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;WBSTRACT 

W h i t e  r o t ,  a n  oa ion  disease c a u s e d  b y  t h e  f u n g u s  gc.~ersg&ug 

c 2 i v o r u m  Berk., is a serious probl@a i n  t h e  f r a s e r  V a l l e y  of - ------ 
British Columbia, T h i s  thesis e x a m i n e s  t h e  p o t e n t i a l  of 

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

p r o t e c t  t h e  p l a n t  f rozi i n f e c t i o n  and by reducing i n o c u l u n  l e v e l s  

i n  t h e  soil, 

P u n y i  Mere i s o l a t e d  from Praser  V a l l e y  soils and e v a l u a t e d  

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

r o t ,  S e v e r a l  of t h e  Y O 0  i s o l a t e s  obtained were p??fciU&gg SEE. 

a n d  x r i c h o d e r g g  SEEI w h i c h  h a v e  been u s e d  elsewhere t o  coa t ro l  

diseases caused by s c l e r o t i a - f o r m i n g  p a t h o g e n s .  I>f 310 ~ U W C J U ' S  

i s o l a t e s  t e s t e d ,  59% were a n t a g o n i s t i c  t o  2, c g & m r u r n  &J v i t r a  

None of t he  90 i s o l a t e s  t e s t e d  i n  t h e  field caused s i g n i f i c a n t  

reduction in w h i t e  r o t  incidence, 

The potential for c o n t r o l l i n g  w h i t e  ro-t  b y  r e d u c i n g  t h e  
J 

p o p u l a t i o n  of s c l e r o t i a  o f  S, e ~ j ~ o r u ~  i n  s o i l  was e v a l u a t e d  by  

studying the s u r v i v a l  o f  sc l e ro t i a  u n d e r  l o c a l  c o u d i t i 3 n s ,  

S c l e r o t i a  p r o d u c e d  i n  t h e  laboratory decayed faster t h a n  t h o s e  

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

%ere i n i t i a l l y  sterile b u t  a f t e r  96 h i n  s o i i  t h e y  d e v e l o p e d  a 

wycosphese p o p u l a t i o n  of b a c t e r i a  a n d  f u n g i  s imi la r  t o  that of 

field-produced s c l e r o t i a ,  The r i n d  o f  l a b o r a t o r y - p r o d u c e d  

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

i t  was b r o k e n  i n  many p l a c e s ,  w h i l e  that of f i e i d - p r - o d u c e d  

s c l e r o t i a  was continuers a n d  ucder ia i r ,  by  a Layer af o v o i d  



ce l 1s- 

H a l f - l i f e  estimates for f i e l d - p r o d u c e d  sc lerot i s  were 2 5 - 8 ,  

9-7, a n d  10-7 months f o r  fie14 t r i a l s  c o n d u c t e d  i n  3979, 1980, 

and 1981, r e s p c c t i v e i y ,  Drying scferoltia p r i o r  t o  b u r i a l  

s i g n i f i c a n t l y  increased their r a t e  of decay- S c l c r o t i a  l e f t  on 

t h e  s u r f a c e  of s o i l  d e c a y e d  t a s t e r  than b u r i e d  ones i n  ? of 2 

years1 f i e l d  trials, The rate a& d e c a y  of sclerotia was reduced 

by a d m i x t u r e  of soil with the s c l e r u t i a  b u t  was not a f f e c t e d  by 

soil t ype ,  

T h e s e  r e s u l t s  s u g g e s t  t h a t  _the po ten t ia l  for r e d u c i n g  w h i t e  

r o t  i n  t h e  F r a s e r  V a l l e y  b y  p r o t e c t i n g  h o s t  plant su r faces  w i t h  

f u n g a l  a n t a g o n i s t s  is low, b u t  t h a t  cultural m e a s u r e s  a imed  a t  

r e d u c i n g  i n o c u l w  levels may be a u s e f u l  p a r t  of a disease 

maaagement progran, 
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i. I n t r o d u c t i o n  

w h i t e  r o t ,  a n  o n i o n  3 i s e a s e  c a u s e d  t h e  fungus S c i e r o t i i i i u  

c e ~ i v o r u m  Berk,, was f i rs t  d i s c o v e r e d  i n  t h e  Fraser  V a l l e y  i n  - ------ 
1970 @8), The d i s e a s e ,  w h i c h  c a n  cause severe y i e l d  l o s s e s  (5, 

GO, U1, 82) has c o n t i n u e d  t o  s p r e a d  (1 '15) and now t h r e a t e n s  t h e  

local o n i o n  i n d u s t r y ,  I t  is t h e r e f o r e  e s s e n t i a l  t o  i d e n t i f y  

measures which c a n  be u s e d  t o  c o n t r o l  w h i t e  r o t  i n  t h i s  a r e a ,  

T h e  purpose  of t h i s  t h e s i s  is to  e x a ~ i u e  t h e  potential of 

f t i o l o g i c a f ,  c o n t r o l .  a s  a m a n s  of l i m i t i n g  losses due to w h i t e  

f o t  i n  t h e  F r a s e r  V a l l e y ,  

T h e  pa thogen ,  2, _cep&zsrus, is  a n  imperfect f u n g u s  w h i c h  

a t t a c k s  o n l y  A 1 1 i ~  SJL (27, 120)- The f u a t j u s  p r o d u c e s  

m i c r o - c o n i d i a  i n  n a t u r e  (28) a n d  i n  c u l t u r e  f 13, 39) b u t  these 

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

unknown, T h e  o n l y  known means b y  w h i c h  the p a t h o g e n  s u r v i v e s  i n  

t h e  a b s e n c e  o f  the h o s t  i s  a s  small. ( 0 - 2  to  0-5 m m  diant) b l a c k  

s c l e r o t i a  (27 ,  Y O ,  3 2 0 ) -  T h e s e  s c l e r o t i a  remain d o r m a n t  i n  

n o n - s t e r i l e  s o i l  until s t i a u l a t e d  t o  g e r m i n a t e  b y  e x u d a t e s  f roa 
\ 

t h e  roots of A l l i u l  a&] (32, 33, 35,  95, 70, 71). I n f e c t i o n  o f  
.--' 

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

i n f e c t i o n )  (27, 38, 39,  320) o r  Erots reycefiaf s p r e a d  from 

adjacent i n f e c t e d  p l a n t s  ( s e c o n d a r y  i n f e c t i o n )  (38,  98,  9 9 ) -  

Eiyphae of 2, Gepl~oru_m i n v a d e  t h e  roots  a n d  c o l o n i z e  b o t h  i n t e r -  

and in trace l l lu farfy ,  e v e n t u a f i y  d e s t r o y i n g  t h e  p a r e n c B y m a t o u s  

t i s s u e  (4 ) .  !lev s c l e r o t i a  are f o r ~ t e d  w i t h i n  and  o n  t h e  hos t ,  



t i s s u e  a n d  a r e  d e p o s i t e d  i n  s o i l  where t h e y  may ~ e r s i s t  f o r  many 

years i n  t h e  abseace of the h o s t  (217, 41, 73). 

C o m p l e t e  c o n t r o l  of w h i t e  r o t  h a s  not b e e n  achieved, a n d  i n  

some cases where i n f e s t a t i o n  o f  s o i l  is severe, o n i o n  p r o d u c t i o n  

has had t o  be  a b a n d o n e d  (9 ,  42 ,  82) .. C h e n i c a i  c o n t r o l  h a s  

r e d u c e d  whi te  r o t  i n  soRie s t u d i e s ,  E f f e c t i v e  c h h z i c a l s  i n c l u d e  

c a l o m e l  (23, Y 2 ) ,  PCNB (97) ,  d i c h l o r a n  ( Y 3 )  i p r o d i o n e  (47, 48, 

116)  a n d  v i n c l o z o l i n  (lib), Of t h e s e  m a t e r i a l s  o n l y  d i c h l o r a n  is 

registered f o r  use on o n i o n s  i n  Canada, I p r o d i o n e  a n 4  

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

in t h e  f rasa r  V a l l e y  (13b) and may p r o v i d e  a s h o r t  term s o l u t i o n  

t o  t h e  d i s e a s e  p r o b l e m ,  T h e y  e a n a o t  b e  r e l i e d  upon f o r  long, 

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

d e v e l o p  r e s i s t a n c e  t o  them (76)- C u l t u r a l ,  methods s u c h  a s  t h e  

u s e  of o r g a n i c  a m e n d m e n t s  (97) , altering p l a n t i n g  d a t e s  (97) , 
and t h e  u s e  o f  onions a s  a t r a p  c r o p  (81) h a v e  been tried but 

a re  o f  l i t t l e  use i n  controlling t h e  d i s e a s e ,  One method  w h i c h  

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

o i l  a p p l i c a t i o n s  t o  s t i m u l a t e  g e r m i n a t i o a  cf sc l e ro t i a  ir t h e  

absence  o f  t h e  h o s t  (82, 84, IIY), T h i s  m a s u r e  is e f f e c t i v e  

b e c a u s e  s c l e r o t i a  o f  2, ce~jv_o_yum t h a t  g e m i n a t e  i n  t h e  a b s e n c e  
- 

of t h e  host d e c a y  q u i c k l y  a n d  do n o t  r e a d i l y  f o r m  seconaary 

sclerotia (27,  39, 119), This method gave s i g n i f i c a n t  control of  

white r o t  i n  f i e l d  t r i a l s  in &he Fraser V a i l e y ,  but at 

p r o h i b i t i v e  cos t  (119 ) ,  A l t e r n a t i v e  c o n t r o l  p r o c e d u r e s  for white 

r o t  i n  t h e  F r a s e r  V a l l e y  a r e  s k i l l  n e e d e d -  



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

white ro t  ~ r o b i e m ,  Cook (37)  i d e n t i f i e d  three mechanislns by 

w h i c h  b i o l o g i c a l  c o n t r o l s  can act t o  p r e v e n t  d i s e a s e :  

1. t h r o u g h  the management  of i n c o ~ r t p a  t a b i l i t y  b e t w e e n  
h o s t  a n d  p a t h o g e n  t h r o u g h  @ant b r e e d i n g  o r  i n o c u l a t i o n  
w i t h  a  mil4  o r  a v i r u l ~ n t  strain of t h e  p a t h o g e n ,  2- 
through p r o t e c t i o n  o f  h o s t  ~ l a n t  s u r f a c e s  w i t h  
a n t a g o n i s t s  of t h e  target pathogen a n d  3, t h r o u g h  
r e d u c t i o n  of i n o c u i u a  b y  antagonists of the t a r g e t  
p a t  hogen,"  

B i o l o g i c a l  c o n t r o l  of w h i t e  r o t  h y  each of  t h e s e  m e c h a n i s ~ s  is 

p o s s i b l e .  R e c e n t  vork a t  Sinton Fraser University h a s  i d e n t i f i e d  

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

c u r f e n t l y  u n d e r w a y  i n  t h e  P r a s e n :  V a l l e y  ( I f & ) ,  1.5. nil1 be  

s e v e r a l  years b e f o r e  a c o ~ w r c i a l f y  a c c e p t a b l e  c u l t i v a r  can h e  

d e v e l o p e d ,  h o w e v e r ,  a n d  it-. is unlikely t h a t  the l e v e l  o f  

res i s t a n c e  t h a t  can be a c h i e v e d  w i l l  p r o v i d e  c o m p l e t e  c o n t r o l .  

This thesis e x a m i n e s  p o t e n t i a l  f o r  b i s l o g i c a l  c o n t  f c l  o f  

w h i t e  r o t  i n  the F r a s e r  V a l l e y  v i a  p r o t e c t i o n  of h o s t  p l a n t  

s u r f a c e s  ~ i t h  fungal antagonists and v i a  r e d u c t i o n  i n  t h e  * 
i n o c n l u m  p o t e n t i a l  of the p a t  hogea ,  



3, Pnoteckioa of Host P l a n t  Snrfaces 

B i o i o g i c a i  c o n t r o l  Sy p r o t e c t i o n  of h o s t  p l a n t  s u r f a c e s  

t h e  e s t a b l i s h m e n t  o f  a n t a g o n i s t s  i n  o r  n e a r  t h e  
i n f e c t i o n  cour t  of t h e  h o s t ,  t h e r e b y  p r o v i d i n g  a 
b i o l o g i c a l  ba r r ie r  a g a i r i s t  t h e  target p a t h o g e n ,  l8 

U s e  of a n t a g o n i s t s  i n  t h i s  manne r  e s s e n t i a l l y  t r e a t s  t h e m  a s  

b i o i o g i c a l  pesticides a n d  t h e y  are of t e n  p r o d u c e d  a n d  n a r k e t e d  

i n  a manner s i a i l a r  t o  c h e m i c a l  p e s t i c i d e s ,  Co&merciaf 

p r e p a r a t i o n s  of 8grg&a_c=iug r a d i o b a a e g  ( 6  8 )  , P e z i a & o s a  

qig~gcmgg ( 5 Y ,  96) , ~ r i c h o t i e r a a  v i r i d e  ( 4 3 )  a n d  e c t ~ m y z a r r h i z a e  

for t h e  c o n t r o l ,  o f  %yko&thj2gg c i n l i a ~ o n i  on p i n e  (78) a r e  

c u r r e n t l y  a v a i l a b l e ,  S e v e r a l  o t h e r  diseases h a v e  b e e n  c o n t r o l l e d  A 

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

d e v e l o p e d  for  comercia1 u s e  (16, 55, 6 2 ,  72, 109) .  

O r g a n i s a s  used  a s  b i o l o g i c a l .  c o n t r o l  a g e n t s  f o r  p l a n t  
* 

d i s e a s e s  may be b a c t e r i a ,  f u n g i ,  v i r u s e s  o r  n e m a t o d e s  (17)- 

B a c t e r i a  and f u n g i  a r e  most commonly used ,  The s u c c e s s f u l  u s e  o f  

t h e s e  o r g a n i s a s  i n v o l v e s  e x t e n s i v e  tests o f  many o rgan i sms  

b e f o r e  one c a n  be choser; f o r  f u r t h e r  d e v e l o p m e n t .  T h e s e  tests 

may be b o t h  l a b o r a t o r y  a n d  f i e l d  s t u d i e s ,  O r g a n i s a s  a r e  u s u a l l y  

s c r e e n e d  i n  the l a b o r a t o r y  to  i d e n t i f y  o n e s  t h a t  a r e  

a n t a g o n i s t i c  t o  t h e  p a t h o g e n  and these are tes ted  i n  t h e  f i e l d  

f o r  t h e i r  a b i l i t y  t o  control t h e  d i s e a s e ,  

C o n t r o l  of w h i t e  r o t  b y  p s o t e c t i o n  o f  the hos t  p l a n t  

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



a n t a g o n i s t s  (3, 1 1 ,  5 7, 318 ) -  Field t r i a l s  in the Fraser Valley 

h a v e  shown t h a t  a bacter ium,  BaciLlug m&tiiis, can r e d u c e  the 

levels of white r o t  s i g n i f i c a n t i y  i n  some cases { I l T ) ,  

This s t u d y  o n  the protection o f  h o s t  p l a n t  surfaces was 

d e s i g n e d  t o  d e t e r m i n e  i f  fungi could be used as biological 

c o n t r o l  a g e n t s  f o r  w h i t e  r o t  in t h e  fraser Val ley*  Section I 

d e s c r i b e s  t h e  isolation of f u n g i  from local s o i f  and the 

selection of p o t e n t i a l  an tagonis t s ,  S e c t i o n  11 describes t h e  

s u b s e q u e n t  t e s t i n g  of t h e s e  organisms i n  t h e  field, 



I, S e l e c t i o n  of P o t e n t i a l  Biological Control Fungi 

1 n t r o d u c t i o n  ----------- 
The f i r s t  s t e p  i n  d e v e l o p i n g  a  b i o l o g i c a f  c o n t r o l  program 

for any  disease is  t o  select o r g a n i s m s  which have p o t e n t i a l  t.o 

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

s o i l - b o r n e  p a t h o g e n s  may b e  isolated Erom s o i i ,  from the 

r h i z o s p h e r e  of  t h e  h o s t ,  o r  f r o m  the s u r f a c e  of t h e  pa thogen  

(17) .  Any i s o l a t i o n  p r o c e d u m  w i l l  l i k e l y  y i e i d  more o r g a n i s m s  

t h a n  c a n  be  p k a c t i c a l l y  t e s t e d  in f i e l d  t r i a l s ,  An i n i t i a l  ' 

s c r e e n i n g  p r o c e d u r e  must therefose b e  used to select a  s ~ a P P e r  

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

i n  the f i e i d .  T h i s  F r o c e s s  i n v o l v e s  b o t h  L a b o r a t o r y  s t u d i e s  a n d  

f i e l d  o b s e r v a t i o n s ,  O r g a n i s z s  which may h a v e  p o t e n t i a l  a s  9 

b i o f a g i e a l  c o n t r o l  a g e n t s  and which s h o u l d  be ceta iaed  for 

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

1, o r g a n i s m s  w h i c h  h a v e  denlonstrated a n t a g o l i i s t i c  a c t i v i t y  

t o w a r d s  t h e  p a t h o g e n  in d u a l  c u l t u s e  tests, 

2. o r g a n i s m s  which h a v e  c o n t r o l f e d  the disease being s t u d i e d  or 

similar d i s e a s e s  i n  o t h e r  a r e a s ,  

3 ,  o r g a n i s m s  which are thought t o  b e  r e s p o n s i b l e  f o r  n a t u r a l l y  

o c c u r r i n g  b i o l o g i c a f  control, 

. D u a l  c u l t u r e  tests are a common B e a n s  of s e l e c t i n g  

o r g a n i s m s  f o r  u s e  i n  b i o l o g i c a l  c o n t r o l  e x p e r i m e n t s  (24, 50, 73, 



93, 1 2 4 ) -  T h e  p a t h o g e n  a n d  t h e  t e s t  i s o l a t e  are  p l a t e d  on 

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

a l l o w e d  t o  grow t o g e t h e r .  T h e  f o r m a t i o n  of a c l e a r  z o n e  b e t w e e n  

t h e  two  c o l o n i e s  is r e g a r d e d  a s  a n  i n d i c a t i o n  t h a t  the i s o i a t e  

is a n t a g o n i s t i c  t o  the pathogen,  These tests, which are u s u a l l y  

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

an  o r g a n i s m  w i l l  b e  a good b i o l o g i c a l  control a g e n t ,  Kommedahi 

a n d  W i n d e l s  ( 73 )  d i d  n o t  f i n d  a n y  c o n s i s t e n t  relationship 

be tween  the size o f  t h e  i n h i b i t i o n  zone and d i s e a s e  control i n  

t h e  f i e l d ,  Wood a n d  T v e i t  (124) s u g g e s t e d  t h a t  m e a s u r e m e n t s  of 

i n h i b i t i o n  of g r o w t h  o f  the p a t h o g e n  or the u s e  o f  a more 

n a t u r a l  medium such a s  soil e x t r a c t  a g a r  (SEA)  may g i v e  more 

m e a n i n g f u l  r e s u l t s ,  D e s p i t e  t h e i r  l i m i t a t i o n s ,  t h e s e  t e s t s  still 

provide u s  w i t h  o n e  method of  s e l e c t i n g  p o t e n t i a l  biologics l 

c o n t r o l  a g e n t s ,  

Organisms which  h a v e  c o n t r o l l e d  the d i s e a s e  beixig s t u d i e d  

o r  s imi la r  diseases a r e  good c a n d i d a t e s  for f i e l d  t es t ing*,  

S e v e r a l  bacter ia  a n d  f u n g i ,  n o t a b l y  Bac i l l u s  zur (72, 74, 107, 

1 1 8 ) ,  @ ~ ~ d ~ ~ ~ ~ ~  222% ( 3 7 ,  74,  8 7 1 ,  g o g i o t h y r j t l l p  s&gr (11, b2, 

118 ,  111) a n d  Xr&ho_&gy~ SEEr (2 ,  15 ,  Y5, 55, 561, h a v e  b e e n  

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

occasions, T h e i r  p e r f o r n a n c e  is n o t  g u a r a n t e e d ,  however, a s  

d i f f e r e n t  i s o l a t e s  way h a v e  d i f f e r e n t  abilities to  c o n t r o l  

d i s e a s e  (2  21, 22 ) -  L o c a l  e r t v i r o n m e n t a l  factors may also have 

p r o f o u n d  e f f e c t s  on t h e  e f f i c a c y  of a g i v e n  a g e n t  ( 5 6 ,  6 5 )  

 ise eases c a u s e d  by sclerotium-f orming  p a t h o g e n s  other t hac  2% 



cep_&v_oA.= h a v e  b e e n  coatro l led  b y  a p p l i c a t i o n s  of C_o_niothpfiurn 

a 6 1  '109, 1 7 0 ) ,  G l i o ~ h d & g g  c a t e n u l a t u m  (61, 6 2 ) .  

G l i o c l a d i u g i  roseurn (81Ej), g~gridesgaigg s c 5 c ~ q % i v o r u m  (7, 8, 15) , 

T r i c h o d e s m a  haczianum (45, 57, 109) a n d  T r i c h o d e r m a  h a m a t u g  ( 5 5 ,  ------ -------- 
57, 653 - W h i t e  r o t  h a s  been controlled w i t h  G ,  minitans (i 1) , 
P e n i c i l l i u m  n i g r i c a n s  (51) a n d  T 2 : i c h o d e m a  seEl (2* 3 ) -  Any o n e  ------- 
of t h e s e  f u n g i  is a p o t e n t i a l  b i o l o g i c a l  c o n t r o l .  a g e n t  f o r  w h i t e  

r o t  i n  the F f  aser V a l l e y ,  

The b e s t  p l a c e  t o  l o o k  f o r  b i o l o g i c a l  c o n t r o l  a g e n t s  is i n  

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

d e v e l o p m e n t ,  t h e  d i s e a s e  d o e s  r,ot o c c u r  ( 1 7 ) -  S u c h  s o i l s  a r e  

known a s  s u p p r e s s i v e  s o i l s ,  S u p p r e s s i v e  soils o f t e n  R a v e  

r a i c r o f  l o r a l  p o p u l a t i o n s  which are sig n i f i c a n t l g  different f rota 

t h o s e  o f  c o n d u c i v e  s o i l s  (12, 26, 4 4 ) -  Disease c o n t r o l  in; 

conducive s o i l s  s a y  be a c h i e v e d  b y  in troduce ion  of a p r o p o r t i o n  

o f  t h e  r a i c r c f  f o r a l  g o ~ u l a t i o n s  g r a m  s u p p r e s s i v e  s o i l s  (26,. 37)  - 
In some s i t u a t i o n s  o n e  o rgan i sa  c a n  b e  i d e n t i f i e d  a s  t h e  p r i m a r y  

c a u s e  of t h e  s u p p r e s s i v e n e s s  02 a soil, The i n t r o d u c t i o n  of 

l a r g e  a i m a n t s  of this o r g a n i s m  t o  a conducive s a i l  nay  be  

s u f f i c i e n t  t o  c o n t r o l  t h e  d i s e a s e ,  Chet .  a n d  Baker (26) 

i d e n t i f i e d  x, pamaturn a s  t h e  cause of t h e  s u p p r e s s i v e n e s s  of a 

C o l u n t b i a n  s o i l  t o  Qhjzigonia s o l a n i  a n d  were a b l e  to u s e  % h i s  

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

S o i l  i n  some f i e l h s  i n  Burmaby,  a n  area of s r ~ a l l  m a r k e t  g a r d e n s  

i n  t h e  F r a s e r  V a l l e y  of B r i t i s h  Columbia, may b e  s u p p r e s s i v e  tc 

w h i i e  r o t ,  I n  a s u r v e y  c o n d u c t e d  i n  1 9 7 7 ,  these f i e l d s  werp 



f o u n d  t o  c o n t a i n  v i a b l e  s c l e r o t i a  o f  S, ce_e&ao_yug, b u t  u t a i t e  r o t  

was not f o u n d  i n  a n i o n s  p l a n t e d  in these f i e l d s  { A l 5 ) ,  If t h i s  

effect is d u e  to a b i o l o g i c a l  f a c t o r ,  t h c s e  f i e l d s  may represent 

g o o d  s o u r c e  o f  b i o l o g i c a l  contrcl agents,  

This sec+.iou describes the s e l e c t i o n  of p o t e n t i a l  

b i o l o g i c a l  c o n t r o l  a g e n t s  for onion w h i t e  rot* T h e  o r g a n i s n s  

were s e l e c t e d  f r o m  f u l s g i  i s o l a t e d  from s o i l   fro^ f i e l d s  i n  

B u r n a b y  (possibiy s u p p r e s s i v e  t o  w h i t e  ro t )  a n d  froa s o i l  frona 

fields i n  C l o v e r d a l e  [ c o n d u c i v e  t o  white r o t ) ,  T h e  fungi were 

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

cr i te r ia  d i s c u s s e d  above ,  

* 
I s o l a t i o n  of F u a g i  

Soil s a ~ p l e s  were c o l l e c t e d  i n  S e p t e m b e r  3978 from e i g h t  

f i e l d s  i n  t h e  Fraser V a l l e y :  four f r o m  f i e i d s  i n  t h e  C l o v e r d a l e  

a r e a  t h a t  h a d  white r a t  i n  t h e  f 977 s u r v e y  a n d  f o u r  froa f i e l d s  

i n  B u r n a b y  t h a t  did n o t  have w h i t e  rot b u t  were infested with 2,- 

c~givorum- S o i l  from 30 t o  50 r a n d o m l y  l o c a t e d  s i tes  in e a c h  

f i e l d  was b u l k e d  i n  polyethylene b a g s  a n d  s t o r e d  a t  5 O  C u n t i l  

it could be processed, D i l u t i o n  a n d  s o i l  p l a t e s  were p r e p a r e d  

within 43 h o f  f i e l d  s a ~ p l i n g .  

