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

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

pests. T h i s  c o m p l e x  almost c e r t a i n l y  a c c o u n t s  f o r  s u b s t a n t i a l  

losses i n  p o t e n t i a l  y i e l d  a n d  p l a n t a t i o n  l o n g e v i t y .  An 

i n t e g r a t e d  p r o g r a m  f o r  t h e  m a n a g e m e n t  of t h e s e  p e s t s  is 

therefore b e i n g  d e v e l o p e d  b y  r e - e x a m i n i n g  t h e  p r o b l e m  a t  t h e  

levels of farm e c o n o m i c s ,  s o i l - e c o s y s t e m ,  a n d  pest b i o l o g y .  

T h e  s t r a w b e r r y  g r o u i n g  r e g i o n s  o f  t h e  PNW i n  s o u t h u e s t e r n  

B r i t i s h  C o l u s i b i a  a n d  i n  w e s t e r n  W a s h i n g t o n  a n d  Oregon r e p r e s e n t  

a c o h e r e n t  a g r o e c o s y s t e m ,  S t r awber r i e s  are  g r o w n  i n  three-or 

f o u r - y e a r  r o t a t i o n s  which a l l o w  i n c r e a s e s  i n  r o o t  pest 

p o p u l a t i o n s  and s u b s e q n e n t  e c o n o a i c  l o s s .  T h e  k e y  pests of 

s t r a w b e r r y  roo t s ,  some of u h i c h  n e e d  c o n t r o l  i n  a l l  areas,  are 

as f o f l o u s :  r o o t  w e e v i l s ,  s t r a w b e r r y  crova m o t h ,  red  stele 

d i s e a s e ,  v e r t i c i l l i u a  uflt, b l a c k  root  r o t ,  root  l e s i o n  a n d  

d a g g e r  n e m a t o d e s ,  a n d  weeds. d l l  o f  t h e s e  p e s t s  a r e  s h o w n  t o  

i n t e r a c t  i n  t h e  s o i l - e c o s y s t e a  a n d  so increase root i n j u r y .  

T o g e t h e r ,  t h e  f o l l o w i n g  Beasares form a n  IPPI p r o g r a a  u b i c h  

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

h e a l t h  : 

l c  R e s t r i c t i n g  t h e  l a n d s  used f o r  strawberry p r o d u c t i o n  t o  t h o s e  
w i t h  s u i t a b l e  s o i l s  and t o p o g r a p h y ,  

k i i  



2, T h e  r e g u l a r  m o n i t o r i n g  of f i e l d s  f o r  p e s t s  aria a r e a s  of p o o r  
g r o b t t h *  

3. T h e  u s e  of r e s i s t a n t  a n d  t o l e r a n t  v a r i e t i e s ,  p a r t i c u l a r l y  
t h o s e  h a v i n g  f i e l d  r e s i s t a n c e  t o  f o o t  r o t s  and h i g h  
t o l e r a n c e  t o  v i r u s e s .  
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I. I n t r o d u c t i o n  

T h e  P a c i f i c :  E l o r t h w e s t  (PN#) r e g i o n ,  c o m p r i s i n g  t h e  s o u t h e r n  

p a r t  of  t h e  p r o v i n c e  of B r i t i s h  C o l u m b i a  a n d  t h e  s t a t e s  of 

W a s h i n g t o n  a n d  O r e g o n  c o n s t i t u t e s  a c o h e r e n t  a g r i c u l t u r a l  

e c o s y s t e m  with r e s p e c t  t o  s t r a w b e r r y  c u l t i v a t i o n ,  This is due t o  

a s i m i l a r i t y  i n  s e a s o n a l  mean t e m p e r a t u r e s ,  d u r a t i o n  of g r o w i n g  

s e a s o n ,  a a o u n t  of r a i n f a l l ,  s o i l  types a n d  e x p e c t e d  y i e l @ s .  

S i m i l a r  p e s t  p r o b l e m s  beset s t r a u b e r r y  g r o w e r s  i n  t h e s e  areas as 

well. P l a n t i n y s  of strawberries i n  t h e  r e g i o n  a re  n o r m a l l y  

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

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

i n s e c t  L a r v a e  and  disease p a t h o g e n s .  T h e s e  o r g a n i s m s ,  a l o n g  w i t h  

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

l i f e ,  a l l  form p a r t  of a n  i n t e r l o c k i n g  s o i l  e c o s y s t e m  w h i c h  c a n  

b e  a a n i p u l a t e d  by t h e  g r o u e r  t o  a c h i e v e  maxinuin r o o t  h e a l t h .  

B a n i p u l a t i o n  of t h e  ecoszstem is most s u c c e s s f u l  when e a c h  

c o n t r o l  r n e a s u r e  i s  used s o  a s  t o  h a v e  t h e  aax imum effect o n  t h e  

w h o l e  s y s t e a .  T h i s  d e ~ a n d s  a n  u n d e r s t a n d i n g  of t h e  b i o l o g i c a l  

i n t e r a c t i o n s  b e t w e e n  t h e  c r o p  p l a n t s ,  c r o p  p e s t s ,  c o n t r o l  

m e a s u r e s  a n d  t h e  e n v i r o n m e n t .  If i t  is t o  be i m p l e m e n t e d ,  a 

n a n a g e n e n t  s c h e e e  m u s t  be e c o n o m i c a l .  A g r o u e r  n e e d s  t o  know 

when  p e s t s  are c a u s i n g  e c o n o e i c  i n j u r y ,  t h e  e x t e n t  of t h e  

i n j u r y ,  and how much c a n  reasonably b e  s p e n t  i n  c o n t r o l l i n g  

t h e m ,  



I n  t h i s  paper, I h a v e  i d e n t i f i e d  s o m  o f  t h e  b e l o w - g r o u n d  

a g r o e c o s y s t e f n  i n t e r a c t i o n s  i n p o r t a n t  i n  strawberry pest 

m a n a g e m e n t .  1 h a v e  tries, t h r o u g h  t a l k i n g  w i t h  growers, 

c o n s u f t a n t s  and  r e s e a r c h e r s ,  t o  e v a l u a t e  t h e  root  p e s t  s i t u a t i o n  

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

a p p l i c a b i l i t y  of an i n t e g r a t e d  m a n a g e m e n t  a p p r o a c h ,  I h o p e  t h a t  

t h i s  o v e r v i e w  h a s  prowidea i n f o r m a t i o n  n e e d e d  f o r  a Bore secure 

basing of c o n t r o l  t ac t ics  a n d  t h a t  i t  s t i m u l a t e s  f u r t h e r  

i n t e r e s t  i n  t h e  area o f  roo t  p e s t  a a n a g e m e n t .  



11. An o w e r w i e u  of t h e  i n d u s t r y  

T h e  p r i m a r y  s t r a r b e r r y  g r o w i n g  areas of t h e  P#N are i n  t h e  

w e l l  watered v a l l e y  l a n d  b e t u e e n  t h e  C a s c a d e  r a n g e  a n d  t h e  

c o a s t a l  r t i o ~ n t a i n s ~  A b o u t  93% o f  0.C. p r o d u c t i o n  is i n  t h e  lower 

s t a i n l a n d ,  c e n t e r e d  i n  t h e  A b b o t s f o r d  area, Most  W a s h i n g t o n  

p r o d u c t i o n  is i n  S k a g i t ,  Pierce, Whatcota, a n d  K i n g  c o u n t i e s ;  a n 8  

O r e g o n  p r o d u c t i o n  is c e n t e r e d  i n  H a r i a n ,  W a s h i n g t o n ,  C l a c k a m a s ,  

and C o l u l a b i a  c o u n t i e s  (Pig. 1). T h e  climate i n  t h e s e  a reas  is 

e x c e l l e n t  f o r  s t r a w b e r r y  g r o w t h ,  w i t h  150-180  f r o s t - f r e e  d a y s  a 

Tear a n d  m i l d  w i n t e r s  w h i c h  allow r o o t  g r o w t h  a n 6  l i m i t  t h e  

f r o s t  damage s o  common i n  t h e  east .  PNW s t r a w b e r r i e s  are 

r e c o g n i z e d  f o r  t h e i x  superior taste a n d  s u g a r - a c i d  b a l a n c e ,  

w h i c h  is why a n u ~ b e r  of aajor jam and f r o z e n  f r u i t  p r o c e s s o r s  

are b a s e d  t h e r e ,  Bfter C a l i f o r n i a ,  t h e  PNW s u p p l i e s  the g r e a t e s t  

s h a r e  of s t r a w b e r r i e s  t o  t h e  p r o c e s s i n g  a a r k e t  i n  N o r t h  Bnterica, 

I n  1 9 8 2  87% of t h e  t o t a l  P#W c r o p  w e n t  t o  p r o c e s s i n g ,  w i t h  t h e  

r e ~ a i n d e r  t o  t h e  fresh a n d  U-pick aa rke t s .  A l t h o u g h  g n i t e  

v a r i a b l e ,  i n  1 9 8 2  t h e r e  were 10,350 b e a r i n g  acres i n  the PR#, 

w h i c h  g i e l d e &  a t o t a l  o f  9 3 , 6 8 7 , 5 0 0  f b s  and g r o s s e d  $ 4 1 , 5 1 4 , 3 0 0 .  

O r e g o n  v a s  t h e  l a r g e s t  p r o d u c s r  u i t h  58 m i l l i o n  l b s  o n  5 0 0 0  ac ,  

W a s h i n g t o n  p r o d u c e d  1 8 . 6  a i l l i o n  l b s  o n  3000 ac, a n d  B.C.  

p r o d u c e d  17.1 a i l l i o n  l b s  on  4250 ace  T h e  mean yields i n  1982 

were r e s p e c t i v e l y :  5, 3 .1 ,  and  2.1 t o n f a c  (OSU E x t e n s i o n  

Commodity Data S h e e t  1 9 8 4 ,  W a s h i n g t o n  A g r i c u l t u r a l  S t a t i s t i c s  



1 9 8 2 ,  and P e t e r s ,  p e r s .  cornat.) For c l a r i t y ,  t h e s e  a n 4  f o l l o w i n g  

v a l u e s  are i n  I b s ,  t a n s ,  acres ,  a n d  U.S. d o l l a r s *  

D e s p i t e  t h e  f a v o r a b l e  c l i a a t e ,  O r e g o n  a n d  W a s h i n g t o n  

r e c e n t l y  h a v e  l o s t  much o f  t h e i r  a a r k e t  t o  C a l i f o r n i a n  a n d  

P l e x i c a n  p r o d u c t i o n .  f n  t h e  p e r i o d  from 1969 t o  1 9 7 8 ,  t h e  t u o  

s t a t e s o  co rab ined  s h a r e  o f  o f  t h e  U.S. a a r k e t  w e n t  from 1 9  t o  8% 

of t h e  t o t a l  w h i l e  C a l i f o r n i a  i n c r e a s e d  i ts s h a r e  f r o m  55 t o  79% 

{ B r i n g h u r s t  and Voth  t 9 8 0 ) .  As t h e  a t a j o r  s t r a w b e r r y  p r o d u c i n g  

r e g i o n  i n  C a n a d a ,  0 . C .  bas f a r a d  b e t t e r ,  i n c r e a s i n g  i ts acreage 

o v e r  t h e  p e r i o d .  One r e a s o n  f o r  t h e  l o s s  of warket i n  H a s h i n g t o n  

a n d  O r e g o n  is t h a t  C a l i f o r n i a  p l a n t i n g s  y i e l d  f r o m  5-to 70- fo ld  

e o r e  t h a n  d o  t h o s e  i n  t h e  PIW, a n d  a l t h o u g h  t h e  C a l i f o r n i a  

g r o w e r s  h a v e  o v e r h e a d  costs as h i g h  as  $6000/ac b e f o r e  h a r v e s t ,  

t h e y  are s t i l l  a b l e  t o  p r o d u c z  f o r  less f V o t h  7 9 8 0 )  . I n  

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

PI# growers. B o s t  o f  t h e  p r i m e  g r o w i n g  l a n d s  i n  t h e  PWW are n e a r  

e n o u g h  t o  t h e  wajor cities t h a t  land c o s t s ,  w h e t h e r  a s  r e n t a l  

f e e s  o r  m o r t g a g e s ,  are p r o h i b i t i v e l y  h i g h .  



F i g u r e  1. S t rawber ry  producing a r e a s  o f  t h e  PNW 

A Vancouver, B . C .  
B F r a s e r  Val 1  ey  

4250 a c  
C Whatcom Co. 

550 a c  
D S k a g i t  Co. 

600 a c  
E S e a t t l e ,  WA 
F King Co. 

450 a c  
G P i e r c e  Co. 

400 a c  

S t a t e  t o t a l  
3000 a c  

H Columbia Co. 
400 a c  

I Washington Co. 
1800 

J Cl ackarnas Co . 
550 a c  

K Marion Co. 
1900 a c  

L P o r t l a n d ,  OR 

S t a t e -  t o t a l  
5800 a c  



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

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

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

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

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

f a v o r  o u t b r e a k s  o f  b l a c k  cor t l ca l  r o o t  r o t  and r e d  s tele & i s e a s e  

t o  t h e  e x t e n t  t h a t  i n  t h e  PNH, t h e s e  s o i l s  are n o t  now 

c o n s i d e r e d  f o r  commercial o p e r a t i o n s .  Also a f f e c t i n g  t h e  

s u i t a b i l i t y  of l a n a  f o r  s t r a w b e r r y  p l a n t i n g s  is t h e  q u a l i t y  of 

a i r  d r a i n a g e  o n  t h e  s i te .  I n  t h e  s u m m e r ,  p o o r  d r a i n a g e  leads t o  

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

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

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

t o  p l a n t  m o r t a l i t p  t h r o u g h  t h z  l a t e r  d e v e l o p ~ e n t  of b l a c k  r o t  of 

t h e  r o o t s  ( P l a k i d a s  1364) . 
P e s t s  of t h e  r o o t s  are a l s o  i n s t r u ~ e n t a l  i n  r e d u c i n g  t h e  

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

p l a n t  w h i c h  c a n  l i v e ,  r e p r o d u c e ,  a n d  bear f r u i t  t h r o u g h  i ts 

r u n n e r  p l a n t s  f o r  many g e a r s .  P l a n t i n g s  of strawberries a r e  

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

g r o w e r s  f o r  408 p e a r s  (Darrow 1 9 5 4 ) .  R o t a t i o n s  o f  e i g h t  y e a r s  o r  

more a t e  n o t  u n c o s t e o n  i n  t e m p e r a t e  r e g i o n s  { R l f o r d  l 9 7 6 ) .  This 

c o n t r a s t s  w i t h  t h e  s i t u a t i o n  i n  C a l i f o r n i a  w h e r e  v a r i o u s  root  



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

p r a c t i c e  o f  s i n g l e  year r o t a t i o n s .  O b v i o u s l y ,  t h e  o v e r h e a d  a n d  

l a b o r  c o s t s  of r e s t o c k i n g  a n d  r e p l a n t i n g  a c r o p  a r e  c o n s i d e r a b l y  

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

F r o s t  damage ,  b o t h  direct a n d  as a p r e d i s p o s i n g  f a c t o r  t o  r o o t  

d i s e a s e ,  is a l s o  i m p o r t a n t  i n  l i m i t i n g  c r o p  l i f e - s p a n  (Daubeny 

1 9 8 0 ) .  T o d a y ,  w h i l e  r oo t  p e s t s  a r e  a n  i a p o r t a n t  3 e c l i n e  f a c t o r ,  

t h e  ma jor l h i t a t f o n  t o  r o t a t i o n  l e n g t h  m a y  b e  a  new1 y 

i d e n t i f i e d  c o m p l e x  o f  s t r a i n s  of c r i n k l e ,  m o t t l e  a n d  m i l d  y e l l o w  

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

y e a r  ( C o n v e r s e  1978) .  By s h o r t e n i n g  r o t a t i o n s  f r o s  f o l t r  y e a r s  t o  

t h r e e  o n  t h e  30,350 ac of s t r a u b e r r i e s  i n  t h e  PNW, r o o t  p e s t s  

a n d  v i r u s e s  c o s t  t h e  i n d u s t r y  a p p r o x i ~ a t e l y  $ 2 , 0 3 3 , 8 0 0  e a c h  y e a r  

i n  e s t a b l i s h s e n t  cos t s  ( t h i s  and f u r t h e r  f i g u r e s  a r e  b a s e d  o n  

t h e  $982 W a s h i n g t o n  S t a t e  E n t e r p r i s e  Budget, C a r k n e r  gg a&.). 

U n d o u b t e d l y ,  t h e  most i n p o r t a n t  r e s u l t  of r o o t  pest 

a c t i v i t y  i n  s t r a w b e r r i e s  i s  a direct r e d u c t i o n  i n  y i e l d .  T h i s  

may v a r y  f r o @  a h i d d e n  l o s s  o f  p o t e n t i a l  y i e l d  f r o g  low e n d e m i c  

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

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

c r o p ,  Very l i t t l e  work  h a s  been d o n e  w h i c h  a s s i g n s  y i e l d  l o s s  t o  

t h e  p r e s e n c e  of v a r i o u s  s t r a w b e r r y  p e s t s ;  a n  e x c e p t i o n  i s  a 

s t u d y  by Cram and A n d i s o n  ( 1 9 5 9 )  . They f o u n d  t h a t  11 -6 b l a c k  

v f n e  w e e v i l  l a r v a e  p e r  p l a n t  resulted i n  a 1.9 t o n ,  o r  a 44% 

y i e l d  loss .  T h e  best uay of a s s e s s i n g  y i e l d  l o s s  d u e  t o  r o o t  

p e s t s  is s o i f  f u m i g a t i o n  w i t h  broad s p e c t r u e  v o l a t i l e s  s u c h  as  



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

t h e s e  compounds  k i l l s  mos t  o f  t h e  s o i l  p o p n l a t i o n s  o f  p a t h o g e n i c  

f u n g i ,  n e m a t o d e s ,  r o o t  f e e d i n g  larvae a n d  weeds. T h e  r e s u l t s  of 

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

a e t h y l  b r o a i d e  f u w i g a t i o n  was i n t r o d u c e d  i n  C a l i f o r n i a  a b o u t  

1 9 6 0 ,  y i e l d s  s k y r o c k e t e d  f r o a  5 t o n s / a c  t o  25 t o n s  o r  @ o r e  

( Y i l h e l a  1 9 6 5 ) .  T h e s e  i n c r e a s e s  were p a r t l y  d u e  t o  new 

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

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

benefit o f  t h e s e  i m p r o v e m e n t s .  W i l h e l m  ( 1 9 6 5 ) .  t e s t i n g  o n l y  f o r  

t h e  d e p r e s s i v e  e f f e c t  o f  Ey&l&pg u l t i i n u a  i n  s t r a w b e r r y ,  f o u n d  

w e i g h t  i n c r e a s e s  o v e E  t h e  P v t h i u m  i n f e s t e d  c o n t r o l s  o f  50% a n d  

59% (5-week anit. 20-week o l d  p l a n t s )  a f t e r  f u m i g a t i o n  w i t h  

c b l o r o p i c r i n .  

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

t h e i r  p o t e n t i a l  is g i v e n  by  work i n  O r e g o n  a n d  v a s h i n g t o n  on t h e  

u s e  o f  new h o r t i c u l t u r a l  practices (War t o n  pers. comm., R a r t i n  

1 9 7 6 ) .  Strawberries g r o w n  u n d e r  c o n d i t i o n s  o f  o p t i m a l  r o o t  

g r o w t h  s u c h  a s  i n  ra ised b e d s ,  w i t h  b l a c k  f i l m  s u l c h  and d r i p  

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

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

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

i n d i c a t i o n  of how strawberries a i g h t  p e r f o r m  i n  t h e  a b s e n c e  o f  

r o o t  l i m i t i n g  p a r a s i t e s *  

I f  r o o t  p e s t s  a c c o u n t  f o r  a 25% l o s s  o f  y i e l d  o n l y ,  e a c h  

p a r  a p p r o x i m a t e l y  4.27 m i l l i o n  T b s  are l o s t  i n  5 . C e ,  4.65 



a i l l i o n  l b s  i n  M s s h i n g t o n ,  and  1 4 , 5  m i l l i o n  l b s  i n  O r e g o n .  A t  

t h e  p r o c e s s i n g  p r i c e  o f  4 3 P / l b ,  this t r a n s l a t e s  t o  a loss of 

a b o u t  $33  ifl lion t o  t h e  i n d u s t r y .  

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

as p e r c e i v e d  i n  t h e  i n d u s t r y ?  G e n e r a l l y ,  t h e  growers, f i e l b e n ,  

a n d  r e s e a r c h e r s  I t a l k e d  w i t h  g a v e  c o n f l i c t i n g  v i e w s  on t h e  

o v e r a l l  i m p o r t a n c e  of  t h e  v a r i o u s  p e s t s  o n  y i e l a s *  T a k e n  a l l  

t o g e t h e r  h o u e v e r ,  f r u i t  r o t s  a n d  aphid b o r n e  v i r u s e s  a r e  s e e n  a s  

the m o s t  c r i t i ca l  i m p e d i e e n t s  t o  h i g h  y i e l d s  o f  f r u i t .  The. 

p r o b f e ~ s ,  o f  c o u r s e ,  vary f r o s  s e a s o n  t o  s e a s o n  a n d  p l a c e  t o  

p l a c e .  G r o u e r s  i n  very i s o l a t e d  p l a c e s ,  s h e r e  n o  v e c t o r  a p h i d s  

are l i k e l y  t o  b low i n ,  Bay b e  g u i t e  free f r o m  v i r u s  p r o b l e s s ,  

whereas g r o w e r s  i n  t h e  n o r t h  Yillaznette V a l l e y  o f  O r e g o n  

c o n s i d e r  t h e  c r o w n  moth  t o  be  t h e i r  g rea tes t  p r o b l e m .  Rites a n d  

r o o t  w e e v i l s  a re  o f t e n  c o n s i d e r e d ,  by e n t o m o l o g i s t s  a t  l e a s t ,  t o  

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

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

t o  see a n d  is t h u s  c o n s i d e f e d  n e g l i g i b l e ,  e x c e p t  b y  p l a n t  

p a t h o l o g i s t s *  Red stele, a l t h o u g h  r e c e n t l y  r e d u c e d  i n  i ~ p o r t a n c e  

by t h e  u s e  of f i g h t  s o i l s  and r e s i s t a n t  v a r i e t i e s ,  n a y  a p p e a r  

when w i n t e r s  are v e r y  wet, a n d  was c a m o n  i n  1 9 8 4 .  Nematodes ,  

a l t h o u g h  a c k n o w l e d g e d  t o  b e  l i a i t i n g  u h e n  u n t r e a t e d ,  ate n o t  

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

p l a n t i n g ,  

It s h o u l d  b e  stressed t h a t  f u n g a l  r o o t  r o t s  and n e ~ a t o d e s  

p r o b a b l y  cause inore damage  t o  roo t s  t h a n  s o s t  g r o w e r s  r e a l i z e ,  



# e t a a t o d e  p o p u l a t i o n s  are known t o  b e g i n  b u i l d i n g  up  i n  t h e  first 

year of a p l a n t i n g ,  so t h a t  t h e y  rttust i n e v i t a b l y  a c c o u n t  f o r  

some lost g r o w t h  p o t e n t i a l  b y  t h e  end o f  t h e  r o t a t i o n .   ban^ 

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

d e c l i n e  a n d  d i s e a s e ,  i n c l u d i n g  t h e  g e n e r a :  g&&pcgonl;p, 

a & & g d r o c a r p ~ g ,  F a s a r i g h  a n d  g y t h i u ~ ~  a s  well as t h e  n o r e  

famif i a r  g b g f ~ p h  t h g g p  ( r e d  stele) a n d  &~$&Ec&&&ILI ( w i l t )  . 
B g h f g g  e s p e c i a l l y  a p p e a r s  t o  p l a y  a major ro l e  i n  r o o t  

i n b i b i t i o n  (Wi lhe lm 1965, Wi1hel.a a n d  P a u l u s  1980 , Maas 1984) , 

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

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

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

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

c o n v i n c i n g  e v i d e n c e  for t h i s  lies i n  t h e  v e r y  b e n e f i c i a l  effect 

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

I n  a d d i t i o n  t o  t h e  p r o b l e n i s  o f  u n s u i t a b l e  l a n d ,  shortened 

r o t a t i o n s ,  and y i e l d  loss, r o o t  p e s t s  of  strawberry may 

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

c e r t a i n  d e s i r a b l e  v a r i e t i e s -  S u c h  is t h e  case t o d a y  i n  t h e  PNY, 

w h e r e  t h e  h i g h  q u a l i t y  berry p r o d u c e r ,  ctr Hood, c a n n o t  b e  g r o w n  

i n  some p l a c e s  b e c a u s e  af its s u s c e p t i b i l t g  t o  v i r u s e s .  S i m i l a r  

s i t u a t i o n s  h a v e  e x i s t e d  i n  t h e  p a s t  w i t h  r e d  s tele d i s e a s e ,  As 

p o i n t e d  o u t  f r ~  i d i f h e l a  f1980).  r e s i s t a n c e  t o  d i s e a s e  i n  nelr 

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

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

T h e  irse i n  C a l i f o r n i a  of r e g u l a r  f u a i g a t i o n  h a s  f r e e d  t h e  



i n d u s t r y  t h e r e  f r ~ m  the n e e d  f o r  h i g h  l e v e l s  o f  d i s e a s e  

r e s i s t a n c e  i n  its p l a n t s ,  t h u s  a l l o w i n g  t h e  maximum u s e  o f  h i g h  

y i e l d i n g  v a r i e t i e s .  

F i n a l l y ,  e c o n o m i c  l o s s  may be  i n c u r r e &  t h r o u g h  t h e  o v e r h e a d  

e x p e n s e s  o f  p e s t  a a n a y e ~ e n t .  T h e  cos t  o f  p u r c h a s i n g  c l e a n  

p l a n t i n g  s t o c k  is a m j o r  e x p e n s e  t o  t h e  g r o w e r ,  a l a r g e  p a r t  o f  

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

a n d  f u n g i  Esom t h e  r o o t s ,  C u l t u r a l  a n d  c h e ~ i c a l  p e s t  c o n t r o l  

costs c a n  a l s o  be  s u b s t a n t i a l .  P r a c t i c e s  s u c h  a s  pipe & r a i n a g e ,  

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

s a te r i a l s ,  l a b o r  o r  b o t h .  F u m i g a t i o n  a n d  r e p e a t e a  sprays r u n  

i n t o  h u n d r e d s  o f  d o l l a r s  per  acre p e r  s e a s o n ,  U s i n g  t h e  

W a s h i n g t o n  S t a t e  e n t e r p r i s e  b u d g e t  o n c e  a g a i n ,  t h e  e x p e n e i t u r e s  

o n  pest managemen t  c a n  be r o u g h l y  c a l c u l a t e d .  R i t h o u t  

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

d i r e c t l y  l i n k e d  t o  roo t  pests are w e e v i l  a n d  wee3 c o n t r o l ,  s o i l  

s a m p l i n g ,  f u r a i g a t i o n ,  a n d  f a l l  s u b s o i l i n g  ( $ 2 5 / a c )  (Table 4 )  . 
A s s u a i n g  a  t h r e e  y e a r  c r o p p i n g  p e r i o d ,  t h e s e  c o s t s  add u p  t o  

$ 3 4 2 / a c / y r ,  w h i c h ,  when m u f t i p l i e 8  by  t h e  t o t a l  PNId a c r e e g e  i n  

1982, g i v e s  $3,540,000 a s  t h e  a p p r o x i m a t e  sum s p e n t  o n  t h e  

managemen t  of r o o t  p e s t s  i n  o n e  year. 

I n  s u a m a r y  t h e n ,  r o o t  p e s t s  reduce p r o f i t a b i l i t y  by ~ a k i n g  

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

t h e  p l a n t i n g s ,  by r e d u c i n g  y i e l d s ,  by p r e c l u d i n g  t h e  use of 

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



1111 The key pests o f  r oo t s  

K e y  p e s t s  are  d e f i n e d  as t h o s e  w i t h  t h e  p o t e n t i a l  t o  

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

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

of the k e y  p e s t s  of s t r a w b e r r y  roots a n d  c r o w n s .  I t  w i l l  t o u c h  

u p o n  t h e i r  d i s t r i b u t i o n  a n d  h o s t  r a n g e  w i t h i n  the PWW, r e v i e w  

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

c a u s e d ,  as well a s  t h e  usual m e a n s  of d e t e c t i o n  and  t r a d i t i o n a l  

m e a s u r e s  used f o r  c o n t r o l .  Rore t h o r o u g h g o i n g  r e v i e w s  o f  all of 

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

R o o t  u e e v i l s  --- ----- 

I m p o r t a n c e  

I n  t h e  P N U  a s  a u h o l e ,  v a r i o u s  r o o t  u e e v i l s  a r e  t h e  

g r e a t e s t  i n s e c t  p r o b l e m  of strawberry r o o t s ,  a n d  h a v e  b e e n  so 

f o r  ntany y e a r s .  As n o t e d  by  o n e  8 . C .  e n t o m o l o g i s t  l o n g  a g o ,  

( ' t h i s  w e e v i l  ( s t r a w b e r r y  r o o t  w e e v i l )  h a s  shown i tself  q u i t e  

capable o f  w i p i n g  o u t  t h e  u h o l e  i n d u s t r y  o r  r e n d e r i n g  it 

p r o f  itlessw ( T r e b e r n e  1914) . A t  t h a t  time o n l y  c u l t u r a l  c o n t r o l s  

a n d  a r s e n i c a l  b a i t s  e x i s t e d  f o r  u s e  a g a i n s t  r o o t  weevils; now, . 

h o u e v e r ,  t h e  i n s e c t s  can b e  e f f e c t i v e l y  c o n t r o l l e d  w i t h  the 

c a r b a r n a t e  c o a p o u n d ,  c a r b o f  u r a n  (Furadan) . R o o t  w e e v i l s  a r e  



u b i q u i t o u s  a n d  p r o l i f i c ,  w i t h  p o t e n t i a l  f o r  e x p l o s i v e  i n c r e a s e ,  

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

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

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

r e v o k e d ,  t h e n  r o o t  w e e v i l s  c o u l d  v e r y  s h o r t l y  become  a c r i t i c a l  

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

t r e a t m e n t ,  r o o t  w e e v i l s  B a y  be i n c r e a s i n g  t h e i r  p o p u l a t i o n s  

(Shanks p e r s .  coma.). T h i s  is  due  t o  t h e  g r a d u a l  d e c l i n e  i n  the 

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

a l d r i n  a n d  d i e l d r i n *  D i e l d r i n ,  w i t h  a  h a l f - l i f e  of a b o u t  nine 

y e a r s  ( r t o o l s o n  1 9 6 7 ) ,  and s e v e r a l  o t h e r  p e r s i s t e n t  o r g a n o c f i o r i n e  

i n s e c t i c i d e s ,  u e r e  s u c h  u s e d  u p  t o  1 9 6 9  a n &  1975 i n  B . C .  a n d  the 

U.Ss r e s p e c t i v e l y ,  a s  l a r v i c i a e s  f o r  r o o t  w e e v i l s ,  a n &  g a v e  s o a e  

r e s i d u a l  c o n t r o l  for a number  of years a f t e r  t h e i r  u s e  was 

d i s c o n t i n u e d  ( S h a n k s  1976) . 

D i s t r i b u t i o n  a n d  h o s t  r a n g e  

There h a v e  b e e n  a t  least 1 7  s p e c i e s  of r o o t  w e e v i l s  

i d e n t i f i e d  as c a p a b l e  o f  a t t a c k i n g  t h e  r o o t s  of s t r a v h e r r f  i n  

t h e  PNY (f i l c o x  pLe 1934). O n l y  f o u r  s p e c i e s ,  h o w e v e r ,  ate of 

m a j o r  i m p o r t a n c e  t o d a y  (Cram,  S h a n k s  p e r s .  cotua*) . These are: 

t h e  s t r a w b e r r y  r o o t  w e e v i l ,  O t i m h ~ & ~ & ~  gv&&usi the b l a c k  v i n e  

r o o t  w e e v i l ,  0, g u l l c a t u s ;  t h e  r o u g h  s t r a w b e r r y  r o o t  w e e v i l ,  Qz 

rugog~=t~fggqs; a n d  t h e  o b s c u r e  s t r a w b e r r y  f o o t  weevil, 

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

PWW a n d  w i t h  t h e  e x c e p t i o n  of t h e  b l a c k  v i n e  w e e o i l  fro@ E u r o p e ,  



are N o r t h  R ~ e r i c a n  n a t i w e s .  D i s t r i b u t i o n  w i t h i n  a t o w n s h i p  o r  

farm i s  l i k e l y  t o  b e  p a t c h y ,  w i t h  c e r t a i n  s p e c i e s  i n f e s t i n g  

i n d i v i d u a l  f i e l d s  o r  p a r t s  o f  fields, T h i s  o f t e n  d e p e n d s  upon 

t h e  v e g e t a t i o n  t y p e s  g r o u i n g  o n  t h e  h e a d l a n d s .  R h o d o d c n d z o n s ,  

f o r  e x a a p l e ,  are u s u a l l y  i n f e s t e d  bp o b s c u r e  s t r a w b e r r y  root  

w e e v i l s ,  ( B e l l  and C l a r k e  f 9 8 0 ) ,  w h i c h  may t h e n  s p r e a d  t o  n e a r b y  

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

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

v e g e t a t i o n .  F r u i t  trees, cole c r o p s ,  g r a s s e s ,  c a n e b e r r i e s , .  

l e g u m e s ,  c u c u r b i t s  and  woody and  h e r b a c e o u s  o r n a i n e n t a f s  are just 

some o f  t h e  g r o u p s  a t t a c k e d ,  Black v i n e  u e e v i f s  e v e n  t h r i v e  o n  

E n g l i s h  l a u r e l  l e a v e s  wh ich  are o t h e r w i s e  u s e d  i n  e n t a m o l o g i s t s *  

k i l l i n g  jars a s  a p o t e n t  s o u r c e  of c y a n i e l e  gas. 

