3, SC a n d  a  3 r d  

s t a t i o n  c o n t a i n i n g  o n l y  t h e  o n i o n  p i e c e  a t t r a c t a n t  s o u r c e  (OC) 

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



TABLE 2 . 1  Summary of a b b r e v i a t i o n s  used i n  d a t a  t a b l e s  t o  
deno te  p a n t  e x t r a c t  t r e a t m e n t s .  

E x t r a c t  Desc r i p t i on  

P A E  

g r a s s  I 
g r a s s  I1 
dye-con t ro l  

TC- 15-d 

phy toa lex in  e x t r a c t  
bean seed e x t r a c t s  
s o l v e n t  c o n t r o l  
onion c o n t r o l  
e x t r a c t  o f  onion l e a v e s  
e x t r a c t  o f  onion bu lb s  
BSE3, OT o r  0B i n  v o l a t i l e  mode 
e x t r a c t  o f  - P .  v u l g a r i s  ' P e r r y  
Marrowt 
e x t r a c t  of v e l v e t  g r a s s  
e x t r a c t  o f  Kentucky b l u e g r a s s  
Nabob food-colour ing dye p l u s  
95% e t h a n o l  
e x t r a c t  o f  21-d-old l ight-grown 
P. v u l g a r i s  'Topcrop' - 
e x t r a c t  o f  15-d-old l ight-grown - 

P .  v u l g a r i s  'Topcrop' 
e x t r a c t  o f  5-d-old e t i o l a t e d  
P .  v u l g a r i s  'Topcrop' - -- 
e x t r a c t  o f  7-d-old e t i o l a t e d  
P .  v u l g a r i s  'Topcrop' - -- 
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TABLE 2 .2  E f f e c t  of  e x t r a c t s  from seeds  o f  Phaseolus  v u l g a r i s  
lTopcropl  on o v i p o s i t i o n  r a t e s  o f  Hylemya a n t i q u a  i n  dua l -  
and t r i p l e - c h o i c e  b ioa s says .  

Durat ion  
Experiment (Days) Treatment  cho i ce sa  Ov ipos i t i on  r a t e b  

P A E  
95% e t h a n o l  

BSE 1 
P A E  

BSE 1 
95% e t h a n o l  

BSE2 
95% e t h a n o l  

BSE3 
SC 

BSE3 
OC 
SC 

OC 
SC 

BSE3 con 
BSE3 vo l  
OC 

BSE3 con 
BSE3 vo l  

a  See Table  2.1 f o r  exp l ana t i on  of  v a r i o u s  t r e a t m e n t s .  
Mean number o f  eggs/female/treatment/day. S i g n i f i c a n c e  

of  l e s s e r  r a t e  i n  dua l -cho ice  b ioa s say  i n d i c a t e d  by 
* = P < 0.05,  **  = P < 0.01,  n s  = not  s i g n i f i c a n t  
( F  t e s t ,  A N O V A ) .  I n  t r i p l e - c h o i c e  b i o a s s a y s ,  r a t e s  fol lowed 
by same l e t t e r  a r e  no t  s i g n i f i c a n t l y  d i f f e r e n t  a t  
* = P < 0 .05 ,  **  = P < 0.01 (Newman K e u l l s  T e s t ) .  



BSE were n o t  d e t e r r e n t  ( T a b l e  2 . 2 ,  Exp. 7 ) ;  t r e a t m e n t  e f f e c t  

was s i g n i f i c a n t  o n l y  f o r  BSE3. S o l v e n t  c o n t r o l  was 

s u b s e q u e n t l y  t e s t e d  i n  a  d u a l - c h o i c e  b i o a s s a y  a g a i n s t  OC ( T a b l e  

2 . 2 ,  Exp. 8 ) .  A g r e a t e r  number o f  e g g s  was l a i d  a t  t h e  s t a t i o n  

c o n t a i n i n g  SC, b u t  t h e  d i f f e r e n c e  was n o t  s i g n i f i c a n t  a t  P  < 

0 . 0 5 .  I c o n c l u d e d  t h a t  d e t e r r e n t  a c t i v i t y  was c o n t r i b u t e d  by 

o n e  o r  more  c o m p o n e n t s  e x t r a c t e d  from b e a n  s e e d s .  

When t h e  mechanism o f  d e t e r r e n t  a c t i v i t y  i n  BSE was 

e x a m i n e d ,  BSE was  s i g n i f i c a n t l y  d e t e r r e n t  o n l y  when a p p l i e d  i n  a 

manner  t h a t  a l l o w e d  - H .  - a n t i q u a  t o  come i n t o  p h y s i c a l  

c o n t a c t  ( i . e .  c o n t a c t  mode) w i t h  t h e  t r e a t e d  p o r t i o n  o f  t h e  

waxed d i s c  ( T a b l e  2 . 2 ,  Exp. 9 and 1 0 ) .  

B. Range o f  O c c u r r e n c e  o f  O v i p o s i t i o n  - ---- D e t e r r e n t s  

f o r  Hvlemva a n t i a u a  

To t e s t  w h e t h e r  t h e  d e t e r r e n t  p r i n c i p l e ( s )  was ( w e r e )  

l i m i t e d  t o  h y d r a t e d  s e e d s  o f  - P .  v u l g a r i s  - ' T o p c r o p ' ,  I 

p r e p a r e d  e x t r a c t s  o f  h y d r a t e d  s e e d s  o f  P e r r y  Marrow, a  

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

( G l y c i n e  max (L.) Merr. ' A l t o r i a '  ) .  Mass r e a r i n g  c a g e  and 

d u a l - c h o i c e  b i o a s s a y s  r e v e a l e d  t h a t  b o t h  e x t r a c t s  were 

s i g n i f i c a n t l y  d e t e r r e n t  r e l a t i v e  t o  SC a t  P < 0 . 0 1  ( T a b l e  2 . 3 ,  

Exp.  1 t o  3 ;  T a b l e  2 . 4 ,  Exp. 1 and 2 ) .  



5 1  
TABLE 2 . 3  Occurrence  o f  o v i p o s i t i o n  d e t e r r e n t s  t o  Hylemya a n t i q u a  
i n  p l a n t  e x t r a c t s :  e f f e c t  on o v i p o s i t i o n  i n  mass r e a r i n g  cage  
b i o a s s a y s .  

- 

Dura t ion  
Experiment  (Days)  Trea tment  c h o i c e s a  Eggs l a i d b  

soybean:  SC 

a See Tab le  2.1 f o r  e x p l a n a t i o n  o f  v a r i o u s  t r e a t m e n t s .  
T o t a l  e g g s  l a i d  by 150 t o  300 g r a v i d  f e m a l e s  a t  

d e s i g n a t e d  o v i p o s i t i o n  s t a t i o n  i n  a  mass r e a r i n g  cage  f o r  
s i n g l e  d a y s  o r  2-d (Exp. 1 )  o r  4-d (Exp. 8 )  p e r i o d s .  



TABLE 2 . 4  Occurrence  of  o v i ~ o s i t i o n  d e t e r r e n t s  i n  p l a n t  52 
e x t r a c t s :  e f f e c t  on o v i p o s i t i o n  r a t e s  o f  Hylernya a n t i q u a  i n  
d u a l -  and t r  i p l e - c h o i c e  b i o a s s a y s .  

