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STEM RUST OF WHEAT, BARLEY, AND RYE I N  CANADA I N  1970' 

0 .  J. Green 

Prevalence and importance i n  Western Canada found i n  farm f i e l d s  on t h e  r e s i s t a n t  
v a r i e t i e s  Manitou, S e l k i r k ,  and Neepawa. The 

Wheat s t e m  r u s t  (Puccinia  raminis  Pers. r e s i s t a n c e  of  t h e  widely grown - v a r i e t i e s  
f .  sp. t r i t i c i  Eriks .  and E. He:- been delayed r u s t  development, b u t  by September, 
scarce i n  Western Canada i n  r e c e n t  years .  In stem r u s t  could be e a s i l y  found on w i l d  
1970 it w a s  more widespread and p r e v a l e n t  b a r l e y  i n  Manitoba and much of  Saskatchewan. 
t h a n  it has  been s i n c e  1965 b u t  i n f e c t i o n s  
were g e n e r a l l y  moderate on s u s c e p t i b l e  p l a n t s  
and t h e r e  w a s  l i t t l e  damage to commercial Stem r u s t  of wheat, b a r l e y ,  and r y e  i n  t h e  
f i e l d s .  Urediospores w e r e  depos i ted  i n  r u s t  n u r s e r i e s  
Manitoba and sou th- eas te rn  Saskatchewan on 
June 6-9, and t h e  f i r s t  wheat stem r u s t  Wheat stem r u s t  was widespread i n  1970, 
i n f e c t i o n  w a s  observed a t  Morden, Manitoba on occur r ing  i n  17 r u s t  n u r s e r i e s  from B r i t i s h  
June 23. Rust developed s lowly on Columbia t o  Quebec (Table 1 ) .  However, 
s u s c e p t i b l e  wi ld  b a r l e y  (Hordeum j$atv L:) because t h e  e p i p h y t o t i c  developed s lowly,  
and on s u s c e p t i b l e  w h e a t v a r i e t i e s  i n  i n f e c t i o n s  w e r e  l i g h t  i n  a l l  n u r s e r i e s  excep t  
experimental  p l o t s .  Moderate i n f e c t i o n s  t h e  one a t  Morden, Manitoba. Noderate 
developed i n  a few f i e l d s  of t h e  Mexican i n f e c t i o n s  developed on t h e  s u s c e p t i b l e  
v a r i e t y  P i t i c  62, which is s u s c e p t i b l e  t o  a v a r i e t i e s  Red Bobs and Mindum, b u t  Lee ,  which 
few uncommon races. Mere traces of r u s t  were is s u s c e p t i b l e  to  15B, w a s  n o t  h e a v i l y  

Table 1. Percentage in fec t ion  of s t e m  r u s t  (Puccinia graminis f .  sp. t r i t i c i )  on 15 wheat v a r i e t i e s  
i n  uniform r u s t  nurseries a t  17 locat ions* i n  Canada i n  1970 

Location 

Common wheat Durum wheat 

~- ~ - ~ 

Creston, B.C. 
Edmonton, A l t a .  
Melfort, Sask. 
Indian Head, Sask. 
Brandon, Man. 
The Pas ,  Man. 
Morden , Man. 
Glenlea, Man. 
Thunder Bay, Ont. 
Guelph, Ont. 
Kemptville, Ont. 
Ottawa, Ont. 
Appleton, Ont. 
New Liskeard, Ont. 
Vineland, Ont. 
Macdonald College, 
Ou6bec. Ou6. 

~~ 

5 0 0 0 0 0 0 0 0 0 0 0  
t r**  0 0 0 0 0 0 0 0 0 tr 
5 t r O O O O O O O O O O  

40 t r O O O O O t r O O O O  
60 10 0 0 0 0 O t r t r t r  0 2 0  
10 t r O O O O O O O t r O 5  
80 5 tr tr  tr  tr tr 1 10 10 tr 50 
40 10 2 tr tr t r  tr  tr tr  tr tr tr  
10 30 0 0 0 0 0 2 0  1 t r  0 4 0  
5 0 0 0 0 0 0 0 0 0 0 0  

tr 0 0 0 0 0 0 0 0 0 0 0  
50 0 0 0 0 0 0 0 0 0 0 0  
tr  0 0 0 O t r  0 0 0 0 0 0 
50 tr 0 0 0 0 0 1 t r 2 0  0 2 0  
40 t r t r  0 0 0 0 0 0 0 O t r  