D i l u t i o n  p l a t e s  were u s e d  to es t imate  t h e  p o p u l a t i o n  of 

f r ~ n g i  i n  e a c h  s o i l ,  T h e  soil f r o m  each  bag was f i r s t  nixed i n  a 

r o t a r y  irt ixer,  T w e n t y - f i v e  g o f  s o i l  ( d r y  w e i g h t  basis) was a d d e d  



to 250 BL oL a 0 - 1  S agar solutionl The suspension was shaken on 

a m e c h a n i c a l  s h a k e r  for 20 min, and s e r i a l  dilutions vere 

p r e p a r e d ,  C n e  mL a f i q u o t s  o f  the 1x105 d i l u t i o n  were spread  over 

t h e  s u r f a c e  of each of 10  ~ l a t e s  of O H I O  agar ( 6 7 )  and 10 p l a t e s  

of  Dextrose P e p t o n e  Yeast E x t r a c t  Agar (DPYER) (67), T h e  plates 

v e r e  i n c u b a t e d  a t  220 C for seven days, The number  of c o L o a i e s  

on  each p l a t e  was recorded a n d  s u b c u l t u r e s  v e r e  made of presumed 

species, 

S o i l  plates were prepared t o  isolate f u n g i  w h i c h  are not 

normally o b t a i n e d  on d i l u t i o n  p l a t e s ,  One g of  s o i l  was mixed 

w i t h  99 g of  s t e r i l e  sand,  Approxi lnate ly  0 , 0 1  g of this m i x t u r e  

was p l a c e d  i n  t h e  bottom of each  of 20 p e t r i  dishes, Twenty iaf, 

of either O B I 0  agar  or DP'aEA; cooled to 45O C ,  gas added  to  each 

of 10 r e p l i c a t e  dishes per soil s a ~ p l e ,  The d i s h e s  gere swirled 

t o  s u s p e n d  t h e  soil i n  t h e  agar and i n c u b a t e d  f o r  14 days  a t  2 2 O  C, 

S u b c u l t u r e s  were made of p r  es umed s p e c i e s .  

I d e n t i f i c a t i o n  

One hutadred and fifty i s o l a t e s  were identifies a t  l e a s t  to - 
genus,  C u l t u r e s  for  i d e n t i f i c a t i o n  were grown on Czapeks  Dox 

Agar: ( C D A )  ; Potato Dextrose Agar (PDA) ; and  E3alt Extract Agar 

{MEA), Some of the i s o l a t e s  were sent t o  t h e  B i o s g s t e m a t i c s  

Research Institute, Agricul ture  Canada, 0 t tawa,  f o r  further 



D u a l  C u l t u r e  T e s t s  

T h r e e  hundreA and  t e n  i s o l a t e z  were evaluated for 

a n t a g o n i s a  t o  2% ce2&pprqg on P E A ,  T h i r t y - f a u r  i s o l a t e s  were 

also tested on S E A .  T h e  tests n e r e  d o n e  on  e i t h e r  60 x 1 5  rnm o r  

1 5 0  x 15 m m  plates, The t e s t  isolates were i n o c u l a t e 3  on ofie 

e d g e  of t h e  p l a t e  and  allowed t o  g row f o r  2 4  h b e f o r e  a  5 mm 

d i a m  core of  2% ccx?~&vorua Was p l a c e d  a t  t h e  o p p o s i t e  edge, The  

core was taken from t h e  e d g e  of a n  a c t i v e f p  g r o w i n g  c o l o n y  of 2, 

c e p i v o r u a i  with a number 2 cork borer, The plates were incubated 

at 22O C a n d  e x a m i n e d  fox t h e  t y p e  of i n t e r a c t i o n  b e t v e e n  t h e  

test f u n g u s  a n d  2, a??~&oram a f t e r  f i v e  d a y s  for t h e  smaller 

p l a t e s  and s e v e n  days  fo r  t h e  l a r g e r  p l a t e s ,  A11 tests were 

c o n d u c t e d  a t  feast t u i c e ,  T h i r t y  i s o l a t e s  were tested further t o  

q u a n t i f y  inhibition of g r o w t h  of S, rx?glvorun a n d  t h e  test 

Ennjus ,  T h e  p l a t e s  160 x 15 man) were p r e p a r e d  as  d e s c r i b e d  a b o v e  

a n d  the c o l o n y  diarseter of e a c h  i so i a  te a n d  5, c_~xlif lorum i n  p u r e  

a n d  i n  d u a l  cul ture was r e c o r d e d  a t  24, 4 8  a n d  72 h, T h e r e  were 

f o u r  r e p l i c a t e s  of each test, 

E v a l u a t i o n  of S u p p r e s s i v e n e s s  of Burnaby So i l  

Muck s o i l  was c o l l e c t e d  from a v e g e t a b l e  farm i n  Bufnaby 

B r i t i s h  C o l u n t b i a  a n d  brought  i ~ t o  the l a b o r a t o r y  %here h a l f  o f  
4'' 

i t  was sterilize3 by a u t o c l a v i n g  t ~ i c e  ( 1 0 3 - 5  RPa p r e s s u r e ;  15 " 
min) ,  The s o i f  was ~ i a c e d  i n  4 2  p o t s ,  10 cm i n  diameter-  T h e r e  

were seven r e p l i c a t e  pots f o r  e a c h  of t h e  following s i x  

treatments: sterilized and n o n - s t e r i l i z e d  s o i l ,  each w i t h  



f i e l d -  p r o d u c e d  s c l e r o t i a ,  l a l t o r a l t o s y - p r o d u c e d  s c l e r o t i a  or n o  

sclerot i a  a d d e d -  O n i o n  s e e d s  (cv.  Autumn Spice) were p l a a t e d  in 

t h e  soil a n d  the p o t s  were kept in a growth c h a ~ b e r  for 12 

w e e k s ,  T h e  n u ~ b e r  of h e a l t h y  p l a n t s  was r e c o r d e d  weekly, Percent 

a o r t a l i t p  was c a l c u l a t e d  a s  t h e  number  of d e a d  plants/number of 

o n i o n s  e m e r g e d  x 100,  T h e  d a t a  were s u b j e c t e d  t o  an a r c - s i n e  

t r a n s f o r a a t i o n  a n d  a n a l y z e d  u s i n g  analysis 05 v a r i a n c e  a n d  

D u n c a n ' s  M u l t i p l e  Bange T e s t ,  C 

D u a l  C u l t u r e  $es%s 

Q u a l i t a t i v e  e v a l u a t i o n  of the interactions o f  310 f u n g u s  

i s o l a t e s  a n d  & cz2_i_v_oru~ s h o v e d  t h a t  1 8 4  {59,2 Y )  were 

a n t a g o n i s  t ic  t o  the p a t h o g e n ,  Q u a n t i t a t i v e  e v a l u a t i o n  of  30 

i s o l a t e s  showe4 t h a t  97 X i n h i b i t e d  t h e  g r o w t h  of 2% c e ~ i v o r u m  

by a t  l e a s t  201 [ P i g ,  1 ) -  Two c o l o n i e s  of 2% gepi-riorum p l a t e d  o n  

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

w i t h  no  a ~ p a r e n t  i n h i b i t i o n  of g r o w t h  a l t h o u g h  measurement of  - 
t h e i r  c o l o n y  d i a m e t e r s  was i ~ p o s s i b l e  a s  t h e  mycelium of t h e  two 

c o l o n i e s  c o u l d  n o t  be  d i s t i n g u i s h e d  from e a c h  o t h e r -  S, 

m?~ivoggg i n h i b i t e d  t h e  g r o w t h  of 56,673 of t h e  test i s o l a t e s  by 

a t  least 20% (Fig* 2 ) -  



f i g , l ,  The effect of f u n g i  i s o l a t e d  froa Fraser V a l l e y  soils orn 

t h e  growth of & cgpivorum on PDA, 



GROWTH INHIBITION (%) 



Fig.2. The effect of S, m y i v o r u g  on the grosrth on PDA ofi f u n g i  

i s o l a t e d  from Frases Val ley so i l s .  



GROWTH INHIBITION (%) 



T h e  i n t e r a c t i o n s  between t h e  test Z u n g i  anfl 2, cge4vgyqg in 

d u a l  c u l t u r e  tests were g r o u p e d  into f i v e  aa j o r  c a t q o r i e s :  

A Two c o l o n i e s  grow t h r o u g h  e a c h  o t h e r  

3 T h e  pa thogen  o v e r g r o w s  the t e s t  isolate 

a g r o w s  a r o u n d  

b g r ~ w s  over 

C The  two colonies grow u n t i l  t h e y  meet and growth s t o p s  

D T h e  g r o w t h  of both colonies s t o p s  a t  a d i s t a n c e  f r o &  e a c h  

o t h e r  l e a v i n g  a clear z o n e  

a  zone less  t h a n  5 rain 

b z o n e  between  5 a n d  10 mn 

c zone g r e a t e r  t h a n  10 m m  

E The  test  i s o l a t e  o v e r g r o w  S, c e f i v o r u ~  

a grows around 

b g r o w s  o v e r  

The f i r s t  two c a t e g o r i e s  ( A  and B )  d e s c r i b e  i n t e r a c t i o n s  i n  

w h i c h  t h e  p a t h o g e n  is n o t  s e v e r e l y  l i m i t e d  by  the test i s o l a t e ,  

t h e  t h i r d  c a t e g o r y  [C) d e s c r i b e s  a n  i n t e r a c t i o n  i n  w h i c h  b o t h  

o r g a n i s ~ s  are e q u a l l y  a f f e c t e d ,  T h e  isolates i n  t h e s e  c a t e g o r i e s  

( F i g ,  3 )  a r e  c l a s s i f i e d  a s  non a n t a g o n i s t i c  t o  S, c e ~ i v o r u m  , 

The l a s t  two c a t e g o r i e s  f D  a n d  E)  d e s c r i b e  i n t e r a c t i o n s  w h e r e  

t h e  p a t h o g e n  is s i g n i f i c a n t l y  a f f e c t e d  by t h e  test organism, T h e  

organisms i n  t h e s e  categories ( P i g ,  4) a r e  c l a s s i f i e d  a s  

a a t a g o n i s t i c  t o  2, w g i v o r u a  , I n  t h e s e  i n t e r a c t i o n s  t h e  

mycel ium of SL c e ~ i ~ o r u m  o f t e n  becomes darkened-  



Fig .3 ,  Elon antagonistic i n t e r a c t i o n s  of  so i l  fungi  and 2,  

c s i v o r u m  on P D A .  (Arrows represent t h e  direction and extent of - ---- 
fungus growth, asterisks shorj t h e  location of  S, ce~ ivarumf  

A 2% c e ~ i v o y a g  and t h e  test isolate grow through each other.. 

3 2, p&vorug overgrows the test i s o l a t e  , 

C 2, ceplvoyqg and the test i s o l a t e  grow until t h e y  meet and 

growth stops, 





f i g . 4 ,  A n t a g o n i s t i c  interactions of soil fungi a n d  3, c_epivorug 

on P D A ,  (Arrows represent t h e  d i r e c t i o n  a n d  e x t e n t  of fungus 

growth, a s t e r i s k s  s h o u  the l o c a t i o n  of 2, c e p  i v o r u n )  

A T h e  growth of S, cepivorug and t h e  t e s t  i s o l a t e  s t o p  a t  a 

d i s t a n c e  fro& each other l e a v i n g  a c l e a r  zone ( 5  t o  10 mm) * 

3 The growth of 2, ~ ~ i v o r u ~  a n d  the test i sofate  s t o p  a t  a  

d i s t a n c e  from e a c h  other l e a v i n g  a clear z o n e  1 > I 0  ma), 

C The test i s o l a t e  overgrows S, cgpiqorgs 

f) The. t e s t  i s o l a t e  causes a browning of the S, ce~&vo_rs 





'Table  1. Coispariscn of dual-culture interactions of s o i l  f u n g i  

and 2% cxpixggug on PDR and SEA, 

I n t e r a c t i o n  Percent of I s o l a t e s  

P D A  SEA 

A. Two colonies grow through 5.8 2.9 

each other 

fd, ~ , G , ~ z & v o ~ u ~ ~  overgrows t h e  14, 7 17-6 

test i s o l a t e  

C. Two colonies grow u n t i l  

they meet and stop growing 

D, Two c o l o n i e s  stop g r o w i n g  

at a d i s t a n c e  froa each 

other 

E, Test isolate overgrows 11.7 8-8 



I n  c a t e g o r y  D this b r o w n i n g  may occur from 0 t o  1 cm b a c k  f r o m  

the edge  of t h e  contact zone, I n  category E t h e  m y c e l i u m  o f t e n  

becomes .  t o t a l l y  darkened a n d  f o r m a t i o n  of s c l e r o t i a  i s  r e d u c e d  

o r  e l i m i n a t e d ,  

The growth of t h e  p a t h o g e n  a n d  the test i s o l a t e s  was less  

o n  SEA t h a n  o n  PDA, T h e r e  were few d i f f e r e n c e s  i n  t h e  

i n t e r a c t i o n s  o b s e r v e d  on t h e  t%ro media ( T a b l e  '1 ) -  T w e n t y f i v e  of 

t h e  iscrfa t ~ s  tested (73.5%) were a n t a g o n i s  t i c  t o  2% m?pivomg on 

B o t h  media, 5, c e v i v o r u m  was a n t a g o x i i s t i c  t o  33-93 of the f u n g i  

tested, F o r t y - - n i n e  ~ e r c e n t  of the i s o l a t e s  tested c a u s e d  t h e  

formtion of a n  i n h i b i t i o n  zone, and a  f u r t h e r  9,574 g r e w  o v e r  

t h e  p a t h o g e n  ( T a b l e  2). Wide i n h i b i t i o n  zones wefe p r o d u c e d  b y  

Pen  i c i l l i u r n  sps, n o t a b l y  gr n L g r i c a n 5  and iensgpi, and --------- 
Wcrernonium f u r c a t u r n ,  B o t h  o f  the  T r i c h o d e r m a  ~ a ,  o v e r g r e w  t h e  ------- ------- 
p a t h o g e n  a n d  c a u s e d  a daxkening of t h e  m y c e l i u m  a n d  r e d u c t i o n  i n  

sclerot ia, g & i g c 1 a d i u , m  c_aten~flatgg, a !?e_?&gilf iua 522% and an 

a s c o ~ y c e t e ( i i k e l p  :mercello~sis ) a h s o  o v e r g r e v  t h e  p a t h o g e n .  

Gccurreace of Known B i o c o n t r o l  Agents i n  Local Soils 

d s c l e r o t i a - f  o r m i n g  

p a t h o g e n s  i n  orher areas  w i t h  t h e  e x c e p t i o n  of C, pikiitans a n d  
- 

S ,  s c l e r o t i v o r u m  were found i n  l o c a l  s o i l s ,  All of these - --------- 
g o n i s t i c  t o  S, s e ~ i v o r u a  i n  d u a l  c u l t u r e  tests 

( T a b l e  3)- 2, m i n i t 3 2  was o c c a s i o n a l f y  i s o l a t e d  froin s c l e r o t i a  



S u p p r e s s i v e n e s s  o f  E u r n a b y  S o i l  

There was s i g n i f i c a n t l y  ( p I Q - 0 5 )  more mortality of t h e  

o n i o n s - i n  soil. v i t h  s c l e r o t i a  of 2, c_gg&vgru& than i n  the 

c o n t r o l  s o i f .  T h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  

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

l a b o r a t o r y  o r  the f i e l d .  O n i o n  m o r t a l i t y  was s i g n i f i c a n t i y  . - -  --- 

g r e a t e r  {p<O,OZj) i n  s t e r i l i z e d  soil than i n  n o n - s t e r i l i z e d  s o i l  

when l a b 0  ~ a t o r y - p r o d u c e d  a d d e d .  A l t h o u g h  t h e r e  
____- -* - 

was n o  s i g n i f i c a n t  d i f f e r e n c e  { p  >0.05) i n  m o r t a l i t y  in 

sterilized a n d  n o n - s t e r i l i z e d  s o i l  amended  vith s c l e r o t i a  f r o m  I .  
- 

--4 

o n i o n s  t h e  r s o r t a l i t y  was twice a s  great in t h e  l a t t e r  ( T a b l e  4 ) -  

T h e r e  were n o  s i g n i f i c a n t  d i f f e r e n c e s  (p50 -05 )  i n  t he  

fungal p o p u l a t i o n s  of Burnaby a n d  C l o v e r d a l e  s o i l s ,  which 

conta ined  p o p u f a t i c n s  of s o i l  f u n g i  of 6-53 x 10s a n d  8 , 6 6  x 10s 

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

antagonistic isolates was o v e r  50% i n  both s o i l s ,  T h e r e  were n o  

o b v i o u s  differences i n  the ~ r o p o r t i o n s  of the ttlost coamon gene ra  

i n  t h e  two soils o r  any i n d i c a t i o n  t h a t  a n y  s p e c i e s  was 

p r e d o ~ i n a n t  i n  B u r n a b y  soil a n d  riot i n  Cloverdale s o i l .  





Table 3. Kriown b i o l o g i c a l  control agents of sclerotia-formiacj 

pathogens i s o l a t e d  from Fra se s  Valley S o i l s  

Spec ies  P a  thogec  L o c a l  Dual-Culture 
Control l e d  Xsola t  i on  E n t e r a c t i o n  

*B=Burnaby, C = C l o v e r d a l e  , nurnbers i n  brackets are average 
p o p u l a t i o n s  of species i n  sail xlOs 



Table 4, Inf luence  a•’ s o i l  s t e r i l i z a t i o n  o n  mortality of onions 

i n  s o i i  amended o r  n o t  amended w i t h  sc lerot ia  of Sc.%e~otiug 

ceeivoru~tl 

Won-sterilized Soil 

Laboratory S c l e r o t i a  

3' i e l d  Sclero t i a  

No S c l e r o t i a  

-------------------------------------------- 
*numbers followed b y  t h e  saw letter a r e  no t  s i g n i f i c a n t l y  

different (p50.05) according to Duncan's ~ d l t i p l e  Range Test 



D i s c u s s  i o n  --------- 
Tot many (3'13) f u n g i  were i s o l a t e d  f r o m  F r a s e r  V a l l e y  s o i l s  

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

r o t .  A d d i t i o n a l  s t u d i e s  were, t h e r e f o r e ,  c o n d u c t e d  t o  select 

p r o m i s i n g  o r g a n i s m s  fo r  u s e  i n  f u r t h e r  tests- 

D u a l  C u l t u r e  T e s t s  

good. a n d  T v e i t  (324)  s u g g e s t e d  t h a t  d u a l  c u l  tore tests 

s h o u P d  be c a r r i e d  o u t  on a medium w h i c h  h a s  nutrient c o n d i t i o n s  

s imilar  t o  t h o s e  of t h e  n a t u r a l  e n v i r o n m e n t  of t h e  p a t h o g e n :  SEA 

f cr soif- b o r n e  p a t h o g e n s ,  I d e a l l y  each o r g a n i s m  s h o u l d  be  teste4 

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

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

combination ( 1  7).  A s  k n o u l e d g e  o r  the s p e c i f i c  e n v i r o n m e n t a l .  

c o n r l i t i o n s  p r e s e n t  i n  F r a s e x  Valf ey s o i l s  is m i n i m a l  a n d  a s  i t  

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

d u a l  c u l t u r e  t e s t ,  t h e  i n t e r a c t i o n s  of 3% c e _ ~ L ~ y g  a n d  s o i f  

f u n g i  vere c o m p a r e d  o n l y  o n  P D A  a n d  SEA, The i n t e r a c t i o n s  of 2% - 
c e ~ 4 v o r u m  a n d  t h e  s o i l  E u n g i  were s i m i l a r  on t h e  two med ia -  T h i s  

r e s u l t  a g r e e s  with t h e  o b s e r v a t i o n s  o f  Broa ,dben t  3 a&, (24)  and 

P o r t e r  (93)  who f o u n d  t h a t  the media i n f l u e n c e d  t h e  i n t e n s i t y  

but n o t  t h e  type of i n t e r a c t i o n ,  The r e m a i n i n g  d u a l  c u l t u r e  

tests were a l l  c o n d u c t e d  o n  PDA a s  i t  i s  r e a d i l y  a v a i l a b l e  and 

e a s y  t o  p r e p a r e ,  



Wood a n d  T v e i t  f72Q) a l s o  s u g g e s t e d  t h a t  q u a n t i t a t i v e  

m e a s u r e m e n + , s  o n  the inhibition o f  g r o w t h  of t h e  p a t h o g e n  aay  

g i v e  more m e a n i n g f u l  r e s u l t s  t h a n  the s t a n d a r d  q u a l i t a t i v e  

e v a l u a t i o n s  u s e d  i n  m o s t  s t u d i e s ,  T h e  g r o w t h  of St c e ~ i v o r u m  was 
&- . 
lna j o r i t y  of t h e  i s o l a t e s  tested 

[ P i g .  '3) T h o s e  i s o l a t e s  wh he g r o w t h  of t h e  

50% were a l s o  c l a s s i f i e d  a 

t h e  b a s i s  o f  q u a i i t a t i v e  e v a l u a t i o n .  T h e s e  m e a s u r e m n t s  a l o n e ,  

t h e r e f o r e ,  d o  not significantly improve one% ability to 

d i s t i n g u i s h  b e t w e e n  p o t e n t i a l  a n t a g o n i s t s ,  The measurements, 

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

of a l a r g e  p r o p o r t i o n  (56,611 of t h e  t e s t  i s o l a t e s ,  If s imi la r  

i n h i b i t i o n  occurs i n  s o i l  it may h e l p  t o  explain i n  p a r t  why 

some organisms, a n t a g o n i s t i c  i n  c u i t u r e ,  are not a s  s n c c e s s f u l  

i n  b i o l o g i c a l  c o n t r o l  e x p e r i ~ e n t s  a s  m i g h t  b e  hoped-  

B e a s u r e m e n t s  of the i n h i b i t i o r .  of grow2;h of b o t h  the p a t h o g e n  

and t h e  test i s o l 3 t e  nay b e  a useful a e a n s  of selecting 

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

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

f a c g e  numbers  of o r g a n i s m s ,  It nay be  ~ o s s i b l e  t o  u s e  

q u a n t i t a t i v e  m e a s o r e m e n t s  such a s  t h e s e  t o  d i s t i n g u i s h  h e t w e e n  

p r o 3 i s i n g  i s o l a t e s  selected o n  t h e  b a s i s  of q u a l i t a t i v e  

evaluation, 

T h e  o b s e r v a t i o n  that 2 ,  =&orurn was a n t a g o n i s t i c  t o  33,9% 

of t h e  i s o l a t e s  t e s t e d  is c o n t r a r y  t o  t h e  r e p o r t s  of P a p a v i z a s  

(89j and Scott (98) who c i t e  S, c e p i v o r u n t  as a p o o r  c o m p e t i t o r ,  



G h a f f a r  ( S O ) ,  i n  h i s  s t u d y  of t h e  i n t e r a c t i o n s  of soil f u n g i  a n d  

S ,  m e i v o m i n  , d i d  n o t  m e n t i o n  a n y  i n s t a n c e s  of the p a t h o g e n  -- 
i ~ h i b i t i n g  the test f u n g i ,  T h e  o b s e r v a t i o n  t h a t  a p a t h o g e n  c a n  

antagonize a s o i l  s a p r o p h y t e  is n o t  u n i q u e  a s  B e l l  and B e f l s  

( 2 1 )  f o u n d  t h a t  l ? $ & m c t o c i a  solpgi grew o v e r  some i s o l a t e s  o f  

mch_od_gr_gg se.gZ i n  d u a l  c u l t u r e  tests. 