Dura t ion  
Experiment (Days)  Trea tment  c h o i c e s a  O v i p o s i t i o n  r a t e b  

soybean 
SC 

g r a s s  I 
d y e - c o n t r o l  

g r a s s  I1 
d y e - c o n t r o l  

TC-21 -d 
d y e - c o n t r o l  

TC-15-d 
d y e - c o n t r o l  

tomato 
d y e - c o n t r o l  

O T v o l  ( n o  o n i o n )  
O B v o l  ( n o  o n i o n )  

OC 

3 O T v o l  (no  o n i o n )  0 .  Ola** 
O B v o l  (no  o n i o n )  0 . 0 0 ~ " ~  

O C  1 0 . 8 2 ~  

O B  v o l  
O C  

g a r l i c  0.96"" 
SC 14.82 

a See Tab le  2.1 f o r  e x p l a n a t i o n  o f  v a r i o u s  t r e a t m e n t s .  
Mean number o f  eggs/female/treatment/day. S i g n i f i c a n c e  

o f  l e s se r  r a t e  i n  d u a l - c h o i c e  b i o a s s a y  i n d i c a t e d  by 
* = P < 0 . 0 5 ,  **  = P < 0 .01 ,  n s  = n o t  s i g n i f i c a n t  (F t e s t ,  
A N O V A ) .  I n  t r i p l e - c h o i c e  b i o a s s a y s ,  r a t e s  fo l lowed by 
same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  
* = P < 0 . 0 5 ,  **  = P < 0.01 (Newman K e u l l s  t e s t ) .  



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

w h e t h e r  t h e  d e t e r r e n t ( s )  was (were) l i m i t e d  t o  s e e d  e x t r a c t s  o f  

P.  v u l g a r i s .  The f o l l o w i n g  t i s s u e s  w e r e  i n c l u d e d :  - 

1 .  e n t i r e  e t i o l a t e d  ' T o p c r o p '  s e e d l i n g s  h a r v e s t e d  a t  5 

t o  7 d  a f t e r  h y d r a t i o n  o f  s e e d s ,  a t  w h i c h  t ime 

s e e d l i n g s  m e a s u r e d  9 . 5  t o  1 1 . 4  cm and 1 7 . 8  t o  

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

2 .  e n t i r e  15- and 21-d-old  l i g h t - g r o w n  p l a n t s  w i t h  

n o r m a l  c h l o r o p h y l l  d e v e l o p m e n t .  

T h e s e  e x t r a c t s  were t e s t e d  by m a s s  r e a r i n g  c a g e  b i o a s s a y .  

E x t r a c t s  f rom e t i o l a t e d  s e e d l i n g s  o f  b o t h  a g e s  were d e t e r r e n t  

when compared w i t h  SC ( T a b l e  2 . 3 ,  Exp. 4  and 5 ) ,  a s  were t h e  

e x t r a c t s  f rom 15-  and 21-d-old  l i g h t - g r o w n  p l a n t s .  The 

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

e x p l a n a t i o n ,  h o w e v e r .  

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

p a l e  y e l l o w  i n  c o l o u r  s u c h  t h a t  t e s t  e x t r a c t -  and S C - t r e a t e d  

a r e a s  o f  t h e  waxed d i s c s  were v i r t u a l l y  i n d i s t i n g u i s h a b l e  f rom 

e a c h  o t h e r  t o  t h e  human e y e .  E x t r a c t s  f rom l i g h t - g r o w n  p l a n t s  

were d a r k  g r e e n ,  h o w e v e r ,  and I a t t e m p t e d  t o  a c c o u n t  f o r  t h i s  

new v a r i a b l e  by  t h e  u s e  o f  g r e e n - c o l o u r e d  c o n t r o l s  i n  t h e  

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

c o l o u r i n g  d y e  (Nabob F o o d s  Co . ,  V a n c o u v e r )  and e x t r a c t s  o f  two 



p r a t e n s i s  L .  ( K e n t u c k y  b l u e g r a s s ) .  A s c r e e n i n g  t e s t  ( i n  t h e  

mass  r e a r i n g  c a g e )  i n d i c a t e d  t h a t  b o t h  g r a s s  e x t r a c t  I a n d  a  

l i g h t - g r o w n  p l a n t  e x t r a c t  ( 2 1 - d - o l d )  had d e t e r r e n t  a c t i v i t y  

compared  w i t h  t h e  f o o d - c o l o u r i n g  d y e - c o n t r o l  ( T a b l e  2 . 3 ,  Exp. 

6 ) .  The two g r a s s  e x t r a c t s  and t h e  two l i g h t - g r o w n  b e a n  p l a n t  

e x t r a c t s  were t h e n  t e s t e d  by t h e  1 0 - c a g e  d u a l - c h o i c e  b i o a s s a y .  

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

d y e - c o n t r o l  ( T a b l e  2 . 4 ,  Exp. 3 t o  6 ) .  When t h e  d y e - c o n t r o l  was 

t e s t e d  by m a s s  r e a r i n g  c a g e  b i o a s s a y  a g a i n s t  O C ,  t h e r e  was a n  

e q u a l  o r  f e w e r  number o f  e g g s  o n  t h e  d y e - t r e a t e d  d i s c  r e l a t i v e  

t o  O C ,  i n d i c a t i n g  t h a t  t h e  d y e  was n o t  a c t i n g  a s  a n  a t t r a c t a n t ,  

and  t h e r e f o r e  was a  l e g i t i m a t e  s u b s t i t u t e  c o n t r o l  f o r  SC ( T a b l e  

2 .3 ,  Exp. 7 ) .  

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

H .  a n t i q u a  o c c u r s  i n  e x t r a c t s  o f  v a r i o u s  t i s s u e s  o f  P. - - 

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

and t h e  m o n o c o t s :  H o l c u s  l a n a t u s  L .  and Poa p r a t e n s i s  

L . ,  I p r e p a r e d  and t e s t e d  a n  e x t r a c t  o f  stems and  l e a v e s  f rom 

10-wk-old t o m a t o  p l a n t s  ( L y c o p e r s i c o n  e s c u l e n t u m  M i l l .  

'Bonny B e s t ' ) .  T h i s  e x t r a c t  was a l s o  s i g n i f i c a n t l y  d e t e r r e n t  (P 

< 0 .01)  when compared  w i t h  a  d y e - c o n t r o l  ( T a b l e  2 . 4 ,  Exp. 7 ) .  

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

a c t i v i t y ,  I p r e p a r e d  s e p a r a t e  e x t r a c t s  o f  b u l b s  and f o l i a g e  o f  



r o n i o n ,  t h e  h o s t  p l a n t  f o r  H .  a n t i q u a  o v i p o s i t i o n .  When t h e  
I -- 

o n i o n  e x t r a c t s  w e r e  t e s t e d  a g a i n s t  O C ,  s i g n i f i c a n t  d e t e r r e n t  

a c t i v i t y  was f o u n d  i n  b o t h  e x t r a c t s  ( T a b l e  2 . 4 ,  Exp.  8 ;  P < 

0 . 0 1 ) .  The e x t r a c t  o f  o n i o n  b u l b s  had m o r e  d e t e r r e n t  a c t i v i t y  

t h a n  t h e  o n i o n  f o l i a g e  e x t r a c t  ( T a b l e  2 . 3 ,  Exp. 8 ) .  B i o a s s a y  

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

mode w i t h o u t  o n i o n  p i e c e  a t t r a c t a n t  s o u r c e  d e m o n s t r a t e d  an 

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

t h e s e  e x t r a c t s  ( T a b l e  2 . 4 ,  Exp.  9  and 1 0 ) .  No v o l a t i l e  

o v i p o s i t i o n  d e t e r r e n t s  w e r e  d e t e c t e d  i n  o n i o n  b u l b  e x t r a c t  when 

i t  was a p p l i e d  i n  t h e  v o l a t i l e  mode w i t h  a n  o n i o n  p i e c e  

a t t r a c t a n t  s o u r c e  and compared t o  OC ( T a b l e  2 . 4 ,  Exp. 1 1 ) .  