B i o l o g y  

S i n c e  the life h i s t o r y  of t h e s e  four s p e c i e s  is v e r y  

s i a i l a r ,  t h a t  o f  t h e  b l a c k  v i n e  w e e v i l  w i l l  s e r v e  a s  a n  e x a ~ p l e ,  

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

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

p a r t h e n o g e n e t i c a l l y ,  a n d  t h a t  a l l  are  feaale. Thus, r e p r o d u c t i v e  

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

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

eggs a r e  p r o d u c e d  a s  well, from 800-1000  eggs were l a i d  i n  1 8 9  

d a y s  by  i n d i v i d u a l  b l a c k  v i n e  u e e v i l s  f e d  o n  leaves o f  t h e  ~ o t e m '  

v a r i e t y  ( S h a n k s  pers. comm.). I n  t h e  f i e l a ,  h o w e v e r ,  a more 

u s u a l  number is  a b o u t  200 eggs p e r  s e a s o n  f f d i l c u x  =& gl;. 1 9 3 4 ,  



G a r t h  a n d  S h a n k s  1982) .  D u e  t o  t h e  m i l d  w i n t e r s  i n  t h e  PEW, r o o t  

w e e v i l s  are able t o  o v e r w i n t e r  a s  e i t h e r  larvae o r  a d u l t s ,  up t o  

S O X  of w h i c h  way s u r v i v e  t h e  u i n t e r .  The o v e r u i n t e r e a  l a r v a e  

p u p a t e  i n  Bay a n d  etaerge t o  feed on  f o l i a g e  i n  t h e  f i r s t  t h r e e  

weeks o f  d u n e ,  T h e  o v e r w i n t e r e d  a d u l t s  a p p e a r  i n  l a t e  April a n &  

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

f i r s t  week of R U ~ U S ~ L  A t  t h i s  time t h e  new a d u l t s  a l s o  begin 

l a y i n g  e g g s  a n d  b o t h  they a n d  t h e  s e c o n d - y e a r  a d u l t s  l ay  h e a v i f p  

f o r  s e v e r a l  w e e k s ,  t o  h a l t  a b r u p t l y  b y  t h e  t h i r d  week of B u g u s t .  

T h e  eggs are laid i n  s o i l  c r e v i c e s  t o  Sctn i i e e p  aria they h a t c h  i n  

t h r e e  w e e k s .  Upon h a t c h i n g ,  t h e  y o u n g  l a r v a e  b u r r o w  down t o  the 

r o o t s  a n d  b e g i n  t o  feed o n  small r o o t l e t s .  Wet w e a t h e r  i n  July 

a n d  B u g u s t  is c o n s i d e r e d  f a v o r a b l e  t o  egg  h a t c h  a n d  l a r v a l  

s u r v i v a l ;  c o n v e r s e l y ,  warm d r y  w e a t h e r  c a n  b e  h a r ~ f u f  d u e  t o  

d e s i c c a t i o n  of t h e  e g g s  { N i e l s o n  a n d  C r a m  7 9 7 8 ) .  L a r v a e  h a t c h i n g  

i n  Hay o r  J u n e  from eggs laid b y  o v e r w i n t e r e d  a d u l t s  h a v e  t h e  

a d v a n t a g e  of moist s p r i n g  c o n d i t i o n s  a n d  t h u s  may h a v e  g r e a t e r  

c h a n c e s  of s u r v i v a l *  

I t  is i m p o r t a n t  t h a t  t h e  i d e n t i t y  a n d  p h e n o l o g y  of i n v a d i n g  

w e e v i l s  b e  known s i n c e  t h e  t i a i n g  of s p r a y s  is c r u c i a l  t o  

s u c c e s s f u l  c o n t r o l  (Schaef  ers 1981) F o l l o w i n g  a re  s e v e r a l  

v a r i a t i o n s  i n  l i f e  h i s t o r i e s  b e t w e e n  t h e  s p e c i e s  of w h i c h  a 

g r o w e r  s h o u l d  be aware. T h e  s t r a w b e r r y  r o o t  w e e v i l ,  w h i c h  is 

a b o u t  h a l f  t h e  s i z e  of t h e  b l a c k  v i n e  w e e v i l ,  t e n d s  t o  e t s e s g e  a . 

w e e k  o r  so  earl ier ,  w h i c h  m e a n s  i t  is  r e a d y  t o  o v i p o s f t  d u r i n g  

t h e  p i c k i n g  s e a s o n .  No s p r a y  can be u s e d  a g a i n s t  t h e  b e e t l e s  



w h i l e  h a r v e s t i n g ,  t h u s  i t  is c r i t i c a l  t o  know i f  the s t r a u b e r r y  

r o o t  w e e v i l  is  c a u s i n g  the trouble, I f  s o ,  a n  a d u l t i c i d a l  s p r a y  

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

f u r t h e r  damage. The r o u g h  s t r  a u b e r r y  r o o t  w e e v i l  i s  of t e n  

a s s o c i a t e d  w i t h  soa  and s o  map b e  a p r o b l e n  i n  n e w l y  b r o k e n  

f i e l d s .  It e m e r g e s  a week  o r  sore a f t e r  t h e  b l a c k  v i n e  w e e v i l  

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

The o b s c u r e  s t r a u b e r r p  root  w e e v i l  emerges a t  a b o u t  t h e  same 

time a s  t h e  b l a c k  v i n e  w e e v i l ,  s o  its c o n t r o l  is similar .  . 

Dauiage 

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

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

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

e v e n  the large s u p p o r t i n g  r o o t s  a n d  c r o w n s  of t h e  p l a n t s ,  f a  

e x t r e n e  cases, w h o l e  f i e l d s  c a n  be  @a&e u s e l e s s  a n d  s u s t  b e  

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

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

c h a r a c t e r i z e d  by patches of  s t u n t e d  or d y i n g  p l a n t s  w h i c h  spread 

y e a r l y  a s  t h e  beetles a t i g r a t e .  

D e t e c t i o n  a n d  c o n t r o l  

T h e  p r e s e n c e  of root  u e e v i l s  c a n  e a s i l y  b e  d e t e c t e d  b y  

n o t c h e s  e a t e n  a r o u n d  t h e  e d g e s  o f  t h e  leaf lets .  Vhen t h i s  is 



n o t i c e d ,  a c o n t r o l  m u s t  be  u s e 6  before  t h e  a a u l t s  h a v e  a c h a n c e  

t o  l a y  t h e i r  eggs. T o d a y ,  i n  b o t h  c o u n t r i e s ,  c a r b o f u r a n  is being 

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

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

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

One c u f t u r a l  t e c h n i q u e  t h a t  i n c r e a s e s  t h e  e f f e c t i v e n e s s  of 

t h e  s p r a y  is t h e  p r a c t i c e  of t o p p i n g  t h e  p l a n t s  after h a r v e s t .  

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

g r e a t e r  p e n e t r a t i o n  o f  s p r a y  t o  t h e  r o o t s  w h e r e  t h e  beetles a n d  

l a r v a e  are l u r k i n g .  E o w i n g  a n &  s p r a y i n g  of t h e  h e a d l a n d s  a r o u n d  

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

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

m i g r a t i o n .  

S t r a u b e r r p  c r o w n  ------- 

I m p o r t a n c e  

The strawberr]! c r o r s n  n o t h ,  gpgngtJigggg b i b i o g & e n p i s r  or 

SCM, i s  a n  u n u s u a l  i n s e c t  p e s t  of s t r a w b e r r y  i n  t h a t  i t  h a s  a 

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

t h e  SCB i n f e s t s  s t r a w b e r r y  o n l y  i n  t h e  n o r t h e r n  p a r t  of t h e  

Xillamette v a l l e y  i n  O r e g o n t  I n  tay t a l k s  with growers i n  

M a s h i r i g t o n  and B r i t i s h  C o l u m b i a ,  most h a d  n o t  h e a r d  o f  t h e  

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

d o e s .  In t h e  Wi l l aae t t e  v a l l e y ,  h o w e v e r ,  t h e  SCB is c o n s i d e r e d  

t o  b e  a m a j o r  l i m i t i n g  f a c t o r  i n  s t r a u b e r r y  p r o d u c t i o n .  F u r t h e r ,  



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

p r a b l e a  seems t o  b e  g e t t i n g  worse. F i s h e r  ( 1 9 8 2 ) ,  p u t  a 

c o n s e r v a t i v e  estimate o f  1981 l o s s e s  t o  t h e  SCPI i n  t h e  

W i l l a a e t t e  v a l l e y  a t  $1 -5 m i l l i o n .  

D i s t r i b u t i o n  a n d  h o s t  r a n g e  

T h e  SCW h a s  b e e n  i m p o r t a n t  i n  t h e  p a s t  i n  L a n e ,  L i n n ,  

B e n t o n ,  F l a r i o n ,  P o l k ,  I a m b i l l ,  C l a c k a m a s ,  C o l u m b i a ,  a n d  

W a s h i n g t o n  c o u n t i e s  ( U i l c o x  g& gL. 3932). It a l s o  h a s  b e e n  n o t e 6  

i n  C o l o r a d o ,  Utah, Idaho, C a l i f o r n i a ,  a n d  Y a s h i n y t o n ,  b u t  

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

s t a t e s  ( f i s h e r  p e r s .  comm.) . 
T h e  SCM a l so  h a s  a v e r y  l i m i t e d  h o s t  r a n g e .  I t  h a s  b e e n  

r e p o r t e d  a t t a c k i n g  r e d  and  b l a c k  r a s p b e r r y ,  b l a c k b e r r y ,  2 n d  

o t h e r  cane b e r r i e s  a s  v s l l  a s  wild s t r a w b e r r y .  w i l c o x  Q& 

( 1 9 3 2 ) ,  stated t h a t  i t  was a n  e c o n o a i c  p e s t  o n l y  o n  s t r a u b e r r y  

and b l a c k  r a s p b e r r y .  I t s  n a t i v e  h o s t  is p r o b a b l y  a w i l d  

s t r a w b e r r y ,  s n c h  a s  the c o a s t  s t r a w b e r r y ,  f'gazfg c h t 3 ; g g & a C  

B i o l o g y  

T h e  c r o w n  aeoth is a ntentber of t h e  c f e a r u i n g  moth f a m i l g , t h s  

S e s i i d a e  ( s y n .  B e g e r i d a e ) .  The h i g h l r  d a f a g i n g  p e a c h  tree b o r e r  

is a n o t h e r  member o f  t h i s  g r o u p .  T h e  SCW i s  a s t r o n g ,  u a s p l i k e  , 

f l ier ,  w i t h  t w o  y e l l o w  a b d o m i n a l  b a n d s  a n d  clear wings, w h i c h  

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



T h e r e  is b u t  o n e  g e n e r a t i o n  p e r  year. O v e r w i n t e r i n g  o c c u r s  a s  

d i a p a u s i n g  larvae i n  t h e  p l a n t  c r o w n ;  p u p a t i o n  r u n s  from Ray t o  

J u n e .  E a e r g e n c e  f o l l o u s  i n  t h r e e  o r  f o u r  w e e k s  w i t h  t h e  f i rst  

a d u l t s  e m e r g i n g  a b o u t  J u n e  1, b u t  m o s t  of theiu  later i n  t h e  

m o n t h .  T h e  o v i p o s i t i n g  ferrtales are f l y i n g ,  i n  t h e  d a y t i i n e ,  by 

t h e  f a s t  week  of J u n e ;  t h e i r  f l i g h t  g e n e r a l l y  c e a s e s  by t h e  

f i r s t  week  o f  a u g u s t .  E a c h  f e i a a l e  lays an a v e r a g e  of 400 e g g s ,  

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

O f  t h e s e ,  58% raay be viable ( M i l c o x  gg gal. 1932). T h e  e g g s  h a t c h  

i n  about ten days a n d  b y  m i d - J u l y  h a l f  of t h e  new g e n e r a t i o n  of 

l a r v a e  have b o r e d  i n t o  t h e  c r o u n s  of t h e  s t r a w b e r r i e s ;  bg July 

31 90% h a v e  done  s o  ( W i l e o t  1978) .  B nuutber o f  l a r v a e  w i l l  

i n h a b i t  a c r o w n ,  20 o r  30 Ray be a v e r a g e ,  w i t h  60  o r  more 

p o s s i b l e  ( M i l c o x  32 a&. t 9 3 2 )  . 

Damage  

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

s u e a e r  when f u l l - g r o w n ,  o v e r w i n t e r e d  larvae, w h i c h  are 2 ce 

l o n g ,  e n d  t h e i r  d i a p a u s e  a n d  b e g i n  f e e d i n g .  Up t o  t h i s  tiate f e u  

i n f e s t e d  p l a n t s  w i l l  b e  k i l l e d ,  but a f t e r  t h e  resumption of 

f e e d i n g  a u c h  of the p l a n t s s  vascular s y s t e a  R a y  b e  c o n s u ~ e d  u i t h  

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

t a k e  o n  a n o t i c e a b l e  r e d  h u e  i n  Pate summer .  



D e t e c t i o n  a n d  c o n t r o l  

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

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

daytime i n  June and J u l y  may r e v e a l  t h e  p r e s e n c e  o f  t h e  s w i f t l y  

f l y i n g  a d u l t s ,  which f l y  8 t o  10  i n c h e s  of f  t h e  g r o u n d .  A 

p h e r o a o n e  f o r  SCR h a s  b e e n  d e v e l o p e d  wh ich  is b e i n g  u s e d  t o  

a t t r a c t  t h e  aa les  t o  s t i c k g r  t r a p s .  C o n t r o l  m e a s u r e s  c a n  t h e n  b e  

b a s e d  on t h e  number  of sales p r e s e n t  i n  a f i e l d .  T h e s e  t r a p s  are 

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

W a s h i n g t o n  C o u n t y  ( L a L o a e  p e r s .  cotam*). They a r e  p l a c e d  a t  o n e  

p e r  f i v e  acres of berries a n d  a n  i n s e c t i c i d a l  s p r a y  i s  a p p l i e d  

when b e t w e e n  t w o  a n d  s i r  males are c a u g h t  p e r  bay. 

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

the t i a e  o f  h a r v e s t  asd  a t  o t h e r  tines t h e  l a r v a e  a r e  

i n v u l n e r a b l e  i n s i d e  t h e  p l a n t  c r o w n .  B spray o f  L o r s b a n  is 

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

t h e  p h e r o n o n e  t r a p s .  F i s h e r  a n d  W e i n z i e n  (1981) a n d  F i s h e r  

(1982) list several e f f e c t i v e  c u l t u r a l  c o n t r o l s  of  t h e  SCB: 

1. C u l l i n g :  Remove i n d i v i d u a l  i n f e s t e d  p l a n t s  a n d  d e s t r o y  . 
2 .  T r a p  p l a n t i n g :  A f t e r  h a r v e s t ,  l e a v e  s e v e r a l  r o w s  o f  p l a n t s  

unmoued t o  a t t r a c t  o v i p o s i t i n g  females. T h e s e  r o w s  are l a t e r  
s a c r k f  iced by d i s c i n g  o r  t i l l i n g  i n  t h e  fall. 

3, D i s c i n g  i n f e s t e d  f i e f d s :  I f  a f i e l d  is  t o  b e  p l o u e d  u n d e r  
after h a r v e s t ,  wait  u n t i l  m id -Augus t  t o  a t t r a c t  t h e  maximuw 
number  o f  o v i p o s i t i n g  moths .  S p r i n g  d i s c i n g  u i l l  b e  less 



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

4. A v o i d a n c e :  Do n o t  p l a n t  a new f i e l d  w h e r e  i n f e s t a t i o n  can 
o c c u r  from a i n f e s t e d  a d j a c e n t  o n e .  

5 .  Barriers: R o t h s  fly v e r y  c lose  t o  t h e  g r o u n d ,  s o  b a r r i e r s  
s u c h  a s  wind  b r e a k s ,  woods  o r  t a l l  g r a i n s  s a y  res t r ic t  t h e i r  
d i s p e r s i o n .  

6. B l t e c a a t i v e  host d e s t r u c t i o n :  Cane berries i n  nearby fieliis 
s h o u l d  he g i v e n  a s o i l  d r e n c h  of G u t h i o n  or D i a z i n o n  i n  t h e  
f a l l  o r  s p r i n g .  T h i s  w i l l  k i l l  t h e  l a r v a e  o f  t h e  SCfl a n d  
p r e v e n t  spread i n t o  s t r a w b e r r y  p l a n t i n g s .  

T h e r e  a t e  t w o  o t h e r  s o i l  a r t h r o p o & s  t h a t  o c c a s i o n a l l y  

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

damage ,  One  of t h e s e  i s  t h e  g a r d e n  s y m p h y l a n ,  S~g&&gg&J.. 

i m a t a c u l a t a  . T h i s  is  a small c e n t i p e d e - l i k e  animal fro@ 6 -0  mrn  -------- 
i n  l e n g t h .  X t  seess t o  o c c u r  m a i n l y  i n  t h e  Y i l l a a e t t e  V a l l e y  and 

S o u t h e r n  W a s h i n g t o n ,  w h e r e  it w i l l  o c c a s i o n a l l y  d e v a s t a t e  f i r s t  

y e a r  f i e l d s  of s t r a w b e r r i e s  by f e e d i n g  o n  t h e  r o o t l e t s .  

I n f e s t a t i o n s  are  e r ra t ic  a n d  u n p r e d i c t a b l e ,  v a r y i n g  i n  i n t e n s i t y  

w i t h i n  a f i e l d  a n d  f r o m  y e a r - t o - y e a r  ( S h a n k s  pers.  corn,). 

F n f f i i g a t i o n  w i t h  d i c h l o r o p r o p e n e  o r  w i t h  d y f o n a t e  is r ecommended  

i f  a s y m p h j l a n  p r o b l e m  is p r e d i c t e d  (PIJW I n s e c t  C o n t r o l  Hanitbook 

1981) 

T h e  l a r v a e  of  J u n e  b e e t l e s  have o c c a s i o n a l l y  been damaging 

i n  n e w l y  b r o k e n  g r a s s l a n d  p l a n t e d  t o  s t r a w b e r r i e s .  T h e s e  p lump ,  

2ca1 l a r v a e ,  commonly c a l l e d  w h i t e  g r u b s ,  are e a c h  c a p a b l e  of 



d e v o u r i n g  t h e  r o o t s  of several p l a n t s  i n  a s e a s o n .  T h e y  are most 

l i k e l y  t o  be a p r o b l e m  i n  a sandy s o i l .  T h e  western t e n - l i n e d  

J u n e  beetle, &ll~~yug g g g p ~ ~ q ,  caused s e r i o u s  l o s s  in 

s t r a w b e r r y  f i e l d s  o n  V a n c o u v e r  I s l a n d  before it was controlfed 

w i t h  o r g a n o c h l o r i n e  i n s e c t i c i i t e s  (Cram pers .comm.)  . 

I m p o r t a n c e  

V e r t i c i l l i u ~  w i l t ,  c a u s e d  b y  &gticif&iig &ah&j;a_g, has been 

a n  i m p o r t a n t  d i s e a s e  o f  s t r a w b e r r y  o n  t h e  lorth A m e r i c a n  west 

coast ,  p a r t i c u l a r l y  i n  C a l i f o r n i a .  T h e  i n c i d e n c e  of w i l t  there 

was partly responsible fo r  t h e  c h a n g e ,  i n  t h e  1 9 6 0 ~ ~  t o  the 

p r a c t i c e s  of a n n u a l  c r o p p i n g  ana s o i l  f u m i g a t i o n .  I n  the PHB, 

wift h a s  n o t  been s o  c r i t i c a l ,  and a l t h o u g h  m o s t  W a s h i n g t o n  and  

O r e g o n  growers see i t  o c c a s i o n a l l y ,  i t  is n o t  o f t e n  c o n s i d e r e d  

t o  i n t e r f e r e  w i t h  o v e r a l l  h i g h  y i e l d s .  I n  the Fraser Valley o f  

B r i t i s h  C o l u a b i a ,  w i l t  is s e e n  r a r e l y  ( P e p i n  pers. cotom.). 

O u t b r e a k s  a a y  n ~ v e r t h E ? l e s s  occur i n  s t r a w b e r r i e s  w h e r e v e r  w i l t  

i n o c u l u a  is  a l l o w e d  t o  i n c r e a s e  t h r o u g h  g r o w i n g  susceptible 

c r o p s .  

D i s t r i b u t i o n  and h o s t  r a n g e  

T h e  l i s t  of plants a t t a c k e d  by ~ = g & i & i l l i m  is  v e r y  

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



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

S o l a n a c e a e .  T o ~ a t o e s ,  p o t a t o e s ,  p e p p e r s  a n d  e g g p l a n t s  a r e  

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

i n c r e a s e  i n o c u l u m  v h e r e  they are grown.  W i l h e l s  a n d  N e l s o n  

(1'380)  ent ti om f o u r  comaon g e n e r a  o f  weeds a s  n o t a b l y  e f f i c i e n t  

w i l t  carriers: % & h i a s  ( c o c k l e b u r ) ,  S e n e c &  ( g r o u n d s e l f ,  

Sol anum ( n i g h t s h a d e )  , a n d  a y s a 1 i g  ( g r o u n d c h e r r y )  . Host ----- 
c a n e b e r r i e s  are a l s o  h i g h l y  s u s c e p t i b l e  t o  w i l t  and s o  s h o u l d  

n o t  be r o t a t e d  w i t h  strawberries u h e n  p o s s i b l e .  Grass cover 

c r o p s  are o f t e n  r e s i s t a n t  t o  Y. q-=atrutn b u t  n o t  E, C p h l i a e ,  

t h e  c a u s a l  a g e n t  o f  s t r a w b e r r y  w i l t ,  and s o  i n o c u l u m  w i l l  n o t  be 

r e d u c e d  when t h e y  a r e  u s e &  i n  r o t a t i o n  ( S e u e l l  and  W i l s o n  1 9 6 6 ) .  

Bio logiy  

T h e  s p e c i e s  of gg=t&s&&~& a t t a c k i n g  s t r a w b e r r y  was  l o n g  

t h o u g h t  t o  b e  &p=g,tTgg Rke. a n d  Berth., b u t  a number  of 

t a x o n o m i s t s  now c o n s i d e r  t h e  p a t h o g e n  t o  b e  a s e p a r a t e  s p e c i e s ,  

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

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

base a  s p e c i a t i o n .  The  two f o r m s  d i f f e r  m a i n l y  i n  t h e  t y p e  of 

r e s t i n g  s t r u c t u r e  t h e y  p r o d u c e :  1, &&iigg f o r ~ s  s s a l l ,  

s e v e r a l - c e l l e d  s c l e r o t i a  t e r m e d  ~ i c r o s c l e r o t i a  (MS), u h e r e a s  1, 

a l h o - a t r u m  f o r m s  a d a r k e n e d ,  d r i e d ,  r e s t i n g  s i y c e l i u m  b u t  n o  -------- 
s c l e r o t i a .  I s a a c  ( 1 9 6 7 ) ,  o b s e r v e d  h u n d r e d s  o f  i s o l a t e s  of b o t h  

forms, a n d  n e w e r  saw t h e  MS t y p e  f o r m i n g  r e s t i n g  a y c e l i a  o r  yicg 



EgLSg, B e  t h u s  c o n s i d e r e d  t h e  two f o r m  t o  b e  aiscrete s p e c i e s .  

X e v e r t h e l e s s ,  t h e  t w o  f o r m s  are a b l e  to  u n d e r g o  h y p h a l  f u s i o n  

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

i n c o r a p l e t e  s p e c i a t i o n  ( F o r d y c e  a n d  G r e e n  1 9 6 4 ) .  T h e  two Eortlls 

a r s  known t o  r e s p o n d  d i f f e r e n t l y  t o  t e m p e r a t u r e .  T h e  HS forat is 

c a p a b l e  o f  g r o w t h  a t  t e a p e r a t t i r e s  of 30 C w h e r e a s  t h e  r e s t i n g  

a y c e l i a f  f o r m  is n o t ,  a n d  t h i s  a a y  be  a factor  i n  t h e i r  v a r y i n g  

d i s t r i b u t i o n s .  (Isaac 1 9 6 7 ) .  

fs d a h l i a s  is known t o  d i f f e r e n t i a t e  i n t o  b i o t y p e s  o f .  

v a r y i n g  p a t h o g e n i c i t y  t o  s t r a w b e r r i e s  ( 8 r i n g h u r s t  sf, ql,. 1961) , 
t o a a t o e s  ( G r i f f i t h s  a n d  Isaac 1966) , a n d  n i g h t s h a d e  [ Id i lhe l in  

1 9 6 1 ) .  T h e  p o t e n t i a l  f o r  t h e  e v o l u t i o n  o f  h o s t - s p e c i f i c  races, 

d o c u m e n t e d  b~ s tua ie s  of E g s a z i u s .  D e s p i t e  t h e  f a c t  t h a t  few 

l i t t l e  d o u b t  t h a t  i t  b e h a v e s  l i k e  Fu=sm&&A. T h i s  i f t i p l i e s  t h a t  

c e r t a i n  c r o p s  u s e d  i n  r o t a t i o n  w i t h  s t z a u b e r r i e s  ~ i g h t  b e  

e x p e c t e a  n o t  o n l y  t o  i n c r e a s e  v e r t i c i l f i u a  inoculu~, b u t  a l s o  t o  

foster b i o t y p e s  h i g h l y  p a t h o g e n i c :  t o  s t r a w b e r r y .  

T a x o n o a i c a l l y ,  & g t i c i & & & g &  is a s e t n b e r  o f  t h e  Fg&gA 

ape&&& b e c a u s e  i t  lacks a s e x u a l  s t a g e .  R e p r o d u c t i o n  is by 

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

t h e  f u n g u s  a n d  a c c o u n t  f o r  its s p r e a d  E r o a  p l a n t  t o  p l a n t .  

A l t h o u g h  l a c k i n g  t h e  a b i l i t y  t o  s e x u a l l y  c o m b i n e  c h r o s o s o e e s ,  

a b u n d a n t  g e n e t i c  r e c o m b i n a t i o n  o c c u r s  i n  H e f t i ~ & & g & ~  t h r o u g h  

t h e  p r o c e s s e s  o f  p a r a s e x u a l i t y  a n d  h e t ~ z r o k a r p o s i s  (Isaac 1967, 



Hastie 1970, Day 1 9 7 4 ) .  T h e s e  pberxoraena a l l o u  t h e  fungus 

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

a n d  e n v i r o n t r i e n t s .  A p ~ f i ~ A & & & g g  h e t e r o k a r y o n  say c o n t a i n  two  o f  

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

for a p a r a s i t i c  mode o f  a c t i v i t y  a n d  a n o t h e r  f o r  a s a p r o p h y t i c  

mode ( H a s t i e  1 9 7 0 ) .  D e p e n d i n g  o n  c o n d i t i o n s ,  new h y p h a l  cel ls  

w i t h  o n e  o r  t h e  o t h e r  of t h e s e  sets o f  i n f o r m a t i o n  w i l l  be 

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

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

8 .  d a h l i a e  o v e r w i n t e r s  a s  t h i c k - w a l l e d ,  m i c r o s c l e r o t i a  -- ----- 
w h i c h  are p r o d u c e d  i n  a b u n d a n c e  w i t h i n  i n f e c t e d  p l a n t  t i s s u e .  

After t h e  b r e a k d o w n  o f  t h e  t i s s u e  of t h e  i n v a d e d  p l a n t ,  t h e s e  

are r e l e a s e d  i n t o  t h e  s o i l  w h e r e  t h e y  are v e r y  p e r s i s t e n t ,  s o  

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

I n f e c t i o n  o c c u r s  when a r o o t l e t  c o B e s  i n t o  c o n t a c t  w i t h  a 

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

o f  t h e  r o o t f e t .  A s y s t e s i e  i n f e c t i o n  o f  t h e  p l a n t ' s  x y l e ~  

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

g r e a t e r  t h e  i n i t i a l  i n o c u l u a t  s o u r c e ,  t h e  earlier t h e  sylaptorns 

d e v e l o p ,  t h e  sore s e v e r e  t h e y  are, a n d  t h e  a o r e  y i e l a s  a r e  

a f f e c t e d  ( P o w e l s o n  1 9 7 0 ) .  S e u e l l  (1966) f o u n d  t h e  m y c e l i a  o f  Ef 

&&q&&gg t o  be  a l m o s t  i n c a p a b l e  o f  g r o w t h  t h r o u g h  t h e  s o i l ,  s o  

t h a t  s e c o n d a r y  s p r e a d  of t h e  p a t h o g e n  ~ u s t  be e i t h e r  by c o n i d i a  

dispersed by u a t e r  o r  c a l t i v a t i o n  o r  by c o n t a c t  w i t h  t h e  r o o t s  

of a n  i n f e c t e d  p l a n t .  S i n c e  l i g h t l y  i n f e c t e d  p l a n t s  d o  n o t  allow 

the f u n g u s  t o  s p o r u l a t e ,  t h e r e  may b e  l i t t l e  s e c o n d a r y  s p r e a a  of 



t h e  disease u n t i l  t h e  i n o c u l u a  b u i l a s  t o  a c r i t i c a l  f e v e f .  M h e r e  

susceptible hosts a n d  s y m p t o m l e s s  carr iers  a r e  p r e s e n t ,  i n o c u l u m  

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

V. a a h f i a e  a r e  e x t r e a e l y  l o n g - l i v e d ;  t h e y  a r e  known t o  r e m a i n  -- ------ 
v i a b l e  i n  t h e  s o i l  f o r  e i g h t  t o  t e n  y e a r s  ( f i i lhea t  1963). 

Dailtage 

V e r t i c i l l i u m  c a u s e s  a c h a r a c t e r i s t i c  w i l t i n g  a n d  d e a t h  of  -------- 
s t r a w b e r r y  p l a n t s  b u t  u f t h o u t  t h e  v a s c u l a r  s t r e a k i n g  o f t e n  seen 

i n  o t h e r  c r o p  p l a n t s ,  H i l t  is u s u a l l y  g o s t  s e v e r e  i n  t h e  c f o p C s  

f i r s t  year o f  g r o w t h  w i t h  t h e  syt t rptoins  s t a r t i n g  i n  t h e  war@ 

w e a t h e r  of J u n e  a n d  c o n t i n u i n g  t h r o u g h  t h e  summer ( W i l h e l ~ t  a n d  

H e l s o n  1980).  T h e  o u t e r  l e a v e s  a t e  a f f e c t e d  f i r s t ,  w i t h  d r y i n g  

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

T h i s  p r o g r e s s e s ,  with f e u  new leaves a p p e a r i n g  u n t i l  t h e  p l a n t  

f i n a l l y  s u c c u a b s .  Y e r t i c i l l i u w  w i l t  c a n  b e  d i s t i n g u i s h e d  from 

red stele b y  t h e  way i n  w h i c h  t h e  c e n t r a l  l e a v e s  aria c r o w n s  

r e s a i n  g r e e n  u p  t o  t h e  d e a t h  of t h e  p l a n t  ( w i l h e l i n  1980) .  

D e t e c t i o n  a n d  c o n t r o f  

V e r t i c i l l i u a  w i l t  can be  s p o t t e d  i n  e a r l y  s u a m e r  when t h e  

s y m p t o i n s  f i r s t  a p p e a r ,  T h e  f i r s t  s y m p t o ~ s  are b r o w n i s h  o r  

b l a c k i s h  s t r e a k s  o n  t h e  u p p e r  s i d e  of t h e  p e t i o l e s ,  s a o n  t o  b e  

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

( W i l h e f m  1961) ;  i n f e c t i o n  c a n  t h e n  b e  t e a d i l y  v e r i f i e d  by 



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

l e a v e s  ( P l a k i d a s  1964) . P r e d i c t i v e  p r o p a g u f e  c o u n t s  c a n  b e  t a k e n  

f r o m  r h i z o s p h e r e  s a m p l e s ,  b u t  t h i s  me thod  is of a o u b t f u l  v a l u e .  

