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FUNGI ASSOCIATED WITH HYPERTROPHIES CAUSED BY INFECTION OF 
CRUCIFERAE BY ALBUGO CRUCIFERARUM' 

G. Allan Petrie2and T. C. Vanterpoo13 

Abstract 

Over 20 species  of fungi ,  inc luding seve ra l  pathogens of c r u c i f e r s ,  
have been found i n  a s s o c i a t i o n  with hyper t rophies  of t h e  in f lo re scence  
Istasheads) and stem and pod b l i s t e r s  produced on t u r n i p  rape  (Brassica 
campestris)  , wild  mustard (g. ~ kaber) and f a l s e  f l a x  (Camelina microcarpa) 
by t h e  whi te  r u s t  fungus, Albuqo cruciferarum. The most prevalent  
a s s o c i a t e s  of Albuqo were Peronospora p a r a s i t i c a ,  A l t e rna r i a  a l t e r n a t a ,  
Fusarium roseum Acuminatum' and 'Equise t i '  , A l t e r n a r i a  raphani,  g. 
bras s i cae  and cladosporium sp. Most of t h e s e  were recovered on agar  media 
followinq su r face  d i s i n f e s t a t i o n  of t h e  hypertrophied t i s s u e .  Very  few 
Albuqo in fec t ed  t i s s u e s  f a i l e d  t o  y i e l d  some secondary invaders ,  and f i v e  
occas iona l ly  were i s o l a t e d  from a s i n g l e  staghead.  The poss ib l e  
s i g n i f i c a n c e  of t h e s e  a s s o c i a t i o n s  i s  discussed.  

Resume 

On a r e l eve  l a  presence d e  p lus  de 20 especes d e  champignons, y compris 
p l u s i e u r s  pathogenes des  c r u c i f e r e s ,  a s soc iees  a des  hyper t rophies  de 
l ' i n f l o r e s c e n c e  (bo i s  d e  c e r f )  e t  a des  boursouflures des  t i g e s  e t  des  
qousses de n a v e t t e  (Brassica campest r i s ) ,  de  moutarde sauvage (2. kaber) e t  
de cameline a p e t i t s  f r u i t s  (Camelina microcarpa) produi tes  par  l e  
champigrion de  l a  r o u i l l e  blanche, Albuqo cruciferarum. Avec Albuqo, les 
i s o l a t s  les p l u s  frequemment associesetaienteronoswra p a r a s i t i c a ,  
A l t e r n a r i a  a l t e r n a t a  , Fusarium roseum @Acuminatum@ e t  @@Equise t i  I , 
A l t e r n a r i a  raphani ,  5. bras s i cae  e t  Cladosporium sp. On a recouvre l a  
p l u p a r t  des pathogenes sur un mi l ieu  d 'agar ap res  d e s i n f e s t a t i o n  
s u p e r f i c i e l l e  du t i s s u  hypertrophie.  Tres peu des  t i s s u s  i n f  estes dlAlbugo 
ont p rodu i t  de p a r a s i t e s  secondai res  e t  o n  es t  quelquefois  parvenu 
i s o l e r  c inq  dans un meme "bois  de  cer f ' .  L e s  a u t e u r s  analysent  
l ' importance even tue l l e  de  ces a s soc ia t ions .  