An e x t r a c t  o f  g a r l i c ,  - A .  s a t i v u m  L . ,  a  l e s s - f r e q u e n t e d  

o v i p o s i t i o n  h o s t  f o r  - H .  a n t i q u a  ( g o ) ,  was p r e p a r e d  and 

t e s t e d  a g a i n s t  SC. D e t e r r e n t  a c t i v i t y  i n  t h e  g a r l i c  e x t r a c t  was 

s i g n i f i c a n t  a t  P < 0 . 0 1  ( T a b l e  2 . 4 ,  Exp. 1 2 ) .  

C .  -- Some A s p e c t s  o f  t h e  N a t u r e  o f  O v i p o s i t i o n  D e t e r r e n t  

A c t i v i t v  i n  E x t r a c t s  o f  H y d r a t e d  Bean S e e d s  

1 .  C o n c e n t r a t i o n  E f f e c t s .  The p o s s i b l e  e f f e c t  o f  

c o n c e n t r a t i o n  o n  t h e  b e h a v i o u r a l  r e s p o n s e  o f  - H. a n t i q u a  t o  

d e t e r r e n t  p r i n c i p l e s  i n  BSE's  was t e s t e d .  O v i p o s i t i o n  s t a t i o n s  

c o n t a i n i n g  BSE4 i n  a  r a n g e  o f  d i l u t i o n s  were p l a c e d  i n  a  m a s s  

r e a r i n g  c a g e  f o r  2 4  h ,  a f t e r  which  t h e  e g g s  l a i d  a t  e a c h  s t a t i o n  



J 
were c o u n t e d .  The number o f  e g g s  l a i d  a t  e a c h  s t a t i o n  (mean - + 

t 
F 

s t a n d a r d  e r r o r  o f  4  s e p a r a t e  t r i a l s ,  each  w i t h  a  d i f f e r e n t  

c u l t u r e  o f  f l i e s  aged 14 t o  36 d pos t -emergence)  i s  shown i n  

F i g .  2 .2 .  A t  a  d i l u t i o n  of  104, BSE4 s t i m u l a t e d  o v i p o s i t i o n  

s i g n i f i c a n t l y  (P < 0 . 0 5 )  compared w i t h  SC and BSE4 a t  d i l u t i o n s  

up t o  l o 2 ,  a c c o r d i n g  t o  Duncan's M u l t i p l e  Range T e s t .  

2. P e r s i s t e n c e .  When g r a v i d  female  f l i e s  i n  a  r e a r i n g  

c a g e  were p r e s e n t e d  w i t h  f r e s h  BSE4- and SC- t r ea ted  

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

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

BSEq-treated s t a t i o n  was c o n s i s t e n t l y  l e s s  t h a n  t h a t  a t  t h e  

SC- t r ea ted  s t a t i o n  ( T a b l e  2 . 5 ,  Exp. 1 ) .  The e f f e c t  o f  

t r e a t m e n t  i n  a  no-choice  s i t u a t i o n  where t r e a t m e n t s  were a l s o  

r e p l e n i s h e d  d a i l y  was t e s t e d  i n  Experiment  2 ,  T a b l e  2.5.  F i v e  

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

used t o  t e s t  i n s e c t  r e s p o n s e  t o  a  SC s t a t i o n  and a n o t h e r  5 c a g e s  

i n  a  s e p a r a t e  chamber were used t o  t e s t  i n s e c t  r e s p o n s e  t o  t h e  

BSE4 t r e a t m e n t .  Gravid f e m a l e s  w i t h h e l d  a  l a r g e  p r o p o r t i o n  o f  

t h e i r  e g g s  from t h e  BSE4 s t a t i o n  f o r  t h e  4-d d u r a t i o n  o f  t h e  

expe r imen t  when no a l t e r n a t i v e  was a v a i l a b l e .  I f ,  however ,  t h e  

BSE4 t r e a t m e n t  d i s c  a l o n e  was p r e s e n t e d  w i t h o u t  r e p l e n i s h i n g  

t o  a  - H .  a n t i q u a  c u l t u r e ,  d e t e r r e n c y  appeared  t o  b reak  down 

a f t e r  t h e  second day .  



F i g .  2 .2  Numbers o f  e g g s  l a i d  by Hylemya a n t i q u a  

a t  o v i p o s i t i o n  s t a t i o n s  t r e a t e d  w i t h  v a r i o u s  

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

o f  P h a s e o l u s  - v u l g a r i s .  ( V e r t i c a l  b a r s  

i n d i c a t e  s t a n d a r d  e r r o r  o f  mean f o r  4 

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

Hylemya a n t i q u a ) .  - - 



RELATIVE CONCENTRATION BSE 
(SC) 



TABLE 2 . 5  P e r s i s t e n c e  o f  o v i p o s i t i o n  d e t e r r e n t  a c t i v i t y  of  
an e x t r a c t  o f  P h a s e o l u s  v u l g a r i s  s e e d s  t o  Hylemya a n t i q u a .  

- - 

Eggs l a i d a  

Experiment  1 ( d u a l - c h o i c e )  

1  
2  
3  
4 
5 

6 and 7 

Experiment  2  (no -cho ice )  

a I n  Experiment  1 ,  t o t a l  e g g s  l a i d  by 150 t o  300 g r a v i d  
f e m a l e s  a t  d e s i g n a t e d  o v i p o s i t i o n  s i t e s  i n  mass r e a r i n g  cage  
b i o a s s a y ;  i n  Experiment  2 ,  t o t a l  eggs  l a i d  i n  5 c a g e s  
e a c h  w i t h  BSE4-treated o v i p o s i t i o n  s t a t i o n  o r  5  c a g e s  
each  w i t h  SC- t r ea ted  o v i p o s i t i o n  s t a t i o n .  (Each cage  
c o n t a i n e d  15 g r a v i d  H .  a n t i q u a . )  

See  T a b l e  2.1 f o r  e x p l a n a t i o n  o f  v a r i o u s  t r e a t m e n t s .  



D .  - A c t i v i t y  of  E x t r a c t s  C o n t a i n i n g  -- O v i p o s i t i o n  -- D e t e r r e n t s  

when A p p l i e d  D i r e c t l y  t o  Hylemya a n t i q u a  H o s t  T i s s u e  - -- -- 

1 .  O n i o n  B u l b  -- A s s a y .  P o t e n t i a l  u s e  o f  o v i p o s i t i o n -  

d e t e r r i n g  e x t r a c t s  fo r  f i e l d  c o n t r o l  o f  - H .  a n t i q u a  wou ld  

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

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

p e e l e d ,  s c o r e d  o n i o n  b u l b s  s i n c e  V e r n o n  ( 1 4 6 )  h a d  shown s u c h  

t i s s u e  t o  b e  a t t r a c t i v e  t o  o v i p o s i t i n g  - H .  a n t i q u a  i n  t h e  

f i e l d .  M e d i u m - s i z e d  b u l b s  ( v a r i e t y  unknown)  were p e e l e d  a n d  c u t  

i n  h a l f .  The  b u l b  h a l v e s  were p l a c e d  c u t  s i d e  down i n  

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

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

s u r r o u n d i n g  2 cm o f  p e t r i  d i s h  f l o o r  were l l p a i n t e d "  w i t h  p l a n t  

e x t r a c t  o r  e t h a n o l .  P e t r i  d i s h e s  w i t h  o n i o n  p i e c e s  were t h a n  

p l a c e d  i n  a  m a s s  r e a r i n g  c a g e  and  e x p o s e d  t o  a  c u l t u r e  of  - H .  

a n t i q u a  c o n t a i n i n g  > 1 5 0  g r a v i d  f e m a l e s .  - - 

I n  t h e  f i r s t  e x p e r i m e n t ,  b e a n  e x t r a c t - p a i n t e d  ( c a .  2 m l  

o f  7 - d - o l d  e t i o l a t e d  - P. - v u l g a r i s  l T o p c r o p 1  e x t r a c t )  a n d  

e t h a n o l - p a i n t e d  o n i o n  p i e c e s  ( c o n t r o l )  were c o m p a r e d .  T r e a t m e n t  

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

a i d  i n  v i s u a l  a t t r a c t i o n  o f  f l i e s  ( 1 4 6 ) .  O v i p o s i t i o n  o c c u r r e d  

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

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



3 d  r e v e a l e d  a  c o n s i s t e n t l y  r e d u c e d  e g g  number i n  t h e  t r e a t m e n t  

d i s h  when compared  w i t h  t h e  c o n t r o l  d i s h  ( T a b l e  2 . 6 ,  Exp. I ) - .  