Qu6. tr 0 0 0 0 0 0 0 0 0 0 0  
t r  0 0 0 0 0 0 0 0 0 0 1  

0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 t r  t r  
0 tr tr 
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 1  
0 0 0  
0 0 0  
0 0 0  

* 
No r u s t  was observed i n  nurseries a t  15 locat ions:  Agassiz, B.C.; Beaverlodge, Lacombe, and 

Lethbridge, Alta. ;  Scot t ,  Sask.; Williamstown and Apple H i l l ,  Ont.; L a  Pocati'ere, Lennoxville, and 
Normandin, Qu6.; Kentvil le  and Truro, N.S.; Fredericton,  N.B.; Charlottetown, P .E .1 . i  S t .  John's ,  
Nfld. 

** 
tr = trace 

Cont r ibu t ion  No. 462, Research S t a t i o n ,  
Canada Department of Agr icu l tu re ,  Winnipeg, 
Manitoba. 
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i n f e c t e d .  P i t i c  62 is s u s c e p t i b l e  to s e v e r a l  
new races b u t  it was n o t  heav i ly  a t t a c k e d  i n  
any nursery.  The commercial v a r i e t i e s  
S e l k i r k ,  Manitou, Neepawa, Stewart  63, and 
Hercules  w e r e  h igh ly  r e s i s t a n t  i n  a l l  
n u r s e r i e s .  The test  v a r i e t y  D.T. 316 and 
Kenya Farmer also were h igh ly  r e s i s t a n t .  
Kenya Farmer has been i n  t h e  r u s t  n u r s e r i e s  
s i n c e  1954 and has  r a r e l y  had more than a 
trace of  s t e m  r u s t .  R.L. 5404, a hexaploid 
d e r i v a t i v e  of  A e  i l o  s L. w a s  
i n f e c t e d  a t  T h i & & y , s ~ ~ ~ ~ ~ ~ ~ ~  (20%) b u t  
w a s  n e a r l y  f r e e  from stem r u s t  a t  a l l  o t h e r  
l o c a t i o n s .  Tha tcher 6  x Transfe r  is a l e a f  
r u s t  r e s i s t a n t  Thatcher t h a t  reacts l i k e  
Thatcher  t o  stem r u s t .  I t  had about  t h e  same 
amount of r u s t  as Lee, t h e  o t h e r  15B- 
s u s c e p t i b l e  v a r i e t y .  Exchange and Frontana 
are sources  o f  l e a f  r u s t  r e s i s t a n c e  t h a t  
r a r e l y  show much stem r u s t .  

The amount of s t e m  r u s t  on r y e  (Secale 
cereale L.) and b a r l e y  (Hordeum v u l  a m  
(Table 2 )  w a s  qreater r n d k  b;t 
s l i g h t l y  less than  i n  1969. Rye stem r u s t  

secalis) cont inues  t o  be 
and t h e  small amount o f  

r u s t  on b a r l e y  probably r e s u l t e d  from t h e  
e a r l y  matur i ty  of t h e  crop. 

D i s t r i b u t i o n  of phys io log ic  races 

Phys io log ic  races were i d e n t i f i e d  by t h e  
v i r u l e n c e  formula method (Table 4) and by s i x  
"standard"  d i f f e r e n t i a l  h o s t s  (Tri t icum 
aestivum L. 'Marquis' and 'Rel iance ' ;  z. 
durum Desf. 'Arnautka' and 'Mindum'; T. 
monococcum L. 'Einkorn' ; and T. dicocciim 
Schrank 'Verna l ' ) .  Rust w a s  coll&tea mainly 
- 
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Table 2. Percentage in fec t ion  of stem r u s t  (Puccinia 
graminis) on three v a r i e t i e s  of barley and 
one var ie ty  of rye  i n  uniform r u s t  nurser ies  
a t  17 locat ions* i n  Canada i n  1970 