G a l l s  wh ich  form on p l a n t s  i n  response t o  
fungal  i n f e c t i o n  appear t o  provide si tes 
p a r t i c u l a r l y  favorable  t o  t h e  development of  
secondary microorganisms. For example, Xoch 
(5)  r epor t ed  t h e  i s o l a t i o n  of a dozen fungal  
spec ie s  from t h e  t i s s u e s  of black knots 
produced on Prunus spp. by Dibotrvon morbosum 
(Schw.) Theiss.  & Syd. A few of t h e s e  
secondary invaders,  notably  Trichothecium 
roseum (Pers.) Lk., were a c t i v e  p a r a s i t e s  of  
t h e  stroma of D. morbosum, and appeared t o  
check t h e  developKent of t h e  l a t t e r .  Byler 
e t  a l .  ( 1 ,  2 )  a l s o  demonstrated t h a t  
secondary fungi  and i n s e c t s  were responsib le  
for  mor t a l i t y  of g a l l s  of p ines  caused by t h e  
r u s t  Peridermium ha rkness i i  Moore. 
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Rust pus tu l e s  may a l s o  se rve  a s  p o i n t s  of 
en t ry  f o r  o t h e r  funqi.  ' The i n f e c t i o n  of 
onion by B o t r y t i s  sp. v i a  t h e  sori of 
Puccinia asparaqi  DC. Frovides an e a r l y  
example of t h i s  ( 1 6 ) .  Inva r i ab ly  a r u s t  
pus tu l e  was found i n  t h e  cen te r  of each 
Bo t rv t i s  l e s i o n  and no i n f e c t i o n  by t h e  
l a t t e r  occurred o the r  than  through sori of 
t h e  r u s t .  When invas ion took place before 
t h e  s o r i  opened, t h e  aec i a  f a i l e d  t o  mature. 
A number of observers have repor ted  i n f e c t i o n  
of f l a x  by va r ious  pathogens by way of 
pus tu l e s  of M e l a m p s e  lini (Ehrenb.) LBv. 
secondary invaders included spec ie s  of 
Fusarium (4 ,  6, 9 ,  l o ) ,  A l t e r n a r i a  l i n i c o l a  
Groves C Skolko (11 ,  12) , Polyspora lini 
Laff. ( l l ) ,  and Septor ia  l i n i c o l a  (Speg.) 
Garass. ( 1 1 ) .  I n  c e r t a i n  yea r s  a t  l e a s t ,  
fusarium stem canker of f l a x  was inva r i ab ly  
a s soc ia t ed  w i t h  r u s t  i n f e c t i o n  (6!, and 
Al t e rna r i a  l i n i c o l a  stem l e s i o n s  o r ig ina t ed  
e i t h e r  i n  r u s t  t e l i a  or l e a f  s c a r s  ( 1 2 ) .  

Observations over t h e  l a s t  15 yea r s  o r  
more i n  western Canada have ind ica t ed  t h a t  
hypertrophies of t h e  i n f lo re scence  
(stagheads) of t u r n i p  rape  (Brassica 
campestris  L.)  caused by Albuqo cruciferarum 
S. F .  Gray a r e  i d e a l  s i t e s  f o r  coFious spore  
production by var ious  fungi.  The a s soc ia t ion  
of Peronospora p a r a s i t i c a  (Pers. ex Fr.) F r .  
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Figure 1. tungl associated with Albugo hypertrophies (stagheads) on Srassica carnpestris. A) Downy mildew 
(Peronospora parasitical. B) Alternaria brassicae. C) Peronospora and Alternaria rp. developing on the same 
hypertrophy. D. E) Alternaria spp. growing from stagheads plated on nutrient medium. 
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with  Albuqo (Fig.  1 A ,  C) w a s  pe rhaps  t h e  
f i r s t  commented upon (13 ) .  The appearance  of 
b l a c k  mold, m o s t l y  A l t e r n a r i a  a l t e r n a t a  
( F r i e s )  Keissler, on s t a q h e a d s  (Fig.  1 B, C) 
i s  f r e q u e n t l y  s t r i k i n g  f o l l o w i n g  l a t e  summer 
o r  autumn r a i n s  (110, b o t h  i n  s t a n d i n g  c r o p s  
and t h o s e  i n  swath. Less common associates 
o f  Albuqo which w e  have r e p o r t e d  p r e v i o u s l y  
a r e  Fusar ium spp . ,  A l t e r n a r i a  r a p h a n i  Groves 
G Skolko,  &. b r a s s i c a e  (Berk.) Sacc.  (7 ) ,  and  
Mycosphaere l l a  b r a s s i c i c o l a  (Duby) Lind. (8) . 
Notes made by t h e  j u n i o r  a u t h o r  show t h a t  
Fusar ium spp. and A l t e r n a r i a  r a p h a n i  had been 
found on h y p e r t r o p h i e s  c o l l e c t e d  a t  Meadow 
Lake, Saskatchewan, a s  e a r l y  as  1959. 

It was t h o u g h t  l i k e l y  t h a t  o t h e r  f u n g i  
commonly a s s o c i a t e d  w i t h  s t a g h e a d s  went 
u n d e t e c t e d  d u r i n g  t h e s e  o b s e r v a t i o n s .  The 
f u n a i  c o l o n i z i n g  Albuqo stem and pod b l i s t e r s  
had a l so  r e c e i v e d  s c a n t  a t t e n t i o n .  I n  
a d d i t i o n ,  w e  had no i n d i c a t i o n  o f  t h e  e f f e c t  
t h a t  some o r  a l l  of t h e s e  a s s o c i a t e d  s p e c i e s  
miqht have  on &. c r u c i f e r a r u m .  T h e r e f o r e ,  i n  
a n  a t t e m p t  t o  o b t a i n  data r e l a t i n g  t o  some o f  
t h e s e  c o n s i d e r a t i o n s ,  t h e  s t u d i e s  t o  b e  
d e s c r i b e d  were conducted over t h r e e  growing 
s e a s o n s  (1970-72). 