The a b o v e  e x p e r i m e n t  was r e p e a t e d  u s i n g  o n i o n  b u l b  e x t r a c t  

(OBI i n  p l a c e  o f  b e a n  e x t r a c t .  The amount  o f  OB w h i c h  was 

a p p l i e d  c o n t a i n e d  e x t r a c t i v e s  e q u i v a l e n t  t o  6 0  g  f r e s h  w t  b u l b  

t i s s u e ;  b u l b  h a l v e s  r e c e i v i n g  t h i s  t r e a t m e n t  we ighed  4 0  t o  45 g  

f r e s h  w t .  F i g u r e  2 . 3 a  shows t h e  e f f e c t  o f  OB o n  t h e  

d i s t r i b u t i o n  o f  f l i e s  i n  t h e  t e s t  1  h  a f t e r  e x p o s u r e  t o  t h e  

t r e a t e d  and c o n t r o l  o n i o n  d i s h e s .  O v i p o s i t i o n  was m a r k e d l y  

r e d u c e d  on  t h e  o n i o n  b u l b  h a l v e s  t r e a t e d  w i t h  e x t r a c t i v e s  f rom 

o n i o n  b u l b s ,  compared  w i t h  b u l b  h a l v e s  t r e a t e d  w i t h  e t h a n o l  

( F i g .  2 . 3 b ,  c ,  d ,  e and T a b l e  2 . 6 ,  Exp. 2 ) .  

2.  S i m u l a t e d  F i e l d  T r i a l s .  The p r o t e c t i v e  e f f e c t  

o f  p l a n t  e x t r a c t s  c o n t a i n i n g  o v i p o s i t i o n  d e t e r r e n t s  t o  - H .  

a n t i q u a  was e v a l u a t e d  on  o n i o n  s e e d l i n g s  g r o w i n g  i n  s o i l .  

P l a n t s  grown i n  t r a y s  and s p r a y e d  a s  d e s c r i b e d  i n  t h e  M a t e r i a l s  

and Methods  were p r e s e n t e d  t o  mixed c u l t u r e s  o f  - H .  a n t i q u a  

( c a .  150  f e m a l e s )  i n  m a s s  r e a r i n g  c a g e s  f o r  v a r y i n g  p e r i o d s  o f  

t ime ( 9 . 5  t o  48  h ) .  Eggs  were l a i d  on o r  j u s t  u n d e r  t h e  m o i s t  

s o i l  s u r f a c e  a t  t h e  b a s e  o f  t h e  p l a n t s  and w i t h i n  2  t o  3 d ,  

h a t c h e d  l a r v a e  had begun  t o  f e e d  on t h e  s e e d l i n g s  j u s t  b e l o w  t h e  

s o i l  s u r f a c e .  S e e d l i n g  d e a t h  c a u s e d  by maggo t  f e e d i n g  b e t w e e n  2  

and 6  d  a f t e r  r e m o v a l  of  t r a y s  f rom r e a r i n g  c a g e s  was r e d u c e d  



TABLE 2.6 E f f e c t  o f  p l a n t  e x t r a c t s a  o n  t h e  - 
numbers  o f  e g g s  l a i d  by Hylemya a n t i q u a  a t  
o n i o n  b u l b  o v i p o s i t i o n  s i t e s .  

Eggs  l a i d b  

E x  p e r  i m e n t  Da Y E x t r a c t  C o n t r o l  

a I n  E x p e r i m e n t  1 ,  e x t r a c t  o f  7-d-old  
e t i o l a t e d  P .  v u l g a r i s  ' T o p c r o p '  ; i n  
~ x p e r i m e n t - 2 ,  e x t r a c t  o f  o n i o n  b u l b s .  

T o t a l  e g g s  l a i d  by 150 t o  3 0 0  g r a v i d  
f e m a l e s  i n  a m a s s  r e a r i n g  c a g e  o n  
c o n s e c u t i v e  d a y s .  



F i g .  2 . 3  B e h a v i o u r a l  r e s p o n s e s  o f  Hylemya -- a n t i q u a  

t o  A l l i u m  c e p a  p a i n t e d  w i t h  o n i o n  e x t r a c t :  

( a )  d i s t r i b u t i o n  o f  f l i e s  1 h  a f t e r  t h e i r  

e x p o s u r e  t o  e x t r a c t - t r e a t e d  and s o l v e n t  c o n t r o l  

( S C ) - t r e a t e d  b u l b s ,  ( b )  and ( c )  e g g s  l a i d  on  

S C - t r e a t e d  b u l b ,  ( d l  and  ( e l  e g g s  l a i d  o n  

e x t r a c t - t r e a t e d  b u l b .  





ca .  25 i n  t h e  e x t r a c t - t r e a t e d  r e p l i c a t e s  r e l a t i v e  t o  t h e  

e t h a n o l - t r e a t e d  c o n t r o l s .  Damage i n  t h e  former t r a y s  however, 

e v e n t u a l l y  reached 100 %. I n  a  s e p a r a t e  t e s t  I found t h a t  a  

s i n g l e  - H .  an t i qua  - maggot placed i n  t h e  c e n t e r  o f  a  t r a y  o f  

2-wk-old onion s e e d l i n g s  des t royed  h a l f  o f  t h e  p l a n t s  w i t h i n  19 

d  (F ig .  2 . 4 ) .  

The maximum l e v e l  of p r o t e c t i o n  a f forded  by p l a n t  e x t r a c t s  

con ta in ing  o v i p o s i t i o n  d e t e r r e n t s  was ob ta ined  when pre t rea tment  

was followed by exposure  of  onion s e e d l i n g s  t o  c a .  150 female 

H .  an t i qua  f o r  40 rnin  (Exp. 2 ,  Fig.  2 . 5 ) .  When only  3 - 
gravid  females were used f o r  an exposure t ime of  48 h  (Exp. 3 ,  

F ig .  2 . 5 ) ,  a  reversed  outcome was observed.  



F i g .  2 . 4  Rate  o f  m o r t a l i t y  o f  on ion  s e e d l i n g s  

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

t r a y  o f  p l a n t s .  ( V e r t i c a l  b a r s  i n d i c a t e  

s t a n d a r d  e r r o r  o f  mean o f  4 r e p l i c a t e  

t e s t s  f o r  each  t ime  o f  o b s e r v a t i o n ) .  



DAYS AFTER INTRODUCTION 
OF HYLEMYA ANTIQUA LARVA 



F i g .  2 . 5  R a t e  o f  m o r t a l i t y  o f  o n i o n  s e e d l i n g s  d u e  t o  

Hylemya a n t i q u a  l a r v a l  f e e d i n g  f o l l o w i n g  

e x p o s u r e  o f  p r e t r e a t e d  p l a n t s  t o  o v i p o s i t i n g  

f l i e s :  Exp. 1 ,  c a .  150 f e m a l e s  f o r  60  m i n . ;  

Exp. 2 ,  c a .  150 f e m a l e s  f o r  4 0  min . ;  Exp. 3 ,  

3 f e m a l e s  f o r  48 h .  