Location 

Barley RY e 

Mont- Park- C . I .  Pro- 
calm land 10644 l i f i c  

Agassiz, B.C. 0 0 0 20 
Creston, B.C. 40 25 10 60 
Lacombe, A l t a .  0 0 tr** 
Brandon, Man. 1 tr tr  0 
The Pas, M a n .  0 1 t r  0 
Morden , Man. 1 
Thunder Bay, Ont. 10 tr tr  40 
Williamstown, Ont. 0 0 0 25 

O t t a w a ,  Ont. 0 0 0 40 
Appleton, Ont. 1 10 5 60 
Vineland, Ont. 0 0 0 50 
Macdonald College, Qu6. 0 0 0 25 
QuGbec, Qu6. 0 0 0 50 
Kentvil le ,  N.S. 0 0 0 tr 
Truro , N . s . 0 0 0 tr 
Fredericton,  N.B. 0 0 0 90 

Kemptville, Ont. 0 0 0 20 

* 
N o  r u s t  was observed i n  nurseries a t  13 loca- 

t ions :  Edmonton, Beaverlodge, and Lethbridge, A l t a . ;  
Sco t t ,  Melfort, and Indian Head, Sask.; Guelph and 
New Liskeard, Ont.; La Poca t i s re ,  Lennoxville, and 
Normandin, Qu6.i Charlottetown, P . E . I . ;  Doyles, Nfld. 

**  
tr = t race  

Table 3. Distr ibution by provinces of physiologic races of Puccinia graminis f .  sp.  t r i t i c i  
col lected on wheat, barley,  and grasses i n  1970 

Percent Virulence Physiologic Number of i s o l a t e s  from Total  
formula race number of of t o t a l  
number number Qu6. Ont. Man. Sask. Alta. B.C. i s o l a t e s  i s o l a t e s  

c1 17 1 0  1 0  2 1.0 0 0  
c9 15B-1L (Can. ) 0 0  1 0.5 0 0  1 0  
C16 38-39 0 0  0 0  0 1  1 0.5 

0 0  0 1  3 1.5 C17 11,56 0 2  
C18 15B-1L (Can. ) 3 5 78 39 2 0  127 62.2 
c20 11 0 0  2 0  0 0  2 1.0 

1 0.5 C27 23-59 0 0  
c33 15B-1L (Can. ) 0 4 19 11 0 0  34 16.6 
c35 32-113 0 1 1 1 4  0 0  16 7.8 

0 1  0 0  1 0.5 C36 48 0 0  
C38 15B-lL(Can.) 0 0  4 5  0 0  9 4.4 
c39 32-113 0 1  0 0  0 0  1 0.5 
C40 32-113 0 0  1 1  0 0  2 1.0 
C41 32-113 0 0  1 0  0 0  1 0.5 
C42 15 0 0  1 1  0 0  2 1.0 
c43 32 0 0  0 1  0 0  1 0.5 

0 0  0 1  

Total  wheat stem 
r u s t  i s o l a t e s  4 13 119 63 2 3  204 100.0 

i s o l a t e s  0 3 74 2 1  0 2  100 
Rye stem r u s t  
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Table  4. V i ru l ence  formulas ,  formula numbers, and corresponding phys io log ic  race 
numbers used from 1964 t o  1970 

Year Formula Virulence formula Phys io log ic  
found number ( E f f e c t i v e / I n e f f e c t i v e  h o s t  genes) race 

1964 c1 
c2 
c 3  
c4  
c 5  
C6 
c7  
C8 
c9  
c10 
c11 
c12 
C13 
C14 
C15 
C16 
C17 
C 1 8  
c19 
c20 
c21  
c22 
C2 3 