Hood a n 6  T s e i t  {I231 d e f i n e  a n t a g o n i s %  a s  

#* a n y  a c t i o n  o f  one  o r g a n i s m  w h i c h  in some way agtvessefy 
a f f e c t s  a n a t h e r  g ro ia ing  i n  a s s o c i a t i o n  w i t h  it,i4 

Bask s o i l s  c o n t a i n  a l a r g e  n u ~ b e r  o f  o r g a n i s ~ s  a n t a g o n i s t i c  t o  

p a t h o g e n s .  B r o a d b e n t  & ad., ( 2 4 )  f o u n d  that &OX o f  the b a c t e r i a  

a n d  a c t i n o m y c e t e s  tested were a n t a g o n i s t i c  t o  a t  l e a s t  o n e  of 

nine p a t h o g e n s ,  Kolnaedahf and Windels 173) r e p o r t e d  t h a ' t  59%' of 

t h e  b a c t e r i a  and f u c g i  t h e y  tested were a n t a g o n i s t i c  t o  E u s a r i u n  

sorani or EL gplaai .  --- -- 
I T h e  larger p r o p o r t i o n  p50F) 0% isolates a n t a g o n i s t i c  t o  2% 

ce_pivorum i n  t h i s  s t u d y  t h a n  t h e  253 r e p o r t e d  by G h a f f a r  (50)  is 

a c o n s e q u e n c e  of  the p r e d o m i n a n c e  of gen&c_il_&kgm_ SPP- a n d  

T r i c h o d e f m a  i s o l a t e d  from local  s o i l s ,  T h e s e  g e n e r a  a r e  ------ 
commonly o v e r - r e p r e s e n t e d  o n  d i l u t i o n  p l a t e s  due t o  t h e i r  

I a b i l i t y  t o  p r o d u c e  l a r g e  n u m b e r s  of s p o r e s  j1211, T h e  l a r g e  

\ p r o p o r t i o n  of a n t a g o n i s t s  reported h e ~ e  i s  r e p r e s e n t a t i v e  of t h e  

/ f u n g i  i s o i a i e d  b u t  n o t  n e c e s s a r i l y  r e p r e s e n t a t i r e  of the gj&g 
I 

\ p o p u l a t i o n  of soil f u n g i ,  
t 
\ 

T h e  m a j o r i t y  o f  t h e  i s o l a t e s  w h i c h  p r o d u c e d  a w i d e  
E 

i n h j b i t i o n  zone o n  a g a r  ( c a t e g o r y  D - 3 )  were P e n ~ c i f l i u m  

Hany g e n i c i l l i u m  s & ~ =  a c e  n o t e d  f o r  t h e i r  a b i l i t y  t o  p r o d u c e  



b r o a d  s p e c t r u m  a n t i b i o t i c s  a n d  a r e  of t e n  r e p o r t e d  t o  p r o d u c e  

wide inhibition z o n e s  when p l a t e d  in d u a l  c u l t u r e  tests a g a i n s t  

many p a t h o g e n s  ( 5 0 ,  7 3 ,  86, 9 3 1 ,  

\ Both o f  t h e  TY~cPgdgyma me, i s o l a t e d  o v e r g r e w  the p a t h o g e n  
\ 

a n d  @ a n y  c a u s e d  a  b r o w n i n g  of t h e  mycel ium a n d  i n h i b i t e d  

s c l e r o t i a  f o r m a t i o n ,  S i m i l a r  o b s e r v a t i o n s  were made b y  Ghaf f a r  

(50)  a n d  Moubasher  g& a& (861, If  t h i s  is  c h a r a c t e r i s t i c  of a 

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

e f f e c t i v e  b i s l o q i c a l  c o n t r o l  a g e n t s ,  

If all o r g a n i s m s  wh ich  are c l a s s i f i e d  a s  a n t a g o n i s t i c  t o  S, 

cegi.vor1.12 were s e l e c t e d  fo r  f u r t h e r  tes ts  t h e r e  would s t i l l  b e  

t o o  many t o  t es t  i n  field t r i a l s -  While t h e  c h a n c e s  of success 

w i l l  l i k e l y  b e  ir t lproved b y  testing a s  v i d e  a v a r i e t y  of fungal. 

s p e c i e s  a s  p o s s i b l e ,  further s e l e c t i o n  ~ r o c e d u f e s  must  b e  used,  

Knovn B iocon t ro l  A g e n t s  

Almost a l l  of t h e  s p e c i e s  which h a v e  b e e n  used i n  other 

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

were isolated f r o m  local  soils, m i n i t a n s  and 3, s c l e r o L i ~ o r u m  

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

p r o c e d u r e s  u s e d  h e r e  (6 ,  1 4 ,  15) - Known b i o c o n t s o l  a g e n t s  were 
- _"-* "_ ^ F ^ 

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

e f u n g i  i n  s o i l  from 

area w i t h  a  severe w h i t e  r o t  p rob lem,  i n d i c a t e s  

t h e y  a r e  not a c t i v e l y  c o n t r o l l i n g  t h e  d i s e a s e ,  

It may, however, be p o s s i b l e  t o  increase t h e i r  p o p u l a t i o n s  



s u f f i c i e n t l y  t o  a c h i e v e  c o n t r o l  of w h i t e  r o t  i n  l o c a l  s o i l s .  T h e  
-- 
p o p u l a t i o n s  of se lected a n t a g o n i s t s  c a n  b e  i n c r e a s e d  b y  a p p l y i n g  -_- I_ "_- . -  

likely w o r t h w h i l e  t o  t e s t  them i n  t h e  f i e l d  i n  t h e  Praser 

V a l l e y .  

A n a l y s i s  o f  S u p p r e s s i v e  S o i l s  

T h e r e  was s i g n i f i c a n t l y  more o n i o n  a o r t a l i t  y i n  s t e r i l i z e d  

s o i l  from Burnaby fields t h a n  i n  n o n  r i l i z e d  s o  

when b o t h  of t h e s e  were amended w i t h  s c l e r o t i a  o f  zz m p i v o r u m  - 
This i n d i c a t e ' s  t h a t  t h e  s o i l  is n a t u r a l l y  s u p p r e s s i v e  t o  whi'te 

r o t  a n d  t h a t  the s u ~ p r e s s i v e n e s s  is a  b i o l o g i c a l  r a t h e r  t h a n  a  

p h y s i c a l  or c h e m i c a l  p h e a o ~ e n o n .  T h e  s u p p r e s s i v e  

t o t a l  a s  d i s e a s e  c a n  b e  i n d u c e d  i n  Burnaby  s o i l  b y  t h e  a d d l t ~ o n  

rs  o f  s c l e r o t i a ,  

a r c h e r s  h a v e  found  d i f f e r e n c e s  i n  the m i c r o b i a l  

p o p u l a t i o n s  of s u p p r e s s i v e  a n d  c o n d u c i v e  s o i l s  (12 ,  26, 44). In 

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

c o n d u c i v e  s o i l s  ( 2 6 ) -  T h e r e  were no  d i s c e r n i b l e  d i f f e r e n c e s  i n  

t h e  f u n g a l  p o p u l a t i o n s  of s o i l  f rom B u r n a b y  a n d  C l o v e r d a l e ,  T h e  

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

a u s e f u l .  means  of s e l e c t i n g  p o t e n t i a l  b i o l o g i c a l  c o n t r o l  a g e n t s  

for,  w h i t e  rot, 



The d i f f e r e r ~ c e s  i n  d i s e a s e  incidence i n  Burnaby a n d  

C l o v e r d a i e  soils r e ~ o r t e d  b y  U t k h e d e  e_i %A, 1115) may h a v e  been  

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

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

green h u n c h i n g  onions are p r o d u c e d  i n  small ( 0 - 1  t o  0-4 h a )  

p l o t s  u s i n g  c o n s i d e r a b l e  hand labour- I n  G l o v e r d a l e ,  on t h e  

o t h e r  harnd, d r y  b u l b  s t o r a g e   onion^ are p r o d u c e d  on l a r g e r  (8 t o  

16 ha) f i e f d s  with modern  e q u i p m e n t  a n d  a g r i c u l t u r a l  me thodss  

There may also b e  d l f f e r e a c e s  i n  the m i c r o b i a l  p o p u l a t i o n s  

of s o i l  f r o m  t h e  t w o  areas which would  n o t  h a v e  b e e n  d e t e c t e d  by  

t h e  m e t h o d s  u s e d  i n  this s t u d y ,  The s u p p r e s s i v e n e s s  of B u r n a b y  

s o i l  may be  d u e  t o  t a c t e ~ i a  ra ther  tha r r  f u n g i  or may b e  d u e  t o  

organisms which a re  n o t  r e a d i l y  i s o l a t e d  on  dilution o r  soil 

p l a t e s ,  The s u p p r e s s i v e n e s s  may a l s o  k 3 ~  t h e  r e s u l t  of a c o m p l e x  

i n t e r a c t i o n  of m n y  o r g a n i s m s  r a t h e r  t h a n  t h 2  a c t i o n  of arty o n e  

a n t a g o n i s t ,  i4one of t h e s e  d i f f e r e n c e s  would h a v e  b e e n  d e t e c t e d  

by t h e  m e t h o d s  used here a n d  a  ~ o t e n t i a l  b i o l o g i c a l  c o n t r o l  

a g e n t  may h a v e  been o o e f 2 o o k e d .  

C o n c l u s i o n s  

None o f  t h e  m e t h c d s  d e s c r i b e d  i n  this p a p e r  very 

useful a s  a m e a n s  o f  s e l e c t i n g  o r g a n i s m s  f o r  further tests. The 

d u a l .  c u l t u r e  tests e l i m i n a t e d  o n l y  50% o f  t h e  isolates, A l l  of  

t h e  known b i o c o n t r o l  a g e n t s  were p r e s e n t  i n  loca l  s o i l s  and a r e  

n o t  p r e s e n t l y  k e e p i n g  w h i t e  r o t  i n c i d e n c e  below an e c o n o m i c a l l p  

a c c e p t a b l e  t h r e s h o l d  l e v e l ,  T h e y  may, h o w e v e r ,  b e  of  value a s  



b i o l o g i c 3 1  control a g e n t s  if their p o p u h t i o n s  can be i n c r e a s e d  

suf f ic i~ec t ly , .  T h e  c c m ~ a r i s o n  of supposed8y suppressive and 

conducive soils did not reveal a n y  organism which was evidently 

controllincj w h i t e  rot and which c o u f d  b e  used as a biocont ro l  

agent i n  conducive so i l s ,  T h e  methods d e s c r i b e d  a b o v e  are  a11 

b a s e d  on indirect evidence a n d  a t  best can o n l y  i n d i c a t e  

p o t e n t i a l ,  It is i m p o r t a n t  to test t h e  i s o l a t e s  as soon a s  

p o s s i b l e  ic t h e  f i e l d ,  



11, F i e l d  Exper iaents  on Biologica l  Contro l  of White  Rot 

T h e  o n l y  r e l i a b l e  means  of e v a l u a t i n g  t h e  b i o l o g i c a l  

c o n t r o l  p o t e n t i a l  s f  a n  organism is t o  test its a b i l i t y  to 

r e d u c e  disease i n c i d e n c e  in t h e  field, Only a few o r g a n i s m s  

which are  a n t a g o n i s t i c  i n  the l a b o r a t o r y  w i l l  b e  e f f e c t i v e  i n  

the f i e l d ,  Q f  the 3500 b a c t e r i a  and a c t i n o a y c e t e s  tested by 

Broadbent  g& f 2 Q )  40Tt were a n t a g o n i s t i c  on a g a r  p l a t e s  aad 

o n l y  tt% were e f f e c t i v e  i n  s o i l ,  

To be a good candidate f o r  comerciaf  devel o p e n t  an 
-. -. - - 

organism s h o u l d  b e  e a s y  t o  grow on stacdard media, a b l e  t o  

w$%&st-a-n4 storage, n o t  be d e t r i m e n t a l  t o  the host, and of c o u r s e  

disease u n d e r  normal e n v i r o n m e n t a l  

T h e r e  hasre been s e v e r a l  r e p o r t s  o f  s u c c e s s f u l  attempts  t o  

c o n t r o l '  w h i t e  r o t  b i o l o g i c a l l y ,  j?, &&grra_ns 151) and GZ 

m i n i t a n s  ( 7 1 )  controlled w k i i t e  r o t  i n  g r e e n h o u s e  trials and g, ------- 
s u b t i l i s  (118) and g, h a r z i a y g  (2, 3) were effective. i n  t h e  

f i e l d ,  

T h i s  c h a p t e r  describes f i e P d  e x p e r i m e n t s  i n  the Fraser 

Valley d e s i g n e d  t o  test the e f f e c t i v e n e s s  of f u n g i  i so la ted  f roa 

l o c ? l  soils a s  b i o l o g i c a l  c o n t r o l  a g e n t s  f o r  white r o t *  



Rat e r i a l s  a n d  3e thod . s  -------- - -- ------- 
Pour e x p e r i m e ~ i t s  were c o n d u c t e d  t o  test  t h e  a b i l i t y  of s o i l  

f u n g i  t o  c o n t r o l  w h i t e  rot, A l l  e x p e r i m e n t s  were c o n d u c t e d  i rs  

muck s o i l  o n  a c o m m e r c i a l  v e g e t a b l e  f a r @  i n  Burnaby,  O n i o n  s e e d s  

were p l a n t e d  b y  h a n d  i n  r a i s e d  b e d s  i n  h o l e s  made i n  t h e  soil 

w i t h  a peg b o a r d ,  T h e  h o l e s  were s p a c e d  7 crrr a p a r t ,  a n d  two 

seeds were p l a n t e d  i n  e a c h  h o l e -  T h e  number o f  s e e d l i n g s  was 

c o u n t e d  a f t e r  tbree w e e k s  t o  d e t e r m i n e  e m e r g e n c e  a n d  

o b s e r v a t i o n s  were made a t  b i w e e k l y  i n t e r v a l s  t h e r e a f t e r  t o  

d e t e r m i n e  t h e  nulnber  of p l a n t s  k i l l e d ,  T h e  c a u s e  o f  p l a n t  d e a t h  

was d e t e r m i n e d  by p l a t i n g  d i s e a s e d  t i s s u e  a n d  by v i s u a l  

e x a m i n a t i o n  of t h e  o n i o n ,  A t  h a r v e s t ,  t h e  number of h e a l t h y  

p l a n t s  a n d  t h e  number  s h o v i n g  signs of white r o t  were r e c o r d e d .  

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

V e g e t a b l e  P r o d u c t i o n  G u i d e  p r o d u c e d  b y  t h e  B,C, H i n i s t r y  of 

A g r i c u l t u r e  a n d  Food  ( 1 ) .  

S e e d  T r e a t m e n t  

A l l  o d  the f u n g i  u s e d  i n  t h e  f i e l d  e x p e r i m e n t s ,  with t h e  . 
e x c e p t i o n  o f  s, m i n i t a n g ,  were i s o l a t e d  f r o m  F r a s e r  V a l l e y  s o i l s  

a n d  t e s t e d  for a n t a g o n i s m  t o  2, g e ~ i v o r u g j  a s  d e s c r i b e d  i n  t h e  

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

B i o s y s  tematics R e s e a r c h  I n s t i t u t e  o f  A g r i c u l t u r e  Canada .  

The fungi were grown on PDA f o r  two t o  three  w e e k s  a t  25O C, 

I n  +exper imennt  I methyl c e l l u l o s e  st icker  (2%) was a d d e d  t o  t h e  

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



o f  the.cuiture with a f l a m e d  g l a s s  rod, The o n i o n  seeds [surface 

s t e r i l i z e d  i n  0,5% ?iaOCf) were c o a t e d  w i t h  t h i s  s u s p e n s i o n  a n d  

d r i e d  o v e r n i g h t  o n  s ter i le  filter p a p e r ,  I n  t h e  o t h e r  

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

s c r a p e d  from t h e  su r face  of t h e  a g a r  a n d  p l a c e d  i n  s t e r i l e  p e t r i  

d i s h e s  t o  a i r  d r y  f o r  t h r e e  t o  t e n  d a y s ,  The d r i e d  a a t e r i a l  was 

g r o u n d  w i t h  a m o r t a r  a n d  p e s t l e ,  t o  p a s s  t h r o u g h  a 1 am mesh 

s i e v e ,  C a r b o r u n d u m  (60 grade )  w a s  a d d e d  t o  t h e  f u n g u s  t o  a i d  t h e  

g r i n d i n g ,  O n i o n  seeds (surface s t e r i l i z e d  i n  0,5Y N a O C l f  were 

c o v e r e a  with 2% m e t h y l  c e l f u l o s e  s t i c k e r ,  added  to test tubes 

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

seeds were e v e n l y  c c a t e d .  T h e  s e e d s  were d r i e d  o v e r n i g h t  i n  

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

a t  5O C. S e e d s  were t r e a t e d  i d i t h  t h e  b a c t e r i u m ,  B, mLili5 a n d  

t h e  f u n g i c i d e  R o r t i l a n  a s  d e s c r i b e d  b y  Eltkhede a n d  B a h e  (118)-  

T h e  s e e d s  were p l a t e d  a f t e r  o m ,  t w o  a n d  t h r e e  m o n t h s  s torage  to  

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

P f e p a r a  t i 0 3  of G r a n u l a r  B a t e r i a l  

Granular p r e p a r a t i o n s  of C, @igitags_ a n d  2, &grziamru were 

made a s  described by Backman a n d  R o d r i g u e z - K a b a n a  (16) u s i n g  

E l o r e x  as  t h e  carrier, The  g r a n u l a r  p r e p a r a t i o n  of t h e  

b a c t e r i u a ,  g3 p b t i l j s ,  was made by s o a k i n g  f f o r e x  i n  a b r o t h  

c u l t u r e  o f  the b a c t e r i a  (2: 1 v / v ) ,  The g r a r n u l a r  p r e p a r a t i o n s  

were s t o r e d  a t  C a n d  t h e  v i a b i l i t y  of t h e  makerial %as 

determined by plating it om PDA a f t e r  o n e ,  t w o  a n d  t h r e e  m o n t h s  



s t o r a g e ,  

The S x p e r i m e n t s  

T h e  o n i o n  s e e d s  f o r  e x p e r i l e n t  P were p l a n t e d  on Hay 5 ,  

1980, i n  a f o u r  b y  f o u r  s i m p l e  l a t t i c e  d e s i g n ,  F i f t e e n  soil 

fungi were a p p l i e d  t o  o n i o n  s e e d s  f c v ,  Autumn S p i c e )  as  

d e s c r i b e d  above .  Control s e e d s  were t r e a t e d  o n l y  w i t h  methyl 

c e l l u l o s e  s t i c k e r ,  E a c h  t r e a t m e n t  c o n s i s t e d  of  two r o v s  o f  

o n i o n s  ( 2 6  s e e d s  p e r  ron) s p a c e d  20 cm a p a r t ,  T h e  onions were 

harvested on S e ~ t e a n b e r  11, 

T h e  o a i o n  seeds f o r  experiment If were p l a n  t ed  o n  J u n e  1 

and 2, 1981, i n  a t e n  by tern s i n t p l e  lattice d e s i g n ,  ~ i n e t y - f i v e  

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

(cv, Autumn S p i c e ) ,  a s  d e s c r i b e d  above ,  T h e  B a c i 1 1 u s  isolate, 

FBWS, a n d  t h e  f u n g i c i d e  a o n i l a n  were also a p p l i e d  to s e e d o  

C o n t r o l  s e e d s  v e r e  t r e a t e d  w i t h  c a r b o r u n d u ~  and a m e t h y l  

c e l l u l o s e  s t i c k e r ,  with & e t h y l  c e l l u l o s e  a l o n e ,  o r  were l e f t  

u n t r e a t e d .  E a c h  t r e a t m e n t  c o n s i s t e d  o f  o n e  row o f  o n i o n s  (50 

s e e d s  p e r  row), T h e  o n i o n s  were h a r v e s t e d  om S e p t e m b e r  8, 1981, - 
T h e  o n i o n s  f o r  e x p e r i m e n t  fIf v e r e  p l a n t e d  o n  J u n e  3, 1981, 

i n  a f i v e  b y  f i v e  t r i p l e  l a t t i c e  design, Two f u n g i ,  C, gighiags 

a n d  2% &xgaggg, a b a c t e r i u m ,  g, sgbsL&&s, a n d  t h e  f u n g i c i d e  

E o n i f a n  were prepared  as  s e e d  and g r a n u l a r  treatments as 

d e s c r i b e d  above ,  T h e  t r e a t m e n t s  v e r e  a p p l i e d  alone o r  i n  

com,b ina t ion .  The c o m b i n a t i o n s  c o n s i s t e d  o f  s e e d  t r e a t m e n t s  and 

g r a n u l a r  a p p l i c a t i o n s ,  T h e r e  were a t o t a l  of 25 treatments, The 



o n i o n s  Icy ,  Autumn S p i c e )  were harvested o n  Septeonber 8 and 9, 

398 1- 

E x p e r i m e n t  IV was p l a n t e d  on Hay 26, 1982, i n  a r a n d o m i z e d  

c o m p l e t e  block design w i t h  f o u r  r e p l i c a t i o n s *  T h i r t e e n  f u n g i  

were a p p l i e d  t o  seeds (cv. Canada M a p l e ) ,  S e e d s  were also 

t r e a t e d  w i t h  the f u n g i c i d e  R o n i l a n  o r  l e f t  u n t r e a t e d -  Each 

t r e a t m e n t  was p l a n t e d  i n  one b e d ,  w i t h  three d a t a  r o w s  p e r  bed 

a n d  40 s e e d s  p e r  row, The p l o t s  were h a r v e s t e d  tan S e p t e m b e r  9, 