S i n c e  f roa  1 0  t o  200 p r o p a g u l e s  of i&hliae/g o f  s o i l  are 

c a p a b l e  of  c a u s i n g  s e v e r e  disease ( P o u e l s o n  1 9 7 0 ) ,  t h e  

p r e d i c t i v e  v a l u e  o f  a c o u n t  is log.  I n  a d d i t i o n ,  Bany b i o t y p e s  

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

s a s p l e s  t h e y  w i l l  c o n f o u n d  d i s e a s e  a s s e s s m e n t  (McEl roy  g e r s .  

coma.) .  B i o - a s s a y s ,  done b y  i n f e c t i n g  a n d  o b s e r v i n g  g r o w i n g  . 

p l a n t s ,  are  a c c u r a t e  i n d i c a t o r s ,  b u t  t i a e - c o n s u ~ i n g  a n d  

expensive* C o n s e q u e n t l y ,  o u t b r e a k s  o f  w i l t  are n o t  e a s i l y  

p r e d i c t e d  a n d  o n c e  d i s c o v e r e d  ntuch damage  may a l r e a d y  be d o n e *  

Where i t  is a l l o w e d  t o  b e c o ~ e  a p r o b l e a ,  v e r t i c i l l i u m  is 

d i f f i c u l t  t o  c o n t r o l .  None o f  t h e  c u r r e n t l y  grown s t r a w b e t r y  

v a r i e t i e s  h a s  a d e q u a t e  r e s i s t a n c e  t o  t h e  disease a n d  crs B e n t o n ,  

O l y a p u s ,  S h u k s a n ,  a n d  Totem are a l l  h i g h l y  s u s c e p t i b l e  ( Y i f h e l e  

and N e l s o n  1 9 8 1 ) .  V e r t i c i l l i u n  c a n  be c o n t r o l l e d  b y  f u m i g a t i n g  

w i t h  c h l o r o p i c r i n  a n d  t a r p i n g  o f  t h e  f i e l d  as is d o n e  

e f f e c t i v e l y  f n  C a l i f o r n i a .  However ,  t h e  c o s t  o f  t h e  o p e r a t i o n  

h a s  t e e n  t h o u g h t  t o o  h i g h  f o r  use i n  t h e  PNW. Up u n t i l  3983, a n  

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

W a s h i n g t o n  a n d  Oregon i n  t h e  farm o f  T e r r - o - c i a e ,  This f u a i g a n t  

c o n t a i n s  54% e t h y l e n e  d i b r o m i d e  a n d  44% c h l o r o p i c r i n ,  a n d  was 

u s e d  f o r  disease, n e a a t o d e ,  and weed c o n t r o l  i n  s t r a u b e r r i e s .  

E t h y l e n e  d i b r o m i d e  (EDB), h o w e v e r ,  was r e c e n t l y  d e - r e g i s t e r e d  by 

t h e  EPA s o  T e r r - o - c i d e  h a s  now b e e n  r e s o v e d  f r o m  t h e  raarket. 



The most e f f e c t i v e  way  t o  d e a l  v i t h  u i l t  i n  t h e  PNV r e m a i n s  

a u e l l - t h o u g h t - o u t  r o t a t i o n .  S i n c e  w i c r o s c l e r o t i a  of gahlipg 

are s o  l o n g - l i v e d ,  a field may e s s e n t i a l l y  be r a i n e d  f o r  

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

c r o p s ,  a n d  s o  n o n - s u s c e p t i b l e  c r o p s  m u s t  b e  u s e d .  Also i m p o r t a n t  

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

d u r i n g  the s e a s o n .  S i n c e  t h e s e  c o n t a i n  e n o r m o u s  a m o u n t s  o f  

s t a b l e  i n o c u f u s ,  care  s h o u l d  be t a k e n  t o  r e m o v e  t h e m  f r o a  t h e  

f i e l d  r e g u l a r l y ,  a n d  n e v e r  t o  p l o w  t h e m  under. 

I m p o r t a n c e  

Red s te le  is  t h e  besk known a n d  most d a w a g i n g  disease of 

s t r a w b e r r y  roo t s  i n  the ?NU. f t  h a s  b e e n  known s i n c e  t h e  1 9 2 0 s  

a n d  it o c c u r s  w i d e l y  i n  N o r t h  Baerica a n d  E u r o p e ,  b u t  is most 

d a m a g i n g  i n  areas w i t h  cool c l i ~ a t e s .  I n  t h e  PMW, re& stefe h a s  

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

v a r i e t i e s .  I n  1 9 6 2 ,  D a u b e n y  and P e p i n  s u r v e y e d  t h e  l o v e r  

wainland of  0 . C .  f o r  r e d  s tele a n d  f o u n d  it t o  b e  c a u s i n g  

@odera te  t o  s e v e m  d a f n a g e  i n  732 o f  80 s a a p l e d  f i e l d s .  A t  

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

are t h e  most u i t l e l y  g r o w n .  Even  v i t h  r e s i s t a n t  s t o c k ,  rea s te le  

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

of c o n t i n u o u s  r a i n f a l l .  L a n d s  i n  i l a s h i n g t o n  a n d  O r e g o n  f a v o r i n g  

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



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

g r o w e r s  I i n t e r v i e w e d  r e g u l a r l y  f i n d  red s t e l e  i n  t h e i s  

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

D i s t r i b u t i o n  a n d  h o s t  r a n g e  

Red stele i s  f o u n d  t h r o u g h o u t  t h e  s t r a w b e r r y  g r o w i n g  

r e g i o n s  of t h e  P N Y .  Roweves, t h e  c a u s a l  a g e n t ,  Ehr&ahthkmgq 

fg=gggigg, h a s  f o r m e d  t e n  o r  B o r e  p h y s i o l o g i c  r a c e s ,  o n l y  

c e r t a i n  o f  w h i c h  may b e  f o u n d  i n  a n y  g i v e n  l o c a l i t y .  T h e  

i m p o r t a n c e  of t h i s  i s  i n  its effect  o n  the u s e f u l n e s s  o f  

resistaace t o  s p e c i f i c  races o f  t h e  f u n g u s .  

T h e  h o s t  r a n g e  of EL fwa~jae is n a r r o w  b u t  n o t  r e s t r i c t e d  

t o  strawberry. Races h a v e  b e e n  f o u n d  t o  s u c c e s s f u l l y  a t t a c k  

r a s p b e r r y  ( P e p i n  l 9 6 l ) ,  l o g a n b e r r y  fBcKeen t 9 5 8 ) ,  a n &  &k&t&&~ 

p&g&g-, or s t i c k j  c i n q u e f o i l  [ C o n v e r s e  a n &  B o o r e  1965) ,  a 

c o a a o n  weed i n  g r o w i n g  areas. T h e s e  p l a n t s  may p r o v i d e  a n  

i n o c u l a a t  r e s e r v o i r  f o r  the pathogen, 

e ootlly 

B i o l o g y  

Re& s te le  is c a u s e d  b y  t h  cete, g&r&el&bra fsasarlae 
Hickran. I n  many w a y s  t h i s  f u n g u s  is  s imilar  t o  t h e  b e t t e r  known 

& L n f g t p g ~ ,  t h e  p a t h o g e n  o f  potato l a t e  b l i g h t ,  B o t h  f u n g i  are 

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

d i f f e r e n t i a t e  i n t o  races t o  o v e r c o a e  s p e c i f i c  r e s i s t a n c e  i n  

t h e i r  h o s t s .  B o t h  a r e  s t r o n g l y  p a r a s i t i c ,  w e a k l y  s a p r o p h y t i c ,  



a n 4  v e r y  h o s t  s p e c i f i c .  I n  c o n t r a s t  t o  g, infgqspgs, u h i c h  d o e s  

n o t  p r o d u c e  o o s p o r e s ,  2, fga9a=&g i s  a b l e  t o  p r o d u c e  t h e s e ,  

d e s p i t e  b e i n g  h o a o t h a l l i c  ( C o n v e r s e  and S h i r o i s h i  f 9 6 2 ) .  T h e  

a b i l i t y  t o  r e p r o d u c e  s e x u a l l y  g i v e s  2% mqpgpig s u b s t a n t i a l l y  

m o r e  g e n e t i c  v a r i a t i o n  and  a d a p t a b i l i t y  t h a n  if weiotic 

r e c o s b i n a t i o n  were n o t  p r e s e n t  (Day t 974) . The o o s p o r e s  t h u s  

f o r m e d  by t h e  fungus a c t  a s  l o n g - l i v e d  r e s t i n g  p r o p a g u f e s *  

Xnf e c t i o n  o c c u r s  t h r o u g h  r o o t  c o n t a c t  by  swimsting z o o s p o r e s  

r e l e a s e d  f r o @  s p o r a n g i a .  T h e s e  s p o r a n g i a  may arise f r o m  s y c e E i a ,  

o r  way b e  p r o d u c e d  o n  g e r w i n a t i n g  o o s p o r e s ,  wh ich  a p p a r e n t l y  d o  

n o t  i n f e c t  t h e  r o o t s  d i r e c t l y  (Duncan  1 9 8 0 ) .  I n f e c t i o n  u s u a l l y  

o c c u r s  a t  t h e  r o o t  t i p s  w i t k  s u b s e q u e n t  c o l o n i z a t i o n  end  

d i s c o l o r a t i o n  o f  t h e  s tele,  o r  c e n t r a l  t i s s u e s  o f  t h e  r o o t .  T h e  

disease is f a v o r e d  b y  c o o l ,  wet weather, a n d  so i n f e c t i o n  

p r o c e e d s  i n  the f a l l ,  w i n t e r  a n d  s p r i n g .  I n  t h e  summer,  t h o s e  

i n f e c t e d  p l a n t s  t h a t  have s u r v i v e d  t h e  d i s e a s e  w i l l  regrow their 

roots and n o t  express symptoms ,  thus m a s k i n g  t h e  p r e s e n c e  of t h e  

d i s e a s e *  T h e  p a t h o g e n  is s p r e a d  t h r o u g h  t h e  inovement of o o s p o r e s  

a n d  z o o s p o r e s  i n  s o i l ,  d i s e a s e d  p l a n t  r o o t s ,  o r  water. T h e  

o o s p o r e s  are v e r y  d u r a b l e  w i t h  a v i a b i l i t y  o f  a t  least t h r e e  

years i n  a o i s t  c o n d i t i o n s  a t  3 C (Duncan a n d  Cowan 1 9 8 0 )  

I n f e s t e d  l a n d s  ~ u s t ,  t h e r e f o r e ,  e i t h e r  be  taken out o f  

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



Damage 

$, gygqariae s t a r t s  i t s  a t t a c k  a t  t h e  feeder roots ,  

d e s t r o y s  t h e s e ,  a n d  t h e n  m o v e s  t o  t h e  l a rger  s e c o n d a r y  a n d  

p r i ~ a b y  r o o t s ,  E v e n t u a l l y ,  a l l  laterals w i l l  be ro t t ea  o f f  t h e  

p r i m r g  roo t s  a n d  a w i t h e r e d  ' r a t - t a i l '  effect w i l l  o c c u r  

( P l a k i d a s  1364). T h e  c e n t r a l  t i s s u e s  of t h e  r o o t  w i l l  t u r n  a 

r e d d i s h  b r o w n ,  u h i c h  s a k e s  f o r  e a s y  d i a g n o s i s  o f  t h e  &isease. 

G e n e r a l l y ,  t h e  d i s e a s e  s i l l  t a k e  o u t  p a t c h e s  of p l a n t s  w i t h i n  a 

f i e l d ,  o f t e n  i n  low l y i n g  p l a c e s  w h e r e  water has a c c u & u l a t s d  i n  

t h e  u i n t e r .  

C o n t r o l  

T h e  most e f f e c t i v e  P e a s u m s  a g a i n s t  r e d  s t e le  are  t h e  use 

of r e s i s t a n t  v a r i e t i e s  g r o w n  in l i g h t ,  w e l l - d r a i n e d  s o i l s .  

B r e e a i n g  f e s i s t a n c e  t o  red stele i n t o  s t r a w b e r r y  h a s  b e e n  

d i f f i c u l . t  b e c a u s e  of t h e  g e n e t i c  f l e x i b i l i t y  of t h e  f u n g a s .  A 

d i s c u s s i o n  of t h i s  w i l l  be s a v e d  f o r  c h a p t e r  1x1. S e v e r a l  of t h e  

r e c e n t  c u l t i o a r  releases are f i e l d  r e s i s t a n t  t o  red stele, a n d  

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

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

s u b s o i l i n g  are c r u c i a l  t o  s u c c e s s f u l  c o n t r o l  of r e d  stele. I n  

t h e  PWU, c h e m i c a l  c o n t r o l  h a s  n o t  been e f f e c t i v e .  B r o a d - s p e c t r u m  

f u n t i g a t i o n ,  as p r a c t i c e d  i n  C a l i f o r n i a ,  h a s  n o t  b e e n  c o n s i d e r e d  

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

h a v e  b e e n  tested u i t h  some s u c c e s s e s ,  b u t  a c o m p o u n d  h a s  y e t  t o  

b e  r e g i s t e r e d  f o r  this application ( H o n t g o a e r i e  a n d  Kennedy 



3 9 7 9 ,  MacSbran 1 9 7 9 ,  g r i s t o w  1980 a n d  1981) .  D e s p i t e  t h i s ,  t h e  

s y s t e m i c  a r e t a l a x y l  ( R i d o t r t i l ) ,  i s  b e i n g  u s e d  by soirre g r o w e r s  

a g a i n s t  red stele, a n d  is r e p o r t e d  t o  be v e r y  effective. 

I m p o r t a n c e  

T h e  b l a c k  c o r t i c a l  r o o t  r o t  o f  s t r a w b e r r i e s  is  a s ta te  o f  

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

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

g r o w t h .  A l t h o u g h  i t  is  still p r e s e n t  i n  many a r e a s ,  b l a c k  r o o t  

r o t  is less i m p o r t a n t  now t h a n  i t  was 20 y e a r s  ago. T h e  f a p a c t  

of t h e  d i s e a s e  h a s  b e e n  l e s s e n e d  by c o n f i n i n g  the s t r a w b e r r y  

a c r e a g e  t o  areas w i t h  l i g h t  s o i l s ,  b y  g r o w i n g  new a n d  more  frost 

h a r d y  varieties, and by i m p r o v e &  a e t h o a s  OF c u l t u r e .  

D i s t r i b u t i o n  

B l a c k  r o o t  r o t  o c c u r s  w h e r e v e r  s t r a w b e r r i e s  a re  grown b a t  

is a o s t  l i k e l y  t o  b e  a p r o b l e a  i n  areas w h e r e  t h e y  are s u b j e c t  

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

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

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

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

PWH s u b j e c t  t o  s u b - f r e e z i n g ,  e a s t  w i n d s  i n  t h e  w i n t e r ,  are a t  

h i g h e r  r i s k  t h a n  are more s h e l t e r e d  l o c a t i o n s *  The u p p e r  P r a s e r  



V a l l e y  i n  E,C,, H u l t n o m a h  c o u n t y  i n  O r e g o n ,  and p a r t s  of 

U a s h i n g t o n L s  C l a r k  c o u n t y  a re  t h r e e  s u c h  areas. 

B i o l o g y  

The p a t h o g e n i c  a g e n t s  i n v o l v e d  i n  t h e  b l a c k  root  r o t  

c a s t p f e x  are i n d i g e n o u s  s o i l  f u n g i ,  n e m a t o d e s ,  and bacteria. 

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

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

i n v o l v e d  t h a n  o t h e r s .  g m g ~ Q a & g  ggJ&iL 8. f g g a a r i a ~  g y & & k ~  

u l t i i uum C y L i n d r o c a g p n  r a d i c i c o l a  a n d  gg=g&gg 8EEr a r e  d l  - - - - I  - -,,,-, ,, -,--,,,A 

i s o l a t e d  f r e q u e n t l y ,  o f t e n  i n  v a r i o u s  c o m b i n a t i o n s  ( P P a k i d a s  

1 9 6 4 ,  M i l h e l a  1 9 6 1 ) .  Y i l h e l a  (1961, 1 9 8 1 ) ,  a n d  a i l h e l m  a n d  

l e l s o n  ( 1 9 8 0 ) .  a u t h o r i t i e s  o n  t h e  s u b j e c t ,  s t a t e d  t h e i r  b e l i e f  

t h a t  frs&r&a% OE its p e r f e c t  s t a g e ,  Eggq&~bpg&&jgg, anb El 

u; l t i raus  were " t h e  prfaary f a c t o r r s  r e s p o n s i b l e m  f o r  b l a c k  r o o t  - ----- 
r o t ,  H o s t  o f  the f u n g i  i n v o l v e d  in b l a c k  root r o t  a r e  weak 

p a r a s i t e s ,  l i v i n g  s a p r o p h y t i c a l l y  i n  t h e  s o i l  and becotii ing 

p a t h o g e n i c  o n l y  when t h e  s t r a w b e r r y  r o o t s  are stressed b y  

c o n d i t i o n s  o f  w a t e r l o g g i n g ,  l ow o x y g e n ,  o r  r o o t  i n j u r y .  

An i m p o r t a n t  e l e m e n t  o f  t h e  b l a c k  root  r o t  c o ~ p l e x  is the 

roo t  l e s i o n  n e m a t o d e ,  P t a t p & q c h m g  E p g t r a n s ,  T h i s  u b i q u i t o u s  

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

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

n e m a t o d e  c a u s e s  n e c r o t i c  f e s i o n s  on  t h e  r o o t s  ( T o u n s h e n d  7 962bL 

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

bacteria. This was i l l u s t r a t e d  b y  tests i n  u h i c h  the n e a a t o c i d e ,  



dichloropropane-dichloropropene, ( D - D ) ,  r e d u c e d  b l a c k  r o o t  r o t ,  

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

n o t  ( K l i n k e n b u r g  1955). H i g h  c o n c e n t r a t i o n s  o f  P. ~mg&&g& i n  
,' 

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

ro t .  

C o n t r o l  

B l a c k  root  r o t  is  f a v o r e d  b y  p o o r l y  d r a i n e d  s o i l s ,  f r o s t  

dantage p r i o r  t o  h a r d e n i n g  o f f ,  s e v e r e  u i n t e r  freezes, and  h i g h  

c o n c e n t r a t i o n s  o f  g, pnetgass. R e d u c i n g  t h e  r o t  is t h e r e f o r e  

d e p e n d e n t  o n  c h a n g i n g  t h e s e  fac tors .  u h e r e  p o s s i b l e ,  

s t r a w b e r r i e s  a r e  g rown  only i n  f i e l d s  having a s l o p i n g  

t o p o g r a p h y  t o  a v o i d  s e t t l i n g  f r o s t ,  a n d  h a v i n g  f i g h t ,  sandy 

s o i l s .  T h e s e  are  o f t e n  d r a i n e d  b y  t i l e ,  PVC p i p e  o r  open & i t c h e s  

and s u b s o i l i n g  d o n e  i n  t h e  f a l l  b e f o r e  h e a v y  r a i n s .  F r o s t  hardy 

s t r a w b e r r y  v a r i e t i e s  a r e  used when p o s s i b l e ,  e s p e c i a l l y  i n  f r o s t  

p o c k e t s  a n d  areas s u b j e c t  t o  east  w i n d s  i n  t h e  w i n t e r *  N e m a t o d e s  

are c o n t r o l l e d  p r i o r  t o  p l a n t i n g ,  by n e a a t o c i d a l  f u m i g a t i o n e  

I m p o r t a n c e  

B nurnbef of n e m a t o d e s  are c o m i o n l y  a s s o c i a t e d  w i t h  t h e  

r o o t s  of strawberries i n  t h e  PNY, b u t  a p p a r e n t l y  o n l y  the 

d a g g e r ,  n e e d l e ,  a n d  l e s i o n  n e m a t o d e s  c a u s e  n o t i c e a b l e  d a ~ a g e .  



T h e  l e s i o n  n e m a t o d e ,  pg&x&qchp~ pgggtrang Cobb, i s  wuch t h e  

s o s t  d a s a g i a g  of t h e s e  b e c a u s e  i t  is p o l y p h a g o u s ,  h a s  large 

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

s t r a w b e r r y  roo t sc  I n  a d d i t i o n ,  i t  is known t o  i n t e r a c t  

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

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

T h e  l e s i o n  n e o a t o d e  i s  e n d e m i c  i n  mst c u l t i v a t e d  a r e a s  i n  t h e  

P#U a n d  i f  u n c o n t r o l l e d ,  b u i l d s  t o  g r e a t  n u a b e r s  i n  s t r a w b e r r y  

p l a n t i n g s .  T o u n s h e n d  (1  96Za)  f o u n d  a b o u t  87% of O n t a r i o  

p f a n t i n g s  t o  b e  i n f e s t e d  by t h e  l e s i o n  n e m a t o d e ,  aria n c E l r o y  

(1477) i s o l a t e d  i t  f r o m  89% o f  287 s a i n p l e s  frole s e v e n  s t r a w b e r r y  

f i e l d s  i n  B . C .  M c E l r o y t s  survey also r e v e a l e d  t h a t  t h e r e  were 

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

f i e l a s :  A~helengho&gdz~ &re lenc&,  H e g g r o d e r g ,  gpg&&pchus, 

a n d  T ~ l e n c h u s ~  b u t  n o n e  o f  t h e s e  was r e l a t e d  t o  p l a n t  d a ~ a g e .  

Host g r o w e r s  i n  the PWW a r e  aware o f  t h e  daaage p o t e n t i a l  

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

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

T h i s  P a y  b e  too o p t i m i s t i c ,  f o r  ~g&g&rans p o p u l a t i a n s  c a n  

already b e  r e b o u n d i n g  o n l y  36 w e e k s  after f u o i g a t i o n  with D-0 

( A l p h e y  1 9 8 1 ) .  C o o p e r  a n d  Thomas ( l 9 7 l ) ,  w o r k i n g  w i t h  

g = f & ~ d o r u s  ser i n  p o t a t o ,  e s t i ~ a t e d  t h a t  w i t h  t w o  g e n e r a t i o n s  

p e r  y e a r ,  a n d  a d o u b l i n g  o f  p o p u l a t i o n ,  it w o u l d  t a k e  o n l y  t h r e e  

y e a r s  f o r  t h e  n e m a t o d e  to  r e a c h  its foraer l e v e l  f o l l o w i n g  a 98% . 

r e d u c t i o n ,  T h e  l e s i o n  n e m a t o d e  h a s  a fife c y c l e  o f  35 t o  85 

d a y s ,  so  i f  we a s s u m e  a r e s i d e n t  p o p u l a t i o n  o f  2 0 0 0 / 1  



( 1 0 0 0 / p i n t )  o f  s o i l ,  t h r e e  g e n e r a t i o n s  p e r  y e a r ,  a n d  a 2% 

s u r v i v a l  rate a f t e r  f u m i g a t i o n ,  t h e  o r i g i n a l  l e v e l  wou ld  b e  

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

y e a r  a n d  a h a l f  w o u l d  b e  n e e d e d .  gz ~engGggs a a y  b e  ab le  t o  

c o m p l e t e  i ts l i f e - c y c l e  i n  3-4 w e e k s ,  s o  f o u r  g e n e r a t i o n s / g e a r  

is n o t  u n r e a l i s i c  ( M c E l  t o y  p e r s .  coma,) , T h e s e  r o u g h  p r o j e c t i o n s  

do n o t  t a k e  n a t u r a l  m o r t a l i t y  i n t o  a c c o u n t ,  b u t  t h e y  i n d i c a t e  

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

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

c r o p  

D i s t r i b u t i o n  a n d  h o s t  r a n g e  

I n  t h e  PWH, t h e  l e s i o n  n e m a t o d e  is fount3 w h e r e v e r  

s t r a w b e r r i e s  are g r o w n .  U n h a p p i l y ,  i t  i s  f a v o r e d  by  t h e  c o a r s e ,  

sandy s o i l s  i n  w h i c h  s t r a u b e r r i e s  are o f t e n  grown t o  avoid r o o t  

r o t s  ( H a g l u n d  p e r s .  comm.). F i n e  t e x t u r e d ,  c l a y  s o i l s  i n h i b i t  

movement  a n d  p o p u l a t i o n  i n c r e a s e  of t h e  n e e d l e ,  d a g g e r  a n d  

l e s i o n  n e l a a t o 0 e s  ( T o u n s h e n d  a n d  U e b e r  1 9 7 1 ,  PfcElroy 1977) , T h e  

l e s i o n  n e m a t o d e  is s e c u r e l y  e s t a b l i s h e d  i n  aos t  areas b e c a u s e  i t  

is ab l e  t o  p a r a s i t i z e  a g r e a t  r a n g e  of p l a n t s .  A t o t a l  o f  232 

p l a n t  s p e c i e s  i n  S t  f a t r t i l i e s  h a v e  b e e n  r e p o r t e d  a s  h o s t s  of g1 

=g5+~4n~, a n d  t h e r e  a re  u n d o u b t e d l y  B o r e  ( J e n s e n  1953, 

T o w n s h e e d  aria D a v i d s o n  1960). Wany l e g u m e s  a n d  a number  of o t h e r  

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

l i t t l e  dalnage or loss of ~ i e f d  (PBacDonald and Mai 3963) .  Certain 

o t h e r  p l a n t s  are u n f a v o l a b l e  h o s t s  f o r  t h e  n e m a t o d e ,  b u t  are 



n e v e r t h e l e s s  b a d l y  daiuaged by its activities. S t r a w b e r r y  is 

considered o n e  of t h e  l a t t e r  by O o s t e n b r i n k  ( I  9 T 2 )  , b u t  e v e n  so ,  

g z , E e n e t r a n =  finds s t r a u b e r r y  r o o t s  f a v o r a b l e  e n o u g h  t o  become 

the aost  n u m e r o u s  a n d  w i d e l y  d i s t r i b u t e d  aeaatobe i n  stravberrp 

p l a n t i n g s  ( E c E f r o y  1 9 7 7 ,  T o w n s h e n d  l962a). F a v o r a b l e  c r o p  hosts 

f o r  i n c r e a s e  of t h e  l e s i o n  n e a i a t o d e  are t h e  l e g u m e s :  white sweet 

clover, hairy v e t c h ,  black uiedic ,  and s o y b e a n s ;  a n d  t h e  g r a s s e s :  

t i m o t h y ,  o a t s ,  a n d  c o r n  ( F e r r i s  a n d  B e r n a r d  1963, B a c D o n a f d  a n d  

Flai 1963 , T h o r n e  1961, T o u n s h e n d  a n d  D a v i d s o n  1 9 6 0 ) .  Some of 

the c rop  a n d  weed s p e c i e s  t h a t  T o w n s h e n d  a n d  D a v i d s o n  (1960) 

found t o  s u p p o r t  the h i g h e s t  p o p u l a t i o n s  of t h e  lesion n e ~ a t o d e  

are s h o w n  i n  T a b l e  1 -  



Table 1. Root l e s i o n  neeatode counts on weed roots$ 

Host: Average nueber 
of Ea Eene!XaBS 
per grara 
of root: 

G f  roa Townshend and Davidson 1 9 6 0 .  



B i o l o g y  

P. g e n e t r a n s  is a a i g r a t o r y  e n d o p a r a s i t e  of a b o n t  0 e 5 m m  i n  -- -I---- 
l e n g t h .  T h e  n e a t a t o d e  o v e r w i n t e r s  w i t h i n  t h e  c o r t e x  of s e c o n d a r y  

a n d  feeder r o o t s  as eggs, l a r v a e  or a d u l t s ,  Here it i n c i t e s  t h e  

f o r m a t i o n  of d a r k  b r o v n  l e s i o n s  w h i c h  a r e  o f t e n  i n v a d e d  by f u r g g i  

a n d  bacteria .  T h e  a d u l t  a n d  j o v e n i l e  f o r m s  are m o t i l e  w i t h i n  o r  

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

f r e s h  h o s t s .  B o t h  sexes are p r e s e n t  i n  t h e  p o p u f 3 t i o n ,  w h i c h  

i m p l i e s  a h e t e r o g e n e o u s  g e n e  p o o l ,  b u t  t h e  females are ab l e  t o  

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

sttiall c l u t c h e s  w i t h i n  t h e  p l a n t  r o o t s  a n d  t h e s e  may h a t c h  t h e r e  

o r  r e a a i n  d o r a a n t  t h r o u g h  t h e  d e a t h  a n d  d e t e r i o r a t i o n  of t h e  

roo t .  The n e i n a t o d e s  u n d e r g o  t h e i r  f i r s t  s o f t  i n s i d e  t h e  egg a n d  

t h e  s e c o n d  s t a g e  larvae b r e a k  o u t  a n d  m i g r a t e  t o  new roots .  T h e  

r e p r o d u c t i v e  p o t e n t i a l  of PI ge,~,ezgll;&~ is r a t h e r  l o u ;  e a c h  

fertrale l a y s  o n e  e g g  p e r  d a y  (Thorne I g f i l ) .  The f u l l  l i f e  cycle 

t a k e s  b e t w e e n  35 a n d  8 5  d a y s  d e p e n d i n g  o n  h o s t  t y p e ,  s o i l  

t e a p e r a t u r e ,  a n d  o t h e r  fac tors  ( N o r t o n  1 8 7 8 ) .  T h e  l a r v a e  a n d  

a d u l t s  are p e r s i s t e n t  i n  t h e  s o i l ,  s u r v i v i n g  best when  t h e  

o x g g e n  supply is a d e q u a t e  b u t  t e a p e r a t u r e  a n d  m o i s t u r e  a re  l o w ,  

I n  one e x p e r i m e n t ,  l e s i o n  n e a t a t o d e s  w i t h o u t  h o s t  r o o t s  d e c l i n e d  

b y  r o u g h l y  50 t o  60% i n  24 w e e k s ,  s u r v i v i n g  l o n g e s t  a t  

t e m p e r a t u r e s  b e l o w  '12C ( T o w n s h e n b  '1971) .  T h e y  were p r e d i c t a b l y  

k i l l e d  by f r e e z i n g  t e a p e r a t u r e s ,  w h i c h  B a y  a c c o u n t  f o r  low 

s p r i n g  s o i l  c o u n t s  i n  areas of c o l d  w i n t e r s .  



Damage 

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

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

cases i t  w i l l  show n o t h i n g  w o r e  t h a n  areas o f  i n a i f f e r e n t  

g r o w t h .  These expand s l o u ~ g ,  a t  s e v e r a l  feet p e r  y e a r ,  mast 

o f t e n  a l o n g  t h e  r o w s  w h e r e  the r o o t s  are i n t e r l o c k i n g .  I n  

s t r a w b e r r i e s ,  l e s i o n  n e e a t o d e  damage is o f t e n  a s s o c i a t e d  w i t h  

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

i f  o n l y  bacteria are p r e s e n t  (Towrtshend 1962b) . fll egnsrans 

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

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

s e v e r e  i n f e s t a t i o n ,  n o s t  r o o t s  are  g i r d l e d  and a much 

d i a i n i s h e d ,  s t u b b y  r o o t  syste~ is a l l  t h a t  remains, 

D e t e c t i o n  a n d  c o n t r o l  

M o n i t o r i n g  for p o t e n t i a l  n e a a t o d e  daeage i s  d o n e  by s a i l  

s a m p l i n g .  A t  p r e s e n t  i n  t h e  PNW, t h e r e  are s e v e r a l  u n i v e r s i t y  

and  p r i v a t e  l a b o r a t o r i e s  w h i c h  perform t h i s  s e r v i c e *  S a m p l e s  a t e  

t a k e n  a f t e r  t h e  p r e - p l a n t  f u m i g a t i o n  o r ,  p r e f e r a b l y ,  b o t h  b e f o r e  

and a f t e r *  I f  B o r e  t h a n  2 0 0  r o o t  l e s i o n  n e a a t o d e s / f  o f  s o i l  a t e  

f o u n d ,  f u u t i g a t i o n  is recommended ( B c E l r o y  p e r s .  c o ~ t ~ , )  

O o s t e n b r i n k 8 s  ( 3  972) estimates of t h r e s h o l d  popnf  a t i o n s  v a r y  

f roa  50  t o  1 0 0 0 1 1 ,  d e p e n d i n g  u p o n  t h e  s o i l  t y p e .  T h r e s h o l d s  are 

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



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

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

f u m i g a t i o n  w i t h  0-D. T h i s  is d o n e  either i n  t h e  s p r i n g  or  t h e  

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

is u a r m e r  a t  t h a t  time, w h i c h  i n c r e a s e s  t h e  d i f f u s i o n  o f  t h e  

f u ~ i q a n t .  F u m i g a t i o n  w i t h  a e t h y l - b r a a i d e  i s  v e r y  e f f e c t i v e  

a g a i n s t  a l l  n e m a t o d e  p e s t s .  E t h e f e n e  d i b r o e i d e  was  u s e d  as a 

p r e - p l a n t  f u m i g a n t  f o r  ne tna tode  c o n t r o l  u n t i l  t h e  fall o f  1983 

when i t  u a s  reeoved f roa  t h e  a a r k e t  b e c a u s e  o f  s u s p e c t e d  , 

c a r c i n o g e n i c i t y .  

