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Au Manitoba e t  dans l ' es t  de l a  Saskatchewan, on 
1972, 0.2% en 1973 e t  0.9% en 1974, les p e r t e s  a t t r ibuab ' .es  
l ' o rge .  Depuis l e s  6 de rn i e re s  annees, l e  p r i n c i p a l  
accroissement de  l ' i n f e s t a t i o n  d e s  v a r i e t e s  a s i x  rangs  
c e l l e  des  v a r i e t e s  a d e w  rangs. 

On a observe en Alber ta ,  en Saskatchewan e t  au 
Us t i l aqo  qu i  peut  i n f e s t e r  l a  v a r i e t e  
d ' i n f e s t a t i o n  d e s  champs ob l ' o n  a t rouve  c e  biotype est 
q u i  prouve que l e  type  de r e s i s t a n c e  Je t  des v a r i @ t @ s  
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Abstract I 

R6sum6 I 

Xncidence of smut i n  bar ley  i n  farm f i e l d s  
surveys providing da ta  on t h e  occurrence 

and importance of t h e  t a r l e y  smut fung i  
[ U s t i l a  o p& (Jens.) Rostr . ,  U. n~ 
Tipke, a2d U. ho rde i  Pers. (Lagerh.)-] i n  
Manitoba anz Saskatchewan were made i n  1969, 
1970, and 1971 (1,5,6). The l o s s e s  due t o  
these  smuts i n  Manitoba were ca l cu l a t ed  t o  be 
0.24% i n  1969, 0 .30% i n  1970, and 0.50% i n  
1971. The l o s s  i n  ea s t e rn  and nor thern  
Saskatchewan i n  1970 w a s  ca l cu l a t ed  t o  he  
0.56%. U, nuda was r epo r t ed  t o  have caused 
0.50% loss i n  south  and c e n t r a l  Alberta i n  
1971 (2) .  

The author  surveyed b a r l e y  f i e l d s  i n  
Manitoba and eas t e rn  Saskatchewan i n  1972, 
1973, and 1974. F i e l d s  t h a t  were between t h e  
heading and t h e  l a t e  s o f t  dough s t a g e s  were 
s e l e c t e d  a t  random a t  5-20 m i l e  i n t e r v a l s  
depending Upon t h e  frequency of ba r l ey  i n  t h e  
area .  The r o u t e s  were designed t o  t r a v e r s e  a 
v a r i e t y  of c rop  d i s t r i c t s  and were modified 
yea r ly .  An estimate of t h e  percentage of 

i n  Table 1. 

Ccntr ibut ion  No. 641, Research S t a t i on .  
Agr i cu l tu re  Canada, 2 5  Daf ce  Road, Winnipeg, 
Manitoba R3T 2M9. 

Contrary t o  t h e  r e s u l t s  of t h e  e a r l i e r  
surveys (5, 6) ,I t h e  two-rowed v a r i e t i e s  
exh ib i t ed  less ' n f e c t i o n  than  t h e  six-rowed 
v a r i e t i e s .  This h s apparent ly  r e s u l t e d  from 
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Table 1. Incidence of smut in barley in Manitoba and eastern Saskatchewan, 1972-74 

Number of 
fields examined % fields affected Mean % infected plants - 

Year 2-rowed 6-rowed 2-rowed 6-rowed All varieties 2-rowed 6-rowed A l l  varieties 