1982, P e r c e n t a g e  d a t a  were s u b j e c t e d  t o  a r c - s i n e  t r a n s f o r m a t i o n  

and a n a l y z e d  u s i n g  analysis o f  v a r i a n c e  and Duncan's M u l t i p l e  

Range T e s t s ,  

E x p e r i m e n t  1 

A f f  of t h e  f u n g i  used a s  seed t r e a t m e n t s  were a n t a g o n i s t i c  

t o  S, c e p i v o r u g  o n  a g a r  ( T a b l e  5 ) -  O n i o n  e m e r g e n c e  r a n g e d  f roa 

id8-2X t o  74-3'3 a n d  was u n a f f e c t e d  b y  t r e a t m e n t ,  D i s e a s e  

i n c i d e n c e  was h i g h  r a n g i n g  f rom 7% O X  t o  98,1% No trea tnnent 

s i g n i f i c a n t l y  Ip50-05)  af fec - t ed  d i s e a s e ,  

Exper iment  I1 

Sixty-four % of t h e  f u n g a l  isolates u s e d  i n  t h i s  e x p e r i m e n t  

were a n t a g o n i s . t i c  t o  2, c ~ ~ i w o r u n t  o c  PDA, E i g h t p s e v e n  % o f  t h e  

i s o l a t e s  a p p l i e d  t o  seed s u r v i v e d  three m o n t h s  s t o r a g e  a t  50 C, 



T a b i e  5 ,3anked H h i t e  r o t  incidence in onions as affecte6 by seed 

treatment with soil fungi [Experiment I), 

TYPQ * s i g n i f i c a n t  significant 

d l f  f esence) difference) 

* see page 17 for explanatian of s y m b o l s  

4 0 



T h e  earergexice of t h e  onions was low ranging from 0 t o  40% One 

treatment, FIyr,o_t&gc~u~ &oridurn significantly (p50.05) r e d u c e d  

e m e r g e n c e ,  D i s e a s e  i n c i d e n c e  r a n g e d  f r o m  0 t o  52% a n d  no 

t r e a t n e n t  s i g n i f i c a n t l y  (p<O1 05) affected disease. These was no 

r e l a t i o n s h i p  between t h e  i n t e r a c t i o n  of t h e  fungi w i t h  2% 

~zivorurn o n  P D A  and disease i n c i d e n c e  ( F i g ,  5 )  - 

E x p e r i m e n t  111 

Ennergence r a n g e d  from 8 t o  46,7% ( T a b l e  6 ) -  E i g h t  

t r e a t m e n t s  s i g n i f i c a n t l y  reduced e m e r g e n c e ,  f i v e  i n  which 

R o n i l a n  was added a s  a g r a n u l a r  t r e a t n e n t  a n d  t h r e e  where  seed 

was treated w'ith 3% subtili~ either a l o n e  or in combination kith 

g r a n u l a r  applications o f  C, gunitas or T, harzianum - Disease 
i n c i d e n c e  ranged f fom 0 -0  to 6 3 . 9 %  a n d  was u n a f f e c t e d  b y  

treatment, 

E x p e r i m e n t  TV 

F u n g i  u s e d  i n  t h i s  experiment were s e l e c t e d  on the basis of 

t h e i r  p e r f o r m a n c e  i n  experiment 13: i n  which f i v e  had  no d i s e a s e d  

o n i o n s  a n d  % h e  r e m a i n i n g  h a d  d i s e a s e  r a n g i n g  frotn 2,8 t o  52-2% 

[ T a b l e  7) - Ten of t h e  1 3  i s o l a t e s  were a n t a g o n i s t i c  t o  S, 

cepivofum orz, PDA, I n  Experiment ZII e m e r g e n c e  r a n g e d  from 12-5  t o  - ----- 
45, 3 X ,  Two t r e a t m e n t s ,  8 c r e m o n i . g  f u r c a t g n  a n d  'gsPg&g,m SJEzJ 

had s i g n i f i c a n t l y  icwer emergence (p-<D, 0 5 )  t h a n  the c o n t r o l -  



Fig.5, Incidence of w h i t e  r o t  in o n i o n s  treated  with 

a n t a g o n i s t i c  a n d  non  a n t a g o n i s t i c  s o i l  f u n g i  (Experiment 1 I )  , 
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T a b l e  6 ,  W h i t e  r o t  i n  onions a s  a f fec ted  by treatment w i t h  

B.su&i&lis, Lm&ni.t:ang, 7. h r z i a g u m ,  a n d  t h e  f u n g i c p d e  Roni lan ,  

alone o r  i n  c o ~ b i n a t i o n ,  

------------------------------------------------- 
T r e a t ~ e n k *  Z Emergence 9 Disease 

s e e d  gr anu l a r  
B •’3 
hi 3 
B 3 
T T 
X 3 
C C 
X T 
T B 
R X 
R C 
R T 
T X 
C T 
X X 
3 if 
3 R 
C R 
T R 
3 C 
C 3 
T C 
C X 
B X 
X C 
K B 

22-0 bed** 
44.7 i j 
18,3abc 
35.3 d e f g h i j  
35-3 defghij 
32-7 cdefgfiij 
29-3 cdefg 
32-7 cdefghij 
39-3 c d e f g h i j  
42.0 fghij 
42.7 ghij 
QO.. 0 fghi j 
3 7 - 3  e f d h i j  
46.7 5 
30.0 c d e f y h  
2 2 - 0  bcd 
1 I A a b  
8,Oa 

2 4 - 6  bcd 
29-3  c d e f g  
28-0 c d e f  
3 0 - 6  c d e f g h i  
20.7abc 
3 0 - 0  c d e f g h  
2 5 - 3  bcde  

*R=Ronifan; C=C,mi.nitans; B = g , s u b t i l i s ;  T=T.harzianum X=Control 
*Weans f o l l o w e d  by t h e  same f e t t e r  a r e  n o t  s i g n i f i c a n t l y  
different (p10,05) a c c o r d i n g  t o  Duncan * s igultiple Range Test 
W-S, not s i g n i f i c a n t  (~10-05) 



T a b l e  7, V h i t e  r o t  i n  onions a s  a f f e c t e d  by seed treatment with 

s o i l  fung i  ( E x p e r i m e n t s  I1 G I V f  . 
-------------------_.--------------------I_---- 

Dual c u l t u r e  % Emergence % Disease 
I ntefac t ion  

Treatment Type** Total  Pf imary 

Acremon i u m  f u r c a t u m  
-------u- ------- D c 5 - 0  12,5* 52 -2  3 3 - 2  2 7 - 3  

T r  i c h o d e r m a  ha rz ia  aum ---------- -I_---- 
E 15-0 40.0 28-0 40.0 18,Y 

Coo t r o l  27.0 4 1 - 1  27-7 47.7 21 -1  

-------------------I---------------------------- ** see page 17 for explanation of symbols 
* differs significantly {p-<0,05) from the o t h e r  v a l u e s  i n  the  
cof uma 



D i s e a s e  i n c i d e n c e  r a n g e d  f ro la  25-3 t o  6 0 . 4 %  Tw3 t r e a t a e n t s ,  

Woni lan  and t h e  zusaw&um 3333, r e s u l t e d  in s i g n i f i c a n t l y  l o v e r  

disease i n c i d e n c e  t h a n  t h e  c o n t r o l ,  w i t h  25.3 a n d  26-33 w h i t e  

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

e s t i n a t e d  f r o @  counts o f  d i s e a s e  f o c i  r a n g e d  from 16-2 t o  27-3s 

a n d  was u n a f f e c t e d  by t r e a t m e n t .  

Discussion --- ----- 
C 
1 A l l  of the fungi used  in t h i s  s t u d y  grew w e l l  on PDA and 
i 
1 t h u s  would  be  e a s y  t o  p roduce  c c m m e r c i a i i p  i f  they p r o v e d  t o  b e  

i e f f e c t i v e  b i o c o n t r o l  a g e n t s ,  T h e  ability of the organisms t o  

s u r v i v e  a p e r i o d  of s t o r a g e  is also a n  i m p o r t a n t  c h a r a c t e r i s t i c ,  

In the F r a s e r  V a l l e y  i t  is o f t e n  d i f f i c u l t  t o  p r e d i c t  when i t  

will be p o s s i b l e  t o  p l a n t  and  it is i m p o r t a n t  t o  h a v e  s e e d  w h i c h  

is  r e a d y  when it is  needed,  

E ~ e r g e n c e  v a r i e d  d e p e n d i n g  o n  t h e  y e a f  o f  t h e  e x p e r i m e n t ,  

E x p e r i m e n t s  XI and IIf were c o n d u c t e d  i n  198 1 which was an 

e x t r e n e l y  vet a n d  cold y e a r ,  Emergence  was r e d u c e d  by 

g y r o t h e c i u m  y o r i d u g  i n  e x p e r i m e n t  11, B o n i l a n  a d d e d  a s  a  
i 

g r a n u l a r  material a n d  g, s u b t i r i g  a s  a s e e d  t r e a t m e n t  i n  

e x p e r i m e n t  III, a n d  5% furcur= and a  Eusar&gg sal  i n  

e x p e r i m e n t  fV, R o n i l a n  added  a s  a g r a n u l a r  material  %as t o x i c ,  

but a s  t h e  m a t e r i a l  was a d d e d  t o  t h e  h o l e s  d i r e c t l y  a n  t o p  of 

t h e  seeds the p h y t o t o x i c i t y  of t h e  c h e m i c a l  u a s  l i k e l y  g r e a t e r  

t h a n  would  be t h e  c a s e  w i t h  n o r m a l  u s e ,  T h e  c a u s e  o f  t h e  r e d u c e d  

e m e r g e n c e  of s e e d s  t r e a k e d  with t h e  b a c t e r i a  a n d  f u n g i  is 



unknowna Komraedahl a n d  P i n d e l s  174) s u g g e s t  t h a t  s e e d  t r e a t r a e n t  

w i t h  o r g a n i s m s  may reduce e m e r g e n c e  v i a  d e p l e t i o n  in o x y g e n  

a r o u n d  t h e  seed, Alternative1 y, t h e  o r g a n i s m s  may p r o d u c e  t o x i c  

m e t a b o l i t e s  o r  may be  w e a k  p a r a s i t e s  a n d  c o n t r i b u t e  t o  

p r e e n e r g e r t c e  damping-cr f f .  W h a t e v e r  t h e  c a u s e ,  these o r g a n i s m s  

w o u l d  n o t  be s u i t a b l e  as b i o c o n t r o l  a g e n t s  u n l e s s  a means  c a n  b e  

f o u n d  t o  o v e r c o m e  their d e t r i m e n t a l  effect on e m e r g e n c e  (7U),  

None of t h e  o r g a s i s ~ s  which h a v e  s u c c e s s f u l f y  c o n t r o l l e d  
\ ' )  a,, :., + < \  

h i k e  r o t  i n  o t h e r  s t u d i e s  r e d u c e d  t h e  d i s e a s e  i n  e x p e r i m e n t s  i n  

t h e  F r a s e r  V a l l e y .  F, niqricans which  s u c c e s s • ’  u l l  y reduced w h i t e  

rot i n f e c t i o n  i n  G h a f f a r g s  e x p e r i m e n t s  (51)  was i n e f f e c t i v e  i n  

t h e  F r a s e r  V a l l e y .  G h a f f a r ' s  e x p e r i m e n t s  were c a r r i e d  o u t  in 

s t e r i l e  s o i l  u s i n g  l a r g e  a m o u n t s  o f  2, n i s r i c a n s  i n o c u l u m ,  H e  

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

g r i s e o f u l v i n  i n  t h e  s o i l ,  P h i s  a n t i b i o t i c  h o w e v e r  loses its 

e f f e c t i v e n e s s  i n  n o n s t e r i l e  s o i f  (125)  a n d  so t h e  f u n g u s  Ray n o t  

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

m i n i t a n s  was a l s o  i n e f f e c t i v e  i n  r e d u c i n g  d i s e a s e  i n c i d e n c e ,  CZ ----- 
m i n i t a n s  was tested a g a i n s t  w h i t e  r o t  b y  Ahmed a n d  Tribe o n l y  ia ------ 
g r e e n h o u s e  e x p e r i m e n t s  ( 1 1 )  , h u t  i t  h a s  b e e n  u s e d  s u c c e s s f u l l y  

i n  t h e  field t o  c o ~ t r o f  s c l e r o t i n i a  w i l t  o f  s u n f l o w e r  ( 6 2 ) -  T h e  

c o n t r o l  o f  s c f e r o t i n i a  w i l t  %as  d u e  t o  a r e d u c t i c n  i n  t h e  number  

o f  p r i m a r y  i n f e c t i o n s ,  p r e s u m a b l y  c a u s e d  by p a r a s i t i z a t  ion o f  

t h e  sc le ro t ia  3f t h e  p a t h o g e n ,  I n  t h i s  s t u d y  g, gnpjtans d i d  ao t  

r e d u c e  e i t h e f  p r i m a r y  o r  s e c o n d a r y  i n f e c t i o n  ( T a b l e  7 ) .  g, 

m i n ' i t a n s  may h a v e  b e e n  u ~ a b f e  t o  c o i u p e t e  w i t h  o t h e r  o r g a n i s m s  ------- 



p r e s e n t  i n  Fraser V a l l e y  s o i l s -  r' h a r z i a n u m  was u s e d  

s u c c e s s f u l f y  i a  the field t o  control white rot by Abd-31 H o i t y  

st & i n  E g y p t  ( 3 ) .  They a p p l i e d  t h e  T r i c h o d e y m p  i n o c u l u n  a s  a 

d r y  tnateriai a n d  t r a n s p l a n t e d  60 d a y - o l d - o n i o n s  i n t o  t h e  t r e a t e d  

s o i l ,  and  were able t o  r e d u c e  d i s e a s e  f r o m  86 t o  '13% In t h i s  

s t u d y  n e i t h e r  g r a ~ u l a r  a p p l i c a t i o n  n o r  s e e d  t r e a t m e n t  w i t h  2, 

h a r z i a n u m  s i g n i f i c a n t l y  r e d u c e d  d i s e a s e  ( T a b l e  5, 6 ,  7)- -------- 
D i f f e r e n t  s t r a i n s  o f  g, h a r z i a n u m  h a v e  d i f f e r e n t  a n t a g o n i s t i c  

p r o p e r t i e s  (2,  22) and it is p o s s i b l e  t h a t  t h e  strain used was a 

less e f f e c t i v e  b i o c o n t r o l  a g e n t  t h a n  t h a t  u s e d  by i lbd-El-Moity 

et a l ,  T h e  furngus  Day have been unable to coi r tpe te  with o t h e r  -- --- 
s o i f  organisms and would ,  t h e r e f o r e ,  n o t  b e  ab l e  t o  p r o t e c t  t h e  

p l a n t  t h r o u g h o u t  t h e  g r o w i n g  s e a s o n ,  The mediura u s e d  by 

Aha-El-Hoity grf: a&, c o n t a i n e d  o n i o n  e x t r a c t  which  nag  h a v e  

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

s t i m u l a t i n g  germination of the sclerokia and increasing the 

s u s c e p t i b i l i t y  of the p a t h o g e n  t o  g= h a r z l a n u m  - Nowever,  t h e y  

d i d  n o t  have any t r e a t m e n t  where gi harzianugl was a d d e d  uithout 

t h e  o n i o n  extract a n d  so  we c a n n o t  t e l l  if i t  a f f e c t e d  t h e  

results. 

e e n  t h e  ability of 

nd  the p r o p o r t i o n  o f  

r e s u L t  is u n l i k e  t h e  

f G h a f f a r  (50) w h o  f o u n d  t h a t  a l l  f u n g i  w h i c h  were 

a n t a y o n i s t i c  o n  a g a r  reduced w h i t e  rot t o  some degree  i n  steri le  

s o i l ,  S t e r i l i z i n g  soil removes m i c r o - o r g a n i s m s  w h i c h  u n d e r  



normal c o n d . i t i o n s  m i g h t  c o m p e t e  with a n d  p r e v e n t  t h e  

e s t a b l i s h m e n t  o f  a b i o l o g i c a l  control a g e n t ,  

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

t h e  E i e f d  may b e  d u e  t o  f a c t o r s  wh ich  a f f e c t  e i t h e r  t h e i r  

a b i l i t y  t o  c o l o n i z e  the r h i z o s p h e r e  o r  t h e i r  a n t a g o n i s t i c  

a c t i v i t y -  

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

r h i a o s p h e r e ,  G e n e r a l 1  y seed t r e a t ~ e n t  o r g a n i s ~ s  are n o t  a b l e  t o  

c o l o n i z e  t h e  r h i z o s p h ~ r e  of t h e  h o s t .  K o ~ a e d a h l  a n d  a i n d e l s  (7Y) 

s t a t e  t h a t  

** a n t a g o n i s t s  a p p l i e d  t o  s e e d s  g e n e r a l l y  p r o t e c t  s e e d s  
a n d  n o t  r o o t s ,  a l t h o u g h  they can be r e c o v e r e d  from t h e  
r h i z o s p h e r e s  f o r  s e v e r a l  w e e k s  a f t e r  p l a n t i n g t n  

As S, c e ~ i v o r u m  c a n  i n f e c t  o n i o n s  t h r o u g h o u t  the g r o w i n g  s e a s o n ,  
I 
j an o r g a n i s ~ t  s h o u l d  b e  present i n  t h e  r h i z o s p h e r e  f o r  a s  l o n g  a s  
I 
I 
: f o u r  m o n t h s  i f  t h e  h o s t  is t o  b e  p r o t e c t e d  frora the p a t h o g e n ,  
4 

There i s  s o m e  e v i d e n c e  t h a t  o n i o n s  l e a k  c h e m i c a l s  w h i c h  i n h i b i t  
1 

t h e  g r o w t h  of some o r g a n i s m s ,  n o u b a s h e r  e& a_& ( 8 6 )  r e p o r t e d  

t h a t  &sing sggS e x t r a c t s  iJere i n h i b i t o r y  t o  t h e  g r o w t h  of ntost 

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

n o r t t l a l l y  be p r e s e n t  i n  o n i o n  r h i z o s p h - e r e s ,  C o l e y - S m i t h  et g&= 

( 3 0 )  r e p o r k  t h a t  t h e r e  is n o  e v i d e n c e  t h a t  a t  n o r m a l  

c o n c e n t r a t i o n s  e x u d a t e s  f r o m  A 1 1 i t l m  2 2 ~ -  w i l l  r e d u c e  t h e  

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

e s t a b l i s h  i n  t h e  r h i z o s p h e r e  o f  a plant a r e  g r e a t e r  i f  i t  was 

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

b i o i o g i c a l  c o n t r o l  t h r o u g h  s e e d  t r e a t m e n t s  w i l l  likely h e  
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T h e  r e s u l t s  r e p o r t e d  in t h i s  section i l l u s t r a t e  t h e  

i ~ p s s t a n c e  of t e s t i n g  b i o l o g i c a l  c o n t r o l  a g e n t s  I n  t h e  f i e l d ,  

A l t b o u g h  o v e r  50% of f u n g i  i s o l a t e d  from F r a s e r  V a l l e y  s o i l s  

were a n t a g o n i s t i c  on 

f i e l d  tests, T h i s  re -- 
re~e~rcTib6; r h o  h a v e  found  t h a t  o n l y  a s a a l l  p o r t i o n  of i s o l a t e s  

w h i c h  are a n t a g o n i s t i c  & v i t r o  c a n  c o n t r o l  a d i s e a s e  under  

n a t u r a l  c o n d i t i o n s  (24 ,  73,  831, The h i g h  proportion o f  i s o l a t e s  

which were a n t a g o n i s t i c  o n  PDA is n o t  u n u s u a l ,  B r o a d b e n t  g s  32, 

c o n t a i n  a h i g h  g r o p o r  t i o n  of a n t a g o n i s t s  (2Q1, T h e  r e s u l t s  o f  
-- ---"- m " 

t h i s  st t P e  r e l a t i o n s h i p  

between t h e  r e s u l t s  of d u a l  c u l t u r e  t e s t s  a n d  disease i n c i d e n c e  

i n  t h e  field, T h i s  is i n  a g r e e m e n t  with t h e  f i n d i n g s  o f  

Kornmedahl a n d  U i n d e l s  (73) and S i v a s i t h a m p a r a a  and P a r k e r  ( 1 0 2 ) .  