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

a re  p o t e n t i a l l y  i m p o r t a n t  i n  s t r a u b e r r i e s  ia t h e  PIY. These are 

t h e  n e e d l e  n e a a t o d e ,  E q & d o r ~  & p q a t u s  de Ban, a n d  t h e  

c l o s e l y  r e l a t ed  d a g g e r  n e m a t o d e s ,  x&3hieggg qp&gg& i f i f l i a r a s  a n d  

&iy9=&caqpg Cobb. All a re  n a t i v e  t o  t h e  r e g i o n  a n &  h a v e  s p o t t y  

d i s t r i b u t i o n s ,  T h e s e  n e m a t o d e s  are  l a r g e ,  f r o m  2 t o  ? ~ i m  l o n g ,  

a n d  so n e e d  coarse s o i l s  w i t h  l a r g e  p o r e  s p a c e s  i n  o r d e r  t o  

f u n c t i o n .  They a r e  n o t  l i k e l y  t o  b e  p r e s e n t  i n  s o i l s  c o n t a i n i n g  

s o r e  t h a n  25% c l a y  ( H c E f r o y  1977) .  T h e i r  r e p r o d u c t i v e  c y c l e  i s  

g e n e r a l l y  slow, o f t e n  t a k i n g  a y e a r  o r  more p e r  g e n e r a t i o n .  

R e p r o d u c t i o n  o f  p~=&p&gg, fo r  e x a m p l e ,  i s  s e a s o n a l  i n  c o l d .  

c l i ea tes  s o  t h a t  t h e r e  is b u t  a s i n g l e  g e n e r a t i o n  p e r  y e a r  

( T h o r n e  1 9 6 7 ) .  However ,  u n d e r  u n i f o r m  g r e e n h o u s e  c o n a i t i o n s ,  and 



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

4,Z tirnes more t h a n  i n  t h e  f a l l o w  c o n t r o l  i n  12 w e e k s  ( R c E l s o y  

1 9 7 2 ) .  This l e d  M c E l r o y  t o  p o s t u l a t e  a n  e i g h t - w e e k  life c y c l e  

f o r  t h e  n e m a t o d e  u n d e r  ideal c o n d i t i o n s .  Y a s s i n  (1969) 

d e ~ o n s t r a t e d  a 19-week c y c l e  fo r  &_, g & g q p ~ ~  i n  g r e e n h o u s e  

tests. S i n c e  BNW w i n t e r s  a r e  u s u a l l y  mi ld  e n o u g h  t o  allow r o o t  

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

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

o b s e r v e d  u n d e r  e x p e r i m e n t a l  c o n d i t i o n s .  I n  s t r a w b e r r y  f ie lds ;  

c o n c e n t r a t i o n s  of the needle a n d  d a g g e r  n e m a t o d e s  o f t e n  reach 

2 0 0 0 - 2 5 0 0 / l  of s o i l  ( n o o r e  1977, H c E l r o y  1 9 7 2 ) .  

l eaa todes  of t h i s  g r o u p  a m  f r e e - l i v i n g  e c t o - p a r a s i t e s  

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

s t y f e t .  L a c k i n g  t h e  p r o t e c t i o n  of a roo t ,  t h e y  a r e  v o l n e r a b l e  t o  

n e a a t o c i d a l  cola tppunds used as & i p s  o r  d r e n c h e s .  T h e y  are n o t ,  

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

e x a a p l e ,  h a s  b e e n  o b s e r v e d  t o  s u r v i v e  f o r  49 a o n t h s  u i t h o u t  a 

h o s t  ( D r o p k i n  l98O). 

D i s t r i b u t i o n  a n d  h o s t  range 

B o t h  the n e e d l e  a n d  d a g g e r  n e a a t o d e s  are p o l y p h a g o u s  w i t h  

manr c r o p  a n d  weed h o s t s  in s t r a w b e r r y  g r o w i n g  areas .  F o r  t h e  

d a g g e r  n e a a t o d e ,  t o m a t o ,  p o t a t o ,  q e g r a s s ,  o r c h a r d  grass, and 

s t r a w b e r q  a r e  e x c e l l e n t  c r o p  h o s t s ,  a n d  m o u s e - e a r  c h i c k w e e d ,  

c o a a o n  c h i c k u e e d ,  l a u t b s q u a r t e r s ,  a n d  b a r n f a r d  grass are  g o o d  

u e e d  h o s t s  ( n c E l r o y  t9?2 ) ,  &: ptericg~g has a n  e q u a l l y  v i d e  



h o s t  r a n g e  a n d  o c c n r s  w i d e l y  in S o r t h  America. I n  B o C o ,  h o w e v e r ,  

it is l a r g e l y  i s o l a t e d  i n  areas i n  t h e  u p p e r  F r a s e r  Yaller 

( H c E l r o y  1 9 7 7 ) .  T h e  n e e d l e  n e w a t o d e  i s  i n c r e a s e d  by  t h e  p r e s e n c e  

of tomato, r y e g r a s s ,  w h i t e  aria r e d  c l o v e r s ,  a n d  strawberrr; a n d  

by s h e p h e r d s  p u r s e ,  c o a a o n  c h i c k w e e d ,  a n n u a l  b l u e g r a s s ,  a n d  

coaamon s p e e d w e l l  (Thoeaas  1 9 6 9 ,  T a y l o r  f 9 6 7 ) .  N o n - h o s t s  o r  p o o r  

h o s t s  of  g, bake r i  are t u r n i p ,  c o r n ,  b e a n ,  c u c u m b e r ,  a n d  t h e  

cole c r o p s ,  g = g ~ & ~ &  ~&~&k%~gg ( M c E l r o y  1 9 7 2 ) .  F o r  t h e  n e e d l e  

n e a a t o d e ,  o n i o n ,  beet, c r u c i f e r s ,  s t i n t  a n d  r a s p b e r r y  are p o o r  

h o s t s  ( T h o m a s  1969) . 

Darage 

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

d i r e c t  i n j u r y  t o  r o o t s  a n d ,  perhaps m o r e  i a p o r t a n t l p ,  c a n  a c t  a s  

v e c t o r s  far  v i r u s e s .  # e m a t o d e  t r a n s a i t t e b  v i r u s e s ,  o r  

n e p o v i r u s e s ,  axe d e s t r u c t i v e  i n  E u r o p e a n  a n d  B r i t i s h  s t r a u b e r r y  

p l a n t a t i o n s  ( L i s t e r  5960, T r u d g i l l  1 9 8 2 ,  B o o r e  1 9 7 7 ) .  I n  

B r i t a i n ,  t h e  n e e d l e  n e a t a t o d e  t r a n s a i t s  t h e  tomato black r i n g  

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

s p e c i e s  of q&&&ggg& & e i e e r s i c a u d a t u ~ ,  t r a n s m i t s  a r a b i s  

m o s a i c  v i r u s  t o  strawberries. T h e s e  v i r u s e s  are n o t  p r e s e n t  i n  

t h e  P I P ,  b u t  c o n s i a e r i n g  t h e  s i m i l a r i t y  of cliuiates b e t w e e n  the 

r e g i o n  a n d  Great B r i t a i n ,  a n d  t h e  p r e s e n c e  of c a p a b l e  v e c t o r s ,  

i t  is p l a i n  t h a t  these v i r u s e s  pose a c o n t i n u i n g  t h r e a t .  The 

o n l y  n e p o v i r u s  t h a t  is a p r e s e n t  p r o b l e m  i n  t h e  PIH is t o e a t o  

r f n g s p o t ,  o r  TomRSW ( & e l l o r  a n d  S t a c e - S m i t h  1 9 6 3 ,  C o n v e r s e  1 9 8 1 ,  



1 9 8 2 ) .  T h e  e x t e n t  o f  ToaRSV i n j u r y  i s  unknown b u t  t h e  p o t e n t i a l  

of the v i r u s  t o  cause disease is n o t  i n  q u e s t i o n .  D r .  R i c h a r d  

C o n v e r s e  {Oregon  S t a t e  U n i v e r s i t y )  h a s  o b s e r v e d  8 f f e l d  w h e r e  

t h e  s t r a w b e r r i e s  h a d  c o l l a p s e d  f r o m  ToaRSV, a n d  8 0 0 0  d a g g e r  

n e ~ a t o d e s l l  s o i l  were f o u n d .  ( C o n v e r s e  p e r s ,  coaui.). 

S i g n i f i c a n t l y ,  gz gggricanrmg way n o t  b e  t h e  s o l e  v e c t o r  of 

TosRSV; & g&.g=f Bay p l a y  a p a r t  o r  t h e  n e m a t o d e s  i n v o l v e d  Rap 

c o s p r i s e  a h e t e r o g e n e o u s  ' s p e c i e s  suar t r r s .  I n  a d d i t i o n ,  TomRSV is 

p o s s i b l y  v e c t o r e d  by g e t r a n ~ ~ h u g  mites o r  by wee& seed ( C o n v e r s e  

p e r s .  cosai .) . Where d a g g e r  n e m a t o d e s  are f o u n d ,  t h e  p o s s i b i l i t y  

e x i s t s  t h a t  ToaRSV is p r e s e n t ,  w i t h  e f f e c t s ,  t o  s o m e  degree, o n  

p l a n t  w e l l b e i n g .  S i n c e  t h e  s y a p t o a s  wag a p p e a r  s imi lar  t o  those 

caused by o t h e r  v i r u s s s  and  r o o t  r o t s ,  t h e y  way e a s i l y  be 

a s c r i b e d  t o  t h e s e  a g e n t s .  ToaBSV is h a r b o r e d  i n  c a n e b e r r i e s ,  

wi ld  s t r a w b e r r i e s ,  a n d  xtany u e e d s ,  and may be s p r e a d  by weed 

seeds ( C o n v e r s e  1 9 8 2 )  . 
I n  a d d i t i o n  t o  TsmBSV, t h e  c l o s e l y  r e l a t e d  g e l l o w  bud  v i r u s  

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

i s o l a t e d  E r o a  t h e  w i l d  s t r a w b e r r y ,  g, =&&&oen=&p, o n  t h e  coast 

o f  C a l i f o r n i a  ( f r a z i e r  & pl. 5963) .  It is  n o t  known i f  t h i s  

v i r u s  is e v e r  t r a n s t n i t  t e d  t o  c u l t i v a t e d  s t r a w b e r r i e s .  

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

n e e d l e  a n d  d a g g e r  n e a a t o d e s  c a u s e  s e v e r e  d i rec t  i n  jury t o  

strauberrg r o o t s  by their f e e d i n g .  The datrrage d o n e  bg t h e s e  

n e ~ a t o d e s  is o f t e n  c o e p a r a t i v e l y  g r e a t e r  t h a n  t h a t  of t h e  l e s i o n  

n e m a t o d e .  On r a s p b e r r y ,  o n l y  2 0 0  X, k&gg&/l o f  s o i l  reduced t o p  



p a t h o g e n i c ,  w i t h  130/1 of sail c a u s i n g  s e v e r e  r o o t  i n j u r y  

( S z c z y g i e l  a n d  Dauek 1974). T h e  stnall feeder r o o t s  are f i r s t  

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

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

t h i c k e n i n g  o r  g a l l i n g ,  a n d  e v e n t u a l l y  o n l y  a few, t h i c k e n e d ,  

# f i s h  hookeds@ primary r o o t s  w i l l  be l e f t  t o  t h e  p l a n t .  

D e t e c t i o n  and c o n t r o l  

T h e  m o n i t o r i n g  a n d  c o n t r o l  o f  t h e s e  t h r e e  n e s a t o d e s  is t h e  

same a s  f o r  the l e s i o n  n e s t a t o d e ,  On farms w i t h  h e a v y  s o i l s  t h e y  

are n o t  o f t e n  a p r o b l e m ,  b u t  on  o t h e r s  t h e y  r e q u i r e  m o n i t o r i n g  

a l o n g  u i t h  t h e  l e s i o n  nea t a tode .  Economic  i n j u r y  levels o f  500/f 

h a v e  b e e n  p r o p o s e d  f o r  t h e  n e e d l e  n e a t a t o d e  ( S s i n h o r s t  l 9 6 6 ) ,  

a n d ,  b e c a u s e  of i ts v i r u s  v e c t o r i n g  p o t e n t i a l ,  z e r o  f o r  t h e  

d a g g e r  ( C o n v e r s e  1 9 8 0 ) .  X. fip&y% is n o t  t h o u g h t  t o  v e c t o r  

v i r u s e s ,  b u t  SOBB d i a g n o s t i c  l a b s  may n o t  d i f f e r e n t i a t e  it  f ro@ 

X. a w e r i c a n u m .  - --I---- 
F u a i g a t i o n  w i t h  D-0 is u s e d  t o  c o n t r o l  a l l  n e e a t o d e  species 

p r i o r  t o  p l a n t i n g .  S i n c e  t h e  n e e d l e  a n d  G a g g e r  n e s a t o d e s  d o  n o t  

e n t e r  t h e  r o o t s ,  t h e y  are tnuch less l i k e l y  t o  b e  i m p o r t e d  u i t h  

p l a n t i n g  s t o c k  t h a n  are t o o t  l e s i o n  n e m a t o d e s ,  



I a t p o r t a n c e  

I n  h o r t i c u l t u r a l  c r o p s ,  t h e  i m p o r t a n c e  of weeds i n  l i m i t i n g  

y i e l d  p o t e n t i a l  is o f t e n  u n d e r e s t i a a t e d  o r  o v e r l o o k e d .  Weeds ace 

c o n s i d e r e d  roo t  p e s t s  i a  t h i s  g a p e r  b e c a u s e  of t h e  many h a r ~ f u f  

i n d i r e c t  effects t h e y  h a v e  o n  s t r a w b e r r y  r o o t s  (Fig- 2 ) .  

S t r a u b s r r i e s  are p a r t i c a l a r l y  s u s c e p t i b l e  t o  i n t e r f e r e n c e  f r o 8  

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

r o o t  s y s t e m .  T h e y  c a n  t h u s  easily be o u e r g r o u n  by t a l l  w e e d s ,  

a n d  t h e i r  roo t s  are s o  s i t u a t e d  t h a t  weeds c o m p e t e  d i r e c t l y  w i t h  

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

climate a n &  t h e  c u l t u r a l  s y s t e t n s  u s e d  t h e r e ,  f a v o r  weed  g r o w t h  

and  i n t e r f e r e n c e *  T h e  w i n t e r s  are g e n e r a l l y  m i l d  e n o u g h  t o  allow 

a a u a b e r  o f  annual weeds such a s  c h i c k w e e d ,  g r o u n d s e l ,  a n d  

a n n u a l  b l u e g r a s s ,  t o  g r o u  t h r o u g h  t h e  f a l l  and  winter. after a 

u i n t e r  of v e g e t a t i v e  g r o w t h ,  a a n y  u i n t e r  a n n u a l s  w i l l  flower a n d  

s e e d  early, a n d  s i n c e  t h e i r  g r o u t h  is by n o  m e a n s  restricted t o  

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

s p r i n g .  T h e  c o n t r o l  of w i n t e r  w e e d s  i s  soatetimes h a a p e r e i f  by t h e  

i n c o m p l e t e  d o r s a n c y  of s t r a w b e r r i e s  i n  t h e  PNW i n  t h e  w i n t e r .  

Some u s e f u l  h e r b i c i d e s ,  s u c h  as d i n o s e b ,  c a n  be p h y t o t o x i c  when 

t h e  p l a n t s  are i n c o m p l e t e 1  y d o r f t i a n t  ( F r e e m a n  1964) . T h e  u s e  of 

m a t t e d  rows, t h e  p r e d o t a i n a n t  s p a c i n g  s y s t e a  i n  t h e  PBW, a l s o  

c o n f o u n d s  w e e d  c o n t r o l .  Ratted rows are a b o u t  t 4 i n .  wide a n d  

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



o f  s t r a u b e r r i e s -  O n c e  t h e  r u n n e r s  s t a r t  t o  cower t h e  raws, 

a e c h a n i c a l  t i l l a g e  c a n n o t  be u s e d ,  a n d  t h e  u s e  of h e r b f c i d e s  

w h i c h  i n h i b i t  t h e  r o o t i n g  o f  d a u g h t e r  p l a n t s  is a l s o  r u l e 4  o u t ,  

B i o l o g y  a n d  d a a a g e  

Weeds are classed a c c o r d i n g  t o  t h e i r  l i f e  c y c l e s  as a n n u a l ,  

b i e n n i a l ,  or p e r e n n i a l .  I n  t h e  PNW, t h e  term ' w i n t e r  a n n u a l e  

o f t e n  replaces b i e n n i a l ,  s i n c e  many n o r m a l l y  b i e n n i a l  w e e d s  

c o m p l e t e  t h e i r  r o s e t t e  stage i n  t h e  mild w i n t e r s .  I n  a 

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

w e e d s  a re  t h o s e  p e r e n n i a l s  t h a t  h a v e  a r a p i d  v e g e t a t i v e  spread. 

O n c e  e s t a b l i s h e d  i n  strawberry f i e l d s ,  w e e d s  s u c h  a s  h o r s e t a i l ,  

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

c o n t r o l l e d  b y  e i t h e r  a e c h a n i c a l  or  c h e m i c a l  Beans .  These ueeds 

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

p l a n t s  for water, r n i n e r s l  n u t r i e n t s ,  a n d  s p a c e ,  I n  a d d i t i o n ,  a 

numbar  of p e r e n n i a l  w a e d s  are ab le  t o  i n h i b i t  t h e  g r o w t h  o f  c ~ o p  

p l a n t s  by r e l e a s i n g  a l l e l o p a t h i c  c h e m i c a l s  i n t o  t h e  s o i l .  Yel low 

n u t s e d g e ,  q u a c k g r a s s ,  and c e r t a i n  c l o v e r s  are  a l l  suspected of 

t h i s  a b i l i t y  (Bice 1 9 7 4 ,  Datta a n d  B a n d y o p a d b y a y  1 9 8 7 )  Quack 

g r a s s  a p p e a r s  t o  be e s p e c i a l l y  a l f e l o p a t h i c ,  a l t h o u g h  how s o  is 

n o t  clear. The g r o w t h  o f  a l f a l f a ,  f l a x ,  w h e a t ,  oats, and b a r l e y  

c a n  be r e d u c e d  uhere q u a c k  g r a s s  h a s  p r e v i o u s l p  b e e n  grown 

( K o a m s n d a h l  a n d  B e r a r d i n i  1 9 5 9 )  . 
u h e r e  g o o d  f a r m i n g  is p r a c t i c e d ,  a n n u a l  ueeds a x e  o f t e n  

m o r e  o f  a p r o b l e m  t h a n  p e r e n n i a l s .  I n  it c l e a n  o p e r a t i o n ,  



p e r e n n i a l  u e e d s  are  e l i a i n a t e d  from a f i e l d  p r i o r  t o  p l a n t i n g ,  

w h e r e a s  a n n u a l s  a re  o f t e n  better a d a p t e d  f o r  win6  d i s t r i b u t i o n  

o f  t h e i r  s e e d .  Most are well suited t o  t h e  f u l l  s u n  a n d  t h e  

i r r i g a t e d  c o n d i t i o n s  f o u n d  i n  s t r a u b e r r i e s ,  a n d  may p r o d u c e  s e e d  

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

y e f l o u  cress, the c h i c k u e e d s ,  a n d  many o t h e r  u i n t e r  a n n u a l s ,  ate 

e x c e l l e n t  h o s t s  f o r  the root l e s i o n  n e a a t o d e ,  a n d  s o  map h e l p  t o  

m i n t a i n  h i g h  p o p u l a t i o n s  of it t h r o u g h  t h e  w i n t e r *  Hany w e e d s  

are s y m p t o m l e s s  car r iers  o f  f ~ & j c i l l ~ q g  as well, a n d  i f  

u n c o n t r o l l e d ,  c a n  i n c r e a s e  s i l t  i n o c u l u m .  R e d - r o o t  p i g w e e d ,  

g r o u n b s e l ,  a n d  ze&ggg s ~ E ~ ,  are a l l  s y m p t o m l e s s  carr iers  

(Hdubizu t976 ,  a i l h e l ~  a n d  l e l s o n  3 9 8 5 ) .  

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

C e r t a i n  EpJ.pqpg& &kgas&hps, aga g r u c i & g  SEEr p o s s e s s  some  

degree o f  af l e l o p a t h y  (Elocrt  a n d  B o y c e  1 9 8 2 ,  Rice 1974) .  

F i n a l l y ,  t h e  a n n u a l  c h i c k w e e d s ,  c o r n  s p u r r y ,  and f a m b s q u a r t e r s  

h a v e  been i a p l i c a t e d  as reservoirs of n e p o v i r u s e s  ( C o n v e r s e  

1982, F r y e r  a n d  E v a n s  1 9 6 8 )  

C o n t r o l  

F o r  a l l  t h e  r e a s o n s  ~ e n t i o n e d ,  w e e d s  are g e n e r a l l y  k e p t  a t  

t h e  l o w e s t  p o s s i b l e  l e v e l s  i n  s t r a w b e r r i e s ;  a good  m n a g e s e n t  

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

g r e a t e s t  t h r e a t  t o  the c r o p .  The i n j u r y  p o t e n t i a l s  o f  some 

cosmon PNW w e e d s  are p r e s e n t e d  i n  T a b l e  2 ,  C o n t r o l  is s t a r t e d  i n  

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



by  a c o n t a c t  h e r b i c i d e .  A p l o w i n g ,  f o l l o w e d  b y  r e p e a t e d  

c u l t i v a t i o n s  i n  t h e  d r y  m o n t h s  o f  July t o  S e p t e a b e r ,  kills or 

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

I n  t h e  fall, a c l e a n - u p  spray of a ~ i t r o l e ,  o r  g l y p h o s a t e ,  is 

a p p l i e d -  After p l a n t i n g  t h e  s t r a w b e r r i e s  i n  the s p r i n g ,  a 

p r e - e s e r g e n t  c h e m i c a l  i s  u s e d ,  u s u a l l y  s i ~ i z i n e ,  c h f o r o x u r o n ,  or  

s a p r o p a f u i d e .  S i m i z i n e  and n a p r o p a m i d e  are  l o n g  residual 

c h e m i c a l s  and so a r e  a p l i e d  b u t  once a y e a r ;  c h l o r o x n r o n  c a n  be 

a p p l i e d  s e v e r a l  times p e r  s e a s o n ,  as n e c e s s a r y -  

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

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

a a n a g e u t e n t .  C e r t a i n  weed s p e c i e s ,  however, are tolerant of t h e s e  

h e r b i c i d e s  a n d  w i l l  continue t o  be a p r o b l e a ,  S h e p h e r d s  p u r s e ,  

r e d - r o o t  p i g w e e d ,  l a d y  *s thuab,  g r o u n d s e l ,  a n d  t h e  m u s t a r d s  show 

soae t o l e r a n c e  t o  n a p r o p a m i d e  (freeaan 1982) .  Barnyard grass a n 6  

g r o u n d s e l  are t o l e r a n t  of s f m i z i n e ,  a n d  a a n y  g r a s s e s  a r e  n o t  

c o n t r o l l e d  by c h l o r o x u r a n  ( B . C .  B e r r y  P r o d u c t i o n  G u i d e  f 9 8 3 ) .  



Table 2 .  Pest s t a t u s  of c e r t a i n  common weeds 

Weed 

barnyard grass 

common chickweed 

clover 

dandel ion 

groundsel 

horseta i l  

smartweed 

1 ambsquarters 

mouse-ear chick 
weed 

mustard 

p1 anta i  n 

quackgrass 

red-root  pi gweed 

blackberry 

shepherds purse 

nightshade 

ye1 1  ow n u  tsedge 

* ind ica tes  the  presence o f ,  o r  posi t ive  host capab i l i ty  

- ind ica tes  the absence o f ,  o r  negative host c apab i l i t y  

** ind ica tes  extreme presence o f ,  o r  excel l e n t  host capab i l i ty  

1  i  fe-cycl e :  *=annual , **=winter annual , ***= perenni a1 

herbicide res i s t ance :  t o  e i t h e r  simi zi ne o r  napropamide 

blank space: unknown 



The h a r a f u l  microbes, n e a a t o d e s ,  and  a r t h r o p o d s  of t h e  

s t r a w b e r r y  root e c o s y s t e m  often form i n t e r r e l a t i o n s h i p s  v h i c h  

f a v o r  t h e i r  growth. This produces a 'pest complexc, w h e r e  t h e  

fate of  e a c h  p e s t  affects, t o  soae e x t e n t ,  t h e  fate of a l l  the 

o t h e r s .  In order t o  manage t h i s  pest complex efficiently, it is 

n e c e s s a r y  to u n d e r s t a n d  t h e s e  interactions and how changes t o  

t h e  e c o s y s t e m  affect  t h e @ .  The p e s t  i n t e r a c t i o n s  occurring i n  

t h e  s t r a w b e r r y  root e n v i r o n ~ e n t  are i l l u s t r a t e d  i n  Fig= 2 .  These 

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

v e c t o r s ,  i n o c u f u e  r e s e r v o i r s ,  m e c h a n i c a l  wounding a g e n t s ,  and 

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





Disease v e c t o r s  

T w o  i n t e r a c t i o n s  o f  t h i s  t y p e  a re  well known i n  

s t r a w b e r r i e s ;  t h e  a p h i d  a n d  n e ~ a t o d e  t r a n s m i t t e d  v i r u s e s .  

A l t h o u g h  t h e  a p h i d - b o r n e  v i r u s e s  are p r e s e n t l y  o f  t h e  g r e a t e r  

i m p o r t a n c e ,  n e p o v i r u s e s  are c a p a b l e  of b e c o m i n g  sn e c o n o m i c  

p r o b l e m .  I a p o r t a n t  i n  t h e  m a n a g e ~ e n t  of n e p o v i r a s e s  a r e  t h o r o u g h  

c o n t r o l  o f  t h e  n e m a t o d e  v e c t o r s  a n d  o f  t h e  wee3 r e s e r v o i r s  o f  

t h e  v i f u s e s ,  Since o n l y  o n e  n e a a t o d e - r o o t  c o n t a c t  is needed t o  

t r a n s a i t  a v i r u s ,  the t h r e s h o l d  fo r  t h e  n e a a t o d e  v e c t o r  is z e r o ,  

weed  r e s e r v o i r s  of t h e  v i r u s e s  s h o u l d  be i d e n t i f i e d  and c a r e  

t a k e n  t o  r e m o v e  them froa f i e l d s  a n d  h e a d l a n d s .  

I n o c u l u m  r e s e r v o i r s  

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

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

stele.  T h e  s u i t a b i l i t y  o f  weeds  a s  h o s t s  f o r  t h e  s e v e r a l  

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

v e r t i c i l P i u m  w i l t  t h r o u g h  a f i e l d  c a n  o f t e n  be d i r e c t l y  r e f a t e d  

t o  t h e  p r e s e n c e  of Y4mc&fiyu c a r r y i n g  u e e d s  o r  c r o p  pf a n t s ,  

Red s te le  i n o c u l u m  may be s u p p l i e d  by r o s a c e o u s  weeds s n c h  as  

t h e  c i n q u e f o i l s  a n d  b r a t a b l e s .  I n  a d d i t i o n  t o  f a v o r i n g  

p o p n l a t i o n s  o f  n e s a t o d e s  a n d  %g&icilk&tm, weeas Ray a l s o  change 

the s p e c t r u a  of low g r a d e  soil p a t h o g e n s  and s a p r o b e s  t o  o n e  

m o r e  o r  l e s s  i n i a i c a f  t o  s t r a w b e r r y  r o o t s .  The e x p e r i m e n t s  of 



13i l ldebrand  and West (1941)  s h o u e d  t h e  p o w e r  t h a t  p l a n t  r o o t s  and 

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

and bacteria .  T h u s ,  t h e  g r o w t h  o f  c e r t a i n  s p e c i e s  o f  weeds Ray 

lead t o  p r o l i f e r a t i o n  of t h e  n e m a t o d e  o r  t h e  f u n g a l  a n d  

bacterial  c o m p o n e n t s  o f  b l a c k  r o o t  r o t .  

M e c h a n i c a l  w o u n d i n g  a g e n t s  

N e m a t o d e s  are  t h e  i m p o r t a n t  u o u n d i n g  a g e n t s  i n  t h e  

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

u e l l - k n o w n  t o  ac t  a s  i n f e c t i o n  c o u r t s  f o r  t h e  many f u n g i  a n d  

b a c t e r i a  o f  the b l a c k  r o o t  r o t  c o i n p l e x *  T h e  l e s i o n  n e ~ a t o d e  also 

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

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

s t y l e t s .  E x p e r i m e n t a l l y ,  gI ge,agLw i n t r o d u c e d  u i t h  xs $pj&&g 

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

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

(Abu-Gharb feh  E& q&. 1 9 6 2 ,  F a u l k n e r  a n d  S k o t l a n d  1 9 6 4 ,  Ndubfzu  

1 9 7 6 )  I n  s o @ e  s i t u a t i o n s ,  the s i m u l t a n e o u s  presence of t h e  t w o  

o r g a n i s a s  r e s u l t s  i n  s y n e r g i s a i  of d i s e a s e .  I n  m i n t ,  d r y  w e i g h t s  

were r e d u c e d  22% bp Ez peqegraps o r  y, &&&xg b u t  u p  t o  68% 

when b o t h  were p r e s e n t  ( F a u l k n e r  and S k o t l a n d  1964). 

R o d i E i e r s  o f  s u b s t r a t e  

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

c h a n g i n g  t h e  b i o c h e r r i i c a l  b a l a n c e  o f  t h e i r  h o s t s ,  r e s u l t i n g  kn  



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

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

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

t h a n  o c c u r s  i n  h e a l t h y  p l a n t s  ( F a u l k n e r  a n d  S k o t l a n d  1964). 

C o n v e r s e l y ,  i n  a number  o f  cases, n e m a t o d e s  are a b l e  t o  i n c r ~ a s e  

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

t h a n  m e c h a n i c a l  w o u n d i n g  ( P o n e 1 1  1963) .  T h i s  is d e m o n s t r z t e d  

when t h e  two s i m i l a r  n e a a t o d e s ,  3, ~efletrggg a n d  & &&ups, 

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

of disease i n  t h e i r  h o s t s  (Pitcher t965)  . I n  research w i t h  

s t r a w b e r r i e s ,  P, p~et~sas s e c r e t e d  s e v e n  times more c e l l n l a s e ,  

and 50% sore p e c t i n a s e  t h a n  geterggggg &u,&Ar a n e m a t o d e  

i n e f f e c t i v e  as a n  i n c i t a n t  o f  b l a c k  c o o t  r o t .  T h e  i n j e c t i o n  o f  

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

p r e d i s p o s e  s t r a w b e r r ~  t o  t h e  r o o t  r o t  fkforgan a n d  Mcf t l lan  1962) 

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

f o r  a t t a c k  b y  s o i l  ~ f c r o f l o r a ,  B l l e l o p a t h i c  compounds ,  v h i c b  aay 

be  washed f ro@ t h e  f o l i a g e ,  e x u d e d  f r o @  t h e  r o o t s ,  o r  l e a c h e d  

f r o m  d e c o n t p o s i n g  r e s i d u e s ,  may d i r e c t l y  c o n d i t i o n  the r o o t s  af 

p l a n t s  f o r  a n  i n c r e a s e d  i n c i d e n c e  o f  a l l i s ease  f a i c e  1974).  The 

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

i n h i b i t i o n  of m i t o s i s  a n d  e l o n g a t i o n  of t h e  r o o t  cells,  o r  

r e d u c t i o n s  i n  n u t r i e n t  u p t a k e  ( F i s h e r  1979) .  When appfieE as 

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

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

s p i n a c h  ( P a t r i c k  & g&. 1963, t 9 6 4 ) .  