1972 43 64 37 56 49 0.3 0.7 0.6 
- 

1973 100 144 44 47 46 0.1 0.3 0.2 

1974 43 107 44 9 62 0.1 1.0 0.9 

a decrease i n  i n f e c t i o n  on two-rowed 
v a r i e t i e s  and a corresponding increase  on t h e  
six-rowed v a r i e t i e s ,  s i n c e  t h e  mean 
percentage of i n f e c t e d  p l a n t s  has n o t  
dramat ica l ly  changed from 1969 t o  1974. An 
explanat ion  may be found i n  rhe  d i s t r i b u t i o n  
o f  t h e  barley v a r i e t i e s  grown i n  Manitoba 
dur ing  t h i s  period as r epor t ed  by t h e  Federal  
Grain co. Ltd. (1969-71) and t h e  three Pool 
Elevator  Companies (1972-74). The six-rowed 
v a r i e t y  Conquest and i ts  close r e l a t i v e  
Bonanza have comprised apFroximately 40-50% 
of t h e  ba r l ey  acreage  s i n c e  1968. The two- 
raved v a r i e t y  Pergus i s  a more r ecen t  
i n t roduc t ion ,  having increased from 8 .2% of 
t h e  acreage i n  1971 t o  36.6% i n  1974, mainly 
as a replacement f o r  Herta. Therefore an 
inc rease  i n  t h e  aggress iveness  of the 
pathogens on Conquest and Bonanza would 
expla in  t h e  increased frequency of smuts on 
six-rowed v a r i e t i e s ,  while t h e  decrease on 
t h e  two-rowed bar ley  could be explained i f  
Fergus were less s u s c e p t i b l e  t o  t h e  smuts 
than  Herta. Evidence f o r  t hese  assumptions 
w i l l  be presented later i n  t h i s  paper. 

The d i s t r i b u t i o n  of  t h e  three spec ie s  of 
U s t i l a  o is shcwn i n  Table 2. Except f o r  U. 
hordei' i n  1973. the percentage of f i e l z s  
a f f e c t e d  by each of  t h e  t h r e e  spec ie s  
increased over t h e  3-year period.  The 
apparent  i nc rease  of g. nuda on six-rowed 
ba r l ey  may be due t o  t h e  ex i s t ence  of  a new 

race which w i l l  be d iscussed later .  The 
inc reases  i n  t h e  percentages of f i e l d s  
a f f e c t e d  f o r  t h e  o t h e r  v a r i e t y  - s p e c i e s  
combinations, providing they are s i g n i f i c a n t ,  
could be due t o  v a r i e t a l  changes, more 
favorable  condi t ions  f o r  fungus develoFment, 
or more aggress ive  forms Qf t h e  pathogens. 

The mean percentage of p l a n t s  i n f e c t e d  
with g. nuda has  shown a downward t r end ,  
d e s p i t e  t h e  inc reases  .in t h e  percentage of 
f i e l d s  a f f ec t ed .  The change apgears t o  be 
l a r g e r  f o r  t he  two-rowed v a r i e t i e s ,  perhaps 
due t o  t h e  inc rease  i n  the acreage of Pergus. 
Seed treatment with systemic fungic ides  may 
a l s o  be a f f e c t i n g  t h e  prevalence of g. &. 

U. niqra  appears t o  be inc reas ing  on t h e  
six-rowed v a r i e t i e s .  The major change i n  t h e  
six-rowed population was t h e  inc rease  i n  
acreage of Bonanza a t  the expense of 
Conquest. Since t h e  two v a r i e t i e s  are very 
c l o s e l y  r e l a t e d  and have very s i m i l a r  
r e a c t i o n s  t o  smut under l abora to ry  
condi t ions ,  t h e  i n c r e a s e  .in g. n i q r a  probably 
r e s u l t s  from e i t h e r  more favorable  condi t ions  
or more aggress ive  forms of t h e  pathogen. 

With t h e  exception of 1973, t h e r e  appears 
t o  be an inc rease  i n  t h e  mean percentage of 
i n f e c t i o n  f o r  g. horde i  on t h e  six-rowed 
v a r i e t i e s .  However, t h e  s ign i f i cance  of t h e  

Table 2. Incidence of three speciesof Ustilago on barley infield surveys, 
1972-74 