1965 C24 
C25 
C26 
C27 
C28 
C29 
C30 

1966 C31 

1967 C32 

1968 c33 
c34 

1969 c35 
C36 
c37 

1970 C38 
c39 
C40 
C4 1 
C4 2 
c4 3 

1, 5 ,  6 ,  7 ,  9a ,  9b, 10,  11, 13/8, 1 4 ,  15,  16 
5 ,  6 ,  7 ,  9 a ,  9b,  1 0 ,  13/8, 11, 1 4 ,  1 5 ,  16  
5 ,  6 ,  9 a ,  11/7, 8 ,  9b, 10 
5 ,  6 ,  11/7, 15 ,  16  
5 ,  9a ,  9b, 11/6, 7 ,  8 ,  10,  GB 
5 ,  9 a ,  9b, 11, GB/6, 7 ,  8,  1 0  
5 ,  11, GEi/6, 7 
5 ,  11/6, 7 ,  GB 
6 ,  7 ,  8 ,  9 a ,  9b, 10 ,  13,  15/1, 5 ,  11, 14,  16  
6 ,  7 ,  8 ,  @/1, 5 ,  9 a ,  9b, 1 0 ,  11, 1 3 ,  1 4 ,  1 5 ,  16 
6 ,  7 ,  8/5, 9 a ,  9b,  1 0 ,  11, GB 
6 ,  7 ,  9 a ,  9b ,  1 0 ,  11/5 ,  8 
1, 6 ,  7 ,  10,  11, 13/5, 8 ,  9 a ,  9b,  14 ,  1 5 ,  16 
6 ,  7 ,  10,  11/5 
6 ,  7 ,  10/5 ,  8 ,  9a ,  9b, 11 
6 ,  7 ,  ll/l, 5,  10,  15 ,  16  
1, 6 ,  8, 9 a ,  9b, 11, 13/5, 7 ,  10,  15 ,  16  
6 ,  8 ,  9a ,  9b, 1 3 ,  15/1, 5 ,  7 ,  10,  11, 1 4 ,  16  
1, 6 ,  L O ,  11/5 ,  7 ,  1 5 ,  16 
1, 7 ,  8,  11/5, 6 ,  9a ,  9b, 1 0 ,  14 ,  1 5 ,  16  
9 a ,  11/5, 6 ,  7 ,  8 ,  9b, 10 
1, 9a ,  1 3 ,  16/5, 6 ,  7 ,  8, 9b ,  10 ,  11, 14 ,  15  
/5, 6 ,  7 ,  10 ,  1 5 ,  1 6  

5 ,  7 ,  9 a ,  9b,  10/6, 8, 11 
/5, 6 ,  7 ,  10,  11 
6 ,  7 ,  8 ,  9b,  13,  15/1, 5 ,  9 a ,  1 0 ,  11, 14 ,  1 6  
6, 11/5, 7 ,  1 0 ,  1 5 ,  16  
1, 6 ,  8 ,  9b. 11/5, 7 ,  9a ,  10 
1, 5 ,  6 ,  7 ,  9a ,  1 0 ,  11/8, 9b 
1, 9a ,  9b/5, 6 ,  7,  8, 1 0 ,  11 

5 ,  6 ,  7 ,  1 0 ,  11,’ 

1, 9 a ,  9 b ,  11/5, 6 ,  7 ,  8 ,  10  

6 ,  9 a ,  9b, 1 3 ,  15/1, 5 ,  7 ,  8,  10 ,  11, 14,  1 6  
1, 6 ,  7 ,  9 a ,  9b, 11/5, 8 ,  10 ,  13 ,  1 4 ,  15,  16  

1, 1 0 ,  11, 13/5, 6 ,  7 ,  8, 9 a ,  9b, 14 ,  15 ,  16  
5 ,  6 ,  7 ,  11/10, 1 5 ,  16 
6 ,  8, 9 a ,  9b,  11, 13/1, 5 ,  7 ,  10,  14 ,  15,  16  

6 ,  8 ,  9 a ,  9b, 13/1, 5 ,  7 ,  1 0 ,  11, 14 ,  1 5 ,  16  
1, 6 ,  10 ,  13/5, 7 ,  8 ,  9 a ,  9b,  11, 1 4 ,  1 5  
1, 6 ,  10,  13/5 ,  7 ,  8,  9 a ,  9b,  11, 1 4 ,  15,  1 6  
1, 10 ,  13/5, 6 ,  7 ,  8, 9a ,  9b,  11, 1 4 ,  15 ,  16  
6 ,  8 ,  9 a ,  9b,  11, 13 ,  15/1, 5 ,  7 ,  1 0 ,  1 4 ,  16  
1, 6 ,  7 ,  8 ,  11/5, 9a ,  9b, 10 ,  1 3 ,  14,  15  

17 
17A 

23 
29-4 (Can. ) 

29-1 (Can. ) 
29-2 (Can.) 