IV. T k e  i n t e g r a t e d  p e s t  a a n a g e a e n t  a p p r o a c h  

T h e  d e f i n i t i o n  a n d  p h i l o s o p h y  of I P R  h a s  b e e n  t h o r o u g h l y  

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

p u r p o s e s  IPB is s i n p l y  d e f i n e d  a s  t h e  d i r e c t e d  a a n a g e ~ e n t  of t h e  

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

e c o l o g i c a l ,  a n d  s o c i o f  o g i c a l  c o n s e q u e n c e s  ( B o t t r e l l  1979) T h i s  

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

k n o w l e d g e  has b e e n  a m a s s e d  i n  t h e s e  areas t o  ntake r e a s o n a b l e ,  

i n f o r a e d  d e c i s i o n s .  One  o b j e c t i v e  o f  t h i s  p a p e r  is t o  make a 

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

o f  s t r a u b e r r y  r o o t s ,  

The a d v a n t a g e s  of I P H - i n  c o n t r o l  of a b o v e - g r o u n d  a r t h r o p o d s  

h a v e  becorae  clear* Based o n  t h o r o u g h  k n o w l e d g e  of p e s t  

b i o l o g i e s ,  s p r a y s  a r e  p r e c i s e l y  timed a n d  a re  thus e f f e c t i v e  a t  

atinimurn c o s t -  T h e  n a t u r a l  e n e s y  c o m p l e x ,  wh ich  a a y  u e l f  a c c o u n t  

f o r  a o s t  o f  p a s t  a o r t a l i t y ,  is p r e s e r v e 6  t h r o u g h  t h e  u s e  o f  

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

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

t i m e d  s e e d i n g s ,  are i n t e g r a t e d  w i t h  c h e m i c a l  c o n t r o l s .  T h e  

u p s h o t  is, t h a t  t h r o u g h  u n d e r s t a n d i n g  a n d  v o r k i n g  w i t h  an 

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

s a v e d ,  

Managed a l t e r a t i o n  o f  a s o i l  e c o s y s t e a  is c o a g l e x  a n d  

p o o r l y  u n d e r s t o o d ,  T h e  p e s t  c o m p l e x  i s  l i k e l y  t o  i n c l u d e  n o t  



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

u e l l e  Pest p o p u l a t i o n s  a n d  e c o n o m i c  dantage are a i f f i c u f t  t o  

m o n i t o r  i n  s o i l  and  so t h e  e c o n o i n i c  t h r e s h o l d  L e v e l s  of wrost 

p e s t s  a r e  unknown. A c c u r a t e  p r e d i c t i o n s  of t h e  e f f e c t s  of 

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

i n t e r a c t i o n s  w h i c h  o c c u r  among t h e  p e s t  c o n p l e x  a n d  aRong  t h e  

t h o u s a n d s  o f  species o f  b e n e f i c i a l  or i n c i d e n t a l  o r g a n i s a s .  

M o r e o v e r ,  the s o i l  e n v i r o n m e n t  is i n  a d y n a m i c  e q u i l i b r i u m  s o  

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

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

as f i e l d  d r a i n a g e  aria c r o p  r o t a t i o n ,  are p o t e n t  m o d i f i e r s  o f  t h e  

s t r a w b e r r y  r oo t  e n v i r o n a t e n t .  The s t r a w b e r r y  plant i tself ,  

t h r o u g h  its s u s c e p t i b i l i t y  t o  p a t h o g e n s ,  is a m a j o r  f a c t o r  i n  

d e t e r m i n i n g  t h e  make-up of t h e  p e s t  c o ~ p l e x .  

Ah1 of t h o s e  f ac to t s  aust b e  a c k n o w l e d g e d  when d e s i g n i n g  a 

p r o g r a m  f o r  r e d u c i n g  t h e  p o p u l a t i o n s  of key p e s t s .  F o l l o w i n g ,  

t h e r e f o r e ,  is a u t u l t i - d i s c i p l i n a r y  e r a f a i n a t i o n  of t h e  n a t u r a l  

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

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

I n  p l a n n i n g  a n  IPB program, a n  i n v e s t i g a t i o n  s h o u l d  b e  made 

o f  t h e  n a t u r a l  c o n t r o l s  t h a t  are a l r e a d y  w o r k i n g  t o  r e g u l a t e  

p e s t  p o p u l a t i o n s e  P e s t  o r g a n i s m s  are c o n t r o l l e d  l a r g e l y  by 

climatic c o n d i t i o n s  s u c h  a s  e x t r e a e s  o f  t e m p e r a t u r e  and  



m o i s t u r e ,  by  c o m p e t i t i o n  f o r :  f o o d  a n d  s p a c e ,  andl b y  p r e d a t i o n ,  

p a r a s i t i s n t ,  a n d  d i s e a s e .  I n  a n  a g r o e c o s y s t e m ,  t h e  climatic a n d  

b i o t i c  f a c t o r s  u i f  1 a c c o u n t  f o r  t h e  p r i n c i p a l  mor t a P i t y  o f  

a r t h r o p o d s ,  w h i l e  s h o r t a g e s  o f  food, s p a c e ,  o r  a a t e s ,  an8 

p e s t i c i d e  use are less i m p o r t a n t .  C o n t r o l  of p e s t s  by climatic 

f a c t o r s  to l e v e l s  b e l o w  e c o n o a i c  i n j u r y  c a n  rarely b e  r e l i e d  

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

k e e p s  p e s t s  i n  b a l a n c e ,  i f  n o t  a t  s u b - i n j u r y  l e v e l s ,  Insect 

p r e d a t o r s ,  f o r  e x a a p l e ,  cause g z e a t e r  m o r t a l i t y  i n  a l f a l f a .  

w e e v i l s  t h a n  H t h e  c o m b i n e d  effect of w e a t h e r ,  h y p e r p a r a s i t e s ,  

d i s e a s e s ,  a n &  i n s e c t i c i d e  usage" fatnbrust  1938). C o m e n t P n g  o n  

the o b v i o u s  iaportance of  n a t u r a l  eriesies, Y h i t c o l ~ b  (1974). h a s  

r e p o r t e d  f i n d i n g  Bore t h a n  1000 species of i n s e c t  p r e d a t o r s  aad 

n u a s r o u s  p a r a s i t e s  i n  s o y b e a n  fields i n  F l o r i d a .  

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

t e a p e r a t u r e  and a o i s t u r e ,  n a t u r a l  e n e a i e s  a n d  diseases B a y  b e  

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

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

e s t i v a t i n g  i n  e a r t h e n  cel ls  ( E d w a r d s  19791, a n d  f r o m  w i n t e r  co ld  

by  h i b e r n a t i n g  a P o n g  t h e  r oo t s  of t h e  s t r r t w b e r r y  p l a n t s  (Garth 

a n d  S h a n k s  1978) 

C o n t r o l  n e a s u r e s ,  t h e r e f o r e ,  s h o u l d  be  c h o s e n  w i t h  the g o a l  

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

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

B o o t  w e e v i l s  e i t h e r  h a v e  v e r y  few a r t h r o p o d  e n e m i e s  o r  f e u  

are known. T h e  r o v e  ( S t a p h y l i n i d )  a n d  t h e  g r o u n d  ( C a r a b i d )  



beetles w i l l  a t t a c k  both t h e  eggs a n d  l a r v a e  ( S h a n k s  p e r s ,  

cornme, U i l c o x  ph, 1934) T h e  a c t i v e  Carabid l i l r v a e ,  uhen  

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

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

( W h i t c o a b  1974)  O t h e r  i m p o r t a n t  p r e d a t o r s  of w e e v i l s  are 

s p i d e r s ,  toatis, f r o g s ,  eoles, a n d  a n u ~ b e r  of species of b i r d s ,  

X i l c o x  gr ( 1 9 3 4 )  & e n t i o n e &  several r e p o r t s  of p a r a s i t i s a t i o n  

of t h e  b l a c k  v i n e  u e e v i l  t h a t  ca&e o u t  of E u r o p e  a b o u t  t h e  t u r n  

of t h e  c e n t u r y ,  b u t  up  t o  t h e  p r e s e n t ,  n o  e f f e c t i v e  p a r a s i t e s  of 

t h i s  w e e v i l  h a v e  b e e n  f o u n d  i n  t h e  P N U ,  A recent s t u d y  of t h e  

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

f l y ,  Q o l i c h a t a r u g ,  i n  u p  t o  32% of t h e  a d u l t s  { B e l l  a n d  C l a r k e  

1980). W e e v i l s  a a y  a l s o  be p a r a s i t i z e d  by N e o a p l e c t a n i d  a n d  

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

soils. A N e t e r o r h a b d i t i d  s p e c i e s  u a s  r e c e n t l y  i s o f  a t e 6  f r o s  

n a t u r a l l y  infected b l a c k  v i n e  u e e v i l  l a r v a e  i n  H o l l a n d ,  and i t  

p r o v e d  t o  be v e r y  p a t h o g e n i c  i n  p o t  t r i a l s  ( S i a o n s  1 9 8 1 ) .  

A s  v i t h  r oo t  w e e v i l s ,  n a t u r a l  e n e a i e s  do n o t  a p p e a z  t o  b e  

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

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

l i v e  s a f e l y  i n s i d e  t h e  s t r a w b e r r y  stems. A B r a c o n i d ,  g&~gg&gacog 

g=gge,gg&gc a n d  a. P a c h i n i d ,  I&ggf f&~her ig  v e n a t o f &  were 

reported a s  p a r a s i t e s  by W i f c o x  52 p&. ( t 9 3 2 ) ,  a n d  t h e s e  were 

f o u n d  t o  p a r a s i t i z e  b e t w e e n  20 and 35% of SCH i n  c e r t a i n  f i e l d s ,  - 

A I982 s u r v e y ,  h o w e v e r ,  of s e v e r a l  h u n d r e d  l a r v a e  f r o @  an 

u n s p r a y e d  field i n  O r e g o n ,  y i e l d e d  o n l y  two t h a t  were 



p a r a s i t i z e d  ( F i s h e r  p e r s .  maw,) . 
S y m p h y l a n s  are t r u e  s o i l  d e n i z e n s ,  w i t h  a s u r p r i s i n g l y  f u l l  

l i f e s p a n  of 18 t o  1 2  y e a r s  ( E d u a r d s  l9?9), T h e y  a r e  s u b j e c t ,  

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

E n t o ~ o p h t h g g g  EEE-. T h e  i n o c u l u m  r e m a i n s  v i a b l e  f o r  30 d a y s  ----- 
or more and w i l l  i n f e c t  a n d  k i l l  up  t o  95% o f  t h e  s y m p h y f a n s  

e x p o s e d  t o  it ( S t i t n a a n n  1968 ) .  

T h e  f u n g a l  d i s e a s e s  v e r t f c i l l i u m  u i f t  a n d  red s te le  are  

r e g u l a t e d  i n  t h e  s o i l  b y  a l a r g e  c o m p l e x  of a n t a g o n i s t i c  fungi, 

b a c t e r i a ,  a n d  a c t i n o m y c e t e s -  I n t a g o n i s @  t a k e s  t h e  f o r @  of 

c o m p e t i t i o n  f o r  s u b s t r a t e ,  a n t i b i o s i s ,  and m y c o p a r a s i t i s ~ .  Soils 

c o n t a i n i n g  many a n t a g o n i s t s  h a v i n g  t h e s e  c h a r a c t e r i s t i c s  are 

said t o  be  d isease  s u p p r e s s i v e .  One  i ~ p o r t a n t  f u n g u s  t h a t  is a n  

a n t a g o n i s t  of I m p e r f e c t  f u n g i  s u c h  as &rtici1&hgg is 

T r i c h o d e r r r i a  (F, k q ~ z $ 8 & ~  a n d  o t h e r  s p e c i e s ) .  gg&gcqgmg is nct 
------L_- 

o n l y  a n  o v e r b e a r i n g  c o w p e t i t o r  b u t  it a l s o  secretes a p o t e n t  

a n t i b i o t i c ,  g l i o t o x i n ,  a n 8  is a t a y c o p a r a s i t e  as  wellc In dual 

c u l t u r e s  w i t h  &rticil&&uL & & ~ ~ E E L & Q ~  and g?&h&p, 1 h a v e  

e a s i l y  o b s e r v e d  t h e  s l e n d e r  h p p h a e  of !&&ztzgpg coiling about 

a n d  e v i d e n t l y  p e n e t r a t i n g  t h e  l a r g e r  h y p h a e  of t h e s e  p a t h o g e n s .  

T. h a r z i a n u ~  when a p p l i e d  t o  a n s t e r i l i z e d  s o i l ,  gave better - , - , , , I  

s u p p r e s s i o n  of 1: &&d&s o n  p e a n u t  t h a n  d i d  f u a i g a t i n g  the s o i l  

w i t h  m e t h y l  b r o ~ i d e  ( E l a d  g& a. 1982). 
B a c t e r i a  a re  also i ~ p o r t a n t  a n t i b i o t i c  p r o d a c e r s  a n d  

~ y c o p a r a s i t e s ,  and probably a r e  the ~ o s t  i a p o r t a n t  s o i l  

a n t a g o n i s t s  o v e r a l l .  Baker a n d  Cook (1902) s u g g e s t  t h a t  



bac t e r i a ,  because t h e y  are spread t h r o u g h o u t  t h e  t o p s o i l  i n  

g r e a t  n u m b e r s ,  say be p a r t i c u l a r l y  e f f e c t i v e  a n t a g o n i s t s  of 

p a t h o g e n s  s u c h  as Epgp+-i.g&, w h i c h  a t t a c k  t h r o u g h  ~ u l t i p l e  

i n f e c t i o n s  c a u s e d  b y  germ tubes. a c u m o n ,  a n t i b i o t i c - p r o d a c i n g  

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

i m p e r f e c t  f u n g u s ,  h a g r u t i u t ~  ~ g & = g ~ s ,  is & & l l u s  ---- -------f s u b t i l i s  ) 

f 0 t k s h e d e  and R a h e  7980) .  8, s&&Q& is a l s o  v e r y  a n t a g o n i s t i c  

t o  g4&~2~&gg&9 a n d  Bay be p a r t i c u l a r l y  i s p o r t a n t  a f t e r  

f a w i g a t i o n  o r  h e a t  t f e a t e s n t s  d u e  t o  its u b i q u i t y ,  h e a t  

r e s i s t a n c e ,  and a b i l i t y  t o  for@ r e s i s t a n t  spores (Olsen and 

B a k e r  1967). 

P a r a s i t i s @  of t h e  f u n g i  is n o t  l i s i t e a  t o  t h e  h y p h a e ;  

r e s t i n g  s t r u c t u r e s  are a l s o  d e s t r o y e d .  Snsh =& p&. (1977) f o u n d  

t h a t  o o s p o r e s  of l??~ht$Og~ gw-ga,gmxag and g s i ~ , u g  were 

a t t a c k e d  by bacteria, a c t i n o ~ y c e t e s ,  a n d  by f u n g i  f r o& four 

t a x o n o n t i c  classes, I n  d ry  s o i l s ,  a ~ t i n o a y c e t e s ~  and h y p h o m y c e t e s  

were m o s t  e f f e c t i v e ,  w h e r e a s  i n  wet c o n d i t i o n s ,  O o a g c e t e s  a n d  

C h r i r i d i o e y c e t e s  were t h e  d o s i n a n t  parasites* Up t o  89% of  t h e  

oospores f o u n d  in the soil uere p a r a s i t i z e d  by t h e s e  o r g a n i s ~ s *  

I n  a s t u d y  o f  bacterial i n h i b i t i o n  of g&y&qg&t&qyg 

& ~ ~ & ~ & ,  the g e n e r a  &&&&=, S t r g p t o w ~ s ,  an4 g g g ~ o a o n a s  

Mere commonly s e e n  a t t a c k i n g  h r p h a e  a n d  s p o r o p h o r e s *  Bacteria 

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

Phr&&&&9gp i n  t h e  s o i l  f M a f a z c z u k  =A, 1 9 7 7 )  I t  would -- 
a p p e a r  f r o n  t h e  data  o f  these r e s e a r c h e r s  t h a t  p a r a s i t i s m  

a c c o u n t s  for a s u b s t a n t i a l  r e a u c t i o n  i n  b o t h  t h e  resting 



i n o c u l u m  a n &  t h e  h y p h a e  of t h e  d a a a g i n g  O o a y c e t e s .  

A l t h o u g h  n o t  n a t u r a l  c o n t r o l s ,  genetically e n g i n e e r e d  

bacteria c a p a b l e  of s e l e c t i v e  a n t i b i o s i s  o r  e v e n  the p r o e u c t i o n  

of p l a n t - s y s t e e i c  i n s e c t i c i d e s  are  a r ea l  p o s s i b i l i t y  w i t h i n  t h e  

n e x t  decade o r  two ( S c h n e i d e r m a n  l 9 8 4 ) ,  

T h e  soil n e t n a t o d e s  a r e  p a r a s i t i z e d  a n d  p r e y e d  u p o n  b p  @any 

trticroflora, somtiwes i n  s u r p r i s i n g  uays* Tor i n s t a n c e ,  a 

bac t e r i a l  p a r a s i t e  of gz ~~mgtrggg,  •’%ic&J&~ ~ ~ ~ & p ~ ,  

c h a r a c t e r i s t i c a l l y  p e n e t r a t e s  n e s a t o d e s  a•’ ter a t t a c h i n g  t o  their 

cuticle f f l r o p k i n  1 9 8 0 ) .  Neiaa tode  t r a p p i n g ,  a n d  n e m a t o v o r o u s  

f u n g i  are t o  be  f o u n d  w h e r e v e r  a m a t o d e s  are p o p u l o u s ,  Predatory  

n e a a t o d e s ,  l i k e  g o n o a s & =  see3. may b e  i a p o r t a n t  i n  r e g u l a t i n g  

t h e  p l a n t - p a r a s i t i c  f o r m s *  I n  s a m p l e s  of n e a a t o d e s  •’ram 

s t r a u b e r r y  f i e l d s ,  Di Edwardo  (396'1) f o u n d  &ggr~ghgg t o  c o m p r i s e  

up  t o  31% of t h e  n e ~ a t o d e s  i n  some samples. C e r t a i n  s o i l  mites, 

t a r d i g r a d e s ,  a a e o b a e ,  a n d  c o l l e s b o l a  all p r e y  o n  n e ~ a t o d o s  as 

well ( N o r t o n  1970) .  

W o n i t o r i n q  -----*-- 

I n  r e v i e w i n g  case h i s t o r i e s  of snccessful pest a t a n a g e w e n t  

p r o g r a m s ,  i t  is  e v i d e n t  t h a t  d e v e l o p m e n t  of i n s i g h t f u l  a n d  

e f f e c t i v e  p o l i c y  stems fro@ b i o l o g i c a l  i n f o r s a t i o n  a q u i r e d  

t h r o u g h  e o n i t o r i n g *  A t y p i c a l  a g r o e c o s g s t e a  of  h o s t s ,  pests, an6 

b e n e f i c i a l s ,  is  b o t h  c o m p l e x  and  d p n a e i c ,  a n d  e a c h  c o n t r o l  

aeasure  u s e d  a f f e c t s  n u a e r o u s  coeponents of t h e  v h o l e  s y s t e m .  



T h e  i m p o r t a n c e  o f  t h e s e  s i d e - e f f e c t s ,  and t h e  c o s t - e f f i c i e n c y  of 

t h e  c o n t r o l s  used, c a n  o n l y  b e  m e a s u r e d  through ~ o n i t o r i n g .  A 

well i m p l e m e n t e d  m o n i t o r i n g  p r o g r a m  w i l l  g i v e  t h e s e  b e n e f i t s :  a )  

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

o f  t h e i r  p o p u l a t i o n  c h a n g e s ;  b) p r e d i c t i o n  of p e s t  o u t b r e a k s ;  c) 

a s s e s s m e n t  o f  e x p e c t e d  l o s s .  

B o n i t o r i n g  c a n  b e  e i t h e r  e n v i r o n s e n t a l  o r  b i o l o g i c a l .  T h e  

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

areas a s  tree f r u i t  p e s t  m a n a g e a e n t  f o r  p r e & i c t i n g  l i f e - c y c 1 . s  

e v e n t s  of c e r t a i n  a r t h r o p o d  and f u n g a l  p e s t s .  I n  t h e  @ a n a g e s e n t  

o f  s o i l b o r n e  p e s t s  h o o e ~ e r ,  e n v i r o n a e n t a l  z u o n i t o r i n g  h a s  n o t  yet 

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

a f f e c t  t h e  d y n a m i c s  of r o o t  pests, o n l y  t h a t  n o t  enough is  known 

t o  n i a k e  u s e  o f  e x i s t i n g  w e a t h e r  da ta .  T h e  e m r g e n c e  of f o o t  

u e e v i l s  a n d  t h e  SCB, f o r  e x a l a p l e ,  are p r o b a b l y  t i e d  t o  t h e  s o i l  

t e a t p e r a t a r e  ( G a r t h  a n d  S h a n k s  l9'78) ,  and t h e  s u r v i v a l  o f  a c t i v e  

a d u l t  w e e v i l s ,  s y ~ p h y l a n s ,  a n d  n e m a t o d e s ,  may be s u b s t a n t i a l l y  

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

r o o t  l e s i o n  n e s a t o e e s  f l u c t u a t e  m a r k e d l y  w i t h  the s e a s o n s .  I n  

e a s t e r n  N o r t h  America, n u m b e r s  are l o u e s t  i n  J a n u a r y ,  b e g i n  

i n c r e a s i n g  i n  A p r i l ,  and  p e a k  i n  J u l y  (Di Edwardo 1961).  T h e  

an ioun t  a n d  d u r a t i o n  of r a i n f a l l  Bap a l s o  affect  the a c t i v i t y  of 

r o o t  pests. The o o s p o r e s  o f  & •’r-&igl f o r  e x a a p l e ,  are 

t h o u g h t  t o  need 48 hours of s a t u r a t e d  c o n d i t i o n s  f o r  g e r ~ i n a t i o n  

fHcEf r o y  p e r s .  coi~m.) . 



& o r e  u s e f u l  i n  s t r a w b e r r y  g r o w i n g  t h a n  t h e  m o n i t o r i n g  of 

w e a t h e r  are direct p o p u l a t i o n  c o u n t s  of p e s t  o r g a n i s a s *  S e v e r a l  

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

d i s t r i b u t i o n s ,  a l l o w  e s t i o a t e s  of loss, a n d  p l a n n i n g  o f  c o n t r o l  

m e a s u r e s .  S a m p l i n g  f o r  s o i l b o r n e  p e s t s  usually i n v o l v e s  t a k i n g  

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

case o f  r o o t  w e e v i l s ,  SCR, a n d  red stele, i d e n t i f i c a t i o n  is d o n e  

o n  t h e  s p o t ,  R o o t  w e e v i l s  are e a s i l y  d e t e c t e d  by w a t c h i n g  f o r  

leaf  n o t c h i n g  v i t h  the l i ~ i t a t i o n s  t h a t  t h e  s p e c i e s  i n v o l v e d  are  

n o t  i d e n t i f i e d ,  a n d  t h a t  n o  c o u n t s  c a n  be  o a d e .  W h i l e  d i s e a s e  

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

c a s u a l  a g e n t s  can b e  q u a n t i f i e d  o n l y  b~ a i c r o s c o p i c  e x a w i n a t i o n .  

T h i s  i n c u r s  p r o b l e m  o f  e x p e n s e ,  t i r e - l a g  f o r  p r o c e s s i n g ,  and 

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

o t h e r  r e a s o n s ,  s o s t  key p e s t s  o f  s t r a w b e r r y  are n o t  b e i n g  

s a m p l e d  c o a m e n s u r a t e  w i t h  t h e i r  i n j u t y  p o t e n t i a l *  A s y s t e a a t i c  

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

p a t h o g e n s ,  and n e m a t o d e s ,  u o n f d  d i s c o v e r  p o c k e t s  of these p e s t s  

before d a m a g i n g  l e v e l s  a n d  s p r e a d i n g  o c c u r r e d .  

C o m p r e h e n s i v e  a o n i t o r i n g  d e m a n d s  a r e c o r d i n g  s y s t e r u  t h a t  is  

clear and e a s y  t o  use; I p r o p o s e  t h e  f 0 1 l o u i n g ~  S i n c e  r o o t  p e s t  

p o p u l a t i o n s  u s u a l l y  are c l u a p e d  w i t h i n  a f i e l d ,  a c h a r t  as shown 

i n  Fig, 3 m i g h t  be  a p p r o p r i a t e  t o  show t h e i r  d i s t r i b u t i o n .  





Areas of p o o r  g r o w t h  a r e  marked a s  shown  and t h e  n u m b e r s  of  

s a m p l e d  pests r e c o r d e 3  on a s t a n d a r d  l i n e  g r a p h ,  A l l  key a n d  

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

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

f o r .  T h e  s a m p l e s  f r o w  areas o f  p o o r  g r o w t h  c a n  t h e n  b e  c o m p a r e d  

u i t h  t h o s e  f r o 8  healthy areas. I n  this way, t h e  f o l l o w i n g  

i n f o r e t a t i o n  is p r o c e s s e d i :  a)  i d e n t i f i c a t i o n  of t h e  pests; b) t h e  

d i s t r i b u t i o n  o f  p e s t s  t h r o u g h  t im;  c )  c h a n g e s  i n  p o p u l a t i o n s ;  

d) t h e  p r e s e n c e  of areas subject t o  s p e c i f i c  p r o b l e a s ;  e )  the 

a c t i o n s  of b e n e f i c i a l  o r g a n i s m s  a n d  climatic fac to rs .  This 

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

u h i c h  c o u f  d c o n v e n i e n t l y  E i l  e t h e s e  data from y e a r - t o - g e a r  a n d  

h e l p  r e v e a l  t r e n d s .  I v i s u a l i z e  a s e q u e n c e  of o v e r l a y s  u h i c h  

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

c h a n g e s  i n  t h e i r  s i z e  as the s e a s o n  p r o g r e s s e s .  

w h a t  a d v a n t a g e s  a c c r u e  from t h i s  a o n i t o r i n g  a c t i v i t y ?  A 

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

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

w o r k i n g  o u t  s o l u t i o n s .  The  s y s t e a  l e n d s  i tself  t o  a s e l e c t i v e ,  

o r  a s p o t ,  a p p l i c a t i o n  p r o g r a B ,  uhich r e d u c e s  a p p l i c a t i o n  c o s t s  

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

d a m a g e  wou ld  b e  i d e n t i f i e d  so that a c t i o n  c o u l d  p l a n n e d .  

T h e  d e c i s i o n  t o  a p p l y  a c o n t r o l  t o  a n  a r e a  is p r o p e r l y  

based u p o n  a n  e c o n o s i c  t h r e s h o l d  (ET) , w h i c h  is d e f i n e d  as t h e  

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

p o p u l a t i o n  f r o m  r e a c h i n g  t h e  e c o n o m i c  i n j u r y  l e v e l .  f n  t u r n ,  ETs 



are based on a n  a s s e s s m e n t  of yield loss f r o a  p e s t  a c t i v i t i e s ,  

w h i c h  i n  t h e  case o f  strawbrrrr r o o t  p e s t s  has s e l d o a  b e e n  done.  

T h u s  ETs are a t  p r e s e n t  e i t h e z  n o t  u s e d ,  o r  are workeii o u t  by 

t r i a l  a n d  error. A t h r e s h o l d  of thfs so r t  has b e e n  ca l led  a n  

a c t i o n  t h r e s h o l d ,  a n d  while adequate i n  soma cases,  way n o t  lead 

t o  t h e  o p t i m a l  use o f  c o n t r o l s  ( T h o n p s o n  a n d  U h i t e  1 9 7 9 ) .  fn t h e  

strawberry r o o t  p e s t  c o m p l e x ,  a c t i o n  t h r e s h o l d s  a r e  being u s e d  

f o r  n e a a t o d e s  ant3 t h e  SCM. Red stele and wilt are  n o t  o f t e n  

s a m p l e d  q u a n t i t a t i v e l y .  a n d  t h e r e  is n o  r e a l  t h r e s h 0 1 4  f o r  t h e  

r oo t  w e e v i l s ;  t r e a t m e n t  is u s u a l l y  recommended a t  f i r s t  s i g n  of 

l e a f  - n o t c h i n g =  As wiese (1 9 8 3 )  p o i n t s  o u t ,  c o m p e t e n t  l o s s  

a s s e s s m e n t s  a r e  rare a n 6  t h o s e  p e r f o r m e d  o f t e n  focus only o n  a 

s i n g l e  p e s t  o r  physical factor i n  a c o s p l e x  s y s t e m .  I n  the l i g h t  

o f  t h e  root  p e s t  i n t e r a c t i o n s  i f l u s t r a t e d  i n  Fig. 2, i t  v o u l d  

a p p e a r  that t o  a c h f e v e  aseful  ETs a m o l t i f a c t o r i a f  study sf each 

p e s t s s  c o n t ~ i b u t i o n  t o  t h e  t o t a l  l o s s  m u s t  be  u n b e r t a k e n .  

An i m p o r t a n t ,  and a n d e f u s e d  managemen t  tool is t h e  

p o s t - t r e a t m e n t  e v a l u a t i o n .  A c o n t r o l  of 100% is s e l d o ~  a t t a i n e d  

a n d  s h o u l d  n o t  b e  a s s u a e d .  Bany r o o t  p e s t s ,  s u c h  as n e m a t o d e s ,  

w i l l  soon a u l t i p l y  b a c k  t o  t h e i r  o r i g i n a l  l e v e l s  i f  only a small 

number  are l e f t  a n c o n t r o l l e d .  P o s t - t r e a t ~ e n t  s a m p l i n g  is the 

o n l y  way t o  e v a l u a t e  t h e  e f f e c t i v n e s s  and  c o s t - e f f i c i e n c y  of a 

c o n t r o l c  a n d  hence is the major t o o l  a v a i l a b l e  fox fine t u n i n g  

t h e  design of a n  fPB p r o g r a s .  



I n  a n  a g r o e c o s y s t e a  the c r o p  h o s t  p l a n t  is t h e  d o a i n a n t  

l i f e  f o r m ,  a n d  affects fn sose degree a l l  o t h e r  f o r m  p r e s e n t .  

G e n e t i c a l l y  a l t e r i n g  t h e  c r o p ,  i s  t h e r e f o r e  a p o t e n t  means  of 

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

and t h e  s u s c e p t i b i l i t y ,  t o l e r a n c e ,  or a t t r a c t i v e n e s s  o f  a 

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

p o p u l a t i o n s .  As well, t h e  q u a l i t y  a n d  q u a n t i t y  of r o o t  e x u d a i e s  

of e a c h  c u l t i v a r  may effect  the ~ i c r o f l o r a l  b a l a n c e  i n  t h e  s o i f .  

A c c o r d i n g  to Baker and Cook (1982), r o o t  e x u d a t i o n  and t h e  

r e s u l t i n g  r b i z o s p h e r e  c h a n g e s ,  are - t h e  fac tors  o f  g r e a t e s t  

s i g n i f i c a n c e  i n  r o o t  d i s e a s e  i n i t i a t i o n * ' .  V a r i a t i o n s  i n  t h e  

q u a l i t y  of r oo t  e x u d a t e s  a r e  known t o  f o s t e r  c h a n g e s  i n  t h e  

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

t h e  s o i l  (Schroth a n d  H i l d e b r a n d  1 9 6 4 ) .  I n  some cases t h e s e  

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

t h e  g e r m i n a t i o n  of p r o p a g u l e s ,  or  by d e c r e a s i n g  t h e  i n h i b i t i o n  

of d i s e a s e  a g e n t s  through c o n p e t i t i o n  a n d  a n t a g o n i s m .  T h e  

classical e x a m p l e  o f  this is  a s t u d y  o f  t h e  f l a x  r h i z o s p h e r e  by 

L o c h h e a d  93 st. (1959) . A l t h o u g h  S c h r o t h  a n d  H i l d e b r a n d  

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

f i n d i n g s ,  t h e  f i e l d  r a s i s t a n c e  of c e r t a i n  flax u a ~ i e t i e s  

a p p e a r e d  t o  stem f r oa  t h e i r  f a v o r i n g  r h i z o s p h e r e  g r o w t h  o f  

R u c o r  P e n i c i l l i u m  and x&is&&gggp, w h e r e a s  s u s c e p t i b l e  -----& , L  

v a r i e t i e s  f a v o r e d  &&&g&gag&q a n d  E s g g & g .  



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

number  of f a c t o r s  w h i l e  s e l e c t i n g  c u l t i v a r s  f o r  commercial use* 

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

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

n e c e s s a r y  f o r  commercial s u c c e s s ,  i n c l u d i n g  f r u i t  q u a l i t y ,  

y i e l d ,  ease of c a p p i n g ,  w i n t e r h a r d i n e s s ,  etc. When a pest 

becoaes a s e r i o u s  l i m i t i n g  f a c t o r ,  h o w e v e r ,  r e s i s t a n c e  t o  it gay 

be s o u g h t .  S u c h  is t h e  case u i t h  t h e  a p h i d - b o r n e  v i r u s e s ;  o n c e  

i n f e c t e d ,  t o d a y ' s  p o p u l a r  v a r i e t i e s  are n o t  t o l e r a n t  e n o u g h  of 

t h i s  e v o l v i n g  c o B p l e x  t o  r a a i n t a i n  e c o n o m i c  y i e l d s  for  l o n g .  