-- 
% fields affected Mean % infected plants 

type of barley affected 1972 1973 1974 1972 1973 1974 
Ustilago species and 

U. nuda 2-rowed 
6-rowed 
all varieties 

u. nigra 2-rowed 
6-rowed 
all varieties 

U .  hordei 2-rowed 
6-rowed 
all varieties 

37 38 55 
8 12 13 
17 24 25 

2 5 11 
36 37 43 
23 24 38 

12 4 33 
36 24 43 
27 16 42 

0.3 0.1 0.1 
0.2 0.1 0.1 
0.2 0.1 0.1 

tr* tr tr 
tr 0.1 0.3 
0.1 0.1 0.3 

tr tr tr 
0.4 0 :2 0.5 
0.3 0.1 0.4 

* 
tr = trace, <0.1%. 
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d i f f e r e n c e s  between t h e  i n f e c t i o n  percentages 
must b e  juaged with caut ion;  e.g. i n  a 
popula t ion  of 100 f i e l d s  cne f i e l d  with 10% 
i n f e c t i o n  i n c r e a s e s  t h e  mean Fercentage of 
i n f e c t i o n  by 0.1. 

Phvsio loqic  s p e c i a l i z a t i o n  of U. nuda 

Aqueous suspensions of t h e  spo re s  from 
a l l  of t h e  u. nuda c o l l e c t i o n s  were 
inocula ted  in to- f lo re t s  of Conquest ba r l ey  a t  
an thes i s .  A l l  i nocu la t ions  were conducted on 
p l a n t s  growing i n  growth c a b i n e t s  and the 
inocu la t ed  seed W a L j  grown subsequently i n  
greenhouses. 

Three of t h e  18 c o l l e c t i o n s  i n  1972 were 
found t o  be v i ru lent :  on Conquest and o t h e r  
d e r i v a t i v e s  of Jet: ( 7 ) .  Subsequently 12 of 
t h e  55 c o l l e c t i o n s  fxom 1973 were a l s o  found 
t o  be v i r u l e n t  ofi Conquest. The v i r u l e n t  
c o l l e c t i o n s  from 1973 were found t o  be from 
more k ide ly  spread  l o c a t i o n s  than  t h e  1972 
c o l l e c t i o n s  , ranging  from Beausejour i n  
e a s t e r n  Manitoba t o  wauchope i n  sou theas t e rn  
Saskatchewan and C:anora i n  e a s t - c e n t r a l  
Saskatchewan. I n  1973, c o l l e c t i o n s  were 
forwarded from Pr ince  Edward I s l and ,  Nova 
Scotia, Ontario,  riskatchewan, and Alberta.  
Co l l ec t ions  from flanna, Lethbridge, and 
Champion i n  soutnern  Alberta were v i r u l e n t  on 
Conquest, cons iderably  extending t h e  range  of 
t h e  new bio type .  

The l e v e l  of i n f e c t i o n  a t t r i b u t e d  t o  
n a t u r a l  i n f e c t i o n  by t h e  new bio type  nas been 
trace, with t h e  except ion  of one f i e l d  a t  1% 

Table 3. I n f e c t i v i t y  of  U. nuda c o l l e c t i o n s ,  1972 

% i n f e c t i o n  a f t e r  f l o r a l  inocula t ion  

Col lec t ion  no. Bonanza Fergus Herta 

72- 20" 

72- 40 

72- 58 

72- 66* 

72- 70a 

72- 70* 

72- 73 

72- 76 

72- 81* 

72- 82* 

72- 84 

72- 85 

72-146 

72-147 

Control 

0 

0 

0 

36 

0 

20 

0 

0 

0 

17 

0 

0 

0 

0 

0 

26 

60 

24 

16 

23 

44 

1 2  

57 

59 

67 

25 

36 

16 

32 

0 

64 

67 

60 

64 

70 

55 

56 

48 

40 

78 

67 

65 

39 

57 

0 

Col lec ted  from a 6-rowed v a r i e t y .  The remain- 
ing c o l l e c t i o n s  Were from 2-rowed v a r i e t i e s .  

fungic ide  pe r  bus  e l  of ba r l ey  (42 .5  g/i1.8 
kg) . The seed  rwas p lanted  i n  t h e  f i e l d  i n  
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t e n  2.1-m rows, along with 4 g o f  unt rea ted  
seed i n  two rows a s  a controlr The contxol  
gave 2 1.61 i n f e c t i o n  while t h e  t r e a t e d  
material gave 2.9% i n f e c t i o n ,  Therefore 
V i t a f l o  appears t o  g ive  a s i g n i f i c a n t  measure 
of c o n t r o l  of t h e  new biotype.  