Materials and methods 
s t a q h e a d s  and  stem and pod b l i s t e r s  

c a u s e d  by Alhuqo, c l i p p e d  from d i s e a s e  s u r v e y  
material  c o l l e c t e d  i n  Saskatchewan l a r g e l y  i n  
August o f  1970, 1971, and  1972, were s u r f a c e  
s t e r i l i z e d  2 min i n  10% Javex (0.6% a v a i l a b l e  
c h l o r i n e )  a n d  p l a t e d  on  V8 j u i c e  a g a r  
c o n t a i n i n g  40 ppm rose b e n g a l  and 100 ppm 
s t r e p t o m y c i n  s u l f a t e .  P l a t i n g  w a s  done a s  
soon a s  p o s s i b l e  f o l l o w i n g  c o l l e c t i o n .  
p l a t e s  w e r e  examined m i c r o s c o p i c a l l y  a t  10 

days and a r e c o r d  made o f  a l l  microorganisms 
p r e s e n t .  Many c o l o n i e s  were s u b c u l t u r e d  on 
VB j u i c e  a g a r  f o r  f u r t h e r  s t u d y .  

Results 

p r i o r  t o  p l a t i n g ,  a m a j o r i t y  of t h e  
s t a q h e a d s  and stem and pod b l i s t e r s  bore n o  
obv ious  i n d i c a t i o n s  t h a t  t h e y  h a r b o r e d  o t h e r  
f u n g i .  Adjacen t  h o s t  t i s s u e  also u s u a l l y  
appeared  h e a l t h y .  N e v e r t h e l e s s ,  t h e r e  were 
few h y p e r t r o p h i e s  from which secondary  
o rgan isms  f a i l e d  t o  grow. I n i t i a l l y ,  upon 
i n c u b a t i o n  p r o f u s e  development  o f  t h e  
mycelium and spores of secondary  o rgan isms  
o c c u r r e d  on t h e  s t a g h e a d  or b l i s t e r  w i t h  n o  
growth b e i n g  e v i d e n t  on a t t a c h e d  h o s t  t i s s u e  
(Fiq 1 D, E ) .  On some stems, b l i s t e r s  were 
sur rounded  by prominent  l e s i o n s  (Fig.  2 A, B, 
C ) .  It w a s  e v i d e n t  from t h e  symptoms and 
p l a t i n g  r e s u l t s  t h a t  A l t e r n a r i a  had g a i n e d  
e n t r y  t h r o u g h  t h e  b roken  s u r f a c e s  o f  t h e  
blisters and had i n i t i a t e d  r a t h e r  severe 
i n f e c t i o n s .  

I n  a l l ,  457 s t a g h e a d s  and 1841 stem and 
pod blisters were p l a t e d .  A l l  specimens came 
from Brassica c a m p e s t r i s ,  w i t h  t h e  e x c e p t i o n  
o f  s e v e r a l  pod blisters and s t a g h e a d s  from a 
c o l l e c t i o n  o f  B. k a b e r  (DC.) Wheeler from 
Eston,  Saskatchewan, and a few stem b l i s t e r s  
from p l a n t s  o f  Camelina microcarpa  Andrz. 
from n e a r  P i k e  Lake, Saskatchewan. The f u n g i  
most commonly i s o l a t e d  from t h e  Brassica spp. 
a re  l i s t e d  i n  Table 1. On B. c a m p e s t r i s  a 
g r e a t e r  v a r i e t y  o f  f u n g i  o c c u r r e d  i n  
s t a g h e a d s  t h a n  i n  b l i s t e r s  and u s u a l l y  e a c h  
s p e c i e s  w a s  found i n  a h i g h e r  p e r c e n t a g e  of 
s t a g h e a d s  t h a n  o f  b l i s te rs .  On an average ,  
approx imate ly  t h r e e  f u n g i  were found i n  a 

Table 1. Fungi most commonly i s o l a t e d  from Albugo hypertrophies on Brassica 
SPP * 

Stagheads in fec ted  Stem and pod b l i s t e r s  in fec ted  

Fungi i s o l a t e d  N o .  % NO. % 

A l t e r n a r i a  a l t e r n a t a  

A .  b r a s s i c a e  

A .  raphani 

Fusarium roseum 

Cladospr ium sp.  