Exp. 1 t r e a t m e n t  ~.llll.lllllll.~ 
c o n t r o l  olllllllllll.. 0 

Exp. 2 t r e a t m e n t  ~......b...b.b.b.b.b..bbbbbbb~ 

c o n t r o l  A . * . . . * * * * * * * * ~ * . . * o * * ~ * * * ~ ~ ~ A  

Exp. 3 t r e a t m e n t  0 0 

c o n t r o l  0 0 



DAYS AFTER EXPOSURE TO 
OVlPOSlTlNG HYLEMYA A NTlQUA 



DISCUSSION 

r 

i H o s t  p l a n t  c h e m i c a l s  a c t i n g  a s  a t t r a c t a n t s ,  a r r e s t a n t s ,  
; s t i m u l a n t s ,  r e p e l l e n t s  o r  d e t e r r e n t s  a r e  h y p o t h e s i z e d  t o  b e  t h e  

b a s i s  o f  h o s t  s e l e c t i o n  by  i n s e c t s  f o r  b o t h  f o o d  ( 3 8 ,  5 5 ,  6 1 ,  

6 8 ,  1 1 4 ,  1 1 9 )  and  o v i p o s i t i o n  ( 1 4 ,  22 ,  6 9 ,  1 1 9 ,  1 4 7 ) .  Many o f  

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

c h e m i c a l s  s i n c e  t h e y  h a v e  no known f u n c t i o n  i n  b a s i c  p l a n t  

m e t a b o l i s m  and t h e i r  o c c u r r e n c e  i n  p l a n t s  i s  s p o r a d i c  ( 4 2 ,  1 5 4 ) .  

I n  t h e  c a s e  o f  h o s t  s e l e c t i o n  by - H .  a n t i q u a ,  t h e  k e y  

s t i m u l i  a r e  t h o u g h t  t o  b e  v o l a t i l e  s u l f u r  compounds  

c h a r a c t e r i s t i c  of o n i o n  o d o u r ,  which  a c t  a s  a t t r a c t a n t s  and  

o v i p o s i t i o n  s t i m u l a n t s  ( 9 0 ,  9 1 ,  1 4 7 ,  1 4 8 ) .  

Numerous o t h e r  h o s t - i n s e c t  i n t e r a c t i o n s  a p p e a r  t o  b e  

d e t e r m i n e d  by h o s t  a t t r a c t a n t s  and s t i m u l a n t s .  M u s t a r d  o i l s  

f u n c t i o n  a s  o l f a c t o r y  a t t r a c t a n t s ,  a r r e s t a n t s ,  b i t i n g  i n c i t a n t s  

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

e . g . ,  c a b b a g e  b u t t e r f l i e s ,  P i e r i s  r a p a e  L .  and - P. 

b r a s s i c a e  L .  ( 1 3 6 ) ;  d iamond b a c k  m o t h ,  P l u t e l l a  

m a c u l i p e n n i s  C u r t .  ( 4 8 ,  1 3 6 ) ;  m u s t a r d  b e t t l e ,  Phaedon  

c o c h l e a r i a e  Fab .  ( 1  3 5 ) ;  a n d  c a b b a g e  r o o t  f l y ,  E r i o i s c h i a  

b r a s s i c a e  Bouche ( 1 4 0 ) .  M u s t a r d  o i l  g l u c o s i d e s ,  e . g .  

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

b u t t e r f l i e s  a n d  t h e  d iamond-back  moth  ( 3 3 ,  1 3 6 ) .  An o v i p o s i t i o n  



s t i m u l a n t  ( m e t h y l - i s o - e u g e n o l )  f o r  t h e  c a r r o t  r u s t  f l y ,  P s i l a  

r o s a e  F .  h a s  b e e n  i s o l a t e d  f r o m  c a r r o t  l e a v e s  ( 2 2 ) .  -- 

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

b a s e s  o f  h o s t  r e c o g n i t i o n  among i n s e c t s ,  J e r m y  ( 6 9 )  o b s e r v e d  

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

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

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

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

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

H .  a n t i q u a .  J e r m y  ( 6 8 )  h a s  s u g g e s t e d  t h a t  d e t e r r e n t  - 

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

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

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

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

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

I n  t h e  l i g h t  o f  J e r m y ' s  h y p o t h e s i s ,  i f  t h e  o n i o n  v o l a t i l e s  

s t i m u l a t i n g  o v i p o s i t i o n  b e h a v i o u r  o f  - H .  a n t i q u a  a r e  n o t  

u n i q u e  t o  t h e  h o s t  s p e c i e s ,  t h e n  o t h e r  p l a n t s ,  b u t  n o t  o n i o n s ,  

s h o u l d  c o n t a i n  d e t e r r e n t s .  If t h e  s t i m u l a n t s  a r e  u n i q u e  t o  

A l l i u m  h o s t  s p e c i e s ,  t h e s e  c o m p o u n d s  a l o n e  w o u l d  b e  s u f f i c i e n t  - 

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

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

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



t 

When,  h o w e v e r ,  d e t e r r e n c y  w a s  f o u n d  a l s o  i n  o n i o n  ( a n d  g a r l i c )  

e x t r a c t s ,  i t  became c l e a r  t h a t  n e i t h e r  s t i m u l a n t s  n o r  d e t e r r e n t s  

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

r a n g e  of  - H .  a n t i q u a .  

An a l t e r n a t i v e  h y p o t h e s i s ,  t a k i n g  i n t o  a c c o u n t  t h e  

p r e s e n c e  of  s t i m u l a n t s  a n d  d e t e r r e n t s  i n  h o s t  p l a n t s ,  i s ' t h a t  a  

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

of h o s t  s p e c i e s  ( 3 7 ,  9 2 ) .  Host p r e f e r e n c e  b y  t h e  b o l l  w e e v i l  i s  

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

s t i m u l a n t s ,  a t t r a c t a n t s ,  r e p e l l e n t s  a n d  w o v i p o s i t i o n  s u p p r e s s i o n  

f a c t o r s w  i n  c o t t o n  a n d  o t h e r  h o s t  p l a n t s  ( 9 2 ) .  I s o t h i o c y a n a t e  

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

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

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

"unknown i n h i b i t o r y  s u b s t a n c e s v  i n  t o m a t o e s  ( 4 9 ) .  

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

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

p r o g r e s s e d ,  w o r k e r s  ( 2 1  38, 50,  6 2 ,  6 3 ,  6 4 ,  65) h a v e  r e c o g n i z e d  

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

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

c o m p o u n d s .  Many d i f f e r e n t  c h e m i c a l s ,  b o t h  p r i m a r y  ( i  .e .  

n u t r i e n t )  a n d  s e c o n d a r y ,  a r e  i n v o l v e d  ( 1 6 ,  1 2 1 ,  1 3 7 ) .  

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

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



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

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

s t i m u l i  ( 1 5 ) .  B e r n a y s  a n d  Chapman ( 2 1 )  r e p o r t e d  t h a t  f o r  

b l o c u s t s ,  p h a g o s t i m u l a n t s  s u c h  a s  s u g a r s ,  l i p i d s ,  a m i n o  a c i d s ,  
! 
$ 

v i t a m i n s  and o r g a n i c  a c i d s  w h i c h  a c t i v a t e  c h e m o r e c e p t o r s  upon 
k 

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

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

s e c o n d a r y )  and i n h i b i t o r s  ( s e c o n d a r y ) .  