phvs io los i ca l  s p e c i a l i z a t i c n  of U. n iq ra  and 
u. hordei  

The 1972 f i e l d  c o l l e c t i o n s  of  2. n i q r a  
and g .  hordei  were used t o  i n o c u l a t e  seed  of 
t h e  f o u r v a r i e t i e s  t h a t  are c u r r e n t l y  
recommended i n  Manitoba. The inoculum was 
prepared by mixing one t o  three smutted heads 
i n  400 m l  of water i n  a Waring Blendor (4).  
Approximately 200 seeds of each v a r i e t y  were 
+hen t r e a t e d  i n  e i t h e r  200 m l  or 400 ml o f  
t h e  inoculum f o r  15 seconds i n  u?e Blendor. 
The seed from each txeatment was planted  i n  
t h e  f i e l d  i n  two 2.1-m rows. The r e l a t i v e l y  
high percentage i n f e c t i o n  f i g u r e s  (Tables 4 
and 5) f o r  the y. hordei  c o l l e c t i o n s  numbered 
72-7 t o  72-42 were probably due to t h e  use of 
200 m l  r a t h e r  than  000 m l  of inoculum. This 
t rea tment  r e s u l t e d  i n  extens ive  damage t o  t h e  

Table 4. Infectivity of U .  nigxa collections, 1972 

. , 

%infection after seed inoculation 

collection no. Bonanza Conquest Fergus Herta 

72- 5 9 5 10 33 

72- 34 5 6 5 18 

72- 38 1 3  7 9 43 

72- 42 9 6 10 42 

72- 44 1 2  7 14 29 

72- 48 1 4  7 10 36 

72- 52 8 7 8 4 1  

72- 56" 4 3 6 16 

72- 61 6 7 8 29 

72- 62 3 5 10 12 

72- 66b 3 3 3 8 

72- 66d 7 4 5 26 

72- 7 0 t  6 3 4 20 

72- 14 5 6 9 32 

72- 78 8 6 14 50 

72- 86 3 5 20 

72- 90 7 5 12 39 

72- 98 11 9 11 30 

72-100 7 4 10  38 

72-103 10 6 4 17 

72-108 1 2  9 6 1 2  

control 0 0 0 0 
uninoculated 

collected from 2-rowed varieties. The remain- 
ing collections were from 6-rowed varieties. 

seed and was the re fo re  discontinaed.  However 
it was r e l a t i v e l y  e f f e c t i v e  and d i d  n o t  
unduly impair t h e  germination of t h e  seed. 

All of t h e  U. n i q r a  c o l l e c t i o n s  viere 
apparent ly  capabie of producing some 
i n f e c t i o n  on a l l  fou r  v a r i e t i e s  (Table 4 ) .  
Three of t h e  fou r  4. hordei  c o l l e c t i o n s  from 
two-rowed v a r i e t i e s  d i d  no t  i n f e c t  t h e  six-  
rowed Varieties (Table 5),, The remainder of 
t h e  2.  hordei  c o l l e c t i o n s  were similar to  t h e  - U. n i q r a  c o l l e c t i o n s  i n  t h e i r  a b i l i t y  to 
produce i n f e c t i o n  i n  a l l  of t h e  commercial 
v a r i e t i e s .  The i n f e c t i o n  Eercentage f o r  t o t h  - U. n i s r a  and 2.  hordei  was almost  i nva r i ab ly  
lower on Pergus than on Herta, demonstrat ing 
t h a t  Fergus i s  less s u s c e p t i b l e  than  Herta t o  
t h e s e  spec ie s  a s  well  a s  to 2. &. These 
d a t a  corrobora te  t h e  aesumption t h a t  t h e  
reduced mean percentage o f  i n f e c t i o n  found i n  
t h e  1972, 1973, and 1!374 surveys may have 
been due t o  t h e  increased acreage of Fergus. 