Stemphylium sp .  

Epicoccum sp. 

Gonatobotrys sp.  

Rhi zopus s p  . * 
B o t r y t i s  c inerea  

378 

66 

153 

318 

133 

60 

42 

32 

28 

14 

Tota l  no. p ieces  p l a t e d  457 

82.7 1,631 

14.4 633 

33.4 278 

69.6 425 

29.1 150 

13.1 27 

9.2 38 

7 .O 34 

6.1 5 

3.1 1 

1,841 

88.6 

34.3 

15.1 

23.0 

8 . 1  

1 .5  

2 . 1  

1 .8  

0 . 3  

0.1 

* 
And r e l a t e d  genera. 
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Figure 2. Fungi associated with AIDup hypertrophies. A, B, C) Alternaria brassicae developing on and around stem 
blisters (b). D) Pycnidia (p) of P h o m  sp. on a staghead. E)  Pycnidia (p) and oospores ( 0 )  in a scraping prepared 
from the staghead in D. 
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staghead and two i n  a b l i s t e r .  I n  a few 
ind iv idua l  f i e l d s ,  t h e  average was closer to  
f i v e  fungi  per  staghead. 

 he most prevalent  species  i n  stagheads 
w e r e  A l t e rna r i a  a l t e r n a t a ,  Fusarium roseum 
Lk. emend. Snyder & Hansen (*Acuminatum* and 
* Equise t i ‘ )  , &. raphani,  &. bras s i cae ,  
Cladosporium sp. , Stemphylium sp.  , Epicoccum 
sp. , Gonatobotrys sp. , Rhizopus and r e l a t e d  
genera,  and B o t r y t i s  c ine rea  Pers. A l l  Of 
these w i t h  t h e  exception of &. a l t e r n a t a  and 
&. bras s i cae  were much less common on 
b l i s t e r s  (Table 1) b u t  s t i l l  were among t h e  
10 most p reva len t  species .  &. bras s i cae  w a s  
recovered considerably more o f t en  from 
b l i s t e r s  t han  from stagheads,  t h e  r eve r se  of 
w h a t  was found for A. raphani. This 
d i f f e r e n c e  may r e s u l t  from t h e  prevalence o f  
moister condi t ions  below t h e  p l a n t  canopy 
where  b l i s t e r s  occur,  than a t  i t s  top, where 
s tagheads  usua l ly  are found. Evidence from 
seed p l a t i n g  s t u d i e s  (1 5) has ind ica t ed  t h a t  
i n  d r i e r  yea r s  5. raphani i s  more common than 
5. brass icae .  

The o v e r a l l  r e s u l t s  were gene ra l ly  q u i t e  
c o n s i s t e n t  from yea r  to  year. Comparing i n  
each c a s e  t h e  2 yea r s  i n  which t h e  g r e a t e s t  
numbers of p l a t i n g  were made, Fusarium roseum 
was found i n  69.4% and 65.5% of t h e  stagheads 
and 22.0% and 25.9% of t h e  b l i s t e r s .  The 
corresponding percentages f o r  5. a l t e r n a t a  
were 90.4 and 79.5 f o r  stagheads and 91.4 and 
85.3 f o r  b l i s t e r s .  When d a t a  from t h e  
d i f f e r e n t  f i e l d s  w e r e  compared, cons iderable  
v a r i a t i o n  was noted i n  t h e  percentages of 
hyper t rophies  from which  any given s p e c i e s  
was i s o l a t e d .  For example, i n  1972, 
percentages of stem b l i s t e r s  harboring A. 
raphani  ranged from 1.5% t o  66.7%, with  a n  
average f o r  a l l  f i e l d s  of 13%. For Fusarium 
roseum t h e  range was 0 t o  84.3%, w i t h  an 
average of 25.9%. &. a l t e r n a t a  was much more 
uniformly d i s t r i b u t e d ,  occurr ing  i n  over 80% 
of t h e  stem b l i s t e r s  i n  a l l  f i e l d s  but  two. 