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

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

a n t e n n a e  and m a x i l l a e  o f  t h e  f l y .  My e x p e r i m e n t s  h a v e  shown 

t h a t  b o t h  BSE and OB e x t r a c t s  d e t e r r e d  t h e  o v i p o s i t i o n  b e h a v i o u r  

o f  - H .  -- a n t i q u a  b y  a  c o n t a c t  mechanism.  I t  a p p e a r s  l i k e l y  

t h a t  c o n t a c t  r e c e p t o r s  r e p r e s e n t  a  2nd o r  3 r d  o r d e r  c h e c k p o i n t ,  

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

o n  t h e  s u i t a b i l i t y  o f  an  o v i p o s i t i o n  s i t e .  I f  a  b r o a d  h o s t  

r a n g e  among i n s e c t s  i s  d e t e r m i n e d  by a  c o m b i n a t i o n  o f  t o l e r a n c e  

t o  m o s t  d e t e r r e n t s  and p o s i t i v e  r e s p o n s e  t o  m o s t  f e e d i n g  

s t i m u l a n t s  and c o f a c t o r s  ( 6 1 ,  6 2 ,  6 3 ,  6 4 ,  6 5 ,  1 2 2 1 ,  t h e n  i t  i s  

r e a s o n a b l e  t o  p r e d i c t  t h a t  mono- and o l i g o p h a g o u s  i n s e c t s  ( i . e .  

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

o r  few h o s t  s p e c i e s  t h r o u g h  a  h i g h  s e n s i t i v i t y  t o  d e t e r r e n t s  

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

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



I o r  t h e  c e n t r a l  nervous system l e v e l  may i n f l u e n c e  t h e  
! 

in format ion  an i n s e c t  r e c e i v e s  from chemosensory c e l l s .  The 

oligophagous tobacco hornworm, Manduca s e x t a  Johanssen,  i s  

s e n s i t i v e  t o  d e t e r r e n t s  p r e sen t  i n  tomato ( 1  2 0 ) ,  one of  i t s  hos t  

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

a r e  i n h i b i t e d ,  however, i n  t h e  presence of  high suc rose  

c o n c e n t r a t i o n s .  I t  was suggested t h a t  t h e  f i r i n g  frequency of  

t h e  r ecep to r  c e l l  moni tor ing d e t e r r e n t s  was perhaps below a  

c r i t i c a l  t h r e s h o l d ,  o r  t h a t  t h e  s t rong  s t i m u l a t i o n  of  o t h e r  

r e c e p t o r s  compensated f o r  r e j e c t i o n  s t i m u l i  (35). Adams and 

Bernays ( 1 )  observed t h a t  t h e  e f f e c t s  o f  feed ing  d e t e r r e n t s  

t o  l o c u s t s  were a d d i t i v e  and t h a t  both a d d i t i v e  and s y n e r g i s t i c  

i n t e r a c t i o n s  occurred among phagost imulants  t o  t h e s e  i n s e c t s .  

A s  i s  t h e  c a s e  w i t h  tobacco hornworm, high l e v e l s  o f  sucrose  

o v e r r i d e  t h e  e f f e c t s  o f  d e t e r r e n t s  t o  l o c u s t  feed ing .  

I f  o v i p o s i t i o n  d e t e r r e n t s  n a t u r a l l y  occur i n  onion t i s s u e ,  

t hey  may be l o c a l i z e d  i n  a r e a s  unava i l ab l e  t o  c o n t a c t  b y  - H .  

an t i qua  o r  pos s ib ly  p r e s e n t  i n  p recursor  form. I f  o v i p o s i t i o n  

d e t e r r e n t s  a r e  n a t u r a l l y  p r e s e n t  and gravid  f l i e s  r e c e i v e  

s t i m u l i  from these  compounds, i t  i s  l i k e l y  t h a t  i n t e r a c t i o n s  

with o t h e r  chemical compounds ( e .g .  s u g a r s ) ,  a s  i l l u s t r a t e d  f o r  

t h e  l o c u s t  and tobacco hornworm, moderate t h e  d e t e r r e n t  s t i m u l i .  

An examination of t h e  e f f e c t s  o f  B S E  on t h e  seed corn maggot 

( p e s t  o f  beans) would pos s ib ly  g i v e  more l i g h t  on t h e  p o t e n t i a l  

r o l e  o f  o v i p o s i t i o n  d e t e r r e n t s  i n  t h e  hos t  p l a n t s  o f  Hylemya 

s p e c i e s .  



  he r o l e  of  chemical  s t i m u l i  i n  e l i c i t i n g  i n s e c t  behaviour 

i s  f u r t h e r  complicated by  t h e  e f f e c t  o f  c o n c e n t r a t i o n .  Dethier  

( 3 6 )  s t a t e d ,  "For every a t t r a c t a n t  so f a r  t e s t e d  t h e r e  i s  a  

c o n c e n t r a t i o n  i n  excess  o f  which t h e  subs tance  a c t s  a s  a  

r e p e l l e n t . "  Adams and Bernays ( 1 )  noted t h a t  phenol ic  

compounds were i n c r e a s i n g l y  d e t e r r e n t  t o  l o c u s t  feed ing  w i t h  

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

t o  P i e r i s  - b r a s s i c a e  L .  and - P .  napi  L . ,  both  l a r v a l  

p e s t s  o f  on ions ,  i s  thought  t o  be due t o  a  c o n c e n t r a t i o n  e f f e c t  

( 8 6 ) .  I n  t h e  p re sen t  s t u d y ,  I observed t h a t  c o n c e n t r a t i o n  

in f luenced  t h e  o v i p o s i t i o n  d e t e r r e n t  a c t i v i t y  o f  BSE.  Although 

v o l a t i l e s  would be removed b y  t h e  e x t r a c t i o n  procedure ,  c o n t a c t  

a t t r a c t a n t s  and d e t e r r e n t s  may s t i l l  be p r e s e n t .  The 104 

d i l u t i o n  of BSE could change t h e  r e l a t i v e  a c t i v i t i e s  o f  a  

mixture  of  compounds r e s u l t i n g  i n  a  change i n  t h e  p ropor t i on  of 

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

i l l u s t r a t e  t h e  complexity o f  t h e  chemical bases  o f  i n s e c t - p l a n t  

r e l a t i o n s h i p s .  

B.  F i e l d  Cont ro l  w i t h  O v i ~ o s i t i o n  D e t e r r e n t s  

Cont ro l  measures f o r  onion maggot i n  t h e  f i e l d  (85 )  

p r e s e n t l y  c o n s i s t  o f :  

1 .  t r a p  c r o p s ,  i . e .  c u l l  onions  o r  deeply  p lan ted  s e t s ,  

2. poisoned sweet b a i t  on ions ,  and 

3. chemical  t r e a t m e n t s ,  i .e . organoch lo r ines  and 

organophosphates.  



Residues - with chemical c o n t r o l  a r e  not  a  problem, bu t  t h e  onion 

maggot has developed cons ide rab l e  r e s i s t a n c e  t o  o rganochlor ines  

and some t o l e r a n c e  t o  organophosphates ( 8 5 ) .  Other p o s s i b i l i t i e s  

f o r  c o n t r o l  c u r r e n t l y  being i n v e s t i g a t e d  a r e :  

1 .  g e n e t i c  c o n t r o l ,  i . e .  s t e r i l e  male ( i n s e c t )  r e l e a s e s  

(1381,  and 

2.  chemical  and co lour  a t t r a c t a n t s  p l u s  s t i c k y  t r a p s  (146 ) .  

The l a t t e r  method i s  proposed a s  a  sc reen ing  technique i n  

con junc t ion  with chemical  c o n t r o l .  

