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S T E M  RUST OF OATS IN CANADA IN 1967' 

J.W. Martens2 

Disease  development and c r o p l o s s e s  in Weste rn  
Canada 

S tem r u s t  of oa t s  caused  b y  Pucc in ia  g r a m i n i s  
P e r s .  f .  s p .  avenae E r i k s s .  and  Henn. was l e s s  
preva len t  in Weste rn  Canada in 1967 t h a n  in any  
o t h e r  y e a r  s ince  1961. S tem r u s t  was  first found in 
Manitoba on July 17. It developed slowly, and v e r y  
few fields suf fe red  significant l o s s e s  in yield. No 
r u s t  w a s  found in Alber ta  o r  Saskatchewan. 

Uniform r u s t  n u r s e r i e s  

Rus t  n u r s e r i e s  cons is t ing  of 10 o a t  v a r i e t i e s  
w e r e  grown at 36 locat ions a c r o s s  Canada (Table  1) 
b y  coopera tors  a t  un ivers i t i es  and Canada Depar t-  
m e n t  of Agr icu l ture  s ta t ions .  The  plants  w e r e  s e n t  
t o  Winnipeg t o  b e  r a t e d  f o r  d i sease .  No s t e m  r u s t  
w a s  observed  on n u r s e r i e s  w e s t  of Manitoba o r  e a s t  
of Quebec.  In Manitoba plants  a t  only one n u r s e r y  
s h o w e d  l ight  infect ions.  In Ontario a n d  Quebec 

Table  1.  P e r c e n t a g e  infection b y  Pucc in ia  graminis  f .  sp .  avenae on 10 oat  v a r i e t i e s  a t  
10 uniform r u s t  n u r s e r i e s"  i n  Canada, 1967 

Locali ty 

Morden,  Man.  

Alfred,  Ont. 

Kemptvil le ,  Ont. 

F o r t  Will iam, Ont. 

Guelph, Ont. 

Ottawa, Ont. 

Appleton, Ont. 

St. Ca ther ines ,  Ont. 

La Pocati 'ere,  Que. 

Macdonald College, Que. 
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t r  

0 

5 

25 

10 tr"" t r  o o o o t r  0 

0 0 O O O O t r O  0 

0 0 O O O O t r O  0 

0 0 0 0 0 0 0 0  0 

60 25 20 0 1 3 3 t r - 1  1 

0 0 O O t r O t r  2 0 

0 0 O O O O O t r  0 

0 t r  0 0 1 0  0 0 0 

15 5 5 0 0 0 2 0  0 

5 5 0 0 5 0 5 5  0 

4 No r u s t  was  observed  in 26 o ther  n u r s e r i e s  loca ted  a t  Agassiz,  Cres ton ,  and  
Saanichton, B. C. ; Beaverlodge,  Edmonton,  Lacombe,  and Lethbridge,  Alta. ; Indian Head, 
Mel for t  and  Scott, Sask.  ; Brandon,  Glenlea, The  P a s  and  Winnipeg, Man. ; Verner ,  Wil- 
l iamstown, Douglas and  Kapuskasing, Ont. ; Quebec, Lennoxville, L 'Assomption and  Nor-  
mandin,  Que. ; Kcntville and T r u r o ,  N. S. : Freder ic ton ,  N. B. : and  St. John ' s ,  Nfld. 

** t r  = t r a c e  infection 

1 Contribution No. 2 9  6, R e  s e a r c h Station, 
Canada Depar tment  of Agriculture,  Winnipeg, Mani-  
toba. 

2 P l a n t  Pathologist .  
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plants  in s i x  n u r s e r i e s  showed t r a c e  t o  light infec- 
t ions,  and  plants  in two o t h e r s  had  light to m o d e r a t e  
infect ions. 