48 
4 8A 

15B-lL(Can.) 
15B-1 (Can. ) 
15B-4 (Can. ) 
11 

32,113 
14,38 
11,32,113 

39 
11,56 

10,38 
11,87 
32 
32 
38 

17  
38 

15B-lL(Can.) 

15B-4(Can.) 
33,59 
18,54 
17 
29 

27 

32 

15B-lL(Can.) 
32 

32-113 
48 
15  

15B-lL(Can.) 
32-113 
32-113 
32-113 

15 
32 

from suscep t ib l e  v a r i e t i e s  of wheat and wild 
grasses.  The few co l l ec t ions  from se l ec t ive ,  
r e s i s t a n t  v a r i e t i e s  were not  an important 
source of b ias .  

I n  1970, 204 isolates of wheat s t e m  r u s t  
were i d e n t i f i e d  as 16 ’races (Table 31, the  
l a r g e s t  number i d e n t i f i e d  s ince  1964. Six of 
them a r e  new and i n t e r e s t i n g  races. 

Race C18 (15B-1L) continues t o  
predominate but  its prevalence declined from 
82% of the  i s o l a t e s  i n  1969 t o  6 2 %  i n  1970. 
Race C33 (15B-lL), second i n  order  of 
prevalence, increased from 6.4% of the  
isolates i n  1964 t o  16.6% i n  1970, and race 
C35 (32-113), t h i r d  i n  prevalence, increased 
very s l i g h t l y  to  7.8% of t he  isolates. Races 

C18 and C33 do not  threa ten  t h e  v a r i e t i e s  now 
grown i n  Western Canada. Race C33 was f i r s t  
found i n  1967 and has increased s t e a d i l y  
s ince  then. It is l i k e  C18 except  t h a t  it i s  
v i r u l e n t  on v a r i e t i e s  carrying r e s i s t ance  
gene Sr8 t h a t  a r e  r e s i s t a n t  to  s. Race C35 
can’a t tack  the  Mexican va r i e ty  P i t i c  62 t h a t  
h a s  recent ly  been l icensed  i n  Canada and it 
has moderate v i ru lence  on the  Thatcher 
de r iva t ives  Manitou and Neepawa t h a t  are very 
important i n  Western Canada. It is a 
p o t e n t i a l  t h r e a t  t o  P i t i c  62 and under 
favorable condit ions can develop on Manitou 
and Neepawa, but  i ts  f a i l u r e  t o  increase  
appreciably over 1969 l e v e l s  suggests  t h a t  it 
w i l l  not  be important on Thatcher de r iva t ives  
i n  fu ture  years. Race C17 ( 2  isolates of 
“standard“ race 56 and one of race 11) seems 
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c lose  t o  ext inc t ion .  Race 56 predominated 
from 1935 to 1950 and from 1957 t o  1963. I t  
has been present  i n  Canada each year s ince  
1931. Race C20 (11) w a s  one of  the  f i r s t  
races found with virulence on Manitou, but  
l i k e  severa l  o the r  races with t h i s  virulence,  
it seems to  be disappearing. 

S ix  new races, C38 t o  C43 (Table 4 1 ,  were 
found i n  1970. They a r e  biotypes of comnon 
"standard" races  and a re  d i s t i n g u i s h e l e  from 
o lde r  cu l tu re s  of these  races on the  single-  
gene l ines" .  Race C38 is l i k e  race C18 (15B- 
1L) except t h a t  it i s  v i r u l e n t  on r e s i s t ance  
gene Sr15. Races C39, C40 ,  C41, and C43 a r e  
v a r i a n t s  of the  "standard" race 32-113 
complex, and race C42 resembles C18 (15B-1L) 
except  t h a t  it is av i ru l en t  on S r l l  and on 
Lee.  The new s t r a i n s  d i f f e r  from G r  ones 
by v i ru lence  o r  avirulence on a s i n g l e  
r e s i s t ance  gene, showing t h a t  virulence on 
s i n g l e  r e s i s t ance  genes changes f requent ly  i n  
t h e  r u s t  population. 