Recen t ly ,  a  number of feed ing  d e t e r r e n t s  have been 

i s o l a t e d  and c h a r a c t e r i z e d  a s  a  r e s u l t  o f  an i n t e n s i v e  s c r een ing  

programme a t  t h e  I n t e r n a t i o n a l  Centre  o f  I n s e c t  Physiology and 

Ecology (ICIPE) i n  Na i rob i ,  Kenya. Workers (70,  94, 99) a r e  

hopeful  t h a t  some of t h e s e  a n t i f e e d a n t s  may be used a s  

p r o t e c t i v e  sp rays  t o  c o n t r o l  i n s e c t  p e s t s .  I t  i s  p o s s i b l e  t h a t  

t h e  same p o t e n t i a l  f o r  c o n t r o l  e x i s t s  w i t h  o v i p o s i t i o n  

d e t e r r e n t s  ( 6 9 ) .  The a p p l i c a t i o n  of p l a n t  e x t r a c t s  c o n t a i n i n g  

o v i p o s i t i o n  d e t e r r e n t s  t o  - H .  an t i qua  on f ield-grown on ions  

f o r  c o n t r o l  of  onion maggot damage has  2 p r a c t i c a l  l i m i t a t i o n s :  

1 .  p e r s i s t e n c e ,  and 2 .  e f f i c i e n c y .  

S ince  BSE o v i p o s i t i o n  d e t e r r e n t  a c t i v i t y  was shown by 

dua l -cho ice  b ioassay  t o  p e r s i s t  f o r  up t o  4 d ,  i t  appears  t h a t  

a f t e r  2 d  g rav id  f l i e s  t o l e r a t e d  t h e  presence of  d e t e r r e n t s  i n  a  

no-choice s i t u a t i o n .  This  s u g g e s t s  t h a t  any a p p l i c a t i o n  of  



o v i p o s i t i o n  d e t e r r e n t s  f o r  o n i o n  m a g g o t  c o n t r o l  s h o u l d  be  m a d e  
f 
i i n  c o n j u n c t i o n  w i t h  b a i t s  h a v i n g  a t t r a c t a n t s  ( c u l l  o n i o n s  o r  

c h e m i c a l  s t i m u l a n t s ) .  

S e v e r a l  r e p o r t s  ( 1 7 ,  156)  h a v e  i n d i c a t e d  t h e  l a r g e  f e e d i n g  

p o t e n t i a l  of i n d i v i d u a l  o n i o n  m a g g o t s .  L o o s j e s  ( 8 5 )  o b s e r v e d  

a r a t i o  o f  1 :  1 1  f o r  s e e d l i n g s  o n  w h i c h  e g g  b a t c h e s  were l a i d  t o  

d a m a g e d  s e e d l i n g s  i n  t h e  f i e l d .  I n  t h e  p r e s e n t  s t u d y ,  a s i n g l e  

l a r v a  w a s  s h o w n  t o  d e s t r o y  - > 24 s e e d l i n g s  ( 1 2 - d - o l d )  w i t h i n  1 9  

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

o v i p o s i t i o n  d e t e r r e n t s  t o  - H .  - a n t i q u a  w o u l d  t h e r e f o r e  h a v e  

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

t h e  e c o n o m i c  t h r e s h o l d  l e v e l  o f  10 $ ( 8 5 ) .  

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

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

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

o f  a  r a n g e  o f  c o m p o u n d s  w o u l d  p r o v i d e  a  m o r e  f l e x i b l e  d e f e n s e  

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

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

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



C H A P T E R  3 

G E N E R A L  D I S C U S S I O N  



i 

P l a n t s  r e s i s t  d i s e a s e  and  i n s e c t  a t t a c k  a t  s e v e r a l  l e v e l s  

o f  i n t e r a c t i o n .  V o l a t i l e  c h e m i c a l s  a n d  l e a c h a t e s  a c t  a t  

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

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

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

( ' s e c o n d a r y '  c o m p o u n d s )  b a r r i e r s ,  some  o f  w h i c h  may p r e e x i s t  

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

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

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

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

p a t h o g e n s .  

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

b a r r i e r s  f a l l  i n t o  2 ma in  c a t e g o r i e s  ( 1 9 ) :  

1 .  wound t o x i n s ,  a n d  

2.  p h y t o a l e x i n s .  

Wound t o x i n s  a r e  a n t i m i c r o b i a l  s u b s t a n c e s  f o r m e d  w i t h i n  m i n u t e s  

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

f o r m e r l y  l o c a l i z e d  p r e c u r s o r s  a n d  e n z y m e s .  The  m o r e  common 

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

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

o x i d a s e  e n z y m e s  c o n v e r t  p o l y p h e n o l s  t o  t h e  t o x i c  o- a n d  

p - q u i n o n e s  ( e n z y m e  a n d  m e t a b o l i c  i n h i b i t o r s ) .  P h e n o l i c  



i 
g l y c o s i d e s  - may a l s o  b e  c o n v e r t e d  t o  q u i n o n e s .  B e n z o x a z i n o n e ,  

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

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

( a n t i f u n g a l  ED50 v a l u e s  1 t o  1 0 0  ppm) .  T h e  a n t i b i o t i c  

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

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

( 1911 .  

P h y t o a l e x i n s ,  o n  t h e  o t h e r  h a n d ,  d o  n o t  o c c u r  t o  a n y  

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

e n e r g y - d e p e n d e n t .  T h e s e  a n t i m i c r o b i a l  ( s p e c i f i c a l l y ,  

a n t i f u n g a l )  c o m p o u n d s  may b e  i n d u c e d  b y  a  v a r i e t y  o f  a g e n t s :  

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

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

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

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

more p e r s i s t e n t .  T o x i c i t y  o f  t h e s e  c h e m i c a l s  t o  m i c r o o r g a n i s m s  

i s  u s u a l l y  less (ED50 25 t o  1 0 0 0  ppm) t h a n  t h a t  o f  wound 

t o x i n s .  P h y t o a l e x i n s  may b e  a c e t a t e - d e r i v e d  ( e . g .  

i p o m e a m a r o n e ,  g o s s y p o l ,  r i s h i t i n ,  p h y t u b e r i n ,  s t e r o i d  a l k a l o i d s )  

o r  hydroxycinnamate-derived ( e . g .  c i n n a m i c  a c i d  a n d  o t h e r  f r e e  

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

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

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

c o m p o u n d s ,  r a t h e r  t h a n  t h e  i n d u c i b l e  p h y t o a l e x i n - t y p e  c o m p o u n d s .  



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

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

' a n t i b i o s i s '  , t o w a r d  i n s e c t s  ( 6  7 ,  8 ,  4 3 ,  123, 1 2 4 ) .  When f u n g i  

were e x p o s e d  t o  t h e  s a p o n i n  c y c l a m i n  a t  5 t o  2 0 0  ppm, a l l  

s p e c i e s  t e s t e d  w e r e  k i l l e d  ( 1 1 8 ) .  S a p o g e n i n  a g l y c o n e s ,  e . g . ,  

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

( 8 4 ) .  

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

T h i s  compound i s  a  f e e d i n g  d e t e r r e n t  t o  b a r k  b e e t l e s  ( 4 4 )  and 

a l s o  p o s s e s s e s  a n t i f u n g a l  a c t i v i t y .  I n  f a c t ,  F a w c e t t  and 

S p e n c e r  ( 4 1 )  showed a  h i g h  p o t e n t i a l  f o r  j u g l o n e  a s  a  

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

p - h y d r o x y b e n z o i c ,  c a f f e i c ,  f e r u l i c ,  p r o t o c a t e c h u i c ,  v a n i l l i c  and 

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

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

a d d i t i v e  e f f e c t  ( 1 ) .  The p o l y p h a g o u s  g r e e n  p e a c h  a p h i d  

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

t h e  p r e s e n c e  o f  p h l o r i z i n ,  s a l i c i n  and t h e  a l k a l o i d s ,  q u i n o n e  

and b e r b e r i n e  ( 1  2 2 ) .  