These results i n d i c a t e  t h a t ,  i n  s e a r c h i n g  for biologics l control 

agents, a l a r g e  aumber  o f  o r g a n i s ~ s  should be s c r e e n e d  a n d  these 

s h o u l d  be  c h o s e n  t o  r e p r e s e n t  a s  v i d e  a variety of o r g a n i s m s  a s  

p o s s i b l e ,  

The d a c e  v h i t e  
, 

rot i n  t h e  field m a y  b e  d u e  t o  t h e  u u s u i t a b i l i t y  oZ t h e  d i s e a s e  
__--I-~ 

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

t o  h i g h l y  v a r i a b l e  reather c o n d i t i o n s .  R a i n f a l l  varies g r e a t l y  
- - - -  - -  __-I - 



Sron year t o  y e a r ,  f n 1979 

b e t w e e n  May a n d  S e p t e m b e r ,  

t h e  a r e a  r e c e i v e d  192 m m  of  r a i n  

while i n  1380, 5 2 0  mm f e l l  w i t h i n  t h e  

saute p e r i o d ,  L m a l  v a r i a t i o n s  i n  t e a p e r a t u r e  a n d  moisture 

a  b i o l o g i c a l  c o n t r o l  a g e n t  

e v e l o p m e n t  a s  i t  would 

en: a v a r i e t y  o f  c o n d i t i o n s .  F r a s e r  

, h i g h  i a  o r g a n i c  znatter, T h e s e  

s t h a t  resist a n y  a t t e m p t  t o  

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

In addition, t h e  cniorks  t h e m s e l v e s  may resist a t t e m p t s  t o  

z o s p h e r e  by p r o d u c i n g  

o r g a n x s m s  within 

e d  by S, c_zi .vorunl  a t  a n y  tirne 

o c o n e r o l  a g e n t  s u s t ,  t h e r e f o r e ,  

b e  a g l e - t b  p r o t e c t  t h e  h o s t  f o r  a s  l o n g  a s  f i v e  ntonths, g h e n  a l l  -- - - 

of t h e s e  f a c t o r s  a re  c o n s i d e r e d  i t  is ao t  surprising t h a t  i t  

b e  d i f i c u l t  t o  f i n d  an e f f e c t i v e  biscontrof  a g e n t  f o r  u s e  

a g a i n s t  w h i t e  r o t  i n  t h e  F r a s e r  Valley, 

ere are  ways of i n c r e a s i n g  the p r o b a b i l i t y  o f  o b t a i n i n g  

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

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

t h e  P r a s c r  Va l l ey ,  I s o l a t i o a .  of o r g a n i s m s  from -the r h i z o s p h e r e  

of o n i o n s  r a t h e r  t h a n  from s o i l  should y i e l d  o r g a n i s ~ s  which 

h a v e  a h i g h e r  p r o k a k i l i t y  o f  b e i n g  a b l e  t o  c o l o n i z e  t h e  root 

s u r f a c e ' o f  t h e  h o s t  a n d  thus p r o v i d e  a l o n g e r  l a s t i n g  c o n t f o f  

( 3 f ) .  W l a r g e  number of o r g a n i s m s  s h o u l d  b e  t e s t e d  over s e v e r a l  



p e a r s  i n  field tests so t h a t  b i o c o n t r o l  agents w h i c h  a r e  

e f f e c t i v e  uizder d i f f e r e n t  c o n d i t i o n s  c a n  be i d e n t i f i e d ,  It 

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

which w i l l  be e f f e c t i v e  under a variety o f  c o n d i t i o n s ,  R e c e n t  

work ky Abd-El-Eoi ty  g& gr, (3) h a s  i n d i c a t e d  t h a t  i t  i s  

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

i n c r e a s e d  a n t a g o n i s  t i c  ~ o t e n t i a l ,  a n d  i t  is, t h e r e f o r e ,  p o s s i  bie 

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

I s o i a t e s  which are t o l e r a n t  o f  l o u  d o s e s  o f  f u n g i c i d e  c a n  a l s o  

be p r o d u c e d  an3 &he c o m b i n a t i o n  of c h e m i c a l  a n d  biological 

- t r e a t m e n t s  may be u s e d  t o  control d i s e a s e  13)-  I ~ p r o r r i n g  t h e  

t e c h n o l o g y  of a p p l y i n g  t h e  organisms will. a l s o  i m p r o v e  t h e  

e f f e c t i v e n e s s  of a g i v e n  agent  (74)- Al; t h e  moment t h e r e  a p p e a r s  

to be  little h o p e  of c o n t r o l l i n g  w h i t e  r o t  w i t h  applications of 

s o i l  fucg i ,  b u t  a s  o u r  knowledge of t h e  e c o l o g y  of t h e  s o i l  

e t o  p r e v e n t  d i s e a s e  by u s i n g  

f u n g i  t o  p r o t e c t  onions from i n f e c t i o n  b y  2% e ~ & v o r u a -  



C, Reduction of Inoculum 

R i o L o g i c a l  c c n t r o x  n e a s u r e s  g i l l  n e v e r  c o m p l e t e l y  e l i m i n a t e  

t h e  i n o c u l u m  of a p a t h o g e n  f ront  a n y  area, "The goal.  is r a t h e r  t o  

r e d u c e  inocLulu,;a to .a- & e v e 2  t h a t  - causes econo-mica1 l y  a c c e p t a b f e  
*..-- " 

". 

l e v e l s  o f  d i s e a s e  ( 3 7 ) -  Even i f  this l e v e l  c a n n o t  be a c h i e v e d ,  
" XU. I '_..I * I - *  ~.--.- 6."- 

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

other c o a - t r o l  p r o c e d u r e s  by r e d u c i n g  i n o c u l u m  stress ( 9 2 ) -  

R e d u c t i o n  i n  i n o c u l u g l  l e v e l s  is, a t  p r e s e n t ,  a c h i e v e d  - I E ~ $  

p r i m a r i l y  by  c r o p  r o t a t i o n  (37)- C r o p  r o t a t i o n  takes a d v a n t a g e  
:Yf 

i 

k q u l u ~ ~ '  
of d e c a y  map b e  .. V 

n s u c h  a s  the use o f  o r g a n i c  4 r! 41 ;  

~ y c o p a r a s i t e s  t o  t h e  h o s t  

r e s e r v o i r  ( 1  5 )  , 

T h e  d e v e l o p m n t  of a p rogram designed t o  c a u s e  a r e d u c t i o n  

i n  i r m c u f m  r e g u i r e s  accurate i n f o r m a t i o n  on t h e  b e h a v i o r  of t h e  

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

I n  t h i s  s e c t i o n  1 have  e v a l u a t e d  t h e  p o t e n t i a l  f o r  

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

s o i f ,  Most o f  the i n f o r m a t i o n  i u  t h e  l i t e r a t u r e  o n  t h e  b e h a v i o r  

o f  sclerotia o f  2% c_figivorurn i n  s o i l  i s  based on r e s u l t s  

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

{ n a t u r a l )  s c f e r o t i a ,  T h e  s t r u c ? t u r e  and b e h a v i o r  of these  two 

t y p e s  of s c l e r o t i a  were cot~pared i n  order  t o  d e t e r m i n e  i f  the 

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

t o  p r e d i c t  o c c u r r e n c e s  w i t h  n a t u r a l  sclerotia,  S u r v i v a l  of 



s c l e r o t i a  can v a r y  d e p e n d i n g  on env i ronmenta l  c o n d i t i o n s  and t h e  

species and  i s o l a t e  of the pa thogen  (29)- The n a t u r a l  d e c l i n e  of 

s c i e r o t i a  i n  F r a s e r  Valley soils u s i n g  a local isolate of 2, 

c e ~ i v o r u r n  #as s t u d i e d  t o  determine if crop r o t a t i o n  c o u l d  b e  -- ------ 
u s ~ d  to control white rot, Z%-;addition, a s  i t  is o f t e n  desirable 

t o  & o r t e n  the r e t a t i o n  p e r i o d ,  aetisures which cou ---"-.--PIC-... ".- . 
-/-- 



I, Coatgarison sf laboratory- anil F ie ld-Produced  Sclerotia 

I n t  r o d u c  t ion ---------- 
In o r d e r  t o  d e s i g n  a n  e f f e c t i v e  b i o l o g i c a l .  c o n t r o l  p r o g r a m ,  

it is important To know t h a t  experimental r e s u l t s  a d e q u a t e l y  

r e f l e c t  o c c u r r e n c e s  i a  the natural s y s t e m ,  Results of 

e x p e r i m e n t s  u s i n g  sclerot ia  c a n  vary d e p e n d i n g  o n  w h e t h e r  t h e  

sc le ro t ia  are p r o d u c e d  i n  t h e  l a b o r a t o r y  o r  t h e  f i e l d -  S c l e r o t i a  

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

t h a n  t h o s e  p r o d u c e d  i n  the f i e l d ,  a n d  this may r e s u l t  in ' 

s t r u c t u r a l  a n d  /or  physiological d i f f e r e n c e s ,  Takashi a n d  Tadao  

(108) f o u n d  t h a t  b i g g e r  s c l e r o t i a  of ph&go_ctonia  s d a g l  were 

pro i iuced  i n  c u l t u r e  t h a n  in s o i f ,  L a b o r a t o r y - p r o d u c e d  s c l e r o t i a  

o f  2,  r o 1 f s i . i  were less  uniform i n  size a n d  a p p e a r a n c e  t h a n  

scf e ro t i a  p r o d u c e d  i n  soil (75 ) -  I n  a d d i t i o n ,  t h e  

l a b o r a t o r y - p r o d u c e d  s c l e r o t i a  were aore s u s c e p t i b l e  t o  hPeacf i ing  

t h a n  f i e l d - p r o d u c e d  scferot ia ,  a c o n d i t i o n  which m y  be due  t o  . 
d i f f e r e n c e s  i n  t h e  thickness o r  i n t e g r i t y  of t h e  r i n d  (75)- 

S c l e r o t i a  p r o d u c e d  i n  t h e  1 a b o r a t o r y  a r e  n o r m a l l y  grown 

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

o r g a n i s ; n s  a s  i s  common w i t h  t h o s e  produced i n  t h e  f i e l d .  

S c l e r o t i a  of  2, s c L e g q t i o r u g  p r o d u c e d  and  i n c u b a t e d  i n  s o i l  h a d  

n o y e  f u n g a l  c o l o n i s t s  t h a n  those produced  i n  t h e  laboratory a n d  

incubated if, s o i l  (80, 110). 



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

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

g e r ~ i n a t e  o r  s u r v i v e  i n  s o i l ,  b u t  there i s  no c o n s i s t e n t  

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

f o u n d  t o  h a v e  lower s a r v i v a l  {EaPIro~hornina ~ k r a S e o l i n a )  ( 1 0 1 ] ,  

the s a n e  s u r v i v a L  ( S c _ l e r o t i n i a  g i n o r )  ( 5 5 )  o r  l o n g e r  s u r r r i v a l .  

(S, s c L e r o t i o r u i n )  (1 13) than t h o s e  p r o d u c e d  i n  t h e  f i e l d ,  

S t u d i e s  oa s u r v i v a l  o f  s c l e r o t i a  commonly use s c l e r o t i a  

s e p a r a t e d  fromn the s u b s t r a t e  they were formed on,  ~ i x e 4  w i t h  

s o i l  and  p l a c e d  back i n t o  t h e  f i e l d ,  S c l e r o t i a  i n  t h e  field, 

however ,  a re  aixed i n t o  s o i l  a l o n g  w i t h  d e c a y i n g  a n d  h e a l t h y  

h o s t  tissue, T h e  presence of this host tissue may a l s o  a f fec t  

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

l a b o r a t o r y  on a r t i f i c a l  media, S c l e r o t i a  produced i n  t h i s  B a n n e r  

are  e a s i l y  h a n d l e d  and a s  a result n o s t  s t u d i e s  on survival o f  

s c l e r o t i a  of 2, c_t;pivg=g h a v e  used  l a b o r a t o r y  p r o d u c e d  

s c l e r o t i a  (27, 31, 39, 91, 105) T h i s  s e c t i o n  c o m p a r e s  s c l e r o t i a  

of  S, G ~ ~ Y O ~ U I B  p r o d u c e d  i n  t h e  l a b o r a t o r y  o n  sand-n ta ize  m e a l  

 tedium uith t h o s e  ~ r o d u c e d  oxa o n i o n s  i n  t h ~  f i e l d ,  t o  d e t e r m i n e  

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

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

survive i n  s o i l ,  p r e s e n c e  of a s s o c i a t e d  a i c r o - o r g a n i s m s ,  a n d  

t h i c k n e s s  a n d  i n t e g r i t y  o f  t h e  r i n d .  The  ef iect  of r e s i d u e  from 

d e c a y i n g  o n i o n s  ahad h e a l t h y  o n i o n  t i s s u e  on s u r v i v a l  is a l s o  

exa .a ined ,  



~ a t e r i a h  2 n d  3 e t h o d s  

T h e  s c l e f o t i a  u s e d  i n  this s t u d y  were of l o c a l  o r i g i n  and 

were e i t h e r  p r o d u c e d  i n  t h e  l a b o r a t o r y  ( l a b o r a t o r y - p r o d u c e d )  or 

were h a r v e s t e d  d i r e c t 1  y from i n f e c t e d  o n i o n s  ( f i e l d - p r o d u c e d )  , 

L a b o r a  t o r y - p r o d u c e d  s c l e r o t i a  were grown  o n  s t e r i l i z e d  

s a n d - m a i z e  m e a l  medium (99: 1 v /v)  ( 27 )  i n  500 mL flasks, Each 

f l a s k  was i n o c u l a t e d  w i t h  a 1 cm d i a m  a g a r  d i s c  c o n t a i n i n g  

m y c e l i u m  a n d  s c l e ro t i a  of 23 cepivosun o r i g i n a l l y  o b t a i n e d  f r o m  

a c o m m e r c i a l  o n i o n  f i e l d  i n  Burnaby ,  T h e  cultures  were i n c u b a t e d  

i n  t h e  d a r k  a t  220 C f o r  t h r e e  weeks, 

F i e l d -  p r o d u c e d  sc le ro t ia  were c o l l e c t e d  f r o @  i n f e c t e d  

onions  fro^ f i e f d  p l o t s  i n  t h e  saae f i e l d  i n  Burnaby-  H h i t e  r o t  

i n f e c t e d  o n i o n  b u l b s  were r u b b e d  on a ,595 m m  ( 2 8  mesh) b r a s s  

s i e v e  and  d i s l o d g e d  s c k r o t i a  a n d  d e c a y i n g  o n i o n  t i s s u e  Mere 

washed  t h r o u g h  a n d  t r a p p e d  on a l o v e r  , 2 3 0  am (70 mesh)  s i e v e ,  

T h e  material  i n  t h e  t o p  s i e v e  was d i s c a r d e d  a n d  the material  i n  

t h e  b o t t o m  sieve was c o l l e c t e d  i n  a 250 mL b e a k e r ,  After two h ,  

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

s c l e ro t i a  were p i c k e d  f rom t h e  material at t h e  b o t t o m  o f  t h e  

bea  ker* 

S u r v i v a l  of Scf ero t ia  Under  F i e l d  C o n d i t i o n s  

E x p e r i m e n t s  were c o n d u c t e d  i n  1980 a n d  3981 t o  c o m p a r e  t h e  

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

under local f i e f d  c o n d i t i o n s ,  a n d  t o  e v a l u a t e  t h e  e f f e c t s  of 



h e a l t h y  onion tissue a n d  r e s i d u e  material  •’rota S_, 

c e ~ i v o r u i s - i n f e c t e d  o n i ~ u  b u l b s  on t h e i r  s u r v i v a l ,  Six treatments - ------ 
were e v a l u a t e d  i n  t h e  1990 e x p e r i m e n t :  f i e l d - p r o d u c e d  s c l e m t i a  

w i t h  a n d  w i t h o u t  a d d i t i o n  o f  a sfaall (0 -05  g )  piece of h e a l t h y  

o n i o n  t i s s u e ,  l a b o r a t o r y - p r o d u c e d  s c f e r o t i a  s o a k e d  f o r  tlwo h i n  

r e s i d u e  n a t e r i a l  lfrom & ~ & x o r u @ - i n f  e c t e d  o n i o ~ s  w i t h  or 

without h e a l t h y  onion t i s s u e ,  and  l a b o r a t o r y  p r o d u c e d  s c l e ro t i a  

s o a k e d  i n  t a p  water for two h, w i t h  o r  w i t h o u t  h e a l t h y  o n i o n  

t i s s u e ,  The residue was the debris (Less s c l e r o t i a )  r e t a i n e d  o n  

t h e  b o t t o m  sieve d u r i n g  t h e  c o l l e c t i o n  of field- p r o d u c e d  

s c l e r o t i a  f r o n  i n f e c t e d  onions, T h i s  debris c o n s i s t s  of s o i f  

particles, r o t t i n g  o n i o n  t i s s u e ,  mites, n e m a t o d e s ,  a n d  a cotl lplex 

and u n d e f i n e d  m i x t u r e  of f u n g a l ,  a c t i n o m y c e t e  and b a c t e r i a l  

p r o p a g u l e s .  

P o u r  t r e a t m e n t s  were e v a l u a t e d  i n  the 198 1 e x p e r i a e n t :  

field- produced s c l e r o  t i a ,  fabora tory-produced s c l e r o t i a  , 
l a b o r a t o r y - p r o d u c e d  s c f e r o t i a  t r e a t e d  wi th  r e s i d u e  [ a s  above)  , 
a n d  l a b o r a t o r y - p r o d u c e d  sclerotia t r e a t e d  w i t h  s t e r i l i z e d  

r e s i d u e ,  

F o r  b o t h  experiments, r e p l i c a t e  s a m p l e s  of Y O  s c f e r o t i a  

were p l a c e d  i n  n y l o o  mesh bays ,  T h e  b a g s  were p l a c e d  on t h e  

surface of field p l o t s  ( m u c k  s o i l )  i n  Gloverdale 3-C, i n  1980, 

and on  t h e  surface of s o i l  frorn the C l o v e r d a l e  t e s t  site i n  c l ay  

p o t s  k e p t  o n  t h e  SIP,U, caaaps i n  Burnaby L C =  ia 1 ' 3 B f -  

f i a n d o a i z e d  c o m p l e t e  b l o c k  d e s i g n s  w i t h  six r e p l i c a t i o n s  were 

u s e d  f o r  e a c h  e x p e r i m e n t ,  The b a g s  were a r r a n g e d  i n  a r a n d o m i z e d  



colraglete b l o c k  d e s i g n  w i t h  si x G ? p l i c a t i o n s ,  T h e  b a g s  were 

r e c o v e r e d  a f t e r  2 ,  9 and  12 m o n t h s  f i e l d  e x p o s u r e  i n  the 7980 

e x p e r i m e n t ,  and  2 a n d  5 & o a t h s  i n  the 1983 e x p e r i m e n t ,  A t  each  

r e c o v e r y  time t h e  t a g s  were b r o u g h t  i n t o  t h e  l a b o r a t o r y  where  

t h e y  were s t o r e d  a t  5i0 C u n t i l  t h e  c o n t e n t s  c o u l d  b e  examined, 

T h e  s c l e s o t i a  t h a t  reraa ined i n t a c t  a f t e r  being t o u c h e d  w i t h  a 

d i s s e c t i n g  n e e d l e  were r e c o r d e d  a s  r e c o v e r e d ,  T n t a c t  s c l e r o t i a  

were p l a t e d  on PDA a s  d e s c r i b e d  b y  U t k h e d e  a n d  f a h e  (717) t o  

d e t e r ~ i n e  v i a b i l i t y ,  The d a t a  were a n a l y z e d  by a n a l y s i s  o f  

c o v a r i a n c e  w i t h  tieoe a s  t h e  c o v a r i a t e ,  D u n c a n 8 s  B u l t i p l e  S a n g e  

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

E y c o s p h e r e  g i c r o - o r g a n i s m s  

3 i c r o - o r g a n i s m s  a s s o c i a t e d  w i t h  s c l e r o t i a  were i s o l a t e d  

u s i n g  a  d i l u t i o n  p l a t e  t e c h n i q u e  and  two s e l e c t i v e  media ,  

Bacteria were i s o l a t e d  o n  T h o r n t o n g s  Agar A .  (67) a n d  fungi 

on Rose  B e n g a l  Agar ( R , B , A , )  ( 6 7 ) -  Ten s c l e r o t i a  were rinsed i n  

d i s t i l l e d  water a n d  p l a c e d  i n t o  1 mZ test  tubes w i t h  t h r e e  t o  

five d r o p s  o f  s te r i le  d i s t i l l e d  w a t e r ,  The s c l e r o t i a  were 

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

was added  t o  t e n  nL o f  s te r i le  d i s t i l l e d  w a t e r ,  S e r i a l  d i l u t i o n s  

were t h e n  p r e p a r e d ,  T h e  B , B , A ,  p l a t e s  were i n o c u l a t e d  w i t h  

d i l u t i o n s  of 1: 1, 1 : l O  a n d  1:100 s c l e r o t i a  p e r  aL, v h i f e  T= A- 

p l a t e s  were i ~ o c u l a t e d  w i t h  d i l u t i o n s  o f  1: 10, 1: 100 and 1: 1000 

scfelcotia p e r  DL, H a l f  a mL of  each d i l u t i o n  was  s p r e a d  o v e r  t h e  

s u r f a c e  o f  each of three  p l a t e s  of each medium. Each t r e a t a e a t  



was r e p l i c a t e d  f i v e  times, Tfac  p l a t e s  were i n c u b a t e d  a t  250 C, 

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

d a y s  i n c u b a t i o n ,  respectively. T h e  mycof lo ra  of b o t h  

l a b o r a t o r y - p r o d u c e d  sc le ro t  ia  a n d  f i e l d - p r o d u c e d  sc lerot ia  was 

a s s e s s e d  directly a f t e r  i s o l a t i o n  from t h e i r  r e s p e c t i v e  sources, 

a n d  after t h e y  h a d  been b u r i e a  i n  m o i s t  soil. for 96 h, 

Scf e r o t i a f  R o r p h o l o g y  

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

an2 f i e l d -  p r o d u c e d  s c i e r o t i a  %as made o n  s e c t i o n s  of s c l e r o t i a ,  

Sect ions of 1 5  s c l e r o t i a  of e a c h  t y p e  were p r e p a r e d -  

S c l e r o t i a  were f i x e d  i n  3% g l u t a r a l d e h y d e  f o r  two h ,  washed i n  

s o d i u m  p h o s p h a t e  b u f f e r ,  pH 7-0, t r a n s f e r r e d  t o  o s n i u a  t e t r o x i d e  

f o r  a Surther two h a n d  washed a g a i n  i n  the buffer. T h e  

sc lero t ia  were d e h y d r a t e d ,  a n d  i n t i l t r a t e d  w i t h  p o l y e t h e l e n e  

g l y  c o L  s e c t i o n s  were p r e p a r e d  froni each s c l e r o t i u m  a n d  s t a i n e d  

w i t h  c r y s t a l - v i o l e t ,  five s e c t i o n s  of each s c l e r o t i u m  were 

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

f i t t e d  w i t h  a c a l i b r a t e d  ocular scale, The r i n d  was m e a s u r e d  a t  - 
three p o i n t s  o n  e a c h  s e c t i o n ,  



S u r v i v a l  of S c l e r o t i a  Under  F i e l d  C o n d i t i o n s  

Sc l e ro t i a  p r o d u c e d  i n  the l a b o r a t o r y  d e c a y e d  fas ter  

(p50,05)  t h a n  those p r o d u c e d  i n  the f i e i d  ia b o t h  experiaents 

( P i g ,  6 ) -  In t h e  1 9 8 0  e x p e r i m e n t  32.93 o f  t h e  

l a b o r a t o r y - p r o d u c e d  a n d  44,8% of t h e  f i e l d - p r o d u c e d  s c l s r o t i a  

were r e c o v e r e d  a f t e r  1 2  months  i n  s o i L  I n  t h e  1981 experiment 

302 of the l a b o r a t o r y - p r o d u c e d  sclerotia and  77-59 of t b e  

f i e l d - p r o d u c e d  s c l e r o t i a  s u r v i v e d  6 months  i n  soil ,  The d e c l i n e  

i n  nurabers  of t h e  l a b o r a t o r y ~ r o d u c e 4  s c l e r o t i a  was g r e a t e s t  i n  

the f i r s t  t w o '  ~ o n t h s  i n  soil i n  b o t h  e x p e r i m e n t s  (Fig ,  6 ) -  ' 

H e a l t h y  onion t i s s u e  d i d  not s i g n i f i c a n t l y  [p>f). 0 5 )  a f f e c t  

the s u r v i v a l  af  e i t h e r  l a b o r a t o r y - p r o d u c e d  o r  f i e l d - p r o d u c e d  

sc ierot ia ,  T h e  r e s i d u e  from i n f e c t e d  o n i o n s  had o p p o s i t e  effects 

on the s u r v i v a l  o f  t h e  s c f e r o t i a  i n  t h e  two e x p e r i m e n t s  (Fig. 

7)- In the 198'3 e x p e r i m e n t  t h e  s u r v i v a l  of t h e  sc lera t ia  was 

g r e a t e r  (p50.05) when t h e y  had been  s o a k e d  i n  r e s i d u e ;  32% of 

t h e  untreated sc lero t ia  and 4Q,6X of t h e  t r e a t e d  sc le ro t ia  

s u r v i v e d  12  woaths i n  s o i l ,  I n  t h e  1881 e x p e r i m e n t  t h e  

p r o p o r t i o n  o f  s u r v i v i n g  s c l e r o - t i a  was reduced (p<O-05) %hen t h e y  

were treated w i t h  u n s t e r i l i z e d  r e s i d u e ,  



Fig,6 ,  Decline in ~ o ~ u l a t i o n s  of l a b o r a t o r y - p r o d u c e d  a n d  

field- produced sc lero t i a  of 3, ca.?&?ggg in auck soif, 
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Pig, 7, Effect sf r e s i d u e  from infected o n i o n s  on  t h e  d e c l i n e  

i n  the  p o p u l a t i o n  of laboratory-produced s c l e r o t i a  of 2, 

~ e p i v o r u g  i n  muck s o i l ,  
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The sterili~ca r e s i d u e  d i d  n o t  a f f e c t  s n r ~ i v a l .  AEter s i x  months 

i n  s o i l ,  17-52  B , S q  and 28-3% of t h e  s c l e r o t i a  which yere 

treated w i t h  u n s t e r i l i ze t !  residue,  treated w i t h  s t e r i l i z e d  

residue, o r  u n t r e a  ked, respectively remained, 

G e r m i n a t i o n  of the recovered s ~ l e r o t i a  was h i g h  f o r  all 

t r e a t l r r e ~ t s  i n  both experimerits varying f rog  94% t o  98%- 

Large  numbers of bac ter ia  a n d  f u n g i  were associa ted  v i t h  

field-produced s c l e r o t i a  (Pig, 8, 9)  ,. S c l e r o t i a  p l a t e d  d i r e c t l y  

a f t e r  i s o l a t i o ~ i  rrom onions yielded an average of 21,853 cfu 

(colony forming u n i t s )  of bac te r i a  and 50-2 cfu of f u n q i  p e r  

sclerotiiam, After 96 h i n  s o i l  these  nurtlbers were r e d u c e d  t o  

1686 c f u  of b a c t e r i a  and 5 - 3  cf u of fungi p e r  sclerotium, 

Labora tory-produced s c l e r o t i a  were initially s t e r i l e  but a f t e r  

95 h i n  s o i l  h a d  acquired an average of 2122 cfu of bac te r i a  and 

7.1 cfu of  fungi Fer sclerotiuto, After 96 h in s o i l  there  was no 

s i g n i f i c a n t  d i f f e r e n c e  (p<0105j i n  the numbers of e i t h e r  

bac te r i a  or fungi  i s o l a t e d  from laboratory-produce4 o r  

field-produced s c f e r o t i a ,  The fungi  i s a l a t e d  from 

laboratory-produced and field-produced s c l e r o t i a  were p r i e a r i l y  

Pen i c i l l i u  n s,istl Esq,r&um shL V e r t i c i l l i u g  a n d  ------ 
Trichclaerma ~ 2 2 %  ------ 

Hicroscopic examination revealed cons iderable  d i f f e rences  

b e t  reen the two t y ~ e s  of sc l e so t i a ,  Lahorato ~y-produced 

s c l e r o t i a  were l a r g e r  and h a d  a t h i c k e r  r i n d  than d i d  

f ield-produced s c l e r o t i i l  (Table  8). 



f i g  8, Bacterial p o p u l a t i o n s  of l a b o r a t o r y -  p r o d u c e d  and 

f i e l d - p r o d u c e d  s c l e r o t i a  of 2% c e ~ & ~ r g g  as affected  by 

i n c u b a t i o n  in s o i l ,  
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F i g  9. Fungal populations of laboratory-produced and 

field-produced s c l e r o t i a  of Sz cej3ivorum as affected by 

i n c u b a t i o n  in s o i l .  
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T a b l e  8. Comparison of t h e  s t r u c t u r e  o f  laboratory-produced and 

field-produced sc l e ro t i a  of 2, ce~ iv0r t l I i l .  