O t h e r  p e s t  p r o b l e m s  v h i c h  are b e i n g  bred a g a i n s t  i n  t h e  PMH 

i n c l u d e  f r u i t  r o t s ,  t u o - s p o t t e d  s p i d e r  mites, red stele, a n d  

powdery m i l d e u .  I n  the f u t u r e ,  r e s i s t a n c e  t o  n e m a t o d e s ,  r o o t  

u e e v i f s ,  a n d  a p h i d s  m y  b e  c o n s i d e r e d  (Daubeny pess .  c o s m * ) .  

T h e s e  p r i o r i t i e s  are l i a b l e  t o  c h a n g e  as new p e s t  p r o b l e a s ,  

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

a t  l e a s t  1 5  y e a r s  of c r o s s i n g  a n d  t e s t i n g ,  a n d  much e x p e n s e  t o  

p ~ o d u c e  a new v a r i e t y ,  o n l y  t h o s e  p e s t  p r o b l e a s  of h i g h  i n j u r y  

p o t e n t i a l ,  an& t h o s e  v h i c h  c a n n o t  be  adequate3 .y  c o n t r o l l e d  hp 

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

I n  t h e  PNW, 20 o r  store f a c t o r s  are c o n s i d e r e d  i n  s t r a u h e r r y  

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

i m m e n s e l y .  I n  s e l e c t i n g  f o r  s o  many c h a r a c t e r i s t i c s ,  a c h i e v e a e n t  

of less t h a n  o p t i m a l  p o t e n t i a l  may h a v e  t o  be a c c e p t e d  i n  some. . 

I n  c o n t r a s t ,  s t r a w b e r r y  b r e e d i n g  i n  southern C a l i f o r n i a  is a o s e  

s t r a i g h t f o r u a r d .  T h e r e ,  t h e  fields are f u m i g a t e d  a n d  r e - p l a n t e d  



y e a r l y ,  so t h a t  r e s i s t a n c e  t o  a r t h r o p o d s  and  d i s e a s e s  is n o  

l o n g e r  a c o n s i d e r a t i o n  * T h e  b ~ e e d e r  i s  t h u s  free t o  select 

l a rge ly  f o r  h i g h  y i e l d  and f r u i t  of g o o d  s h i p p i n g  q u a l i t i e s .  

T h e s e  v a r i e t i e s  g i v e  t h e  C a l i f o r n i a  g r o w e r  a l a r g e  a a v a n t a g e  i n  

r i e l &  b u t  t h e y  a r e  u s e l e s s  i n  the PNY w h e r e  t h e  p l a n t s  m u s t  

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

R e s i s t a n c e  t o  p e s t s  i n  s t r a w b e r r i e s  f a l l s  i n t o  t h e  a r e a s  of 

field r e s i s t a n c e ,  r a c e - s p e c i f i c  r e s i s t a n c e  a n d  t o l e r a n c e .  T h e  

v a r y i n g  a b i l i t y  o f  s t r a u b e r r y  v a r i e t i e s  t o  p r o s p e r  af ter  

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

t o l e r a n c e .  O f t e n  t o l e r a n c e  t akes  t h e  form of i n c r e a s e d  v i g o r ,  a n  

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

s t r a w b e r r y  roo t s  d e s t r o y e d  by  red s te le  is a n  e x a m p l e  of 

t o l e r a n c e ,  a l t h o u g h  i t  is sosetiaes c o n s i d e r e d  t o  b e  f i e l d  

r e s i s t a n c e  ( G o o d i n g  f 9 ? 2 ) .  T o l e r a n c e  is a l s o  f o u n d  a g a i n s t  r o o t  

w e e v i l s  (Cram f 9 7 8 ) .  

T o l e r a n t  v a r i e t i e s  a re  able t o  grow and produce p r o f i t a b l e  

c r o p s  i n  t h e  p r e s e n c e  o f  a p a r a s i t e ,  even t h o u g h  t h e p  do n o t  

limit its p o p u l a t i o n .  In c o n t r a s t ,  r e s i s t a n t  v a r i e t i e s  h a v e  

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

a n d  r e p r o d u c t i o n  o f  t h e  pest* H o t  a l l  t y p e s  o f  r e s i s t a n c e  are 

e q u a l l y  u s e f u l  a g a f n s t  s t r a w b e r r y  p e s t s .  S p e c i f i c ,  o r  v e r t i c a l  

r e s i s t a n c e ,  h a s  been  e x p l o i t e d  e x t e n s i v e l y  a g a i n s t  r e d  s tele 

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

t h e  a c t i o n s  o f  g e n e s  for r e s i s t a n c e  (R-genes)  i n  t h e  h o s t ,  w h i c h  

i m p a r t  a n e a r  i t sn tun i ty  t o  s p e c i f i c  races o f  t h e  p a t h o g e n .  I n  



response a a n y  p a t h o g e n s  are a b l e  t o  e v o l v e  g e n e s  w h i c h  key f o r  

t h e  s p e c i f i c  p r o c e s s e s  n e e d e d  t o  o v e r c o a t e  t h e  h o s t  R - g e n e s .  A 

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

q u i c k l y  o v e r c o a e s  t h e  h o s t t s  s p e c i f i c  r e s i s t a n c e ,  w h i c h  is t h e n  

s a i d  t o  break d o u n .  T h i s  p r o c e s s  was c l e a r l y  d e m o n s t r a t e d  b y  

G a l l e g l y  a n d  N i e d e r h a u s e ~  (1959) w o r k i n g  w i t h  fate b l i g h t  s f  

p o t a t o ;  t h a t  a v e r y  s imi la r  s i t u a t i o n  e x i s t e d  i n  r e d  s te le  of 

s t r a w b e r r y  was n o t e d  by  C o n v e r s e  (1967). T h e  e v o l u t i o n  of new 

r ace s  of  b o t h  l a t e  b l i g h t  a n d  re4 stele was s e e n  a s  a d i r e c t  

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

i n c l u s i o n  of s t r o n g  B - g e n e s  i n  n e u  v a r i e t i e s .  C o s v e ~ s e  (1967) 

s u p p o r t e d  this w i t h  e v f d e n c e  t h a t  t h e  i n c i a e n c e  o f  new races of 

Phyto&&bbgg f ~ u f i a g  i n  O r e g o n  f i e l d s  was r e l a t e d  t o  t h e  -- 
forcer presence of v a r i e t i e s  h a v i n g  s t r o n g  B - g e n e s .  E ,  ffa~ari5fe 

r a p i a l y  o v e r c o s e s  t h e  i n c o r p o r a t i o n  of s i ~ p l e  R - g e n e s  i n t o  t h e  

h o s t  b y  its h i g h  rates of s e x u a l  and a s e x u a l  r e ~ o ~ ~ b i n a t i o # I s .  

S p e c i f i c  r e s i s t a n c e  is t h u s  u s e f u l  a g a i n s t  red s te le  f o r  a 

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

I n  f 949, when  Scot t  & & discovered the s e c o n d  race of r e d  

s tele i n  R a s y f a n d ,  t h e y  c o m m e n t e d  p r o p h e t i c a l l y :  @ * B r e e d i n g  f o r  

r e s i s t a n c e  t o  red stele i n  s t r a w b e r r i e s  appears sore i n v o l v e d  

t h a n  was o r i g i n a l l y  b e l i e v e d  t o  be  t h e  case s i n c e  a t  p r e s e n t  n o  

v a r i e t y  is k n o u n  t o  be r e s i s t a n t  t o  b o t h  of t h e  s t r a i n s  now 

r e c o g n i z e d w .  S i n c e  t h e n  10 o r  more races h a w e  a p p e a r e a  w o r f a w i d e  . 

and many resistant c u l t i v a r s  h a v e  b e e n  r e l e a s e d  w h i c h  h a d  

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



The p r e s e n c e  of s p e c i f i c  r e s i s t a n c e  i n  strawberries s u c h  a s  

t h a t  t o  r ed  s tele,  i s  r a t h e r  a n o a a l o u s .  G e n e r a l l y ,  d i s e a s e  

r e s i s t a n c e  is i n h e r i t e d  q u a n t i t a t i v e l y ,  i s  a d d i t i v e ,  a n &  is 

a o d e r a t e l y  t o  h i g h l y  h e r i t a b l e  (Galfeta 7 9 8 0 ) .  P h i s  p o i n t s  t o  a 

p o f y g e n i c  i n h e r i t a n c e  of n o s t  traits, u h i c h  is  t o  b e  e x p e c t e d  

w i t h  t h e  s t r a w b e r r y ' s  o c t o p l o i d  n a t u r e  a n d  h i g h  h e t e r o g e n e i t y .  

Z a p l i c i t  i s  the p o l y g e n i c  q u a l i t y  e x p e c t e d  i n  f i e l d ,  o r  

h o f i z o n t a l  r e s i s t a n c e .  T h e s e  tertns are b e s t  u s e d  i n  a n  

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

c l o n e  p r o s p e r s  i n  t h e  p r e s e n c e  of p e s t s  i n  t h e  f i e l d .  T h i s  

e n c o a p a s s e s  t o l e r a n c e  of p e s t s ,  d r o u g h t  t o l e r a n c e ,  

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

u n d e t e c t e d  s p e c i f i c  r e s i s t a n c e ,  and overall v i g o r .  B c u l t i v a r  

w i t h  h i g h  f i e l d  r e s i s t a n c e  has accurufated a a n y  b e n e f i c i a l  g e n e s  

u h i c h  ac t  i n d e p e n i i e n t l y  o n  t h e  plant t o  i u t p a r t  r e s i s t a n c e .  This 

t y p e  of r e s i s t a n c e  o p e r a t e s  i n  a l l  p l a n t s  a t  soae level. F i e l a  

r e s i s t a n c e  is s t a b l e  b e c a u s e  s i m p l e ,  B e n d e l i a n  c h a n g e s  i n  the 

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

e f f e c t s  of & a n y  g e n e s .  T h e  p a t h o g e n  is  t h u s  n o t  c o n f r o n t e d  w i t h  

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

new races. 

All r e s i s t a n c e  n o t e d  s o  f a r  t o  v e r t i c i l f i n i n  w i l t  has been 

f i e l d  r e s i s t a n c e .  ( V a r n e y  92 &. 1 9 5 9 ,  B r i n g h u r s t  82 a. 1967) .  

High r e s i s t a n c e  t o  w i l t  may,  h o w e v e r ,  b e  c o r r e l a t e d  w i t h  low 

y i e l d ,  and t h i s  is p o s s i b l y  o n e  reason why t h e r e  are s o  few w i l t  

r e s i s t a n t  v a r i e t i e s  a v a i l a b l e  ( B r i n g h u r s t  eg g&. 7 9 6 7 ) .  



R e s i s t a n c e  t o  r e d  stele is n o t  l i m i t e d  t o  t h a t  of a 

specific nature. Breeders a t  t h e  H o r t i c u l t u r e  S t a t i o n  a t  

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

v a r i e t i e s  i n  t h e  1950s and the work c u l m i n a t e d  i n  t h e  release o f  

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

s e v e r a l  s f  w h i c h  are  w i d e l y  g r o w n  i n  Great B r i t a i n  ( G o o d i n g  

1972 ,  1973) .  T h e  two a o s t  s u c c e s s f u l  a n d  v i g o r o u s  c u l t i v a r s  i n  

t h e  PRY t o d a y ,  T o t e m  a n d  B e n t o n ,  b o t h  p o s s e s s  some f i e fa  

r e s i s t a n c e  t o  red stele  (Daubeny  , L a w r e n c e  p e r s .  corn& .) , 

a l t h o u g h  e v e n  t h i s  may be l o s i n g  its e f f e c t i v e n e s s  ( P e t e r s  pers. 

comm.) . 
There is a l s o  i n t e r e s t  i n  t h e  PIE i n  b r e e d i n g  c a l t i v a r s  

r e s i s t a n t  or  t o l e r a n t  t o  n e m a t o d e s  a n d  r o o t  w e e v i l s  (Daubeng 

pers. coma.). T h e  f i n d i n g s  of Cran (1978, 1980, Cram a n d  D a u b e n y  

1982) a n d  S h a n k s  ( 1 9 8 2 )  a p p e a r  t o  p o i n t  t o  the f e a s i b i l i t y  of 

r e s i s t a n c e  t o  u e e v i l s .  I n  o n e  test, c u  T o t e @  u a s  t h e  b e s t  of 

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

w e e v i l s  f e d  o n  t h e  leaves of cv T y e e  uefe s i g n i f i c a n t l y  less 

f e r t i l e  a n d  t h e  v i a b i l i t y  of t h e i r  eggs was r e d u c e d  r e l a t i v e  t o  

t h o s e  f e d  other v a r i e t i e s .  Several  n s a a t o d e s ,  including t h e  r o o t  

l e s i o n ,  h a v e  been m o r e  i n j u r i o u s  t o  c e r t a i n  s t r a w b e r r y  v a r i e t i e s  

t h a n  t o  o t h e r s ,  s h o w i n g  t h a t  soae  l e v e l  of r e s i s t a n c e  is 

p o s s i b l e  f S z c z y g i e l  a n d  D a n e k  1974) . 



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

d e f i n i t i v e  effect o n  p e s t  p r o b l e s s ,  Uhen these p r a c t i c e s  are 

m n i p u f a t e d  so  as t o  depress p e s t  p o p u l a t i o n s ,  t h e y  become  

c u l t u r a l ,  o r  @ a n a g e r i a l  c o n t r o l s .  C u l t u r a l  c o n t r ~ l s  o f t e n  work 

by i n c r e a s i n g  t h e  h e a l t h  of c r o p  p l a n t s ,  r a t h e r  t h a n  by O i r e c t f p  

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

effect  o n  e c o s y s t e m  diversity o r  t h e  b e n e f i c i a l  o r g a n i s m s  

t h e r e i n .  C u l t u r a l  c o n t r o l s  serve a l o n g - t e x a ,  g u i d i n g  f u n c t i o n  

i n  a g r o e c o s y s t e a s ,  a n d  are i n t e g r a t e d  w i  t h  o t h e r  a q r o n o ~ i c  

p r a c t i c e s .  

Mo m a s u r e  w i l l  a f fec t  t h e  d e v e l o p m a n t  of pest p r o b l e m s  t o  

a greater e x t e n t  t h a n  t h e  s e l e c t i o n  of c rop  l a n d ,  Strawberries 

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

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

m u s t  b e  m e t .  Strawberries t h r i v e  i n  a p e r f e c t l y  d r a i n e d ,  deep, 

s a n d y  loas s o i l .  i h i g h  o r g a n i c  matter c o n t e n t  is v e r y  

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

f e r t i l i z a t i o n  p r o g r a m .  T h i s  is t h e  case i n  p a r t s  o f  C a l i f o r n i a ,  

where the s o i l s  are l a r g e l y  s a n d .  T h e  soils used f o r  s t r a w b e r r y  + 

p r o d u c t i o n  i n  t h e  P B V  are o f  t h r e e  t y p e s  ( f r e n k e l  1979)=  T h o s e  

i n  0 . C .  a n d  most of W a s h i n g t o n  a r e  young, u e f l - d r a i n e d  



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

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

t h e  s u b - s t r a t a .  I n  t h e  T u a l a t i n  a n d  west Yil laset te  Va l l eys  o f  

O r e g o n  are r f c h  a n d  f r i a b l e  i s o l l i s o l s ,  u s u a l l y  gel3 d r a i n e d  b u t  

w i t h  c l a y - r i c h  s u b - s t r a t a  wh ich  aay h o l d  uater. further east i n  

t h e  Willamette Valley are h e a v i l y  w e a t h e r e d  a n d  l e a c h e d  

u l t i s o l s ,  v e r y  v e l l  d r a i n e d  b a t  less f e r t i l e ,  T h e  s o i l s  o f  t h e  

PN# ate y o u n g ,  o f t e n  o n l y  1 O O O  years o l d ,  a n d  h a v e  n o t  yet 

d e v e l o p e d  a h a r d p a n  l a y e r .  T h i s ,  h o w e v e r ,  c a n n o t  be c o u n t e d  'on ;  

t h e  P u y a l f u p  s o i l s  of t h e  S k a g i t  Yafley have  e n o u g h  h a r a p a n  

f o r m a t i o n  t o  t r a p  s t a n d i n g  water i n  t h e  w i n t e r  ( H a l l o c k  3939)  . 
In a d d i t i o n  t o  g o o d  d r a i n a g e ,  s o i l  d e p t h  is  i a p o r t a n t  for  t h e  

b e s t  root  d e v e l o p m e n t .  Under  idea l  c a n d i t i o n s ,  s t r a u b e r r y  roots 

c a n  grow t o  d e p t h s  o f  t O feet ( g i l h e l i r t  and N e l s o n  I W O ) ,  and s o  

a s h a l l o w  soil may limit r o o t  a n d  p l a n t  g r o w t h .  

T h e  topography of a p r o s p e c t i v e  s i te  s h o u l d  neet s e v e r a l  

criteria. An ideal site is a yentle s l o p e  for surface water a n d  

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

t h e  s p r i n g .  Good a i r  d r a i n a g e  is especially i m p o r t a n t  t o  a v o i d  

f r o s t  d a m a g e  t o  t h e  c r o w n s  a n d  flowers i n  t h e  s p r i n g ,  and 

p r o b l e a s  with & i f d e w  a n d  f r u i t  r o t  i n  t h e  suamer .  

L a s t l y ,  the c r o p p i n g  h i s t o r y  of t h e  l a n d  s h o u l d  b e  known. 

g e r g f ~ i l l i u s ,  r e d  s tele,  n e ~ a t o d e s ,  a n d  o t h e r  r o o t  p e s t s  may 

i n f e s t  the soil and r e ~ a i n  a p r o b l e n  f o r  years. 

Very few lands c a n  be e x p e c t e d  t o  meet a l l  of t h e s e  

c r i te r ia ,  a n d  e c o n o a i c  factors, s u c h  as t h e  p r o x i m i t y  t o  



n a r k e t s ,  h o u s i n g  s t a r t s ,  l a b o r  supply, a n d  l a n d  c o s t s  w i l l  

d i c t a t e  the a v a i l a b i l i t y  o f  l a n d .  l e v e r t h e l e s s ,  f o r  t h e  

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

s i t e  m e e t i n g  m o s t  o f  t h e s e  c r i t e r ia  s h a u l d  be s o u g h t B  

C r o g  r o t a t i o n  --- ------ 

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

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

a v a i l a b i l i t y  of c h e a p  c h e m i c a l  f e r t i l i ze r s  a n d  p e s t i c i d e s ,  i t  

h a s  n o t  b e e n  r e s o l u t e f y  a p p l i e d  i n  many c r o p s  i n  N o r t h  E ~ e r i c a  

i n  t h e  l a s t  s e v e r a l  d e c a d e s .  This s i t u a t i o n  Bay c h a n g e ,  however, 

an& as  o v e r h e a d  c o s t s  i n c r e a s e ,  r o t a t i o n  may a g a i n  b e  

c o n s i d e r e d .  A t  p r e s e n t ,  many g r o u e r s  i n  t h e  PNW take t h e i r  l a n d s  

o u t  o f  strawberries f o r  s e v e r a l  g e a r s  b e t w e e n  p l a n t i n g s ,  and 

s o e e  use c o v e r  c r o p s ,  b u t  few u s e  a s t r u c t u r e d  r o t a t i o n  O e s i g n e d  

e x p r e s s l y  f a r  g a i n s  i n  c o n t r o l  of  s o i l b o r n e  pests a n d  toot 

health. T h e  b e n e f i t s  o f  r o t a t i o n  a r e  i n c r e a s e d  s o i l  f e r t i l i t y ,  

o r g a n i c  ~ a t t e r ,  a n d  s t r u c t u r e ,  a n d  some c o n t r o l  o f  w e d ,  

a r t h r o p o d ,  and disease p e s t s .  R o t a t i o n  i n c r e a s e s  t h e  

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

b i o l o g i c a l  b a l a n c e  (Cook 19021, a n d  thus  c e r t a i n  p e s t s  Ray be  

n a t u r a l l y  c o n t r o l l e d *  T h e  p r a c t i c e s  of c o v e r  c r o p p i n g  and  s t r i p  

c r o p p i n g  o f t e n  h a v e  t h e s e  effects a s  vell. Some of  t h e  e f f e c t s  

t h a t  r o t a t i o n  h a s  o n  t h e  s a i l  e c u s y s t e ~  are i l l u s t r a t e d  i n  F i g .  

4. T h i s  a n d  F i g s ,  6-8 were d e s i g n e d  t o  b e  g r a p h i c  a n d  a c c e s s i b l e  



d i s p l a y s  of the effects of c o n t r o l  weasures  on t h e  important 

soil l i feforms.  By necessity, aany effects have been 

g e n e r a l i z e d ,  and n o t  a feu are b e s t  guesses. A l l  are assumed t o  

occur within 112  fear of application, and the chemicals to b e  

a p p l i e d  a t  stantiara rates. 
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* D i r e c t  and i n d i r e c t  e f f e c t s  on 
s t r a w b e r r y  r oo t s .  



R o t a t i o n s ,  a s  p r a c t i c e d  g e n e r a l l y ,  i n c l u d e  a legume t o  

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

o r g a n i c  matter a n d  t i l t h .  D e e p - r o o t e d  c r o p s  of e i t h e r  t y p e  are 

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

An i n t e r - t i l l e d  c a s h  c r o p  a l lows m e c h a n i c a l  or h e r b i c i d a l  

c l e a n - u p  of weedsc N o x i o u s  p e r e n n i a l  weeds c a n  be e l i s t i n a t e d  

t h r o u g h  t h e  u s e  o f  s a o t h e r  c r o p s ,  I n  some cases, i n s e c t s  and 

n e m a t o d e s  are c o n t r o l l e d  by s t r u c t u r e d  r o t a t i o n s ,  

C o n t r o l  of r o o t  d i s e a s e s  is o n e  of t h e  g r e a t e s t  b e n e f i t s  of 

r o t a t i o n ,  T h e  p r o c e s s e s  of d i s e a s e  s u p p r e s s i o n  a r e  c o m p l e x ,  b u t  

t h e y  f a l l  i n t o  f o u r  g e n e r a l  areas: 

I )  Decreases i n  p a t h o g e n  i n o c u l u a .  O o s p o r e s ,  

c h l a m y d o s p o r e s ,  an6 other p r o p a g u l e s  die off  i n  t h e  absence of a 

h o s t *  Huch m o r t a l i t y  i s  f r e a  p r e d a t i o n  a n d  p a r a s i t i s m ,  b u t  

spores are a l s o  s u b j e c t  t o  s t a r v a t i o n  and d e s i c c a t i o n t  

2 )  D i s p l a c e s e n t  o f  p a t h o g e n i c  s t r a i n s  by t h o s e  less so t  

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

e s p e c i a l l y  a d a p t e d  t o  t h e  h o s t .  Vhen the h o s t  r o o t s  ane r e a o v e 6  

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

less p a t h o g e n i c  strains more a d a p t e d  t o  h a n d l e  a v a r i e t y  of 

c a r b o n  s o u r c e s .  T h i s  Is especially true of d a m a g i n g  f a c u l t a t i v e  

p a r a s i t e s  s u c h  as &tt&., w h i c h  e x i s t s  a s  a number  of s p e c i e s  

of v a r y i n g  c a p a b i l i t i e s  i n  u h e a t  (Cook p e r s .  comm*), a n d  

s t r a w b e r r i e s  ( B a a s  19841, Nematodes are also  known t o  form 

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

( T h o r n e  1963). I n  some c a s e s ,  a n t a g o n i s m  c a u s e s  d i s p l s t c e ~ e n t ~  I n  



E g % g ~ @ g ,  s t r a i n s  of  low p a t h o g e n i c i t y  Bay fill t h e  roo t  n i c h e s  

t h a t  m o r e  aggress ive  s t r a i n s  u o u f d  claim if they Mere n o t  

f n h i b i t e d  b y  s o i l  a n t a g o n i s t s  { R o v i r a  1 9 8 2 ) .  

3) I n c r e a s e s  i n  a n t a g o n i s t i c  microf l o r a .  E a c h  c r o p  p l a n t  

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

b e y o n d ,  B a c t e r i a ,  p r i n c i p a l l y  n o n - s p o r i n g  p s e u & o m o n a d s ,  s h e a t h  

t h e  r o o t s  w i t h  u p  t o  a b i l l i o n  ce l ls  p e r  g r a a  (Alexander 1961) .  

Also p r e s e n t ,  b u t  less n u n e r o u s ,  are a c t i n o m ~ c e t e s ,  and an 

a s s o r t m e n t  of f u n g i  i n c l u d i n g  a y e o r r h i z a e ,  m~3, ~ e n i c i l l i u f f l ~  

Gqpauni, and  &&oct:og& ( A l e x a n d e r :  f 9 6 2 ) .  By c o n t p e t i n g  f o x  

n i c h e s  o n  t h e  roo t s ,  much of t h i s  a i c ro f lo r a  is a n t a g o n i s t i c  a n 6  

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

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

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

a m e n d m e n t s ,  an& r o t a t i o n s  ( G a r r e t t  1356). I n  a c f a s s i c  work 

w h i c h ,  h o w e v e r ,  v o u l a  h a v e  benefited f f o ~  f u r t h e r  r e p l i c a t i o n s ,  

H i f d e b r a n d  and West (1  941) s h o u e d  t h a t  r e p e a t e d l y  i n c o r p o r a t i n g  

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

s t r a w b e r r y  p l a n t  u e i g n t s ,  T h i s  was re la t ed  t o  t h e  d e v e l o p m e n t  of 

a u n i q u e  a i c r o f l o r a  by e a c h  t r e a t w e n t o  T h e  s o y b e a n  s o i l ,  

a l t h o u g h  favoring h i g h  c o u n t s  of  t h e  p a t h o g e n ,  g h i e l a v i o p s i s  

&@colp, p r o d u c e d  p l a n t s  w i t h   health^ r o o t s  a n &  h i g h  dry 

u e i g h t s .  x, basizag is n o t  p a t h o g e n i c  t o  s t r a w b e r r y  and t h u s ,  

i n  t h i s  case, may h a v e  b e e n  a c t i n g  a s  a b e n e f i c i a l  a n t a g o n i s t .  

The t y p e s  of bac te r ia  f o u n d  i n  t h e  r b i a o s p h e r e  a l s o  a p p e a r e d ,  i n  

t h i s  w o r k  as well as i n  t h a t  of iaest and L o c h h e a i l  (1940) a n d  



R o u a t t  an& A t k i n s a n  (1950)  t o  b e  r e f a t e d  t o  t h e  d a m a g e  f r o m  r o o t  

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

l a ~ g e  n u m b e r s  on r o o t s  w h e r e  d i s e a s e  was s u p p f e s s e d ,  b u t  where 

h e t e r o t r o p h i c  b a c t e r i a  sere p r e v a l e n t ,  r o o t  r o t  was much worse, 

S u p p o r t i n g  t h e s e  r e s u l t s ,  Cook (1982) f o u n a  that f l u o r e s c e n t  

p s e u d o m o n a d s  froa the r h i z o s p h e r e  of w h e a t  c a r r y  o v e r  from y e a r  

t o  y e a r  a n d  are i m p o r t a n t  a n t a g o n i s t s  of E g e u m a n n g & y " s  

gpg&&s, tho agent i n  t a k e - a i l ,  o f  w h e a t .  I n t e r e s t i n g l y ,  i n  t h i s  

case, a n t a g o n i s m  is  f a v o r e d  n o t  by r o t a t i o n ,  b u t  by t h e  

m o n o c r o p p i n g  of w h e a t  f o r  six o r  more p a r s ,  

4 )  F u n g i s t a s i s ,  F u n g i s t a s i s  is a n  u n d e f i n e d  f a c t o r  i n  the 

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

r e d u c i n g  p a t h o g e n e s i s .  The  mechan i sm b e h i n d  t h i s  i s  t h o u g h t  t o  

be a n  i n s u f f i c i e n c y  of n u t r i e n t s ,  b u t  a n t i b i o s i s  say also p l a y  a 

p a r t  (Baker met Cook 1 9 8 2 )  a C r o p  r o t a t i o n  may i n c r e a s e  

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

e c o s y s t e a *  Legumes  i n  p a r t i c u l a r ,  a r e  a fe r t i le  s o u r c e  o f  

n i t r o g e n  and c a r b o n  coa tpounds ,  a n d  p r o d u c e  a  c o a p l e x ,  

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

( A l e x a n d e r  1 9 6 1 ,  B a k e r  and  Cook l 9 8 2 ) ,  

A p o t e n t i a l l y  i f f l p o r t a n t  a s p e c t  o f  green m a n u r i n g  is 

p h y t o t o x i n  b u i l d - u p s  f r o m  i n c o r p o r a t e d  c r o p  r e s i d u e s  { P a t r i c k  e& 
a l .  1963, f96Y) .  f n  c o o l ,  w a t e r l o g g e d  s o i l s ,  p l a n t  m a t e r i a l  may --- 
break doun  ta t o x i c  o r g a n i c  c a m p o u n d s  s u c h  as w e t h a n e ,  acetic,  

l a c t i c  and f o r s l i c  acids. a n a e r o b i c  d e c o ~ ~ p o s i t i o n  products of 

quack grass, for exaaple, are g t e x t r e m e f y  t o x i c  t o  tes t  p l a n t s w ,  



and e x t r a c t s  of red clover can b e  toxic t o  strawberries, T h e  

stress t h a t  c o s p o u n a s  s u c h  a s  these place  on plant roo t s  h a s  

been related to  root  d i s e a s e  e t io logy  i n  a nusther o f  lab tests 

(Cochrane 1946) .  T h e  generat ion of phptotoxins i s  much reduced 

i n  well aerated soils, and little a c t i ~ i t y  is not iced  a f t e r  40  

d a y s  (Patrick & =&. 1963) . 
In designing a ro ta t ion ,  the f i r s t  step is  t o  s t u d y  t h e  

host-ranges of t h e  k e y  pests. T h e  s u i t a b i l i t y  o f  various 

a l t e r n a t i v e  crops is  shown i n  Table 3 .  



Root p e s t  : 

r o o t  1 e s i o n  
nematode 

r o o t  1 e s i o n  
nematode 

r o o t  l e s i o n  
nema t o d e  

Table  3 .  Crop s u i t a b i l i t y  f o r  r o t a t i o n  w i t h  s t r a w b e r r y  

Host s t a t u s :  

Poor Moderate Good 

r o o t  l e s i o n  
nerna t o d e  

s t r a w b e r r y  t imothy  
a l s i k e  c l o v e r  
red  c l o v e r  
beans 
" g r a i  ns"  

Sudan g r a s s  r y e g r a s s  ve tch  
mari go1 d sweet  c l o v e r  rape  

brome g r a s s  o a t s  
soybeans 

r o o t  l e s i o n  rnus t a r d  
nematode 

wheat 
o a t s  

corn  
soybeans 

wheat t imothy  
cabbage w h i t e  sweet 
red  c l o v e r  c l  over  
a1 s i  ke c l o v e r  b lack medic 

b e e t  p o t a t o  
s t r a w b e r r y  o a t s  
d a f f o d i l  rY e 

wheat 
toma t o  
on ion  
c a r r o t  
ba r l  ey  

dagger  c r u c i  f e r s  
nematode cucumber 

c o r n  
w h i t e  c l o v e r  

need1 e onion 
nematode b e e t  

c r u c i  f e r s  
r a s p b e r r y  
p o t a t o  
min t  

peas 
toma t o  
bl u e b e r r y  

peas 
red  c l o v e r  

Reference : 

Morgan and 
C o l l i n s  1963 

YacDonal d and 
?!ai 1963 

F e r r i s  and 
Bernard 1963 

Townshend and 
Davidson 1960 

Oostenbr ink 1960,  
197  2 

s t r a w b e r r y  Mc El r o y  1972 
rY e 
p o t a t o  
r a s p b e r r y  
o r c h a r d  g r a s s  

r y e g r a s s  Thomas 1969 
red  c l o v e r  
w h i t e  c l o v e r  



Table 3 .  Continued 

Root pe s t :  Host s t a t u s  : 

Poor Moderate Good 

ve r t i c i l l i um ce le ry  caneberri es Peppers 
w i l t  asparagus cabbage toma to  

c a r r o t  brussel eggpl ant  
cereal s  sprouts potato 
l e t t u c e  cucumber 
beans purnpki n 
peas strawberry 

radish 
spinach 

Reference : 



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

c o n t r o l l e d  by r o t a t i o n  because of t h e i r  b r o a 8  h o s t - r a n g e ,  b u t ,  

as n o t e d  b y  O o s t e n b r f n k  ( Igf iO) ,  a y e a r  o r  two o f  a 

n o n - s u s c e p t i b l e  c r o p  c a n  have  a p r o n o u n c e d  effect o n  o t h e r  

p e s t s .  f u m i g a t i o n ,  u h i c h  is n e v e r  100% e f f e c t i v e ,  c a n  be g r e a t l y  

c o e p l e s e n t e d  b y  s u i t a b l e  r o t a t i o n s .  U l t i m a t e l y ,  &ue t o  s l o w e r  

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

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

s t r a w b e r r i e s  were r i g o r o u s l y  r o t a t e d  w i t h  c l o v e r  and  p o t a t o &  

( T r e h e t n e  1 9 1 4 ,  iiilcox & p&. l 9 3 4 ) ,  but i t  is now known t h a t  

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

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

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

of t h e  s e a s o n  t h a n  e x i s t e d  b e f o r e ,  a a k i n g  them p o o r  b r e a k  c r a p s  

w i t h  s t r a w b e r r i e s  ( O o s t e n b r i n k  1 9 6 0 )  . O v e r l o o k i n g  e c o n o m i c  

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

m i g h t  b e  s t r u c t u r e d  like t h i s :  ( A d a p t e d  f r o m  O o s t s n b r i n k  1 9 7 2 ) .  