Identification and  distr ibution of physiologic r a c e s  

Phys io logic  r a c e s  w e r e  identified b y  the i r  reac-  
t ions on inoculated seedlings of the v a r i e t i e s  'Rich- 
land' ( r u s t  r e s i s t a n c e  gene Pg-2),  'Rodney! (Pg-4), 
'Minrus '  (Pg- 1) ,  ' J o s t r a i n '  (Pg-3),  'Eagle2 x C. I. 
4023' (pg-8),  a n d  'C.  I. 5844-1' (pg-9). The  des ig-  
nation of r a c e s  b y  f o r m u l a  number  (Table  2) follows 
the s y s t e m  of nomencla ture  now in use  in  Canada (1, 
2). T h e  a lphabe t ica l  designations f o r m e r l y  used for  
s t e m  r u s t  r e s i s t a n c e  genes h a v e  been  changed to 
conform t o  the  s tandard ized  s y s t e m  proposed  b y  Si- 
m o n s  e t  a l .  (3) .  Both the old and the new designa-  
t ions f o r  physiologic r a c e s  of the pathogen and  f o r  
r e s i s t a n c e  genes in the host  a r e  shown in Table 2. 

A supplementary  s e t  of differential  hos t s  com-  
posed  of the v a r i e t i e s  'Rosen ' s  Mutant' ,  'Saia ' ,  and  
'C.I .  3034' w a s  a l s o  used.  The  r u s t  reac t ions  of 
'Rosen ' s  Mutant'  w e r e  s i m i l a r  to those of 1C.I. 
5844-1' but  w e r e  sl ightly m o r e  r e s i s t a n t .  'Saia! 
w a s  r e s i s t a n t  t o  all collect ions except  one f r o m  On- 
t a r i o .  Reactions of 'C.  I. 3034l in the seedling s tage  
w e r e  s i m i l a r  to those  of 'Minrus ' .  

Physiologic r a c e  C10 continues t o  predomina te  
(66% of i so la tes )  in Weste rn  Canada; r a c e s  C3 (20%) 
and  C5 (14%) c o m p r i s e d  the r e m a i n d e r  (Table  2). In 
E a s t e r n  Canada the r a c e  distr ibution changed r e l a-  

t ively l i t t le  during the per iod  1958 to 1966, when C9 
and  c lose ly  re la ted  r a c e s  w e r e  prevalent .  A shif t  
a p p e a r s  to have o c c u r r e d  in 1967. In Ontario C9 
w a s  still the m o s t  p reva len t  r a c e ,  but  4770 of the 
i so la tes  w e r e  of w e s t e r n  affinity ( r a c e s  C3, C5, and  
C10). The  shift, if i t  o c c u r r e d ,  m a y  have r e s u l t e d  
f r o m  the b a r b e r r y  e rad ica t ion  p r o g r a m  in Ontario.  
However, the population sample  i s  too small t o  de- 
m o n s t r a t e  conclusively that  a m a j o r  shift h a s  oc-  
c u r r e d .  

Virulence range of the pathogen population 

Most  of the pathogen population carries v i ru-  
lence  capabil i t ies  that a r e  apparen t ly  not n e c e s s a r y  
f o r  the surv iva l  of the fungus i n  N o r t h  A m e r i c a  
(Table  3). F o r  instance,  over  9570 of the population 
i s  virulent  on gene P g - 3  r e s i s t a n c e ,  but s ignif icant  
amounts  of th i s  type of r e s i s t a n c e  a r e  not  known t o  
have been  presen t  a t  any t ime in the host  population 
in Canada o r  in the p r i m a r y  inoculum area t o  the 
south. Similarly,  o v e r  half the pathogen population 
i s  ab le  to a t tack  pg-8 res i s tance ,  a f o r m  not known 
to have  o c c u r r e d  in the host  population. Virulence 
on pg-8 r e s i s t a n c e  does not appear  to b e  a s s o c i a t e d  
with f a c t o r s  essen t ia l  t o  surv iva l ,  b e c a u s e  r a c e s  C3 
(avirulent  on pg-8) and  C5 (virulent  on pg-8) have 
coexisted for  m a n y  y e a r s .  Also, t h e r e  is no obvious 
r e a s o n  why 7070 of the r u s t  population i n  E a s t e r n  
Canada is v i r u l e n t  on pg-9 r e s i s t a n c e ,  b e c a u s e  
t h e r e  h a s  b e e n  no se lec t ion  p r e s s u r e  for  v i ru lence  
t o  pg-9. While r a c e s  capable of overcoming  only 
the P g- 2  and Pg- 4  types of- r e s i s t a n c e  w o u l d  b e  