Laborato r p - P r o d u c e d  

S c l e r o t i a  

Broken 



T h e  f i e l d - p r ~ d u c e d  s c l e ro t i a  were 

t h a n  t h o s e  p r o d u c e d  o a  sand-maize 

more  u n i f o r m  i n  s i z e  and s h a p e  

meal, T h e r e  were t h r e e  

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

d a r k  c o v e r i n g  (rind), a m i d d l e  l a y e r  o f  o v o i d  cells filled w i t h  

lnaray l a r g e  ~ a c u o l e s  a n d  a n  i n n e r  l a y e r  o r  a e d u l l a  of i n t e r w o v e n  

fryphae w i t h  many d e n s e l y  s t a i n i n g  n u c l e i i  (F ig .  10, 11) * T h e  

l a b o r a t o r y - p r o d u c e d  sclerot ia  h a d  o n l y  two v i s i b l e  l a y e r s ,  a 

thick d a r k  o u t e r  l a y e r  o r  r i n d  wh ich  was b r o k e n  i n  @ a n y  p l a c e s  

and a n  i n n e r  l a y e r  o r  a e d u l l a  of i n t e r w o v e n  h y p h a e  [ F i g -  10, 

11) 

Discuss i o n  -------- * 

Scle ro t ia  s f  2, c g g i v o r u g  p r o d u c e d  i n  t h e  l a b o r a t o r y  

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

f i e l d .  S i m i l a r  r e s u l t s  were o b t a i n e d  by S h o r t  et al. (101)  f o r  

H a c r ~ k o m i n a  ptiasggii_na_, H e r r i m a n  f o u n d  a n  o p p o s i t e  r e l a t i o n s h i p  ---- ------ 
f o r  S, scler_o_tiorum: s c l e r o t i a  p r o d u c e d  in t h e  f i e l d  decayed 

w h i l e  t h o s e  p r o d u c e d  i n  artificial c u l t u r e  d i d  not (80 )  H e  

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

p r e s e n c e  of m i c r o - o q a n i s u l s  w i t h i n  t h e  s c l e r o t i a ,  S c l e r o t i a  

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

t h e i r  mass d u r i n g  t h e i r  f o r a a t i o r ,  (8O), S c l e r o t i a  p l a c e 8  in s o i l  

a l s o  a c q u i r e  a c h a r a c t e r i s t i c  f lora o v e r  % h e i r  s u r f a c e  a s  

l e a k a g e  of n u t r i e n t s  creates a mycosphere effect a n a l o g o u s  t o  

t h e  r h i a o s p h e r e  effect of p l a n t s  (52). T h e  d e t e r m i n a t i o n s  o f  the 

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



fig. 10, Cross sec t ions  of Ss ceffdorum s c l e r o t i a  showing 

distinct l a y e r s :  outer r i n d  ( w i d e  arrow) ; m i d d l e  layer  of ovoid 

ceLls f n-lrrow arrow) ; and inner medul la  < a s t e r i s k )  

A l ahoxa to ry -pro  duced,  w i t h  two d i s t i n c t  l a y e r s  

- 3 f i e l d - p r o d u c e d  with  three layers  





Pig- 3 1 - Cross s e c t i o n s  of t h e  r i n d  of S - c e p i v o r u m  sc lero t ia  

A l a b o r a t o r y - p r o d u c e d  , noi te  t h e  t h i c k n e s s  of the r i n d  [wide 

a r r o w )  a n d  the a b s e n c e  of t h e  o v o i d  cells beneath it- 

3 f i e l d - p r o d u c e d ,  n o t e  t h e  t b i n  r i n d  { w i d e  a r r o w )  a n d  t h e  

s e c o n d  l a y e r  of o v o i d  c e l l s  (narrow a r x o w j ,  





i n  t h i s  s t u d y  wou ld  measure b o t h  i n t e r n a l  a n d  e x t e r n a l  

m p c o f l o r a ,  The n a t u r e  of t h i s  m y c o f l o r a  does n o t  seern t o  b e  

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

l a b o r a t o r y - p r o d u c e d  a n d  f i e l d - p r o d u c e d  sc le ro t ia  of 2, c e ~ i v o r u m  

i n  P r a s e r  V a l l e y  s o i l s ,  W h i l e  t h e r e  a r e  i n i t i a l l y  l a r g e  

d i f f e r e n c e s  i n  t h e  nulaher of micro- o r g a n i s i n s  a s s o c i a t e d  w i t h  

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

p o p u l a t i o n s  o f  b a c t e r i a  a n d  f u n g i  o n  t h e  two  t y p e s  of sc le ro t ia  

were n o n - a p p a r e n t  a f t e r  96 h i a  s o i l ,  The ~ p c o s p h e r e  

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

b e • ’  ore 96 h ,  a s  G i l b e r t  arnd Linderman f o u n d  t h a t  it was 

d e t e c t a b l e  o n  s c l e r o t i a  of 5, r o l f s i i  w i t h i n  2U h ,  It i s  

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

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

sc lerot ia ,  

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

d i f f e r e n c e s  i n  the s t r u c t u r e  of t h e  s c l e r o t i a ,  Elany w o r k e r s  h a v e  

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

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

s o i f  (25 ,  29, 36, 7 6 ) -  A r i m 3  w h i c h  is b r o k e n  a l l o w s  t h e  

elpt r a n c e  o f  d e c o m p o s i n g  mic r o - o r g a n i s m s  i n t o  s c l e r o t i a  a n d  iaay 

also i n c r e a s e  t h e i r  g e r m i n a t i o n ,  which i n  t b e  a b s e n c e  o f  a h o s t  

l e a d s  t o  t h e i r  e v e n t u a l  decay (25, 2 8 ) -  T h e  r i n d s  o f  t h e  

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

vere a f t e n  broken ( F i g ,  10, 11) a n d  c o n t a i n e d  B a n 7  c r a c k s  which 

c o a k  h a v e  a l l o w e d  m i c r o - o r g a n i s m s  t o  e n t e r  the scierotia.  T h e  



r i n d s  o f  the f i e l d - p r o d u c e d  s c l e r o t i a ,  o n  the o t h e r  hand,  were 

c o n t i n u o u s  a n d  would p r e s u m a b l y  p r o v i d e  a n  e f f e c t i v e  b a r r i e r ,  Ia 

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

cells b e n e a t h  t h e  d a r k  o u t e r  l ayer -  Coley-Smi th  a n d  Cooke (29) 

d e s c r i b e d  s c l e r o t i a  of  2, c e p i v o r n g l  a s  h a v i n g  two l a y e r s ,  t h e  

d a r k  r i n d  a n d  an  i n n e r  m e d u l l a ,  b u t  it is l i k e l y  t h a t  t h e y  only 

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

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

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

t h e  s c l e r o t i a  f rom decay o r g a n i s m s ,  

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

may cause e i t h e x  a n  i n c r e a s e  o r  d e c r e a s e  i n  i n o c u l u m  l e v e l s ,  

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

w i n o c u l u m  (18, 103) -  The i n o a l u m  l e v e l s  

r ~ i n a t e s  b u t  is u n a b l e  t o  

s u e  ac t s  a s  a 

te f o r  t h e  i n  tes which w i l l  t h e n  

a t t a c k  t h e  pa thogen ,  

f a  t h e  1880 e x p e r i m e n t  t h e  a d d i t i o n  of h e a l t h y  o n i o n  t i s s u e  

t o  b a g s  c o n t a i n i n g  sclerotia o f  2, m?~&ivy2m d i d  n o t  

s i g n i f i c a n t l y  a f f e c t  (p-50.05) t h e  s u r v i v a l  of t h e  p a t h o g e n ,  

S c l e r o t i a  of  2, m g i v o r u r n  u n d e r g o  a period o f  c o n s t i t u t i v e  

dormancy which p r e v e n t s  thesa f rom g e r w i n a t i n g  u n t i l  t h e y  h a v e  

u n d e r g o n e  a  p e r i o d  i n  s o i l  ( 2 8 ,  39) -  C o n s t i k u t i v e  dormancy may 

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

f o s ~ i n g  new s c f e r o t i a ,  



T h e  fact t h a t  s t e r i l i z e d  residue haa no e f fec t  on t h e  

s u r v i v a l  of the s c i e r o t i a  s u g g e s t s  t h a t  t h e  effect of r e s i d u e  

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

c h e m i c a l  phenomenoa,  T h e  curitposit ion of t h e  r e s i d u e  w o u l d  l i k e f y  

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

i n  the 3980 experiment could have c o n t a i n e d  a h i g h  proportion o f  

organisms a n t a g o n i s t i c  t o  loca l  i g y c o p a r a s i t c s  a n d ,  i f  so ,  w o u l d  

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

1881 e x p e r i m e n t  may h a v e  c o n t a i n e d  a h i g h  p r o p o r t i o n  of 

m y c o p a r a s i t e s  which c o u l d  haye c a u s e d  a n  i n c r e a s e  i n  t h e  d e c a y  

of t h e  sc lerot ia ,  

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

were s t r u c t u r a l f y  different and d e c a y e d  a t  different rates, it 

is concluded that field s t u d i e s  on the behavior  of t h e  s c l e r o t i a  

i n  s o i l  s h o u l d  b e  done u s i n g  s c l e r o t i a  p r o d u c e d  i n  t h e  f ' i e ld ,  



XI, Hatural Decay  o f  Scleratia i n  Fraser V a l l e y  So i l s  

c u l u m  p o k e n t i a l  o f  t h e  

e v e l s ,  The tiwe r e q u i r e d  for 

e n v  i r o n m e n t a i  c o n d i t i o n s ,  
- -  

S u r v i v a l  of s c l e c o t i a  i n  s o i l  c a n  r a n g e  f r o ~  four months 

(29)  - There  can a l s o  b e  l a r g e  v a r i a t i o c s  i n  l o n g e v i t y  of 

sc l e ro t i a  w i t h i r ;  a s p e c i e s ,  a s  different i s o l a t e s  h a v e  d i f f e r e n t  

s u s c e p t i b i l i t i e s  t o  p a r a s i t i s m  (77). The s u r v i v a l  of s c l e r o t i a  

is a l s o  m a r k e d l y  - . i n f l u e n c e d  b y  e n v i r o n m e n t a l  factors s u c h  a s  
A- 

___-_~-- 
s o i l  m o i s t u r e  a n d  temperature ( 2 9 ,  39,  90) and soil type (53, . 

,- 

65773Sje, ~ v e r y  s i t u a t i o n  % ~ s t  be e x  

r o t a t i o n  r e c o ~ x i e n d a  t i o n s  can b e  iiiade, 

C r o p  r o t a t i o n  h a s  n o t  b e e n  s e r i o u s l y  c o n s i d e r e d  as  a means 

o f  c o n t r o f l i n g  white r o t  a s  t h e r e  is c o n s i d e r a b l e  evidence t h a t  

s c l e fo t i a  o f  2% c e ~ i y o r u a  are c a p a b l e  of s u r v i v i n g  fo r  l o n g  

p e r i o d s  i n  the a b s e n c e  of the h o s t ,  Hhi te r o t  is o f t e n  f o u n d  i n  

e o n i o n s  h a v e  n o t  been gro 0 v 



79)- Crowe (GO)  isolated v i a b l e  s c l e r o t i a  of 2, cepivorum w h e r e  

no o n i o n s  had been g r o w  f o r  10 t o  15 y e a r s ,  The most i n t e n s i v e  

s t u d y  o n  survival af  s c i e r o t i a  of 2, g g ~ j v o r u g  was c o n d u c t e d  by 

Coley-Smi th  (27 )  who f o u n d  t E a t  t h e  s c l e f o t i a  c o u l d  s u r v i v e  f o r  

o v e r  f o u r  y e a r s  i n  s o i l  w i t h  l i t t l e  los s  i a  v i a b i l i t y -  These 

s t u d i e s  were c o n d u c t e d  u n d e r  s o i i  a n d  m o i s t u r e  c o n d i t i o n s  wbich  

are v e r y  d i f f e r e n t  froln those i n  t h e  F r a s e r  V a l l e y -  As t h e s e  

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

i n i t i a t e d  t o  d e t e r m i n e  s u r v i v a l  of s c l e r o t i a  in t h e  fraser 

Valley, .  The e f f e c t  of d i f f e r e n t  f o c a l  s o i l s  on  s u r l r i s r a l  was 

examined,  The h a l f -  l i k e  o f  f i e f d - p r o d u c e d  s c f e r o t i a  was 

d e t e r m i n e d  for s c l e r o t i a  p l a c e d  i n  l o c a l  s o i l  i n  1979, 1980, a n d  

1981- 

Effect of S o i l  a n d  S o i l  S o u r c e  

THO e x p e r i m e n t s  were c o n d u c t e d  t o  examine t h e  e f f e c t  o f  

s o i l  s o u r c e  o n  s u r v i v a l  of f i e l d - p r o d u c e d  sclemtia, T h e  f i r s t .  

e x p e r i m e n t  compared  t h e  s u r v i v a l  o f  s c l e r o t i a  rained w i t h  two cc 

of muck s o i l  w i t h  that of s c r e r o t i a  alone p l a c e d  i n .  n y l o n  m e s h  

bags. The second e x p e r  i a t en t  compared t h e  s u r v i v a l  o f  s c l e r o t i a  

i n  t h r e e  P r a s e r  V a l l e y  s o i l s ,  T h e  t h r e e  s o i l s  were c o l l e c t e d  

from v e g e t a b l e  f i e l d s  i n  t h e  Fraser V a l l e y ,  S o i l  A was a muck 

s a i l  c o l i e c t e d  from a small.  c o m m e r c i a l  v e g e t a b l e  farm i n  

Burnaby,  S o i l  B ,  a n o t h e r  muck s o i l ,  was from a  c o m m e r c i a l  



v e g e t a b l e  farla i n  C l o v e r d a l e ,  aad soil C, a m i n e r a l  s o i l ,  was 

f r o m  a field i n  A b b o t s f o r d ,  

T h e  scferotia were i s o l a t e d   fro^ i n f e c t e d  o n i o n s  a s  

d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n .  F o r t y  s c f e r o t i a  mixed with 

two cc of soil A, B, o r  C were p l a c e d  i n t o  n y l o n  mesh b a g s  , The 

bags  were p l a c e d  o n  t h e  surface of the corresponding s o i l  

c o n t a i n e d  i n  large c l a y  p o t s  which were k e p t  o u t s i d e  on t h e  

Simon F r a s e r  U n i v e r s i t y  camps f o r  t h e  d u r a t i o n  o f  t h e  s t u d y ,  

E a c h  e x p e r i m e n t  was c o n d u c t e d  with s i x  r e p l i c a t i o n s ,  

N a t u r a l  Decay 
, a  

~ x p e r i m 6 n t s  were c o n i i u c t e d  i n  1979, 1380, and 1901 

effect of drying, l o c a t i o n  in soil, aad other e n v i r o n m e n t a l  

t e d  factors a re  

t h e  next s e c t i o n  (C-PXI  Enhanced  

Reduction of S c l e r o t i a ) ,  T h e  rate of n a t u r a l  d e c a y  o f  sclerotia 

is c o n s i d e r e d  in t h i s  s e c t i o n  and was e s t i r a a t e d  froa t h e  nuaaabers 

of untreated f i e l d - p r o d u c e d  sclerotia recovered a f t e r  v a r i o u s  

times of e x p o s u r e  o f  s c l e r o t i a  on t h e  surface of s o i f  u n d e r  

field c o n d i t i o n s ,  

In e x p e r i m n t  1 ,  2011 s c l e r o t i a  along with a small ( 0 - 5  g )  

piece of  h e a l t h y  onion b u l b  t i s s u e  were p l a c e d  i n  each bag, I n  

e x p e r i m e n t  2, the number o f  s c l e r o t i a  i n  each bag was estimated 

by volume and  vafied from 100 t o  200 p e r  bag, P o s t y  s c l e r o t i a  



were p l a c e d  i n  each b a y  i n  e x p e r i m e n t  3 ,  Scle ro t ia  were mixed 

w i t h  t w o  cc of muck s o i f  i n  e x & c r i n e n t . s  2 a ~ d  3, Randomized  

c o m p l e t e  b l o c k  d e s i g n s  were used f o x  a l l  e x p e r i m ~ n t s ,  w i t h  

t h r e e ,  f o u r  a n d  s i x  r e p l i c a t i o n s  f o r  e x p e r i a e n t s  1, 2 a n d  3 

r e s p e c t i v e l y ,  T h e  t e s t   lots were l o c a t e d  on a c o m m e r c i a l  

v e g e t a b l e  farm i n  B u r n a b y  i n  e x p e r i t n e n t s  1 and 2 a n d  o n  a 

v e g e t a b l e  f a r @  i n  C l o v e r d a l e  i n  e x p e r i m e n t  3, The p a t t e r n  of 

d e c l i n e  o v e r  a calendar y e a r  was e x a m i n e d ,  H a l f - l i v e s  were 

d e t e r m i n e d  by  u s i n g  a l o g  c o n v e r s i o n  (18) .. As t h e r e  a p p e a r e d  t o  

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

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

c a l e n d a r  y e a r  for e x p e r i m e n t  1 a n d  3 and n i n e  m o n t h s  f o r  

e x p e r i m e n t  2 ,  

E f f e c t  of S o i l  a n d  S o i l  S o u r c e  

En t h e  first e x p e r i m e n t ,  s u r v i v a l  of s c l e ro t i a  was l o w e r  

(pi0,05) f o r  t h o s e  n o t  mixed w i t h  s o i l  t h a n  f o r  t b o s e  mixed w i t 4  

muck s o i l  (Fig,.  1 2 ) -  After nine r aon ths  i n  t h e  f i e l d ,  4 4 - 2 8  of 

scf e r o t i a  w h i c h  were n o t  mixed  w i t h  so i l ,  and 6 3 - 3 3  of sclerotia 

m i x e d  w i t h  s o i l  r e m a i n e d  i n t a c t ,  G e r m i n a t i o n  was h i g h  i n  b o t h  

e r tpe r i a inen t s  a n d  was n o t  a f f e c t e d  by t r e a t m e n t ,  

I n  t h e  second e x p e r i m e n t ,  wh ich  c o m p a r e d  t h e  effect of 

d i f , f e r e n t  s o i l  t y p e s  o n  s u r v i v a l  of scierotia,  t h e r e  was n o  

s i g n i f i c a n t  d i f f e q n c e  i n  t h e  r a t e  of d e c a y  of s c f e r o t i a  
-+. 