1 )  1 p r e - p l a n t i n g ,  b r o a d - s p e c t r u i n  f u m i g a t i o n .  

2) S t r a u b s r r i e s ,  f o r  4 -5  y e a r s .  

3) Grass c r o p ,  f o r  2 p e a r s ,  s u c h  as w h e a t ,  oa ts ,  o r  rye. These 

are tolerant o f  t h e  r o o t  l e s i o n  n e t t t a t s d e  a n d  d o  n o t  f a v o r  

o t h e r  r o o t  p e s t s .  S o i l  o r g a n i c  matter a n d  s t r u c t u r e  are 

i n c r e a s e d .  



4)  R o w  crop,  f o r  2 years ,  s u c h  a s  a c r u c i f e r ,  b u l b ,  o r  r o o t  

crop. Not po ta to ,  These are poor hos t s  f o r  t h e  r o o t  l e s i o n  

nematode, and allow c lean  c u l t i v a t i o n  between rows. 

5) Soil t e s t e d  f o r  nematodes. Fuaigat ion.  Recolonization w i t h  

an tagonis t s .  Replant s t t a w b e r r i e s .  

Drainage ----- 

T h e  aaount of mois ture  i n  t h e  s o i l  has  a major in f luence  on 

disease organisas ,  Any pathogen e x h i b i t s  ~ p t i m a l  growth a t  some 

l e v e l  of moisture,  and t h i s  i s  r e l a t e d  either t o  its biology or  

t o  changes i n  s o i l  microf lora  by which i t  is f a v o r e d .  T h e  r o o t s  

of p l a n t s  are a l s o  s t r o n g l y  affected by a o i s t u r e ;  stress and 

v u l n e r a b i l i t y  occur i n  soils either too  wet o r  too  dry .  Since 

oxygen is excluded as water f i l l s  t h e  s o i l  pore spaces ,  water 

levels above f i e l d  capac i ty  quickly l ead  t o  anaerobic  

cond i t ions ,  a n d  t h i s  change leads t o  a q u a l i t a t i v e  turnover  of 

s i ic rof lora .  Hone of t h e  fungal  pathogens is a s t r i c t  anaerobe, 

but  Ooapcetes such a s  P s h i u  t h r i v e  i n  uaterlogged s o i l s .  Their 

growth is a i d e &  by t h e  stressed condi t ion  of oxygen-starved 

r o o t s  as well as by d i m i n i s h e d  antagonism •’row the ac t inoayce te s  

and I a p e r f e c t  fungi.  When t h e  s o i l  is dry,  v e r t i c i f l i u ~  w i l t  may 

be a problea,  f o r  al though its growth i s  not  favor& by  d r f  

s u b s t r a t e s ,  i t  is a b l e  to  grow a n d  cause d i s e a s e  a t  moisture 

l e v e l s  below those  t o l e r a t e d  by a n t a g o n i s t i c  b a c t e r i a  (Cook an& 



P a p e n d i c k  1972) .  T h e  soisture levels f a v o r i n g  the antagonistic 

a ic fo f lora  are generally t h e  saae as those most s u i t a b l e  for 

growth of clop plants (Fig. 5). 





T e c h n i q u e s  a v a i l a b l e  t o  a i d  d r a i n a g e  i n c l u d e  l a n d  s m o o t h i n g  

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

prevent s u r f a c e  s e a l i n g  by r a i n ,  an6 r e d u c i n g  t i l l a g e  w i t h  h e a v y  

l a a c h i n e r g  ( H a l  lock 1979,  Easter 1979) , Plastic t u b i n g  has 

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

laser l e v e l i n g  a n d  o n e - p a s s  b a c k f i l l i n g ,  has become v e r y  

e f f i c i e n t  ( E a s t e r  I 9 7 P ) .  W h i l e  n o t  p r e v a l e n t  i n  BwCw or  

Y a s h i n g t o n ,  a a n y  f i e l d s  i n  Oregon h a v e  b e e n  d r a i n e d  w i t h  p l a s t i c  

p i p e  S o f t  o n  c e n t e r s ,  This m i g h t  well b e  a f a c t o r  i n  t h e  . 

s o a e w h a t  h i g h e r  yields r e g u l a r l y  s e e n  t h e r e .  Open d i t c h  d r a i n a g e  

is a good a l t e r n a t i v e  to p l a s t i c  t a b i n g  where t h e  s o i l  t y p e  

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

b e t w e e n  t h e  r o w s  i n  t h e  fall wag be o f  g r e a t  b e n e f i t  i n  r e d u c i n g  

w i n t e r  r o t s  s u c h  as r z d  stele, The effects o f  d r a i n a g e  on the 

s t r a w b e r r y  r o o t  s y s t e m  are i l l u s t r a t e d  i n  F i g .  6 ,  
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* D i r e c t  and i n d i r e c t  e f f e c t s  on 
s t r awbe r r y  r o o t s .  



C e r t i f & &  stock 

The u s e  of p e s t - f r e e  p l a n t i n g  s t o c k  is o f  a a j o r  i a p o r t a n c e  

i n  s t r a w b e r r y  p r o d u c t i o n .  I n  past y e a r s ,  i n  t h e  PWU, n o  u s e f u l  

c e r t i f i c a t i o n  p r o g r a m  e x i s t e d ,  a n d  g r o v e r s  t o o k  t h e i r  c h a n c e s ,  

R e c e n t l y ,  a p r i v a t e l y  r a n  p r o g r a m  was b e g u n  t o  m o n i t o r  f o r  red 

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

s t o c k ,  t h e  several p r o d u c e r s  nou u s e  b r o a d - s p e c t r u n t  f u m i g a t i o n  

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

( B c E l r o y  p e r s .  comm.). The  g u a l i t p  o f  p l a n t i n g  s t o c k  a v a i l a b l e  

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

n o t  y e t  p e s t - f r e e  (Daubeny p e r s ,  corn.). 

f o u r  f ac tors  are of i i n p o r t a n c e  i n  j u d g i n g  p l a n t i n g  s t o c k :  

1 ) D i g g i n g  d a t e .  P l a n t s  dug  t o o  l a t e  i n  t h e  s p r i n g  may h a v e  
a l r e a d y  b r o k e n  d o r m a n c y ,  w h i c h  c a n  r e s u l t  i n  a w e a k e n e d  
p l a n t ,  a n d  p o o r  e s t a b l i s h a e n t  p e r c e n t a g e s .  

2 ) R o o t  r o t s .  T h e  p r e s e n c e  o f  black r o o t  r o t ,  o r  o t h e r  r o t s  o n  
t h e  stored p l a n t s  w i l l  reduce s u c c e s s  i n  e s t a b l i s h m e n t -  

3 ) R e d  stele, Red stele i m p o r t e d  o n  p l a n t i n g  s t o c k  n o t  o n l y  
f a v o r s  a n  o u t b r e a k  i n  t h a t  f i e l d ,  b u t  may r e s u l t  i n  t h e  
t r a n s p o r t  o f  new a n d  a g g r e s s i v e  s t r a i n s  of t h e  f u n g u s .  

4) R e a a t o d e s ,  N e m a t o d e s  o n  t h e  roots of p l a n t i n g  s t o c k  w i l l  
p r o v i d e  t h e  p o p u l a t i o n  base n e e d e d  t o  s u b s t a n t i a l l y  s h o r t e n  
t h e  l i f e - s p a n  of  t h e  p l a n t i n g .  



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

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

p a p e r .  If s a p r o p h p t i c  s o i l  f u n g i  s u c h  a s  zrichgddgna are n o t  

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

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

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

t h e  s o i l *  

T h e  mowing o r  t o p p i n g  of s t r a w b e r r y  p l a n t s  a f t e r  h a r v e s t  is 

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

f o l i a r  p e s t s  by  b r e a k i n g  t h e i r  life-cycles, a n d  r oo t  w e e v i l s  by  

r e s o v i n g  t h e f r  h i d i n g  p l a c e s ,  I t  also aids i n  h a n d - c l e a n i n g  t h e  

f i e l d s  of  weeds* ft is well t o  b e  aware however, t h a t  moo ing  w a y  

h a v e  u n d e s i r e d  r e s u l t s  sith r e s p e c t  t o  ne rna tode  d y n a m i c s ,  

MacOonald  a n d  aai ( I  963) an6 o t h e r s  h a v e  n o t e d  t h a t  severe 

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

f o r  r e p r o d u c t i o n  o f  r oo t  l e s i o n  n e m a t o d e s .  I n  a 2  1 /2  month 

p e r i o d ,  p o p u l a t i o n s  o f  t h i s  n e a a t o d e  i n c r e a s e d  by 3 - t o  2 0 - f o l d  

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

E x p e r i m e n t s  h a v e  n o t  been d o n e ,  t o  tuy k n o u l e d g e ,  o n  t h i s  e f f e c t  

i n  s t r a w b e r r i e s ,  b u t  i f  it s h o u l d  o c c u r ,  n o w i n g  m i g h t  h a s t e n  the 

r e - e s t a b l i s h s e n t  o f  t h i s  n e a a t o d e  a f t e r  E u t s i g a t i o n .  



S o l a r i z a t f  gq -------- 

T h e  i n t e n t i o n a l  p a s t e u r i z a t i o n  of s o i l s  b y  the s u n ' s  

r a d i a t i o n  is a v e r y  r e c e n t  d e v e l o p m e n t  b u t  it shows p r o m i s e  E o s  

r e d u c i n g  s o i l b o r n e  p a t h o g e n s  s u c h  as py-uumL F'gQ.tg=&Rt, a n d  

Y e r t i c j f l i u m .  T h e  p r a c t i c e ,  a s  i n s t i t u t e d  by  R a t a n  e& ----- ---- 
( l 9 ? 6 , 1 9 8 3 ) ,  c o n s i s t s  of c o v e r i n g  t i l l e d  and  i r r i g a t e d  s o i l  w i t h  

a t h i n  p o l y e t h e l e n e  f i l s  f o r  a fnon th  o r  so  i n  t h e  s u s a e r .  T h i s  

b e a t s  t h e  s o i l  t o  t e m p e r a t u r e s  of a r o u n d  SOC, w h i c h  is high 

e n o u g h  t o  k i l l  o r  weaken most p a t h o g e n s .  I n  a d d i t i o n  t o  a direct 

r e d u c t i o n  of i n o c n X u a ,  ~ i c r o b i a i  p o p u l a t i o n s  are s h i f t e d  towards 

beat r e s i s t a n t  a n d  n o n - p a t h o g e n i c  s a p r o b e s  ( K a t a n  gg gl, 1 9 7 4 )  . 
T h i s  s h i f t  i n v o l v e s  d i s p l a c e a e n t  af p a t h o g e n i c  b y  s a p r o p h y t i c  

fusar ia  ( K a t a n  g& 81. 1 9 8 3 ) ,  h e a t  s e n s i t i v e  g x t h i u m  SE& b y  

t h o s e  h e a t  t o l e r a n t  ( P u l l m a n  9% t 9 8 1  f , a n d  i n c r e a s e s  i n  

T r d ~ h o d e r m a  ( E l a d  g& 1 9 8 0 )  . T h e  s i c r o b i l l  c h a n g e s  -- ------ 
r e s u l t i n g  f r o ~  s o l a r i z a t i o n  are l o n g - l a s t i n g .  H e a t i n g  t h e  s o i l  

increased Trictioqg~gs f r o a  a base of 10-15 p r o p a g u f e s / g  t o  350/q 

after  135 days (Elad  22 piz 1980) . 
S o l a r i z a t i o n  h a s  t h u s  f a r  g i v e n  8 3 - 1 0 0 %  c o n t r o l  of P~&kk&ui~ 

&&&&mj=, and 1% g&&&&ag ( P u l l m a n  g& pAz 1981f ,  and 70-95% 

c o n t r o l  of g u s a r i u w  i n  t h e  s e c o n d  s e a s o n  (Kat i tn  e& afl 1983) .  

H o u e v e r ,  c h a r c o a l  tot of b e a n  ( a g s r o p h o a i a g  g m s g o l i n a f  was n o t  

c o n t r o l l e d  by s o l a r i z a t i o n  i n  A r i z o n a  ( M i h a i l  a n d  B l c o r n  t 984 )  , 

Besides roo t  diseases, s o l a r i z a t i o n  may a l s o  c o n t r o l  w e e d s  a n d  

n e e a t o d e s .  



r 

C o a b i n i n g  s o l a r i z a t i o n  a n d  i n o c u l a t i o n s  w i t h  a n t a g o n i s t s  

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

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

r e d u c e d  root d i s e a s e  of  p o t a t o  s i g n i f i c a n t l y  more t h a n  B i d  

e i t h e r  t r e a t s t e n t  a l o n e  { E l a d  & sf, 3960) . T h i s  is  b e c a u s e  t h e s e  

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

f i l l e d  s e c u r e l y  b y  t h e  b e n e f i c i a l  gf&shodersg when  it is 

p u r p o s e f u l l y  r e - i n o c u f  a t e d  . 
T h e  b e ~ 6 2 f i . t ~  of  s o l a r i z a t i o n  fo r  s t r a w b e r r y  p r o d u c t i o n  . a r e  

i ts s i a p l i c i t y  , e n v i r o n a e n  tal s o u n d n e s s ,  a n d  smaller cost 

c o ~ p a r e d  u i t h  b r o a d - s p e c t r u m  f u m i g a t i o n .  I n  t h e  PNY, h o w e v e r ,  

r e s e a r c h  t o  p r o v e  i ts v a l u e  h a s  n o t  b e e n  u n d e r t a k e n ,  t h a t  T c w  

a u a r e .  A 1 1  t h e  w o r k  so f a r  h a s  b e e n  i n  i n t e n s e l y  h o t  places like 

A r i z o n a  a n d  I s rae l ,  and it is n o t  k n o u n  w h e t h e r  t h e  s o i l  w o u l d  

ware e n o u g h  i n  t h e  PNW t o  p r e c i p i t a t e  t h e  needed effects. Also 

d e f i c i e n t  is  r e s e a r c h  i n t o  t h e  effects of s o l a r i z a t i o n  o n  t h e  

roo t  l e s i o n  n e t r i a t o d e ,  r e d  stele,  a n d  o t h e r  key a n d  i n c i d e n t a l  

p e s t s  of s t r a u b e r r y  roots.  

O n  a c c o u n t  of t h e i r  h i g h  p a t h o g e n i c i t y  a n d  wide h o s t - r a n g e  

a g a i n s t  i n s e c t s ,  s e v e r a l  s p e c i e s  of N e o a p l e c t a n i d  n e t r t a t o d e s  are 

being e x a m i n e d  by r e s e a r c h e r s  f o r  t h e i r  p o  t e n t i a l  a s  b i o - c o n t r o l  

a g e n t s .  most w o r k  is a e i n g  d o n e  u i t h  &~a&s&gap g g ~ ~ g x ~ g g a e ,  

u h i c h  a t t a e t s  t h e  roo t  w e e v i l  pests of s t r a u b e r r r  ( R u t h e r f o r d  



p e r s .  cornfa*) . N e o a p l e c t a n i d s  attack s l o u - n t o v i n g  l a r v a e  as 3 r d  

stage j u v e n i l e s ,  an& p u r s u e  their p r e p  i n  r e s p o n s e  t o  c h e m i c a l  

s t i m u l i  ( G a u g l e r  1980 ) ,  H a v i n g  p e n e t r a t e d  t h e  i n s e c t ,  t h e  

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

t h e  h o s t  i n  a b o u t  48 h r s  t h r o u g h  s e p t i c e a i a  o f  t h e  h e m o c a e l .  T h e  

n e m a t o d e s  are fnost  e f f e c t i v e  i n  ~ o i s t ,  p r o t e c t e d  e n v i r o n m e n t s ,  

s u c h . a s  t h e  s o i l ,  w h e r e  d e s i c c a t i o n  is n o t  a p r o b l e ~ ,  T h u s ,  a n  

a p p l i c a t i o n  o f  N e o a p l e c t a n i d s  i s  e x p e c t e d  t o  l a s t  i n  the s o i l  u p  

t o  15  s o n t h s  b e f o r e  d y i n g  o f f  ( R u t h e r f o r d  p e r s .  c o @ m * ) *  B e c a u s e  

t h e  n e m a t o d e s  Rove  s l o w l y ,  t h e y  are u n a b l e  t o  catch a c t i v e ,  

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

Work is u n d e r w a y  o n  t h e  u s e  o f  N e o a p l e c t a n i d s  i n  s e v e r a l  

places  u o r l d w i d e *  I n  A u s t r a l i a ,  t h e y  a r e  b e i n g  i n v e s t i g a t e &  for 

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

S y n a n t h e d o n  g& similar t o  t h e  s t r a w b e r r y  c rown  m o t h  (Betading - ------- 
a n d  Biller 1985).  A t  S i n o n  Frasef U n i v e r s i t y  i n  B . C . ,  a r e s e a r c h  

g r o u p  h e a d e d  b y  D r .  J o h n  Yetster ( I  984) is w o r k i n g  on  

H e o a p l e c t a n i a  t a x o n o m y ,  p a t h o l o g y ,  a n d  e v e n  p r a c t i c a l  

a p p l i c a t i o n s  i n  h o r t i c u l t u r e .  A new firm i n  C a l i f o r n i a  h a s  

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

r e g i s t r a t i o n  r e q u i r e m e n t s ,  a n d  now p r o d u c e s  them f o r  sale  ( B . R .  

S U P P ~ Y )  * 

M e o a p l e c t a n i d s  are i n e x p e n s i v e  t o  mass p r o d u c e  a n d  s o  say 

becom a n  e c o n o m i c a l  a 1  t e r n a t i v e  t o  i n s e c t i c i d e s  i n  t h e  n e a r  

f u t u r e ,  H o r e o v e r ,  r e c e n t  work  s u g g e s t s  t h a t  t h e y  a re  c o r p a t a b f e  

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



c h e m i c a l l y  k i l l e d  i n s e c t  h o s t s  (Ham a n d  Kaya 1983). T h e  d o s a g e  

rate is a p p r o x i m a t e l y  2 b i l l i o n l h a ,  w h i c h  is a b o u t  t h e  number  

t h a t  c a n  b e  p r o d u c e d  i n  a c u b i c  f o o t  o f  g r o w t h  mediumt  T h e y  can  

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

p a t h o g e n i c  t o  ma~mals. 

Chea icE3 ;  c o n t r o l s  

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

pests of strawberries b u t  f e u  o f  t h e s e  are r e g i s t e r e d  f o r  use, 

B e c a u s e  of i n c r e a s i n g l y  r i g o r o u s  t o x i c o l o g i c a l  t e s t i n g ,  t h e  

r e g i s t r a t i o n s  o f  s o m e  c h e a i c a l s  now u s e d  are u n s u r e ,  a n d  

r e g i s t r a t i o n s  f o r  new p e s t i c i d e s  are uncsmaon.  A number  o f  

familiar c h e ~ i c a l s ,  such a s  c a p t a n ,  g l y p h o s a t e ,  R e t a - s y s t o x  R, 

a n d  c a t b s f u r a n  were regfstered w i t h  now d i s c r e d i t e d  I B T  

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

c e r t a i n  (Elaxuefl 1981) .. The s u d d e n  d e - r e g i s t r a t i o n s  o f  EDE a n d  

Nemagon p o i n t  o u t  t h a t  no c h e ~ i c a l  now u s e d  c a n  b e  t a k e n  f o r  

g r a n t e d .  I n  a d d i t i o n ,  t h e  s t r a w b e r r y  industry i n  t h e  PBW is 

c o r u p a r a t i v e f y  small ,  so t h a t  it is o f t e n  u n e c o n o m i c a l  for 

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

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

c h e ~ i c a l s  now a v a i l a b l e  be u s e d  s o  a s  n o t  t o  e n d a n g e r  t h e i r  

e f f i c a c y  o r  t h e i r  r e g i s t r a t i o n s ,  

I n  t h i s  d i s c u s s i o n  s e v e r a l  c h e ~ i c a l s  n o t  y e t  r e g i s t e r @ &  f o r  

u s e  o n  strawberries, b u t  n e v e r t h e l e s s  of p o t e n t i a l  b e n e f i t ,  will 



b e  c o n s i d e r e d ,  

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

t o  t h e  u s e  of D-D (dichforopropane-dichloropropene),  w h i c h  g i v e s  

e x c e l l e n t  c o n t z o f  o f  t h e  n e m a t o d e  p e s t s  of s t r a w b e r r i e s  b u t  has 

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

of E D B ,  t h e  t h r e e  broad-spectrum f u m i g a n t s  a v a i l a b l e  t o  g r o w e r s  

are m e t h y l  b r o t n i d e  ( B B f ,  c h l o s o p i c r i n  ( C ) ,  a n d  metham ( f l a p a m ) c  

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

i n  t h e  PNV b e c a u s e  of t h e i r  h i g h  cos t  or u n a v a i l a b i l i t y ,  b u t  a s  

a r e s u l t  o f  t h e  i n c r e a s i n g  c o s t  of D-D,  a n d  o f  l o s s e s  of aarket 

t o  t h e  h i g h e r  y i e l a i n g  C a l i f o r n i a  i n d u s t r y ,  a r e - e x a ~ i n a t i o n  af 

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

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

low ra t e s  r e s u l t s  i n  a p a r t i a l  s t e r i l i z a t i o n  o n l y .  F o r t u i t o u s l y ,  

m o s t  roo t  p a t h o g e n s  are sore v u l n e r a b l e  t o  t h e s e  t o x i c a n t s  t h a n  

are s a p r o p h y t i c  f u n g i  a n d  bacteria ( A l t m a n  1970) T h u s ,  a t  t h e  

r i g h t  d o s a g e ,  t h e  s o i l  say be r e l i e v e d  o f  Ppi&&g, Rh&&~stog&& 

Php&p&&&r&, Vert&&&&&ggt, a n d  o t h e s  r o o t  l i m i t i n g  f u n g i ,  w h i l e  - 
a t  t h e  same t i a e ,  a b i o l o g i c a l  b a l a n c e  o f  s a p r o p h p t e s  is 

m a i n t a i n e d  i n  t h e  s o i l .  T h i s  B a l a n c e ,  h o w e v e r ,  i s  a r t i f i c i a l l y  

s h i f t e d  t o  o n e  more f a v o r a b l e  t o  t h e  s t r a w b e r r y  p l a n t s ,  f o r  

e x a a p l e ,  t h e  t o t a l  n u t u b e r s  of s o i l  bac te r i a ,  i n c l u d i n g  many 

a n t a g o n i s t s ,  a r e  e l e v a t e d  f o r  u p  t o  1 /2  y e a r  a f t a r  f u m i g a t i n g  



w i t h  MB+C ( i ' f u l d e r  1 9 ? 9 ) ,  an& t h e  b e n e f i c i a l  'TTg&&gg&2 u s u a l l y  

shows a l o n g - l a s t i n g  i n c r e a s e  a s  well (Vaartaja 19661) A g r e a t  

b e n e f i t  of f u m i g a t i o n  w i t h  BB+C o r  m e t h a n  is t h a t  a l o n g  w i t h  

f u n g i ,  t h e  n e m a t o d e s ,  a r t h r o p o d s ,  w e e d s ,  and u e e a  s e e d s  are 

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

are t h e  r e s u l t a n t  m o r t a l i t y  of the p r e a a t o r s  a n d  p a r a s i t e s  of 

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

i n v e r t e b r a t e s .  h l s o  e f i m i n a t e d  are t h e  m y c o r r h i z a e  w h i c h  

n o r r f i a l l y  l i v e  s y m b i o t i c a l l y  w i t h  s t r a w b e r f y  roots.  These were 

o n c e  t h o u g h t  t o  b e  detrimental, b u t  are nou c o n s i d e r e d  t o  h a v e  a 

n e u t r a l  effect o n  g r o w t h  i n  s o i l s  of a d e q u a t e  f e r t i l i t y  ( W i l h e l m  

a n d  N e l s o n  1980) .  T h e  effects o f  f u a i g a t i o n  w i t h  D-D a n d  BB+C 

can be c o r n p a r e d  i n  F i g s *  7 and 8. 



FIGURE 7, ECOSYSTEM EFFECTS OF D-D 
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FIGURE 8 1 ECOSYSTEM EFFECTS OF BROAD-SPECTku-I F U l  I GAT ION 
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T h e  u s e  o f  a m i x t u r e  o f  nB and C f o r  l a n d  p r e p a r a t i o n  i n  

s t r a u b e r r i e s  was p i o n e e r e d  i n  l a r g e  p a r t  b g  D r .  S t e p h e n  P i l h e l r a  

a t  t h e  U n i v e r s i t y  o f  C a l i f o r n i a ,  B e r k e l e y .  After c a r e f  US s t u a y  

of fflany f ac to r s  i n v o l v e d  i n  y i e l d  l o s s  t o  r o o t  d i s e a s e s ,  h e  

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

t h e  @ajar f u n g a l  a n d  n e e a t o d e  diseases, b u t  by  a t * p h y t o s t a s i s w  

factor  i n  t h e  s o i l ,  p r o b a b l g  d u e  t o  &tt&gg a n d  gggg&obasi&iug 

(Ciilheloa 1 9 6 5 ,  1 9 6 6 ,  Oi lhe l r r t  a n d  N e l s o n  1 9 8 Q ,  U i l h e l m  and P a u l u s  

1 9 8 0 ) .  T o  o v e r c o a e  t h e s e  r o o t  l i f t t f t i n g  a g e n t s  i n  C a l i f o r n i a  

p r o d u c t i o n ,  BE! a n d  C are u s e d  i n  c o m b i n e d  a p p l i c a t i o n s  which 

e x p l o i t  t h e i r  c o a p l e m e n t a r y  p r o p e r t i e s  t o  t h e  best effect. i3B 

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

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

f u s i g a n t  w h i c h  d e p e n d a b l y  k i l l s  p a t h o g e n s  a t  d e p t h s  of 4 f t  

( G r i t a m  and A l e x a n d e r  t 931)  . While ME# is e x t r e m e l y  e E f  e c t i v e  

a g a i n s t  a r t h r o p o d s ,  n e m a t o d e s ,  and  weeds, it  is l e s s  s o  a g a i n s t  

a a n y  o f  t h e  f u n g i  (Domsch gAz 1983) .  T h u s  C w i t h  i ts wide 

f u n g i c i d a l  a c t i v i t y  a n d  s l o w e r  d i f f u s i o n  rate is a d d e d  t o  MB i n  

a 1 :I o r  1 : 2  r a t i o  f o r  better a c t i o n  a g a i n s t  &rricil&&.g and 

o t h e r  r e s i s t a n t  p a t h o g e n s .  T h e  r e s u l t  i s  s y n e r g i s m ,  w h e r e  the 

cof t tb ined  effects of a g i v e n  w e i g h t  of t h e  t w o  f u m i g a n t s  is 

b e t t e r  t h a n  t h e  same w e i g h t  of e i t h e r  o n e  a l o n e  { Y i l h e l ~  a n &  

P a u l u s  1 9 8 0 ,  L e m b r i g h t  t98O). 

BB+C f u m i g a t i o n  h a s  now b e e n  u s e d ,  w i t h  n o  s p p a r e n t  ill 

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

s o u t h e r n  C a l i f o r n i a ,  a n d  y i e l d s  t h e r e  a v e r a g e  a b o u t  30  



t o n s / a e r e .  It is h a r d  t o  escape t h e  c o n c l u s i o n  t h a t  P W W  

strawberries w o u l d  b e n e f i t  from a s i ~ i l a r  release f r o s  t h e  soil 

pbp t o s t a s i s .  

B e t h a m  s o d i u ~  o r  Vapam is a b r o a d - s p e c t r u s i  f u s t i g a n t  of g o o d  

f u n g u s  k i l l i n g  a b i l i t y  w h i c h  m i g h t  b e  used as a less e x p e n s i v e  

a l t e r n a t i v e  t o  HB+C. I t  h a s  r e c e n t l y  b e e n  f o u n d  ta b e  p r a c t i c a l  

a p p l i e d  a s  a l i q u i d  i n  i r r i g a t i o n  water f o r  c o n t r o l  of  

v e r t i c i l l i u a  w i l t  i n  p e a n u t s  f K r i k u n  and Frank l 9 8 2 ) ,  a n d  w h i t e  

r o t  of o n i o n s  (Wdams a n d  J o h n s o n  1983) .  X t  t h e  l o w  ( t i 2  t h e  

r e c o m m m e n d e d f  rates used i n  t h e s e  c r o p s ,  m e t h a a  co s t s  a b o u t  I f 4  

as much a s  BB+C, ~ a k i n g  i t  c o r t k p e t i t i w e  w i t h  D-D. ( T h i s  applies 

o n l y  i n  t h e  U.S., m e t h a m  i s  m o r e  c o s t l y  i n  C a n a d a ) .  M o r e o v e r ,  

niethaa k i l l s  weeds, a r t h r o p o d s  a n d  f u n g a l  p a t h o g e n s  a s  well a s  

n e m a t o a e s *  B e t h a m  is b e i n g  used c o ~ t n e r c i a l l y  i n  B e l g i u m  t o  

c o n t r o l  t h e  roo t  l e s i o n  n e n t a t o d e  a n d  g h y t q p h t h ~ = &  i n  c h i c o r y  

f i e l d s  (Muldter  1973) . S i n h a  8s gal; ( I  978) n o t e d  a r e d u c t i o n  i n  

rttost f u n g i  f o r  45 days at b o t h  fou a n 6  h i g h  rates of m e t h a m ,  but 

an e a r l y  r e b o u n d i n g  of gjI&chpddg~g. T h i s ,  t h e y  t h o u g h t ,  Bay 

c o n t r i b u t e  t o  t h e  w e x c e f l e n t  s e a s o n - l o n g  c o n t r o l  a s soc ia t ed  w i t h  

t h e  u s e  of methame*. 