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

by  n o n p r e f e r e n c e  ( f e e d i n g  d e t e r r e n c y )  and a n t i b i o s i s  mechan i sms  

( 7 1 ) .  C y a n o h y d r i n s  a r e  f u n g i t o x i c  compounds fo rmed  upon 

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



B e n z o x a z i n o n e  d e r i v a t i v e s ,  c h a r a c t e r i s t i c  o f  t h e  F a m i l y  

G r a m i n a c e a e ,  a r e  wound t o x i n s  i m p l i c a t e d  i n  p l a n t  r e s i s t a n c e  t o  

f u n g i  and i n s e c t s .  R e p o r t s  c o n f l i c t  a s  t o  t h e  a n t i f u n g a l  

a c t i v i t y  o f  t h e  p r e c u r s o r  b e n z o x a z i n o n e  g l u c o s i d e s  ( 2 5 ,  1 4 9 ) .  

B e n z o x a z i n o n e  (DIMBOA) i s  t o x i c  t o  b a c t e r i a  and h a s  a n t i f u n g a l  

a c t i v i t y  w i t h  ED50 v a l u e s  o f  1 t o  2 0  ppm ( 2 5 ) .  I n  a d d i t i o n ,  

DIMBOA c o n d i t i o n s  r e s i s t a n c e  i n  c o r n  t o  t h e  E u r o p e a n  c o r n  b o r e r  

( O s t r i n i a  - n u b i l a l i s  H u b n e r )  by a  n o n p r e f e r e n c e  mechan i sm 

( 1 1 2 ) .  The a g l y c o n e  i s  somewhat u n s t a b l e  and y i e l d s  

b e n z o x a z o l i n o n e  ( M B O A )  a  compound h a v i n g  l e s s  b i o l o g i c a l  

a c t i v i t y ,  i . e .  ED50 50 t o  5 0 0  ppm ( 1 9 )  and no i n s e c t  

d e t e r r e n t  a c t i v i t y  ( 7 7 ) .  

G o s s y p o l  and r e l a t e d  t e r p e n o i d  c o ~ n p o u n d s  i n  c o t t o n  p l a n t s  

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

m e c h a n i s m s  o f  r e s i s t a n c e  a g a i n s t  i n s e c t  l a r v a e  ( H e l i o t h i s  

z e a  B o d d i e ,  H .  v i r e s c e n s  F . ,  and S p o d o p t e r a  l i t t o r a l i s  -- - - 
B o i s d u v a l )  i n c l u d e  b o t h  d e t e r r e n c y  and a n t i b i o s i s  [ i n h i b i t i o n  o f  

p r o t e o l y s i s ;  ( 9 5 ,  9 6 ,  9 7 ) l .  A l t h o u g h  g o s s y p o l  o c c u r s  i n  t h e  

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

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

l e v e l s  i n  r e s i s t a n t  v a r i e t i e s  t h e  f i r s t  few d a y s  a f t e r  

i n o c u l a t i o n ,  t h a n  i n  s u s c e p t i b l e  t i s s u e  ( 1 8 ) .  A 

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

f rom c a r r o t s  ( 1 3 3 ) ,  w h i l e  t h e  p r e s e n c e  o f  c o u m a r i n  i n  s w e e t  

c l o v e r  l e a v e s  d e t e r s  t h e  f e e d i n g  o f  b l i s t e r  b e e t l e s  ( 4 6 )  and 

v e g e t a b l e  w e e v i l s  ( 8 8 ) .  



I n  - some c a s e s ,  i t  a p p e a r s  t h a t  i n s e c t  p e s t s  h a v e  

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

h o s t  o r i e n t a t i o n ,  e . g . ,  i s o t h i o c y a n a t e s  ( m u s t a r d  o i l s )  a r e  

a t t r a c t a n t s  and  s t i m u l a n t s  f o r  p e s t s  o f  t h e  B r a s s i c a e .  A l k a l o i d  

g l y c o s i d e s  d e t e r  many p e s t s  ( 5 5 ) ,  b u t  a r e  p h a g o s t i m u l a n t s  f o r  

t h e  C o l o r a d o  p o t a t o  b e e t l e ,  L e p t i n o t a r s a  d e c e m l i n e a t a  S a y  

(105 ) .  S u c h  s p e c i f i c  a d a p t a t i o n  by i n s e c t s  i s  a s s o c i a t e d  w i t h  

mono- o r  o l i g o p h a g o u s  f e e d i n g  h a b i t s .  

I t  i s  n o t  s u r p r i s i n g  t h a t  wound t o x i n s  s h o u l d  b e  m o r e  

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

I n d u c i b l e  ( d e l a y e d )  r e s i s t a n c e  m e c h a n i s m s  a r e  l e s s  l i k e l y  t o  b e  

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

time w i t h  h o s t  p l a n t s ,  t h a n  a g a i n s t  p a t h o g e n s  w h i c h  e s t a b l i s h  a  

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

Most p l a n t  r e s i s t a n c e  m e c h a n i s m s  a g a i n s t  i n s e c t s  a r e  

c h e m i c a l l y  u n d e f i n e d  ( 7 6  1. B i o l o g i c a l  a c t i v i t y  f o r  many 

i n d i v i d u a l  p l a n t  c h e m i c a l s  h a s  b e e n  e s t a b l i s h e d ,  b u t  a s  w i t h  

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

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

i s  l a c k i n g .  An u n d e r s t a n d i n g  o f  t h e  c h e m i c a l  b a s e s  o f  h o s t  

r e s i s t a n c e  i n  p l a n t - i n s e c t  and p l a n t - p a t h o g e n  i n t e r a c t i o n s  w i l l  

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

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



i 
Summary - 

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

i n  s e v e r a l  ways:  

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

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

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

2. d i s c o v e r y  o f  o v i p o s i t i o n  d e t e r r e n t s  t o  - H .  a n t i q u a  

o c c u r r i n g  commonly i n  p l a n t  t i s s u e  e x t r a c t s  i n c l u d i n g  

t h e  s p e c i f i c  h o s t  p l a n t  o f  t h i s  i n s e c t ,  i .e .  o n i o n ,  

and 

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

o n i o n  m a g g o t  damage t o  s o i l - g r o w n  o n i o n  s e e d l i n g s  by  

u s i n g  p l a n t  e x t r a c t s  w h i c h  c o n t a i n  o v i p o s i t i o n  

d e t e r r e n t s  t o  g r a v i d  - H .  a n t i q u a  a s  p r o t e c t i v e  

s p r a y s .  

T h e s e  r e s u l t s  p r o v i d e  2 i m m e d i a t e  p o s s i b i l i t i e s  f o r  

f u r t h e r  r e s e a r c h :  

1 .  t h e  u s e  o f  t h e  t i n o c u l u m  p l u s  f u n g i t o x i c a n t t  b i o a s s a y  

t o  t e s t  o t h e r  p h y t o a l e x i n s  and v a r i o u s  n a t u r a l  a n d / o r  

s y n t h e t i c  c h e m i c a l s  a s  f u n g i c i d e s ,  and 

2.  t h e  i s o l a t i o n  and c h a r a c t e r i z a t i o n  o f  o v i p o s i t i o n  

d e t e r r e n t s  t o  - H .  a n t i q u a  i n  p l a n t  t i s s u e  e x t r a c t s .  
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