Conclusions 

N o  dramatic changes have been observed i n  
t h e  l e v e l  of ba r l ey  smut i n f e c t i o n  i n  t h e  
l a s t  6 years.  %he aia.jor changes observed 
were a decrease i n  t h e  mean percent  i n f e c t i o n  
o f  t h e  two-rowed v a r i e t i e s  and an  inc rease  i n  

Table 5. Infectivity of U .  hordei collections, 1972 

- 
%infection after seed inoculation - 

Collection no. Bonanza Conquest Fergus Herta 

72- 7 32 5 9 21  
72- 20 60 42 15 64 
72- 24 8 37 10 23 
72- 27 45 16 20 45 
72- 34 25 7 15 40 
72- 38 20 29 27 28 
72- 42 9 14 13 35 
72- 51 9 3 1 16 
72- 52 7 3 2 6 
72- 57 6 4 0 14 
72- 6 1  13 8 5 15  
72- 62 5 3 5 10 
72- 64 7 2 1 9 
72- 66 6 2 2 9 
72- 70 9 6 3 11 
72- 72 9 10 4 1 3  
72- 74 2 3 4 3 
72- 76T 6 4 4 10 
72- 86 7 11 4 15  
72- 90 7 8 10 14 
72- 95 5 5 1 13 
72-124t 0 0 4 10 
72-139 13 12 8 1 9  
72-146 0 0 7 15  
72-155 12 11 7 25 
72-156t 0 0 7 17 

Control 0 0 0 0 

Collected from 2-rowed .varieties. The remain- 
ing collections were from 6-rowed varieties. 
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i n f e c t i o n  on t h e  six-rowed v a r i e t i e s .  These 
changes were a t t r i b u t e d  t o  Fergus being less 
s u s c e p t i b l e  t h a n  Herta t o  smuts and t o  t h e  
presence of  forms of t h e  pathogens t h a t  a r e  
more aggress ive  on t h e  six-rowed v a r i e t i e s .  

The b io type  of U. nuda t h a t  can i n f e c t  
Conquest has  been de t ec t ed  i n  a l a r g e  a r ea ;  
however, t h e  l e v e l  of i n f e c t i o n  i n  i n d i v i d u a l  
f i e l d s  has  remained low. T h i s ,  t oge the r  wi th  
t h e  ex i s t ence  of a l a r g e  propor t ion  of t h e  g. - nuda popula t ion  t h a t  is a v i r u l e n t  on Conquest 
and Bonanza, i n d i c a t e s  t h a t  t h e  r e s i s t a n c e  
der ived  from Jet is still  of va lue  i n  our  
ccmmercial v a r i e t i e s .  This  r e s i s t a n c e  should 
be complemented cr reFlaced by new types  of  
r e s i s t a n c e  t c  counter  t h e  p o t e n t i a l  t h r e a t  
t h a t  t h e  new bio type  r ep re sen t s .  

The p ropc r t i on  of ba r l ey  f i e l d s  a f f e c t e d  
by smut i n  Manitoba and e a s t e r n  Saskatchewan 
has n o t  been repor ted  previously.  The 
c a l c u l a t i o n  appears  t o  have va lue  s i n c e  it 
should p o v i d e  some information on t h e  
d i s t r i b u t i o n  of t h e  inoculum a v a i l a b l e  t o  
i n f e c t  subsequsnt  c rops .  For example, t h e  
l e v e l  of i n f e c t i o n  i n  t h e  1975 crog may 
reflect  t h e  h igh  pro&ort ion  of f i e l d s  that  
were a f f e c t e d  i n  1974. 

The advent  of systemic fungic ides  h a s  
r e l e g a t e d  g. & t o  t h e  same s t a t u s  as U. 
n iq ra  and g. hordei  i n  terms of chemiczl  
c c n t r o l .  Therefore t h e  e f f o r t  r e l ega t ed  t o  
Smut r e s i s t a n c e  i n  breeding Frograms should 
be evenly d i s t r i b u t e d  among t h e  t h r e e  
sFecies .  
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