B e t h a a  a p p e a r s  t o  h a v e  g r e a t  p o t e n t i a l  fo r  c o n t r o l  of r o o t  

p e s t s  i n  a n n u a l  c r o p s ;  h o u e v e r ,  i n  p e r e n n i a l s  i t s  effects stay 

n o t  l a s t  l o n g  e n ~ u g h  t o  m a k e  it u s e f u l .  B e t h a m  d i s p e r s e s  i n  t h e  

s o i f  water, w a k i n g  i t  the ore tic all^ p o s s i b l e  t o  place it v h e r e  . 

d e s i r e d  t h r o u g h  t h e  u s e  o f  i r r i g a t i o n *  I n  tests, h o u e v e r ,  m a t h a s  

was n o t  s u c c e s s f u l  i n  k i l l i n g  s c l e r o t i a  of S~J..ygtium c e ~ i v a r u t a  



d e e p e r  t h a n  IS-20cm, o r  s h a l l o w e r  t h a n  2cm (Adaats and Johnson 

7 9 8 3 ) .  If t h i s  l i m i t a t i o n  is g e n e r a l ,  r e c o l o n i z a t i o n  by h a r m f u l  

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

begins to bear f r u i t .  B u c z a c k i  a n d  W h i t e  (1977) f o u n d  t h a t  

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

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

C u r r e n t l y ,  t h e r e  i s  i n t e r e s t  by PNW s t r a w b e r r y  g r o w e r s  i n  

i n j e c t i n g  ~ e t h a m  t h r o u g h  t h e  i r r i g a t i o n  s y s t e m ,  a s  is d o n e  

p r o f i t a b l y  i n  p o t a t o  c r o p s  i n  e a s t e r n  i i a s h i n g t o n .  F o r  t h e  ' 

r e a s o n s  j u s t  n o t e d ,  and  t h e  a d d i t i o n a l  p r o b l e m  o f  a r e a s  n t i s s e d  

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

S U C C ~ S S ~  u l  . 
T a k e n  a l t o g e t h e r ,  t h e  m i x t u r e  of HB+C a p p e a r s  t o  be t h e  

I 

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

strawberries. T h e r e  r e m a i n  q u e s t i o n s  as t o  i ts  e f f e c t i v e n e s s  i n  

p e r e n n i a l l y  g rown  strawberries, and t o  i ts cost.  L i t t l e  u o r k  h a s  

been d o n e  on t h e  effects o f  b r o a d - s p e c t r u m  f u a i g a t i o n  i n  c r o p s  

g r o u n  more t h a n  o n e  y e a r ,  b u t  t h e  p r o c e d u r e  has been used in 

fo res t  tree nurseries f o r  soae y e a r s .  A p p r o x i m a t e l y  o n e  year 

af ter  f u m i g a t i o n  w i t h  T r i z o n e  (a s i x t u r e  of  HB+C a n d  p r o p a r g y l  

b r o m i d e )  i n o c u f  a o f  z r i c h o d e r i m  a n d  b a c t e r i a  were signif i c a n t f  y 

h i g h e r ,  a n d  P ~ t h A s ,  R h i z o c & & i a ,  a n d  H g s g ~ i u u ~  s i g n i f i c a n t l y  

l o w e r  t h a n  i n  the n o n f u m i g a t e d  b e d s  ( V a a r t a j a  1 9 6 6 ) .  T h e  2-3 

y e a r  e f f e c t i v e n e s s  o f  s o l a r  p a s t e u r i z a t i o n  of s o i l  is  a l s o  

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

l o n g - l a s t i n g  (Satan & _al. 1963). T h e s e  s t u d i e s  p o i n t  t o  t h e  



nature of  t h e  f u n g a l  e l e m e n t s  w h i c h  first r e c o l o n i z e  f u m i g a t e d  

o r  h e a t  t r e a t e d  s o i l  a s  t h e  k e y  t o  a f a v o r a b l e  l o n g - l a s t i n g  

b a l a n c e .  f p r o p o s e ,  t h e r e f o f e ,  t h a t  a a i rec tea  r e c o l o n i z a t i o n  o f  

b e n e f i c i a l  f u n g a l  s a p r o p h y t e s  f o l l o w  RBsC f u m i g a t i o n ,  T h i s  is 

d o n e  i n  f o u r  ways: 

1 )  P a r t i a l  s t e r i l i z a t i o n .  T h e  k e y  f a c t o r ,  Eany v a r i a b l e s ,  

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

c o n t e n t  are i n v o l v e d  i n  d i f f u s i o n  ra tes  a n d  e f f i c a c y  o f  

f u r s i g a n t s  ( G o r i n g  1 9 7 0 ) .  T a k i n g  t h e s e  i n t o  a c c o u n t ,  t h e  d o s a g e  

is a d j u s t e d  t o  a ra te  u B i c h  e l i m i n a t e s  n e a r l y  100% of p a t h o g e n s ,  

n e m a t o d e s ,  a n d  needs, b u t  wh ich  l e a v e s  e n o u g h  s a p r o p h y t e s ,  

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

f e b o u n d  a n d  e s t a b l i s h  a b e n e f i c i a l  b a l a n c e .  

2)  E x c l u s i o n .  HB+C f u m i g a t i o n  m u s t  b e  d o n e  i n  t h e  l a t e  

summer or  e a r l y  fall when t h e  s o i l  is uara i*  Bfter f u m i g a t i o n  a 

f i e l d  s h o u l d  b e  q u a r a n t i n e d  t o  keep a u t  i n f e s t e d  s o i l  on  

m a c h i n e r y  a n d  w o r k e r s *  boots (ElcElroy p e r s .  cornst.), Water s h o u l d  

n o t  b e  a l l o w e d  t o  d r a i n  i n  f r o m  o t h e r  f i e l d s ,  Y a a r t a j a  ($966)  

f o n n a  t h a t  d u s t  is  a carrier o f  P~ghl~g~ a n d  o t h e r  p a t h o g e n s  b u t  

t h i s  is p e r h a p s  u n i m p o r t a n t  i n  PNP u i n t e r s .  

3 ) F o o d  base. fi c a r b o h y d r a t e  s o u r c e  a d d e d  t o  t h e  s o i l  a f t e r  

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

(Cook a n d  Baker 1983). f o r  e x a m p l e ,  xg&g&&yrp grows well o n  

h i g h  c e l l u l o s e  s u b s t r a t e s  s u c h  a s  w h e a t  b r a n ,  w h e r e a s  bacteria , 

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

{Rouzr t t  a n d  A t k i n s o n  1950) .  By m a n i p u l a t i n g  t h e  t i s t i n g  a n d  t y p e  



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

m i g h t  b e  s t i m u l a t e d ;  h o w e v e r ,  much work n e e d s  t o  b e  d o n e  i n  t h i s  

area before s p e c i f i c  r e c o e w e n d a t i o n s  c a n  b e  wade. T h e  f u s i g a n t s  

m a y  n o t  t h o r o u g h l y  p e n e t r a t e  a l l  g r e e n  stems a n d  s o o t s ,  s o  t h e  

c o v e r  c r o p s  s h o u l d  be  p lowed  down e a r l y  e n o u g h  t o  a l l o w  f o r  s o w e  

4 )  I n o c u l a t i o n s ,  R e - i n o c u l a t i n g  f u m i g a t e d  s o i l  w i t h  

a n t a g o n i s t s  e a y  p r o v e  p r a c t i c a l  i n  t h e  n e a r  f u t u r e .  € l a &  8s g& 

(1 9 8 0 ,  1982) , f o u n d  t h a t  PgTf&&&$ium a n d  =&=Q&%U& x o l f ~ u  

were c o n t r o l l e r l  b e s t  if BB f u e i g a t i o n  was f o l l o w e d .  by 

i n o c u l a t i o n s  w i t h  T&&&&ymm. T h e  c o m b i n a t i o n  g a v e  93% c o n t r o l  

o f  t h e  diseases o f  t o e a t o ,  a n d  y i e l d  i n c r e a s e s  o f  160%; t h i s  was 

s u b s t a n t i a f l y  b e t t e r  t h a n  HE3 f u m i g a t i o n  a l o n e ,  T n o c u f a t i o n s  w i t h  

T r i c h o d e r m a  h a v e  a l s o  p r o v e n  s u c c e s s f u l  i n  r e d u c i n g  B h i z o c t o g &  -------- 
damage t o  f i e l a  g r o w n  s t r a w b e r r i e s  ( E l a d  r& a&. 1981). T h i s  

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

i n  Israel,  a n d  s h o u l d  be p r a c t i c a l  i n  a h i g h - v a l u e  c r o p  s u c h  a s  

s t r a u b e f r i e s ,  a t  l e a s t  i n  nursery o p e t a t i o n s  (Cook a n d  Baker 

1983) . O p t i s a l l y  , a n t a g o n i s t s  s h o u l d  b e  i s o l a t e d  f r o m  a f i e l d  

p r i o r  t o  f u m i g a t i n g ,  grown i n  some q u a n t i t y ,  a n d  r e t u r n e d  t o  t h e  

f i e l d  a s  s o o n  as t h e  f u ~ i g a n t  h a s  d i s s i p a t e &  s u f f i c i e n t i g .  T h e  

i n o c u l u a  may b e  a p p l i e d  e i t h e r  as a n  a w e n d a e n t  or  a s  a r o o t  d i p  

p r i o r  t o  p l a n t i n g .  

Due t o  t h e  n e e d  f o r  s p e c i a l  a p p f  i c a t i o n  e q u i p s e n t  an6 

p l a s t i c  c o v e r s ,  t h e  c o s t  of B%+C f u l r t i g a t i o n  is  h i g h ;  a b o u t  

$11OO/ac i f  d o n e  c o a w e r c i a l l y .  Even a t  t h i s  c o s t ,  h o w e v e r ,  when 



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

managemen t  i n  s t r a u b e f r i e s  are o n l y  a b o u t  $ f 6 2 / a c  m o r e  w i t h  MB+C 

f u t i t i g a t i o n  t h a n  u i t h  D - D  ( T a b l e  4.) . t  T h i s  is b e c a u s e  t r e a t m e n t  

cos t s  f o r  r o o t  w e e v i l  a n d  weed p r o b l e m s  w i l l  b e  r e d u c e d  by t h e  

EB+C t r e a t w e n t .  A t  t h e  1982 p r i c e  o f  4 3 # / l b  f o r  p r o c e s s e d  

b e r r i e s ,  a n d  a s s u m i n g  a h a r v e s t i n g  cost o f  3 0 C / l b ,  it m e a n s  t h a t  

a n  a d d i t i o n a l  640 p o u n d s / a c  s u s t  b e  h a r v e s t e d  t o  pay t h e  e x t r a  

cost  o f  f u m i g a t i o n .  Assuming  a 5 - t o n  a v e r a g e  y i e l d ,  t h i s  

a d d i t i o n a l  h a r v e s t  t r a n s l a t e s  t o  a n  i n c r e a s e  o f  o n l y  S.YX..BB+C 

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

g r e a t e r  t h a n  6.4% due t o  i t s  s u p e r i o r  c o n t r o l  o f  w e e d s ,  1 0 ~  

g r a d e  p a t h o g e n s ,  a n d  o t h e r  p e s t s  n o t  c o n t r o l l e d  bf D-D. 

------------------ 
1 T h e  Y a s h i n g t o n  S t a t e  S t r a w b e r r y  E n t e r p r i s e  B u d g e t  (Carkner st 
p&. 1982) was used f o r  p u r p o s e s  o f  i l l u s t r a t i o n  a n d  
s t a n d a r d i z a t i o n .  Some o f  t h e  estimates o f  p e s t  c o n t r o l  c o s t s  
i n c l u d e d  i n  i t ,  i n c l u d i n g  t h o s e  f o r  f r u i t  r o t s ,  a p h i d s ,  a n d  
h a n d u e e d i n g ,  are p r o b a b l y  l o u .  



T a b l e  4. Compar i son  of t h e  cos t s  of f u a i g a t i o n  w i t h  a e t h y l  

b r o m i d e + c h P o r o p f  c r i n  (HB+C) a n d  D-D* 

E s t a b f  i s h m e n t  c o s t s  D-D WB+C 

s o i l  sasgpfe 2.50 2.50 
g l y p h o s a t e  s p r a y  73.52 .OO 
f u m i g a t i o n  325.00 1100.00 
T e n o r a n  60.28 60 ,2% 
Band w e e d i n g  27.00 .OO 
E le ta - sys tox  68.74 68.74 
D e v r i n o l .  78.28 78.28 

C o n t i n u i n g  
p r o d u c t i o n  c o s t s  

T e n o r a n  
h a n d  w e e d i n g  
G u t h i o n  
R o n i l a n / B e t a - s y s t o x  

twd a p p l s .  
mow berries 
F u r a d a n  
Dev f i n o l  

T o t a l  ( r o u n d e d )  
year 1 
y e a r  2 
y e a r  3 

E s t a b f  i s h .  c o s t s  
a a e o r t i z e d  a t  12% 240.00 

T o t a l  y o a r l f  cost 644.00 

% a d a p t e d  from S t r a w b e r r g  E n t e r p r i s e  B u d g e t ,  Yestern  M a s h i n g t o n ,  
C a r k n e r  8% gl, 1982 

* * i n c l u d e s  c o s t  of h a n d  weed ing  and  P u r a d a n  d r e n c h .  



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

i n t e r e s t  t o  PIW s t r a w b e l r f  g r o u e r s  t o d a y  are c a r b o f u r a n  f o r  

u e e v i l  c o n t r o l ,  m e t a l a x y l  f o r  red stele, benomyl  f o r  

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

be v e r y  e f f e c t i v e  when i n t e g r a t e d  u i t h  o t h e r  B e a s u r e s ,  b u t  i f  

re l i ed  o n  s o l e l y  t h e y  may b e c o a e  i n e f f e c t i v e  d u e  t o  p r o b l e e s  o f  

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

C a r b o f u r a n  ( f u r a t l a n )  is t h e  o n l y  p o s t - p l a n t i n g  c h e r n i c a l  

a v a i l a b l e  u i t h  t h e  3-month l i f e - s p a n ,  a n d  h i g h  soil a c t i v i t y  

n e e d e d  t a  k i l l  t h e  l a r v a e  o f  root w e e v i l s ,  However ,  t h e  

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

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

i n f e s t a t i o n s  w i l l  b e  l o c a l i z e d ,  s o  t h a t  a f i e l d - w i d e  s p r a r  i s  

c o s t l y  a n d  u n n e c e s s a r y ,  a n d  b e n e f i c i a l s  s u c h  as t h e  l a r v a e  s f  

p r e d a c i o u s  b e e t l e s  are b e s t  l e f t  u n d i s t u r b e d  {F ig .  9 ) ;  S e c o n d ,  

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

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

d e g r a d e  i t  w i t h  i n c r e a s i n g  e f f i c i e n c y  (Williams e_L & 1976, 

G e t z i n  p e r s *  cosim.). I n  s o i l s  treated w i t h  c a r b o f u r a n  f o r  

s e v e r a l  y e a r s ,  m e a s u r e d  d o s e s  u e r e  d e g r a d e d  m o r e  t h a n  twice a s  

f a s t  a s  t h o s e  f r o m  v i r g i n  soils ( F e l s o t  gg 22% 2982 j .  Hence ,  t h e  

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

a p p l i c a t i o n s  o n l y  w h e r e  i n f e s t a t i o n s  are knoun .  T h i s  is t h e  



approach recommended b y  Dr. To@ Cram, a long-t iae  weevil expert 

at the Vancouver Research Station (Craa pers. comm.) . 
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* D i r e c t  and i n d i r e c t  e f f e c t s  on 
s t r a w b e r r y  r o o t s .  



The s y s t e m i c  f u n g i c i d e  m e t a l a x y l  ( R i d o m i l )  h a s  r e c e n t l y  

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

O o m y c e t e  p a t h o g e n s ,  It appears t o  be t h e  wost e f f e c t i v e  of t h e  

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

s te le  ( P l o n t g o m e r i e  a n 4  Kennedy 1979, B r i s t o v  1981, H c I n t y f e  a n d  

Y a l t o n  1981) .  Cthen a p p l i e d  a t  t h e  time of t r a n s p l a n t i n g ,  f a l l ,  

and e a r l y  s p r i n g ,  u p  t o  3-fold  i n c r e a s e s  i n  p l a n t  w e i g h t  say b e  

o b t a i n e d .  B e t a l a x y l  u i l f  s o o n  b e  r e g i s t e r e d  i n  0 . C .  f o r  u s e  i n  

s t r a u b e r r i e s ,  a n 4  its u s e  is f a s t  i n c r e a s i n g  i n  t h e  PHii a s . a  

u h o l e ;  n e v e r t h e l e s s ,  I b e l i e v e  a c a u t i o u s  a p p r o a c h  t o  t h e  

cos tpound  w i l l  l e n g t h e n  its u s e f u l  l i f e .  

I t  is d o u b t f u l  w h e t h e r  B, f+aagyiae u i l l  r e m a i n  s e n s i t i v e  

t o  m e t a l a x y l  f o r  l o n g  i f  a y e a r l y  regime of t w o  o r  t h r e e  

a p p l i c a t i o n s  of t h e  f u n g i c i d e  is begun .  f n  o n l y  a  few y e a r s  of 

use, t o l e r a n c e  t o  t h e  c h e m i c a l  has a l r e a d y  been n o t e d  i n  

P ~ t h i u b  g & ; ] ~ t o ~ h t h g g ,  and  a n u s b e r  o f  o t h e r  p a t h o g e n s  a s  well - --- 
( B r u i n  a n d  E d g i n g t o n  1 9 8 1 )  . P l e t a l a x y l ,  like benonty l a n d  most 

o t h e r  new s y s t e m i c s ,  affects  a s p e c i f i c  e n z y m e  system of a 

f u n g u s .  G i v e n  s u f f i c i e n t  e x p o s u r e ,  most f u n g i  a r e  a b l e  t o  

c i r c u m v e n t  t h i s  a c t i o n  by u s i n g  a n a t h e r  s y s t e a t  n o t  affected by  

t h e  c h e m i c a l  ( D e k k e r  1977) .  D o i n g  s o  sometimes r e d u c e s  t h e  

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

mg&&&g& h x a ,  t h e  c a u s e  of b rown  r o t  o n  a p r i c o t s ,  s t r a i n s  

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

s u r v i v e  i n  c o m p e t i t i o n  u i t h  t h e  u i l d  t y p e  (Ogawa g$ gkZ 1 9 8 4 ) .  

H o u e v e r ,  t h i s  is n o t  a x i o a a t i c ;  T a l b o y s  a n d  D a v i e s  (1975)  



i s o l a t e d  s t r a i n s  o f  &&J&gg u h i c h  were b o t h  s t r o n g l y  

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

c o n c e n t r a t i o n s  ( I O p p s )  of  benomyl .  A n o t h e r  r e a s o n  f o r  c a u t i o n  i n  

t h e  u s e  o f  a e t a l a x y l  coaes from t h e  work o f  Cohen and Samouchd 

(1984), i n  w h i c h  t h e y  i n v e s t i g a t e d  p a t h o g e n  c r o s s - r e s i s t a n c e  t o  

s e v e r a l  s y s t e m i c  f u n g i c i d e s .  T h e y  fount3 t h a t  s t r a i n s  o f  9% 

i n f e s t a n s  r e s i s t a n t  t o  ~ e t a l a x y l  were a l s o  r e s i s t a n t  t o  ----- 
p r o p a n o c a r b ,  c y p r o f u r a a  + f o l p e t ,  S A N  371F, and p h o s e t h y l  A 1  

( A l i e t t e ) .  T h u s  t h e  use o f  a f u n g i c i d e  r e g i m e  t o  manage  O o m y c e t e  

r e s i s t a n c e  d o e s  n o t  l o o k  p r o a i s i n g .  These r e s u l t s  are e s p e c i a l l y  

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

h a s  b z e n  h i g h l y  e f f e c t i v e  a g a i n s t  r e d  s te le  i n  f i e l d  t r i a l s  

( f lacSuan 1979). b f i e t t e  e x h i b i t s  low t o x i c i t y  t o  p a t h o g e n s  

o u t s i d e  t h e  h o s t  p l a n t  (Cohen a n d  S a a o a c h a  3984)  a n d  s o  

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

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

s y s t e a i c s ,  t h e  c r o s s - r e s i s t a n c e  c o m e s  a s  a s u r p r i s e .  

B u l t i p l e  y e a r l y  t r e a t m e n t s  of s e t a l a x y l  n i g h t  h a v e  t h e  same 

effect  o n  ftt fgaqariag as  d o e s  s p e c i f i c  r e s i s t a n c e ,  n a m e l y  t h e  

f o s t e r i n g  of races of t h e  p a t h o g e n  ab le  t o  o v e r c o m e  a s p e c i f i c  

i n h i b i t o r y  mechan i sm and t h e n  c a u s e  d i s e a s e .  I n  a d d i t i o n ,  

b e c a u s e  t h e  c h e a i c a l  s u p p r e s s e s  r e d  s te le  b u t  d o e s  n o t  k i l l  t h e  

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

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

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

u s e d  s p a r i n g l y .  I n  t h i s  p r o p o s e d  managemen t  scheae, i t  is used 



a t  t h e  end o f  t h e  r o t a t i o n ,  a f t e r  h a r m f u l  w a t e r m o l d s  h a v e  

r e c o l o n i z e d  i n  o r d e r  t o  e x t e n d  t h e  c r o p  i n t o  a p r o f i t a b l e  3 r d  or  

4 t h  y e a r *  

B e n o a y l  ( B e n l a t e )  a n d  s i a i l a r  c o m p o u n d s  h a v e  b e e n  proposed 

f o r  u s e  as c o n t r o l s  for v e r t i c i l l i u m  w i l t  i n  s t r a w b e r r i e s .  T e s t s  

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

V e r t i c i l l i u m .  As f i t t l e  a s  o n e  s o i l  d r e n c h  i n  S e p t e m b e r ,  f o r  --------- 
e x a a p l e ,  s u b d u e d  w i l t  i n t o  t h e  f o l l o w i n g  s p r i n g  ( T a l b o y s  a n d  

D a v i e s  1 9 7 5 ) .  Benomy1 and t h i o p h a n a t e  a e t h y l  (Fungo)  p r e v e n t e d  

s p r e a d  of Is &&&Age t h r o u g h  s t o l o n s  t o  t h e  r u n n e r s  i f  applied 

i n  two 0.3% d r e n c h e s  ( J o r d a n  3975) .  Banomyl h a s  t h u s  b e e n  

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

b e f o r e  a n y  w i l t  is e v i d e n t  ( T a l b o y s  a n d  F r i c k  1974). 

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

c o ~ p o u n d s  are p r o b a b l y  n n d e s f r a b f e  f o r  use a g a i n s t  r o o t  r o t s  of 

s t r a w b e r r y *  A s  well as t h e i r  p r o p e n s i t y  f o r  s e l e c t i n g  r e s i s t a n t  

races of t h e  p a t h o g e n ,  t h e y  h a v e  t h e  drawback o f  b e i n g  

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

f u n g i  w h i l e  h a w i n g  f i t t l e  o r  no effect o n  t h e  O o a y c e t e s *  S o i l  

a p p l i c a t i o n s  o f  b e n o m y l  h a v e  a l s o  b e e n  n o t e d  t o  al low t h e  r o o t  

p a t h o g e n  &g&&&&g&g t o  p r o s F e r  w h i l e  r e d u c i n g  x&i_chodersta  { B a k e r  

a n d  Cook 1 9 8 2 )  . 
The u s e  o f  b e n o ~ y l  a n d  o t h e r  s e l e c t i v e  f u n g i c i d e s  i n  t h e  

soil a a y  l e ad  t o  ' d i s e a s e  t r a d i n g s .  T h f s  h a s  b e e n  d o c u m e n t e d  

w i t h  t h e  u n r e X a t e 3  f u n g i c i d e ,  PCNB ( T e r r a c h l o r ) ,  a s  when i t  

f a v o r s  gy&hium a f t e r  c o n t r o l l i n g  B h i z q c t o g %  ( H a g l u n d  pers.  



coma,). I n  a p a r t i c u l a r l y  i n t e r e s t i n g  case, PCNB a p p l i e d  t o  the 

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

l e s i o n  n e m a t o d e  on  s t r a u b e r ~ y  r o o t s ,  T h e  g r e a t e r  p o p u l a t i o n s  o f  

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

n i l 1  er 1964) . 
I n  t h e  i n t e g r a t e d  p r o g r a m  I a s  p r o p o s i n g ,  v e r t i c i l l i u m  w i l t  

s h o u l d  b e  a d e q u a t e l y  c o n t r o l  led t h r o u g h  r o t a t i o n s  a n d  R B + C  

f u t n i g a t i o n ,  ~ a k i n g  t h e  u s e  o f  beno tny l  u n n e c e s s a r y .  

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

p o s t - p l a n t i n g  n e m a t o d e  c o n t r o l  i n  s t r a w b e r r i e s ;  h o w e v e r  t h e  

o r g a n o - p h o s p h a t e  f e n a a i p h o s  (Nemacur)  a i g h t  be r e g i s t e r e d  i f  

e n o u g h  demand was p r e s e n t ,  T h e  compound is very e f f e c t i v e  

a g a i n s t  t h e  r o o t  l e s i o n  n e m a t o d e  i n  r a s p b e r r i e s  when a p p l i e d  a s  

a w i n t e r  d r e n c h  ( H a g l u n d  .lgEiO, t 381) . It is a n  e x t r e m e l y  t o x i c  

c h e m i c a l  a n d  Ray h a v e  soae negative effects on  s o i l  a r t h r o p o d  

p r e d a t o r s ,  a l t h o u g h  t h e  December a p p l i c a t i o n  time s h o u l d  l i ~ i t  

t h e s e .  B r o a d c a s t  a n d  c a l e n d e r  a p p l i c a t i o n s  o f  f e n a ~ i p h o s  a r e  

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

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

C a r b o f u r a n  is u s e d  as a n e a a t o c i d e  i n  c r o p s  s u c h  as  

b a n a n a s ,  h o w e v e r ,  t h e  r a t e s  n e e d e d  f o r  a n e a a t o c i d a l  effect a re  

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

strawberries l i m i t s  t h e  m a x i a u a  t o  2 f b s  B I / a t c  o r  2*3L/ka .  

B e c a u s e  c a r b o f u r a n  is l o n g - l i v e d  i n  t h e  s o i l  a n d  c a n  b u i l d  u p  . 

f r o m  y e a r  t o  y e a r ,  t h e  b e r r i e s  are m o n i t o r e d  f o r  t h e  p a r e n t  

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



are therefore v e r y  concerned that carkofuran res idue n o t  enter  

the f r u i t  as a result of nematocidal  use at h i g h  r a t e s  (LaLone 

p e r s .  coma .) . 



l?. C o n c l u s i o n  

T h e  many p e s t s  w h i c h  r e d u c e  t h e  h e a l t h  of s t r a u b e r r y  r o o t s  

c o s t  t h e  i n d u s t r y  a g r e a t  deaf of Bone7 a n d  l o s t  y i e l d *  L i i t l e  

s e a s u r e e e n t  of t h e s e  losses h a s  b e e n  d o n e ,  b u t  a t  a v e r a g e s  af 

2-5 t o n s / a c ,  PNW s t r a w b e r r i e s  are c l e a r l y  n o t  y i e l d i n g  u p  to 

t h e i r  g e n e t i c  p o t e n t i a l .  A s  t h i n g s  n o @  s t a n d ,  m o s t  managemen t  o f  

p e s t s  is d i r e c t e d  a t  t h o s e  s e e n  a b o v e  g r o u n d ,  w i t h  r e w e d i a l  

c o n t r o l s  u s e d  o n  s o i l b o r n e  p e s t s  o n l y  when t h e i r  effects become 

o b v i o u s .  W h i l e  t h e  a p h i d - v i r u s  c o m p l e x  Nay now b e  t h e  c h i e f  

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

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

An i n t e g r a t e d  p r o g r a m  f o r  the wanagemen t  of r o o t  p e s t s ,  

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

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

IPH p r o g r a m  1 am p r o p o s i n g  a r e  reviewed be low.  

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

S t r a w b e r r i e s  w i l l  g row i n  many e n v i r o n m e n t s  b u t  t h e  p r o b l e m s  

a s s o c i a t e d  w i t h  heavy s o i l s ,  h a r d  freezes, and  p o o r  a i r  d r a i n a g e  

say p r e c l u d e  a p r o f i t a b l e  o p e r a t i o n .  T h e r e  are no  c o n t r o l  

m e a s u r e s  available t o d a y ,  n o r  are t h e r e  ewer l i k e l y  t o  b e ,  w h i c h  

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

t h e  i n c r e a s i n g l y  i n t e n s e  c o s i p e t i t i o n  from C a l i f o r n i a  a n d  8 e x i c o '  

i n  t h e  p r o c e s s i n g  n t a r k e t ,  l a a r g i n a l  o p e r a t i o n s  i n  t h e  PMld h a v e  

l i t t l e  f u t u r e .  



2 )  S a n i p l e  t h e  f i e l d s  t o  know w h a t  p e s t s  a r e  p r e s e n t  a n d  the 

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

n e m a t o d e s ,  u e e v i l s ,  a n d  d i s e a s e s  allows n o t  o n l y  t i m e l y  

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

c o n t r o l  p rog ra fn  f o r  t h e  b e s t ,  e c o n o m i c a l  c o n t r o l *  

3) Use t h e  v a r i e t i e s  w i t h  t h e  b e s t  r e c o ~ d  a g a i n s t  the 

s p e c i f i c  p e s t  p r o b l e a s  of t h e  area. I n  f i e l d s  p r o n e  t o  r e d  

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

r e s i s t a n t  t o  o n l y  c e r t a i n  races of t h e  f u n g u s .  High tolerance t o  

v i r u s e s  is m a n d a t o r y  i n  many a r e a s  t o d a y .  I n  t h e  f u t u r e ,  

n e m a t o d e - a n d  w e e v i l - t o l e r a n t  v a r i e t i e s  Bay become a v a i l a b l e .  

4 )  Use c r o p  r o t a t i o n s  t o  lifflit t h e  d e v e I o p m e n t  o f  

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

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

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

f e r t i l i t r  of t h e  s o i l .  

5) D r a i n  t h e  f i e l d s  b y  t h e  tnost e f f e c t i v e  means p o s s i b l e .  

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

are a r e a s o n a b l e  a l t e r n a t i v e .  f a l l  s u b s o f l i n g  b e t w e e n  t h e  rows 

is h i g h l y  b e n e f i c i a l ,  a n d  s h o u l d  b e  d o n e  w h e r e v e r  r e d  s tele is a 

p r o b l e m .  Water s t a n d i n g  f o r  more t h a n  two d a y s  may lead t o  

o u t b r e a k s  of root  ro t .  

6) P l a n t  t h e  c l e a n e s t ,  h i g h e s t  g u a l i t y  s t o c k  a v a i l a b l e ,  

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

f a i l u r e  of t h e  c r o p  by r e - i n o c u l a t i n g  s o i l  w h i c h  may b e  low i n  

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



new, B o r e  p a t h o g e n i c  b i o t y p e s  o f  p e s t s  i n t o  a n  a r e a .  

7) Keep f i e l d s  a s  c l o s e  t o  w e e d - f r e e  as p o s s i b l e .  When h a n d  

w e e d i n g ,  w o r k e r s  s h o u l d  b e  a b l e  t o  i d e n t i f f  t h e  m o s t  h a r s f u 2  

s p e c i e s  s o  t h e y  c a n  be  r e a o v e d  p r e f e r e n t i a l l y .  E s p e c i a l l y  

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

d i f f i c u l t  t o  e x t r i c a t e  f r o m  a a t t e d  rows; those t h a t  a c t  a s  

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

those t h a t  are a l l e l o p a t h i c .  

8) F u a i g a t e  w i t h  a t a r p e a  a p p l i c a t i o n  o f  m e t h y l  b r o m i d e  a n d  

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

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

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

r e c o l o n i z a t i o n  s e q u e n c e  of f u n g i  a f t e r  b r o a d - s p e c t r u m  f u ~ f g a t i o n  

is  c r i t i c a l  f o r  a l o n g - f a s t i n g  effect. T h i s  i s  t h e r e f o r e  

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

q u a r a n t i n e  o f  t h e  f i e l d  i n  w i n t e r ,  a a f n t a i n i n g  a s u i t a b l e  f o o d  

s o u r c e  f o r  r e c o l o n i z e r s ,  a n d  i n  t h e  f u t u r e ,  i n o c u l a t i o n s  w i t h  

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

9) L i m i t  t h e  u s e  of p o s t - p l a n t i n g  s o i l  d r e n c h e s  t o  times 

when t h e y  w i l l  h a v e  t h e  maximua b e n e f i c i a l  effect .  I n  a n  

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

c o n t r o l  of w e e v i l s ,  n e m a t o d e s ,  a n d  r e d  s te le  s h o u l d  n o t  b e  

n e e d e d  f o r  t h e  f i rst  s e v e r a l  g e a r s .  As t h e s e  p e s t s  r e c o l o n i z e ,  

remedial a p p l i c a t i o n s  of s p e c i f i c  c h e m i c a l s  nay b e  of great ' 

v a l u e ,  e v e n  a d d i n g  a n  a d d i t i o n a l  y e a r  o n t o  t h e  r o t a t i o n .  If 

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



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

T h e  g o a l  of t h i s  p r a g t a a  i s  t o  i n c r e a s e  t h e  h e a l t h  of 

s t r a w b e r r y  roo t s  by d e p r e s s i n g  t h e  a c t i v i t i e s  of p e s t s  t o  a 

l e v e l  l o w e r  t h a n  wou ld  o c c u r  n a t u r a l l y .  To  d o  t h i s ,  e n e r g y  i n  

t h e  fortn of c h e m i c a l  a n d  c u l t u r a l  c o n t r o l s  is a p p l i e d  t o  t h e  

e c o s y s t e a  s o  t h a t  a t e a p o r a r y  a n d  f a v o r a b l e  stasis is created, 

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

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

p e r i o a ,  p e r h a p s  a y e a r  or two. I n  t h e  case o f  a u l t i c r o p p e d  

strawberries, t h i s  stasis m u s t  f a s t  f o u r  t o  f i v e  y e a r s ,  s o  

m a n a g e a e n t  should f o c u s  on  p r o l o n g i n g  the effects of t h e  

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

p r o p o s e d  Reasares w h i c h  act t o  e x c l u d e  a n d  ~ e a u c e  p e s t  

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

bio log ica l  e n v i r o n m e n t s ,  and  a a n a g e  t h e  s e l e c t i o n  o f  pest 

b i o t y p e s  t o  f a v o r  t h o s e  n o t  i n j u r i o u s  t o  strawberries. 
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