In  t he  p a s t  year unce r t a in t i e s  concerning 
the  reac t ions  of t he  "single-gene l i n e s "  
Marquis-Sr13 and Marquis-Sr16 have been 
c l a r i f i e d n d  these  genenumbers have been 
added t o  formulas C22 and C33. S imi lar ly ,  - Sr14 and Sr15 have been added t o  formula C33. 
The v a r i e t y  Renown, s a i d  t o  car ry  Sr17, has 
been used during the  pas t  year. It isI?T a l s o  
be added t o  the  formulas when the  da t a  
warrants. The addi t ion  of information t o  the  
formulas of prevalent  races i s  preferable  t o  
wr i t i ng  new formulas because it avoids a 
p r o l i f e r a t i o n  of formulas and numbers f o r  t he  
same races.  Some genes have been l e f t  o u t  of 
c e r t a i n  formulas because the  Marquis 
r e s i s t ance  is e p i s t a t i c  t o  them and o the r s  
have been l e f t  o u t  u n t i l  more da ta  i s  
obtained. Most of t he  omissions concern 
uncommon races. 

In  Tables 3 and 4 ,  a comma between 
"standard" race  numbers i nd i ca t e s  separa te  
races, a dash ind i ca t e s  a race group i n  which 
the re  is d i f f i c u l t y  i n  separa t ing  the  races.  

In  addi t ion  t o  the  204 i s o l a t e s  of wheat 
s t e m  r u s t ,  100 isolates of rye stem r u s t  were 
obtained. This is the  t h i r d  consecutive year 
t h a t  rye stem r u s t  has been prevalent  i n  
Canada. 

The ef fec t iveness  of t he  i d e n t i f i e d  
r e s i s t ance  genes (Table 5) has not  changed 
much i n  recent  years because race C18 has 
predominated. The main (change i n  1970 was 
the  reduced ef fec t iveness  of Sr8 brought 

Table 5. Percent  of t o t a l  i s o l a t e s  a v i r u l e n t  on 
s i n g l e  i d e n t i f i e d  r e s i s t a n c e  genes and 
number of  a v i r u l e n t  r aces  i n  1970 

Resistance Avirulent  i s o l a t e s .  Number of  
gene ( % )  a v i r u l e n t  r aces  

S r  1 

S r  5 

Sr 6 

S r  7a 

S r  8 

S r  9a 

S r  9b 

S r  10 

S r  11 

S r  13 

Sr  14 

S r  15 

S r  16 

- 

- 
- 

- 

- 

13.8 

1.5 

90.7 

4.0 

71.1 

87.2 

87.2 

11.3 

14.3 

97.0 

0 

80.3 

0 

8 

2 

13  

6 

7 

7 

7 

5 

9 

11 

4 

23 

about by the  increased prevalence of race 
c33. 

Composite co l l ec t ions  of urediospores 
from a l l  isolates were used t o  inocula te  28 
v a r i e t i e s  t h a t  had been highly r e s i s t a n t  i n  
earlier tests. The v a r i e t i e s  highly 
r e s i s t a n t  t o  t h e  composite co l l ec t ions  are: 
Frontana-K58-Newthatch 11-50-17, N D 2 6 4 ,  W i s .  
261. S t  464, C.I .  8155. Acrent. Romanv. Bonnv. - .  
Tama, Majus; Grandes B l a n k , .  E l s  6304-6-g; 
ESP 518/9, R.L. 5244 (Triticum mnococcum) , 
Marauis with R.L. 5244 r e s i s t ance .  C.T. 92'8. 
D.T: 191, D.T. 316, D.T. 317, D:T. 320, and 
WRT 240 ( a  l i n e  of Manitou with a rye  
t r ans loca t ion ) .  Va r i e t i e s  t h a t  had r a r e  
suscept ib le  i n f ec t ions  are :  Mida-McMurachy- 
Exchange 11-47-26 , Winn. 11-54-30 , Minn. II- 
58-14, Chris ,  C.T. 296, C.T. 299 and G i z a  
144. Var i e t i e s  with C.T. numbers a r e  from 
t h e  Western Canadian Spring Wheat Cooperative 
T e s t ,  and v a r i e t i e s  with D.T. numbers are 
from the  Durum T e s t .  
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