Fi 3-12,  The effect of admixture of muck soil with s c l e t o t i a  on 

t h e  decline in the population of s c l e r o t i a  of S, c e ~ i v o r u n  

exposed on t h e  sur face  of a u c k  soil.* 





i n  the three s o i l s  tested (Fig- 73) * Nulrtbers o f  sclerotia 

dech-eased s i g n i f i c a n t l y  w i t h  t i ~ e  {p<0 ,05)  i n  all soils and 

after 12 months, 27-52,  U O , 1 X  a n d  26,7% of s c l e r o t i a  r e m a i n e d  

i n t a c t  i n  t h e  soils f soffl A k b o t s f o r d ,  Burnaby ,  and C l o v e r d a l e ,  

r e s p e c t i v e l y ,  

Eat u ra l  D e c l i n e  o f  Sclerot ia  

I n  e a c h  o f  t h e  s u r v i v a l  e x ~ e r i a e n t s  t h e  number  of s c l e r o t i a  

r e c o v e r e d  d e c r e a s e d  w i t h  time, Examination of t h e  p a t t e r n  of 

s c l e ro t i a l  decay on a yearly b a s i s  ( F i g ,  1 t most of 

t h e  d e c a y  o c c u r r e d  d u r i n g  t h e  u i a t e f  m o n t h  were 
---"*.-" 

t' H a l f - l i v e s  f o r  t h e  scferotia i n  e a c h  experiment, determined 

b y  c a l c u l a t i n g  r e g r e s s i o n  fines Eos t h e  n u m b e r s  05 sclerutia 

s u r v i v i n g  in soil i n  e x p e r i ~ e n t s  1, 2 ,  3, were 26-3 ,  9-7 a n d  

1 0 - 7  m o n t h s  r e s p e c t i v e l y ,  



Fig, 1 3 ,  The ef fect  of soil source on the proportion of 

sclerot ia  of  gl cx&loruiri  s u r v i v i n g  8 and 32 m n t h s  of f i e i d  

exposure. 
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Fig-14, Patterns  of d e c l i n e  i n  t h e  p o p u l a t i o n s  of 

field-produced scleroltia of S, cgg&vorug in ntucir soil ir, the 

Fraser Balfey for three successive years, 





D i s c u s s  ion ------- 
T h e  a d d i t i o n  of soil t o  s c l e r o t i a  of S, c ~ i v o s u m  nay  

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

s c l e r o t i a   fro^ n t e m p r a t u r e  or r a o i s t u r e  f l u c t u a t i o n s  o r  by 

a b s o r b i n g  c o m p o u ~ d s  wh ich  could c a u s e  g e r m i n a t i o n  and t h e r e f o r e  

decay, S o i l  n a y  a l s o  p r e v e n t  t h e  s p r e a d  of i r i y c o p a r a s i t e s  f rog  

o n e  s c l e r o t i u a  t o  a n o t h e r ,  This l a t t e r  effect is i n  fact 

i n d i c a t e d  i n  that i n  the f irst  year of f i e l d  tests when no soil 

was mixed  w i t h  s c l e ro t i a  t h e r e  were several bags  i n  which all of 

t h e  s c i e ro t i a  had d i sappeared ,  s u g g e s t i n g  that myco p a r a  s i t i c  

yJ ~ g i d e w i c s  may h a v e  accu lc red  w i t h i n  t h e  b a g s ,  T h e s e  r e s u l t s  
1' J 

/ / s u g g e s t  t h a t  i t  nay be  use fu l .  t o  a v o i d  f a l l  c u l t i v a t i o n  o n  

p;\, ; 
L d o n  i n f e c t e d  o n i o n s  i n  c l u m p s  t h a t  

would b e  s u s c e p t i b l e  t o  e p i d e a i c s  c a u s e d  by m y c o ~ a r a s i t e s ,  

t h e  three s o i l s  t e s t e d  ( F i g - 1 3 )  was u n e x p e c t e d  a s  t h e r e  are many 

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

sc le ro t ia  ( 5 3 ,  6 6 ,  80). D i f f e r e n t  s o i l s  h a v e  d i f f e r e n t  p h y s i c a l  

a n d  b i o l o g i c a l  c h a r a c t e r i s t i c s  wh ich  c a n  i n f l u e n c e  s u r v i v a l  of 

s c i e r o t i a  (29)- Adams a n d  A y e r s  ( 6 )  f o u n d  t h a t  s o m e  s o i l s  h a d  

h i g h  p o ~ u l a t i o n s  of  S, s c l e r o t i v o m  t h a t  c o u l d  b e  c o r r e l a t e d  

w i t h  t h e  d e c l i n e  in n u ~ b e r z  of sc le ro t ia  of S, n i n o r  a n d  2% 

c @ ~ , i ~ ~ g ~  * G r e e n  (53) Zound t h a t  t h e  e x t e n t  of d i f f e r e n c e s  i n  

s u r v i v a l  of sc lero t ia  o f  x, gqrliae i n  t w o  d i f f e r e n t  s o i l s  



v a r i e d  d e p e n d i n g  o n  t h e  s o i l  m o i s t u r e -  T h e  s u r v i v a l  sf the 

s c i e r o t i a  of S, c e ~ i v o r u m  i n  t h e  t h r e e  Praser V a l l e y  s o i l s  was 

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

is p o s s i b l e  t h a t  these c o n d i t i o n s  nay h a v e  c o n t r i b u t e d  t o  t h e  
__-- ---"--------- 

the s c l e r o t i a  

in t h e  s o i f s  tested, 
" -* x.--" ------ -- 

T h e  s a t e  of d e c a y  of s c l e r o t i a  o f  2, c_e_&jvorm i n  t h e  

F r a s e r  V d l l e y  was g r e a t e s t  d u r i n g  t h e  w i n t e r  when t h e  s o i f s  were 

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

t h a t  decay of s c l e r a t i a  of 2, m ~ ~ v o r u m  was g r e a t e s t  a t  s o i l  

s a t u r a t i o n  b u t  t h i s  o c c u r r e d  only a t  h i g h  tem~eratures- The 

d e c a y  observed h e r e ,  h o v e v e  s, occurred 3 t  t e m p e r a t u r e s  

p r e d o m i n a t e l y  i n  t h e  r a n g e  Q" C t o  30" C a n d  a t  times below O 0  C -  

T h e s e  c o n d i t i o n s  are  s i l ~ i l a r  t~ those c i t e d  by P a p a v i z a s  (90) a s  

b e i n g  o p t i ~ a l  f o r  t h e  d e c a y  of 2, r o l f s i i -  D e c a y  a•’ s c l e r o t i a  i n  

w a t e r l o g g e d  soils mag r e s u l t  from e f f e c t s  o n  t h e  p h y s i c a l  

st u r e  o f  t h e  s c l e r o t i a  or c h a n g e s  i n  t h e  wicrobial 
- -  --- 

composition of t h e  s o i f ,  

----7iiTm&rsion of s c f e r o t - i a  i n  water may c a u s e  t h e  r i n d  t o  b e  

d i s r u p t e d  t h r o u g h  i m b i b i t i o n  of water ( 7 2 3 ) ,  w h i l e  f r e e z i n g  may 

c a u s e  t h e  r i a d  t o  r u p t u r e  t h r o u g h  ice c r y s t a l  f o r m t i o n  (90) = 

Any d i s r u p t i o n  i n  t h e  i n t e g r i t y  of the rind w i l l  l e a d  t o  d e c a y  

o f  s c l e r o t i a  e i t h e r  by  i n c r e a s i n g  g e r m i n a t i o n  o f  by a l l o w i n g  

es t o  i n v a d e  t h e  s c f e r o t i a ,  T h e  a n a e r o b i c  c o n d i t i o n s  

c r e a t e d  by tke f l o o d i n g  may a l s o  a f fec t  t h e  phys io logy  of the 



s c h c r s t i a  and may thereby i n c r e a s e  t h e i r  susceptibility to 

p a r a s i t i s m .  Wakkonnen a n d  ?oh j a k a l f i o  (773 found that n o r m a l l y  

r e s i s t a n t  s c l e r o t i a  were attacked when t h e y  were b o i l e d ,  

i n d i c a t i n g  t h a t  some vital process  was i n v o l v e d  i n  t h e  

resistance, I n  contrast, A p e r s  and  Adams [Is) , f o u n d  t h a t  

s c i e ro t i a  of S, j g i n o r  killed b y  a u t o c f a v i n g  were o n l y  p o o r l y  

c o l o n i z e d  b y  the a y c o p a r a s i t e  2, s_c_fggg&&vorug. T h e r e  i s  a need  

f o r  research on t h e  effect of w a t e r l o g g i n g  o n  t h e  s t r u c t u r e  a n d  

p h y s i a l c q y  of s c l e r o t i a  and  the s u b s e g u e n t  e f f e c t  on t h e  

susceptibility of t h e  pa t h c g e n  to p a r a s i t i s m ,  

F l o o d i n g  can  cause d r a s t i c  c h a n g e s  i n  t h e  c h e a i c a i  a n d  

b i o l o g i c a l  c h a r a c t e r i s t i c s  of a s o i l  a n d  t h e s e  c h a n g e s  may b e  

r e s p o n s i b  le f o r  sc l e r o t i a i  decay under these c o n d i t i o n s .  

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

produce vof a t i l e  s u l p h i d e s ,  i n c l u d i n g  m e t b y l  ~ e r c a p t a n ,  d i m e t h y l  

sufphide, and d i m  t h y 1  d i s u L p h i . d e  ( 19, 20) * These cornpounds  a r e  

o n l y  m o d e r a t e Z y  e f f e c t i v e  i n  c a u s i n g  g e r m i n a t i o n  134, 70) of 5, 

cev ivoyug, b u t  c o n c u r r e n t  c h a n g e s  i n  the microbial c o m p o s i t i o n  

of t h e  soil c o u l d  c o n c e i v a b l y  increase the s e n s i t i v i t y  of 

f i e P d s  can cau 

unknown if this is d u e  t o  a n  incre g e r m i n a t i o n  of 

e v e l s ,  Cfowe ( 3 9 1 ,  

how&ves, f o u n d  that germination decreased a t  a o i s t u r e  l e v e l s  



a b o v e  o r  b e l o w  t h e  -300 mb, These l a t t e r  two  s t u d i e s  e x a m i n e  t h e  

effect of s o i l  moisture on s t i r a u l a t e d  g e r m i n a t i o n -  To my 

k n o w l e d g e  t h e r e  is  n o  p u b l i s h e d  i n f o r m a t i o n  o n  t h e  effect  o f  

s o i l  a ioois ture  on s p o n t a n e o u s  g e r m i n a t  i o n  w h i c h  is i m p o r t a n t  i n  

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

g e r m i n a t i n g  i n  the a b s e n c e  of a s t i m u l a n t ,  which c a n  b e  a s  h i g h  

a s  17%, s h o u l d  be s t u d i e d  B o r e  i n t e n s i v e l y  a s  t h e y  may h e  

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

S u r v i v a l  o f  scierot ia  i n  wa t e r l o g y e d  s o i l  wou ld  a lso  b e  

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

f a v o r  of o r g a n i s m s  capab le  o f  p a r a s i t i z i n g  t h e  s c l e r n t i a ,  The 

cause o f  t h e  i n c r e a s e d  d e c a y  of s c l e r o t i a  i n  t h e  f l o o d e d  so i J s  

is unknown, b u t  t h i s  phenomenon map p r o v i d e  a p r a c t i c a l  m e a n s  of 

c o n t r o l l i n g  w h i t e  r o t ,  

, 
S c l e r o t i a l  s u r v i v a l  i n  the F r a s e r  hrafley a p p e a r s  t o  be much 

1 

l o v e r  t h a n  i n  o t h e r  areas, C o l e y - S m i t h  (27) f o u n d  t h a t  almost 

100% o f  the s c l e r o t i a  p e r s i s t e d  af tef f o ~ r  y e a r s  i n  s o i l ,  En 

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

y e a r  was o b s e r v e d  i n  a l l  of t h e  fief d  t r i a l s ,  T h e  half-lives of 

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

t h i s  phenomenor:  r a n g e d  from 9.7 t o  26-8 months ,  The r e d u c e d  

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

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

i s  common i n  t h e  w i n t e r  i n  t h e  muck soil areas  of t h e  Praser 

V a l l e y .  Under  t h e s e  c o n d i t i o n s  c r o p  r o t a t i o n  Fay _be a p r a c t i c a l  
_ ^ _ _  -I - - - -  * 

_ _ -  - - - - -  - ,-,..- ---- 
Beans of c o n t r o l l x n g  X l t e  rat ,  Before r e c o m m e n d a t i o n s  can b e  

- - ---"- -- 7_-- "_"___. ---1 



made, h o w e v e r ,  we n e e d  i n f  o m a t i o n  on the relationship between 

i n o c u l u m  d e n s i t y  a n d  d i s e a s e  incidence- Adams (5) h a s  d e v e l o p e d  

a  method of p r e d i c t i n g  d i s e a s e  iricidence i n  N e w  Zngfand but h e  

i s  d e a l i n g  w i t h  d i f f e r e n t  soil a n d  farming  practices t h a n  are 

p r e s e n t  h e r e .  It is important to derive a  formula  a p p l i c a b l e  t o  

t h e  Fraser V a l l e y  a n d  to use it t o  d e t e r m i n e  the length of 

r o t a t i o n  needed to keep disease L e v e l s  b e l o w  a n  e c o n o m i c a l f y  

a c c e p t a b l e  threshold, 



fIf, Enhanced R e d u c t i o n  a•’ Sclerotia 

In t roduct ion  ---------- 
The time r e q u i r e d  fo r  c rop  r o t a t i o n  to b e  e f f e c t i v e  for  

control. of w h i t e  r o t  may be t o o  long f o r  it t o  b e  a  p r a c t i c a l  

ateans of d i s e a s e  control, It is  thefcfore  advisable  t o  look f o r  

measures which w i l l  i nc rease  the r a t e  of decay of t h e  s c l e r o t i a  

a n d  shorten t h e  r o t a t i o n  period, 

Decay of scXesotia can be increased by iecreas ing  

microbiologicall a c t i v i t y  on o r  asoond t h e i r  surface.  T h i s  

a c t i v i t y  can be achieved by t h e  a p p l i c a t i o n  of a y c o ~ a r a s i t e s  

s u c h  a s  C, i ~ i n i t a n s  and 5, s c l e r o t i v o r u ~  to  the reservoir of the 

pathogen (15)-  c r e a t i n g  condi t ions  which cause s c l e r o t i a  t o  leak 

n u t r i e n t s  a l s o  increases microbiological  a c t i v i t y  on t h e i r  

surface,  

filany fung i  a re  a b l e  t o  parasitize s c f e r o t i a  j.g x i t r o  b u t  

only two, c1 m i ~ i t a ~ s  and 2, sclgrotivorum h a v e  demonstrated 

a b i l i t y  t o  destroy s c l e s o t i a  i n  the f ieid ( 1 4 ) -  C, g i n i t a n s  h a s  

been used i n  t h e  f i ~ l d  t o  r e d u c e  numbers of s c l e r o t i a , o f  2% 

s c l r z r o t i o g ~ g  (62, 7 10) and S, trlfolio=mg ( 1  13) and has been 

used i n  greenhouse trials t o  c o n t r o l  Sz cfpivorug ( 1 1 ) -  

Smith (103,  104,  105) reported t h a t  t h e  su rv iva l  o f  

sc fe , ro t i a  of 3, c_e_~Lvorum and o the r  sclerot ia-forming pathogens 

was reduced if t h e y  were a i r -d r i ed  before bur ia l ,  H e  observed 



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

m i c r o b i a l  d d e a y  ( 1  03, 104)- He ~ r o p o s e d  t h a t  b i o l o g i c a l  c o n t r o l  

of d i s e a s e s  c o u l d  b e  o b t a i n e d  b y  ~ r o d u c i n g  c o n a i t i o n s  that would  

l e a d  t o  d r y i n g  of scierotia (105), C o l e y - S m i t h  et a l ,  ( 3 1 )  and 

P a p a v i z a s  (911,  however ,  f o u n d  t h a t  d r y i n g  d i d  n o t  i n c r e a s e  t h e  

d e c a y  of 2, e g ~ e g g ~ ,  P a p a v i z a s  (9 1) d i d  o b s e r v e  that 

c o l o n i z a t i o n  o f  s c l e r o t i a  by fungi a n d  S&reEtQxces SEE- was 

t h r e e  t i n e s  h i g h e r  on s c l e r o t i a  k e p t  a t  O X  r e l a t i v e  h u m i d i t y  for  

f o u r  a n d  s e v e n  d a y s  t h a n  o n  t h o s e  kept a t  higher h u m i d i t i e s  f o r  

t h e  sa@e p e r i o d s ,  

T h i s  s t u d y  e x a m i n e s  t h e  potential f a r  i n c r e a s i n g  t h e  r a te  

of d e c a y  of s c l e a o t i a  of S, c g ~ i ~ o r u m  i n  t h e  F r a s e r  V a l l e y  b y  

v a r i o u s  9ethod.s :  1, by  t h e  a p p l i c a t i o n  of t h e  ~ y c o p a r a s i t e  C, 

m i n i t a n s  t o  soil .  c o r n t a i n i n g  sclerot ia  0 9  2% c e ~ i ~ o r u r n ,  2- b y  ------- 
d r y i n g  the s c l r r o t i a  p r i o r  t o  p l a c i n g  t h e m  i n  s o i l ,  a n d  3- by 

l e a v i n g  sclerotia o n  t h e  s u r f a c e  of s o i l ,  w h e r e  they would  b e  

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

factors,  'She r e l a t i o n s h i p  b e t w e e n  d r y i n g  s c f e ro t i a  a n d  c h a n g e s  

i n  ~ i c s o b i a l  p o p u l a t i o n s  o n  t h e  s u r f a c e  o f  s c fe ro t i a  was a l s o  

s t u d i e d -  

Materials a n d  g e t h o d s  ------- --- ------ 

P a r a s i t i s m  by  g ,  ffii~i.8:an.s 

, T h e  C, m i p i t a n s  i s o l a t e  (DAOr'l 149432) u s e d  i n  t h i s  study 

was o b t a i n e d  f tom the B i o s y s t e n a t i c s  R e s e a r c h  I n s t i t u t e ,  



A g r i c u l t u r e  Canada ,  T h e  a b i l i t y  of t h e  i s o l a t e  t o  p a r a s i t i z e  

s c l e r o t i a  o f  S, c g g i q q r g g  jg yiiyg was tested i n  the l a b o r a t o r y .  

m i n i t a n s  uas grown on PDR f o r  two weeks  a n d  a  s p o r e  c: - - -  
s u s p e n s i o n  was p r e g a r e d ,  S c l e r o t i a  of 2, ~ ? P ~ V O ~ U E  were s o a k e d  

i n  t h i s  s u s p e n s i o n  f o r  2 4  h a n d  t h e n  i n c u b a t e d  i n  m o i s t  s a n d  f o r  

s i x  weeks a t  2 5 0  C, The s c l e r o t i a  u e r e  e x a m i n e d  after t h r e e  a n d  

s i x  w e e k s  f o r  signs of ~ a r a s i t i s m ,  

T h e  a b i l i t y  o f  gL m i n i t a n s  t o  p a r a s i t i z e  s c l e r o t i a  & q l q o  

was s t u d i e d  b y  m i x i n g  p a r a s i t e  inoculutn  w i t h  s c l e r o t i a  of gL 

c ~ i s o r u m  a n d  s o i l  i n  n y l o n  mesh  b a g s  and  s u b j e c t i n g  t h e  b a g s  t~ - --- 
field e x p o s u r e ,  The gt m i n i t a m  i n o c u f u m  was prepared b y  g r o w i n g  

t h e  f u n g u s  o n  a r y e : b a r l e y : s u n f l o w e r  wediurrz 4 6 2 ) .  which was 

ground t o  p r o d u c e  a powder,  and added t o  the bags c o n t a i n i n g  

s c l e r o t i a  a t  a rate o f  0, I g p e r  bag, Half of t h e  b a g s  r e c e i v e d  

i n o c u l u n  which  had b e e n  a u t o c l a r r e d  .to k i l l  t h e  p a r a s i t e  

( con t ro l )  - F o r t y  s c l e r o t i a  of 2, m?pivorum were a d d e d  to each 

b a g  w i t h  two cc of muck soif. The s c l e r o t i a  were e i t h e r  d r i e a  by 

p l a c i n g  t h e m  i n  a d e s i c c a t o r  o v e r  ~ r i e r i t e  f o r  2 4  h o r  were n o t  

d r i e d ,  The  b a g s  of s c l e r u t i a  were placed on  the surface of  f i e l d  

p l o t s  i n  C l o v e r d a l e ,  T h e y  uere  a r r a n g e d  i n  a r a n d o m i z e d  c o ~ p l e t e  

block d e s i g n  w i t h  s i x  r e p l i c a t i o n s ,  T h e  b a y s  were r e c o v e r e d  

aftel: 8 a n d  1 2  raon ths  of field e x p o s u r e  a n d  t h e  contents were 

a n a l y z e d  a s  d e s c r i b e d  i n  s e c t i o a  1, 



T h e  Effect of D r y i n g  a n  S c l e r o t i a l  Survival 

The e f f e c t  of d r y i n g  s c l e r o t i a  was s t u d i e d  i n  experiments 

1, 2 ,  and 3 referred t o  i n  t h e  previous c h a p t e r  (C-11). I n  

e x p e r i m e n t  1 the s c l e r o t i a  were a i r - d r i e d  by l e a v i n g  them i n  a n  

open  d i s h  a t  2 5 0  C f o r  4 8  t o  7 2  h, In e x p e r i m e n t s  2 a n d  3 the 

s c f e r o t i a  were d r i e d  b y  p l a c i n r ;  them i n  a d e s i c c a t o r  o v e r  

Drierite (CaSD ) f o r  2 4  h, T h e  e f f e c t  of n a t u r a l  d r y i n g  was 

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

15 ca beiow t h e  s o i l  s u r f a c e  w i t h  t h a t  of s c L e r o t i a  l e f t  on t h e  

s u r f a c e  i n  e x p e r i m e n t s  7 a n d  3 ,  T h e  b a g s  v e r e  a r r a n g e d  i n  f i e l d  

p l o t s  i n  a r a n d m i z e d  complete b l o c k  d e s i g n  and a n a l y z e d  a s  

d e s c ~ i b e d  i n  s e c t i o n  C-11. 

R y c o f  1 o r a  D e t e r m i n a t i o n s  

T h e  effect of d r y i n g  s c f e ro t i a  o n  t h e i r  s u r f a c e  m y c o f l o r a  

was d e t e r m i n e d  by t h e  d i l u t i o n  p l a t e  m e t h o d  d e s c r i b e 4  i n  s e c t i o n  

C-1-  T h e  p r o p o r t i o n s  of gram n e g a t i v e  a n d  p o s i t i v e  b a c t e r i a  were 

estimated by t e s t i n g  2 0  t o  50  coionies s e l e c t e d  a t  r andom f o r  

e a c h  r e p l i c a t i o n  f o r  t h e i r  b e h a v i o r  i n  KDH ( 3 % )  a s  d e s c r i b e d  b y .  

S u s l o u  21 21% { I O f j ) ,  The nuaibel: of f u r t g a l  c o l o n i e s  were c o u n t e d  

a n d  t h e  p r o p o r t i o n  of T r i c b o d e r m a  s~p, ,  P . e n i c i l l i u m  s+, 

V e r t i c i l l i u m  sppl a n d  E u s a r i u g  s u O  was e s t i m a t e d ,  T h e  m y c o f l o r a  -------- 
p o p u l a t i o n s  were d e t e ~ ~ i n e d  fo r  s c l e r o t i a  w h i c h  h a d  been 

1- t a k e n  d i r e c t l y  f r o m  o n i o n s ,  2, d r i e d  o v e r  Drierite f o r  2 4  h, 

3,  p l a c e d  i n t o  soil f o r  95 h and ,  4, d r i e d  a n d  p l a c e d  i n t o  s o i l  

f o r  96 h, 



P a r a s i t i s m  by  s, m i n i t a n s  

C, m i n i t a n s  was a b l e  t o  p a r a s i t i z e  s c l e r o t i a  of 2, -- ------- 
~ ~ i v o r i ~ n  jg v i t r o Z  Almost  a91 of t h e  treated s c l e r o t i a  were 

i n f e c t e d  by GL m i a i t a n s  w i t h i n  b weeks, I n f e c t e d  s c l e r o t i a  were 

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

c o n i d i a  were released when t h e  s c l e r o t i a  were b r o k e n  open (Pig.  

15) , Tn t h e  field the p a r a s i t e  did not h a v e  a n y  s i g n i f i c a n t  

{p>0 .05)  effect on  t h e  s u r v i v a l  of  s c l e r o t i a  of 2,  c_e_pivorm 

t h a t  h a d  not ' b e e 3  d r i e d  {Fig-l5), After 12 months  i n  s o i l  n d n e  

o f  t h e  d r i e d  s c l e r o t i a ,  18,874 of t h e  s c f e r o t i a  m i x e d  w i t h  

a u t o c l a v e d  ntedium ( c o n t r o l )  , and 16,374 s f  t h e  s c l e r o t i a  mixed 

with v i a b l e  gZ minitags i n o c u i u m  r e m a i n e d  i n t a c t -  

E f f e c t  o f  D r y i n g  on S u r v i v a l  o f  Sclerotia 

D r y i n g  s c l e r o t i a  p r i o r  t o  burial s i g n i f i c a n t l y  (p10-05) 

r e d u c e d  t h e  s u r v i v a l  of s c l e r o t i a  of 3, e ~ i v o r u m  { f i g .  17) T h e  

h a l f - l i v e s  of t h e  s c l e r o t i a  were r e d u c e d  t o  less t h a n  f i v e  

m o n t h s  i n  a l l  t h r e e  e x p e r i a e n t s ,  

S c i e f o t i a  o n  t h e  s o i l  surface d e c a y e d  more than b u r i e d  o n e s  

i n  1979 ( e x p e r i m e n t  1) ( F i g ,  1 8 ) -  After 1 4  months  i n  t h e  f i e l d  

23.6% o f  t h e  n o t - d r i e d  sclerotia which were b u r i e d  a n d  only 2-12 
i -  o f  t hose  on t h e  s u r f a c e  s u r v i v e d ,  



P i g .  15. Sclerotia of S, cepivorom i n f e c t e d  by G, ~ i r i i t a n s  

Top P h o t o g r a p h  : Arrow shows c o n i d i a  of  CL n i n i t a n s  

b e i n g  released from s c l e r o t i u n  of 3% ce~ ivorurn ,  

Bottom ~ h o t o j r a ~ h  : Arrow s h o w s  deformtion of t h e  wal l  of 

sc lerot iua of 2% c~zivor~g by p p c n i d i a  of C, minitans 





Fig-16, The effect of g, m i n i t a n s  on t h e  p r o p o r t i o n  of 

sc lerot ia  ( d r i e d ;  not-dried) of 2, c _ e ~ & ~ o r u m  s u r v i v i n g  8 and 12 

months  field exposure in muck s o i l ,  



Legend 
NOT-DRIED + C.mln1tuns 

EZ3 NOT-DRIED CONTROL 
0 DRIED + C.mh1tans 
ECI DRIED CONTROL 



F i g ,  17, The effect of p r e - b u r i a l  d e s i c c a t i o n  on the d e c l i n e  of 

t h e  popula t ion  of f i e l d - p r o d u c e d  sc lero t ia  of  2% cepixgy~m i n  

muck s o i l  





F i g , l 8 ,  The  e f f e c t  of t h e  pos i t ion  of t h e  s c l e r o t i a  i n  s o i l  

(surface or b u r i e d  15 cm deep)  on t h e  decline i n  t h e  p o p u l a t i o n  

sf f i e l d - p r o d u c e d  sclerotia of S , c e g & v o r u ~  i n  suck s o i f -  



Le
ge

nd
 

I 
I 

I 
I 

I 
I 

I 

2 
4 

6 
8

 
. 