I n  add i t ion  t o  t h e  10 species l i s t e d  i n  
Table 1, a t  l e a s t  as many more were found 
r e l a t i v e l y  less f requent ly .  These included 
Acremoniella sp. , Al te rna r i a  of t h e  l i n i c o l a  
type ,  Arthrinium sp. , Chaetomium sp., 
Curvular ia  sp. , Gliocladium r o s e m  (Lk.) 
B a i n i e r ,  Plenodomus linqam (Tode ex hr.) 
Hbhn., Pleospora herbarum (Fr.) Rabh. and 
miscellaneous pycn id ia l  fungi,  p r i n c i p a l l y  
Phoma herbarum westend. Mycosphaerella 
b r a s s i c i c o l a  was observed on a few stem 
b l i s t e r s  before  they were p l a t ed  but could 
never be cu l tu red  from t h e  ma te r i a l  due t o  
t h e  presence of more aggress ive  species .  of 
those  fungi  which could no t  be i d e n t i f i e d  t o  
genus, t h e  most common was a white, rapid ly-  
growing non- sporulat ing form. 

The Brass ica  kaber specimens y ie lded 
A l t e r n a r i a  a l t e r n a t a ,  Cladosporium sp. ,  3. 
raphani  and t h e  w h i t e ,  non-sporulat ing 
fungus. Fusarium and Stem hvlium occurred 
sporad ica l ly .  Several-  cEl tu re s  of A -  

b l i s t e r s .  

A few unreported observat ions  made by t h e  
jun io r  author  p r i o r  t o  1970 may a l s o  be 
noted.  In  1968, Erysiphe polvqoni DC. ex 
MBrat was found i n  a s soc ia t ion  with Albuso a t  
Saskatoon. Also i n  t h a t  year,  Fusarium 
roseum ‘Avenaceum* w a s  i s o l a t e d  from 
hypertrophies.  I n  1960, t h r e e  i s o l a t e s  of - Phoma were obta ined from stagheads c o l l e c t e d  
a t  Brooksby, Saskatchewan, and i n  1962 an 
unusual spec ie s  of Phomii moderately 
pathogenic t o  rape  seed l ings  was i s o l a t e d  
from mate r i a l  rece ived from For t  V e r m i l i o n ,  
Alber ta  (Fig. 2D, E ) .  

Discussion 
The p l a t i n g  method used he re  f o r  t h e  

determination of t h e  fungal  a s s o c i a t e s  of 
Albuqo was undeniably imperfect ,  i n  t h a t  some 
important  spec ie s  could not  be recovered. 
The b a c t e r i a l  f l o r a  was n o t  s tud ied .  
However, i f  observat ions  made i n  t h e  f i e l d  
and v e r i f i e d  by microscopic examinations a r e  
combined with t h e  p l a t i n g  d a t a ,  it is  f e l t  
t h a t  a reasonably complete p i c t u r e  may be 
obtained of  t h e  fungi  t o  be found most 
f requent ly  i n  hypertrophies.  These would - -  
appear to be Peronospora p a r a s i t i c a ,  
A l t e rna r i a  a l t e r n a t a ,  Fusarium roseum, &. -~~ - 
raphani,  &. bras s i cae  and Cladosporium sp. 
The a s soc ia t ion  of  t h e  f i r s t  of  t hese  with 
Albuqo is so in t ima te  t h a t  t h e  t w o  fungi  have 
long been considered t o  c o n s t i t u t e  a s i n g l e  
d i sease  complex. 

The advantages af forded secondary 
invaders  of Albuqo hyper t rophies  f o r  spore  
production and dissemination a r e  q u i t e  
apparent .  Other advantages may a l s o  accrue.  
Stem b l i s t e r s  are obviously an important  
avenue f o r  invasion of t h e  p l a n t  by 
pathogenic Al t e rna r i a  spec ie s  (Fig. 2 )  and 
o t h e r  fungi i nc lud ing  Fusarium, and, 
occas ional ly ,  Plenodomus linsam. Much work 
remains t o  be done on t h e  mutual i n t e r a c t i o n s  
of Albuqo and a s soc ia t ed  microorganisms. 
I n h i b i t o r y  substances have been leached from 
stagheads (unpublished da ta )  but  t h e  e f f e c t s  
o f  t h e s e  on o the r  fungi  a r e  unknown. Some of 
t h e  Al t e rna r i a  spec ie s  considered he re  a r e  
known t o  produce tox ins  ( 3 )  and these  could 
conceivably have an adverse  e f f e c t  o n  
s u r v i v a l  of  Albuqo. Work i s  cont inuing i n  an 
a t tempt  t o  c l a r i f y  some of  t h e s e  points .  
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