Table  2. Distr ibution by provinces  of physiologic r a c e s  of Pucc in ia  g r a m i n i s  f .  sp .  avenae 
i so la ted  in  Canada in 1967 

Number  of 
i so la tes  

Virulence formula  f rom:  

P e r  centage 4 2 :  (eff ect ive/ ineffect ive 
R a c e  hos t  genes)  2 e, 

F o r m u l a  F o r m e r  P g  gene Alphabetical  gene Tota l  of to ta l  
no.  designation designation designation ii 8 8 i so la tes  i so la tes  

c 3  ~ A - I ~ A  2 , 8 / i ,  3 , 4 , 9  AF/BDEH 12 1 0 13  16.  5 

c 5  6 F  4 ,  9/1, 2, 3, 8 BH/ADEF 8 2 0  10 12. 6 

C6 S A - ~ O A  1 , 8 / 2 , 3 , 4 , 9  DE/ABEH 0 1 0  1 1 . 3  

c 9  ~ A - L ~ A  8 / i ,  2 , 3 , 4 , 9  F/ABDEH 0 7 - 4  11 13. 9 

c 1 0  6AF 9/1, 2, 3 , 4 , 8  H/ABDEF 39 4 0 4 3  5 4 . 4  

C17 11A i , 3 ,  8/z, 4 , 9  DEF/ABH 0 0 1  1 1 . 3  

T o t a l  59 15 5 79 
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Table  3. Frequency  of v i ru lence  in the s t e m  r u s t  population on var ious  types of r e s i s -  
tance in Canada in 1967 

P e r c e n t a g e  of i so la tes  virulent  
on host  v a r i e t i e s  that have the Tota l  Mean 

v i ru lence  following genes"  f o r  res i s tance :  no. 
Geographic Pg-1  Pg-2 P g- 3  P g- 4  pg-8 pg-9 i so la tes  capability** 

E a s t e r n  Canada 90 95 95 90 30 70 20 4.  70 

Western  Canada 100 7 9 . 6  100 8 6 . 4  7 9 . 6  20 59 4.  65 

* The l e t t e r s  i n  b r a c k e t s  r e p r e s e n t  the designations for  s t e m  r u s t  r e s i s t a n c e  
genes used before  the p r e s e n t  s tandard ized  s y s t e m  of nomencla ture  (Simons e t  a l . ,  1966) 
was  adopted. 

** Mean virulence capabil i ty = f requency  o f  virulence on Pg-1  t.. . t pg-9/total 
number  of i so la tes .  

highly succc!ssful in North Amer ica ,  the preva i l ing  
population i s maintaining t h e  abil i ty t o  a t tack  a n  
a v e r a g e  of m o r e  than four types of r e s i s t a n c e .  

Crop  loss h a z a r d  

The predominant  r a c e s  of s t e m  r u s t  in both 
East t . rn and Wcstc.rn Canada a r e  capable of a t tack-  
ing all c o m m e r c i a l  oa t  v a r i e t i e s ,  and  v a r i e t i e s  r e -  
s i s tan t  to thc  prevail ing r a c e s  wil l  not be  available 
in the immedia te  fu ture .  Thcrcfore ,  s t e m  r u s t  con-  
t inues to presen t  a s e r i o u s  th rea t  to oat  production 
in Canada.  u n d e r  favorable i~p idcmiologica l  condi- 
t ions,  hcavf l o s s e s  could occur .  However, conti-  
nued b a r b e r r y  e rad ica t ion  wil l  reduce p r i m a r y  ino- 
culum and min imize  the chances of loss in E a s t e r n  
Canada.  G r o w e r s  i n  Wes te rn  Canada can m i n i m i z e  
losses b y  planting t h e i r  oa t  c rops  c a r l y .  
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