10
 

12
 

14
 

flE
LD

 E
XP

O
SU

R
E 

( 
M

O
N

TH
S)

 



Hycof fo fa P o p u l a t i o n s  of Sclerot ia  

T h e  p o p u l a t i o n  of bacteria o n  t h e  s c l e ro t i a  was 

s i g n i f i c a n t l y  ( p L O , O 5 )  affected by drying ( P i g .  19) -  T h e  

p r o p o r t i o n  of gram n e g a t i v e  bac t e r i a  decreased from Y 4 - 8 %  t o  

12, tJS w h e n  t h e  s c l e r o t i a  were d r i e d  ( T a b l e  9)- 

T k e  f u n g a l  p o p u l a t i o n s  sf t h e  s c l e s o t i a  a l s o  changed  

s i g n i f i c a n t l y  w i t h  the different t r e a t a e n t s  ( F i g *  2 0 ) -  The 

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

s c f e ro t i a  a f t e r  96 h i n  s o i l  was p r i m a r i l y  t h e  result of a n  

increase i n  X s - i c h o d e r g g  SJE- which a c c o u n t e d  for 3,8% o f  t h e  

fungal i s o l a t k s  frcm not-dried s c l e r o t i a  i n  s o i l  and  77-9s o f  

t h e  i s o l a t e s  from. d r i e d  sciefotia p l a c e d  i n  soil. ( T a b l e  9)- T h e  

rernainicg f u n g i  i s o l a t e d  from sc lcrot ia  were P e n i c l l f i u g  a&,, 
V e r t i c i l i i u m  g ~ p ,  and F u s a r i u g  g~p,, ---------- 



F i g J 9 ,  Backer i a l  p o p u l a t i o n s  on scfesotia of 2, ~ ~ ~ i v o r u m  a s  

a f f e c t e d  b y  d r y i n g  a n d  i n c u k a t i o n  i n  soil* 
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F i g  20, F u n g a l  p o p u l a t i o n s  on s c l e r o t i a  of 5, cepivf?ru m a s  

affected  by d r y i n g  a n d  i n c u b a t i o n  i n  s o i l ,  



Legend 
NOT DRIED 

lZZd DRIED 

0 96 
TIME IN SOIL (HOURS) 



Tabie 9, C o m p o s i t i o n  of t h e  b a c t e r i a l  and f u n g a l  aicrof lora  on 

f i e l d - p r o d u c e d  s c l e r o t i a  of S, c s ~ h v o r u i j  as  affected by d r y i n g  

and i n c u b a t i o n  i n  soil, 

P r o p o r t i o n  by Type 

gram + 

gram - 

Hot Mot D r i e d  Dried 
Dried  Dried  front in S o i l  
from i n  Soil O n i o n s  

O n i o n s  

P r o p o r t i o n  by G e n u s  

P e n i c i I l i g g  2 2 ~ ~  ,245 - 2 59 ,U15 ,035 

P u s a s i u m  s p p -  ------ , 2 4 6  a 2 37 ,154 - 3  5Y 

xyjchoderma spp, ,059 - 0 38 ,128 ,779 

0 ther spp,  ,042 ,031 , O Y 9  , 039  



D i s c u s s  i o n  -------- 
5 m i n i t a g s  was able t o  p a r a s i t i z e  s c l e ro t i a  i n  t h e  

E a b o ~ a t o r y ,  T h e  a b i l i t y  of t h e  p a r a s i t e  t o  i n f e c t  t h e  scferot ia  

a n d  form p y c n i d i a  within t h e  body o f  t h e  s c l e r o t i a  was a l s o  

r i o t e d  by G h a f f a f  (50)- c, mini.t_ags, h o w e v e r ,  d i 3  arot 

s i g n i f i c a n t l y  r ~ d u c e  the nurobers  of s c l e r o t i a  of 2% czivorua i n  

t h e  f i e l d ,  T h i s  r e s u l t  is contrary t o  t h e  r e p o r t s  o f  many 

r e s e a r c h e r s  who h a v e  f o u n d  t h a t  g1 j~&gL~gzg is a n  e f f e c t i v e  

raycaparasite under f i e l d  a s  well a s  laborator2 c o n d i t i o n s  (59, 

62 ,  111, 173)-  The  i n a b i l i t y  of t h e  paras i te  t o  reduce 

s c l e s o t i a l  n u m b e r s  i n  t h i s  study aay b e  due t o  i n h o S p i t a b l e  

c o n d i t i o n s  ia the P r a s e r  Y a l l e y  soils a t  t h e  time o f  t h e  

e x p e r  irtlent, C_= g&gi_ta_~s m a y  be u n a b l e  t o  compete r s i t h  o t h e r  

m i c r o - o r g a n i s m s  p r e s e n t  i n  l oca l  s o i l s  o r  the k e r n p e r a t u s e  a.nd 

m o i s t u r e  c o n d i t i o n s  may h a v e  been  u n f  avofable, Most r e s e a r c h e r s  

h a v e  a p p l i e d  C_= g i r ~ i t d a s  t o  s o i l  d u r i n g  war@ weather but i n  t h i s  

s t u d y  t h e  f u n g u s  was a d d e d  t o  b a g s  of s c l e r o t i a  i n  t h e  fall. T h e  

t e m p e r a t u r e  d u r i n g  most o f  t h i s  s t u d y  was  r a r e l y  a b o v e  IS0 C a n d  

t h e  s o i l  was o f  t e n  f l ooded ,  T r u t m a n  g& a&, ( 1  1 1 )  r e p o - r t e d  t h a t  

C, m i n i t a n s  was a b l e  t o  i n f e c t  and decay sc le ro t i a  of 2% -- ------ 
z ~ h g ~ o t i o r u m  over a w i d e  t e m p e r a t u r e  r a n g e  b u t  decay was 

s u b s t a n t i a l  o n l y  b e t w e e n  15 and 2 W  C, I f  this i s  a l s o  t r u e  f o r  

s c l e r o t i a  o f  S ,  c _ ~ ~ ~ 4 ~ g  i t  fo l lows t h a t  f=, m i n i t a n s  might b e  

oaose e f f e c t i v e  if a d d e d  t o  s o i l  i n  the s p r i n g  or summer, 

D r i e d  s c i e s o t i a  d e c a y e d  s i g n i f  i c a n t i y  faster t h a n  t h o s e  

w h i c h  were n o t  dried i n  a11 e x p e r i m e n t s ,  t h e r e b y  s u p p o r t i n g  t h e  



f i n d i n g s  of Smith (103,  104, 105)- The dec i iy  of the d r i e d  
- " --. ."""" _,-_ _ - .  

S ~ Q - . ~ - - I ) G Q S U I ~ ~ ~ ~  resu4tsw-f rc,! i w c e ~ g i $ d  "fii.crobial a c t i v i t y  
,M4 

o n  f h e  ,sa&%xe-~~E sc1em.t' 
.# nau--d'L- 

w h i c h  p r o m o t e  t h e  growth of a i c r o - C r g a n i s m s ,  G i l b e r t  and 

L i n d e r m a n  ( 5 2 )  found t h a t  the numbers of bacteria i n c r e a s e d  

w h i l e  t h e  number o f  f uugi  d i d  n o t ,  S m i t h  (105) a n d  P a ~ a v i z a s  

191) , however, n o t i c e d  i n c r e a s e s  i n  f u n g i  on the s c l e r o t i a l  

s u r f a c e *  I n  this s t a d y  the d r i e d  s c i e ro t i a  i n c u b a t e d  i n  s o i l  f o r  

96 h h a d  lower n u m b e r s  of b a c t e r i a  a n d  h i g h e r  n u m b e r s  o f  f u n g i  

t h a n  the s c l e r o t i a  w h i c h  had  n o t  been d r i e d ,  T h e  observation 

that t h e  sclerotia which had been dried a n d  placed i n  s o i l  h a 8  

bacter ial .  p o p u l a t i o n s  lower than &hose which had b e e n  dried b u t  

n o t  p l a c e d  i n  s o i l  (F ig ,  39, T a b l e  9) i n d i c a t e s  t h a t  the O e c l i n e  

i n  n u m b e r s  of b a c t e r i a  o n  t h e  s c l e r o t i a  was not the r e s u l t  o f  

d e a t h  of b a c t e r i a  d u e  to  d e s i c c a t i o n  but was due i n s t e a d  t o  

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

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

T h e  t r e a t m e n t  of s c l e r o t i a  a l t e r s  the t y p e s  o f  b a c t e r i a  arid 

fungi isolated fro@ their surface a s  well a s  the  t o t a l  

p o p u l a t i o n s  ( T a b l e  9)- The p r o p o r t i o n  of g f a m  p o s i t i v e  b a c t e r i a  

i n c r e a s e d  on t h e  d r i e d  sclerotia,  The g r a m  p o s i t i v e  b a c t e r i a  on 

t h e  s c l e r o t i a l  s u r f a c e  may, l i k e  g, ~ h t i l i s ,  be s p o r e  formers 

a n d  t h e r e f o r e  more r e s i s t a n t  t o  d e s i c c a t i o n .  T h e  m a j o r  fungal.  

g e n e r a  i s o l a t e d  from t h e  sclerotia were Peniak5. 

Ver t i c i l l i u t g  s g ~ ~ ~  g g s a r i u m  gggr a n d  Trich~db~& SPP, ( T a b l e  9), ---------- 
similar o b s e r v a t i o n s  h a v e  been made by  o t h e r  workers who h a v e  



s t u d i e d  the microf l o r a  a s s o c i a t e d  w i t h  sc'lerotia (42, 8 0 ) -  T h e  

p r o p o r t i o n  of t h e s e  g e n e r a ,  however, c h a n g e d  w i t h  t r e a t m e n t ,  

D r y i n g  of i t se l f  d i d  no t  s i g n i f i c a n t l y  a i t e r  t h e  r e l a t i v e  

p r o p o r t i o n s  o f  the g e n e r a  p r e d o m i n a n t  on sc lero t ia  ( T a b l e  9 ) .  

The i n c r e a s e  of Zr i chode r r r t a  s a  o c c u r r e d  o n l y  o n  t h e  s c l e r o t i a  

w h i c h  h a d  b e e n  d r i e d  a n d  i n c u b a t e d  i n  s o i l -  T h i s  r e s u l t  

i n d i c a t e s  that d r i e d  sc lerot ia  p i a c e d  i n  soi  i are a c t i v e l y  

c o l o n i z e d  by T r i c h o d e r i n a  a t  the e x p e n s e  of o t h e r  s c l e r o t i a l  

@ p c o f l o r a ,  This c h a a g e  i n  t h e  c o a p o s i t i o n  of t h e  aicrof lo ra  

a s s o c i a t e d  w i t h  t h e  s c l c r o t i a  could a c c o u n t  for the increased 

d e c a y  of  t h e s e  b o d i e s ,  l r e r r m a n  (80) r e p o r t e d  t h a t  f i ecay  of 

s c f e r o t i a  of 3, s c I e r o t i o r w ~  i n  s c i l  was r e l a t e d  t o  their 

a s s o c i a t e d  m i c r o f l o r a ,  T h e  d e c r e a s e  i n  b a c t e r i a l  p o p u l a .  t i o n s  may 

h a v e  r e ~ o v e d  p r o t e c t i v e  organisms from the s u r f a c e  of t h e  

sc le ro t ia ,  T h i s  e f f e c t ,  c o m b i n e d  vith the i n c r e a s e  i n  

T_gITch_oder~s w h i c h  a re  known f o r  t h e i r  m y c o p a r a s i t i c  

activity (59, 62, 771, may l e a d  t o  t h e  d e c a y  o f  t h e  d r i e d  

i' 
i B h i f e  t h e  e f f e c t i v e n e s s  of p r e b u r i a l  d e s i c c a t i o n  on d e c a y  

d of sc le ro t ia  i s  b i o l o g i c a l l y  i n t e r e s t i n g ,  i t  is of no  p r a c t i c a l  

benefit u n l e s s  the ef fec t  c a n  b e  r e p r o d u c e d  in t h e  f i e l d ,  

1 L e a v i n g  s c l e r o t i a  on  t h e  s u r f a c e  of the s o i l  s h o u l d  e x p o s e  them 

i t o  a n a t u r a l  d r y i n g ,  Sclesot ia  of &y~ms~gere l la  g i n o i d e s  (100) 

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

X. s o l a n i  ( 5 8 )  a n d  S, s c 1 e r o t i o r u m  d e c a y e d  Bore i f  t h e y  were -- ------ 
b u r i e d .  Rai a n d  Saxefia (951 ,  h o w e v e r ,  f o u n d  t h a t  s c l e ro t i a  of S, 



s c l e r o t i o r u m  on t h e  surface of s o i l  were more heavily c o l o n i z e d  ----------- 
t h a n  b u r i e d  ones, S c l e r o t i a  of  c_ex?ivorurn l e f t  on t h e  s o i l  

surface decayed  more thac t h o s e  v h i c h  were b u r i e d  i n  experiment 

1 b u t  no t  e x p e r i m e n t  3 ,  E x p e r i m e n t  3 was  c o n d u c t e d  i n  1981 which 

was a n  a b n o s a a i l y  s e t  p a r  i n  t h e  F r a s e r  V a l l e y ,  and t h e  f i e l d s  

were floodeil f o r  much sf t h e  time t h e s e  sclerotia were i n  t h e  

f i e l d ,  It is l i k e l y  t h a t  t h e  s c l e r o t i a  on the s o i l .  s u r f a c e  i n  

1979,  w h i c h w a s  a r e l a t i v e l y  dry y e a r ,  p r o b a b l y  d r i e d  d u r i n g  t h e  

warm summer months, t o  a g r e a t e r  extent t h a n  d i d  those s c f e s o t i a  

o n  t h e  soil s u r f a c e  i n  1981, 

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

conditions, the survival. of s c l e r o t i a  of 2, cepiporum can he, 

r e d u c e d  by  c u l t u r a l  m a n i p u f a t i o a ,  I f  t h e r e  is a p e r i o d  of h o t  

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

w i t h  sc lero t ia  on t h e  soil. s u r f a c e  nray h e l p  t o  reduce irnoculu;m 

levels, The r e s u l t s  o f  t h e  mycof l o r a l  d e t e r m i n a t i o n s  i a d i c a  te 

t h a t  x.s!&gderma 2p .k  may b e  e f t e c t i v e  m y c o p a r a s i t e s ,  T h e  

e f f e c t i v e n e s s  of a p p l i c a t i o n s  of t h e s e  ~ a r a s i t e s  E a  y be 

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

r e d u c e  t h e  numbers of c o m p e t i n g  o r g a n i s i n s ,  Any combination of 

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

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

S ,  c e ~ i v o r u m  , -- -- ---- 



Ill. C o n c l u s i o n s  

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

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

c o n i l i t i o n s  , T h e r e  wef z s t r u c t u r a l  d i f f e r e a c e s  i n  sc le ro t ia  of 

S ,  c g p i v o y u  p r o d u c e d  i n  t h e  laboratory a n d  the field, T h e s e  -- 
scfero t ia  a l s o  h a d  d i f f e r e n t  a b i l i t i e s  t o  s u r v i ~ e  i n  s o i f ,  I n  

most a reas  s c l e f o t i a  of 2, c e p i v o m g  can persist f o r  y e a r s  i n  

s o i l ,  but this study s h o w e d  t h a t  i n  t h e  Fraser V a l l e y  t h e r e  was 

s u b s t a n t i a l  d e c a y  of t h e  sc lero t ia  w i t h i n  o n e  y e a r ,  T h e  d e c a y  o f  

t h e  s c l e r o t i a  was p r e s u m a b l y  due t o  t h e  l oca l  e n v i r o n m e n t a l  

c o n d i t i o n s ,  I't is t h e r e f o r e  p o s s i b l e  t h a t  c o n t r o l  m e a s u r e s  which 

are i n e f f e c t i v e  i n  cther a r e a s  of t h e  w o r l d  may be p r a c t i c a l  

m a n s  of  r e d u c i n c j  w h i t e  r o t  i n  t h e  F r a s e r  V a l l e y -  

W h i i e  t h e  c h a r a c t e r i s t i c s  cf: t h e  d i s e a s e  and o f  f o c a l .  

e n v i r o n m e n t a l  c o n d i t i o n s  were d e t r i m e n t a l  t o  b i o l o g i c a l  c o c t r o l  

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

a p p e a r  t o  be i d e a l l y  s u i t e d  t o  disease c o n t r o l  t h r o u g h  inoculum 

r e d u c t i o n ,  T h e  sc l ero tra  of 2, c e f i v o r s g  a r e  the o n l y  known 

means b y  which the p a t h o g e n  o v e r u i n t e r s s ,  It d o e s  not increase in 

the a b s e n c e  of t h e  h o s t ,  a n d  it h a s  a low capacity t o  p r o d u c e  

s e c o n d a r y  s c f e c o t i a ,  T h u s  any c o n t r o l  r a e a s u r e  wh ich  c a u s e s  t h e  

s c l e r o t i a  t o  decay w i l l  l o w e r  t h e  i n o c u l u m  l e v e l s  i n  s o i l  and 

reduce disease i n c i d e n c e ,  S c l e s o t i a  ace re la  ti v e l  y l a r g e  bodies 

a n d  t h e r e f o r e  p r o v i d e  l a r g e  t a r g e t s  f o r  w y c o ~ a r a s i t e s  (77). T h e  

s c l e r o t i a  cf 2, c g p L v o r u m  decay more  r a p i d l y  i n  t h e  winter 



a o n t h s  when s o i l s  are s a t u r a l e d -  The effeck of f l o o d i n g  o n  

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

e v a l u a t e d ,  P r a s e r  Ya11ey  l i e d d s  are often flooded i n  t h e  w i n t e r  

a n d  i f  this is t h e  f a c t o r  responsible f o r  e n h a n c e d  d e c a y  of 

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

c o u l d  b e  a feasible means  of l i m i t i n g  w h i t e  r o t  i n  t h e  F r a s e r  

B a l  l e y ,  

T h e  r e s u l t s  of t h i s  s t u d y  i n d i c a t e  t h a t  t h e r e  i s  p o t e n t i a l  *)gx 
-* 

f o r ' c o n t r o f l i n g  w h i t e  r o t  i n  the Fraser V a l l e y  by reducing t h e  

n u m b e r s  o f  s c f e r o t i a  i n  so i l ,  but t h e r e  is a  need  f o r  more 

i n f o r m a t i o n  b e f o r e  c o n c r e t e  r e c o m m e n d a t i o n s  can b e  ~ a d e ,  Crop  

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

of w i n t e r  f l o o d i n g  a r e  n e e d e d  t o  determine how l o n g  a r o t a t i o n  

is r e q u i r e d  t o  r e d u c e  the disease b e l o w  threshold l e v e l s ,  f t may 

be  p o s s i b l e  t o  p r e d i c t  t h e  d e c l i n e  of s c l e r o t i a  b a s e d  o n  s o i l  

e o i s t u r e  d a t a ,  and t o  use t h i s  i n f o r m a t i o n  t o  e s t i n a t e  e x p e c t e d  

d i s e a s e  levels, Befcre this is practical, howev.\r, we need  d a t a  

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

d i s e a s e  i n c i d e n c e  i n  o n i o n s  i n  t h e  P r a s e r  Va l l ey*  There s h o u l d  

b e  more s t u d i e s  on m e t h o d s  of i n c r e a s i n g  the rate o f  d e c a y  of 

sclerot ia ,  These wif  l i n c l u d e  e x p e r i m e n t s  o n  t e c h n i q t ~ e s  o f  

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

t h e  c o n t i n u e d  s e a r c h  f o r  e f f e c t i v e  m y c o p a r a s i t e s  and ways of 

a p p f y i n g  them, 

B i o f o g i c a l  c o n t r o l  of w h i t e  r o t  by r e d u c i n g  i n o c u l u m  levels 

i n  ' s o i l  s h o u l d  p r o v i d e  a long tern; means  of p r e v e n t i n g  t h e  



d i sease  from d e s t r o y i n g  the onion i n d u s t r y  i r t  t h e  Praser  Val l ey ,  



D, C o n c l u s i o n s  

*' T h e  ar t  a n d  s c i e n c e  of p l a n t  d i s e a s e  c o n t r o l  a u s t  
c o n t i n u e  to wove i n  the d i r e c t i o n  of the b i o l o g i c a l  
c o n t r o l  of plant p a t h o g e n s  i n c l u d i n g  t h e  u s e  of 
i n t r o d u c e d  a n t a g o n i s t s *  C h e m i c a l  c o n t r o l s  are n e c e s s a r y  
w i t h  many d i s e a s e s  a t  p r e s e n t ;  b u t  are u n d e s i r a b l e  a n d  
e v e n  i n a d e q u a t e  a s  long term s o l u t i o n s  t o  p l a n t  health" 
(37) 

T h e  s e a r c h  f oor ef fectirie h i o c o m t r o f _  p r o c e d u r e s  m u s t  i n v o l v e  

e x t e n s i v e  i n v e s t i g a t i o n s  of many different methods, and s h o u f  d 

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

b i o l o g i c a l  con t ro l  of F f a n t  diseases were i n v e s t i g a t e d  in t h i s  

t h s s i s .  T h e  f i r s t ,  p r o t e c  tiny' p l a n t  s u r f a c e s  w i t h  a n t a g o n i s ? i c  

f u n g i  d i d  n o t  l e a d  t o  a n y  r e d u c t i o n  i n  t h e  i n c i d e n c e  of white 

r o t  i n  t h e  Fraser V a l l e y .  The s e c o n d ,  t h a t  o f  reducing i n o c u l u t u  

levels i n  s o i l ,  a p p e a r s  t o  h a v e  s u b s t a n t i a l  p o t e n t i a l  a s  a 

p r a c t i c a l  m a n s  of lowering disease l e v e l s ,  

The first t e c h n i q u e  i n v o l v e s  c a u s i n g  a d r a s t i c  change i a  

t h e  m i c r o b i o Z o g i c a l  c o m p o s i t i o n  of t h e  s o i l  and m a i n t a i n i n g  t h i s  

change f o r  up t o  g i v e  months,  Given our l a c k  of k n o w l e d g e  of the 

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

t h e  s o i l  t o  - b i o l o g i c a l  c h a n g e s ,  (17) t h i s  method is n o t  a t  

p r e s e n t  a feasible means  of c o n t r o l .  The second t e c h n i q u e ,  o n  

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

Frzser Valley s o i l s ,  a n d  so is a t  t h e  monaent. a more p r o m r s i n g  

m e t h o d  of r e d u c i n g  w h i t e  rot, 



B i o l o g i c a l  c o n t r o l ,  b y  itself may n o t  solve the white rot 

p r o h l e a  in t h e  Frascr V a l l e y  but it can be a u s e f u l  part  of an 

i n t e g r a t e d  disease ma n a g e w n t  program, 
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